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INTRODUCTION

Disorder  of  Gut-Brain 
Interact ion (D GBI)  are  a 
commonly group of disorders 
related to digestion, with a 
prevalence ranging from 20% 
to 40% among the general 
population [1]. Among these 
disorders, the most frequently 
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ABSTRACT

Background & Aims: Disorders of gut-brain interaction (DGBI) are prevalent, affecting 20-40% of the 
population, with irritable bowel syndrome (IBS) being the most common and impactful. While congenital 
lactose intolerance is rare, lactase deficiency in adults is widespread, causing gastrointestinal symptoms like 
bloating and diarrhea. Self-perceived lactose intolerance often overestimates symptoms, impacting dietary 
choices and quality of life, necessitating better understanding and management for improved patient outcomes. 
This article evaluates the diagnostic accuracy of self-reported lactose intolerance in patients with lactose 
intolerance and IBS through a systematic review. 
Methods: A systematic literature search was conducted using PubMed, EMBASE, and SCOPUS, including 
terms related to IBS, lactose intolerance, and self-reported symptoms, without applying filters to ensure 
comprehensive coverage. Inclusion criteria focused on observational studies with adult participants diagnosed 
with lactose intolerance, addressing symptoms and lactose malabsorption, while excluding non-English 
articles, reviews, editorials, and studies involving pediatric subjects. 
Results: The systematic review analyzed six studies with 845 participants, revealing significant variability and 
moderate accuracy in self-reported lactose intolerance for diagnosing actual lactose intolerance in IBS patients. 
Hydrogen breath tests (HBTs) showed that self-reported symptoms often led to false positives, underscoring 
the need for objective diagnostic tools and standardized criteria. The findings highlight the complexity of 
diagnosing lactose intolerance in IBS patients and suggest that lactose-free diets and routine HBT should not 
be recommended without clear indications. 
Conclusions: The rigorous selection process ensured the inclusion of high-quality, relevant studies, thereby 
enhancing the reliability and validity of the review‘s findings. These studies revealed that a lactose-free diet 
should not be routinely recommended for IBS patients, nor should the routine use of HBT to identify lactose 
malabsorption in this group. Future research should focus on better understanding the factors influencing 
lactose perception and tolerance, which is crucial for more effective management of lactose intolerance in 
IBS patients.

Key words: lactose intolerance − lactose malabsorbtion − hydrogen breath test − irritable bowel syndrome 
− lactose-free diet.

Abbreviations: DGBI: disorder of gut-brain interaction; HBT: hydrogen breath test; IBS: irritable bowel 
syndrome.

occurring and researched one is the irritable bowel syndrome 
(IBS), which affects a significant portion of the population, 
with a global prevalence around 9-11%, significantly affecting 
their quality of life [2].

In Europe, the frequency of primary late-onset lactase 
deficiency exhibits considerable variability across different 
regions. For instance, only about 2% of the population in 
Scandinavia is affected, whereas in certain regions of Italy, 
the prevalence can be as high as 70% [3]. This broad range 
can be attributed to a combination of genetic, dietary, and 
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cultural factors. Scandinavian populations have historically 
consumed a diet rich in dairy products, which may have 
influenced genetic selection for lactase persistence [4, 5]. In 
contrast, some Italian regions have dietary patterns that do 
not rely as heavily on dairy, leading to higher rates of lactase 
deficiency. These genetic differences are further compounded 
by cultural practices and dietary habits that either promote or 
reduce lactose consumption [6].

Comparatively, in the United States, approximately 
20% of the white population experiences lactase deficiency, 
underscoring significant variation between ethnic groups 
[3]. This disparity in lactase deficiency prevalence between 
European and American populations illustrates the influence 
of genetic diversity and migration patterns on lactose tolerance. 
Different ethnic groups in the United States bring their unique 
genetic predispositions, which affects the overall prevalence of 
lactase deficiency. Understanding these variations is crucial 
for developing region-specific dietary recommendations and 
for improving the management of lactose intolerance across 
diverse populations [7, 8].

