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ABSTRACT

Lactose intolerance has a high prevalence worldwide, ranging between 57% and 65%. It is
caused by a reduction or loss of the activity of the intestinal enzyme lactase—phlorizin hy-
drolase, responsible for the digestion of lactose. This alteration determines an increased
osmotic load in the small intestine and the fermentation of lactose by the bacterial flora,
which leads to a high production of short-chain fatty acids and gas. This is followed by
the onset of abdominal pain, diarrhea, and flatulence. In addition to these problems, it was
found that subjects with lactose intolerance have an increased risk of developing various
extra-intestinal diseases, including cancers. The diagnosis is essential to undertake an ad-
equate treatment and, for this purpose, different methods have been tested. These include
genetic test, hydrogen breath test (HBT), quick lactase test, and lactose tolerance test. HBT
is the most used method because it is non-invasive, inexpensive, and highly sensitive and
specific, as well as easy to perform. In clinical practice, the other methods are mainly used
as HBT integration tests. There are also many therapeutic options. An appropriate interven-
tion concerns the dietetic style, such as the consumption of lactose—free foods, but with nu-
tritional characteristics comparable to dairy products. Other valid choices are represented
by the use of exogenous enzymes, probiotics, prebiotics, the selection of milk containing
specific types of beta—caseins. This review is intended to illustrate the diagnostic methods
currently available and the possible therapeutic options for lactose intolerance.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

caused by a reduced or absent activity of lactase or by a re-
duced or absent synthesis of the same enzyme [1]. The sever-
ity of the symptoms is subjective and it depends on several

Lactose intolerance is a clinical condition characterized by factors. These include the concentration of lactase present in
symptoms attributable to lactose malabsorption. This can be the intestinal mucosa, the intestinal flora, the amount of in-
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gested lactose, the gastrointestinal motility, and the individual
sensitivity in the perception of symptoms [2].

Currently the prevalence of confirmed cases of lactose in-
tolerance worldwide is about 57% [3]. However, the real preva-
lence is estimated to exceed 65% and the distribution of cases
worldwide is very uneven [4]. It is about 50% in America,
70% in Asia, almost 100% in Africa. In the United States it
is 15% among whites, 53% among Mexican-Americans, and
80% among Afro-Americans. In Europe the prevalence is about
28%,but also in this continent it is very variable. In fact, it fluc-
tuates between 2% in Scandinavia and 70% in Southern Italy
[5]. Several hypotheses have been put forward to explain these
differences. One of these theories is based on the fact that
dairy products played an important role in the diet in North-
ern Europe. This helped to cause a natural selection of subjects
capable of digesting lactose. Furthermore, the coexistence, in
the same territory, of populations made up of lactose intoler-
ant and non-intolerant subjects is due to the migrations that
have occurred over time [4,5].

2. Lactose features

Lactose is a disaccharide composed of D-galactose bound to
D-glucose (8-1,4 glycosidic bond) and it is contained in dairy
products [6]. The concentration of this carbohydrate is differ-
ent in the various types of milk of animal origin. In human
breast milk it is 7.0 mg/100 ml, in cow milk it is 4.7-5.0 mg/100
ml, in sheep milk it is 4.4-4.8 mg/100 ml, in goat milk it is 4.2-
4.8 mg/100 ml, in buffalo milk it is 4.8-5.0 mg/100 ml [7]. In milk
of vegetable origin (nut, rice, oat, soy) lactose is absent [8|.

Lactose is synthesized from glucose and galactose by the
action of lactose synthetase. This is an enzyme composed
of two subunits: one possesses galactosyltransferase activity
and the second, on the other hand, has regulatory functions.
These subunits catalyze the bond of galactose and glucose re-
sulting in the formation of the disaccharide [9].

In order to be exploited by the human body, lactose must
be hydrolyzed into glucose and galactose. This process is
catalyzed by lactase—phlorizin hydrolase, an enzyme that is
present on the surface of the intestinal mucosa. Lactase is en-
coded by a gene, LCT, of about 50 kb and localized on chro-
mosome 2 (locus 29q21) [10,11]. The gene has 17 exons and it
encodes a messenger RNA (mRNA) from which is obtained a
pre-protein that is processed to a smaller protein, which has
one active site [11]. Lactase is expressed by enterocytes of the
small intestine, especially the mid-jejunum. This gene can un-
dergo mutations, some of which have been associated with
lactose intolerance [10]. To date, several polymorphisms have
been sequenced. Those most frequently found in the West-
ern population are two. One is C/T-13910 and it consists in the
presence of one cytosine (C) or one thymine (T) in position
13910. The C/C form is related to the non-persistence of lac-
tase, while the variants C/T or T/T are expression of lactase
persistence. The second main polymorphism is G/A-22108,
characterized by the presence of one guanine (G) or one ade-
nine (A) in position 22108. The variant G/G is related to the non
persistence of lactase, while the variants G/A or A/A are ex-
pression of lactase persistence. Other polymorphisms are C/G-
13907, T/G-13915, T/G-14009, and G/C-14010. These have been

found in the populations of the Middle East and Africa [10,12].
In a recent study conducted by Buzds [13], the C/C pholymor-
phism was identified more frequently in female subjects and
the incidence was higher in subjects born after 1995 than in
those born around 1936. This effect is referred to as a birth
cohort phenomenon.

