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Abstract: Many patients with inflammatory bowel disease (IBD) restrict dairy products to control
their symptoms. The aim of the study was to investigate the prevalence of lactose intolerance assessed
with hydrogen breath test (H-BT) in IBD patients in clinical remission compared to a sex, age and
BMI matched control population. We further detected the prevalence of three single nucleotide
polymorphisms of the lactase (LCT) gene: the lactase non persistence LCT-13910 CC (wildtype) and
the intermediate phenotype LCT-22018 CT and LCT-13910 AG; finally, we assess the correlation
between genotype and H-BT. A total of 54 IBD patients and 69 control who underwent clinical
evaluation, H-BT and genetic test were enrolled. H-BT was positive in 64.8% IBD patients and 62.3%
control (p = 0.3). The wild-type genotype was found in 85.2% IBD patients while CT-22018, AG-13910
and CT-22018/AG-13910 polymorphisms were found in 9.3%, 1.8% and 3.7%. In the control group,
the wild-type genotype, CT-22018, AG-13910 and CT-22018/AG-13910 polymorphisms were found
in 87%, 5.8%, 5.8% and 1.4% of cases, respectively. Therefore, the wild-type and polymorphisms’
prevalence did not differ between IBD population and control group (85.2% vs. 87%, p = 0.1) (14.8%
vs. 13%, p = 0.7). The correlation between positive H-BT and genetic analysis showed that the
wild-type genotype was associated with higher rate of lactose intolerance in the total population (OR
5.31, 95%CI 1.73–16.29, p = 0.003) and in the IBD (OR 7.61, 95%CI 1.36–42.7, p = 0.02). The prevalence
of lactose intolerance in IBD patients did not differ from that of control. Despite suggestive symptoms,
about 1/3 of IBD patients are not lactose intolerant, thus not needing “a priori” elimination diet. This
may encourage a rationale and balanced dietary management in IBD.

Keywords: hydrogen breath test; lactose intolerance; inflammatory bowel disease; lactase polymorphism

1. Introduction

An overall prevalence of 35% patients with inflammatory bowel disease (IBD), despite
in remission, experience gut symptoms like abdominal pain, bloating, diarrhea [1]. The
etiology of these gastrointestinal (GI) symptoms in patients with quiescent IBD can be
multifactorial, and it is challenging to differentiate if they are due to food intolerances,
malabsorption and/or concomitant irritable bowel syndrome (IBS) [2].

Several studies have shown that about one-third of patients with ulcerative colitis
(UC) and a half of those with Crohn’s disease (CD) in remission met the Rome III criteria
for diagnosis of IBS at any one time point [3].
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Effective management strategies for these IBD patients overlapping IBS include ac-
curate exclusion of food intolerance. The most common food intolerance is the lactose
intolerance. Indeed, it has been reported a prevalence worldwide at 68% with wide varia-
tion between different regions and an overall frequency of around two-thirds of the world’s
population [4].

Lactase is an enzyme, expressed on the brush border of villi, able to hydrolyze the
lactose into galactose and glucose, subsequently they are both absorbed in the small intes-
tine. When lactose is not digested, it can be fermented by gut microbiota causing osmotic
diarrhea and determining the production of gasses including hydrogen (H2), carbon diox-
ide (CO2), methane (CH3) and short chain fatty acids (SCFA) that leads symptoms like
abdominal pain, bloating, flatulence [5]. Classically lactose intolerance is defined as the
occurrence of typical intestinal symptoms such as abdominal pain, bloating and diarrhea
after a lactose challenge in individuals with lactose malabsorption [5]. To date, the most
reliable test to diagnose lactose malabsorption is the hydrogen breath test (HBT) [6]. In
addition, the genetic test, that analyzed several single nucleotide polymorphisms (SNPs)
upstream the lactase (LCT) gene, may be also used. Indeed, lactase persistence and non-
persistence depend on the presence of genetic polymorphisms: lactase non-persistent
adults are homozygous for an autosomal recessive allele that causes the post-weaning
decline of lactase activity, while lactase persistent subjects are either hetero- or homozygous
for a dominant allele that allows lactase to persist [7].

Understanding the prevalence of lactose intolerance in IBD population may result in
important implications by preventing unnecessary restrictive diets and thereby contributing
to the prevention of future complications, including malnutrition and the occurrence
of calcium phosphate metabolism disorders. Accordingly, the aim of the study was to
investigate the prevalence of lactose intolerance in IBD patients in clinical remission with
symptoms suggestive for lactose intolerance, in comparison to a control population with
the same symptoms. Furthermore, we analyzed three single nucleotide polymorphisms
of the LCT gene, the lactase non persistence LCT-13910 CC (genetic wildtype) and the
intermediate phenotype LCT-22018 AG and LCT-13910 CT, to determine their prevalence
in IBD population and assess the correlation between genotype and hydrogen breath test.

