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Abstract
AIM: To determine whether Helicobacter pylori (H. pylori) infection confers a higher risk of Nonalcoholic fatty liver disease (NAFLD).

METHODS: Healthy people who underwent health screening were analyzed retrospectively. Inclusion criteria were age  20 years, history of H. pylori infection, and recorded insulin level. Participants were classified as H. pylori positive or negative according to 13C urea breath tests. NAFLD was defined using the hepatic steatosis index (HSI) and NAFLD liver fat score (NAFLD-LFS). Those with an HSI > 36 or NAFLD-LFS > –0.640 were considered to have NAFLD. Multivariable logistic regression was performed to identify risk factors for NAFLD.

RESULTS: 3,663 people were analyzed and 1636 (44.7%) were H. pylori positive. H. pylori infection was associated with older age, male gender, hypertension, higher body mass index, and a dyslipidemic profile. HSI differed significantly between H. pylori positive and negative subjects (median 33.2, interquartile range (IQR) 30.0-36.2 for H. pylori-positive vs median 32.6, IQR 29.8-36.0 for negative participants, P = 0.005), but NAFLD-LSF did not [median –1.7, IQR -2.4 - -0.7 vs median –1.8, IQR - 2.4-(-0.7), respectively, P = 0.122]. The percentage of people with NAFLD did not differ between infected and uninfected groups: HIS, 26.9% vs 27.1%, P = 0.173; NAFLD-LFS, 23.5% vs 23.1%, P = 0.778. H. pylori infection was not a risk factor, but C-reactive protein concentration and smoking were significant risk factors for NAFLD.

CONCLUSION: H. pylori infection is not a risk factor for NAFLD as indicated by HSI or NAFLD-LFS. Prospective, large-scale studies involving liver biopsies should be considered. 
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is a common disorder which affects 20%–45% of the general population. Helicobacter pylori (H. pylori) infection has been suggested as a contributing to NAFLD. We investigated the association between H. pylori infection and NAFLD by using two non-invasive scoring formula, NAFLD-fat score and hepatic steatosis index. Our study showed that H. pylori infection was not a risk factor for NAFLD by either formula. However, c-reactive protein and smoking were significant risk factors for NAFLD. Prospective studies involving liver biopsies should be carried out to further investigate the association between H. pylori infection and NAFLD. 
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common disorder that is reported to affect 20%–45% of the general population and 60%–75% of obese people[1,2]. NAFLD is believed to be the hepatic expression of the metabolic syndrome and is closely associated with visceral obesity, dyslipidemia, insulin resistance, and type 2 diabetes[3]. NAFLD is clinically significant because it confers higher all-cause mortality and increases the risk of cardiovascular diseases and liver-related death[2,4].
NAFLD is a complex disorder that is influenced by diverse mechanisms, including genetic, environmental, and metabolic factors[2]. Recent studies have focused on the microbiota of the gastrointestinal tract as a cause of NAFLD[5,6]. These may act through a variety of mechanisms, such as by increasing gut permeability through small intestinal overgrowth; influencing the innate immune system; fermenting indigestible carbohydrates, which increases nutrient absorption; decreasing glucagon-like-peptide-1 expression; modifying conjugated bile acid patterns; and producing endogenous ethanol[7-12]. However, NAFLD treatment by targeting the gut microbiota is limited because the relevant bacterial strains and treatment modalities are under investigation[8].
In this respect, Helicobacter pylori (H. pylori) infection is appealing as its diagnostic and eradication methods are easy and inexpensive[13]. H. pylori is a gram-negative, microaerophilic bacteria that colonizes the stomach[14]. Although H. pylori is a cause of gastrointestinal disease[14], recent attention has focused on whether H. pylori contributes to metabolic disorders including NAFLD[15-17]. H. pylori is thought to contribute to the pathogenesis of NAFLD by increasing insulin resistance, stimulating the release of proinflammatory cytokines, and increasing intestinal permeability[16,18]. However, clinical data linking H. pylori with NAFLD are limited because the studies included small sample sizes or relied on serological tests to identify H. pylori infection[19-22]. Therefore, we performed a large cross-sectional screening study of asymptomatic healthy people to investigate whether H. pylori infection is associated with NAFLD.
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Study population
We conducted a cross-sectional study of people who underwent routine health screening examinations at the Center for Health Promotion of Seoul St. Mary’s Hospital (Seoul, South Korea) between January 2010 and December 2011. The inclusion criteria were asymptomatic people who (1) had undergone tests to identify the presence of H. pylori; (2) were tested to obtain the serum insulin concentration; and (3) were aged  20 years.
We excluded subjects who (1) were heavy drinkers (>20.0 g alcohol/day for women and > 30.0 g alcohol/d for men); (2) were seropositive for either hepatitis B virus surface antigen or anti-hepatitis C virus antibody; (3) had been diagnosed with liver cirrhosis; (4) had a history of malignancy; or (5) had missing records. This study was reviewed and approved by the institutional review board of the Seoul St. Mary’s Hospital (IRB No. KC12RISI0317), which waived the need for consent forms because this was a retrospective study with blinded records.

