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Objective: The study aimed to assess the effect of a symbiotic gel on presence and severity of gastrointestinal symptoms (GIS) in

hemodialysis patients.

Design:Adouble-blinded, placebo-controlled, randomized, clinical trial was designed. The studywas conducted at 2 public hospitals

in Guadalajara, Mexico.

Subjects and Intervention: Twenty-two patients were randomized to the intervention group (nutritional counseling 1 symbiotic gel)

and 20 patients were randomized to the control group (nutritional counseling 1 placebo), during 2 months of follow-up.

Main Outcome Measure: Presence and monthly episodes of GIS were assessed by direct interview and severity by using the self-

administered GIS questionnaire. Additionally, biochemical parameters, inflammatorymarkers, and nutritional status (dietary intake, sub-

jective global assessment, anthropometry, and body composition) were evaluated.

Results:After a 2-month treatment, intervention group had a significant reduction in prevalence andmonthly episodes of vomit, heart-

burn, and stomachache, as well as a significant decrease in GIS severity comparedwith control group.Moreover, intervention group had

a greater yet not significant decrease in the prevalence of malnutrition and a trend to reduce their C-reactive protein and tumor necrosis

factor a levels compared with control group. No symbiotic-related adverse side effects were shown in these patients. Clinical studies

with longer follow-up and sample size are needed to confirm these results.

Conclusions: We concluded that administration of a symbiotic gel is a safe and simple way to improve common GIS in dialysis

patients.
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Introduction

MALNUTRITION IS ONE of the most prevalent
consequences in dialysis patients, particularly in

countries like ours, where more than 80% have malnutri-
tion, evaluated as any malnutrition degree according to
subjective global assessment (SGA).1 In addition, inflam-
mation, another common condition in these patients, plays
a significant role exacerbating malnutrition due to an in-
crease in rest energy expenditure, inhibition of muscular,
and hepatic protein synthesis and, consequently, decreasing
somatic and visceral protein storage. It has been established
that both malnutrition and inflammation are associated
with atherosclerosis progression and with an increased
risk of all cause and cardiovascular morbidity and mortality
in dialysis patients.2,3

Etiology of malnutrition and inflammation in dialysis pa-
tients is complex. However, in recent times, altered gut
microflora, one common problem with negative effects
on nutritional and inflammatory status has become an
area of considerable interest.4,5 Uremic patients show
greatly increased counts of pathogenic microorganisms in
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the intestine, and the absorption of proteins (and other
nutrients) is hampered, so that more substrate enters the
intestine; thus, more generation and absorption of uremic
toxins occur, which worsens the uremic and nutritional
status and accentuates gastrointestinal symptoms (GIS).5

Moreover, intestinal bacterial overgrowth enhances bacte-
rial translocation and production of gut-derived endo-
toxins, which may increase systemic inflammation.4

Probiotics are live microorganisms that enhance intesti-
nal tract health by decreasing the counts of pathogenic mi-
croorganisms and, thus, the uremic toxins production.
Prebiotics are nondigestible food ingredients that benefi-
cially affect the host by selectively stimulating the growth
and activity of probiotics. Finally, combinations of probiot-
ics and prebiotics (symbiotic) may result in synergistic ef-
fects on gastrointestinal function, which indirectly may
benefit inflammatory and nutritional status of dialysis
patients.6

Although there is evidence of the beneficial effects of oral
supplementation with prebiotics and probiotics in the gen-
eral population,7,8 few studies have demonstrated the
benefits of these dietetic compounds in dialysis patients9

and, particularly, none in our country, where malnutrition
seems to be more prevalent than in other countries.1 The
purpose of this study was to assess the effect of a symbiotic
on GIS in hemodialysis patients; additionally the effect on
inflammatory and nutritional markers was evaluated.
Methods
Study Population
Adult clinically stable hemodialysis patients with arterio-