Lactose is the primary carbohydrate in infant nutrition, 
playing a crucial role in the early stages of life. Congenital 
lactose intolerance, an extremely rare condition, presents 
itself from birth due to a genetic inability to produce lactase, 
the enzyme necessary for lactose digestion [9]. The condition 
manifests as severe and intractable diarrhea during the 
neonatal period, occurring shortly after the intake of human 
milk or lactose-containing milk formula. The diarrhea is often 
accompanied by other signs of gastrointestinal distress, such 
as abdominal bloating, gas, and discomfort, which can lead 
to dehydration and poor weight gain if not properly managed 
[10]. Lactose malabsorption can also occur temporarily due 
to secondary causes like infectious gastroenteritis, cow‘s milk 
allergy, and celiac disease. Once these underlying conditions 
are addressed, lactase activity typically returns to normal levels, 
allowing for the proper digestion of lactose [11, 12]. 

Lactase deficiency and resulting lactose malabsorption 
are frequent among adults, affecting between from 4% up to 
56% of the European population [13]. This condition is linked 
to various gastrointestinal symptoms, including abdominal 
distention, flatulence, abdominal cramping, and diarrhea. 
These symptoms occur due to the inability to properly digest 
lactose, a sugar found in milk and dairy products, leading to its 
fermentation by gut bacteria. Despite the discomfort it causes, 
health providers often regard lactase deficiency as a minor 
condition [14, 15]. In the small intestine, the enzyme lactase 
breaks down lactose into two monosaccharides for absorption. 
If there is a deficiency or absence of lactase, lactose moves to 
the large intestine, where bacteria break it down, producing 
gases like hydrogen. This hydrogen is then absorbed into the 
bloodstream, exhaled through the lungs, and measured using 
a hydrogen breath test (HBT) [16].

The self-lactose intolerance perception can have a high 
prevalence among different populations, but generally low 
severity of symptoms, which are often manageable with dietary 
adjustments. Additionally, there is a lack of correlation with 
objective measures of lactase activity or lactose absorption, 
further contributing to its underestimation in clinical settings. 
Understanding the impact of lactase deficiency is crucial for 

improving patient outcomes, as even mild symptoms can 
significantly affect quality of life [17].

Daily-life symptoms that patients associate with lactose 
intolerance are often unrelated to lactose malabsorption. Even 
in true lactose malabsorbers, the recall of symptoms tends to 
be amplified by the patient. This tendency to overestimate 
the severity and frequency of symptoms is significant, as it 
influences dietary habits and overall health [18]. Intolerant 
individuals experience symptoms due to poor digestion and 
malabsorption of lactose. Symptoms typically appear 30 
minutes to 2 hours after intake and include diarrhea, soft-
liquid stools, and accelerated intestinal transit caused by 
lactose-induced osmotic pressure. Fermentation leads to gas, 
resulting in abdominal distension, pain, cramps, postprandial 
fullness, burping, nausea, and acidic stools with perianal 
erythema [19, 20].

The aim of this article is to systematically evaluate the 
diagnostic accuracy of self-reported lactose intolerance 
in patients with lactose intolerance and IBS through a 
comprehensive analysis. This article intends to underscore 
the need for accurate diagnostic practices to enhance patient 
management and outcomes in clinical settings.

METHODS

This systematic review was written according to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist 2020 [21].

A systematic literature search was conducted using the 
databases PubMed, EMBASE, and SCOPUS from their 
inception until June 2024. The search strategy incorporated 
the following terms: ((„Irritable Bowel Syndrome”[Mesh]) OR 
(„Irritable Bowel Syndrome”[All Fields])) AND ((„Lactose 
Intolerance”[Mesh]) OR („Lactose Intolerance”[All Fields])) 
AND ((„Self Report”[Mesh]) OR („Self Report”[All Fields]) 
OR („Perception”[Mesh]) OR („Perception”[All Fields]) OR 
(„self reported”) OR („self report”) OR („perceived”)). No 
filters were applied to the search to ensure a comprehensive 
collection of relevant studies.

The inclusion criteria for this systematic review were 
observational studies that focused on adult populations, 
specifically individuals aged 18 years and older. The selected 
studies required participants to have a confirmed diagnosis 
of lactose intolerance. Furthermore, the studies needed to 
address the manifestation of symptoms associated with lactose 
intolerance as well as indicators of lactose malabsorption.

