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1. Introduction

1.1 Obesity - Definition, BMI, Classification 

Obesity is a chronic disease, which has been increasing worldwide (Strauss and 

Pollack 2001). The Incidence of Obesity has doubled in 70 countries since 1980, 

In 2015, a total of 107.7 million children and 603.7 million adults worldwide were 

obese (Collaborators, Afshin et al. 2017). In 2011 more than 50% of the 

population in Germany were overweight and 23% were obese (Mensink, 

Schienkiewitz, et al. 2013). The number of operations performed in Germany has 

steadily increased, reaching 10,000 procedures per year (Angrisani, Santonicola, 

et al. 2018). 

Obesity is internationally measured using the body mass index. BMI is defined 

as the body weight in kilograms divided by the body height in meters and is 

universally expressed in units of kg/m2, resulting from mass in kilograms and 

height in meters. 

Many studies showed that BMI correlates with body fat proportion. That is why 

Micozzi et. Al. used BMI as an objective parameter to assess obesity (Micozzi, 

Albanes, et al. 1986). According to the WHO report, BMI classifies people 

according to the body habitus; namely underweight, optimal weight, overweight, 

and obese. Furthermore, it can indicate the increased risk of obesity-related 

diseases. Risk increases steadily after a BMI ≥ 25 and exponentially when BMI ≥ 

40 (WHO, 2000).  

Table 1: Weight classification according to BMI (WHO, 2000) 

BMI Category kg/m2 Risk of obesity-related 
diseases 

Underweight < 18,5 Low 

Optimal weight 18,5 – 24,9 Average 

Overweight ≥ 25 Above average 

Pre-Obese 25 – 29,9 Mildly elevated 

Obese Stage I 30 – 34,9 Moderately elevated 

 Obese Stage II 35 – 39,9 Highly elevated 

Morbidly Obese III ≥ 40 Very high 

Legend: BMI; Body mass index, kg; kilogram, m2; meter squared 

https://en.wikipedia.org/wiki/Human_height
https://en.wikipedia.org/wiki/Units_of_measurement
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Metre
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Also, fat distribution plays an important role in obesity-related disorders. The first 

form is the gynoid form, in which the fat is more distributed over the lower limb 

and gluts compared to the android form, where the fat deposits in the abdomen, 

trunk, and neck. The type of fat distribution plays an important role in morbidity 

and mortality. Visceral fat deposition (android form) increases the risk of 

metabolic disorders, like diabetes type 2, which increases the risk of 

cardiovascular disease(Despres 2012). Another way to assess the risk of obesity-

related disorders is to measure waist circumference (Lean, Han, et al. 1995). 

Table 2: Waist circumference and risk for obesity metabolic-related disorders 

(Lean et al., 1995) 

Risk of cardiovascular 
and metabolic 
complications 

Waist circumference 
Men 

Waist circumference 
Women 

High ≥ 94 ≥80 

Very high ≥102 ≥88 

nd 

1.2  Prevalence of obesity 

The incidence of obesity has increased steadily in the last decades, especially in 

developed and industrial countries (WHO, 2000). 

In Germany, the incidence of obesity increased over time. In 1985 the prevalence 

of obesity was 16.2%. In 2008 the prevalence of obesity increased to 20.8% when  

considering BMI (≥ 30) and to 37.4% in the population with BMI (25-29.9). As 

result, 58% of the German population were overweight or obese in 2008 

(Fontaine, Redden et al. 2003, Helmert and Strube 2004) 

Robert Koch Institute reported in 2013, that 23% of men and 24% of women were 

obese (BMI ≥ 30) and 67% of men and 53% of women were overweight (Mensink, 

Schienkiewitz, et al. 2013). Just like England, Irland, Scottland, and Spain, 

Germany belongs to the european countries with the highest incidence of obesity. 

In the USA the incidence of obesity has reached 35%. Therefore, obesity has 

become one of the most serious global problems (Mensink, Schienkiewitz et al. 

2013, Collaborators, Afshin et al. 2017). While 2.1 billion people worldwide are 

overweight (Ng, Fleming, et al. 2014), only 842 Million people are undernourished 
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(http://www.fao.org/hunger).  In the last 33 years, no single country has achieved 

a reduction in the prevalence of obesity (Ng, Fleming, et al. 2014). 

1.3 Mortality in Obesity 

Many studies showed that obese people have reduced life expectancy compared 

to people of normal weight. (Fontaine, Redden, et al. 2003, McGee 2005, Lenz, 

Richter, et al. 2009). The morbidly obese; stage 3 (BMI ≥ 40) have a 200% 

increased mortality risk compared to people with normal weight (Lenz, Richter, et 

al. 2009).  

Especially in the young population obesity influences the remaining life 

expectancy. Men and women between 20 and 30 years with BMI ≥ 45 have 

approximately, 13 and 8 years, respectively, shorter life expectancy compared to 

people with normal weight. In men, it means a 22% reduction of the remaining 

life expectancy (Fontaine, Redden et al. 2003). 

1.4 Etiology of obesity 

Obesity is multifactorial, usually due to a positive energy imbalance. This means, 

that over a long period of time more energy has been stored from food intake as 

consumed, leading to fat deposition and an increase in weight (Hall and Guo 

2017). 
The most common cause of this positive energy imbalance is the sedentary 

lifestyle in developed countries (WHO, 2000). Another factor is the easy access 

to high caloric food, especially carbohydrate- and fat-rich diet, which leads to an 

increase in body fat (Dreon, Frey-Hewitt, et al. 1988). 

Another important issue is the decreased mobility in the era of technology, it is 

thought that the increase in available technology is a contributor to obesogenic 

environment, like using cars, escalators, elevators, which lead eventually to a 

positive energy imbalance (Gilmore, Duhe, et al. 2014).  

Another important cause of obesity is genetic predisposition. In 1956, P.J. Clark 

observed in a study of twins, the presence of shared genetic components, that 

determine the height, weight, and pelvic circumference in 70% of the cases (Clark 

1956). In 1994 Carmelli et al confirmed that even twins, that grow separately, 

show a high concordance in weight (Carmelli, Cardon, et al. 1994). 
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Obesity genes were discovered in the USA in 1949. Ingalls et al. reported a 

recessive phenotype in obese mice (Ingalls, Dickie, et al. 1950). In 1994 Zhang 

isolated the obese gene. Leptin was thought to be the result of obese-gene, which 

played a role in a signalling pathway responsible for the regulation of fat 

deposition (Zhang, Proenca, et al. 1994). Leptin is a hormone secreted from 

adipocytes, which interacts with hypothalamic receptors to decrease the 

secretion of the neuropeptide Y. Neuropeptide Y increases appetite and 

increases plasma levels of insulin and corticosteroid. A decrease in fat depots 

leads to a decrease in Leptin concentration which increases appetite(Zarjevski, 

Cusin, et al. 1993). 

