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Abstract

Objective—The study compared the 7-point Subjective Global Assessment (SGA) and the
Protein Energy Wasting (PEW) Score with Nutrition Evaluations (NutrE) conducted by registered
dietitian nutritionists (RDNSs) in identifying PEW risk in stage five chronic kidney disease (CKD)
patients on maintenance hemodialysis (MHD).
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Design and Methods—This study is a secondary analysis of a cross-sectional study entitled
“Development and Validation of a Predictive enerqy Equation in Hemodialysis’. PEW risk
identified by the 7-point SGA and the PEW Score were compared against the NutrE conducted by
RDNs through data examination from the original study (reference standard).

Subjects—A total of 133 patients were included for the analysis.

Main Outcome Measures—The sensitivity, specificity, positive and negative predictive value
(PPV and NPV), positive and negative likelihood ratio (PLR and NLR) of both scoring tools were
calculated when compared against the reference standard.

Results—The patients were predominately African American (n=112, 84.2%), non-Hispanic
(n=101, 75.9%), and male (n=80, 60.2%). Both the 7-point SGA (sensitivity =78.6%, specificity =
59.1%, PPV = 33.9%, NPV =91.2%, PLR = 1.9 and NLR = 0.4) and the PEW Score (sensitivity =
100%, specificity= 28.6%, PPV = 27.2%, NPV = 100%, PLR = 1.4 and NLR = 0) were more
sensitive than specific in identifying PEW risk. The 7-point SGA may miss 21.4% patients having
PEW and falsely identify 40.9% of patients who do not have PEW. The PEW Score can identify
PEW risk in all patients but 71.4% of patients identified may not have PEW risk.

Conclusions—Both the 7-point SGA and the PEW Score could identify PEW risk. The 7-point
SGA was more specific and the PEW Score was more sensitive. Both scoring tools were found to
be clinically confident in identifying patients who were actually not at PEW risk.

Keywords

Protein Energy Wasting; Subject Global Assessment; Maintenance Hemodialysis; Nutrition
evaluations; diagnostic tests; Validity

Introduction

In the United States, approximately fourteen percent of the population has chronic kidney
disease (CKD).1 One in two of the CKD patients on maintenance dialysis (MHD) will die
within three years after the initiation of MHD.! Such a high death rate is a serious public

health issue causing high cost in human loss and substantive burden in medical expenses.

Protein energy wasting (PEW) is one of the independent risk factors associated with the high
mortality rate among CKD patients on MHD.2~" PEW is a critical condition characterized
by inadequate nutrient intake, accumulation of uremic toxins, inflammation and
catabolism.®: 8 The International Society of Renal Nutrition and Metabolism (ISRNM)
defines PEW as “a state of decreased body stores of protein and energy fuels” and proposed
that the diagnostic criteria of PEW be comprised of four categories: abnormal biochemical
indicators; low body weight, low body fat or significant weight loss; reduced muscle mass;
and low energy or protein consumption.® °

There is no gold standard for identifying PEW risk. Nutrition evaluations (NutrE) conducted
by registered dietitian nutritionists (RDNSs) on stage five CKD patients on MHD using the
ISRNM diagnostic criteria is a common clinical practice for PEW risk identification.
However, different nutrition screening and assessment scoring tools have been modified or
developed in an attempt to aid in identifying PEW risk.%: 10-12 An example of a nutrition
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screening tool in identifying PEW risk is the Protein Energy Wasting Score (PEW Score).
Examples of nutrition assessment scoring tools in identifying PEW risk include subjective
global assessment (SGA), dialysis malnutrition score (DMS), malnutrition inflammation
score (MIS), geriatric nutritional risk index (GNRI) and composite score of protein-energy
nutritional status (CPENS).7. 10. 11,13

Nevertheless, there is still no consensus regarding which tool should be used for identifying
PEW risk. Most studies have investigated the use of these scoring tools in predicting
mortality instead of identifying PEW risk or diagnosing PEW.5: 7. 11 Early nutrition
intervention is critical for patients identified with PEW risk to maintain and improve health
outcomes.® 8:9

