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ABSTRACT
Background and Aims: Synbiotics found to be beneficial in breast cancer survivors (BCSs)
through its antioxidant properties. The aim of this study was to assess the effects of synbi-
otic supplementation on edema volume and some oxidative markers among obese and
overweight patients with BCRL.
Method: This randomized double-blind, placebo-controlled trial was conducted on 88 over-
weight and obese BCSs aged 18–65 years. All the subjects were given a specified low-calorie
diet (LCD) and were randomly assigned into two groups to intake 109 CFU/day synbiotic
supplement (n¼ 44) or placebo (n¼ 44) for 10 wk. Edema volume and serum total antioxi-
dant capacity (TAC), malondialdehyde (MDA), glutathione peroxidase (GPx), and superoxide
dismutase (SOD) concentration were measured at baseline and after the 10-wk intervention.
Results: Ten-wk supplementation with synbiotics leads to a significant reduction in serum
MDA levels (P¼ 0.001) and an increase in serum SOD concentration (P¼ 0.007) compared to
placebo. No significant changes were observed in serum GPx, TAC, and edema volume
between groups.
Conclusion: Our findings reveal that 10-wk synbiotic supplementation along with a LCD program-
reduced serum MDA levels and elevate the activity of SOD in overweight and obese patients with
BCRL. However, its effect on serum GPx, TAC, and edema volume was not significant.
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Introduction

Worldwide breast cancer is the most commonly can-
cer and accounts for approximately 41% of all female
cancers (1). For increasing survival rates, patients may
undergo lymph node dissection, lumpectomies, radi-
ation, chemotherapy (2). Breast cancer-related lym-
phedema (BCRL) is an incurable, disfiguring
progressive complication that is globally resulting
from breast cancer treatment (3). Data indicate that
75% of BCRL cases occur in the first year after sur-
gery, and 90% occur within 3 years among patients
who are monitored for this complication (3). The
actual number of patients with lymphedema is hard to
determine, because of the limited comprehensive fol-
low-up evaluations after medication (4). However, it is
estimated within a range of 3% to 65%, depending on
the type of treatment. (3). For BCRL, the most

common treatment approach is to reduce swelling
with compression and massage therapy and/or diet
modification (5).

Eating a healthy diet and controlling body weight
is an important part of treatment (6). Several studies
have shown that obesity can increase the risk of sec-
ondary lymphedema following damage to the lymph-
atic vasculature (5–7). Obesity impaired dendritic cell
transfer to local lymph nodes, suggesting that
responses to tissue inflammatory reactions are abnor-
mal in obese people (8). Some of the defects in
impaired dendritic cell induced inflammatory
responses because obesity has decreased interstitial
fluid flow (9). This finding is reliable with reports of
improved lymphedema symptoms in patients after a
weight loss program (10). Thus, weight management
may be potential means of decreasing the rates or of
BCRL (7).
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Oxidative stress caused by increased free radical
generation and decreased antioxidant level in cell has
been suggested to play an important role in treatment
of cancer with chemotherapeutic drugs (11,12).

Oxidative stress can promote chronic inflammation,
which in turn could mediate cancer (13). Cancer
initiation has been linked to oxidative stress by cell
proliferation that produced reactive oxygen species
(ROS) (14).

Cancer, chemotherapeutic agents, radiotherapy,
obesity, and a high-calorie diet can cause inflamma-
tion and also lymphedema in breast cancer survivals
(15,16). Probiotics are live microbial agents which
when ingested in an adequate amount provide health
benefits to the host (39). Probiotics decrease gut
microbial imbalance (59) and result in more stable
and diverse flora by various mechanisms including
modulation of gut immunity, competition with gut
microorganisms for nutrients, and production of
growth substrates/inhibitors (42,54,55,59,65). The abil-
ity to reduce intestinal dysbiosis is one of the most
important mechanisms of benefits of probiotics in
inflammatory bowel diseases (1,37). Probiotics have
direct antimicrobial (50), immune modulatory (2,50),
and anti-inflammatory effects (47,66) and enhance gut
maturity and function

Probiotics are live microbial agents which benefi-
cially improve its intestinal microbial balance (17).
Probiotics have been considered potential constituents
of therapeutic interventions in some inflammatory
diseases (18–20). Some probiotics, especially
Lactobacilli, possess antioxidant activities and are able
to decrease the risk of accumulation of ROS (21). Few
studies indicated the effects of probiotic supplementa-
tion on antioxidant parameters in different population
such as patients with rheumatoid arthritis (22,23) and
abdominal adiposity (24); as a result, improvements in
glutathione peroxidase (GPx) and (malondialdehyde)
MDA were observed (25). However, no direct study
has conducted the gut flora manipulation in BCRL.
Hence, this clinical trial was performed to investigate
the effects of symbiotic supplementation on antioxi-
dant capacity in survivors of breast cancer-
related lymphedema.

Materials and Methods

Trial Design

This study was a randomized, double-blind, placebo-
controlled clinical trial, during the period of October
2017 through November 2018. Eighty eight women
with breast cancer-related lymphedema were evaluated

in the Seyed Khandan Physiotherapy Clinic, Tehran,
Iran. Patients were informed of the investigational
nature of the study and signed informed consent. At
the beginning of the study, demographic questionnaire
including age, education, occupation, marital status,
drugs, type of surgery (mastectomy or lumpectomy),
the date of onset of lymphedema symptoms is recorded.

