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Abstract: Objective: This study aimed to explore the clinical efficacy of Lactobacillus rhamnosus combined with 
lactulose for the treatment of irritable bowel syndrome with constipation (IBS-C) and its effect on gastrointestinal 
hormones. Methods: A prospective, randomized, double-blind trial was conducted with three groups: control (n=45, 
mosapride citrate tablets), monotherapy (n=44, lactulose + control regimen), and combination (n=45, Lactobacil-
lus rhamnosus + monotherapy regimen). The primary outcome measure was clinical efficacy. Secondary outcomes 
included the Bristol Stool Scale (BSS), Irritable Bowel Syndrome Quality of Life Score (IBS-QoL), Perceived Stress 
Scale (PSS), Irritable Bowel Syndrome Severity Score (IBS-SSS), gut microbiota, and gastrointestinal hormones as-
sessed at days 0, 28, and 56, along with safety observations. Results: Following a 56-day intervention period, the 
combination group achieved 100.00% clinical effectiveness, significantly higher than the monotherapy (93.18%) or 
control groups (75.56%). Fecal consistency responders were 84.44% in the combination group vs. 47.73% (mono-
therapy) and 28.89% (control). The combination group showed higher IBS-QoL scores, lower PSS scores, and re-
duced IBS-SSS scores (P < 0.05). Intestinal flora analysis revealed decreased Ruminococcaceae and increased 
Fibrobacteraceae and Campylobacteraceae in the combination group. Gastrointestinal hormones improved, with 
increased motilin and decreased vasoactive intestinal peptide (P < 0.05). There was no significant difference in the 
incidence of adverse events among the three groups (P > 0.05). Conclusion: Lactobacillus rhamnosus combined 
with lactulose significantly improves IBS-C symptoms and quality of life, and positively modulates intestinal flora and 
gastrointestinal hormones.
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Introduction

Irritable bowel syndrome (IBS) is a functional 
gastrointestinal disorder caused by a variety of 
factors. It has a prevalence of 9% to 16% in the 
general population, with a slightly higher preva-
lence in women [1]. The predominant symp-
toms of IBS include abdominal discomfort, epi-
sodes of diarrhea or constipation, and al- 
terations in bowel habits. It is generally classi-
fied into four subtypes: diarrhea-predominant, 
constipation-predominant, mixed, and unspeci-
fied [2]. Among these, irritable bowel syndrome 
with constipation (IBS-C) is the most common 
manifestation. Patients often experience ab- 
dominal discomfort, bloating, and pain, which 
seriously affect their quality of life, reduce work 
and study efficiency, and impose a significant 

burden on their physical and mental health [3]. 
With the rapid pace of modern life, changes in 
the social environment, and alterations in diet 
and lifestyle, the prevalence of IBS-C is increas-
ing annually. Currently, a wide range of medica-
tions is available for the clinical treatment of 
IBS-C, including antispasmodics, analgesics, 
stimulant laxatives, osmotic laxatives, lubricant 
laxatives, and bulk-forming laxatives [4]. How- 
ever, long-term use of these drugs may lead to 
dependence and can cause a series of side 
effects, such as gastrointestinal bloating, elec-
trolyte imbalances, mechanical intestinal paral-
ysis, and intestinal obstruction [5]. Therefore, 
there is an urgent need for a safer and more 
effective treatment option to alleviate symp-
toms and improve patients’ quality of life.

http://www.ajtr.org
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Lactobacillus rhamnosus, a type of probiotic, 
can alleviate symptoms in IBS patients by mod-
ulating the intestinal microbiota balance, sup-
pressing the proliferation of harmful bacteria, 
and strengthening the function of the intestinal 
barrier [6]. However, the efficacy of probiotics 
may be influenced by individual differences, 
such as in patients with a longer disease dura-
tion or those with other gastrointestinal diseas-
es [7]. As an osmotic laxative, lactulose not 
only promotes intestinal peristalsis and im- 
proves constipation symptoms but also helps 
to regulate the intestinal flora by acidifying the 
intestinal environment. This action indirectly 
relieves symptoms of abdominal pain and 
bloating, making it particularly suitable for 
patients with IBS-C [8]. Nevertheless, the use 
of lactulose may lead to side effects such as 
bloating and gas accumulation, and its slow 
onset of action usually requires long-term use 
to achieve a therapeutic effect [9]. Considering 
the different mechanisms of action of Lacto- 
bacillus rhamnosus and lactulose in the treat-
ment of IBS, we conjecture that a combination 
regimen might enhance efficacy and reduce 
symptoms. However, further clinical studies 
were needed to validate its safety and efficacy.

Gastrointestinal hormones play a crucial role in 
the development of IBS. Research indicates 
that abnormal secretion of gastrointestinal hor-
mones may affect intestinal motor function, 
sensory function, and intestinal microecologi-
cal responses [10]. Therefore, Lactobacillus 
rhamnosus and lactulose may further amelio-
rate intestinal dysfunction by regulating gastro-
intestinal hormone levels. In summary, this 
study aimed to assess the clinical efficacy of 
using a combination of Lactobacillus rhamno-
sus and lactulose in patients with constipation-
predominant irritable bowel syndrome (IBS-C), 
while also examining its effects on gastrointes-
tinal hormone levels. The goal was to provide a 
scientific rationale for more effective, integrat-
ed management of IBS-C.

