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Background/Aims
Probiotics are expected to confer benefits on patients with constipation, but how probiotics act on constipated patients with variable 
stool consistencies remains unclear. We investigated the effect of Lactobacillus casei strain Shirota (LcS) on constipation-related 
symptoms, especially stool consistency, of constipated patients.

Methods 
Constipated patients meeting the Rome III criteria were divided into 3 groups according to the Bristol Stool Form Scale (BSFS): hard 
(hard stool [HS], BSFS < 3), normal (normal stool [NS], 3 ≤ BSFS ≤ 4), and soft (soft stool [SS], 4 < BSFS ≤ 5) stools. Subjects in each 
group consumed a probiotic beverage containing 1010 colony-forming units of LcS daily for 28 days. 

Results
LcS intervention significantly alleviated constipation-related symptoms and increased defecation frequency in all subjects. Four weeks 
of LcS supplementation softened the hard stools in HS, hardened the soft stools in SS, and did not alter the ideal stool consistency in 
NS. The short-chain fatty acid (SCFA) concentrations were highest in SS, followed by NS and HS. LcS intervention increased the stool 
SCFA levels in HS but reduced or did not alter the levels in NS and SS. LcS intervention increased the Pseudobutyrivibrio and Roseburia 
abundances in HS and decreased the Pseudobutyrivibrio abundance in SS. 

Conclusions
LcS supplementation improved the constipation-related symptoms in constipated subjects. Differences in baseline stool consistency 
could result in different anti-constipation effects of LcS intervention. LcS balanced the stool consistency—softened the HS and 
hardened the SS. These effects could be associated with modulation of the gut microbiota and SCFA production.
(J Neurogastroenterol Motil 2019;25:148-158)
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Introduction 	

Constipation is common but bothersome, affecting approxi-
mately 8.2% of the Chinese population.1 Constipation, at its worst, 
can reduce work productivity, interfere with daily life activities, 
impair the quality of life, and lead to high costs of health mainte-
nance.2,3

The Rome III criteria, a widely used diagnostic tool for assess-
ing functional constipation, was created based on a diverse range of 
subjective or measurable symptoms associated with bowel move-
ment frequency, stool consistency (stool hardness), and easiness of 
defecation.4 Patients diagnosed as constipated based on the Rome 
III criteria had diverse symptoms, including straining during defe-
cation, hard stools, the urge to defecate with an inability to evacuate, 
infrequent stools, abdominal discomfort, a sensation of incomplete 
evacuation, and excessive defecation time.5 Of all the symptoms, 
stool consistency is one of the most critical diagnostic indicators. 
However, stool consistency is not the only factor considered by the 
Rome III criteria.6 It is possible to diagnose a patient with soft stool 
as being constipated. It was also reported that soft stools are often 
a complaint of patients with functional constipation and those who 
defecate three or more times per week.7

Dysbiosis of the gut microbiota has been hypothesized to 
contribute to the onset and clinical manifestation of constipation. 
Probiotics are widely used to modify the gut microbiota.8 Systematic 
reviews of randomized controlled trials have suggested the benefi-
cial effects of probiotics on constipation, but the outcomes varied 
greatly.9,10 For example, Bifidobacterium lactis lactis was reported 
to improve stool consistency, but contradictory results were also ob-
served.11,12 Lactobacillus casei strain Shirota (LcS) is also thought 
to be a promising strain for the alleviation of constipation, but the 
outcomes of studies on the effects of this strain have not been entirely 
consistent.10 Stool consistency might account for this discrepancy, as 
it was reported that LcS administration reduced hard stool consis-
tency in constipated patients but had no effect on constipated patients 
with normal stool consistency.13-15 Thus, we investigated the different 
effects of LcS on constipation in patients with distinct stool consis-

tencies and examined the microbiota underlying this difference.

Materials and Methods 	

Study Subjects
The study protocol was reviewed and approved by the ethics 

committee of the People’s Liberation Army Beijing Military Gen-
eral Hospital (research project identification No. 2015/105). All 
subjects provided signed informed consent. Subjects aged 18-45 
were recruited from Beijing, China, and screened according to the 
Rome III criteria for functional constipation. The exclusion criteria 
for this crowd experiment were as follows: serious diseases, organic 
or neurological lesions, systemic antibiotic or antimycotic use, an-
tidiarrheal or laxative use (30 days prior the study), milk allergy, and 
participation in other similar studies (2 months prior to the study). 

