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Helicobacter pylori can be related to carotid intima-media
thickness, epicardial adipose tissue thickness and serum
neutrophil gelatinase-associated lipocalin (NGAL) levels
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ABSTRACT

BACKGROUND: Helicobacter pylori (HP) affects the cardiovascular system. Our aim in this study was to evalu-
ate, whether an infection with HP causes subclinical atherosclerosis.

METHODS: We included 90 patients with dyspeptic symptoms in this study. The patients underwent an upper
gastrointestinal endoscopy and biopsies were taken. The patients were grouped according to histopathologic
examination, as HP infection negative (n = 21), HP infection positive (+) (n = 23), HP infection (++) (n = 22),
HP infection (+++), (n = 24).

RESULTS: The neutrophilic gelatinase-associated lipocalin (NGAL) and high-sensitive C-reactive protein (hs-
CRP) levels and the carotid intima-media thickness (cIMT) and epicardial adipose tissue (EAT) thickness in the
HP negative group were significantly lower than the NGAL (p < 0.001) and hs-CRP (p < 0.001) levels and the
cIMT (p < 0.008) and EAT (p < 0.008) thickness in the HP (+++) group. There was a strong correlation between
the serum NGAL and hs-CRP levels, cIMT and EAT thickness.

CONCLUSION: HP-infection can lead to subclinical atherosclerosis via chronic inflammation. The higher the activity
of HP infection, the higher the acceleration of atherosclerosis (Tab. 3, Fig. 2, Ref. 46). Text in PDF www.elis.sk.
KEY WORDS: Helicobacter pylori, carotid intima-media thickness, epicardial adipose tissue thickness, neutro-

philic gelatinase-associated lipocalin.

Introduction

Helicobacter pylori (HP) has a prevalence of 50 % in general
human population, in industrial countries this rate varies among
middle-aged population between 20-50 %. HP is a coiled, flagel-
lated microaerophilic gram-negative bacterium, which is found in
the mucosa (1). Chronic HP-infection causes a severe damage in
the gastric epithelium via chronic inflammation. It is known that
HP infection can cause diseases of the gastrointestinal system,
gastritis, duodenitis, and MALToma as well as cardiovascular,
immunologic, hematologic pathologies and further extraintesti-
nal diseases (2). Recently the close relationship between HP and
cardiovascular pathologies was emphasized (3). The relationship
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between the HP-associated secretion of proinflammatory cytokines
on the one hand and atherosclerotic cardiac disease, on the other
hand, has been reported (4).

The development of a HP infection-associated subclinical ath-
erosclerosis has been announced (5). The measurement of carotid
intima-media thickness (cIMT) is a useful and cheap marker in
the detection of a subclinical atherosclerosis (6, 7). It is known
that the epicardial adipose tissue (EAT) surrounding the coronary
arteries is an active tissue and secretes proinflammatory cytokines
(8). Increased EAT thickness is related to a rise of coronary heart
disease and myocardial infarction (9). Lately it was indicated
that the measurement of EAT thickness is an applicable and good
marker in the detection of coronary heart disease (10).

Neutrophilic gelatinase-associated lipocalin (NGAL) (lipo-
calin-2), found in active neutrophils, is a protein, secreted in fat
layer tissue, renal tubuli and epithelial tissues (11). NGAL as an
acute phase protein is expressed in response to harmful stimuli
in neutrophils, epithelial cells and renal tubular cells (12). Secre-
tion of NGAL in gastric epithelium and the fact of an increase of
NGAL secretion have been reported (13). In recent studies, the
pathophysiologic importance of NGAL in cardiovascular diseases
has been indicated (14, 15).

Because of HP infection, a chronic inflammation develops,
which is a risk factor for cardiovascular diseases (16). In this
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study, we aimed to evaluate, if an HP infection causes subclinical
atherosclerosis by measurement of cIMT and EAT thickness. In
addition, we explored, whether HP-infection increases the secre-
tion of NGAL and hs-CRP in subclinical atherosclerosis.