venous fistula, aged 18 years and older, and receiving
thrice-weekly hemodialysis for at least 3 months before
start the study, attending at 2 public hospitals in Jalisco
(M�exico), were evaluated for enrollment in this study. Pa-
tients with the following criteria were excluded: usual
intake of probiotics, omega-3 fatty acids, pentoxifylline,
and immunosuppressive and/or nonsteroidal anti-
inflammatory drugs; medical illnesses that affect nutritional
and inflammatory status (cancer, decompensated heart fail-
ure, chronic liver diseases, intestinal malabsorption, active
infections, and acquired immunodeficiency syndrome); fil-
ters reuse; and renal transplant antecedent. After inclusion,
those patients who developed any of the diseases described
previously or met any of the exclusion criteria as well as pa-
tients with lack of treatment adherence (,80%) and volun-
tary dropout the study were eliminated. Ethic approval was
granted by theResearch Ethic Committee of both hospitals
(Registration numbers: 044/10 and 265/12).

Study Design and Treatment Period
A double-blinded, placebo-controlled, randomized,

clinical trial was designed. Once the eligibility criteria
had been met and informed consent was obtained, eligible
patients were randomly allocated to receive nutritional
counseling 1 symbiotic gel (intervention group) or nutri-
tional counseling 1 placebo (control group) during
2 months of follow-up. Nutritional counseling consisted
in an individualized dietary prescription, based on Kidney
Disease Outcomes Quality Initiative recommendations,10

provided by only 1 experienced dietician (D.V.H.), that
included energy (30-35 kcal/kg/day) and protein intake
(1.1-1.2 g/kg/day), as well as potassium, phosphorus, and
sodium restriction, according with biochemical blood pa-
rameters. The symbiotic gel (Nutrihealth; Nutrimentos In-
teligentes, S.A. de C.V, Guadalajara, Jalisco, M�exico)
contained a mix of probiotics (Lactobacillus acidophilus
NCFM and Bifidobacterium lactis Bi-07) for a total of
11 3 106 colony-forming units; 2.31 g of a prebiotic fiber
(inulin); 1.5 g of omega-3 fatty acids (eicosapentaenoic and
docosahexaenoic acids); and vitamins (complex B, folic
acid, ascorbic acid, and vitamin E). The placebo had iden-
tical color, size, and flavor to the interventional product. At
baseline and every month, both groups received 2 boxes
with 14 gels each. Subjects of both groups consumed 1
gel/day in fasting. To evaluate the treatment adherence,
there was a monthly count of the empty package.
Every month, tolerability and safety of the symbiotic gel

were evaluated by direct interview by the same experienced
dietician (D.V.H.), who was blinded to the intervention
treatment. Additionally, the nephrologist in charge of pa-
tients was aware of any side effect.

Gastrointestinal Symptom Assessment
By direct interview (D.V.H.), presence and monthly

episodes of anorexia, nauseas, vomit, heartburn, stomach-
ache, bloating, constipation, and diarrhea were evaluated.
To assess the severity of GIS, we used the self-
administered GIS questionnaire (GSQ).11 The GSQ con-
tains 8 items, rated in 5 categories relating to severity
(1 5 none, 2 5 mild, 3 5 moderate, 4 5 severe, and
55 very severe). TheGSQdata are presented as total scores
(8-40); the higher the score, the more pronounced the
symptoms. All patients answered the GSQ based on the
month preceding the assessment.

Nutritional and Biochemical Assessment
Dietary intake was monthly assessed by two 24-h dietary

recall (D.V.H.). Participants were requested to remember all
food and fluids consumed the day before the assessment.
Dietary recalls information was processed using the soft-
ware Nutrikcal (Consinfo SC, Mexico City, M�exico),
and average nutrient consumption was calculated.
Nutritional status was evaluated at baseline and at the

second month of treatment using the original version of
SGA,12 which evaluates weight loss, dietary intake, GIS,
functional capacity, and physical examination, including
subcutaneous fat and muscle stores. According to SGA re-
sults, nutritional status was classified into 3 categories: well
nourished, moderate or mild malnutrition, and severe
malnutrition.



