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Helicobacter pylori infection combined with
non-alcoholic fatty liver disease increase the
risk of atherosclerosis
Focus in carotid artery plaque
Lo-Yip Yu, MDa, Kuang-Chun Hu, MD, PhDa, Chun-Jen Liu, MD, PhDd, Chung-Lieh Hung, MDb,
Ming-Jong Bair, MDc, Ming-Jen Chen, MDa, Horng-Yuan Wang, MDa, Ming-Shiang Wu, MD, PhDd,
Shou-Chuan Shih, MDa, Chuan-Chuan Liu, PhDa,∗

Abstract
Atherosclerosis has severe consequences on human health. Carotid artery plaques are a condition typically caused by
atherosclerosis. Previous studies showed that nonalcoholic fatty liver disease (NAFLD) and Helicobacter pylori (H pylori) are risks
factors for carotid artery plaque formation. We hypothesize that the combination of NAFLD withH pylori infection increases the risk of
carotid artery plaque formation.
A total of 4669 subjects aged > 40 years who underwent routine health checkups between January 2006 and December 2015

were retrospectively reviewed. A serial examination, including abdominal ultrasound, carotid artery ultrasound and esophago-
gastroduodenoscopy (EGD), and biopsy urease testing, was conducted.
In total, 2402 subjects were enrolled. There were no differences in H pylori infection status among patients with or without NAFLD.

There was a trend of more participants with both NAFLD and H pylori infection (number [N]=583) presenting carotid artery plaque
(N=187,32.08%) than participants without NAFLD and H pylori infection (N=589) who presented plaque formation (N=106,
18.00%). Participants who had both H pylori infection and NAFLD had the highest risk of any carotid artery plaque (odds ratio [OR],
1.93; 95% confidence interval [CI], 1.413–2.636) based on a multivariate logistic regression analysis. This analysis also showed that
age >60 years, male sex, low-density lipoprotein (LDL) >130mg/dL, and H pylori infection were independent risk factors for
concomitant NAFLD and carotid artery plaque formation.
The combination ofH pylori infection and NAFLD increases carotid artery plaque formation.H pylori eradication and NAFLD control

may be warranted to prevent carotid artery plaque formation.

Abbreviations: BMI = body mass index, cag A = cytotoxin-associated gene-A, CBC = complete blood count, CI = confidence
interval, CVA = cerebrovascular accident, CVD = cardiovascular disease, DM = diabetes mellitus, EGD = esophago-
gastroduodenoscopy, GOT = glutamate oxaloacetate transaminase, GPT = glutamate pyruvate transaminase, H pylori =
Helicobacter pylori, HbA1c = glycated hemoglobin, hs-CRP = high-sensitivity C-reactive protein, IL-17 = interleukin-17, IMT =
intima-media thickness, IR= insulin resistance, LDL= low-density lipoprotein, N= number, NAFLD= nonalcoholic fatty liver disease,
NASH = nonalcoholic steatohepatitis, OR = odds ratio, SBP = systolic blood pressure, SD = standard deviation, TG = triglyceride,
TNF = tumor necrosis factor, WBC = white blood cell.
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1. Introduction

Atherosclerosis, a pathological plaque formation within blood
vessels that initiates thickening of the intima (the earliest lesion in
the arterial wall), hardening of the arteries, and narrowing of the
lumen, is the main trigger of overall cardiovascular disease (CVD)
or cerebrovascular accident (CVA).[1] To study atherosclerosis, a
noninvasive predictor that measures carotid intima-media thick-
ness (IMT) is commonly used. Increased IMT is associatedwith the
presence and severity of atherosclerosis.[2] Interventional trials
have used changes in the IMT as a surrogate measure of therapy
outcomes.[3] The pathogenesis of atherosclerosis involves vascular
inflammation, injury response, degeneration, and thrombosis.[4]

Risk factors in the formation, progression, and destabilization of
atherosclerotic plaques include hypertension, hyperlipidemia,
diabetes mellitus (DM), smoking habits, sex, and family history.[5]

Nevertheless, no condition or exposure, either individually or in
combination, completely explains the occurrence and progression
of atherosclerosis, as other factors are likely to be involved.[6]
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Nonalcoholic fatty liver disease (NAFLD) is defined by an
excessive accumulation of fat in the liver parenchyma of patients
who consume little of no alcohol, and it is the most common
cause of chronic liver disease in Western countries. The NAFLD
includes a wide spectrum of liver diseases ranging from steatosis
alone, which is usually a benign and nonprogressive condition, to
nonalcoholic steatohepatitis (NASH), which may progress to
liver fibrosis and cirrhosis.[7] A growing body of evidence
suggests that NAFLD itself might contribute directly to a higher
risk of atherosclerosis independently of other potential con-
founding factors such as obesity, hypertension, hyperlipidemia
and DM.[8] The underlying biological mechanisms linking
NAFLD and atherosclerosis include chronic inflammation,
dyslipidemia, increased hepatic insulin resistance, oxidative
stress and decreased adiponectin concentrations.[9–11]

Over the past decade, awareness of the possible associations
between atherosclerosis and certain infectious pathogens has
steadily increased.[12] The Gram-negative curved bacillus
Helicobacter pylori (H pylori) colonizes the gastrointestinal
system in approximately half of all adults and is more common in
developing countries than in Western countries. It is associated
with chronic gastritis, peptic ulcer disease, and even gastric
cancer.[13–16] Accumulating evidence has found a relationship
between H pylori infection and extragastrointestinal diseases,
including liver disease, CVD, obesity, and type 2 DM. Previous
studies reported that H pylori is present in human carotid
atherosclerotic lesions. The infectious process within the vessel
wall may be responsible for the initiation, progression, and
complication of atherosclerotic plaque formation.[17] Chronic
infection with H pylori has been seroepidemiologically linked to
atherosclerosis via indirect effects, such as systemic inflammation
or autoimmune reactions.[18]

