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Comorbidity of arterial hypertension (AH) and gastroesophageal reflux disease (GERD) is widely spread (from 20.6 %
to 29 %), despite that fact, risk factors that can cause AH in patients suffering from GERD have still not been examined
completely. Experts are discussing a role played by anti-inflammation cytokine of tumor necrosis factor alpha (TNFa) both
in AH occurrence and GERD pathogenesis as it is its activity that is to a great extent determined by a patient having certain
alleles of tumor necrosis factor (TNF) gene. Therefore, it seems vital to study TNF gene G3084 polymorphism in patients
with combined AH and GERD.

Our research goal was to study frequency and variants of TNF gene G3084 polymorphism relations with AH risk and
AH phenotypic peculiarities in patients suffering from GERD.

We examined 58 people who had AH (29 patients with isolated AH, average age being 53 [46; 62], and 29 patients
with combined AH and GERD, average age being 56 [51; 59]). Patients from both groups were comparable in terms of sex,
age, and examined factors of cardiovascular diseases risks. We applied allele-specific polymerase reaction with test systems
produced by “Sintol” LLC (Moscow) to determine G3084 (rs1800629) polymorphism of TNF gene. To assess relations be-
tween alleles and genotypes and disease risks, we calculated odds ratio (OR) with 95 % confidence interval (CI).

We revealed a relation between G308A4 polymorph marker of TNF gene and systolic blood pressure and disorders in
tolerance to dextrose among patients with comorbid AH and GERD. Patients with combined AH and GERD had unfavorable
allele A and G/A genotype authentically more frequently (OR 5.14; 95 % CI — 1.06-24.95; p = 0.03, OR 6.08; 95 % CI —
1.18-31.25; p = 0.02 accordingly).

We showed that G308A polymorphism was related to AH occurrence in patients suffering from GERD. These data con-
firm that endothelial dysfunction plays a significant role in AH pathogenesis among such patients.

Key words: arterial hypertension, gastroesophageal reflux disease, comorbidity, endothelial dysfunction, risk factor,
genetic polymorphism, TNF gene, arterial hypertension phenotype.

Over the last decades arterial hyperten- in 39—40 % population of the Russian Federa-
sion (AH) has been a most widely spread and tion [2]. Today more and more patients with
socially significant cardiovascular disease [1]. AH have one or more associated diseases and
As per data obtained via epidemiologic re- comorbidity and poly-morbidity tend to grow
search high blood pressure (BP) is registered among older patients. Concomitant pathology
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determines variability of clinical symptoms
that a basic pathology might have, influences
prediction and life quality of a patient and in
some cases makes it necessary to change
therapeutic tactics in treating a patient [3].
Cases in which AH combines with pancreatic
diabetes, ischemic heart disease, or chronic
kidney failure have been studied in detail and
given pathogenetic substantiation. But still, an
issue related to comorbid pathology regarding
AH and other socially significant diseases,
gastric ones in particular, is becoming truly
vital at the moment.

Gastroesophageal reflux disease (GERD)
is among the most frequent pathologies occur-
ring in the gastroduodenal area; it is widely
spread (up to 60 %) among adult population in
the RF. Results of a multicenter trial «Epide-
miology of Gastroesophageal Reflux Disease
in Russia» [4] indicate that 61.7 % men and
63.6 % women in Russian have heartburn that
is the primary GERD symptom. According to
foreign researchers, AH prevalence among pa-
tients suffering from GERD varies from
20.6 % t0 29 % [5].

The above data allow considering AH and
GERD comorbidity being quite possible; fre-
quent combination of the said nosologies al-
lows assuming there is a specific pathogenetic
regularity in their associated clinical course.

Apart from traditional risk factors that
cause AH and GERD occurrence and develop-
ment, a lot of attention is given to a pathoge-
netic role played by inflammatory mediators;
another issue under discussion is a relation be-
tween anti-inflammatory cytokines and endo-
thelial dysfunction occurrence together with
vascular walls becoming more rigid [6, 7].

