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Background: Malnutrition inflammation score (MIS) is an instrument for assessing the nutritional status of stage 5 CKD patients,
while simplified creatinine index (SCI) is used to assess muscle mass indirectly.

Purpose: This study aims to analyse the correlation between SCI and MIS, as well as determine the SCI cut-off value as a predictor of
malnutrition in stage 5 CKD patients on maintenance HD.

Methods: This research was an analytical observational study with a cross-sectional study approach. The 132 research subjects were
stage 5 CKD patients at the HD Unit of RSUP Dr. Hasan Sadikin Bandung. The research used the Rank—Spearman test with SPSS for
correlative bivariate analysis. The area under the curve (AUC) on the receiver operating characteristic (ROC) curve was analysed to
find the SCI cut-off value as a predictor of malnutrition in stage 5 CKD patients.

Results: Sixty-three subjects (47.7%) were classified as good nutrition and 69 subjects (52.3%) as poor nutrition. The average SCI
value in this study was 24.5 mg/kg/day + SD 3.2 mg/kg/day, with a median MIS value was 6. This study showed a significant negative
correlation between SCI and MIS (r = —0.586, p < 0.001). The optimal SCI cut-off from the ROC curve analysis value was <
24.53 mg/kg/day (sensitivity = 76.8%; specificity = 79.4%).

Conclusion: A negative correlation existed between SCI and MIS, with an SCI value < 24.53 indicating poor nutritional status in
stage 5 CKD patients on maintenance HD. SCI can be used as a predictor of malnutrition at a lower cost and easier.

Keywords: malnutrition, simplified creatinine index, chronic kidney disease

Introduction

Chronic kidney disease (CKD) is a global health problem with high prevalence and costs and has a poor prognosis.'* The
Indonesian Renal Registry (IRR) 2020 reported that the number of active patients undergoing hemodialysis (HD) was
130,931 people. Malnutrition Inflammation Atherosclerosis (MIA) is a syndrome caused by inflammation, malnutrition,
and atherosclerosis among CKD patients.*

Inflammation occurs in CKD and develops as the severity of the disease progresses. The CKD condition does not
merely cause the inflammatory process in stage V CKD patients undergoing dialysis therapy but is also aggravated by the
dialysis process itself, leading to a protein-energy wasting (PEW) condition.® The pathogenesis underlying malnutrition
in patients with CKD is complex and multifactorial.®” The incidence of PEW among patients with stage 5 CKD at Hasan
Sadikin Hospital in Bandung is around 14%.®

The simplified creatinine index (SCI) was developed by Canaud et al to assess muscle mass indirectly as a diagnostic
criterion for PEW. SCI requires pre-HD serum creatinine and single-pool Kt/V values as parameters that are easy to

obtain.”' The Kidney Disease Outcomes Quality Initiative (KDOQI) recommends using Subjective Global Assessment
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(SGA) and MIS as parameters for assessing the nutritional status of stage 5 CKD patients on maintenance HD or post-
kidney transplantation.'"*'?

Several previous studies have shown a negative correlation between SCI and the Geriatric Nutritional Risk Index
(GNRI) as an assessment of the nutritional status of CKD patients. Other studies suggest a positive correlation between
GNRI and MIS in CKD patients. Previous study used m-NUTRIC (Modified Nutrition Risk in Critically Ill) to calculate
the prevalence of nutritional risk in CKD patients based on stage.™'? '® This study aims to evaluate the correlation
between SCI and MIS, as well as to determine the SCI cut-off value as a predictor of malnutrition in stage 5 CKD

patients on maintenance HD.

Material and Method
Design and Setting

This was an analytical observational study with a cross-sectional study approached in stage 5 CKD patients on
maintenance of HD in the HD Unit of RSUP Dr. Hasan Sadikin Bandung, which will be held in September 2023. The
HD scheme as described in Figure 1.

Study Population

Inclusion criteria were determined for subjects diagnosed with stage 5 CKD patients who are older than 18 years old and
had undergone routine hemodialysis for at least 3 months with a frequency of twice a week. Researchers excluded
subjects with impaired consciousness, infections, malignancies, liver disease, and consumption of drugs that affect
muscle mass. One hundred and thirty-two subjects who met the inclusion criteria agreed to fill in the informed consent
form. This study was granted permission and ethical approval from the Research Ethics Committee of RSUP Dr. Hasan
Sadikin, Bandung.

