J Minim Invasive Surg Sci. 2016 November; 5(4):e40979.

doi: 10.17795/minsurgery.40979.

Published online 2016 November 2.

Research Article

Liver Function Tests and Ultrasonography Findings in Iranian Morbid
Obese Patients Undergoing Bariatric Surgery
Amir Hossein Faghihi,1 Somayyeh Mokhber,2 Arezou Hashemzadeh,2 Pejman Mansouri,2 and
Abdolreza Pazouki1,*
1

Associate Professor of Gastrohepatology, Assistant Professor of Minimally Invasive Surgery, Minimally Invasive Surgery Research Centre, Iran University of Medical Sciences,
Tehran, Iran
2
Minimally Invasive Surgery Research Center, Tehran University of Medical Sciences, Tehran, Iran
*

Corresponding author: Abdolreza Pazouki, Assistant Professor of Minimally Invasive Surgery, Minimally Invasive Surgery Research Centre, Iran University of Medical Sciences,
Tehran, Iran. Tel: +98-66555448, 98-9121374227, Fax: +98-2166501113, E-mail: apazouki@yahoo.com

Received 2016 August 01; Revised 2016 October 30; Accepted 2016 October 30.

Abstract
Background: Obesity, a major risk factor for fatty liver disease, is increasing worldwide. Morbid obese patients have a higher prevalence of fatty liver disease in addition to more severe complications, and high prevalence of abnormal liver function tests (LFTs).
The aim of this study is to determine the pattern of LFT and liver ultrasonography of morbid obese Iranian patients undergoing
bariatric surgery.
Methods: The study population included 308 morbid obese patients who were candidates for Laparoscopic Roux-en-Y Gastric Bypass
surgery. Body mass index (BMI), age, gender, weight, height, blood tests including alanine transaminase (ALT), aspartate transaminase (AST), direct bilirubin (Bil D), total bilirubin (Bil T), and liver ultrasound reports were recorded for all of the patients. Patients
with alcohol intake or hepatitis or human immunodeficiency virus (HIV) were excluded from the study. The data were entered and
analyzed using SPSS-16. The chi-square, ANOVA and Independent-sample t- test used in the study analysis.
Results: Data analyses showed that alkaline phosphatase (ALKP) is the most elevated serum enzyme in morbid obese patients 26
(87.6%). ALT, AST, bilirubin total and bilirubin direct were more than upper normal range in 70 (24.1%), 80 (26%), 2 (1.5%) and 15 (11.4%)
in all patients, respectively. Ultrasonography of the liver showed that fatty liver disease occurred in approximately 280 (91%) of our
patients. In our study, the only liver enzyme that had significant difference with fatty liver and normal groups was AST (P: 0.027).
The patients were divided into three groups on the basis of the BMI: BMI of 35 - 40 kg/m2 , 40 - 50 kg/m2 , and above 50 kg/m2 . There
is not any significant difference between the mean of ALKP, ALT, AST, bilirubin (direct and total) serum level and fatty liver in these
three groups.
Conclusions: The prevalence of abnormal LFTs in Iranian morbid obese patients is in high status especially the level of ALKP. Liver
ultrasonography has high sensitivity for the fatty liver in morbid obese patients but LFTs rise only in few patients with fatty liver.

Keywords: Bariatric Surgery, Liver Function Tests, Morbid Obesity, Ultrasonography

1. Background

Iranian adults (>18 yrs) (7).

Obesity is an increasing condition around the world
which can develop enormous risks affecting different organs that cause low quality of life and vast economic burden for health care systems (1, 2) and it has been doubled in
the last 20 years (3). There are some risk factors like genetics, behavioral, psychological, and lifestyle changes which
can increase its prevalence (4, 5). It may also be associated
with diabetes, hypertension, dyslipidemia, asthma, arthritis, and liver disease (1). Obesity can be categorized into
3 minor categories: mild-moderate (BMI 30 - 39.9 kg/m2 ),
morbid (BMI 40 - 49.9 kg/m2 ), and super (BMI >50 kg/m2 )
(6). Studies show that the prevalence of obesity is 21.5% in