Ethics Statements

The trial was conducted after appropriate approval by
the ethics committee of Iran University of Medical
Sciences (IR.IUMS.FMD.REC 1396.9511323007) and
registered in the Iranian clinical trials Web site
at:(http://www.irct.ir: IRCT2017092323861N8) and
also followed the Declaration of Helsinki and Good
Clinical Practice guidelines.

Participants

The survivors of breast cancer who had lymphedema
were screened and those who were eligible were
treated. For treating the women with arm lymphe-
dema, the usual stages of treatment for lymphedema
were considered, including the following: the com-
plete decongestive therapy (CDT) that was moni-
tored by trained lymphedema physiotherapists. Their
arms were fastened firmly around with a knitting
Compression Bandage. The selection criteria exam-
ples for sample patients were as follows: the age
between 18 and 65 years old, and the body mass
index (BMI) between 25 and 40, having no chemo-
therapy or radiotherapy over the 6months prior to
the study. Each surgery was completed at least one
month before the intervention, and our inclusion cri-
teria were about the first and second stages of lym-
phedema. The following patients would not have
been included in our study: if they had taken any
multivitamin, omega-3 and probitic supplements
over the one month prior to the beginning of our
study, being participation in a food restriction pro-
gram, having heart, kidney, liver, lung, chronic, or
acute inflammatory diseases, being consumption in
smoking or alcohol drinking, having lymphedema
due to other cancers.

A total of 88 patients with lymphedema were
recruited into the study, and they were randomly
assigned to receive either multispecies synbiotic sup-
plements (n¼ 44) or placebo (n¼ 44). In addition, all
the BCSs were given low calorei diet (LCD) at the
study initiation for 10wk. All patients had to avoid
from eating any other probiotic food for 2-wk run-in.
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In this period and at the end of the study, participants
were asked to record their dietary intakes for 3 non-
consecutive days (2 days and a weekend day).

Randomization and Allocation

For randomization, the permuted block randomization
will be used with quadruple blocks. According to the
sample size of 88 identified, 22 blocks will be pro-
duced using the online site (www.sealedenvelope.
com). In order to apply the concealment in the ran-
domization process, unique codes will be used on the
pharmaceutical boxes, which will be generated by the
software. By entering each individual into a study
based on the sequence produced, the packet of the
drug in which the code is registered will be assigned
to the individual

Weight Reduction Program

At the end of run-in period, individualized dietary
program was given to all participants on a weight
reduction diet with the objective of reducing body
weight to the acceptable average weight for height.
Diet plans were designed to produce an energy deficit
of 500–1,000 kcal per day from habitual intake derived
from the prerandomization diet record, and no par-
ticipant was recommended a daily intake <1,200 kcal.
Calorie intake was calculated on the basis of the
Mifflin-St Jeor formula, and the recommended calorie
intake from each of the daily intake nutrients was as
follows: carbohydrates 55%–65%, fat 20%–35%, and
protein 10%–15% of total calorie intake.

All participants were asked to take one supplement
or placebo each day. The patients were not asked to
take more than one capsule daily. They were also
asked to avoid consuming any other probiotic and fer-
mented products.

During the study, dietary advices and interventions
were given by the same dietitian. Placebo or multispe-
cies probiotic supplements were provided for partici-
pants every month. Compliance with consumption of
capsules was monitored once a week through phone
interviews. To obtain the nutrient intakes of partici-
pants at the beginning and end of the study based on
food diaries, Nutritionist IV software (First Databank,
San Bruno, Calif, USA) witch modified for Iranian
foods was used. Moreover, physical activity of each
participant was assessed using a International Physical
Activity Questionnaire (IPAQ) (26) monitor at base-
line and at the end of study.

Supplementation

The synbiotic supplements (Lactocare, Zist Takhmir
Co., Iran) contains seven strains of naturally occurring
beneficial bacteria such as Lactobacillus casei
3� 109CFU/g, Lactobacillus acidophilus 3� 1010 CFU/g,
Lactobacillus rhamnosus 7� 109 CFU/g, Lactobacillus
bulgaricus 5� 108 CFU/g, Bifidobacterium breve
2� 1010 CFU/g, Bifidobacterium longum 1� 109 CFU/g,
and Streptococcus thermophilus 3� 108 CFU/g, and
38.5mg fructo-oligosaccharide. The placebo (Zist-takh-
mir Co., Iran) was a capsule that is similar in color,
shape, size, taste, and packaging. The placebo and pro-
biotic were packaged in identical sealed boxes, identified
by a code number only. Patients were instructed to
keep the study medications refrigerated (between 2 and
7�C) throughout the study.

Assessment of Anthropometric Measures

Anthropometric measurements were assessed at base-
line and after 10 wk of intervention. Body weight was
measured in an overnight fasting status, without shoes
and in minimal clothing, using a digital scale (Seca,
Hamburg, Germany) to the nearest 0.1 kg. Height was
measured using a nonstretched tape measure (Seca) to
the nearest 0.1 cm.

BMI was calculated as weight in kilograms divided
by height in meters squared. Waist circumference was
measured to the nearest 0.5 cm at the end of normal
expiration at the minimal waist. In addition, skinfold
thickness was determined at four sites (triceps, biceps,
subscapular, and suprailiac) using Harpenden skinfold
calipers (27). Measurements of skinfold thickness
always were taken on the unaffected arm by the same
investigator who was trained and practiced in
the technique.