2. Materials and Methods
2.1. Study Design

We conducted an observational, prospective study enrolling all consecutive IBD
patients referred between 2018–2019 to an academic tertiary IBD center at the University
Federico II of Naples. Patients aged ≥18 years with a histologically confirmed diagnosis
of IBD were eligible. All of them were in remission even though they experienced the
following gut symptoms: bloating, abdominal pain and diarrhea. Remission state was
defined as Crohn’s disease activity Index (CDAI) < 150 for CD [8] and a partial Mayo score
≤ 1 for UC [9,10]. IBD population was compared with a sex- age- and BMI-matched control
subjects, consisting of consecutive patients referred to our outpatient clinic for intestinal
symptoms suggestive of lactose intolerance.

Of note, patients with significant comorbidities, malignancy, abdominal surgeries,
pregnant or lactating were excluded. In addition, IBD active patients were excluded
because of lactose intolerance secondary to a damage of the small intestinal mucosa.

Demographic data, including age, body mass index (BMI), smoke habits, disease
characteristics (extent of disease, Montreal classification), treatments (corticosteroids, im-
munosuppressive therapy, biologics) and clinical disease activity scores (CDAI and partial
Mayo score) were collected. At the time of the study’s inclusion, IBD patients and control
usually consume milk and both fermented and non-fermented dairy products.

All patients underwent HBT. Of note, antibiotics, laxatives, proton pump inhibitor
and probiotics were not allowed two weeks before HBT. The test was conducted in the
morning, after 8 to 12 h fasting without performing physical activity and smoking. Before
starting the test, patients washed their mouths with 20 mL of 0.05% chlorhexidine. A total
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of 9 measurements were carried out every 30 min for 4 h maximum after oral ingestion of
25 g of lactose.

A Quintron Model Breath Tracker DP Microlyzer gas chromatograph (Quintron In-
struments, Milwaukee, WI, USA) was used to measure in parts per million (ppm) the H2
and CH4 concentration in breath samples. Lactose malabsorption was diagnosed when H2
increased > 20 ppm or CH4 > 10 ppm over baseline values [11]. A baseline H2 value > 10
ppm was defined as an exclusion criterion. In addition, a self-administered questionnaire
based on a dichomotic scale “yes” or “no” to the question “Do you have abdominal discom-
fort such as abdominal pain, bloating, diarrhea after intake of milk or dairy products?” [12]
was used for symptom assessment during the HBT.

Accordingly, the presence of GI symptoms after lactose ingestion associated with a
positive HBT was defined lactose intolerance.

To detect genetic polymorphism, serum samples were obtained from each IBD patients
and control and the SNaPshot® Multiplex System, a primer extension-based method
was used.

We analyzed eight different SNPs (single nucleotide polymorphisms), in some cases
adjacent each other, in the genomic sequence, which are associated with lactase persis-
tence [13–15] in Caucasian, Arabian Bedouins, sub-Saharian Africans and Asian popula-
tions, and then, we selected the three most relevant SNPs for the subsequent analysis.

Two primer pairs were designed to amplify the two regions, respectively of 400 bp
and 250 bp, containing the SNiPs of interest in the lactase enhancer:

(1) eLac12F—ACTACTCCCCTTTTACCTCGTT, eLac12R—TCTGTTTATCTCTGCTCT
CATCAT, amplifying the 400 bp region containing the −13910 position (rs4988235);

(2) eLac22F—AGCTGGGACCACAAGCAC, eLac21R—CATTATCAGCCAACATCAAAGC
amplifying the 250 bp region containing the −22018 position (rs182549).

PCR protocol: initial step of denaturation at 95 ◦C for 3′, then 35 cycles of denaturation
at 95 ◦C for 30”, annealing at 57 ◦C for 30”, elongation at 72 ◦C for 45”, followed by a final
elongation at 72 ◦C for 5′ in a final volume of 20 µL with 0.5 µM of each primer, 1 unit of
Taq Expand High Fidelity PCR System (Roche) and 0.5% DMSO. For each sample, 5 µL of
each PCR product were mixed and purified with ExoSap (Thermo Fisher, Waltham, MA,
USA), following manufacturer’s protocol.

