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Abstract. Lactose intolerance affects more than 65% of the world’s population. Main meth-
ods for confirming this condition include hydrogen breath test, oral lactose administration and
blood glucose measurements, and also biopsy. An association of lactose intolerance with
genetic polymorphisms specific to certain regions is found. In Europe, genetic testing of C/
T13910 is being implemented. Incidence data is available for most countries in Europe. At
the time of our study, there is no data on the prevalence of lactose intolerance in Bulgaria. In
this study, a questionnaire on the prevalence and awareness of lactose intolerance among
the Bulgarian population was created. For the first time, the results of a lactose tolerance test
and a genetic test of volunteers have been reported and systematized. The lactose test with
oral administration of lactose was designed for self-testing and appeared to be a good choice
to establish the current condition but was not definite enough. As many as 45% showed in-
conclusive results, and the patient’'s symptoms were the leading point for the diagnosis. The
genetic test results showed a huge prevalence of the recessive allele (C13910) associated
with lactose intolerance (97%). New horizons are being opened for studies of the Bulgarian
population to establish their lactose resistance in the presence of the recessive allele.
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INTRODUCTION

and it delivers the energy of the newborns. This

sugar consists of glucose and galactose linked
with B-1,4-glycosidic bond [1]. The lactose is linked
with absorption and retention of main minerals like
zinc, magnesium and essentially calcium. Also, it is
associated with vitamin D levels in the organism. Fur-
thermore, the lactose is the only meal source of ga-

I actose is the main sugar in mammalian milk

lactose, which is essential for nerve cell membrane
formation [2]. Consequently, lactose has a main role
in the well-being of young and adults.

According to the classification of Porzi et al. [3],
there are 9 types of lactase function disorders, and
the terms including malabsorption, persistence, in-
tolerance, and deficiency are clearly described. The
lactase deficiency is a condition with no lactase in
the intestine and it could be congenital (genetic dis-
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order without lactase from birth), primary (lowering
the lactase activity with age), secondary (temporally
compromised lactase activity from illness or injury).
Actually, lactose malabsorption is described as im-
possibility to digest or absorb lactose due to primary
or secondary enzyme deficiency. Lactase persistence
is associated with phenotype experience of active
lactase throughout adulthood, while lactase non-per-
sistence is early reduction of the enzyme throughout
childhood. Lactose intolerance is a clinical syndrome
manifesting typical gastrointestinal symptoms. Porzi
et al. [3] single out in the ranking the people who per-
ceive themselves as lactose intolerant, but do not
have a medical analysis and diagnosis such as self-
reported lactose intolerance. This term represents
a large percentage of people and was also used in
the current study. At the official United States govern-
ment website, National Library of Medicine [4], the
etiology linked to lactose intolerance is classified into
4 causes of lactase deficiency: primary, secondary,
congenital and developmental. First three have simi-
lar description as already mentioned, whereas the
developmental lactase deficiency appears as a new
class. It is a condition of early delivered infants (28 to
37 gestational weeks) with immature intestine diges-
tion function. It improves with time, due to maturation
of the intestine and higher lactose hydrolysis.

Lactase (the full name of the enzyme is lactase-phlori-
zin hydrolase) enzyme activity increases even during
the pregnancy and has maximum at the time of the
term birth. This is vital for the newborn who is sup-
posed to use only breast milk for food. It is interesting
that after weaning, in a part of the population, this en-
zyme begins to decrease and, accordingly, symptoms
of lactose intolerance become manifested [5]. Pienar
et al. noticed exact periods and lactose intolerance
could be detected in early childhood [6]. Since the
age of two years, the amount of the lactase enzyme
decreases and lactose intolerance symptoms begin
before the age of 6. Typical intestinal symptoms of lac-
tose intolerance are pain and swelling in the abdomi-
nal area, flatulence, diarrhea, and nausea.

The oldest and the most invasive method is the biop-
sy of the jejunum. Also, biopsy is the most expensive
tool, but it is considered as a reference standard for
primary lactase deficiency. Rarely, but it is possible to
have false negative results due to enzyme expansion
positions [7].

