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Abstract

Background: Malnutrition is common in chronic hemodialysis (CHD) patients due to lower dietary protein and energy
intake than normal. Morbidity and mortality rates are unacceptably high in end-stage renal disease (ESRD) patients and
correlate with malnutrition status in these patients. This retrospective study aims to evaluate the nutritional effects of
oral nutrition supplements (ONS) on various nutritional parameter outcomes in maintenance hemodialysis (MHD)
patients based on the hypothesis that daily provision of ONS would improve or prevent further deterioration of the
nutrition status of MHD patients.

Methodology: For 34 patients who received ONS for two months, laboratory and anthropometric measurements were
taken before the start of ONS intake and after two months of continuous consumption. Biochemical markers (albumin,
ferritin, and uric acid), anthropometric measurement, body mass index (BMI), dry weight (DW), and inter-dialysis
weight changes were statistically analyzed using SPSS software and paired-t test was used for comparison the changes
in these values.

Result: After the provision of ONS during hemodialysis there was a significant increase in serum albumin concentration
from 30.6 (+ 3.5) gm/L at baseline to 31.9 (* 4.1) gm/L after 2 months (P = 0.038) and inter dialysis weight change from
2.2 (£ 0.91) kg at baseline to 2.6 (= 1.2) kg (P = 0.033). The other biochemical markers such as ferritin, uric acid, and
anthropometric measurements (Body Mass Index (BMI) and dry weight) had no significant changes during the study.

Conclusion: In conclusion, our findings suggest that the treatment strategy of providing ONS could be an effective
therapy for malnourished patients in MHD and might have a beneficial effect against muscle loss due to catabolism
during hemodialysis (HD) treatment.
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1. Introduction

Malnutrition is common in patients with chronic kidney disease (CKD) undergoing HD treatment due to lower-than-
normal dietary protein and energy intake resulting in negative effects on their prognosis (1-3). Morbidity and mortality
rates are unacceptably high in end-stage renal disease (ESRD) patients, especially in patients who undergo HD therapy
(4). Managing malnutrition, serum nutritional parameters, and anthropometric measurement in HD patients is an
important factor, as it is the main cause of morbidity, mortality, and hospitalization (5,6). Protein-energy wasting is a
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state of metabolic and nutritional derangements in CKD and common comorbidity in 75% of patients undergoing MHD
therapy (7-9). This condition is a progressive depletion of protein and energy stores and is associated with poor quality
of life, complications, and an increased risk of mortality in HD patients.

The nutritional guidelines of the Kidney Disease Outcomes Quality Initiative (KDOQI) have recommended HD patients
with 30-35 kcal/kg/day of energy and 1.2g protein /kg/day intake (10,11). Due to dietary restrictions, socioeconomic
limitations, and anorexia, many patients fail to comply with these recommendations. Hence, additional nutritional
intervention is needed to support MHD patients to achieve nutritional protein and energy goals (12,13).

ONS may provide benefits over protein and carbohydrate-dense supplements for patients undergoing HD to
compensate for the adverse metabolic outcomes (14). However, few studies have considered the effects of ONS, which
can contain proteins, energy, and electrolytes on malnourished HD patients (15-17). Therefore, this retrospective study
aims to evaluate the effects of ONS on various nutritional parameter outcomes in maintenance hemodialysis (MHD)
patients based on the hypothesis that daily ONS consumption could improve or prevent further deterioration of the
nutrition status of these patients. The present study was designed to determine the effects of ONS on biochemical and
anthropometric nutrition markers in malnourished patients undergoing HD therapy.

2. Study methodology

2.1. Sample size

This study was conducted on patients treated in the HD unit of Hazm Mebeirek General Hospital (HMGH), State of Qatar.
During the monthly nutrition assessment of the 64 patients receiving MHD therapy, many patients who were diagnosed
as malnourished (serum albumin concentration <35 gm/L and/or a loss of 25% DW over the past 3 months) were
followed up for 2 months between September and November 2022. The clinical dietitian recommended that the
assigned physician prescribe a high-protein ONS for patients who met the inclusion criteria. The inclusion criteria were
age >18 years old, serum albumin concentration of <35 gm/L and/or a loss of 25% dry weight over the past 3 months.
The exclusion criteria were patients who have liver disease, active inflammation, death during follow-up, and who are
undergoing peritoneal dialysis.