VIRAMONTES-H €ORNER ET AL286
Weight, height, mid-arm muscle circumference, and tri-
cipital and subscapular skinfold thickness were measured ac-
cording to the International Society for the Advancement of
Kinanthropometry guidelines.13 Body mass index and
mid-arm muscle and fat areas were calculated.14,15 Body
composition was measured 30 minutes after hemodialysis
by multifrequency whole body bioimpedance spectroscopy
assessment using the Body Composition Monitor (BCM;
Fresenius Medical Care, Bad Homburg, Germany).

Biochemical analysis was monthly performed in a central
laboratory. Serum glucose, urea, blood urea nitrogen, creat-
inine, lipid profile (total cholesterol, triglycerides, high-
density lipoprotein cholesterol [c-HDL], and low-density
lipoprotein cholesterol[c-LDL]), and electrolytes (sodium,
potassium, phosphorus, and calcium) were undertaken by
usual methods; serum albumin was determined by the
green bromocresol method. At baseline and second month
of treatment, C-reactive protein (CRP) was determined by
a high-sensitivity chemiluminescent immunoassay.

Monthly, serum samples were obtained and stored at
280�C until determination of tumor necrosis factor a

(TNF-a) and interleukin 6 (IL-6) by enzyme-linked immu-
nosorbent assay (ELISA) using high-sensitivity kits (Human
TNF-alpha Quantikine ELISA Kit and Human IL-6Quan-
tikine ELISA Kit; R&D Systems, Minneapolis, MN)
(A.S.R., J.A.B.).

Statistical Methods
Data management and statistical analyses were per-

formed using statistical software SPSS version 10.0 (IBM
Corporation, IL). Data are presented as mean 6 standard
deviation, median (percentiles 25%-75%), or percentages,
as appropriate. For intragroup comparisons, repeated
measure analysis of variance on ranks (Friedman test) and
Wilcoxon test were used in the case of dimensional vari-
ables, andMcNemar test in the case of categorical variables.
Intergroups comparisons were performed using U de
Mann–Whitney test for dimensional variables and c2 test
or Fisher exact test for categorical variables. Values of
P # .05 were considered significant.
Results
Patients

One hundred eight subjects were considered eligible to
participate in this clinical trial. Nevertheless, only 42 pa-
tients met inclusion criteria and signed informed consent.
At the end of the study, 4 patients were eliminated because
they did not receive thrice-weekly hemodialysis, and there
was a voluntary dropout of 3 patients, 2 of the control group
and 1 of the intervention group because of diarrhea. For the
analysis of TNF-a and IL-6, we only could include 23 pa-
tients because of lack of feasible samples (Fig. 1).

Patient demographic information is listed in Table 1.
There was no significant difference between participants
allocated to either the intervention or control group at
baseline in age, genre, family history of disease, etiology
of chronic kidney disease, and time on hemodialysis.

Gastrointestinal Symptoms
Presence and monthly episodes of GIS during the study

are presented in Table 2. A statistically significant difference
was shown between the intervention group and the control
group in the presence of vomit, heartburn, and stomach-
ache at the end of the study. There was only a significant
reduction in the presence of bloating at the first and the sec-
ond month of treatment in the intervention group versus
baseline. Monthly episodes of all of the GIS (except
anorexia) reduced in the intervention group during the
treatment period, showing a significant difference only in
the case of bloating and constipation. There were also fewer
episodes of vomit, heartburn, and stomachache at the sec-
ond month in the intervention group compared with the
control group. As depicted in Figure 2, severity of GIS
significantly diminished at first month in the control group
but increased at the end of the study. In contrast, severity of
GIS in the intervention group significantly decreased at the
second month of treatment. A statistically significant differ-
ence was shown between the intervention group and the
control group at the end of the study.

