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Abstract

Malnutrition in vulnerable patient populations must be rapidly detected using techniques that are easy to incorporate into everyday clinical practice.

The new recommendations defined the 7-point Subjective Global Assessment (SGA) as optimal for nutritional assessment in chronic kidney disease
(CKD), while Geriatric Nutrition Risk Index (GNRI) demands additional examination in elderly. This study aimed to determine the accuracy of
several concise tools used in the clinical practice and the correlation of this tools with functional method hand grip strength (HGS) in elderly patients
with CKD. In this cross-sectional study, anthropometric and functional data for 50 elderly hemodialysis patients were analyzed using numerous
survey-based tools for screening nutritional status (Malnutrition Screening Tool — MST, Nutritional Risk Screening 2002 - NRS2002, Malnutrition

Universal Screening Tool - MUST, Mini Nutritional Assessment - MNA, GNRI), which we compared to the standard 7-point SGA nutritional
assessment tool. The sensitivity, specificity, and accuracy of these tools for detecting malnutrition were compared with the standard by using receiver
operating characteristic (ROC) curve analysis. 7-point SGA classified 36.6% of participants as well nourished, and 63.4% as mildly to moderately
malnourished, while the simplest alternative methods showed lower accuracy, classifying much higher proportions of participants as well nourished
(MST, 92.0%; NRS2002, 80.4%). MNA had the highest accuracy based on receiver operating characteristic curves. HGS correlated moderately with

7-point SGA (r = 0.331), MNA (r = 0.410), and GNRI (v = 0.320). Our small study suggests that MNA is the best tool for malnutrition risk screening

in elderly with CKD. Combining HGS with concise tools, such as GNRI, may provide better results and unburden healthcare professionals.
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Introduction

Malnutrition is one of the most common complications among
individuals with chronic kidney disease (CKD), and it is a common cause
of mortality and morbidity among patients on hemodialysis (Iorember,
2018). Regular nutritional screening and assessment of malnutrition
are necessary because it often goes undiagnosed (Mueller et al., 2011).
Nutritional screening has an important role in determining the need for
further nutritional assessment, and ultimately in providing patients with
appropriate nutritional care. Nutritional assessment of patients under
the risk of malnutrition includes anthropometric, biochemical, clinical,
dietary methods, and medical history; the most reliable assessments
draw on combinations of these methods (Lee and Nieman, 2007).

The original Subjective Global Assessment (SGA) survey was the
gold standard for detecting malnutrition in patients on hemodialysis
(Detsky et al., 1987), but it is time-consuming and must be conducted
by experienced medical staff (Keith, 2008). The need for a more precise
assessment of the nutritional status of patients on hemodialysis resulted
in changing the ABC-scoring scale of the original SGA survey into a
7-point scale, generating the 7-point SGA (Churchill et al., 1996). New
Kidney Disease Outcomes Quality Initiative (KDOQI) recommendations
of the National Kidney Foundation (NKF) defined the 7-point SGA
survey as a standard, valid, and reliable tool for assessing nutritional
status in patients with stage 5 CKD (Ikizler et al., 2020). However,
some tools require additional examination in elderly patients with CKD,
highlighting the importance of researching the validity and reliability
of Geriatric Nutrition Risk Index (GNRI) (Bouillanne et al., 2005) in
elderly (Ikizler et al., 2020).

In addition to stated tools, many other survey-based tools have been

designed as faster, simpler options in nutritional screening, such as
Malnutrition Screening Tool (Ferguson et al., 1999) (MST), Nutritional
Risk Screening 2002 (Reilly et al., 1995) (NRS2002), and Malnutrition
Universal Screening Tool (Stratton et al., 2004) (MUST), while Mini
Nutritional Assessment (Guigoz et al., 1994) (MNA) is the most
extensive screening tool in this research. KDOQI defined all these
tools, including GNRI, as screening tools (Ikizler et al., 2020) and
some of these instruments have been validated only for specific patient
populations (Kondrup et al., 2003). For example, NRS2002 can be
used for in-patients, and MNA for the elderly, whereas MUST may be
appropriate for any type of in- or outpatient.

