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Abstract
Purpose The world’s older population is growing rapidly and the need to find measures to combat age-associated decline of 
physical, mental, and cognitive functions and improve their health-related quality of life (HRQOL) is escalating. Biobran/
MGN-3, an arabinoxylan rice bran, has been previously reported to improve the quality of life in cancer patients. The objec-
tive of the current study was to examine the effect of a low dose of Biobran/MGN-3 supplementation on the HRQOL in a 
healthy older adult population.
Methods Sixty apparently healthy subjects, 40 males and 20 females, over 56 years old were recruited and blindly rand-
omized into two group receiving either placebo or Biobran/MGN-3 (250 mg/day for 3 months). Participants did not take 
any vitamins or medications during the study and their health was closely monitored. HRQOL was assessed at the initiation 
and termination of the study using the previously validated Arabic version of SF-12v2 questionnaire.
Results For all measured HRQOL domains, there was no statistically significant difference in baseline scores between the 
two groups. Compared to baseline values and placebo-treated subjects, Biobran/MGN-3 supplementation significantly 
enhanced the levels of physical and mental component summary scores as well as role-physical, bodily pain, vitality, and 
social functioning subdomain scores.
Conclusion These results show that Biobran/MGN-3 is a promising psychoneuroimmune modulatory agent that could 
improve the HRQOL in healthy old adults.
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Introduction

Population aging is rapidly emerging as a major public 
health challenge with projected serious implications in 
almost all life aspects including social, labor, financial, 
and health care and all civil services [1]. The global popu-
lation aged more than 60 years reached 962 million in 
2017, which was more than twice as large as the number 
in 1980 [2]. This number is expected to double again by 
2050 to reach nearly 2.1 billion [2]. Defining old age is 
a complicated process that depends not only on chrono-
logical age but also on the cultural norms by which each 
society makes sense of old age. While the United Nations 
generally use 60 years to define older population [3], most 
developed countries use a chronological age of 65 years 
to define old age. In African nations, the World Health 
Organization (WHO) suggests a cut-off chronological age 
somewhere between 50 and 55 years to define old age [3]. 
Aging is typically associated with significant increase in 
the risk of developing chronic diseases and often results 
in decline of health-related quality of life (HRQOL), 
which involves physical, mental and psychological health 
[4]. Developing interventions that foster healthy aging 
and counteract age-related decline of HRQOL was at the 
frontier of medical research recommended by the WHO 
comprehensive action plan to meet the population aging 
challenge [1].

HRQOL is a broad concept that encompasses the con-
cepts of both health and quality of life (QOL), which by 
definition are very broad concepts. Health was defined 
by the WHO as a state of complete physical, mental, and 
social health and not merely absence of disease or infir-
mity [5]. The WHO defines the QOL as the “individuals’ 
perception of their position in life in the context of the cul-
ture and value systems in which they live and in relation to 
their goals, expectations, standards and concerns” [6]. The 
integration of the concepts of health and QOL is reflected 
in the HRQOL definition, which assesses how well a per-
son functions in his/her life and his/her perceived well-
being in physical, mental, and social domains of health [7]. 
HRQOL is being increasingly used as a health outcome. 
It has been used to evaluate the impact of illness, treat-
ment intervention, clinical trial intervention, and provided 
health services [8, 9].

Several instruments have been developed to evaluate 
HRQOL. One of the most investigated instruments is the 
12-item short form health survey version 2 (SF-12v2) 
(Quality Metric Inc., Lincoln, RI, USA). SF-12v2 is a 
multipurpose generic questionnaire that was developed 
in the United States from the first version SF-12v1. The 
short versions were developed as short substitutes to the 
36-item SF36. The SF-12v2 was demonstrated to provide 

a valid and reliable assessment that was comparable to that 
of SF36 while having the advantage of being easier and 
quicker to complete [10, 11]. Therefore, SF-12v2 has been 
used by several health care delivery organizations such as 
the National Commission on Quality Assurance (NCQA) 
and Pacific Business Group to conduct the annual mem-
ber health care survey and to monitor treatment outcomes, 
respectively [12]. In addition, the SF-12v2 became the 
instrument of choice for use in population health surveys 
and large scale clinical studies. The instrument has been 
validated for several chronic diseases and conditions as 
well as in the general population of various ethnic groups 
[10, 13–16].

The SF-12v2 assesses the subject’s rating of eight 
HRQOL domains encompassing physical functioning (PF), 
role-physical (RP, limitations due to physical functioning), 
bodily pain (BP), general health (GH) perceptions, vital-
ity (VT), social functioning (SF), role emotion (RE, role 
limitations due to emotional problems), and mental health 
(MH). In addition, two summary scores, physical component 
summary (PCS) and mental component summary (MCS) 
scale scores, could be derived from the eight domain scores 
[10, 17]. The PCS and MCS are computed using principle 
component analysis (PCA). Weighting coefficients gained 
by PCA have been gathered for data from the US general 
population [17]. These weighting coefficients have been sug-
gested to be applied for different countries and ethnic groups 
to facilitate comparison across different studies [17]. This 
approach offers a great advantage when applied in countries 
where no large scale normative data are available. Several 
studies have demonstrated that SF-12v2 summary scores do 
not necessarily reflect individual SF-12v2 domain scores. 
Therefore, it is also important that all SF-12v2 domain 
scores be reported and interpreted alongside the summary 
scores [18].

Psychoneuroimmunology research provides solid evi-
dence for the reciprocal interaction between the immune 
system and psychosocial and cognitive functions in humans 
[19–21]. Chronic psychosocial stress, depression, and aging 
were found to exhibit abnormal pro-inflammatory cytokine 
levels, decreased lymphocyte proliferation and reactiv-
ity, decreased natural killer cell activity, and decreased 
cell mediated immunity [22, 23]. Conversely, therapeutic 
modulation of immune functions was reported to impact 
physiological, psychosocial, and cognitive functions [24, 
25]. For example, reducing pro-inflammatory cytokines 
could relieve mode disorders and depressive symptoms of 
treatment-resistant depression [25, 26].

Biobran/MGN-3, a rice bran-derived nutritional sup-
plement, has previously been proven to be a potent immu-
nomodulatory agent with compelling anticancer activity in 
both animal models and cancer patients [27, 28]. Biobran/
MGN-3 has also been shown to improve HRQOL in cancer 
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patients [29–31]. Immune enhancement could be the under-
lying mechanism of both Biobran/MGN-3’s anticancer effect 
and its ability to improve HRQOL in cancer patients. In the 
current study we hypothesize that Biobran/MGN-3, by vir-
tue of its known potent immune enhancement effect, could 
induce psychoneuroimmuno-modulatory effects that could 
be detected and measured via HRQOL scores in old adults.

