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Abstract 

AIM: To investigate whether erosive esophagitis is correlated with metabolic syndrome and its components, abnormal liver function, and lipoprotein profiles. 
METHODS: We conducted a cross-sectional, case control study of subjects who underwent upper endoscopy during a health examination at the Health Management and Evaluation Center of a tertiary medical care facility located in Southern Taiwan. Metabolic syndrome components, body mass index, liver function, dyslipidemia, and cardiovascular risk factors, as defined by the ratio of total cholesterol to high-density lipoprotein cholesterol, and the ratio of low-density lipoprotein cholesterol to high-density lipoprotein cholesterol were compared between individuals with and without erosive esophagitis. Risk factors for erosive esophagitis were evaluated by multivariate logistic regression. 
RESULTS: Erosive esophagitis was diagnosed in 507 of 5015 subjects who were individually age and sex matched to 507 esophagitis-free control subjects. In patients with erosive esophagitis, body mass index, waist circumference, blood pressure, fasting plasma glucose, triglyceride levels, aspartate aminotransferase, alanine aminotransferase, the ratio of total cholesterol to high-density lipoprotein cholesterol, and the ratio of low-density lipoprotein cholesterol to high-density lipoprotein cholesterol were significantly higher and high-density lipoprotein cholesterol was significantly lower compared to patients without erosive esophagitis (all P < 0.05). In a multivariate analysis, central obesity (OR = 1.38; 95%CI: 1.0–1.86), hypertension (OR = 1.35; 95%CI: 1.04–1.76), hypertriglyceridemia (OR = 1.34; 95%CI: 1.02–1.76), cardiovascular risk factors as defined by a ratio of total cholesterol to high-density lipoprotein cholesterol > 5 (OR = 1.45; 95%CI: 1.06–1.97), and aspartate aminotransferase (OR = 1.59; 95%CI: 1.08–2.34) were significantly associated with erosive esophagitis.
CONCLUSION: Metabolic syndrome, impaired liver function, and a higher ratio of total cholesterol to high-density lipoprotein cholesterol were associated with erosive esophagitis. 
( 2013 Baishideng. All rights reserved.
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Core tip: A cross-sectional, case control study of subjects who underwent upper endoscopy during a health examination was conducted. Metabolic syndrome components, body mass index, liver function, and dyslipidemia were compared between individuals with and without erosive esophagitis. Risk factors for erosive esophagitis were evaluated. Erosive esophagitis was diagnosed in 507 of 5015 subjects who were individually age- and sex-matched to 507 esophagitis-free control subjects. In addition to metabolic syndrome, we also found that abnormal liver function and predictors of future coronary heart disease were associated with 
erosive esophagitis.
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INTRODUCTION

The prevalence of erosive esophagitis in Asian countries has dramatically increased during the last two decades[1-3]. The prevalence of erosive esophagitis in the Taiwanese adult population is estimated to be 10%–15%[1,4]. Although the mechanism underlying this increase in prevalence remains to be determined, several risk factors of erosive esophagitis have been identified, including male sex, hiatal hernia, smoking, alcohol consumption, and obesity[5-7]. 
Metabolic syndrome is a complex disorder comprising central obesity, high blood pressure (BP), hyperglycemia, hypertriglyceridemia, and a low concentration of high-density lipoprotein cholesterol (HDL-C). In addition to being associated with cardiovascular disease and diabetes mellitus, metabolic syndrome and its component elements have also been associated with various gastrointestinal diseases and abnormal liver function[7-12]. The correlation between erosive esophagitis and body mass index (BMI) is controversial[13,14], as is the association between erosive esophagitis and hypertriglyceridemia or hyperglycemia[5,13-15]. This study was undertaken to characterize the correlation between erosive esophagitis and metabolic syndrome and its components – abnormal liver function and abnormal lipoprotein profiles – that have been used to predict coronary heart disease.