Data collection
All participants completed a standardized, self-validated questionnaire during the routine health screening program. The questionnaire asked about smoking habits, alcohol consumption, and medical history, including prior malignancy, surgery, diabetes, hypertension, dyslipidemia, and liver cirrhosis. Medication history included the regular use of aspirin, nonsteroidal anti-inflammatory drugs, antidiabetic medication, antihypertensive medication, or medication for dyslipidemia. Anthropometric measures were obtained by trained medical personnel. Waist circumference was measured in the horizontal plane at the midpoint of the distance between the lowest rib and the iliac crest. Hip circumference was measured as the greatest circumference of the buttocks. Blood pressure was measured in the right arm using a mercury sphygmomanometer with an adequate cuff size with the participant seated and after at least 10 min of rest. Body mass index (BMI) was calculated as weight divided by the square of height (kg/m2).
H. pylori status was determined using the 13C urea breath test (Helifinder™; Medichems, Seoul, South Korea). Venous blood samples were taken in the morning after an overnight fast of at least 12 h. Fasting serum insulin level was measured using a radioimmunoassay kit (Insulin RIA beads; TFB-Japan Co. Ltd., Tokyo, Japan). Fasting plasma glucose, glycated hemoglobin, total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) levels were measured on the Hitachi 7150 Autoanalyzer (Hitachi Ltd., Tokyo, Japan). Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyltransferase concentrations were measured on the Hitachi 7600 Autoanalyzer (Hitachi Ltd., Tokyo, Japan). Complete blood cell counts were performed using a Sysmex XE-2100 analyzer (Sysmex, Kobe, Japan).

Definitions
The participants were classified as either positive or negative for H. pylori according to the results of their H. pylori test. Determination of NAFLD was based on a previously published noninvasive steatosis formula[23,24]. The hepatic steatosis index (HSI) and NAFLD liver fat score (NAFLD-LFS) were used to identify the presence of NAFLD. Participants with an HSI > 36 or NAFLD-LFS > –0.640 were classified as having NAFLD[23,24]. The following equations were used to calculate the HSI and NAFLD-LFS.
HSI = 8  ALT/AST + BMI (if diabetes mellitus is present, +2; if the participant is female, +2)[23].
NAFLD-LFS = –2.89 + 1.18  metabolic syndrome (yes = 1, no = 0) + 0.45  type 2 diabetes (yes = 2, no = 0) + 0.15  insulin (mU/L) + 0.04  AST (U/L) – 0.94  AST/ALT[24].
Obesity was defined according to the World Health Organization Regional Office for the Western Pacific Region criteria (BMI > 25 kg/m2)[25]. Type 2 diabetes was defined as a hemoglobin A1c level  6.5%, previous diagnosis of type 2 diabetes, or current use of antidiabetic medication. The metabolic syndrome was defined according to the definitions of the American Heart Association and the National Heart, Lung, and Blood Institute, and the International Diabetes Federation as 3 of the following: (1) waist circumference  90 cm in men and  80 cm in women, which are the modified criteria for the Asian population; (2) triglyceride concentration  150 mg/dL or use of triglyceride-lowering medication; (3) low HDL-C concentration (< 40 mg/dL in men and < 50 mg/dL in women); (4) systolic blood pressure  130 mmHg, diastolic blood pressure  85 mmHg, or use of antihypertensive medication; or (5) fasting glucose level  100  mg/dL or use of antidiabetic medication or previously diagnosed type 2 diabetes[26]. The participants were categorized based on their alcohol consumption behavior as either nondrinkers or mild-to-moderate drinkers (1.0–30.0 g alcohol/day in men and 1.0–20.0 g alcohol/d in women). Smoking was defined as either ‘‘yes’’ (participants who had smoked  100 cigarettes over their lifetime) or ‘‘no’’ (< 100 cigarettes).

