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Diabetes mellitus is a chronic metabolic
disorder characterized by elevated plasma glu-
cose. At the basis of the pathogenesis of the dis-
ease, two main mechanisms are distinguished,
namely, the autoimmune destruction of B-cells
of the pancreas with subsequent insufficiency
of insulin production, as well as endogenous
resistance of body cells to insulin [1].

Diabetes mellitus is nothing but an epidem-
ic of modern times, as according to statistics,
the prevalence of diabetes has increased signif-
icantly over the last decade. Today, about 8.8 %
of the world's population has diabetes. If this
trend continues, it is predicted that by 2040,
about 693 million people aged 18-99, which is
9.9% of the world's population, will have diabe-
tes mellitus [2].

Helicobacter pylori (HP) infection is an-
other common pathology among the population.
HP is a gram-negative bacterium that colonizes

the human stomach and can lead to chronic
gastritis, peptic ulcer disease, gastric adenocar-
cinoma, and mucosa-associated lymphoid tis-
sue lymphoma. This is a global infection that,
according to the latest data, infects half of the
world's population, and is more often observed
in the population of economically and socially
developing countries [3—5].

While conducting our research, the main
question that arose was what link of pathoge-
nesis connects these two global problems. And
the answer ghrelin.

Ghrelin (GHR) has a wide range of physio-
logical effects on all body systems and performs
many functions in physiological and pathologi-
cal conditions. It is the only known systemic
signal that specifically promotes food intake
and positive energy balance, and obesity by re-
ducing fat oxidation, stimulates the functions
of the gastrointestinal tract and acid secretion.
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GHR acts on exocrine and endocrine glands,
provide the secretion of most hormones of the
endocrine system [6, 7]. In addition, GHR posi-
tively affects glucose metabolism and insulin
sensitivity, exhibits orexigenic and adipogen-
ic effects that increase food intake and body
weight, thus playing a pleiotropic role in modu-
lating energy balance [8, 9].

GHR also plays a key role in the develop-
ment of the pancreas and its secretory activity.
In particular, it is able to support the viability
and proliferation of B-cells. In addition, GHR
appears to exert an inhibitory effect on the
pancreas [10].

The vast majority of studies show that HP
suppresses the production and secretion of GHR.

GHR production is restored after HP eradica-
tion, improving appetite and increasing BMI.
When determining the concentration of circu-
lating GHR in patients infected with HP, it was
found that it is lower, compared to those who
are not infected [11].

Moreover, the number of GHR-producing
cells is lower in HR-infected individuals and
in individuals with gastric lesions. In addition,
the density of GHR-immunoreactive cells is
higher in the oxyntic mucosa of HP-negative
patients compared to HP-positive ones [12].

The aim — to assess the factors affecting
serum ghrelin levels in patients with type 2
diabetes mellitus depending on Helicobacter
pylori infection.

MATERIALS AND METHODS

We examined 70 patients with non-insulin-
dependent type 2 diabetes mellitus (T2DM,
ICD-10-CM-Codes: E11) on the basis of the
endocrinology department of the «A. Novak
Transcarpathian Regional Clinical Hospital»
(Uzhorod, Ukraine). The average age of the
patients was 54 + 3.4 years. Accordingly, 38
(54.2%) patients were female and 32 (45.8%)
patients were male. The control group consist-
ed of 20 practically healthy people, aged from
49 to 56 years. All patients were diagnosed
with T2DM. The diagnosis of T2DM was estab-
lished according to the recommendations of the
American Diabetes Association (ADA, 2023 p.)
[1], 1. e. determination of the fasting plasma
glucose level (FGL) value or the 2-h plasma glu-
cose (2-h PQG) level, which was carried out us-
ing the glucose-oxidizing method. The degree
of diabetes compensation was assessed by the
level of glycosylated hemoglobin (HbA, , %),
which was determined using a chromogenic
analysis on a Sysmex 560 device (Japan) using
Siemens reagents. HP was determined using
a test to detect HP antigens in feces (CITO
TEST H. Pylori Ag, Pharmasco, Ukraine) and

immunoenzymatic analysis of venous blood to
determine the number of anti-HP antibodies.
All patients had their serum GHR level deter-
mined by enzyme-linked immunosorbent assay
using the Ray Biotech Human GHR ELISA
Kit No 1.03930005306. The studies were con-
ducted in compliance with the principles of
the Helsinki Declaration of Human Rights,
the Council of Europe Convention on Human
Rights and Biomedicine, and the current legis-
lation of Ukraine.