Data Collection

The demographic and clinical data were obtained from medical records. Body mass index (BMI) was calculated from
body weight after HD was divided by body height and presented as a numerical variable. Laboratory examinations were
carried out on hemoglobin, pre-HD creatinine, total iron-binding capacity (TIBC), and serum albumin. Single-pool Kt/V
HD adequacy was obtained directly from the HD machine used by the subject. SCI was calculated using the formula of
Canaud et al: 16.21 +[1.12 x {1 if male; 0 if female}] — [0.06 x age (years)] — [0.08 x single pool (sp)Kt/V urea] + [0.009
x pre-dialysis serum creatinine (umol/L)].”'® A questionnaire as described in Figure 2 was used to obtain the MIS, then
grouping was carried out to classify subjects into good nutrition (MIS < 5) and poor nutrition (MIS > 5).'¢
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Figure | Hemodialysis scheme.
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MIS Components Score
0 1 2 3
(A) Medical history:
1. Change 1n end dialysis dry <0.5Kg 0.5-1.0Kg >1 Kg but <5% >5%
weight (overall change in the
past 3—6 months)
2. Dietary intake Good appetite, no Sub-optimal solid dietary Moderate overall Hypo-caloric liquid
deterioration of intake decrease to full liquid to starvation
dietary intake diet
3. Gastrointestinal symptoms No symptoms with Mild symptoms, poor Occasional vomiting or Frequent diarrhea
good appetite appetite or nauseated moderate GI symptoms | or vomiting or sever
occasionally anorexia
4. Functional capacity Normal to improved | Occasional difficulty with | Difficulty with otherwise | Bed/chair nidden, or
(nutritionally related functional functional capacity, baseline ambulation, or independent activities little to no physical
impairment) feeling fine feeling tired frequently (e.g. going bathroom) activity
5. Co-morbidity = No comorbidity Mild comorbidity Moderate comorbidity Any sever multiple
(excluding MCCX) (including one MCC?) comorbidity (=2
MCCY)
(B) Physical exam:
6. Decreased fat stores or loss of No change mild moderate sever
subcutaneous fat (below eyes,
triceps, biceps, chest)
7. Signs of muscle wasting No change mild moderate sever
(temple, clavicle, scapula, ribs,
quadriceps, knee, interosseous)
(C) Body size
8. Body mass index (kg/m?) | >20 18-19.9 16-17.99 <16
(D) Laboratory parameters
9. Serum albumin (g/L) >4 3539 334 <30
10. Serum total iron binding =250 200-249 150-199 <150
capacity (mg/dL)
Total MIS = sum of the above 10 components, ranging from 0 (no malnutrition) to 30 (severely malnourished)

Figure 2 MIS questionnaire. *)In the original MIS dialysis treatment age (vintage) contributes to the comorbid condition scoring. 0 if vintage <| year, | if vintage 14 years,
and at least 2 if vintage >4 years. *¥) Major co-morbid conditions (MCC) include CHF class Il or IV, full blown AIDS, severe coronary artery disease, moderate to severe
chronic obstructive pulmonary disease, major neurological sequelae, metastatic malignancy or recent chemotherapy.

Statistical Analysis

Univariate analysis was carried out to describe the basic characteristics of research subjects. Correlative bivariate
analysis using SPSS version 23 software looked at the data distribution using the Kolmogorov—Smirnov normality
test, then the Rank—Spearman test was carried out with a P-value <0.05 considered statistically significant.'” The study
analyzed the area under curve (AUC) on the receiver operating characteristic (ROC) curve using MedCalc version 15
software to obtain the SCI cutoff value as a marker of malnutrition status for stage 5 CKD patients on maintenance HD.

Results
One hundred and thirty-two subjects underwent maintenance HD at RSUP, Dr. Hasan Sadikin, Bandung met the research
eligibility criteria (Figure 3). The average age of the subjects was 47 years, with a standard deviation of + 12 years. The
ratio of male to female subjects was 1:1. The median MIS score in the study was 6, ranging from 2 to 11. 47.7% of the
patients had good nutritional status, while 52.3% had poor nutritional status based on the MIS category. The average SCI
value of research subjects was 24.5 mg/kg/day, with a standard deviation of + 3.2 mg/kg/day. Stage 5 CKD patients on
maintenance HD patients in this study had varying characteristics, including age, gender, duration of HD, nutritional
status, laboratory parameters, and level of HD adequacy (Table 1).

Correlational analysis between SCI and MIS in stage 5 CKD patients on maintenance HD were presented in
Figure 4A. There was a negative correlation between SCI and MIS with r = —0.586. The coefficient of determination
of SCI with MIS in this study was 0.343. The p-value is <0.001, indicating this result was highly statistically significant.
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CKD-5D patients in hemodialysis unit RSUP Dr.
Hasan Sadikin
N= 203

Exclusion criteria
- Hepatitis B (n=4)
- Hepatitis C (n=30)
- HIV (n=3)

v

CKD-5D patients fulfilled inclusion and exclusion
criteria
N= 135

Consent to join research
- Did not consent (n=3)

\ 4

CKD-5D patients included in research
N= 132

Figure 3 Subject selection process.