In this retrospective study, we enrolled a large sample of
apparently healthy people who had undergone routine checkups.
We hypothesize that the combination of NAFLD and H pylori
infection increases the risk of carotid artery plaque formation due
to chronic inflammation. We investigated the core risk factors for
synchronous NAFLD and carotid artery plaque formation.
2. Materials and methods

2.1. Patient selection

We retrospectively analyzed the data of 4669 subjects who had
undergone routine checkups at MacKay Memorial Hospital,
Taipei, Taiwan, between January 2006 and December 2015.
Asymptomatic individuals who had undergone esophago-gastro-
duodenoscopy (EGD) on the same day as part of a health checkup
were enrolled for analysis. Carotid artery ultrasound was
arranged on the same day. The inclusion criteria were as follows:
aged> 40 years, underwent screening EGD for the detection ofH
pylori infection status by urease test, and abdominal ultrasound
and carotid artery ultrasound examinations. We excluded
patients and exclusion criteria are as follows:
1.
 who had previously proven acute myocardial infarction or
stroke
were incapacitated or could not undergo carotid artery
2.

ultrasound examination
lacked data regarding H pylori urease test examination of
3.

gastric biopsy specimens or basic blood tests samples
had an alcoholic drinking habit or other secondary fat
4.

accumulation causes including steatogenic medication or
hereditary disorders
2

5.
6.
had a history of liver cirrhosis, or
were positive for hepatitis B surface antigen or hepatitis C

antibodies. After excluding 2267 subjects, a total of 2402
study participants (1602males and 800 females) were enrolled
for further study.

2.2. Scanning protocol and definition of NAFLD in
abdominal ultrasound

The definition of NAFLD requires that firstly, there is evidence of
hepatic steatosis, either by imaging or histology and secondly,
there are no causes of secondary hepatic fat accumulation, such
as significant alcohol consumption, use of steatogenic medication
or hereditary disorders.
An experienced gastroenterologist blinded to the study aims

performed the abdominal ultrasound using anHD-15 ultrasound
system (Philips Medical Systems, Cleveland, OH). Participants
were placed in the supine position, and both arms were raised
above the head when the images were captured. Fatty liver
diagnosis was made by ultrasound based on standard criteria,
including parenchyma brightness, liver-to-kidney contrast, deep
beam attenuation and bright vessel walls. Since we had already
excluded fatty liver due to secondary fat accumulation, including
alcohol consumption, patients with fatty liver were considered to
have NAFLD.
2.3. Scanning protocol and definition of carotid artery
lesion in ultrasound examination

Ultrasonography of the common carotid artery, carotid bifurca-
tion and internal carotid artery of the left and right carotid
arteries was performed using a 7.5-MHz linear-array transducer
(ATL Ultra-Mark IV). On a longitudinal, two-dimensional
ultrasound image of the carotid artery, the anterior (near) and
posterior (far) walls of the carotid artery were displayed as 2
bright white lines separated by a hypoechogenic space. All
participants were examined by experienced ultrasonographers.
The images were stored using the cine function during the
electrocardiographic R-wave in the cardiac cycle. Still images of
the arterial wall were saved, and measurements were subse-
quently performed on the stored digital images. Analyses were
performed using the AMS program package. A plaque was
defined as a distinct area with an IMT> 50% greater than that at
neighboring sites.
2.4. Scanning protocol and definition of H pylori infection

H pylori infection was detected with a biopsy urease test (CLO
test, Pronto Dry, Gastrex, Poland) using standard EGD with
gastrofiberscopes (GIFQ260, Olympus Optical, Tokyo Japan). A
specimen for biopsy urease testing of each subject was taken from
the gastric antrum using biopsy forceps and assessed within 60
minutes. The agar color turned from yellow to red when the
biopsy specimen was infected by H pylori, which expresses an
intracytoplasmic urease.
2.5. Clinical data collection and questionnaire

Baseline characteristics (age, gender, height, weight, body mass
index, blood pressure, personal medical history and current
medicine use, family history of 1st-degree relatives and smoking)
were obtained from a questionnaire completed at the time of the
physical checkups.



Table 1

Demonstrate participants with and without fatty liver.

Variable

Without
fatty liver
(N=968)

With
fatty liver
(N=1434) P-value

Age, mean (SD), y 52.69 (10.69) 53.12 (9.98) .3295
Sex (male %) 533 (55.12) 1069 (74.55) <.0001
BMI, mean (SD), kg/m2 22.42 (2.75) 26.15 (5.72) <.0001
HbA1c, mean (SD), % 5.60 (0.64) 5.95 (1.00) <.0001
Systolic blood pressure, mean (SD),
mm Hg

119.73 (42.92) 126.39 (64.56) .0024

Diastolic blood pressure, mean (SD), 74.98 (29.70) 78.54 (22.07) .0015
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Clinical data included levels of fasting plasma glucose AC,
hemoglobin A1C (HbA1c), triglyceride (TG), low-density
lipoprotein (LDL), complete blood count (CBC), and high-
sensitivity C-reactive protein (hs-CRP), all of which were
obtained from the participants on the same health checkup
day as when the EGDs and abdominal sonography were
performed. Carotid artery ultrasound examination data were
collected on the same day or within 12 months when the
participants underwent annual physical checkups.
This study was approved by the MacKay Memorial Hospital

