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BACKGROUND: Helicobacter pylori (H. pylori) infection affects ~4.4 billion people worldwide. Several studies suggest that this
pathogen impacts the digestive system, causing diverse and severe conditions, and results in extragastrointestinal disor-
ders like vascular diseases. Our study aims to examine the association between H. pylori infection and carotid intima-media
thickness.

METHODS AND RESULTS: Electronic databases (MEDLINE, Embase, CENTRAL, Web of Science, and Scopus) were searched
for studies, comparing the thickness of the carotid intima-media in H. pylori-infected and noninfected individuals listed until
October 20, 2020. Statistical analyses were performed using the random effects meta-analysis of model of weighted mean
differences with the corresponding 95% CI using the DerSimonian and Laird method. The protocol was registered in ad-
vance in PROSPERO (International Prospective Register of Systematic Reviews; CRD42021224485). Thirteen studies were
found meeting inclusion criteria for our systematic review and meta-analysis, presenting data on the thickness of the carotid
intima-media considering the presence of H. pylori infection. Altogether, 2298 individuals’ data were included (1360 H. pylori
positive, 938 negative). The overall carotid intima-media thickness was significantly larger among infected patients compared
with uninfected participants (weighted mean difference: 0.07 mm; 95% Cl, 0.02-0.12; P=0.004; I°=91.1%; P<0.001). In case of
the right common carotid artery, the intima-media thickening was found to be significant as well (weighted mean difference,
0.08 mm; 95% Cl, 0.02-0.13, P=0.007; °=85.1%; P<0.001), while it showed no significance in the left common carotid artery
(weighted mean difference, 0.12 mm; 95% Cl, —-0.05 to 0.28, P=0.176; 1°=97.4%; P<0.001).

CONCLUSIONS: H. pylori infection is associated with increased carotid intima-media thickness. Therefore, the infection may
indirectly contribute to the development of major vascular events.
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Helicobacter pylori infection; in 2015, the esti-

mated number of infected individuals was 4.4
billion.! The prevalence of H. pylori is around 80% in
middle-aged adults in developing countries.? While
48.6% of the examined adults were H. pylori positive,
only 32.6% of children (<18 years) were infected world-
wide, according to a recent meta-analysis based on

Over half of the world’s population is affected by

183 studies mainly from Asia, Europe, Latin America,
and the Caribbean.®

The relationship between atherosclerosis and
H. pylori infection has been extensively studied.
Karadag et al* examined carotid intima-media thick-
ness (CIMT), epicardial adipose tissue thickness,
and biologic markers of inflammation (high-sensitivity
C-reactive protein) in patients who were H. pylori
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CLINICAL PERSPECTIVE

What Is New?

e Data of 13 observational studies on carotid
intima-media thickness, comprising 2298 indi-
viduals (1360 Helicobacter pylori—-positive and
938 negative cases), were included in our sys-
tematic review and meta-analysis.

e Weighted mean differences were calculated
to determine significant differences in terms of
carotid intima-media thickness between the H.
pylori-positive and —negative groups.

e The analyses revealed statistically significant
association of H. pylori infection and overall ca-
rotid intima-media thickness as well as the right
but not left common carotid arteries.

What Are the Clinical Implications?

e H. pylori testing might be considered in indi-
viduals with a thicker carotid intima-media,
especially in those with other risk factors of cer-
ebrovascular or cardiovascular diseases.

e The screening and eradication of H. pylori infec-
tion in the general population should not be fully
discarded as a potential intervention to contrib-
ute to the risk reduction of future cerebrovascu-
lar and cardiovascular events.

e The inequality of the cost-benefit ratio is a se-
vere limitation of this approach.

Nonstandard Abbreviations and Acronyms

CIM carotid intima-media
TC total cholesterol
WMD  weighted mean difference

positive and found a relationship between the infec-
tion and CIMT.®

The published literature on the link between H. pylori
infection and stroke is controversial. In 1996, a nested
case-control study by Whincup et al® found an asso-
ciation between H. pylori infection and increased risk
of stroke; however, the relationship was not significant
after adjustment for major risk factors. Later, Doheim
et al” claimed in their meta-analysis that anti-H. pylori
IgG positivity increases the risk of stroke. In another
meta-analysis, Wang et al® concluded that patients
with chronic H. pylori infection are more likely to have
a stroke by a noncardioembolic cause. Despite these,
another meta-analysis claims no strong relationship
between H. pylori infection and stroke.® Wasay et al'®
identified H. pylori gastritis as a nonindependent risk
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factor for a higher occurrence of stroke in their cohort
study. A recent systematic review and meta-analysis
concluded that in infected individuals the possibility
of acute coronary syndrome increased." Schéttker
et al'? found no association between the infection
and major vascular events, cardiovascular mortality,
and all-cause mortality in a population-based cohort
study.

Concerning the relationship between the pro-
liferation of the carotid arterial wall layers and the
propagation of cerebrovascular and cardiovascu-
lar diseases, O’Leary et al'® support in a cohort
that CIMT is directly associated with an increased
risk of major vascular events in individuals aged
>65 years and no history of cardiovascular disease.
Centuridon' emphasized the importance of the non-
invasive measurement of atherosclerotic burdens
and also a relation of CIMT to the severity of sys-
temic atherosclerosis.

According to Wang et al,'® patients diagnosed with
type 2 diabetes showed endothelial vascular impair-
ment and thickening of CIM layers compared with
healthy individuals. Another cross-sectional study as-
sociated time length in a range of patients with type 2
diabetes with increased CIMT.'

The findings mentioned above suggest a link be-
tween H. pylori infection and thicker carotid artery
wall layers. However, clear evidence of the associa-
tion is missing, and the literature is full of contradictory
findings.

Our study aimed to evaluate the association of H.
pylori infection and CIMT in a meta-analysis.

METHODS

The authors declare that all supporting data are avail-
able within the article and its online supplemental files.

A systematic review and meta-analysis of the
studies was reported by the guidance of Preferred
Reporting Iltems for Systematic Reviews and Meta-
Analyses Statement (Table S1).'”