The breath tests for lactose intolerance are non-
invasive and cost-effective. They are based on the
fact that the sources for hydrogen (H2) and meth-
ane (CH4) production in humans are carbohydrates.
The hydrogen test is considered as a gold standard.
However, this method has its limitations. The false-

negative results are from 2.5% to 15%. Also, the test
is performed in 3 hours and test samples are taken
every 30 minutes [8]. The other limitation is the dif-
ficult interpretation of the results from patients with
high baseline hydrogen connection (> 20 ppm). Fur-
thermore, the breath tests are not recommended in
the COVID-19 pandemic due to SARS-COV-2 trans-
mission. Obtaining and handling breath samples is
a high health risk [9]. Another test for lactose intol-
erance is the oral lactose tolerance test. It aims to
check whether the organism is able to break down
the milk sugar (lactose) to simple sugars (glucose
and galactose). The test measures the levels of glu-
cose in the blood, because during the hydrolysis of
a molecule lactose is released a molecule glucose
[4]. The lactose tolerant test consists of consumption
of 50 g lactose and plasma glucose determination.
The advantages of the test is the low cost and excel-
lent availability. But the disadvantages are the long
time of testing and the invasiveness. False-negative
results of the test are possible due to fluctuations in
blood glucose [10]. Dominguez Jiménez and Fernan-
dez Suarez [11] discovered some discrepancy in re-
sults when comparing capillary and venous blood.
They reported that the results from capillary blood
are higher than the venous blood. Therefore, it was
necessary to specify the method used in the presen-
tation of the results.

Relationship between the occurrence of lactose intol-
erance and genetic polymorphism was discovered.
Also, Tomczonek-Moru$ et al. found a good rela-
tionship between hydrogen breath test and genetic
test [12]. There are single nucleotide polymorphisms
(SNPs) associated with lactose intolerance, for ex-
ample: C/T-13910, which is found among the popula-
tions of Europe, Middle East, parts of Asia and Africa;
G/A-22018, found in Europe, South and East Africa;
C/T-13914, among Eastern Europeans; G/A-13908,
in Far East Asia, etc. [13]. Genetic tests are mod-
erately invasive and quite expensive, however, the
false-positive results are rare (< 5%) [10].

Geographically, lactose intolerance affects more than
half of the world’s population (more than 65%). At the
same time, a higher prevalence is observed in Africa
(almost 100%) and Asia (70%). The prevalence of
cases is not necessarily related to the continent in
which people are located. In America, the differences
in the manifestation of lactose intolerance are large.
Thus, cases in America are reported to be 50%, with
15% being white, 53% being Mexican-American, and
the largest percentage (80%) being African-Amer-
ican. In the continent of Europe, where Bulgaria is
also located, the prevalence of lactose intolerance
is considered to be relatively low (28%). These lati-
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tudes also vary widely among nations. Only 2% of
Scandinavians have this condition, while the affected
people from southern ltaly are reported to be 70%
[14]. To the best of our knowledge at the time of this
study, no laboratory tests and statistical analyses
have been performed to examine the population in
Bulgaria. Consequently, we aimed our actions at
filling this gap. Collected information can serve re-
searchers, general practitioners, consultants and nu-
tritionists, as well as the general reader.

During the research, the following tools were used:
a questionnaire, an oral lactose tolerance test with
capillary blood measurements (an easy self-test), as
well as a genetic test of lactose intolerance., The ge-
netic test was based on the polymorphism dominant
in Europe (C/T13910) [2, 6, 15]. The present study is
the first made in Bulgaria and the presented results
are unique and incomparable at the moment of the
publication.

MATERIALS AND METHODS

At the first part of the study, 203 volunteers took part
in the questionnaire survey, and 20 of them were
tested with an oral lactose tolerance test, while 31
volunteers were tested with a genetic test for lactose
intolerance.

A self-test variation of the oral lactose tolerance test
was made, and a commercially available glucometer
Wellion Galileo Compact was used. The genetic test
of lactose intolerance was conducted with test strips
Genotype SugarTol (Hain Lifescience, Nehren, Ger-
many). DNA isolation was performed using specific
genecards — GenoCard (Hain Lifescience, Nehren,
Germany). Every genecard was used for four differ-
ent samples. PCR analyses were performed using
1000 Touch Thermal Cycler. The hybridization reac-
tion tubes were loaded on a thermo-shaker TwinCu-
bator (Hain Lifescience, Nehren, Germany).