Arm Volume

The water displacement method was used to obtain
the volume of the edema. The arm was immersed,
with hand extended until the web space of the second
and third digit of the hand straddled the volumeter
rod submerging the healthy limb and then the affected
limb in a water tank up to 2 cm below the armpit
(28). Water overflow was measured in milliliters in a
graduated cylinder (29).

Assessment of Biochemical Parameters

Blood samples were collected at baseline and 10 wk
after 12-hour fasting and were immediately
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centrifuged (Hettich D-78532, Tuttlingen, Germany)
at 3,500 rpm for 10min to separate the serum and
were then stored at –80 �C until being analyzed at the
laboratory. Serum MDA, SOD, GPx, and TAC were
analyzed at the immunology research laboratory.
MDA, SOD, GPx, and TAC values were assessed by
the use of ELISA kit (eBioscience, US) that is based
on the principle of double-antibody sandwich tech-
nique. The lower limit of detection for MDA, SOD,
GPx, and TAC were 0.226 nmol/ml, 1.52U/LL, 1.12U/
ml, and 2.48 pg/ml, respectively.

Study Outcomes

The final calculated mean change in serum SOD and
MDA level was considered as our primary outcome.
Secondary study outcomes included TAC and GPx.

Sample Size

Sample size calculations were based on the primary
comparisons of Cohen’s standard effect, we considered
a type I error of 5% (a ¼ 0.05) and a type II error of
20% (b ¼ 0.2; power ¼ 80%) and the Cohen standar-
dized effect value of 0.65 (one effect at moderate level)
and serum SOD and MDA levels as a primary out-
come (30) and reached the sample size of 44 patients
for each group.

Statistical Analysis

Histogram numerical indices, graphical methods and
Shapiro–Wilk’s tests were used to check the normality
of each variable prior to data analysis. In order to
describe the quantitative variables, statistics presented
for variables included counts and percentage for cat-
egorical variables and mean ±(standard deviation) or
median (first quartile and third quartile) for continu-
ous variables. Categorical characteristics were
compared between the two randomized groups using
Chi-squared tests or Fisher’s exact test. Normally dis-
tributed data were analyzed using independent-sample
t-test, and the results are presented as mean (SD).
Non-normally distributed data were analyzed using
the Mann–Whitney U-test, and the results were pre-
sented as median (Q1, Q3). Paired-sample t-test and
nonparametric Wilcoxon ranked sign test was used
for evaluating within-group differences in normally
and non-normally distributed data, respectively.
Adjusted comparison of between-group outcomes was
done using parametric and nonparametric ANCOVA

considering changes in baseline value of each outcome
and baseline BMI as covariates.

Also, the strength and direction of bivariate associ-
ations between changes in body weight/waist circum-
ference and the blood markers were explored using
Spearman’s rank correlation coefficient .

The data analysis was performed using SPSS version
24 (IBM SPSS, Armonk, NY: 2016). Nonparametric
ANCOVA analysis was performed with R software
(package “sm” in R-3.5.1 for windows).

Our approach for analyses can be considered as
intention-to-treat (ITT) analysis includes every subject
who is randomized according to randomized treat-
ment assignment. It ignores noncompliance, protocol
deviations, withdrawal, and anything that happens
after randomization.

Results

Patients’ Characteristics

As shown in Fig. 1, a total of 352 women applied to
participate in the study. Of these, 88 women were eli-
gible for our study intervention. These 88 women
were randomized, and 80 of these (90%) completed
the intervention. four withdrew from the trial because
of distance from residence to clinic, 1 withdrew for
recurrent disease, and 1 withdrew because of follow-
up with other physicians. Ultimately, 41 women in
synbiotic group and 39 women in placebo group com-
pleted the study protocol and participated in analyses.

There were no reports of the side effects associated
with symbiotic supplementation in breast cancer sur-
vivors with lymphedema throughout the study.

As shown in Table 1, participants were aged
53.80 ± 9.16 years in synbiotic group and 52 ± 7.95
years in placebo group. There were no significant dif-
ferences in demographic variables between two groups
at baseline (Table 1). In case of variables related to
the lymphedema including age at diagnosis (year),
time since diagnosis (month), time since breast cancer
treatment (year), tumor size (cm), degree of hand
rotation, CDT course numbers, lymphedema stages
(I and II), surgery type (mastectomy or lumpectomy),
type of chemotherapy (TAC or Tax, Ac or none),
radiotherapy (yes, no), breast cancer stages (I, II, and
III), estrogen receptor (positive, negative), progester-
one receptor (positive, negative), human epidermal
growth factor receptor 2 (HER2) (positive, negative),
drug usage of Tamoxifen, Aromatase inhibitors and
Herceptin, removed lymph nodes, affected lymph
nodes, affected and dominant hand (right, left),
homogeneity of hands, and fibrotic tissue stages, there
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were no significant difference between two groups at
the beginning of the study (Table 2).

Dietary Assessment

Dietary intake of energy and nutrients, as calculated
from the 3-day dietary records, was similar in 2
groups before and after 10-wk follow-up (Table 3).

However, dietary intakes of energy, carbohydrate,
protein, total fat, SFA, PUFA, MUFA, cholesterol,
sodium, phosphorus, selenium, and b-carotene
decreased significantly in two groups following 10-wk
intervention (P< 0.05).