Protocol

The protocol was registered in advance in PROSPERO
(International Prospective Register of Systematic
Reviews) under the number CRD42021224485. Deviating
from the originally planned protocol, no analyses on
cytotoxin-associated gene A positivity and age dis-
tribution were performed. No hazard ratios were re-
ported. According to the Cochrane Handbook, pairs
were formed; if not, 2 comparable groups were pub-
lished in a study.'”® Subgroup analysis was performed
on the basis of geographic distribution. For dichoto-
mous outcomes, odds ratios (ORs) with 95% Cls were
calculated.
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Systematic Search

The literature search of 5 electronic databases
(MEDLINE, Embase, CENTRAL, Web of Science, and
Scopus) from inception until October 20, 2020, was
conducted. All fields/texts were searched except for
Scopus (“article title, abstract, keywords"), and no
filters were applied. The clinical question was based
on the PECO (Population, Exposure, Comparison,
Outcome) framework: In this study, P means the indi-
viduals whose CIMT was measured, £ is the individuals
who are H. pylori positive, C marks the comparison
between participants who are H. pylori positive and H.
pylori negative, and the primary O is the intima-media
thickness in mm given separately for overall (the mean
of the right and left common carotid arteries) and right
and left carotid. The secondary outcomes, as part
of our substantial analyses, were laboratory param-
eters (triglyceride, total cholesterol [TC], high-density
lipoprotein [HDL], low-density lipoprotein [LDL]), the
number of patients with diabetes, age, and hyperten-
sion. The following search key was used to find the
relevant studies: (Helicobacter OR pylori) AND (caroti*
or [Cerebrovascular Disorders] OR [Cardiovascular
Diseases)). The references of the eligible articles were
also reviewed to identify additional eligible studies.

Inclusion and Exclusion Criteria

Only peer-reviewed observational studies (including
cohort, cross-sectional, and case-control studies)
were eligible for inclusion, which reported on at least 1
CIMT in mm of adult patients who were H. pylori posi-
tive and adult patients who were negative. No other
cardiovascular markers were needed for inclusion.
Pediatric studies (<18 years) and nonhuman studies
were excluded. All methods of H. pylori infection deter-
mination were accepted.

Selection and Data Extraction

The selection process was conducted by 2 independ-
ent authors (O.S., E.O.). All results from the databases
were transferred to a reference manager program
(EndNote X9.3.3., Clarivate Analytics, Philadelphia,
PA). After automatic and manual removal of duplicates,
the records were screened on the basis of title, ab-
stract, and full text following predetermined principles.
Disagreements were resolved by a third investigator
(L.S.). Cohen’s kappa coefficient was calculated to
measure interrater reliability during the selection pro-
cess.® The same independent investigators (O.S.,
E.O.) performed the data extraction onto a data col-
lection sheet (Excel, Office 365, Microsoft, Redmond,
WA). The following data were extracted from the eli-
gible articles: first author, publication year, Digital
Object Identifier, study design, the detection method
of H. pylori, geographic location, age distribution, sex
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distribution, number of patients in each comparison
group, number of patients with each event (eg, H. py-
lori positivity), laboratory parameters (triglyceride, TC,
LDL, HDL), and number of patients with diabetes and
hypertension in each group. The thickness of the ca-
rotid intima-media (CIM) layers is given in mm for the
right side, left side, and overall. Disagreements were
resolved by a third investigator (L.S.).

Measurement of CIMT

Since the method of CIMT measurement shows wild
differences, any approach was accepted. Generally,
the measurement of CIMT shows moderate heteroge-
neity. There are slight differences in the definition of
CIMT and the place of measurement by ultrasound.
Characteristics of the CIMT measurements in the in-
cluded articles are noted in Table S2.

Inclusion of Multiple Groups From One
Study

As for studies with not just 2 comparable groups, we
formed pairs according to the Cochrane Handbook.'®
In the case of 4 articles,?®23 not only the presence
or the absence of H. pylori was examined but also
various comorbidities. These were alcoholic liver dis-
ease,’° diabetes,?! at least 2 risk factors for atheroscle-
rosis (hypertension, hyperlipidemia, obesity, diabetes,
smoking, female sex, personal history of atherosclero-
sis, and family history of premature atherosclerosis),??
or early-stage diabetic kidney disease.?® We paired the
H. pylori—positive group with the negative one, pre-
senting the same comorbidity. In other cases, when
the previously mentioned method could not be ap-
plied, we chose to compare the groups with the higher
number of participants.*?2425

Management of Further Sources of
Inaccuracy

In the study published by El Hadidy et al,?® CIMT results
were bigger with 1 decimal than in the other articles in-
cluded in this meta-analysis. Furthermore, no informa-
tion was published on the definition of CIMT and the
measurement area of CIM (Table S2). Influence diagnos-
tics were performed in the case of right and left CIMT to
determine this specific article’s effect on the outcome.
Sensitivity analysis and statistical analyses were per-
formed with and without their data to assess the effect
of their questionable results on the pooled analysis.

Substantial and Subgroup Analyses

We performed substantial analyses to see how the
characteristics of the included population affect the
results. Laboratory parameters of triglyceride, TC,
LDL, and HDL levels were compared between the H.
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pylori—-positive and —negative groups. The pooled val-
ues were given in mmol/L. The numbers of patients
with diabetes, age, and hypertension in the specific
groups were also compared. We performed additional
subgroup analyses based on the geographic distribu-
tion and detection method of the bacterium.

Statistical Analysis

For dichotomous outcomes (diabetes and hypertension)
ORs with 95% Cls, and for continuous outcomes (CIMT,
age, and laboratory parameters), weighted mean differ-
ence (WMD) with 95% Cl were calculated on the basis of
crude estimates. In one case,?” the means and SDs were
calculated from the median, minimum, and maximum
values and the sample size according to Wan’s method.?®
We used the random effect model by DerSimonian and
Laird®® with the estimate of heterogeneity in all cases.
An P test was performed to assess the heterogeneity.
According to the Cochrane Handbook,'® the interpreta-
tion of the I value is the following: If it is 0% to 40%, the
heterogeneity is considered as “might not be important,”
from 30% to 60% it is “moderate,” 50% to 90% means
“substantial” heterogeneity, while from 75% to 100% the
heterogeneity is “considerable.” Results were displayed
graphically using forest plots. For our primary outcome
(overall, right and left CIMT) we assessed publication
bias by visually inspecting funnel plots to detect nonsym-
metrical distribution of SEs around the study-level effect
estimates, and the Egger’s test, using a significance of
P<0.05 to indicate significant asymmetry. These sta-
tistical analyses were performed in STATA version 16.0
(StataCorp, College Station, TX). Influence diagnostics
are basic ways to detect and remove outliers in meta-
analyses. Studies without particularly high or low effect
sizes can still exert a very high influence on our overall
results and may lead to some concerns regarding the
robustness of the pooled effect.?° In our meta-analysis,
the following methods were applied: (1) Externally
Standardized Residuals (rstudent), (2) DFFITS value, (3)
Cook’s Distance, (4) Covariance Ratio, (5) Tau?, (6) Q val-
ues, (7) Hat value, (8) Study Weight. Influence diagnostics
were performed with metafor package in R (R Foundation
for Statistical Computing, Vienna, Austria).3' As an exten-
sion to our subgroup analyses by meta-regression, the
effect of continuous and categorical characteristics and
the effects of multiple factors were investigated simulta-
neously. The minimum number of the included studies
was at least 10."® In our meta-analysis, the groups of age
difference, geographic location, and detection method
met this criterion. Univariable meta-regressions were per-
formed in R with the package meta.®

Risk-of-Bias Assessment

The risk of bias in the eligible studies was evalu-
ated using the Quality in Prognosis Studies tool by 2
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independent review authors (O.S., E.O.).%% The assess-
ment comprises 6 main domains, which were scored
as low, moderate, or high risk of bias. If all domains
were deemed as low risk, the overall assessment was
a low risk of bias. If a study carried a domain with high
risk or at least 3 domains with moderate risk, the over-
all assessment was a high risk of bias. All other cases
were rated as moderate. Disagreements between the
reviewers were resolved by consensus.