MATERIALS AND METHODS

Subjects 
This study was designed as a cross-sectional, case control study. From January to December 2008, 5981 subjects visited the Health Management and Evaluation Center of a tertiary medical care facility located in Southern Taiwan for routine health examinations. Our center offers a variety of healthcare tests and procedures, including upper gastrointestinal endoscopy. The majority of subjects underwent a self-paid physical check-up; others were employees coming for their regular medical check-up. Most of the subjects were free of symptoms and were not chronic alcohol drinkers. Of the 5031 subjects who underwent upper gastrointestinal endoscopy, 507 were diagnosed with erosive esophagitis. The severity of erosive esophagitis was graded from A-D according to the Los Angles classification[16]. We matched each case subject, according to age and gender, with one control selected from the 4508 subjects with normal upper endoscopic findings. The study was approved by the institutional review board of the hospital in which the study was conducted. 

Definition of metabolic syndrome and obesity 
In this study, metabolic syndrome was defined according to the modified National Cholesterol Education Program Adult Treatment Panel III for Asian populations. The waist circumference cutoff measurement was altered according to the criteria of the Bureau of Health Promotion, Department of Health, because the absolute risk of diabetes and cardiovascular disease is greater in Asians with a lesser degree of obesity[17,18]. Metabolic syndrome was diagnosed when at least three of the following criteria were found: (1) waist circumference ≥ 90 cm for men and ≥ 80 cm for women; (2) systolic BP ≥ 130 mmHg, diastolic BP ≥ 85 mmHg, or current use of antihypertensive drugs; (3) triglyceride (TG) ≥ 150 mg/dL; (4) HDL-C < 40 mg/dL for men and < 50 mg/dL for women; and (5) fasting plasma glucose ≥ 110 mg/dL or current use of antihyperglycemic drugs. Subjects with a BMI ≥ 25 kg/m2 were defined as obese according to the Steering Committee of the World Health Organization Regional Office for the Western Pacific[19]. Subjects with elevated serum alanine aminotransferase (ALT) (ALT > 40 U/L) or aspartate aminotransferase (AST) (AST > 37 U/L) levels were considered to have abnormal liver function. Cardiovascular risk, which is determined by a ratio of total cholesterol (TC)/HDL-C > 5 and correlates significantly with the risk for cardiovascular events[20], was evaluated for its association with erosive esophagitis. 

Statistical analyses 
Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) 15 software (SPSS, Chicago, IL). Continuous variables are expressed as the mean ± SD. Student’s t-test was used to compare continuous variables. Univariate analysis was performed using a chi-square test for categorical variables. For each variable, the odds ratio (OR) and 95% confidence interval (CI) were calculated. A two-tailed P value of < 0.05 was considered statistically significant. Multivariate analysis in the logistic regression model was conducted to examine the associations between erosive esophagitis and different risk factors.
 
RESULTS 

Prevalence of erosive esophagitis

Of the 5031 subjects who underwent upper gastrointestinal endoscopy, 16 were excluded from the analysis because of prior gastric surgery, gastric cancer, or peptic ulcer. Erosive esophagitis was diagnosed in 507 of 5015 subjects. The mean age of subjects with erosive esophagitis was 51.2 ±11.2 years, and 82.6% were male. 

Characteristics of subjects with and without erosive esophagitis

The subject characteristics are summarized in Table 1. When compared with age- and sex-matched controls, BMI, waist circumference, systolic and diastolic blood pressure, fasting plasma glucose, triglyceride levels, AST/glutamate/oxaloacetate transaminase (GOT) and ALT/glutamate/pyruvate transaminase (GPT) levels, the ratio of TC to HDL-C, and the ratio of low-density-lipoprotein cholesterol to HDL-c (LDL-C to HDL-C) were significantly higher and HDL-C was significantly lower in subjects with erosive esophagitis (all P < 0.05). 