Subjects and methods

Biobran/MGN‑3

Biobran/MGN-3 is a denatured hemicellulose that is 
obtained by reacting rice bran hemicellulose with multiple 
carbohydrate hydrolyzing enzymes from Shiitake mush-
rooms. It is an arabinoxylan with a xylose in its main chain 
and an arabinose polymer in its side chain [32]. Subjects 
were treated with Biobran/MGN-3 at a dose of 250 mg/day 
aliquoted in sachets that were taken orally with meals for 
3 months. Biobran/MGN-3 was provided by Daiwa Phar-
maceutical Co. Ltd., Tokyo, Japan.

Study design

Sixty apparently healthy older adults subjects (≥ 56 years 
old) of both sexes (40 males and 20 females) were recruited 
from local residents visiting outpatient clinics at Zagazig 
University Hospital, Zagazig, Egypt, using a systematic ran-
dom sampling technique (random selection of first person, 
followed by selection of every fourth person). Age ≥ 56 years 
was used because the WHO suggests a cut-off chronological 
age somewhere between 50 and 55 years to define old age 
in African nations [3]. Males and females were randomly 
assigned to either the Biobran/MGN-3 group (n = 30, 20 
males and 10 females, 250 mg/day orally for 3 months) or 
the placebo control group (n = 30, 20 males and 10 females, 
250 mg/day orally for 3 months). Blinding was ensured at 
all study levels, including during the randomization process, 
study participants’ and physician’s involvement, and statisti-
cal analysis. Informed consents were obtained from willing 
participants after explaining the study purpose and design. 
During the study, the enrolled subjects were instructed not to 
take any over the counter drugs including vitamins without 
consulting the study principle investigator. Each participant 
was asked to report the occurrence of any adverse effects. 
When reported, clinical verification of the condition was 
made via a thorough clinical examination with consultation 
of a specialist if needed. After verification of the condition, 
a decision was made to either interrupt Biobran/MGN-3 sup-
plementation or continue with the necessary therapy at home 
without interruption of Biobran/MGN-3 supplementation. 
Follow-up was continued until the condition was completely 

alleviated or further treatment was offered. Assessment of 
the participants’ HRQOL was made at the initiation and ter-
mination of the study (3 months post intervention) using the 
previously validated Arabic version of the SF-12v2 survey 
(www.optum .com).

The study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and was approved by 
Institutional Review Board (IRB approval no. 1507, June 
2018), Zagazig University Hospital, Faculty of Medicine.

Inclusion criteria

Subjects 56 years or older who were willing to provide 
written consent to participate voluntarily in the study were 
included in the study.

Exclusion criteria

We excluded subjects with current or a history of infec-
tions or malignancies, autoimmune disorders, marked por-
tal hypertension and pancytopenia, or major psychological 
insult. We also excluded those who were using antiviral 
therapy, vitamin or antibiotic supplements, and patients 
receiving other antiviral or anticancer therapies (radiation, 
chemotherapy).

Instrument and score calculation

The validated Arabic version of the health-related qual-
ity of life SF-12v2 health questionnaire was used. The 
questionnaire yields two summary scores (physical and 
mental component) and eight health-related domain scores 
(GH, PF, RP, RE, BP, MH, VT, and SF). The scores were 
calculated as described by the developer [10]. Briefly, 
after data entry, any out of range scores that were erro-
neously entered either as lower than or higher than the 
minimum or maximum pre-coded values, respectively, 
were recoded as missing. The scores of general health 
(Q1), bodily pain (Q5), vitality (Q6b), and mental calm-
ness/peacefulness (Q6a) were reverse-coded so that higher 
scores reflected better health status (Labels starting with 
Q refer to specific question numbers and parts on the SF-
12v2 questionnaire). The general health code, from excel-
lent to poor, was recalibrated to values of 5.0, 4.4, 3.4, 
2.0, and 1.0, which has been reported to achieve a bet-
ter linear fit to the underlying measured health response. 
The eight health domain components were constructed 
as follows: GH = Q1, PF = Q2a + Q2b, RP = Q3a + Q3b, 
RE = Q4a + Q4b, BP = Q5, MH = Q6a + Q6c, VT = Q6b, 
and SF = Q7. Raw scores of each health domain were com-
puted by algebraic summation of item scores in the same 
domain and then transformed to the 0–100 scale using 
the following equation: transformed score = ((actual raw 

http://www.optum.com
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score − lowest possible raw score)/(possible raw score 
range) × 100). The normalized-based score (Z-score) of 
each health component domain was obtained using the 
mean and standard deviation (SD) of the U.S. health 
population. This approach could be applied for different 
countries and was recommended to facilitate comparison 
of different health score domains and cross-cultural com-
parisons of results [33]. The aggregate physical (AGG-
PHYS) and mental (AGGMENT) summary scores were 
calculated using linear addition of the eight health com-
ponent Z-scores after being multiplied by their respec-
tive coefficient factor derived from principle component 
analysis with orthogonal rotation of the 1990 general 
U.S. population data as follows: AGGPHYS = (PF 
Z-score × 0.42402) + (RP Z-score × 0.35119) + (BP 
Z-score × 0.31754) + (GH Z-score × 0.24954) + (VT 
Z-score × 0.02877) + (SF Z-score × − 0.00753) + (RE 
Z-score × − 0.19206) + (MH Z-score × − 0.22069); 
and AGGMENT = (PF Z-score × − 0.22999) + (RP 
Z-score × − 0.12329) + (BP Z-score × − 0.09731) + (GH 
Z-score × − 0.01571) + (VT Z-score × 0.23534) + (SF 
Z-score × 0.26876) + (RE Z-score × 0.43407) + (MH 
Z-score × 0.48581). Finally, the normalized-based T-scores 
of physical and mental component scores together with the 
eight health domain Z-scores were obtained by subjecting 
them to a linear transformation operation consisting of 
multiplication by ten followed by addition of 50, which 
had achieved a mean of 50 and SD of 10 in the 1998 U.S. 
general population.

Statistical analysis

Continuous variables were expressed as mean ± SD and 
categorical variables were presented as number and per-
cent. Two-tailed student t-test for continuous variables 
that were normally distributed or Fisher exact test for cat-
egorical sparse data were used to compare the intervention 
and the placebo groups, whereas two-tailed paired t-test 
was used to examine the effect of treatment intervention 
within a group (i.e., compare post-treatment level with 
the pre-treatment level) for each group. For non-normally 
distributed data, we used non-parametric Wilcoxon-Signed 
Rank test for paired data to examine the effect of treatment 
within groups. We used non-parametric analysis of covari-
ance (RANCOVA) in order to compare the 3 months post-
treatment HRQOL domain scores between the Biobran/
MGN-3 and placebo groups. In order to adjust for differ-
ences in the baseline score levels, the baseline values were 
used as covariate. p values < 0.05 were considered statisti-
cally significant. To produce graphs, the mean ± SD was 
used. SPSS version 22 (IBM Corp., Armonk, NY, USA) 

and GraphPad Prism 6 (GraphPad Software, San Diego, 
CA, USA) were used for statistical analysis.