From the eighth week of gestation, the activity of lactase
begins on the mucosal surface of our intestine. This activ-
ity progressively increases until it reaches its maximum peak
at the time of birth [14]. The ability to digest lactose dur-
ing the breast—feeding is essential for the growth and life of
the newborn. In fact, a congenital deficiency in lactase ac-
tivity has been found to be fatal if not diagnosed shortly af-
ter birth. The hydrolysis of lactose determines the formation
of the two monosaccharides, glucose and galactose [9]. They
are absorbed by active transport mediated by sodium-glucose
linked transporter-1 (SGLUT-1), a protein localized in the en-
terocyte membrane. It co-transports glucose or galactose and
two sodium ions (Na™) from the intestinal lumen to cytoplasm
of these cells. Subsequently, the monosaccharides are trans-
ferred from the cytosol to the blood by glucose transporter-2
(GLUT-2), present on the other side of the enterocyte mem-
brane [14]. Glucose is used as an energy source, while galac-
tose is transformed into glucose or it is used as a component
of glycolipids and glycoproteins [9].

A deficiency of lactase leads to a reduced absorption of lac-
tose present in the intestinal tract and this can cause the onset
of the symptoms (Fig. 1). First, the excessive osmotic load in-
creases the intestinal water content. Second, lactose is read-
ily fermented by the colonic microbiome leading to produc-
tion of short chain fatty acids and gas (mainly hydrogen - H,
-, carbon dioxide - CO; -, and methane - CHy -) [15]. Not in
all subjects the same amount of lactose ingested causes the
onset of symptoms. Symptoms appear in some people after
ingesting large amounts of lactose. In others, even a minimal
percentage of lactose contained in foods can lead to the on-
set of related disorders [16]. This depends on several factors:
the residual lactase expression, the ingestion of lactose at the
same time as other foods, gut—transit time, small intestine
bacterial overgrowth, and also composition of the enteric mi-
crobiome [15,16].

Symptoms of lactose intolerance generally appear when
the percentage of lactase activity is less than 50%. In some
cases, tolerance could be induced by adaptation of the intesti-
nal flora. In fact, most people with lactase non-persistence can
tolerate small amounts of lactose, especially when it is com-
bined with other foods [17].

3. Clinical features and complications

Typical symptoms of lactose intolerance are abdominal pain,
bloating, flatulence, diarrhea (in some cases constipation),
borborygmi, nausea, and vomiting. On average, their onset oc-
curs about one hour after ingestion of foods containing lac-
tose, but they can also appear earlier or later [6].

The production of gas causes borborygmi, flatulence, ab-
dominal distension and pain. In these subjects, a lot of gas is
produced because lactose is not digested and absorbed in the
small bowel, but it is fermented by intestinal bacterial flora
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Fig. 1 - A: Normal digestion of lactose in presence of lactase; B: Lactose intolerance due to lactase deficiency or absence and

subsequent onset of symptoms.

[18]. However, not all intolerant people develop symptoms of
the same intensity. This is due not only to the amount of gas
that is produced, which obviously varies from person to an-
other, but also depends on the sensitivity to intestinal disten-
sion. For example, people affected by irritable bowel syndrome
tend to develop more severe symptoms than people not lac-
tose intolerant [3]. Also, there are other factors that influence
the bloating. Among these, a very important role is played by
the bacterial flora of the colon, which, if altered, can contribute
to the increase in gas production, as well as bacterial prolifer-
ation [3,18].

Diarrhea is caused by acidification of intestinal contents
that occurs as a result of the high production of short—chain
fatty acids, which increase the osmotic load. This is followed
by an increase in electrolytes and fluid secretion and a rapid
intestinal transit time [19].

This symptom feature can affect the patients’ quality of
life. In fact, anxiety, depression and fatigue are found in a high
percentage of intolerant subjects [20]. In other cases, areal eat-
ing disorder develops, which can be classified according to the
criteria of the DSM V. This happens because patients tend to
significantly reduce their food intake to avoid suffering from
abdominal pain, diarrhea, and all the other symptoms related
to lactose intolerance [8].