Univariate and multivariate analyses of the associations between erosive esophagitis and risk factors

The results from the univariate and multivariate logistic regression analyses are shown in Table 2. BMI ≥ 25 kg/m2 (OR = 1.72; 95%CI: 1.10–1.80), central obesity (OR = 1.60; 95%CI: 1.20–2.14), hypertension (OR = 1.43; 95%CI: 1.11–1.86), hyperglycemia (OR = 1.39; 95%,CI 1.07–1.80), hypertriglyceridemia (OR = 1.50; 95%CI: 1.15–1.95), and cardiovascular disease risk factors of TC/HDL-C > 5 (OR = 1.57; 95%CI: 1.17–2.12), AST > 37 U/L (OR = 1.67; 95%CI: 1.14–2.45), and ALT > 40 U/L (OR = 1.40; 95%CI: 1.04–1.90) were significantly associated with erosive esophagitis, according to the univariate analyses. Furthermore, the multivariate logistic regression analysis confirmed the associations of central obesity, hypertension, hypertriglyceridemia, the ratio of TC/HDL-C > 5, and high AST levels with erosive esophagitis (all P < 0.05). 

Association of erosive esophagitis with metabolic syndrome 

Table 3 shows that the presence of metabolic syndrome (( 3 metabolic criteria) was associated with a higher probability of erosive esophagitis than the presence of < 3 metabolic criteria (OR = 1.475, 95%CI: 1.149–1.895). The prevalence of metabolic syndrome was higher in subjects with erosive esophagitis than in those without (47.1% vs 37.7%, respectively; P < 0.005).
DISCUSSION 
In this study, erosive esophagitis was identified in 10.1% of subjects who underwent routine health examinations. Central obesity, hypertension, hypertriglyceridemia, a high TC/HDL-C ratio (TC/HDL-C > 5), and AST > 37 U/L were significantly associated with erosive esophagitis. Previously, Chua et al[13] showed that an increase in BMI was related to an increase in erosive esophagitis, but Chuang et al[14] did not find a significant association between BMI and erosive esophagitis. Our study showed that central obesity, but not BMI, was an independent risk factor for erosive esophagitis. 

A possible reason for this finding is that BMI is not a good indicator of the percentage of body fat among Asian populations[21]. Only the visceral component of abdominal fat increases the risk for erosive esophagitis because visceral adipose tissue is strongly associated with elevated serum levels of proinflammatory adipokines, which may play a role in the development of erosive esophagitis[7,14,22]. In addition, central obesity may increase intra-abdominal pressure and decrease lower esophageal sphincter pressure, resulting in esophageal sphincter relaxation with acid reflux, which may lead to esophagitis[22-24]. 

Studies have also shown that hypertriglyceridemia is associated with erosive esophagitis[13-15], but contrasting results have also been reported[5]. The present study shows that hypertriglyceridemia is a potential risk factor for erosive esophagitis. Although the underlying mechanisms still need to be fully characterized, high dietary fat intake and delay in gastric emptying may increase the risk of erosive esophagitis[25,26].
The association of hyperglycemia and erosive esophagitis is controversial. Moki et al[5] demonstrated a positive relationship between erosive esophagitis and hyperglycemia. However, the majority of studies have found that hyperglycemia is not associated with erosive esophagitis[13-15,27]. Our results also indicate that hyperglycemia is not associated with erosive esophagitis. Gastric emptying can be delayed by diabetic autonomic neuropathy, which may promote erosive esophagitis. However, most individuals in our study population were in generally good health, without diabetic autonomic neuropathy, which may explain our finding that hyperglycemia is not associated with erosive esophagitis. The association of hypertension and erosive esophagitis is also controversial. Gudlaugsdottir et al[28] suggested that erosive esophagitis was associated with hypertension, but Wu et al[29] failed to establish a significant relationship between hypertension and erosive esophagitis. Our study showed that hypertension is an independent risk factor for erosive esophagitis. 