The purpose of the study was to compare the 7-point SGA and the PEW Score as diagnostic
tools against NutrE conducted by RDNs using ISRNM diagnostic criteria for PEW to
identify PEW risk in stage five CKD patients on MHD. The 7-point SGA, recommended by
the Kidney Disease/Dialysis Outcomes and Quality Initiative (K/DOQI), is a validated
nutrition assessment tool for stage five CKD patients on MHD.1# It was not designed to
identify PEW risk or diagnose PEW but is already applied in this manner in studies.1# 1°
While the 7-point SGA is validated to conduct nutrition assessment, it is uncertain if it can
be used to properly identify PEW risk because PEW is a result of multiple nutrition and non-
nutrition mechanisms due to the progression of CKD patients on MHD, but not just under-
nutrition.>

The PEW Score is a simplified screening tool developed by Moreau-Gaudry et al. to identify
PEW risk.6 The PEW Score is based on readily available clinical and biological values that
comprise the ISRNM diagnostic criteria for PEW.® The PEW Score was found to be useful
in predicting survival in CKD patients on MHD, but has not been validated for use in
clinical practice.6 While the PEW Score is a screening tool and not like a nutrition
assessment tool as the 7-point SGA, it is uncertain if they would identify PEW risk similarly.

This study is a secondary analysis of a cross-sectional study, and the research reported in
this publication was supported by the National Institute of Diabetes and Digestive and
Kidney Disease (NIDDK) of the National Institutes of Health under Award Numbers
1R15DK090593-01A1, 6R15DK090593-02 and 3R15DK090593-02S1. The title of the
original study was “Development and Validation of a Predictive energy Equation in

Hemodialysis’ and the methodology of the study was previously published by Olejnik et
al.16

Study Population

From September 2012 to August 2015, patients were recruited from three research
institutions in the Northeastern region of the United States (Rutgers University, Case
Western Reserve University, and Pennsylvania State University-Hershey Medical Center).
The inclusion criteria were adults aged 18 years or older, diagnosed with stage five CKD
initiated on MHD three times per week for at least three months and the ability to answer
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study-related questions. Patients were excluded if they were hospitalized or had active
infection, non-healing wound, any cardiac-related events, surgical procedures less than thirty
days prior to study enrollment, self-reported routine use of dietary supplements or
recreational drugs that may impact metabolic rate, and were pregnant, lactating, or three
months post-partum. A total of 133 cases were available for the analysis.

The 7-point SGA

The 7-point SGA was conducted by trained study personnel in the original study and the
data was extracted for the secondary analysis of the current study. The 7-point SGA utilizes
a seven point Likert scale for the subjective ratings of six components to reflect nutritional
status.14 15 The six components include weight change, dietary intake, gastrointestinal
symptoms, functional capacity, disease state/comorbidities, and physical exam.4 The
overall SGA score is rated subjectively based on the ratings of the six individual
components. There are three overall SGA ratings: well nourished (score six or seven),
moderate or suspected malnourished (score three, four or five) and severe malnourished
(score one or two).17 For the purpose of this study, the criteria for administering the SGA
described by Steiber et al# were followed. The results of the 7-point SGA were
dichotomized in order to compare against the results of the NutrE conducted by RDNs. The
overall SGA ratings of six or seven were categorized as “Not at PEW risk” while the overall
SGA ratings of one to five were all categorized as “At PEW risk” since patients having
ratings of one to five were considered as moderate malnourished or severe malnourished
according to the protocol of the 7-point SGA.14

