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Abstract: Background: Increased oxidative stress, inflammation, and malnutrition are important risk factors for
cardiovascular disease in hemodialysis patients. High dietary intake in soluble fiber can decrease the elevated level
of serum c-reactive protein in patients with chronic kidney disease. The aim of this study was to evaluate the effect
of supplementation of dietary water-soluble fiber on oxidative and inflammatory status in hemodialysis patients.
Methods: In a randomized placebo-controlled trial, we examined the effects of supplementation of dietary fiber on
oxidative and inflammatory status in hemodialysis patients. 124 hemodialysis patients were randomly selected
and given either 10 g/d, 20 g/d of fiber or placebo for 6 weeks. Anthropometric indices and 24 h diet recall intake
was assessed. The CRP, albumin, triglyceride, total cholesterol, LDL, HDL were measured before and after of the
intervention. The malondialdehyde (MDA), total antioxidant capacity (T-AOC), Cu-Zn superoxidase dismutase (SOD),
glutathione peroxidase (GSH-Px) high-sensitivity C-Reactive protein (hs-CRP), interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-ox) and interleukin-8 (IL-8) were measured. Results: After 6 weeks of intervention, in 10 g and 20 g/d
of fiber supplement groups, TC and LDL level and TC:LDL ratio were significantly decreased, T-AOC was significantly
increased, MDA level was significantly deceased, TNF-¢, IL-6, IL-8 and CRP level were significantly deceased. TG,
HDL, SOD and GSH-Px had no change before and after the intervention. Conclusions: Dietary fermentable fiber
supplementation improved lipid profile and oxidative status, decreased systemic inflammatory state of hemodialysis
patients. Thus, it may decrease the risk of cardiovascular events in these patients.
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Introduction Survey has demonstrated an association

between dietary fiber and levels of C-reactive

Cardiovascular disease is highly prevalent and
has a major effect on morbidity and mortality in
patients undergoing maintenance hemodialy-
sis (MHD) [1]. Malnutrition and inflammation
with hemodialysis were proved to be the com-
mon risk factors related to the high morbidity
and mortality [2, 3].

Dietary fiber has been shown to have several
health benefits related to cardiovascular dis-
ease [4, 5]. Evidence suggested that high die-
tary intake of fiber, specifically soluble fiber,
can significantly lower LDL and total cholester-
ol, improve blood glucose response and lipid
profiles [6-8]. Recent research in an analysis of
data from 14,533 participants in the third
National Health and Nutrition Examination

protein (CRP). Each 10 g/day increment in total
fiber intake is associated with 38% and 11%
decreased likelihood of having elevated
C-reactive protein (CRP) in patients with and
without CKD, respectively [9]. It is suggested
that inflammation may be an important media-
tor in the association between dietary fiber and
cardiovascular disease (CVD) [10].

As to the hemodialysis patients, most of them
did not meet the dietary guidelines for reducing
the risk of cardiovascular disease. Khoueiry et
al [11] found that the mean fiber intake of
hemodialysis patients was 10.77 + 5.87 g/day,
and only 2 of 71 (2.9%) were in compliance with
the recommended daily intake of > 25 g/day.
Kalantar-Zadeh et al [12] also found that
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Table 1. Characteristics of subjects in the study at baseline

Parameters Group A (n=41) Group B (n = 39) Control (n =44)
Age (y) 53.7+14.2 51.7 £ 15.7 53.1+13.2
Sex (M/F) 24/17 18/20 26/18
BMI (Kg/m?) 225+2.4 221+2.1 228+ 1.8
Dialysis duration (M) 22.7+6.5 229+71 222 +72
Number of comorbidities
Chronic glomerulonephritis 23 21 25
Diabetic nephropathy 14 11 14
Hypertensive nephropathy 3 5 3
Polycystic kidney disease 1 2 2
SBP (mmHg) 135.6 £ 16.4 136.7 + 16.6 136.3+16.1
DBP (mmHg) 779+ 12.7 79.1+11.5 81.3+11.8
Creatinine (mmol/L) 912.4 + 268.9 1013.5+284.1 948.6 + 272.4
BUN (mmol/L) 23.5+6.9 23.4+6.3 22.7+6.5
Albumin (g/L) 35.6+1.4 348+1.2 35.2+1.6
Hemoglobin (g/L) 9.4+35 9.1+ 2.8 9.5+3.1
Transferrin (g/L) 48.5+ 4.0 476 £5.2 49.2+5.3
Fasting blood glucose (mmol/L) 6.6+0.4 55+0.7 6.5+0.6

patients receiving dialysis may consume signifi-
cantly lower amounts of dietary fibers (12 + 6
g/d) compared to the non-dialytic individuals
(18 + 11 g/d).

