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The consumption of probiotics and synbiotics in treating various diseases has progressed significantly.

Objective: The present study investigates the effects of synbiotic supplements on the intestinal
microbiome, resulting in improving fatigue and sleep quality of end-stage renal disease patients
undergoing hemodialysis.

Materials and Methods: The study was a double-blind, randomized, placebo-controlled clinical trial.
A total of 52 patients with end-stage renal disease undergoing hemodialysis were included in the
research and, through permuted block randomization, assigned to the synbiotic group (28 patients)
and the placebo group (24 patients). The intervention group received 500 mg of synbiotic (Lactocore)
twice a day for eight weeks, and the control group received a placebo for the same period. The patients
were evaluated with the Chalder fatigue and Pittsburgh sleep quality questionnaires at the beginning,
the fourth week of the study, and at the end of the study. Demographic variables were analyzed using
the chi-square test, Fisher exact test, or independent sample t-test, as appropriate. The repeated
measures test was used because the outcome variable has been measured three times in each group.

Results: The samples, consisting of 26 males (50%) and 26 females (50%), were randomly allocated to
the placebo (n=24, 46.16%), 12 males and 12 females, and the synbiotic supplement (n=28, 53.84%),
14 males and 14 females, groups. The result showed regular use of a synbiotic supplement for 8 weeks
did not show a change in the amount of fatigue and sleep quality reported in patients receiving the
synbiotic supplement considering the effect of time and group compared to the placebo group.

Keywords: ¢ Conclusion: In general, the 8-week consumption of synbiotic supplements in the intervention group
Haemodialysis, Dietary : compared to the control group did not significantly affect the fatigue and sleep quality of patients
supplement, Sleep, Fatigue, undergoing hemodialysis treatment. However, further studies with larger sample sizes and longer
Synbiotic : duration are suggested.
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Highlights
* The use of synbiotic supplements decreases fatigue in both physical and emotional domains.

* Taking synbiotic supplements for 8 weeks improves sleep quality, reduces daily functional disorders and sleep
disorders, and accelerates the start of the sleep cycle.

* Regularly using a synbiotic supplement for 8 weeks does not change fatigue and sleep quality reported in patients
compared to the placebo group.

Plain Language Summary

Chronic kidney disease results in the accumulation of uremic toxins in the body, causing various complications.
Fatigue is one of the most common complications experienced by hemodialysis patients. At least half of the patients
complain of persistent fatigue and about 86% report fatigue after dialysis. Also, about 50% to 83% of these patients
suffer from poor sleep quality. A total of 52 patients with end-stage renal disease who were undergoing hemodialysis
were recruited in this study. The intervention group received 500 mg of synbiotic (lactocore) twice a day for 8 weeks,
and the control group received a placebo for the same period. In this study, the regular use of a synbiotic supplement
for 8 weeks did not change fatigue and sleep quality in patients receiving the synbiotic supplement compared to the

placebo group.

Introduction

hronic kidney disease is one of the public

health issues in the world. End-stage renal

disease (ESRD) occurs when kidney function

declines less than 10% to 15% of its normal

level [1]. The prevalence of chronic kidney
disease is estimated to be 8% to 16% worldwide [2]. In
most developed countries, hemodialysis is the standard
strategy for treatment at the beginning of ESRD and in
patients over 65 years [3].

Fatigue is one of the most common complications
experienced by hemodialysis patients. At least half of
the patients complain of persistent fatigue, and about
86% report fatigue after dialysis [3, 4]. Also, about 50%
to 83% of these patients suffer from poor sleep qual-
ity [5]. The onset of chronic kidney disease and hemo-
dialysis, followed by complications such as fatigue and
decreased sleep quality, significantly affect the patients’
quality of life (QolL) [6]. In a study conducted by Bossola
et al. on fatigue in patients undergoing hemodialysis,
fatigue unrelated to depression alone can increase the
risk of mortality in these patients [7]. Factors such as
anemia, inflammation, and hemodialysis may trigger
the onset of the fatigue cycle and then the patients’
cognitive, behavioral, and emotional responses to early
symptoms such as negative beliefs, depression, anxiety,
and maladaptive behaviors. Gradually, this cycle leads to
physiological complications such as systemic inflamma-

tion, central nervous system and endocrine disorders,
and poor sleep quality. Finally, the fatigue cycle can lead
to poor clinical outcomes in the patient [3].

Recently, the role of inflammatory factors as a primary
agent in the fatigue cycle has become more prominent [8].
Therefore, it has been suggested that reducing systemic
inflammation can effectively reduce fatigue, improve
sleep quality, and ultimately improve the QoL [9, 10].