The PEW Score

The PEW Score was calculated retrospectively in the current study according to the protocol
described by Moreau-Gaurdy et al. using the data from the original study.8 The four
components for the PEW Score are serum albumin level, body mass index (BMI), pre-
dialysis serum creatinine normalized by body surface area (Scr/BSA) and normalized
protein nitrogen appearance (NPNA). The threshold values for each component, according to
the protocol, are 3.8g/dL for serum albumin; 23 kg/m? for BMI; 380 pmol/L/m? for
Scr/BSA and 0.8 g/kg/day for nPNA. For each component, if a patient had a value greater
than the threshold value, s/he received one point for that component. If a patient had a value
less than the threshold value, s/he received zero points for that component. Therefore, the
total PEW Score ranges from zero to four.6 There are four overall PEW Score ratings and
they are normal nutritional status (score four), slight wasting (score three), moderate wasting
(score two) and severe wasting (score zero to one).® For the purpose of this study, the results
of the PEW Score were dichotomized in order to compare against the results of the NutrE
conducted by RDNs. The overall PEW Score of four was categorized as “Not at PEW risk”
while the overall PEW Score of zero to three were all categorized as “At PEW risk” since
patients having ratings of zero to three were considered as slight wasting, moderate wasting
or severe wasting.
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Nutrition Evaluation by RDN using ISRNM diagnostic criteria for PEW

Nutrition evaluations (NutrE) conducted by RDNs is a common clinical practice to
determine the PEW risk of a patient, and the use of ISRNM diagnostic criteria in the NutrE
enables RDNs to further confirm the PEW risk in stage 5 CKD patients on MHD.

The Renal Dietitians Practice Group of the Academy of Nutrition and Dietetics and the
Council of Renal Nutrition of the National Kidney Foundation have established the
Standards of Practice and Standards of Professional Performance for RDNs in Nephrology
Care.18 These standards have listed the knowledge, skills and competencies that an RDN
must have in order to provide safe and effective nutrition care in different nephrology
settings. As a result, these standards provide RDNs a basis to provide nutrition assessment
and care in patients with renal problems.18

The ISRNM diagnostic criteria for PEW were developed as a framework to provide a basis
to guide clinicians in assessing PEW in CKD.® With different clinical, nutritional and
biochemical parameters that may contribute to the development of PEW, four main
categories (abnormal biochemical indicators; low body weight, low body fat or significant
weight loss; reduced muscle mass; and low energy or protein consumption) were
recommended by the expert panel as the diagnostic criteria for PEW.1% However, it was
noted that additional nutrition and inflammation parameter may also be potential clues to
PEW development.19 Therefore, it may not be ideal to solely use the ISRNM diagnostic
criteria for PEW as the only indication to categorize patients having PEW risk.19

As a result, it is hypothesized that the use of NutrE conducted by RDNs plus ISRNM
diagnostic criteria for PEW is a more comprehensive evaluation and can best identify
patients at PEW risk.% 18-20 |n this secondary analysis, the results of the NutrE were used as
the reference standard to compare with the 7-point SGA and the PEW Score.

NutrE were conducted by evaluating the data obtained from the research appointments in the
original NIDDK funded study. Two RDNs were recruited to conduct the NutrE for this
study. Since the current study is a secondary analysis of a cross-sectional study, the RDNs
were not able to meet the patients in-person for the NutrE. Both RDNs practice renal
nutrition independently and they were blinded from the overall 7-point SGA scores, the
PEW Scores and each other’s evaluations.

Firstly, the RDNs evaluated each patient’s records independently by looking at the five
nutrition assessment domains: 1) food/nutrition-related history, 2) biochemical data, medical
tests and procedures, 3) anthropometric measurements, 4) nutrition-focused physical
findings, and 5) client history.?! The parameters examined in the NutrE are described in
Table 1. After that, the RDNs used the ISRNM diagnostic criteria for PEW (Table 2) to
evaluate each patient’s record. The evaluations of each nutrition assessment domain and
diagnostic criteria guided their clinical decisions to assign the patient as either “Not at PEW
risk” or “At PEW risk”.