The initial theory, that the obese suffer from Leptin deficiency, ended as Maffei et 

al. showed a linear correlation between BMI and Leptin concentration in plasma. 

(Maffei, Halaas, et al. 1995). Considine et al. proved that obesity is associated 

with high levels of leptin, which indicates that obesity rise from Leptin-resistance 

rather than deficiency (Considine, Sinha, et al. 1996).  

Another signaling pathways with an association with obesity is the deficiency in 

Carboxypeptidase E, which leads to a defect in processing of proinsulin, which 

leads to obesity-diabetes syndrome (Naggert, Fricker, et al. 1995). Furthermore, 

Huszar D et al. discovered in 1997 that the inactivation of the Melanocortin-4 

receptor leads to hyperphagia, hyperinsulinemia, and hyperglycemia syndrome 

(Huszar, Lynch, et al. 1997). 

Obesity can also be caused by Prader-Willi syndrome (Laurier, Lapeyrade, et al. 

2015), Cushing syndrome (Drey, Berr, et al. 2017), and 

Hypothyroidism(Portmann and Giusti 2007). Also, be a result of many psychiatric 

disorders like Binge-Eating syndrome and Bulimia nervosa. (Villarejo, Jimenez-

Murcia et al. 2014, McCuen-Wurst, Ruggieri, et al. 2018). Also, The consumption 

of some pharmacological agents has been linked with obesity like Tricyclic 

antidepressants, Corticosteroids, and Neuroleptics (Verhaegen and Van Gaal 

2017). 
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1.5 Obesity-related disorders 

Obesity is highly associated with metabolic syndrome. Arterial hypertension, 

Hyperlipidemia, Type II Diabetes mellitus, and obstructive sleep apnea syndrome 

are common co-morbidities for Obesity (WHO, 2000). 

Another manifestation of obesity and metabolic syndrome is non-alcoholic fatty 

liver disease, which ranges from simple steatosis to non-alcoholic steatohepatitis, 

eventually leading to fibrosis and cirrhosis (Fassio, Alvarez et al. 2004). 

1.5.1 Arterial hypertension 

Arterial hypertension is the most common comorbidity associated with obesity. 

Stamler et al. showed in 1978 a correlation between blood pressure and body 

weight. In a nationwide hypertension screening study in the USA, 1 million 

Americans were examined.  Over-weight individuals between 20-39 years had 

twice the incidence of arterial hypertension when compared to the normal 

population. Among those aged 40 to 64 years, the overweight group had a 50% 

increased risk of hypertension compared to normal-weight individuals and 100% 

increased risk compared to the underweight group (Stamler, Stamler et al. 1978). 

In the nurses' health study, which included 80000 women over 16 years, 

concluded that every 1 unit increase in BMI increases the incidence of 

hypertension by 12% (Huang, Willett et al. 1998). Arterial hypertension is an 

important risk factor for coronary artery disease and myocardial infarction. 

According to the Interheart Study, Hypertension increases the risk of myocardial 

infarction by 20% (Assmann, Schulte et al. 1997). When combined with smoking 

and diabetes, it increases to 50% (Yusuf, Hawken et al. 2004). 

1.5.2 Type 2 Diabetes mellitus 

According to the international federation for diabetes, in 2013, 382 Million people 

have type 2 diabetes mellitus. They expect this number to increase by 50% by 

2035. There is also a strong association between overweight and glucose 

intolerance.  The nurses’ Health study also demonstrated that the risk of diabetes 

mellitus type 2 increases significantly when BMI ≥ 22. The risk triples when BMI 

≥ 30. About 90 % of diabetics are overweight and 44% of diabetics are obese 

(Colditz, Willett et al. 1990). 
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1.5.3 Hypertriglycermia 

The typical dyslipidemia of obesity consists of increased triglycerides (TG) and 

FFA, decreased HDL with HDL dysfunction and normal or slightly increased LDL-

accompanied with increased small dense LDL. The concentrations of plasma 

apolipoprotein (apo) B are also often increased, partly due to the hepatic 

overproduction of apo B containing lipoproteins(Franssen, Monajemi et al. 2011, 

Wang and Peng 2011). 

Hypertriglyceridemia is defined as increased triglyceride concentration in serum 

≥180 mg/dl (Sinning and Landmesser 2017). According to the American 

guidelines, the threshold is (≥150 mg/dl). Hypertriglyceridemia is also associated 

with lower HDL concentrations in serum ≤40mg/dl (Hegele, Ginsberg et al. 2014). 
The PROCAM Study concluded, that a BMI >30 kg/m² doubles and sometimes 

quadruple the risk of hypertriglyceridemia (Assmann, Schulte et al. 1997). The 

presence of hypertriglyceridemia significantly increases the risk of myocardial 

infarction (Nordestgaard, Benn et al. 2007, Cabrera, Sanchez-Chaparro et al. 

2014).  

1.5.4 Obstructive sleep apnea syndrome 

Obstructive sleep apnea is defined as a respiratory arrest ≥ 10 seconds at least 

5 times per hour during sleep. Overweight increases the risk of obstructive sleep 

apnea significantly (Degache, Sforza et al. 2013). Some studies report the 

prevalence of obstructive sleep apnea as high as 80% and 50% in morbidly obese 

men and women respectively(Salvador, Iriarte et al. 2004).  

Untreated OSAS leads to other comorbidities like arterial hypertension, 

pulmonary hypertension, and worsening of heart failure(Hopps and Caimi 2015). 

It also increases the incidence of NAFLD (Weingarten, Mantilla ,et al. 2012). 