Institutional Review Board (12MMHIS163).
mm Hg
Glucose AC, mean (SD), mg/dL 94.73 (16.67) 106.02 (26.31) <.0001
Total cholesterol, mean (SD), mg/dL 200.01 (35.44) 206.54 (37.76) <.0001
Triglyceride, mean (SD), mg/dL 107.30 (56.20) 164.44 (92.89) <.0001
LDL, mean (SD), mg/dL 130.28 (32.76) 140.63 (35.39) <.0001
GOT, mean (SD), IU/L 23.01 (8.83) 27.02 (15.02) <.0001
GPT, , mean (SD), IU/L 22.55 (14.05) 34.92 (24.82) <.0001
Plasma hs-CRP >0.3 mg/L, no. (%) 65 (12.04) 202 (25.06) <.0001
WBC count, mean (SD), x103/uL 5.89 (1.76) 6.59 (1.73) <.0001
H pylori-positive, no. (%) 379 (39.15) 583 (40.66) .4610
Smoking, no. (%) 197 (20.35) 374 (26.08) .0012
Anti-platelet agent used, no. (%) 36 (3.72) 76 (5.30) .0709
Anti-lipid agent used, no. (%) 88 (9.09) 184 (12.84) .0045
DM control agent used, no. (%) 49 (5.06) 168 (11.72) <.0001
Carotid artery plaque no. (%) 188 (19.42) 377 (26.30) .0001
HbA1c level ≥ 6.5%, no. (%) 48 (4.96) 227 (15.83) <.0001

BMI=body mass index, DM=diabetes mellitus, GOT=glutamate oxaloacetate transaminase, GPT=
glutamate pyruvate transaminase, H pylori=Helicobacter pylori, HbA1c=glycated hemoglobin, hs-
CRP=high-sensitivity C-reactive protein, LDL= low-density lipoprotein, SD= standard deviation.

Table 2

Demonstrate participants with fatty liver with and without H pylori
infection.

Variable

Fatty liver
without H Pylori

infection
(N=851)

Fatty liver
with H Pylori
infection
(N=583) P-value

Age, mean (SD), y 52.83 (10.39) 53.53 (9.34) .1820
Sex (male %) 634 (74.50) 435 (74.61) .9614
BMI, mean (SD), kg/m2 25.96 (3.03) 26.42 (8.19) .1861
HbA1c, mean (SD), % 5.93 (0.99) 5.98 (1.01) .3071
Systolic blood pressure, 125.57 (45.86) 127.59 (84.79) .6003
2.6. Statistical analysis

The following variables were recorded for each subject: age, sex,
body mass index (BMI), HbA1c, lipid levels, smoking status, and
H pylori status. When the data for continuous variables fit a
normal Gaussian distribution, a t test was applied to compare H
pylori-positive and H pylori-negative participants, and the data
are expressed as the mean± standard deviation (SD). Categorical
variables are expressed as numbers (percentage). Unadjusted
odds ratios (ORs) with 95% confidence intervals (CIs) were
computed for potential predictors of carotid artery plaque
formation. Multivariate logistic regression analysis was applied
to compute the adjusted OR (95% +-9 for predictors of carotid
artery plaque formation. All variables with a P< .2 on the
univariate analysis were selected for multivariate logistic
regression. The final model was developed using a stepwise
backward approach. All variables with P< .05 were considered
statistically significant and remained in the final model. All
analyses were performed using SAS version 9.1 (SAS Institute,
Cary. NC).

3. Results

3.1. Patient characteristics

Table 1 shows the demographic data of patients with andwithout
NAFLD. There were significant differences in all variables except
age, use of antiplatelet agents and H pylori infection status.
Table 2 shows the demographic data of patients with NAFLD

either with or without H pylori infection. Only four variables
showed significant differences: total cholesterol, white blood cell
(WBC) count, use of DM agents and carotid artery plaque status.
mean (SD) mm Hg
Diastolic blood pressure,
mean (SD) mm Hg

78.26 (9.98) 78.96 (32.46) .6121

Glucose AC, mean (SD), mg/dL 105.85 (25.88) 106.27 (26.94) .7656
Total cholesterol, mean (SD), mg/dL 204.54 (37.26) 209.47 (38.32) .0153
Triglyceride, mean (SD), mg/dL 162.64 (88.57) 167.07 (98.90) .3853
LDL, mean (SD), mg/dL 139.19 (35.24) 142.75 (35.54) .0630
GOT, mean (SD), IU/L 26.88 (15.89) 27.24 (13.67) .6470
GPT, mean (SD), IU/L 34.17 (25.13) 36.01 (24.33) .1707
Plasma hs-CRP >0.3 mg/L, no. (%) 123 (24.90) 79 (25.32) .8930
WBC count, mean (SD), x103/uL 6.49 (1.71) 6.75 (1.75) .0061
Smoking, no. (%) 221 (25.97) 153 (26.24) .9076
Anti-platelet agent used, no. (%) 48 (5.65) 28 (4.80) .4835
Anti-lipid agent used, no. (%) 112 (13.18) 72 (12.35) .6459
DM control agent used, no. (%) 114 (13.40) 54 (9.28) .0173
Carotid artery plaque no. (%) 190 (22.33) 187 (32.10) <.0001
HbA1c level ≥ 6.5%, no. (%) 130 (15.28) 97 (16.64) .4877

BMI=body mass index, DM=diabetes mellitus, GOT=glutamate oxaloacetate transaminase, GPT=
glutamate pyruvate transaminase, H pylori=Helicobacter pylori, HbA1c=glycated hemoglobin, hs-
CRP=high-sensitivity C-reactive protein, LDL= low-density lipoprotein, SD= standard deviation.
3.2. Risk of any carotid artery plaque according to NAFLD
and H pylori infection status

Table 3 shows that of the total subset of participants without
NAFLD andH pylori infection (N=589), 106 (18.00%) suffered
from carotid artery plaque, a total of 82 of 379 participants
(21.64%) with H pylori infection suffered from only carotid
artery plaque and 190 of 851 participants (22.33%) with
NAFLD had only carotid artery plaque. However, we observed a
trend that a higher proportion of participants with both NAFLD
and H pylori infection presented carotid artery plaque (187 of
583 participants, 32.08%).

