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STUDY OF THE LACTOSE INTOLERANCE GENETIC ASPECTS AMONG THE
POPULATION AND PATIENTS WITH HIP FRACTURE IN EASTERN UKRAINE

O. Fedota, V. Babalian, V. Borozenets, N. Puzik

bnuzvko 75 % ceimosoco nacenenns empavae 30amuicms 00 moaepaHmHocmi 00 1aKmosu 6 3piiomy eiyi. Bu-
suenHss monepanmuocmi oo nakmosu (JIT) abo nepcucmenmuocmi nakmasu (JII1) 6 ykpainyie € HeoOXiOHUM Ot
BUABTICHHS 36 SI3KY YI€T 03HAKU 3 MYTbMUDAKMOPIATLHUMU NAMONOIAMU, (POPMYBAHHSL 2DYA PUSUKY A PO3GUMKY
Xap4o80i Kynibmypu.

Memoro docnidrcennsn Oyna oyiHKa ceHemudYHUX ACNeKmis de@iyumy 1aKmo3su ceped HaAceleHHs ma 1020 38 30K
3 NAMONO2IAMU TIOOUHU HA NPUKAAOT NEPerLomMy CmezHd.

Mamepian ma memoou: Penomun nenepeHoCUMOCmi 1akmosu 0ye suseienuil y 9,7 % ykpainyis, a cmitikicms 00
nakmosu — 69,4 %. YV epyni x6opux 3 nepeiomamu RPOKCUMANbHOT CME2HOB0I KICIKU Je3HUMU YaACMOmamu Oynu:
13910T—-0,34, 13910C— 0,66, 220184 — 0,35, 22018G — 0,65. Po3nodin cenomunise cmanosus 0 %: 67,6 %: 32,4 %
o TT:CT:CC ma 2,9 %: 64,7 %: 32,4 %, ona AA:GA:GG. Bioxunenns 6i0 pisnosazu Xapoi-Bauinbepea ne cno-
cmepieanocy.

Pesynomamu: B pesynomami ananizy eenomunise onst obox SNP 6yno ecmanoeneno cnigsionoutenna CTAA:CTGA:
CCGA:CCGG - 2,9 %: 61,7 %: 2,9 %: 32,5 %. Byno oyineno nepisnosazy 3a 3ueniennsm, D’(1?) ons ananizoea-
nux SNP ckaae 0,209 (0,554). ¥V nonosunu nayienmis 6y ocmeonopos abo ocmeonenisn (n=50,0 %), are y nayi-
enmig 3 eenomunom TTAA yux namonoeii ne suasnerno. Iapamempu MIIK xeéopux 3 cenomunom CTGA cxkranu
4049,8+38,7 i 4109,6+30,0 ons nayienmie 3 CCGG.

Bucnoexu: Yci nayieumu 3 ocmeonopozom manu cenomun CTGA, cepeone snauenns MIIK cmanosuno
3795,6+£43,8. V nayienmie 3 cenomunom CTGA cnocmepizanucoy maxi namonozii uiiayHKO80-KUUWKO8020 MPAKMY:
eacmpum (33,3 %), supaskosa xeopoba (9,5 %), supaska osanaoyamunanoi kuwiku (9,5 %), pax wnynka (9,5 %).
Temepo3sucomui eenomunu 3HAUHO 30LILULYIOMb PUSUK PO3BUMKY ULTYHKOBO-KUWKOBOT Namono2ii' y nayienmie 3
nepenomamu nPOKCUMAIbHOL CMe2HO801 KICIKU 8 N simb pa3ie

Knrwowuoei cnosa: cmiiikicme 1akmasu, HenepeHoCUMICMb 1AKMO3U, Nepelomu NPOKCUMATbHO20 8I00LTy cmezHa,
0CMeonopo3, 2eHOMunNU, MIHePaIbHA WINbHICMb KICIMOK
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1. Introduction

Lactose tolerance (LT) or lactase persistence (LP)
is an example of selection-based evolutionary change in
humans from milk-drinking cultures. Approximately
75 % of the world’s population loses this ability before
adulthood, while others can digest lactose during all life.
The geographic distribution of LP matches the distribu-
tion of dairy farming. The highest frequencies are ob-
served in North Western and Northern Europe [1]. The
prevalence of lactose intolerance (LI) is lowest in popu-
lations with a long history of dependence on unfermented
milk products as an important food source [2].

In European Caucasian populations 2 SNPs
13910C-T (rs4988235) and 22018G-A (rs182549) in the
MCM6 gene, that has influence on the lactase gene
LCT, are regulating lactose tolerance and hypolac-
tasia [3].