In contrast, the exclusion criteria were designed to not 
include sources that may not contribute to a comprehensive 
and rigorous analysis. This included abstracts and conference 
presentations, case reports, and articles published in languages 
other than English. Additionally, reviews, editorials, letters to 
the editor, books, and studies involving pediatric subjects were 
excluded from consideration. This selective approach aimed 
to ensure that the included studies provided high-quality, 
relevant data, thus enhancing the reliability and validity of 
the review‘s findings.

To assess the methodological quality of the studies included 
in our systematic review and meta-analysis, we used the 
Newcastle-Ottawa Scale (NOS). This tool allowed us to evaluate 
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the quality of cross-sectional studies based on several criteria 
including sample representativeness, sample size justification, 
handling of non-respondents, ascertainment of exposure, 
control for confounding variables, assessment of outcomes, 
and appropriateness of statistical tests [22].

RESULTS

The literature search identified a total of 185 records across 
the databases. Following the removal of 27 duplicate records, 
158 unique records remained for further screening. The initial 
screening process led to the exclusion of 104 records based 
on title and abstract review, leaving 54 records for detailed 
examination.

These 54 records were then subjected to a thorough 
screening of the full-text articles, which resulted in the 
exclusion of 36 additional records. The primary reasons for 
exclusion at this stage included not meeting the inclusion 
criteria or presenting inadequate data for analysis.

Eighteen full-text articles were assessed for eligibility. Of 
these, 12 articles were excluded for various reasons, such as 
failing to meet the predefined inclusion criteria or providing 
insufficient data. Consequently, six studies [16, 23-27] were 
deemed eligible and included in the qualitative synthesis of 
this systematic review (Fig. 1).

Sample Size, Demographics And Gender Distribution
The analysis of six studies on lactose intolerance involved 

845 participants, with sample sizes ranging from 51 to 402. The 
mean age of participants was generally in the mid-30s to mid-

40s. This age range indicates a focus on middle-aged adults, 
where lactose intolerance symptoms are more commonly 
reported (Table I).

The gender distribution across the six studies varied 
significantly. Out of 845 participants, 39.3% were male and 
60.7% were female. Gupta et al. [24] had a predominantly male 
sample (73%), while Dainese et al. [16] had a predominantly 
female sample (80.4%). Yang et al. [25] and Xiong [26] had a 
more balanced gender distribution (Table II).

Lactose Tolerance and Intolerance
The HBT results showed that among the participants, 230 

(27.2%) were HBT positive and lactose tolerant, 319 (37.7%) 
were HBT positive and lactose intolerant, 135 (16%) were 
HBT negative and lactose tolerant, and 134 (15.9%) were HBT 
negative and lactose intolerant (Fig. 2).

Sensitivity and Specificity 
The cross-study analysis conducted on the sensitivity and 

specificity of self-perceived lactose intolerance for diagnosing 
actual lactose intolerance demonstrated notable variations and 
patterns across the examined studies. The calculated sensitivities 
and specificities varied among the studies. The sensitivity ranged 
from 45% [26] to 75.6% [23], while the specificity ranged from 
14.5% [26] to 46.6%. The pooled sensitivity was determined 
to be 67.8%, indicating a moderate ability to correctly identify 
individuals with lactose intolerance. In contrast, the pooled 
specificity was 35.7%, reflecting a lower accuracy in correctly 
identifying individuals without lactose intolerance, thus 
indicating a considerable number of false positives.

Fig. 1. PRISMA flowchart of the included studies.
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The graphical representation of these findings (Fig. 3) 
provides a visual comparison of sensitivity and specificity 
across the studies. Each bar represents the sensitivity or 
specificity of an individual study, with the red dashed line 
indicating the pooled value. This visual aid underscores 
the variability among studies and highlights the overall 
performance metrics, emphasizing the moderate sensitivity 
and relatively low specificity of self-perceived lactose 
intolerance as a diagnostic tool. 

Symptoms in IBS and Lactose Intoleance Patients
The comparative analysis of symptoms in IBS and lactose 

intolerance patients across multiple studies reveals several 
key findings. This analysis underscores the challenge of 
differentiating IBS from lactose intolerance based on symptoms 
alone and highlights the need for further research to improve 
diagnostic accuracy (Table III).