The main goals of concise surveys for nutritional screening were
directed towards practicality, time-saving, and diagnosing as many
malnourished patients in hospitals, as it is recommended to performe
it routinely. On the other hand, there is no defined standard method for
nutritional screening in CKD and hemodialysis population (Ikizler et al.,
2020); experienced medical professionals choose tools by their intuition.
Current gaps and suggestions for future research (Ikizler et al., 2020)
led us to undertake our comparison of concise nutritional screening
surveys in the elderly population with CKD undergoing hemodialysis
to determine if less complex tools will give reliable results, and if the
complexity of tools represents an important factor. Also, we examined
the application of the GNRI index, which demanded more additional
research in the stated population. For the reference standard in tool
evaluation we used the 7-point SGA, which was established as the reliable
tool for assesing nutritional status in hemodialysis patients (Ikizler et
al., 2020). Furthemore, reliable nutritional assessment tool was used as
the reference in another study comparing nutritional screening tools in
hemodialysis population (Yamada et al., 2008), what justified the usage
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of 7-point SGA in our research.

At the same time, we reasoned that we might improve the screening
of nutritional status by complementing all survey-based tools with
a functional test of hand grip strength (HGS), that can be used as
indicator of protein-energy and functional status (Ikizler et al., 2020).
Most hemodialysis patients are elderly with reduced muscle mass and
strength, and HGS can predict all-cause mortality (Hwang et al., 2019;
Vogt et al., 2016) and frailty (Johansen et al., 2019) in these patients.
Therefore, we compared the sensitivity and specificity of various tools
against 7-point SGA as the reference, and defined which tools are the
most appropriate for nutritional screening in hemodialysis patients.
Furthermore, we examined which tools correlated with HGS to propose
a combination of methods to most reliably screen the nutritional status of
elderly patients with CKD.

Materials and methods

Participants

This cross-sectional study was conducted at General Hospital ,,Dr.
Josip Bencevi¢™ in Slavonski Brod, Croatia. There were 97 patients
in the hospital hemodialysis department, of whom 50 elderly patients
aged 65 to 84 years were enrolled in the study. Exclusion criterias were
age under 65 years, dementia or refusal to participate in the study.
All patients underwent 4-5 hours of hemodialysis three times a week.
Hemodialysis was performed using bicarbonate solution on high- and
low-permeability polysulfonate dialyzers with standard rates of blood
and dialysate flow. The study was conducted in accordance with the
principles of the Declaration of Helsinki, and the study protocol was
approved by the Ethics Committee of General Hospital ,,Dr. Josip
Bencevi¢®. All participants signed written consent after being informed
of the objectives of the study. Patients were assured that their data would
be protected and anonymized for publication.

Anthropometric assessment

The following anthropometric measurements were taken approximately
30 min after hemodialysis as quickly as possible to minimize disturbance
to the patient: body height, body weight, mid-upper arm circumference
(MUAC) and calf circumference (CC) (Lee and Nieman, 2007). Weight
(kg) was measured using a standard clinical balance when participants

were barefoot, and height (cm) was measured using a fixed stadiometer.
Body weight at various times before enrollment in this study (2 weeks
as well as 1, 2, 3, and 6 months) was collected from medical records.
Body mass index (BMI) was calculated. MUAC was the average of
three measurements on the nondominant arm, and CC was measured on
the left calf. Both measurements were taken using inelastic tape while
muscles were relaxed.

HGS

At 30 min after hemodialysis, HGS in the dominant hand was measured
using a dynamometer (Seca, Germany) while participants sat in a
neutral position with the shoulders adducted, elbows flexed at a 90°
angle, and the forearm and wrist positioned neutrally (Lee and Nieman,
2007). Participants were instructed to use as much pressure as possible.
Measurements (kg) were repeated three times and averaged HGS results
were used to define if patients were under the risk of frailty based on an
8-level scale that takes into account gender and BMI (Table 1) (Fried et
al., 2001).