2.2. Study methodology

Laboratory and anthropometric measurements were taken before the beginning of ONS intake and after two months of
continuous consumption of the patients who received ONS for two months. Biochemical markers (albumin, ferritin, uric
acid, body), anthropometric measurement (BMI and DW) and inter-dialysis weight change data were extracted from
the electronic medical record (EMR) after getting approval from the Medical Research Center of Hamad Medical
Corporation (HMC) for two readings.

Renilon, an approved ONS by HMC, has been used as a complementary oral food source for MHD patients in all HD units
and is manufactured by Nutricia Company in prepackaged bottles. The eligible patients have received 7 bottles (125ml
each bottle) per week for two months. Each bottle contains 249 calories, 9.1-gram whey protein instead of animal
protein because whey protein has a lower content of electrolytes, and 2.5mg Fe.

Eligible patients were visited during dialysis sessions and were encouraged to consume the ONS provided. Statistical
analysis using SPSS software and the paired-t test were utilized in assessing the changes in biochemical markers and
anthropometric measurements during the consumption of ONS for comparison of the changes in these values before
and after the ONS was taken. Analysis of the covariance using (ANOVA) model to assess the effect of providing
supplements and the baseline parameters as covariance. The p-value of < 0.05 will be considered statistically significant.

2.3. Anthropometric measurements and biochemical markers

DW and intradialytic weight gain were measured and recorded before and after the provision of ONS. BMI was
calculated at the beginning and end of the follow-up period. The concentrations of serum albumin, ferritin and uric acid
were extracted from EMR before and after ONS provision.

2.4. Statistical analysis

Descriptive statistics were utilized to summarize and determine the sample characteristics and distribution of various
considered parameters related to demographic, biochemical markers, anthropometric measurement (BMI and dry
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weight), albumin, ferritin, uric acid, inter dialysis weight change data, and other related features of this cohort
participants.

The normally distributed data and results were reported with mean and standard deviation (SD) with corresponding
95% CI, and the remaining results were reported with median and interquartile range (IQR). Categorical data were
summarized using frequencies and percentages. Associations between two or more qualitative variables were examined
and assessed using Pearson Chi-square and Fisher Exact tests as appropriate.

Quantitative outcomes (biochemical marker and anthropometric measurement) measured between the two-time
points were analyzed using paired t-test or Wilcoxon signed ranked test as appropriate. The relationship between two
quantitative variables was examined using Pearson’s or Spearman’s correlation coefficients. Linear or non-linear
regression was performed to explore and assess the impact of potential factors and predictors affecting the biochemical
marker and anthropometric measurement by adjusting potential predictors and confounders.

Repeated measure analysis of variance (ANOVA) was used to analyze quantitative outcome measures recorded at
various time points. Pictorial presentations of the key results, biochemical markers and anthropometric measurements
were made using statistical graph box plots. All Statistical analyses were done using statistical packages SPSS 27.0 (SPSS
Inc. Chicago, IL) software.

3. Result
Table 1 Demographic characteristics of the study patients (N= 34)

Gender Height Age Percentage %
male 28 28 82.4
Mean 167.5357 | 52.6071

Std. Deviation | 7.63754 | 12.58553
Minimum 149.00 25.00

Maximum 180.00 71.00

female 6 6 17.6

Mean 157.5000 | 53.3333

Std. Deviation | 5.04975 | 15.56492
Minimum 152.00 38.00

Maximum 166.00 77.00

A total of 34 patients in the HMGH dialysis unit were recruited for this study. The inclusion criteria included age >18
years old, serum albumin concentration of <35 gm/L and/or a loss of 25% dry weight. Patients who have liver disease,
active inflammation, death during follow-up, and undergoing peritoneal dialysis were not included in the study.

The demographic characteristics of the study population at baseline are shown in Table 1. The mean SD for the age of
the male patients were 52.6 (+12.5) years old ranging between 25 to 71 years while the mean age for the female patients
was 53.3 (£15.5) years between 38 to 77 years. Approximately 82.4% were male and 17.6% of the participants were
female.