Material and methods

Study population

We included 90 patients attending the gastroenterology and
internal medicine polyclinics with dyspeptic complaints in our
study. Upper gastrointestinal endoscopy by a Gastroenterologist
using Pentax-Endoscopes (EG-290 Kp, EG 2985 K) on a Pentax
EPK 1000 Processor or Olympus-Endoscopes (CV-180) of the Evis
Exera II series was performed in the patients. During endoscopy,
3 bioptic specimens in the antral region were taken, which were
put in formaldehyde and sent to the department of pathology. The
HP-frequency and chronic inflammation in the pathologic sampling
were analyzed according to the Sydney classification semiquanti-
tatively (17), unbeknown to the clinic and laboratory results. The
examination was performed by 2 pathologists by the light optical
microscopical technique with 400 x magnification after dyeing
with hematoxylin-eosin and Giemsa. Patients were grouped based
on the histopathologic examination according to the Sydney clas-
sification as HP infection negative (n = 21), HP infection (+) (n
= 23), HP infection (++), (n = 22), HP infection (+++) (n = 24).

Patients with an endoscopically detected active ulcer, bleed-
ing gastrointestinal malignancy and active inflammation, intestinal
metaplasia, dysplasia and carcinomatous finding were not included
into the study. Patients with known malignancy, arterial hyper-
tension, cardiac, renal or any kind of chronic disease, infection,
hyperlipidemia and diabetes mellitus were excluded too. Patients
smoking or with alcohol consumption, regular medication intake,
taking of non-steroidal anti-inflammatory drugs, proton pump in-
hibitors or H -receptor antagonists, anti-acid agents and previous
use of an HP eradication regime within the last month did not par-
ticipate in the study. The approval ethics committee was obtained
as well as a signed patient informed consent.

Echocardiographic evaluation

The cardiologist made the measurement of the EAT and cIMT
using a high-resolution 2-dimensional echocardiography (GE-
Vingmed Ultrasound AS, Horten, Norway using a 2.5-3.5 MHz
transducer) being clueless about the endoscopic, pathologic and
laboratory results.

EAT measurement

The EAT was measured on the right ventricular outstanding
wall in the parasternal long axis, using the aortic annulus as an
anatomic reference according to the well-known method (8). In
order to measure the EAT-thickness, we preferred the region above
the right ventricle because of the fact, that the thickest layer of
the EAT is right there. EAT was measured between the pericardial
layers in front of the right ventricular outstanding wall at the end
of the diastole as a peak (perpendicularly) as an echo free space.
In order to measure the EAT more accurately and for a better vi-

sualization each visualized picture was enlarged and the thickest
point of EAT in each cycles was measured. We used the aortic an-
nulus as an anatomic reference, in order to standardize the enlarged
measuring axis. The measurement was made while the ultrasound
waves pointed to the mid region of the right ventricular outstand-
ing wall, and the aortic annulus was vertical.

cIMT measurement

The measurements on the right and left carotid arteries were
performed with ultrasound in the supine position according to the
previous method (6). With the common carotid arteries proximal
and distal walls being parallel, the transducer was moved, so the
diameter of the arteries lumen could be visualized in its maximal
longitudinal extent. 1 cm proximal to the carotid bifurcation, the
cIMT of the distant wall was assessed as the distance between
the lumen and the intima and the distance between the media and
adventitia. The cIMT was measured in an accurate frozen longi-
tudinal picture and for a higher detail resolution, the picture was
enlarged. The average value of the eight measurements on four
with 1 mm distant adjacent localizations of the right and left ca-
rotid arteries was defined as cIMT.

Biochemical analysis

After a fasting period of 10—12 hours, the blood glucose was
measured and the other biochemical parameters were analyzed
with the Abbott Architect C16000 analyzer (Abbott Diagnostics,
USA) using the photometric assay technique. The hemogram pa-
rameters were analyzed on the Abbott Cell-Dyn Ruby analyzer
(Abbott Diagnostics, USA). Hs-CRP concentrations were mea-
sured using immunoturbidimetric assay with an Abbott Architect
C 16000 analyzer (Abbott Diagnostic, USA). The cut-off for hs-
CRP was taken as < 0.5 mg/dl.