This pathologic condition is the most common cause
of nonalcoholic fatty liver disease (NAFLD) (8), which
can be defined as the presence of steatosis and necroinflammation on liver biopsy. The entire spectrum of fatty
liver has been termed as NAFLD and covers the gamut
from simple fatty infiltration to cirrhosis. When inflammatory changes occur with or without fibrosis, the disease
becomes nonalcoholic steatohepatitis (NASH) afterwards,
which can lead to fibrosis and cirrhosis (9, 10). The worldwide prevalence of NAFLD among adult has been estimated
to range from 10% to 24%; and occurs as high as 57.5% to 74%
in obese adults. The correlation of obesity and different
features of metabolic syndrome depicts high risk of devel-
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oping NAFLD in obese patients (11, 12). The best treatment
for NAFLD is life style modification, such as weight reduction (13, 14).
There are some noninvasive imaging techniques,
which can investigate the liver, such as ultrasound (US),
magnetic resonance imaging (MRI), and computed tomography (CT) and some liver enzyme tests, such as
alaninaminotransaminas (ALT), aspartate aminotransaminase (AST), ammaglutamyltranspeptidase (GTT), and
alkaline phosphatase (ALKP) which can reflect hepatic cell
function and can also be used as a valuable diagnostic
test in hepatic cell dysfunctions such as NAFLD (15). But,
they cannot differentiate the degrees of NAFLD (benign
steatosis against NASH (16); they only distinguish whether
the fatty liver exists or not. So, liver biopsy is still the gold
standard for diagnose and staging the NAFLD (17).
Despite the high prevalence of obesity and the increasing trend of overweightness in Iran (18), regarding
its correlation with NAFLD, we have not gathered valid
data indicating the prevalence of liver function abnormalities in asymptomatic morbid obese patients undergoing
bariatric surgery.

2. Objectives
The purpose of our study was to evaluate the prevalence of liver cell dysfunction by means of liver function
tests (LFTs) and ultrasonography in morbid obese Iranian
patients undergoing bariatric surgery.

3.1. Exclusion Criteria Included
history of alcohol consumption, medications that
might have adverse effects on the liver (hepatotoxicity),
known hepatitis B or C viral infection, Wilson’s disease,
autoimmune hepatitis, hemochromatosis, alpha-1 antitrypsin disease or other known liver disease, and previous
jejunoileal bypass.
The study was approved by the ethical committee of Iran University of Medical Sciences (code:
IR.IUMS.rec.1390.16285) and is in accordance with guidelines laid down by the latest version of Helsinki Declaration. The informed consent for liver biopsy was not
obtained from all patients; therefore the liver biopsy has
not been used as an available test to investigate fatty liver
in this study.
3.2. Statistics
The data were entered and analyzed using SPSS-16. The
chi-square or Fisher exact test was used to compare the
prevalence of fatty liver in the three groups. Analysis of
variance (ANOVA) was used to compare the mean of quantitative data between the three groups of BMI and also
Independent-sample t-test was used for comparing the
mean of quantitative data between two gender groups or
normal and fatty liver groups. P value less than 0.05 was
accepted as statistically significant. The quantitative data
were expressed as mean ± standard deviation (SD) or median with interquartile range (IQR); frequency was used for
the qualitative data.

3. Methods
4. Results
This retrospective study, based on the data extracted
from national obesity surgery database of the obesity center of Rasul-e-Akram hospital, Tehran, Iran is composed
of 308 morbid obese patients, who were candidates for
Laparoscopic Roux-en-Y gastric bypass (LRYGB) surgery,
which has been done by a united surgical team, since June
2009 to August 2012.
Inclusion criteria were all candidates for bariatric
surgery (BMI ≥ 40 solely or BMI > 35 with related comorbidities). BMI, age, gender, weight, height, blood tests including ALT, AST, direct bilirubin, total bilirubin and liver
ultrasound reports were recorded. All blood tests were
done in Rasoul-e-Akram laboratory with the same standards and normal ranges, which are in compliance with internationally accepted figures for laboratory tests. In our
study, Fatty liver disease was defined as >50% hepatocytes
with fat droplets. Available laboratory data were reviewed
for serologic and liver function tests to exclude viral hepatitis and other potential causes of liver disease.
2