Study Design
This open trial consisted of a 2-week baseline period, a 4-week 

intake period, and a 2-week follow-up period in succession (Fig. 1). 
During the intake period, after their daily lunch, the subjects con-
sumed 1 bottle of the commercial beverage Yakult (an LcS-ferment-
ed dairy beverage; 100 mL, containing 1×1010 living LcS cells; 
sponsored by Yakult (China) Corp, Shanghai, China). Subjects were 
required to maintain their eating habits throughout the study. Other 
fermented dairy products, laxatives, antibiotics or medications that 
might interfere with study outcomes were not allowed.

Subjects were required to rate the severity of constipation-
related symptoms as described by Sakai.13 Painful effort, feeling 
of incomplete evacuation and straining during defecation were as-
sessed on a 4-point scale (1, none; 2, little; 3, some; and 4, a lot). 
The number of minutes spent in the lavatory per attempt was also 
assessed: less than 5 minutes was scored as 1, no less than 5 and less 
than 10 as 2, no less than 10 and less than 20 as 3, more than 20 as 4. 
Unsuccessful defecation attempts and abdominal discomfort were 
recorded in the diary on a daily basis (1, never; 2, rarely; 3, some-
times; and 4, always).

Stool consistency assessed by the Bristol Stool Form Scale 

Period

LcS intake

Days

Baseline Intake 1 Follow-up

Screening Stool collection Stool collection Stool collection Stool collection

0 14 28 42 56

Intake 2

No Yes No

Figure 1. Study design. The subjects 
consumed only Lactobacillus casei strain 
Shirota (LcS)-fermented dairy beverage 
during the intake period. Intake 1, the 
first 2-week LcS intake period; intake 
2, the second 2-week LcS intake period; 
follow-up, 2-week following LcS intake.
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(BSFS) and defecation frequency were recorded in the daily diary.16 
The BSFS classified stool into 3 categories according to score: 1-2, 
hard stool (HS); 3-4, normal stool (NS); and 4-5, soft stool (SS). 
Subjects received adequate training before using the BSFS. Then, 
the subjects were assigned into these 3 categories on the basis of 
the BSFS.17 As shown in Figure 1, stool samples were collected on 
days 14 (baseline visit), 28 (intake 1 visit), 42 (intake 2 visit), and 
56 (follow-up visit) according to the study schedule. Stool samples 
were immediately transported to the laboratory in cold containers (< 
10°C) and stored at –80°C until analysis.

Measurement of Short-chain Fatty Acid Levels
Short-chain fatty acids (SCFAs) were extracted from the stool 

samples as previously described, with slight modifications.18 Briefly, 
0.1 g of the stool samples were homogenized by a Mini Bead-
beater-16 (BioSpec Products, Inc, Bartlesville, OK, USA) in 1 mL 
of diethyl ether containing 5 mmol/L heptatonic acid (internal stan-
dard) and 0.05 mol/L HCl (which acidified the mixture to form free 
SCFAs). Samples were centrifuged at 12 000 × g for 1 minute at 
4°C. The supernatant was extracted and used for SCFA detection.

SCFA levels were measured by gas chromatography (GC). 
The GC system consisted of a GC 7890A equipped with a flame 
ionization detector (Agilent Technologies, Inc, Santa Clara, CA, 
USA) and an HP-FFAP chromatographic column (25 m × 0.32 
mm i.d., 1 μm) (Agilent Technologies, Inc). The oven temperature 
was set as follows: maintained at 50°C for 3 minutes, increased 
at 5°C/min to 140°C for 1 minute, and increased at 30°C/min to 
240°C for 3 minutes. The injector temperature was 27°C, and the 
injection type was splitless. Nitrogen was used as the carrier gas, 
and 1 μL of the supernatant was injected for GC measurement.

Statistics
Data are reported as the mean ± SD unless otherwise indi-

cated. Statistical analysis was performed with SPSS Version 21 
(IBM Corp, Armonk, NY, USA). The Wilcoxon signed-rank test 
was applied to compare data between periods. The Wilcoxon rank-
sum test was applied to compare groups. Spearman correlation was 
used to evaluate BSFS scores and SCFA levels in RStudio (version 
0.99.902). Correlations were considered significant when P < 0.05 
(adjusted for a false discovery rate).