Questionnaire study of lactose intolerance

An anonymous questionnaire was prepared and dis-
tributed through the accessible Google Forms. The
responses of 203 volunteers were received and an-
alyzed. Also, the parents of children, aged from 13
days to 17 years, were surveyed. The questionnaire
was presented together with short information about
the types and the symptoms of lactose intolerance.

Oral lactose tolerance self-test

A rapid oral lactose tolerance self-test was used for
20 volunteers and the results were obtained within 2
hours. The milk sugar intake was made by consump-
tion of a glass of milk [16,17,18]. The glucose con-
centration after lactose consumption was tracked.

Each volunteer was clinically healthy and was cur-
rently not prescribed or taking any antibiotics. Also,
the volunteers were asked not to eat or perform any
physical exercises within 8 hours prior to the test. The
volunteers were also introduced to the test procedure
and they completed an informed consent form for
participation. Each of them was asked to share the
presence or absence of any symptoms related to the
consumption of lactose-containing foods. The test
procedure is described on Figure 1.

Step 1: Lactose intake
(250 ml of milk / 12.5 g lactose) “

Step 2: Measurement of blood
glucose levels every 30 min
(within 2 hours)

Step 3: The blood glucose
levels are measured using /7
glucometer

Fig. 1. Oral lactose tolerance self-test steps

Steps of the oral self-test procedure:

e The puncture site was cleaned with an alcoholic
cotton swab.

e The initial glucose concentration was performed
before the lactose intake.

e Ingestion of one glass of lactose containing milk (~
5 g of lactose in 100 g of milk) within 10 minutes.

e The puncture site was cleaned with an ethanol cot-
ton swab.

e Blood samples were taken after 30 minutes, 1
hour and 2 hours.

e The test results were reported and recorded.

e The blood results and shared symptoms were an-
alyzed.

Genetic test Genotype SugarTol
A quick survey on the medical laboratories in Bulgar-

ia was performed to record ones conducting genetic
tests for lactose intolerance. The results showed that
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only three laboratories in the country perform such
kind a test. Furthermore, it was established that only
one of the laboratories has the equipment and per-
sonnel to carry out the test in our country, while the
rest only take the blood samples and send them for
analyses abroad.

Based on the recommendations of the medical labo-
ratory performing the test in the country, the genetic
test of lactose intolerance that we have chosen was
Genotype SugarTol (Hain Lifescience, Nehren, Ger-
many). The test showed polymorphism for lactose
intolerance and also for fructose intolerance. Nobody
from the tested volunteers showed fructose intoler-
ance. Consequently, the test part and the results for
lactose intolerance are described and discussed be-
low. The method could be divided into several main
steps, presented in Figure 2.
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Fig. 2. Main steps of the genetic test of lactose intolerance
using GenoType SugarTol

DNA isolation

First, 25 pL of blood was pipetted, then spotted on
the labelled GenoCard paper (the DNA was retained
on the membrane). The sample was left to air dry for
approximately 30 minutes. When the blood sample
had dried, three spots of the membrane (with re-
tained DNA) were removed from the GenoCard using
a puncher and were placed in a vial (Figure 3). The
puncher was washed 3-4 times between samples,
first with bleach (to remove DNA residues) and then
with distilled water.
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Fig. 3. Schematic representation of the GenoCard usage.

— DNA amplification

The DNA amplification was conducted using solu-
tions provided by the manufacturer. Thus, 10 L of
AM-A buffer (containing specific primers, nucleotides
and Taq polymerase) and 35 uL of AM-B buffer (con-
taining dye) were added to the vial with DNA. The
tubes were placed in a PCR amplifier and the neces-
sary parameters were set. The amplification of DNA
is presented in Table 1.