Sample size

A power analysis using an effect size of 0.4 for a repeated 
measure analysis of variance with two measurements in two 
groups, taking into consideration the possibility of within 
(between two time points) and between (Biobran/MGN-3 
and time) interactions, was performed using G*Power soft-
ware package (Version 3.1.9.2; Franz Faul, Germany). The 
effect size of 0.4 was chosen based on our hypothesized pos-
itive correlation between Biobran/MGN-3-induced immune 
enhancement and improvement of HRQOL. An effect size of 
0.4 was related to, but considerably lower than, 0.8, which 
we previously found suitable to detect the immunomodual-
ory effect of Biobran/MGN-3 [34]. With the criterion of 
significance (α) set at 0.05, a sample size of 30 subjects per 
group (total of 60 subjects) results in a power of more than 
0.95 to yield statistically significant results.

Results

Results of this study summarize the HRQOL changes among 
older adults post-exposure to Biobran/MGN-3 at 250 mg/
day for 3 months. Results were compared with the baseline 
values as well as with a placebo group.

HRQOL domain scores were not different 
between the groups at the initiation of the study

Table 1 shows the median and quartile baseline parameter 
values for the two groups in the study. There was no meas-
urable statistically significant difference in baseline values 
between subjects in the placebo- versus Biobran/MGN-3-
treated group.

Placebo supplementation did not induce any 
change in HRQOL scores

The effects of placebo supplementation for 3 months on 
different parameters of HRQOL are shown in Table 2 and 
Fig. 1. Placebo supplementation did not change any of the 
HRQOL parameters under investigation as compared to 
baseline values.

Biobran/MGN‑3 supplementation enhanced HRQOL 
domain scores

The effects of Biobran/MGN-3 supplementation for 
3 months on HRQOL domains are shown in Table 3 and 
Fig. 2. With the exceptions of physical functioning and 
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Table 1  Comparison of the 
initial HRQOL domain scores 
for Biobran/MGN-3 and 
placebo groups

a Both baseline and termination data or one of them were not-normally distributed as suggested by Shapiro–
Wilk and Kolmogorov–Smirnov tests
b Median value (lower quartile–upper quartile)
c Determined with Mann–Whitney test

HRQOL  domaina Placebob Biobran/MGN-3b p  Valuec

Physical component summary 48.3 (38.7–52.8) 44.7 (40.0–48.0) 0.487
Mental component summary 40.2 (32.4–47.3) 40.3 (29.8–52.1) 1.000
Physical functioning 47.9 (47.9–56.5) 47.9 (39.3–47.9) 0.404
Role-physical 43.4 (29.5–52.6) 38.7 (34.1–48.0) 0.659
Bodily pain 47.3 (37.1–47.3) 37.1 (37.1–47.3) 0.489
General health 44.7 (29.6–44.7) 44.7 (29.7–44.7) 0.651
Vitality score 47.7 (37.7–57.8) 47.7 (27.6–57.8) 0.777
Social functioning 36.4 (26.3–46.5) 41.4 (26.3–56.6) 0.404
Role-emotional 39.3 (33.7–44.9) 33.7 (28.1–44.9) 0.289
Mental health 43.2 (34.1–52.3) 46.3 (34.1–52.3) 0.994

Table 2  Placebo 
supplementation (250 mg/day) 
for 3 months did not affect 
any of the SF-12v2 HRQOL 
domains

a Either both of the baseline and termination data or one of them were not-normally distributed as deter-
mined by Shapiro–Wilk and Kolmogorov–Smirnov tests
b Median (lower quartile–upper quartile)
c Determined with Wilcoxon-signed rank test

HRQOL  domaina Baselineb Placebo  supplementationb p  Valuec

Physical component summary 48.3 (38.7–52.8) 44.0 (38.9–50.8) .441
Mental component summary 40.2 (32.4–47.3) 39.6 (32.7–49.8) .813
Physical functioning 47.9 (47.9–56.5) 47.9 (47.9–56.5) .857
Role-physical 43.4 (29.5–52.6) 38.7 (29.5–48.0) .539
Bodily pain 47.3 (37.1–47.3) 37.1 (26.9–47.3) .134
General health 44.7 (29.6–44.7) 44.7 (29.6–44.7) .97
Vitality score 47.7 (37.7–57.8) 37.7 (37.7–47.7) .345
Social functioning 36.4 (26.3–46.5) 36.4 (26.3–36.4) .38
Role-emotional 39.3 (33.7–44.9) 39.3 (33.7–44.9) .969
Mental health 43.2 (34.1–52.3) 40.2 (34.1–52.3) .818

Fig. 1  Effect of placebo on 
older adults HRQOL domains 
assessed by SF-12v2. Placebo 
supplementation (250 mg/day, 
3 months) did not improve any 
HRQOL domains (N = 30). The 
bars and error bars represent 
medians and inter-quartile 
ranges, respectively. PCS—
physical component summary, 
MCS—mental component 
summary, PF—physical func-
tioning, RP—role-physical, 
BP—bodily pain, GH—general 
health, VT—vitality, SF—social 
functioning, RE—role emotion, 
MH—mental health
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general health domains, older adults who received Biobran/
MGN-3 showed significant improvement across HRQOL 
domains as compared to baseline values (p < 0.05).

Comparison of Placebo with Biobran/MGN‑3

The difference in HRQOL domains 3  months post 
treatment for subjects receiving placebo versus Bio-
bran/MGN-3 are illustrated in Table 4. Results showed 

statistically significant differences in post-treatment 
HRQOL domain scores for 6 out of 10 parameters 
(p < 0.05). The noticeable improvements gained by sub-
jects supplemented with Biobran/MGN-3 included physi-
cal component summary and role-physical, mental health, 
bodily pain, social functioning, and vitality scores. Our 
results indicate that Biobran/MGN-3 supplementation 
for 3 months significantly improved these parameters of 
healthy older adults as compared to the placebo group at 
3 months.