Statistical analysis
Categorical variables were examined by Pearson’s 2 test, and differences in continuous variables were identified using the Mann-Whitney U test. Results are presented as numbers (%) and medians [interquartile range (IQR)]. Agreement between the HSI and NAFLD-LFS scores was determined by overall agreement, Goodman and Kruskal’s gamma, and Cohen’s kappa. Multivariable analysis of the risk factors for both NAFLD scores was performed using logistic regression by excluding variables included in the scoring formula. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each variable in the multivariable analysis. All tests were 2-sided and were performed at the 5% level of significance using SAS software (SAS; SAS Institute, Cary, NC, United States). Statistical review of the study was performed by a biomedical statistician from the Catholic University of Korea College of Medicine. All authors had access to the study data and reviewed and approved the final manuscript.

RESULTS
Routine health screening was completed by 18,216 asymptomatic people from January 2010 to December 2011. Of these people, 4030 had results for both H. pylori infection and insulin concentration, and were included in this study. Three-hundred sixty-seven were excluded for the following reasons: (1) 121 were heavy drinkers; (2) 181 were seropositive for either hepatitis B virus surface antigen or hepatitis C virus antibody; (3) 18 had been diagnosed with liver cirrhosis; (4) 15 had a history of malignancy; and (5) 32 had missing records. Of the remaining 3663 people, 1636 (44.7%) were H. pylori positive and 2027 H. pylori negative (Figure 1).
A comparison between the participants according to H. pylori infection status showed a significant difference in HSI (median 33.2, IQR 30.0-36.2 for H. pylori-positive vs median 32.6, IQR 29.8-36.0 for negative participants, P = 0.005) but none for NAFLD-LFS [median –1.7, IQR -2.4-(-0.7) vs median –1.8, IQR - 2.4-(-0.7), respectively, P = 0.122] scores. There were no differences between groups in the percentages of participants classified as having NAFLD according to the HSI (26.9% vs 27.1%, P = 0.173) or NAFLD-LFS (23.5% vs 23.1%, P = 0.778).
The H. pylori-positive group was significantly older ( median 54, IQR 46-61 vs median 53, IQR 43-60, P < 0.001) and included more males (60.4% vs 56.9%, P = 0.032). A higher percentage of the positive group had hypertension (27.7% vs 23.8%, P = 0.008). The positive group had a higher BMI (median 23.8, IQR 21.8-25.7 vs median 23.5, IQR 21.4-25.5 kg/m2, P = 0.002), total cholesterol concentration (median 201, IQR 180-225 vs median 195, IQR 173-220 mg/dL, P < 0.001), and LDL-C concentration (median 126, IQR 104-147.8 vs median 120, IQR 98-141 mg/dL, P < 0.001), and a lower HDL-C concentration (median 50, IQR 43-59 vs median 51, IQR 43-60 mg/dL, P = 0.007) (Table 1).
There was significant agreement in NAFLD diagnosis between the 2 scoring formulas. Overall agreement was 81.5%, Goodman and Kruskal’s gamma was 0.846 (P < 0.001), and Cohen’s kappa was 0.500 (P < 0.001).
Univariable analysis identified the risk factors for NAFLD defined by the HSI as the metabolic syndrome, hypertension, C-reactive protein (CRP) concentration, and smoking. Protective factors were age and HDL-C concentration. Univariable analysis of the risk factors for NAFLD defined by the NAFLD-LFS showed that the risk factors for NAFLD were age, male gender, BMI, smoking, and CRP concentration (Table 2). In both cases, the presence of H. pylori was not significant. Multivariable analysis was performed for NAFLD as defined according to each scoring formula after exclusion of the risk factors included in the scoring formula, such as gender, BMI, insulin resistance, liver enzyme levels, and metabolic syndrome components. The presence of H. pylori was not significant for either the HSI or NAFLD-LFS. In both formulas, CRP concentration and smoking were significant risk factors for NAFLD (Table 3).