Table 1. DNA amplification parameters

Number of cycles Temperature Duration
1 95°C 15 min
10 95°C 30 sec
58°C 2 min
25 95°C 25 sec
53°C 40 sec
70°C 40 sec
1 70°C 8 min

— DNA hybridization

The HYB (Hybridization Buffer) and STR (Strin-
gent Wash Solution) solutions were heated up to
37-45°C until they became ready for the hybridiza-
tion step. The remaining reagents, except CON-C
(Conjugate Concentrate) and SUB-C (Substrate
Concentrate), were warmed to room temperature:
CON-D (Conjugate Buffer), SUB-D (Substrate Buf-
fer), DEN (Denaturation Solution), HYB (Hybridiza-
tion Buffer), STR (Stringent Wash Solution) and RIN
(Rince Solution). The concentrates were diluted to a
working concentration of 1:100 with the respective
buffer CON-D (Conjugate Dilution) for CON-C and
SUB-D (Substrate Dilution) for SUB-C. The work-
ing solutions were homogenized well and brought to
room temperature.
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Hybridization steps:

— 20 pL of DEN (Denaturation Solution) was pipetted
in a corner of each of the wells used.

— 20 pL of the amplified sample was added to the
solution, the mixture was homogenized and then
incubated at room temperature for 5 minutes.
Meanwhile, the required number of test strips were
taken with tweezers and labelled with a pencil un-
derneath the colored marker.

— Carefully, 1 ml of pre-warmed HYB was added to
each well. The tray was shaken gently until the so-
lution colored homogeneously.

— One test strip was placed in each well. The strips
were completely covered by the solution and the
marked sides were faced upward. The tray was
incubated for 30 minutes at 45°C on a shaking wa-
ter bath (TwinCubator) and after that the HYB was
completely aspirated (Figure 4).

Fig. 4. Test strips incubated with amplified DNA and Hy-
bridization Buffer on a TwinCubator shaker

— 1 ml of STR was added to each strip and was in-
cubated for 15 minutes at 45°C on a shaking water
bath. After that the STR was discarded completely
and the remaining fluid was removed by turning
the tray upside down on an absorbent paper.

— Each strip was washed with 1 ml of RIN (Rinse
Solution) for 1 minute at room temperature.

— 1 ml of the working solution of the conjugate was
added to each strip and was incubated for 30
minutes at room temperature on the shaking wa-
ter bath.

— The conjugate solution was removed, and each
strip was washed twice for 1 minute with 1 ml of
RIN and once for 1 minute with 1 ml of distilled wa-
ter on the shaking water bath. Any traces of water
were removed after the last wash.

— 1 ml of the working solution of the substrate was
added to each strip and was incubated protected
from light without shaking. The incubation time
(the time until the bands are clearly visible) was
5 minutes.

— The reaction was stopped as soon as the bands
were clearly visible by rinsing twice with distilled
water. The strips were removed from the tray us-
ing tweezers and were dried between two layers of
absorbent paper.

Statistical data processing

The obtained results were analyzed using publicly
available Microsoft Excel. The dependencies be-
tween the results were established and converted
into a graphic form. A chi-square test was used to
establish or reject the overlap of the results of the
different tests. The chi-square test uses the formula:

(Observed-Expected)?

2
X Expected

The degrees of freedom were defined as: df = n — 1.
That represented the number of rows of values (n) and
one was subtracted. For the purposes of the study, the
degrees of freedom were df = 1. The level of signifi-
cance (a) was 0.05. The lower the obtained chi-square
value, the greater the relationship between the data
presented. The obtained result was compared to the
critical value from a publicly available table, including
the significance level. If the obtained chi-square value
is greater than the critical value from the table, then
there was a statistically significant difference between
the presented data (tests).

RESULTS

The interpretation of the results from the oral self-test
was based on literature data [19, 20]. The test was
considered normal if the glucose level rises by more
than 30 mg/dL (1.665 mmol/L) within 2 hours after
the intake of lactose solution. A rise of 20-30 mg/dL
(1.11-1.665 mmol/L) within 2 hours of the lactose so-
lution intake was inconclusive. A result lower than 20
mg/dL (1.11 mmol/L) within 2 hours of the lactose so-
lution intake suggests that the volunteer was lactose
intolerant, and further tests should be done.

Results from the questionnaire study

The majority of volunteers (93.3%) rejected the pos-
sibility of having lactose intolerance, while the rest
(6.7%) shared that they suffer this condition. The
parents reported that 83.2% of their children had
not shown any symptoms of the condition. Howev-
er, only a small part of the volunteers (13.4%) had
tested their child for lactose intolerance. Moreover,
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a larger percentage of the surveyed said that they
had not had such tests (67.0%), or that they had
only consulted a medical doctor (23.2%). According
to the laboratory tests that volunteers mentioned for
lactose intolerance, only 4.14% used a genetic test,
the same amount (4.13%) — a blood test, and 1.53%
marked ,other food intolerance test". The results are
presented on Figure 5.

