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Increase in muscle mass associated with the prebiotic effects of 
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Sarcopenia causes functional disorders and decreases the quality of life. Thus, it has attracted substantial 
attention in the aging modern world. Dysbiosis of the intestinal microbiota is associated with sarcopenia; however, 
it remains unclear whether prebiotics change the microbiota composition and result in the subsequent recovery 
of muscle atrophy in elderly patients with sarcopenia. This study aimed to assess the effects of prebiotics in super-
elderly patients with sarcopenia. We analyzed the effects of 1-kestose on the changes in the intestinal microbiota 
and body composition using a next-generation sequencer and a multi-frequency bioimpedance analysis device. 
The Bifidobacterium longum population was significantly increased in the intestine after 1-kestose administration. 
In addition, in all six patients after 12 weeks of 1-kestose administration, the skeletal muscle mass index was 
greater, and the body fat percentage was lower. This is the first study to show that administration of a prebiotic 
increased the population of B. longum in the intestinal microbiota and caused recovery of muscle atrophy in 
super-elderly patients with sarcopenia.
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INTRODUCTION

Sarcopenia is associated with a progressive, systemic loss of 
skeletal muscle mass (SMM) and strength [1]. It causes functional 
disorders and decreases the quality of life; hence, it has attracted 
substantial attention in the aging modern world. Recently, a study 
on germ-free mice noted that the removal of intestinal microbiota 
caused muscle atrophy, while the administration of microbial 
metabolites partly reversed skeletal muscle impairments in these 
mice [2]. The relationship between intestinal microbiota and 
muscle mass has been reported; it was noted that dysbiosis of 
the intestinal microbiota was associated with sarcopenia [3]. 
Nevertheless, it remains unclear whether prebiotics or probiotics 
change the intestinal microbiota composition, leading to a 
recovery of muscle atrophy in elderly patients with sarcopenia.

It has been reported that 1-kestose (a component of 

fructooligosaccharide, which is composed of one glucose and two 
fructose molecules) has prebiotic properties and can increase the 
Bifidobacterium population in the intestinal microbiota in rats [4]. 
Therefore, in this study, we analyzed the changes in the intestinal 
microbiota and body composition (such as muscle mass) as 
the prebiotic effects of 1-kestose in super-elderly patients with 
sarcopenia.

MATERIALS AND METHODS

Subjects and study protocol
The European working group on sarcopenia in older people 

recommends using the presence of both a low muscle mass and 
low muscle function (strength or performance) for the diagnosis 
of sarcopenia [1]. The study subjects were six elderly patients 
(90.8 ± 5.4 years) who were admitted to palliative care units 
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and were diagnosed with sarcopenia due to a low muscle mass 
(skeletal muscle index [SMI] <5.66 kg/m2), low muscle strength 
(handgrip strength <20 kg), and low physical performance 
(usual gait speed <0.8 m/sec). Regarding underlying diseases, 
five patients had a history of cerebral infraction, and one had a 
history of cirrhosis. The Eastern Cooperative Oncology Group 
performance status (PS) was 3 (capable of only limited selfcare, 
confined to bed or chair for more than 50% of their waking hours) 
in all patients whose sarcopenia was closely related to their life 
prognosis (Table 1). All patients were stable and had experienced 
long hospital stays. No probiotics or antibiotics had been used 
during the observation period.

The patients were orally administered 10 g/day of 1-kestose 
(purify >95%, B Food Science Co., Ltd., Aichi, Japan) twice a 
day for 12 weeks (Fig. 1A). We assessed the body composition, 
blood parameters (albumin, lipids, HbA1c, etc.), and intestinal 
microbiota before and after 1-kestose administration. For 
body composition assessment, we used a multi-frequency 
bioimpedance analysis device (InBody S10, InBody Japan, 
Tokyo, Japan) and measured the SMI, SMM, trunk muscle (TM), 
total muscle mass (TMM), body fat mass (BFM), and body fat 
percentage (BFP) before and 12 and 52 weeks after 1-kestose 
administration. For intestinal microbiota evaluation, we used a 
next-generation sequencer (Illumina’s MiSeq) and conducted 
16S rRNA metagenome analysis before and 4, 8, 12, and 16 

weeks after 1-kestose administration (Fig. 1A). The intestinal 
microbiota composition was evaluated using Quantitative Insights 
Into Microbial Ecology (QIIME) ver. 1.9.1, and β-diversity was 
measured by analysis of UniFrac distances.