NGAL measurement

The level of NGAL was measured using the enzyme-linked
immunosorbent assay (ELISA) method. We used a commercially
available human NGAL ELISA Kit (My Biosource, USA). The
process for the application of the ELISA method was performed
according to the instructions provided by the producer. The ab-
sorbance was measured at a wavelength of 450 um. The levels of
NGAL were presented as ng/mL, and the sensitivity of the NGAL
assay was < 10 pg/mL.

Statistics analysis

The results were presented as mean = SD. The entire statistical
tests were performed in SPSS version (version 18, IBM, Chicago,
IL, USA). Because of the groups’ number less than 30, nonpara-
metric tests were used for the confrontation of the groups. For the
confrontation of the groups, the Kruskal-Wallis test was applied.
In cases of statistical significance in the Kruskal-Wallis test, the
Bonferroni correction was made. Afterward, the groups were op-
posed to each other in binary items using the Mann—Whitney U
test. A p-value minor 0.008 was defined as significant. The corre-
lation analysis was made with the Spearman rank test. The Step-
wise linear regression analysis test was used. cIMT and EAT were

303



Bratisl Med J 2018; 119 (5)

302-307

Tab. 1. The results of cIMT, EAT thickness and laboratory parameters in HP infection.

N HP () (n=21) HP (+) (n=23) HP (++) (n=22) HP (+++) (n=24)
(mean+SD) (mean+SD) (mean+SD) (mean+SD)
Age (years) 52.0£7.9 48.3+6.7 50.2+8.0 50.0+£8.2
Gender (M/F) (n) 9/12 13/10 /11 12/12
BMI (kg/m?) 27.8+1.5 28.6£1.5 28.5£1.7 28.6£1.7
Inflammation (0—+++) 0.1+0.3 1.140.3%* 2.140.3**F 2.8+0.3%*9
NGAL (ng/ml) 173.1423.1 199.9+59.1 214.7+51.6* 260.4+89.5%*7
hs-CRP (mg/dl) 0.10+0.1 0.21+£0.2 0.28+0.2* 0.34£0.2* 1
EAT thickness (mm) 0.33+0.07 0.35+0.08 0.39+0.08* 0.39+0.05%**++
cIMT (mm) 0.67+0.08 0.72+0.08 0.77+0.09* 0.78+0.11*
FPG (mg/dl) 98.849.2 102.1+17.5 102.8+21.4 103.5+17.6
BUN (mg/dl) 34.9+11.9 34.248.2 31.4+8.3 35.5+12.3
Creatinine (mg/dl) 0.81+0.12 0.83+0.15 0.79+0.07 0.91+0.34
AST (IU/1) 25.6£14.2 23.3+7.8 23.4£9.9 22.1+6.9
ALT (TU/) 29.0+19.0 25.8+16.0 26.1+18.9 22.148.1
WBC (x10%/1) 7.03+£2.41 8.16+2.48 6.92+1.32 7.51£2.75
Neutrophils (x10%/1) 4.27+£2.23 4.72+2.02 3.83+1.06 4.45+2.08

Mann—-Whitney U test with Bonferroni correction

ALT - alanine aminotransferase; AST — aspartate aminotransferase; BMI — body mass index; BUN — blood urea nitrogen; cIMT — carotid intima-media thickness; EAT —
epicardial adipose tissue; FPG — fasting plasma glucose; HP — Helicobacter pylori; hs-CRP — high sensitive C-reactive protein; NGAL — neutrophilic-gelatinase-associated
lipocalin; WBC — white blood cell counts, * p < 0.008, ** p <0.001 vs HP (=), f p <0.001, {1 p <0.008 vs HP (+),  p < 0.001 vs HP (++)

used as dependent variables and for the detection of independent
variables mostly influencing cIMT and EAT. A p minor 0.05 was
declared as significant.