Results from the oral lactose tolerance self-test

Blood samples (peripheral blood) were taken before
and after lactose intake within up to 2 hours (mini-
mum 30 min). In the used test conditions, the rising of
the glucose levels with 1 mmol/L within 1 h (strongly
manifested at the 30th minute) rejected the possibility
of lactose intolerance [18] (Figure 6).

The results from the oral lactose tolerance self-test
conducted on 20 volunteers (aged 13 to 55 years)

Do you suffer from
lactose intolerance?

6.70%

mNo

mYes

Have you tested your child
for lactose intolerance?

WYes

ENo

4.14%
1.53%

are shown in Table 2. Among those tested, 40%
showed a convincing ability to break down lactose,
i.e., they were lactose tolerant, 45% had inconclusive
results and they were advised to undergo other tests,
and the remaining 15% had lactose intolerance, ac-
cording to the oral test. Also, a relationship between
those conditions and the age of the volunteers was
noticed. Lactose intake with successful absorption
was observed among the younger volunteers (av-
erage age 23 years). In the older population (aver-
age age 41 years) inconclusive oral test results were
noted. According to the test, the oldest group of vol-
unteers (average age 52 years) have lactose intoler-
ance. It could also be explained by the possible pres-
ence of heterozygotes among the volunteers, whose
gene for lactose intolerance manifests itself with age
and leads to difficulty in breaking down lactose in the
organism [3, 4].

Has your child shown symptoms
of lactose intolerance?

mYes

ENo

What test did you use to
detect lactose intolerance?

4.13%

m | haven't done any test

Other food intolerance
test

BGenetic test

®m Consult with a doctor,
without a laboratory
test
Blood test

Fig. 5. A questionnaire survey about lactose intolerance in the Bulgarian population
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Fig. 6. Average changes in blood glucose levels in case of a positive oral lactose tolerance self-test
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Table 2. Results from the oral lactose tolerance self-test

. lactose lactose Inconclusive

Characteristic .

intolerant tolerant results
Number of

15% 40% 45%

volunteers 3 (15%) 8 (40%) 9 (45%)
Male 0 (0%) 1 (5%) 2 (10%)
Female 3 (15%) 7(35%) 7(35%)
Average age 50 (43-55) 27 (13-41) 35(13-51)
Median age 52 (43-55) 23 (13-41) 41 (13-51)

The oral lactose tolerance self-test was presented to-
gether with questions about possible symptoms, as
a result of lactose-containing food consumption. The
volunteers who describe symptoms typical for lac-
tose intolerance made up 40% and their average age
was 34 years. The same number of volunteers had
no symptoms, with an average age of 41. The rest
of the volunteers (20%) showed conflicting results in
reporting symptoms. Their average age was 23 years
(Table 3).

Table 3. Results according to lactose intolerance symptoms

Characteristic Lactose Lactose Inconclusive
intolerant tolerant results
C‘:Iumnt;:’sf 8 (40%) 8 (40%) 4 (20%)
Male 1 (5%) 1 (5%) 1 (5%)
Female 7 (35%) 7 (35%) 3 (15%)
Average age 32 (13-49) 38 (21-55) 30 (22-51)
Median age 34 (13-49) 41 (21-55) 23 (22-51)

Results from the genetic test Genotype SugarTol

Geno Type SugarTol test strips were used. The pur-
pose of the test was to detect the presence or ab-
sence of the polymorphism associated with the syn-
thesis of the lactase enzyme in the human organism.
A part of the 31 volunteers in the genetic test previ-
ously participated in the oral lactose tolerance test.
Contrary to expectations, as many as 97% of the
volunteers showed a positive result for the C13910

polymorphism causing lactose intolerance; only one
of the volunteers was homozygous for T13910 (Ta-
ble 4). Hence, as the volunteers age, they should be
monitored for symptoms and avoid consuming lac-
tose-containing foods [21].