Illumina MiSeq Sequencing of the V3-V4 Regions of 
the Stool Bacterial 16S Ribosomal RNA Genes

DNA was extracted from the stool samples using the phenol-
chloroform method as described by Via and Falkinham.19 The V3-

V4 regions of the bacterial 16S ribosomal RNA genes were ampli-
fied by polymerase chain reaction (PCR) (95°C for 3 minutes, 
followed by 28 cycles of 95°C for 30 seconds, 55°C for 30 secconds, 
and 72°C for 45 seconds and a final extension at 72°C for 10 min-
utes) using the primers 338F (5’-barcode-ACTCCTACGGGAG-
GCAGCAG-3’) and 806R (5’-GGACTACHVGGGTWTC-
TAAT-3’), where the barcode was an 8-base sequence that was 
unique to each sample. PCRs were performed in triplicate 20-μL 
mixtures containing 4 μL of 5× FastPfu buffer, 2 μL of 2.5 mmol/
L dNTPs, 0.8 μL of each primer (5 μmol/L), 0.4 μL of FastPfu 
polymerase, and 10 ng of template DNA.

Amplicons were extracted from 2% agarose gels and purified 
using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, 
Inc, Union City, CA, USA) according to the manufacturer’s in-
structions and quantified with a QuantiFluor-ST (Promega Corp, 
Sunnyvale, CA, USA). Purified amplicons were pooled at equi-
molar concentrations and subjected to paired-end sequencing (2 × 
250) on an Illumina MiSeq platform (Illumina, Inc, San Diego, 
CA, USA) according to standard protocols. The raw reads were 
deposited into the National Center for Biotechnology Information 
Sequence Read Archive database. 

Raw FASTQ files were demultiplexed and quality-filtered us-
ing QIIME (version 1.17) with the following criteria: (1) 300-bp 
reads were truncated at any site receiving an average quality score 
< 20 over a 50-bp sliding window, discarding the truncated reads 
that were shorter than 50 bp. (2) Reads with incomplete barcode 
matches, 2-nucleotide mismatches in the primer annealing sites, 
or ambiguous bases were removed. (3) Only sequences that over-
lapped by more than 10 bp were assembled according to their over-
lap sequence, and reads that could not be assembled were discarded.

Operational taxonomic units (OTUs) were clustered with a 
97% similarity cutoff using UPARSE (version 7.1; http://drive5.
com/uparse/), and chimeric sequences were identified and removed 
using UCHIME analyses. Sequences aligned using ClustalW2 
were used to construct a neighbour-joining tree with the R pack-
age ape. The tree and OTU abundance were then used to calculate 
weighted UniFrac distances with the R package GUniFrac. OTUs 
with proportional abundances of at least 0.1% in at least 3 samples 
were retained for downstream analysis. The taxonomy of each 16S 
ribosomal RNA (rRNA) gene sequence was analysed by RDP 
Classifier (http://rdp.cme.msu.edu/) against the silva (SSU115) 
16S rRNA database using a confidence threshold of 70%.20

Bioinformatics and Statistical Methods
Samples were rarefied to a depth of 17 764 reads per sample. 
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The relative abundances of different genera in each sample were 
calculated with RStudio. To identify the differences in stool micro-
bial groups among the 3 groups at the baseline period or during 
LcS supplementation, repeated measures ANOVA was conducted 
by RStudio to evaluate the relative abundance of the intestinal flora 
at the genus level.21 Principal coordinate analysis (PCoA) based on 
weighted UniFrac distances of the OTUs was performed to obtain 
an overview of differences in the gut microbes between groups. 
Analysis of similarities (ANOSIM) was applied to compare 
weighted UniFrac distances between and within periods. Weighted 
UniFrac is a quantitative measure of diversity that can determine 
changes in the number of sequences from each lineage present as 
well as changes in the taxa present.22

Results 	

General Subject Characteristics
Eighty-two subjects enrolled in this study. There were 18 with-

drawals due to continued noncompliance with the requirements of 

the protocol (did not consume Yakult for 2 consecutive days, did not 
collect adequate stool samples, or did not submit stool samples on 
time) and 2 dropouts for personal reasons. A total of 62 constipated 
subjects completed the study, including 54 females and 8 males. 
There were 23, 27, and 12 subjects in the HS, NS, and SS groups, 
respectively. No significant differences were observed among these 
3 groups in terms of sex, height, weight, and body mass index (Table 
1), but the subjects in the HS group were significantly older than 
the others.

Effect of Lactobacillus casei Strain Shirota on 
Constipation-related Symptoms in All the Subjects

For all the subjects, 28 consecutive days of LcS supplementa-
tion significantly alleviated some constipation-related symptoms 
(including painful effort during defecation, feeling of incomplete 
evacuation, straining during defecation, minutes spent in the lava-
tory per attempt and abdominal discomfort) and helped increase the 
defecation frequency and BSFS score (Table 2). 