The studies on the relationship of lactose deficien-
cy and pathology presented in the literature and dis-
cussed are ambiguous. It was shown that intake of milk
and dairy products was associated with a neutral or re-
duced risk of type 2 diabetes and a reduced risk of car-
diovascular disease, particularly stroke, risk of lung,
breast and ovarian cancers [4].

On the other hand, European lactase regulation
genotypes show evidence of relation with increase in
body weight [5], lipid pathway [6], abdominal obesity,
overweight/obesity, obesity-related variables [7], cardio-
vascular diseases [8] in different ethnic groups.

Polymorphisms described are associated with
multifactorial diseases such as osteoporosis, with calci-
um metabolism, differences in serum calcium levels
and calcium intake [9]. The relation of LI with bone
density and the risk for fractures and osteoporosis is
one of the major debated issues regarding lactose. It is
important to clarify the genetic component of pathology
that represented by a number of genes for osteoporosis
susceptibility [10]. Osteoporosis as a multifactorial dis-
order has such risk factors as a number of diseases or
treatments, including alcohol abuse, anorexia, hyper-
thyroidism, kidney disease, and surgical removal of the
ovaries, smoking and low physical activity [11]. Osteo-
porosis has been recognized as one of the major diseas-
es affecting individuals globally, including pregnant
and breastfeeding women [12].

According to OECD-FAO Agricultural Outlook
2016-2025, Ukraine ranked in the Top 10 the largest
producers of fresh dairy products with a volume of
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8 million tones. Thus, Ukraine has significant consump-
tion of fresh dairy products.

The aim of our study was to evaluate the genetic
aspects of lactose deficiency in population and its rela-
tion with human pathologies on the example of a hip
fracture.

2. Materials and methods

Population study to assess the trait prevalence in-
cluded persons living in Eastern Ukraine aged from 20 to
79 years (n=620). Informed consent was obtained from
study participants and their relatives. The population
sample was divided into groups with an age interval of
10 years.

To investigate the relationship between lactase defi-
ciency phenotype, genotype and pathologies, a sample of
patients with bone pathologies (n=34) was studied. The
sample was randomly generated for the trait of lactose in-
tolerance. Patients were hospitalized from 2017-2018 in
trauma department of Communal enterprise of health care
«Kharkiv clinical multy-field hospital No. 17 of plant
named by Malyshev» with fractures of the proximal femur,
coxarthrosis. Patients aged 29-86, average age 64.0+2.7,
were examined by internal medicine specialist. Fibrogas-
troscopy and blood analysis were performed according to
the local protocol of orthopedics clinic. Bone mineral
density (BMD) of patients was estimated by ultrasonic
densitometry (Sunlight Omni 7000 “Sunlight Medi-
cal Ltd., Israel). Genotyping of SNPs rs4988235 (13910C-T)
and rs182549 (22018G-A) was made by PCR-RFLP, using
primer pairs [13] and restriction endonucleases BsmFT and
Hhal (ThermoFisher Scientific, USA).

The odds ratio and confidence interval were calcu-
lated. The linkage disequilibrium (LD) was estimated by
D’, r’. Exogamy degree scale was measured from 1 — par-
entage originated from one settlement to 4 — interethnic
marriage. Statistical analysis was performed with the
Shapiro-Wilk and Kolmogorov-Smirnov tests for nor-
mality and hypotheses — criteria t and y? U-test. The
deviation of allele frequencies from Hardy-Weinberg
equilibrium was tested using Pearson’s chi-squared test.
The relationship between traits was estimated by the
Spearman correlation analysis.

Ethical considerations. The study conforms to the
Helsinki Declaration (1997), the Convention on Europe
on Human Rights and Biomedicine (1997), the Interna-
tional Code of Medical Ethics (1983), ICHGSP (2002),
and national legislation on domestic law Bioethics of
Kharkiv Medical Academy of Postgraduate Education
(protocol No. 5 dated 12.11.2019).

3. Results

The analysis of the results obtained in the present
population study indicated that lactose persistence phe-
notype was found in 69.4 % of patients studied and lac-
tase intolerance — in approximately 9.7 %. This percent-
age ranged from 3.5 % to 24.1 % in different age groups.
The data on distribution of each trait — lifelong milk in-
take, only in childhood milk intake in different age
groups are presented in Table 1.
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Variability in the distribution of lactose intoler-
ance between age groups was found (p<0.01) (Table 1).
The irregular distribution by age groups of individuals
with a first degree of parents exogamy was revealed
(p<0.01).