Dependence between the results of the conduct-
ed tests

To compare the performed tests, the so-called chi-
square test by Karl Pearson was used, as it is often
applied to accept or reject a hypothesis using a given
starting point [22]. At the beginning of the study, the
statements from the questionnaire study were con-
sidered to be correct, i.e., people themselves had
correctly determined their condition. Consequently,
93.3% of the Bulgarian population was considered to
be lactose tolerant. That was set as the null hypoth-
esis in the test (HO). The results of the test, used as
comparison, confirm or reject the statement with a
significance level of a = 0.05.

Questionnaire study and manifested symptoms

While studying the data from the reported symptoms
during the oral lactose tolerance test, it was deter-
mined that 40% of the volunteers were probably lac-
tose intolerant and another 40% were without such
symptoms. The remaining 20% had inconclusive
results. However, as people were likely to be poorly
informed about the symptoms of lactose intolerance,
those 20% with inconclusive results were counted
as asymptomatic volunteers. Thus, for the purpose
of the chi-square test, according to their symptoms,
40% were positive for lactose intolerance and 60%
were negative for this condition (Table 5).

Table 5. Comparison of the results from the questionnaire
study and the reported symptoms for lactose intolerance

Questionnaire study Symptoms
(Expected result) | (Observed result)
Have lactose 67 20
intolerance
Do not have lactose 933 60

intolerance

Table 4. Results of the genetic testing for lactose intolerance

Characteristic Lactose intolerant Lactose tolerant Heterozygous gene of lactose
(CIC genotype) (T/T genotype) intolerance (C/T genotype)

Number of volunteers 23 (74%) 1 (3%) 7 (23%)

Male 5 (16%) 1 (3%) 4 (13%)

Female 18 (58%) 0 (0%) 3 (10%)

Average age 30 (21-43) 41 (41-41) 28 (22-34)

Median age 22 (21-43) 41 (41-41) 28 (22-34)

*Only 7 of the volunteers shared their age
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The chi-square test results showed 177.39 and P-
value less than 0.0001. This demonstrates that the
results were highly statistically different and there is
no overlap of the questionnaire study and the report-
ed symptoms. According to this result, it is suggested
that there were more people with lactose intolerance
than expected.

Questionnaire study and oral lactose tolerance self-test

During the oral lactose tolerance self-test, it was
found that 15% of the volunteers did not have the
ability to break down lactose, 40% can break down
lactose and 45% had inconclusive results. For the
purpose of the chi-square test, the people with incon-
clusive results were included to those with positive
oral lactose tolerance self-test (Table 6).

Table 6. Comparison of the results from the questionnaire
study and the oral lactose tolerance self-test

Oral lactose toler-
ance self-test
(Observed result)

Questionnaire study
(Expected result)

Have lactose
intolerance

Do not have lac-
tose intolerance

6.7 15

93.3 85

The chi-square test results show 11.02 and P-value
0.0009. Therefore, those results were highly statisti-
cally different and there was no overlap between the
questionnaire study and the oral lactose tolerance
self-test. According to these results, it was suggested
that there are more people with lactose intolerance
than expected.

Questionnaire study and genetic test GenoType
SugarTol

Due to the inconsistencies between the expected low
percentage of people with lactose intolerance and
the obtained higher percentage, the use of another
test was necessary. In this study the genetic test
GenoType SugarTol was used. The genetic results
have shown that 97% had the gene for lactose intol-
erance (C13910), of which 23% are heterozygotes
(C/T13910). For the purpose of the chi-square test,
the results were divided into people with the lactose-
intolerant gene and people without the lactose-intol-
erant gene (Table 7).

Obviously the test results diverge and could not be
compared. If it was assumed that the volunteers with
a heterozygous gene belong to the group of “do not
have lactose intolerance”, then 26% of the tested vol-
unteers had a gene encoding lactase and were able
to break down lactose. However, the difference be-

tween the questionnaire study and the genetic test
differ greatly and could not be compared.

Table 7. Comparison of the results from the questionnaire
study and genetic test GenoType SugarTol

Genetic test
(Observed result)

Questionnaire study
(Expected result)

Have lactose

. 6.7 97
intolerance

Do not have lactose

. 93.3 3
intolerance

Genetic test GenoType SugarTol, oral lactose toler-
ance self-test and manifested symptoms

Due to the insufficient awareness of the volunteers
(shown by the results presented in the questionnaire
study) we could assume that the genetic test was
more reliable and it was considered as the null hy-
pothesis (HO). Therefore, the results of the genetic
test were taken as “Expected result” while the results
from the oral lactose tolerance self-test and the mani-
fested symptoms would be the “Observed result”.