Table 1. Subject Demographics

Variable 
BSFS

P-value
HS (n = 23) NS (n = 27) SS (n = 12)

Sex (% of females) 83 85 100 > 0.999a

Age (yr) 27.5 (10.8) 24.0 (7.0) 23.0 (3.8) 0.007b

Height (m) 1.63 (0.13) 1.63 (0.10) 1.64 (0.06) 0.851b

Weight (kg) 57.5 (7.8) 55.0 (15.0) 52.5 (8.3) 0.503b

BMI (kg/m2) 21.0 (2.4) 20.7 (3.5) 19.6 (1.7) 0.448b

BSFS, Bristol Stool Form Scale; HS, hard stool; NS, normal stool; SS, soft stool; BMI, body mass index.
P-value was calculated by aChi-squared test, bKruskal Wallis test.
Data are presented as median (interquartile range).

Table 2. Effects of Lactobacillus casei strain Shirota on Constipation Symptoms and Defecation Frequency 

Symptom Baseline Intake 1 Intake 2 Follow-up

Painful effort during defecation 1.67 (1.29) 1.45 (1.14)a 1.15 (0.97)a 1.16 (0.88)a

Feeling of incomplete evacuation 2.27 (1.03) 2.01 (1.31)a 1.61 (1.28)a 1.53 (1.32)a

Straining during defecation 2.38 (0.83) 2.00 (0.67)a 1.75 (1.19)a 1.71 (1.17)a

Minutes spent in lavatory per attempt 1.90 (1.06) 1.68 (0.90) 1.68 (0.80)a 1.66 (0.94)a

Unsuccessful defecation attempt 1.13 (0.40) 1.08 (0.43) 1.09 (0.28) 1.00 (0.14)a

Abdominal discomfort 1.97 (1.03) 1.92 (1.10) 1.60 (1.03)a 1.30 (1.08)a

Defecation frequency (times/wk) 4.00 (2.50) 4.50 (2.50) 5.00 (2.50)a 5.25 (2.63)a

Stool consistency 3.18 (1.02) 3.44 (1.41)a 3.55 (1.02)a 3.19 (1.21)
aP < 0.05, vs baseline. 
Data are presented as mean ± SD.
Intake 1, 2-week Lactobacillus casei strain Shirota (LcS) intake; intake 2, 4-week LcS intake; follow-up, 2-week following LcS intake.
Data are presented as median (interquartile range).
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Effect of Lactobacillus casei Strain Shirota on Stool 
Consistency: Subanalysis Based on Bristol Stool 
Form Scale

After both 2 and 4 weeks of LcS intervention, the stool con-
sistencies were noticeably improved (Table 2). The effect of LcS 
on stool consistency varied among the different groups (Table 3). 
In the HS group, LcS supplementation significantly increased 

the BSFS score (from 2.50 to 3.04 after 4 weeks of intervention). 
However, in the SS group, LcS intake reduced the BSFS score 
(from 4.46 to 4.14 after 4 weeks of intervention). However, the 
BSFS score did not change substantially with LcS intervention in 
the NS group. These results suggested that LcS could effectively 
improve the stool consistency of constipated patients with hard 
stools.

Table 3. Effects of Lactobacillus casei Strain Shirota on Stool Consistency

Group Baseline Intake 1 Intake 2 Follow-up

HS 2.50 (1.13) 2.75 (0.84)a 3.04 (1.30)a 3.00 (1.43)a

NS 3.25 (0.39)b 3.63 (1.00) 3.63 (0.82) 3.25 (1.00)
SS 4.46 (0.39)b,c 4.50 (1.10) 4.14 (1.40)a 4.02 (1.76)a

aP < 0.05, vs baseline.
bP < 0.05, vs HS.
cP < 0.05, vs NS.
HS, hard stool; NS, normal stool; SS, soft stool; intake 1, 2-week Lactobacillus casei strain Shirota (LcS) intake; intake 2, 4-week LcS intake; follow-up, 2-week fol-
lowing LcS intake.
Data are presented as median (interquartile range).