In addition to these, extra—intestinal symptoms may also
occur in subjects with lactose intolerance: memory deterio-
ration, headache, musculoskeletal pains, heart rhythm dis-
orders, depression, anxiety, ulcers in the oral mucosa, dys-
pareunia, disturbances of menstrual cycle, eczema and other

allergic—based pathologies (sinusitis, rhinitis, asthma), acne,
increased frequency of urination [21,22]. These disorders
could be caused by the excessive production of chemical sub-
stances such as acetone, acetaldehyde, ethanol, peptides, and
others which are formed in the course of maldigestion and
malabsorption of lactose and which have toxic effects on the
body [9,23].

In addition to the disorders directly related to the altered
metabolism of lactose, over time it has emerged that intoler-
ant subjects have an increased risk of developing certain dis-
eases. This may be due both to the alteration of the intesti-
nal microbiome and to the excessive production of the toxic
substances already mentioned. Furthermore, it seems that the
substances contained in dairy products carry out various ben-
eficial actions, even if not yet been well defined. Failure to as-
similate them could expose the intolerant subject to a greater
risk of developing various diseases, including some types of
cancer [24].

Among the cancers whose incidence appears to be in-
fluenced by dairy foods is colorectal cancer. This tumor
has a high incidence worldwide. In fact, there are about
250,000 new cases per year, and in industrialized countries
the risk of developing this cancer is about 5% for healty sub-
jects who are not genetically predisposed. There are several
risk factors and, among these, a primary role is played by
the diet [25]. In particular, it has been shown that ingest-
ing milk reduces the risk of developing colorectal cancer.
This could be due to its components, including calcium and
vitamin D [26].
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Calcium is considered an anti—carcinogenic factor as it
appears to bind secondary bile acids and ionized fatty acids,
which act on the colic mucosa by stimulating its proliferation.
Calcium is also involved in the mechanisms of cell differenti-
ation and apoptosis, as well as in the reduction of the risk of
mutations in the K-RAS gene (involved in the genesis of col-
orectal cancer). Its dose considered anti—neoplastic is higher
than 1200 mg/day and the main source of calcium is repre-
sented by dairy products [27].

The protective effects of dairy products also appear to be
there with regard to bladder cancer, although the results are
not entirely certain. Since a beneficial effect of lactobacilli on
the bladder surface was observed, it was hypothesized that
lactose from dairy foods could exert an probiotic—like effect.
The meta-analysis conducted by Bermejo et al. [28] showed
a reduction of this type of cancer with the consumption of
medium quantities of dairy products and with medium—high
quantities of not—whole milk. Conversely, the risk increases if
large quantities of whole milk are consumed.

A meta-analysis realized by Dong et al. [29] indicated that
increased consumption of total dairy food, excluding milk,
may be associated with a reduced risk of breast cancer. In an-
other meta—analysis by Zang et al. [30] it was found that low
fat dairy and yogurt reduced breast cancer risk. In this type
of cancer, it seems that the protective anti—carcinogenetic ef-
fectis due to calcium, vitamin D, butyrate, and lactoferrin, and
conjugated linoleic acid, that are found, in fact, in dairy prod-
ucts.

A meta—analysis of studies on the association between
dairy consumption with gastric cancer risk suggested that to-
tal dairy foods might be related to the reduction of gastric can-
cer risk in Europe and United States of America, while milk
consumption was not associated with gastric cancer risk [31].

On the other hand, in some types of cancer, consuming
large quantities of dairy products is not beneficial. However,
on this point, the data available today are often conflicting.
This is the case of ovarian cancer. Some studies tend to sup-
port the association between the high consumption of dairy
products and the increased risk of ovarian cancer. In fact, an
excessive amount of galactose seems to be toxic for the germ
cells of the ovary [26]. In other cases, this association has not
emerged, while in some cases an opposite result has even
emerged, ie, a reduction in the risk of cancer associated to a
high consumption of dairy foods and cow’s milk [32,33].

The risk of developing prostate cancer also appears to be
related to increased consumption of dairy products. This is
what has emerged in several studies. Agarwal et al. [34] found a
lower incidence of lactose intolerance among prostate cancer
patients than in the general population. In other cases milk
consumption has been shown to be a possible risk factor for
more severe and aggressive forms of prostate cancer [33].

These results suggest that it would be convenient not to ex-
ceed the dietary intake of milk, but to ingest moderate quan-
tities daily. In this way it is possible to obtain the benefits that
have been proven while avoiding the increased risk of certain
diseases.

In addition to cancer, consumption of dairy products is also
a protective factor against other diseases, including chronic
inflammatory bowel diseases. Three studies have shown that
the pre-disease intake of dairy products can reduce risk of

Crohn’s disease and idiopathic ulcerative colitis [35-37].In par-
ticular, there was a statistically significant protective effect of
milk consumption compared to non—consumers.

In a meta—analysis by Drouin-Chartier et al. [38] it also
emerged that several studies support favorable associations
(ie, decreased risk) between dairy foods intake, in particular
of low—fat—dairy, and the risk of hypertension, stroke, and
metabolic syndrome. Lactose also determines a reduction in
the risk of developing type 2 diabetes mellitus (T2DM). In fact,
this disaccharide has a low glycemic index, and several scien-
tific evidences show that the ingestion of carbohydrates with
a low glycemic index reduces the risk of developing T2DM [39].