Anthropometric Measures and Physical
Activity Level

As shown in Table 4, measures of weight (kg), BMI
(kg/m2), body fat percent (%), skin fold thickness
(TSF) (cm), waist circumference (WC) (cm), and
physical activity (PA) (min/week) in the synbiotic
group were not significantly different at the beginning
and the end of study compared to the placebo group.
However, according to the within-group tests, weight,
BMI, body fat percent, TSF, and WC decreased in two
groups significantly (–2.48 ± 3.03 kg, –1.73 ± 2.26 kg for
weight, –0.95 ± 1.14 kg/m2, –0.68 ± 0.90 kg/m2 for BMI,
%–1.14 ± 1.37, %–0.83 ± 1.09 for fat percent, 0 (–3.0,
0), 0 (–2.0, 0) cm for TSF and –3.89 ± 3.26 cm,
–3.84 ± 3.60 cm for WC in synbiotic and placebo
group, respectively (P< 0.005).

Table 1. Baseline demographic characteristics of patients.
Groups

P
Symbiotic
(n¼ 44 )

Placebo
(n¼ 44 )

Age ,years, mean± SD 53.80 ± 9.16 52.39 ± 7.95 0.742d

Employment status, n (%) Full time 10 (%22.71) 13 (%29.5) 0.467�
Homemaker 34 (%77.32) 31 (%70.5)

Marital status, n (%) Married 39 (%88.61) 40 (%90.9) 0.999�
Other 5 (%11.40) 4 (%9.10)

Educational status, n (%) University 11 (%25) 11 (%25) 0.656�
High school 22 (%50) 26 (%59.1)
Elementary 8 (%18.21) 4 (%9.1)
Illiterate 3 (%6.80) 3 (%6.80)

dP value for between-group comparison of parametric quantitative data
using independent-sample t-test.�
P value for between-group comparison of qualitative data using Chi-
square or Fisher’s exact test.

Figure 1. Summary of patients flow diagram.
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Also, the results showed that the level of physical
activity increased significantly in the two groups
over 10-wk period of study [17.0 (3.25, 30.50) min/
week and 21.0 (7.0, 33.0) min/week in synbiotic and
placebo group, respectively, P< 0.001] (Table 4).
Intention-to-treat (ITT) test shown that the effect
of placebo on BMI and body fat percent was
nonsignificant.

Edema Volume Alterations

Synbiotic supplementation compared with placebo sig-
nificantly decreased edema volume during 10-wk fol-
low-up (–149.26 ± 205.91mm3, P< 0.001) (Table 4).

However, according to the ANCOVA tests adjusted
for baseline measures and BMI, there were no signifi-
cant differences in these variables in the two groups
before and after ITT.

Antioxidant Markers

Baseline and 10-wk follow-up antioxidants markers
including MDA, SOD, GPx, and TAC measurement
were not significantly different between groups
(Table 5). Synbiotic supplementation increased
SOD (20.60 ± 19.61 U/ml, P< 0.001) and TAC
(74.86 ± 70.15 pg/ml, P< 0.001) significantly.

TAC in the placebo group also had a significant
increase (changes: 76.40± 58.22, P< 0.001). According

Table 2. Lymphedema-related characteristics.

Variables

Groups

PSynbiotic (n¼ 44 ) Placebo (n¼ 44 )

Age at diagnosis, years, mean± SD 47.98 ± 9.35 48.82 ± 7.76 0.648d

Time since diagnosis, months, median (range) 8 (2.5, 24) 11 (3, 24) 0.631�
Time since treatment, years, median (range) 3 (1, 5) 3 (1, 4) 0.522�
tumor size, cm, median (range) 3 (1.85, 4) 2.5 (2, 4.7) 0.732�
degree of hand rotation, median (range) 170 (155, 180) 170 (140, 180) 0.710�
CDT course numbers, median (range) 15 (14, 20) 15 (12, 20) 0.515�
Lymphedema stage, n (%) I 7 (%15.9) 8 (%18.2) 0.777#

II 37 (%84.1) 36 (%81.8)
Surgery, n (%) Mastectomy 28 (%63.6) 27 (%61.4) 0.826#

Lumpectomy 16 (%36.4) 17 (%38.6)
Chemotherapy, n (%) Yes 42 (%95.5) 42 (%95.5) 0.999#

No 2 (%4.5) 2 (%4.5)
Chemotherapy type, n (%) TAC 8 (%18.2) 5 (%11.4) 0.367#

Tax,Ac 36 (%81.8) 39 (%88.6)
Radiotherapy, n (%) Yes 44 (%100) 40 (%90.9) 0.116#

No 0 4 (%9.1)
Breast cancer stage at diagnosis, n (%) I 4 (%9.1) 4 (%9.1) 0.934#

II 34 (%77.3) 32 (%72.7)
III 6 (%13.6) 8 (%18.2)

Estrogen receptor, n (%) Positive 33 (%75) 36 (%81.8) 0.437#

Negative 11 (%25) 8 (%18.2)
Progesterone receptor, n (%) Positive 34 (%77.3) 32 (%72.7) 0.622#

Negative 10 (%22.7) 12 (%27.3)
HER2, n (%) Positive 9 (%20.5) 7 (%15.9) 0.580#

Negative 35 (%79.5) 37 (%84.1)
Current endocrine therapy, n (%) Tamoxifen 34 (%77.3) 28 (%63.6) 0.161#

0.135#Aromatase inhibitors 19 (%43.2) 26 (%59.1)
Herceptin injection, n (%) Yes 9 (%20.5) 7 (%15.9) 0.580#