Materials and methods

Study population and experimental design

The study was a prospective, randomized, dou-
ble-blind trial involving three groups: control 
group (receiving mosapride citrate tablets), 
monotherapy group (receiving oral lactulose in 
addition to the control group regimen), and 

combination group (receiving Lactobacillus 
rhamnosus in addition to the monotherapy 
group regimen). The intervention period was 56 
days. During the 14-day screening period, the 
researchers explained the study design in 
detail to the participants and obtained written 
informed consent in the local language, which 
was signed and dated by the participants. This 
study was approved by the Ethics Committee of 
Taishan Hospital of Shandong Province (No.: 
202112001). This study has been registered  
in the Chinese Clinical Trial Registry with the  
registration number of ChiCTR2600123361. 
Throughout the study, the inclusion and exclu-
sion criteria for all participants were rigorously 
assessed, and their baseline data, including 
age, gender, height, weight, BMI, disease dura-
tion, years of education, systolic blood pres-
sure, diastolic blood pressure, smoking his- 
tory, and alcohol consumption history, were 
recorded.

Sample size estimation

The sample size was determined based on the 
primary outcome measure, which was clinical 
efficacy. Based on previous studies, it was 
assumed that the treatment efficacy over the 
56-day treatment period would be 90% in the 
combination group and 60% in the control 
group. With α=0.05 and β=0.10, the minimum 
sample size required was 39 cases per group. 
Taking into account a potential loss-to-follow-
up rate of 10%-20%, 45 cases per group need-
ed to be included. Thus, a total of 135 partici-
pants needed to be recruited for the entire 
study.

Participants

Participants were recruited from January 2022 
to January 2024 at Taishan Hospital in Shan- 
dong Province.

Inclusion criteria: According to the 2006 Rome 
III criteria [11], participants had experienced 
symptoms of abdominal pain, bloating, and 
abdominal discomfort for at least 6 months, 
with symptoms recurring in the last 3 months. 
Additionally, they had at least 2 of the following 
symptoms for at least 3 days in each of the last 
3 months: (1) Improvement of symptoms after 
defecation; (2) Episodes accompanied by a 
change in the frequency of defecation; (3) 
Fewer than 3 defecations per week; (4) Hard/
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lumpy stools; (5) A feeling of incomplete evacu-
ation; (6) Abdominal distension. Furthermore, 
the following auxiliary tests were normal: (1) 
Routine fecal examination, fecal culture, and 
fecal occult blood test; (2) Thyroid function 
measurement; (3) Gastrointestinal ultrasound; 
(4) Colonoscopy.

Exclusion criteria: (1) Organic diseases of the 
intestinal tract, such as intestinal cancer, intes-
tinal tuberculosis, and ulcerative colitis; (2) 
Endocrine, pharmacological, or neurological 
causes of constipation; (3) Use of laxatives, 
medications affecting gastrointestinal motility, 
digestive enzymes, or probiotic preparations 
within 3 months prior to treatment.

Withdrawal and discontinuation criteria: (1) The 
subject voluntarily withdraws from the study 
and requests to exit the study. (2) Occurrence 
of any serious adverse event during the study 
period, such as intestinal obstruction, anaphy-
lactic shock, or symptomatic hypokalemia, 
which, in the judgment of the investigator, ren-
ders continued participation unsuitable. (3) The 
subject becomes pregnant. (4) Use of medica-
tions prohibited by the study protocol during 
the research period. (5) Loss to follow-up, 
defined as failure to attend two consecutive 
scheduled visits with inability to make contact. 
(6) Any other situation where the investigator 
determines that continued participation may 
pose a risk to the subject’s health.

Treatment and Blinding Implementation

All three groups of patients received basic 
treatment, including dietary guidance, nutrition- 
al support, and maintenance of water-electro-
lyte balance. Control group: Patients were ad- 
ministered Mosapride Citrate Tablets (Chengdu 
Kanghong Pharmaceutical Group Co., Ltd., 
National Drug Approval No. H20031110, 5 mg/
tablet), 3 times daily, 1 tablet each time, taken 
orally 0.5 hours before meals. Concurrently, to 
maintain blinding, patients in this group were 
required to take a placebo oral liquid matched 
in appearance, smell, and taste to the lactulose 
used in the monotherapy group (composed of 
non-therapeutic flavored solvents), as well as a 
placebo powder matched to the active Lacto- 
bacillus rhamnosus powder (used in the combi-
nation group) in appearance and packaging 
(composed of inactive ingredients such as 

maltodextrin). Monotherapy group: In addition 
to the basic regimen of the control group, 
patients received lactulose oral solution (66.7 
g/100 mL, manufactured by Dumex, Abbott 
Healthcare, USA), at a dosage of 10 mL, three 
times daily. Concurrently, patients in this group 
were required to take a placebo powder 
matched to the active Lactobacillus rhamno-
sus powder (used in the combination group) in 
appearance and packaging. Combination gr- 
oup: In addition to the regimen of the mono-
therapy group (basic treatment + lactulose), 
patients received Lactobacillus rhamnosus GG 
(LGG) powder (Jingchangle, produced by Zhe- 
jiang Jingxin Pharmaceutical Co., Ltd., China; 
containing ≥ 1.0 × 10^9 CFU/g of viable bacte-
ria) at a dosage of 500 mg, three times daily.

To ensure the validity of the double-blind 
design, all study interventions (active drugs and 
their corresponding placebos) were uniformly 
coded, allocated, and packaged by indepen-
dent pharmacy personnel not involved in 
patient recruitment, clinical evaluation, or data 
analysis, according to a computer-generated 
random sequence. All oral liquids and powders 
were packaged in identical, opaque containers 
to ensure that participants, study personnel 
administering the interventions, and outcome 
assessors remained blinded to group assign-
ment. The taste and smell of the study prod-
ucts were formulated and tested to minimize 
detectable between groups. The group alloca-
tion code was only revealed after study comple-
tion and database lock.