3.3. Univariate analysis and multivariate logistic regression
for predictors of any carotid artery plaque

We evaluated the impact ofHpylori infection andNAFLD on the
risk of carotid artery plaque in this study. We classified
participants based on H pylori infection status and NAFLD
3
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Table 3

The risk of any carotid artery plaque according to NAFLD and H pylori infection.

Carotid artery
plaque N (%)

Carotid artery plaque
Univariate-adjusted OR (95% CI)

Carotid artery plaque
Multivariate-adjusted OR (95% CI)

Fatty liver (�) H pylori (�) 106 (18.00) 1.00 (reference) 1.00 (reference)
Fatty liver (�) H pylori (+) 82 (21.64) 1.41 (1.02, 1.95) 1.29 (0.91, 1.84)
Fatty liver (+) H pylori (�) 190 (22.33) 1.30 (1.00, 1.70) 1.05 (0.78, 1.42)
Fatty liver (+) H pylori (+) 187 (32.08) 2.41 (1.82, 3.17) 1.93 (1.41, 2.64)

CI= confidence interval, H.pylori=Helicobacter pylori, N=number, OR= odds ratio.
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status. The risk of any carotid artery plaque was higher in
participants who hadH pylori infection or NAFLD than in those
without either condition (Table 3). Participants with H pylori
infection and NAFLD had the highest risk of any carotid artery
plaque (OR, 1.93; 95%CI, 1.41–2.64) in the multivariate logistic
regression. Therefore, the combination of H pylori infection and
NAFLD increases the risk of carotid artery plaque formation.
3.4. Univariate analysis and multivariate logistic regression
for predictors of NAFLD combined with carotid artery
plaque

According to the abdominal and carotid artery ultrasound
results, we divided the participants into 2 groups (Table 4): First,
NAFLD combined with carotid artery plaque formation. Second,
NAFLD without carotid artery plaque formation.
Table 4 shows the factors included in the univariate and

multivariate analyses. Multivariate logistic regression analysis
showed that age >60 years, male sex, LDL >130mg/dL and H
pylori infection were independent risk factors for concomitant
NAFLD and carotid artery plaque formation. Age and sex
obviously cannot be changed, but LDL and H pylori infection
status could be treated.
4. Discussion

Atherosclerosis is a highly prevalent disease and is a major cause
of mortality and morbidity in developed countries. When severe,
Table 4

Univariate analysis and multivariate logistic regression for predictors
carotid plaque vs fatty liver only and no carotid plaque.

Univariate analysis Multivaria

OR (95% CI)

Age ≥ 60 y 2.420 (1.872, 3.127)
Male, sex 1.282 (0.971, 1.692)
BMI > 27 kg/m2 1.026 (0.797, 1.321)
SBP ≥ 140mm Hg 1.387 (1.021, 1.884)
Smoking 0.863 (0.654, 1.139)
Anti-platelet agent used 1.240 (0.753, 2.041)
Anti-lipid agent used 1.543 (1.110, 2.143)
H pylori-positive 1.847 (1.453, 2.348)
DM control agent used 1.905 (1.358, 2.672)
GPT >41 IU/L 1.047 (0.792, 1.382)
LDL > 130 mg/dL 1.315 (1.027, 1.685)
WBC count 1.040 (0.972, 1.112)
Platelet count 0.998 (0.996, 1.001)
HbA1c ≥ 6.5% 1.778 (1.315, 2.404)
Plasma hs-CRP >0.3 mg/dL 1.415 (0.994, 2.013)

BMI=body mass index, CI= confidence interval, DM=diabetes mellitus, GPT=glutamate pyruvate tran
reactive protein, LDL= low-density lipoprotein, OR= odds ratio, SBP= systolic blood pressure, WBC=w
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it can result in coronary artery disease, CVA, peripheral artery
disease or kidney problems depending on the arteries affected.
Epidemiological studies have linked atherosclerosis to hyperten-
sion, hyperlipidemia, DM and smoking, but much of the risks
remain unexplained.[19] Our study showed that the combination
of NAFLD with H pylori infection increases the development of
carotid artery plaques, a condition typically caused by
atherosclerosis.
The NAFLD is the most common chronic liver disease in

Western countries, where the prevalence of NAFLD in the general
population is 15 to 40%.[20] In addition to having an increased risk
of developing NASH, NAFLD patients are also at higher risk of
cardiovascular diseases, including coronary artery disease and
stroke. A meta-analysis of seven cross-sectional studies confirmed
that NAFLD is strongly associated with increased carotid artery
IMT and an increased prevalence of carotid atherosclerotic
plaques.[21] The pathogenesis linking NAFLD to atherosclerosis is
not completely understood, but several pathways are plausible.
The NAFLD is considered an early hepatic manifestation of
metabolic syndrome in the presence of hyperglycemia, hyper-
insulinemia, hyperlipidemia, and damage to vascular endothelial
cells,[22] all of which are associated with subclinical inflammation,
a prothrombotic state, and hemodynamic alterations that may
increase the risk of atherosclerosis.[23,24] However, many studies
have shown thatNAFLD could predict an increased risk of carotid
IMT independently from traditional risk factors, including insulin
resistance (IR)[25] and metabolic syndrome.[26–29] The NAFLD is
also associated with oxidative stress, which induces inflammation,
of carotid artery plaque in patients with synchronous fatty liver and

te logistic regression

P-value Adjusted OR (95% CI) P-value

<.0001 2.086 (1.553, 2.802) <.0001
.0799 1.689 (1.147, 2.487) .008
.8430 0.89 (0.672, 1.18) .4187
.0362 1.024 (0.727, 1.443) .891
.2988 0.848 (0.617, 1.165) .3093
.3989 0.866 (0.487, 1.539) .624
.0098 1.291 (0.884, 1.884) .1859