Regarding the comparison of the results of the ge-
netic test and those of the reported symptoms, the
volunteers with a hybrid gene were assumed to be
into the group without lactose intolerance due to the
presence of the dominant T 13910 allele. The incon-
clusive results of reported symptoms were general-
ized to those with lactose intolerance, due to people’s
low awareness and inability to self-monitor. Thus, it
was assumed that 60% of the volunteers had lactose
intolerance according to their symptoms, and 40%
were without such symptoms (Table 8).

Table 8. Comparison of the results from the genetic test
GenoType SugarTol and the manifested symptoms

Genetic test
(Expected result)

Symptoms
(Observed result)

Have lactose

. 74 60
intolerance

Do not have lac-

) 26 40
tose intolerance

Thus, the chi-square test shows 10.187 and the P-
value is 0.0014. This shows that the genetic test and
the manifested symptoms have a statistically signifi-
cant difference, i.e., there was no overlap of the re-
sults (Figures 7 and 8).

When comparing the results of the manifested symp-
toms and the oral lactose tolerance self-test, a com-
plete correspondence was observed. That was pos-
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sible if it was assumed that those with inconclusive
results were assigned to the lactose intolerant group.
Thus, in both cases, 60% have lactose intolerance
and 40% have no such manifestation (Figure 9).

DISCUSSION

It was confirmed that the Bulgarian population had
low awareness of the symptoms of lactose intoler-
ance, which in turn suggests not entirely accurate
percent of self-reported lactose intolerant individuals
of our previous test [23]. Probably, the low percent-
age of testing of the Bulgarians was most likely due
to the unawareness of the people about that condi-

tion, and also the high cost of the tests. In Bulgaria,
only genetic tests are offered and their price is ap-
proximately BGN 100-120, equal to EUR 50-60 (up
to the date of the study 2022-2023).

There are different methods of testing for lactose intol-
erance. Some of them are based on blood indicators,
and others determine the concentration of hydrogen
in the patient's breath. In this study, the amount of
ingested lactose was equal to the common volume
in everyday life. One glass of milk (250 ml with 5 g
lactose) is more often consumed compared to tradi-
tional test dose of 50 g lactose [16]. Consequently,
the symptoms associated with lactose malabsorption
in that trail were reduced.

15
10
5
3.842
0
X Max ¥

Fig. 7. Chi-square value (x?) and the maximum acceptable value for accepting that the results of the genetic test and
manifested symptoms correspond
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Fig. 8. Comparison of the results from the genetic test GenoType SugarTol and the manifested symptoms
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Fig. 9. Comparison of the results from the oral lactose tolerance self-test and the manifested symptoms
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Based on the symptoms described by the volunteers,
no significant relationship was established between
the described symptoms after lactose-containing food
consumption and the presence or absence of lactose
intolerance according to the oral self-test, although a
similar lactose amount was used in the test. Those
varying results showed the need or more detailed
study of the volunteers and also the whole population.

Genetic tests are very accurate and have a low error
rate but they are expensive and do not show the cur-
rent status of the individual, especially in the case of
a heterozygous allele. The offered in this study oral
lactose tolerance test gave information about the cur-
rent status but was not accurate enough and often
the results were inconclusive. However, there were
several health disorders, including stress, that could
affect the absorption of lactose and the release of glu-
cose into the bloodstream [3]. A lot of the examined
volunteers, according to the genetic test, were homo-
zygous for the recessive allele (lactose intolerant) but
did not report any symptom manifestation associated
with lactose intolerance. That could be explained by
the traditions in our society and in particular, the fre-
quent and long-standing consumption of fermented
dairy products, such as yogurt. Those products are
rich in Lactobacillus bulgaricus and Streptococcus
thermophilus, which are probiotics that are able to
use lactose (not only glucose) as a carbon source
[24]. According to Ibrahim et al., lactose is a prebiotic
that stimulates the growth and development of lac-
tic acid bacteria [25]. With their help, the lactose that
enters the organism is broken down into glucose and
galactose, where the microorganisms themselves
metabolize the glucose for their own needs, and the
galactose is released into the extracellular space.
Thus, the human body successfully breaks down ga-
lactose and uses it as an energy source, instead of
creating byproducts, mainly gases, which cause the
unpleasant symptoms of lactose intolerance [4].