Results

There were no differences between age, BMI-score and gender.
The NGAL and hs-CRP levels and the cIMT and EAT values of
the HP negative group were significantly lower than the NGAL (p
<0.008) and hs-CRP (p <0.001) levels and the cIMT (p < 0.008)
and EAT (p <0.008) values of the HP (++) group. Also, the NGAL
and hs-CRP levels and cIMT and EAT values in the HP negative
group were significantly lower than the NGAL (p < 0.001) and
hs-CRP (p < 0.001) and cIMT (p < 0.008) and EAT (p < 0.008)
values of the HP (+++) group. The NGAL level and EAT-value in
the HP (+) group was significantly lower than the NGAL level (p

< 0.008) and EAT value (p < 0.008) of the HP-group (+++). The
complete biochemical and social-demographic features of the HP
(-) and HP (+) group are listed in Table 1.

There was a positive relationship in the correlation analysis
between a positive HP-status and gastric inflammation (p <0.001),
cIMT (p<0.001), EAT (p =0.003), NGAL (p <0.001) and hs-CRP
(p=0.001). Also, there was a positive relationship between cIMT
and age (p =0.005), EAT (p = 0.002), BMI (r=0.639, p < 0.001),
gastric inflammation (p <0.001), NGAL (p <0.001) (Fig. 1) and
hs-CRP (p < 0.001). Furthermore, there was a positive relation-
ship between EAT and gastric inflammation (p = 0.022), BMI (p
<0.002), NGAL (p =0.007) (Fig. 2) and the hs-CRP (p = 0.002).
In Table 2 the results of the correlation analysis are shown. We
also can see a positive relationship between NGAL and gastric
inflammation (r = 0.441, p < 0.001), BMI (r = 0.230, p = 0.029),
hs-CRP (r = 0.343, p = 0.001) and BMI (r = 0.235, p = 0.226).

500 - r=0.419 500 1 r=0.280
p <0.001 p =0.007
o ° -] °
400 1 Z 400 3
= o ? ° = ’ °®
E @ L) o E Og
£ 300 ° 2 £ 3001 2 ®
> ° =~ 300 o0
< © < °
g 2 o o o S0 oo Uo o
i ] o i ° o @
200 8o 0 ° 0 go 200 o2 96 %00 gob o8 %040
8 B, aue)aagaﬂg’g o 2 ) 5 coggp 8°8 o L]
° 8 o e/ . 8
100 1 100 -
T T T T T T T T T
0.4 0.6 0.8 1.0 0.2 0.3 0.4 0.5 0.6
cMIT (mm) EAT thickness (mm)

Fig. 1. Correlation between neutrophilic gelatinase-associated lipocalin
and carotid intima-media thickness. NGAL, neutrophilic gelatinase-
associated lipocalin; cIMT, carotid intima-media thickness.
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Fig. 2. Correlation between neutrophilic gelatinase-associated lipocalin
and epicardial adipose tissue thickness. NGAL, neutrophilic gelatinase-
associated lipocalin; EAT, epicardial adipose tissue.
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Tab. 2. cIMT, EAT, HP and correlation analysis of other factors in patients.

cIMT EAT HP (+)

Variable r p r p r P

Age 0.293 0.005 0.120 0.258 0.057 0.595
BMI 0.639 0.001 0.330 0.002 0.154 0.147
Inflammation 0.438 0.001 0.235 0.022 0.951 0.001
cIMT 0.329 0.002 0.418 0.001
EAT 0.329 0.002 0.307 0.003
NGAL 0.419 0.001 0.280 0.007 0.455 0.001
hs-CRP 0.447 0.001 0.320 0.002 0.355 0.001

Spearman rank test

BMI - body mass index; cIMT — carotid intima-media thickness; EAT — epicardial adipose tissue; HP — Helicobacter pylori; hs-CRP — high sensitive C-reactive protein

NGAL - neutrophilic-gelatinase-associated lipocalin

Tab. 3. The results of dependent variables in stepwise linear regres-
sion analysis.