Table 2 Study variables (mean SD) at baseline (N =34)

Albumin | Ferritin Uric acid | BMI Dry weight | Inter dialysis Weight change
N | Valid 34 34 34 34 34 34
Missing | 0 0 0 0 0 0
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Mean 30.6471 | 666.2353 | 371.6765 | 25.8279 | 71.4500 2.2735
Std. Deviation | 3.54950 | 355.66524 | 73.31903 | 5.84100 | 18.81681 91131
Minimum 22.00 118.00 236.00 19.00 43.50 .50
Maximum 34.00 1919.00 581.00 39.79 120.00 3.90

Table 3 Study variables (mean SD) at follow-up time after 2 months of ONS provision (N =34)

Albumin 2 | Ferritin 2 Uricacid2 | BMI 2 Dry Inter dialysis
weight 2 Weight change 2
N Valid 34 34 34 34 34 34
Missing | 0 0 0 0 0 0
Mean 31.9118 609.1471 367.5588 25.7500 | 71.1618 2.6471
Std. Deviation | 4.10002 303.35199 | 48.61736 5.93630 | 18.89720 1.23269
Minimum 13.00 208.00 242.00 18.60 43.50 .20
Maximum 38.00 1437.00 473.00 39.79 121.00 5.20
Table 4 Paired sample test
Paired Differences t df |Sig. (2-
Mean Std. Std. 95% Confidence Interval of the tailed)
Deviation | Error Difference
Mean Lower Upper
Pair 1|AL1 - AL2 -1.26471 |3.40507 |.58396 |-2.45279 -.07662 -2.166 |33 |.038
Pair 2 Fel- Fe2 57.08824 [238.59429|40.91858|-26.16125 140.33772 |1.395 |33 |.172
Pair 3 |Url - Ur2 411765 |62.00477 |10.63373|-17.51684 25.75213 |.387 |33 |.701
Pair 4 | BMI1 - BMI2 |.07794 .56602 .09707 |-.11955 27543 803 |33 |.428
Pair 5 |Dr1 - Dr2 .28824 1.63369 |.28018 |-.28179 .85826 1.029 |33 |.311
Pair 6 | Intel - Inter2 [-.37353 |.97648 16747  |-.71424 -.03282 -2.230 |33 |.033

3.1. Biochemical and anthropometrical measurement findings

The mean (SD) levels of serum albumin were significantly increased from 30.6 (*¥3.5) gm/L at baseline to 31.9 (+4.1)
gm/L after 2 months of ONS provision (P = 0.038) as in table 2,3, and 4, while the significant increase in the male group
is shown in table 5. The mean changed after 2 months from 30.3 (+3.7) gm/L to 32.0 (+4.4) gm/L compared with the
female group mean before and after the follow-up period is 31.8 (#2.2) gm/L and 31.5 (*2.2) gm/L respectively.

The other biochemical markers, ferritin, and uric acid, the mean and SD were 666.2 (#355.6) ug/L vs 609.1 (+ 303.3)
(ug/L) (P = 0.172) after, and 371.6 (+73.3) umol/L vs 367.5 (¥48.6) umol/L, (P = 0.701) for uric acid respectively.
However, the changes in mean value are considered statistically insignificant in these indicators.

At baseline, the inter-dialysis weight change mean (SD) was 2.2 (* 0.91) kg and was significantly higher after 2 months
of ONS provision with a mean (SD) of 2.6 (¥1.2) kg (P = 0.033). BMI and dry weight mean (SD) before and after ONS
consumption were 25.8 (£5.8) kg/m2 and 71.4 (¥18.8) kg vs 25.7 (¥5.9) kg/m2 (p=0.428) and 71.1(+18.8) kg (p=0.311)
respectively which showed no significant difference before and after ONS consumption.
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Table 5 Mean SD at follow-up time for the two genders after 2 months of ONS provision (N =34).

gender Albumin 1 | Albumin 2

Male N Valid 28

Missing | 0
Mean 30.3929 32.0000
Std. Deviation 3.75489 4.42217
Minimum 22.00 13.00
Maximum 34.00 38.00

Female N | Valid 6

Missing | 0
Mean 31.8333 31.5000
Std. Deviation 2.22860 2.25832
Minimum 29.00 28.00
Maximum 34.00 35.00

4. Discussion

Studies for evaluating the effectiveness and the importance of high protein supplements in malnourished HD patients
are limited. In this retrospective observational study, we were able to illustrate that ONS given during HD therapy, for
2 months, could significantly improve some nutritional parameters in malnourished HD patients. Protein calorie
malnutrition in HD patients is related to multiple factors such as decreased protein and energy intake. Several studies
indicated that in HD patients, the protein and energy intake are less than the recommended value (1-5). Decreased
nutrient intake and malnutrition in these patients can be related to several factors, including metabolic abnormalities,
low appetite, and certain co-morbidities (6-8).