The following primers were designed for SNP detection:

Primer Name SNP Expected Variation Sequence Final Length

eLac1 rs41525747 G/C AGGAGAGTTCCTTTGAGGCCA 36

eLac2 rs4988236 G/A GGAGAGTTCCTTTGAGGCCAG 41

eLac3 rs4988235 G/A GAGTTCCTTTGAGGCCAGGG 46

eLac4 rs41456145 A/G CCTTTGAGGCCAGGGGCT 51

eLac5 rs773131166 C/T CCTTTGAGGCCAGGGGCTA 56

eLac6 rs41380347 A/C CTTTGAGGCCAGGGGCTAC 61

eLac7 rs145946881 C/G GGTATTAAATGGTAACTTACGTCTTTATG 66

eLac8 rs182549 C/T ACAAAGGTGTGAGCCACCG 71

To obtain the desired length, a GACT repeat was added to each primer. The reactions
were performed using the SNaPshot Multiplex Kit (Thermo Fisher, Waltham, MA, USA)
following manufacturer’s protocol, with a final concentration of 0.2 µM for each primer
(0.4 µM for the primers eLac4 and eLac5). Then the samples were treated with Calf Intestinal
Alkaline Phosphatase (Thermo Fisher, Waltham, MA, USA). In 2 µL of each sample were
added 0.2 µL of GeneScan™ 120 LIZ™ dye Size Standard (Applied Biosystems, Foster City,
CA) and run on the 3730 DNA Analyzer (Thermo Fisher, Waltham, MA, USA) following
manufacturer’s instructions. Raw data were analyzed with the GeneMapper 5 software
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(Thermo Fisher, Waltham, MA, USA). All the data obtained were confirmed by Sanger
sequencing both strands with BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA), using the same primers described previously, on the
3730 DNA Analyzer (Thermo Fisher, Waltham, MA, USA).

2.2. Ethical Considerations

All subjects gave verbal and written consent before participation and the proposal
was approved by the local Ethics Committees (209/17).

2.3. Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Sciences
(SPSS software v.15.0, Chicago, IL, United States) for Windows. The descriptive statistics
included the determining of mean values and standard deviation (SD) of the continuous
variables, as well as percentages and proportions of the categorical variables. Statistical
significance was assessed using chi-squared to evaluate the differences between percent-
ages or proportions statistics and ANOVA to evaluate the differences between means.
Furthermore, the nonparametric Mann–Whitney and Wilcoxon tests were used to evaluate
the differences for dichotomous and continuous variables. Finally, these statistical analy-
ses were performed again splitting patients affected by CD and UC to detect differences
between each other. All the differences were considered significant when p ≤ 0.05.

3. Results
3.1. Patient Demographics

The total number of patients recruited was 54 IBD (22 with CD and 32 with UC,
37% males with median age of 37.3 ± 14.7 years and a BMI of 24.07 ± 4.04). All of them
were in clinical remission according to CDAI < 150 for CD and a partial Mayo score < 2
for UC. Twelve UC patients had pancolitis (E3) colitis, 11 proctosigmoiditis (E1) while
9 had left-side colitis (E2). With regards to CD, the majority (16) had ileal disease (L1),
5 ileo-colonic disease (L3) and 1 colonic disease (L2). No patients underwent abdominal
surgery. Most (77.8%) IBD patients were treated with mesalamine, 12.9% with biologics,
5.6% with steroids and 5.6% with immunosuppressant, while a total number of 69 matched
subjects (37.7% males with a mean age of 37.8 ± 15.2 years and a BMI of 23.5 ± 4.01) were
enrolled as control. Demographic details are shown in Table 1.

3.2. Lactose Breath Test

H-BT was positive in 35 IBD patients (64.8%) and 43 control (62.3%) (p = 0.3). In
addition, positive H-BT did not differ significantly in CD and UC patients (p = 0.8). During
H-BT test, we further collected the occurrence of symptoms after lactose intake. Among IBD
patients with positive H-BT, 25 (72%) experienced GI symptoms and thus were diagnosed
as lactose intolerant, while 10 (28%) did not record any symptoms during the test. With
regards to control group, 29 (68%) individuals with H-BT experienced symptoms, whereas
14 (32%) had no symptoms despite positive H-BT (Table 2).

A further analysis showed that in patients with positive H-BT, there was not significant
difference between IBD and control group in hydrogen and/or methane raised (p = 0.2).
In addition, the production of hydrogen and methane did not differ between CD and UC
(p = 0.3).
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Table 1. Baseline patient demographics.

IBD *
(n = 54) Control Group (n = 69) p Value

Males, n ξ (%) 20 (37%) 26 (37.7%) 0.9

Mean age, years ± SD β 37.3 ± 14.7 37.8 ± 15.2 0.8

BMI ¥ (mean Kg/m2 ± SD) 24.07 ± 4.04 23.5 ± 4.01 0.4

Smoking habits Yes, n (%) 9 (16.7%) 10 (14.5%) 0.8

No/Ex, n (%) 45 (83.3%) 59 (85.5%) 0.1

Symptoms

Abdominal pain, n (%) 15 (27.8%) 19 (27.5%) 0.4

Diarrhoea, n (%) 16 (29.6%) 20 (29%) 0.6

Bloating, n (%) 23 (42.6%) 30 (43.5%) 0.3

Crohn’s disease, n (%) 22 (40.7%)

Ulcerative colitis, n (%) 32 (59.3%)