Statistical analysis. Data are presented as
mean (X) + standard error of mean (Sg). The
Shapiro-Wilk test was used to test normality
of data distribution. For multiple comparisons
of data with a normal distribution, a paramet-
ric one-way analysis of variance (ANOVA) was
performed and the Student’s t-test was used.
The relationship between the obtained charac-
teristics was assessed using Pearson's linear
correlation coefficient.

Linear regression and Fisher's test were
also used. Values were considered statistically
significant at p < 0.05.

RESULTS AND THEIR DISCUSSION

Depending on the presence of HP in the
patients, they are divided into two groups:
group I with T2DM and HP-positive (HP+),
which included 50 patients, and group
II with T2DM and HP-negative (HP-) —
20 patients.

According to the data in Table 1, patients
from group 1 (T2DM + HP+) showed a signifi-
cantly higher level of the main parameters of
carbohydrate metabolism, namely FGL, HbA ,
I-HOMA and serum GHR level, which, in our
opinion, indicates a certain role of HP in the

IIpobremu endoxpurnoi namosnoeii Ne4, 2024

63



Kniniuna endokpurosioeisn

Table 1

Average level of carbohydrate metabolism indicators depending
on Helicobacter pylori infection

Group I Group II Control srou
Indicator T2DM + HP+ T2DM + HP- 0l group
— — n=20
n =50 n=20
Fasting blood glucose, mmol/L 13.3 £ 2.9%/ 6.9+ 1.2" 4.03+0.94
Fasting insulin level, mIU/L 24,4+ 2.8 179+ 1.1~ 10.05+ 2.1
HbA , % 8.9 + 1.8%A 6.1+ 0.5 5.02+0.11
 HOMA index 14.9 + 1.3%A 5.6 = 0.3 1.05+0.21
of insulin resistance
Ghrelin, ng/mL 159.1 + 3.2*~ 295.2+0.97 325.0+5.76

Notes:

* gtatistically significant difference between the indicators of groups I and II (p < 0.05);
A statistically significant difference between the indicators of groups I, II and control group

(p <0.05)
Table 2
Factors affecting the serum level of ghrelin in group I
Regression Summary for Dependent Variable: GHR

R =0,96958976 R2 = 0,94010431 Adjusted R2 = 0,93755555

F(2,47) = 368,85 p < 0,00001 Std.Error of estimate: 0,79314
b* Std. Err. Std. Err. t (47) p-value
Intercept 171.7892 0.542482 316.6725 0.0000001
anti-HP IgG | —0.919756 0.077295 —6.2415 0.524530 —11.8993 0.0000001
HDbA, —0.055798 0.077295 —0.0947 0.131188 -0.7219 0.473943
FGL —4.67237 0.470744 -5.0191 0.505678 —9.92552 0.0000001
I-HOMA —3.74895 0.470744 —2.2777 0.286003 —7.96389 0.0000001

Notes:

FGL — fasting glucose level,;
I-HOMA — HOMA index of insulin resistance.

regulation of not only carbohydrate metabo-
lism, but also GHR.

To determine specific factors that affect the
level of GHR in blood serum, regression analy-
sis was performed in both groups (Tables 2, 3).

Analyzing Table 2, we can conclude that
this model is reliable, since F = 368.85, i.e.
Fisher's index, is greater than the estimated
value of F = 2.47 (p < 0.00001). Taking into
account this parameter, it can be argued that
the regression linear polynomial is significant.
The coefficient of determination by 94 % de-
termines the admissible dependent variable.
According to Table 2, the level of anti-HP IgG,
FGL and I-HOMA had reliable values. That
is, with a decrease in the level of anti-HP IgG
(=0.919756) by 1 unit, serum GHR will in-
crease by 0,524530 (p = 0.0000001).