Nutritional and Biochemical Evaluation
There was a significant reduction in energy intake at the

end of the study in both groups (Table 3). There was also a
significant decrease in total carbohydrate and protein intake
in the control group at the second month of treatment
compared with baseline.
Data from the SGA (Table 3) showed a trend to improve

nutritional status at the end of the study in both treatment
groups. Nevertheless, the intervention group had a greater
yet not significant decrease in the prevalence of moderate
malnutrition compared with the control group (8.3 vs.
17.7%).
Regarding the anthropometric and body composition

measurements (Table 3), we observed a significant reduc-
tion in lean tissue mass (kilogram) and BCM in the control
group. Also, there was a significant decrease in mid-arm fat
area and BCM in the intervention group. The rest of the
analyzed variables remained globally unchanged
throughout the study in both treatment groups.
Most of the biochemical variables remained unchanged

during follow-up in both treatment groups (Table 4). In
the control group, we only observed a significant increase
in sodium levels at first month of treatment, whereas in the
intervention group, sodium, c-LDL, and c-HDL levels
significantly increased during the study. There was a statisti-
cally significant difference between control group and inter-
vention group in glucose and c-LDL levels at the first month
of treatment. Regarding the inflammatory markers, CRP
levelswere significantly higher at baseline in the intervention
group compared with the control group. At the second
month of treatment, CRP levels had a trend to decrease in



Figure 1. The Consolidated Standards of Reporting
Trials (CONSORT) flowchart of participant progres-
sion throughout the study.
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the intervention group, whereas IL-6 and TNF-a concen-
trations remained unchanged in both groups (Table 4).
Table 1. Patient Demographic Characteristics

Variable

Control Group

(n 5 20)

Intervention Group

(n 5 22)

Sex, % (n)

Men 80.0 (16) 72.7 (16)

Women 20.0 (4) 27.3 (6)
Age (y) 39.0 6 16.0 40.6 6 17.1

Family history, % (n)

Diabetes 75.0 (15) 63.6 (14)

Hypertension 50.0 (10) 50.0 (11)
Obesity 55.0 (11) 31.8 (7)

Heart failure 15.0 (3) 13.6 (3)

Dyslipidemia 10.0 (2) 9.1 (2)
Cancer 10.0 (2) 31.8 (7)

Kidney disease 20.0 (4) 22.7 (5)

CKD etiology, % (n)

Diabetes 15.0 (3) 18.2 (4)
Uric acid nephropathy — 4.5 (1)

Renal polycystosis 15.0 (3) —

Unknown 70.0 (14) 63.6 (14)

Hypertension — 13.6 (3)
Time on hemodialysis (y) 5.5 6 3.4 4.6 6 2.1

CKD, chronic kidney disease.

Values expressed as mean 6 standard deviation or percent

(number).
Discussion
A combination of symbiotic supplementation and nutri-

tional counseling for 2 months significantly reduces pres-
ence, monthly episodes, and severity of common GIS in
hemodialysis patients as well as shows a trend to decrease
inflammation and to maintain nutritional status and dietary
intake.
Many randomized, placebo-controlled, clinical trials in

healthy population have shown that both probiotics and
symbiotics can significantly improve GIS.7,8 On the other
hand, few studies have demonstrated the beneficial effects
of prebiotics and probiotics in dialysis patients by
evaluating changes in biochemical parameters, quality of
life, and uremic toxins.9 Therefore, to our knowledge,
this is the first placebo-controlled, randomized, clinical trial
in hemodialysis patients, which showed that a symbiotic
improves presence, monthly episodes, and severity of GIS,
especially vomit, heartburn, and bloating. We have previ-
ously demonstrated in a subgroup of this study, that intake
of a symbiotic significantly increase bifidobacteria counts in
hemodialysis patients.16 For that reason, we suggest that this
beneficial effect on GIS is attributed to the modification of
the intestinal microflora by the symbiotic.
Although both groups had nutritional counseling, there
was a significant decrease in energy intake in both groups.
However, during the follow-up, reduction in dietary intake