Montreal Classification

L1 ◦ 16 (72.7%)

L2 ◦◦ 1 (4.5%)

L3 ◦◦◦ 5 (22.7%)

L4 ◦◦◦◦ 0

E1
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hydrogen breath test (H-BT); positive hydrogen breath test (H-BT +); negative hydrogen breath test (H-BT −);
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3.3. Genetic Test

The genetic analysis revealed that 46 IBD patients (85.2%) had wild-type genotype
while CT-22018, AG-13910 and CT-22018/AG-13910 polymorphisms were found in 9.3%,
1.8% and 3.7% of cases. In the control group, the wild-type genotype, CT-22018, AG-13910
and CT-22018/AG-13910 polymorphisms were found in 87%, 5.8%, 5.8% and 1.4% of the
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cases, respectively. Of note, there was no significant difference between IBD population and
control group in terms of wild-type genotype (85.2% vs. 87%, p = 0.1) and polymorphisms’
prevalence (14.8% vs. 13%, p = 0.7) (Figure 1).
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A further analysis showed that there was no difference in terms of polymorphism
also between CD and UC patients. In detail, the wild-type genotype was found in 90.9%
CD and 81.3% UC patients (p = 0.8). In addition, 9.1% of CD patients and 9.4% of UC
had CT-22018 (p = 0.1) (Figure 1). Finally, we found that 3.1% of UC patients carried the
genotype AG-13910, 6.2% CT-22018/AG-13910, while no patients with CD carried neither
AG-13910 (p = 0.4) nor CT-22018/AG-13910 (p = 0.2) (Figure 2).
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3.4. Correlation between Lactose Breath Test and Genotypes

In the overall study population, the wild-type genotype was associated with higher
rate of lactose intolerance assessed by using H-BT (Odds Ratio OR 5.31, 95% CI 1.73–16.29,
p = 0.003). This was confirmed also in the IBD population (OR 7.61, 95% CI 1.36–42.7,
p = 0.02), but not in the control group (OR 4, 95% CI 0.90–17.68, p = 0.07).

Likewise, the presence of polymorphisms CT-22018, AG-13910 and CT-22018/AG-
13910 was associated with lactose tolerance in the total population (p = 0.004) and in the
IBD population (p = 0.03). Conversely in the control group, the presence of polymorphisms
was not associated with lactose tolerance (p = 0.1).

3.5. Correlation between Symptoms and Breath Test and Genetic Test

No specific symptom (abdominal pain, bloating, diarrhea) experienced at baseline
was associated with higher rate of positive H-BT in overall population (p = 0.9). This was
also confirmed in IBD patients (p = 0.8) and control (p = 0.7). Similarly, no specific baseline
symptom was associated with higher rate of wild-type genotype in overall population
(p = 0.7) and both IBD patients (p = 0.8) and control (p = 0.6).

4. Discussion

The incidence of lactose intolerance in patients with IBD has been already investigated,
but the obtained results remain controversial [16–18]. A meta-analysis by Szilagyi et al. [16]
has shown an increased risk of lactose intolerance only in CD with small bowel involvement,
whereas in UC patients the incidence does not differ from the control. Recently, a study
involving children affected by IBD reported that the incidence of lactose intolerance does
not differ in respect to the general population [19]. We found a similar prevalence in
lactose intolerance in IBD patients as compared with control. Furthermore, no significant
difference was observed between CD and UC. However, it is important to underline that we
did not include patients who underwent IBD related surgeries because the bowel damage
could lead to malabsorption and thereby secondary lactose intolerance [20].

Of note, the clinical relevance of genetic test for the diagnosis of lactose intolerance is
a matter of debate [21–23]. Given that the lactase activity declines progressively over time,
the genotype analysis is not enough to diagnose lactase intolerance [24]. Therefore, genetic
analysis could be considered as a snapshot of a moment wherein the rate of lactase decline
not necessarily has already reached the threshold for symptoms that may appear later in
life [5]. However, several studies have shown a very good agreement between the genetic
test and the lactose breath test [17,21,22,24].

In the current study, the distribution of genotypes did not differ significantly between
IBD patients and control. The presence of wild-type genotype was associated with a higher
rate of lactose intolerance assessed with H-BT in the total population and IBD patients while
the genetic polymorphisms CT-22018, AG-13910 and CT-22018/AG13910 were associated
with lactose tolerance in the total population and IBD population.