Safety management and emergency proce-
dures

All participants were closely monitored for safe-
ty throughout the trial. All adverse events (AEs) 
were recorded, including their type, time of 
onset, severity (graded according to CTCAE 
v5.0), duration, measures taken, and out-
comes. Emergency equipment and medica-
tions were available on-site, and all study per-
sonnel were trained in emergency procedures. 
A predefined protocol was established for man-
aging gastrointestinal AEs (e.g., diarrhea, 
abdominal cramps): mild to moderate events 
were managed with close observation and life-
style guidance, while severe events (Grade ≥ 3) 
led to immediate temporary discontinuation of 
the study intervention and appropriate support-
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ive care until resolution. All serious AEs were 
reported to the Ethics Committee within 24 
hours.

Observation indicators

On days 0, 28, and 56, we assessed study out-
comes, conducted clinical examinations, dis-
tributed or collected study products, and docu-
mented concomitant medication use. Clinical 
efficacy was evaluated only at Day 56. For 
patients experiencing severe abdominal pain 
and/or frequent loose stools, metronidazole 
(400 mg/day) may be administered as rescue 
therapy. Previous studies have demonstrated 
that metronidazole alleviates IBS symptoms 
without affecting sigmoid-rectal motility [12]. 
Adherence to the study product was assessed 
through participant-completed medication dia-
ries and verified by counting remaining product 
at each visit. Participants were required to com-
plete dietary diaries within 14 days prior to 
each visit, documenting food intake over two 
weekdays and one weekend day.

Main outcomes: Clinical efficacy: The criteria 
for judging the efficacy were as follows: disap-
pearance of clinical symptoms was considered 
as “cure”; spontaneous bowel movement within 
2 days and significant relief of constipation 
symptoms were considered as “marked effect”; 
spontaneous bowel movement within 3 days 
and relief of symptoms such as dry stools and 
abdominal pain were considered as “effective”; 
no change or worsening of symptoms and signs 
was considered as “ineffective”. The total effec-
tive rate was determined by the formula: (cure 
+ marked effect + effective)/total number of 
cases × 100% [13].

Secondary outcomes: Secondary outcome indi-
cators included the following tests: the Bristol 
Stool Shape Scale (BSS), the Irritable Bowel 
Syndrome Quality of Life Score (IBS-QoL), the 
Psychological Stress Scale (PSS), the Irritable 
Bowel Syndrome Severity Scale (IBS-SSS), 
assessments of intestinal flora, and measure-
ments of gastrointestinal hormones at days 0, 
28, and 56. These secondary outcome indica-
tors are detailed below: BSS: Stool consistency 
was assessed using the BSS, a widely recog-
nized tool that classifies fecal types on a scale 
of 1 to 7. Types 1 and 2 on this scale are indica-
tive of constipation [14]. Responders in terms 
of fecal consistency were defined as those who 

had at least one type 1-2 stool per week on 
more than 50% fewer days compared to 
baseline.

IBS-QoL: IBS-related quality of life was mea-
sured using the IBS-QoL questionnaire, which 
consists of 34 items, each rated on a 5-point 
scale (total score range: 34-170). Higher scores 
on this questionnaire indicate better quality of 
life [14].

PSS: Psychological stress was evaluated using 
the PSS, which consists of 10 entries on a scale 
of 0-40, with higher scores indicating greater 
perceived stress [15].

IBS-SSS: The severity of IBS symptoms was 
assessed using the IBS-SSS. This scale ranges 
from 0 to 500 and includes five separate 
domains (0 to 100) that evaluate the severity of 
abdominal pain, frequency of abdominal pain, 
severity of bloating, dissatisfaction with bowel 
habits, and impairment in quality of life. A 
reduction of 95 points on the scale is consid-
ered to represent a clinically significant improve-
ment [16].

Intestinal flora: Four bacterial families, He- 
licobacteriaceae, Fibrobacteriaceae, Campylo- 
bacteriaceae and Rumatobacteriaceae, were 
enumerated using qPCR. First, total DNA was 
extracted from fecal samples. Specific primers 
targeting the 16S rRNA genes of the respective 
bacterial families were used for PCR amplifica-
tion. SYBR Green fluorescent dye was added to 
the reaction system, and the DNA content of 
the target bacterial communities was quanti-
fied by real-time monitoring of the fluorescence 
signal intensity. Each sample was run in tripli-
cate, and a standard curve was established to 
ensure the accuracy of quantification. The  
2^(-ΔΔCt) method was employed for data analysis, 
normalizing the Ct values of the target bacterial 
communities to an internal reference gene 
(such as the universal bacterial 16S rRNA 
gene). The relative quantification results for 
each bacterial family were ultimately obtained.

Gastrointestinal Hormones: A fasting venous 
blood sample (3-5 mL) was drawn from the 
patients. The serum was separated by low-tem-
perature centrifugation at 2500 rpm for 10 
minutes and then stored at -70°C. The concen-
trations of Motilin (MTL, measured using the 
Fine Biotech Human Motilin ELISA Kit, China) 
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Figure 1. CONSORT flowchart of patients throughout the study.

and vasoactive intestinal peptide (VIP, mea-
sured using the Human Vasoactive Intestinal 
Peptide ELISA Kit, China) were determined 
using the ELISA technique.

Safety Observations: All AEs occurring during 
the treatment period, including abdominal dis-
tension, increased flatulence, borborygmus, 
diarrhea, abdominal cramping, and nausea, 
were recorded and documented.

Statistical methods

Primary and secondary outcomes were ass- 
essed among participants. Descriptive statis-
tics are expressed as means (SD) for continu-
ous variables or percentages for categorical 
variables. Normality of the data was assessed 
by the Shapiro-Wilk test. Differences in demo-
graphic characteristics and baseline clinical 
characteristics between groups were analyzed 
by one-way analysis of variance (ANOVA) for 
continuous variables and the Pearson chi-
square test for categorical variables. For chang-
es in continuous outcomes from baseline to 
follow-up period, analysis of covariance (AN- 
COVA) was used for assessment. Differences in 
pairwise comparisons between groups were 
analyzed using independent samples t-tests, 
and differences in pairwise comparisons within 
groups were analyzed using paired samples 
t-tests. Statistical significance was defined as P 
< 0.05.

