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Abstract:

 The aim was to investigate the prevalence of non-alcoholic steatohepatitis (NASH) and risk factors for hepatic fibrosis in morbidly obese patients submitted to bariatric surgery. This retrospective study recruited all patients submitted to bariatric surgery from January 2007 to December 2012 at a reference attendance center of Southern Brazil. Clinical and biochemical data were studied as a function of the histological findings of liver biopsies done during the surgery. Steatosis was present in 226 (90.4%) and NASH in 176 (70.4%) cases. The diagnosis of cirrhosis was established in four cases (1.6%) and fibrosis in 108 (43.2%). Risk factors associated with NASH at multivariate analysis were alanine aminotransferase (ALT) >1.5 times the upper limit of normal (ULN); glucose ≥ 126 mg/dL and triglycerides ≥ 150 mg/dL. All patients with ALT ≥1.5 times the ULN had NASH. When the presence of fibrosis was analyzed, ALT > 1.5 times the ULN and triglycerides ≥ 150 mg/dL were risk factors, furthermore, there was an increase of 1% in the prevalence of fibrosis for each year of age increase. Not only steatosis, but NASH is a frequent finding in MO patients. In the present study, ALT ≥ 1.5 times the ULN identifies all patients with NASH, this finding needs to be further validated in other studies. Moreover, the presence of fibrosis was associated with ALT, triglycerides and age, identifying a subset of patients with more severe disease.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) embraces a wide range of manifestations that includes simple steatosis (SS), non-alcoholic steatohepatitis (NASH), cirrhosis and hepatocellular carcinoma [1,2]. The real prevalence of NASH is not known, as the disease is usually asymptomatic and that the definitive diagnosis is possible only by the histopathological assessment [3,4]. In a study conducted in a tertiary public hospital in south Brazil, the prevalence of NASH was 3.18% in obese patients without diabetes mellitus (DM) [5].

Morbidly obese (MO) patients, defined as body mass index (BMI) ≥35 and experiencing obesity-related health conditions or ≥40 kg/m2, are a subgroup with higher risk of NAFLD. In these patients, the prevalence of NAFLD is estimated from 84% to 96% and of NASH from 25% to 55%. In those with NASH, there is bridging fibrosis or cirrhosis at a rate of 12% and 2% respectively [4,6].

This study aimed to estimate the prevalence of NASH and the risk factors for fibrosis in MO patients submitted to bariatric surgery (BS).



2. Results

A total of 250 patients were evaluated; 200 (80%) were women, with an average age of 36.8 ± 10.2 years. The average BMI was 43.6 ± 5.2 kg/m2. Type 2 diabetes was identified in 12.8% and arterial hypertension in 41.3%.

Simple steatosis was present in 226 (90.4%) patients and were classified as mild in 76 (30.4%); moderate in 71 (28.4%) and severe in 79 (31.6%). NASH was diagnosed in 176 (70.4%) cases, being mild degree in 120 (48.4%) cases; moderate in 50 (20%) cases, and severe in 6 (2.4%) cases. Fibrosis was reported in 108 (43.2%) biopsies, 95 (38%) of them were mild; 2 (0.8%) moderate; and 7 severe (2.8%). Cirrhosis was diagnosed in 4 (1.6%) cases.

The risk factors related to NASH in bivariate analysis (Table 1) were: Mean value of AST, mean value of ALT, ALT ≥ 1.5 times the ULN, mean value of TG, TG ≥ 150 mg/dL and mean value of glucose. All patients with ALT ≥1.5 times the ULN had NASH. After the adjustment by the multivariate model, the following variables remain associated with NASH (Table 2): ALT > 1.5 times the ULN; glucose ≥ 126 mg/dL and TG ≥ 150 mg/dL.

Table 1. Bivariate analysis according to the presence of non-alcoholic steatohepatitis (NASH).


