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Abstract
AIM: To estimate the prevalence of the lactase
non-persistent genotype (C/C-13910) in a northern
Russian population in accordance with ethnicity, and to
evaluate self-reported milk consumption depending on
lactase activity.
METHODS: Blood samples for genotyping lactase
activity, defining the C/T-13910 variant by polymerase
chain reaction, and direct sequencing were taken from
231 medical students of Russian origin aged 17-26 years.
We analyzed milk product consumption by questionnaire
which was specially designed for the estimation of milk
consumption and abdominal complaints.
RESULTS: We found that the prevalence of the
C/C-13190 genotype in the northern Russian population

was 35.6%. The other genotypes nearby C/T-13910
and associated with lactase activity were not present in
the study population. The consumption of milk among
people with the non-persistent genotype tended to be
lower than among the lactose tolerant subjects, but was
not statistically significant.
CONCLUSION: An investigation of the lactase persistent
genotype in a northern Russian population has not
been performed before. The genotype did not affect the
consumption of milk products in this population which
could be explained by low consumption of milk products
among the entire study population.
© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The prevalence of adult-type hypolactasia (primary
lactose malabsorption, lactase non-persistence) varies
considerably between different races and populations[1,2].
Inheritance of primar y lactose malabsorption is
controlled by a single recessive autosomal gene[3].
Simoons[4] and McCracken[5] suggested the cultural
historical hypothesis to explain the differences in
prevalence of hypolactasia. Hence, people with lactase
persistence could survive better because they could
use all nutrients in milk without having diarrhea. It
is possible that they had more children than subjects
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with hypolactasia. The idea of the calcium absorption
hypothesis was proposed by Flatz[6], who suggested that as
lactose is a stimulant of calcium absorption, people who
consume milk have less rickets, pelvic deformities and
more children. This was genetic selection to the benefit of
lactase persistence.
Several laboratory methods are used in the diagnosis
of hypolactasia. Previously the prevalence of hypolactasia
was detected by a lactose tolerance test (LTT) or a lactose
tolerance test with ethanol (LTTE)[7,8]. The “gold standard”
which can be used as a reference method is the direct
determination of lactase activity in the small intestinal
mucosa, taken by biopsy; however, the invasiveness
of the test does not allow its use in everyday practice
and screening[7]. In 2002 the genetic variant associated
with adult-type hypolactasia, a one base polymorphism
C/T-13910 (rs 4988234) upstream of the lactase coding
gene on chromosome 2 was identified. The C/T-13910
variant is located in the OCT-1 binding site and acts as an
enhancer[9]. The variant is inherited recessively so that the
C-13910 allele in a homozygous form (the C/C-13910
genotype) is always associated with adult-type hypolactasia
and the T-13910 allele (C/T and T/T-13910 genotypes)
with persistent lactase activity[10]. The specificity of the
genetic test is 100% with a sensitivity of 93% in subjects
older than 12 years[11]. In addition, several other suggested
variants (C/G-13907, T/C-13913, T/G-13915 and
G/C-14010) nearby the C/T-13910 variant were identified
in African and Middle Eastern populations[12-14]. Of these
variants, 13915 T/G and 14010 G/C are associated with
lactase persistence[12,14].
Data on the prevalence of hypolactasia from studies
performed in the territories of Russia are available. The
prevalence of lactase malabsorption among Russians has
been found to vary from 13% to 57% according to different
authors and the different methods used[15-17]. Many studies
were carried out in other populations living in the territories
of Russia and the prevalence of lactose malabsorption
among them was between 11% and 94%[16-20].
Genotyping has been used in only two Russian
studies [21,22] which showed that the prevalence of
hypolactasia among Russians living in the central part
ranged from 36% to 50% and depended on the area of
residence[22].
The main hypothesis of the current study was that
people with the C/C-13910 genotype will avoid using
milk or their milk consumption will be less compared to
those with the lactase persistent genotype.
The objective was to estimate the prevalence of the
lactase non-persistent genotype in a northern Russian
population of students from the Medical University
of Archangelsk. We deter mined the frequency of
the C/T-13910 variants in accordance with ethnicity
and estimated self-reported milk consumption and its
relationship to the C/T-13910 genotypes.