Tumor necrosis factor alpha (TNFa) is a
multifunctional anti-inflammatory cytokine
that participates in regulating a wide range of
biological processes; its activity to a great ex-
tent depends on carrying specific alleles of
tumor necrosis factor (7NF) gene.

Therefore, TNF gene can be examined
among candidate genes that can take part in
AH occurrence among patients with GERD; it
can be interesting from a practical point of
view to examine polymorphism of the said
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gene in patients who suffer from combined
AH and GERD.

All the above mentioned determined the
research goal that was to examine prevalence
and variants of a relation between G308A
polymorphism in 7NF gene and a risk of AH
occurrence among patients suffering from
GERD as well as phenotypic peculiarities of
the disease.

Data and methods. Overall, 58 patients
with AH took part in the research; 29 patients
(the test group) also suffered from GERD. The
reference group was made up of 29 patients
who had only AH. All the patients were com-
parable in terms of their sex, age, and duration
of the main disease. The examination was per-
formed in the Cardiology and Prevention De-
partment of the Regional Cardiologic Clinic
(Perm). All the patients gave their written in-
formed consent to take part in the examination.
The research was also granted permission by
the local ethical committee of the E.A. Vag-
ner’s Perm State Medical University (Protocol
no. 8, October 02, 2018).

There were certain criteria for a patient to
be excluded from the research; they were AH
being only a secondary disease; cardiac infarc-
tion in a case history or exertion angina higher
than II category; pancreatic diabetes; chronic
kidney failure higher than C3a stage; hepatic
failure; chronic heart failure higher than IIA
category as per New York Cardiology Associ-
ates classification; malignant neoplasms of any
localization; absence of a written informed
consent to take part in the research.

AH was diagnosed according to recom-
mendations on AH given by the Russian
Medical Society for Arterial Hypertension (the
4™ edition) [8]. To initially screen GERD, we
applied GerdQ questionnaire (method sensitiv-
ity is 91.7 %; method specificity, 65.4 %)
which allowed diagnosing GERD during an
initial contact with a patient [9]. Later on
GERD was confirmed according to the up-to-
date clinical guidelines given by the Russian
gastroenterological association [10].

Laboratory and instrumental examination
of patients was performed in conformity with
the standard for providing medical and sani-
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tary aid to patients with primary AH (supple-
ment to the RF Public Healthcare Ministry
Order No. 708n issued on November 09,
2012). Additionally all the patients had their
blood pressure monitored for 24 hours unin-
terruptedly with devices produced by BPLab
(Russia) prior to any anti-hypertension ther-
apy was prescribed.

A smear from a cheek mucosa was taken
from each participant in the examination; it
was done with a dry sterile probe with a cotton
pellet. Then, allele-specific polymerase chain
reaction with the use of test systems produced
by “Syntol” LLC (Moscow) was applied to
determine G 308A (rs1800629) polymorphism
in tumor necrosis factor (7NF) gene.

The results were statistically processed
with certified computer software. All the ob-
tained data were given as Me (25; 75) where
Me was a median, 25 and 75 were 25" and 75"
percentiles. Non-parametric values were com-
pared with Mann-Whitney test. To statistically
analyze how frequencies of alleles and geno-
types were distributed, we applied contingency
tables with calculating y*. Discrepancies were
considered authentic at p<0.05. To assess a
relation between alleles and genotypes and a
risk of the diseases occurrence, we calculated
odds ratio (OR) with 95 % confidence interval
(CI). Conformity of genotypes frequencies dis-
tribution with Hardy-Weinberg principle was

determined with a specific software package
called “Calculator for calculating statistics in
case-control studies”.

Results and discussion. It was a simple
open comparative study. Median age of patients
from the test group was 56 (51; 59); in the ref-
erence group, 53 (46; 62) (p =0.392). Men pre-
vailed in both groups (82 % and 79 % accord-
ingly). Patients were comparable as per their
body mass index (BMI), smoking status, and
AH duration (p=0.733). Patients with the II
stage increase in blood pressure prevailed in
both groups (51.21 % among patients with AH
only and 55.55 % among patients with AH and
GERD combined), II stage AH (56.09 % and
59.25 %), the 3™ risk degree (48.14% and
43.9 %) accordingly. Having examined G308A
polymorphism, we determined that G/G and
G/A  genotypes prevalence amounted to
77.94 % and 22.05 % accordingly among pa-
tients with AH, frequencies distribution didn’t
deviate from Hardy-Weinberg principle
(x* =0.79, p=0.37). These results are well in
line with data obtained by other researchers and
don’t have any significant discrepancies from
distribution of genotypes in most European
populations [11, 12].