Quality of Assessment
To assess the methodological quality of the studies included 

in our systematic review and meta-analysis, the Newcastle-

Ottawa Scale (NOS) was used, as described in Table IV. A total 
of 6 articles were assessed through the NOS criteria. 

Overall, all the cross-sectional studies had a clearly stated 
research aim or question. On the other hand, all the included 
studies did not clearly specify or define the study population. 
None of the investigators were able to confirm that the exposure 
or risk occurred prior to the development of the conditions. 
The independent variables were clearly defined, valid, and 
reliable, and implemented consistently across all participants 
in all the previously mentioned studies. Regarding the cross-
sectional studies, we found that only half of them adjusted for 
key confounding variables.

None of the cross-sectional studies assessed exposures more 
than once over time. All the studies had representative samples 
of the clinical population of interest; all their participants that 
met the prespecified entry criteria were enrolled and were with 
a sufficient sample size to provide confidence in their findings 
except for one study.

These evaluations provided a detailed assessment of the 
methodological quality of the included studies, highlighting 
areas of strength and those requiring improvement.

Table I. Comparative summary table

Article Study Focus Population and Sample Size Methodology Key Findings

Vernia et al, 2004 
[23]

Self-reported milk 
intolerance in IBS

402 IBS patients (Rome 
criteria), matched pairs 
analysis

Hydrogen breath 
test

Self-reported milk intolerance is 
unreliable in predicting lactose 
malabsorption

Gupta et al, 2007 
[24]

Frequency of LI in 
IBS patients

127 IBS patients (Rome 
criteria),

Case-control 
study

Significant overlap of symptoms 
between IBS and LI; specific symptoms 
not detailed

Yang et al, 2013 
[25]

Prevalence and effects 
of LI on dairy intake

60 IBS patients (Rome 
criteria),

Survey and 
clinical 
evaluation

Common symptoms include abdominal 
pain, bloating, flatulence, and diarrhea;

Dainese et al, 2014 
[16]

Perception of lactose 
intolerance in IBS

51 IBS patients (Rome 
criteria)

Hydrogen breath 
test

Discrepancy between perceived and 
confirmed lactose intolerance

Xiong et al, 2017 
[26]

Prevalence of LI in 
IBS-D patients

109 IBS-D patients and 50 
healthy controls in Southern 
China

Hydrogen breath 
test 

Higher prevalence of LI in IBS-D 
patients compared to healthy subjects; 
self-reported milk intolerance is 
unreliable

Bouchoucha et al, 
2020 [27]

Various 
gastrointestinal 
motility studies

154 IBS patients Multiple 
methodologies

Covers a broad range of studies related 
to IBS and other gastrointestinal 
disorders

IBS: irritable bowel syndrome; IBS-D: diarheea predominant IBS;  LI: lactose intolerance.

Table II. Patient demographics and hydrogen breath test (HBT) data across multiple studies

First Author HBT 
Positive 
Tolerant

Total 
Tolerant

HBT 
Negative 
Tolerant

HBT 
Positive 

Intolerant

Total 
Intolerant

Total 
Patients

HBT 
Negative 

Intolerant

Mean Age
(years)

Gender 
(% Male)

Gender 
(% Female)

Vernia et al, 2004 
[23]

138 201 63 152 201 402 49 35.7 ± 14.4 29.8 70.2

Gupta et al, 2007 
[24]

43 56 13 49 56 124 7 35.5 ± 11.1 73.0 27.0

Yang et al, 2013 
[25]

17 22 5 34 38 60 4 40.8 ± 11.7 48.3 51.7

Dainese et al, 2014 
[16]

14 37 23 7 14 51 7 45 ± 16 19.6 80.4

Xiong et al, 2017 
[26]

18 49 31 25 47 109 22 36.0 ± 12.2 52.3 47.7

Bouchoucha et al, 
2020 [27]

54 99 99 45 41.6 ± 15.8 27.0 73.0
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Fig. 2. Distribution of Participants by HBT data Across Multiple Studies. This figure illustrates 
the number of participants categorized as HBT Positive Tolerant, HBT Positive Intolerant, 
HBT Negative Tolerant, and HBT Negative Intolerant across six different studies (Vernia 
P. 2004, Gupta D. 2007, Yang J. 2013, Dainese R. 2014, Xiong L. 2017, and Bouchoucha M. 
2020). The bars represent the participant count for each tolerance status within each study.