Table 4. Effect of Lactobacillus casei Strain Shirota on Constipation Symptoms of Each Group

Symptom Group Baseline Intake 1 Intake 2 Follow-up

Painful effort during defecation HS 1.75 (0.99) 1.14 (0.88)a 1.00 (0.57)a 1.00 (0.46)a

NS 1.69 (1.29) 1.71 (1.14)a 1.25 (1.14)a 1.29 (0.9)a

SS 1.44 (1.30) 1.86 (1.35) 1.66 (1.63) 1.69 (1.20)
Feeling of incomplete evacuation HS 2.50 (1.09) 2.00 (0.99)a 1.46 (0.73)a 1.22 (1.12)a

NS 2.20 (0.84) 1.86 (1.33) 1.50 (1.72)c 1.36 (1.50)a

SS 2.37 (1.31) 2.55 (1.21) 2.23 (1.04) 1.73 (0.75)
Straining during defecation HS 2.76 (1.00) 2.00 (0.62)a 1.56 (0.79)a 1.56 (0.92)a

NS 2.25 (0.54)b 2.00 (1.04) 2.00 (1.22)a 1.90 (1.10)a

SS 1.97 (0.9)b,c 2.00 (0.59) 1.84 (1.32) 1.52 (1.20)a

Minutes spent in lavatory per attempt HS 1.92 (1.17) 1.57 (0.81) 1.75 (0.71)a 1.79 (0.79)a

NS 1.91 (1.13) 2.00 (0.69) 1.80 (0.92) 1.92 (1.14)
SS 1.44 (1.00) 1.25 (0.93) 1.25 (0.95) 1.22 (0.75)

Unsuccessful defecation attempt HS 1.35 (0.86) 1.08 (0.43) 1.04 (0.21)a 1.00 (0.14)a

NS 1.13 (0.33) 1.09 (0.50)a 1.06 (0.28)a 1.08 (0.15)a

SS 1.00 (0.22) 1.07 (0.40) 1.21 (0.5)a 1.00 (0.08)
Abdominal discomfort HS 1.90 (1.37) 1.86 (1.10) 1.57 (0.84)a 1.31 (0.74)a

NS 2.00 (0.92) 1.74 (0.97)a 1.29 (1.19)a 1.16 (1.06)a

SS 2.29 (1.56) 2.42 (1.05) 2.39 (1.34) 1.93 (1.64)
Defecation frequency HS 4.50 (3.50) 4.50 (3.00) 5.00 (3.00)a 5.00 (3.00)a

NS 4.00 (2.00) 4.50 (2.50) 5.00 (2.00)a 5.50 (3.00)a

SS 4.25 (1.25) 3.75 (2.38) 5.25 (1.88)a 5.25 (2.13)
aP < 0.05, vs baseline.
bP < 0.05, vs HS. 
cP < 0.05, vs NS.
HS, hard stool; NS, normal stool; SS, soft stool; intake 1, 2-week Lactobacillus casei strain Shirota (LcS) intake; intake 2, 4-week LcS intake; follow-up, 2-week fol-
lowing LcS intake.
Data are presented as median (interquartile range).
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Effect of Lactobacillus casei Strain Shirota on Other 
Constipation-related Symptoms: Subanalysis Based 
on Bristol Stool Form Scale

LcS supplementation was more effective at treating constipa-
tion-related symptoms in the HS group than in the NS and SS 
groups (Table 4). Four weeks of LcS supplementation significantly 
alleviated the minutes spent in the lavatory per attempt only in the 
HS group. In addition, the symptoms of pain, feeling of incomplete 
evacuation, straining during defecation, unsuccessful defecation and 
abdominal discomfort were alleviated in the HS and NS groups 
but not the SS group. The defecation frequency improved in all the 
groups.

Effect of Lactobacillus casei Strain Shirota on Stool 
Short Chain Fatty Acids

The baseline SCFA concentrations differed among the 3 
groups. The SS group had the highest levels of all the SCFAs, 
followed by the NS group and then the HS group (Table 5), and 
this order was consistent with that of the BSFS scores. Therefore, 
we further analysed the relationship between stool SCFAs and the 
BSFS score. Significant correlation was observed between SCFA 
levels and BSFS scores (acetate [r = 0.41, q = 2.63×10–3], pro-
pionate [r = 0.37, q = 4.37×10–3], and butyrate [r = 0.34, q = 
6.44×10–3]).