1.5.5 Non-alcoholic fatty liver disease (NAFLD) 

This is defined as an increase of > 5% of lipid content in the hepatocytes in the 

absence of excessive alcohol intake. This ranges from simple steatosis when 

>66% of hepatocytes show increased lipid content to non-alcoholic steatosis 

hepatitis, in which steatosis is combined with inflammation, which leads to 

fibrosis, cirrhosis, and occasionally hepatocellular carcinoma (Fassio, Alvarez et 

al. 2004, Albhaisi, Issa et al. 2018) 



7 

Histologically, NAFLD is similar to alcoholic fatty liver disease. However, NAFLD 

is characterized by the absence of alcohol or maximal alcohol consumption of 

20g/day (Ludwig, Viggiano et al. 1980, Brunt, Janney et al. 1999). 

The clinical course of NAFLD cannot be expected. 10-20% of the patients show 

a progression to NASH. 5% of NASH patients develop liver cirrhosis (Day 2006). 

HCC can develop in all stages of NAFLD, even in the absence of cirrhosis(Stine, 

Wentworth et al. 2018). In a long time follow up of patients with NAFLD-

associated cirrhosis, 12 % developed HCC (Ascha, Hanouneh et al. 2010). The 

increased incidence of NAFLD-associated HCC has become a common 

indication for liver transplantation in the western world (Wong, Aguilar et al. 2015). 

1.5.5.1 Prevalence of NAFLD 

The prevalence of NAFLD in the western world is expected to lie between 25-

33% of the population and only 2%(Bedogni, Miglioli et al. 2005)-3%(Browning, 

Szczepaniak et al. 2004) suffer from NASH. However, in bariatric surgery, the 

incidence of NAFLD increases to 91%, NASH to 33%, and NASH-related 

cirrhosis to 7%. This could be explained due to the high BMI in these populations 

and the association of NAFLD with BMI (Machado and Diehl 2016).  

1.5.5.2 Pathogenesis of NAFLD 

Day and James introduced the most widespread and prevailing model of the "two-

hit hypothesis"(Day and James 1998), the "first hit" involves lipid accumulation in 

the hepatocytes (Duvnjak, Lerotic et al. 2007, Qureshi and Abrams 2007). Insulin 

resistance is suggested to be the key pathogenic factor for the development of 

hepatic steatosis. The "first hit" increases the vulnerability of the liver to many 

factors that constitute the "second hit" and promote hepatic injury, inflammation, 

and fibrosis. 

Oxidative stress and subsequent lipid peroxidation, proinflammatory cytokines, 

adipokines, and mitochondrial dysfunction are included among these factors. 

The role of oxidative stress is the main instigator triggering the progression of 

steatosis to steatohepatitis. Many studies demonstrate that oxidative stress is a 

prominent feature of NASH (Seki, Kitada et al. 2002, Albano, Mottaran et al. 2005, 

Begriche, Igoudjil et al. 2006). In addition, it has been proposed that genetic and 

environmental factors trigger the progression to NASH through the enhanced 
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production of reactive oxygen or/and nitrogen species (ROS/RNS) (Begriche, 

Igoudjil, et al. 2006). Furthermore, bacterial overgrowth, changes in gene 

expression, and renin-angiotensin system (RAS) are suggested as potential 

contributors to hepatic steatosis and inflammation. Adipose tissue, especially 

visceral adiposity, appears to play an important pathogenetic role. It is now 

recognized as an endocrine, autocrine, and paracrine organ that secretes 

adipokines. 

NAFLD is associated with metabolic syndrome. Marchesini et al. postulated that 

88% of their NASH patients suffer from metabolic syndrome. He also showed that 

patients with known metabolic syndrome had 3.5 times increased risk of 

developing liver fibrosis (Marchesini, Bugianesi, et al. 2003). In metabolic 

syndrome, type 2 diabetes mellitus and insulin-resistance play an important role 

in developing NAFLD. Chitturi showed that 95% of their NASH patients had a 

synchronous insulin-resistance, this was attributed to the increased free fatty acid 

concentration in the blood by increased lipolysis in the presence of insulin 

resistance, which contributed to lipid accumulation in the hepatocytes (Chitturi, 

Abeygunasekera, et al. 2002). Another complication of hyperinsulinemia is 

decreased synthesis of Apolipoprotein B 100, consequently decreased bound 

VLDL-associated lipid transport from hepatocytes, which leads to lipid 

accumulation within the hepatocytes (Charlton, Sreekumar, et al. 2002). 

A population-based study in the USA showed that diabetes is an independent 

factor in the pathogenesis of hepatocellular carcinoma and it increases its risk in 

2 to 3 folds (Davila, Morgan, et al. 2005). 

1.5.5.3 Diagnosis of NAFLD 

Given the substantial morbidity associated with NASH and the asymptomatic 

course of the disease, efforts were given in the last decades to identify patients 

with NASH. Nevertheless, a clear diagnostic approach is lacking(Sumida, 

Nakajima, et al. 2014).  

Laboratory testing may show increased serum ALT or AST however, it is neither 

specific nor sensitive for the diagnosis of NAFLD (15 (Mofrad, Contos, et al. 

2003). Some score systems were developed to predict the severity of NAFLD, 

like the NAFLD fibrosis score (Angulo, Hui, et al. 2007) and FIB-4 Score (Sterling, 
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Lissen, et al. 2006) in both tests AST, ALT, Thrombocytes, and patient’s age are 

used in formulas to assess NAFLD severity.  

An ALD/NAFLD index has been propagated to differentiate alcoholic liver disease 

from NAFLD(Conigrave, Degenhardt, et al. 2002). MCV, AST, ALT as well as the 

height and weight of the patient are used in the calculation. Another often used 

index in liver transplantation is the MELD score ( Model of End-Stage Liver 

Disease), which uses Creatinine, Bilirubin, and INR to calculate the severity of 

the underlying liver disease (Chalasani, Younossi, et al. 2012).  

Radiographic examination can detect fatty liver, but no modality can accurately 

distinguish simple steatosis from NASH (Saadeh, Younossi, et al. 2002). 

Ultrasound is a good modality to show hepatic steatosis, as well as ultrasound 

elastography, which tests stiffness of liver parenchyma. Some studies showed 

good results in identifying advanced liver disease (Bonekamp, Kamel, et al. 2009, 

Bril, Ortiz-Lopez, et al. 2015),  but its sensitivity seems to decrease in the obese 

(Mottin, Moretto, et al. 2004). MRI and CT-scan are not always applicable, 

because of the body habitus. Many patients may not fit in the scanners and may 

exceed the table weight load limit (Fursevich, LiMarzi, et al. 2016). That is why, 

liver biopsy remains the gold standard in diagnosing NAFLD (Sheth, Gordon, et 

al. 1997). However, a minimum amount and depth are needed to accurately 

classify the disease(Arun, Jhala, et al. 2007). 