Blood biochemistry

Blood samples were taken from participants once a month and analyzed
in the Biochemical Laboratory of the same hospital. Blood samples for
biochemical analyses were taken at the same period when anthropometric,
functional parameters, assessment and screening tools were conducted.
Serum concentrations of urea, creatinine, iron, unsaturated iron binding
capacity (UIBC), total iron binding capacity (TIBC), sodium, potassium,
calcium, phosphorous, total protein, albumin and cholesterol were
determined using standard methods (Flegar Mestri¢ et al., 2000; Thomas,
1998; Tietz, 1987, 1995).

Nutritional assessment and screening tools

The 7-point SGA (Christensson et al., 2002) was considered the
standard tool for nutritional assessment, classifying parcitipants as
,well nourished, ,,mildly to moderately malnourished or ,,severely
malnourished”. Furthermore, all participants were screened using
Geriatric Nutrition Risk Index (GNRI) (Bouillanne et al., 2005),
Malnutrition Screening Tool (MST) (Ferguson et al., 1999), Nutritional
Risk Screening instrument (NRS2002) (Reilly et al., 1995), Malnutrition
Universal Screening Tool (MUST) (Stratton et al., 2004) and the

Table 1. Hand grip strenght (HGS) stratified by gender and body mass index (BMI) quartiles in order to define the risk of frailty (Fried et al., 2001)

BMI quartiles according to gender Cut-off values for HGS (kg)

Men

<24.0 <29.0
24.1-26.0 <30.0
26.1-28.0 <30.0
>28.0 <32.0
Women

<23.0 <17.0
23.1-26.0 <173
26.1-29.0 <18.0
>29.0 <21.0
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complete version of Mini Nutritional Assessment (MNA) (Guigoz et al.,
1994). All tools were completed by experienced medical staff and scored
according to cut-off values described by the survey developers.

Statistical analysis

Data were analyzed using SPSS 17.0 (IBM, Chicago, IL, USA) and
Excel 2013 (Microsoft, Seattle, WA, USA). Differences were considered
significant if associated with p <0.05. Continuous data showing a normal
distribution were reported as mean + SD, while non-normal distribution
was reported as median = SEM. Differences between two age groups
were assessed for significance using the independent samples t-test and
Man-Whitney U test. Spearman rank correlation analysis was used for

Table 2. Characteristics of the study population, stratified by age

determining correlation between HGS and nutritional ssessment tools.
The receiver operating characteristic (ROC) curves were generated. The
accuracy of the screening tools for diagnosing malnutrition was assessed
by calculating the area under the receiver operating characteristic curve
(AUC), for which 7-point SGA served as the reference standard. AUC is
1.0 for a perfect test and no more than 0.5 for a useless test. Sensitivity,
specificity and accuracy were determined using the cut-off points on
the receiver operating characteristic curves that maximized the Youden
index J = maximum (sensitivity + specificity - 1) (Akobeng, 2007;
Youden, 1950).

