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ABSTRACT

Background: Protein Energy Wasting (PEW) is highly prevalent among dialysis patients, leading to significant
morbidity and mortality. Protein enriched dairy products may provide a feasible nutritional intervention to overcome
the discrepancy between protein requirement and intake. We investigated the impact of an additional daily protein
enriched yogurt on nutritional parameters in Hemodialysis (HD) patients with hypoalbuminemia.

Methods: A prospective, single center, cross-over pilot study. Patients treated with HD and hypoalbuminemia, defined
as blood albumin below 38 g/L, were considered eligible. After enrollment, all patients started a 4-months control
period of strict dietitian surveillance followed by 4-months intervention period that consisted of an additional 20
g protein-enriched yogurt daily. Primary endpoint was increase in protein intake measured by normalized Protein

Catabolic Rate (nPCR).

Results: Ten hemodialysis patients were recruited. Mean albumin at baseline was 35 g/dL. Seven patients entered
control period, 5 started intervention. Four patients completed intervention period. There was no difference in
nPCR between screening to control or intervention period (mean nPCR 1.06, 1.10 and 1.26 in screening, control
and intervention period respectively, p=0.273). Albumin level significantly increased from screening (34.5 g/L) to
end of control period (38 g/L), p=0.012; with no further increase at the end of intervention period (36.35 g/L,
p=0.196 between intervention and control period). The yogurt was well tolerated.

Conclusion: Protein enriched yogurt did not increase nPCR in a limited cohort of dialysis patients with
hypoalbuminemia, however it was well tolerated. Larger-scale studies may provide more information about its role in
PEW management in this patient population.
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INTRODUCTION poor clinical outcomes, hospitalization, decreased quality of life and

mortality [7,8]. Various clinical and biochemical parameters that

Protein Energy Wasting (PEW) represents  metabolic and correlate with poor nutritional status are associated with increased

nutritional derangements with reduced body stores of protein morbidity and mortality in patients treated with dialysis, including

and energy, commonly observed in chronic disease conditions, hypoalbuminemia, low normalized Protein Nitrogen Appearance

that is highly prevalent in patients with End Stage Kidney Disease (nPNA), decreased protein and calories intake [9-11]. According

EESIKD) tre:ilted Withh.d :IySiS [1'2]& Prevale;l € (?f PEW ?ling to National Kidney Foundation-Kidney Disease Outcomes Quality
1a yslls patlints 13 180, reported dml 2.8 /(f'54 %, with 'SR Tnitiative (NKE-KDOQI) 2020 nutritional guidelines, Subjective
prevalence observed with increased dialysis vintage [3-6]. Various Global Assessment (SGA) is the preferred tool for nutritional

assessment in dialysis patients [12]. Severe malnutrition, assessed

of uremic toxms;, metabolic ac1d951s, 1F1ﬂammat10n,' dialysis by SGA, correlated with 33% higher mortality risk [13].
associated catabolism and reduced dietary intake. PEW increases

susceptibility to infections, reduces muscle function, induces a pro- ~ Inadequate dietary intake of protein and calories commonly
inflammatory state, accelerates atherosclerosis is associated with accounts for PEW in patients treated with dialysis and constitutes

factors are proposed as causative agents, including accumulation
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an important therapeutic target [7]. Therefore, KDOQI 2020
nutritional guidelines recommend prescribing metabolically stable
patients on Maintenance Hemodialysis (MHD) a daily protein
intake of 1-1.2 g/kg body weight and caloric intake of 25-35 kcal/
kg to maintain adequate nutritional status [12]. Despite these
recommendations, when analyzing the baseline characteristics of
patients randomized to the Hemodialysis (HEMO) study, 61% of
patients had a non-satisfactory dietary protein intake of less than

1.0 g/kg/day [5].

Previous studies were conducted to evaluate strategies to improve
dietary intake in patients treated with dialysis, using Oral
Nutritional Supplements (ONS) and NKF-KDOQI guidelines
recommend a 3-month trial of ONS in patients at risk or with PEW
despite dietary counseling [13-15]. However, in practice, patients’
compliance to ONS may be inadequate due to appearance, taste
preference, gastrointestinal symptoms as well as other psychological
and economic reasons, which emphasizes the need to search for an
alternative.