Results

Research patients

A total of 142 patients were recruited into the 
study, of which 138 met the study criteria 
(Figure 1). These 138 patients were randomly 
assigned to 46 patients in each group. Of the 
138 patients, 134 (97.10%) completed the 
trial. One patient in the control group withdrew 
from the study due to intestinal obstruction 
(judged by the investigators as a serious 
adverse event related to the underlying dis-
ease), two patients in the monotherapy group 
(one withdrew consent and the other for other 
reasons) withdrew from the trial, and one 
patient in the combination group (unable to 
contacted for follow-up) withdrew from the trial.

Baseline characteristics

The baseline characteristics of the three groups 
of patients were evaluated, and the results are 
presented in Table 1. The demographic and 
clinical profiles of the three groups were com-
parable, with no significant differences between 
them (P > 0.05). This included smoking and 
alcohol consumption (P > 0.05).

Clinical efficacy

Upon completion of the 56-day treatment peri-
od, the combination group achieved an overall 



Lactobacillus rhamnosus & lactulose in IBS-C treatment

5241	 Am J Transl Res 2026;18(6):5236-5247

Table 1. Baseline demographics and clinical characteristics of the patients [Mean ± SD or n (%)]
Control group 

(n=45)
Monotherapy group 

(n=44)
Combination group 

(n=45) F/χ2 P value

Age (years) 39.64 ± 14.79 40.25 ± 14.38 39.91 ± 15.11 0.010 0.981
Female allocation 21 (46.67) 18 (40.91) 23 (51.11) 0.936 0.626
Height (m) 1.63 ± 0.05 1.61 ± 0.07 1.62 ± 0.06 0.393 0.652
Weight (kg) 63.34 ± 8.62 63.13 ± 8.79 63.48 ± 7.90 0.020 0.980
BMI (kg/m2) 24.10 ± 3.92 24.31 ± 3.92 24.40 ± 3.48 0.076 0.927
Duration of IBS (month) 9.04 ± 3.22 8.80 ± 3.51 9.24 ± 2.87 0.199 0.804
Education (year) 13.87 ± 1.59 14.51 ± 1.43 14.24 ± 1.54 2.163 0.119
Systolic BP (mmHg) 120.24 ± 7.40 119.27 ± 8.06 119.87 ± 8.25 0.170 0.844
Diastolic BP (mmHg) 78.70 ± 4.94 79.11 ± 5.04 79.53 ± 4.87 0.327 0.721
Alcohol consumption 0.960 0.916
    None, n (%) 9 (20.00) 11 (25.00) 11 (24.44)
    Occasions, n (%) 26 (57.78) 24 (54.55) 27 (60.00)
    frequency, n (%) 10 (22.22) 9 (20.45) 7 (15.56)
Smoking consumption 2.703 0.609
    None, n (%) 32 (71.11) 34 (77.27) 35 (77.78)
    Occasions, n (%) 9 (20.00) 4 (9.09) 6 (13.33)
    frequency, n (%) 4 (8.89) 6 (13.64) 4 (8.89)

Table 2. Clinical effect, n (%)
n cure Significant effect effective In vain Total effective rate

Control group 45 9 (20.00) 9 (20.00) 16 (35.56) 11 (24.44) 34 (75.56)
Monotherapy group 44 13 (29.55) 16 (36.36) 12 (27.27) 3 (6.82) 41 (93.18)
Combination group 45 18 (40.00) 27 (60.00) 10 (22.22) 0 (0) 45 (100.00)
χ2 25.927
P < 0.001

Figure 2. Consistent stool response.

clinical effectiveness rate of 100.00%, which 
was markedly superior to that of the monother-
apy group (93.18%) and the control group 
(75.56%) (P < 0.05). See Table 2.

BSS

Figure 2 shows the percentage of participants 
who were fecal consistency responders based 

on a 50% or greater reduction from baseline in 
the number of days with at least one type 1-2 
stool per week. On day 56, the proportion of 
fecal consistency responders was 47.73% in 
the monotherapy group and 84.44% in the 
combination group, compared to 28.89% in the 
control group. Additionally, the combination 
group demonstrated a significantly greater 
number of responders compared to the mono-
therapy group (P < 0.05).

IBS-QoL/PSS

On day 0, there were no significant differ- 
ences in IBS-QoL or PSS scores among the 
three patient groups (P > 0.05). By Days 28  
and 56, IBS-QoL scores had increased and  
PSS scores had decreased in all three groups, 
with the most pronounced trend observed  
in the combination group (P < 0.05). See Figure 
3.
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Figure 3. A. IBS-QoL total score; B. PSS total score. IBS-QoL, Irritable Bowel 
Syndrome Quality of Life; PSS, Perceived Stress Scale. *P < 0.05, **P < 
0.05, ***P < 0.001.

Figure 4. IBS-SSS symptom severity total and domain specific scores over 
the intervention period. A. Total scores; B. Severity of abdominal pain; C. 

Frequency of abdominal pain; D. 
Severity of bloating; E. Dissatisfac-
tion with bowel habits; F. Impair-
ment in quality of life. *P < 0.05, 
**P < 0.01, ***P < 0.001.

IBS-SSS

On day 0, no significant differ-
ences were observed in the 
total IBS-SSS scores or scores 
across individual domains am- 
ong the three patient groups (P 
< 0.05). During the treatment 
period, total IBS-SSS scores 
and scores across all domains 
decreased in all three groups, 
with the combination group 
exhibiting significantly lower 
scores than both the control 
group and the monotherapy 
group (P < 0.05). See Figure 4.