The mechanism leading to symptoms after lactose ingestion is complex as it involves
the production of metabolites by bacteria. Interestingly, differences in bacterial metabolism
influence the probability of developing symptoms such as diarrhea, bloating, abdominal
pain as a result of lactose ingestion. Among the hundreds of colonic bacteria, Bifidobacteria,
Lactobacilli and Escherichia coli have beneficial effect on the ability to metabolize lactose [5].
Of note, these bacterial fermentation results in production of SCFA that are implicated
in immune regulation, glucose and lipid homeostasis and colonocyte differentiation. [5]
However, since methane producing Archeobacteria play a key role in the IBD gut micro-
biota [17,25,26], we also investigate the rise of hydrogen and methane in IBD patients and
control. Previously, Eadala et al. showed that IBD patients had a higher methane raised
than hydrogen breath [17]. Nevertheless, we did not find any significant difference in
raised hydrogen and methane supporting the hypothesis that the gut microbiota of IBD
patients in remission did not differ from control. Furthermore, a possible explanation is
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related to the use of a more stringent cut-off of >10 ppm methane, in accordance with the
recent literature [11], whereas the previous study selected a cut-off >5 ppm over the nadir.

It is noteworthy that in a considerable proportion of IBD patients (42%) and even
control (34%), we reported the occurrence of symptoms even with negative H-BT. These
highlight a “nocebo effect” based on the subjective suggestion that the ingestion of lactose
could induce abdominal symptoms in those patients [27]. This idea is also enhanced by
some social media dealing with symptoms potentially triggered by lactose. Thus, many
patients do not actually have any real lactose intolerance; rather, they are self-diagnosed
lactose intolerant. These misconceptions lead many people to unnecessarily stop their
consumption of dairy products. We observed a similar rate of lactose intolerance in our
IBD population compared to control; accordingly, we strongly believe that IBD patients do
not need to exclude dairy products “a priori” form their diet without evidence of lactose
intolerance. Indeed, in the last years many IBD patients, and also their physicians, have
benefitted from diet as adjuvant treatment to control symptoms [28,29]. Many patients
believe that lactose-containing foods may lead to abdominal symptoms, and thereby, they
restrict dairy products believing they cause their symptoms. It has been reported that 76%
of patients with IBD restrict food groups on their own, based on subjective intolerance
and worsening of their disease [30]. Interestingly, several studies have investigated the
impact of fermented and no fermented products on H-BT and symptoms. In most of
them, breath-hydrogen production was significantly lower with fresh yoghurt compared to
milk and pasteurized products [31,32]. In addition, fewer symptoms were observed after
consumption of fresh yoghurt than milk [27,32]. This will result in a huge expansion of fer-
mented dairy products and lactose-free dairy market, expected to reach a 9 billion turnover
by 2022 [33]. Therefore, current recommendations and evidence are required to promote a
rational dietary approach for management of IBD instead of self-restriction habits.

The main strength of the current study is the full assessment of lactose intolerance
involving genetic test, measurement of breath hydrogen and collection of symptoms. In
clinical practice, we often deal with IBD patients although in remission who describe a
stereotyped GI symptoms pattern after the ingestion, even in small amounts, of milk or
milk-derivative products. Thus, we sustain that before making restrictions, an objective
assessment of lactose intolerance is required.

A limitation of the study is a relatively small number of IBD patients and control.
However, we aimed to estimate the rate of lactose intolerance in a selected population
of IBD patients in clinical remission and control with GI symptoms suggestive of lactose
intolerance. Assessing the prevalence of lactose intolerance in the general population was
beyond the scope of this exploratory study. Thus, we seek to provide a rational approach
to screen lactose intolerance in IBD patients in clinical remission before eliminating milk
and dairy products and thereby prevent important nutrient deficiencies. In addition,
patients did not complete a validated questionnaire about symptoms associated with the
consumption of dairy products at home (HQ), including fermented and non-fermented
products. We further did not use a visual analogue scale with the global symptom score
to assess the severity of symptoms and fully excluded the potential confounding effect of
concomitant conditions. We did not analyze a correlation between extension and location
of IBD and an increased risk of lactose intolerance. Nevertheless, given that all enrolled
IBD patients were in clinical remission, we believe that the location of disease should have
no effect.

5. Conclusions

In conclusion, the use of a balanced nutritional approach in IBD patients in clinical re-
mission with GI symptoms involves screening individuals for food intolerances and promot-
ing a tailored food intake [34] in order to prevent the development of future complications,
including malnutrition and the occurrence of calcium phosphate metabolism disorders.



Nutrients 2021, 13, 1290 9 of 10

Author Contributions: Conceptualization, F.C., O.M.N., A.T.; methodology, O.M.N., F.C.; formal
analysis, O.M.N., N.I., F.C., E.B., investigation, F.M., C.D., G.A., F.S., P.D.L., R.d.S.; writing—original
draft preparation, O.M.N.; writing—review and editing, O.M.N., F.C., E.B., A.R., N.I., A.T.; supervi-
sion, F.C., E.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of University Federico II of Naples
(protocol code 209/17, 18 December 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are grateful to Sequencing and Molecular Analysis Center of Stazione
Zoologica Anton Dohrn of Naples and in particular to Elvira Mauriello and Raimondo Pannone for
their technical help in Sanger sequencing and SNPs runs.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Halpin, S.J.; Ford, A.C. Prevalence of symptoms meeting criteria for irritable bowel syndrome in inflammatory bowel disease:

Systematic review and meta-analysis. Am. J. Gastroenterol. 2012, 107, 1474–1482. [CrossRef] [PubMed]
2. Quigley, E.M. Overlapping irritable bowel syndrome and inflammatory bowel disease: Less to this than meets the eye? Ther. Adv.