Scheper et al. introduced the intestine as a neglected
organ in chronic kidney disease and its associated ure-
mia [11]. Recent studies have shown that imbalances
and quantitative and qualitative changes in the compo-
sition and activity of intestinal microbiota in ESRD pa-
tients accelerate the disease’s progression, uremia, and
its complications, such as fatigue and poor sleep qual-
ity [12, 13]. High levels of potassium and phosphate in
patients undergoing hemodialysis cause them to avoid
the source of these elements. Consequently, patients
are deprived of a rich source of indigestible complex
carbohydrates, which are the main nutrients for intes-
tinal bacteria [14]. The brain-intestine-kidney axis plays
an essential role in the body’s normal homeostasis [15].

Probiotics are defined as beneficial living microorgan-
isms if taken at an optimum level. Prebiotics are also
described as dietary supplements (such as inulin) that
support the growth of probiotics. Synbiotics are a com-
bination of probiotics and prebiotics that may have a
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more significant effect on gastrointestinal health and
systemic inflammation in hemodialysis patients due to
their synergistic effect [9-14].

Therefore, it is hypothesized that changes in intes-
tinal microbiota following synbiotic supplements can
improve metabolic health by reducing inflammatory
factors. Kooshki et al. reported that taking 8 weeks of
synbiotic dietary supplement in hemodialysis patients
can reduce inflammatory factors (C-reactive protein),
malondialdehyde, total cholesterol, and low-density li-
poprotein [16]. Also, considering the important role of
anemia in chronic fatigue caused by chronic diseases, a
systematic review and meta-analysis showed increasing
iron absorption with probiotics consumption [17].

Considering that several studies have investigated the
effect of synbiotic supplementation on fatigue, inflam-
matory and anemic factors, and improving the immune
system of patients [18, 19], we evaluated the effects of
synbiotic supplement therapy on improving sleep quali-
ty and fatigue in ESRD patients undergoing hemodialysis.

Materials and Methods

The study was a double-blind, randomized, placebo-
controlled clinical trial. The required sample size in this
project was based on the Srinivasa et al. study [9]. Con-
sidering the Mean#SD of fatigue scores before and af-
ter using synbiotic supplementation were reported as
42.76+22.22 and 47.50+21.87, respectively, a=0.05, and
B=20% for each group, 26 people were obtained for each
study group. This number increased to 30 people for
each group, considering the possibility of 20% drop-out.

The 60 clinically stable hemodialysis (HD) patients
aged 18 to 65 years receiving HD thrice weekly at the Di-
alysis Department of the Educational Center in Quchan,
Iran, for at least 3 months before the onset of the study
were enrolled. Dialysis duration was 3 to 4.5 hours per
session, three times per week, with a blood flow of 250
mL/min and a dialysate flow of 500 mL/min.

The non-entry criteria based on the patient’s medical
file included patients who had undergone kidney trans-
plants or were likely to receive a transplant, those medi-
cally diagnosed with severe infections, diabetes, malig-
nancy, chronic liver disease (hepatitis B, hepatitis C),
gastrointestinal diseases (inflammatory bowel disease,
ulcerative colitis, Crohn disease, celiac disease, lactose
intolerance or allergy, irritable bowel syndrome), diabetic
foot infection, pregnant or lactating mothers, and those
with hemoglobin less than 8 mg/dL. According to the pa-
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tient’s report, the Pittsburgh sleep quality index (PSQl)
score is less than 6 (good sleep quality), the Chalder fa-
tigue scale (CFS) score is less than 18, receive antioxidant
vitamin supplements, prebiotics, probiotics, synbiotics,
or antibiotics within one month of study (Figure 1).

Demographic, CFS and PSQI questionnaires reported
and measured patients’ characteristics, as well as fa-
tigue and sleep quality. The CFS was first published by
Chalder et al. This questionnaire contains 11 questions
and two general domains for examining physical and
emotional fatigue during the last month. Each question
is assigned a score between 0 and 3; the total result is
between 0 and 33. The global score also spans physi-
cal fatigue (measured by items 1-7) and psychological
fatigue (measured by items 8—11). If the patient scores
above 18, he or she will be considered tired; the patient
suffers from more fatigue with a higher score [20]. In
Iran, for the first time, Nasri et al. evaluated the validity
of this questionnaire [21]. The fatigue tool’s validity was
assessed using the content validity method, and its reli-
ability was assessed using the internal validity method.
The Cronbach a coefficient was calculated to be 0.79.