Intestinal flora

On day 0, there were no signifi-
cant differences in the detec-
tion of intestinal megacolon, 
Fibrinobacteriaceae, Campylo- 
bacter, and Rumenobacteria- 
ceae among the three groups 
(P > 0.05). During the treat-
ment period, the levels of 
Trichosporonaceae and Rum- 
inococcaceae decreased, whi- 
le Fibrobacteriaceae and Cam- 
pylobacteriaceae increased, wi- 
th these changes being more 
evident in the combination gr- 
oup. By day 56, the differences 
in these four bacterial families 
between the monotherapy gr- 
oup and the combination group 
were significant compared to 
baseline (P < 0.05). See Figure 
5.

Gastrointestinal hormones

Before treatment, there were 
no statistically significant dif-
ferences in MTL and VIP levels 
among the three groups (P > 
0.05). By day 56, MTL levels 
increased and VIP levels de- 
creased in all three groups, 
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Figure 5. Changes in gut microbiota during the intervention period. A. Heli-
cobacteriaceae; B. Fibrobacteriaceae; C. Campylobacteriaceae; D. Rumato-
bacteriaceae. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 6. Gastrointestinal hormone levels over the intervention period. A. 
MTL; B. VIP. MTL, Motilin; VIP, Vasoactive Intestinal Peptide. *P < 0.05, **P 
< 0.01, ***P < 0.001.

with the most pronounced changes observed in 
the combination group (P < 0.05). See Figure 6.

Safety observations

There was no significant difference in the inci-
dence of AEs among the three groups (P > 
0.05). See Table 3.

Discussion

Lactobacillus rhamnosus is a 
widely used probiotic often 
employed as a supplement to 
promote gut health [17]. It has 
the ability to regulate intestinal 
flora, boost the immune sys-
tem, and relieve allergy symp-
toms. It has shown significant 
clinical efficacy in the treat-
ment of IBS, inflammatory bow- 
el disease (IBD), and antibiotic-
associated diarrhea [18]. La- 
ctulose is an osmotic laxative 
that is broken down into lactic 
acid and acetic acid in the co- 
lon after oral intake. It assists 
in the regulation of intestinal 
flora disorders by lowering 
intestinal pH and promoting 
peristalsis in the colon [19]. 
Lactulose also fosters the gr- 
owth of probiotics such as 
Lactobacillus rhamnosus and 
Bifidobacterium bifidum, fur-
ther optimizing the intestinal 
microenvironment [20]. In this 
study, the combinatied treat-
ment group achieved a clinical 
effectiveness rate of 100%, 
which was markedly superior 
to the rates observed in the 
control and monotherapy gr- 
oups. Furthermore, by analyz-
ing stool consistency response, 
there was a significant reduc-
tion in the number of type 1 or 
type 2 stool forms (hard or 
lumpy stools) in the combina-
tion therapy group. This sug-
gests that the combination 
therapy not only improved the 
frequency of bowel movements 
but also optimized stool tex-
ture and reduced constipation 
symptoms. Hyeji Kwon et al. 

[21] also found that Lactobacillus rhamnosus 
showed significant improvement in both irri- 
tative bowel movements and constipation-
induced discomfort over an 8-week treatment 
period. Ma et al. [22] found that in patients with 
chronic functional constipation, lactulose was 
able to increase the abundance of probiotics 
and optimize the intestinal microenvironment, 
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Table 3. Safety observations, n (%)

Group n Abdominal 
distention Diarrhea Bowel 

sounds
Nausea and 

vomiting
dizziness and 

headache
Overall 

Incidence
Control group 45 2 (4.44) 0 (0.00) 1 (2.22) 1 (2.22) 2 (4.44) 6 (13.33)
Monotherapy group 44 2 (4.55) 1 (2.27) 0 (0.00) 0 (0.00) 1 (2.27) 4 (9.09)
Combination group 45 1 (2.22) 1 (2.22) 0 (0.00) 0 (0.00) 1 (2.22) 3 (6.67)
χ2 1.169
P 0.557

thereby relieving constipation. These findings 
further support the potential benefits of La- 
ctobacillus rhamnosus and lactulose in the 
management of IBS-C.

IBS is closely associated with a range of fac-
tors, with psychological factors being particu-
larly important in exacerbating symptoms and 
reducing quality of life [23]. Numerous studies 
have shown that IBS patients are often accom-
panied by mood disorders such as anxiety and 
depression. These psychological factors not 
only exacerbate the clinical symptoms of IBS 
but also significantly reduce patients’ quality of 
life [24]. A study by Farndale et al. [25] further 
revealed the long-term effects of IBS on the 
daily lives of patients, noting significant chang-
es in mood and a decrease in quality of life for 
those with IBS. In addition to distressing physi-
cal symptoms, patients with IBS face mood 
swings and limitations in social functioning, 
which collectively affect the patient’s overall 
health. Further research has shown that there 
is a significant interaction between psychologi-
cal factors and the symptoms of IBS: anxiety 
and depressive symptoms can exacerbate gas-
trointestinal symptoms, and in turn, persistent 
gastrointestinal distress may exacerbate psy-
chological burdens [26]. This dual physical and 
psychological burden makes the symptoms 
and quality of life for people with IBS often 
more complex and difficult to manage. In this 
study, the effect of the combination treatment 
group was significantly better than that of the 
monotherapy group and the control group. The 
post-treatment IBS-QoL total scores and PSS 
total scores were significantly more improved in 
the combination treatment group (P < 0.05), 
indicating that this treatment regimen was not 
only effective in improving the physical symp-
toms of IBS-C patients but also significantly 
improved their emotional state and quality of 
life. Additionally, the IBS-SSS scoring system is 
widely used to assess the severity of symptoms 

in patients with IBS. The results showed that 
the combination treatment group demonstrat-
ed significant improvement in both the total 
IBS-SSS score and the specific scores of each 
dimension. Particularly in the case of abdomi-
nal pain, bloating, and bowel regularity, the 
combination treatment regimen effectively alle-
viated these key symptoms that plagued the 
patients. With the improvement of these symp-
toms, the patients’ daily lives became more 
comfortable, and their quality of life was signifi-
cantly improved. This also provides a new ther-
apeutic idea for the comprehensive manage-
ment of IBS-C.