Several studies have reported that abnormal liver function is related to metabolic syndrome[10-12]. In addition to metabolic syndrome, high BMI, central obesity, and hyperlipidemia are associated with hepatic steatosis[30,31]. The severity of hepatic steatosis is significantly correlated with the results of hepatic enzyme tests[32]. Several studies have reported an association between gastroesophageal reflux disease (GERD) and chronic liver disease[33--36]. Suzuki et al[36] showed that more than 30% of patients with chronic liver disease had GERD. Ueda et al[34] showed a relatively higher incidence of GERD in patients with alcoholic liver disease. We found that abnormal liver function (higher AST level) was a risk factor for erosive esophagitis. Although the underlying mechanisms are not clear, hepatic steatosis related to metabolic syndrome, a risk factor of erosive esophagitis, may provide a potential explanation. The TC/HDL-C ratio has been used to predict the risk of future coronary heart diseases. This practice is supported by several studies that have demonstrated that the TC/HDL-C ratio is the most significant predictor of future coronary heart disease, along with smoking and diabetes mellitus[37-39]. Our study showed that subjects with erosive esophagitis might have a higher cardiovascular risk than those without erosive esophagitis. 
The present study has several limitations. First, only the association between abnormal liver function and erosive esophagitis was analyzed, and no further evaluation was conducted to determine the relationship between erosive esophagitis and hepatic steatosis or chronic hepatitis B or C. Second, this study had a cross-sectional design, and therefore, only the associations between erosive esophagitis and metabolic syndrome, abnormal liver function, and dyslipidemia could be determined. Further studies with a longitudinal design are required to evaluate their possible causal relationships. 
In conclusion, metabolic syndrome and its components, such as central obesity, BP, and hypertriglyceridemia, are independent risk factors for erosive esophagitis. Abnormal liver function, including elevated AST, and cardiovascular risk factors were also found to be associated with erosive esophagitis. Further studies are needed to investigate the underlying mechanisms responsible for the relationship between abnormal liver function, cardiovascular risk, and erosive esophagitis.
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Background

Erosive esophagitis is becoming more prevalent in Asia, but the underlying mechanism remains unknown. Obesity has been associated with erosive esophagitis. However, the associations of metabolic syndrome, its components, and liver function with erosive esophagitis are controversial. 
Research frontiers

Several previous studies have identified the risk factors of erosive esophagitis, including male sex, hiatal hernia, smoking, alcohol consumption, and obesity. This study further determined the associations between erosive esophagitis and metabolic syndrome, its components, and liver function.
Innovations and breakthroughs
The present study demonstrated that metabolic syndrome, impaired liver function, and dyslipidemia were associated with erosive esophagitis.
Applications

Individuals with metabolic syndrome and high cardiovascular risk, as defined by a higher ratio of total cholesterol to high-density lipoprotein cholesterol, are at higher risk for erosive esophagitis. This finding may suggest that treating metabolic disorders can prevent or reduce the risk of erosive esophagitis. However, further studies are needed to confirm this finding. 
Terminology
Metabolic syndrome is a complex disorder comprising central obesity, high blood pressure, hyperglycemia, hypertriglyceridemia, and a low concentration of high-density lipoprotein cholesterol. Cardiovascular risk, which is determined by a total cholesterol / high-density lipoprotein cholesterol ratio > 5, correlates with the risk of cardiovascular events.

Peer review

Authors undertook to characterize the correlation between erosive esophagitis and metabolic syndrome and its components, abnormal liver function, and abnormal lipoprotein profiles. This case-controlled study is well organized and has enough potential for publication. 

REFERENCES 
1 Yeh C, Hsu CT, Ho AS, Sampliner RE, Fass R. Erosive esophagitis and Barrett's esophagus in Taiwan: a higher frequency than expected. Dig Dis Sci 1997; 42: 702-706 [PMID: 9125635 DOI: 10.1023/A: 1018835324210]

2 Manabe N, Haruma K, Mihara K. The increasing incidence of reflux esophagitis during the past 20 years in Japan. Gastroenterology 1999; 116: A224
3 Youn YH, Kang YW, Ahn SH, Park SK. Prevalence alteration of reflux esophagitis in recent years. Korean J Gastrointest Endosc 2001; 23: 144-148