Table 3  Biobran/MGN-3 
supplementation (250 mg/
day) for 3 months significantly 
improved most of SF-12v2 
older adults HRQOL domains

*Significant at p ≤ 0.05
a Both baseline and termination data or one of them were non-normally distributed as suggested by Shap-
iro–Wilk and Kolmogorov–Smirnov tests
b Median values (lower quartile–upper quartile)
c Determined with Wilcoxon-signed rank test

HRQOL  domaina Baselineb Biobran/MGN-3 
 supplementationb

p  Valuec

Physical component summary 44.7 (40.0–48.0) 49.21 (38.5–57.7) .047*
Mental component summary 40.3 (29.8–52.1) 46.6 (43.6–52.1) .003*
Physical functioning 47.9 (39.3–47.9) 47.9 (39.3–56.5) .660
Role-physical 38.7 (34.1–48.0) 48.0 (38.7–57.2) .002*
Bodily pain 37.1 (37.1–47.3) 47.3 (37.1–57.4) .006*
General health 44.7 (29.7–44.7) 44.7 (29.6–55.5) .083
Vitality score 47.7 (27.6–57.8) 57.8 (47.7–57.8) .001*
Social functioning 41.4 (26.3–56.6) 46.5 (36.4–56.6) .012*
Role-emotional 33.7 (28.1–44.9) 42.1 (39.3–44.9) .003*
Mental health 46.3 (34.1–52.3) 52.3 (40.2–52.3) .002*

Fig. 2  Effect of Biobran/MGN-3 on older adults HRQOL domains 
assessed by SF-12v2. Biobran/MGN-3 supplementation (250  mg/
day, 3  months) has significantly improved many HRQOL domains 
(N = 30). The bars and error bars represent medians and inter-quartile 
ranges, respectively. PCS—Physical component summary, MCS—

Mental component summary, PF—physical functioning, RP—role-
physical, BP—bodily pain, GH—general health, VT—vitality, 
SF—social functioning, RE—role emotion, MH—mental health. 
*Significantly different from baseline value of Biobran/MGN-3 
treated group at p < 0.05 levels
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Discussion

The results of the current study demonstrate that Biobran/
MGN-3 at a low dose of 250 mg/day for 3 months can 
improve HRQOL in several key life domains including 
role-physical, bodily pain, vitality, and social functioning. 
Biobran/MGN-3 has previously been proven to be a potent 
anticancer agent, with extensive studies showing its abil-
ity to exert anticancer effects in animals bearing tumor [27, 
28] and in cancer patients [35]. Biobran/MGN-3’s ability 
to improve the HRQOL in cancer patients has also been 
studied. In a major clinical trial involving 152 patients with 
progressive and partially metastasized cancer with different 
types of malignancies (96 patients in the Biobran/MGN-3 
group and 56 in the control group), patients that were treated 
with Biobran/MGN-3 plus conventional therapy (CT) 
recorded marked improvement in appetite as compared with 
CT alone [29]. In another study that involved 35 patients 
with various cancer types, treatment with mistletoe lectin 
and Biobran/MGN-3 resulted in significant improvements 
to HRQOL parameters, including decreased pain, improve-
ment of anxiety, increase of physical activity, improvement 
of appetite, improvement of sleep, improvement of diges-
tion, and decrease of side effects during oncotherapy [30]. 
Improved HRQOL was also reported in one case report, a 
64-year-old female with terminal cancer and an extremely 
poor prognosis (umbilical metastasis of recurrent colorec-
tal cancer) who was treated with a combination of chemo-
therapy and Biobran/MGN-3 which led to a prolongation of 
lifespan (2 years) and maintenance of HRQOL [31].

The observation of HRQOL enhancements in the cur-
rent study stems from improvement of several key areas of 
healthy older adults subjects’ lives, including their levels of 

physical activity, vitality, mental health, cognitive activity, 
pain, and social functioning. Evidence that an improvement 
in physical activity (PA) is associated with improvements 
in psychological, cognitive, and functional health has been 
reported in many studies [36–38]. Furthermore, restricted 
PA is associated with decreased HRQOL and higher rates 
of morbidity and mortality [39]. In line with these observa-
tions, guidelines for Americans established in 2008 recom-
mend that all older adults should engage in regular PA [40, 
41], and the WHO recommends a weekly moderate exercise 
time of 150 min per week for older adults to obtain health 
benefits [42]. Results of the current study showed that Bio-
bran/MGN-3 supplementation for 3 months helped older 
adults to achieve significant improvements in PA as com-
pared to the placebo group and baseline values, suggesting 
that it could promote their ability to engage in regular physi-
cal activity. This finding is of particular interest given the 
wide variability in PA levels that have been seen in studies 
of older adults. In a systematic review of 53 studies by Sun 
and colleagues, 45 studies reported that only 20–60% of the 
older adults met the recommendations for PA levels [43].

In SF-12v2, role-physical (RP) measures subjects’ per-
ceived limitations in functioning due to physical problems, 
and the RP score combines the perceived personal satis-
faction with accomplished activities and the abandonment 
of desired activities due to physical limitation. As such, it 
could be envisioned that enhancement of RP scale could be 
achieved by improving bodily functions, alleviating physical 
limitation, or elevating a person’s satisfaction with perfor-
mance of accomplished activities. We did not detect sig-
nificant improvement in the physical functioning (PF) or 
general health (GH) domains in the Biobran/MGN-3 group 
in comparison to either the baseline values or the placebo 

Table 4  Comparison of 
HRQOL domain scores after 
supplementation of Biobran/
MGN-3 and placebo groups 
using non-parametric ranked 
analysis of covariance 
(RANCOVA)

Ranks of basal score levels were used as covariate
*Significant at p ≤ 0.05
a Both baseline and termination data or one of them were not-normally distributed as suggested by Shapiro–
Wilk and Kolmogorov–Smirnov tests
b Median value (lower quartile–upper quartile)

HRQOL  domaina Post Placebo 
 supplementationb

Post Biobran/MGN-3 
 supplementationb

F-test 
(Quade’s 
test)

p Value

Physical component summary 44.0 (38.9–50.8) 49.21 (38.5–57.7) 4.57 0.037*
Mental component summary 39.6 (32.7–49.8) 46.6 (43.6–52.1) 6.68 0.012*
Physical functioning 47.9 (47.9–56.5) 47.9 (39.3–56.5) 0.23 0.645
Role-physical 38.7 (29.5–48.0) 48.0 (38.7–57.2) 8.01 0.006*
Bodily pain 37.1 (26.9–47.3) 47.3 (37.1–57.4) 12.49 0.001*
General health 44.7 (29.6–44.7) 44.7 (29.6–55.5) 0.363 0.549
Vitality score 37.7 (37.7–47.7) 57.8 (47.7–57.8) 21.15 0.000*
Social functioning 36.4 (26.3–36.4) 46.5 (36.4–56.6) 12.96 0.001*
Role-emotional 39.3 (33.7–44.9) 42.1 (39.3–44.9) 0.55 0.462
Mental health 40.2 (34.1–52.3) 52.3 (40.2–52.3) 3.42 0.070
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group. Since PF measures ability limitations in performing 
moderately vigorous daily activities such as moving a table 
or pushing a vacuum cleaner, the lack of a positive effect of 
Biobran/MGN-3 on PF is not unexpected given the hetero-
geneous causes of physical limitation if present. GH is a gen-
eral assessment of the subject’s physical and mental health, 
and the lack of PF improvement could lead to the observed 
GH lack of improvement. While it may be puzzling at first 
that Biobran/MGN-3 could significantly improve RP without 
parallel improvements in PF and GH, one explanation can be 
drawn from the fact that Biobran/MGN-3 supplementation 
also induced improvements in vitality, mental health, social 
functioning, and role emotion scores.