Nutrition counselling generally has little effect on improving nutrient intake and reaching the recommended levels in
HD patients. ONS has been a suggested dietary intervention method to overcome this problem. However, the results of
the studies have been mixed. There is a constant challenge for ONS compliance with intake when given at home. This
study indicates that ONS supplementation given during HD therapy showed nutritional benefits in malnourished HD
patients.

There are limited numbers of studies evaluating the efficacy of oral nutritional supplementation in HD patients. Some
studies showed various degrees of improvement in nutritional parameters in HD, while others showed no improvement
(10-13). In a recent systematic review and meta-analysis of randomized clinical trials study by Liu et al., it was reported
that there is a beneficial effect of ONS on the study participants (10). Our results also are consistent with these reports,
though the design of our study was not randomized and only observational.

This beneficial improvement appeared to have occurred in the absence of an increase in daily dietary intake for HD
patients outside the dialysis facility. In addition to inadequate oral dietary nutrient intake, the HD procedure has been
considered a catabolic process and resulted in the development of malnutrition in protein and calories. The HD
procedure is associated with certain catabolic consequences (16). Other certain characteristics during HD procedure
still predispose to catabolism, particularly the lack of free access to food during HD sessions and the inevitable loss of
nutrients in the dialysate. The hemodialysis procedure treatment leads to increased catabolism of whole-body and
muscle protein resulting in loss of protein stores and increased energy expenditure (18).

It is estimated that 6 to 8 grams of amino acids are lost in the dialysate, and 200 kcal of extra energy is utilized during
hemodialysis (19). The protein and energy losses are caused by significant muscle loss and catabolism to compensate
for plasma amino acid and protein pool. Moreover, these studies indicate a lack of adequate compensatory protein
anabolism, leading to a net increase in protein catabolism during 3 to 4 hours of HD procedure. The consumption of ONS
was encouraged during HD sessions when catabolism was at its peak and the amino acid loss in the dialysate. Our results
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suggest that the oral nutritional supplementation during this time resulted in significant improvement in malnutrition
in these patients.

Better compliance is the rationale for the provision of supplementation during HD. When provided for intake at home,
compliance cannot be guaranteed and can be an issue in the evaluation of the benefits of ONS. Financial advantages are
another important aspect of oral nutritional supplementation compared with the high cost of intradialytic parenteral
nutrition (IDPN) (20).

In a retrospective study, Capelli et al. showed a modest increase in survival in HD patients who received IDPN for 9
months (20). In another retrospective study, Chertow et al. analyzed a large group of HD patients who received IDPN
and compared them with those patients who did not receive IDPN (21). The authors reported a significant reduction in
the risk of death in the group of malnourished patients, with low albumin levels who were given IDPN.

The present study demonstrated a significant increase in inter-dialysis weight change following the consumption of
ONS. Currently, there is a lack of available studies addressing the underlying reasons for this observation. The study of
Yang et al. suggested that this increase may be attributed to higher fluid intake post-dialysis procedure potentially
driven by thirst and xerostomia (22). However, additional studies are needed before ONS can be recommended for
general use for malnourished HD patients to approve their efficacy especially compared to IDPN.

While our study showed a significant improvement in malnourished HD patients, one of the limitations of this study is
the design was a retrospective study, there is no controlled group, and the total daily protein and calorie intake of
participants were not assessed.

Abbreviations and Acronyms

ESRD: End-stage renal disease
HD: Hemodialysis dialysis

PD: Peritoneal dialysis

EMR: Electronic medical record
MRC: Medical research center
HMC: Hamad medical corporation
ONS: Oral nutritional supplement.
HMGH: Hazm Mebaireek General Hospital
SD: standard deviation

MHD: maintenance hemodialysis
DW: dry weight.

BMI: body mass index

5. Conclusion

In conclusion, our study illustrates that the treatment strategy of providing ONS could be an effective therapy for
malnourished patients in MHD patients and have a beneficial effect on muscle loss retention which might be caused by
catabolism during HD treatment.
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