	Variable *
	Total Sample
	With NASH
	Without NASH
	p





	Age (years)
	37.2 ± 10.6 (n = 183)
	37.6 ± 11.0 (n = 141)
	35.5 ± 9.0 (n = 42)
	0.208



	Female
	153 (80.1) (n = 191)
	113 (79) (n = 143)
	40 (83.3) (n = 48)
	0.661



	BMI (kg/m2)
	43.7 ± 5.2 (n = 191)
	43.5 ± 5.0 (n = 143)
	44.1 ± 5.7 (n = 48)
	0.535



	Ferritin (µ/L)
	119 (67–208) (n = 169)
	123 (75–239) (n = 128)
	97 (58.5–173) (n = 41)
	0.120



	Iron (µ/L)
	76.4 ± 25.2 (n = 163)
	75.8 ± 24.1 (n = 125)
	78.4 ± 29.1 (n = 38)
	0.587



	** AST (U/L)
	24 (19–31) (n = 183)
	25 (20–34) (n = 139)
	21.5 (16.3–26.8) (n = 44)
	0.007



	** ALT (U/L)
	29 (21–47.8) (n = 183)
	32 (23–51) (n = 139)
	25 (17–29.5) (n = 44)
	<0.001



	ALT > 1.5 × U/L
	28 (15.2) (n = 183)
	28 (20.1) (n = 139)
	0 (0.0) (n = 44)
	0.002



	Glucose (mg/dL)
	103.7 ± 34.3 (n = 188)
	106.7 ± 37.7 (n = 142)
	94.5 ± 17.9 (n = 46)
	0.036



	Glucose ≥ 126 mg/dL
	24 (12.8) (n = 188)
	22 (15.5) (n = 142)
	2 (4.3) (n = 46)
	0.086



	Platelets (10³/mm3)
	278.5 ± 68.6 (n = 172)
	283.3 ± 64.8 (n = 131)
	269 ± 68.8 (n = 41)
	0.233



	Total cholesterol (mg/dL)
	193 ± 42 (n = 186)
	196.6 ± 42.8 (n = 138)
	182.9 ± 38.3 (n = 48)
	0.052



	LDL-C (mg/dL)
	116 ± 41 (n = 186)
	117.4 ± 41.1 (n = 138)
	112 ± 41.1 (n = 48)
	0.438



	HDL-C (mg/dL)
	48.9 ± 13.7 (n = 186)
	48.4 ± 13.5 (n = 138)
	50.2 ± 14.3 (n = 48)
	0.427



	TG (mg/dL)
	122 (91–193) (n = 186)
	134 (96–198) (n = 138)
	105 (72–135) (n = 48)
	0.004



	TG ≥ 150 mg/dL
	68 (36.3) (n = 186)
	58 (42.0) (n = 138)
	9 (18.8) (n = 48)
	0.007





* Variables described by mean ± standard deviation, median (percentiles 25–75) or n (%); ** Normal values for ALT: 14–42 U/L and for AST: 10–42 U/L; n = number of cases; NASH = nonalcoholic steatohepatitis; BMI = body mass index; AST = aspartate aminotransferase; ALT = alanine aminotransferase; LDL-C = low density lipoprotein; HDL-C = high density lipoprotein.





Table 2. Multivariate analysis according to the presence of NASH and fibrosis.



	
Variables

	
NASH

	
Fb




	
PR (95% CI)

	
p

	
PR (95% CI)

	
p






	
ALT > 1.5 ULN

	
1.31 (1.22–1.41)

	
<0.001

	
1.22 (1.00–1.48)

	
0.048




	
Glucose ≥ 126 mg/dL

	
1.16 (1.02–1.32)

	
0.022

	
1.22 (0.99–1.50)

	
0.058




	
TGs ≥ 150 mg/dL

	
1.15 (1.01–1.30)

	
0.035

	
1.24 (1.07–1.45)

	
0.005




	
Age

	
*

	
*

	
1.01 (1.00–1.02)

	
0.006






* did not present a p value <0.20 in the bivariate analysis.