RESULTS

Selection Process

The electronic literature search identified 4725 re-
cords. After the removal of duplicates, 2824 records
were left; 106 full-text articles were assessed for eli-
gibility (Cohen’s kappa coefficient, 0.83), and after the
selection process (Cohen’s kappa coefficient, 0.83), 13
studies were included both in qualitative and quanti-
tative synthesis (Figure 1).429-27.34-37 Table 1. presents
the baseline characteristics of the enrolled studies,
and Table S3 provides a further comparison of the H.
pylori—positive and —negative groups.

Characteristics of the Included Studies
Altogether, 2298 individuals were included: 1360 H.
pylori—positive cases and 938 negative cases. All 13
included studies were single-center, retrospective, ob-
servational studies. H. pylori positivity was determined
by urea breath test in 377 cases, by serum ELISA
in 786 cases, by histology in 127 cases, and using
combined methods (stool antigen, urea breath test,
histology, or cultivation) in 70 cases. In terms of the
geographic distribution, 4-4 studies were performed in
China and Turkey, 2-2 in Egypt and Italy, and 1 in Iran.
In the way of CIMT measurement, used in included
studies, no general practice was found (Table S2). Four
of the included studies published data on plaques in
the area of CIMT measurement,??427.34 byt a stand-
ardized definition and clear inclusion/exclusion criteria
are missing. Because of these, we were not able to
perform any statistical analyses on plaques detected
in the carotid arteries, but we would like to emphasize
its importance in future studies.

H. pylori Infection and CIMT

A significant difference was found in the case of overall
CIMT, which was thicker in H. pylori-positive patients
based on the included 11 studies (1151 patients who
were H. pylori-positive versus 692 patients who were
H. pylori negative; WMD, 0.07 mm; 95% ClI, 0.02-0.12;
P=0.004; 1°=91.1%; P<0.001; Figure 2).420-2527343537 |n
4 studies, the right and the left CIMT were detailed sep-
arately.?42%3436 Based on these, significantly increased
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection and inclusion.
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Table. Basic Characteristics of the Included Studies
Age
(mean+SD)
HP detection No. of H. pylori H. pylori Sex
Study method Country | patients | positivity negativity (female %) | Comorbidities (considered)
Bao-Ge et al?® 2017 I. Urea breath test China 78 46.37+7.37* 46.72+6.89* 10.26 Alcoholic liver disease
Bao-Ge et al’® 2017 Il. | Urea breath test China 82 46.74+6.69* 46.66+6.75* 10.98 None
Basyigit et al** 2012 Stool antigen, urea Turkey 61 40.9+10.3 42.3+9.4 52.45 Hypertension,
breath test diabetes
Diomedi et al** 2004 Serum ELISA Italy 124 68.8+9.8 66.9+15.8 39.52 Hypertension,
diabetes
El Hadidy et al®® 2009 | Serum ELISA Egypt 60 NI NI 73.34 Hypertension,
diabetes
Hamed et al’' 2008 | Serum 2-step Egypt 80 47.6+9.1 48.2+9.3 51.25 Diabetes
immunometric assay
Hamed et al*' 2008 Il | Serum two-step Egypt 60 46.2+9.7 50.2+6.5 40 Diabetes
immunometric assay
Judaki et al®® 2017 Urea breath test, Iran 80 45.64+8.32 46.52+5.52 48.75 Hypertension
histology, culture
Karadag et al* 2018 Histology Turkey 45 50+8.2 52+7.9 53.34 Hypertension
Koksal et al?? 2004 | Serum ELISA Turkey 84 46.7£14.7 45171 71.43 Hypertension
Koksal et al?? 2004 11 Serum ELISA Turkey 50 45+11 45+10 68 Hypertension
Mayr et al®® 2003 Serum ELISA Italy 421 56.61 55.7t 4774 None
Mete et al’” 2013 Histology Turkey 134 49.8+8.7 50.2+9.33 58.21 Hypertension
Shan et al®® 2018 Serum ELISA China 395 NI NI 57.47 Hypertension
Xu et al’” 2016 Urea breath test China 364 63.2+10.4 62.8+11.7 46.98 None
Feng et al*® 2018 | Urea breath test China 89 46.1+0.58* 46.79+0.63* 20.22 Hypertension,
diabetes,
early-stage diabetic kidney
disease
Feng et al?® 2018 I Urea breath test China 91 46.64+0.54* 46.61+0.53* 21.98 Hypertension,
diabetes,
early-stage diabetic kidney
disease

HP indicates, Helicobacter pylori; and NI, no information.
*Mean+SE.
Mean without SD.

CIMT was also detected in the right carotid artery;
among H. pylori-infected individuals, it was 0.08 mm
thicker than in the H. pylori-negative group (342 H.
pylori-positive patients versus 308 patients who were
H. pylori negative; WMD, 0.08 mm; 95% ClI, 0.02-0.13;
P=0.007; 1°=85.1%; P<0.001; Figure 3), while no signifi-
cant difference was found in the left carotid artery (342
patients who were H. pylori positive versus 308 patients
who were H. pylori negative; WMD, 012 mm; 95% Cl,
-0.05-0.28; P=0.176; °>=97.4%; P<0.001; Figure 4).