No 35 (%79.5) 37 (%84.1)
Lymph nodes has been removed, median (range) 13 (8.5, 17.5) 14 (10,17) 0.719�
Lymph nodes has been affected, median (range) 2 (1, 4) 3 (1, 5) 0.302�
Affected hand, n (%) Left 23 (%52.3) 15 (%34.1) 0.085#

Right 21 (%47.7) 29 (%65.9)
Dominant hand, n (%) Left 5 (%11.4) 4 (%9.1) 0.999#

Right 39 (%88.6) 40 (%90.9)
Homogeneity of hands, n (%) Yes 20 (%45.5) 25 (%58.8) 0.286#

No 24 (%54.5) 19 (%43.2)
Fibrotic tissue stages, n (%) No 17 (%38.6) 14 (%31.8) 0.712#

11 14 (%31.8) 18 (%40.9)
1.51 1 (%2.3) 0 (%0)
21 12 (%27.3) 12 (%27.3)

dP value for between-group comparison of parametric quantitative data using independent-sample t-test.�P value for between-group comparison of nonparametric quantitative data using Mann–Whitney U-test.
#P value for between-group comparison of qualitative data using Chi-square or Fisher’s exact test.
Parametric quantitative data reported as mean ± SD, nonparametric quantitative data reported as median (Q1, Q2), qualitative data reported as num-
ber (%).

Abbreviations: CDT, Complete decongestive therapy; TAC, Taxotere, Adriamycin and Cyclophosphamide; Tax, Taxol; AC, Adriamycin and
Cyclophosphamide; HER2, human epidermal growth factor receptor 2.
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Table 3. Patients dietary intake throughout the study.

Variable

Groups

PSynbiotic (n¼ 44 ) Placebo (n¼ 44 )

Energy (kcal/d) Baseline 2941.81± 349.09 3013.97± 329.68 0.322�
10 wk 2537.39 ± 429.39 2562.89± 468.33 0.800�
Changes –399.04± 250.21 –452.38± 294.34 0.384�
P�� <0.001 <0.001

Carbohydrate (gr/d) Baseline 348.84± 57.99 349.81± 75.23 0.946�
10 wk 308.82± 54.29 325.67± 58.73 0.186�
Changes –54.20 (–83.55, –18.75) –47.30 (–55.90, –11.40) 0.204#

Pd <0.001 <0.001
Total fiber (gr/d) Baseline 26.10± 10.51 27.90± 9.89 0.470�

10 wk 27.43± 10.04 29.01± 9.74 0.418�
Changes –1.43 ± 6.92 –1.45 ± 4.73 0.990�
P�� 0.192 0.063

Protein (gr/d) Baseline 118.66± 37.77 132.63± 45.54 0.121�
10 wk 100.08± 21.35 110.88± 44.03 0.164�
Changes –12.44 (–21.83, –2.40) –10.40 (–20.01, –5.0) 0.962#

Pd <0.001 0.001
Total Fat (gr/d) Baseline 135.73 ± 204.20 143.15± 103.90 0.289�

10 wk 124.41 ± 52.68 122.50± 85.74 0.709�
Changes –9.30 (–33.72, –2.16) –25.53 (–37.84, –0.48) 0.371#

Pd 0.001 0.005
SAFA (mg/d) Baseline 26.97± 8.60 27.50 ± 7.84 0.762�

10 wk 21.44± 22.43 22.37± 8.33 0.290�
Changes –3.81 (–7.65, 0.49) –4.57 (–8.19, –0.86) 0.348#

Pd 0.001 <0.001
PUFA (mg/d) Baseline 52.07± 21.90 54.06± 21.07 0.387�

10 wk 49.84± 35.05 42.38± 22.56 0.309�
Changes –4.13 (–31.81, –0.20) –9.50 (–24.22, –0.31) 0.138#

Pd 0.005 <0.001
MUFA (mg/d) Baseline 22.82± 8.29 32.17± 7.85 0.176�

10 wk 29.26± 40.12 25.81± 10.62 0.335�
Changes –3.14 (–7.65, –0.49) –6.11 (–8.64, 0) 0.270#

Pd 0.003 < 0.001
Cholesterol (mg/d) Baseline 429.22± 174.54 458.60± 190.98 0.453�

10 wk 368.85± 120.75 376.60± 123.21 0.777�
Changes –36.48 ± 119.06 –43.57 ± 125.99 0.796�
P�� 0.047 0.037

Magnesium (mg/d) Baseline 386.10± 115.18 408.77± 111.30 0.351�
10 wk 355.90± 106.05 441.90± 301.89 0.090�
Changes –26.34 ± 77.05 38.81 ± 324.98 0.229�
P�� 0.340 0.460

Calcium (mg/d) Baseline 1182.61± 431.36 1332.29± 859.13 0.305�
10 wk 1165.73± 445.55 1140.79± 365.04 0.785�
Changes –32.75 ± 298.49 –227.98 ± 970.84 0.223�
P�� 0.486 0.151

Sodium (mg/d) Baseline 1627.44± 793.14 1430.79± 509.92 0.171�
10 wk 1523.15± 815.81 1379.86± 490.69 0.173�
Changes –26.0 (–236.0, –4.55) –27.30 (–179.0, 0) 0.108#

Pd 0.035 0.002
Potassium (mg/d) Baseline 4828.65 ± 1728.52 5240.36 ± 1710.64 0.265�

10 wk 4561.09 ± 1626.52 4986.15 ± 1572.50 0.239�
changes 0.17 ± 184.70 –37.54 ± 116.47 0.281�
P�� 0.242 0.260

Phosphorus (mg/d) Baseline 1836.45± 482.67 1962.88 ± 337.80 0.158�
10 wk 1739.41± 467.13 1769.84 ± 365.22 0.747�
Changes –96.46 ± 362.11 –199.82 ± 291.91 0.165�
P�� 0.046 <0.001

Arginine (mg/d) Baseline 421.09± 520.61 538.48± 513.48 0.290�
10 wk 381.50± 478.58 531.49± 615.83 0.226�
Changes 0 (–50.50, 0) 0 (–114.90, 0) 0.838#

Pd 0.284 0.551
Vitamin A (RE) Baseline 1146.18± 561.87 1316.0± 605.50 0.176�

10 wk 1211.49± 545.70 1177.01± 642.40 0.796�
Changes –8.00 (–148.0, 0) –8.00 (–91.75, 0) 0.504#

Pd 0.282 0.226
Vitamin E (mg/d) Baseline 4.90± 1.83 5.49± 2.21 0.176�

10 wk 4.33± 1.73 5.07± 2.06 0.084�
Changes –0.12 (–1.02, 0) –0.25 (–0.84, 0) 0.880#

Pd 0.110 0.100

(Continued)
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to the ANCOVA tests adjusted for baseline measures
and BMI, 10 wk of intervention, synbiotic supplemen-
tation compared with the placebo, resulted in signifi-
cant decrease in MDA [–0.11 (–0.28, 0.21) nmol/ml,
P¼ 0.001] and increase in SOD [20.60± 19.61U/ml,

P¼ 0.007]. The ITT test did not change the ini-
tial results.

According to Pearson’s correlation coefficient test,
there was any statistically significant correlation
between antioxidant markers and body weight or WC

Table 3. Continued.

Variable

Groups

PSynbiotic (n¼ 44 ) Placebo (n¼ 44 )

Vitamin C (mg/d) Baseline 149.60± 86.02 184.08± 82.24 0.058�
10 wk 143.42± 85.69 162.70± 89.46 0.328�
changes –3.90 (–9.01, 0) –0.40 (–9.90, 0) 0.744#

Pd 0.874 0.090
Selenium (mg/d) Baseline 0.13± 0.06 0.14± 0.07 0.523�

10 wk 0.10± 0.04 0.10± 0.04 0.810�
Changes –0.02 ± 0.03 –0.02 ± 0.03 0.379�
P value�� <0.001 <0.001

-carotene (mg/d) Baseline 420.31± 641.47 593.22± 709.46 0.234�
10 wk 446.74± 687.54 543.23± 760.49 0.553�
Changes 0 (–2.9, 0) 0 (–11.62, 0) 0.225#

Pd 0.049 0.001
�P value for between-group comparison of parametric quantitative data using independent-sample t-test.
#P value for between-group comparison of nonparametric quantitative data using Mann–Whitney U-test.��
P value for within-group comparison of parametric quantitative data using paired sample t-test.

dP value for within-group comparison of nonparametric quantitative data using Wilcoxon signed-rank test.
Parametric quantitative data reported as mean ± SD, nonparametric quantitative data reported as median (Q1, Q2).
Abbreviations: SAFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids.

Table 4. Patient’s anthropometrics, physical activity and edema volume characteristics in two groups at
baseline and after follow-up.

Variables

Groups

P
Adjusted P

Synbiotic (n¼ 44 ) Placebo (n¼ 44 )

Weight (kg) Baseline 79.72 ± 11.86 78.23 ± 12.43 0.565�
10 wk 77.99 ± 11.52 77.07 ± 12.76 0.738� 0.256
Changes –2.48 ± 3.03 –1.73 ± 2.26 0.212�
P�� <0.001 <0.001

BMI (kg/m2) Baseline 30.93 ± 3.84 30.88 ± 3.81 0.956�
10 wk 30.32 ± 3.68 30.53 ± 3.79 0.800� 0.245
Changes –0.95 ± 1.14 –0.68 ± 0.90 0.246�
P�� <0.001 <0.001

Body Fat percent (%) Baseline 43.95 ± 4.99 43.92 ± 5.02 0.976�
10 wk 43.41 ± 4.42 43.43 ± 5.06 0.986� 0.263
Changes –1.14 ± 1.37 –0.83 ± 1.09 0.260�
P�� <0.001 <0.001

TSF (cm) Baseline 42.43 ± 5.82 42.42 ± 4.82 0.997�
10 wk 42.33 ± 5.92 42.07 ± 4.91 0.834� 0.770
Changes 0 (–3.0, 0) 0 (–2.0 , 0) 0.750#
Pd 0.005 0.003

WC (cm) Baseline 104.10 ± 7.80 105.11 ± 8.42 0.561�
10 wk 100.39 ± 7.93 101.53 ± 8.51 0.534� 0.841
changes –3.89 ± 3.26 –3.84 ± 3.60 0.954�
P�� 0.005 0.003

PA (min/week) Baseline 376.15 ± 192.59 339.89 ± 176.88 0.360�
10 wk 538.68 ± 686.12 366.43 ± 182.15 0.128� 0.195
Changes 17.0 (3.25, 30.50) 21.0 (7.0, 33.0) 0.450#
Pd <0.001 <0.001