Table 2. Presence (%, [n]) and Monthly Episodes (Mean 6 SD) of Gastrointestinal Symptoms During the Study

Variable

Control Group Intervention Group

Baseline (n 5 20) Month 1 (n 5 20) Month 2 (n 5 15) Baseline (n 5 22) Month 1 (n 5 22) Month 2 (n 5 20)

Anorexia
% (n) 15.0 (3) 20.0 (4) 26.7 (4) 13.6 (3) 9.1 (2) 15.0 (3)

Mean 6 SD 0.9 6 2.6 2.5 6 7.0 4.1 6 8.9 2.1 6 7.0 0.7 6 2.9 2.8 6 7.8

Nausea

% (n) 35.0 (7) 25.0 (5) 26.7 (4) 18.2 (4) 13.6 (3) 10.0 (2)
Mean 6 SD 4.5 6 8.7 1.7 6 3.3 3.6 6 8.9 3.1 6 8.2 0.3 6 1.0 1.7 6 6.7

Vomit

% (n) 20.0 (4) 30.0 (6) 26.7 (4) 13.6 (3) 22.7 (5) 0.0 (0)*

Mean 6 SD 1.0 6 2.7 0.4 6 1.7 0.6 6 1.5 1.6 6 5.2 0.4 6 0.9 0.0 6 0.0*
Heartburn

% (n) 25.0 (5) 30.0 (6) 40.0 (6) 18.2 (4) 18.2 (4) 5.0 (1)*

Mean 6 SD 1.5 6 3.9 1.0 6 1.7 3.1 6 5.5 2.5 6 6.9 1.6 6 6.3 0.2 6 0.8*
Stomachache

% (n) 20.0 (4) 20.0 (4) 20.0 (3) 18.2 (4) 9.1 (2) 0.0 (0)*

Mean 6 SD 2.4 6 6.8 0.5 6 1.3 0.8 6 2.2 2.1 6 5.6 0.2 6 0.8 0.0 6 0.0*

Bloating
% (n) 35.0 (7) 30.0 (6) 26.7 (4) 54.5 (12) 18.2 (4)† 10.0 (2)†

Mean 6 SD 2.5 6 3.9 1.5 6 2.5 3.6 6 6.7 9.9 6 12.2 1.0 6 3.1† 0.3 6 0.9†

Constipation

% (n) 35.0 (7) 20.0 (4) 20.0 (3) 27.3 (6) 9.1 (2) 5.0 (1)
Mean 6 SD 5.1 6 9.1 1.7 6 4.8 1.6 6 4.3 5.0 6 9.2 0.6 6 2.5† 0.3 6 1.3†

Diarrhea

% (n) 25.0 (5) 15.0 (3) 20.0 (3) 13.6 (3) 13.6 (3) 5.0 (1)
Mean 6 SD 0.9 6 1.6 0.4 6 1.3 1.0 6 3.0 1.2 6 4.3 0.6 6 1.8 1.4 6 6.2

SD, standard deviation.

Values expressed as percent (number) or as mean 6 SD to facilitate data interpretation. Nevertheless, statistical analysis was made with

nonparametric tests.
*P # .05 versus control group.

†P # .05 versus baseline.

Figure 2. Gastrointestinal symptom rating scale during the
study. *P # .05 versus baseline; ‡P # .05 versus control.
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of protein and carbohydrates was significantly higher in the
control group, which could mean that the symbiotic main-
tains dietary intake of these nutrients. Also, several longitu-
dinal studies have shown that dietary intake decrease as
kidney disease and time in dialysis progress.17,18 Hence,
this could partially explain the reduction in dietary intake
in both groups. Patients included in the study received no
continual nutritional advice before the inclusion to the
study, and, when some restrictions to control serum
potassium and phosphorus were applied, they significantly
decreased nutritional intake, particularly when milk and
beans were restricted. Additionally, study population
attending these health institutions comes from the lowest
social strata in Mexico, which in turn may dramatically
limit access and variety of foods.19