1.5.5.4 Therapy of NAFLD 

The initial therapy of NAFLD starts with lifestyle modification such as increased 

activity, mobility, healthy diet, and weight loss. Many studies showed that even a 

7-10% decrease in body weight leads to significant improvement in NASH

(Promrat, Kleiner, et al. 2010). Lifestyle modification prevents disease

progression (McPherson, Stewart, et al. 2010) and increase insulin

sensibility(Harrison, Fecht, et al. 2009).

Tendler et al. observed the effect of a low-carbohydrate diet over 6 months, this

lead to significant weight loss and significant improvement in NAFLD

Histology(Tendler, Lin, et al. 2007). A decreased insulin resistance by 40% and

decreased fat deposition in the liver could be reached as soon as 6 weeks after

starting the diet (Viljanen, Iozzo, et al. 2009).
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Increased physical activity has proven to reduce intrahepatic triglycerides 

(Sullivan, Kirk, et al. 2012), this is due to increased insulin sensitivity in the liver 

(Van Der Heijden, Wang, et al. 2010) as well as the positive effect of increased 

kinetic activity on insulin resistance (Kirwan, Barkoukis et al. 2009) Although 

lifestyle modification is an effective therapy method, patient compliance is usually 

limited.  (Centis, Marzocchi, et al. 2013).  

Many studies reported improvement of liver histology after bariatric surgery. 

(Dixon, Bhathal et al. 2004, Klein, Mittendorfer, et al. 2006). Mathurin et al. 

observed 380 patients, in whom liver biopsies at 1 and  5 years after bariatric 

surgery, the liver biopsies showed improvement in simple steatosis and NASH 

but worsening of liver fibrosis. Histological improvement was seen mostly at 1 

year after surgery. This was also evident 5 years after bariatric surgery (Mathurin, 

Hollebecque, et al. 2009). That is why the role of surgery in treating NAFLD is not 

clear. While some authors describe better histological findings after bariatric 

surgery (Stratopoulos, Papakonstantinou, et al. 2005), others describe the 

worsening of liver fibrosis (Chavez-Tapia, Tellez-Avila, et al. 2010). 

Diabetes mellitus and Insulin resistance play an important role in the 

pathogenesis of NAFLD (Kotronen, Juurinen, et al. 2008). Mcpherson concluded 

that 80% of NAFLD patients, who had progression of liver fibrosis were diabetics 

(McPherson, Hardy, et al. 2015) That is why the treatment of T2DM could be a 

cornerstone in the therapy of NAFLD (Chen, Shieh, et al. 2013). 

Pioglitazone is an Insulin sensitizer, improved hepatic inflammation and steatosis 

(Sanyal, Campbell-Sargent, et al. 2001, Belfort, Harrison, et al. 2006), however, 

this was not observed in non-diabetic patients. (Aithal, Thomas, et al. 2008).  

Vitamin E has a positive effect on the oxidative stress in hepatocytes. Sanyal et 

al. studied its effect on NASH and showed that patients taking Vitamin E had 

better histological results compared to patients in the placebo group (Sanyal, 

Chalasani, et al. 2010). Similar results were reported in other publications 

(Hasegawa, Yoneda, et al. 2001, Harrison, Torgerson, et al. 2003) 

In conclusion, new therapies are being developed to treat NAFLD. To date, 

Lifestyle modification and weight loss are still the cornerstones in treating 

NAFLD(Chalasani, Younossi et al. 2012). In those, were conservative therapy 

fails, offering bariatric surgery may affect positively on NAFLD through weight 

loss (Mathurin, Hollebecque et al. 2009). 
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1.6 Therapy of obesity 

According to S3-German guidelines in bariatric surgery. Therapy is indicated for 

overweight and obesity when BMI 25-30 kg/m² if one of the following were met: 

• An obesity-related disorder such as arterial hypertension, Type 2

Diabetes mellitus, etc.

• Abdominal obesity

• High psychosocial impact

Patients with a BMI ≥ of 30 kg/m² have an indication for therapy. In the presence 

of a consuming disease (e.g. cancer or AIDS) or pregnancy, there is no indication 

to treat obesity.  

1.6.1 Conservative Therapy 

The conservative treatment of obesity includes exercise, diet, and behavioral 

therapy. Weight management is divided into a weight reduction phase and weight 

maintenance phase. The keys to weight loss and maintenance are low-fat and 

low-calorie nutrition, constant nutritional behavior, and an active lifestyle (Klem, 

Wing, et al. 1997). Curioni and Lourenço described great success in weight loss 

when combining diet and exercise compared to diet alone. The combined group 

showed 20% more weight loss at the start and the 1-year follow-up (Klem, Wing, 

et al. 1997). The results of the National Weight Control Registry (NWCR) which 

included 2700 individuals, showed that a low-calorie diet with low-fat 

consumption prevented increases in body weight at follow-up (Phelan, Wyatt, et 

al. 2006). According to the German Nutrition Society is the intake of 

carbohydrates irrelevant for body weight (Hauner, Bechthold, et al. 2012). 

Furthermore, fast food (Phelan, Wyatt, et al. 2006), high-calorie drinks, and 

alcohol should be avoided for weight loss and weight maintenance(Breslow and 

Smothers 2005). A randomized control trial showed that regular consumption of 

food with low energy density (kcal/g) like soups, vegetables, and fruits, leads to 

greater weight loss compared to a normal diet(Rolls, Roe, et al. 2005).  

In order to lose weight due to physical activity, it is required >150 min of exercise 

per week (Donnelly, Blair, et al. 2009) and to maximize loses in body fat, BMI, 

and waist circumference, a moderate-to-vigorous intensity aerobic activity is 

recommended (McTiernan, Sorensen et al. 2007). Increasing daily physical 
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activity in driving a bicycle to work and taking the stairs instead of the elevator 

leads to similar results to rigorous sport-programs (Anderson, Reynolds, et al. 

2011). 