The gut microbiota are crucial for maintaining 
normal gastrointestinal motility [27]. Extensive 
research indicates that it is involved in the 
pathophysiology of IBS, with both qualitative 
and quantitative alterations in the gut microbio-
ta observed in patients [28]. Dysbiosis of the 
intestinal flora may trigger IBS through several 
mechanisms. First, the gut microbiota plays a 
significant regulatory role in the intestinal 
immune system. Under normal conditions, gut 
microbes help maintain the stability of the 
intestinal immune system by interacting with 
intestinal epithelial cells and immune cells. 
However, when the intestinal flora is dysbiotic, 
this immunoregulatory function may be disrupt-
ed, leading to abnormal activation of the 
immune system, which in turn triggers an intes-
tinal inflammatory response and symptoms 
such as abdominal pain, diarrhea, or constipa-
tion. Secondly, gut microbes influence the neu-
romuscular function of the intestinal wall 
through interactions with the intestinal epithe-
lium and regulate intestinal peristalsis and 
digestion through metabolites (e.g., short-chain 
fatty acids) [29]. Dysbiosis of the intestinal flora 
may result in decreased or altered secretion of 
these metabolites, which may affect normal 
intestinal motility and trigger symptoms such 
as constipation or diarrhea [30, 31]. In this 
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study, we found that the treatment regimen 
combining Lactobacillus rhamnosus and lactu-
lose was able to regulate the composition of 
the intestinal flora more effectively. Specifically, 
it reduced the proportion of potentially harmful 
bacteria, such as Trichosporonaceae and 
Ruminococcaceae, while increasing the propor-
tion of beneficial bacteria, such as Fibrobact- 
eraceae and Campylobacteraceae (P < 0.05). 
This suggests that combination therapy helps 
to restore the balance of intestinal microecolo-
gy by optimizing the structure of the intestinal 
flora. Previous studies have also found that 
Lactobacillus rhamnosus was able to increase 
butyric acid levels while decreasing propionic 
acid levels [32]. Short-chain fatty acids, which 
are products of dietary fiber fermentation by 
intestinal microbes, have anti-inflammatory 
effects and modulate intestinal barrier func-
tion. Lactobacillus rhamnosus may further 
improve immune and motility functions in the 
gut by modulating short-chain fatty acid levels 
[33]. The mechanism of action of lactulose is 
complementary to that of Lactobacillus rham-
nosus. In IBS-C patients, the imbalance of 
intestinal flora is usually accompanied by con-
stipation symptoms, and lactulose can increase 
the water content in the colon, improve fecal 
softening, and promote intestinal peristalsis, 
thus relieving constipation symptoms [34]. 
Therefore, the combination of Lactobacillus 
rhamnosus and lactulose not only improves the 
intestinal microecology by regulating the struc-
ture of intestinal flora and metabolites but also 
enhances intestinal peristalsis through a syner-
gistic effect, which relieves constipation symp-
toms in IBS-C patients more effectively.

It is now believed that visceral hypersensitivity 
is the key pathophysiologic mechanism of IBS-
C, and dysfunction of the brain-gut axis is an 
important cause of visceral hypersensitivity 
[35]. The brain-gut axis is a complex network 
connecting the gastrointestinal tract with the 
central nervous system, in which brain-gut pep-
tides play an important regulatory role as neu-
rotransmitters [36]. These peptides are widely 
distributed in the central nervous system, gas-
trointestinal tract, and immune organs, and 
they can regulate gastrointestinal motor and 
sensory functions through neural, endocrine, 
and immune pathways. They are closely related 
to symptoms of visceral hypersensitivity, such 
as abdominal pain, abdominal discomfort, and 

defecation abnormalities [37]. MTL and VIP are 
distributed in the enteric nervous system. MTL 
is a key hormone that regulates gastrointesti-
nal motility by activating neurons and muscle 
cells, thereby maintaining normal digestive 
function. However, IBS-C patients have reduced 
levels of MTL, leading to slowed gastrointesti-
nal motility, which in turn exacerbates constipa-
tion symptoms. Meanwhile, VIP, as an inhibitory 
neurotransmitter, can relax the smooth muscle 
of the gastrointestinal tract, inhibit gastrointes-
tinal peristalsis, and promote gastric mucosal 
gland secretion [38]. Elevated levels of VIP in 
IBS-C patients further inhibit intestinal peristal-
sis, thereby triggering constipation. The results 
of the present study showed that the combina-
tion treatment could significantly increase MTL 
levels while decreasing VIP levels. This modu-
lating effect helps to restore the normal peri-
staltic function of the gastrointestinal tract, 
thus relieving constipation symptoms. Furth- 
ermore, no statistically significant differences 
in adverse event rates were observed among 
the three patient groups, further confirming the 
favorable safety profile and clinical feasibility of 
the combination therapy.