<.0001 1.805 (1.397, 2.333) .0052
.0002 1.518 (0.96, 2.399) .0743
.7487 1.059 (0.738, 1.521) .7548
.0299 1.491 (1.138, 1.953) .0037
.2551 1.047 (0.966, 1.134) .2673
.1367 1 (0.997, 1.002) .7727
.0002 1.18 (0.78, 1.784) .433
.0540 1.411 (0.958, 2.077) .081

saminase, H pylori=helicobacter pylori, HbA1c=glycated hemoglobin, hs-CRP=high-sensitivity C-
hite blood cell.



[30] [52]
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destroys endothelium-dependent vasodilatation function,
reduces the elasticity of blood vessels, promotes endothelial cell
apoptosis,[31] and contributes to vessel smooth muscle cell
hyperplasia.[32,33] The NAFLD may accelerate atherosclerosis
through increased levels of atherogenic, triglyceride-rich, choles-
terol-rich particles and small dense LDL particles.[34] Inflamma-
tion-basedmechanismshavebeen implicated in thepathogenesis of
atherosclerosis.[35,36] The association between H pylori infection
and atherosclerosis hasbeen reported innumerous studies in recent
years.Most studies demonstrating anassociationbetweenHpylori
andatherosclerosis are serological studies,while our study assessed
H pylori infection by the CLO test. Some mechanisms, including
immune-mediated mechanisms, free radical formation, and a low-
grade acute-phase response, may be the link between chronic H
pylori infection and atherogenesis. The C-reactive protein levels,
fibrinogen levels, and leukocyte count, all of which are risk factors
for CVD,[37] are elevated in individuals seropositive for H pylori
and suggest a low-grade inflammatory response.[38,39] Antiox-
idants have been shown to be decreased in subjects withH pylori.
Hpylori is rapidly eliminated in the circulation before it reaches the
vessel wall. Some authors proposed the mechanism of immune
response.Hpylori produces 60 kDa heat shock proteins that cross
react with antibodies and are a risk factor for carotid
atherosclerosis.[40] Interleukin-17 (IL-17) is up-regulated in the
Hpylori-colonized gastricmucosa.[41] The IL-17 has been detected
in human atherosclerotic lesions,[42] and patients with acute
myocardial infarction and unstable angina have increased
peripheral IL-17 levels.[43] A previous study showed that IL-17A
is required for the maintenance of angiotensin II-induced
hypertension and vascular dysfunction, both of which are risk
factors for atherosclerosis.[44] Tarantino et al suggested that IL-17,
releasedby the visceral adipose tissue, induces eotaxin secretion via
the smooth muscle cells. A strong relationship was found between
chemokine eotaxin and IMT. And IL-17 is associated with early
atherosclerosis in obese patients.[45] However, previous studies
found that H pylori may be present in human carotid
atherosclerotic plaques and responsible for the initiation,
progression, and complication of atherosclerotic plaque forma-
tion.[46]

Some strains of H pylori express the cytotoxin-associated
gene-A (cag A), which encodes for a hydrophilic, surface-
exposed protein named CagA.22. H pylori strains expressing
CagA and carrying the cag pathogenicity island induce an
inflammatory response in the gastric mucosa greater than that
induced by strains lacking the pathogenicity island.[47] In a large
prospective study, Mayr et al[48] provided evidence that
infection with CagA-positive H pylori strains significantly
increases the risk of early atherosclerosis in carotid arteries.
Moreover, infection with CagA-positive H pylori strains in
atherosclerotic stroke patients is associated with greater IMT
and poorer short-term outcomes than those of CagA-negative
patients.[49] The levels of CRP, a sensitive marker for the
detection of a systemic inflammatory response, trended toward
higher levels in CagA-positive patients than those in CagA-
negative patients.[50] Molecular mimicry between CagA and
proteins presented in the wall of medium- and large-sized
arteries is one proposed mechanism for the initiation and
development of atherosclerosis by H pylori infection.[51]

Apart from the usual risk factors resulting from NAFLD, such
as sedentary lifestyle, dietary habits, obesity, hyperlipidemia, and
DM, other risk factors, including H pylori infection, have been
recently proposed. In view of its effect on metabolic variables, H
pylori is associated with insulin resistance, which is important in
5

the development of NAFLD. A randomized controlled single-
blind study from Dogan et al showed that fatty liver was
significantly more frequent in H pylori-positive patients. The
extent of the fattiness as assessed by ultrasonography was also
higher in the H pylori-positive group.[53] There are some
potential pathogenic mediators and mechanisms that contribute
to the pathogenesis of NAFLD by H pylori infection, including
fetuin-A, tumor necrosis factor (TNF)-a and adiponectin.[52]H
pylori infection may trigger TNF-a, whereas adiponectin is
secondarily increased to counterbalance the proinflammatory
cascade. The TNF-a may be a mediator of both the direct and
indirect effects of H pylori infection on NAFLD.[54] Abenavoli
et al found that after H pylori eradication therapy in an adult
man, IR and fatty liver showed improvements.[55]