MATERIALS AND METHODS
Study group
The study was performed in collaboration with the
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Department of Family Medicine, Northern State
Medical University (NSMU), Archangelsk, Russia, the
Department of Medical Genetics, University of Helsinki
and the Department of General Practice, University
of Tampere. The study was approved by the Ethics
Committee of NSMU (No. 08/06 from 29.11.2006).
Medical students from different faculties aged 17 to 26
years were enrolled into the investigation. All subjects
gave written infor med consent and completed a
questionnaire on their personal data, self-reported health
status, milk consumption habits, ethnicity and their place
of birth as well as their parents’ and grandparents’ place
of birth. Blood samples were taken from 241 students.
Of these, 231 reported their origin as Russian; but,
according to the origins of grandparents (at least three
out of four grandparents) only 149 were considered
to have Russian ethnicity. Of the others, 61 did not
report the data on grandparents and these subjects were
classified as “missing information” on ethnicity. Twenty
one students who reported their origin as Russian
had at least 2 grandparents with another origin mostly
Ukranian, but also Byelorussians, Komi, Mordvinian
and others. Final analysis of the prevalence of the
C/C-13910 genotype was based on one of three
subgroups: Russians, the group with missing data on
grandparents and the mixed origin group (Table 1).
We included students who were chosen by random
methods from four main faculties of the university in
the investigation. Randomization in our study was done
according to standard rules. The NSMU has 16 faculties
and each of them has 10 to 12 groups of students. We
took every third group of students according to an official
list from every fourth faculty. As a result we received 176
students chosen by a random method. The remaining 65
were taken at an annual medical review. Although that
sample was not random, there was no selection because
every student who attended medical review during a
certain time (while we were collecting the material) was
taken. Age and sex do not affect gene frequency.
The number of students and the selection process
are presented in Figure 1. The majority of students (155
of 231) who participated in the study were born in the
Archangelsk region, the others were born in different
regions of north-west Russia (Figure 2).
Questionnaire
We used the questionnaire designed by Sahi[3] with some
modifications in the present study. Milk consumption
was estimated using questions about milk and sour milk
consumption. For comparison, we divided all subjects
into two groups (Table 2). The first group consisted of
students who were consumers of milk regardless of
amount (answer “Yes” in Table 2) and the second group
consisted of those who never consumed milk (answer
“No” in Table 2).
Analyses of genotype
DNA was amplified by polymerase chain reaction (PCR).
We used Taq polymerase (Dynazyme, Finnzymes, Espoo,
Finland) with the conditions described elsewhere. The
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Table 1 The distribution of the lactase-persistent/nonpersistent genotypes by ethnicity n (%)
1

2

CC-13910 CT-13910
Russian
Others
Information missing
Total

53 (35.6)
9 (42.8)
22 (36.1)
84 (36.5)

76 (51.0)
11 (52.4)
26 (42.6)
112 (48.7)

2

TT-13910

Total

20 (13.4)
1 (4.8)
13 (21.3)
34 (14.8)

149 (100)
21 (100)
61 (100)
231 (100)

1851
Students included in the study 273
Did not attend 30
Attended, got questionnaire, blood
sample was taken 243
Did not fill in the
questionnaire 2
Filled in the questionnaire 241
Other origins 10

Lactase non-persistent genotype; 2Lactase persistent genotype.

1

Russian origin 231

Table 2 Consumption of milk products by different
C/T-13910 genotype variants n (%)
1

Consumption CC-13910
Milk
Yes
No
Total
Sour milk
Yes
No
Total

2

CT-13910 and TT-13910

Total

31 (36.9)
53 (63.1)
84 (100)

71 (48.3)
76 (51.7)
147 (100)

102 (44.2)
129 (55.8)
231 (100)

41 (48.8)
43 (51.2)
84 (100)

89 (60.5)
58 (39.5)
147 (100)

130 (56.3)
101 (43.7)
231 (100)

Figure 1 Steps in the data collection process.