DISCUSSION
In our study, current H. pylori infection was not a risk factor for NAFLD. Risk factors for NAFLD included male gender; higher BMI; the presence of diabetes, hypertension, or the metabolic syndrome; smoking; insulin resistance; and higher concentrations of total cholesterol, triglyceride, LDL-C, and CRP. HDL-C concentration was a preventive factor, whereas age had opposite effects in the 2 scoring systems. Our results showing a lack of association between H. pylori and NAFLD are in contrast with those of recent reports, which have linked H. pylori infection with NAFLD, insulin resistance, and the metabolic syndrome[16,27,28]. 
NAFLD is the most common liver disease worldwide and is especially prevalent in obese or diabetic people[2]. People with NAFLD have been reported to have higher overall mortality and increased risk of liver disease, cardiovascular disease, and malignancy[2,4]. Originally, the pathogenesis of NAFLD was thought to be a 2-hit process[29]. Recently, a multi-hit theory, which may involve the gut microbiota, has been suggested to explain the pathogenesis of NAFLD[30,31].
The gut microbiota is thought to contribute to the pathogenesis of NAFLD through various mechanisms. Small intestinal overgrowth resulting in increased gut permeability and involving interaction with Toll-like receptors induces inflammatory and fibrogenic responses in the liver[7]. Changes in the innate immune system induced through Toll-like receptors and increased energy absorption through production of short-chain fatty acids have also been implicated in the pathogenesis of NAFLD[8,30]. Other possible mechanisms include decreased glucagon-like-peptide-1 expression, modification of conjugated bile acid patterns, and production of endogenous ethanol[10-12]. Although these proposed mechanisms offer an attractive target for treating NAFLD, the current treatment is limited because the target bacterial strains and therapeutic modalities remain under investigation[8].
The link between H. pylori infection and NAFLD was first suggested when H. pylori 16S rDNA was discovered in a liver biopsy from an NAFLD patient[32]. Various clinical studies have reported further evidence about H. pylori infection and NAFLD[20,22,33,34]. The potential mechanisms include an association between insulin resistance and H. pylori infection, inflammation and production of proinflammatory cytokines, changes in lipid metabolism, and increased intestinal permeability[16,27,35]. However, evidence for an association between H. pylori infection and NAFLD remains limited and studies have produced contradictory results[20-22]. This may be explained by the limited numbers of subjects[19,20,22,36], use of serum immunoglobulin G as the H. pylori detection method, or publication bias (Table 4)[21,22].
Our results suggest that, in contrast to previous reports[20,22], H. pylori infection is not a risk factor for NAFLD. Our results are similar to those of a recent large-scale Japanese cross-sectional study that reported no significant relationship between NAFLD and H. pylori seropositivity[21]. However, the H. pylori-positive group in our study had a significantly higher percentage of hypertensive subjects and higher BMI, total cholesterol, triglyceride, and LDL-C levels, and lower HDL-C levels. These findings support the concept that H. pylori may affect components of the metabolic syndrome, as previously reported[28].
The reasons behind the discrepancy between metabolic syndrome components, NAFLD scores, and H. pylori infection are unclear. One possible mitigating mechanism may be the role of the commensal gut microbiota. A recent animal study reported that the commensal microbiota can attenuate the metabolic effects induced by H. pylori infection[37]. Another factor may relate to the stage of fatty liver disease. A recent Japanese study reported that people with nonalcoholic steatohepatitis who are positive for H. pylori serology are more likely to exhibit hepatocyte ballooning[22]. This suggests that H. pylori by itself may not be associated with NAFLD but may contribute to the progression to nonalcoholic steatohepatitis. The NAFLD formulas used in our study were designed to identify individuals with NAFLD rather than nonalcoholic steatohepatitis, which may help explain the lack of an association between H. pylori and NAFLD in our study.
This study has clinical significance because we included > 3600 people with 13C urea breath test data. To our knowledge, this is the largest study to investigate the association between H. pylori infection and NAFLD that did not rely on H. pylori serology. Serology testing for H. pylori has limited effectiveness because the diagnostic accuracy may be low, and testing cannot distinguish between current and past infections[38].
Our study has some limitations. First, this was a cross-sectional study with inherent limitations that allow us to draw conclusions only about the association between H. pylori infection and NAFLD. Second, we used 2 scoring formulas to determine NAFLD status instead of a liver biopsy or ultrasonography because of ethical and cost considerations. Although these 2 formulas showed statistically significant agreement, the lack of biopsy or ultrasonographic confirmation may have limited the accuracy of the NAFLD diagnosis. However, though these formula may be limited in differentiating the degree of NAFLD[39,40], studies have reported that they are fairly robust in discriminating NAFLD with an AUROC of 0.80[24,40,41]. Third, we did not account for secondary causes of steatosis such as some hepatic viral infections, autoimmune hepatitis, Wilson’s disease, α-1-antitrypsin deficiency, cystic fibrosis, hemochromatosis, and celiac disease. However, as these are either very rare in the Korean population[42-47], we believe that the inadvertent inclusion of these diseases would not have affected our study results. Fourth, though virulence factors of H. pylori such as cagA and VacA genes may have affected the degree of NAFLD, we could not investigate virulence factors as this was a retrospective study involving individuals who underwent routine health check-up.
Our large-scale, cross-sectional study showed that H. pylori infection was not a significant risk factor for NAFLD as defined by the HSI and NAFLD-LFS. Further prospective, large-scale studies involving liver biopsies and ultrasonography should be performed to determine more accurately whether there is a relationship between H. pylori infection and NAFLD.
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COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) is a complex disorder that is influenced by diverse mechanisms, including genetic, environmental, and metabolic factors. Recent studies have focused on the microbiota of the gastrointestinal tract as a cause of NAFLD. Helicobacter pylori (H. pylori) is thought to contribute to the pathogenesis of NAFLD by increasing insulin resistance, stimulating the release of proinflammatory cytokines, and increasing intestinal permeability. However, clinical data linking H. pylori with NAFLD are limited