Aside from diet and physical activity is behavioral therapy an essential part of a 

weight loss program. Behavioral therapy is divided into lifestyle interventions and 

cognitive-behavioral interventions, prevention of weight gain, Stimulus-control 

are part of these interventions (Anderson, Reynolds, et al. 2011). 

The Achille’s heel of conservative therapy is the high recurrence rate. According 

to Wing and Phelan, only 20% of obese can maintain their weight after 

undergoing weight loss programs. The risk of recurrence decreases after 2-5 

years of stable weight (Wing and Phelan 2005).  

The following are the recommendations of the American Association of Liver 

Disease (Chalasani, Younossi et al. 2012, Spengler and Loomba 2015) : 

1. Recommend lifestyle modification: 

a. Weight loss of at least 5–10% of total body weight 

b. Aerobic exercise 3–5 times a week 

c. Minimization of alcohol use (no more than 1 drink/day for women, or 2 

drinks/day for men) 

2. Assess cardiovascular risks: lipid profile, fasting glucose and/or Hgb A1c, 

waist circumference, BMI 

3. Manage comorbidities, including diabetes, dyslipidemia, hypertension, 

cardiovascular disease 

4. Discontinue medications that may worsen steatosis: corticosteroids, 

amiodarone, methotrexate, tamoxifen, estrogens, tetracyclines, valproic acid 

5. Obtain baseline liver evaluation, including liver ultrasound, CBC, liver panel 

(AST, ALT, bilirubin, alkaline phosphatase), INR, and creatinine 

6. Consider referral for liver biopsy, if: 

a. The patient has risk factors for NASH and advanced fibrosis, 

including diabetes and/or metabolic syndrome 
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b. The patient has findings concerning for cirrhosis, such as

thrombocytopenia, AST>ALT, or hypoalbuminemia

c. Patients are undergoing cholecystectomy or bariatric surgery and

intraoperative biopsy is low risk

7. Consider pharmacotherapy if the patient has biopsy-proven NASH without

cirrhosis and no absolute contraindications

8. Obtain appropriate screening if the patient has known cirrhosis:

a. Right upper quadrant ultrasound every 6 months for HCC screening

b. EGD screening for esophageal varices

c. Referral to transplant center when appropriate

1.6.2 Surgical therapy of obesity 

Surgical therapy is an important option in the treatment of obesity. In Germany, 

the indications for surgical intervention are according to S3-Guidelines (Runkel, 

Colombo-Benkmann, et al. 2011) 

1.6.2.1 Indication and contraindication of bariatric surgery 

According to patients BMI and the presence of obesity-related comorbidities, 

surgery is indicated. 

 If the patient has a BMI ≥ 35 kg/m² with simultaneous obesity-related disorders, 

or has a BMI ≥ 40 kg/m², surgical therapy is indicated by weight stagnation (<10% 

of weight loss) after 6 months of conservative therapy. In case, conservative 

therapy has no prospect of success, for example by complete immobility, surgical 

therapy is primarily indicated. 

If the patient’s BMI ≥ 50 kg/m², surgical therapy can be offered regardless of the 

presence of obesity-related comorbidities and without trying conservative 

therapy. In chronic diseases, unstable psychopathological status or consuming 

and neoplastic diseases, where the postoperative catabolic metabolic state can 

worsen, bariatric surgery is not recommended (Runkel, Colombo-Benkmann, et 

al. 2011) 
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1.6.2.2 Bariatric operations 

In general, bariatric operations are either restrictive, malabsorptive, or a 

combination of both. The operations differ in their reversibility, complications rate, 

and their short-term and long-term outcome. We included only two types of 

operations in our study, namely SG and RYGB.  

1.6.2.2.1 Restrictive Procedures 

Restrictive operations aim to reduce the stomach volume. This leads to a 

decrease in the storage capacity of the stomach and produces an early feeling of 

satiety, which eventually leads to decreased food intake and weight loss. The 

restrictive procedures include sleeve gastrectomy (SG), gastric balloons, 

laparoscopic gastric banding. 

1.6.2.2.1.1 Sleeve Gastrectomy 

Sleeve gastrectomy is an irreversible restrictive procedure. This is usually done 

laparoscopically. This starts resecting the great omentum off the greater 

curvature, Great care should be taken to free the left crus of the diaphragm and 

the posterior wall of the stomach from retroperitoneal structures. For Calibration 

of gastrectomy, a 38 French bougie is introduced to control the diameter of the 

remaining stomach. Gastric transection starts 6 cm proximal to pylorus and 

continues up to the angle of his using a stapler device, we begin with two Black 

45-mm reloads, followed by violet 60-mm reloads. After completion of transection, 

we oversew the stapled line using PDS 3.0. 

Besides the restrictive effect of sleeve gastrectomy, it influences the production 

of gastric acid and Ghrelin after resecting the fundus and body of the stomach. 

Decreased Ghrelin levels in Plasma lead to a decrease in appetite(Karamanakos, 

Vagenas, et al. 2008). 

After 1 year about 60%, excess weight loss can be achieved (Nocca, 

Krawczykowsky, et al. 2008, El Chaar, Hammoud, et al. 2015). Sometimes, SG 

is the first stage procedure to support a major second-stage procedure such as  

biliopancreatic diversion/duodenal switch when the health of the super-obese is 

fragile (Milone, Strong et al. 2005), this decreases the overall risk of the major 

operation compared with 1 stage operation in the super obese (Regan, Inabnet 

et al. 2003). Complications of this procedure include anastomotic leak, gastric 
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ischemia, bleeding, stenosis, and prolonged postoperative vomiting (Himpens, 

Dapri, et al. 2006). 

1.6.2.2.2 Malabsorptive procedures 

Malabsorptive procedures aim to decrease the absorption of nutrients. This can 

be achieved using, Roux-Y gastric bypass, Mini-bypass, single anastomosis 

duodenoileal bypass, and duodenal switch procedure. In our cohort, we only 

included patients who had RYGB.  

1.6.2.2.2.1 Laparoscopic Roux-Y gastric bypass (RYGB/LRYGB) 

The Roux-Y gastric bypass is the most common bariatric operation worldwide 

(Welbourn, Pournaras, et al. 2018). This is performed by creating a 30-ml pouch 

(Wittgrove and Clark 2000). In our center, we use 1 violet 45-mm reload, followed 

by two violets 60-mm reloads. The jejuno-jejunostomy is then performed using 

one white 45-mm reload with over-sewing of the remaining defect, creating a 50-

cm biliary and a 150-cm alimentary limb. The gastro-jejunostomy is performed 

with a transoral assisted-anvil with a 25-mm green circular stapler.  