Fig. 3. Sensitivity and Specificity Across Studies The left panel shows the sensitivity of each 
study, with individual study sensitivities indicated by blue bars and the pooled sensitivity 
marked by the red dashed line. The right panel illustrates the specificity of each study, with 
individual study specificities shown by green bars and the pooled specificity indicated by the 
red dashed line. These panels compare the diagnostic performance of different studies on 
sensitivity and specificity metrics.

Table III. Comparative symptoms in IBS and lactose intolerance patients

Article Symptoms in IBS Patients Symptoms in lactose intolerance 
patients

Vernia et al, 2004 [23] Flatulence, pain, bowel 
movements with loose stools

Similar symptoms as IBS patients

Gupta et al, 2007 [24] Overlap of symptoms between 
IBS and lactose intolerance;

Overlap of symptoms between IBS 
and lactose intolerance

Yang et al, 2013 [25] Abdominal pain, bloating, 
flatulence, diarrhea

Abdominal pain, bloating, 
flatulence, diarrhea

Dainese et al, 2014 [16] Severe symptoms Moderate symptoms

Xiong et al, 2017 [26] Abdominal pain, bloating, 
borborygmi, diarrhea

Abdominal pain, bloating, 
borborygmi, diarrhea

Bouchoucha et al, 2020 [27] IBS-D – severe symptoms than 
lactose intolerance

Nausea, bloating, diarrhea, 
borborygmi, abdominal pain
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Table IV. The Newcastle-Ottawa Scale (NOS) for assessing the quality of cross-sectional studies

Study Sample 
representativeness

Sample size Non-
Respondents

Ascertainment of 
the exposure (risk 

factor)

Comparability Assessment of 
the outcome

Statistical 
test

Score

Vernia et al, 2004 
[23]

* * * ** ** * 8

Gupta et al, 2007 
[24]

* * * ** ** * 8

Yang et al, 2013 
[25]

* * * ** ** * 8

Dainese et al, 2014 
[16]

* * ** ** * 7

Xiong et al, 2017 
[26]

* * * ** ** * 8

Bouchoucha et al, 
2020 [27]

* * * ** ** * 8

DISCUSSION

The cumulative analysis of these six studies reveals 
significant variability in sample sizes, age distributions, 
and gender proportions. The findings underscore the high 
prevalence of lactose intolerance across different populations. 
The HBT results indicate that a substantial proportion of 
participants experienced lactose intolerance, emphasizing the 
need for effective dietary and clinical management strategies. 
This comprehensive understanding of lactose intolerance 
across diverse demographics enhances the overall knowledge 
and informs better health practices and interventions.

These values indicate that self-perceived lactose intolerance 
has moderate sensitivity, meaning a correct identification of 
approximately 68% of those who are truly lactose intolerant. 
However, it has low specificity, meaning it only correctly 
identifies about 36% of those who are not lactose intolerant, 
indicating a significant number of false positives. This suggests 
that while many individuals who perceive themselves as lactose 
intolerant are indeed so, a substantial number of individuals 
may incorrectly perceive themselves as lactose intolerant.

The examination of the deviation of each study‘s sensitivity 
and specificity from the pooled values highlighted systematic 
trends. Studies such as Vernia et al. [23], Dainese et al. [16], 
and Yang et al. [25] showed a positive deviation in sensitivity, 
suggesting a potential overestimation in their ability to detect 
true positives. Conversely, Gupta et al [24], Bouchoucha et 
al [27], and Xiong et al. [26] exhibited a negative deviation, 
indicating an underestimation. For specificity, Gupta et al. [24], 
Dainese et al. [16], and Yang et al. [25] demonstrated a positive 
deviation, while Vernia et al. [23], Bouchoucha et al. [27], and 
Xiong et al. [26] showed a negative deviation, pointing to a 
potential overestimation of true negatives.