Table contains data on frequency of
G308A polymorph marker genotypes in TNF
gene among patients suffering from AH only
and AH combined with GERD.

Table

Distribution of -308GA (rs1800629) polymorph marker frequent alleles and genotypes
in TNF gene among patients from the test and reference group (multiplicative and
additive inheritance model) chi-square test, df = 1

. Distribution of alleles and genotypes
Tumor necrosis factor .
alpha gene (TNF) frequencies 2 P OR
Allcles and genotypes The test group The reference
(AH and GERD) n =29 | group (AH) n=29 value CI
G 49 (84.5 %) 56 (96.6 %) 4.92 | 0.03* | 0.19 ]0.04-0.94
A 9 (15.5 %) 2 (3.4 %) 5.14 ]1.06-24.95
G/G 20 (69 %) 27 (93.1 %) 0.16 |0.03-0.85
G/A 9 (31 %) 2 (6.9 %) 55 10.02% | 6.08 [1.18-31.25
A/A 0 0 1.0 10.02-52.10

Note: TNF is tumor necrosis factor alpha gene;
AH is arterial hypertension;

GERD is gastroesophageal reflux disease;

OR is odds ratio;

* means significance of discrepancies.
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Mutant allele A in TNF gene was deter-
mined in 15.5 % cases among patients who
suffered form both AH and GERD; in 3.4 %
cases, among patients who had AH only.
Therefore, adverse allele A prevailed among
patients with AH and GERD combined
(OR 5.14; 959% CI 1.06-24.95; p=10.03).
Prevalence of G/A heterozygotes among al-
lele A carriers was also authentically higher
among patients with comorbid AH and GERD
(OR 6.08; 95% CI 1.18-31.25; p=0.02)
(Figure). We didn’t reveal patients with A/A
genotype in either group.
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Note: TNF is tumor necrosis factor alpha gene;
OR is odds ratio;
* means significance of discrepancies

Figure. Frequency of G308A polymorph marker
alleles and genotypes in TNF gene among patients
with AH and AH and GERD combined

The next stage in our research was a
search for possible relations between G308A
genotype in TNF gene and clinical peculiari-
ties and risk factors that could cause AH in the
examined groups.

We didn’t establish any relations between
TNF gene G308A polymorphism and BMI,
lipid metabolism, TNF and C-reactive protein
contents in plasma, or echocardiographic pa-
rameters. At the same time, we revealed a rela-
tion between minor allele A and possible dis-
orders in carbohydrate metabolism. Heterozy-
gote genotype G/A in TNF gene was higher
(27.6 %) among patients with combined AH
and GERD and abnormal glycemia on an
empty stomach (dextrose contents in blood
plasma is 6.1-6.9 mmol/l) than among people
with normal glycemia (6.7 %, p=0.03). G/A
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genotype carriers among patients with com-
bined pathologies ran 5 times higher risk of
increased dextrose contents than their counter-
parts with G/G genotype (OR 5.33; 95%
CI 1.02-27.76; p = 0.03). We didn’t reveal any
similar discrepancies among patients who suf-
fered only from AH. Despite the fact that pa-
tients from both groups were comparable as
per an increase in their blood pressure and pre-
scribed medications, we revealed a relation
between minor allele A in 7NF gene and a
possibility of AH developing into severe one
(as per systolic AH). A risk of systolic blood
pressure rising higher than 150 mmHg was
almost 4 times higher among G/A genotype
carriers than those with G/G genotype (OR
3.92, CI 0.97-15.90; p =0.04) among patients
with combined AH and GERD. We didn’t re-
veal any similar discrepancies among patients
who suffered from AH only.