Finally, one of the best known associations is that between
the intake of dairy products and bone remodelling. Calcium,
vitamin D, and protein are needed for the maintenance of
bone mass and its architecture [40]. In addition, vitamin A,
potassium, zinc, and magnesium present in dairy products are
also important nutrients in bone formation. In lactose intoler-
ant subjects there is also a reduced intestinal absorption of
calcium [41]. This malabsorption causes, together with the re-
duced intake of dairy products, an increased risk of osteoporo-
sis and fractures [42]. In fact, reduced bone density is found
much more frequently in subjects with the C/C genotype of
the LCT gene than in subjects with the T/T genotype [41].

4, Diagnostic methods

Currently, several diagnostic methods are available to iden-
tify individuals with lactose intolerance. Some of them ana-
lyze the various reactions of the digestive tract following the
administration of pure lactose and not foods containing lac-
tose. To settle the question, a dairy food tolerance test [43] was
proposed aimed at determining the onset of gastrointesti-
nal symptoms after the ingestion of dairy products. This test
would also be tailored to each patient since it would also take
into account the individual person’s food culture. In this way,
it would be possible to identify those who develop lactose in-
tolerance symptoms even after ingesting minimal amounts of
food. On the other hand, those who are able to tolerate the
ingestion of these foods can simply reduce, rather than com-
pletely abolish, the consumption of dairy products [43].

The characteristics of the methods currently used for the
diagnosis of lactose intolerance are illustrated in Table 1.

4.1. Genetic test

As described above, several studies over the last few decades
have revealed a genetic predisposition to lactose intolerance.
Polymorphism have been identified in the gene that codes
for lactase and which appear to be predisposing to this in-
tolerance. Based on this knowledge, a method that can be
used to diagnose lactose intolerance is the genetic test. It
consists in the isolation of DNA, obtained by means a blood
sample, and the subsequent analysis of polymorphisms LCT-
13910C>T and LCT-22018G>A [44]. However, this test has im-
portant limitations. The presence of a predisposing polymor-
phism (C/C or G/G) does not necessarily imply intolerance
nor does it allow us to predict if and when this will de-
velop. This method does not allow to detect any secondary
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Table 1 - Summary table of main diagnostic methods for lactose intolerance.

Substance or
molecule measured
or researched

Diagnostic
method

Sample tested

Expected changes
in intolerant
subjects

Advantages

Disadvantages

Genetic test [44,45] DNA by blood

sample

LCT gene

HBT [19,46,52,53] Exhaled air

sample

Hydrogen exhaled
before and after
ingestion of 25 or 50 g
of lactose

Post-bulbar
duodenal
mucosa biopsy
sample

Quick lactase test
[56,58,59]

Lactase activity

Lactose tolerance
test [60,61]

Blood sample Glycaemia 30, 60, and
120 min after lactose

ingestion

Presence of the

It allows to confirm

It does not allow to

No change in
glycaemia

polymorphisms or exclude a primary  identify a secondary
13910 C>T and form of intolerance; form,; the presence of
22018 G>A it is minimally polymorphisms does
invasive not necessarily imply
that the subject will
develop a lactose
intolerance in the
course of life
At least 20 ppm Inexpensive; Long duration (3-6 h);
increase in exhaled non-invasive; high however, false-positives
hydrogen from sensitivity and and false-negatives can
baseline specificity; easy to be obtained
perform and to
interpret
Absent or reduced Diagnosis of It is invasive; it requires
activity certainty of the presence of a
hypolactasia laboratory technician in

endoscopy room; it is
expensive

Low sensitivity and
specificity; closely
related to the patient’s
characteristics (gastric
emptying time, etc.)

Minimally invasive;
low cost

DNA: deoxyribonucleic acid; LCT: lactase gene; HBT: hydrogen breath test; ppm: parts per million.

intolerance, but it is important to distinguish primary from
secondary hypolactasia in order to undertake appropriate
therapy. Therefore the genetic test could be performed af-
ter having ascertained the presence of lactose intolerance,
with another method, to exclude or confirm a primary
form [44].

A case in which the genetic test would be preferred as first
choice is the presence of conditions that do not allow to be
performed the other methods, for example, in children under
6 years old [45].

4.2. Hydrogen breath test

Hydrogen breath test (HBT) is the most frequently used
method to diagnose this intolerance. In fact, it has several ad-
vantages: it is inexpensive, non—invasive, with high sensitiv-
ity and specificity, and easy to perform and to interpret [46].