Protein enriched products may provide a feasible and affordable
nutritional intervention strategy in disease states when there is a
discrepancy between protein requirement and intake [16,17]. We
hypothesized that using an oral supplement not regarded by patient
as a pharmaceutical product, that is also affordable and accessible,
might increase compliance as well as nutritional status. The aim
of the study was to assess the effectiveness and tolerance of daily
addition of protein enriched yogurt on nutritional parameters in
patients on MHD with hypoalbuminemia.

METHODOLOGY

This prospective, single center, cross-over pilot study was conducted
at an ambulatory dialysis unit in a tertiary hospital. Study protocol
was approved by the local ethics committee and was conducted
according to GCP requirements. Study registration number
MOH_2018-10-31_004728. All patients gave informed consent

before participation.
Study population

Patients were considered eligible if they were 1895 yrs old,
treated by MHD at least 6 months before enrollment and had
hypoalbuminemia defined as blood albumin below 38 g/L.
Exclusion criteria included the use of ONS or Intradialytic Parentral
Nutrition (IDPN), lactose intolerance, severe liver disease, active
malignancy, a major surgery 6 months before study participation,
hospitalization for more than 3 days with in 3 months before study
participation, persistent hyperphosphatemia above 7 mg/dL or
pregnancy. Patients who were not able to give informed consent or
were unable to cooperate with study procedures were also excluded.

Study endpoints

Primary endpoint was increase in protein intake measured
by normalized Protein Catabolic Rate (nPCR). Secondary
endpoints were nutritional status improvement according to
SGA, improvement in nutrition associated biochemical markers,
improvement in Protein Catabolic Rate (PCR) not normalized to
body weight and patients’ compliance.

Study design

After informed consent, patients entered a screening period
to evaluate nutritional status. Thereafter all patients started a
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4-months control period of strict dietitian surveillance.

A registered dietitian performed a complete nutritional assessment
and adapted to each patient a specified nutritional program
according to NKE-KDOQI recommendations at time of enrollment,
that included daily 30-35 kcal/kg, protein intake 1.2 -1.3 gram/kg,
maximal potassium content of 2400 mg and phosphorus intake
of 10-17 mg/kg. During control period, a regular plain yogurt,
containing 7 g protein and 100 kcal per serving, was part of the
daily menu to avoid bias of increased caloric intake during the
subsequent intervention period.

After completion of the control period, participants entered
the intervention phase. The regular yogurt was replaced with
protein-enriched yogurt, containing 20 g protein per serving,
which was given daily for 4-months. Patients served as their own
control for calculating the difference between baseline, control
and intervention period. Nutritional, clinical and biochemical
parameters were assessed according to supplementary table.

Nutritional assessment was performed at baseline, at the end of
control period and after completion of intervention phase, using
SGA, a validated tool recommended by the KDOQI for nutritional
evaluation of patients with Chronic Kidney Disease (CKD) and
ESKD. Body Mass Index (BMI) was calculated using weight in
kilograms divided by height in meters squared. Muscle strength
was evaluated at baseline using Hand Grip Strength (HGS).

Blood samples were taken at baseline and monthly thereafter.
Biochemical parameters included creatinine, Blood Urea Nitrogen
(BUN), albumin, total cholesterol, hemoglobin, phosphate and
potassium.

Transferrin and C-Reactive Protein (CRP) were measured
every 3 months. nPCR was used for estimation of daily protein
consumption according to urea kinetics calculations [18]. Dialysis
adequacy was calculated by single pool Kt/Vurea using daugirdas
formula [19].

Intervention period

During intervention period patients consumed protein-enriched
yogurt. Content of one cup (200 g) includes 140 keal, 20 g protein,
7.2 g carbohydrate, 3 ¢ fat, 80 mg sodium, 220 mg calcium, 280 mg
phosphor and 460 mg potassium. It contains milk and bacteria and
is gluten-free. Each participant received a weekly protein-enriched
yogurt supply in a refrigerated bag and returned the empty cups to
assess for compliance.

Statistical analysis

We aimed to recruit 50 patients based on sample size calculated for
one-sided test, however the study was terminated prematurely as a
result of slow recruitment. Due to the low number of participants,
data is descriptive, presented as mean+Standard Deviation (SD) for
normally distributed parameters and median+Interquartile Range
(IQR) for skewed parameters.