Some risk factors associated to fibrosis by bivariate analysis (Table 3) were the same as those associated with NASH: Mean value of AST, mean value of ALT, ALT > 1.5 times the ULN, mean value of TG, TG ≥ 150 mg/dL and mean value of glucose. In addition, glucose ≥ 126 mg/dL and age were also associated with fibrosis. The mean age of patients with fibrosis was 40.0 ± 11.4 and without fibrosis, 34.8 ± 9.3 (p = 0.001). After the adjustment by the multivariate model (Table 2), the following variables remain associated with fibrosis: ALT > 1.5 times the ULN, TG ≥ 150 mg/dL and age: For a year of age increase, there is an increase of 1% in the prevalence of fibrosis (PR = 1.01; 95% CI = 1.00–1.02; p = 0.006).

Table 3. Bivariate analysis according to the presence of fibrosis.


	Variable *
	With Fb
	Without Fb
	p





	Age (years)
	40.0 ± 11.4 (n = 83)
	34.8 ± 9.3 (n = 100)
	0.001



	Female
	67 (79.8) (n = 84)
	86 (80.4) (n = 107)
	1.000



	BMI (kg/m2)
	43.4 ± 5.4 (n = 84)
	43.9 ± 5.0 (n = 107)
	0.479



	Ferritin (µ/L)
	127 (81–293) (n = 73)
	109 (56–97) (n = 96)
	0.080



	Iron (µ/L)
	75.8 ± 22.5 (n = 73)
	76.9 ± 27.4 (n = 90)
	0.790



	** AST (U/L)
	25 (19–43) (n = 83)
	24 (18–28) (n = 100)
	0.040



	** ALT (U/L)
	30 (24–54) (n = 83)
	26 (19–39) (n = 100)
	0.008



	** ALT > 1.5 × U/L
	19 (22.9) (n = 83)
	9 (8.9) (n = 100)
	0.015



	Glycemia (mg/dL)
	110.9 ± 40 (n = 83)
	98.0 ± 27.9 (n = 105)
	0.014



	Glycemia ≥ 126 mg/dL
	17 (20.5) (n = 83)
	7 (6.7) (n = 105)
	0.009



	Platelets (10³/mm3)
	273.6 ± 59.3 (n = 77)
	285 ± 70.6 (n = 95)
	0.261



	Total cholesterol (mg/dL)
	198.9 ± 42.3 (n = 80)
	188.7 ± 41.4 (n = 106)
	0.102



	LDL-C (mg/dL)
	116.3 ± 38.4 (n = 80)
	115.8 ± 43.1 (n = 106)
	0.934



	HDL-C (mg/dL)
	49.2 ± 14.2 (n = 80)
	48.6 ± 13.3 (n = 106)
	0.776



	TG (mg/dL)
	148.5 (100–199) (n = 80)
	112.5 (83.8–158) (n = 106)
	0.005



	TG ≥ 150 mg/dL
	40 (50) (n = 80)
	27 (25.5) (n = 106)
	0.001





* Variables described by mean ± standard deviation, median (percentiles 25–75) or n (%); ** Normal values for ALT: 14–42 U/L and for AST: 10–42 U/L; n = number of cases; Fb = fibrosis; BMI = body mass index; AST = aspartate aminotransferase; ALT = alanine aminotransferase; LDL-C = low density lipoprotein; HDL-C = high density lipoprotein; TG = triglycerides.












3. Discussion

More recently, BS has become an accepted therapeutic option for MO patients and has been associated with histological improvement of NAFLD [7,8,9,10]. When liver biopsies performed before and after the weight loss caused by the surgery were compared, it was shown that this treatment determines an improvement or stabilization of SS, NASH and fibrosis [9,10]. However, in cirrhosis, the likelihood of regression is reduced and there is an increase in morbidity and mortality after BS [8,9,10,11,12].

In the present study, NAFLD was present in 90.4% of the MO patients submitted to BS. This result is consistent with the literature that reports a prevalence varying between 84% and 96% of NAFLD [4,13]. In the same way, the degree of steatosis was uniformly distributed in 30.4%, 28.4% and 31.6%, as mild, moderate and severe degree respectively, and NASH was found in approximately 70%, with a moderate correlation with the degree of steatosis. Other authors found a prevalence of NASH between 55% and 60%, but in these cases, the histopathological diagnostic criteria were not homogeneous, which makes the actual prevalence of NASH difficult to be established [3,11].