Dependent variable Independent variable Beta p
cIMT BMI 0.503 0.001
Inflammation 0.297 0.001
hs-CRP 0.218 0.004
Age 0.189 0.009
EAT BMI 0.289 0.004
HP positive 0.263 0.009

Stepwise linear regression analysis test
BMI - body mass index; cIMT — carotid intima-media thickness; EAT — epicardial
adipose tissue; HP — Helicobacter pylori; hs-CRP — high sensitive C-reactive protein

In the stepwise regression analysis there was an independent
relationship between cIMT and BMI (beta []=0.503, p <0.001),
gastric inflammation ( = 0.297, p = 0.001), hs-CRP (B = 0.218,
p =0.004) and age ( = 0.189, p = 0.009). Also, there was an in-
dependent relation between EAT-thickness and BMI (f = 0.289,
p =0.004) and HP-infection ( = 0.263, p = 0.009). The complete
results of the regression analysis are listed in Table 3.

Discussion

We evaluated, whether there is a relationship between HP-
infection and its severity on the one hand and the serum NGAL
and hs-CRP level on the other. We found that HP (+) patients had
a higher NGAL and hs-CRP-level in contrast to HP (—) patients
and that there is a correlation between HP-infection and its se-
verity and the level of NGAL and hs-CRP. It was shown that the
cIMT and EAT values in patients with HP infection and gastritis
were higher than in HP-negative patients and that with exceeding
gastritis in HP (+) patients the cIMT and EAT values significantly
increase. There was a strong correlation between serum NGAL and
hs-CRP level and cIMT and EAT-value in the correlation analy-
sis. In the regression analysis, there was an independent relation
between cIMT and gastric inflammation, BMI, age, and hs-CRP.
Further, there was an independent relationship between EAT and
BMI and HP-status.

By infiltrating the gastric epithelium, HP leads to secretion of
proinflammatory cytokines as tumor necrosis factor alpha (TNF-a),
interleukin (IL)-1p and IL-8 (18).The secretion of proinflammatory
cytokines leads to a migration primarily of neutrophilic granulo-
cytes, then lymphocytes, plasma cells and eosinophilic granulo-

cytes to the target region (19). Thus, gastritis develops because of
gastric epithelial damage (20). NGAL is an acute phase protein,
secreted by neutrophilic granulocytes, epithelial cells, and tubular
epithelial cells (12). In a case of an inflammation, hepatocytes, epi-
thelial cells, macrophages and neutrophilic granulocytes, secrete
NGAL (14). Alpizar-Alpizar et al reported a higher NGAL-secre-
tion in gastric epithelial cells in HP-positive individuals compared
to HP-negative individuals (13). It was demonstrated that the se-
cretion of NGAL had an antibacterial effect on the IL-6 expres-
sion in some bacterial infections, like streptococcus pneumonia
(21). Iron is an important element related to bacterial growth. By
maintaining the iron homeostasis, NGAL plays an important role
in inhibiting bacterial overgrowth (22). In our study, we found that
with increasing HP-positivity the serum NGAL-level increased.
In a case of an HP-infection, an increase of NGAL could be sec-
ondary to the inflammation or also to terminate the HP-infection.

The atherosclerotic process accelerates by increased cytokine
secretion and more reactive oxygen radicals which cause more
apoptosis (23). The increase cytokine expression leads to the ex-
pression of different lysosomal enzymes by increased production
of neutrophilic granulocytes in the bone mark and by migration
of neutrophilic granulocytes into the vessel walls (24). After the
neutrophilic granulocytes have migrated into the vessel walls,
the vascular endothelium is being damaged and atherosclerosis
is accelerated (25). Especially young neutrophils amplify their
NGAL-secretion as a response to the inflammation of the epithe-
lial cells (12). On the other side, the secretion of NGAL leads to
an upregulation of proinflammatory cytokines as IL-6 and IL-8
(26). Also proinflammatory cytokines cause an increase of NGAL
level (27). As a result of the escalating inflammation, atheroscle-
rosis increases even more.

