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Background: Muscle wasting, observed in patients with end-stage kidney disease

and protein energy wasting (PEW), is associated with increased mortality for those on

hemodialysis (HD). Oral nutritional supplementation (ONS) and nutrition counseling (NC)

are treatment options for PEW but research targeting muscle status, as an outcome

metric, is limited.

Aim: We compared the effects of combined treatment (ONS + NC) vs. NC alone on

muscle status and nutritional parameters in HD patients with PEW.

Methods: This multi-center randomized, open label-controlled trial, registered under

ClinicalTrials.gov (Identifier no. NCT04789031), recruited 56 HD patients identified with

PEW using the International Society of Renal Nutrition and Metabolism criteria. Patients

were randomly allocated to intervention (ONS + NC, n = 29) and control (NC, n = 27)

groups. The ONS + NC received commercial renal-specific ONS providing 475 kcal and

21.7 g of protein daily for 6 months. Both groups also received standard NC during the

study period. Differences in quadriceps muscle status assessed using ultrasound (US)

imaging, arm muscle area and circumference, bio-impedance spectroscopy (BIS), and

handgrip strength (HGS) methods were analyzed using the generalized linear model for

repeated measures.
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Results: Muscle indices as per US metrics indicated significance (p < 0.001) for

group × time interaction only in the ONS + NC group, with increases by 8.3 and

7.7% for quadriceps muscle thickness and 4.5% for cross-sectional area (all p < 0.05).

This effect was not observed for arm muscle area and circumference, BIS metrics

and HGS in both the groups. ONS + NC compared to NC demonstrated increased

dry weight (p = 0.039), mid-thigh girth (p = 0.004), serum prealbumin (p = 0.005),

normalized protein catabolic rate (p = 0.025), and dietary intakes (p < 0.001), along

with lower malnutrition–inflammation score (MIS) (p = 0.041). At the end of the study,

lesser patients in the ONS + NC group were diagnosed with PEW (24.1%, p = 0.008)

as they had achieved dietary adequacy with ONS provision.

Conclusion: Combination of ONS with NC was effective in treating PEW and

contributed to a gain in the muscle status as assessed by the US, suggesting that the

treatment for PEW requires nutritional optimization via ONS.

Keywords: oral nutritional supplementation, nutrition counseling, hemodialysis, protein energy wasting,

quadriceps muscle, ultrasound imaging

INTRODUCTION

Treating underlying muscle wasting in malnourished patients
with chronic kidney disease (CKD) is challenging. The onset of
muscle wasting establishes at the early stages of CKD, and the
commencement of the dialysis treatment at end-stage kidney
disease is an iatrogenic factor for malnutrition as it also promotes
muscle proteolysis (1). The issue of muscle wasting is associated
with protein energy wasting (PEW) in patients who undergo
dialysis, a syndrome affecting 28–54% of patients worldwide
(2). Increased risk for muscle wasting occurs in the presence of
uremia, metabolic acidosis, inflammation, and insulin resistance,
since each condition promotes muscle proteolysis (1). In patients
who undergo dialysis, low muscle mass is associated with frailty,
depression, malnutrition (3), and poor quality of life (4–6); and
is a strong predictor of hospitalization and mortality (7, 8).
The patients who undergo dialysis and having greater muscle
mass achieve better physical ability, quality of life and survival
(7, 9), indicating a priority to target treatment to mitigate
muscle wasting.

Nutritional supplementation and exercise training are
recommended to treat muscle wasting in patients with
hemodialysis (HD) (6). However, the evidence of benefit for
muscle status is inconclusive depending on treatment duration,
feeding frequency, nutrient composition of supplementation,
the severity of malnutrition, as well as assessment parameters
(10, 11). Anomalies arise frommalnutrition diagnosis that adopts
body mass index (BMI) and serum albumin cut-offs, as muscle
and fat compartments of the body are not differentiated, and
albumin values are influenced by the presence of inflammation
(12, 13). In contrast, although diagnosis with composite
nutritional indices, such as subjective global assessment and
malnutrition-inflammation score (MIS) (14–16) indicate that
oral nutritional supplementation (ONS) improved the overall
nutritional status, but muscle mass improvement could not be
ascertained. In addition, anomalies in muscle mass assessment

arise from sensitivity to detect change as per muscle indices (11)
and site of measurement (17) when using skinfold measurements
(15), handgrip strength (HGS) (18), and bio-impedance
spectroscopy (BIS) (19).

Till now, ONS investigations addressing muscle wasting in
patients with HD reflect either ONS use alone (15, 19, 20)
or in combination with exercise (11, 18, 21). Studies on ONS
intervention alone found no changes in lean body mass (LBM)
(15, 19, 20). Exercise therapy alone did not find any improvement
in LBM but was associated with improvements in the physical
functioning and quality of life (18). In studies evaluating ONS
combined with resistance exercise, no significant gains in LBM
were apparent (18, 21). These studies investigating exercise
alone or in combination with ONS, report no improvement in
muscle mass with both treatments. Additionally, these studies
recruited patients with mild to severe malnutrition defined by
BMI, arm circumference, serum albumin, dietary intake, and
subjective global assessment scores (15–17, 20), thus highlighting
recruitment without PEW diagnostic criteria.

Assessment of ONS as a treatment strategy in patients with
established PEW lacks in terms of the limitation of the methods
to indicate improvement in muscle mass. These studies have not
adopted direct measurement of muscle mass quantification of
the lower limb muscle, which is sensitive to degradation from
inflammation-related malnutrition (22). Additionally, there has
been no standardization in diagnosing PEW.We addressed these
gaps by purposively selecting only HD patients with PEW as the
study population and provided them intervention in the form
of ONS combined with NC or NC alone. The outcome measure
resulted in the change in the muscle status as assessed using
ultrasound (US) imaging as per the thickness of the quadriceps
muscle and its cross-sectional area (23). PEW was identified in a
HD population using the diagnostic criteria of the International
Society of Renal Nutrtition and Metabolism (ISRNM) (14). The
aims of this study therefore were (i) to assess muscle status
changes in response to treatments using the US method and
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(ii) to determine PEW prevalence post-intervention between the
treatment groups.

MATERIALS AND METHODS

Study Design and Patient Recruitment
This multi-center, randomized open-label controlled trial was
conducted between June 2016 and July 2019 with recruitment
from 16 outpatient HD facilities representing government,
private, and non-governmental organization sectors in the Klang
Valley. Since serum prealbumin is a stable biomarker for protein
synthesis in line with anabolism (24), the sample size calculation
was therefore based on the study by Malgorzewicz et al. (16) who
used serum prealbumin as an endpoint to ONS provision. In our
calculation, using the mean difference in serum prealbumin at
0.57 ± 8.1 g/L, the effect size calculated at 0.70 (moderate effect)
with power at 80% and the level of significance set at 5%, the
minimum required sample size was 25 patients per treatment
arm. Assuming a 20% dropout, the final sample size was inflated
to 30 patients per arm.

Eligibility criteria included HD patients receiving standard
dialysis treatment (3 sessions per week, 4 h per session) for >3
months, aged between 18 and 70 years old, and diagnosed with
PEW using the ISRNM criteria (13). The PEW was identified
when any 3 out of 4 ISRNM diagnostic criteria were met:
BMI <23 kg/m2, reduction >10% in MAMC related to the
50th percentile of the reference population, serum albumin <38
g/L, and dietary energy intake (DEI) <25 kcal/kg ideal body
weight (IBW).

Patients with a history of poor adherence to HD treatment,
prolonged hospitalization, or surgery in the past 3 months
prior to recruitment, diagnosed with inflammatory diseases or
malignancy, vegetarian, or on regular ONS were excluded.

The study was approved by the Medical Research and
Ethics Committee, Ministry of Health, Malaysia (NMRR-16-
2525-32068) and the Research Ethics Committee of National
University of Malaysia (NN-081-2016). This trial was also
registered on www.clinicaltrials.gov (NCT04789031).