Characteristics All (n=50) Age <75 (n=19) Age >75 (n=31) p
Age (years) 76+ 12 71+1 79+ 1 <0.001*
Duration of hemodialysis (months) 25+8 17+13 39+ 11 0.430
Weight (kg) 67.4+14.7 68.8+17.8 66.5+12.6 0.603
Height (cm) 162.6 £10.2 167.6 £2.65 1625+ 1.5 0.549
BMI (kg/m?) 252+9.7 252+0.8 25.0+0.6 0.928
MUAC (cm) 25.1+£2.9 25.0+£0.7 25.65+0.54 0.639
CC (cm) 31.0+5.6 30.8+0.8 30.8+0.7 0.984
HGS (kg) 14+2 15+£3 13+£2 0.992
Urea (mmol/L) 72+28 7.3+0.6 6.7+0.5 0.299
Creatinine (umol/L) 736 =211 749 + 192 728 + 225 0.729
Uric acid (umol/L) 321 +£56 334+ 16 329+9 0.460
Iron (umol/L) 8.6+0.4 8.8+£0.8 9.1£0.5 0.952
UIBC (umol/L) 20+1 31+£3 26+ 1 0.238
TIBC (umol/L) 37.7+1.1 39.2+2.1 32.6+1.2 0.281
Sodium (mmol/L) 137+0 137+1 137+1 0.632
Potassium (mmol/L) 52+0.7 52+0.1 5.0+£0.2 0.208
Calcium (mmol/L) 2.23+0.28 2.30+0.05 2.15+0.03 0.003*
Phosphate (mmol/L) 1.32+0.06 1.59+0.16 1.24 +£0.06 0.006*
Total protein (g/L) 66.24 +5.71 65.00 + 1.49 64.00 + 0.94 0.742
Albumin (g/L) 3340 3341 3241 0.497
Cholesterol (mmol/L) 43+1.0 38+0.3 45+02 0.067

BMI — body mass index; MUAC - mid-upper arm circumference; CC — calf circumference; HGS — hand grip strenght; UIBC - unsaturated iron

binding capacity; TIBC - total iron binding capacity

*Significance based on the criterion p < 0.05 (independent samples t-test, Mann-Whitney U test).
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Results and discussion

The study included 50 elderly participants, of whom 19 (38%) were 65
- 74 years old and 31 (62%) 75 years or older. There was no difference
between anthropometric and functional parameters according to
participants age. The only observed differences between groups, except
age, were in biochemical parameters in serum concentrations of calcium
and phosphate (Table 2). Since differences between defined age groups
were minimal, all participants were pooled in all subsequent analyses.

The UK Renal Association (Wright and Jones, 2009) recommends
nutritional screening every 4-6 months for stable patients on hemodialysis
and once per week for hospitalized patients, while patients at risk of
malnutrition should be monitored more frequently. This highlights the
need for an application of fast and simple nutritional screening tools.
Scores on the MUST, MNA, GNRI, and 7-point SGA were used to
classify patients as being ,,well nourished or low risk* or being ,,mildly
to moderately malnourished or medium risk or ,,malnourished or high
risk®. Scores on the MST and NRS2002 were used to classify whether
patients were at risk of malnutrition or not (Figure 1). The cut-off scores
for the different categories on the various tools came from the original
survey reports.

Most participants were classified as well nourished by MST (94.0%)
and NRS2002 (83.7%), compared to the 7-point SGA reference, which
classified 36.6% of participants as well nourished, 63.4% as mildly to
moderately malnourished and 0.0% as severely malnourished (Figure
1). GNRI classified 40.8% participants as well nourished, what did
not deviate much from the standard, and showed the highest accuracy
among other concise screening tools (Table 3).

Based on the three 7-point SGA categories of ,,well nourished*,
,,mildly to moderately malnourished” and ,,severely malnourished*,
receiver operating characteristic curves were derived for every tool
(Figure 2). All patients that 7-point SGA categorized as ,mildly to
moderately malnourished* or ,,severely malnourished were considered
malnourished for the purposes of this analysis. MNA was the most
accurate tool for malnutrition screening and showed moderate accuracy,
what confirmed that more complex tools give more accurate results.
Other tools showed low accuracy according to the receiver operating
characteristic curves (Akobeng, 2007). NRS2002 and MST were the
least accurate among the tools that we compared, and showed low
accuracy along with MUST. Out of concise tools, GNRI gave the most
accurate results (Table 3).