Data from the SGA showed a clinically important
improvement (without statistical significance) in nutri-
tional status because of the fact that prevalence of malnutri-
tion decreased in both treatments groups. Nevertheless,
intervention group had a greater decrease compared with
control group, where food intake and functional capacity
were the main SGA components that contributed to this
improvement (data not shown); the increase on food intake
may be related with the beneficial effect of the symbiotic on
GIS. Some studies have confirmed that nutritional coun-
seling enhances nutritional status of both chronic kidney
disease and dialysis patients.1,20 The outcomes of these
studies strengthen the beneficial effect of conventional
nutritional counseling on nutritional status observed in
the present clinical trial.



Table 3. Results of Nutritional Assessment During Follow-up

Variable

Control Group Intervention Group

Baseline (n 5 20) Month 1 (n 5 20) Month 2 (n 5 15) Baseline (n 5 22) Month 1 (n 5 22) Month 2 (n 5 20)

Energy (kcal) 1,557.1 6 534.6 1,421.6 6 318.3 1,229.8 6 311.9* 1,433.2 6 503.5 1,367.7 6 638.2 1,237.2 6 351.7*
Energy (kcal/kg) 25.1 6 10.4 22.6 6 7.6 19.4 6 6.7 25.3 6 13.8 24.2 6 15.1 22.0 6 10.5*

Carbohydrate (g) 221.6 6 83.6 194.0 6 47.7 166.5 6 51.6* 190.6 6 69.4 180.6 6 83.3 164.8 6 46.1

Lipid (g) 50.5 6 20.7 48.6 6 17.5 44.1 6 16.9 50.4 6 23.1 52.2 6 35.5 44.4 6 21.1

Protein (g) 57.8 6 18.0 54.9 6 12.6 44.5 6 10.3* 57.8 6 18.0 48.9 6 14.5 47.6 6 14.4
Protein (g/kg) 0.9 6 0.3 0.8 6 0.2 0.7 6 0.2 0.9 6 0.5 0.8 6 0.3 0.8 6 0.3

Fiber (g) 11.5 (8.3-17.5) 10.7 (6.9-15.2) 8.9 (5.8-13.5) 11.5 (8.3-17.5) 10.7 (7.1-12.6) 9.7 (6.5-13.1)

Dry weight (kg) 64.6 6 12.4 65.4 6 13.5 63.0 6 18.7 61.9 6 17.8

Height (cm) 164.1 6 6.7 164.7 6 10.3
Dry BMI (kg/m2) 24.0 6 4.7 24.4 6 5.0 22.9 6 5.5 22.7 6 5.4

TSF (mm) 10.9 6 6.2 11.6 6 5.3 10.7 6 6.7 9.4 6 5.3

SSF (mm) 13.8 6 8.8 14.6 6 9.7 13.6 6 8.6 11.7 6 6.8
MAMA (cm2) 47.9 6 9.9 49.7 6 12.5 46.7 6 12.5 45.4 6 13.2

MAFA (cm2) 14.9 6 9.8 16.0 6 8.6 15.6 6 11.7 12.6 6 9.1*

OH (L) 0.6 6 1.9 1.0 6 2.0 1.1 6 2.6 1.3 6 2.1

TBW (L) 31.8 6 5.9 30.6 6 5.3 31.3 6 6.1 30.6 6 5.7
E/I 0.8 6 0.1 0.8 6 0.1 0.8 6 0.2 0.8 6 0.1

LTM (kg) 35.3 6 10.2 31.9 6 6.2* 34.0 6 8.8 32.6 6 6.9

FAT (kg) 22.3 6 12.1 24.6 6 10.2 21.3 6 13.8 21.5 6 13.0

BCM (kg) 19.2 6 6.9 16.9 6 4.0* 18.7 6 6.3 17.3 6 4.6*
Nutritional status (SGA)