In case of the article by El Hadidy et al,?®® we faced
several uncertainities: The values of CIMT were bigger
with 1 decimal than in the other included articles regard-
ing right and left CIMT; the definition of CIMT and the
measurement area of the CIM is not reported, and it car-
ries a high risk of bias. If such studies are detected, it is
advisable to recalculate our meta-analysis without them
to see if this changes the interpretation of our results.®
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As for the influence diagnostics, based on all methods,
in the case of the right carotid, the outliers, with higher
values than the threshold value, are the articles by El
Hadidy et al and Shan et al,?%% while in the case of left
carotid, these are Mete et al and Shan et al.?”*® Because
of the small number of the included studies in the right
and left CIMT analyses, only 1 article could be excluded
at the same time. To keep it uniform and considering the
above-mentioned uncertainities, we decided to choose
the same publication in both cases, which is the article
by El Hadidy et al.?® By sensitivity analysis and repeating
the comparison without the data published by El Hadidy
et al,?® the significant difference was still detectable in
the right carotid (319 patients who were H. pylori positive
versus 271 patients who were H. pylori negative; right:
WMD, 0.08 mm; 95% Cl, 0.02-0.13; £=0.006; 1°=89.5%;
P<0.001; left: WMD, 0.13 mm; 95% ClI, —0.05 to 0.30;
P=0.153; I°=98.3%; P<0.001; Figure S1 through S4).
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N, mean N, mean %
Studies WMD (95% Cl)  (SD); HP+ (SD); HP- Weight
1
Koksal II. (2004)22 — 0.11(-0.20,-0.02) 30,.56(19) 20, 67(13) 672
1
Koksal |. (2004)22 — 0.03(-0.19,0.13) 63, .85 (.38) 21, 88(3) 436
X 1
Mayr (2003)2° - -0.00 (-0.04,0.03) 285, 986 (.184) 136, 991 (187) 8.39
1
Feng Il. (2018)23 -* 0.00(-0.03,0.03) 42, 75(07) 49, 75(06) 863
I 1
Bao-Ge II. (2017)2° + - 0.01(-048,050) 35, .71(1.12) 47, 7(1.1) 0.83
Hamed II. (2008)" - 0.04 (0.00,0.08) 46, .62 (.08) 14, 58 (06) 837
Basyigit (2012)34 - 0.06 (0.02,0.10) 30, .71 (1) 31, 65(06) 830
Hamed |. (2008)2" —— 0.06 (-0.01,0.13) 68, .84 (17) 12, .78 (1) 7.42
Feng I (2018)23 - 0.08(0.05,0.11) 51, .84 (.06) 38,76 (08) 857
Bao-Ge |. (2017)20 > 0.08 (-0.50,0.66) 41, .84 (1.6) 37,76(97) 060
1
Judaki (2017)35 —— 0.10(-0.01,021) 40, 58(13) 40, 48(32)  6.04
Karadag (2018)* —— 0.11(0.05,017) 24, .78 (11) 21, 67(08) 788
Diomedi (2004)2* 0.12(0.04,020) 85 113(26) 39,101(17) 7.16
Xu (2016)37 " 0.19(0.16,022) 208,1.12(.18) 156, 93(15) 8.49
|}
Mete (2013)27 L. 022(0.18,0.26) 103, 79 (2) 31, 57(06) 824
Overall (I-squared = 91.1%, p = 0.000) O 007(0.02,012) 1151 692 100.00
1
1
NOTE: Weights are from random effects analysis 1
T T
q 0 1
Favors HP+ Favors HP-

Figure 2. Forest plot of studies comparing overall carotid intima-media thickness between individuals who were

Helicobacter pylori positive and negative.

Black diamonds represent the weighted mean difference between the 2 groups we compared, and horizontal lines show the
corresponding 95% Cls. Size of the gray squares reflects the weight of a particular study. The blue diamond is the overall or summary
effect. The outer edges of the diamonds represent the Cls. HP indicates Helicobacter pylori; and WMD, weighted mean difference.

Meta-Regression to Determine the
Effect of Age, Geographic Location, and
Detection Method

Meta-regression could be performed if at least 10 ar-
ticles were included in the specific groups. In the case
of age, geographic location, and detection method,
this condition is met among included individuals with
published overall CIMT values. There were no sig-
nificant regression of age (WMD, 0.0021; I°=91.12%;
P=0.9033), geographic location (WMD, -0.0248;
°=93.84%; P=0.7326) and detection method (WMD,
0.0645; I°=91.11%; P=0.3183; Figure S5).

Diabetes, Age, Hypertension, and
Laboratory Parameters of Included
Individuals

There was no significant difference in the preva-
lence of diabetes in the 2 compared groups (OR,
1.15; 95% Cl, 0.49-2.68; P=0.751; I°=0%; P=0.997,

J Am Heart Assoc. 2022;11:€022919. DOI: 10.1161/JAHA.121.022919

Figure SBA).2123242634 The mean age of individuals
who were H. pylori positive did not differ from the mean
age of the negative individuals (866 patients who were
H. pylori positive versus 556 patients who were H. py-
lori negative; WMD, —0.35 years; 95% Cl, —1.18 t0 0.48;
P=0.404; 1°=0%; P=0.961; Figure S7).420-24.27.343537
These results correlates with the meta-regression.
There was no significant difference in the odds of pa-
tients diagnosed with hypertension in the 2 compared
groups (OR, 0.91; 95% Cl, 0.59-1.39; P=0.65; 1°=0%;
P=1; Figure S6B).422-24.26.27:34=86 | ghoratory parameters
of TG, triglyceride, LDL, and HDL were compared from
the listed studies.?0-23:26.27:3437 The TC level was signifi-
cantly higher in the positive group (634 patients who
were H. pylori positive versus 428 patients who were H.
pylori negative; WMD, 0.07 mmol/L; 95% ClI, 0.01-0.13;
P=0.017; I°=0%; P=0.826; Figure S8). No further sig-
nificant differences were detected in case of laboratory
parameters like triglyceride (664 patients who were H.
pylori positive versus 459 patients who were H. pylori
negative; WMD, 0.09 mmol/L; 95% ClI, -0.01 to 0.19;
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Figure 3. Forest plot of studies comparing right carotid intima-media thickness between individuals who were Helicobacter

pylori positive and negative.

Black diamonds represent the weighted mean difference between the 2 groups we compared, and horizontal lines show the
corresponding 95% Cls. Size of the gray squares reflects the weight of a particular study. The blue diamond is the overall or summary
effect. The outer edges of the diamonds represent the Cls. HP indicates Helicobacter pylori; and WMD, weighted mean difference.

P=0.088; °’=44.5%; P=0.063), LDL (664 patients who
were H. pylori positive versus 459 patients who were
H. pylori negative; WMD, 0.06 mmol/L; 95% CI, —0.00
to 0.13; P=0.058; I°=22.8%; P=0.233), or HDL (664 pa-
tients who were H. pylori positive versus 459 patients
who were H. pylori negative; WMD, 0.09 mmol/L;
95% Cl, —-0.01 to 0.19; P=0.693; 1°=88.5%; P<0.001;
Figure S9 through 11).