LcS intake had little influence on stool SCFA levels in the 62 
constipated subjects. However, the effect of LcS ingestion varied 

among the 3 groups. As shown in Table 5, consumption of the LcS-
fermented dairy beverage for 2 weeks could enhance stool acetate, 
propionate, and butyrate levels by 35.1%, 36.8%, and 39.7%, re-
spectively, in the HS group (P = 0.052, 0.033, and 0.031, respec-
tively). In contrast, the SCFA levels decreased (28.3%, 19.3%, and 
18.6% for acetate, propionate and butyrate, respectively) in the SS 
group (not significant). No significant change was observed during 
LcS intervention in the NS group (except for a significant decrease 
in acetate levels at the intake 1 visit; the acetate level reverted to the 
baseline level at the intake 2 visit). Therefore, the results indicated 
that the effect of LcS intervention on stool SCFA levels varied ac-
cording to original stool consistency.

Effect of Lactobacillus casei Strain Shirota on the 
Gut Microbiota

We compared the baseline gut microbiota from each of the 3 
groups with that observed during LcS supplementation. Baseline 
stool samples and those from the intake 1 visit (as representatives of 
the intake 1 and 2 visits) were subjected to next-generation sequenc-
ing of the bacterial 16S rRNA V3-V4 region on an Illumina MiSeq 
platform.

A total of 5694382 filtered high-quality sequence reads were 
obtained (with a mean of 45922 reads/sample and an average length 
of 432 bp), clustered and binned into OTUs at a 97% similarity 
level with Usearch. Samples were rarefied to a depth of 17764 per 
sample. A total of 509 OTUs (belonging to 117 genera) together 
with their representative sequences were obtained. The rarefaction 

Table 5. Effects of Lactobacillus casei Strain Shirota on Short Chain Fatty Acids

SCFA Group Baseline Intake 1 Intake 2 Follow-up

Acetate HS 21.49 (24.20) 29.37 (29.67)a 22.94 (35.25)a 14.25 (25.24)
NS 32.03 (28.18) 18.70 (18.77)b 27.12 (23.65) 19.51 (28.78)a

SS 44.54 (11.64)c 29.61 (33.07) 34.98 (20.07) 21.73 (20.91)b

Total 30.65 (29.84) 24.32 (26.31) 30.24 (24.96) 18.24 (25.86)b

Propionate HS 12.30 (10.98) 14.92 (10.49)b 13.32 (8.33) 10.93 (12.81)
NS 15.17 (13.37) 13.91 (7.98) 14.06 (13.22) 13.63 (9.81)b

SS 18.67 (18.94)c 18.30 (16.69) 19.46 (14.33) 14.41 (8.59)b

Total 15.42 (12.26) 14.81 (9.21) 14.15 (10.85) 11.39 (10.04)b

Butyrate HS 8.37 (12.28) 16.18 (9.06)b 11.22 (12.91) 9.73 (15.46)
NS 14.64 (10.60) 13.53 (12.67) 13.33 (14.10) 10.15 (12.22)
SS 17.41 (22.75)c 14.43 (20.77) 17.13 (15.02) 9.73 (13.72)b

Total 14.34 (12.33) 14.43 (11.11) 12.91 (13.89) 9.97 (13.64)
aP < 0.1, vs baseline.
bP < 0.05, vs baseline.
cP < 0.05, vs HS.
HS, hard stool; NS, normal stool; SS, soft stool; intake 1, 2-week LcS intake; intake 2, 4-week LcS intake; follow-up, 2-week following LcS intake.
Data are presented as median (interquartile range).
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curves and Shannon diversity indices of all the samples were stable, 
suggesting that rare new phylotypes would appear on further se-
quencing and that most of the diversity had already been covered. 
Then, 99.0% of the sequences were assigned into 11 different phyla 
with a RDP Classifier. Firmicutes, Bacteroidetes, Actinobacteria, 
and Proteobacteria were the most abundant phyla, with relative 
abundances of 66.9%, 22.6%, 8.9%, and 1.2%, respectively.

Adonis, based on weighted UniFrac distances, was applied to 
compare the overall gut microbiota composition among each group 
and between baseline and post-LcS-intake visits. LcS intervention 
significantly altered the gut microbiota (P = 0.031). The base-
line gut microbiota also differed among each group (P = 0.086), 
although not significantly. PCoA based on weighted UniFrac dis-
similarity was applied to provide an overview of the gut microbiota 
in the 3 groups at the baseline and intake 1 periods (Fig. 2A). The 

first 2 principal components (PCs) collectively accounted for 72.8% 
of the total variation. PC1 and PC2 constituted 47.5% and 25.4% 
of the total variation, respectively. Plotted PCoA scores suggested 
that there were no obvious differences in the gut microbiota. To 
compare variations between and within periods, ANOSIM based 
on weighted UniFrac distances was used, and the data showed that 
the dissimilarity between periods and within periods were even (R 
= 0.015, P = 0.077). Therefore, variations in the gut microbiota 
among individuals masked the changes in the gut microbiota caused 
by LcS. Thus, the PCoA plot did not separate clearly among peri-
ods, even if PCoA was performed in an individual group (Fig. 2B-
D).