A 60.0 (12) 73.3 (11) 72.7 (16) 95.0 (19)

B 35.0 (7) 26.7 (4) 22.7 (5) 5.0 (1)
C 5.0 (1) 0.0 (0) 4.5 (1) 0.0 (0)

A, well nourished; B,moderate ormildmalnutrition; C, severemalnutrition; BMI, bodymass index; BCM, body cell mass; E/I, extracellular/intra-

cellular water index; FAT, fat tissue; LTM, lean tissue mass; MAFA, mid-arm fat area; MAMA, mid-arm muscle area; OH, overhydration; SGA,

subjective global assessment; SSF, subscapular skinfold; TBW, total body water; TSF, triceps skinfold.
Values expressed as mean 6 standard deviation, median (percentile 25, 75) or percent (number).

*P # .05 versus baseline.
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Anthropometric and body composition measurements
did not show important changes in both treatment groups.
However, it must be notice that in the intervention group
lean body mass variables remained unchanged, whereas in
the control group, these variables significantly decreased.
It has been demonstrated that omega-3 fatty acids are
capable to preserve lean body mass in patients with
advanced cancer.21,22 Therefore, intake of a symbiotic
added with omega-3 better maintains muscle and lean tis-
sue mass in these hemodialysis patients.
Symbiotic supplementation also appeared to have bene-

ficial effects only on serum levels of CRP. The present
investigation is the first randomized clinical trial that exam-
ined the effects of a symbiotic added with omega 3 and vi-
tamins on CRP, TNF-a, and IL-6 levels, independent
predictors of cardiovascular mortality in dialysis.23,24 Our
data demonstrated that the intervention group showed a
trend to decrease plasma CRP levels. Omega 3 and
vitamin C supplementation has been found to have
effective benefits in reducing CRP serum concentrations
in hemodialysis patients.25–27 Furthermore, it has been
suggested that bacterial overgrowth (dysbiosis) in the gut
and an increased translocation of living bacteria and
bacterial components have the potential to activate innate
immunity and systemic inflammation.28 Thus, using a sym-
biotic to manipulate the microbiota with the addition of
anti-inflammatory nutrients, such as omega 3 and vitamin
C, like in the present study, may have a therapeutic potential
to correct the inflammatory status in hemodialysis patients.
Low levels of total cholesterol and c-HDL have been

related to an increased risk of death in dialysis patients,
opposite to the general population, which does not mean
that high cholesterol is good for dialysis patients. Rather,
the high cholesterol levels in some patients may suggest
that they experience a lesser degree of 2 complications of
kidney disease: malnutrition and inflammation.29 There-
fore, the outcomes on lipid profile observed in the inter-
vention group may be related with an improvement on
nutritional and inflammatory status.
This study was limited by the sample size and the period

of follow-up, which were therefore underpowered to
detect statistically significant differences in several of the
studied variables that yielded clinically significant effect
sizes. Although the sample size is identified as a limitation
of this study, it must be noted that statistical differences
were apparent and sufficient to support the aims of this
study. Given the small sample size and the short period of
follow-up, caution should be taken in extrapolating these
data to the general dialysis population until more compre-
hensive studies are conducted in a larger dialysis population.



Table 4. Results of Biochemical Variables During the Study

Variable

Control Group Intervention Group

Baseline (n 5 20) Month 1 (n 5 20) Month 2 (n 5 15) Baseline (n 5 22) Month 1 (n 5 22) Month 2 (n 5 20)

Albumin (g/dL) 3.7 6 0.2 3.7 6 0.3 3.7 6 0.2 3.7 6 0.3 3.7 6 0.2 3.7 6 0.3
Glucose (mg/dL) 88.3 6 10.8 86.9 6 21.6 87.6 6 8.2 98.6 6 22.5 99.3 6 17.9* 103.1 6 33.6