With a decrease in the FGL (—4.67237) by
1 unit, serum GHR will increase by 0.505678
(p = 0.0000001). In addition, with a decrease
in the level of the I-HOMA (-3.74895) by
1 unit, serum GHR will increase by 0.286003
(p = 0.0000001).

This model is characterized by the follow-
ing linear equation:

GHR = 316.6725 — 11.8993 x anti-HP IgG —
—9.92552 x FGL - 7.96389 x - HOMA

When assessing the presence of dependence
between FGL and anti-HP IgG, a reliable di-
rect close correlation between these indicators
was found (r = 0.96875; p = 0.01). That is, when
the level of anti-HP IgG increases, there is an
increase in glycemia (see Fig. 1).

When assessing the presence of dependen-
ce between the levels of insulin resistance
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Fig. 1. The relationship between anti-HP IgG and fasting glucose level in group 1.

Scatterplot: Ig G HP vs. -HOMA (Casewise MD deletion)
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Fig. 2. The relationship between anti-HP IgG and insulin resistance in group I.
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Table 3
Factors affecting the serum level of ghrelin in group II
Regression Summary for Dependent Variable: GHR

R =0,97596814 R2 = 0,95251381 Adjusted R2 = 0,94692720

F(2,17) = 170,50 p < 0,000001 Std.Error of estimate: ,20256
b* Std.Err. Std.Err. t(47) p-value
Intercept 292.0921 0.431664 616.6660 0.0000001
anti-HP IgG 0.335431 0.179498 1.3181 0.705357 1.8687 0.178993
HbA -0.650397 0.179498 -0.4621 0.127541 -3.6234 0.002099
FGL —1.74623 1.079145 -1.3257 0.819288 -1.6182 0.124031
I-HOMA —2.71500 1.079145 -1.9291 0.766778 —2.5159 0.022213

Notes:

FGL — fasting glucose level;
I-HOMA — HOMA index of insulin resistance.

and anti-HP IgG, a reliable direct close cor-
relation between these indicators was found
(r = 0.95882; p = 0.01). That is, with an in-
crease in the level of anti-HP IgG, there is a de-
terioration of the sensitivity of cells to the ac-
tion of insulin (see Fig. 2).

So, according to the obtained data, a reli-
able correlation between the key indicators of
carbohydrate metabolism and HP infection was
found. In addition to the effect on GHR, HP
also affects the sensitivity to insulin, namely,
increases insulin resistance, which is a nega-
tive prognostic factor for the course of T2DM.

Analyzing Table 3, we can conclude that
this model is reliable, since F = 170.50, i.e.
Fisher's index, is greater than the estimated
value of F = 2.17 (p < 0.000001). Taking into
account this parameter, it can be argued that
the regression linear polynomial is significant.
The coefficient of determination of 95.2% de-
termines the admissible dependent variable.
According to the Table 3, the level of HbA, and
the I-HOMA had reliable values. That is, with
a decrease in the level of HbA, (-0.650397) by
1 unit, serum GHR will increase by 0.127541
(p = 0.002). With a decrease in the level of the
I-HOMA (-2.71500) by 1 unit, serum GHR will
increase by 0.766778 (p = 0.02).

This model is characterized by the follow-
ing linear equation:

GHR = 616.6660 — 3.6234 x HbA _—
—2.5159 x .LHOMA

Analyzing and comparing groups I and II,
it can be concluded that when infected with
HP, the level of GHR depends not only on the
metabolic changes’ characteristic of T2DM,
but also on the direct influence of the microor-
ganism. In the group II, HP was not detected,
and accordingly, the main factors that chan-
ged the level of GHR are HbA  and insulin
resistance.

Comparing our data with other scientific
studies, we came to the conclusion that most
sources showed the same research results, na-
mely that the decrease in GHR level depends
on human HP infection. Thus, in several studi-
es, it was found that the concentration of GHR
in the blood serum and the expression of its
mRNA in the stomach tissue were associated
with HP infection and gastritis and can be
a criterion for assessing the state of health of
the stomach tissue [13, 14].