Genera belonging to Lachnospiraceae and Ruminococcaceae 
varied among the 3 groups. The relative abundances of the Lach-
nospiraceae FCS020 group was highest in the SS group (P = 
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0.004), while Ruminococcaceae UCG-005 was most abundant in 
the NS group (P = 0.088) (Fig. 3E). 

Although potential modification in the overall gut microbiota 
may be masked by intersubject variability, LcS intervention modu-
lated the relative abundances of specific microbes. At the phylum 
level, LcS intake significantly increased the relative abundance of 
Bacteroidetes and decreased the relative abundance of Firmicutes 
(Fig. 3A and 3B). Meanwhile, LcS intake significantly decreased 
the relative abundance of genera belonging to Lachnospiraceae, 
such as Blautia, Coprococcus_1, Coprococcus_3, the Lachnospi-
raceae FCS020 group and the Ruminococcus gauvreauii group in 
all 3 groups but increased the relative abundances of Bacteroides 
and Parabacteroides (both belonging to Bacteroidetes) (Fig. 3E). 
Repeated measures ANOVA was used to elucidate the interaction 
of the BSFS group and LcS intake in terms of the microbiota. The 
BSFS level at the baseline period visibly interacted with LcS inter-
vention in terms of the relative abundances of Lachnoclostridium, 
Lachnospiraceae UCG-004, Pseudobutyrivibrio and Ruminiclos-
tridium 5 (Fig. 3E). In addition, the baseline BSFS level and LcS 
intake also had an interactive effect on Roseburia, but this effect was 
not significant (P = 0.070; Fig. 3D). Therefore, the baseline BSFS 
level may influence the effect of LcS intake on the microbiota. Pseu-
dobutyrivibrio and Roseburia were formerly reported as butyrate 
producers, and LcS intake induced an increase in the abundance of 
these 2 genera by 50.5% and 43.0%, respectively, in the HS group 
but suppressed the abundances by 49.7% and 41.9%, respectively, 
in the SS group (Fig. 3C and 3D), which was consistent with the 
change in butyrate levels. 

Discussion 	

In this study, the effectiveness of LcS in the treatment of con-
stipation was evaluated. Further, stool consistency assessed with the 
BSFS was used to classify the subjects into 3 groups (the HS, NS, 
and SS groups). Differences between baseline data and outcomes 
after LcS intervention for constipation-related symptoms, stool 
SCFA levels and gut microbial composition were observed among 
the 3 groups with different baseline stool consistencies. 

In general, LcS supplementation significantly relived constipa-
tion symptoms. After receiving LcS supplementation, patients def-
ecated with increased frequency and ease. In addition, the stool con-
sistency improved. Consistent with a study performed in Germany, 
these results suggested the effectiveness of LcS in the alleviation of 
constipation.23

Stool consistency is one of the most important parameters asso-

ciated with constipation, as it can serve as a reliable proxy for colonic 
transit rate, and abnormal colonic transit is considered a primary 
cause of constipation.16,24,25 Stool consistency was also associated with 
the species richness, enterotypes and community composition of the 
gut microbiota in stool samples of 53 healthy women and in Life-
Lines-DEEP, a large population-based cohort.26,27 We also noted 
differences in the gut microbiota (mainly Lachnospiraceae bacteria) 
among the 3 groups with different baseline stool consistencies. 

Although the etiology of constipation remains not fully under-
stood, growing evidence indicates that alterations in the gut micro-
biota may contribute to constipation and related symptoms. The gut 
microbiota of constipated patients was reported to differ from that 
of healthy adults and children.28-30 Additionally, dysbiosis of the gut 
microbiota could influence gastrointestinal motility and eventually 
lead to constipation.31 Studies of gnotobiotic and germ-free animals 
confirmed that the gut microbiota could influence gastrointestinal 
motility in a species-specific manner.31,32 Colonization of the con-
ventional gut microbiota of germ-free rats with Lactobacillus aci-
dophilus and Bifidobacterium bifidum accelerated small-intestinal 
transit, but Micrococcus luteus and Escherichia coli had the oppo-
site effect.32 Thus, we sought to understand how the gut microbiota 
guides optimal management of constipation with multiple symp-
toms and diverse aetiology. 