It is important to confirm the relationships
among dietary fiber, oxidation and inflamma-
tion, and CVD. The purpose of the present
study was to prospectively evaluate the effects
of dietary fiber supplementation on plasma
lipid profiles, oxidative and inflammatory sta-
tus in patients undergoing maintenance
hemodialysis.

Materials and methods

This 6-week randomized controlled trial was
conducted at the Dialysis Center from
Department of Nephrology, Shanghai East
Hospital, Tongji University, Shanghai, and
approved by the Ethics Committee of Shanghai
East Hospital. Written Informed consent was
obtained from each patient and their medical
records were studied by anonymous means. A
total of 124 maintenance haemodialysis
patients (68 males, 56 females, mean age
52.8 + 13.6 y; range 46 to 71) were recruited
between April 2013 and August 2014. The
mean duration of haemodialysis in included
patients was 22.63 * 14.25 m. All patients
recruited had no complications with acute
inflammation, trauma, gastrointestinal disor-
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ders, liver diseases, cancers, mental retarda-
tion within recent three months, and there were
no patients taking supplementation of herbs,
antioxidants, vitamins/minerals, and fish oils.
All patients received four-hour HD sessions
three times a week with a high-flux membrane
dialyzer. The dialysate flow rate was 500 mL/
min and blood flow 250~300 ml/min, the hepa-
rin was used as an anticoagulant. Kt/V > 1.2
(1.46 £ 0.13) was achieved. The other clinical
and dialysis characteristics are shown in Table
1.

This study consisted of one week on regular
diet to establish baseline dietary intake and 6
weeks on regular diet plus dietary fiber supple-
mentation. Each patient was instructed about
how to follow a regular diet for dialysis and how
to add soluble dietary fiber to rice by dietician
during the first week. Water soluble fiber (fer-
mentable rate > 75%) was used as supplement.
The total daily dietary intake was estimated for
each participant by diet assessment made at
the end of the first week and the end of six
weeks intervention. The regular diet was pre-
scribed with caloric intake 35 kcal/kg bw, pro-
tein intake 1-1.2 g/kg bw, fats < 35%, and with
sodium and potassium restriction. During nutri-
tion intervention period, patients maintained
their regular diets and add either 10 grams
fiber (Group A), 20 grams fiber (Group B) or pla-
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Table 2. Estimated dietary intakes anthropometric characteristics of the subjects in the study (Mean

+ SD)
Group A Group B Group control

Parameters

Before After Before After Before After
Energy (Kcal) 1334.5+53.3 1207.5+ 478 1375+ 44.6  1380.2+51.6  1259.2 + 48.2 1206.2 + 49.3
Protein (%) 13.4+2.4 129+2.7 15.1+2.2 13.5+2.0 146 +2.4 12.7+2.8
Carbohydrate (%) 63.5+11.9 61.7 +11.5 675+11.1 62.8 + 13.7 64.3+11.2 64.7 +12.4
Fats (%) 24.8 +9.6 253+ 77 25.6+8.1 24.7 £9.2 26.3+11.7 245 +9.4
Dietary fiber without added (g) 11.4+55 10.8+5.1 12.3+6.7 11.6+6.1 10.2+4.7 10.7+6.5
P (mg) 1481.6 + 3149 1376.6 +331.4 13275+ 368.8 1563.5+432.3 1476.2 +457.1 1423.8 + 456.7
Ca (mg) 5442 +84.4 5259+ 775 503.2 +76.3 568.2 £+ 93.6 518.4 £ 88.7 521.6 +93.6
Weight (Kg) 584 +55 58.7+6.1 58.6 + 4.7 57.8 £6.2 58.1+5.7 574 £5.2
AC (cm) 232+14 226+21 225+1.8 226+16 235+1.4 225+24
TSF (mm) 10.4 £ 0.9 10.7 £ 0.6 10.1+0.5 10.5+0.5 109+ 0.6 10.2 + 0.6
BMI (Kg/m?) 225+24 224 +2.2 221 +21 22.7+25 22.8+1.8 22.6+23

cebo starch (Control group) to their staple food
rice.