This study had several limitations. First, the 
relatively small sample size and single-center 
design may have limited the generalizability of 
the findings. Second, although the 56-day inter-
vention period was sufficient to assess short-
term efficacy, it did not allow for evaluation of 
the long-term sustainability of the therapeutic 
effects. Additionally, while the study focused on 
changes in gut microbiota structure and gastro-
intestinal hormones, the detection of key me- 
tabolites such as short-chain fatty acids was 
insufficient. Finally, although improvements in 
psychological status were observed, the spe-
cific mechanisms underlying brain-gut axis 
interactions were not thoroughly investigated. 
Future studies should adopt a multicenter de- 
sign to increase sample size, implement longer 
intervention and follow-up periods, and inte-
grate metabolomics and neuroimaging tech-
niques to further elucidate the mechanisms of 
the combination therapy.

In conclusion, the therapeutic regimen of La- 
ctobacillus rhamnosus combined with lactu-
lose showed significant clinical advantages in 
the management of IBS-C. The combination 
therapy significantly relieved patients’ consti-
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pation symptoms and improved their quality of 
life by modulating gastrointestinal hormone lev-
els and optimizing the structure of the intesti-
nal flora.

Disclosure of conflict of interest

None.

Address correspondence to: Rongfang Wu, De- 
partment of Gastroenterology, Shandong Taishan 
Hospital, No. 3 Tianwai Village, Taishan District, 
Tai’an 271000, Shandong, China. E-mail: wurong-
fang2060@163.com

References

[1]	 Lovell RM and Ford AC. Global prevalence  
of and risk factors for irritable bowel syndro- 
me: a meta-analysis. Clin Gastroenterol Hepa-
tol 2012; 10: 712-721, e714.

[2]	 Camilleri M. Diagnosis and treatment of irrita-
ble bowel syndrome: a review. JAMA 2021; 
325: 865-877.

[3]	 Patel S, Doerfler B, Boutros K, Ng S, Manuel M 
and DeSimone E. Review of treatment options 
for irritable bowel syndrome with constipation 
and chronic idiopathic constipation. Int J Gen 
Med 2021; 14: 1457-1468.

[4]	 Biniszewska O, Jacenik D, Tarasiuk A and Fich-
na J. Current and future pharmacotherapies 
for the management of constipation-predomi-
nant irritable bowel syndrome. Expert Opin 
Pharmacother 2024; 25: 1039-1049.

[5]	 Johanson JF and Kralstein J. Chronic constipa-
tion: a survey of the patient perspective. Ali-
ment Pharmacol Ther 2007; 25: 599-608.

[6]	 Bonfrate L, Di Palo DM, Celano G, Albert A, Vi-
tellio P, De Angelis M, Gobbetti M and Portin-
casa P. Effects of Bifidobacterium longum 
BB536 and Lactobacillus rhamnosus HN001 
in IBS patients. Eur J Clin Invest 2020; 50: 
e13201.

[7]	 Zhang L, Ni X, Jiang M, Du M, Zhang S, Jiang H, 
Liu C and Liu S. Lacticaseibacillus rhamnosus 
strains for alleviation of irritable bowel disease 
and chronic fatigue syndrome. Microorgan-
isms 2024; 12: 1081.

[8]	 Melchior C, Douard V, Coëffier M and Gourcer-
ol G. Fructose and irritable bowel syndrome. 
Nutr Res Rev 2020; 33: 235-243.

[9]	 Zhang X, Zheng J, Jiang N, Sun G, Bao X, Kong 
M, Cheng X, Lin A and Liu H. Modulation of gut 
microbiota and intestinal metabolites by lactu-
lose improves loperamide-induced constipa-
tion in mice. Eur J Pharm Sci 2021; 158: 
105676.

[10]	 Furgała A, Ciesielczyk K, Przybylska-Feluś M, 
Jabłoński K, Gil K and Zwolińska-Wcisło M. 
Postprandial effect of gastrointestinal hor-
mones and gastric activity in patients with irri-
table bowel syndrome. Sci Rep 2023; 13: 
9420.

[11]	 Longstreth GF, Thompson WG, Chey WD, Ho- 
ughton LA, Mearin F and Spiller RC. Functional 
bowel disorders. Gastroenterology 2006; 130: 
1480-1491.

[12]	 Nayak AK, Karnad DR, Abraham P and Mistry 
FP. Metronidazole relieves symptoms in irrita-
ble bowel syndrome: the confusion with so-
called ‘chronic amebiasis’. Indian J Gastroen-
terol 1997; 16: 137-139.

[13]	 Li Z and Huang X. Diagnostic criteria and effi-
cacy criteria of functional constipation. Beijing 
Traditional Chinese Med 1991; 52.

[14]	 Patrick DL, Drossman DA, Frederick IO, DiCe-
sare J and Puder KL. Quality of life in persons 
with irritable bowel syndrome: development 
and validation of a new measure. Dig Dis Sci 
1998; 43: 400-411.

[15]	 Cohen S and Williamson GM. Perceived stress 
in a probability sample of the United States[J].  
1988.

[16]	 Ford AC, Harris LA, Lacy BE, Quigley EMM and 
Moayyedi P. Systematic review with meta-anal-
ysis: the efficacy of prebiotics, probiotics, syn-
biotics and antibiotics in irritable bowel syn-
drome. Aliment Pharmacol Ther 2018; 48: 
1044-1060.

[17]	 Wu Z, Xu Q, Gu S, Wang Q, Chen Y, Lv L, Zheng 
B, Wang K, Wang S, Xia J and Li L. Modulation 
of Lactobacillus rhamnosus GG on the gut mi-
crobiota and metabolism in mice with Clostrid-
ioides difficile infection. Food Funct 2022; 13: 
5667-5679.

[18]	 D’Agostino S, Valentini G, Iarussi F and Dolci 
M. Effect of probiotics lactobacillus rhamnosus 
and lactobacillus plantarum on caries and 
periodontal diseases: a systematic review. 
Dent J (Basel) 2024; 12: 102.