Each RDN provided their report independently to the principal investigator to indicate which
patient was “At PEW risk” and which patient was “Not at PEW risk”. Cohen’s kappa
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coefficient was determined to measure the agreement between the two RDNSs in conducting
the NutrE and using the ISRNM diagnostic criteria to identify PEW risk. For discrepancies
between the two RDNs in assigning PEW risk status on individual patients, consensus was
achieved through discussions between the two RDNSs on the patients in regularly scheduled
meetings (conference calls) organized and moderated by the principal investigator. During
each meeting, the parameters in each nutrition assessment domain of the patient were
discussed until consensus was achieved in assigning PEW status for the patients. It was
agreed that if consensus was not achieved during the meetings, the patient would be
removed from the dataset.

According to the ISRNM diagnostic criteria, there are four categories of readily utilizable
criteria and they are biochemical indicators, body mass, muscle mass and dietary intake
(Table 2). Three out of the four categories must be satisfied before a patient can be
diagnosed as having PEW. However, the ISRNM consensus review stated that there can be
other causes and manifestations of PEW in CKD patients on MHD in addition to the four
selected diagnostic criteria.9 19 For the purpose of this study, the ISRNM diagnostic criteria
for PEW were used as a reference only for the RDNs in conducting the NutrE. The RDNs
made the final decision in assigning PEW risk status for each patient regardless of whether
the patient’s health condition fulfilled the ISRNM diagnostic criteria.

Statistical Analysis

Statistical analysis of the demographic data was performed using Statistical Package for the
Social Sciences (SPSS, Inc., Chicago, IL, USA) version 24.0. Continuous data were
presented as the mean + standard deviation (SD).

Comparison of 7-point SGA and PEW Score against NutrE

To compare the 7-point SGA and PEW Score against the results of the NutrE conducted by
RDNs as diagnostic tools for PEW in CKD patients on MHD, the sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio
(PLR), negative likelihood ratio (NLR) of 7-point SGA and PEW Score were calculated.10

Sensitivity is the accuracy of the diagnostic test in correctly identifying patients who have
the disease.2? Specificity is the ability of the diagnostic test to correctly identify patients
who do not have the disease.?2 Positive Predictive Value (PPV) is the probability of disease
for patients with a positive screening test result.22 Negative Predictive Value (NPV) is the
probability that patients do not have the disease with a negative screening test result.22
Positive likelihood ratio (PLR) refers to the increase in disease probability when the
screening test result is positive. Negative likelihood ratio (NLR) refers to the decrease in
disease probability when the screening test result is negative.23

The equations in calculating sensitivity, specificity, PPV, NPV, PLR and NLR are listed as
follows:

Sensitivity = True positives/(true positives + false negatives)

Specificity = True negatives/(true negatives + false positives)
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PPV = True test positives/all test positives
NPV = True test negatives/all test negatives
PLR = Sensitivity/(1-specificity)

NLR = (1-sensitivity)/specificity

Statistical analysis (sensitivity, specificity, PPV, NPV, PLR & NLR) of each scoring tool in
identifying PEW risks when compared with NutrE conducted by RDNs using ISRNM
diagnostic criteria for PEW was performed using Open Source Epidemiologic Statistics for
Public Health, version 3.01 (OpenEpi).24 After determining the number of true positives
(“At PEW risk” in both scoring tool and the reference standard), false positives (“At PEW
risk” in scoring tool but “Not at PEW risk” in reference standard), false negatives (“Not at
PEW risk” in scoring tool but at “At PEW risk” in reference standard) and true negatives
(“Not at PEW risk” in both scoring tool and reference standard) by SPSS, the results were
entered into the statistical program and formulas for the statistical analysis of the current
study (sensitivity, specificity, PPV, NPV, PLR & NLR) were applied. The 95% confidence
interval was estimated using the Wilson score interval within OpenEpi.