308 candidates for LRYGB surgery between June 2009
and August 2012 were included in this study. The subjects
were divided into three categories on the basis of their
BMI: 39 subjects (12.7%) had a BMI in range of 35 - 40 kg/m2
(group A), 215 (69.8%) in range of 40 - 50 kg/m2 (group B)
and 54 subjects (17.5%) above 50 kg/m2 (group C). Table 1
summarizes the demographic as well as liver function test
results of the study population based on gender. The abdomen ultrasonography study showed that 280 (90.9%) patients had positive evidence for fatty liver disease. Patients
who were diagnosed to have NAFLD had a wide spectrum
of liver involvement. In addition, gender showed no significant association with ultrasound study’s result (P = 0.780)
(Table 1).
Table 2 compares the demographic and clinical characteristics of different BMI groups. Although, NAFLD was
most frequent in those with a BMI greater than 50 kg/m2 , it
did not reach the threshold for statistical significance (P =
J Minim Invasive Surg Sci. 2016; 5(4):e40979.
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Table 1. Demographic and Clinical Characteristics of the Study Participant Based on Gendera

Total Population n = 308

Female, n = 262

Male, n = 46

P Valueb

Age, y

39.42 ± 9.51

39.81 ± 9.55

37.15 ± 9.07

0.08

Weight, kg

121.47 ± 19.22

117.67 ± 16.49

141.46 ± 21.52

0.009

Height, cm

163.93 ± 8.53

161.86 ± 6.23

176.86 ± 8.39

< 0.001

BMI, kg/m2

45.12 ± 5.55

45.12 ± 5.62

45.10 ± 5.21

0.595

Fatty liver

280 (90.9)

237 (90.5)

43 (93.5)

0.780

AST,IU/L: median (IQR)

21 (15 - 27)

20 (15 - 26)

25 (19 - 37.5)

< 0.001

Variables

22 (4 - 172)

20 (16 - 30)

37.5 (29.75 - 76.50)

< 0.001

ALKP,IU/L

183.99 ± 59.77

184.84 ± 59.77

179.07 ± 60.21

0.555

Bil D, mg/dL: median (IQR)

0.20 (0.1 - 0.2)

0.2 (0.1 - 0.21)

0.2 (0.2 - 0.22)

0.219

Bil T, mg/dL

0.6 (0.5 - 0.81)

0.63 ± 0.26

0.6 (0.5 - 0.9)

0.181

ALT,IU/L: median (IQR)

Abbreviations: ALKP, alkaline phosphatase; Bil D, direct bilirubin; Bil T, total bilirubin.
a
Values are expressed as No. (%) or mean ± SD.
b
P values represent the differences between female and male groups

0.125). In addition, we did not observe a significant association between liver function test results (including AST, ALT,
ALKP, direct and total bilirubin levels) and BMI categories
(P > 0.05).
In general, 80 patients (26%) had an abnormal AST level.
Also, these values for the levels of ALT, ALKP, Total Bil and
Direct Bil were 70 (24.1%), 261 (87.6%), 15 (11.4%) and 4 (3.1%),
respectively. There were no significant difference between
groups of BMI and the frequency of high level of these tests
(for all of them P > 0.05) (Table 3).
Table 4 presents the comparison of the age and liver
function test between patients with and without NAFLD.
The age variable showed no significant difference between the healthy and fatty liver groups (P > 0.05). The
mean of AST levels in fatty liver cases was significantly
higher than in normal subjects, but the mean of ALT, ALKP,
Bil D and Bil T levels showed no difference between the two
groups (for all of them P > 0.05).