Murmansk
9
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Lactase non-persistent genotype; 2Lactase persistent genotype.
Karelia

used forward primer was 5'-CCTCGTTAATACCCACT
GACCTA-3' and the reverse primer was 5'-GTCACTTT
GATATGATGAGAGCA-3' which covered about 400 bp
regions on both sides of the C/T-13910 variant. The PCR
product was verified by 1.5% agarose gel electrophoresis
(with ethidium bromide). The PCR products were
purified using shrimp alkaline phosphatase (USB) and
exonuclease Ⅰ (New England Biolabs) at 37℃ for
60 min and at 80℃ for 15 min.
During sequencing, BigDye 3.1 terminator (Applied
Biosystems) was used according to the manufacturer’s
instructions. Sequencing conditions were as follows: 96℃
for 1 min, then 25 cycles at 96℃ for 10 s, 55℃ for 5 s
and 60℃ for 4 min. The sequencing reaction followed
purification by Millipore Multiscreen plates (Millipore,
USA) with Sephadex G-50 Superfine sepharose
(Amersham Biosciences, Sweden), electrophoresis using
the ABI 3730 DNA Analyzer (Applied Biosystems) and
base calling by Sequencing Analysis 5.2 software (Applied
Biosystems). The obtained sequence was analyzed using
Sequencher 4.6. software (Gene Codes, USA)[23].
Statistical analyses
The Chi-square test was used to test the difference
between groups of genotype in milk consumption.
P < 0.05 was considered statistically significant.

RESULTS
The prevalence of the C/C-genotype was found to be
35.6% among young Russian people who were born
and lived in north-west Russia (Table 1). None of
the previously identified other variants (C/G-13907,
T/C-13913, T/G-13915 and G/C-14010) were present
in the study population.

Arkhangelsk
155

Nenets

5
Komi

2
Leningrad
oblast

Vologda

32

Novgorod
Pskov

Figure 2 Study group by region of birth place in north-west Russia.

The frequency of milk consumption varied among
the milk consumers; however, the majority of subjects
consumed 1-2 glasses per week or less and only 5
persons of 231 consumed 3 or more glasses per week.
The same pattern was found for the consumption of
sour milk. Only 3 persons in the entire study population
consumed 3 or more glasses of sour milk per week.
Among subjects with lactase non-persistence
(C/C-13910 genotype) more than half (63.1%) did
not consume milk at all compared with those with the
C/T-13910 variant (49.6%). The differences in milk
consumption between lactose persistent subjects (C/T
and T/T variants together) and those with hypolactasia
(C/C-13910 genotype) was not statistically significant
(P = 0.094).
The consumption of sour milk did not have a
significant effect within the group of “non-consumers”;
but, subjects with the C/T- and the T/T -variants
consumed sour milk relatively more often than subjects
with the C/C-13910 genotype (59.3%, 64.7% and
48.8%, respectively). The sour milk consumption among
lactose non-persistent subjects (C/C-variant) and lactase
persistent subjects (C/T- and T/T- variant together) was
not statistically significant (P = 0.084).
All 5 persons who consumed milk products in
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relatively greater amounts (3 and more glasses per week)
had the lactase persistent genotype.
We estimated the gastrointestinal symptoms among
subjects with lactase persistent and non-persistent
genotypes. However, differences in the frequencies of
symptoms were not statistically significant.
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DISCUSSION
The prevalence of adult-type hypolactasia among
Russians is in accordance with previous investigations
and varies from 13% to at least 50% [15-17,21,22] . The
majority of previous studies were performed using
the lactose tolerance test, and only two of the recent
studies performed in Russia[21,22], used the same direct
genotyping we used in the present investigation.
However, these researchers studied the frequency of the
lactase persistent/non-persistent genotype among other
populations living in the territories of Russia, but did
not estimate the milk consumption.
Genetic testing is a direct method of diagnosing
adult-type hypolactasia, and is not confounded by
environmental factors which may affect the results
of the other tests. Therefore the results of this study
specify the actual prevalence of adult-type hypolactasia
in Russia. An investigation into the lactose persistent
genotype among a northern Russian population has not
been performed before.
Since the variants (C/G-13907, T/C-13913, T/G-13915
and G/C-14010) nearby C/T-13910 were previously
associated with lactase activity in southern parts of the
world and were not present in this study, it is possible that
these variants are not responsible for the regulation of
lactase activity in north-west Russia. This is in agreement
with results obtained from other countries in northern
Europe[23,24].
More than half of the study subjects did not drink milk
and almost 45% did not drink sour milk at all. The great
majority of “milk-consumers” drank very small quantities
of milk, 1-2 glasses or less per week. Apparently, this is
a habitual feature of the subjects in the study population
and it did not depend on genotype. However, those five
persons who drank the most milk had the lactase persistent
genotype. Our data on the consumption of sour milk
confirmed the results of previous studies which showed
that people with lactose intolerance are more able to
tolerate fermented milk because lactose in these products is
reduced by 30%-40%[25].
It is well-known that people with lactase nonpersistence can consume small quantities of milk without
any problems[26]. The results of our study strengthen
this theory, even though we did not reach statistical
significance in milk product consumption between
the lactase persistent and non-persistent subjects. In
summary, genotype does not affect the consumption of
milk products in a northern Russian population which
can be explained by low consumption of milk products
among the entire study population.