In the group of patients aged of 30-39 years, the
proportion of persons with lactose intolerance was 2.5—
6 times higher than in others, while the proportion of in-
dividuals with the first degree of parents’ exogamy was
1.4-2.5 times less than in other age groups (Table 1).

Table 1
Distribution of attitude regarding milk intake among
different age groups

Milk intake, % 1st degree
Age range, - -
years N | Life- Never Only in of parents
long V'l Childhood | exogamy, %
2029 | 136 | 69.1 7.4 235 243
30-39 79 | 46.8 24.1 29.1 154
40-49 | 140 | 70.0 9.3 20.7 30.0
50-59 77 | 79.2 7.8 13.0 31.2
60-69 | 103 | 76.7 4.9 18.4 28.7
70-79 85 | 745 4.7 17.9 38.6
Distribution, p | >0.05 | <0.01 >0.05 <0.01

Note: N — number of patients studied, p —statistical signifi-
cance

Since the literature widely discusses the effects of
lactose on calcium metabolism, bone health and calcium
bioavailability from alternative sources and the impact
on bone health, we focused further activity on the study
of the lactose tolerance/intolerance effect on the bone
system pathologies and comorbidity.

In patients group allele frequencies were: 13910T —
0.34, 13910C — 0.66, 22018A — 0.35, 22018G — 0.65. Geno-
types distribution was 0 % : 67.6 % : 32.4 % for TT:CT:CC
and 2.9 % : 64.7 % : 32.4 %, for AA:GA:GG. Deviation
from the Hardy-Weinberg equilibrium was observed
(p=0.027, p=0.050). When analyzed genotypes for both
SNPs, we have revealed that the ratio CTAA:CTGA:
CCGA:CCGGwas2.9%:61.7%:2.9 % :32.5 %. Group
was not in Hardy-Weinberg equilibrium. There were no
patients with the TTAA genotype.

The literature describes that a haplotype 13910T/-
22018A conferring lactase persistence, had a tightly
clustered microsatellite allele distribution and showed
lack of recombination [14]. According our results the
linkage disequilibrium was estimated, D’ (r?) for SNPs
analyzed were — 0.209 (0.554).

A shift in the sex ratio in favor of the women was
noted in the group of heterozygous patients — 1:2.6,
among homozygotes patients — 1:2.2. The average age of
patients with homozygous and heterozygous genotypes
does not have a statistically significant difference.

A half of the patients had osteoporosis or osteope-
nia. The parameters BMD of CTGA patients were
4049.8+38.7 and 4109.6+£30.0 for CCGG patients (p=

=0,592) (Table 2). A significant correlation between the
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number of low-functional alleles and the values of BMD
of patients have not been revealed (p=0.172).

Table 2
Patients characteristics with distribution of different
genotypes by MCM6 gene
Genotypes
Trait CTGA |CCGA| CTAA | CCGG
(n=21) (n=1) | (n=1) | (n=11)
61.9+3,5% | 50 55
Age, years old 70.7+4.3%
61.0+3.2
4049.8+
3961.0 | 3965.0 | 4109.6+
+38.7% :
BMD, m/s 130.0%
4042.2435.6
Osteoporosis, %, n | 23.8 (5) 0(0) 0(0) 0(0)
Osteopenia, %, n 23.8(5) |100(1)| 100 (1) | 45.5(5)
All pathologies of
the digestive tract, | 52.4 (11) | 0(0) 0(0) | 45.5(5)
%, n
Gastritis, peptic
ulcer, duodenal
ulcer, stomach 524 (11) | 0(0) | 0(0) | 18.2(2)
cancer, %, n
Appe‘;degt"my’ 28.6 (6)** | 0(0) | 0(0) | 0(0)**
0,

Note: n — patients number, * — groups compared were CTGA
and CCGG, ** — statistically significant difference, p<0.001

At the same time, all patients with osteoporosis
had a CTGA genotype, average value of BMD was
3795.6+43.8. Pathologies of the gastrointestinal tract,
such as gastritis (33.3 %), peptic ulcer (9.5 %), duodenal
ulcer (9.5 %) stomach cancer (9.5 %) and others, had pa-
tients with CTGA genotype (Table 2). Heterozygous
genotypes significantly increase the risk of gastrointesti-
nal pathology in patients fractures of the proximal femur
(OR=5.04 95 % CI 1.01-25.04, p<0,05). 28.6 % of hetero-
zygous patients had a history of appendectomy, which
requires further study.

4. Discussion

The study showed that lactose tolerance was found
in 69.4 % of Ukrainian patients, which corresponded the
data on other European populations — French (0.71), Esto-
nians (0.64), Polish (0.63) [15].