The common limb is where the digestive juice mixes with food, breaking it into 

absorbable nutrients. The shorter the common limb is, the greater is the achieved 

malabsorption (Brolin, LaMarca, et al. 2002). RYGB can lead to a 70% EWL after 

1 year (DeMaria, Sugerman, et al. 2002).  

RYGB and SG are the most common bariatric operations in Germany (RYGB 

46,8%, SG 43,7%) (Stroh, Weiner, et al. 2014). 
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2. Aim of the study

Obesity is an expanding pandemic that is increasing in prevalence worldwide 

(Collaborators, Afshin et al. 2017). NAFLD is associated with obesity and 

metabolic syndrome (Marchesini, Bugianesi, et al. 2003). 

While many obesity-related disorders have fixed standards for the diagnostic and 

treatment. NAFLD is still not clearly understood, therefore lacks standardization. 

The primary aim of this study is to evaluate the influence of non-alcoholic fatty 

liver disease on weight loss and resolution of obesity-related comorbidities after 

bariatric surgery.
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3. Methods and Materials

3.1 Collection of Data 

3.1.1 Patient Selection 

Using the prospective Database of “Adipositascentrum des Universitätsklinikums 

Hamburg-Eppendorf”, we identified patients who had an intraoperative liver 

biopsy due to abnormal liver appearance during bariatric surgery. The indication 

for bariatric surgery was according to S3 German Guidelines (Runkel, Colombo-

Benkmann, et al. 2011). Only patients undergoing either SG or RYGB were 

included.  

Anthropometric measurements and laboratory studies were collected 

preoperatively and at follow-up. Follow up was performed at our center or by 

expert external medical providers. Before the study, we obtained informed 

consent from all subjects. 

3.1.2 Liver Histology 

Formal consent was obtained from all patients preoperatively for the liver biopsy 

in case of abnormal macroscopic appearance. A wedge-shaped resection of the 

left lobe of the liver was performed at the end of Bariatric surgery in case of 

macroscopic abnormal appearance of the liver. All histologic specimens were 

reviewed by our pathologist. The liver biopsies were classified according to the 

NASH-CRN from Kleiner et al. scoring which postulated that a NAS score ≥ 5 is 

diagnostic for NASH  (Kleiner, Brunt et al. 2005)  According to NAFLD Score: 

NAS <3 (No NASH), NAS 3-4 (Borderline NASH) and NAS ≥ 5 (NASH) (Rastogi, 

Shasthry et al. 2017). All patients were additionally categorized into four 

histological groups: normal liver tissue with less than 5% steatosis, steatosis 

without a sign of fibrosis, fibrosis without a sign of cirrhosis, and cirrhosis. 

3.1.3 Obesity-related diseases 

All the associated diseases were extracted from the patients’ records, which were 

taken at the presentation in our bariatric surgery center, as well as at follow-up. 

Relevant metabolic associated diseases like type 2 diabetes mellitus, obstructive 

sleep apnea, arterial hypertension, and hyperlipidemia were documented. 
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Psychiatric evaluation for eating disorders and alcohol addiction was conducted 

preoperatively. Their presence was a contraindication for bariatric surgery. 

3.2 Inclusion criteria 

A retrospective evaluation was conducted for patients undergoing bariatric 

surgery at Adipositascentrum des Universitätsklinikum Hamburg-Eppendorf 

between September 2011 and October 2014. Only patients who received an 

intraoperative biopsy were included. Only those receiving sleeve gastrectomy or 

Roux-Y gastric bypass were included. All patients were adults ≥18 years. Written 

consent was received from all patients preoperatively. Histologies showing 

alcohol-induced liver disease were excluded. 

3.3 Statistical analysis 

The Data was collected in tables using Microsoft Office Excel then was analyzed 

using IBM SPSS 24. According to the NAFLD activity score, patients were divided 

into 3 groups: No NASH (NAS<3), Borderline (NAS= 3-4), and NASH (NAS>4). 

For categorical variables, Chi-square or Fisher exact tests were to show 

differences between groups. A p-value < 0.05 was considered significant.  

For numerical variables Shapiro-Wilk test assessed normality. Because of 

abnormal distribution in our cohort, Wilcoxon Test was used to compare patient 

characteristics for the whole cohort preoperatively and postoperatively. Kruskal-

Wallis test was used to compare the differences between these variables 

according to liver histology groups. A p-value ≤ 0.05 was considered significant. 

Lastly, the late outcome of patients with NASH (NAS>=5) was assessed 

according to operation (SG vs. RYGB) using the Mann-Whitney Test. 
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4. Results

4.1 Patient characteristics at baseline 

Using our prospective Database, we identified 306 Patients, in whom a liver 

biopsy was conducted at the time of operation between September 2011 and 

October 2014. Ten patients were excluded because they underwent different 

types of bariatric surgery than SG and RYGB. 8 Patients were excluded due to 

other forms of liver disease (n=2, one patient with a primary biliary cirrhosis, one 

patient with hepatitis), absence of consent for research enrolment (n=3), or due 

to inadequate liver biopsy (n=3).  

Table 3: Patient demographics at baseline 

Patients n= 288  

Female sex, n (%) 200 (69.4 %) 

Mean age, n (%) 43 y 

Mean BMI, n (%) 52 ± 10.2 kg/m2 

Diabetes mellitus type II, n (%) 103 (35.7%) 

Hyperlipidaemia, n (%) 179 (62.3%) 

Hypertension, n (%) 180 (65.6%) 

OSAS, n (%) 108 (37.5%) 

GERD, n (%) 45 (15.6%) 

Legend: n (%); number of subjects (Percentage), y; years, BMI: Body mass index, 

OSAS; obstructive sleep apnea, GERD; gastroesophageal reflux disease. 

4.2 Liver histology at baseline 

Out of 288, seventy patients (24.3%) had no signs of non-alcoholic fatty 

liver disease in their histology. 218/288 had histological evidence of 

NAFLD and 117 Patients had evident liver fibrosis in the histology (Table 

3). Liver cirrhosis was diagnosed in 11 (3.8%) patients (Table 2). 
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Figure 1: NAFLD scores across the whole population at baseline 

Table 4: Distribution of liver cirrhosis 

n= Percentage % 

No Cirrhosis 277 96,2% 

Cirrhosis 11 3,8% 

Total 288 100 

Legend: n=, number of subjects. 