TNF gene is mapped on a shirt arm of the
6th chromosome (6r21.33) and belongs to a
locus of genes in the basic histocompatibility
complex. There are established relations be-
tween TNF gene polymorphism and pancre-
atic diabetes occurrence, insulin resistance
[13, 14], respiratory organs diseases, athero-
sclerosis [15, 16], and oncologic diseases.
There is also an established relation between
a polymorph variant of G308A in TNF gene
and an elevated risk of acute coronary syn-
drome and high risks of adverse coronary
outcomes after a cardiac infarction [17]. Sev-
eral research works dwelled on determining
precisely what relation existed between
G308A polymorphism and AH development.
A meta-analysis that included 2,224 works
[12] revealed a relation between carrying al-
lele A of polymorph G308A variant and an
elevated risk of AH occurrence (OR 1.45).
The same research indicated that a relation
with AH was 2 times stronger for AA geno-
type in TNF gene (OR 3.454).

A role played by TNF gene polymor-
phism in diseases occurring in the gastroduo-
denal area has also been proven. Foreign re-
searchers are now discussing a role played by
G308A polymorphism in occurrence of ero-
sive reflux-esophagitis and esophagus cancer;
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however, results obtained by them are still
contradictory and require further investigation
in the area [18, 19].

Allele variants of TNF gene are known to
regulate TNF expression. A role played by
TNF-a in cardiovascular pathology occurrence
is undisputable. There is evidence that TNF-o
contents in blood plasma go up proportionate
to blood pressure. There are also data in litera-
ture on a predictor role played by TNF-a in
GERD and Barrett’s esophagus development
as per long-term research data [20]. It was es-
tablished that when metaplasia progresses,
TNF-a expression grows in epithelial cells in
the esophagus [21].

An increase in TNFa contents produces
an instant cytotoxic effect easing off degranu-
lation of neutrophilic granulocytes and induc-
ing lipid peroxidation. It results in structural
integrity of endothelial cells being violated and
their functions being disrupted; a decrease in
vasodilators synthesis and release; an increase
in endothelin-1 and angiotensinogen produc-
tion. All this makes for endothelial dysfunc-
tion occurrence [22].

We didn’t reveal any relations between
G308A polymorphism in TNF gene and
TNF-a activity in blood plasma in our re-
search; it can be due to its low concentration
in the examined patients (0.085 (0; 0.525)
pg/ml). But we were the first to attempt to
reveal a relation between G308A polymor-
phism and a risk of AH occurrence in patients
suffering from GERD. The obtained data in-
dicate that AH occurrence in patients with
GERD is to a certain extent determined by a
patient carrying G/A genotype in TNF' gene.
It is quite possible to assume that endothelial
dysfunction in patients with GERD occurring

due to impacts exerted by G308A polymor-
phism can be a pathogenetic mechanism that
induces AH in such patients. Though, we es-
tablished relations between polymorphism
and systolic blood pressure and carbohydrate
metabolism disorders in patients with com-
bined AH and GERD; it allows us to assume
that G308A polymorphism in 7NF gene in-
fluences clinical and metabolic peculiarities
of AH in such patients.

Conclusion. Given high prevalence of
comorbid AH and GERD, it is rather necessary
to further search for any relations between mo-
lecular-genetic mechanisms of AH occurrence
in patients with both pathologies combined.
The results of the present work supplement
already existing data on AH and GERD co-
morbidity and highlight a significant role
played by endothelial dysfunction in patho-
genesis of the said nosologies. Allele A in
TNF gene (G308A) in a form of G/A het-
erozygote allows considering this genotype an
additional marker of specific AH phenotype
occurring in patients with GERD. Genetic pro-
file determination can be additionally applied
when patients with GERD are screened in or-
der to reveal those running elevated AH risks
among them. The results presented in this
work not only allow enhancing an insight into
a genetic component in AH occurrence among
patients with GERD but also give grounds for
working out prevention programs aimed at re-
ducing cardiovascular risks among patients
suffering from GERD.
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