Total cholesterol (mg/dL) 140.4 6 28.1 137.1 6 26.5 130.6 6 17.9 161.5 6 39.6 155.1 6 30.3 150.3 6 34.9

Triglycerides (mg/dL) 125.0 6 67.6 122.6 6 50.3 137.8 6 84.6 149.7 6 74.7 147.1 6 71.0 146.6 6 97.3

c-HDL (mg/dL) 31.7 6 7.5 33.7 6 9.8 31.1 6 11.0 29.1 6 7.1 32.8 6 6.0† 39.2 6 9.3†
c-LDL (mg/dL) 65.6 6 18.6 63.1 6 24.4 63.9 6 22.6 76.6 6 21.2 83.6 6 22.9* 82.4 6 26.0†

Phosphorus (mg/dL) 4.4 6 1.3 4.6 6 1.6 4.5 6 1.3 4.7 6 1.5 4.6 6 1.8 5.1 6 1.4

Potassium (mg/dL) 5.1 6 0.8 5.0 6 0.9 4.9 6 0.6 4.6 6 0.8 4.9 6 0.8 5.0 6 1.1

Sodium (mg/dL) 135.0 6 4.3 136.7 6 4.7† 137.4 6 5.0 135.1 6 3.1 137.6 6 4.2† 137.0 6 2.8†
Calcium (mg/dL) 8.9 6 0.7 8.8 6 1.2 9.2 6 0.9 9.1 6 0.8 9.1 6 0.7 8.7 6 0.9

Urea (mg/dL) 139.2 6 38.1 130.2 6 45.1 131.5 6 43.8 137.9 6 65.7 146.0 6 57.4 148.6 6 41.6

BUN (mg/dL) 61.3 6 22.4 63.5 6 17.0 62.2 6 21.0 66.5 6 30.3 69.8 6 26.7 69.4 6 19.4
Creatinine (mg/dL) 11.4 (10.2-13.2) 12.1 (9.7-14.5) 10.4 (9.0-13.2) 9.8 (7.5-12.9) 10.4 (8.7-12.7) 11.4 (9.9-13.0)

CRP (mg/dL) 2.2 (1.0-9.1) — 5.0 (0.6-9.9) 9.1 (1.7-14.1)* — 6.3 (1.8-11.3)

n 5 9 n 5 9 n 5 7 n 5 14 n 5 14 n 5 13

TNF-a (pg/mL) 1.6 (0.2-6.9) 0.1 (0.04-9.5) 3.1 (0.0-3.7) 2.6 (0.1-5.5) 2.9 (0.9-5.5) 2.9 (0.9-6.7)

IL-6 (pg/mL) 1.3 (0.2-3.0) 2.0 (1.2-3.1) 0.6 (0.2-3.6) 1.8 (0.8-3.9) 1.2 (0.4-3.9) 2.0 (1.2-3.9)

BUN, blood urea nitrogen; CRP, C-reactive protein; HDL, high-density lipoprotein cholesterol; IL-6, interleukin 6; LDL, low-density lipoprotein

cholesterol; TNF-a, tumor necrosis factor-a.

Values expressed as mean 6 standard deviation or median (percentile 25, 75).
*P # .05 versus control group.

†P # .05 versus baseline.
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In summary, findings of the present study show that a
symbiotic gel could be a useful alternative or complemen-
tary treatment to improve common GIS in hemodialysis
patients, as well as to maintain dietary intake in this popu-
lation. However, this investigation highlights the need
for larger scale research to determine definitely the effect
of symbiotics on nutritional status and inflammatory
biomarkers in hemodialysis patients.
Practical Applications
Intake of a symbiotic gel, added with vitamins and

omega-3 in combination with nutritional counseling, im-
proves presence and severity of common GIS in hemodial-
ysis patients. These findings will be the basis to widely
recommend the use of symbiotics as an alternative therapy
of GIS in these patients, which secondarily will improve
their nutritional status and quality of life.
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