Power Analysis

Results

In studies investigating the accuracy of diagnostic tests, power calculations were rarely
reported and there are no standard guidelines available on how to determine the number of
patients needed for this type of study by power analysis.2> 26 Hess et al. proposed a three-
step method in determining the sample size needed for studies investigating the accuracy of
diagnostic tests.?> This method takes into account the margin of error and the estimated
sensitivity or specificity.2> By applying the three-step method described by Hess et al, the
sample size needed for 80% power to estimate the sensitivity and specificity of 95% for both
the 7-point SGA and the PEW Score with a relative margin of error <0.05 was at 102
patients. This study achieved 80% power by analyzing a total of 133 patients.

Patient characteristics

A total of 133 patients were included in the analysis (Table 3), including 80 (60.2%) males
and 53 (39.8%) females, and their mean age was 54.8 + 12.0 years. The majority of the
patients were African American (n=112, 84.2%) and non-Hispanic (n=101, 75.9%). The
major etiologies of CKD were diabetes (n=46, 34.6%) and hypertension (n=50, 37.6%).
Body mass index (BMI) was 30.2 + 6.8 kg/m2.

PEW diagnosis

According to the results obtained from the NutrE conducted by the two renal RDNs of the
133 patients, 106 (79.7%) patients were assigned the same PEW risk status by both RDNs
and 27 (20.3%) required further discussion to achieve consensus regarding their PEW risk
status. The Cohen’s kappa coefficient was determined to be 0.412, which indicates a
moderate agreement range between the two RDNs in identifying PEW risk in this group of
patients.2’
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Three one-hour meetings of the RDNs were organized and moderated by the principal
investigator during the study period to discuss the 27 patients in question. The most
challenging area for the RDNSs to achieve consensus was assessing patient-rated appetite,
since follow-up questions to clarify these responses were not possible, given the use of pre-
collected data. However, the opportunity to review variables which either supported or
refuted PEW risk enabled the RDNSs to achieve consensus. Therefore, no patient was
removed from the dataset for the final analysis. Based on the final result of the NutrE, 28
(21.1%) patients were rated “at PEW risk™ and 105 (78.9%) patients were rated “Not at
PEW risk” (Table 4).

From the original 7-point SGA ratings, 68 (51.1%) patients were rated well-nourished (score
six or seven), 65 (48.9%) patients were rated moderate or suspected malnourished (score
three, four or five) and no patients were rated severe malnourished (score one or two).
According to the PEW Score, 30 (22.6%) patients had normal nutritional status (score four),
57 (42.9%) patients had slight wasting (score three), 36 (27.1%) patients had moderate
wasting (score two) and 10 (7.5%) patients had severe wasting (score one and zero).

For the purpose of this study, patients were categorized as either “At PEW risk” or “Not at
PEW risk”. Based on the results from the 7-point SGA and PEW Score, the humber of
patients at PEW risk was, respectively, 65 (48.9%) and 103 (77.4%).

Comparison of 7-point SGA and PEW Score against NutrE

In comparing the results of the two scoring tools (7-point SGA and PEW Score) against the
reference standard (retrospective NutrE conducted by RDNs with the use of ISRNM
diagnostic criteria for PEW), a comparison table (Table 5) was developed. Based on the
results of true positives and true negatives, the 7-point SGA and the PEW Score identified
the same level of PEW risk as the NutrE conducted by RDNs in 84 (63%) and 58 (43.6%)
patients, respectively.

Figure 1 compared the sensitivity and specificity between the 7-point SGA and the PEW
Score. The sensitivity of both scoring tools in identifying PEW risk was higher than their
specificity. The sensitivity of the PEW Score (100%) was higher than that of the 7-point
SGA (78.6%) but the specificity of the PEW Score (28.6%) was much lower than that of the
7-point SGA (59.1%). Other components in evaluating the validity of the 7-point SGA and
the PEW Score were listed in Table 6.