Subgroup Analyses Based on Geographic
Location
We performed subgroup analyses on overall CIMT for
geographic localization. Three studies published data
on 704 subjects from China; 377 were H. pylori posi-
tive and 327 negatives.?°?3%" Four studies were from
Turkey with 374 participants,*2%2734 250 were infected
and 124 were not infected. There were no significant
differences between the CIMT of infected and nonin-
fected subjects in neither Chinese (WMD, 0.09 mm;
95% Cl, —-0.01 to 0.19; P=0.094; 1’=94.5%; P<0.001)
nor Turkish studies (WMD, 0.06 mm; 95% CI, —-0.04
to 0.16; P=0.259; 1°=92.9%; P<0.001), if the individu-
als were compared with noninfected controls from the
same country (Figure S12 and S13). These results cor-
relate with the meta-regression.

Even in the geographically uniform subgroup anal-
yses, there was a considerable degree of remaining
heterogeneity within subgroups.

J Am Heart Assoc. 2022;11:€022919. DOI: 10.1161/JAHA.121.022919

Subgroup Analyses Based on H. pylori
Detection Method

We performed subgroup analyses among individuals
involved in the analysis of overall CIMT based on the
detection method of the pathogen. In 3 studies, urea
breath test identified 377 positive and 327 negative in-
dividuals.?%2337 Serology was used in 4 studies, identi-
fying 577 positive and 242 negative individuals.?!?22425
In the case of the urea breath test (WMD, 0.09 mm;
95% Cl, —-0.01 to 0.19; P=0.094; 1°=94.5%; P<0.001)
and serum ELISA (WMD, 0.02 mm; 95% CI, —0.03 to
0.07, P=0.456, 1°=73.8%, P=0.002), there was no sig-
nificant differences in the CIMTs (Figure S14 and S15).
These results correlate with the meta-regression.

Risk-of-Bias Assessment

The Quality in Prognosis Studies tool was applied for our
primary outcomes, the overall, right, and left CIMT. The 6
main domains were scored as low, moderate, or high risk of
bias. The overall risk of bias for overall CIMT was low in 10
studies,*?0-2427343587 whilg it was moderate in 1.25%8 As for
studies publishing data on right and left CIMT, in both cases,
3 studies carried low risk,?"*+36 and 1 study carried a high
risk of bias.?® Details are shown in Figure 5 and Figure S16.

Publication Bias

The visual assessment of the funnel plot for overall
CIMT showed relatively big study samples and small
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Figure 4. Forest plot of studies comparing left carotid intima-media thickness between individuals who were Helicobacter

pylori positive and negative.

Black diamonds represent the weighted mean difference between the 2 groups we compared, and horizontal lines show the
corresponding 95% Cls. Size of the gray squares reflects the weight of a particular study. The blue diamond is the overall or summary
effect. The outer edges of the diamonds represent the Cls. HP indicates Helicobacter pylori; and WMD, weighted mean difference.

SE, suggesting that publication bias is unlikely. The
Egger test revealed no small-study effect (P=0.971). As
for right and left CIMT, the sample numbers are low
(Figure $17).

DISCUSSION

Our meta-analysis supported that H. pylori infection
is associated with the overall CIMT. The thickening
was more detectable in the right carotid artery. The
substantial analyses found higher TC levels among in-
fected patients. Still, there were no significant differ-
ences between the H. pylori-positive and —negative
groups regarding the other investigated laboratory
parameters (triglyceride, LDL, and HDL) influencing
atherosclerosis.

In our analysis, the overall CIMT of the individuals
who were H. pylori positive individuals was 0.07 mm
bigger than in the negative group. According to the
measurements on individuals with no cardiovascular
risk factors by Jarauta et al,*® the normal CIMT was
found to be 0.59 to 0.95 mm in men, and 0.52 to
0.93 mm in women. Willeit et al*® claim that the aver-
age of CIMT is 0.65 to 0.9 mm in adults, and the thick-
ness is increasing by 0 to 0.04 mm/y. Intimal thickening
and later atherosclerosis in areas of low and oscillatory
shear stress are attributable to prolonged endothelial

J Am Heart Assoc. 2022;11:€022919. DOI: 10.1161/JAHA.121.022919

exposure.*’ A 3-year study by Pessin et al*? draw at-
tention to the importance of the detection of silent ca-
rotid artery diseases, as 50% of their patients suffered
moderate to severe carotid stroke without any warning
clinical symptoms such as transient ischemic attack. A
clinical trial scanning both carotid and femoral arteries
of asymptomatic individuals found, that a future car-
diovascular event can be predicted using arterial mor-
phology classification and ultrasound arterial score.*®
Another study claims that patients with a thicker CIM
should be examined for coronary artery lesions.** In
2008, the American Society of Echocardiography con-
sensus statement concluded that the measurement
of carotids could specify the cardiovascular disease
risk assessment only with limitations in general clinical
practice.*® In addition, a recent guideline, published in
2016 by the European Society of Cardiology, did not
recommend the screening of carotid arteries to esti-
mate cardiovascular risk.®

A significant difference was found when compar-
ing the thickness of the right carotid between the H.
pylori-positive and —negative groups. Both by inclu-
sion and exclusion of the unclear data provided by El
Hadidy,?® CIM was 0.08 mm thicker among individuals
who were H. pylori infected. We found no difference
of CIMT between positive and negative participants in
the subgroup analysis of the studies with detailed data
on the left CIMT. Luo et al*” examined the right and left
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Figure 5. Result of risk-of-bias assessment for primary outcomes.
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high risk or at least 3 domains with moderate risk, the overall risk was defined as high (red, -). All other cases were rated as moderate

(yellow, ?). CIMT indicates carotid intima-media thickness; and NA, not applicable.
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carotid arteries separately. He found that the thickness
of the right carotid artery is more likely to be associated
with altered hemodynamic parameters, whereas the
change in the left carotid thickening rather correlates
with changes in biochemical indices. The anatomic
difference can be the other explanation.*® High shear
stress in the left carotid artery results in greater he-
modynamic stress in the left cerebral hemisphere.*®
According to a cohort study, the plagues in the right
carotid artery were found to be more stable because of
pronounced calcification, while the left carotid plaques
were more vulnerable, often with intraplaque hemor-
rhage.®® However, the Rotterdam Study suggests that
the difference in recognizability can be responsible
for the higher number of reported left-sided clinical
strokes and transient ischemic attacks.’! As for car-
diac relevance, both mean right and left CIMTs were
significantly higher among individuals with coronary
artery disease than in the control group. Furthermore,
the thickness of the common carotid artery on both
sides suggested a positive correlation to more severe
coronary artery disease.®?