Intervention and Control Groups
The treatments provided were ONS and nutrition counseling
(NC). The selected ONS was a renal-specific product
(NovasourceTM Renal; Nestle Health Science, Malaysia)
providing 475 kcal and 21.7 g of protein per serving
given on a daily basis. This was a ready-to-drink formula
available as a 237ml tetrabrik pack. The selected product
fulfilled the criteria of been calorie and protein dense
within a limited volume of supplement, which enables
in achieving the necessary nutrient adequacy to improve
the nutritional status as well as avoid overhydration in
patients with HD. Patients were advised to consume the
beverage 30min after commencing their dialysis session
on dialysis days and at home on non-dialysis days. The
nutritional information of the product is provided in the
Supplementary Table S1.

Nutrition counseling was provided to both the treatment
groups by dietitians who counseled on achieving nutritional

adequacies for energy and protein whilst limiting sodium,
phosphate, potassium, and fluid intakes as per the Kidney Disease
Outcomes Quality Initiative Guidelines (25). NC sessions were
organized at baseline, third, and sixth months of the study as per
standard healthcare protocol.

Recruited patients were randomized in a ratio of 1:1 to
receive either ONS + NC or NC only. The NC only group
served as the control. Block randomization was carried out at
each study site using a computerized randomization calculator
(Random Allocation Software Version 1.0) after the baseline
data was collected. Randomization was performed by the study
statistician (KC), who was not clinically involved in the trial.
Both the groups were matched for age, gender, serum pre-
albumin, and BMI. Both the groups received treatment for
6 months.

Outcome Measures
Evaluation of nutritional outcomes was performed at baseline,
third, and sixth months of the study and related to the
following parameters:

Muscle Indices
Quadriceps muscles: The thickness of the mid-length (MID)
of quadriceps muscle, rectus femoris (RFMID) and vastus
intermedius (VIMID) muscles, and cross-sectional area (CSA)
of the RF (RFCSA) at the mid-thigh were assessed using a
portable US imaging device (GE Logiq e Digital Portable
Color Doppler, GE Healthcare, Wauwatosa, USA). Only one
leg was consistently measured for all timed events, with
selection for each patient dependent on either the dominant
leg or leg without the vascular access. Standardized anatomical
landmarking was performed at the MID site as per the
International Society for Advancement of Kinanthropometry
(ISAK) protocol (26) by an ISAK-trained anthropometrist (TK)
as detailed previously (27). Two US scan readings were obtained
for each measured site, and the mean value was used for data
analysis. Researchers (SS and BHK) performed the US scan
2 h after the commencement of dialysis, with dialysis chairs
adjusted for the supine position and both knees extended but
relaxed. The same assessor performed all measurements for
the same patient throughout the study. The intra- and inter-
observer reliability for US measurements has been reported
elsewhere (27).

Arm muscles: In order to determine the mid-arm muscle
circumference (MAMC) and mid-arm muscle area (MAMA)
(28), the skinfold thickness and the MAMC of triceps were
measured according to the ISAK protocol on the dominant or
non-fistula arm (26) using the Harpenden skinfold caliper (HSK-
BI; British Indicators,West Sussex, UK) and a no-stretchable tape
(Lufkin R©, Apex Tool Group, LLC, NC, USA). All measurements
were collected before the commencement of the dialysis by the
same dietitian (SS) to minimize inter-observer variation.

Bio-impedance spectroscopy (BIS) analysis: Body
composition was assessed using a portable whole-body BIS
device (Body Composition Monitor, Fresenius Medical Care,
Bad Homburg, Germany) before the dialysis session on a
mid-week day, with the patient resting in the supine position.
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FIGURE 1 | Study flow diagram.

Hydration status, lean tissue mass (LTM), LTM corrected for
height (lean tissue index, LTI), and body cell mass (BCM) data
generated were based on the physiological tissue model (29).

Handgrip strength (HGS) test: HGS was assessed using a
digital hand dynamometer (Jamar R© Plus +, Sammons Preston,
Illinois, USA) on the dominant or non-fistula hand, in a standing
position with the arm held straight, at 90◦ to the trunk of
the body (30). The median of the three readings was taken.
All measurements were collected before the commencement
of dialysis.

Diagnosis of Malnutrition
Malnutrition-inflammation score (MIS) evaluation: The MIS
form was used to assess the severity of the malnutrition-
inflammation complex syndrome (31). This fully quantitative
nutrition screening tool assessed the domains of weight changes,
dietary intake, gastrointestinal system, functional capacity,
presence of comorbidities, presence of muscle, and fat depletion
as well as BMI, serum albumin, and total iron-binding capacity.
The cumulative score for MIS ranges between 0 (normal) and 30
(severely malnourished).

Other Nutritional Indicators
• Postdialysis weight was measured using a digital scale (SECA,

Model 220, SECA, Germany). This weight was used to
calculate the BMI based on the Quetelet’s Index (32).

• The mid-thigh girth measurement was taken at the mid-point
of the same leg as assessed for the quadriceps, following the
ISAK protocol (26).

• Laboratory measures for serum albumin (bromocresol green
method), serum prealbumin (immunoturbidimetric method),
and high-sensitivity C-reactive protein (hsCRP) (particle-
enhanced immunoturbidimetric assay) were analyzed by
an accredited external laboratory (Clinipath Sdn Bhd).
Interleukin-6 (IL-6) was measured by the sandwich enzyme-
linked immunosorbent assay method in our laboratory (SSN
and SS) using a commercial kit, IL-6 High Sensitivity Human
ELISA kit (Abcam, Cambridge, MA, USA). All biochemistry
analyses were based on the mid-week collection of fasting
blood samples.

• The appetite of the patient was assessed using the first question
from the original 44-item Appetite and Dietary Assessment
Tool used in the Hemodialysis Study Group study (33). It
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TABLE 1 | Baseline characteristics of study patients.

Patient characteristics ONS + NC

(n = 29)

NC

(n = 27)

p-value

Age (years)a 50.90 ± 11.41 48.85 ± 15.97 0.582

Gender (male/female) 17/12 18/9 0.534

Dialysis vintage (months) 91 ± 85 61 ± 53 0.130

Charlson comorbidity index 4.17 ± 1.49 4.52 ± 2.01 0.465

Co-morbidities (n, %)b

Diabetes 4 (13.8) 11 (40.7) 0.023

Hypertension 20 (69.0) 21 (77.8) 0.457

Hepatitis B or C 5 (17.2) 5 (18.5) 0.587

Cardiovascular disease 2 (6.9%) 3 (11.1%) 0.465

Kt/V 1.73 ± 0.46 1.76 ± 0.32 0.790

Vascular access (n, %)

Fistula 24 (82.8%) 21 (77.8%) 0.636

Catheter 5 (17.2%) 6 (22.2%)

Nutritional parameters

BMI (kg/m2 ) 19.85 ± 2.00 19.83 ± 2.49 0.984

MAMC (cm2 ) 21.05 ± 2.32 21.14 ± 2.33 0.895

Serum albumin (g/L) 41.83 ± 3.71 41.85 ± 3.12 0.984

Serum prealbumin (g/L) 0.28 ± 0.09 0.26 ± 0.07 0.386

DEI (kcal/kg IBW) 25.21 ± 7.03 24.14 ± 6.01 0.546

MIS score 7.41 ± 2.77 6.19 ± 2.95 0.114

PAL (MET-minutes/week) 198 (0–487) 198 (0–396) 0.980

Hydration status (kg) 2.46 2.62 0.737

aContinuous data were analyzed using Students t-test and presented as mean ± SD or

median (interquartile).
bCategorical data were analyzed using Chi-square test and presented as

frequency (percentage).

BMI, body mass index; DEI, dietary energy intake; IBW, ideal body weight;

MAMC, mid-arm muscle circumference; MIS, malnutrition-inflammation score; NC,

nutrition counseling; PAL, physical activity level; Kt/V, dialysis adequacy; ONS, oral

nutritional supplementation.

was a single, self-administered question with multiple-choice
responses: During the past week (7 days), how would you
rate your appetite? Patients were required to indicate their
responses using a scale of 1–5: (1) very good, (2) good, (3)
fair, (4) poor, or (5) very poor. Obtained ratings were further
classified as “good” (very good and good) or “diminished” (fair,
poor, and very poor) appetite.

• Physical activity level (PAL) was assessed using an interviewer-
administered International Physical Activity Questionnaire
(34), which included activities, such as walking, moderate-
and vigorous-intensity activities. Scores were expressed in
MET-min/week, whereby a minimum of 600 MET-min was
identified as moderate-active.