Another study found an association of HP
with metabolic disorders. Thus, HP disrupts glu-
cose homeostasis, which leads to excess weight.
Eradication of HP may improve carbohydrate
metabolism, possibly due to increased GLP-1
(glucagon-like peptide-1) secretion [15].

One more study also confirmed the data
we obtained, namely the participation of HP in
the regulation of GHR secretion, as evidenced
by a decrease in fasting GHR levels after HP
eradication, which can be mediated by inflam-
matory responses in body tissues [16].
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CONCLUSIONS

Therefore, the level of serum ghrelin is sig-
nificantly lower in patients with type 2 diabe-
tes mellitus compared to individuals without
diabetes, and is significantly dependent on the
main indicators of carbohydrate metabolism.

Infection with Helicobacter pylori leads to a de-
crease in the level of ghrelin in blood serum
and an increase in insulin resistance and pro-
gressive decompensation of carbohydrate me-
tabolism.
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The article describes and analyzes the role of ghrelin in patients with type 2 diabetes mellitus (T2DM)
infected with Helicobacter pylori (HP).

The aim — to assess the factors affecting serum ghrelin levels in patients with type 2 diabetes mellitus
depending on Helicobacter pylori infection.

Materials and methods. 70 patients with non-insulin-dependent T2DM, according to the recom-
mendations of the American Diabetes Association, aged 51 to 57 years, were included in the study. All patients
underwent a determination of the level of glycosylated hemoglobin (HbA, ), serum ghrelin (GHR), a fecal test
for the determination of Helicobacter pylori antigen (HP) and anti-HP antibodies. Depending on the presence
of HP in patients, they are divided into two groups: group I — HP-positive patients with T2DM (n = 50) and
group II — HP-negative patients with T2DM (n = 20). The control group consisted of 20 practically healthy
people, aged from 49 to 56 years.

Results. The obtained results indicate that patients with T2DM and HP+ have a significantly higher
level of the main parameters of carbohydrate metabolism (fasting blood glucose, HbA, , HOMA index of insu-
lin resistance (I-HOMA)), and GHR level is significantly lower in group 1 (T2DM, HP+) compared to group 2
(T2DM, HP-). The results of the regression analysis established that with a decrease in the level of anti-HP IgG
(=0.919756) by 1 unit, serum ghrelin will increase by 0.524530 (p = 0.0000001), with a decrease in the level
of fasting blood glucose (—4.67237) by 1 unit, GHR will increase by 0.505678 (p = 0.0000001), with a decrease
in the level of glycosylated hemoglobin (—0.650397) by 1 unit, GHR will increase by 0.127541 (p = 0.002).
With a decrease in the -l HOMA (-2.71500) by 1 unit in group 2, GHR will increase by 0.766778 (p = 0.02),
with a decrease in the level of -l HOMA (-3.74895) by 1 unit in group 1, GHR will increase by 0.286003
(p =0.0000001). A correlation was also established between fasting blood glucose and anti-HP IgG (r = 0.96875;
p = 0.01); between the levels of insulin resistance and anti-HP IgG (r = 0.95882; p = 0.01).

Conclusions. The level of serum ghrelin is significantly lower in patients with type 2 diabetes mellitus
compared to individuals without diabetes and is significantly dependent on the main indicators of carbohydrate
metabolism. Infection with Helicobacter pylori leads to a decrease in the level of ghrelin in blood serum and an
increase in insulin resistance and gradual decompensation of type 2 diabetes mellitus.

Keywords: type 2 diabetes mellitus, ghrelin, Helicobacter pylori.
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B crarti ommcano Ta mpoaHaJsi30BAHO POJIb TPEJIHY y MAIIEHTIB 3 I[yKPOBUM aiabetoMm 2 Tuiy,
indikoBanux Helicobacter pylori.

Mera. OminuTtu gaxkTopH, 110 BIJIKUBAKTH HA CUPOBATKOBUN PIBEHDb I'PEJIIHY y IMAIl€HTIB 3 [YKPOBUM
miaberom 2 Tumy 3aJieskHO B iHpiKyBauHs Helicobacter pylori.