The test exploits the phenomenon whereby the fermen-
tation of lactose by the microbial flora, which occurs when
it is not digested and it accumulates in the gut, determines
the production of gas, including hydrogen. The test involves
the measurement of exhaled hydrogen fasting and the sub-
sequent ingestion of 25-50 g of lactose. Then the hydrogen
measurement is performed every 15 minutes for 3-6 hours.
An increase in exhaled hydrogen concentration greater than
20 ppm (parts per million) from baseline is suggestive of hy-
polactasia [19].

A disadvantage of HBT is its long duration (3-6 hours). Dur-
ing this time span there are from 12 to 24 measurements, one
every 15 min. To overcome this relative discomfort, Yang et al.

[47] have proposed a new protocol (four-sample lactose hydro-
gen breath test, 4SLHBT) which provides in total only 4 mea-
surements distributed over a period of 3 hours. They found
a high concordance between classical HBT and 4SLHBT. This
improves patient compliance. In addition, it allows to reduce
waiting lists in public hospitals as more people can perform
the breath test on the same day.

HBT can also detect false-negatives. One reason is that the
intestine can also be colonized by methane-producing bacte-
ria (CHy). In a study by Houben et al. [48], the measurement of
CHg, together with that of hydrogen, would allow an increase
in the diagnostic accuracy of the breath test. This would al-
low the diagnosis of lactose intolerance even in patients with
a bacterial flora that does not produce hydrogen. Also accord-
ing to Rojo et al. [49] this method could be exploited to identify
intolerant subjects with normal H, excretion.

False-negative can also caused by physical exercise, slow
oro—cecal transit, and all those conditions that alter the nor-
mal bacterial flora, such as recent use of oral antibiotics, abuse
of laxatives, or invasive procedures that require preparatory
bowel cleansing with purgatives and/or enemas. The use of
probiotics can also affect the validity of the HBT because they
also cause an alteration of the intestinal bacterial flora [50].

According to a recent study by Gallagher et al. [51], false-
negatives can also be obtained if the test is stopped at the third
hour. In fact, they showed that 18.5% of the patients they re-
cruited would have tested falsely negative for HBT if had been
stopped at the third hour.

False-positives results can also be obtained in addition
to false-negatives and several condition can be the causes.
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An excessive physical activity close to performing the breath
test can also result in a false positive [52]. Another condition
is the recent use of drugs such as aspirin or proton pump
inhibitors. Smoking can also cause false-positives as the com-
bustion of tobacco causes an increase in gases, including hy-
drogen. Some foods such as beans or corn should also be
mentioned, which can cause an increase in the production of
hydrogen whose concentration increases, consequently, in the
exhaled air [53].

Also, one condition that can cause a false positive result is
the small intestinal bacterial overgrowth (SIBO). In fact, an ob-
servational study conducted by Varju et al. [54] compared the
results obtained in a group of patients undergoing simultane-
ous HBT and lactose tolerance test (illustrated below). From
this comparison it emerged that 9.1% of HBT positives was
indeed affected by SIBO and not by lactose intolerance, as in
these subjects the lactose tolerance test was negative.

A further explanation of the discrepancy in the results ob-
served in the various studies is to be found in the lack of stan-
dardization criteria both for the indications for the breath-test
and for the methods of execution and interpretation of the re-
sults [55].

4.3. Quick lactase test

Quick lactase test consists in performing biopsies of the post-
bulbar duodenal mucosa. These are subsequently incubated
with lactose on test plate. This process aims to check the
presence or absence of lactase activity. If lactase activity is
present, a dark blue reaction occurs; if partial enzyme activity
is present, a light blue color will appear; if no staining devel-
ops, this result will indicate a total absence of lactase activity
and, therefore, severe hypolactasia [56].

Ojetti et al. [57] proposed that this method could be used
when the common HBT turns out to be negative, despite the
symptoms, instead of the genetic test. In fact they have found
an agreement between the quick test and the HBT of 81%.

Also Tsadok Perets et al. [58] found a high agreement be-
tween HBT and the quick test for intolerant subjects with pos-
itive HBT results. In these patients a null or reduced lactase ac-
tivity was detected in duodenal biopsies. On the other hand,
in the case of subjects who tested negative for HBT, the agree-
ment between the two tests was lower. This is because many
patients with negative HBT results had indeed a bioptic pic-
ture of hypolactasia. From this study it can be deduced that
the execution of the quick test is useful only in the case of a
negative result of HBT, since this is an invasive test that can
be avoided in the case of a positive HBT.

In any case, the quick test has limitations. Among these is
the size of biopsies which, if larger or shorter than 2 mm, may
give false negatives or false positive hypolactasia, respectively,
due to the irregular expression of lactase. Another limitation
is represented by the invasiveness, as well as the high cost
of the endoscopic method. One more problem, being a bioptic
examination, is that this is conditioned by the coagulation and
the patient’s clinical conditions. Furthermore, the incubation
of the samples must be performed quickly and this requires
the presence of a laboratory technician in the endoscopy room
[59].