Some studies did not find any significant differences in the 
prevalence of lactose malabsorption between IBS patients and 
non-IBS controls [23, 28]. However, another study indicated 
that lactose malabsorption was not necessarily the cause of 
self-reported lactose intolerance [18]. Many patients with IBS 
reported self-perceived lactose intolerance before any objective 
tests, but the prevalence of lactose malabsorption in this group 
was similar with general population [25].

The gender distribution across the six studies exhibited a 
notable imbalance, with 39.3% of the 845 participants being 
male and 60.7% being female. This significant variation 
highlights the critical need for gender-specific analysis in lactose 
intolerance research. The disproportionate representation of 
females may indicate potential differences in the prevalence 
and severity of lactose intolerance symptoms between genders. 
Understanding these gender-based differences is essential, 
as it can inform more tailored and effective diagnostic and 
treatment strategies [29]. Moreover, it raises questions about 
the underlying biological, genetic, and hormonal factors that 
might contribute to these discrepancies, emphasizing the 
need for further in-depth studies to explore these dynamics. 
Such gender-focused research can ultimately lead to improved 
health outcomes by ensuring that both men and women receive 
accurate diagnoses and appropriate care for lactose intolerance.

Moreover, it raises questions about the underlying 
biological, genetic, and hormonal factors that might contribute 
to these discrepancies, emphasizing the need for further in-
depth studies to explore these dynamics. Such gender-focused 
research can ultimately lead to improved health outcomes by 
ensuring that both men and women receive accurate diagnoses 
and appropriate care for lactose intolerance.

Despite the potential for digestive discomfort, unabsorbed 
lactose offers significant health benefits. One of the most 
notable advantages is its bifidogenic effect, which promotes 
the growth of beneficial bifidobacteria in the gut [30]. These 
beneficial bacteria play a crucial role in maintaining a healthy 
intestinal flora, enhancing gut health, and supporting the 
immune system. Furthermore, unabsorbed lactose improves 
calcium absorption, which is essential for maintaining strong 
bones and teeth, and overall skeletal health. By fostering a 
balanced gut microbiome and enhancing nutrient absorption, 
unabsorbed lactose contributes positively to digestive 
and overall health, even in the presence of mild digestive 
disturbances [13, 31].

Many people with clinically confirmed lactose intolerance 
can still consume dairy foods with proper guidance to meet 
nutrient recommendations. Research indicates that those who 
perceive themselves as lactose intolerant can often consume 
dairy without symptoms. For instance, one study found that 
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lactose-intolerant individuals can tolerate up to 2 cups (≈474 
mL) of milk per day when consumed with meals [32, 33].

Diagnosing food intolerance is challenging for clinicians, 
as many patients experience symptoms after eating and often 
blame various foods, believing they are „intolerant to all foods”. 
These patients frequently misinterpret their symptoms and 
self-diagnose with a food intolerance that typically doesn‘t 
exist; instead, their symptoms are usually due to DGBI. 
Contributing to this misinterpretation are the overlap of 
intolerance symptoms with those of DGBI and the lack of 
validated diagnostic tests for food intolerances [34-36].

Furthermore, the avoidance of dairy without proper 
medical advice can lead to unnecessary dietary restrictions 
and potential nutrient deficiencies. It is important for 
healthcare providers to accurately diagnose lactose intolerance 
and educate patients on managing their symptoms without 
compromising their nutritional status [11].

CONCLUSIONS

The studies collectively emphasize the complexity of 
diagnosing and managing lactose intolerance in patients with 
IBS. The findings strongly advocate for the use of objective 
diagnostic tools like HBT over self-reported symptoms 
to ensure accurate diagnosis and effective management. 
The observed biases and systematic trends in sensitivity 
and specificity values across studies suggest inherent 
inconsistencies in assessing self-perceived lactose intolerance, 
underscoring the need for standardized diagnostic criteria and 
further research to enhance diagnostic accuracy in clinical 
practice.

Additionally, the studies indicate that a lactose-free diet 
should not be routinely recommended for IBS patients. 
Similarly, routine use of HBT to identify lactose malabsorption 
in IBS patients is not advised. Future investigations should 
focus on gaining a better understanding of the factors 
involved in lactose perception and tolerance. This improved 
comprehension is clinically relevant and deserve consideration 
due to its implications for more effective management of lactose 
intolerance in IBS patients.
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