To the best of our knowledge, this report is the 1st of a positive
correlation between H pylori infection and NAFLD complicated
with carotid artery plaque formation. One strength of our study is
that it included a large sample size (2402 subjects). In our study,
multivariate logistic regression analysis showed that H pylori
infection was an independent risk factor for concomitant fatty
liver and carotid artery plaque. For individuals with NAFLD,
H pylori infection increases the risk of carotid artery plaque
formation, and eradicating H pylori infection may have
therapeutic prospects in treating NAFLD and preventing carotid
artery plaque formation. However, in Table 1, the demographic
data of patients with and without fatty liver showed no
differences in the H pylori infection status. The possible reasons
may be that our patients were of higher social economic status
and had more awareness of their health. These individuals had
previously received regular health checkups, including EGD and
H pylori eradication if present.
Our study has several important limitations. First, this was a

retrospective observational study that included only patients
with relatively high incomes and higher health awareness, which
may not represent the general population. Second, this was a
single-center study, which may have resulted in selection bias.
Third, the severity of fatty liver can be divided into mild,
moderate and severe according to the ultrasound findings. Our
study showed only that fatty liver andH pylori infection are risk
factors for the formation of carotid plaques, but it did not show
whether the severity of fatty liver affected the observed synergy
for carotid artery plaque formation. Fourth, the severity of
carotid artery plaques can be divided into minimal, mild,
moderate and severe according to carotid ultrasound findings.
Our study reported only the incidence of carotid artery plaques
in relation to NAFLD and H pylori infection status but did not
take into consideration the severity of the plaque (s), which is a
study limitation. Because our study was conducted at the Health
Checkup Evaluation Center, the patients enrolled were
relatively healthy. In general, patients with a severe degree of
carotid artery plaque(s) or symptomatic patients would have
attended outpatient clinics and regular follow-ups and would
not have presented to the Health Checkup Evaluation Center,
causing selection bias. Fifth, The reasons for excluding patients
with a history of acute myocardial infarction or stroke are the
same as those presented in the fouth limitation, causing selection
bias. Sixth, the prevalence of fatty liver was 59.7% (1434/2402)
in our study, which is much higher than that reported in the
literature 15 to 40%.[19] A possible explanation for this
discrepancy is that a greater percentage of our participants
were overweight (mean BMI was 26.2 in the fatty liver group,
compared with 22.4 in the non-fatty liver group), so selection
bias may have occurred.
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5. Conclusions

H pylori infection combined with NAFLD increases the risk of
carotid artery plaque formation. Given the high prevalence of H
pylori infection in developing countries and the growing
population suffering from NAFLD or even NASH, eradicating
H pylori infection and controlling NAFLD may be warranted to
prevent cardiovascular disease.
Author contributions

Conceptualization: Kuang-Chun Hu.
Data curation: Lo-Yip Yu, Kuang-Chun Hu, Ming-Jong Bair.
Formal analysis: Lo-Yip Yu, Kuang-Chun Hu, Chuan-Chuan

Liu.
Methodology:Chun-Jen Liu, Chung-LiehHung,Ming-Jen Chen.
Resources: Horng-Yuan Wang.
Software: Chuan-Chuan Liu.
Supervision: Kuang-Chun Hu, Ming-Jong Bair, Ming-Shiang

Wu, Shou-Chuan Shih, Chuan-Chuan Liu.
Writing – original draft: Lo-Yip Yu.
Writing – review& editing: Lo-Yip Yu, Kuang-ChunHu, Horng-

Yuan Wang, Ming-Shiang Wu, Chuan-Chuan Liu.
Lo-Yip Yu orcid: 0000-0003-2394-8200.
References

[1] Gaudio E, Carpino G, Grassi M, et al. Morphological aspects of
atherosclerosis lesion: past and present. Clin Ter 2006;157:135–42.
[PMID: 16817503].

[2] Bedogni G, Miglioli L, Masutti F, et al. Prevalence of and risk factors for
nonalcoholic fatty liver disease: the dionysos nutrition and liver study.
Hepatology 2005;42:44–52. [PMID: 15895401].

[3] Fracanzani AL, Tiraboschi S, Pisano G, et al. Progression of carotid
vascular damage and cardiovascular events in non-alcoholic fatty liver
disease patients compared to the general population during 10 years of
follow-up. Atherosclerosis 2016;246:208–13. [PMID: 26803429].

[4] Sawayama Y, Ariyama I, Hamada M, et al. Association between chronic
Helicobacter pylori infection and acute ischemic stroke: Fukuoka
Harasanshin Atherosclerosis Trial (FHAT). Atherosclerosis
2005;178:303–9. [PMID: 15694938].

[5] Wilson PW, D’Agostino RB, Levy D, et al. Prediction of coronary heart
disease using risk factor categories.Circulation 1998;97:1837–47. [PMID:
9603539].

[6] Franceschi F, Sepulveda AR, Gasbarrini A, et al. Cross-reactivity of anti-
cagA antibodies with vascular wall antigens. Circulation 2002;106:430–
4. [PMID: 12135941].

[7] Fargion S, Porzio M, Fracanzani AL. Nonalcoholic fatty liver disease and
vascular disease: state-of-the-art. World J Gastroenterol 2014;20:13306–
24. [PMID: 25309067].

[8] Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients
with nonalcoholic fatty liver disease. N Engl J Med 2010;363:1341–50.
[PMID: 20879883].

[9] Yki JH, Westerbacka J. The fatty liver and insulin resistance. Curr Mol
Med 2005;5:287–95. [PMID: 15892648].

[10] Yesilova Z, Yaman H, Oktenli C, et al. Dagaip K. Systemic markers of
lipid peroxidation and antioxidants in patients with nonalcoholic Fatty
liver disease. Am J Gastroenterol 2005;100:850–5. [PMID: 15784031].