Discussion

PEW is prevalent in patients diagnosed with CKD on MHD and which leads to poor quality
of life and a high mortality risk. Early detection of PEW risk with nutrition intervention can
help maintaining and improving health outcomes in this group of patients.> 8- 9 In order to
efficiently identify PEW risk, a screening tool or an assessment tool with high validity when
compared with NutrE conducted by RDNs using ISRNM diagnostic criteria for PEW is
desired.
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The 7-point SGA is a validated tool to assess nutritional status in stage 5 CKD patients on
MHD but it was not validated to identify PEW risk.1* In using the 7-point SGA to identify
PEW risk in this study, the sensitivity, specificity, PPV, NPV, PLR, NLR of the 7-point SGA
were calculated when compared to the retrospective NutrE conducted by RDNs using the
ISRNM diagnostic criteria for PEW. In reviewing the components of the 7-point SGA and
comparing with the NutrE in this study, all components in the 7-point SGA (weight change,
dietary intake, gastrointestinal symptoms, functional capacity, disease state/comorbidities,
and physical exam) were also assessed by the retrospective NutrE conducted by RDNs using
the ISRNM diagnostic criteria. However, since the 7-point SGA does not have the
components on biochemical indicators, this may affect the results in using it in determining
PEW risk in stage 5 CKD patients on MHD.28

The PEW Score is a screening tool and it was previously verified in predicting survival in
CKD patients on MHD.8 For identifying PEW risk using the PEW Score in this study, the
sensitivity, specificity, PPV, NPV, PLR, NLR of the PEW Score were calculated when
compared with the retrospective NutrE conducted by RDNs using the ISRNM diagnostic
criteria for PEW. As the PEW Score solely uses readily available clinical and biological
values at bedside, which here was simulated by examining previously collected data, without
considering other components like appetite, dietary intake and physical examination, this
scoring tool was found to be highly sensitive (100%) but poorly specific (28.6%) in
diagnosing PEW in stage 5 CKD patients on MHD. As a result, many patients identified as
at PEW risk by the PEW Score may not actually be at risk, but no patients at PEW risk were
missed by using the PEW Score.

Both 7-point SGA and the PEW Score were found in this study to be more sensitive than
specific in identifying PEW risk. Therefore, both scoring tools may identify PEW risk in
patients that may not actually have the risk (false positives). In reviewing the other
components in evaluating the validity of the scoring tools in identifying PEW risk, both
scoring tools (7-point SGA and the PEW Score) had higher NPV than PPV. Therefore, when
either scoring tool identifies a patient as “Not at PEW risk”, the probability of that patient
not being at PEW risk is high (91.2% and 100% probability for the 7-point SGA and PEW
Score, respectively). However, when either scoring tool identifies a patient as “at PEW risk”,
the probability of that patient at PEW risk is low (33.9% and 27.2% probability for the 7-
point SGA and PEW Score, respectively). A diagnostic tool with a PLR higher than 10 and a
NLR lower than 0.1 is considered being a clinical confident tool to rule in and rule out
diagnoses respectively.2% However, based on the findings of our study, the PEW Score is the
only diagnostic tool that can provide diagnostic benefit in ruling out patients not at PEW
risk.

Clinicians are reminded that some patients with PEW risk may be missed if the 7-point SGA
is used as the only diagnostic tool for PEW risk identification due to its lower sensitivity
than the PEW Score. Missing patients at PEW risk may lead to serious consequences in
patient’s health conditions and which is not desirable. Besides, training is needed for
healthcare professionals to use the 7-point SGA accurately. On the contrary, the PEW Score
is a simple and easy-to-use screening tool and it is able to capture all patients who are at
PEW risk. However, due to its lower specificity than the 7-point SGA, it may falsely capture
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those not at risk for being at risk for PEW. Providing nutrition intervention to patients not at
PEW risk may do no harm to the patients but medical resources may be misused or wasted.
Further studies on the combined use of the PEW Score for screening and the 7-point SGA
for assessment in identifying PEW risk on patients are recommended as it may possibly
improve the overall diagnostic benefits of the scoring tools for PEW risk identification.