Five-milliliter blood samples were collected
after 12 h of overnight fasting and immediately
prior to dialysis before the intervention and
after 6 weeks. Plasma was prepared by blood
centrifugation (3000 g, 10 minutes) and stored
at -70°C until required. Albumin, transferrin,
creatinine, urea nitrogen, hemoglobin, triglycer-
ides (TG), total cholesterol (TC), LDL, HDL were
tested with Hitachi 7180 Automatic Analyzer.
The malondialdehyde (MDA), total antioxidant
capacity (T-AOC), glutathione peroxidase (GSH-
Px) and Cu, Zn-SOD (SOD) activities were deter-
mined with assay kits (Nanjing Jianchen Bio.
Co.). High-sensitively C-reactive protein (hs-
CRP) concentrations were measured using the
hs-CRP ELISA kit, and inflammatory cytokines
IL-6, IL-8 and tumor necrosis factor-a« (TNF-)
were measured with ABC-ELISA (Shanghai
Shenxiong Biotech Co.).

Anthropometric measurements including mid
arm circumference (AC), triceps skinfold thick-
ness (TSF), weight and height were done after
termination of the hemodialysis sessions at the
time before and after intervention. The body
mass index (BMI) was calculated according to
Weight/(height)? formula.

A 3-day diet diary assessed by a trained dieti-
tian was used to estimate daily dietary intake.
Dietary intake was recorded over the last hemo-
dialysis treatment day of the week and the two
subsequent nondialysis days. The YY Nutrition
Analysis software (version 2.05) was used to
complete the nutrient analysis.
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Statistical analysis

All analyses were performed using the SPSS
software (Statistical Package for the Social
Sciences, version 19.0, SPSS Inc, Chicago, lll,
USA). The results were expressed as mean *
standard deviation for all continuous data. The
normality of data was confirmed by the Shapiro-
Wilk test. For comparison of different variables,
chi-square test, student’s t-test, pair t-test,
one-way analysis of variance (ANOVA), or
Kruskal-Wallis ANOVA, as appropriate. A two-
tailed P value < 0.05 was considered statisti-
cally significant.

Results

There were 124 patients in total participated in
this study. The three groups were comparable
with respect to sex distribution, age, weight,
height, BMI, prevalence of existing comorbidity,
hemodialysis duration, nutritional status, fast-
ing blood glucose before supplementation
intervention (Table 1).

After the 6 weeks dietary fiber supplementa-
tion, there were no significant differences in
dietary intakes and anthropometric measure-
ments among the three groups (Table 2).

No changes in TG levels among the three
groups were observed. Total cholesterol was
significantly reduced over the 6 weeks dietary
fiber intervention in both groups A and B (P <
0.05). There was no significant difference in
HDL levels among groups (P > 0.05). LDL was
significantly reduced after intervention in both
groups A and B (P < 0.05) compared to base-
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Table 3. Lipid profiles of the subjects in the study (Mean + SD)

Group A Group B Group control
Parameters
Before After Before After Before After

TG (mmol/L) 26+15 25+1.4 26+1.6 26+15 26+15 25+1.4
TC (mmol/L) 48+ 1.3 4.3 +1.1°2° 48+ 1.2 4.2 +1.3%° 48+1.2 48 +1.2
LDL (mmol/L) 2.6+0.5 2.1 +0.3% 2.7+0.3 2.2+0.3%° 2.6+04 25+0.3
HDL (mmol/L) 1.3+ 0.4 1.4 +0.5 1.4 + 0.6 1.4 +0.7 1.3+0.5 1.3+0.5
TC:HDL ratio 3.6+04 3.0 £0.3%° 34+04 2.9 + 0.4%° 3.3+x04 35+04

apP < 0.05 vs. before value within the group; °P < 0.05 vs. after value with control group.

Table 4. Oxidative and inflammatory status in the study groups (Mean * SD)

Group A Group B Group control
Parameters
Before After Before After Before After

SOD (U/ml) 71.7+23.6 73.4+294 7571276 65.2 +31.5 67.3+21.3 674 +£22.4
T-AOC (U/ml) 73+4.7 16.4 + 6.8%° 6.4+£4.2 15.7 + 5.42b 70+4.4 8.3+4.6
MDA (nmol/L) 154 +6.3 6.4 + 2.12° 12.5+4.3 5.6 + 2.8%° 146+ 4.2 15.2+4.5
GSH-Px (U/L) 80.6+21.2 844+36.1 86.7+314 74.8 £ 26.5 87.2 +£29.2 71.4 £ 325
TNF-ox (pg/mL) 13.3+1.8 10.1+1.42° 125+ 1.8 10.6 + 1.6 13.0+1.6 13.1+24
IL-6 (pg/mL) 472 +73 31.8+5.3%° 48.7+9.4 35.2 + 7.3 48.5+9.2 51.5+ 14.6
IL-8 (pg/mL) 94.8+6.9 22.2+4.8%" 91.4+7.2 34.5 + 3.73° 876 +6.5 96.4+ 7.2
HsCRP (mg/L) 10.7 £ 4.8 4.8 + 4.5%° 9.8+4.8 4.7 + 4,330 9.4+49 95+5.6

3P < 0.05 vs. before value within the group; °P < 0.05 vs. after value with control group.

line, however, no significant differences
between the two groups were noted at the end
of the study (P > 0.05). The TC:HDL ratios were
significantly improved in both groups A and B
compared to baseline (P < 0.05). No significant
changes in all variables between before and
after values in control group (P > 0.05) (Table
3).