5. Discussion
The incidence of non-alcoholic fatty liver disease is increasing among individuals with obesity.
In this study, we evaluated the pre-operative liver function tests and abdominal ultrasonography findings of
morbid obese patients undergoing bariatric surgery. In addition, we evaluated the potential association between demographic and LFT findings with different BMI categories.
The prevalence of abnormal liver function test results
in asymptomatic healthy adults is estimated to be 7% - 9%
(19). In several studies on morbid obese patients going for
weight reduction surgery, this prevalence has been raised
J Minim Invasive Surg Sci. 2016; 5(4):e40979.

to 19% - 24% (20, 21). But, our study demonstrated a higher
prevalence than the previous ones. We found that 87.6% of
our patients had elevated ALKP as the most elevated liver
enzyme in our survey. The incidence of other abnormal
LFTs in our study was 26% for AST and 24% for ALT. In other
studies, the most elevated liver enzymes were ALT, AST, and
ALKP, respectively (22-24).
The analysis of our results showed that both ALT and
AST have strong relationship with gender (P < 00.1). But,
for ALKP we did not observe a significant correlation. Wolf
et al. (25) also showed a positive association between elevated levels of ALT and AST with male gender; however the
ALKP level was similar in male and female morbid obese patients. A recent study (26) did not find a significant association between gender and ALT and AST levels. (P value of
0.25 and 0.16, respectively).
The serum level of total bilirubin in our patients was in
normal range (0.65 ± 0.31 mg/dL) with the normal range
of 0.3 to 1.0 mg/dL. Boza et al. (27) also announced that in
their morbid obese patients, the pre-operative serum level
of total bilirubin was 0.5 ± 0.3.
In our study, the incidence of fatty liver in male patients was more than female, but there were no significant differences in its frequency between male and female.
Other investigators have, likewise, showed that the incidence of fatty liver is more likely in male patients than females (24, 26, 27). Some articles believe that the correlation between the incidence of fatty liver and male gender
maybe a result of their generally greater abdominal visceral fat mass (25).
Fatty liver disease occurred in approximately 91% of
our patients. Although the prevalence of NAFLD is increas3
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Table 2. Demographic and Clinical Characteristics of Participants Based on BMIa
BMI, Kg/M2

Variables

P Valueb

Group A (35 ≤ BMI < 40)

Group B (40 ≤ BMI < 50)

Group c (BMI ≥ 50)

No. (%)

39 (13)

215 (70)

54 (17)

Age, y

39.72 ± 9.17

39.28 ± 9.81

39.74 ± 8.86

0.930

34 (87.2)

182 (84.7)

46 (85.2)

0.920

20.87 ± 6.74

21(15 - 28)

19.5 (15 - 28.25)

0.724

21 (17-30)

23 (17 - 35)

21 (16 - 35)

0.419

Female gender
AST, IU/L
ALT, IU/L: median (IQR)

182.89 ± 48.52

181.03 ± 60.96

196.42 ± 61.09

0/245

Bil D, mg/dL

0.2 (0.1-0.3)

0.2 (0.1 - 0.3)

0.18 ± 0.06

0.310

Bil T, mg/dL

0.65 ± 0.31

0.60 (0.5- 0.8)

0.69 ± 0.17

0.680

35 (89.7)

192 (89.3)

53 (98.1)

0.125

ALKP, IU/L

NAFLD

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; ALKP, alkaline phosphatase; Bil D, direct bilirubin; Bil T, total bilirubin; NAFLD, nonalcoholic fatty
liver disease.
a
Values are expressed as No. (%) or mean ± SD.
b
P values represent the differences between the three groups.

Table 3. The Frequency of Higher Than Normal Level of Liver Function Tests

Variables

BMI
Group A (35 ≤ BMI < 40)

Group B (40 ≤ BMI < 50)

Group C (BMI ≥ 50)

P Value

AST

6 (15.4)

58 (27)

16 (29.6)

0.521

ALT

5 (12.8)

52 (26.1)

13 (24.5)

0.449

ALT

31 (88)

184 (87.6)

46 (86.8)

0.973

Bil D

2 (15.4)

13 (14.6)

0

0.083

Bil T

0

2 (2.3)

0

0.259

35 (89.7)

192 (89.3)

53 (98.1)

0.125

NAFLD

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; ALKP, alkaline phosphatase; Bil D, direct bilirubin; Bil T, total bilirubin; NAFLD, nonalcoholic fatty
liver disease.