The vitality scale measures the subjective feeling of 
energy/enthusiasm, and the resulting positive energy would 
enforce role emotion, social functioning, mental health, and 
role-physical, all of which are psychologically inter-related. 
Synergistic improvement in these domains could enhance 
the subject’s positive mood and ability for better planning 
and recruiting social support to execute the desired activ-
ity. Successful application of these functions to perform the 
desired activity could increase personal satisfaction of his 
or her abilities and, as such, the role function score. Collec-
tively, the SF-12v2 yielded two summary scores, namely, 
physical and mental component summary scores. Each sum-
mary score was calculated from all eight subdomains by 
principle component analysis with varimax rotation, and our 
study showed that Biobran/MGN-3 supplementation signifi-
cantly improved both.

HRQOL is very sensitive to pain. Biobran/MGN-3 sup-
plementation significantly reduced perceived bodily pain in 
the treatment group compared to the initial levels and to 
the placebo group. Several studies of HRQOL in the older 
population have examined its association with pain sever-
ity. A considerable percentage of older adults often suffer 
from pain and discomfort, including low back pain (LBP), 
as compared with younger groups [44, 45]. In addition, the 
manifestations of pain can compound with each other and 
with other HRQOL factors to lower overall HRQOL scores. 
LBP plus leg pain results in worse HRQOL as compared 
with LBP only [46], and pain is associated with psychologi-
cal difficulties and social restrictions which impair HRQOL. 
New and safe treatments that overcome pain are urgently 
needed, and the ability of Biobran/MGN-3 to decrease the 
pain severity in healthy older adults shown here is of par-
ticular interest.

Finally, social active participation has been shown to 
play an important role in the emotional well-being of older 
population and is a pivotal factor in HRQOL. The capacity 
of people to share positive emotions with others has been 
shown to have a positive effect in maintaining successful 
social relationships and to improve personal well-being [47]. 
The breakdown in the social self, known as loneliness, has 

a profound impact on HRQOL as it is usually associated 
with cognitive decline, depression, and dementia that leads 
to more social isolation [48, 49]. Lonely older age subjects 
have demonstrated an upregulation of pro-inflammatory 
nuclear factor-kappa B (NF-κB) and downregulation of 
anti-inflammatory glucocorticoid receptor as compared with 
non-lonely subjects [50, 51]. Successful social relationships 
has been rated as the most important aspect associated with 
high HRQOL [52, 53]. Results of the current study reveal 
that healthy older adults supplemented with Biobran/MGN-3 
at a low dose of 250 mg/day for 3 months have significant 
improvements in their social behavior.

The mechanisms underlying Biobran/MGN-3’s effect on 
HRQOL parameters may be due in part to Biobran/MGN-3’s 
action on the immune system. With regard to cognitive func-
tion and mental health, psychoneuroimmunology studies 
have revealed comprehensive reciprocal crosstalk between 
the nervous and immune systems [54–56]. Peripheral inflam-
mation can influence mood and psychological status. Pro-
inflammatory cytokines such as interleukin-1 (IL-1), tumor 
necrosis factor-alpha (TNF-α), and interferon-gamma (IFN-
γ) have been proposed to act as neuromodulators involved 
in the mediation of the behavioral and neurochemical fea-
tures of depressive disorders [57, 58], with strong evidence 
coming from the finding that anti-inflammatory drugs can 
alleviate depression [59].

The peripheral immune system and the central nervous 
system may share some of the same key signaling molecules, 
such as the receptors for the classic neurotransmitters ace-
tylcholine and dopamine [60, 61]. Effects of psychological 
stress on immune functions have been examined in several 
studies. Downregulation of NK cell activity and reduction 
in their absolute numbers has been reported in human sub-
jects after exposure to stressors such as hip fracture-induced 
depression [62], threatening life events among hospitalized 
depressed patients [63], temporally confined naturalis-
tic stressor (academic stress) [64], and examination stress 
among medical students [65, 66]. Other studies reported 
decreased percentages of helper T-cells and cytotoxic T-cells 
among medical students [67]. Chronic stress reduces T cell 
mediated immunity, including a decrease of T cell response 
to mitogens, cytokine production and CD4+ T-lymphocytes 
[68], and the low percentages of total T-lymphocytes (OKT-
3+) and helper T-cells (OKT-4 +) among family caregiv-
ers of Alzheimer’s disease victims [69]. Biobran/MGN-3 
has been shown to be a potent immunomodulator that has 
the ability to enhance human NK cell activity [34, 70] and 
CD4+ and CD8+ T-cell responses to mitogens [32]. This 
suggests that the cognitive improvement of older adults in 
the current study may be attributed to increased immune cell 
functioning post treatment with Biobran/MGN-3.

Older adults are known to be susceptible to viral infec-
tion and cancer, and in this context, Biobran/MGN-3’s 
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immunomodulatory capabilities can activate dendritic 
cells (DCs) [71, 72] and enhance human NK cell activity 
in young adults [70] and in older adults [34]. We believe 
that the improvement in social behavior is due to augmen-
tory effects of Biobran/MGN-3 on different arms of the 
immune system, based on the fact that NK cells play a 
critical role in host immune defense against viral infec-
tions and tumors [73] and DC cells exhibit potent antican-
cer effect [74, 75]. It is also of interest to note that chronic 
fatigue syndrome (CFS), a disease that is characterized 
by fatigue, cognitive difficulties, and impaired memory, 
is associated with a decrease of NK cell activity and a 
reduced response of T-cells to mitogens and other specific 
antigens. These immune abnormalities may result in alter-
ations to the central nervous system functioning in people 
with CFS [76]. Given that Biobran/MGN-3 induces NK 
activation [34, 70] and T cell response to mitogens [32], 
Biobran/MGN-3 may be helpful in increasing cognitive 
performance in people with CFS.

The strength of our study stems from the use of a rand-
omized double-blind placebo-controlled study design. The 
placebo supplement (provided by the manufacturer, Daiwa 
Pharmaceutical Co. Ltd., Tokyo, Japan) was impossible to 
distinguish from Biobran/MGN-3 except by the provided 
code. Limitations in the study, namely the use of a small 
sample size (30 subjects/group) and the lack of assessment 
of immunological changes induced by Biobran/MGN-3 
due to cost limitations, prohibited us from making stronger 
claims about correlations between HRQOL improvement 
and immunological modulations.

We conclude that ingestion of Biobran/MGN-3 at a low 
dose (250 mg/day) for 3 months can improve HRQOL in 
healthy older adults. Biobran/MGN-3 is a safe and non-
toxic agent, and its effect on HRQOL in older adults 
should be studied further.