Edema volume (mm3) Baseline 400.0 (245.0, 800.0) 400.0 (280.0, 760.0) 0.380#
10 wk 320.0 (200.0, 640.0) 400.0 (200.0, 800.0) 0.847# 0.180
Changes –149.26 ± 205.91 –83.07 ± 259.77 0.209�
P�� <0.001 0.061

�P value for between-group comparison of parametric quantitative data using independent-sample t-test.
#P value for between-group comparison of nonparametric quantitative data using Mann–Whitney U-test.��
P value for within-group comparison of parametric quantitative data using paired sample t-test.

dP value for within-group comparison of nonparametric quantitative data using Wilcoxon signed-rank test.
bP value using nonparametric ANCOVA test adjusted for baseline measures and BMI.
Parametric quantitative data reported as mean ± SD, nonparametric quantitative data reported as median (Q1, Q2).
Abbreviations: BMI, Body Mass Index; TSF, triceps skinfold thickness; WC, waist circumference; PA, physical activity.
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(Table 6). However, edema volume changes were sig-
nificantly correlated with body weight (r¼ 0.326,
P¼ 0.038) and WC (r¼ 0.330, P¼ 0.035) in synbiotic
group. Correlation of changes in the edema volume
with weight and WC in placebo group was not signifi-
cant (Table 6).

Discussion

To the best of our knowledge, this is the first random-
ized clinical trial that investigated probiotic effects on
antioxidant and oxidant parameters of women with
breast cancer-related lymphedema.

Based on our findings, synbiotic supplementation
for 10 wk resulted in a significant decrease and increase
in serum MDA and SOD concentrations, respectively,
while no significant differences were revealed for the
measures of TAC and GPx after 10-wk synbiotic con-
sumption, compared with the control group. Also, we

found that edema volume significantly decreased within
the synbiotic group at the end of the 10 wk.

In agreement with our results, probiotic supple-
mentation in rabbits for one month led to a signifi-
cant reduction in MDA levels (31). In a trial by
Bahmani et al., synbiotic bread consumption contain-
ing Lactobacillus sporogenes and inulin for 2months
among type 2 diabetes patients also caused significant
reduction in serum MDA levels without any changes
in TAC concentrations. They had a shorter period of
treatment and a lower dose of probiotics among dif-
ferent population compared to ours (32).

Lipid profiles are the main target of oxidative
stress. MDA production increases through the oxida-
tion of lipids (33). Synbiotic administration can
decrease the MDA level by reduction of lipid parame-
ters such as LDL and VLDL concentrations in the
blood stream (34) or stopping peroxidation reactions
of lipids (35).

Table 6. The correlation of antioxidant marker with body weight and waist circumference.
Synbiotic (n¼ 44) Placebo (n¼ 44)

DBody weight (Kg) D;Waist circumference (cm) DBody weight (Kg) D;Waist circumference (cm)

MDA (nmol/ml) 0.081 0.077 –0.195 –0.264
0.626 0.642 0.222 0.095

TAC (pg/ml) 0.281 0.308 –0.164 –0.165
0.083 0.507 0.305 0.302

SOD (U/ml) –0.016 0.008 0.007 0.129
0.925 0.961 0.963 0.423

GPX (U/ml) –0.019 0.074 0.161 0.139
0.908 0.655 0.315 0.387

D Edema volume 0.326 0.330 0.109 0.039
0.038 0.035 0.509 0.815

MDA, malondialdehyde. SOD, superoxide dismutase. GPX, glutathione peroxidase. TAC, total antioxidant capacity.
Data from the two groups were pooled before analysis.
D Indicates change from baseline, �P< 0.05, Significant correlations are shown in bold text.

Table 5. Antioxidant-related variables in two groups before and after intervention.

variables

Groups

P
Adjusted Pb

Synbiotic (n¼ 44 ) Placebo (n5 44 )

MDA (nmol/ml) Baseline 2.13 (1.82, 2.50) 2.10 (1.78, 2.33) 0.203# 0.001
10 wk 2.10 (1.70, 2.78) 2.19 (1.75, 2.81) 0.476#

Changes –0.11 (–0.28, 0.21) 0.06 (–0.12, 0.48) 0.139#

Pd 0.538 0.141
SOD (U/ml) Baseline 27.0 (21.0, 79.0) 33.0 (24.0, 500.0) 0.052# 0.007

10 –wk 42.0 (35.0, 106.0) 39.0 (29.0, 519.0) 0.988#

Changes 20.60 ± 19.61 2.28 ± 22.65 <0.001�
P�� < 0.001 0.533

GPx (U/ml) Baseline 186.0 (177.0, 191.0) 185.0 (181.0, 190.0) 0.582# 0.500
10 wk 185.0 (179.0, 190.0) 189.0 (185.0, 191.0) 0.135#

Changes 3.64 ± 2.46 2.85 ± 2.01 0.807�
P�� 0.148 0.165

TAC (pg/ml) Baseline 427.0 (366.0, 497.0) 447.0 (384.0, 511.0) 0.447# 0.504
10 wk 494.0 (433.0, 567.0) 535.0 (472.0–564.0) 0.292#

Changes 74.86 ± 70.15 76.40 ± 58.22 0.915�
P�� <0.001 0.001

�P value for between-group comparison of parametric quantitative data using independent-sample t-test.
#P value for between-group comparison of nonparametric quantitative data using Mann–Whitney U-test.��
P value for within-group comparison of parametric quantitative data using paired sample t-test.