Table 4. Comparison of Characteristics Between Patients With and Without NAFLD

Variables
Age: mean± SD
AST: median (IQR)

Patients With NAFLD, n = 280

Patients Without NAFLD n = 28

P Value

38.04 ± 10.26

39.55 ± 9.44

0.422

21 (16 - 28)

16.50(14 - 22.75)

0.027a

ALT: median (IQR)

22 (17- 36)

19 (15 - 29)

0.189

ALKP: mean± SD

183.07 ± 59.34

193.62 ± 64.51

0.391

Bil D: median (IQR)

0.2 (0.1- 0.21)

0.15(0.1 - 0.27)

0.615

Bil T: median (IQR)

0.6 (0.5 - 0.8)

0.85(0.72 - 1)

0.118

Abbreviations: NAFLD, nonalcoholic fatty liver disease; AST, aspartate transaminase; ALT, alanine transaminase; ALKP, alkaline phosphatase; Bil D, direct bilirubin; Bil T,
total bilirubin.
a
Significant difference between two groups P < 0.05.

ing in the developed countries and it has been estimated
that more than half of individuals with obesity have NAFLD
(28-31), we observed a much higher frequency of NAFLD in

4

our population of obese patients. In the current study, the
only liver enzyme that had significant difference with fatty
liver and normal groups was AST (P value: 0.027). We did
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not observe a significant difference between patients with
and without NAFLD in terms of age, ALT, ALKP, total bilirubin, and direct bilirubin.
We acknowledge that this study includes a number of
weaknesses. A great limitation of this study is the use of
abdominal ultrasonography for detection of patients with
NAFLD as the liver biopsy data were not available for all patients. The lack of liver biopsy results to confirm the diagnosis and identify the grade of hepatic damage is a further
weakness of this study. Moreover, we recognize that there
are various factors, e.g. gamma-glutamyltranspeptidase
that might have a significant association with NAFLD frequency and intensity that were not measured in this study.
5.1. Conclusion
We observed much higher frequency of abnormal LFT
levels, in particular ALKP level, in Iranian obese patients in
comparison with the results of similar investigations. LFTs
(AST and ALT) are usually resistant to liver changes and do
not elevate in patients with NAFLD. Prospective studies of
obese patients with liver biopsy are warranted to further
evaluate the correlation between NAFLD grade and serum
LFT levels.
Acknowledgments
We would like to express our special thanks from the
patients participated in this study and all personnel of the
minimally invasive surgery research center and we would
like to thank from national obesity surgery database team
who prepared us useful data.
Footnotes
Authors’ Contribution: Study concept and design: Amir
Hossein Faghihi, Arezou Hashemzadeh and Abdolreza Pazouki; acquisition of data: Pejman Mansouri, Somayyeh
Mokhber and Abdolreza Pazouki; analysis and interpretation of data: Amir Hossein Faghihi and Abdolreza Pazouki; drafting of the manuscript: Amir Hossein Faghihi,
Somayyeh Mokhber, Arezou Hashemzadeh, Pejman Mansouri and Abdolreza Pazouki; critical revision of the
manuscript for important intellectual content: Amir Hossein Faghihi and Abdolreza Pazouki; statistical analysis: Pejman Mansouri and Amir Hossein Faghihi; administrative,
technical, and material support: Amir Hossein Faghihi,
Somayyeh Mokhber, Arezou Hashemzadeh, Pejman Mansouri and Abdolreza Pazouki; study supervision: Amir Hossein Faghihi, Somayyeh Mokhber, Arezou Hashemzadeh,
Pejman Mansouri and Abdolreza Pazouki.
Funding/Support: This study was funded and supported
by Iran university of medical sciences (IUMS); Grant no 9004-140-16285.
J Minim Invasive Surg Sci. 2016; 5(4):e40979.