[11] Leach NV, Dronca E, Vesa SC, et al. Serum homocysteine levels,
oxidative stress and cardiovascular risk in non-alcoholic steatohepatitis.
Eur J Intern Med 2014;25:762–7. [PMID: 25262992].

[12] Manuel M, Stefan K, Johann W, et al. Associations of antibodies to
Chlamydia pneumonia, Helicobacter pylori, and cytomegalovirus with
immune reactions to heat-shock protein 60 and carotid or femoral
atherosclerosis. Circulation 2000;102:833–9. [PMID: 10952949].

[13] Howden CW. Clinical expression of H. pylori infection. Am J Med
1996;100(Suppl 5):S27–34.

[14] Dunn BE, Cohen H, Blaser MJ. H. pylori. Clin Microbiol Rev
1997;10:720–41. [PMID: 9336670].

[15] Graham DY, Malaty HM, Evans DG, et al. Epidemiology of H. pylori in
an asymptomatic population in the United States: effect of age, race, and
6

2019355].
[16] Lin JT, Wang JT, Wang TH, et al. H. pylori infection in a randomly

selected population, healthy volunteers, and patients with gastric ulcer
and gastric adenocarcinoma: a seroprevalence study in Taiwan. Scand J
Gastroenterol 1993;28:1067–72. [PMID: 8303209].

[17] Epstein SE, Zhon YF, Zhu J. Infection and atherosclerosis: emerging
mechanistic paradigms. Circulation 1999;100:20–8. [PMID:
10421626].

[18] Birnie DH, Holme ER, McKay IC, et al. Association between antibodies
to heat shock protein 65 and coronary atherosclerosis: possible
mechanism of action of H. pylori and other bacterial infections in
increasing cardiovascular risk. Eur Heart J 1998;19:387–94. [PMID:
9568442].

[19] Danesh J, Collins R, Peto R. Chronic infections and coronary heart
disease: is there a link? Lancet 1997;350:430–6. [PMID: 9259669].

[20] Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from steatosis to
cirrhosis. Hepatology 2006;43:S99–112. [PMID: 16447287].

[21] Sookoian S, Pirola CJ. Non-alcoholic fatty liver disease is strongly
associated with carotid atherosclerosis: a systematic review. J Hepatol
2008;49:600–7. [PMID: 18672311].

[22] XuX, Lu L, DongQ, et al. Research advances in the relationship between
nonalcoholic fatty liver disease and atherosclerosis. Lipids Health Dis
2015;14:158–65. [PMID: 26631018].

[23] Loria P, Lonardo A, Targher G. Is liver fat detrimental to vessels?:
intersections in the pathogenesis of NAFLD and atherosclerosis. Clin Sci
2008;115:1–2. [PMID: 19016656].

[24] Luna-Luna M, Medina-Urrutia A, Vargas-Alarcón G, et al. Adipose
tissue in metabolic syndrome: onset and progression of atherosclerosis.
Arch Med Res 2015;46:392–407. [PMID: 26009250].

[25] Fracanzani AL, Burdick L, Raselli S, et al. Carotid artery intima-media
thickness in nonalcoholic fatty liver disease. Am J Med 2008;121:72–8.
[PMID: 18187076].

[26] Mohammadi A, Sedani HH, Ghasemi-Rad M. Evaluation of carotid
intima-media thickness and flow-mediated dilatation in middle-aged
patients with nonalcoholic fatty liver disease. Vasc Health Risk Manag
2011;7:661–5. [PMID: 22140316].

[27] Colak Y, Karabay CY, Tuncer I, et al. Relation of epicardial adipose
tissue and carotid intimamedia thickness in patients with nonalcoholic
fatty liver disease. Eur J Gastroenterol Hepatol 2012;24:613–8. [PMID:
22495402].

[28] Huang Y, Bi Y, XuM, et al. Nonalcoholic fatty liver disease is associated
with atherosclerosis in middle-aged and elderly Chinese. Arterioscler
Thromb Vasc Biol 2012;32:2321–6. [PMID: 22814750].

[29] Kang JH, Cho KI, Kim SM, et al. Relationship between nonalcoholic
fatty liver disease and carotid artery atherosclerosis beyond metabolic
disorders in non-diabetic patients. J Cardiovasc Ultrasound
2012;20:126–33. [PMID: 23185655].

[30] XiH, AkishitaM,Nagai K, et al. Potent free radical scavenger, edaravone,
suppresses oxidative stress-induced endothelial damage and early
atherosclerosis. Atherosclerosis 2007;191:281–9. [PMID: 16806227].

[31] Xu ZR, Hu L, Cheng LF, et al. Dihydrotestosterone protects human
vascular endothelial cells from H(2)O(2)-induced apoptosis through
inhibition of caspase-3, caspase-9 and p38 MAPK. Eur J Pharmacol
2010;643:254–9. [PMID: 20599910].

[32] Migdal C, Serres M. Reactive oxygen species and oxidative stress. Med
Sci (Paris) 2011;27:405–12. [PMID: 21524406].

[33] Cohen RA, Tong X. Vascular oxidative stress: the common link in
hypertensive and diabetic vascular disease. J Cardiovasc Pharmacol
2010;55:308–16. [PMID: 20422735].

[34] Luo J, Xu L, Li J, et al. Nonalcoholic fatty liver disease as a potential risk
factor of cardiovascular disease. Eur J Gastroenterol Hepatol
2015;27:193–9. [PMID: 25563143].

[35] Jander S, Sitzer M, Schumann R, et al. Inflammation in high-grade
carotid stenosis: a possible role for macrophages and T cells in plaques
destabilization. Stroke 1998;29:1625–30. [PMID: 9707204].