Monitoring Parameters
Dietary assessment: Twenty-four-hour dietary recalls were
collected for 3 days, inclusive of a dialysis day, a non-dialysis
day, and a weekend (25). This was an interviewer-administered
questionnaire with familiarization of household measurements
to assist patients in quantifying their dietary intake. Energy and
protein intakes were analyzed using Nutritionist ProTM 2.2.16
software (First DataBank Inc., 2004).

Clinical parameters: Normalized protein catabolic rate
(nPCR), an indirect measure of dietary protein intake (35), was
calculated by the participating dialysis centers using an online
urea kinetic modeling calculator (36). Dialysis adequacy (Kt/V)
was also calculated using the same approach (36). Levels of
routine biochemistry parameters, analyzed in-house, such as
serum urea, creatinine, and phosphate were obtained from the
medical record of the patients.

Compliance and Product Acceptance
Dialysis nurses at respective study sites ensured that the patients
ingested the supplement in their presence on dialysis days.
Patients receiving ONS were replenished with a biweekly supply
of supplements for home consumption on non-dialysis days.
Empty tetrabrik packs or unused supplements were collected
biweekly by the researcher to record and monitor the actual
intake of ONS. Patients with consecutive ONS intakes <50%
during the first 3 months of supplementation were classified
as non-compliant.

Patients also fulfilled a product acceptance form (32, 37)
on a three-monthly basis. Using a 5-point Likert scale,
patients evaluated the ONS product based on taste, odor,
and portion provided, and rated their overall liking toward
the product.

Charlson Comorbidity Index
The Charlson Comorbidity Index was computed using 19
comorbid conditions, which were weighted and summed to an
index on a 0–33 scale (38).

Statistical Analysis
“Per protocol” analysis was used to exclude patients who
either withdrew their participation from the study or those
who were non-compliant. Variables were presented as mean
± SD, median (interquartile) or frequency (percentage). The
normal distribution of continuous variables was assessed
using Kolmogorov–Smirnov test. Continuous variables were
analyzed using Student’s t-test, whereas categorical variables were
evaluated using Chi-square test. The group × time interaction
on all outcome measures were analyzed using a generalized
linear model for repeated measures, with Bonferroni post-hoc
test. Univariate analysis was used to compare percentage change
between groups. All analyses were computed using the IBM
Statistical Package for Social Sciences version 26.0 (IBM SPSS
Statistics Inc. Chicago IL. USA). Statistical significance was set
at p < 0.05 for all evaluated parameters.

RESULTS

Study Stock Flow
Out of 101 eligible HD patients identified with PEW, only
80 patients consented to participate in this study. Upon
randomization, 40 patients were allocated to each treatment arm.
The stock flow of patients according to the Consort diagram is
presented in Figure 1.

Study withdrawals after randomization and consent giving
occurred at baseline from patients withdrawing consent
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FIGURE 2 | Changes in US-derived muscle metrics. (A–C) represent mean changes according to US metrics for (A) RFMID, (B) VIMID, and (C) RFCSA, whereas (D–F)

represent the percentage change for (D) RFMID, (E) VIMID, and (F) RFCSA. Gr, main effect of Group; Ti, main effect of Time, Gr × Ti, Group × Time interaction; *p <

0.05; **p < 0.001; Data were adjusted for age, gender, dialysis vintage, and presence of diabetes mellitus. CSA, cross-sectional area; MID, mid-point; NC, nutrition

counseling; ns, not significant; ONS, oral nutritional supplementation; RF; rectus femoris; US; ultrasound; VI, vastus intermedius.

(NC, n = 5) or who became eligible for transplant (ONS + NC,
n = 1). One death from a cardiac event (NC) occurred before
the initiation of the study. The dropout rate at the end of the
intervention was 30%.

Baseline Characteristics of Patients
Baseline characteristics of patients completing the protocol
are shown in Table 1. Age, gender, dialysis vintage,
the Charlson comorbidity index, comorbidities, dialysis
adequacy, and type of vascular access were not significantly
different between groups except for the presence of
diabetes mellitus (p = 0.023). Similarly, no difference
in nutritional status and PAL was observed between
both groups.

Muscle Status
Ultrasound-Derived Muscle Metrics
Mean changes according to treatment response (group
× time interactions) for US-derived muscle metrics are
provided in the Supplementary Table S2. The group ×

time interactions were significant for RFMID, VIMID, and
RFCSA (Figures 2A–C). Increasing trends in all US metrics
observed only in the ONS + NC group, were significant
for mean changes from baseline to 3rd and 6th months of
the study. The NC group experienced no change to these
metrics. ONS + NC patients also experienced significant
increases of 8.3% for RFMID (p = 0.001), 7.7% for VIMID

(p = 0.009), and 4.5% for RFCSA (p < 0.001) compared
to minimal changes in these metrics in the NC group
(Figures 2D–F).

Frontiers in Nutrition | www.frontiersin.org 6 December 2021 | Volume 8 | Article 743324

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Sahathevan et al. Muscle Status Response to ONS

TABLE 2 | Changes in other muscle indices according to treatment groups.

ONS + NC (n = 29) NC (n = 27)

Baseline 3rd month 6th month 1
t3

1
t6 Baseline 3rd month 6th month 1

t3
1
t6

Arm circumference

MAMC (cm2 )b 20.4 ± 0.5 20.9 ± 0.5 20.8 ± 0.5 0.5 ± 0.1** 0.4 ± 0.2 20.6 ± 0.4 20.9 ± 0.4 20.8 ± 0.3 0.3 ± 0.2 0.2 ± 0.3

MAMA (cm2)b 24.9 ± 1.5 26.8 ± 1.5 26.4 ± 1.6 1.9 ± 0.4** 1.4 ± 0.6 25.9 ± 1.2 26.8 ± 1.2 26.2 ± 1.1 1.0 ± 0.6 0.3 ± 0.9

Body composition

LTM (kg) 29.2 ± 1.3 29.5 ± 1.3 29.4 ± 1.3 0.3 ± 0.3 0.2 ± 0.4 28.6 ± 1.0 28.6 ± 0.9 28.5 ± 1.0 −0.1 ± 0.2 −0.1 ± 0.3

LTI (kg/m2 ) 11.4 ± 0.5 11.7 ± 0.5 11.6 ± 0.5 0.3 ± 0.2 0.1 ± 0.2 11.7 ± 0.4 11.8 ± 0.4 11.8 ± 0.4 0.1 ± 0.1 0.2 ± 0.2

BCM (kg) 15.3 ± 1.0 15.5 ± 1.0 15.4 ± 1.0 0.3 ± 0.3 0.1 ± 0.4 15.7 ± 0.8 15.9 ± 0.7 15.9 ± 0.7 0.2 ± 0.3 0.2 ± 0.4

Muscle strength

HGS (kg) 19.0 ± 1.3 19.1 ± 1.3 19.6 ± 1.4 0.1 ± 0.4 0.6 ± 0.4 18.3 ± 0.8 18.6 ± 0.9 19.1 ± 0.9 0.3 ± 0.4 0.8 ± 0.4

All baseline comparisons between group were not significantly different as per Independent t test; Data adjusted for age, gender, dialysis vintage, and presence of diabetes mellitus

are presented as mean ± SD; aMain effect of Group, bMain effect of Time, cGroup × Time interaction; 1
t3, Mean change at 3rd month; 1

t6, Mean change at 6th month; *p < 0.05

compared to baseline, **p < 0.001 compared to baseline.

BCM, body cell mass; HGS, handgrip strength; LTI, lean tissue index; LTM, lean tissue mass; MAMA, mid-arm muscle area; MAMC, mid-arm muscle circumference; NC, nutrition

counseling; ONS, oral nutritional supplementation.

FIGURE 3 | Changes in MIS score. This figure represents (A) mean changes and (B) percentage change for MIS score. Gr, main effect of Group; Ti, main effect of

Time; Gr × Ti, Group × Time interaction; *p < 0.05; Data were adjusted for age, gender, dialysis vintage, and presence of diabetes mellitus. MIS,

malnutrition-inflammation score; NC, nutrition counseling; ns, not significant; ONS, oral nutritional supplementation.