Gastroenterol. 2016, 9, 199–212. [CrossRef]
3. Vivinus-Nebot, M.; Frin-Mathy, G.; Bzioueche, H.; Dainese, R.; Bernard, G.; Anty, R.; Filippi, J.; Saint-Paul, M.C.; Tulic, M.K.;

Verhasselt, V.; et al. Functional bowel symptoms in quiescent inflammatory bowel diseases: Role of epithelial barrier disruption
and low-grade inflammation. Gut 2014, 63, 744–752. [CrossRef] [PubMed]

4. Storhaug, C.L.; Fosse, S.K.; Fadnes, L.T. Country, regional, and global estimates for lactose malabsorption in adults: A systematic
review and meta-analysis. Lancet Gastroenterol. Hepatol. 2017, 2, 738–746. [CrossRef]

5. Misselwitz, B.; Butter, M.; Verbeke, K.; Fox, M.R. Update on lactose malabsorption and intolerance: Pathogenesis, diagnosis and
clinical management. Gut 2019, 68, 2080–2091. [CrossRef]

6. Law, D.; Conklin, J.; Pimentel, M. Lactose intolerance and the role of the lactose breath test. Am. J. Gastroenterol.
2010, 105, 1726–1728. [CrossRef]

7. Swallow, D.M. Genetics of lactase persistence and lactose intolerance. Annu. Rev. Genet. 2003, 37, 197–219. [CrossRef]
8. Torres, J.; Bonovas, S.; Doherty, G.; Kucharzik, T.; Gisbert, J.P.; Raine, T.; Adamina, M.; Armuzzi, A.; Bachmann, O.; Bager, P.; et al.

ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. J. Crohns. Colitis. 2020, 14, 4–22. [CrossRef]
9. Peyrin-Biroulet, L.; Sandborn, W.; Sands, B.E.; Reinisch, W.; Bemelman, W.; Bryant, R.V.; D’Haens, G.; Dotan, I.; Dubinsky, M.;

Feagan, B.; et al. Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining Therapeutic Goals for
Treat-to-Target. Am. J. Gastroenterol. 2015, 110, 1324–1338. [CrossRef]

10. Sturm, A.; Maaser, C.; Calabrese, E.; Annese, V.; Fiorino, G.; Kucharzik, T.; Vavricka, S.R.; Verstockt, B.; van Rheenen, P.; Tolan, D.;
et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 2: IBD scores and general principles and technical aspects.
J. Crohns. Colitis. 2019, 13, 273–284. [CrossRef] [PubMed]

11. Rezaie, A.; Buresi, M.; Lembo, A.; Lin, H.; McCallum, R.; Rao, S.; Schmulson, M.; Valdovinos, M.; Zakko, S.; Pimentel, M.
Hydrogen and Methane-Based Breath Testing in Gastrointestinal Disorders: The North American Consensus. Am. J. Gastroenterol.
2017, 112, 775–784. [CrossRef] [PubMed]

12. Zheng, X.; Chu, H.; Cong, Y.; Deng, Y.; Long, Y.; Zhu, Y.; Pohl, D.; Fried, M.; Dai, N.; Fox, M. Self-reported lactose intolerance in
clinic patients with functional gastrointestinal symptoms: Prevalence, risk factors, and impact on food choices. Neurogastroenterol.
Motil. 2015, 27, 1138–1146. [CrossRef] [PubMed]

13. Tag, C.G.; Schifflers, M.C.; Mohnen, M.; Gressner, A.M.; Weiskirchen, R. A novel proximal- 13914G>A base replacement in the
vicinity of the common-13910T/C lactase gene variation results in an atypical LightCycler melting curve in testing with the
MutaREAL Lactase test. Clin. Chem. 2007, 53, 146–148. [CrossRef]

14. Ingram, C.J.; Elamin, M.F.; Mulcare, C.A.; Weale, M.E.; Tarekegn, A.; Raga, T.O.; Bekele, E.; Elamin, F.M.; Thomas, M.G.;
Bradman, N.; et al. A novel polymorphism associated with lactose tolerance in Africa: Multiple causes for lactase persistence?
Hum. Genet. 2007, 120, 779–788. [CrossRef]