[36] Anderson JL, Carlquist JF, Muhlestein JB, et al. Evaluation of C-reactive
protein, an inflammatory marker, and infectious serology as risk factors
for coronary artery disease and myocardial infarction. J Am Coll Cardiol
1998;32:35–41. [PMID: 9669246].

[37] Yarnell JW, Baker IA, Sweetnam PM, et al. Fibrinogen, viscosity, and
white blood cell count are major risk factors for ischemic heart disease.
Circulation 1991;83:836–44. [PMID: 1999035].

[38] Patel P, Mendall MA, Carrington D, et al. Association of Helicobacter
pylori and Chlamydia pneumoniae infections with coronary heart
disease and cardiovascular risk factors. BMJ 1995;311:711–4. [PMID:
7549683].



[39] Patel P, Strachan D, Carrington D, et al. Fibrinogen: a link between [48] Mayr M, Kiechl S, Mendall MA. Increased risk of atherosclerosis is

Yu et al. Medicine (2019) 98:9 www.md-journal.com
chronic infection and coronary artery disease. Lancet 1994;343:1634–5.
[PMID: 7911935].

[40] Xu Q, Willeit J, Marosi M, et al. Association of serum antibodies to heat
shock protein 65 with carotid atherosclerosis. Lancet 1993;341:255–9.
[PMID: 8093914].

[41] Luzza F, Parrello T, Monteleone G, et al. 2000. Up-regulation of IL-17 is
associated with bioactive IL-8 expression in Helicobacter pylori-infected
humangastricmucosa. J Immunol 2000;165:5332–7. [PMID: 11046068].

[42] de Boer OJ, van der Meer JJ, Teeling P, et al. Differential expression of
interleukin-17 family cytokines in intact and complicated human
atherosclerotic plaques. J Pathol 2010;220:499–508. [PMID: 20020510].

[43] ChengX,YuX,DingYJ,etal.TheTh17/Treg imbalance inpatientswithacute
coronary syndrome. Clin Immunol 2008;127:89–97. [PMID: 18294918].

[44] Madhur MS, Lob HE, McCann LA, et al. Interleukin 17 promotes
angiotensin II-induced hypertension and vascular dysfunction. Hyper-
tension 2010;55:500–7. [PMID: 20038749].

[45] Tarantino G, Costantini S, Finelli C, et al. Is serum Interleukin-17
associated with early atherosclerosis in obese patients? J Transl Med
2014;12:214[PMID: 25092442].

[46] Hu KC, Wu MS, Chu CH, et al. Hyperglycemia combined Helicobacter
pylori infection increases risk of synchronous colorectal adeonoma and
cartoid arteryplaque.Oncotarget 2017;8:108655–64. [PMID:29312558].

[47] FiguraN, Vindigni C, Presenti L. New acquisitions in Helicobacter pylori
characteristics. Ital J Gastroenterol Hepatol 1998;30(suppl 3):S254–8.
[PMID: 10077748].
7

confined to CagA-positive Helicobacter pylori strains: prospective
results from the Bruneck study. Stroke 2003;34:610–5. [PMID:
12624280].

[49] Diomedi M, Pietroiusti A, Silvestrini M. CagApositive Helicobacter
pylori strains may influence the natural history of atherosclerotic stroke.
Neurology 2004;63:800–4. [PMID: 15365126].

[50] Pietroiusti A, DiomediM, SilvestriniM, et al. Cytotoxin-associated gene-
A–positive Helicobacter pylori strains are associated with atherosclerotic
stroke. Circulation 2002;106:580–4. [PMID: 12147540].

[51] Franceschi F, Sepulveda AR, Gasbarrini A, et al. Cross-reactivity of anti-
CagA antibodies with vascular wall antigens: possible pathogenic link
between Helicobacter pylori infection and atherosclerosis. Circulation
2002;106:430–4. [PMID: 12135941.

[52] Li M, Shen Z, Li YM. Potential role of Helicobacter pylori infection in
nonalcoholic fatty liver disease. World J Gastroenterol 2013;19:7024–
31. [PMID: 24222944].

[53] Do�gan Z, Filik L, Ergül B, et al. Association between Helicobacter pylori
and liver-to-spleen ratio: a randomized-controlled single-blind study. Eur
J Gastroenterol Hepatol 2013;25:107–10. [PMID: 23013624].

[54] Polyzos SA, Kountouras J, Zavos C. Nonalcoholic fatty liver disease: the
pathogenetic roles of insulin resistance and adipocytokines. Curr Mol
Med 2009;9:299–314. [PMID: 19355912].

[55] Abenavoli L, Milic N, Masarone M, et al. Association between non-
alcoholicfatty liver disease, insulin resistance and Helicobacter pylori.
Med Hypothesis 2013;81:913–5. [PMID: 24011768].

http://www.md-journal.com

	Helicobacter pylori infection combined with non-alcoholic fatty liver disease increase the risk of atherosclerosis
	1 Introduction
	2 Materials and methods
	2.1 Patient selection
	2.2 Scanning protocol and definition of NAFLD in abdominal ultrasound
	2.3 Scanning protocol and definition of carotid artery lesion in ultrasound examination
	2.4 Scanning protocol and definition of H pylori infection
	2.5 Clinical data collection and questionnaire
	2.6 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Risk of any carotid artery plaque according to NAFLD and H pylori infection status
	3.3 Univariate analysis and multivariate logistic regression for predictors of any carotid artery plaque
	3.4 Univariate analysis and multivariate logistic regression for predictors of NAFLD combined with carotid artery plaque

	4 Discussion
	5 Conclusions
	Author contributions
	References