Patients with good nutrition had a higher mean IKD (26.31 mg/kg/day + SD 2.96) compared to patients with poor
nutrition (22.85 mg/kg/day = SD 2.42) as shown in Figure 4B.

The SCI value of 24.53 mg/kg/day or less (sensitivity = 76.8%; specificity = 79.4%) from the results of ROC curve
analysis showed the optimal cut-off value for malnutrition in research subjects (Table 2). The AUC of 0.824 indicated
that SCI can determine malnutrition conditions among stage 5 CKD patients on maintenance HD. A higher SCI cut value
can be used as a screening for malnutrition with better sensitivity but with lower specificity, while a lower SCI cut value
can be used as a diagnostic for malnutrition with higher specificity but lower sensitivity (Figure 5). The study results
showed that SCI has the potential as a screening and diagnostic tool to detect malnutrition in stage 5 CKD patients on

maintenance HD.

Table | Baseline Characteristics

Variables n=132
Age (years), Mean t Standard Deviation (SD) 47 + 12
Sex, n (%)
Male 66 (50.0)
Female 66 (50.0)
Duration of Haemodialysis (months), Median (Min-Max) | 41 (3-171)
BMI (kg/m?), Mean * SD 223 +38
Haemodialysis Adequacy (Kt/V), Median (Min-Max) 1.3 (0.5-1.7)
Laboratory results
Haemoglobin (g/dL), Mean * SD 9.7+ 13
Albumin (gr/dL), Mean + SD 3.93 £ 031
TIBC (pg/dL), Mean + SD 216 + 45
Kreatinin pre-HD (mg/dL), Mean * SD 134 +34
MIS, Median (Min-Max) 6 (2-11)
Good nutritional condition (MIS < 5) 63 (47.7)
Poor nutritional condition (MIS > 5) 69 (52.3)
SCI (mg/kg/day), Mean * SD 245+ 32

Notes: BMI is presented as numerical variable. Mean of BMI is within normal categories both in
WHO and Asia Pacific BMI categories.
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Figure 4 (A) Correlations analysis between SCl and MIS in stage 5 CKD patients on maintenance HD; (B) Dot plot SCI Distribution between Good and Poor Nutritional Condition.

Discussion
The statistical analysis concludes that there was a strong negative correlation (r = —0.586) between SCI and MIS,

meaning that the highest of MIS, the lowest of SCI. No studies have looked directly at the correlation between SCI and
MIS to assess the nutritional status of stage 5 CKD patients on maintenance HD. This research is based on previous
research related to SCI and MIS, each of which is used to assess the PEW condition in stage 5 CKD patients.'”'® The
optimal SCI cut-off value of < 24.53 mg/kg/day has good sensitivity and specificity in determining the malnutrition
condition of stage 5 CKD patients on maintenance HD in this study.

The average age of the subjects in this study was in the second largest age group (45-54 years old) of stage 5 CKD
patients according to 2020 IRR data.'®> Age is an intrinsic factor that could influence the MIS value in CKD-5D patients,
as shown in the research of Rambod et al.'* The median BMI of the subjects in this study falls into the diagnostic criteria

for PEW in CKD patients according to International Society of Renal Nutrition and Metabolism (ISRNM) with a BMI of
215

less than 23 kg/m~.
The subjects of this study belonged to the group of patients with inadequate HD, according to 2020 IRR data.'* Inadequate

hemodialysis can cause an increase in complement factors and cytokines, which play a role in increasing the inflammatory

Table 2 SCI Cut-off Value as a Predictor of Malnutrition Based on MIS

Cut-off SCI | Poor nutritional | Good nutritional | Sensitivity | Specificity | PPV | NPV | +LR | -LR
(mglkg/day) (MIS >5) (MIS <5)
n=69 n=63

High <25.77 63 30 91.3% 52.4% 67.7% | 84.6% | 1.92 | 0.17
Sensitivity < 25.11 57 22 82.6% 65.1% 722% | 774% | 2.37 | 0.27
Optimal <2453 53 13 76.8% 79.4% 80.3% | 75.8% | 3.72 | 0.29
High <23.86 45 11 65.2% 82.5% 80.4% | 68.4% | 3.74 | 0.42
Specificity <23.09 36 6 52.2% 90.5% 85.7% | 63.3% | 5.48 | 0.53

Abbreviations: PPV=Positive Predictive Value, NPV=Negative Predictive Value, +LR=Positive Likelihood Ratio, -LR=Negative Likelihood Ratio.
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Figure 5 Optimal SCI ROC curve as a predictor of Malnutrition.

process in stage 5 CKD patients on maintenance HD; besides that patients can also experience aggravating metabolic acidosis.
Inadequate urea clearance through HD can also reduce appetite and reduce the patient’s nutritional intake.?*>'