There were three limitations of this study. Firstly, this study was limited to a cross-sectional,
secondary analysis of adult male and non-pregnant females patients between the ages of 18
to 80 years who had stage 5 CKD on MHD and participated in the research entitled
“Development and validation of a predictive enerqy equation in hemodialysis study” within
the Northeastern region of the United States from September 1, 2012 to August 31, 2015.
Data were limited to the information obtained from the patient’s medical records and during
their research appointment. The RDNs conducting the NutrE did not have the opportunity to
assess and interview the patients in-person.

Secondly, the results of the 7-point SGA and the PEW Score were dichotomized as either
“At PEW risk” or “Not at PEW risk” for the analysis. As patients may be at different stages
of PEW based on the ratings of the scoring tools, such cut-offs may affect the results of the
study. For example, patients scored six by the 7-point SGA have at least one abnormal result
in one of the components and they may also be at PEW risk. Therefore, further studies
determining the appropriate cut-off points for the scoring tools may further strengthen the
use of the 7-point SGA and the PEW Score in identifying PEW risk for stage five CKD
patients in MHD. Finally, the results of this study showed that none of the patients were
originally rated as severely malnourished (score one or two) in the 7-point SGA and only 10
(7.5%) patients were originally rated as severe wasting (score one or zero) in the PEW
Score. Such low number of patients in those ratings may affect the overall representations of
stage five CKD patients on MHD. A study focusing on patients with lower ratings in the 7-
point SGA and the PEW Score may improve the strength of the current study.

Practical Application

This study showed that there are differences in using the 7-point SGA and the PEW Score in
identifying PEW risk in stage five CKD patients on MHD. Both of the scoring tools could be
used to identify PEW risk based on the results of this study. The 7-point SGA, in addition to
being a validated nutrition assessment tool recommended by K/DOQI, can be used to
identify PEW risk with a sensitivity of 78.6% and a specificity of 59.1% when compared
with NutrE conducted by RDNs using ISRNM diagnostic criteria for PEW. Therefore, by
using only the 7-point SGA, clinicians can obtain information on both the nutritional status
and the PEW risk status of stage five CKD patients on MHD. The PEW Score is a quick and
easy screening scoring tool to identify PEW risk and it has a very high sensitivity (100%)
but a very low specificity (28.6%) when compared with NutrE conducted by RDNSs using
ISRNM diagnostic criteria for PEW in this study. Both scoring tools were found to be
clinically confident to rule out patients who are not at PEW risk.
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Figure 1. Comparison of sensitivity and specificity between the 7-point SGA and the PEW Score
in identifying PEW risk in Stage five CKD patients on MHD

Sensitivity: the accuracy of the 7-point SGA and PEW score in correctly identifying patients

who PEW risk.

Specificity: the ability of the 7-point SGA and PEW score to correctly identify patients who

do not have PEW risk.
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Table 1

Parameters evaluated by registered dietitian nutritionists (RDNSs) for each nutrition assessment domain in
nutrition evaluation (Nutrg).

Nutrition Assessment Domains Parameters in Nutr

1) Food/Nutrition Related History Dietary intake data (on both dialysis and non-dialysis days)

2) Anthropometric Measurements and Vital Signs Height, Weight, Dry Weight, Average interdialytic weight gain, blood pressure

3) Biochemical Data, Medical Tests, and Procedures ~ Serum albumin, blood urea nitrogen, normalized protein catabolic rate, C-reactive

protein, white blood cells, hemoglobin, intact parathyroid hormone, hemoglobin A1C,
serum creatinine

4) Nutrition-Focused Physical Findings Nutrition-specific quality of life (NSQOL) questionnaire results, subjective global

assessment sub-components (functional capacity, physical exam)

5) Client History

Demographic characteristics (age, gender, race, ethnicity and Chronic kidney disease
etiology)
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Table 2
The ISRNM diagnostic criteria for PEW in CKD

Threshold Threshold

Biochemical Indicators  serym albumin less than 3.8g/dL@
Serum prealbumin (transthyretin) less than 30 mg/dL4
Serum cholesterol less than 100 mg/dL?4

Body Mass BMI less than 23kg/m2
Unintentional weight loss: 5% over three months or 10% over six months b
Total body fat percentage less than10% b

Muscle Mass Muscle wasting: reduced muscle mass-5% over three months or 10% over six months
Reduced mid-arm muscle circumference area® (reduction over 10% in relation to the fiftieth percentile of reference
population)
Appearance of creatinine?