Acknowledgements The authors would like to thank Daiwa Pharma-
ceutical Co., Ltd., Tokyo, Japan for providing Biobran/MGN-3. We 
also appreciate the assistance of Dr. B. J. Winjum in preparing the 
manuscript.

Compliance with ethical standards 

Conflict of interest Dr. Elsaid, Dr. Fahmi, and Dr. Shaheen have noth-
ing to disclose; Dr. Ghoneum has received grants from Daiwa Pharma-
ceutical Co., Ltd., Japan, outside the submitted work.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee (Zagazig University Hos-
pital, Faculty of Medicine, IRB approval no. 1507, June 2018) and with 
the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

References

 1. He, W., Goodkind, D., & Kowal, P. (2016). An aging world: 2015. 
Washington, DC: U.S. Census Bureau, International Population 
Reports, U.S. Government Publishing Office.

 2. United Nations, Department of Economic and Social Affairs, 
Population Division. (2017). World population aging 2017- high-
lights. (ST/ESA/SER.A/397).

 3. World Health Organization. (2002). “Proposed working definition 
of an older person in Africa for the MDS Project.” Retrieved July 
11, 2019, from http://www.who.int/healt hinfo /surve y/agein gdefn 
older /en/index .html.

 4. Kennedy, B. K., Berger, S. L., Brunet, A., Campisi, J., Cuervo, 
A. M., Epel, E. S., et al. (2014). Geroscience: Linking aging to 
chronic disease. Cell, 159, 709–713.

 5. WHO. Preamble to the Constitution of the World Health Organi-
zation as adopted by the International Health Conference, New 
York, 19–22 June, 1946; signed on 22 July 1946 by the representa-
tives of 61 States (Official Records of the World Health Organiza-
tion, no 2, p. 100) and entered into force on 7 April 1948.

 6. Kuyken, W., & Group, T.W. (1995). The World Health Organiza-
tion Quality of Life assessment (WHOQOL): Position paper from 
the World Health Organization. Social Science and Medicine, 41, 
1403–1409.

 7. Hays, R. D., & Reeve, B. B. (2010). Measurement and modeling 
of health-related quality of life. In J. Killewo, H. K. Heggenhou-
gen, & S. R. Quah (Eds.), Epidemiology and demography in pub-
lic health (pp. 195–205). San Diego: Academic Press.

 8. Wilson, I. B., & Cleary, P. D. (1995). Linking clinical variables 
with health-related quality of life. A conceptual model of patient 
outcomes. Journal of the American Medical Association, 273, 
59–65.

 9. Carr, A. J., & Higginson, I. J. (2001). Are quality of life measures 
patient centered? British Medical Journal, 322, 1357.

 10. Ware, J. E., Kosinski, M., Turner Bowker, D. M., & Gandek, B. 
(2002). How to score version 2 of the SF-12 health survey. Lin-
coln: Quality Metrics.

 11. Cheak-Zamora, N. C., Wyrwich, K. W., & McBride, T. D. (2009). 
Reliability and validity of the SF-12v2 in the medical expenditure 
panel survey. Quality of Life Research, 18, 727–735.

 12. Islam, N., Khan, I. H., Ferdous, N., & Rasker, J. J. (2017). Transla-
tion, cultural adaptation and validation of the English “Short form 
SF 12v2” into Bengali in rheumatoid arthritis patients. Health and 
Quality of Life Outcomes, 15, 109.

 13. Montazeri, A., Vahdaninia, M., Mousavi, S. J., Asadi-Lari, M., 
Omidvari, S., & Tavousi, M. (2011). The 12-item medical out-
comes study short form health survey version 2.0 (SF-12v2): A 
population-based validation study from Tehran, Iran. Health and 
Quality of Life Outcomes, 9, 12.

 14. Monteagudo Piqueras, O., Hernando Arizaleta, L., & Palomar 
Rodriguez, J. A. (2009). Reference values of the Spanish version 
of the SF-12v2 for the diabetic population. Gaceta Sanitaria, 23, 
526–532.

 15. Kim, S. H., Jo, M. W., Ahn, J., Ock, M., Shin, S., & Park, J. 
(2014). Assessment of psychometric properties of the Korean 
SF-12 v2 in the general population. BMC Public Health, 14, 1086.

 16. Obtel, M., El Rhazi, K., Elhold, S., Benjelloune, M., Gnatiuc, 
L., & Nejjari, C. (2013). Crosscultural adaptation of the 12-Item 
Short-Form survey instrument in a Moroccan representative Sur-
vey. Southern African Journal of Epidemiology and Infection, 28, 
166–171.

 17. Fleishman, J. A., Selim, A. J., & Kazis, L. E. (2010). Deriving 
SF-12v2 physical and mental health summary scores: A compari-
son of different scoring algorithms. Quality of Life Research, 19, 
231–241.

http://www.who.int/healthinfo/survey/ageingdefnolder/en/index.html
http://www.who.int/healthinfo/survey/ageingdefnolder/en/index.html


 Quality of Life Research

1 3

 18. Taft, C. (2001). Reply to Drs Ware and Kosinski. Quality of Life 
Research, 10, 415–420.

 19. Zachariae, R. (2009). Psychoneuroimmunology: A bio-psycho-
social approach to health and disease. Scandinavian Journal of 
Psychology, 50(6), 645–651.

 20. Antoni, H. M. (2003). Psychoneuroendocrinology and psycho-
neuroimmunology of cancer: Plausible mechanisms worth pur-
suing? Brain, Behavior, and Immunity, 17(Suppl 1), S84–S91.

 21. Green McDonald, P., O’Connell, M., & Lutgendorf, S. K. 
(2013). Psychoneuroimmunology and cancer: A decade of dis-
covery, paradigm shifts, and methodological innovations. Brain, 
Behavior, and Immunity, 30(Suppl), S1–S9.

 22. Vitlic, A., Lord, J. M., & Philips, A. C. (2014). Stress, ageing 
and their influence on functional, cellular and molecular aspects 
of the immune system. Age., 36, 1169–1185.

 23. Morey, J. N., Boggero, I. A., Scott, A. B., & Segerstrom, S. C. 
(2015). Current directions in stress and human immune func-
tion. Current Opinion in Psychology., 5, 13–17.

 24. Sartori, A. C., Vance, D. E., Slater, L. Z., & Crowe, M. (2012). 
The impact of inflammation on cognitive function in older 
adults: Implications for healthcare practice and research. Jour-
nal of Neuroscience Nursing, 44, 206–217.

 25. Bhattacharya, A., Derecki, N. C., Lovenberg, T. W., & Drevets, 
W. C. (2016). Role of neuro-immunological factors in the patho-
physiology of mood disorders. Psychopharmacology (Berl), 
233, 1623–1636.