[19]	 Vičič V, Pandel Mikuš R and Ferjančič B. Re-
view of history and mechanisms of action of 
lactulose (4-O-β-D-Galactopyranosyl-β-D-fruct- 
ofuranose): present and future applications in 
food. J Food Sci Technol 2024; 61: 2036-
2045.

[20]	 Karakan T, Tuohy KM and Janssen-van Solin-
gen G. Low-dose lactulose as a prebiotic for 
improved gut health and enhanced mineral 
absorption. Front Nutr 2021; 8: 672925.

[21]	 Kwon H, Nam EH, Kim H, Jo H, Bang WY, Lee 
M, Shin H, Kim D, Kim J, Kim H, Lee J, Jung YH, 
Yang J, Won DD and Shin M. Effect of Lactica-
seibacillus rhamnosus IDCC 3201 on irritable 
bowel syndrome with constipation: a random-
ized, double-blind, and placebo-controlled tri-
al. Sci Rep 2024; 14: 22384.

mailto:wurongfang2060@163.com
mailto:wurongfang2060@163.com


Lactobacillus rhamnosus & lactulose in IBS-C treatment

5247	 Am J Transl Res 2026;18(6):5236-5247

[22]	 Ma J, Ma H, Zheng S, Yu X, Wang K, Wang J, 
Pan Y and Yao J. Intestinal flora in the constipa-
tion patients before versus after lactulose in-
tervention. Medicine (Baltimore) 2023; 102: 
e34703.

[23]	 Slouha E, Patel B, Mohamed A, Razeq Z, 
Clunes LA and Kollias TF. Psychotherapy for ir-
ritable bowel syndrome: a systematic review. 
Cureus 2023; 15: e51003.

[24]	 Yao F, Wu X, Zhao H and Gan C. Efficacy of psy-
chological interventions for irritable bowel syn-
drome: a protocol for systematic review and 
meta-analysis. Medicine (Baltimore) 2022; 
101: e29033.

[25]	 Farndale R and Roberts L. Long-term impact of 
irritable bowel syndrome: a qualitative study. 
Prim Health Care Res Dev 2011; 12: 52-67.

[26]	 Black CJ, Yiannakou Y, Houghton LA, Shuweih-
di F, West R, Guthrie E and Ford AC. Anxiety-re-
lated factors associated with symptom severity 
in irritable bowel syndrome. Neurogastroenter-
ol Motil 2020; 32: e13872.

[27]	 Zhao Y and Zou DW. Gut microbiota and irrita-
ble bowel syndrome. J Dig Dis 2023; 24: 312-
320.

[28]	 Shaikh SD, Sun N, Canakis A, Park WY and We-
ber HC. Irritable bowel syndrome and the gut 
microbiome: a comprehensive review. J Clin 
Med 2023; 12: 2558.

[29]	 El-Salhy M, Hatlebakk JG and Hausken T. Diet 
in irritable bowel syndrome (IBS): interaction 
with gut microbiota and gut hormones. Nutri-
ents 2019; 11: 1824.

[30]	 Zhao Y, Zhu S, Dong Y, Xie T, Chai Z, Gao X, Dai 
Y and Wang X. The role of gut microbiome  
in irritable bowel syndrome: implications for 
clinical therapeutics. Biomolecules 2024; 14: 
1643.

[31]	 Parkes GC, Brostoff J, Whelan K and Sander-
son JD. Gastrointestinal microbiota in irritable 
bowel syndrome: their role in its pathogenesis 
and treatment. Am J Gastroenterol 2008; 103: 
1557-1567.

[32]	 Wang X, Hu R, Lin F, Yang T, Lu Y, Sun Z, Li T 
and Chen J. Lactobacillus reuteri or lactobacil-
lus rhamnosus GG intervention facilitates gut 
barrier function, decreases corticosterone and 
ameliorates social behavior in LPS-exposed 
offspring. Food Res Int 2024; 197: 115212.

[33]	 Wang G, Jiao T, Xu Y, Li D, Si Q, Hao J, Zhao J, 
Zhang H and Chen W. Bifidobacterium adoles-
centis and lactobacillus rhamnosus alleviate 
non-alcoholic fatty liver disease induced by  
a high-fat, high-cholesterol diet through modu-
lation of different gut microbiota-dependent 
pathways. Food Funct 2020; 11: 6115-6127.

[34]	 Hiraishi K, Zhao F, Kurahara LH, Li X, Yamashi-
ta T, Hashimoto T, Matsuda Y, Sun Z, Zhang H 
and Hirano K. Lactulose modulates the struc-
ture of gut microbiota and alleviates colitis-as-
sociated tumorigenesis. Nutrients 2022; 14: 
649.

[35]	 Chen Z, Liu Y, Wu X, Lin W, Liu Z, Huang Y, Chen 
Y, Tang Y, Chen A and Lin C. Spinal CircKcnk9 
regulates chronic visceral hypersensitivity of ir-
ritable bowel syndrome. J Pain 2023; 24: 463-
477.

[36]	 Post Z, Manfready RA and Keshavarzian A. 
Overview of the gut-brain axis: from gut to 
brain and back again. Semin Neurol 2023; 43: 
506-517.

[37]	 Orock A, Johnson AC, Mohammadi E and 
Greenwood-Van Meerveld B. Environmental 
enrichment reverses stress-induced changes 
in the brain-gut axis to ameliorate chronic vis-
ceral and somatic hypersensitivity. Neurobiol 
Stress 2024; 28: 100590.

[38]	 Taché Y and Saavedra JM. Introduction to the 
special issue “the brain-gut axis”. Cell Mol 
Neurobiol 2022; 42: 311-313.