The average serum albumin level of the subjects in this study was higher than the PEW diagnostic criteria based on
ISRNM, with albumin levels <3.8 g/dL. Differences in albumin levels for each subject are not only influenced by daily
nutritional intake but the increase in protein catabolism due to the inflammatory process that occurs in stage 5 CKD
patients on maintenance HD.?*** The subjects of this study had low TIBC levels. TIBC levels are one of the assessment
components in MIS and its low levels were associated with lower BMI, triceps and biceps skin folds, and arm
circumference compared with patients with high serum TIBC levels.>*~*

The median score of MIS in this study had the same results as previous study in the same center.>> The proportion of
good and poor nutritional conditions in this study is different from other study which showed that MIS > 5 had a greater
percentage (86.1%) than good nutrition (13.9%).?® This study has almost the same percentage as Barril et al that revealed
the MIS > 5 of 51.7%. That previous study also divided nutritional categories into good nutrition (MIS < 2), mild
malnutrition (MIS 3-5), moderate malnutrition (MIS 6-7), severe malnutrition (MIS 8-10), and extreme Malnutrition
(MIS > 10).*’

The mean SCI value in this study was not different from the average SCI in previous study with the same population
of 23.4 mg/kg/day.”> The SCI formula in research by Canaud et al shows that the SCI value will increase as serum
creatinine increases before HD.”*® The mean serum creatinine in this study was higher than the result of study in Japan,
which was 11.79 mg/dL.**>° The mean SCI value of this study was higher than the mean SCI value of the research by
Yamada et al (13.84 mg/kg/day) and Canaud et al (21.4 mg/kg/day).’*"!

This study was the first study to demonstrate a correlation between SCI and MIS. The Geriatric Nutritional Risk Index
(GNRI), SGA, and MIS scoring systems were developed to assess PEW conditions in stage 5 CKD patients. A high MIS
value indicates increasingly severe malnutrition, while a high GNRI indicates an increasingly better nutritional
status.'*3%3%3 The study in Turkey showed a negative correlation between MIS and GNRI (r = —0.264; p = 0.000)."°
The same results were also shown through a previous study which showed a strong negative correlation (r = —0.52; p <
0.001).>* Other previous study showed that SCI positively correlates with GNRI (r = 0.250, p = 0.03).>° The positive
correlation between SCI and GNRI was also shown through Tsai et al with r = 0.443.'>'® This study showed a strong
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negative correlation between SCI and MIS. Previous studies showed positive correlation between SCI and GNRI and
negative correlation between MIS and GNRI.**-*

Analysis of this study showed that SCI cut-off values that are greater than the optimal cut-off value had better
sensitivity but less specificity, but lower SCI cut-off values had less sensitivity and better specificity as predictor of
malnutrition in stage 5 CKD patients on maintenance HD. The results of this study were not much different from
previous study which showed that SCI (with a cut-off value <22) was a better predictor of malnutrition in maintenance
HD patients than GNRI (cut-off value <100), with a sensitivity and specificity of 80.6% and 76.9%. %, compared to
GNRI with sensitivity and specificity of 61.1% and 56.4%.?° Tsai et al showed that the optimal SCI cut-off value for
detecting a decrease in fat-free body mass is <20.37 mg/kg/day for men and <18.39 mg/kg/day for women.'®

Limitations of this study and the cross-sectional method of this study could not provide an analysis of the cause—
effect relationship between the variables MIS and SCI. Nonetheless, the design calculates correlations and inter-variable
influences through determinant coefficients. This study included all patients who had not achieved adequate HD, so
further research is needed that compares the nutritional status of patients with adequate HD. This study was also done in
younger patients and therefore cannot be validated in older patients. Data on history of infections, malignancies, liver
disease, and consumption of drugs that affect muscle mass as exclusion criteria were obtained from the results of
anamnesis and medical records, and no direct examination was carried out when collecting research data. This study was
carried out solely in a single HD unit, even though it had a large number of participants and was representative of stage-5
CKD patients throughout Indonesia. Moreover, this study is the first study revealing a correlation between MIS and SCI
among stage-5 CKD patients.

Conclusion

In conclusion, a strong negative correlation exists between SCI and MIS in stage 5 CKD patients on maintenance HD,
with the optimal SCI cut-off value of < 24.53 mg/kg/day indicating malnutrition. SCI can be used as a predictor of
malnutrition in stage 5 CKD patients on maintenance HD at a lower cost and easier. The earlier the process of assessing
nutritional status in CKD patients, the risk of malnutrition also can be stratified earlier. Therefore, earlier nutritional
intervention can be carried out to prolong lifetime and improve quality of life. Future research can be done according to
the result of the study.
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