The plasma concentration of T-AOC after six
weeks of dietary fiber supplementation in both
group Aand group B were significantly increased
compared to the before values (P < 0.05),
respectively. The after values of T-AOC in group
A and group B were both significantly higher
than the after value in control group (P < 0.05).
There was no significant difference between
the after values of T-AOC in group A and group
B (P > 0.05). The after values of blood MDA con-
tent in group A and group B were both signifi-
cantly lower than the baseline values (P < 0.05),
respectively, but not statistically different
between group A and group B (P > 0.05). There
were no significant changes between before
and after values MDA in group control (P >
0.05). No significant differences in both blood
levels of SOD and GSH-Px among the three
groups (P > 0.05) were observed.
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HD patients had very high plasma concentra-
tion of TNF-q, IL-6, IL-8 and CRP (Table 4). After
six weeks of dietary fiber intervention, the plas-
ma concentration of IL-6, IL-8 and Hs-CRP in
the Group A and Group B significantly decreased
compared to the baseline value (P < 0.05),
respectively, and significantly lower than the
after value in control group (P < 0.05). The after
values between Group A and Group B were not
significantly different (P > 0.05). There was no
statistical difference between the before and
after values in control group (P > 0.05). No sig-
nificant changes in the concentration of TNF-«
were observed among the three groups (P >
0.05).

Discussion

Patients receiving dialysis may consume signifi-
cantly lower amounts of dietary fibers. Bossola
M et al [13] assessed daily dietary intake in
128 hemodialysis patients by a three day diary
and found mean daily dietary fiber intake of
these patients was 11.8 + 6.1 g. Kalantar-
Zadeh [12] also found that the amount of daily
intake in 102 maintenance hemodialysis
patients was 12 + 6 g/d. In this study, a 3-day
diary was used and data of 124 patients on
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chronic hemodialysis were assessed. We found
that the mean dietary fiber intakes in group A
from their background diet were 11.4 £ 5.5 g/d
before intervention and 10.8 + 5.1 g/d after
intervention, 12.3 £ 6.7 g/d, 11.6 £ 6.1 g/d in
group B, and 10.2 + 4.7 g/d, 10.7 £ 6.5 g/d in
control group, respectively. There were no sta-
tistical differences among the three groups (P >
0.05). The amount of dietary fiber in the diet in
our patients was likely lower than that in the
studies mentioned above, though the dietary
pattern for Chinese is mainly the food from
plant origin. Results [14] from National Nutrition
and Health Survey 2002 showed that the total
and insoluble dietary fiber intake per reference
man per day were 18.7 g/d and 12.0 g/d
respectively. Wang ZH et al [15] reported that
data from China Health and Nutrition Survey
showed that dietary fiber intake among Chinese
aged 18~45 were 15.7 g/d in 1989, 17.0 g/d in
2000, 16.4 g/d in 2004, and 17.6 g/d in 2006.
Compared to healthy Chinese population, the
dietary intake in hemodialysis population is
much lower. Poor appetite and diet restriction
during hemodialysis treatment may negatively
impact their dietary fiber intake. Patients in
group A and group B were instructed to add 10
g/d and 20 g/d of soluble fiber to their staple
food rice, respectively. So the amount of daily
dietary fiber intake in group A was about 20.8
g/d, and group 31.6 g/d respectively in total. In
control group, starch was added as placebo.

