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Abstract N

Reported relationships among Helicobacter pylori infection, white blood cell (WBC) count and nonalcoholic fatty liver disease (NAFLD) |
are inconsistent and controversial. We, therefore, conducted a cross-sectional study to investigate the associations among the
presence of NAFLD, WBC count and H pylori infection, as diagnosed using the '°C-urea breath test (UBT).

This study included 20,389 subjects enrolled at the International Health Care Center of the Second Affiliated Hospital of the
Zhejiang University School of Medicine from January 2015 to December 2015. All participants underwent a '°C-UBT for the
diagnosis of H pylori infection and ultrasonography for NAFLD as well as a blood test to determine WBC count. Multivariate logistic
regression was then performed to evaluate the relationship among H pylori infection, WBC count and NAFLD.

H pylori infection was detected in 38.49% (7,848/20,389) of the subjects via the UBT, and NAFLD was present in 37.24% (7,592/
20,389) of the subjects. The prevalence of H pylori infection was higher in the NAFLD group than in the control group (41.25% vs
36.85%, P <.001). Significant differences were found between various WBC quartiles and H pylori infection, age, gender, body mass
index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), high-sensitivity C-reactive protein (HS-CRP), glycosylated
hemoglobin (HbA1c), triglyceride (TG), low-density lipoprotein (LDL-C), fasting blood glucose (FPG), homeostasis model assessment
of insulin resistance (HOMA-IR), and smoking. Multivariate logistic regression revealed that the combination of H pylori infection and
WBC count (odds ratio [OR]=1.067, 95% confidence interval [CI]: 1.014, 1.093; P=.007; OR=1.165, 95% Cl: 1.023, 1.488;
P<.001; OR=1.183, 95% CI: 1.085, 1.559; P<.001, respectively) was positively associated with NAFLD.

H pylori infection and WBC count may contribute to the pathogenesis of NAFLD.

Abbreviations: Cl = confidence interval, BMI = body mass index, DBP = diastolic blood pressure, FINS = fasting insulin, FPG =
fasting blood glucose, HbA1c = glycosylated hemoglobin, HOMA-IR = homeostasis model assessment of insulin resistance, HS-

CRP = high-sensitivity C-reactive protein, LDL-C = low-density lipoprotein, NAFLD = nonalcohoalic fatty liver disease, OR = odds
ratio, SBP = systolic blood pressure, TG = triglyceride, WBC = white blood cell.

Keywords: 'C-urea breath test, cross-sectional study, Helicobacter pylori, nonalcoholic fatty liver disease, white blood cell count

1. Introduction

Helicobacter pylori, a gram-negative bacterium, infects more
than 50% of humans!!! and causes many gastrointestinal
diseases, including peptic ulcers, chronic gastritis, gastric
mucosa-associated lymphoid tissue lymphoma, and even gastric
cancer.>3 Interestingly, H pylori infection is also associated with
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many diseases outside the stomach.'*! The Kyoto Global
Consensus Meeting proposed that H pylori gastritis should be
defined as an infectious disease.””! Studies have suggested that H
pylori infection increases systemic and vascular inflammation by
producing inflammatory factors and regulating gastrointestinal
hormone secretion, which results in the development of insulin
resistance (IR) and metabolic syndrome (MetS).l°™8! Therefore,
H pylori may be a risk factor for diabetes, cardiovascular disease,
MetS and nonalcoholic fatty liver disease (NAFLD).[*-1¢1

NAFLD is a clinical and pathological syndrome that is
characterized by excessive deposition of fat in liver cells,
excluding that caused by alcoholic liver damage or other specific
factors and is closely related to IR and genetic susceptibility to
metabolic stress-induced liver damage.['”!8! Due to the preva-
lence of obesity and its associated MetS, NAFLD has become an
important cause of chronic liver disease in developed countries
and some wealthy regions in developing countries, where it
affects 20% to 45% of the general population and 60% to 75%
of obese individuals.!”!