 26. Li, C. T., Chen, M. H., Lin, W. C., Hong, C. J., Yang, B. H., 
Liu, R. S., et al. (2016). The effects of low-dose ketamine on the 
prefrontal cortex and amygdala in treatment-resistant depres-
sion: A randomized controlled study. Human Brain Mapping, 
37, 1080–1090.

 27. Noaman, E., Badr El-Din, N. K., Bibars, M. A., Abou Mossal-
lam, A. A., & Ghoneum, M. (2008). Antioxidant potential by 
arabinoxylan rice bran, MGN-3/biobran, represents a mecha-
nism for its oncostatic effect against murine solid Ehrlich car-
cinoma. Cancer Letters, 268, 348–359.

 28. Badr El-Din, N. K., Noaman, E., & Ghoneum, M. (2008). 
In vivo tumor inhibitory effects of nutritional rice bran sup-
plement MGN-3/Biobran on Ehrlich carcinoma-bearing mice. 
Nutrition and Cancer, 60, 235–244.

 29. Takahara, K., & Sano, K. (2004). The life prolongation and 
QOL improvement effect of rice bran arabinoxylan derivative 
(MGN-3. Bio-Bran) for progressive cancer. Clinical Pharma-
cology and Therapeutics, 14, 267–271.

 30. Hajto, T., Horvath, A., & Papp, S. (2016). Improvement of qual-
ity of life in tumor patients after an immunomodulatory treat-
ment with standardized mistletoe lectin and arabinoxylan plant 
extracts. International Journal of Neurorehabilitation, 3, 1–3.

 31. Kawai, T. (2004). A case of a patient with umbilical metstasis of 
recurrent cancer (Sister Mary Joseph’s Nodule, SMJN) who has 
survived for a long time under immunomodulatory supplement 
therapy. Clinical Pharmacology and Therapeutics, 14, 281–288.

 32. Ghoneum, M. (1998). Anti-HIV activity in vitro of MGN-3, an 
activated arabinoxylane from rice bran. Biochemical and Bio-
physical Research Communications, 243, 25–29.

 33. Ware, J. E., Keller, S. D., Gandek, B., Brazier, J. E., & Sullivan, 
M. (1995). Evaluating translations of health status question-
naires. Methods from the IQOLA project. International Qual-
ity of Life Assessment. International Journal of Technology 
Assessment in Health Care., 11, 525–551.

 34. Elsaid, A. F., Shaheen, M., & Ghoneum, M. (2018). Biobran/
MGN-3, an arabinoxylan rice bran, enhances NK cell activity 
in geriatric subjects: A randomized, double-blind, placebo-con-
trolled clinical trial. Experimental and Therapeutic Medicine, 
15, 2313–2320.

 35. Bang, M. H., Van Riep, T., Thinh, N. T., le Song, H., Dung, T. T., 
Van Truong, L., et al. (2010). Arabinoxylan rice bran (MGN-3) 
enhances the effects of interventional therapies for the treatment 
of hepatocellular carcinoma: A three-year randomized clinical 
trial. Anticancer Research, 30, 5145–5151.

 36. Warburton, D. E., Nicol, C. W., & Bredin, S. S. (2006). Health 
benefits of physical activity: The evidence. Canadian Medical 
Association Journal, 174, 801–809.

 37. Hong, S. Y., Hughes, S., & Prohaska, T. (2008). Factors affecting 
exercise attendance and completion in sedentary older adults: A 
meta-analytic approach. Journal of Physical Activity and Health, 
5, 385–397.

 38. Hupin, D., Roche, F., Gremeaux, V., Chatard, J. C., Oriol, M., 
Gaspoz, J. M., et al. (2015). Even a low-dose of moderate-to-
vigorous physical activity reduces mortality by 22% in adults 
aged ≥ 60 years: A systematic review and meta-analysis. British 
Journal of Sports Medicine, 49(19), 1262–1267.

 39. Kohl, H. W., Craig, C. L., Lambert, E. V., Inoue, S., Alkandari, J. 
R., Leetongin, G., et al. (2012). The pandemic of physical inactiv-
ity: Global action for public health. Lancet, 380, 294–305.

 40. Carlson, S. A., Fulton, J. E., Schoenborn, C. A., & Loustalot, F. 
(2010). Trend and prevalence estimates based on the 2008 Physi-
cal Activity Guidelines for Americans. American Journal of Pre-
ventive Medicine, 39, 305–313.

 41. Kruger, J., Carlson, S. A., & Buchner, D. (2007). How active are 
older Americans? Preventing Chronic Disease, 4, A53.

 42. World Health Organization. (2010). Global recommendations on 
physical activity for health. Geneva: World Health Organization.

 43. Sun, F., Norman, I. J., & While, A. E. (2013). Physical activity in 
older people: A systematic review. BMC Public Health, 13, 449.

 44. Luthy, C., Cedraschi, C., Allaz, A. F., Herrmann, F. R., & Ludwig, 
C. (2015). Health status and quality of life: Results from a national 
survey in a community-dwelling sample of elderly people. Quality 
of Life Research, 24, 1687–1696.

 45. Cedraschi, C., Luthy, C., Allaz, A. F., Herrmann, F. R., & Ludwig, 
C. (2016). Low back pain and health-related quality of life in 
community-dwelling older adults. European Spine Journal, 25, 
2822–2832.

 46. Hicks, G. E., Gaines, J. M., Shardell, M., & Simonsick, E. M. 
(2008). Associations of back and leg pain with health status and 
functional capacity of older adults: Findings from the retire-
ment community back pain study. Arthritis & Rheumatology, 59, 
1306–1313.

 47. Morelli, S. A., Lieberman, M. D., & Zaki, J. (2015). The emerg-
ing study of positive empathy. Social and Personality Psychology 
Compass, 9, 57–68.

 48. Gow, A. J., Corley, J., Starr, J. M., & Deary, I. J. (2013). Which 
social network or support factors are associated with cognitive 
abilities in old age? Gerontology, 59, 454–463.

 49. O’Luanaigh, C., O’Connell, H., Chin, A. V., Hamilton, F., Coen, 
R., Walsh, C., et al. (2012). Loneliness and cognition in older 
people: the Dublin Healthy Ageing study. Aging & Mental Health, 
16, 347–352.

 50. Cole, S. W., Hawkley, L. C., Arevalo, J. M. G., & Cacioppo, J. 
T. (2011). Transcript origin analysis identifies antigen present-
ing cells as primary targets of socially regulated leukocyte gene 
expression. Proceedings of the National academy of Sciences of 
the United States of America, 15, 3080–3085.

 51. Creswell, J. D., Irwin, M. R., Burklund, L. J., Lieberman, M. D., 
Arevalo, J. M. G., Ma, J., et al. (2012). Mindfulness-based stress 
reduction training reduces loneliness and pro-inflammatory gene 
expression in older adults: A small randomized controlled trial. 
Brain, Behavior, and Immunity, 26, 1095–1101.