The PSQl is a self-report questionnaire designed by
Buysse et al. and assesses sleep quality over the past
month. The questionnaire includes 19 questions about
7 important components of sleep (mental quality of
sleep, duration of sleep, duration of sleep, sleep effi-
ciency, sleep disorders, use of sleeping pills, and ineffi-
ciency latency of sleep). Each component is assigned a
score between 0 and 3, so the overall PSQI score is be-
tween 0 and 21. A score between 0 and 5 means good
sleep quality, while a score between 6 and 21 means
poor sleep quality [22]. This study used the psychomet-
ric Persian version of this questionnaire [23].

This research was a double-blind, randomized placebo
study. The sampling method was convenient, and per-
muted block randomization was used to randomize the
data. In this regard, 15 blocks with the size of four were
formed (A and B for the intervention groups, C and D for
the placebo group). Neither the patients, nephrologists,
nor the researcher performing patients’ evaluation
were aware of the group assignment. The baseline clini-
cal evaluation included an anthropometric examination.
Also, the PSQl and CFS questionnaires were adminis-
tered to all patients. During the intervention, patients
were asked to maintain a steady diet, engage in physical
activity, take probiotic drugs, and not take supplements
other than those provided by the trial.
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The intervention group took two synbiotic capsules
daily (one after lunch and the other after dinner), and
the control group took two placebo capsules (containing
500 mg corn starch) daily at the same time for 8 weeks.
These drugs are safe and have been used in similar stud-
ies [24-26]. Synbiotic and placebo capsules are similar
in appearance and are marked only with the label “A”
or “B” on the box. Boxes are tagged by a third party not
directly involved in this study. Each Lactocore synbiotic
capsule (500 mg) (produced by Zist Takhmir Company
of Iran) contains high amounts of 12 beneficial and safe
bacterial strains and fructooligosaccharide as a prebi-
otic. The strains used in this product include Lactoba-
cillus rhamnosus, Lactobacillus Helveticus, Lactobacillus
casei, Bifidobacterium lactis, Lactobacillus acidophilus,
Bifidobacterium breve, Lactobacillus bulgaricus, Bifido-
bacterium Langum, Lactobacillus plantarum, Bifidobac-
terium bifidum, Lactobacillus garii, and Streptococcus
thermophilus. The placebo powder was comparable in
color, texture, and taste to the synbiotics and prebiotics
but contained only corn starch. Each box contained 30
capsules. The participants were given four boxes for the
entire 2-month intervention (two boxes at the begin-
ning of each month). In addition, the patients continued
to take their daily medications during the study.

In subsequent visits, the patients were followed up
by phone twice weekly to comply with the interven-
tion. They were asked to take one capsule after lunch
and one after dinner, which improved their adherence
to the intervention. In addition, the samples were asked
to record their daily intake of supplements or placebo in
the notebook provided and to return any remaining cap-
sules in the boxes at the next visit. At the end of 8 weeks,
if the number of remaining capsules for each participant
was more than 10% of the prescribed capsules, that par-
ticipant was removed from the intervention.

Statistical analysis was performed using SPSS soft-
ware, version 21 (Chicago, IL). Quantitative variables
were described as MeanzSD, and qualitative variables
as number (percentage). The repeated measures test
was used because the outcome variable was measured
three times in each group. Demographic variables were
analyzed using the chi-square test, Fisher exact test, or
independent sample t-test, as appropriate. Also, sphe-
ricity assumed Greenhouse-Geisser was used to check
the homogeneity of the data. For all analyses, P<0.05
were considered statistically significant.

Journal of Holistic
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Results

Of 100 patients referred for hemodialysis treatment,
60 were included in the study and assigned to the syn-
biotic group (31 patients) and the placebo group (29
patients).

The data of 3 participants from the synbiotic group
and 5 participants from the placebo group were ex-
cluded due to death after catching COVID-19 during
the follow-up period. The remaining samples (n=52, 26
males and 26 females) were randomly allocated to the
placebo (n=24, 12 males and 12 females) or the synbiot-
ic supplement (n=28, 14 males and 14 females) groups.

Their mean age in the synbiotic group was 47.19+12.63
years, and in the placebo group, 48.79+11.01 years. All
enrolled patients received erythropoietin and intrave-
nous iron as a regular treatment following our regional
HD guidelines (Table 1).

There were no significant side effects associated with
the study treatments. However, some adverse events
assessed as unrelated to study participation occurred
among two patients in the placebo group: Oral mucosi-
tis and respiratory problems.

Regarding the CFS questionnaire, fatigue was investi-
gated in two domains: Emotional and physical. The use
of the synbiotic supplement in the intervention group
led to a decrease in the level of fatigue in both domains
of physical and emotional fatigue, and changes in the
mean fatigue score were significant in both the inter-
vention and placebo groups and in both physical and
emotional fatigue domains (P=0.001). Still, this change
was not significant between the groups. These results
are shown in Table 2.