The white blood cell (WBC) count is a stable, readily available
and inexpensive marker of inflammation, and has become an
important predictor of infectious diseases and of cardiovascular
disease, diabetes, and NAFLD.?9-22]

Relationships between H pyloriinfection and NAFLD have been
reported in several studies,'' "%/ though other investigations have
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found conflicting results.”**** In most of these prior studies, H
pylori infection was diagnosed based on the presence of H pylori
IgG antibody in the serum™ 131416231 however, serum IgG can
persist after H pyloriis eradicated, and therefore, the presence of H
pylori IgG antibody may not reflect the current infection status.!>”!
Regardless, it is thought that only current infection status can lead
to a systemic inflaimmatory response. The *C-UBT is a
noninvasive method for the convenient detection of current H
pylori infection. The sensitivity and specificity of the UBT are
approximately 0.96 (95 % confidence interval [CI]: 0.95-0.97) and
0.93 (95% CI: 0.91-0.94), respectively.”®! To our knowledge, few
studies have investigated the association among NAFLD, WBC
count and H pylori infection by utilizing the UBT as a diagnostic
procedure.

We conducted a cross-sectional study in a large Chinese
population to investigate the associations among the presence of
NAFLD, WBC count and H pylori infection, as diagnosed by the
C-UBT.

2. Materials and methods

2.1. Study participants

Participants who voluntarily underwent a general health
screening from January to December 2015 were recruited from
the International Health Care Center of the Second Affiliated
Hospital of Zhejiang University School of Medicine. Participants
with any of the following characteristics were excluded from the
study:

1) the alcoholic consumption of 3 or more drink units per week;
2) chronic liver disease;

3) a history of gastric surgery;

4) the use of bismuth, antibiotics, proton pump inhibitors or H2
blockers within the prior 4 weeks;

severe infection;

a significant mental or neurological disorder;

a history of cancer; and

patients on steatogenic medications such as methotrexate and
corticosteroids, among others.

5
6
7
8

All subjects underwent a detailed physical examination,
including 13C-UBT detection of H pylori infection. The data
used in this study was reviewed and approved by the Ethics
Committee of the 2nd Affiliated Hospital, School of Medicine,
Zhejiang University (2014-325). All participants provided
informed consent before the examination.

2.2. Questionnaires

The medical history of each participant was obtained from a
questionnaire and included the history of the present illness,
previous diagnoses of H pylori infection, history of anti-H pylori
therapy, history of gastric surgery, history of significant mental or
neurological disorders, history of cancer(s), use of bismuth,
antibiotics, proton pump inhibitors or H2 blockers within the
previous 4 weeks, alcohol intake, and cigarette smoking.

2.3. Data collection

Blood pressure measurements were obtained after at least 10
minutes of rest. The body mass index (BMI) was defined as
weight divided by height squared (kg/m?). Fasting plasma WBC,
high-sensitivity C-reactive protein (HS-CRP), fasting blood
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glucose (FPG), fasting insulin (FINS), glycosylated hemoglobin
(HbA1lc), alanine aminotransferase (ALT), vy-glutamyltrans-
peptidase (y-GT), aspartate aminotransferase (AST), total
cholesterol (TC), high-density lipoprotein (HDL-C), low-density
lipoprotein (LDL-C), and triglyceride (TG) levels were measured
after an 8-hour overnight fast (Beckman Coulter AU 5400). The
homeostasis model assessment of insulin resistance (HOMA-IR)
was calculated according to the following formula: HOMA-IR=
[FINS (wIU/mL)xFPG (mmol/L)]/22.5.1%7]

2.4. Diagnosis of H pylori infection

After fasting for at least 2 hours, all participants underwent a *C-
UBT at our health care center. After a baseline breath sample had
been collected, participants ingested a 1>C-urea reagent that was
dissolved in water. The second breath sample was collected 30
minutes later and analyzed. A delta over baseline (DOB) value
>4.0 indicated a positive result for H pylori infection.