4.4. Lactose tolerance test

Lactose tolerance test (LTT) involves the administration of 50
g of lactose and the measurement of blood glucose before lac-
tose intake and after 30 min, 60 min, and 120 min. The di-
gestion of lactose causes the elevation of glycaemia and the
absence of this increase indicates a lack of lactose absorp-
tion [19]. This test is rarely performed due to low sensitivity
and specificity. False-positive and false-negative test results
occur in 20% of normal subjects. These altered results are at-
tributable to the gastric emptying time, which varies from pa-
tient to patient, and to glucose metabolism, which is also sub-
jective [60].

According to Goshal et al. [61], lactose tolerance test could
be used alongside HBT or even alone in centers where the lat-
ter is not available. In fact they have demonstrated a validity of
this test comparable to the breath test. Among the advantages
of the LTT there is the possibility of diagnosing lactose intoler-
ance even in subjects who have a bacterial flora that does not
produce hydrogen and who, therefore, are negative for HBT.
However, an important limitation is represented by diabetes
mellitus. In diabetic patients there can be an increase in blood
glucose levels after ingesting lactose, even in the presence of
intolerance.

Varju et al. [54] have come to similar conclusions. Since
in their study this test determined false positives in 9.8%
of cases, the authors believe that it is more appropriate
to perform the lactose tolerance test in combination with
the HBT.

5. Clinical management and therapeutic
options

Several approaches are currently possible for managing lac-
tose intolerance. The first intervention concerns nutrition. Al-
though in the past the focus was mainly on the exclusion
of milk and dairy products from the diet, today we try to
maintain a minimum daily income of these foods. As previ-
ously mentioned, dairy products are an important source of
calcium, proteins, minerals, polyunsaturated fatty acids, and
other substances which help prevent certain diseases and per-
form various physiological functions, such as bone remod-
elling [6]. It is no longer recommended to adopt a dairy-free
diet in patients with lactose intolerance and many intolerant
individuals can tolerate up to 12-15 grams of lactose per day
[62,63]. So a valid strategy would be to increase lactose toler-
ance in these patients.

To ensure the intake of the substances contained in dairy
products, without causing abdominal discomfort caused by
lactose, the production of lactose-free foods was started. From
a nutritional point of view, they are comparable to classic dairy
products, with the difference that they do not contain lactose
[64]. It would be useful to encourage the consumption of aged
cheeses which, unlike fresh ones, contain little or no amount
of lactose. In fact, during the ripening process, the bacteria
consume all the lactose present [65].

A valid option is represented by enzymatic integration
with exogenous lactase obtained from non-human sources.
It can be obtained from yeast (Kluyveromyces lactis) or fungi
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(Aspergillus oryzae, Aspergillus niger).The role of exogenous
lactase is to replace the functions performed by the native en-
zyme, that is the splitting of lactose into glucose and galac-
tose [66]. Its intake, in the form of pills, capsules or liquids,
is expected every time foods containing lactose are ingested.
Its use has allowed to obtain an improvement in the clinical
features in children, adolescents and adults with lactose in-
tolerance [67].

Ibba et al. [68] conducted a study to evaluate the effi-
cacy of exogenous lactase in lactose intolerant subjects. The
enzymatic compound exploited by these authors was Beta-
Galactosidase, obtained from the fermentation of Aspergillus
oryzae. A reduction in hydrogen excretion, as measured by
HBT, was achieved in 40% of patients. On the other hand, in the
remaining 60% of them the amount of hydrogen excreted did
not change, but symptoms improvement was seen in a very
high percentage of patients.

Ojetti et al. [69] conducted a randomized clinical trial to
compare the effects of exogenous lactase and those of Lac-
tobacillus reuteri. The effects of the administration of one or
the other substance were monitored by HBT, performed be-
fore and after administration. The result was a reduction in
the amount of hydrogen excreted in both patients who took
the probiotic and those who received exogenous lactase. This
reduction was more marked in the case of exogenous lactase.
Symptoms associated with intolerance (bloating, abdominal
pain, flatulence, diarrhoea) also improved in both groups. But
even in this case the improvement was greater for patients
who had taken lactase. According to Ojetti et al. [69], the use
of exogenous lactase is recommended for the treatment of lac-
tose intolerance, so as to be able to ingest milk and dairy prod-
ucts.

In addition to lactose, other substances contained in milk
that could cause gastrointestinal disorders were also consid-
ered. Among these are the beta—caseins. Two isoforms have
been identified, A1 and A2, which may be present in the milk
individually or together. Type A2 is considered the original
variant, as the gene encoding A1 is the result of a point muta-
tion in the A2 gene, with proline substitution with histidine at
position 67.In the gut, beta—caseins are lysed with the forma-
tion of various peptides, including beta-casomorphin-7 (BCM-
7). Larger amounts of BCM-7 are obtained from A1l type pro-
teolysis compared to A2 [70]. BCM-7 exerts an opioid activity
because it binds to u-opioid receptors, involved in the patho-
genesis of pain and which are also present in the human gas-
trointestinal tract [71].