Marepianu ta meromu. Y nmocaimxeHHs 0ysao BRJodueHo 70 mariieHTiB 3 iHcyainHe3asmesxauM 1]
2 tumy, 3arigHo 3 pexoMeHmamiamMu American Diabetes Association, Bikom Big 51 mo 57 pokis. YeiMm XBopuM
OyJ10 IIpoBe/leHo BH3HAYEHHA PIBHA TUIIK03MJIboBaHOTO Tremoryobiny (HbA,), cupoBarkosoro rpeminy, de-
KaJIbHUH TecT HA BuaHadeHHs auTureny Helicobacter pylori (HP) ta anturina IgG no HP. anexno Big Ha-
sseroctl y nattieatiB HP ix posgisneno wa aBi rpymnu: rpyna I — HP-mosutusui xBopi Ha [1J] 2 Tuny (n = 50) Ta
rpyua II — HP-merarusui xsopi Ha I /] 2 Tuny (n = 20). Koarpoasay rpyny ckiann 20 IpaKTHIHO 3T0POBUX
0ci0 Bikom Bijg 49 10 56 pokis.

Pesynbpraru. Orpumani pesysbratu BKa3yoTrb Ha Te, mo y HP+ mamienris 3 IIJ] 2 tuny BigsHadaeTs-
¢Sl JOCTOBIPHO BHUINHI piBeHb OCHOBHUX ITapaMeTpiB oOMiHy BymieBoidiB (rurikemii Hartme, HbAle, imgex-
cy imcymninopeaucrerntTHocTi [-HOMA), a piBens rpesiny moctoripuo Huskuiit y rpymi 1 (ILJI 2 tuny, HP+)
y nopiBasHHI 3 rpymoo 2 (IIJ] 2 tumy, HP-). Pesynbraru nposemeHoro perpeciiiHoro aHaidy BCTAHOBUIIU,
mo 31 amenmenuaM piBasa 1gG qo HP (-0,919756) mHa 1 ox. cupoBaTKoBHiA rpeiiH 3pocrarume Ha 0,524530
(p = 0,0000001), 31 aMeHIIeHHAM pPiBHS III0K03u HaTme (—4,67237) Ha 1 ol. CHPOBATKOBHUI I'peJIlH 3pocTa-
tume Ha 0,505678 (p = 0,0000001), 3i smernmenram pisEa HbA  (-0,650397) Ha 1 of. cHpOBATKOBHUI TPesiH
3pocrarume Ha 0,127541 (p = 0,002). 31 amenmrenusam pisusa ingexcy -HOMA (—2,71500) Ha 1 ox. B rpyIi 2
CHUPOBATKOBUM T'pesin 3pocrarume Ha 0,766778 (p = 0,02), a 31 amenmennsm pisag I-HOMA (-3,74895)
Ha 1 om. B rpymi 1 cupoBaTkoBuii rpesin 3pocrarume Ha 0,286003 (p = 0,0000001). Takok Oy10 BCTAHOBIIEHO
KOPEJIAIINHY 3aJIesKHICTh Misk piBHaAMU Tioko3u Harine ta [gG go HP (r = 0,96875; p = 0,01); misxk piBHAMU
incymninopesucrernTHocti Ta IgG mo HP (r = 0,95882; p = 0,01).

BucHoBku. PiBens crupoBaTKOBOrO I'pesIiHY € JOCTOBIPHO HHIKYUM y MAIIEHTIB 3 IIyKPOBUM JiabeTom
2 TUIYy B MOPIBHAHHI 3 ocobamu 6e3 miabeTy 1 JOCTOBIPHO 3aJIEKUTH BlJI OCHOBHUX MOKA3HUKIB BYTJIEBOIHOTO
obominy. [udirysauus Helicobacter pylori mpu3BoUTH 10 3MEHIIIEHHS PIBHS IPEJIIHY B CHPOBATIII KPOBI 1 I10-
CUJIEHHS 1HCYJTHOPE3UCTEHTHOCTI Ta ITOCTYIIOBOI JeKOMIIeHCAITil I[yKPOBOTO a1iabery 2 TUIy.

KiawuoBi comoBa: mykposuir miaber 2 tuiy, rpesin, Helicobacter pylori.
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