2.5. Definition of NAFLD

NAFLD was defined according to the guidelines published in
2012 by the American Association for the Study of Liver Diseases
(AASLD), the American College of Gastroenterology (ACG), and
the American Gastroenterological Association (AGA)."*8! In this
study, the diagnosis of NAFLD required the following;:

(1) hepatic steatosis detected by ultrasonography;

(2) no significant alcohol consumption (to strictly exclude the
influence of alcohol, we chose individuals with alcohol
consumption of less than 3 drink units per week); and

(3) no co-existing causes of chronic liver disease, such as hepatitis
C, medications, parenteral nutrition, Wilson’s disease or
severe malnutrition.

2.6. Statistical analysis

The basic information and laboratory test results of the 2 groups
(NAFLD and control group) were described and compared.
Normally distributed data are described as the mean=+the
standard deviation, and a t-test was used to compare groups.
Data with a skewed distribution are described by the median
(interquartile range), and groups were compared with Wilcox-
on’s rank-sum test. Qualitative data are described by frequency
(percentage), and the chi-square test was used to compare groups.
Additionally, WBC count (10*9/L) was further categorized into
separate quartiles: Q1: WBC <5.30, Q2: 5.30 <WBC <6.00,
Q3:6.00 <WBC <7.00, and Q4: WBC >7.00. The F test or
Kruskal-Wallis test was used to compare the data among the
different quartiles of WBC count.

Furthermore, we used a stepwise forward fitting multivariate
logistic regression model to build the prediction models of
NAFLD. The following were considered covariates in the logistic
regression analysis: age, gender, smoking, H pylori infection,
WBC, HS-CRP, HbAlc, FPG, HOMA-IR, TG, LDL-C, systolic
blood pressure (SBP), and diastolic blood pressure (DBP). The
inclusion criterion for stepwise regression was a P value <.050,
and the exclusion criterion was a P value >.050. All P values
were determined using a bilateral hypothesis test. The level of
significance was set at 5%, and the homogeneity of variance test
level was set at 10%. The 95% CI was then calculated. The
statistical analysis was performed using STATA 14.0 software
(StataCorp, College Station, TX).
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Figure 1. Flow diagram.

3. Results

3.1. Clinical and demographic characteristics

Overall, 20,389 Chinese individuals (11,969 males and 8420
females) were enrolled (Fig. 1, flow chart). The average age was
50.20+12.13 years in the NAFLD group and 46.45+13.60
years in the control group. The demographic data are listed

in Table 1. The *C-UBT for H pylori infection was positive
in 38.49% (7848/20,389) of subjects. NAFLD was present in
37.24% (7592/20,389) of subjects. The prevalence of

P <.001).

NAFLD increased with age, and most subjects with NAFLD
were male. The prevalence of H pylori infection was higher in
the NAFLD group than in controls (41.25% vs 36.85%,

Characteristics of individuals with and without NAFLD.

Variable NAFLD + (N=7,592) NAFLD — (N=12,797) P value
Age, years 50.20+12.13 46.45+13.60 <.001
Gender, Female% 1718 (22.63%) 6702 (52.37%) <.001
Smoking, % 1494 (19.68%) 1284 (10.03%) <.001
Hypertension, % 978 (12.88%) 940 (7.35%) <.001
Diabetes, % 522 (6.88%) 419 (3.27%) <.001
Hyperlipidemia, % 112 (1.48%) 142 (1.11%) .023
DBP, mmHg" 79.91+10.87 72.48+10.83 <.001
SBP, mmHg" 129.84+16.63 119.55+17.11 <.001
BMI, kg/m? 25.62+2.70 22.03+2.55 <.001
WBC count (10°9/1)" 6.78+1.61 6.12+1.51 <.001
ALT, UL" 27.00 (20.00~39.00) 16.00 (12.00~23.00) <.001
AST, UL 24.00 (20.00~29.00) 21.00 (18.00~25.00) <.001
~-GT, ULL" 31.00 (22.00~46.00) 17.00 (13.00~25.00) <.001
HS-CRP, mg/L” 1.00 (0.50~2.00) 0.50 (0.30~0.90) <.001
FPG, mg/dL" 5.31 (4.94~5.83) 5.02 (4.73~5.35) <.001
HbATc, %" 7.00 (6.60~7.30) 6.60 (6.40~6.90) <.001
HOMA-R* 2.85 (2.09~3.87) 1.71 (1.20~2.36) <.001
TG, mmol/L” 1.75 (1.27~2.43) 1.01 (0.77~1.39) <.001
TC, mmol/L” 517 (4.56~5.81) 4.86 (4.29~5.48) <.001
LDL-C, mmolL” 2.93 (2.45~3.41) 2.61 (2.17~3.09) <.001
HDL-C, mmol/L* 1.08 (0.94~1.23) 1.32 (1.13~1.53) <.001
H Pylori infection 3132 (41.25%) 4716 (36.85%) <.001