Intestinal sample collection
Intestinal samples (approximately 100 mg) were suspended in 

900 µL of guanidine thiocyanate solution (100 mM Tris–HCl [pH 
9.0], 40 mM EDTA, and 4 M guanidine thiocyanate) and frozen 
at −80°C until further analysis [5].

DNA preparations from intestinal samples
The collected samples were sent to the laboratory of Miyarisan 

Pharmaceutical Co., Ltd. and stored at 4°C. DNA was extracted 
from collected fecal samples using a glass bead extraction method 
and purified, according to a previously reported method [6]. 
The amount of DNA was determined using a QuantiFluor ONE 
dsDNA System and Quantus Fluorometer (Promega, Madison, 
WI, USA).

PCR amplification and analysis of 16S rRNA sequences
The V3–V4 region of the 16S rRNA gene was amplified from 

stool DNA samples by PCR using a TaKaRa Ex Taq Hot Start 
PCR mixture (Takara Bio, Shiga, Japan). The primers used for 
PCR amplification were 341F and 805R, which contained the 

Fig. 1. Schema of the study protocol (A). Time course analysis of the intestinal microbiota. The data are shown for cases 1–6 at every time point 
(before and 4, 8, 12, and 16 weeks after 1-kestose administration) (B). Time course of Bifidobacterium at the genus level (C). Time course of 
Bifidobacterium longum at the species level (D). Bars show the SD of the data. Data were analyzed using the Friedman test, followed by the 
Wilcoxon signed-rank test (*p<0.05; **p<0.01).
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Illumina index and sequencing adapter overhangs [7]. PCR assays 
were performed using a TaKaRa PCR Thermal Cycler Dice Touch 
device (Takara Bio, Shiga, Japan) with the following parameters: 
initial denaturation at 98°C for 30 sec, followed by 35 cycles of 
98°C for 10 sec and 60°C for 30 sec. The PCR products were 
purified and size-selected using SPRIselect (Beckman Coulter, 
Brea, CA, USA). DNA concentrations were quantified with a 
QuantiFluor ONE dsDNA System and Quantus Fluorometer 
(Promega, Madison, WI, USA), and equal amounts of purified 
PCR products were pooled for subsequent Illumina MiSeq 
sequencing. Sequencing was carried out with MiSeq Regent 
Kit V3 (600 cycles; Illumina, San Diego, CA, USA), according 
to the manufacturer’s instructions. Sequence processing and 
quality assessment were performed using the QIIME package 
(version 1.9.1; http://qiime.org), open-source software created 
to address the problem of obtaining sequencing data from raw 
sequences for interpretation and database deposition [8]. To 
obtain an overall diversity analysis for subsequent comparative 
and statistical evaluations, we merged the Biological Observation 
Matrix (BIOM) tables provided by QIIME into a unique biom 
table using a script included in the QIIME package. Paired-end 
reads were merged using the Fastq-join script in ea-utils with 
the parameters m =6 and p=20 and then quality-filtered using 
QIIME’s script split_libraries_fastq.py (r=3, p=0.75, q=20, n=0). 
De novo and reference-based chimera detection and removal 
were performed using USEARCH v6.1 with the Greengenes 
v13.8 database. Operational taxonomic units (OTUs) were 
chosen using an open reference OTU-picking pipeline against 
the 97% identity of the pre-clustered Greengenes v13.8 database 
using UCLUST. According to the manufacturer, a QIIME 
alpha diversity analysis script is used to perform rarefaction 
analysis by subsampling the OTU biom table on the basis of the 
minimum rarefaction depth value chosen by the user depending 
on the minimum number of sequences/samples obtained. For 
our subset, this value was 35,807. Then, using different metrics, 
alpha diversity was computed for each rarefied OTU table. We 
used two non-phylogeny-based metrics: Chao 1 and the Shannon 
index. After performing the rarefaction evaluation, the QIIME 
beta diversity analysis script was used to compute beta diversity 
with the rarefied OTUs table using different metrics. We used 
phylogeny-based metrics (unweighted and weighted UniFrac) 
[9]. Finally, the script was used to obtain a distance metric to 
compute the principal coordinate analysis (PCoA) and convert it 
into plots for the visualization of results. We used PERMANOVA 
to evaluate the statistical significance of beta diversity distances.