Regarding the PSQl questionnaire, sleep quality in
patients was measured in 7 essential components (psy-
chological sleep quality, latency of sleep, sleep dura-
tion, sleep efficiency, sleep disorders, use of sleeping
pills, and inefficiency during the day). In the interven-
tion group, taking synbiotic supplements for 8 weeks
improved the quality of sleep (P=0.001), reduced daily
functional disorders (P=0.001) and sleep disorders
(P=0.001), and accelerated the start of the sleep cycle
(P=0.001). However, this positive effect was not signifi-
cant compared to the control group (Table 3). None of
the participants used sleeping pills during the study.
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Assessed for eligibility

n=100
Excluded (n=40)
Not meeting inclusion
criteria (n=40)
Randomized
(n=60)
ﬂ Allocation ﬂ

Allocated to synbiotic group (n=31)
Received allocated intervention (n=31)

Lost to follow-up (n=3)
Three patients died because of
COVID-19

Follow-Up n

A

Allocated to placebo group (n=29)
Received allocated intervention (n=29)

Lost to follow-up (n=5)
Five patients died because of COVID-19

alysis

l — I

Analyzed (n=28)

Figure 1. CONSORT flow diagram of study

It was determined according to the results that the
regular use of a synbiotic supplement for 8 weeks did
not show a change in the amount of fatigue and sleep
quality reported in patients receiving the synbiotic sup-
plement considering the effect of time and group com-
pared to the placebo group (Table 4).

Discussion

The daily intake of synbiotic supplements for 60 days
was well tolerated in chronic renal failure patients un-
der hemodialysis, and no complications developed. This
research showed that the consumption of synbiotic
supplements can significantly reduce fatigue in both
physical and emotional domains and improve different
domains of sleep quality, including acceleration of fall-
ing asleep, sleep quality, daily functional disorders, and
sleep disorders in the intervention group. However, no
significant difference was observed in the control group.

Analyzed (n=24)

Therefore, it cannot be said that the intervention of syn-
biotics alone causes the observed effect.

Lee et al’s research showed that taking synbiotic supple-
ments for 8 weeks improves the fatigue level of patients
with irritable bowel syndrome. The difference in the find-
ings may be related to the type of questionnaire used, the
difference in the studied population, and the type of bac-
terial strains used [27]. Our study was similar to Talebi et
al’s study, which was conducted to investigate the effect of
synbiotic supplements on the fatigue of patients with hy-
pothyroidism. They showed that although the supplement
improved general fatigue, these changes were not signifi-
cant compared to the control group [28]. However, another
study examining the general domains of QoL showed that
using synbiotics does not affect sleep quality and fatigue in
patients with chronic kidney disease [9]. In another study
conducted by Kurdi et al. to evaluate the role of probiotics
in regulating sleep and reducing stress in patients undergo-
ing surgery, a non-invasive biomarker called salivary alpha-
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Table 1. Comparing the quantitative and qualitative contextual variables in the intervention and control groups

Variables

MeanSD/No. (%)

Intervention (n=31)

Control (n=29)

Age (y) 47.19+12.63 22.55+1.75
BMI (kg/m?) 48.79+11.01 23.75+2.15
Male 16(51.6) 14(48.3)
Gender
Female 15(48.4) 15(51.7)
Single 6(19.4) 5(17.29)
Marital status Married 20(64.5) 22(75.9)
Widow 5(16.1) 2(7.8)
Employee 0 1(3.4)
Self-work 6(19.4) 7(24.1)
Daily 5(16.1) 5(17.2)
Employment status
Student 2(6.5) 0
Housewife 15(48.4) 16(55.2)
Retired 3(9.7) 0
llliterate 6(19.4) 6(20.7)
Primary 12(38.7) 12(41.4)
Education
Diploma 11(35.5) 10(34.5)
Upper diploma 2(6.5) 1(3.4)
BMI: Body mass index.
Table 2. Comparing mean scores of fatigue domain in the study groups
MeantSD L MeantSD . L.
. P (Within P (Within P (Synbiotic vs
Variables Synbiotic Group)* Group) * Placebo)’
P Placebo (n=24) P
(n=28)
Week 0 9.64+3.42 8.58+3.24 0.60
i Week 4 7.46£3.32 7.37£2.66 0.062
Physical 0.001 0.001
fatigue
Week 8
Effect of time 5.32+3.60 7.75%2.80 0.059
Effect of timexgroup
Week 0 5.17+2.17 4.7942.20 0.53
i Week 4 3.42+1.83 3.75+£1.53 0.054
Bl 0.001 0.001
fatigue
Week 8
Effect of time 2.57+1.19 3.54+1.18 0.057
Effect of timexgroup