Research frontiers
Though H. pylori has been implicated in the pathogenesis of metabolic syndrome, the relationship between H. pylori and NAFLD are limited. The authors have investigated this by analyzing the association between H. pylori and two noninvasive NAFLD formula.

Innovations and breakthroughs
In contrast to other reports which have linked H. pylori infection with insulin resistance and metabolic syndrome, the authors have found that H. pylori infection was not associated with NAFLD. This paper has merit in that H. pylori infection was tested through 13C urea breath testing which is more accurate that previously used H. pylori serum immunoglobulin. 

Applications
Patients with H. pylori infection are not at higher risk of NAFLD. This serves to further fuel the controversy surrounding H. pylori infection and insulin resistance. 

Peer-review
This is well presented report, providing the evidence for the lack of relationship between Hp infection and NAFLD. Considering that H. pylori has been blamed for most of maladies affecting the human race, the data provided are clearly going against the grain.
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Figure 1 Flow chart of the study design.



Table 1 Clinico-demographic characteristics of the study population n (%)
	
	H. pylori (+)
n = 1636
	H. pylori (-)
n = 2027
	P-value

	Age (yr)
	54 (46-61)
	53.0(43-60) 
	< 0.001

	Male 
	988 (60.4)
	1153 (56.9)
	0.032

	Body mass index (kg/m2)
	23.8 (21.8-25.7)
	23.5 (21.4-25.5) 
	0.002

	Diabetes
	215 (13.1)
	225 (11.1)
	0.059

	Hypertension
	453 (27.7)
	483 (23.8)
	0.008

	Metabolic syndrome 
	334 (20.4)
	385 (19.0)
	0.281

	Smoking 
	699 (42.7)
	894 (44.1)
	0.403

	Alcohol 
	893 (54.6)
	1135 (56.0)
	0.394

	Fasting glucose (mg/dL)
	93 (86-103)
	93 (86-102)
	0.611

	Insulin (mIU/mL)
	5.9 (3.9-8.7)
	5.8 (3.9-8.5) 
	0.732

	HOMA-IRa
	1.4 (0.9-2.2)
	1.3 (0.9-2.1)
	0.582

	Hemoglobin A1c (%)
	5.5 (5.2-5.7)
	5.5 (5.2-5.8)
	0.763

	Total cholesterol (mg/dL)
	201 (180-225)
	195 (173-220)
	< 0.001

	Triglyceride (mg/dL)
	89 (58-137)
	86 (57-131)
	0.202

	HDL-C (mg/dL)
	50 (43-59)
	51 (43-60)
	0.020

	LDL-C (mg/dL)
	126 (104.0-147.8)
	120 (98-141)
	< 0.001

	AST (IU/L)
	24 (20-30)
	24 (20-29)
	0.596

	ALT (IU/L)
	24 (18-34)
	24 (18-34)
	0.249

	AST/ALT
	1.0 (0.8-1.2)
	1.0 (0.8-1.2)
	0.198

	GGT (IU/L)
	27 (18-43)
	25 (17-43)
	0.043

	C-reactive protein (mg/dL)
	0.06 (0.03-0.13)
	0.06 (0.03-0.13)
	0.905

	HSIb
	33.2 (30.3-36.2)
	32.6 (29.8-36.0)
	0.005

