

[image: image1]
Muscle Status Response to Oral Nutritional Supplementation in Hemodialysis Patients With Protein Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial












	
	ORIGINAL RESEARCH
published: 10 December 2021
doi: 10.3389/fnut.2021.743324






[image: image2]

Muscle Status Response to Oral Nutritional Supplementation in Hemodialysis Patients With Protein Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial

Sharmela Sahathevan1, Tilakavati Karupaiah2*, Ban-Hock Khor3, Birinder Kaur Sadu Singh4, Zulfitri Azuan Mat Daud5, Enrico Fiaccadori6, Alice Sabatino6, Karuthan Chinna7, Abdul Halim Abdul Gafor8, Sunita Bavanandan9, Ravindran Visvanathan9, Rosnawati Yahya9, Zaimi Wahab9, Bak-Leong Goh10, Zaki Morad11, Boon Cheak Bee12 and Hin Seng Wong12


1Department of Allied Health Sciences, Faculty of Science, Universiti Tunku Abdul Rahman, Perak, Malaysia

2School of BioSciences, Faculty of Health and Medical Sciences, Taylor's University Lakeside, Selangor, Malaysia

3Faculty of Food Science and Nutrition, Universiti Malaysia Sabah, Sabah, Malaysia

4Department of Pharmacy, Hospital Canselor Tuanku Muhriz, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia

5Department of Dietetics, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Selangor, Malaysia

6Nephrology Unit, Department of Medicine and Surgery, Parma University Hospital, Parma, Italy

7School of Medicine, Faculty of Health and Medical Sciences, Taylor's University Lakeside, Selangor, Malaysia

8Department of Medicine, Faculty of Medicine, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia

9Department of Nephrology, Kuala Lumpur Hospital, Kuala Lumpur, Malaysia

10Department of Nephrology, Serdang Hospital, Selangor, Malaysia

11National Kidney Foundation, Selangor, Malaysia

12Department of Nephrology, Selayang Hospital, Selangor, Malaysia

Edited by:
Michele Barone, University of Bari Aldo Moro, Italy

Reviewed by:
Barbara Perez Vogt, Federal University of Uberlandia, Brazil
 Annabel Biruete, Indiana University, Purdue University Indianapolis, United States
 Nara Aline Costa, Faculdade de Nutrição da Universidade Federal de Goiás, Brazil

*Correspondence: Tilakavati Karupaiah, tilly_karu@yahoo.co.uk

Specialty section: This article was submitted to Clinical Nutrition, a section of the journal Frontiers in Nutrition

Received: 18 July 2021
 Accepted: 29 October 2021
 Published: 10 December 2021

Citation: Sahathevan S, Karupaiah T, Khor B-H, Sadu Singh BK, Mat Daud ZA, Fiaccadori E, Sabatino A, Chinna K, Abdul Gafor AH, Bavanandan S, Visvanathan R, Yahya R, Wahab Z, Goh B-L, Morad Z, Bee BC and Wong HS (2021) Muscle Status Response to Oral Nutritional Supplementation in Hemodialysis Patients With Protein Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial. Front. Nutr. 8:743324. doi: 10.3389/fnut.2021.743324



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.

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.
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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 from malnutrition 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 (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 237 ml 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 30 min 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®, 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. 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® 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 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 Pro™ 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.


[image: Figure 1]
FIGURE 1. Study flow diagram.


Study withdrawals after randomization and consent giving occurred at baseline from patients withdrawing consent (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.


Table 1. Baseline characteristics of study patients.

[image: Table 1]



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).


[image: Figure 2]
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.




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.


Table 2. Changes in other muscle indices according to treatment groups.
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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).


[image: Figure 3]
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.




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).


Table 3. Effect of treatment on PEW criteria status.
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Other Nutritional Outcomes

Treatment response (group × time interactions) for other nutritional parameters are provided in the 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).


[image: Figure 4]
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.




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 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 arm muscle 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 Japanese HD cohort in the Phase 3 Dialysis 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 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.
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are presented as mean  SD; *Main effect of Group, ®Main effect of Time, °Group x Time interaction; A, Mean change at 3rd month; A, Mean change at 6th month; 'p < 0.05
compared to baseline, *p < 0.001 compared to baseline.
BCM, body cell mass; HGS, handgrip strength; LT, lean tissue index; LT, lean tissue mass; MAMA, mid-arm muscle area; MAMC, mid-erm muscle circumference; NC, nutition
counseling; ONS, oral nutritional supplementation.





OPS/images/fnut-08-743324-g003.gif





OPS/images/fnut-08-743324-g004.gif





OPS/images/fnut-08-743324-t003.jpg
Baseline p-value 6th month p-value

PEW criteria®® ONS +NC NC ONS +NC NG
(n=29) (=27 (n =29) (n=27)

BMI <23 kg/m? 29 (100%) 27 (100%) NA 26 (89.7%) 24 (88.9%) 0630

MAMC >10th percentile 26 (89.7%) 24 (88.9%) 1.000 24 (82.8%) 22 (81.5%) 0587

Serum albumin <38 g/L 6(20.7%) 5(18.5%) 0838 5(17.2%) 7 (25.9%) 0429

DEI <25 kealkkg IBW 18 (62.1%) 21(77.8%) 0201 7 (24.1%) 19 (70.4%) 0001

#Categorical data were presented as frequency (percentage).

bData was analyzed using Chi-square test.
BMI, body mass index; DE, dietary energy intake; IBVY, ideal body weight; MAMC, mid-arm muscle circumference; NA, not available; NG, nutrition counseling; ONS, oral nutritional

supplementation; PEW, protein energy wasting.
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