v-GT =+y-glutamyltranspeptidase, ALT=alanine aminotransferase, AST=aspartate aminotransferase, BMI=body mass index, DBP =diastolic blood pressure, FPG=fasting blood glucose, H pylori=
Helicobacter pylori, HbA1c = glycosylated hemoglobin, HDL-C = high-density lipoprotein, HOMA-IR = homeostasis model assessment of insulin resistance, HS-CRP = high-sensitivity C-reactive protein, LDL-C=
low-density lipoprotein, NAFLD =nonalcoholic fatty liver disease, SBP =systolic blood pressure, TC=total cholesterol, TG =triglyceride, WBC =white blood cell.

" Mean +standard deviation.
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Characteristics according to WBC quatrtiles.

Variable WBC quartiles (10%9/L)
a1 02 a3 04 P value

N 5176 4860 5129 5224

Age, years 44.20+13.61 46.52+10.53 48.17+11.33 51.30+10.34 <.001
Gender, Female % 2835 (54.77%) 2332 (47.98%) 2306 (44.96%) 2089 (39.99%) <.001
Smoking 776 (15.00%) 780 (16.05%) 925 (18.03%) 1054 (20.18%) <.001
DBP, mmHg 74.21+12.37 76.41+10.07 78.96+9.57 80.51+11.07 <.001
SBP, mmHg 114.87 +£19.31 117.05+17.81 118.75+16.51 120.57 +£19.14 <.001
BMI, kg/m? 22.99+3.07 23.62+1.95 24.82+2.66 25.72+2.36 <.001
HS-CRP, mg/L 0.50 (0.39~0.65) 0.78 (0.50~0.87) 0.92 (0.80~1.09) 1.25 (1.10~2.00) <.001
FPG, mg/dL 4.52 (4.03~4.83) 4.82 (4.74~5.33) 511 (4.87~5.53) 5.35 (4.94~5.97) <.001
HbA1c, % 5.70 (5.30~6.30) 6.32 (5.80~6.95) 6.79 (6.60~7.30) 7.10 (6.80~7.50) <.001
HOMA-IR 1.95 (1.29~2.51) 2.35 (2.19~3.01) 2.75 (2.45~3.22) 2.98 (2.59~3.95) <.001
TG, mmol/L 0.95 (0.48~1.07) 1.15 (0.87~1.83) 1.45 (1.37~2.13) 1.85 (1.45~2.83) <.001
LDL-C, mmol/L 2.03 (1.45~2.31) 2.53 (2.47~3.11) 2.81 (2.35~3.71) 3.13 (2.55~4.02) <.001
H pylori infection 1881 (36.34%) 1933 (39.77%) 2141 (41.74%) 2265 (43.36%) .001

Q1: WBC <5.30; Q2: 5.30 <WBC <6.00; Q3: 6.00 <WBC <7.00; Q4: WBC >7.0010*9/L.

DBP =diastolic blood pressure; BMI=body mass index, FPG=fasting blood glucose, H pylori= Helicobacter pylori, HbA1c =glycosylated hemoglobin, HOMA-IR = homeostasis model assessment of insulin
resistance, HS-CRP = high-sensitivity C-reactive protein, LDL-C =low-density lipoprotein, SBP =systolic blood pressure, TG =triglyceride, WBC =white blood cell.

3.2. Characteristics of the subjects according to WBC
quatrtile

The data were divided into 4 groups according to the quartiles of
WBC count (Table 2). Significant differences were found between
various WBC quartiles for age, gender, BMI, SBP, DBP, HS-CRP,
HbA1lec, TG, LDL-C, FPG, HOMA-IR, and smoking status
(P<.001). A significant difference was also found between
various WBC quartiles for H pylori infection (P=.001).