4 Chen TS, Chang FY. The prevalence and risk factors of reflux esophagitis among adult Chinese population in Taiwan. J Clin Gastroenterol 2007; 41: 819-822 [PMID: 17881927 DOI: 10.1097/01.mcg.0000225658.30803.79]

5 Moki F, Kusano M, Mizuide M, Shimoyama Y, Kawamura O, Takagi H, Imai T, Mori M. Association between reflux oesophagitis and features of the metabolic syndrome in Japan. Aliment Pharmacol Ther 2007; 26: 1069-1075 [PMID: 17877514 DOI: 10.1111/j.1365-2036.2007.03454.x]

6 Wong BC, Kinoshita Y. Systematic review on epidemiology of gastroesophageal reflux disease in Asia. Clin Gastroenterol Hepatol 2006; 4: 398-407 [PMID: 16616342 DOI: 10.1016/j.cgh.2005.10.011]

7 Watanabe S, Hojo M, Nagahara A. Metabolic syndrome and gastrointestinal diseases. J Gastroenterol 2007; 42: 267-274 [PMID: 17464454 DOI: 10.1007/s00535-007-2033-0]

8 Wang YY, Lin SY, Lai WA, Liu PH, Sheu WH. Association between adenomas of rectosigmoid colon and metabolic syndrome features in a Chinese population. J Gastroenterol Hepatol 2005; 20: 1410-1415 [PMID: 16105129 DOI: 10.1111/j.1440-1746.2005.03971.x]

9 Kim JH, Lim YJ, Kim YH, Sung IK, Shim SG, Oh SO, Park SS, Yang S, Son HJ, Rhee PL, Kim JJ, Rhee JC, Choi YH. Is metabolic syndrome a risk factor for colorectal adenoma? Cancer Epidemiol Biomarkers Prev 2007; 16: 1543-1546 [PMID: 17684126 DOI: 10.1158/1055-9965.EPI-07-0199]

10 Tsai PY, Yen CJ, Li YC, Chiu TY, Chen CY, Jan CF. Association between abnormal liver function and risk factors for metabolic syndrome among freshmen. J Adolesc Health 2007; 41: 132-137 [PMID: 17659216 DOI: 10.1016/j.jadohealth.2007.03.002]

11 Park HS, Han JH, Choi KM, Kim SM. Relation between elevated serum alanine aminotransferase and metabolic syndrome in Korean adolescents. Am J Clin Nutr 2005; 82: 1046-1051 [PMID: 16280437]

12 Hsieh MH, Ho CK, Hou NJ, Hsieh MY, Lin WY, Yang JF, Chiu CC, Huang JF, Chang NC, Wang CL, Dai CY, Chuang WL, Yu ML. Abnormal liver function test results are related to metabolic syndrome and BMI in Taiwanese adults without chronic hepatitis B or C. Int J Obes (Lond) 2009; 33: 1309-1317 [PMID: 19752878 DOI: 10.1038/ijo.2009.172]

13 Chua CS, Lin YM, Yu FC, Hsu YH, Chen JH, Yang KC, Shih CH. Metabolic risk factors associated with erosive esophagitis. J Gastroenterol Hepatol 2009; 24: 1375-1379 [PMID: 19467140 DOI: 10.1111/j.1440-1746.2009.05858.x]

14 Chung SJ, Kim D, Park MJ, Kim YS, Kim JS, Jung HC, Song IS. Metabolic syndrome and visceral obesity as risk factors for reflux oesophagitis: a cross-sectional case-control study of 7078 Koreans undergoing health check-ups. Gut 2008; 57: 1360-1365 [PMID: 18441006 DOI: 10.1136/gut.2007.147090]

15 Park JH, Park DI, Kim HJ, Cho YK, Sohn CI, Jeon WK, Kim BI. Metabolic syndrome is associated with erosive esophagitis. World J Gastroenterol 2008; 14: 5442-5447 [PMID: 18803357 DOI: 10.3748/wjg.14.5442]