RESULTS

Study consort is depicted in Figure 1. Between March 2020-June
2021, 153 maintenance HD patients were screened, 10 patients
were recruited. Patients’ baseline characteristics are presented in
Table 1. Thirty percent were females, mean age was 75.4 = 12.2.
Although mean albumin at baseline was 35 g/dL, 90% of patients
were categorized as SGA A, indicating a good nutritional status.
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Three patients did not start control period

Two withdrew consent and one died from severe pneumonia
shortly after recruitment. Seven patients entered control period,
one had recurrent hospitalizations and medical procedures and did
not wish to continue with study procedures and one died from
septic shock during this period. Five patients started intervention
period, however one decided to withdraw participation since he
did not want to consume the yogurts. The other 4 patients had
a good compliance (above 90%) and tolerability to the protein
enriched yogurt. There were no adverse events considered related
to study product.

Primary endpoint was not reached. In patients who completed
the study, there was no difference in nPCR between screening to
control or intervention period (mean nPCR 1.06, 1.10 and 1.26 in
screening, control and intervention period respectively, p=0.273)
(Figure 2). Mean PCR was 83.6 in screening, 86.4 in control and
98.1 in intervention period (p=0.22).

Albumin level significantly increased from screening (34.5 g/L)
to end of control period (38 g/L), p=0.012. Albumin level at the
end of intervention period was 36.35 g/L. The difference between
albumin level at end of intervention did not vary significantly
compared to screening or control period (p=0.196) between
intervention and control period, (Figure 3). Since Albumin is
an inflammatory marker, we examined whether improvement
in albumin from screening to control period correlates with a
reduction in CRP levels between study periods, however in 6 out
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of 7 patients, CRP level increased at the end of control period
compared to screening.

Additional biochemical variables assessed did not differ
significantly between study periods in patients who completed the
study. Creatinine level was 5.95 mg/dL at screening, 6.56 mg/
dL at end of control and 6.26 mg/dL at the end of intervention
(p=0.362); BUN was 58 mg/dL, 56.25 mg/dL and 67 mg/dL at
screening, control and intervention periods respectively (p=0.517);
total cholesterol was 141 mg/dL, 157 mg/dL and 145.5 mg/dL at
screening, control and intervention periods respectively (p=0.289)
and transferrin level was 168 mg/dL. Yogurt consumption did not
result in increased phosphorus level: Phosphorus level was 5.7 mg/
dL at screening, 6.4 mg/dL at end of control period and 5.2 mg/
dL at end of intervention period (p=0.354).

Nine out of 10 patients had SGA A at screening. The patient who
started the study with SGA B had SGA B at the end of control
period. He decided to withdraw participation when entering the
intervention period. One patient with recurrent hospitalizations
during control period, entered the study with SGA A that decreased
to SGA B at the end of control period. As already depicted, he
did not wish to continue with study procedures and did not enter
intervention period.

Dry weight did not change between study period in patients
who completed the study (Figure 4); mean weight was 81.62 Kg
at screening, 82.05 Kg at control and 81.42 Kg at intervention
(p=0.636).

Excluded due to albumin

Excluded due to other

Recent hospitalization 3

Active malignancy 5

ONS 16

IOPN 3

Pre Screening —

153 Hemodialysis Patients

Recruitment 10

Intervention period

Completed intervention

Figure 1: Study consort is about maintenance of patients screening and recruitment.

—_— Early discontinuation 3

v

Control period

Early discontinuation 2

L

Early discontinuation 4

Table 1: Patients’ baseline characteristics.

N=10 Parameter
754 +12.2 Age, years
3 (30%) Sex, female (%)
39.3 +28.8 Dialysis vintage, months
7 (70%) Dialysis access, AVF (%)
144 +0.3 spKt/V urea
8 (80%) Diabetes mellitus, (%)
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4 (40%) Heart failure, (%)
Nutritional assessment
76.1 £14.9 Dry weight (Kg)
26.3+3.7 BMI
9 (90%) SGA, A (%)
73.2+23.6 PCR
Biochemistry results
35 +1.56 Albumin (g/L)
59.2+26.5 BUN (mg/dL)
12.5 +18.8 Creatinine (mg/dL)
125.3£27.8 Cholesterol
5.2+14 Phosphorus (mg/dL)
180.3 £ 53.9 Transferrin

Abbreviations: AVF-Arteriovenous Fistula; BMI-Body Mass Index; SGA-Subjective Global Assessment; PCR-Protein Catabolic Rate; BUN-Blood Urea

Nitrogen.
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Figure 2:Change in normalized protein catabolic rate during study periods in patients who completed the study.
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Figure 3: Change in albumin during study periods in patients who completed control period.