Other Muscle Indices
Treatment responses for other muscle indices are shown in
Table 2. Group × time interactions were not significant for
MAMC, MAMA, BIS-derived muscle measures, and HGS (all p
> 0.05). However, a significant increase over time was detected
at the 3rd month for ONS + NC treatment as per MAMC (p <

0.001) and MAMA (p < 0.001), but this effect was not apparent
at the 6th month. The NC treatment effected no change for
these measures.

Malnutrition Diagnosis
MIS Evaluation
The group × time interactions for MIS was significant, with
declining trends in ONS + NC groups at both the 3rd (p =

0.032) and 6th months (p = 0.041) of the study (Figure 3A).
In contrast, the NC group experienced no improvement in MIS
scores. The percentage change for MIS score in ONS+NC group

was significant (−9.4 %, p= 0.005) compared to 14% increase in
NC group (Figure 3B).

PEW Status
Eligibility criteria for PEW diagnosis met by patients were mainly
reduced for the BMI (100%), MAMC (ONS + NC = 89.7% vs.
NC = 88.9%), and DEI criteria (ONS + NC = 62.1% vs. NC
= 77.8%) (all p > 0.05) (Table 3). Only a small percentage of
patients met the low serum albumin criteria (ONS+NC= 20.7%
vs. NC= 18.5%) (p> 0.05). By the end of the 6-month treatment,
a change in PEW eligibility criteria only occurred as per the DEI
criteria with patient numbers reducing in the ONS + NC group
compared to the NC group (ONS+NC= 24.1% vs. NC= 70.4%,
p = 0.001). This resulted in lower PEW prevalence with ONS +
NC compared to NC treatment (24.1 vs. 59.3%, p= 0.008).

Other Nutritional Outcomes
Treatment response (group × time interactions) for
other nutritional parameters are provided in the
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TABLE 3 | Effect of treatment on PEW criteria status.

Baseline p-value 6th month p-value

PEW criteriaa,b ONS + NC

(n = 29)

NC

(n = 27)

ONS + NC

(n = 29)

NC

(n = 27)

BMI <23 kg/m2 29 (100%) 27 (100%) NA 26 (89.7%) 24 (88.9%) 0.630

MAMC >10th percentile 26 (89.7%) 24 (88.9%) 1.000 24 (82.8%) 22 (81.5%) 0.587

Serum albumin <38 g/L 6 (20.7%) 5 (18.5%) 0.838 5 (17.2%) 7 (25.9%) 0.429

DEI <25 kcal/kg IBW 18 (62.1%) 21 (77.8%) 0.201 7 (24.1%) 19 (70.4%) 0.001

aCategorical data were presented as frequency (percentage).
bData was analyzed using Chi-square test.

BMI, body mass index; DEI, dietary energy intake; IBW, ideal body weight; MAMC, mid-arm muscle circumference; NA, not available; NC, nutrition counseling; ONS, oral nutritional

supplementation; PEW, protein energy wasting.

FIGURE 4 | Changes in mid-thigh girth and serum prealbumin levels. (A) Represents (i) mean change and (ii) percentage change in mid-thigh girth, whereas (B)

represents (i) mean change and (ii) percentage change in serum prealbumin. Gr, main effect of Group; Ti, main effect of Time; Gr × Ti, Group × Time interaction; *p <

0.05; **p < 0.001; Data were adjusted for age, gender, dialysis vintage, and presence of diabetes mellitus. NC, nutrition counseling; ns, not significant; ONS, oral

nutritional supplementation; Prealb, prealbumin.

Supplementary Table S3. Parameters that were not significantly
different between and within treatment groups were BMI,
serum albumin, creatinine, phosphate, hsCRP, IL-6, appetite
ratings, and PAL. Positive improvements, however, were gained
only by the ONC + NC group at 6 months for dry weight
(mean change = 1.1 ± 0.4 kg, p = 0.039). For this group,
specific significant increases in mid-thigh girth (Figure 4A) and
prealbumin (Figure 4B) occurred with each time point, resulting
in a significant percentage change increase of approximately 2%
only for mid-thigh girth. Adequacy with ONS supplementation
reflected in improved nPCR (mean change = 0.2 ± 0.1 g/kg, p

= 0.025) and dietary parameters (mean change for energy intake
= 366 ± 60 kcal/day, p < 0.001; mean change for protein intake
=17.4± 3.2 g/day, p < 0.001).

Product Monitoring and Acceptance
There was no change in the hydration status or hospitalization
frequency over the 6 months of intervention (data not shown).
The average compliance rate achieved by patients receiving ONS
was 81%. Product acceptance in relation to taste, flavor, and
portion size was reported at 90% with minimal (<10%) reporting
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of dislike toward the odor of the product, satiety, and adverse
events for the ONS group.

DISCUSSION

Treatment strategies toward reducing the progression of muscle
wasting are challenging given the complex etiology of PEW, and
the current lack of evidence to support ONS or exercise or both
options as beneficial in mitigating muscle wasting. The major
finding from our study, which recruited only patients with PEW,
was that those receiving ONS with nutrition counseling (ONS
+ NC) demonstrated significant improvement in quadriceps
muscle indices, namely RFMID, VIMID, and RFCSA, as measured
by the US approach. Additionally, these patients demonstrated
improvements in the nutritional status and lower MIS scores
with concomitant gains in dry weight, mid-thigh girth, serum
prealbumin and nPCR. These improvements were not observed
in the group receiving only NC.

We detected improvements in muscle status in response to
ONS treatment using the US approach. The clinical significance
of our data indicates 8.3, 7.7, and 4.5% improvements in RFMID,
VIMID, and RFCSA, respectively. In contrast, only one study
reported a 4.2% increase in armmuscle circumference in patients
with HD supplemented with ONS for 12 weeks (21). We do note
that studies reporting US measure for various clinical outcomes
in different populations. The thickness of the lower quadriceps
muscle predicted fall injury (39) and PEW risk (40) in HD
patients. The thickness of the lower quadriceps muscle was also
associated with prolonged hospitalization in critically ill patients
(41), whereas lower RFCSA had been associated with hospital
readmission or death in patients with chronic respiratory disease
(42). The advantage of US is that it directly quantifies muscle
thickness and CSA (43), allowing for the detection of small
changes in muscle status attributed to nutritional intervention
(43). Importantly, overhydration status is not an issue for US
measurements as consistency of readings for pre- and post-
dialysis is reported (44). The usability and low-cost US for muscle
status assessment contrasts with gold standard methods, such as
dual energy X-ray absorptiometry, magnetic resonance imaging,
or computed tomography, which although having high accuracy
and validity are not feasible for routine clinical use as they
require trained personnel, are costly, and also pose radiation
risk to patients with CKD (4, 45, 46). This further justifies the
use of the US as an alternative bedside measure as it has been
validated against computed tomography (24) to detect muscle
wasting in HD patients (40). Interestingly, the NC group did
not demonstrate any significant improvement in US measures as
experienced by the group receiving ONS. Of note, the absence
of deterioration in their muscle status could be attributed to the
provision of nutrition counseling.

No change in muscle indices was observed with BIS or HGS
assessments as comparator assessments. It should be noted that
BIS only provides mathematical estimates of muscle mass (19, 29)
and its precision in estimating LTM is affected by hydration
status (47). Ideally, the BIS assessment should be performed
post-dialysis, as patients are closest to their dry weight (47, 48).

This may perhaps explain the lack of significance we observed
as the BIS measurement was performed pre-dialysis to suit
the convenience of the patients. As regards the non-significant
outcomes of HGS measurement reported in this study, weakness
arising from poor physical activity, a common scenario in the HD
population may contribute to “muscle disuse” (17). Indeed, in an
earlier cross-sectional study of US measurement in Malaysia, we
noted that there was no difference in HGS between PEW and
non-PEW HD patients (40).

We additionally provided MIS evaluation in the assessment
monitoring protocol, as the complex milieu of malnutrition-
inflammation is implicated in muscle wasting. Malnutrition
coexists with inflammation in dialysis patients (31), and
inflammation is a contributive factor to malnutrition and poor
appetite (2, 49). We found the patients receiving ONS + NC
compared to the NC group achieved significantly lower MIS
scores by the end of 6 months in tandem with an improvement
in nutritional status, although inflammatory markers were not
different after treatments. Ko et al. (50) have noted low levels
of leptin, an appetite-suppressing hormone associated with
proinflammatory properties and that high CRP levels were
associated with malnourished patients with HD, who were
identified using MIS scores. Comparatively, patients in the
present study had lower CRP levels, which is similar to a
JapaneseHD cohort in the Phase 3Dialysis Outcomes and Practice
Pattern Study (51). There is no strong evidence supporting the
improvement of inflammation status via nutritional intervention
(52, 53). Alternatively, treatment strategies targeted at improving
dialysis-induced inflammation factors or anti-cytokine therapies
could be explored (52).