Previous research identified 7-point SGA as reliable nutritional predictor
of clinical outcomes and mortality in hemodialysis patients (Borges et

MST

NRS 2002
MUST
MNA

GNRI
7-point SGA
0% 10%

20%  30%

40%

al., 2016; Sum et al., 2017). Although previous research showed that
MNA was not as much reliable method as classic SGA in detecting
malnutrition (Afsar et al., 2006), according to 7-point SGA as the
reference standard, MNA was the most accurate screening tool and
showed the highest sensitivity in this study (Table 3). This probably
reflected the fact that incorporating a quantitative scale into classic SGA
(Kalantar-Zadeh et al., 1999) affects the nutritional assessment process
of hemodialysis patients.

Furthermore, GNRI showed low accuracy in nutritional screening
of elderly patients on hemodialysis, indicating that preference in
nutritional screening should be given to MNA. However, more factors
must be taken into consideration when deciding which screening tool
should be used in everyday clinical practice. The longer, more complex
tool MNA was more accurate at classifying elderly participants as
malnourished, indicating the need to collect data on a range of factors in
order to accurately screen nutritional status of patients on hemodialysis.
Consistent with this idea, only 2.0% of participants were underweight
according to BMI, so relying on this index by itself could lead to
substantial underdiagnosis of malnutrition (Cederholm et al., 2015).
Despite the reported high prevalence of malnutrition among patients
on hemodialysis, 38.0% of our subjects were overweight and 12.0%
obese. This suggests that body weight and BMI may not necessarily
be an adequate indicator of nutritional status in these patients and that
combination of different parameters could provide better screening and
assessement results (Iorember, 2018).

Although complete version of MNA was more accurate than other
examined tools (Table 3), it is time consuming, demands obtaining
patients anthropometric data and requires the capability of patients to
self-estimate their dietary intake. The similarly concise MST, NRS2002
and MUST were the fastest and simplest tools in our experience and
that of others (Stratton et al., 2004), but they showed low accuracy in
our study (Table 3). This can be explained by all three tools featuring
similar content about reduction of nutritional intake and unintentional
weight loss (Ferguson et al., 1999; Reilly et al., 1995). GNRI was the
most accurate concise tool for nutritional screening. This showed that
combining biochemical and anthropometric parameters in nutritional
screening in hemodialysis patients gives more reliable results. In this
case, albumin and body weight modified by using Lorentz formula were
combined. Moreover, GNRI is effective in predicting nutritional status
in dialysis patients (Kang et al., 2013) and can be conducted fastly and
practically just by healhtcare professionals; nutritional screening can
be carried out by using data from patients medical charts respectively.
Another studies showed that GNRI had the highest accuracy among
other screening tools, but when using MIS as the reference standard

50% 60% 70% 80%  90% 100%

mwell nourished or low risk ™ mildly to moderately malnourished or medium risk ®malnourished or high risk

Figure 1. Classification of hemodialysis patients (n=50) by nutritional status, obtained from using several nutritional screening tools. The
standard was 7-point SGA tool. Cut-off values were taken from the original study reports.
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Figure 2. Receiver operating characteristic (ROC) curves quantifying the ability of various nutritional screening tools to diagnose malnourishment
in hemodialysis patients, based on 7-point SGA as the reference standard: (A) NRS2002, (B) MST, (C) MUST, (D) GNRI, (E) MNA

Table 3. Sensitivity, specificity and accuracy of nutritional screening tools for diagnosing malnutrition in hemodialysis patients, based on receiver
operating characteristic curves and 7-point SGA as the reference standard

Tool Sensitivity Specificity Accuracy
NRS2002 0.415 0.889 0.631
MST 0.415 0.889 0.656
MUST 0.341 1.000 0.671
GNRI 0.667 0.707 0.675
MNA 0.889 0.439 0.728

(Yamada et al., 2008).

Furthermore, we explored whether HGS could be a rapid way to improve
the reliability of these concise and survey-based nutritional screening
tools. HGS is often used in clinical practice to assess physical condition
and even nutritional status (Flood et al., 2014), so it has proved to be a
good predictor of muscle quality and survival in hemodialysis patients
(Hwang et al., 2019; Vogt et al., 2016; Yoda et al., 2012). In our study
sample, Spearman rank correlation analysis showed that HGS correlated
moderately with 7-point SGA (r = 0,331), GNRI (r = 0,320), and MNA
(r=0.410); weakly with MUST (r = -0.200); and not at all with MST (r
=-0.002) and NRS2002 (r =-0.061).