100

=<}
o

~
(=]

(=1}
o

%)
o

Dry Weight

4 3 2 1

M Intervention mControl mScreening

Figure 4: Change in dry weight during study periods in patients who completed the study.
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DISCUSSION

In the current study we were unable to demonstrate clinical benefit
of protein enriched yogurt on nutritional parameters, however
we confirmed the importance of a comprehensive and dedicated
nutritional consultation to improve hypoalbuminemia in HD
patients.

The study was designed to assess the effectiveness of the addition
of protein enriched yogurt daily on nutritional parameters in
HD patients with PEW. However, PEW at baseline was defined
purely according to serum albumin level, a definition that was
probably inappropriate. Although hypoalbuminemia is linked to
malnutrition in HD patients, an ongoing debate exists whether
albumin is indeed a marker of malnutrition or alternatively
serves as a marker of inflammation and significant comorbidities
[20-23]. According to the KDOQI clinical guidelines from 2020
serum albumin may be considered as a complementary tool to
assess malnutrition, however a position statement released by the
American Society for Parenteral and Enteral Nutrition (ASPEN) in
2021 concluded that albumin is a marker of inflammation rather
than nutrition status and as such should not be used to monitor
efficiency of different nutritional support strategies [24]. Indeed,
in the current study, most patients had SGA A at enrollment,
indicating a good nutritional status, despite hypoalbuminemia.

There was a trend for increase in nPCR between screening (1.06)
and intervention period (1.26), albeit it did not reach statistical
significance, even after adjustment of the additional protein
consumed per dry weight. In search for an explanation to the
insufficient increase, we hypothesized that patients consumed the
yogurt instead of a meal and not in-between as they were repeatedly
educated [25]. Although protein enriched yogurts did not improve
satiety nor altered subsequent meals in a healthy population the
impact on satiety in specific patient populations may be different
and requires further investigation [26,27]

Albumin level significantly increased from screening to end of
control period despite an increase in another inflammatory
marker. This may be explained by a strict follow-up by a skilled
and committed dietician after enrollment. This finding emphasizes
the valuable role of the dietician as part of the multidisciplinary
approach in dialysis patients. During intervention period, we did
not observe an additional improvement using protein enriched
yogurts, although conclusions in this small cohort may be
misleading.

ONS is an important tool to improve nutritional status in HD
patients, recommended by the NKF-KDOQI nutrition guidelines,
however patients may be reluctant to use ONS due to its taste,
texture, perception of ONS as a medication and other psychological
concerns. We hypothesized that the compliance to the consumption
of enriched food such as yogurt will be good and except for one
patient who did not wish to consume the yogurts after one week of
intervention due to its texture, compliance was satisfactory in other
patients. There were no gastrointestinal complains. The economic
burden of ONS is another important consideration. In Israel, an
ONS specifically designed for dialysis patients that contains 17.8 g
protein in 220 ml, costs patients after subsidy 4.45 USD per bottle
compared to 1.8 USD for a 200 ml cup of protein enriched yogurt,
which contains 20 g protein. When consumed daily, the prices
differences translate to 967 USD per patient per year. Therefore,
functional foods enriched with protein may serve as a practical
and affordable method to increase protein consumption in dialysis
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patients.

Hypoalbuminemia as a single inclusion criterion for PEW may be
inappropriate and should be reconsidered in future studies in this

field.
CONCLUSION

Protein enriched yogurt did not improve nutritional status in a
limited cohort of dialysis patients with hypoalbuminemia however
it was well tolerated. Further larger studies should be considered
to assess effectiveness of integrating functional foods enriched
with protein in improving nutritional status in dialysis patients.
The study has several limitations. It is a small pilot study. Patients’
recruitment was slow with too strict inclusion and exclusion
criteria, that limited enrollment of adequate number of patients.
COVID-19 pandemic was also a major drawback as patients
were reluctant to participate. Therefore, the number of patients
is insufficient for statistical significance. However, this study may
encourage further clinical trials in a larger patient population as
there were no safety signals and the yogurt was well tolerated.
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