Statistical analysis
The relative abundance of bacterial genera and alpha-diversity 

indices were compared between the groups using the Friedman 
test following by the Wilcoxon signed-rank test in the R software. 
The significance of beta-diversity was evaluated by PERMNOVA 
in QIIME 1.9.1.

Body composition and blood parameters are expressed as the 
mean ± SE. A two-sided Student’s two-sample paired t-test was 
used for statistical analyses with IBM SPSS Statistics, version 
24.0 (IBM SPSS Japan Inc., Tokyo, Japan). In this study, values 
of p<0.05 were considered statistically significant.

Ethics approval and consent to participate
The study was reviewed and approved by the Institutional 

Review Board of Niigata University.

Consent for publication
Written informed consent was obtained from the patients for 

publication of the report and accompanying images.

RESULTS

Intestinal microbiota
Serial analysis of intestinal microbiota showed a substantial 

increase in the Bifidobacterium population, and Bifidobacterium 
longum (at the species level) was the only intestinal organism 
to have increased significantly 4 (p<0.05) and 8 weeks (p<0.01) 
after 1-kestose administration (Fig. 1B–D) as compared with 
the control (0 weeks). The Supplementary Figure shows the 
numerical data on the serial evaluation of the intestinal microbiota 
in the study subjects.

The α-diversity analysis of the species distribution is shown 
in Fig. 2A. Using the Chao 1 index and the Shannon index, we 
examined the richness and evenness of the intestinal microbiota in 
the study groups. There were no significant intergroup differences 
in the Chao1 and Shannon indices. In addition to assessing the 
α-diversity, we used weighted and unweighted UniFrac distances 
to assess the intergroup similarities in the intestinal microbial 
communities, i.e., the β-diversity. Using weighted distances, a 
significant difference was observed only between 0 and 4 weeks; 
however, the PCoA plots did not show a clear separation of one 
group from the others (Fig. 2B).

Body composition and blood parameters
Comparison of body composition between before and 12 

weeks after 1-kestose administration showed that while the 
body weight and body mass index did not change significantly, 

Table 1. Patient characteristics

Case Age 
(yrs) Gender Underlying  

disease
SMI 

(kg/m²)
HS 
(kg)

Means of 
transportation PS Prognosis

1 88 F Cirrhosis 4.9 8 Wheelchair 3 Death
2 98 F Cerebral infraction 2.7 5.5 Wheelchair 3 Survival
3 95 F Cerebral infraction 2.2 4.5 Wheelchair 3 Survival
4 88 M Cerebral infraction 4.4 15 Crutch gait 3 Death
5 82 F Cerebral infraction 4.2 8.5 Wheelchair 3 Survival
6 94 F Cerebral infraction 4.5 7.5 Wheelchair 3 Survival

SMI: skeletal muscle index; HS: handgrip strength; PS: performance status.
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the average (mean ± SD) SMI, SMM, TM, and TMM values 
were significantly higher and the BFP was significantly lower 
in all patients after 12 weeks (0 weeks→12 weeks; 24.6 ± 
3.6→26.4 ± 3.9, p<0.01, for TMM; 10.8 ± 2.1→12.0 ± 2.2, 
p<0.01, for TM; 12.8 ± 2.3→13.9 ± 2.5, p<0.01, for SMM; 3.8 
± 1.0→4.2 ± 1.1, p<0.01, SMI; and 34.8 ± 8.4→30.6 ± 9.7, 
p<0.05, for BFP; Fig. 3). Apart from 1-kestose administration, 
there were no other factors (such as antibiotic administration or 
a change in medication) that affected the intestinal microbiota 
in our subjects. There were no other factors that could increase 
muscle weight during the administration of 1-kestose, because 
the elderly people in the palliative care unit could not receive 
intensive rehabilitation during the 1-kestose administration 
period. We also evaluated the relationship between the increase 
in the Bifidobacterium population and muscle mass; however, we 
could not find a significant relationship between the two. Fifty-
two weeks after 1-kestose administration, two of the six patients 
died (Table 1); of the remaining patients, muscle mass decreased 
to the baseline level in three, whereas it increased in one due to 
sufficient rehabilitation (Fig. 3).

We compared the blood data between before and 12 weeks after 
1-kestose administration. A slight, though significant, increase in 
the HbA1c level was detected after 12 weeks as compared with 
the control (5.4→5.5%; p<0.05). However, all changes in the 
HbA1c levels were also within the normal range. There were no 
significant differences in the other blood parameters, including 
the cholesterol level (Fig. 4).