 52. Berra, K. (2003). The effect of lifestyle interventions on quality of 
life and patient satisfaction with health and health care. Journal 
of Cardiovascular Nursing, 18, 319–325.



Quality of Life Research 

1 3

 53. Borg, C., Hallberg, I. R., & Blomqvist, K. (2006). Life satisfac-
tion among older people (65+) with reduced self-care capacity: 
The relationship to social, health and financial aspects. Journal 
of Clinical Nursing, 15, 607–618.

 54. Ader, R., Cohen, N., & Felten, D. (1995). Psychoneuroimmunol-
ogy: Interactions between the nervous system and the immune 
system. Lancet, 345, 99–103.

 55. Tracey, K. J. (2009). Reflex control of immunity. Nature Reviews 
Immunology, 9, 418–428.

 56. Pavlov, V. A., & Tracey, K. J. (2015). Neural circuitry and immu-
nity. Immunologic Research, 63, 38–57.

 57. Schiepers, O. J., Wichers, M. C., & Maes, M. (2005). Cytokines 
and major depression. Progress in Neuro-Psychopharmacology 
and Biological Psychiatry, 29, 201–217.

 58. Lotrich, F. E. (2015). Inflammatory cytokine-associated depres-
sion. Brain Research, 1617, 113–125.

 59. Zhang, X., Du, Q., Liu, C., Yang, Y., Wang, J., Duan, S., et al. 
(2016). Rhodioloside ameliorates depressive behavior via up-reg-
ulation of monoaminergic system activity and anti-inflammatory 
effect in olfactory bulbectomized rats. International Immunophar-
macology, 36, 300–304.

 60. Pacheco, R., Prado, C. E., Barrientos, M. J., & Bernales, S. (2009). 
Role of dopamine in the physiology of T-cells and dendritic cells. 
Journal of Neuroimmunology, 216, 8–19.

 61. Rosas-Ballina, M., Olofsson, P. S., Ochani, M., Valdés-Ferrer, 
S. I., Levine, Y. A., Reardon, C., et al. (2011). Acetylcholine-
synthesizing T cells relay neural signals in a vagus nerve circuit. 
Science, 334, 98–101.

 62. Duggal, N. A., Upton, J., Phillips, A. C., Hampson, P., & Lord, 
J. M. (2015). NK cell immunesenescence is increased by psy-
chological but not physical stress in older adults associated with 
raised cortisol and reduced perforin expression. Age (Dordrecht, 
Netherlands), 37, 9748.

 63. Irwin, M., Patterson, T., Smith, T. L., Caldwell, C., Brown, S. A., 
Gillin, J. C., et al. (1990). Reduction of immune function in life 
stress and depression. Biological Psychiatry, 27, 22–30.

 64. Maydych, V., Claus, M., Dychus, N., Ebel, M., Damaschke, J., 
Diestel, S., et al. (2017). Impact of chronic and acute academic 
stress on lymphocyte subsets and monocyte function. PLoS ONE, 
12, e0188108.

 65. Glaser, R., Rice, J., Speicher, C. E., Stout, J. C., & Kiecolt-Glaser, 
J. K. (1986). Stress depresses interferon production by leukocytes 
concomitant with a decrease in natural killer cell activity. Behav-
ioral Neuroscience, 100, 675–678.

 66. Kiecolt-Glaser, J. K., Garner, W., Speicher, C., Penn, G. M., 
Holliday, J., & Glaser, R. (1984). Psychosocial modifiers of 

immunocompetence in medical students. Psychosomatic Medi-
cine, 46, 7–14.

 67. Glaser, R., Kiecolt-Glaser, J. K., Stout, J. C., Tarr, K. L., Speicher, 
C. E., & Holliday, J. E. (1985). Stress-related impairments in cel-
lular immunity. Psychiatry Research, 16, 233–239.

 68. Frick, L. R., Arcos, M. L., Rapanelli, M., Zappia, M. P., Brocco, 
M., Mongini, C., et al. (2009). Chronic restraint stress impairs 
T-cell immunity and promotes tumor progression in mice. Stress, 
12, 134–143.

 69. Kiecolt-Glaser, J. K., Glaser, R., Shuttleworth, E. C., Dyer, C. S., 
Ogrocki, P., & Speicher, C. E. (1987). Chronic stress and immu-
nity in family caregivers of Alzheimer’s disease victims. Psycho-
somatic Medicine, 49, 523–535.

 70. Ghoneum, M. (1998). Enhancement of human natural killer cell 
activity by modified arabinoxylan from rice bran (MGN-3). Inter-
national Journal of Immunotherapy, 14, 89–99.

 71. Ghoneum, M., & Agrawal, S. (2011). Activation of human mono-
cyte-derived dendritic cells in vitro by the biological response 
modifier arabinoxylan rice bran (MGN-3/Biobran). International 
Journal of Immunopathology and Pharmacology, 24, 941–948.

 72. Ghoneum, M., & Agrawal, S. (2014). MGN-3/Biobran enhances 
generation of cytotoxic CD8 + T cells via upregulation of dec-205 
expression on dendritic cells. International Journal of Immuno-
pathology and Pharmacology, 27, 523–530.

 73. Chiossone, L., Dumas, P. Y., Vienne, M., & Vivier, E. (2018). 
Natural killer cells and other innate lymphoid cells in cancer. 
Nature Reviews Immunology, 18, 671–688.

 74. Anguille, S., Smits, E. L., Lion, E., van Tendeloo, V. F., & 
Berneman, Z. N. (2014). Clinical use of dendritic cells for cancer 
therapy. Lancet Oncology, 15, e257–e267.

 75. Chrisikos, T. T., Zhou, Y., Slone, N., Babcock, R., Watowich, 
S. S., & Li, H. S. (2018). Molecular regulation of dendritic cell 
development and function in homeostasis, inflammation, and can-
cer. Molecular Immunology, 110, 24–39.

 76. Lorusso, L., Mikhaylova, S. V., Capelli, E., Ferrari, D., Ngonga, 
G. K., & Ricevuti, G. (2009). Immunological aspects of chronic 
fatigue syndrome. Autoimmunity Reviews, 8, 287–291.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The enhancing effects of BiobranMGN-3, an arabinoxylan rice bran, on healthy old adults’ health-related quality of life: a randomized, double-blind, placebo-controlled clinical trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	BiobranMGN-3
	Study design
	Inclusion criteria
	Exclusion criteria
	Instrument and score calculation
	Statistical analysis
	Sample size

	Results
	HRQOL domain scores were not different between the groups at the initiation of the study
	Placebo supplementation did not induce any change in HRQOL scores
	BiobranMGN-3 supplementation enhanced HRQOL domain scores
	Comparison of Placebo with BiobranMGN-3

	Discussion
	Acknowledgements 
	References