3.3. Multivariate logistic regression analysis of the NAFLD
and control groups

We further built a multivariate logistic regression to predict
NAFLD by considering the combination of H pylori infection
status, WBC count and other metabolic parameters. The
multivariate logistic regression revealed that when H pylori

infection was negative, only the Q4 level of WBC count (odds
ratio[OR]=1.033, 95% CI: 1.025, 1.087; P=.002) was
associated with NAFLD, but when H pylori infection was
positive, the Q2, Q3, and Q4 levels of WBC count (OR=1.067,
95% CI: 1.014, 1.093; P=.007; OR=1.165, 95% CI: 1.023,
1.488; P<.001; OR=1.183, 95% CI: 1.085, 1.559; P <.001,
respectively) were positively associated with NAFLD (Table 3).

4. Discussion

The hypothesis of this study was that chronic H pylori infection
induces higher inflammation as indicated by the WBC level and
participates in the development of NAFLD.

Limited clinical data have been reported on the associations
among H pylori infection, WBC count and NAFLD. Some studies
found that H pylori infection was involved in the pathogenesis of
IR,"”'% which is important in the development of NAFLD, and

Multivariate logistic regression analysis of a combination of H pylori infection and WBC count and others as risk factors of NAFLD.

Variable B SE OR (95% CI) P value
Gender 0.322 0.101 1.380 (1.131, 1.684) .002
Age, years 0.026 0.003 1.026 (1.021, 1.032) <.001
Smoking 0.330 0.013 1.391 (1.356,1.427) <.001
BMI, kg/m? 0.396 0.012 1.005 (1.004, 1.006) <.001
HOMA-IR 0.005 0.004 1.485 (1.450, 1.522) <.001
H pylori infection (+)&WBC count (<5.30 10*9/L)* . 0.052 0.019 1.053 (0.814, 1.007) .081
H pylori infection (+)&WBC count (5.30-6.00 10" 9/L)" 0.082 0.022 1.067 (1.014, 1.093) .007
H pylori infection (—)&WBC count (5.30-6.00 10*9/L).* 0.007 0.006 0.063 (0.014, 1.011) 499
H pylori infection (+)&WBC count (6.00-7.00 10°9/)° 0.212 0.013 1.165 (1.023, 1.488) <.001
H pylori infection (—)&WBC count (6.00-7.00 10°9/L)" 0.008 0.007 1.011 (0.804, 1.031) 218
H pylori infection (+)&WBC count (>7.00 10*9/L)>k 0.314 0.025 1.183 (1.085, 1.559) <.001
H pylori infection (—)&WBC count (>7.00 10*9/L)* 0.092 0.039 1.033 (1.025, 1.087) .002
HS-CRP, mg/L 0.010 0.003 1.010 (1.0042, 1.0148) <.001
v-GT, UL 0.021 0.002 1.021 (1.018, 1.025) <.001
TG, mmol/L 0.577 0.034 1.781 (1.665, 1.905) <.001
FPG, mg/dL 0.174 0.031 1.190 (1.121, 1.263) <.001

v-GT =+-glutamyltranspeptidase, 95% Cl=95% confidence interval, B= unstandardized coefficient in regression analysis, BMI=hody mass index, FPG=fasting blood glucose, H pylori= Helicobacter pylori,
HOMA-IR =homeostasis model assessment of insulin resistance, HS-CRP = high-sensitivity C-reactive protein, OR=odds ratio, SE=standard error, TG=triglyceride, WBC=white blood cell.

“ Reference group: UBT-negative subjects with a WBC count <5.3010*9/L.
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certain pathogenic mechanisms have been proposed.!**-3! Pro-

inflammatory factors such as TNF-a, interferon-vy, interleukin
(IL)-1, IL-6, IL-8, IL-10, IL-12, and CRP are released during
infection and were shown to be involved in the pathogenesis of
IR. Moreover, 2 follow-up studies also demonstrated that higher
WBC counts were associated with a greater risk for the
development of incidental NAFLD.!*"*?! These findings may
explain the relationships among H pylori infection, WBC count
and NAFLD.