16 Lundell LR, Dent J, Bennett JR, Blum AL, Armstrong D, Galmiche JP, Johnson F, Hongo M, Richter JE, Spechler SJ, Tytgat GN, Wallin L. Endoscopic assessment of oesophagitis: clinical and functional correlates and further validation of the Los Angeles classification. Gut 1999; 45: 172-180 [PMID: 10403727 DOI: 10.1136/gut.45.2.172]

17 Jia WP, Xiang KS, Chen L, Lu JX, Wu YM. Epidemiological study on obesity and its comorbidities in urban Chinese older than 20 years of age in Shanghai, China. Obes Rev 2002; 3: 157-165 [PMID: 12164467 DOI: 10.1046/j.1467-789X.2002.00071.x]

18 Gill TP. Cardiovascular risk in the Asia-Pacific region from a nutrition and metabolic point of view: abdominal obesity. Asia Pac J Clin Nutr 2001; 10: 85-89 [PMID: 11710363 DOI: 10.1046/j.1440-6047.2001.00231.x]

19 Chang CJ, Wu CH, Chang CS, Yao WJ, Yang YC, Wu JS, Lu FH. Low body mass index but high percent body fat in Taiwanese subjects: implications of obesity cutoffs. Int J Obes Relat Metab Disord 2003; 27: 253-259 [PMID: 12587007 DOI: 10.1038/sj.ijo.802197]

20 Wang TD, Chen WJ, Chien KL, Seh-Yi Su SS, Hsu HC, Chen MF, Liau CS, Lee YT. Efficacy of cholesterol levels and ratios in predicting future coronary heart disease in a Chinese population. Am J Cardiol 2001; 88: 737-743 [PMID: 11589839 DOI: 10.1016/S0002-9149(01)01843-4]

21 Pan WH, Flegal KM, Chang HY, Yeh WT, Yeh CJ, Lee WC. Body mass index and obesity-related metabolic disorders in Taiwanese and US whites and blacks: implications for definitions of overweight and obesity for Asians. Am J Clin Nutr 2004; 79: 31-39 [PMID: 14684394]

22 Barak N, Ehrenpreis ED, Harrison JR, Sitrin MD. Gastro-oesophageal reflux disease in obesity: pathophysiological and therapeutic considerations. Obes Rev 2002; 3: 9-15 [PMID: 12119661 DOI: 10.1046/j.1467-789X.2002.00049.x]

23 Mercer CD, Wren SF, DaCosta LR, Beck IT. Lower esophageal sphincter pressure and gastroesophageal pressure gradients in excessively obese patients. J Med 1987; 18: 135-146 [PMID: 3480930]

24 Sugerman HJ. Increased intra-abdominal pressure in obesity. Int J Obes Relat Metab Disord 1998; 22: 1138 [PMID: 9822957 DOI: 10.1038/sj.ijo.0800757]

25 El-Serag HB, Satia JA, Rabeneck L. Dietary intake and the risk of gastro-oesophageal reflux disease: a cross sectional study in volunteers. Gut 2005; 54: 11-17 [PMID: 15591498 DOI: 10.1136/gut.2004.040337]

26 Maddox A, Horowitz M, Wishart J, Collins P. Gastric and oesophageal emptying in obesity. Scand J Gastroenterol 1989; 24: 593-598 [PMID: 2762759 DOI: 10.3109/00365528909093095]

27 Ariizumi K, Koike T, Ohara S, Inomata Y, Abe Y, Iijima K, Imatani A, Oka T, Shimosegawa T. Incidence of reflux esophagitis and H pylori infection in diabetic patients. World J Gastroenterol 2008; 14: 3212-3217 [PMID: 18506928 DOI: 10.3748/wjg.14.3212]

28 Gudlaugsdottir S, Verschuren W, Dees J, Stijnen T, Wilson J. Hypertension is frequently present in patients with reflux esophagitis or Barrett's esophagus but not in those with non-ulcer dyspepsia. Eur J Intern Med 2002; 13: 369 [PMID: 12225781]