Presumably, several factors and mechanisms influ-
ence the thickening of the carotid arteries. According
to the review of the major risk factors on CIMT, age,
sex, hypertension, systolic blood pressure, smoking,
body mass index, diabetes, dyslipidemia, impaired TC
and LDL- and HDL-cholesterol levels, and fasting glu-
cose level seem to have the most important influence.
Furthermore, biological markers were also found to be
associated with CIMT.%3 Besides these, Libby et al®
also noted alteration in the endothelium, triglyceride,
and inflammation. Vijayvergiya et al,®® going into the
details of possible mechanisms in H. pylori-related ath-
erosclerosis, identified the elevated level of cytokines in
chronic H. pylori infection. Furthermore, their decrease
after eradication was also observed. This suggests
that H. pylori causing chronic inflammation might play
arole in atherosclerotic plaque formation and endothe-
lial dysfunction. Similarly, several studies found that H.
pylori positivity was associated with dyslipidemia with
higher TG, triglyceride, LDL, and apolipoprotein-B, and
lower HDL and apolipoprotein-A levels, and reverse
changes were observed after eradication. At the same
time, other research could not show the effect on lab-
oratory parameters.

Our meta-analysis has some limitations, including
small sample size and different diagnostic methods.
All the included studies were retrospective, which have
their limitations, and according to our risk-of-bias as-
sessment, the presence of moderate and high-risk
domains was detected. Statistical heterogeneity could
be explained by the clinical heterogeneity caused by
slight differences in CIM definition and measurement,
geographic distribution, and different detection meth-
ods. We performed subgroup analyses to reduce the

J Am Heart Assoc. 2022;11:€022919. DOI: 10.1161/JAHA.121.022919
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heterogeneity and examine the causative role of the
latter 2 factors on our primary outcomes. However,
the heterogeneity remained high, which may limit the
generalizability of the meta-analysis. Our sample size
may also limit the testing of the effects of multiple co-
variates. Lack of standardized imaging approaches
and the inclusion of common carotid artery areas with
plagues may result in bias as well. The inclusion of mul-
tiple groups from one study and pair formation may
also limit our results. No publication bias was found.

As for basic research, further studies might give
additional evidence on molecular changes induced by
chronic inflalmmation such as H. pylori infection leading
to plaque formation. Studies with high sample num-
bers in measurements of separate right and left CIMTs
are warranted. By performing future clinical studies
among patients who are H. pylori infected, we would
have a more accurate view of this arising role.

In clinical practice, H. pylori testing might be con-
sidered in individuals with thicker CIM, especially in
those with other risk factors of cerebrovascular or
cardiovascular diseases. A recent meta-analysis
based on 100.667 participants’ data estimated that
by reducing the progression of CIM thickening by
0.01, 0.02, 0.03 or 0.04 mm/y, the relative risk of car-
diovascular disease would be 0.84 (0.75-0.93), 0.76
(0.67-0.85), 0.69 (0.59-0.79), or 0.63 (0.52-0.74), re-
spectively.*® On the other hand, the screening and
eradication of H. pylori infection in the general popu-
lation should not be fully discarded as a potential in-
tervention to contribute to the risk reduction of future
cerebrovascular and cardiovascular events. However,
the inequality of the cost-benefit ratio is a severe lim-
itation of this approach, as the benefits are unlikely to
outweigh the costs.

In conclusion, infection with H. pylori is associ-
ated with the thickening of the CIM, as it was found
to be more prominent in individuals who were H. py-
lori positive. By understanding the molecular changes
and performing large-sample-size randomized clini-
cal trials, the pathomechanism could also be further
clarified. The early screening and eradication of the
bacteria in individuals with a thicker CIMT should be
considered.
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Table S1. PRISMA checklist.

Section and Reported
Item#  Checklist item
Topic on page #
TITLE
Title 1 | Identify the report as a systematic review. Title page
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. 1
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing 4-5
knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the 5
review addresses.
METHODS
Eligibility 5 | Specify the inclusion and exclusion criteria for the review and how 6-7
criteria studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference 6
sources lists and other sources searched or consulted to identify studies.
Specify the date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and 6
websites, including any filters and limits used.
Selection 8 | Specify the methods used to decide whether a study met the 7
process inclusion criteria of the review, including how many reviewers
screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation
tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including 7

process

how many reviewers collected data from each report, whether they




Section and

Topic

Checklist item

worked independently, any processes for obtaining or confirming
data from study investigators, and if applicable, details of

automation tools used in the process.

Reported

on page #

Data items

10a

List and define all outcomes for which data were sought. Specify
whether all results that were compatible with each outcome
domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which

results to collect.

6-9

10b

List and define all other variables for which data were sought (e.g.
participant and intervention characteristics, funding sources).
Describe any assumptions made about any missing or unclear

information.

6-9

Study risk of

bias assessment

11

Specify the methods used to assess risk of bias in the included
studies, including details of the tool(s) used, how many reviewers
assessed each study and whether they worked independently, and

if applicable, details of automation tools used in the process.

10

Effect measures

12

Specify for each outcome the effect measure(s) (e.g. risk ratio,

mean difference) used in the synthesis or presentation of results.

Synthesis

methods

13a

Describe the processes used to decide which studies were eligible
for each synthesis (e.g. tabulating the study intervention
characteristics and comparing against the planned groups for each

synthesis (item #5)).

13b

Describe any methods required to prepare the data for presentation
or synthesis, such as handling of missing summary statistics, or

data conversions.

NA

13c

Describe any methods used to tabulate or visually display results




Section and

Topic

Checklist item

of individual studies and syntheses.

Reported

on page #

13d | Describe any methods used to synthesize results and provide a 9
rationale for the choice(s). If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of 9
heterogeneity among study results (e.g. subgroup analysis, meta-
regression).
13f | Describe any sensitivity analyses conducted to assess robustness of 9
the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing 10
assessment results in a synthesis (arising from reporting biases).
Certainty 15 | Describe any methods used to assess certainty (or confidence) in NA
assessment the body of evidence for an outcome.
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the 10-11
number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but NA
which were excluded, and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics. 14-17
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 19-20
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics 14-19




Section and

Topic

Checklist item

Reported

on page #

individual for each group (where appropriate) and (b) an effect estimate and
studies its precision (e.g. confidence/credible interval), ideally using
structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk 19-20
syntheses of bias among contributing studies.
20b | Present results of all statistical syntheses conducted. If meta- 14-19
analysis was done, present for each the summary estimate and its
precision (e.g. confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c | Present results of all investigations of possible causes of 14-19
heterogeneity among study results.
20d | Present results of all sensitivity analyses conducted to assess the 14-15
robustness of the synthesized results.
Reporting 21 | Present assessments of risk of bias due to missing results (arising 19-21
biases from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of NA
evidence evidence for each outcome assessed.
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of 21-23
other evidence.
23b | Discuss any limitations of the evidence included in the review. 23
23c | Discuss any limitations of the review processes used. 23
23d | Discuss implications of the results for practice, policy, and future 24
research.
OTHER INFORMATION




Section and Reported
Checklist item

Topic on page #
Registration 24a | Provide registration information for the review, including register 5
and protocol name and registration number, or state that the review was not
registered.
24b | Indicate where the review protocol can be accessed, or state that a 5

protocol was not prepared.