Prealbumin, a negative acute-phase protein is a biomarker
sensitive toward rapid changes in nutritional status (14, 54) due
to its shorter half-life compared to serum albumin (∼2–3 vs. 20
days). Prealbumin is commonly used in nutritional interventions
to indicate response toward treatment (55). In our study, the
patients on ONS did achieve a significant increase in prealbumin
levels as expected from nutritional interventions (14, 35). We
did note a non-significant increase in serum albumin levels in
the ONS + NC group, which concurs with other ONS studies
(13, 15, 56). However, the magnitude of change in albumin
status depends on the duration of ONS feeding (10), severity
of hypoalbuminemia (56, 57), chronic inflammation (58) and
hydration status (59, 60), not withstanding the pro-inflammatory
nature of dialysis treatment (61).

We used the PEW-ISRNM diagnostic criteria to identify PEW
(13), as it requires objective assessments of muscle wasting.
Combination treatment of ONS with NC was beneficial in
patients with PEW, as indicated by a significant decline in PEW
prevalence at the end of the 6th month. This effect concurs with
other studies treating general malnutrition in HD patients (15,
37, 62). Interventional approaches to treat PEW diagnosed by
the ISRNM criteria applied by other researchers indicated some
limitations to interpretations. Enrolment of both PEW and non-
PEW patients occurred with one study (21), another study failed
to report the remission of PEW post-treatment (24), whereas
the 3rd study was underpowered (total n = 16) and targeted
only elderly HD patients (18). Further, whether exercise alone in

Frontiers in Nutrition | www.frontiersin.org 9 December 2021 | Volume 8 | Article 743324

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Sahathevan et al. Muscle Status Response to ONS

comparison to combination treatments for HD patients are valid
strategies that remain inconclusive, as study design limitations,
such as inclusion of young and well-nourished patients (11),
suboptimal intensity and duration of exercise (63), small sample
size (11, 18) and sensitivity of method in assessing muscle mass,
are noted (11). Additionally, aiming for dietary energy sufficiency
was not planned in these strategies (63).

In terms of the PEW remission associated with ONS
intervention that we reported, more patients achieved
dietary adequacy compared to NC alone as per DEI >25
kcal/kg IBW (38.0 vs. 7.4%, p = 0.001). This indicated that
ONS treatment was able to optimize dietary adequacy in
malnourished HD patients, thereby fulfilling the study objective.
However, we note that the nutritional composition of ONS
does differ as reported by various studies, depending on
the objectives of the outcome. We ourselves found that a
protein only supplementation did not correct for energy
deficiency in malnourished peritoneal dialysis patients
(64). Supplementation studies in HD patients do concur
achieving dietary adequacy for both energy and protein
intake were met via ONS (11, 21, 65) but not with protein
only supplementation (66, 67). Other associated markers
of nutritional status that improved with ONS intervention
were significant gains in dry weight, mid-thigh girth, serum
prealbumin, and nPCR levels, which align with dietary adequacy.
Nutritional adequacy promotes positive nitrogen balance thus
minimizing the catabolic impact of PEW via gluconeogenesis
(2, 68). In a secondary analysis looking at protein kinetics,
Gamboa et al. (69) reported that well-nourished HD patients
receiving ONS achieved positive amino acid balance based
on increases in their net protein balance in the forearm
skeletal muscle.

Poor compliance is a common issue affecting successful
ONS intervention (70, 71). Poor compliance (<70%) reported
in previous studies were related to taste perceptions, presence
of adverse events, and fear of overhydration (70, 71). The
dropout rate of 30% in the present study was similar to 31.8%
reported by Caglar et al. (70). We avoided the risk of poor
compliance in our study by prestesting available renal-specific
ONS products in HD patients (n = 10) outside the recruitment
of this study. This approach was also reported by Patel et al. (56).
Additionally, early satiety with ONS intake and reduced dietary
intake (37) were avoided by allowing for flexible consumption
of ONS between main meals and before going to bed, which
allowed patient nutritional intakes to achieve adequacy (37,
71).

The novel finding from this study is improvement in muscle
changes in response to ONS treatment, which was detected by the
US method, answering the gap in literature for an appropriate
impact measure to detect response. Other strengths were using
the ISRNM-PEW diagnosis to standardize patient selection
criteria, assessing the presence of malnutrition-inflammation
complex syndrome as per MIS score, a longer duration of
supplementation, and adequate ONS dose. These factors are
known to influence the efficacy of ONS in improving the muscle
status of HD patients (10, 11, 15). The study methodology

adopted only a single leg to measure, so as to minimize
technical error of measurement that are likely to happen in the
intervention studies.

A major limitation of this study was the unequal distribution
of patients with diabetes mellitus between treatment groups.
Although the data were adjusted for the presence of diabetes
mellitus, it should be noted that diabetes mellitus is the main
cause of CKD (71) and insulin resistance is contributive
to muscle wasting in HD patients (1, 72). The 6-month
study duration was insufficient to measure the impact of
muscle change on clinical endpoints as regards to infection
rates, hospitalization, and mortality. Furthermore, taste
fatigue, a common issue when patients are consuming ONS
daily for a prolonged period may have hindered a greater
compliance (73, 74) despite the 81% achievement in the
current study.

In conclusion, gains in quadriceps muscle status detected
using the US approach in patients with PEW on HD were
attributed to dietary optimization via the ONS provision.
A significant reduction in PEW prevalence occurred
with the ONS intervention by patients achieving dietary
adequacy. Nutritional interventions for the treatment
of muscle wasting associated with malnutrition should
consider the US approach to monitor the outcomes for
clinical relevance.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Medical Research and Ethics
Committee, Ministry of Health, Malaysia (NMRR-16-2525-
32068) and the Research Ethics Committee of National
University of Malaysia (NN-081-2016). This trial was also
registered on www.clinicaltrials.gov (NCT04789031). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

SS and TK designed the study. SS was the main author of
the manuscript, performed all the assessment of nutritional
outcomes, analyzed, and interpreted data. TK supervised
the project. B-HK and BKSS assisted in performing the
nutritional assessments. KC assisted with the statistical
analysis. SS, TK, B-HK, ZAMD, EF, AS, AHAG, SB, RY,
RV, ZW, B-LG, ZM, BCB, and HSW and assisted in the
interpretation of the results and writing the manuscript.
All authors contributed to the article and approved the
submitted manuscript.

Frontiers in Nutrition | www.frontiersin.org 10 December 2021 | Volume 8 | Article 743324

http://www.clinicaltrials.gov
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Sahathevan et al. Muscle Status Response to ONS

FUNDING

This research was funded by the National Kidney Foundation,
NKF 1001/ADM/753.

ACKNOWLEDGMENTS

We would like to thank Muhammad Shafiq Ali, Lim Jun
Hao, and Dr. Sreelakshmi Sankara Narayanan (SSN) for
their contribution in data acquisition, the nursing staff

and patients of all participating hospitals, and National
Kidney Foundation dialysis centers for their support in
this research.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
743324/full#supplementary-material

REFERENCES

1. Sahathevan S, Khor BH, Ng HM, Gafor AHA, Mat Daud ZA, Mafra D, et
al. Understanding development of malnutrition in haemodialysis patients: a
narrative review. Nutrients. (2020) 12:3147. doi: 10.3390/nu12103147

2. Carrero JJ, Thomas F, Nagy K. Global prevalence of protein-energy wasting in
kidney disease: a meta-analysis of contemporary observational studies from
the International Society of Renal Nutrition and Metabolism. J Ren Nutr.

(2018) 28:380–92. doi: 10.1053/j.jrn.2018.08.006
3. Tominaga H, Oku M, Arishima Y, Ikeda T, Ishidou Y, Nagano S, et al.