dP value for within-group comparison of nonparametric quantitative data using Wilcoxon signed-rank test.
bP value using nonparametric ANCOVA test adjusted for baseline measures and BMI.
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In contrast to our study, a systematic review and
meta-analysis by Samah et al. reported a nonsignifi-
cant effect of probiotic consumption on MDA, with
low interstudy heterogeneity among type 2 diabetes
(36). Similarly, in another study, Ebrahimi et al.
reported that 7-day administration of multispecies
probiotic containing four strains of Lactobacillus and
three strains of Bifidobacterium among critically ill
patients under enteral nutrition had no significant
effects on their TAC and MDA levels in comparison
with control group (37). One might say that as
patients who admitted to the intensive care unit have
high levels of oxidative markers (38), also, higher dose
of probiotic with longer duration of administration is
needed in order to reduce oxidative markers and
improve antioxidant defense among this population.

As all participants in the present study received
healthy weight-loss diet (39), the intake of high anti-
oxidant foods notably increased among them; there-
fore, we detected significant elevation in the serum
TAC within both synbiotic and placebo groups at the
end of the study, but synbiotic supplements along
with significantly weight loss program could not
increase serum TAC, compared with placebo.

Karamali et al. assessed the effects of synbiotic sup-
plementation which included L. acidophilus, L. casei,
and B. bifidum plus 0.8 g inulin in a daily dose of
2� 109 (CFU/d) for 12 wk among women with poly-
cystic ovary syndrome (40); in contrast to our results,
they reported a significant increase in TAC levels in the
synbiotic group, compared with the control group.
Similarly, to our findings, they found a significant
reduction in serum MDA level, compared with placebo.

Obesity and experience of chemotherapy are the
two risk factors for reducing antioxidative enzymes,
such as SOD among overweight and obese breast can-
cer patients (41). The other mechanism that leads to
an antioxidant activity of probiotic species is upregu-
lating the gene expression of SOD and GPx in cells
(42). Our results showed that 10-wk synbiotic supple-
mentation among overweight and obese women with
BCRL during a weight reduction program resulted in
a significant increase of SOD, without affecting the
concentrations of GPx.

Contrary to our findings, Gomes et al. showed that
consumption a probiotic mix consisted of L. acidoph-
ilus and casei; Lactococcuslactis; B. bifidum and lactis
(2� 1010 CFU/d) for 8 wk among overweight and
obese women, who were all given a low calorie diet
(LCD), led to a significant increase in the activity of
GPx, without affecting the concentrations of SOD in
comparison with the LCD group (24).

Another study conducted by Kleniewska et al.
reported insignificant effects of daily synbiotic supple-
mentation of 4� 108 CFU/gr of L. casei plus 400mg
of inulin for 7 wk on SOD and GPx activity compared
to control among healthy volunteers.

Despite the mechanisms mentioned about the abil-
ity of probiotics to elevating antioxidative enzymes
such as GPx and SOD, synbiotic intervention among
our participants could not lead to significant improve-
ment of GPx. Particular design of studies, including
different patients’ characteristics or different types of
probiotic intervention, might be the causes of
observed inconsistent results related to antioxidant
status after probiotic intervention.

BCRL as a chronic condition was influenced by
excess body weight (6). Obesity, which correlated with
oxidative stress, should be considered as an important
risk factor for developing lymphedema especially after
surgery in BC patients (6,7). As expected in the pre-
sent trial, following LCD program resulted in signifi-
cant reduction in body weight, BMI measure, waist
circumference, fat percent, and skin fold thicknesses
after 10 wk in both groups. Interestingly, women in
the synbiotic group experience significant reduction in
edema volume at the end of the trial.

One of the our hypothesis about the relationship
between probiotic consumption and improvement of
BCRL is that probiotic administration, with antioxi-
dant properties, can result in reduction of inflamma-
tion, which is one of the major risk factors for
developing lymphedema (6). With regard to this
hypothesis, within-group comparisons in our study
revealed significant decreases in the volume of edema
among survivors with BCRL who received synbiotic
supplements.

However, no significant differences were observed
between groups in the measures of anthropometric
parameters at the end of the study. One of the most
important reasons for inconsistent results regarding the
probiotics’ effects on anthropometric parameters is the
participation of different population with various
physiological and hormonal characteristics in studies.

Besides the potential strengths of our study like
using probiotic intervention for the first time among
patients with BCRL, we should also mention some of
the limitations of our trial, including lack of fecal bac-
terial load measurements before and after the synbi-
otic supplementation. In addition, there was no
chance to evaluate the gene expression of antioxida-
tive enzymes in participants. The findings cannot
be extended to men or even other types of can-
cer survivors.
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Conclusion

Our findings reveal that 10-wk synbiotic supplementa-
tion along with a LCD program among overweight
and obese patients with BCRL led to the significant
reduction in MDA levels and elevation of SOD
enzymes. We did not observe any detrimental effect
of probiotic supplementation on GPx and TAC levels.
Synbiotic may have a positive influence on edema vol-
ume in the intervention group compared to the base-
line volume, However, no significant differences were
found in either of edema measurements in the inter-
vention group compared with placebo. Further
randomized clinical trial studies are needed to ascer-
tain the optimal dose and length of synbiotic treat-
ment as well as elucidating the confident antioxidant
benefits of the synbiotics in patients with BCRL.
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