The effects of LcS intervention on the gut microbiota depend-
ed on the baseline stool consistency (Fig. 3). The abundances of 
Pseudobutyrivibrio and Roseburia, which are butyrate-producing 
bacteria, increased in the HS group but decreased in the SS group. 
The abundances of these 2 genera did not change in the NS group. 
In previous studies, an identical intervention had diverse, even op-
posite, effects on the gut microbiota. Venkataraman et al33 reported 
that supplementation with resistant starch increased the abundances 
of resistant-starch-degrading intestinal microbes, leading to elevated 
butyrate content in individuals with high initial stool butyrate levels, 
whereas no effect was observed in subjects with low initial stool bu-
tyrate levels. Ferrario et al21 showed that Lactobacillus paracasei DG 
intervention could reduce butyrate content and decrease the abun-
dances of genera belonging to Clostridiales in subjects with high 
stool butyrate content. In contrast, the same bacterial supplementa-
tion increased the butyrate levels and Bacteroidales abundances in 
subjects with low stool butyrate content, but with a decrease in Ru-
minococcus abundance.21 Kovatcheva-Datchary et al34 showed that 
subjects enriched with Prevotella exhibited improved glucose me-
tabolism during the consumption of barley kernel-based bread, but 
subjects with low abundances of Prevotella did not respond to this 
diet. Thus, the initial characteristics of the intestinal environment 
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and/or microbial ecosystem are important for effective probiotic or 
prebiotic intervention.

The changes in the levels of butyrate-producing bacteria result-
ed in varied responses to LcS intervention based on stool butyrate 
levels. LcS intervention increased the stool butyrate levels in HS but 
not in NS. LcS reduced the butyrate levels in SS (Table 5). Studies 
suggest that the gut microbiota influences gut motility via produc-
tion of SCFAs. Direct infusion of SCFAs into the proximal colons 
of rats significantly accelerated colonic transit.35,36 SCFAs, especially 
butyrate, can serve as an energy source for enterocytes and regulate 
gut motility via the release of 5-hydroxytryptamine and polypeptide 
YY by enterocytes or altered cholinergic phenotypes.35-37 The data 
from the present study show that the baseline stool SCFA levels 
were highest in the SS group and lowest in the HS group (Table 
5). A positive correlation was also observed between each SCFA 
and the BSFS scores, which indicated an association between SC-
FAs and gut motility in constipation. The results of Oufir’s study 
were consistent with our findings.38 They directly measured colonic 
transit time and SCFA content in healthy subjects and observed an 
inverse correlation between the two parameters.38

Varying effects of LcS intervention on stool consistency were ob-
served among the 3 groups (Table 4). In the HS group, softer stool 
was observed during LcS supplementation than during the baseline 
period, indicating that intake of LcS significantly accelerated colonic 
transit in the HS group. It was reported that LcS supplementation 
shortened the colonic transit time in slow-transit constipation, hence 
reducing the occurrence of hard or lumpy stools in healthy and 
constipated subjects.13,14,39 Increased stool SCFA concentrations and 
abundances of butyrate-producing bacteria were observed in the HS 
group, whose stool was significantly softened by LcS intervention. 
However, stool consistency remained unchanged in the NS group, 
and the stool became harder in the SS group during LcS supple-
mentation. This finding is consistent with a previous study, in which 
LcS accelerated colonic transit in slow-transit constipation and had 
only a modest effect or no effect on constipation with normal colonic 
transit.15,23,39 Decreased SCFA concentrations and abundances of 
butyrate-producing bacteria were also observed in the SS group. We 
believe that the normalization of gastrointestinal motility to the levels 
of SCFAs, especially butyric acid, is one of the factors that contrib-
utes to the improvement of stool consistency by LcS.

The limitation of this study was that we did not employ the 
validated scales for the evaluation of constipation-related symptoms, 
such as the Patient Assessment of Constipation Symptoms or the 
Patient Assessment of Constipation Quality of Life question-
naire.40,41 These validated assessment tools need to be included in 

future studies to confirm our findings.
In conclusion, we divided the constipated patients based on 

baseline stool consistency, and LcS supplementation improved the 
constipation symptoms in all the subjects. Subanalysis based on 
stool consistency revealed that LcS balanced the stool consistency—
softened the hard stool and hardened the soft stool—probably by 
modulating the composition of and SCFA production by the gut 
microbiota.
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