29 Wu P, Ma L, Dai GX, Chen Y, Tong YL, Wang C, Yao LW, Jiang YX, Xu SC, Ai ZS. The association of metabolic syndrome with reflux esophagitis: a case-control study. Neurogastroenterol Motil 2011; 23: 989-994 [PMID: 21914043 DOI: 10.1111/j.1365-2982.2011.01786.x]

30 Younossi ZM, McCullough AJ, Ong JP, Barnes DS, Post A, Tavill A, Bringman D, Martin LM, Assmann J, Gramlich T, Mullen KD, O'Shea R, Carey WD, Ferguson R. Obesity and non-alcoholic fatty liver disease in chronic hepatitis C. J Clin Gastroenterol 2004; 38: 705-709 [PMID: 15319656 DOI: 10.1097/01.mcg.0000135372.10846.2a]

31 Kawai N, Kawai T, Kawai K. [Ultrasonic and laboratory studies on fatty liver in white-collar workers]. Nihon Shokakibyo Gakkai Zasshi 1995; 92: 1058-1065 [PMID: 7643460]

32 Hsiao PJ, Kuo KK, Shin SJ, Yang YH, Lin WY, Yang JF, Chiu CC, Chuang WL, Tsai TR, Yu ML. Significant correlations between severe fatty liver and risk factors for metabolic syndrome. J Gastroenterol Hepatol 2007; 22: 2118-2123 [PMID: 18031368 DOI: 10.1111/j.1440-1746.2006.04698.x]

33 Nishida T, Tsuji S, Tsujii M, Arimitsu S, Sato T, Haruna Y, Miyamoto T, Kanda T, Kawano S, Hori M. Gastroesophageal reflux disease related to diabetes: Analysis of 241 cases with type 2 diabetes mellitus. J Gastroenterol Hepatol 2004; 19: 258-265 [PMID: 14748871 DOI: 10.1111/j.1440-1746.2003.03288.x]

34 Ueda A, Enjoji M, Kato M, Yamashita N, Horikawa Y, Tajiri H, Kotoh K, Nakamuta M, Takayanagi R. [Frequency of gastroesophageal reflux disease (GERD) as a complication in patients with chronic liver diseases: estimation of frequency scale for the system of GERD]. Fukuoka Igaku Zasshi 2007; 98: 373-378 [PMID: 18046990]

35 Akatsu T, Yoshida M, Kawachi S, Tanabe M, Shimazu M, Kumai K, Kitajima M. Consequences of living-donor liver transplantation for upper gastrointestinal lesions: high incidence of reflux esophagitis. Dig Dis Sci 2006; 51: 2018-2022 [PMID: 17024572 DOI: 10.1007/s10620-006-9362-3]

36 Suzuki K, Suzuki K, Koizumi K, Ichimura H, Oka S, Takada H, Kuwayama H. Measurement of serum branched-chain amino acids to tyrosine ratio level is useful in a prediction of a change of serum albumin level in chronic liver disease. Hepatol Res 2008; 38: 267-272 [PMID: 18021234 DOI: 10.1111/j.1872-034X.2007.00268.x]

37 Onat A, Ceyhan K, Başar O, Erer B, Toprak S, Sansoy V. Metabolic syndrome: major impact on coronary risk in a population with low cholesterol levels--a prospective and cross-sectional evaluation. Atherosclerosis 2002; 165: 285-292 [PMID: 12417279 DOI: 10.1016/S0021-9150(02)00236-8]

38 Onat A, Uyarel H, Hergenç G, Karabulut A, Albayrak S, Can G. Determinants and definition of abdominal obesity as related to risk of diabetes, metabolic syndrome and coronary disease in Turkish men: a prospective cohort study. Atherosclerosis 2007; 191: 182-190 [PMID: 16678831 DOI: 10.1016/j.atherosclerosis.2006.03.012]

39 Onat A. Risk factors and cardiovascular disease in Turkey. Atherosclerosis 2001; 156: 1-10 [PMID: 11368991 DOI: 10.1016/S0021-9150(01)00500-7]