Association between bone mineral density, muscle volume, walking ability,
and geriatric nutritional risk index in haemodialysis patients. Asia Pac J Clin

Nutr. (2018) 27:1062–6. doi: 10.6133/apjcn.052018.03
4. Carrero JJ, Johansen KL, Lindholm B, Stenvinkel P, Cuppari L, Avesani CM.

Screening for muscle wasting and dysfunction in patients with chronic kidney
disease. Kidney Int. (2016) 90:53–66. doi: 10.1016/j.kint.2016.02.025

5. Iyosoma N, Qureshi AR, Avesani CM, Lindholm B, Barany P, Heimburger
O, et al. Comparative associations of muscle mass and muscle strength
with mortality in dialysis patients. Clin J Am Soc Nephrol. (2014) 9:1720–
8. doi: 10.2215/CJN.10261013

6. Stenvinkel P, Carrero JJ, von Walden F, Ikizler TA, Nader GA. Muscle
wasting in end-stage renal disease promulgates premature death: established,
emerging and potential novel treatment strategies. Nephrol Dial Transplant.
(2016) 31:1070–7. doi: 10.1093/ndt/gfv122

7. Zhou DC, Yang XH, Zhan XL, Gu YH, Guo LL, Jin HM. Association of
lean body mass with nutritional parameters and mortality in haemodialysis
patients: a long-term follow-up clinical study. Int J Artif Organs. (2018)
41:297–305. doi: 10.1177/0391398818762355

8. Marcelli D, Usvyat LA, Kooman J. Body composition and survival in dialysis
patients: results from an International Cohort Study. Clin J Am Soc Nephrol.

(2015) 10:1192–200. doi: 10.2215/CJN.08550814
9. Martinson M, Ikizler TA, Morrell G, Wei G, Almeida N, Marcus RL, et

al. Associations of body size and body composition with functional ability
and quality of life in haemodialysis patients. Clin J Am Soc Nephrol. (2014)
9:1082–90. doi: 10.2215/CJN.09200913

10. Liu PJ, Ma F, Wang QY, He SL. The effects of oral nutritional
supplements in patients with maintenance dialysis therapy: a systematic
review and meta-analysis of randomized clinical trials. PLoS ONE. (2018)
13:e0203706. doi: 10.1371/journal.pone.0203706

11. Dong J, Sundell MB, Pupim LB, Wu P, Shintani A, Ikizler TA. The effect
of resistance exercise to augment long-term benefits of intradialytic oral
nutritional supplementation in chronic haemodialysis patients. J Ren Nutr.

(2011) 21:149–159. doi: 10.1053/j.jrn.2010.03.004
12. Stenvinkel P, Heimbürger O, Lindholm B, Kaysen GA, Bergström J. Are there

two types of malnutrition in chronic renal failure? Evidence for relationships
between malnutrition, inflammation, and atherosclerosis (MIA syndrome).
Nephrol Dialysis Transplant. (2000) 15:953–60. doi: 10.1093/ndt/15.7.953

13. Fouque D, Kalantar-Zadeh K, Kopple J. A proposed nomenclature and
diagnostic criteria for protein-energy wasting in acute and chronic kidney
disease. Kidney Int. (2008) 73:391–8. doi: 10.1038/sj.ki.5002585

14. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero JJ, Chan W,
et al. KDOQI clinical practice guideline for nutrition in CKD: 2020 update.
Am J Kidney Dis. (2020) 76:S1–107. doi: 10.1053/j.ajkd.2020.05.006

15. Calegari A, Barros EG, Veronese FV, Thomé FS. Malnourished patients on
HD improve after receiving a nutritional intervention. J Bras Nefrol. (2011)
33:394–401. doi: 10.1590/S0101-28002011000400002

16. Malgorzewicz S, Rutkowski P, Jankowska M, Debska-Slizien A, Rutkowski
B, Lysiak-Szydlowska W. Effects of renal-specific oral supplementation
in malnourished haemodialysis patients. J Ren Nutr. (2011) 21:347–
53. doi: 10.1053/j.jrn.2010.07.001

17. Sabatino A, Cuppari L, Stenvinkel P, Lindholm B, Avesani CM. Sarcopenia
in chronic kidney disease: what have we learned so far? J Nephrol. (2020)
34:1347–72. doi: 10.1007/s40620-020-00840-y

18. Hristea D, Deschamps T, Paris A, Lefrançois G, Collet V, Savoiu C, et
al. Combining intra-dialytic exercise and nutritional supplementation in
malnourished older haemodialysis patients: towards better quality of life and
autonomy. Nephrology. (2016) 21:785–90. doi: 10.1111/nep.12752

19. Zilles M, Betz C, Jung O, Gauer S, Hammerstingl R, Wächtershäuser A,
et al. How to prevent renal cachexia? A clinical randomized pilot study
testing oral supplemental nutrition in haemodialysis patients with and
without human immunodeficiency virus infection. J Ren Nutr. (2018) 28:37–
44. doi: 10.1053/j.jrn.2017.07.003

20. Limwannata P, Satirapoj B, Chotsriluecha S, Thimachai P, Supasyndh O.
Effectiveness of renal-specific oral nutritional supplements compared with
diet counselling in malnourished haemodialysis patients. Int Urol Nephrol.
(2021) 53:1675–87. doi: 10.1007/s11255-020-02768-5

21. Martin-Alemañy G, Valdez-Ortiz R, Olvera-Soto G, Gomez-Guerrero I,
Aguire-Esquivel G, Cantu-Quintanilla G, et al. The effects of resistance
exercise and oral nutritional supplementation during haemodialysis on
indicators of nutritional status and quality of life.Nephrol Dialysis Transplant.
(2016) 31:1712–20. doi: 10.1093/ndt/gfw297

22. McIntyre CW, Selby NM, Sigrist M, Pearce LE, Mercer TH, Naish PF.
Patients receiving maintenance dialysis have more severe functionally
significant skeletal muscle wasting than patients with dialysis-
independent chronic kidney disease. Nephrol Dial Transplant. (2006)
21:2210–6. doi: 10.1093/ndt/gfl064

23. Rubbieri G, Mossello E, Bari MD. Techniques for the diagnosis
of sarcopenia. Clin Cases Miner Bone Metab. (2014) 11:181–
4. doi: 10.11138/ccmbm/2014.11.3.181

24. Malgorzewicz S, Galezowska G, Cieszynska-Semenowicz M, Ratajczyk J,
Wolska L, Rutkowski P, et al. Amino acids profile after oral nutritional
supplementation in haemodialysis patients with protein energy wasting. End-
to-End J. (2018) 57:231–6. doi: 10.1016/j.nut.2018.06.013

25. Kopple JD. National kidney foundation K/DOQI Clinical practice guidelines
for nutrition in chronic renal failure. Am J Kidney Dis. (2000) 35:S1–
140. doi: 10.1053/ajkd.2001.20748

26. Norton K, Eston R. Kinanthropometry and Exercise Physiology. 4th ed. New
York, NY: Routledge (2018).

27. Sahathevan S, Khor BH, Yeong CH, Tan TH, Meera Mohaideen AK, Ng HM,
et al. Validity of ultrasound imaging inmeasuring quadricepsmuscle thickness
and cross-sectional area in patients receiving maintenance haemodialysis. J
Parenter Enteral Nutr. (2021) 45:422–6. doi: 10.1002/jpen.1867

28. Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. Anthropometric
measurement of muscle mass: revised equations for calculating bone-free
arm muscle area. Am J Clin Nutr. (1982) 36:680–90. doi: 10.1093/ajcn/36.
4.680