Bedossa et al. [14] proposed recently a score and algorithm for the histopathological definition of NASH in patients with MO. Patients should be classified as having NASH only if they have unequivocal hepatocyte ballooning. According to these criteria, a prevalence of NASH in 34% in patients with MO was found, which is lower than the observed in other studies [3,11], including ours. A possible explanation for this finding is that Bedossa et al. used more specific criteria for the diagnosis of NASH. In the present study, fibrosis was present in 48.3% of patients; out of these, 38% were mild and only 4.4% were considered severe. Although cirrhosis is not a contraindication for BS, there is a risk of hepatic decompensation with rapid weight loss [15].

New noninvasive clinical and biochemical markers of fibrosis in NASH have been evaluated [3]. Age, obesity, hypertension, DM, the levels of bilirubin and the ALT/AST ratio greater than 1 has been associated with the presence of NASH or fibrosis [3,13,16,17,18]. Contrary to other studies [19,20], the present results did not show a positive correlation of BMI with the degree of steatosis, NASH and fibrosis. BMI does not always properly reflect the degree of visceral adiposity, significantly more involved in the physiopathology of NAFLD. It is possible that there is a closer correlation between the liver damage and the measure of abdominal circumference; however, this data was not evaluated in the present study.

The results of the present study demonstrated that all patients whose ALT values were greater than 1.5 times the ULN (15% of the sample) presented NASH, and ALT was also strongly associated with fibrosis. This data can represent a cutoff and has not yet been reported in the literature for this subgroup of patients.

This study showed an association among serum levels of TG and glucose with NASH. These findings were already described in former studies concerning the risk factors of NASH [13,18,21]. In addition to high levels of TG, we found that the presence of fibrosis was also correlated with age; this association has been described before [20,22]. Furthermore, an increase in age raises the prevalence of fibrosis linearly.

Although several non-invasive markers for prediction of advanced fibrosis are available (aspartate aminotransferase-to-platelet ratio index - APRI; NAFLD fibrosis score; body mass index, ASL/ALT ratio and diabetes mellitus - BARD; FIB-4) [16,23,24,25], the present study suggests that patients with MO and more advanced age, high levels of ALT and TG should best be submitted to a full diagnostic evaluation such as liver biopsy to better assessment of hepatic damage.

In conclusion, this study showed a high prevalence of NASH in patients with MO and identifies a subset of patients with a higher risk of more advanced disease.



4. Experimental Section

This is a retrospective cohort study, where MO patients were submitted to BS from 2007 to 2012 at the Obesity Treatment Center of a tertiary reference center (Santa Casa de Porto Alegre, SCPA) in southern Brazil. Age, gender, the presence of comorbidities (diabetes, arterial hypertension) and body mass index (BMI) were evaluated. The dosage of ferritin, aspartate (AST) and alanine (ALT) aminotransferases, fasting glucose, platelets, total cholesterol, triglycerides (TG), high (HDL-C) and low (LDL-C) density lipoproteins was done up to 90 days before procedure. These variables were compared with the histological results of liver biopsies obtained in the trans-operative period.

Patients aged less than 18 years, those who presented serological markers for viral hepatitis, as well as patients with other causes of chronic liver disease and history of alcohol intake >20 g/day were excluded.

Liver biopsies were routinely stained with Hematoxylin-Eosin, Perls and Masson’s trichrome and evaluated by the same liver pathologist who was blinded to the clinical data.