In the age group of 30-39 years, the proportion of
persons with lactose intolerance was the highest. Accord-
ing to our results, in this group the lowest value of per-
sons with the lowest parents’ exogamy degree was noted.
As we have shown earlier, parameters of persons exoga-
my degree may affect the frequency of genetic recombi-
nation [16].

The trend to assortative marriages increased in-
breeding level. It results in decreased population diversity,
increased number of similar loci in chromosomes during
conjugation and therefore intensified recombination pro-
cesses associated with chromosome rearrangements and
reducing number of homozygotes. Increased exogamy de-

gree is associated with increased D’ (1?) in loci. According
to researchers, usually T/A (C/G) haplotype showed lack of
recombination within a 61.4-kb region encompassing
3 microsatellite markers, suggesting a unique, relatively
recent origin. Two alleles uniquely mark a common
(~77 %) haplotype that extends largely undisrupted. In our
sample of patients this measure was 55.4 %.

Since the recombination process creates the pre-
requisites for multifactorial pathology, it seems relevant
to analyze the genetic characteristics of patients with
pathologies of the skeletal system associated with the
exchange of lactose by the general metabolism. It is also
important to consider the associations of decrease in
bone mineral density and pathologies of digestive tract.

It should be noted that our patients with a hetero-
zygous genotype and more severe manifestations of
multifactorial pathology consumed lactose-containing
products during the periods of their lives. It is important
to clarify that lactose is not only contained in milk and
all milk products but may be added as an ingredient to
many different foods and beverages.

In our study no osteoporosis in heterozygotes pa-
tients with lactose intolerance, was noted, in contrast to
the group of heterozygotes (23.8 %). Patients with bone
fractures and osteoporosis have gastritis, peptic ulcer,
stomach cancer and others. Probably, the assimilation of
lactose-containing products could be considered as a risk
factor for a decrease in bone mineral density and disor-
ders of the gastrointestinal tract. The results we obtained
are consistent with the data presented by some other au-
thors. Tacone R. et al. (2018) [17] noticed that metabolic
acidosis and metabolic bone disease are frequent compli-
cations in patients on parenteral nutrition. According to
Baranov V. S. (2009) [18], excessive consumption of ani-
mal-derived proteins and cereals has contributed to the
enhancement of calciuria and the secondary negative
calcium balance. High protein intake increases calcium
excretion and has negative affect on level of calcium in
organism. However, other research suggests that high
protein intake also increases intestinal calcium absorp-
tion, effectively offsetting its effect on calcium excretion,
so whole body calcium retention remains unchanged.

We did not obtain statistically significant differ-
ences in some characteristics between groups of hetero-
zygotes and homozygotes due to the sample size. Howev-
er, the trend to improvement BMD, the pathology
development age, the severity, and the comorbidity in
homozygotes with lactose intolerance demonstrate that
the rejection of dairy and other lactose-containing prod-
ucts is not critical for the pathological conditions preven-
tion. These data confirm our research results obtained on
model objects [19]: pregnancy and lactation are not asso-
ciated with reduced bone mineral density in a balanced
and high-grade diet of cows.

In our study, stomach cancer among other gastroin-
testinal pathologies was noted in heterozygous patients
consumed dairy products during periods of their life. Lars-
son S. C. et al. [20] showed that generous intake of dairy
foods may increase the likelihood of developing ovarian
cancer. The main finding of researchers was that the risks
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of lung, breast, and ovarian cancers were significantly
decreased among individuals with lactose intolerance,
whereas the incidences in their siblings and parents were
similar compared with the general population.

Thus the study of metabolism genetic aspects cre-
ates the basis for personified therapy, nutritional and ge-
netic safety of human.

Study limitations. Our research was restricted to
include not only patients of Communal enterprise of health
care «Kharkiv clinical multy-field hospital No. 17 of plant
named by Malyshev», but also healthy participants.

Prospects for further researches. Future study
should describe how diet education in nation level can
influence to numerosity of cases with femoral neck
fracture.

5. Conclusions

The study showed that lactose tolerance was found
in 69.4 % of Ukrainians, which was consistent with data
on other European populations. All patients with osteopo-
rosis had a genotype CTGA, average value of BMD was
3795.6+43.8. CTGA-patients had following gastrointesti-
nal tract disorders: gastritis (33.3 %), peptic ulcer (9.5 %),
duodenal ulcer (9.5 %), and stomach cancer (9.5 %). Het-
erozygous genotypes significantly increase five times the
risk of gastrointestinal pathology in patients with fractures
of the proximal femur.
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