Frontiers in Nutrition | www.frontiersin.org 11 December 2021 | Volume 8 | Article 743324

https://www.frontiersin.org/articles/10.3389/fnut.2021.743324/full#supplementary-material
https://doi.org/10.3390/nu12103147
https://doi.org/10.1053/j.jrn.2018.08.006
https://doi.org/10.6133/apjcn.052018.03
https://doi.org/10.1016/j.kint.2016.02.025
https://doi.org/10.2215/CJN.10261013
https://doi.org/10.1093/ndt/gfv122
https://doi.org/10.1177/0391398818762355
https://doi.org/10.2215/CJN.08550814
https://doi.org/10.2215/CJN.09200913
https://doi.org/10.1371/journal.pone.0203706
https://doi.org/10.1053/j.jrn.2010.03.004
https://doi.org/10.1093/ndt/15.7.953
https://doi.org/10.1038/sj.ki.5002585
https://doi.org/10.1053/j.ajkd.2020.05.006
https://doi.org/10.1590/S0101-28002011000400002
https://doi.org/10.1053/j.jrn.2010.07.001
https://doi.org/10.1007/s40620-020-00840-y
https://doi.org/10.1111/nep.12752
https://doi.org/10.1053/j.jrn.2017.07.003
https://doi.org/10.1007/s11255-020-02768-5
https://doi.org/10.1093/ndt/gfw297
https://doi.org/10.1093/ndt/gfl064
https://doi.org/10.11138/ccmbm/2014.11.3.181
https://doi.org/10.1016/j.nut.2018.06.013
https://doi.org/10.1053/ajkd.2001.20748
https://doi.org/10.1002/jpen.1867
https://doi.org/10.1093/ajcn/36.4.680
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Sahathevan et al. Muscle Status Response to ONS

29. Chamney PW, Wabel P, Moissl UM. A whole-body model to distinguish
excess fluid from the hydration of major body tissues. Am J Clin Nutr. (2007)
85:80–9. doi: 10.1093/ajcn/85.1.80

30. Garagarza C, Flores AL, Valente A. Influence of body composition
and nutrition parameters in handgrip strength: are there differences
by sex in haemodialysis patients? Nutr Clin Pract. (2018) 33:247–
54. doi: 10.1177/0884533617725512

31. Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH. A malnutrition-
inflammation score is correlated with morbidity and mortality
in maintenance haemodialysis patients. Am J Kidney Dis. (2001)
38:1251–63. doi: 10.1053/ajkd.2001.29222

32. Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure of fatness.
Internal J Obesity. (1985) 9:147–53.

33. Burrowes JD, Powers SN, Cockram DB, McLeroy SL, Dwyer JT, Cunniff PJ,
et al. Use of an Appetite and Diet Assessment Tool in the pilot phase of a
haemodialysis clinical trial: mortality and morbidity in haemodialysis study. J
Ren Nutr. (1996) 6:229–32. doi: 10.1016/S1051-2276(96)90071-0

34. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML,
Ainsworth BE, et al. International physical activity questionnaire:
12-country reliability and validity. Med Sci Sports Exerc. (2003)
35:1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB

35. Gracia-Iguacel C, González-Parra E, Pérez-Gómez MV, Mahíllo I, Egido
J, Ortiz A, et al. Prevalence of protein-energy wasting syndrome and its
association with mortality in haemodialysis patients in a centre in Spain.
Nefrologia. (2013) 33:495–505. doi: 10.3265/Nefrologia.pre2013.Apr.11979

36. Daugirdas JT, Depner TA, Greene T, Silisteanu P. Solute solver:
a web-based tool for modeling urea kinetics for a broad range of
haemodialysis schedules in multiple patients. Am J Kidney Dis. (2009)
54:798–809. doi: 10.1053/j.ajkd.2009.06.033

37. SharmaM, RaoM, Jacob S, Jacob CK. A controlled trial of intermittent enteral
nutrient supplementation in maintenance haemodialysis patients. J Ren Nutr.

(2002) 12:229–37. doi: 10.1053/jren.2002.35300
38. CharlsonME, Pompei P, Ales KL,MacKenzie CR. A newmethod of classifying

prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8

39. Sai A, Tanaka K, Ohashi Y, Kushiyama A, Tanaka Y, Motonishi S,
et al. Quantitative sonographic assessment of quadriceps muscle
thickness for fall injury prediction in patients undergoing maintenance
hemodialysis: an observational cohort study. BMC Nephrol. (2021)
22:191. doi: 10.1186/s12882-021-02347-5

40. Sahathevan S, Khor BH, Singh BKS, Sabatino A, Fiaccadori E, Daud ZAM,
et al. Association of ultrasound-derived metrics of the quadriceps muscle
with protein energy wasting in haemodialysis patients: a multicenter cross-
sectional study. Nutrients. (2020) 12:3597. doi: 10.3390/nu12113597

41. GrutherW, Benesch T, Zorn C, Paternostro-Sluga T, QuittanM, Fialka-Moser
V, et al. Muscle wasting in intensive care patients: ultrasound observation
of the M. quadriceps femoris muscle layer. J Rehabil Med. (2008) 40:185–
9. doi: 10.2340/16501977-0139

42. Greening NJ, Harvey-Dunstan TC, Chaplin EJ, Vincent EE, Morgan MD,
Singh SJ, et al. Bedside assessment of quadriceps muscle by ultrasound after
admission for acute exacerbations of chronic respiratory disease. Am J Respir

Crit Care Med. (2015) 192:810–6. doi: 10.1164/rccm.201503-0535OC
43. Tillquist M, Kutsogiannis DJ, Wischmeyer PE. Bedside ultrasound

is a practical and reliable measurement tool for assessing
quadriceps muscle layer thickness. J Paren Ent Nutr. (2014)
38:886–90. doi: 10.1177/0148607113501327

44. Sabatino A, Regolisti G, Delsante M, Di Motta T, Cantarelli C, Pioli S, et
al. Noninvasive evaluation of muscle mass by ultrasonography of quadriceps
femoris muscle in end-stage renal disease patients on haemodialysis. Clin
Nutr. (2018) 38:1232–9. doi: 10.1016/j.clnu.2018.05.004

45. Mourtzakis M, Wischmeyer P. Bedside ultrasound measurement of
skeletal muscle. Curr Opin Clin Nutr Metab Care. (2014) 17:389–
95. doi: 10.1097/MCO.0000000000000088

46. Noorkoiv M, Nosaka K, Blazevich AJ. Assessment of quadriceps muscle
cross-sectional area by ultrasound extended-field-of-view imaging. Eur J Appl
Physiol. (2010) 109:631–9. doi: 10.1007/s00421-010-1402-1

47. El-Kateb S, Davenport A. Changes in intracellular water following
haemodialysis treatment lead to changes in estimates of lean

tissue using bioimpedance spectroscopy. Nutr Clin Pract. (2016)
31:375–7. doi: 10.1177/0884533615621549

48. Tangvoraphonkchai K, Davenport A. Changes in body composition following
haemodialysis as assessed by bioimpedance spectroscopy. Eur J Clin Nutr.

(2017) 71:169–72. doi: 10.1038/ejcn.2016.187
49. Oliveira CM, Kubrusly M, Lima AT, Torres DM, Cavalcante NM,

Jerônimo AL, et al. Correlation between nutritional markers and appetite
self-assessments in haemodialysis patients. J Ren Nutr. (2015) 25:301–
7. doi: 10.1053/j.jrn.2014.09.006

50. Ko YT, Lin YL, Kuo CH, Lai YH, Wang CH, Hsu BG. Low serum leptin
levels are associated with malnutrition status according to malnutrition-
inflammation score in patients undergoing chronic haemodialysis. Hemodial

Int. (2020) 24:221–7. doi: 10.1111/hdi.12806
51. Bazeley J, Bieber B, Li Y, Morgenstern H, de Sequera P, Combe C, et al. C-

reactive protein and prediction of 1-year mortality in prevalent haemodialysis
patients.Clin J Am Soc Nephrol. (2011) 6:2452–61. doi: 10.2215/CJN.00710111

52. Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalantar-
Zadeh K, et al. Prevention and treatment of protein energy wasting in
chronic kidney disease patients: a consensus statement by the International
Society of Renal Nutrition and Metabolism. Kidney Int. (2013) 84:1096–
107. doi: 10.1038/ki.2013.147

53. Mah JY, Choy SW, Roberts MA, Desai AM, Corken M, Gwini SM, et al. Oral
protein-based supplements versus placebo or no treatment for people with
chronic kidney disease requiring dialysis. Cochrane Database Syst Rev. (2020)
5:CD012616. doi: 10.1002/14651858.CD012616.pub2

54. Keller U. Nutritional laboratory markers in malnutrition. J Clin Med. (2019)
8:775. doi: 10.3390/jcm8060775

55. Beck FK, Rosenthal TC. Prealbumin: a marker for nutritional evaluation. Am
Fam Physician. (2002) 65:1575–8.

56. Patel MG, Kitchen S, Miligan PJ. The effect of dietary supplements on
the nPCR in stable haemodialysis patients. J Renal Nutr. (2000) 10:69–
75. doi: 10.1016/S1051-2276(00)90002-5

57. Shah AB, Shah RA, Chaudhari A, Shinde N. Therapeutic effects of oral
nutritional supplements during haemodialysis: physician’s experience. J Assoc
Phys India. (2014) 62:30–4.