The prevalence of adult-type hypolactasia (primary lactose malabsorption, lactase
non-persistence) varies considerably between different races and populations.
Data on the prevalence of hypolactasia from previous studies performed in the
territories of Russia are limited especially for northern Russian populations.
Moreover, the majority of these studies were performed using other methods. The
inheritance of primary lactose malabsorption is controlled by a single recessive
autosomal gene and genotyping allows us to determine the true prevalence of
the lactase persistent/non-persistent gene. Thus, the prevalence of adult-type
hypolactasia among the current population becomes obvious. The hypothesis that
the lactase non-persistent genotype can affect milk and sour milk consumption
has not been tested before in a northern Russian population.

Research frontiers

This was the first time that genotyping of the lactase persistent gene was
performed in a population from north-west Russia and an estimation of milk
products consumption according to genotype was performed.

Innovations and breakthroughs

In previous studies, the prevalence of lactase malabsorption among Russians
has been found to vary between 13% and 57% according to different authors
and the different methods used. Many studies were carried out in other
populations living in the territories of Russia where there was great variation
in the prevalence of lactose malabsorption, from 11% to 94%. Genotyping
has a specificity of 100% and a sensitivity of 93%. Genetic methods have
been used before in only two Russian studies which showed the prevalence
of hypolactasia among Russians living in the central part to range from 36%
to 50% depending on the area of residence. An estimation of the lactase nonpersistent genotype affecting milk and dairy milk product consumption in a
northern Russian population has not been done before.

Applications

The study results suggest that the prevalence of the lactase non-persistent
genotype in a northern Russian population is 35.6% which is more than that
in northern Europe and less than that in southern Europe. This prevalence
confirms the historical hypothesis of lactase malabsorption. However, the
genotype does not affect milk and sour milk consumption among northern
Russians which could be a result of relatively low milk product consumption
among the entire study population.

Terminology

Hypolactasia means very low activity of lactase in the jejunal mucosa; Lactose
malabsorption describes poor lactose hydrolyzing capacity; Adult-type
hypolactasia (primary lactose malabsorption, lactase non-persistence) - primary
type of hypolactasia which is controlled by a single recessive autosomal gene;
CC-13910 genotype defines lactase non-persistence; CT-13910, TT-13910
genotypes define lactase persistence.

Peer review

This manuscript has potential for contribution regarding genetic subtypes and
milk intolerance.
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