BCM-7 influences gastrointestinal motility and its overpro-
duction causes a slowdown in intestinal transit, which leads
to a greater consistency of the stools and a tendency towards
the constipation [72]. The efficacy of casein-free diets has been
investigated on the basis of the “opioid excess theory”: a high
intake of casein can lead to an excessive production of opioid
compounds. This results in an increase in the effects caused
by these substances, such as constipation. However, this type
of diet can lead to nutritional deficiencies, including vitamin
D deficiency [73].

A possible alternative can be represented by the consump-
tion of products containing only one isoform of casein. Several
epidemiological studies conducted so far show a relationship
between the consumption of milk containing Al beta—casein

and some gastrointestinal diseases. Conversely, it is hypothe-
sized that milk containing the A2 isoform may have positive
effects on digestive health [74].

In two study conducted by Jiangin et al. [75] and He et al.
[76] it was found that the consumption of milk containing both
isoforms caused the worsening of gastrointestinal symptoms
in lactose intolerant patients, an increase in intestinal transit
time, an increase in serum inflammation markers, a slowing
of cognitive abilities, an increase in elimination with the fae-
ces of short-chain fatty acids. Instead, these events did not
occur during the administration of milk containing only A2
beta—casein. In both studies, it was concluded that type Al
was harmful to the digestive system, in particular for subjects
with lactose intolerance.

Another valid therapeutic option is represented by pro-
biotics. These are microorganisms which are capable of de-
termining beneficial effects for the host [77]. These benefits
include the improvement of gastrointestinal microflora, the
reinforcement of immune system, the reduction of total
serum cholesterol, the resolution of chronic diarrhoea and
constipation, the improvement of the clinical features that
characterizes chronic inflammatory bowel diseases, the re-
duction of food intolerances, including lactose intolerance
[78]. The mechanisms by which probiotics are able to deter-
mine these effects are manifold. They act by increasing the
hydrolytic capacity of the intestinal flora, they behave like an-
tagonists towards gas-producing bacteria, they regulate the
permeability of the intestinal mucosa, and they maintain con-
stant and low levels of short-chain fatty acids in the bowel,
which are implicated in the genesis of abdominal pain and di-
arrhoea [79,80]. Bacteria most frequently used for the produc-
tion of probiotics are Lactobacillus spp. (L. acidophilus, L. rham-
nosus, L. casei, etc.), Bifidobacterium longum spp., Streptococcus
thermophilus, and Saccharomyces boulardii [79]. The latter has
proved capable of counteracting intestinal hyperpermeability
induced by stressful events, such as the aforementioned hy-
perproduction of short-chain fatty acids [81]. Therefore, the
administration of Saccharomyces boulardii can also determine
a further positive effect, which is represented by the reduc-
tion of the translocation of potential antigens into the blood
(82].

Several studies have been conducted to evaluate the effi-
cacy of probiotics in patients with lactose intolerance. In some
cases both a reduction in the amount of exhaled hydrogen
(measured with HBT) and an improvement in symptoms was
obtained. However, in most cases only improvement in symp-
toms was achieved, with no change in the amount of exhaled
hydrogen [83]. In the study conducted by Cano—Contreras
et al. [84], patients who received the probiotic obtained a re-
gression of symptoms related to lactose intolerance, in partic-
ular abdominal pain and flatulence.

In other cases, adding vitamins to probiotics has also
proved beneficial. In the clinical trial of Vitellio et al. [85], a com-
bination of Bifidobacterium longum, Lactobacillus rhamnosus and
vitamin Bg was used. From this study it emerged that this as-
sociation resulted in the improvement of the clinical picture of
lactose intolerant. This is due to the fact that the composition
and the activity of the intestinal bacterial flora are modulated
not only by the probiotic, but also by the vitamin Bg. Therefore,
the addition of vitamin compounds, in particular vitamin Bg,
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Table 2 - Summary table of clinical trials with preparation used, number of subjects, age, and effect of preparation.