References
1. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS,
et al. Prevalence of obesity, diabetes, and obesity-related health
risk factors, 2001. JAMA. 2003;289(1):76–9. doi: 10.1001/jama.289.1.76.
[PubMed: 12503980].
2. Jia H, Lubetkin EI. Trends in quality-adjusted life-years lost contributed by smoking and obesity. Am J Prev Med. 2010;38(2):138–44. doi:
10.1016/j.amepre.2009.09.043. [PubMed: 20117569].
3. Pazouki A, Mokhber S, Riazi S, Alibeigi P, Abdolhosseini M, Jesmi F.
Assessment of Surgical Complications in Morbid Obese Patients, The
Candidates for 2 Methods of Laparoscopic Bariatric Surgery (Laparoscopic Gastric Bypass, Laparoscopic Sleeve Gastrectomy). J Min Invasive Surg Sci. 2015;4(4) doi: 10.17795/minsurgery-19040.
4. Chavez-Tapia NC, Tellez-Avila FI, Barrientos-Gutierrez T, MendezSanchez N, Lizardi-Cervera J, Uribe M. Bariatric surgery for nonalcoholic steatohepatitis in obese patients. Cochrane Database Syst
Rev. 2010(1):007340. doi: 10.1002/14651858.CD007340.pub2. [PubMed:
20091629].
5. Suzuki K, Jayasena CN, Bloom SR. Obesity and appetite control. Exp
Diabetes Res. 2012;2012:824305. doi: 10.1155/2012/824305. [PubMed:
22899902].
6. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in
obesity among US adults, 1999-2008. JAMA. 2010;303(3):235–41. doi:
10.1001/jama.2009.2014. [PubMed: 20071471].
7. Mirzazadeh A, Haghdoost AA, Bahrein F, Rezazadeh Kermani M. The
Prevalence of Obesity in Iran in Recent Decade; a Systematic Review
and Meta-Analysis Study. Iran J Public Health. 2008;38(3):1–11.
8. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary of an AASLD Single Topic Conference. Hepatology.
2003;37(5):1202–19. doi: 10.1053/jhep.2003.50193. [PubMed: 12717402].
9. McCullough AJ. Pathophysiology of nonalcoholic steatohepatitis. J Clin Gastroenterol.
2006;40 Suppl 1:17–29. doi:
10.1097/01.mcg.0000168645.86658.22. [PubMed: 16540762].
10. McCullough AJ. The clinical features, diagnosis and natural history of
nonalcoholic fatty liver disease. Clin Liver Dis. 2004;8(3):521–33. doi:
10.1016/j.cld.2004.04.004. [PubMed: 15331061].
11. Chitturi S, Farrell GC. Etiopathogenesis of nonalcoholic steatohepatitis. Semin Liver Dis. 2001;21(1):27–41. doi: 10.1055/s-2001-12927.
[PubMed: 11296694].
12. Neuschwander-Tetri BA. Evolving pathophysiologic concepts in nonalcoholic steatohepatitis. Curr Gastroenterol Rep. 2002;4(1):31–6. doi:
10.1007/s11894-002-0035-x. [PubMed: 11825539].
13. Lam BP, Younossi ZM. Treatment regimens for non-alcoholic fatty
liver disease. Ann Hepatol. 2009;8 Suppl 1:51–9. [PubMed: 19381125].
14. Rafiq N, Younossi ZM. Effects of weight loss on nonalcoholic fatty
liver disease. Semin Liver Dis. 2008;28(4):427–33. doi: 10.1055/s-00281091986. [PubMed: 18956298].
15. Sass DA, Chang P, Chopra KB. Nonalcoholic fatty liver disease: a clinical review. Dig Dis Sci. 2005;50(1):171–80. doi: 10.1007/s10620-005-1267z. [PubMed: 15712657].
16. Adams LA, Angulo P. Treatment of non-alcoholic fatty liver disease.
Postgrad Med J. 2006;82(967):315–22. doi: 10.1136/pgmj.2005.042200.
[PubMed: 16679470].
17. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al.
The utility of radiological imaging in nonalcoholic fatty liver disease.
Gastroenterology. 2002;123(3):745–50. doi: 10.1053/gast.2002.35354.
[PubMed: 12198701].
18. Rashidi A, Mohammadpour-Ahranjani B, Vafa MR, Karandish M. Prevalence of obesity in Iran. Obes Rev. 2005;6(3):191–2. doi: 10.1111/j.1467789X.2005.00174.x. [PubMed: 16045632].