Most participants who were under the risk of frailty based on published
HGS cut-offs (Fried et al., 2001) were classified as malnourished or
potentially malnourished by examined tools (Figure 3). In malnourished
patients defined by GNRI, 81.1% of patients were under the risk of
frailty. For example, of 14 participants defined by the GNRI as ,,mildly
to moderately malnourished or medium risk®, 13 (92.9%) were under
rhe risk of frailty based on HGS. The nutritional status of these patients
should be monitored more frequently to detect emerging malnutrition as
soon as possible.

The agreement observed between HGS and nutritional screening
tools in our study is consistent with a report that low muscle strength
correlates more strongly than low muscle mass with malnutrition and
protein-energy wasting (Isoyama et al., 2014). Our results suggested
that HGS can complement nutritional screening tools in elderly patients
on hemodialysis, what is consistent with previous work showing

that a combination of HGS and other anthropometric and nutritional
parameters can reliably assess the nutritional status of such patients
(Garcia et al., 2013). Also, a combined approach may be more reliable
than assessments based on only one method (Kondrup et al., 2003), what
encouraged us to examine it’s effectiveness in nutritional screening as
well.

Highest correlation with HGS was showed by nutritional assessmen tool
7-point SGA and screening tools MNA and GNRI. In other words, HGS
correlated better with tools that collect data on more components and
therefore require longer time and skill to administer. The exception was
once again GNRI, which moderately correlated with HGS despite it’s
concisity. This led us to recommend using HGS when applying time-
saving GNRI to get more reliable results. Ultimately, HGS may be useful
for screening elderly patients who may require immediate nutritional
screening with survey- or index-based tools, or for following up after
such a tool indicates the risk of malnutrition.

This small study complements the new recommendations and provides
evidence that MNA is valid tool for nutritional screening of elderly
patients on hemodialysis. Among the nutritional screening tools, MNA
was the most accurate for elderly patients on hemodialysis, while faster
surveys such as NRS2002 and MUST were less accurate when reliable
7-point SGA was used as the reference standard. The study further shows
that HGS correlates with many nutritional screening tools and can be
combined with them to provide a more complete and reliable screening.
In this context, MNA may be the best tool to combine with functional
methods when screening the nutritional status of elderly hemodialysis
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Figure 3. Proportions of hemodialysis patients classified as fragile based on hand grip strength who were also categorized as malnourished or

potentially malnourished by the indicated nutritional screening tools. The concentric rings represent the indicated proportions.

patients. Furthermore, time-saving GNRI is the most accurate concise
tool that could provide better results in screening nutritional status of ~ Abbreviations
elderly when combined with HGS. AUC - area under the receiver operating characteristic curve
BMI - body mass index
. CC - calf circumference
Conclusions CKD - chronic kidney disease
GNRI - Geriatric Nutrition Risk Index
HGS - hand grip strength
KDOQI - Kidney Disease Outcomes Quality Initiative
MIS - Malnutrition Inflammation Score
MNA - Mini Nutritional Assessment
MST - Malnutrition Screening Tool

It can be concluded that MNA can be used for nutritional screening
of elderly hemodialysis patients. The advantage should be given to
more complex tools, while simpler tools, such as GNRI, should be
complemented by functional methods to get more reliable results.
Screening tools should be further evaluated and future research should
provide a standard and reliable tool for nutritional screening of elderly MUAC - mid-upper arm circumference
patients on hemodialysis. Future work should continue to explore rapid MUST - Malnutrition Universal Screening Tool
methods, alone and in combination, for accurate nutritional screening of NKEF - National Kidney Foundation

this vulnerable patient population. NRS2002 - Nutritional Risk Screening 2002
ROC - receiver operating characteristic curve
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