Authors Preparation used

Subjects  Age

(number) (yrs) Effect of preparation on symptoms

Gingold-Belfer et al. 2020 [83]  BIO-25

Cano-Contreras et al. 2020 [84] i3.1 probiotic

Vitellio et al. 2019 [85]
rhamnosus HNOO1 and Vitamin B6
He M et al. 2017 [76]
containing Al and A2 B-casein

Jiangin S et al. 2016 [75]

containing Al and A2 B-casein

Beta-Galactosidase obtained from
Aspergillus oryzae

Ibba et al. 2014 [68]

De Vrese et al. 2014 [88] Combination of acid lactase from

Aspergillus oryzae and yogurt bacteria

Ojetti V et al. 2010 [69]
or exogenous lactase

He T et al. 2008 [87]

(Bifidobacterium animalis DN173010)

Bifidobacterium longum BB536, Lactobacillus 23

Milk containing only A2 g-casein vs milk

Milk containing only A2 B-casein vs milk

Supplementation with Lactobacillus reuteri 60

Capsules of Bifidobacterium longum and a
yogurt with a specific probiotic strain

8 > 18 Reduction of intolerance symptoms (in
particular bloating and flatulence); no
modification of the amount of excreted
hydrogen

48 n/a Reduction of the area under the curve of

expired hydrogen; significant reduction in
symptoms (especially abdominal pain
and flatulence)

Improvement of some GI symptoms and
metabolism of intestinal microbiota

Milk with A2 B-casein attenuates
symptoms; milk with A1/A2 g-casein
reduces lactase activity and it worsens
symptoms

Milk with A1/A2 B-casein increases GI
inflammation, worsens symptoms,
delayes intestinal transit time,
deteriorates cognitive processes; milk
with only A2 does not worsen the
symptoms

Reduction of hydrogen excreted in 40% of
cases; symptom improvement in most
patients (although there was no
correlation between excreted hydrogen
levels and symptoms)

Reduction of hydrogen excretion peak at
HBT; improvement of abdominal pain and
flatulence

Reduction of hydrogen excretion at HBT
(more with lactase than L. reuteri);
improvement of abdominal pain,
flatulence, bloating, and diarrhoea (more
with lactase than L. reuteri)

Changes in the metabolism of intestinal
bacterial flora; improvement of symptoms

20-67

600 20-50

45 26-68

9% 18-65

24 > 18

18-65

11 23-54

n/a: data is no provided; GI: gastrointestinal; HBT: hydrogen breath test.

could also be considered in the case of patients with lactose
intolerance.

Probiotics are often added to dairy products, both as fer-
menting agents and as food additives. An example is yogurt,
a food obtained from the fermentation of milk and it is rich
in calcium, vitamins, and proteins. It is an excellent source
of these substances for patients with lactose intolerance [80].
Yogurt, once ingested by an intolerant subject, does not cause
the onset of typical symptoms. It would seem that the lactose
contained in yogurt is more easily digested [36].

In a study by He et al. [87] it was found an increase in fe-
cal B-galactosidase activity in lactose intolerant subjects after
consumption of yogurt containing probiotics. In particular, the
yogurt used by these authors was a derivative of fermented
milk containing both traditional yogurt strains (Lactobacillus
bulgaricus and Streptococcus thermophilus) and a specific probi-
otic strain (Bifidobacterium animalis). This combination led to
an improvement in symptoms related to lactose intolerance.
Similar results were also obtained in the study by de Vrese
et al. [88], who administered yogurt containing Streptococcus
thermophilus and Lactobacillus delbriickii ssp. bulgaricus.

In addition to probiotics, prebiotics have also been consid-
ered, which are non—digestible oligosaccharides fructans and
galactans [89]. They stimulate the growth and proliferation of
bacterial flora capable of fermenting lactose. In an indirect
way, they also determine positive effects on the metabolism
of lactose and on the symptoms caused by its maldigestion
[79]. Pure prebiotic galacto—oligosaccharides (GOS) have been
shown to be capable of causing a reduction in symptoms of
lactose intolerance. In fact, GOS induce changes in the com-
position of the intestinal bacterial flora, increasing the con-
centration of Lactobacillus, Bifidobacterium, Faecalibacterium, and
Roseburia spp., which ferment lactose. These changes suggest
that somehow prebiotics may help regain the ability to digest
lactose although these effects do not occur in all individuals
[90]. Table 2 schematically shows the studies cited in this sec-
tion.

6. Conclusions

Ultimately, as regards the diagnostic methods of lactose intol-
erance available today, HBT represents the most valid choice
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for diagnostic accuracy, non-invasiveness, ease of execution,
low cost. Since this method is also not free from false positive
or negative results, it would be desirable to associate it with
another diagnostic technique and it would be useful to asso-
ciate the methane measurement with the exhaled hydrogen
dosage. This would make the method extremely efficient.

As regards the treatment of these patients, it is not possible
to define a standardized therapy. In fact, the response of the
bowel to the various substances that can be used to increase
or restore the ability to digest lactose is not the same in all
individuals. We should define a treatment tailored to each pa-
tient, evaluating which therapeutic options are most effective
for the person in question.

We believe, however, to highlight that the current diag-
nostic and therapeutic approach to lactose intolerance will
quickly require a thorough critical review that takes into ac-
count not so much the molecule alone as the causative agent
of gastrointestinal disorders, but rather the various food com-
ponents. In this way it would also be possible to take into ac-
count the individual person’s food culture.
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