58. Rippe B, Öberg CM. Albumin turnover in peritoneal and haemodialysis.
Semin Dial. (2016) 29:458–62. doi: 10.1111/sdi.12534

59. Jones CH, Akbani H, Croft DC, Worth DP. The relationship between serum
albumin and hydration status in haemodialysis patients. J Ren Nutr. (2002)
12:209–12. doi: 10.1053/jren.2002.35295

60. Kovesdy CP, Kalantar-Zadeh K. Biomarkers of outcomes
in haemodialysis patients. Nephrology. (2009) 14:408–
15. doi: 10.1111/j.1440-1797.2009.01119.x

61. Locatelli F, Cavalli A, Manzoni C, Pontoriero G. The membrane permeability
outcome study. Contrib Nephrol. (2011) 175:81–92. doi: 10.1159/000333816

62. Morante JJH, Sanchez-Villazala A, Cutillas RC, Fuentes MCC. Effectiveness
of a nutrition education program for the prevention and treatment
of malnutrition in end-stage renal disease. J Ren Nutr. (2014) 24:42–
9. doi: 10.1053/j.jrn.2013.07.004

63. Ikizler TA. Exercise as an anabolic intervention in patients with end-stage
renal disease. J Ren Nutr. (2011) 21:52–6. doi: 10.1053/j.jrn.2010.10.012

64. Sahathevan S, Se CH, Ng S, Khor BH, Chinna K, Goh BL, et al.
Clinical efficacy and feasibility of whey protein isolates supplementation
in malnourished peritoneal dialysis patients: a multicenter, parallel, open-
label randomized controlled trial. Clin Nutr ESPEN. (2018) 25:68–
77. doi: 10.1016/j.clnesp.2018.04.002

65. Fouque D, McKenzie J, de Mutsert R, Azar R, Teta D, Plauth M, et al. Use of
a renal-specific oral supplement by haemodialysis patients with low protein
intake does not increase the need for phosphate binders and may prevent a
decline in nutritional status and quality of life. Nephrol Dialysis Transplant.
(2008) 23:2902–10. doi: 10.1093/ndt/gfn131

66. Tomayko EJ, Kistler BM, Fitschen PJ, Wilund KR. Intradialytic
protein supplementation reduces inflammation and improves physical
function in maintenance hemodialysis patients. J Ren Nutr. (2015)
25:276–83. doi: 10.1053/j.jrn.2014.10.005

67. Fitschen PJ, Biruete A, Jeong J, Wilund KR. Efficacy of beta-hydroxy-
beta-methylbutyrate supplementation in maintenance hemodialysis patients.
Hemodial Int. (2017) 21:107–16. doi: 10.1111/hdi.12440

Frontiers in Nutrition | www.frontiersin.org 12 December 2021 | Volume 8 | Article 743324

https://doi.org/10.1093/ajcn/85.1.80
https://doi.org/10.1177/0884533617725512
https://doi.org/10.1053/ajkd.2001.29222
https://doi.org/10.1016/S1051-2276(96)90071-0
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.3265/Nefrologia.pre2013.Apr.11979
https://doi.org/10.1053/j.ajkd.2009.06.033
https://doi.org/10.1053/jren.2002.35300
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1186/s12882-021-02347-5
https://doi.org/10.3390/nu12113597
https://doi.org/10.2340/16501977-0139
https://doi.org/10.1164/rccm.201503-0535OC
https://doi.org/10.1177/0148607113501327
https://doi.org/10.1016/j.clnu.2018.05.004
https://doi.org/10.1097/MCO.0000000000000088
https://doi.org/10.1007/s00421-010-1402-1
https://doi.org/10.1177/0884533615621549
https://doi.org/10.1038/ejcn.2016.187
https://doi.org/10.1053/j.jrn.2014.09.006
https://doi.org/10.1111/hdi.12806
https://doi.org/10.2215/CJN.00710111
https://doi.org/10.1038/ki.2013.147
https://doi.org/10.1002/14651858.CD012616.pub2
https://doi.org/10.3390/jcm8060775
https://doi.org/10.1016/S1051-2276(00)90002-5
https://doi.org/10.1111/sdi.12534
https://doi.org/10.1053/jren.2002.35295
https://doi.org/10.1111/j.1440-1797.2009.01119.x
https://doi.org/10.1159/000333816
https://doi.org/10.1053/j.jrn.2013.07.004
https://doi.org/10.1053/j.jrn.2010.10.012
https://doi.org/10.1016/j.clnesp.2018.04.002
https://doi.org/10.1093/ndt/gfn131
https://doi.org/10.1053/j.jrn.2014.10.005
https://doi.org/10.1111/hdi.12440
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Sahathevan et al. Muscle Status Response to ONS

68. Leonberg-Yoo AK, Wang W, Weiner DE, Lacson E Jr. Oral nutritional
supplements and 30-day readmission rate in hypoalbuminemic
maintenance haemodialysis patients. Hemodial Int. (2019)
23:93–100. doi: 10.1111/hdi.12694

69. Gamboa JL, Deger SM, Perkins BW, Mambungu C, Sha F, Mason OJ,
et al. Effects of long-term intradialytic oral nutrition and exercise on
muscle protein homeostasis and markers of mitochondrial content in
patients on haemodialysis. Am J Physiol Renal Physiol. (2020) 319:F885–
94. doi: 10.1152/ajprenal.00026.2020

70. Caglar K, Fedje L, Dimmitt R, Hakim RM, Shyr Y, Ikizler TA. Therapeutic
effects of oral nutritional supplementation during haemodialysis.
Kidney Int. (2002) 62:1054–9. doi: 10.1046/j.1523-1755.2002.00
530.x

71. Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney
disease. Lancet. (2017) 389:1238–52. doi: 10.1016/S0140-6736(16)32
064-5

72. Siew ED, Pupim LB, Majchrzak KM, Shintani A, Flakoll PJ, Ikizler TA.
Insulin resistance is associated with skeletal muscle protein breakdown
in non-diabetic chronic hemodialysis patients. Kidney Int. (2007) 71:146–
52. doi: 10.1038/sj.ki.5001984

73. Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh BK, Khor
BH, et al. Protein-energy wasting and nutritional supplementation in patients
with end-stage renal disease on hemodialysis. Clin Nutr. (2017) 36:663–
71. doi: 10.1016/j.clnu.2016.06.007

74. Liljeberg E, Andersson A, Blom Malmberg K, Nydahl M. High
adherence to oral nutrition supplements prescribed by dietitians: a
cross-sectional study on hospital outpatients. Nutr Clin Pract. (2019)
34:887–98. doi: 10.1002/ncp.10243

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Sahathevan, Karupaiah, Khor, Sadu Singh, Mat Daud, Fiaccadori,

Sabatino, Chinna, Abdul Gafor, Bavanandan, Visvanathan, Yahya, Wahab, Goh,

Morad, Bee and Wong. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org 13 December 2021 | Volume 8 | Article 743324

https://doi.org/10.1111/hdi.12694
https://doi.org/10.1152/ajprenal.00026.2020
https://doi.org/10.1046/j.1523-1755.2002.00530.x
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1038/sj.ki.5001984
https://doi.org/10.1016/j.clnu.2016.06.007
https://doi.org/10.1002/ncp.10243
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Muscle Status Response to Oral Nutritional Supplementation in Hemodialysis Patients With Protein Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial
	Introduction
	Materials and Methods
	Study Design and Patient Recruitment
	Intervention and Control Groups
	Outcome Measures
	Muscle Indices
	Diagnosis of Malnutrition
	Other Nutritional Indicators

	Monitoring Parameters
	Compliance and Product Acceptance
	Charlson Comorbidity Index
	Statistical Analysis

	Results
	Study Stock Flow
	Baseline Characteristics of Patients
	Muscle Status
	Ultrasound-Derived Muscle Metrics
	Other Muscle Indices

	Malnutrition Diagnosis
	MIS Evaluation
	PEW Status

	Other Nutritional Outcomes
	Product Monitoring and Acceptance

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