Simple steatosis (SS) was considered to be present over 5% of the sample and scored as suggested by Brunt: Mild steatosis was defined when present in 5% to 33%; moderate steatosis when present in 33% to 66%, and severe steatosis when greater than 66% [26]. To diagnose NASH, steatosis associated with hepatocyte ballooning and/or inflammatory infiltrate were the main findings, and was classified using NAFLD Activity Score (NAS) as mild (A1), moderate (A2) and severe (A3), according to classification described by the Pathology Committee of the NASH Clinical Research Network. The degree of fibrosis (Fb) was classified as stage A1, when sinusoidal/discrete cellular Fb was present; degree 1B, when sinusoidal/dense and diffuse Fb was identified; and 1c for portal Fb. Stage 2 was considered when there was pericellular/perisinusoidal associated with periportal Fb, and stage 3 in the presence of the anterior changes associated to bridging Fb. Finally, stage 4 corresponds to cirrhosis [27]. In the statistical analysis, the degree of Fb was classified as mild (stages 1A, 1B, 1C); moderate (stage 2); severe (stage 3) or cirrhosis (stage 4).

The data were analyzed using the SPSS (Statistical Package for the Social Sciences) Inc., Chicago, IL, USA, version 18.0. The sample size supports a minimum difference between groups of 20%, power of 85% and a significance level of 5%. To control confounding factors and analyze the variables independently associated with NASH and fibrosis, the Poisson regression analysis was applied. To evaluate the association, the prevalence ratio (PR) was used, with the 95% confidence interval (CI) to estimate the risk in the population. To control the multicollinearity, two regression models were made, one of them inserting the glycemia and the other the TG. The criteria for entering the variable in the multivariate model was that it should have a value of p < 0.20 in the bivariate analysis. To evaluate the association between the categorical variables, the Pearson chi-square test was applied, and for the continuous or ordinal variables, the Spearman (rs) correlation test was used. p values of <0.05 were considered significant. This study was approved by the Institutional review board of SCPA. For this type of study formal consent was not required.






Author Contributions

Alexandre Losekann and Gabriela P. Coral conceptualized and designed this manuscript; Alexandre Losekann, Antonio C. Weston, Luiz A. de Carli, Marilia B. Espindola and Sergio R. Pioner collected and analyzed the data; Alexandre Losekann, Angelo A. de Mattos, Cristiane V. Tovo and Gabriela P. Coral reviewed the literature and wrote the paper; all authors approved the final version of the manuscript.



Conflicts of Interest

The authors declare no conflict of interest.



Abbreviations

ALT: alanine aminotransferase; AST: aspartate aminotransferase; APRI: aspartate aminotransferase-to-platelet ratio index; BARD: body mass index, ASL/ALT ratio and diabetes mellitus; BMI: body mass index; BS: bariatric surgery; CI: confidence interval; DM: diabetes mellitus; Fb: fibrosis; HDL-C: high density lipoproteins; LDL-C: low density lipoproteins; MO: morbidly obese; NAFLD: Nonalcoholic fatty liver disease; NAS: NAFLD Activity Score; NASH: non-alcoholic steatohepatitis; PR: prevalence ratio; rs:Spearman correlation test; SCPA: Santa Casa de Porto Alegre; SPSS: Statistical Package for the Social Sciences; SS: simple steatosis; TG: triglycerides; ULN: upper limit of normal.



References


	1. 
Brunt, E.M. Nonalcoholic steatohepatitis. Semin. Liver Dis. 2004, 24, 3–20. [Google Scholar]

	2. 
White, D.L.; Kanwal, F.; El-Serag, H.B. Associations between nonalcoholic fatty liver disease and risk for hepatocellular cancer based on systematic review. Clin. Gastroenterol. Hepatol. 2012, 10, 1342–1359. [Google Scholar]

	3. 
Musso, G.; Gambino, R.; Cassader, M.; Pagano, G. Meta-analysis: natural history of non-alcoholic fatty liver disease (NAFLD) and diagnostic accuracy of non-invasive tests for liver disease severity. Ann. Med. 2011, 43, 617–649. [Google Scholar] [CrossRef] [PubMed]

	4. 
Clark, J.M. The epidemiology of nonalcoholic fatty liver disease in adults. J. Clin. Gastroenterol. 2006, 40, 5–10. [Google Scholar]

	5. 
Zamin, I., Jr.; de Mattos, A.A.; Zettler, C.G. Nonalcoholic steatohepatitis in nondiabetic obese patients. Can. J. Gastroenterol. 2002, 16, 303–307. [Google Scholar] [PubMed]