15. Tishkoff, S.A.; Reed, F.A.; Ranciaro, A.; Voight, B.F.; Babbitt, C.C.; Silverman, J.S.; Powell, K.; Mortensen, H.M.; Hirbo, J.B.;
Osman, M.; et al. Convergent adaptation of human lactase persistence in Africa and Europe. Nat. Genet. 2007, 39, 31–40.
[CrossRef]

16. Szilagyi, A.; Galiatsatos, P.; Xue, X. Systematic review and meta-analysis of lactose digestion, its impact on intolerance and
nutritional effects of dairy food restriction in inflammatory bowel diseases. Nutr. J. 2016, 15, 67. [CrossRef] [PubMed]

http://doi.org/10.1038/ajg.2012.260
http://www.ncbi.nlm.nih.gov/pubmed/22929759
http://doi.org/10.1177/1756283X15621230
http://doi.org/10.1136/gutjnl-2012-304066
http://www.ncbi.nlm.nih.gov/pubmed/23878165
http://doi.org/10.1016/S2468-1253(17)30154-1
http://doi.org/10.1136/gutjnl-2019-318404
http://doi.org/10.1038/ajg.2010.146
http://doi.org/10.1146/annurev.genet.37.110801.143820
http://doi.org/10.1093/ecco-jcc/jjz180
http://doi.org/10.1038/ajg.2015.233
http://doi.org/10.1093/ecco-jcc/jjy114
http://www.ncbi.nlm.nih.gov/pubmed/30137278
http://doi.org/10.1038/ajg.2017.46
http://www.ncbi.nlm.nih.gov/pubmed/28323273
http://doi.org/10.1111/nmo.12602
http://www.ncbi.nlm.nih.gov/pubmed/26095206
http://doi.org/10.1373/clinchem.2006.077529
http://doi.org/10.1007/s00439-006-0291-1
http://doi.org/10.1038/ng1946
http://doi.org/10.1186/s12937-016-0183-8
http://www.ncbi.nlm.nih.gov/pubmed/27411934


Nutrients 2021, 13, 1290 10 of 10

17. Eadala, P.; Matthews, S.B.; Waud, J.P.; Green, J.T.; Campbell, A.K. Association of lactose sensitivity with inflammatory
bowel disease–demonstrated by analysis of genetic polymorphism, breath gases and symptoms. Aliment. Pharmacol. Ther.
2011, 34, 735–746. [CrossRef]

18. Ratajczak, A.E.; Rychter, A.M.; Zawada, A.; Dobrowolska, A.; Krela-Kazmierczak, I. Lactose intolerance in patients with
inflammatory bowel diseases and dietary management in prevention of osteoporosis. Nutrition 2021, 82, 111043. [CrossRef]
[PubMed]

19. Jasielska, M.; Grzybowska-Chlebowczyk, U. Lactose Malabsorption and Lactose Intolerance in Children with Inflammatory
Bowel Diseases. Gastroenterol. Res. Pract. 2019, 2019, 2507242. [CrossRef]

20. Lomer, M.C.; Parkes, G.C.; Sanderson, J.D. Review article: Lactose intolerance in clinical practice–myths and realities. Aliment.
Pharmacol. Ther. 2008, 27, 93–103. [CrossRef]

21. Ridefelt, P.; Hakansson, L.D. Lactose intolerance: Lactose tolerance test versus genotyping. Scand. J. Gastroenterol.
2005, 40, 822–826. [CrossRef]

22. Santonocito, C.; Scapaticci, M.; Guarino, D.; Annicchiarico, E.B.; Lisci, R.; Penitente, R.; Gasbarrini, A.; Zuppi, C.; Capoluongo, E.
Lactose intolerance genetic testing: Is it useful as routine screening? Results on 1426 south-central Italy patients. Clin. Chim. Acta
2015, 439, 14–17. [CrossRef]

23. Buning, C.; Ockenga, J.; Kruger, S.; Jurga, J.; Baier, P.; Dignass, A.; Vogel, A.; Strassburg, C.; Weltrich, R.; Genschel, J.; et al.
The C/C(-13910) and G/G(-22018) genotypes for adult-type hypolactasia are not associated with inflammatory bowel disease.
Scand. J. Gastroenterol. 2003, 38, 538–542. [CrossRef]

24. Di Stefano, M.; Terulla, V.; Tana, P.; Mazzocchi, S.; Romero, E.; Corazza, G.R. Genetic test for lactase non-persistence and hydrogen
breath test: Is genotype better than phenotype to diagnose lactose malabsorption? Dig. Liver Dis. 2009, 41, 474–479. [CrossRef]
[PubMed]

25. Roccarina, D.; Lauritano, E.C.; Gabrielli, M.; Franceschi, F.; Ojetti, V.; Gasbarrini, A. The role of methane in intestinal diseases.
Am. J. Gastroenterol. 2010, 105, 1250–1256. [CrossRef] [PubMed]