"Repeated measure test.
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Table 3. Comparing mean scores of components of sleep quality in the study groups

MeantSD MeantSD
. P (Within P (Within P (Synbiotic
Variables - - + .
Synbiotic Group) Placebo Group) vs Placebo)
(n=28) (n=24)
Week 0 1.28+0.65 1.25+0.60
Subjective sleep Week 4 1.0740.46 0.18 1.25:0.44 0.18 0.068
quality
Week 8 0.85+0.52 1.37+0.57
Week 0 3.53+1.83 2.87+1.89 0.064
Effect of time
Effect of timexgroup Week 4 2.78+£1.52 0.001 2.95+1.51 0.001 0.075
Sleep latency
Week 8 1.21+1.16 1.75+1.39 0.96
Week 0 6.3942.23 6.08+2.04 0.053
Effect of time
Effect of timexgroup Week 4 6.53+1.81 0.21 6.41+1.90 0.21 0.061
Sleep duration
Week 8 6.78+1.68 6.25+1.78 0.52
Week 0 142.954+82.01 123.58+41.4 0.059
Effect of time
Effect of timexgroup Week 4 121.31422.73 0.001 118.35+34.30 0.001 0.054
Sleep efficiency
Week 8 42.91+24.27 32.20423.77 0.18
Week 0 3.07¢1.71 2.95+1.75 0.063
Effect of time
Effect of timexgroup Week 4 2.32+1.61 0.001 2.29+1.78 0.001 0.056
Day time dysfunction
Week 8 1.53+1.59 2.16+1.57 0.69
Week 0 10.57+4.23 9.33+4.06 0.059
Effect of time
Effect of timexgroup Week 4 7.75+3.62 0.001 7.58+4.19 0.001 0.055
Sleep disturbances
Week 8 5.46%3.95 7.5444.55 0.83
Effect of time 0.056
Effect of timexgroup 0.061

"Repeated measures test.

amylase was used. Compared between the groups, there
was a significant decrease in perceived stress scores and
salivary alpha-amylase. In addition, psychomotor alertness
performance scores increased, indicating improved sleep
in the pre-operative period in patients undergoing surgery
[29]. The difference in the findings may be related to us-
ing more accurate tools to monitor sleep quality and a
wider statistical population. In another study, sleep quality
improvement was observed in the group receiving probiot-
ics after 6 weeks, although these findings could not be as-
sessed compared to the control group [30]. However, other
studies have also shown that probiotic consumption can
improve sleep quality in patients with chronic fatigue syn-
drome [31], chronic pain [32], and medical students under
stress [33].

Despite the studies suggesting synbiotics to reduce fa-
tigue and improve the quality of sleep in hemodialysis pa-
tients (because of the anti-inflammatory properties proven
in synbiotic supplements) [18, 19], the present study only
showed the anti-inflammatory effect of the supplement
indirectly by examining sleep quality and fatigue in the in-
tervention group. It can be said that it is better to conduct
research in broader statistical communities and more ac-
curate tools along with questionnaires, considering factors
such as the complexity of the fatigue process and sleep
quality, various physiological and environmental factors,
and the course of the disease affecting patients treated
with hemodialysis.
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Table 4. Comparing mean score of the effect of synbiotic supplementation on fatigue and sleep quality in the study groups

Mean+SD MeantSD
Variables P P (Synbiotic
Synbiotic (Within Group)* Placebo (Within Group)”  vs Placebo)”
(n=28) (n=24)
Week 0 14.82+3.92 13.37+4.47
Fatigue Week 4 10.89+3.90 0.001 11.12+3.63 0.001 0.49
Week 8 7.89+4.77 11.2944.22
Week 0 7.42+2.65 7.12+2.07 0.058
Effect of time
Effect of timexgroup Week 4 6.28+2.24 0.001 6.58+2.56 0.001 0.052
Sleep quality
Week 8 6.78+2.43 8.70+2.72 0.29
Effect of time 0.063
Effect of timexgroup 0.057

‘Repeated measures test.

Synbiotic supplementation for 8 weeks has beneficial
effects on fatigue and some aspects of sleep quality in
patients with chronic kidney disease undergoing he-
modialysis. However, these changes between the two
study groups were not statistically significant. Synbiotic
supplements can be considered a therapeutic approach
to improve the symptoms of patients undergoing he-
modialysis treatment. However, further studies with
larger sample sizes and longer duration are suggested
to confirm these findings.
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