24c | Describe and explain any amendments to information provided at 5

registration or in the protocol.

Support 25 | Describe sources of financial or non-financial support for the 25

review, and the role of the funders or sponsors in the review.

Competing 26 | Declare any competing interests of review authors. 25
interests

Availability of 27 | Report which of the following are publicly available and where NA
data, code and they can be found: template data collection forms; data extracted

other materials from included studies; data used for all analyses; analytic code;

any other materials used in the review.

NA: not applicable

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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Table S2. Characteristics of the CIMT measurement.

Study Definition of CIMT Area of CIM measurement Calculation of the overall CIMT Machine
1 cm proximal to the CCA
Bao-Ge et inner surface of the inner membrane - 3.5-5 MHz convex probe and a high-resolution B-
bifurcation in the left and right mean of three separate values
al.? 2017 external surface of the tunica media mode ultrasound scanner
CCAs
leading edge of the lumen intimal
Basyigit et
interface -leading edge of the media NI mean of right and left values high-resolution grey-scale Doppler ultrasonography
al.% 2012
adventitia interface of the far wall
continuous-wave Doppler and color flow B-mode
mean of the maximum wall thickness for Doppler ultrasound (Esaote Biomedica, Genova,
Diomedi et 1.5 cm proximal to the CCA
NI the near and far wall on the left and right Italy)
al.%* 2004 flow divider
side with a high-resolution 7.5-MHz linear array-imaging
probe
El Hadidy
NI NI NI B mode grey scale ultrasound
et al.?6 2009
5-MHz linear transducer of a color duplex flow
Hamed et imaging system (128 XP, Acuson Corp, Mountain
NI 1 cm before carotid bifurcation mean of the two sides
al.?t 2008 View, Calif), modes: real-time B, color, and spectral
Doppler




B-mode ultrasonography (Esaote, MylabTM 70 Co.,

Judaki et average of the measurements of left and
NI NI Italy) using a high-resolution, 18-MHz linear array
al.?® 2017 right common CIMT
transducer
distance between average value of the eight measurements
1 cm proximal to the carotid
Karadag et the lumen and the intima and the on four with 1 mm distant adjacent
bifurcation NI
al.* 2018 distance between the media and localizations of the right and left carotid
adventitia arteries
At least 6 longitudinal and cross-sectional
distance between the echoes arising 1 cm before the carotid linear-array real-time ultrasound equipment with a
Koksal et measurements of both CCAs were
from the intima-media interface and bifurcation at the far wall of 7.5-MHz transducer (GE LOGIQ MD 400,
al.?2 2004 summarized and a mean CIMT was
media-adventitia interface the CCA Milwaukee, Wisc., USA)
calculated
lumen-intima interface - leading edge
Mayr et CCA proximal and distal
of the media-adventitia interface on the NI 10-MHz imaging probe and 5-MHz Doppler
al.> 2003 segments on either side
far wall
viewable distance between the lumen- grey scale high-resolution color Doppler ultrasound
Mete et al.?’ distal 1 cm of CCAs on both CIMT measurements taken from both
intima interface and the Esaote MyLab 50 (Genoa, Italy) equipped with a 5-
2013 sides sides were averaged
mediaadventitia interface 12-MHz linear transducer
1 cm proximal to the flow
Shan et al.% mean of the maximal intimamedia The average of the left and right CIMT M-mode examinations, Philips iE33 Ultrasound
divider on the distal wall of the
2018 thickness of the near and far walls values System, Holland)

CCA




leading edge of the media adventitia

1 and 2 cm away from the

Toshiba 790A color Doppler system (Toshiba

Xu et al.¥’ mean value between the right and left
interface of the far wall - the leading bifurcation, and the average of Medical Systems Corporation, Ottawa, Tochigi,
2016 CCAs
edge of the lumen intimal interface the two measurements Japan) with a 10 MHz transducer
The average CIMT was obtained from
Feng etal.?® | vertical distance from the edge of the 1.5 cm proximal to the carotid Doppler ultrasound machine (Siemens G50,
three independent measurements in the
2018 first to the second echogenic line bifurcation Germany) with a 7.5MHz transducer

bilateral CCAs

CIM: carotid intima-media, CIMT: carotid intima-media thickness, cm: centimeter, CCA: common carotid artery, NI: no information




Table S3. Comparison between H. pylori positive and negative participants.

H. pylori positivity

H. pylori negativity

0
Study pz’a\ltieonfts NO of Sex Age Overall CIMT NO of Sex Age Overall CIMT
patients (female%b) (mean£SD) (mean£SD) patients (female%) (mean£SD) (mean£SD)
Bao-Ge et al.?° 2017 |I. 78 41 12.2 46.37+7.37* 0.84+0.25* 37 8.11 46.7246.89* 0.76+0.16*
Bao-Ge et al.?° 2017 L. 82 35 8.57 46.74+6.69* 0.71+0.19* 47 12.77 46.66£6.75* 0.7+0.16*
0:0.71+0.1 O: 0.65+0.06
Bagyigit et al.® 2012 61 30 53.33 40.9+10.3 L: 0.72+0.14 31 51.61 42.3+9.4 L: 0.67+0.08
R: 0.7+0.09 R: 0.64+0.06
Diomedi et al.?* 2004 124 85 36.47 68.8+9.8 1.13+0.26 39 46.15 66.9+15.8 1.01+0.17
. 2 L: 8.08+1.54 L: 8.21+1.62
El Hadidy et al.#® 2009 60 23 82.61 NI R: 7784141 37 67.57 NI R 8.16+1.69
Hamed et al.?* 2008 |. 80 68 48.53 47.6£9.1 0.84+0,17 12 66.67 48.2+9.3 0.78+0.1
Hamed et al.?* 2008 I1. 60 46 39.13 46.2+9.7 0.62+0.08 14 42.86 50.2+6.5 0.58+0.1
Judaki et al.® 2017 80 40 55 45.64+8.32 0.58+0.13 40 42.5 46.52+5.52 0.48+0.32
Karadag et al.* 2018 45 24 50 50+8.2 0.78+0.11 21 57.14 52+7.9 0.67+0.08
Koksal et al.?2 2004 1. 84 63 73.02 46.7£14.7 0.85+0.38 21 66.67 45.1+7.1 0.88+0.3
Koksal et al.?2 2004 11. 50 30 66.67 45+11 0.56+0.19 20 70 4510 0.67+0.13
Mayr et al.® 2003 421 285 47 56.67 0.986+0.184 136 49 55.7% 0.991+0.189
0:0.73 (0.34-1.35) 0: 0.57 (0.44-0.70) %
Mete et al.?” 2013 134 103 57.29 49.848.7 L:0.74 (34-1.6) 31 61.29 50.2+9.33 L: 0.55 (0.44-0.67)%
R: 0.72 (34-1.2)} R: 0.57 (0.4-0.85)%
L: 0.65+0.01 L: 0.63+0.01
Shan et al.% 2018 395 186 NI NI R- 0.6540.01 209 NI NI R: 0.6140.01
Xu et al.¥” 2016 364 208 46.15 63.2+10.4 1.12+0.18 156 48.1 62.8+11.7 0.93+0.15
Feng etal.? 2018 1. 89 51 19.61 46.1+0.58* 0.84+0.009* 38 21.05 46.79+0.63* 0.76+0.013*
Feng et al.® 2018 11. 91 42 21.43 46.64+0.54* 0.75+0.011* 49 22.45 46.61+0.53* 0.75+0.009*