Studies on the associations between H pylori infection and
NAFLD are inconsistent and controversial.!''=1%2324 Polyzos
etal!" demonstrated that patients with NAFLD had significantly
higher anti-H pylori IgG, HOMA-IR, and tumor necrosis factor
(TNF)-a levels than control patients. They further studied H
pylori eradication, which showed a trend towards improvement
in the NAFLD fibrosis score.['?! Takuma"®! and Dogan et al'!
also found that H pylori infection was an independent risk factor
for the development of NAFLD. Furthermore, Zhou et all'*!
demonstrated that H pylori infection induced hepatic IR via the c-
Jun/miR-203/SOCS3 signaling pathway. A more recent study by
Sumida et al"® found that the prevalence of NASH was higher in
H pylori-positive patients with NAFLD than in H pylori-negative
patients. A histologic evaluation suggested an association of H
pylori infection with hepatocyte ballooning but not with steatosis
or liver fibrosis. However, some studies have shown that H pylori
infection is not associated with NAFLD. Okushin et alt??!
examined a total of 13,737 subjects in Japan, and a multivariable
analysis revealed that H pylori infection was not associated with
NAFLD. Baeg et al’**! examined 3663 individuals using the UBT
for the diagnosis of H pylori infection, and a multivariable
analysis showed that H pylori infection was not a risk factor for
NAFLD, as indicated by the hepatic steatosis index (HSI) and
NAFLD liver fat score (NAFLD-LFS).

We considered that the reason for the inconsistent results
described above was the different screening methods of H pylori
infection in various studies. Shin et al’®' found that MetS was
more closely associated with histologic positivity for H pylori
(adjusted OR=1.26; 95% CI: 1.08-1.48) than with serologic
positivity (adjusted OR=1.12, 95% CI: 0.95-1.32). They
suggested that serological positivity for H pylori does not
necessarily indicate current infection and that the stronger
association of MetS with histologic positivity than with
serological positivity suggests that the effects of H pylori
infection on the pathogenesis of cardiometabolic outcomes
may be reversible.

In our study, we used a large sample of data (20,389 subjects),
the UBT to diagnose H pylori infection and ultrasonography to
diagnose NAFLD. Our study showed that WBC count alone was
associated with NAFLD when it was at the higher level >7.00
(10*9/L), but when combined with H pylori infection, other
levels of WBC count (OR=1.067, 95% CI: 1.014, 1.093;
P=.007; OR=1.165, 95% CL: 1.023, 1.488; P<.001; OR=
1.183,95% CI: 1.085,1.559; P <.001) were positively associated
with NAFLD, which suggests that H pylori infection and WBC
level may contribute to the pathogenesis of NAFLD.

This study had some limitations.

(1) The subjects were recruited from the International Health
Care Center and do not represent the general population.
However, the majority of the population in our country
participates in an examination each year, and our subjects
represent a variety of occupational groups, such as civil
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servants, teachers, businessmen, bankers, medical personnel,
factory workers, farmers, and housewives.

(2) Ultrasound imaging was used to diagnose NAFLD in our
study. Diagnosis by ultrasonography has the inevitable
limitations of low sensitivity for mild steatosis and the
inability to distinguish mild fibrosis from steatosis and to
quantify fatty infiltration.’®?! However, ultrasonography is
still considered a first-line, noninvasive diagnostic tool for
simple liver steatosis.

(3) This is a cross-sectional study, and we can only draw
conclusions about the association between H pylori infection
and NAFLD.

5. Conclusions

Our results indicated that H pylori infection was more frequently
observed in NAFLD patients than in controls and that H pylori
infection with certain WBC levels may contribute to the
pathogenesis of NAFLD. Future research should include
prospective studies to show a cause-effect relationship between
H pylori and NAFLD. Biochemical studies are also needed to
better understand the pathophysiology behind the role of H
pylori in NAFLD and should be included in future research. If
confirmed, eradication H pylori infection may have particular
therapeutic advantages for NAFLD treatment.
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