	6. 
Ratziu, V.; Giral, P.; Charlotte, F.; Bruckert, E.; Thibault, V. Liver fibrosis in overweight patients. Gastroenterology 2000, 118, 1117–1123. [Google Scholar] [CrossRef]

	7. 
Chalasani, N.; Younossi, Z.; Lavine, J.E.; Diehl, A.M.; Brunt, E.M.; Cusi, K.; Charlton, M.; Sanyal, A.J. The diagnosis and management of non-alcoholic fatty liver disease: Practice Guideline by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association. Hepatology 2012, 55, 2005–2023. [Google Scholar] [CrossRef] [PubMed]

	8. 
De Andrade, A.R.; Cotrim, H.P.; Alves, E.; Soares, D.; Rocha, R. Nonalcoholic fatty liver disease in severely obese individuals: The influence of bariatric surgery. Ann. Hepatol. 2008, 7, 364–368. [Google Scholar] [PubMed]

	9. 
Mathurin, P.; Hollebecque, A.; Arnalsteen, L.; Buob, D.; Leteurtre, E.; Caiazzo, R.; Pigeyre, M.; Verkindt, H.; Dharancy, S.; Louvet, A.; et al. Prospective study of the long-term effects of bariatric surgery on liver injury in patients without advanced disease. Gastroenterology 2009, 137, 532–540. [Google Scholar] [CrossRef] [PubMed]

	10. 
Moretto, M.; Kupski, C.; da Silva, V.D.; Padoin, A.V.; Mottin, C.C. Effect of bariatric surgery on liver fibrosis. Obes. Surg. 2012, 22, 1044–1049. [Google Scholar] [PubMed]

	11. 
Mummadi, R.R.; Kasturi, K.S.; Chennareddygari, S.; Sood, G.K. Effect of bariatric surgery on nonalcoholic fatty liver disease: systematic review and meta-analysis. Clin. Gastroenterol. Hepatol. 2008, 6, 1396–1402. [Google Scholar] [CrossRef] [PubMed]

	12. 
Mosko, J.D.; Nguyen, G.C. Increased perioperative mortality following bariatric surgery among patients with cirrhosis. Clin. Gastroenterol. Hepatol. 2011, 9, 897–901. [Google Scholar] [CrossRef] [PubMed]

	13. 
Ong, J.P.; Elariny, H.; Collantes, R.; Younoszai, A.; Chandhoke, V.; Reines, H.D.; Goodman, Z.; Younossi, Z.M. Predictors of nonalcoholic steatohepatitis and advanced fibrosis in morbidly obese patients. Obes. Surg. 2005, 15, 310–315. [Google Scholar] [CrossRef] [PubMed]

	14. 
Bedossa, P.; Poitou, C.; Veyrie, N.; Bouillot, J.L.; Basdevant, A.; Paradis, V.; Tordjman, J.; Clement, K. Histopathological algorithm and scoring system for evaluation of liver lesions in morbidly obese patients. Hepatology 2012, 56, 1751–1759. [Google Scholar] [CrossRef] [PubMed]

	15. 
DˈAlbuquerque, L.A.C.; Gonzalez, A.M.; Whale, R.C.; de Oliveira Souza, E.; Mancero, J.M.; de Oliveira e Silva, A. Liver transplantation for subacute hepatocellular failure due to massive steatohepatitis after bariatric surgery. Liver Transpl. 2008, 14, 881–885. [Google Scholar] [CrossRef] [PubMed]

	16. 
Angulo, P. Long-term mortality in nonalcoholic fatty liver disease: Is liver histology of any prognostic significance? Hepatology 2010, 51, 373–375. [Google Scholar] [CrossRef] [PubMed]

	17. 
Chisholm, J.; Seki, Y.; Toouli, J.; Stahl, J.; Collins, J.; Kow, L. Serologic predictors of nonalcoholic steatohepatitis in a population undergoing bariatric surgery. Surg. Obes. Relat. Dis. 2012, 8, 416–422. [Google Scholar] [CrossRef] [PubMed]