The effect of dietary soluble fiber on serum cho-
lesterol levels has been extensively document-
ed. The result from a meta analysis [16] of 67
controlled trials showed that 2-10 g/d supple-
mentation of dietary soluble fiber such as pec-
tin, oat bran, gum and psyllium was associated
with significant decreases in total cholesterol
and LDL cholesterol. Knopp RH et al [17] report-
ed that 87 subjects with mild to moderate
hypercholesterolemia (LDL cholesterol 3.37-
4.92 mmol/L) were given 20 g/d of water-solu-
ble fiber supplement for 36 weeks and signifi-
cant and sustained reduction in LDL without
reducing HDL or increasing triglycerides were
observed. Hunninghake et al [18] conducted a
clinical trial in which patients with mild to mod-
erate hypercholesterolemia were treated with
10 or 20 g/d of the fiber supplement for 15
weeks, and found that total cholesterol, LDL
cholesterol, and the ratio of LDL to HDL were
significantly reduced compared with the place-
bo group. Katie M Queenan et al [19] reported

1367

that 75 healthy hypercholesterolemic men and
women were given either 6 g/d concentrated
oat beta-glucan for 6 weeks and found total
and LDL cholesterol were significantly reduced.
In this study, hemodialysis patients were treat-
ed with 10 g/d (n = 41) or 20 g/d (n = 39) of
fermentable dietary fiber for 6 weeks, and the
effects of the fiber supplement on cholesterol
are consistent with those of other studies eval-
uating the effects of various water-soluble
dietary fiber. We found that treatment with the
fiber supplement to hemodialysis patients sig-
nificantly decreased TC, LDL and TC:LDL ratio,
but there were no significant differences among
the treatment groups over time in the changes
from baseline in HDL and triglycerides.
Compared to the control group, there was a sig-
nificantly greater decrease in TC, LDL and TC:
LDL ratio in dietary fiber treatment groups. It
was assumed that soluble fibers can bind with
bile acids in the small intestine, thereby remov-
ing them from the body and stop the bile acid
recycling. As a result, total and LDL cholesterol
in blood are reduced, while HDL cholesterol
and triglycerides are generally unaffected [20,
21]. In addition, soluble fibers are fermented in
the lower gut into short-chain fatty acids
(SCFAs) and gases. When SCFAs enter the cir-
culatory system, they may regulate gut hor-
mones, inhibit the liver from producing choles-
terol and consequently have a direct cholester-
ol-lowering effect [22, 23].

The role of dietary fiber in the prevention of car-
diovascular disease has received increasing
attention as data have accumulated. It was
believed that fiber may promote cardiovascular
health by inhibiting vascular inflammatory pro-
cesses. C-reactive protein (CRP) is one of sev-
eral inflammatory compounds formed during
atherogenesis. Research has demonstrated an
association between dietary fiber and levels of
CRP [10, 24]. Numerous studies [25, 26] have
revealed positive correlations between dietary
fiber intake and levels of circulating CRP. In
addition to CRP, research also found that
dietary fiber was inversely related to other
inflammatory biomarkers, mainly cytokins such
as IL-6, IL-8 and TNF-a, etc [27, 28].
Hemodialiysis patients at the end stage of
chronic kidney disease is considered on an
inflammatory state, and the causes of inflam-
mation are multifactorial including exposure of
blood to dialyzer membranes or tubing, infec-
tion on vascular access, reduced antioxidants,
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and increased oxidative stress [29, 30].
Krishnamurthy et al [9] analyzed data from
14,543 participants in the National Health and
Nutrition Examination Survey lll and found that
for each 10g/day increase in total fiber intake,
the odds of elevated serum C-reactive protein
levels were decreased by 11% and 38% in
those without and with kidney disease, respec-
tively. We conducted an interventional trial in
order to establish the effects of fiber intake on
infammation status in patients undergoing
hemodialysis. The results showed that after 10
g and 20 g/d dietary fiber supplementation for
6 weeks, CRP, IL-6, IL-8 and TNF-a were signifi-
cantly decreased. We also evaluated the
effects of dietary supplementation of soluble
fiber on the oxidative status in hemodialysis
patients, and it was found that the plasma con-
centration of T-AOC after six weeks of dietary
fiber supplementation in both 10 and 20 g/d
groups were significantly increased compare to
the baseline values, respectively (P < 0.05).
The after values of blood MDA content in groups
of 10 and 20 g/d dietary fiber supplement were
both significantly lower than the baseline val-
ues, respectively (P < 0.05). There were no sig-
nificant differences in blood levels of SOD and
GSH-Px among the three groups (P > 0.05),
respectively. For the interpretation of these
results, there should be mentioned that we had
some limitations such as small sample size and
short period of intervention.

In conclusion, the results of this study revealed
that supplementation of dietary soluble fiber
can improve inflammatory and malnutrition sta-
tus in hemodialysis patients. Dietary fiber sup-
plementation might be one of important thera-
peutic strategies to prevent CVD mortality and
morbidity for these patients. However, further
investigations will be required in this regard
and also we suggest study the effect of dietary
fiber supplements on uremic solutes which are
derived from the action of colon microbes and
on the micronutrients status.
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