P-Reviewer Enjoji M S-Editor Zhai HH L-Editor E-Editor

Table 1 Comparison between subjects with and without erosive esophagitis
	
	With erosive esophagitis (n = 507)
	Without erosive esophagitis (n = 507)
	P value

	Age (yr, mean ± SD)
	51.2 ± 11.2
	51.2 ± 11.2
	-

	Sex (M/F)
	419/88
	419/88
	-

	BMI (kg/m2)
	25.6 ± 3.6
	24.9 ± 3.4
	< 0.001

	Waist circumference (cm)
	87.3 ± 12.9
	84.8 ± 11.9
	< 0.001

	Systolic BP (mmHg)
	132.3 ± 18.1
	129.2 ± 17.7
	0.003

	Diastolic BP (mmHg)
	87.2 ± 11.7
	84.2 ± 10.8
	< 0.001

	Fasting plasma glucose (mg/dL)
	105.9 ± 36.5
	101 ± 29
	0.009

	Triglycerides (mg/dL)
	165 ± 107.4
	137.1 ± 99.5
	< 0.001

	HDL-C (mg/dL)
	50.4 ± 15
	52.2 ± 14.5
	0.025

	TC/HDL-C
	4.27 ± 1.26
	4.04 ± 1.13
	0.001*

	LDL-C/HDL-C
	2.56 ± 0.96
	2.46 ± 0.87
	0.049*

	AST (U/L)
	31 ± 28.7
	27.3 ± 13.4
	0.004

	ALT (U/L)
	37.1 ± 26.4
	31.2 ± 21.6
	0.005


The P values are based on Student’s t test. M: Male; F: Female; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BP: Blood pressure; BMI: Body mass index; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TC: Total cholesterol. 
Table 2 Logistic regression analysis of risk factors for erosive esophagitis
	
	Univariate analysis 

OR (95%CI)
	P value
	Multivariate analysis 

OR (95%CI)
	P value

	Obesity1
	1.72 (1.10–1.80)
	 < 0.05
	
	0.606

	Central obesity2
	1.60 (1.20–2.14)
	 < 0.05
	1.38 (1.0–1.86)
	 < 0.05

	Hypertension
	1.43 (1.11–1.86)
	 < 0.05
	1.35 (1.04–1.76)
	 < 0.05

	Hyperglycemia
	1.39 (1.07–1.80)
	 < 0.05
	
	0.143

	Hypertriglyceridemia
	1.50 (1.15–1.95)
	 < 0.05
	1.34 (1.02–1.76)
	 < 0.05

	Low HDL-C
	1.24 (0.91–1.67)
	0.192
	NA
	NA

	TC/HDL-C > 5
	1.57 (1.17–2.12)
	 < 0.05
	1.45 (1.06–1.97)
	 < 0.05

	AST > 37 (U/L)
	1.67 (1.14–2.45)
	 < 0.05
	1.59 (1.08–2.34)
	 < 0.05

	ALT > 40 (U/L)
	1.40 (1.04–1.90)
	 < 0.05
	
	0.986


1Defined as body mass index ( 25 kg/m2; 2Defined as waist circumference ≥ 90 cm for men and ≥80 cm for women. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TC: Total cholesterol.
Table 3 Components of metabolic syndrome associated with erosive esophagitis n (%)
	Metabolic factors
	Erosive esophagitis (n = 507) 
	Matched normal control (n = 507) 
	OR (95%CI)
	P value

	Number of criteria
	
	
	
	

	( 1 criterion
	473 (93.3)
	447 (88.2)
	1.867 (1.203–2.899)
	0.007

	( 2 criteria
	391 (77.1)
	335 (66.1)
	1.731 (1.312–2.283)
	<0.001

	( 3 criteria
	239 (47.1)
	191 (37.7)
	1.475 (1.149–1.895)
	0.003

	( 4 criteria
	112 (22.1)
	64 (12.6)
	1.963 (1.403–2.746)
	<0.001

	5 criteria
	28 (5.5)
	20 (3.9)
	1.423 (0.791–2.561)
	0.301