Table 5: Distribution of liver fibrosis 

Grade of Fibrosis n= Percentage % 

0 171 59.4% 

1 91 31.6% 

2 11 3.8% 
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3 5 1.7% 

4 10 3.5% 

Total 288 100% 

Legend: (n=), number of patients 

Using the NAFLD activity score classification of Brunt et al (Brunt, Janney, et al. 

1999). The liver biopsies were classified into 3 groups: NASH (NAS<3), 

Borderline (NAS= 3-4), and NASH (NAS>4) (Table 4 and Graph 2) 

According to the NAFLD activity score (NAS) Brunt, et al. 106 (36.8%) Patients 

had NAS ≥ 5, which is the definitive criteria for diagnosing non-alcoholic 

steatohepatitis (NASH). 112/288 (38.9%) had NAS 0-2 which ruled out NASH. 

70/288 (24.3%) had NAS 3-4, defined as borderline NASH.  

Table 6: Distribution of NAFLD according to severity: 

N Percent % 

No NASH 112 38,9% 

Borderline NASH 70 24,3% 

NASH 106 36,8% 

Total 288 100% 

Legend: n; number of subjects, NASH; non-alcoholic steatohepatitis 
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Figure 2: Distribution of NAFLD according to severity: 

 

Legend: (No); No NASH , (Borderline); Borderline NASH, (Yes); NASH.  

 

4.3 Obesity-related diseases at baseline 
The frequency of arterial hypertension, type 2 diabetes mellitus, hyperlipidemia, 

obstructive sleep apnea syndrome and gastroesophageal reflux disease was 

collected preoperatively using our prospective Database.  

Essential hypertension was the most associated disease with obesity 

preoperatively n=180 (65.6%), followed by hyperlipidaemia n=179 (62.3%), 

OSAS n=108 (37.5%) and diabetes mellitus n=103 (35.7%).  

Preoperatively Diabetes mellitus type 2 was associated with NASH p-value ≤ 

0.001 and Borderline NASH p-value = 0.011 compared to No NASH. All other 

obesity-related disorders were similar among all NAFLD groups.  
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Figure 3: Bar Chart showing the association of T2DM to different NAFLD 

groups preoperatively 

Legend: T2DM, type 2 diabetes mellitus. NASH; non-alcoholic steatohepatitis, 

p; p-value according to x2 test.  

Table 7: Relation of obesity-associated disorders to NAFLD 

Obesity-related 
disorder 

Association to NAFLD 
p-value

NASH vs No NASH 
p-value

Type 2 Diabetes 

Mellitus 

≤ 0.001 ≤ 0.001 

Hypertension = 0.153 

Hyperlipidemia = 0.138 

OSAS = 0.968 

GERD = 0.980 
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Legend: GERD; gastroesophageal reflux disease, OSAS; obstructive sleep 

apnea syndrome, NASH; non-alcoholic steatohepatitis, p; p-value according to 

x2 test.  

4.4  Laboratory parameters at baseline 

The following table shows the mean of the most relevant biochemical parameters 

of our cohort at baseline. Tests were performed according to the 

recommendations of S3-German Guidelines.  
Comparison of the Laboratory parameters at baseline according to liver histology, 

shows worse HbA1c, AST, ALT, HDL, Triglyceride, and Vitamin D levels in the 

NASH group (Table 8). 

 

Table 8: Laboratory parameters at baseline and their relation to NASH 

 

Biochemical 

parameters 

Results Association to NASH  

p-value 

HbA1c % 6.4 ± 1.4 <0.001 

AST U/L 25.9 ± 18  <0.001 

ALT U/L 33.4 ± 20 <0.001 

CRP mg/dl 13.5 ± 11 0.16 

LDL mg/dl 105 ± 32 0.80 

HDL mg/dl 43.8 ± 12 <0.002 

Triglyceride mg/dl 209 ± 108 <0.001 

Total Cholesterol 

mg/dl 

189 ± 38 0.68 

Folic acid µg/l 7.9 ± 5 0.10 

Vitamin B12 ng/l 522.5 ± 234 0.17 

Vitamin D µg/l 12.2 ± 7 <0.01 

 

Legend: p-value indicates significance according to Wilcoxon Test, HbA1c 

(normal < 6.5%), ALT alanine aminotransferase (normal, 10–35 U/L), AST 

aspartate aminotransferase (normal, 10–35 U/L), CRP C-reactive protein (normal 

<5 mg/L), serum triglycerides (normal, 70–180 mg/dL), Total Cholesterol (normal, 
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150-200 mg/dl), HDL high density lipoprotein (normal 45-65 mg/dl), LDL low 

density lipoprotein (normal <150mg/dl), Folic acid (normal, 4.6-18.7 µg/l), Vitamin 

B-12 (normal, 270-730ng/l), 1,25(OH)-D-Vitamin D (calcitriol) (normal > 30 

pg/ml). 

4.5 Type of operation 

Only patients, who underwent SG or RYGB were included in this study. One 

hundred and forty-nine Patients 149 (51.7%) underwent SG. The rest of the 

patients 139 (48.3%) underwent RYGB.  

The type of Operation was performed according to S3- German Guidelines and 

patient preference.  

Table 9: Types of operation 

 N Percent 

Sleeve Gastrectomy 149 51,7% 

Roux-Y Gastric Bypass 139 48,3% 

Total 288 100% 

Legend: n; number of patients. 

 

Table 10: Type of Operation according to histology 

 RYGB SG Total 

No NASH 67 (60%) 45 (40%) 112 

Borderline 36 (51%) 34 (49%) 70 

NASH 36 (34%) 70 (66%) 106 

Total 139 (48%) 149 (52%) 288 

 

Legend: RYGB; Roux-Y gastric bypass, SG; sleeve gastrectomy, NASH; non-

alcoholic steatohepatitis. 
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Figure 3: Illustration of type of operation according to NAFLD 

 
Legend: RYGB; Roux-Y gastric bypass, SG; sleeve gastrectomy, NASH; non-

alcoholic steatohepatitis. 