5

Faghihi AH et al.

19. Clark JM, Brancati FL, Diehl AM. The prevalence and etiology of elevated aminotransferase levels in the United States. Am J Gastroenterol. 2003;98(5):960–7. doi: 10.1111/j.1572-0241.2003.07486.x. [PubMed:
12809815].
20. Ioannou GN, Boyko EJ, Lee SP. The prevalence and predictors of
elevated serum aminotransferase activity in the United States in
1999-2002. Am J Gastroenterol. 2006;101(1):76–82. doi: 10.1111/j.15720241.2005.00341.x. [PubMed: 16405537].
21. Nomura F, Ohnishi K, Satomura Y, Ohtsuki T, Fukunaga K, Honda
M, et al. Liver function in moderate obesity–study in 534 moderately obese subjects among 4613 male company employees. Int J Obes.
1986;10(5):349–54. [PubMed: 2877956].
22. Albert S, Borovicka J, Thurnheer M, Lange J, Meyenberger C. [Preand postoperative transaminase changes within the scope of gastric
banding in morbid obesity]. Praxis (Bern 1994). 2001;90(35):1459–64.
[PubMed: 11594118].
23. Silverman EM, Sapala JA, Appelman HD. Regression of hepatic steatosis in morbidly obese persons after gastric bypass. Am J Clin Pathol.
1995;104(1):23–31. doi: 10.1093/ajcp/104.1.23. [PubMed: 7611176].
24. Akwaa AA. . Pattern of Liver Function Tests in Morbidly Obese
Saudi Patients Undegoing Bariatric Surgery. Saudi J Gastroenterol.
2011;17(4):252–5.
25. Wolf AM, Busch B, Kuhlmann HW, Beisiegel U. Histological
changes in the liver of morbidly obese patients: correlation
with metabolic parameters. Obes Surg. 2005;15(2):228–37. doi:
10.1381/0960892053268408. [PubMed: 15802066].
26. Guzman-Aroca F, Frutos-Bernal MD, Bas A, Lujan-Mompean JA, Reus

6

27.

28.

29.

30.

31.

M, Berna-Serna Jde D, et al. Detection of non-alcoholic steatohepatitis in patients with morbid obesity before bariatric surgery: preliminary evaluation with acoustic radiation force impulse imaging. Eur
Radiol. 2012;22(11):2525–32. doi: 10.1007/s00330-012-2505-3. [PubMed:
22648049].
Boza C, Riquelme A, Ibanez L, Duarte I, Norero E, Viviani P, et
al. Predictors of nonalcoholic steatohepatitis (NASH) in obese patients undergoing gastric bypass. Obes Surg. 2005;15(8):1148–53. doi:
10.1381/0960892055002347. [PubMed: 16197788].
Welsh JA, Karpen S, Vos MB. Increasing prevalence of nonalcoholic fatty liver disease among United States adolescents,
1988-1994 to 2007-2010. J Pediatr. 2013;162(3):496–500 e1. doi:
10.1016/j.jpeds.2012.08.043. [PubMed: 23084707].
Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y, Mir H, et
al. Changes in the prevalence of the most common causes of chronic
liver diseases in the United States from 1988 to 2008. Clin Gastroenterol
Hepatol. 2011;9(6):524–30. doi: 10.1016/j.cgh.2011.03.020. [PubMed:
21440669].
Wang Z, Xu M, Hu Z, Shrestha UK. Prevalence of nonalcoholic fatty
liver disease and its metabolic risk factors in women of different ages and body mass index. Menopause. 2015;22(6):667–73. doi:
10.1097/GME.0000000000000352. [PubMed: 25513983].
Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, et al. Prevalence and associated metabolic factors of nonalcoholic fatty liver disease in the general population from 2009 to 2010 in Japan: a multicenter large retrospective study. J Gastroenterol. 2012;47(5):586–95.
doi: 10.1007/s00535-012-0533-z. [PubMed: 22328022].

J Minim Invasive Surg Sci. 2016; 5(4):e40979.