26. Glassner, K.L.; Abraham, B.P.; Quigley, E.M.M. The microbiome and inflammatory bowel disease. J. Allergy Clin. Immunol.
2020, 145, 16–27. [CrossRef]

27. Corgneau, M.; Scher, J.; Ritie-Pertusa, L.; Le, D.T.L.; Petit, J.; Nikolova, Y.; Banon, S.; Gaiani, C. Recent advances on lactose
intolerance: Tolerance thresholds and currently available answers. Crit. Rev. Food Sci. Nutr. 2017, 57, 3344–3356. [CrossRef]

28. Hwang, C.; Ross, V.; Mahadevan, U. Popular exclusionary diets for inflammatory bowel disease: The search for a dietary culprit.
Inflamm. Bowel. Dis. 2014, 20, 732–741. [CrossRef] [PubMed]

29. Testa, A.; Imperatore, N.; Rispo, A.; Rea, M.; Tortora, R.; Nardone, O.M.; Lucci, L.; Accarino, G.; Caporaso, N.; Castiglione, F.
Beyond Irritable Bowel Syndrome: The Efficacy of the Low Fodmap Diet for Improving Symptoms in Inflammatory Bowel
Diseases and Celiac Disease. Dig. Dis. 2018, 36, 271–280. [CrossRef] [PubMed]

30. Triggs, C.M.; Munday, K.; Hu, R.; Fraser, A.G.; Gearry, R.B.; Barclay, M.L.; Ferguson, L.R. Dietary factors in chronic inflammation:
Food tolerances and intolerances of a New Zealand Caucasian Crohn’s disease population. Mutat. Res. 2010, 690, 123–138.
[CrossRef]

31. Labayen, I.; Forga, L.; Gonzalez, A.; Lenoir-Wijnkoop, I.; Nutr, R.; Martinez, J.A. Relationship between lactose digestion, gastroin-
testinal transit time and symptoms in lactose malabsorbers after dairy consumption. Aliment. Pharmacol. Ther. 2001, 15, 543–549.
[CrossRef] [PubMed]

32. Pelletier, X.; Laure-Boussuge, S.; Donazzolo, Y. Hydrogen excretion upon ingestion of dairy products in lactose-intolerant male
subjects: Importance of the live flora. Eur. J. Clin. Nutr. 2001, 55, 509–512. [CrossRef]

33. Dekker, P.J.T.; Koenders, D.; Bruins, M.J. Lactose-Free Dairy Products: Market Developments, Production, Nutrition and Health
Benefits. Nutrients 2019, 11, 551. [CrossRef] [PubMed]

34. Laing, B.B.; Lim, A.G.; Ferguson, L.R. A Personalised Dietary Approach-A Way Forward to Manage Nutrient Deficiency, Effects
of the Western Diet, and Food Intolerances in Inflammatory Bowel Disease. Nutrients 2019, 11, 1532. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1365-2036.2011.04799.x
http://doi.org/10.1016/j.nut.2020.111043
http://www.ncbi.nlm.nih.gov/pubmed/33316755
http://doi.org/10.1155/2019/2507242
http://doi.org/10.1111/j.1365-2036.2007.03557.x
http://doi.org/10.1080/00365520510015764
http://doi.org/10.1016/j.cca.2014.09.026
http://doi.org/10.1080/00365520310000555a
http://doi.org/10.1016/j.dld.2008.09.020
http://www.ncbi.nlm.nih.gov/pubmed/19010095
http://doi.org/10.1038/ajg.2009.744
http://www.ncbi.nlm.nih.gov/pubmed/20216536
http://doi.org/10.1016/j.jaci.2019.11.003
http://doi.org/10.1080/10408398.2015.1123671
http://doi.org/10.1097/01.MIB.0000438427.48726.b0
http://www.ncbi.nlm.nih.gov/pubmed/24562173
http://doi.org/10.1159/000489487
http://www.ncbi.nlm.nih.gov/pubmed/29763907
http://doi.org/10.1016/j.mrfmmm.2010.01.020
http://doi.org/10.1046/j.1365-2036.2001.00952.x
http://www.ncbi.nlm.nih.gov/pubmed/11284784
http://doi.org/10.1038/sj.ejcn.1601169
http://doi.org/10.3390/nu11030551
http://www.ncbi.nlm.nih.gov/pubmed/30841534
http://doi.org/10.3390/nu11071532
http://www.ncbi.nlm.nih.gov/pubmed/31284450

	Introduction 
	Materials and Methods 
	Study Design 
	Ethical Considerations 
	Statistical Analysis 

	Results 
	Patient Demographics 
	Lactose Breath Test 
	Genetic Test 
	Correlation between Lactose Breath Test and Genotypes 
	Correlation between Symptoms and Breath Test and Genetic Test 

	Discussion 
	Conclusions 
	References