	HSI >36
	505 (30.9)
	440 (21.7)
	.173

	NAFLD-LFSc
	–1.7 (-2.4 - -0.7)
	-1.8 (-2.4 - -0.7)
	.122

	NAFLD >–0.640
	469 (28.7)
	385 (19.0)
	.778


1HOMA-IR = (fasting glucose  fasting insulin)/405; 2HSI = 8  ALT/AST + body mass index (if diabetes mellitus, +2; if female, +2); 3NAFLD-LFS = –2.89 + 1.18  metabolic syndrome (yes = 1, no = 0) + 0.45  type 2 diabetes (yes = 2, no = 0) + 0.15  insulin (mU/L) + 0.04  AST(U/L) – 0.94  AST/ALT. HOMA-IR: Homeostatic model assessment of insulin resistance; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase; HSI: Hepatic steatosis index; NAFLD: Nonalcoholic fatty liver disease; NAFLD-LFS: Nonalcoholic fatty liver disease liver fat score.


Table 2 Univariable analysis of nonalcoholic fatty liver disease according to hepatic steatosis index and nonalcoholic fatty liver disease liver fat score scores
	
	HSI1
	NAFLD-LFS2

	
	OR
	95%CI
	P-value
	OR
	95%CI
	P-value

	Age	
	0.993
	0.986–0.999
	.034
	1.017
	1.010–1.024
	< 0.001

	Male
	
	
	
	2.043
	1.731–2.410
	< 0.001

	Body mass index
	
	
	
	1.460
	1.413–1.509
	< 0.001

	Hypertension
	2.001
	1.703–2.350
	< 0.001
	
	
	

	Metabolic syndrome
	4.757
	4.002–5.654
	< 0.001
	
	
	

	Smoking
	1.327
	1.144–1.539
	< 0.001
	1.301
	1.115–1.517
	0.001

	Alcohol
	1.022
	0.881–1.186
	0.772
	0.902
	0.773–1.051
	0.186

	Presence of H. pylori
	1.109
	0.956–1.286
	0.173
	1.022
	0.876–1.193
	0.778

	Fasting glucose
	1.024
	1.020–1.027
	< 0.001
	
	
	

	Insulin
	1.244
	1.218–1.270
	< 0.001

	HOMA-IR
	2.240
	2.076–2.417
	< 0.001

	Total cholesterol
	1.005
	1.003–1.007
	< 0.001
	1.004
	1.001–1.006
	0.001

	Triglyceride
	1.009
	1.007–1.010
	< 0.001
	
	
	

	HDL-C
	0.932
	0.925–0.940
	< 0.001
	
	
	

	LDL-C
	1.008
	1.006–1.010
	< 0.001
	1.003
	1.000–1.005
	0.021

	C-reactive protein
	1.410
	1.163–1.710
	< 0.001
	1.602
	1.298–1.978
	< 0.001


Factors included in each scoring formula, such as sex, body mass index, diabetes, insulin, and metabolic syndrome components, were excluded from the analysis. 1HSI: 8  ALT/AST + body mass index (if diabetes mellitus, +2; if female, +2); 2NAFLD-LFS: –2.89 + 1.18  metabolic syndrome (yes = 1, no = 0) + 0.45  type 2 diabetes (yes = 2, no = 0) + 0.15  insulin (mU/L) + 0.04  AST(U/L) – 0.94  AST/ALT. NAFLD: Nonalcoholic fatty liver disease; HSI: Hepatic steatosis index; NAFLD-LFS: Nonalcoholic fatty liver disease liver fat score; HOMA-IR: Homeostatic model assessment of insulin resistance; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.