It is reported, that the level of NGAL can be a predictive marker
for an acute myocardial infarction, coronary heart disease, and
cardiovascular events (14, 15). cIMT is a good and cheap indica-
tor for subclinical atherosclerosis (23). A strong correlation has
also been found between NGAL and cIMT (28, 29). Because of
increased cytokine expression and inflammation in combination
with HP-infection it is known that cardiac insufficiency and coro-
nary heart disease develop (30, 31). Individuals infected with HP
have been found to have higher levels of cIMT in comparison to
HP-negative persons (32, 33). It is demonstrated that a decrease
of paraoxonase-1 level in persons with HP-infection is associated
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with subclinical atherosclerosis (34, 35). In our study we found a
strong correlation between NGAL and cIMT, as well as between
NGAL and hs-CRP. We followed, that an increase of expression
of NGAL could play an important role in the development of ath-
erosclerosis. Nevertheless, we could not find an independent role
between cIMT and NGAL in the regression analysis. Serum NGAL
may not be a good and early predictive marker for the detection of
subclinical atherosclerosis in patients with HP-infection.

EAT is a visceral fat tissue around the heart and the coronary
arteries. This tissue actively secretes cytokines and others and its
relationship to insulin resistance, metabolic syndrome, cardiac
diseases are reported (36). With increasing EAT-thickness pro-
inflammatory cytokines such as TNF-a, IL-6, IL-8, angiotensin-II,
plasma activator inhibitor and free fat acids increase and secre-
tion of cardioprotective cytokines like adiponectin declines (8).
A strong correlation between EAT and cIMT has been shown (37,
38). The EAT thickness was found to be 0—13.6 mm in the normal
population in autopsy series (39). In our study, we found an in-
crease of EAT with an increasing HP-positivity. Actually, EAT acts
as a triglyceride storage for the myocardial tissue (40). It is known,
that HP is related to non-alcoholic fatty liver disease (NAFLD) and
HP-eradication decreases the fatty liver disease (41). The strong
correlation between EAT and NAFLD is reported (42). The liver
plays a role in EAT and in the increase of hepatic triglyceride ac-
cumulation. The gain of triglyceride accumulation and EAT play
arole in the mechanism of the appearance of NAFLD. Therefore,
HP-infection may amplify the EAT thickness by triglyceride ac-
cumulation. There is a positive strong correlation between HP and
hs-CRP respectively NGAL. An increase of EAT-thickness second-
ary to HP-infection may be related to subclinical atherosclerosis
and coronary artery disease, because with rising EAT thickness
the secretion of cytokines in EAT increases. The increase of serum
NGAL could induce the secretion of cytokines in EAT.

In our study, we determined the BMI as the strongest predic-
tive parameter for cIMT and EAT. It is known, that the sensitivity
for infections is increased in obese population (43). Zhang et al
reported that the prevalence of HP-infection in overweight and
obese patients is higher than in patients with normal weight (44).
But other studies have shown an increase of HP-infection in obese
patients (45, 46). In our study, the patients’ BMI ranged between
25-30 kg/m?. There were no obese patients. Therefore, we may
not have found any correlation between HP and BMI. There was a
strong correlation between cIMT, EAT, NGAL and hs-CRP levels
in gastric inflammation. The increase of NGAL level in chronic
gastric inflammation may increase the expression of proinflam-
matory cytokines and may accelerate the atherosclerotic process.

Study Limitations

The number of individuals in the study can be insufficient to
represent the general population. Our study is only a pilot study,
and further studies are needed on this topic. Obese subjects were
not included in this study. Obese patients have higher level of
inflammation than lean subjects. EAT thickness was evaluated
only echocardiography, but it might be necessary to measure it
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by different methods such as magnetic resonance and computer
tomography.

Conclusion

In HP positive individuals the cIMT and EAT-thickness and
serum NGAL and the hs-CRP level were higher than in the healthy
population. There was a strong correlation between serum NGAL
and hs-CRP and cIMT and EAT thickness. HP-infection can lead
to subclinical atherosclerosis by increasing the NGAL expression
and inflammation. HP-infection can lead to an increase of EAT
thickness. Also, in HP-positive patients EAT thickness can lead
to cardiovascular diseases.
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