	18. 
Praveenraj, P.; Gomes, R.M.; Kumar, S.; Karthikeyan, P.; Shankar, A.; Parthasarathi, R.; Senthilnathan, P.; Rajapandian, S.; Palanivelu, C. Prevalence and predictors of non-alcoholic fatty liver disease in morbidly obese south indian patients undergoing bariatric surgery. Obes. Surg. 2015, 25, 2078–2087. [Google Scholar] [PubMed]

	19. 
Pagano, G.; Pacini, G.; Musso, G.; Gambino, R.; Mecca, F.; Depetris, N.; Cassader, M.; David, E.; Cavallo-Perin, P.; Rizzetto, M. Nonalcoholic steatohepatitis, insulin resistance, and metabolic syndrome: further evidence for an etiologic association. Hepatology 2002, 35, 367–372. [Google Scholar] [CrossRef] [PubMed]

	20. 
Rocha, R.; Cotrim, H.P.; Carvalho, F.M.; Siqueira, A.C.; Braga, H.; Freitas, L.A. Body mass index and waist circumference in non-alcoholic fatty liver disease. J. Hum. Nutr. Diet. 2005, 18, 365–370. [Google Scholar] [CrossRef] [PubMed]

	21. 
Chitturi, S.; Abeygunasekera, S.; Farrell, G.C.; Holmes-Walker, J.; Hui, J.M.; Fung, C. NASH and insulin resistance: Insulin hypersecretion and specific association with the insulin resistance syndrome. Hepatology 2002, 35, 373–379. [Google Scholar] [CrossRef] [PubMed]

	22. 
Guidorizzi de Siqueira, A.C.; Cotrim, H.P.; Rocha, R.; Carvalho, F.M.; de Freitas, L.A.; Barreto, D.; Gouveia, L.; Landeiro, L. Non-alcoholic fatty liver disease and insulin resistance: Importance of risk factors and histological spectrum. Eur. J. Gastroenterol. Hepatol. 2005, 17, 837–841. [Google Scholar] [CrossRef] [PubMed]

	23. 
Kruger, F.C.; Daniels, C.R.; Kidd, M.; Swart, G.; Brundyn, K.; van Rensburg, C.; Kotze, M. APRI: A simple bedside marker for advanced fibrosis that can avoid liver biopsy in patients with NAFLD/NASH. South Afr. Med. J. 2011, 101, 477–480. [Google Scholar]

	24. 
Harrison, S.A.; Oliver, D.; Arnold, H.L.; Gogia, S.; Neuschwander-Tetri, B.A. Development and validation of a simple NAFLD clinical scoring system for identifying patients without advanced disease. Gut 2008, 57, 1441–1447. [Google Scholar] [CrossRef] [PubMed]

	25. 
Shah, A.G.; Lydecker, A.; Murray, K.; Tetri, B.N.; Contos, M.J.; Sanyal, A.J.; Nash Clinical Research Network. Use of the FIB4 index for non-invasive evaluation of fibrosis in nonalcoholic fatty liver disease. Clin. Gastroenterol. Hepatol. 2009, 7, 1104–1112. [Google Scholar] [CrossRef] [PubMed]

	26. 
Brunt, E.M.; Janney, C.G.; Di Bisceglie, A.M.; Neuschwander-Tetri, B.A.; Bacon, B.R. Nonalcoholic steatohepatitis: A proposal for grading and staging the histological lesions. Am. J. Gastroenterol. 1999, 94, 2467–2474. [Google Scholar] [CrossRef] [PubMed]

	27. 
Kleiner, D.E.; Brunt, E.M.; van Natta, M.; Behling, C.; Contos, M.J.; Cummings, O.W.; Ferrell, L.D.; Liu, Y.C.; Torbenson, M.S.; Unalp-Arida, A.; et al. Design and validation of a histological scoring system for nonalcoholic fatty liver disease. Hepatology 2005, 41, 1313–1321. [Google Scholar] [CrossRef] [PubMed]





© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  ijms-16-25552


  
    		
      ijms-16-25552
    


  




  





media/file0.png