DISCUSSION

This study is the first to show evidence of the prebiotic effect 
of 1-kestose, which increased the population of Bifidobacterium 
longum in the intestinal microbiota and caused recovery from 
muscle atrophy in super-elderly patients with sarcopenia. Our 
results are consistent with those of an animal study in which 
Lactobacillus casei and B. longum improved physiological 
function and enhanced muscle strength in aged mice by 
regulating the intestinal microbiota [10]. Our study also supports 
the findings of an animal study that showed that a reduced muscle 
mass was associated with a distinct microbiota composition and 
reduced fermentative capacity in mice; the administration of 
probiotics and butyrate to mouse models with muscle wasting 
was associated with improved muscle mass [3, 11]. However, 
no studies have targeted the human microbiome associated with 
sarcopenia. While some reports have suggested interactions 
between the intestinal microbiota and secreted factors such as 
myokines in the skeletal muscle [12], it is necessary to perform 
detailed analyses on the underlying mechanisms by which 
1-kestose improves muscle atrophy via B. longum.

Skeletal muscles collectively comprise the largest human 
organ. The muscle has recently attracted attention because of its 
functions, such as metabolism, secretion, and maintenance of 
morphology. Some reports have been published on the relationship 
between muscle atrophy and disease, emphasizing the necessity 
of therapeutic interventions against sarcopenia [1, 3]. It has also 

Fig. 2. The α-diversity and β-diversity data for this study. Bars show the SD of the data. The α-diversity was analyzed using the Friedman test, 
followed by the Wilcoxon signed-rank test in the R software (A). The significance of β-diversity was evaluated by PERMNOVA in QIIME 1.9.1 (B).
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been reported that the combined effect of probiotics and exercise 
leads to an improvement in muscular strength and power [13, 
14]. Carbohydrate fermentation is a core activity of the human 
intestinal microbiota; it produces energy and is responsible for the 
carbon metabolism in the colon [15]. However, there have been 
no previous reports regarding the relationship between 1-kestose, 
B. longum, and sarcopenia in humans. In this study, alteration 
of the intestinal microbiota (increased B. longum population) 
through 1-kestose administration led to the improvement of 

muscle atrophy in our patients with sarcopenia.
A relationship between microbiota composition and obesity has 

also been reported; fecal abundance of Bifidobacterium was found 
to be significantly lower in obese subjects than in lean subjects 
[16, 17]. Furthermore, the positive effects of Bifidobacterium 
breve strain B-3 (one of the promising anti-obesogenic strains) 
on body fat reduction in pre-obese adults have been reported [18]. 
Our study also showed that the administration of prebiotics was 
associated with a reduction in the BFP, thereby supporting the 

Fig. 3. Comparison of body composition between before and 12 and 52 weeks after 1-kestose administration (*p<0.05; **p<0.01). Significant 
increases in the SMI (p<0.01), SMM (p<0.01), TM (p<0.01), and TMM (p<0.01) and a significant decrease in BFP (p<0.05) were detected after 12 
weeks as compared with the control. BW: body weight; BMI: body mass index; SMI: skeletal muscle mass index; SMM: skeletal muscle mass; TM: 
trunk muscle; TMM: total muscle mass; BFM: body fat mass; BFP: body fat percentage.

Fig. 4. The blood data before and 12 weeks after 1-kestose administration. A significant increase in the HbA1c level (p<0.05) was detected after 12 
weeks as compared with the control. TP: total protein; Alb: albumin; FBS: fasting blood sugar; TG: triglyceride; TC: total cholesterol; HDL: high-
density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol.
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findings of these reports.
1-kestose has also been shown to improve lipid metabolism and 

insulin resistance in rats by altering the intestinal microbiota [4, 
19]. In our study, no significant differences in the blood parameters 
were noted between before and after 1-kestose administration, 
with the exception of a slight increase in the HbA1c values (which 
were still within the normal range). These data also suggest that 
1-kestose administration may have prevented the deterioration of 
blood parameters in the elderly patients.

In conclusion, our findings suggest an attractive supportive 
therapy for elderly sarcopenia patients. However, the change of 
gut microbial composition was subtle and transient, so further 
studies on a large scale are essential to conclude that 1-kestose 
has a beneficial effect on sarcopenia. Its combination with 
probiotics and/or additional support, such as rehabilitation, may 
further result in positive effects. We believe that there are multiple 
possibilities for 1-ketose to contribute to the improvement of the 
quality of life in the elderly.
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