Table 3 Multivariable analysis of nonalcoholic fatty liver disease according to hepatic steatosis index and nonalcoholic fatty liver disease-liver fat score scores
	
	HSI1
	NAFLD-LFS1

	
	OR
	95%CI
	P-value
	OR
	95%CI
	P-value

	Age
	0.993
	0.986–1.000
	.038
	1.018
	1.010–1.025
	< 0.001

	Smoking
	1.300
	1.119–1.511
	.001
	1.342
	1.148–1.568
	< 0.001

	Presence of H. pylori
	1.129
	0.972–1.311
	.113
	1.007
	0.862–1.176
	0.935

	C-reactive protein
	1.414
	1.166–1.714
	<.001
	1.546
	1.254–1.906
	< 0.001


Factors included in the HSI or NAFLD-LFS formula, such as sex, body mass index, diabetes, insulin, or metabolic syndrome components, were excluded from the analysis. 
1HSI = 8  ALT/AST + body mass index (if diabetes mellitus, +2; if female, +2); 2NAFLD-LFS = –2.89 + 1.18  metabolic syndrome (yes = 1, no = 0) + 0.45  type 2 diabetes (yes = 2, no = 0) + 0.15  insulin (mU/L) + 0.04  AST(U/L) – 0.94  AST/ALT. NAFLD: Nonalcoholic fatty liver disease; HSI: Hepatic steatosis index; NAFLD-LFS: Nonalcoholic fatty liver disease liver fat score.

Table 4 Characteristics of Studies Investigating H. pylori and nonalcoholic fatty liver disease
	Ref.
	Type of study
	Country
	Number of subjects (male)
	H. pylori detection
	H. pylori % (female/male)
	NAFLD diagnosis
	NAFLD % (female/male)
	Association with H. pylori

	Jamali et al[19], 2013

	RCT1
	Iran
	100 (49)
	13C UBT
	100%
(N/A)
	Ultrasonography and elevated liver enzyme levels
	100%
	No association with 
H. pylori eradication

	Polyzos et al[20], 2013

	Cross-sectional
	Greece
	533
	Serum IgG, history of H. pylori eradication
	75.5%
(N/A)
	Liver biopsy
	52.8% (39.6/13.2)
	Higher IgG seropositivity in NAFLD group

	Okushin et al[21], 2015 
	Cross-sectional
	Japan
	5289 (1816)
	Serum IgG
	27.4%
(27.5/27.1)
	Ultrasonography
	34.1% (25.4/50.7)
	None

	Sumida et al[22], 2015

	Cross-sectional
	Japan
	130 (65)
	Serum IgG
	40%
(44.6/35.4)
	Liver biopsy
	100%
	Associated with hepatocyte ballooning

	Polyzos et al[36], 2014

	Prospective2
	Greece
	12 (3)
	13C UBT
	50%
(N/A)
	NAFLD-LFS
HSENSI 
MRI-HFF
	100%
	Significant in HSENSI only


1Data compared between H. pylori eradication and lifestyle modification group vs lifestyle modification only group; 2Data collected at baseline and 12 months after H. pylori eradication; 328 (7 males) NAFLD cases vs 25 (5 males) controls. NAFLD: Nonalcoholic fatty liver disease; RCT: Randomized controlled trial; UBT: Urea breath test; N/A: Not available; IgG: Immunoglobulin G; NAFLD-FS: Nonalcoholic fatty liver disease liver fat score; HSENSI: Homocysteine, serum glutamic oxaloacetic transaminase, erythrocyte sedimentation rate, nonalcoholic steatohepatitis index; MRI-HFF: Magnetic resonance imaging hepatic fat fraction.
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