The best choice appears to be a genetic test for lactose
intolerance, at an early age, to clarify the genotype. In
the presence of a homozygous allele characteristic of a
lactose tolerant patient, lactose intolerance should be
rejected in the future when similar symptoms appear.
Unless the patient is elderly, because it is possible for
the enzyme to decrease significantly. Also, exceptions
are the cases where, due to illness or surgery, the integ-
rity and function of the intestine is impaired.

In the case of a homozygous individual with the muta-
tion responsible for the lactose intolerance, a diet ex-
cluding large amounts of lactose should be established.
Manifestation of symptoms from small amounts (less
than 1 glass of milk) are rare [26], and this is most often
detected in infancy and does not require re-examination
later. Such patients should be recommended to con-

sume lactose-free preparations in the pharmacies, and
also foods like sausages, cakes, salad dressing and
others, which are the so-called ,hidden lactose® [27].

The genetic test result could show the presence of a
heterozygous allele, i.e., presence of both alleles — for
lactose intolerance and for lactose tolerance. When
those alleles are established in early childhood, it is
recommended to perform an oral lactose tolerance
test periodically or equal to that test (like breath test) in
the individual’s life to monitor the current condition. It is
also recommended to watch out for the typical symp-
toms of the lactose intolerance, the most common be-
ing bloating and meteorism after consuming a lactose-
containing food. The unnecessary exclusion of dairy
products from the daily meal might lead to a number of
disorders associated with an unbalanced diet. For ex-
ample, people who regularly consume dairy products
are less likely to suffer from a heart attack. Also, colon
cancer is associated with a lack of certain nutrients that
are inherent in milk and milk products. Such nutrients
are vitamin D, calcium, probiotic lactic acid bacteria,
and bioactive peptides from milk protein [28]. Overall,
dairy consumption is associated with a reduced risk of
hypertonia, coronary heart disease, and stroke [29].

Study Limitations

The method used in this study had some limitations
that should be excluded in the subsequent studies.
First, the oral lactose self-test measured glucose in
the capillary blood which showed higher results, but
the offered amount of lactose to the patients was low,
so the measured values fluctuated periodically. Also,
the test was made by a commercial glucometer. It is
convenient that it does not require qualified personnel,
complex reagents and shows the results immediately.
Much more sensitive would be an enzyme assay (with
glucose oxidase and peroxidase) to prove the serum
glucose level but this complicates and delays the
procedure. Also, qualified personnel with specialized
equipment are needed. Consequently, the oral lactose
test will not be able to be done easily at home. In the
following studies of the Bulgarian population, it is good
to perform oral lactose tests with enzyme detection of
serum glucose, and also hydrogen breath tests.

The limitations in the used genetic test were the use
of only one possible SNP for lactose intolerance. It
is good to explore the possibility of other SNPs, both
known for other regions, and new ones unique to this
region can be proven.

CONCLUSIONS

In our latitudes, the probability of being lactose intol-
erant is high (93.3% with recessive allele responsible
for lactose intolerance). However, following a normal
diet, including good amounts of quality fermented
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dairy products, will help break down lactose, even at
higher doses (more than 1 cup of milk a day). If the
dairy products consumption is stopped permanently,
then the lactic acid bacteria in the intestinal tract will
not have the necessary prebiotics and thus the micro-
biological composition in the intestine would change.

Based on the obtained results, new horizons are re-
vealed for research aimed at the bacterial composition
in the intestinal microflora of the people in Bulgaria and
their comparison with the composition of the intestinal
microbiome of individuals inhabiting other countries and
even continents. Also, more research needs to be done
on this, because a huge percentage of people have no
complaints and at the same time carry genes for lac-
tose intolerance. It is possible to find a connection not
only with the gut microbiome, but also with aspects of
everyday life or traditional herbs. These findings would
be useful for recommending people with severe symp-
toms to return to a free lifestyle without restrictions and
enjoy this sweet disaccharide — lactose.
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