*mean+SE, 1 mean without SD, § median (min-max), HP: H. pylori, SD: standard deviation, SE: standard error, NI: no information, CIMT: carotid intima-media thickness,
O: overall, L: left, R: right




Figure S1. Influence diagnostics of the four included studies in the right carotid intima-
media thickness analyses with various methods (Externally Standardized Residuals
(rstudent), DFFITS value, Cook’s Distance, Covariance Ratio, tau2, Qvalues, Hat &
Weight).
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1: Bagyigit et al. [23] (2012), 2: El Hadidy et al. [26] (2009), 3: Mete et al. [27] (2013), 4:

Shan et al. [36] (2018).



Figure S2. Influence diagnostics of the four included studies in the left carotid intima-
media thickness analyses with various methods (Externally Standardized Residuals
(rstudent), DFFITS value, Cook’s Distance, Covariance Ratio, tau2, Qvalues, Hat &

Weight).

rstudent dffits

0.5
1

|

-15 -05

cook.d cov.r

0.2 06
I
1111

06 10 18

tau2.del

600

I T -

05 10 15 20

200

hat weight

0.15
|
0o 10 20
L1111

0.00
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Figure S3. Sensitivity analyses of the four included studies in the right and in the left

carotid intima-media thickness analyses.

RIGHT CIMT  Meta-analysis estimates, given named study is omitted LEFT CIMT Meta-analysis estimates, given named study is omitted
Lower CI Limit Estimate Upper CI Limit Lower CI Limit [ Estimate | Upper CI Limit
El Hadidy (2009)" El Hadidy (2009)% |
Shan (2018)* & Shan (20185 1

Bagyigit (2012
asygit (2012) Basyigit (201251 -

Mete (2013 (B

Mete (20137
-0.13 -0.05 0.12 0.28 0.41

-0.02 0.02 0.08 0.13



Figure S4. Forest plot of studies comparing right (A) and left (B) carotid intima-media

thickness between Helicobacter pylori positive and negative individuals without the study

published by EI Hadidy et al.
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Black diamonds represent the weighted mean difference between the two groups we compared

and horizontal lines show the corresponding 95% confidence intervals (Cl). Size of the grey



squares reflect the weight of a particular study. The blue diamond is the overall or summary

effect. The outer edges of the diamonds represent the Cls.



Figure S5. A, Meta-regression of age difference. X-axis represents age. The estimate
predicts the increase of the effect size, if one was added to the predictor (age, continuous
variable) B, Meta-regression of geographical location. X-axis represents the geographical
locations, China and Turkey. The estimate predicts the decrease of the effect size, if
Turkey was compared to China. C, Meta-regression of detection method. X-axis
represents the detection methods, enzyme-linked immunosorbent assay and urea breath
test. The estimate predicts the increase of the effect size, if urea breath test was compared

to enzyme-linked immunosorbent assay.
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In all cases, Y-axis represents the weighted mean differences of overall carotid intima-media

thickness in articles reporting these results. Each red dot represents one of these articles.



Figure S6. Forest plot of studies comparing the prevalence of diabetes mellitus (A) and

hypertension (B) between Helicobacter pylori positive and negative individuals.
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Black diamonds represent the odds ratios and horizontal lines show the corresponding 95%

confidence intervals (CI). Size of the grey squares reflect the weight of a particular study. The



blue diamond is the overall or summary effect. The outer edges of the diamonds represent the

Cls.



Figure S7. Forest plot of studies comparing the mean age between Helicobacter pylori

positive and negative individuals.
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Black diamonds represent the weighted mean difference between the two groups we compared
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effect. The outer edges of the diamonds represent the Cls.



Figure S8. Forest plot of studies comparing total cholesterol levels between Helicobacter

pylori positive and negative individuals.
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Figure S9. Forest plot of studies comparing triglyceride levels between Helicobacter pylori

positive and negative individuals.
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Figure S10. Forest plot of studies comparing low-density lipoprotein levels between

Helicobacter pylori positive and negative individuals.
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Figure S11. Forest plot of studies comparing high-density lipoprotein levels between

Helicobacter pylori positive and negative individuals.
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Figure S12. Forest plot of studies comparing overall carotid intima-media thickness

between Helicobacter pylori positive and negative Chinese individuals.
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Figure S13. Forest plot of studies comparing overall carotid intima-media thickness

between Helicobacter pylori positive and negative Turkish individuals.
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Figure S14. Forest plot of studies comparing overall carotid intima-media thickness
between Helicobacter pylori positive and negative individuals if the pathogen was detected

by urea breath test.
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Figure S15. Forest plot of studies comparing overall carotid intima-media thickness
between Helicobacter pylori positive and negative individuals if the pathogen was detected

by enzyme-linked immunosorbent assay.
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Figure S16. Bar charts for all domains separately included in risk of bias assessment of

overall (A), right (B) and left (C) carotid intima-media thickness.
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Green represents low risk of bias, yellow represents moderate and red represents high risk of
bias. Grey represents non-applicability of the subdomain for the study. X-axis represents the

percentage of each risk and the domains are represented on Y-axis.



Figure S17. Funnel plot of studies comparing overall carotid intima-media thickness

between Helicobacter pylori positive and negative individuals.

Funnel plot with pseudo 95% confidence limits
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X-axis represents the weighted mean difference between the two groups we compared. Y-axis
represents the standard error of weighted mean difference. The vertical is for overall effect. The
dashed lines represent the 95% confidence intervals. Each spot represents an included study of

the specific analysis.