Dietary Intake Unintentional low DPI: less than 0.8 g/kg/day for at least two months for patients on hemodialysis€ or less than 0.6
g/kg/day for patients with CKD stage 2-5.

Unintentional low DEI: less than 25 kcal/kg/day for at least two months®.

At least three categories listed above (and at least one test in each of the selected category) must be met in order to satisfy the PEW diagnosis.

a . L . . . . . . . .
Data is not valid if low concentrations are caused by abnormal urinary or gastrointestinal protein loss, livers diseases or cholesterol lowering
medications.

Certain Asian population might be desirable to have lower BMI; post-dialysis weight or edema-free mass must be used.
c . .

Only trained anthropometrist can conduct the measurements.
d . . -

Both muscle mass and meat intake can influence the appearance of creatinine.

e_. L . . - . . . . .
Dietary diaries and interviews can be used. Protein intake can be assessed by calculation of normalized protein equivalent of total nitrogen
appearance.

Abbreviations: BMI, Body mass index; CKD, chronic kidney disease; DPI, Dietary protein intake; DEI, Dietary energy intake, PEW, protein
energy wasting
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Table 3

Summary of the characteristics of patients enrolled in the study entitled *“ Development and Validation of a
Predictive Enerqy Equation in Hemodialysis” (n=133)

Characteristics n (%)

Age in years (mean + SD) 54.8+12.0

Gender
Male 80 (60.2)
Female 53 (39.8)
Race
Caucasian 21(15.8)
African American 112 (84.2)
Ethnicity
Hispanic 10 (7.5)
Non-Hispanic 101 (75.9)
Unknown 22 (16.5)

CKD Etiology *
Diabetes (Type 1 or2) 46 (34.6)

Hypertension 50 (37.6)
Glomerulonephritis 7 (5.3)
Polycystic Kidney 4(3.0)
Others 64 (48.1)

*
As patients could have more than one CKD etiology, the sum of the percentage is more than 100.
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Prevalence of PEW risk in the stage 5 CKD patients on MHD based on 7-point SGA, PEW Score, and NutrE

Table 4

conducted by RDs using ISRNM diagnostic criteria for PEW (n=133)

Nutritional Status

7-point SGA  PEW Score  NutrE by RDNs using ISRNM diagnostic criteria

At PEW Risk n (%)

Not at PEW Risk n (%)

65 (48.9) 103 (77.4) 28 (21.1)
68 (51.1) 30 (22.6) 105 (78.9)
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The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive

Table 6

Page 19

likelihood ratio (PLR) and negative likelihood ratio (NLR) of the 7-point subjective global assessment (SGA)

and protein energy wasting (PEW) score in comparison with nutrition evaluation (Nutr) conducted by

registered dietitian nutritionists (RDN)s with the use of International Society of Renal Metabolism (ISRNM)
diagnostic criteria for PEW. (n=133)

Parameters 7-point SGA (95% confidence intervals) PEW Score (95% confidence intervals)
Sensitivity (%) 78.6 (60.46, 89.79) 100 (87.94, 100)

Specificity (%) 59.1 (49.48, 67.97) 28.6 (20.81, 37.85)

PPV (%) 33.9 (2353, 45.96) 27.2 (19.53, 36.48)

NPV (%) 91.2 (82.06, 95.89) 100 (88.65, 100)

PLR 1.9 (1.79, 2.06) 1.4 (1.36, 1.44)

NLR 0.4 (0.26, 0.51) 0 (0, undefined)
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