4.6 Patient characteristic at follow up and relation to NAFLD: 

The follow-up was available for 234 patients (81.2%). The mean follow-up time 

was 24.9 months (± 13.6) and was carried out at our Institution or by external 

medical providers following the S3-German Guidelines.  

At the time of follow up, the mean weight decreased to 105.5 ± 24. The mean 

BMI was 36.6 ± 8. Although there was a tendency for the NASH group to have 

higher BMI, it did not reach statistical significance (p-value 0.056). 
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Figure 5: Box-Plot showing relation of BMI at follow up to liver histology 

 
Legend: (x) axis shows the three groups of NAFLD  (No NASH, Borderline 

NASH, NASH), (y) axis shows BMI values at follow up. 

Table 11: Patient Demographics at follow up  

Patients n= 234 

Follow-up time  24.9 months (± 13.6) 

Mean Weight kg 105.5 ± 24 

Mean BMI, n (%) 36.6 ± 8 kg/m2 

Diabetes mellitus type II, n (%) 25 (11.4%) 

Hyperlipidaemia, n (%) 69 (33%) 

Hypertension, n (%) 79 (36.7%) 

OSAS, n (%) 32 (14.9%) 

GERD, n (%) 9 (4.2 %) 

 

Legend: n (%); number of subjects (Percentage), BMI; body mass index, OSAS; 

obstructive sleep apnea, GERD; gastroesophageal reflux disease
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4.7 Obesity-related disorders at follow up and relation to NAFLD 

The frequency of arterial hypertension, diabetes mellitus type 2, hyperlipidemia, 

obstructive sleep apnea syndrome and gastroesophageal reflux disease was 

assessed at follow-up.  

After bariatric surgery, the incidence of associated disease dropped drastically: 

arterial hypertension from n=180 (65.6%) to n=79 (36.7%), Hyperlipidaemia 

from 179 (62.3%) to n=69 (33%), OSAS from 108 (37.5%) to n=32 (14.9%) and 

diabetes mellitus type 2 from 103 (35.7%) to n=25 (11.4%). When analyzing 

the prevalence of obesity-related disorders to NAFLD subgroups, only 

hyperlipidemia was associated with NASH compared to No NASH and 

Borderline NASH p-value (0.002) and (0.04) respectively. All other obesity-

related disorders showed no significance concerning NASH at follow up.    

 

Figure 6: Association of hyperlipidemia at follow up according to liver histology 

 
Legend: No; No NASH (NAS<3), Borderline; Borderline NASH (NAS= 3-4), Yes; 

NASH (NAS≥ 5)  
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4.8 Laboratory parameters at follow up 

Table 12: Comparison between laboratory parameters at baseline and follow up 

Baseline At follow up Before/After 

Association 

p-value

HbA1c % 6.4 ± 1.4 5,5 ± 1 <0.001 

AST U/L 25.9 ± 18 22.5 ± 24.3 <0.001 

ALT U/L 33.4 ± 20 25.8 ± 27.1 <0.001 

GGT U/L 68.8 ± 80 29.3 ± 30 <0.001 

CRP mg/dl 13.5 ± 11 7 ± 6 <0.001 

LDL mg/dl 105 ± 32 93.9 ± 33 <0.001 

HDL mg/dl 43.8 ± 12 59.3 ± 18 <0.001 

Triglyceride mg/dl 209 ± 108 149.8 ± 99 <0.001 

Cholesterol mg/dl 189 ± 38 180.5 ± 36.2 0.006 

Folic acid µg/l 7.9 ± 5 10.4 ± 6.1 <0.001 

Vitamin B12 ng/l 522.5 ± 234 564.5 ± 297 0.29 

Vitamin D µg/l 12.2 ± 7 25.8 ± 11.6 <0.001 

Legend: p-value indicates significance according to Wilcoxon Test, HbA1c 

(normal < 6.5%), ALT alanine aminotransferase (normal, 10–35 U/L), AST 

aspartate aminotransferase (normal, 10–35 U/L), CRP C-reactive protein (normal 

<5 mg/L), serum triglycerides (normal, 70–180 mg/dL), Total Cholesterol (normal, 

150-200 mg/dl), HDL high density lipoprotein (normal 45-65 mg/dl), LDL low

density lipoprotein (normal <150mg/dl), Folic acid (normal, 4.6-18.7 µg/l), Vitamin

B-12 (normal, 270-730ng/l), 1,25(OH)-D-Vitamin D (calcitriol) (normal > 30

pg/ml).

The Wilcoxon test was used to assess the before and after results of laboratory 

parameters in the whole population. There was a significant improvement in all 

the above parameters (Table 11), except Vitamine B12 with a p-value 0.2 



30 

4.9 Laboratory parameters at follow-up and its relation to NASH 

The Kruskal-Wallis test was used to identify the relevance of different NAFLD 

subgroups on the laboratory parameters at follow-up. Lower HDL, higher 

Triglyceride, and Cholesterol levels were associated at follow up with NASH 

with a p-value 0.03, 0.04, and 0.03 respectively.  

Table 13: The laboratory parameters at follow-up and its relation to NASH. 

Biochemical 

parameters 

results Relation to NASH 

p-value

HbA1c % 5,5 ± 1 0.41 

AST U/L 22.5 ± 24.3 0.27 

ALT U/L 25.8 ± 27.1 0.14 

GGT U/L 29.3 ± 30 0.89 

CRP mg/dl 7 ± 6 0.17 

LDL mg/dl 93.9 ± 33 0.057 

HDL mg/dl 59.3 ± 18 0.03 

Triglyceride mg/dl 149.8 ± 99 0.041 

Cholesterol mg/dl 180.5 ± 36.2 0.039 

Folic acid µg/l 10.4 ± 6.1 0.98 

Vitamin B12 ng/l 564.5 ± 297 0.69 

Vitamin D µg/l 25.8 ± 11.6 <0.001 

Legend: p-value indicates significance according to Wilcoxon Test, HbA1c 

(normal < 6.5%), ALT alanine aminotransferase (normal, 10–35 U/L), AST 

aspartate aminotransferase (normal, 10–35 U/L), CRP C-reactive protein (normal 

<5 mg/L), serum triglycerides (normal, 70–180 mg/dL), Total Cholesterol (normal, 

150-200 mg/dl), HDL high density lipoprotein (normal 45-65 mg/dl), LDL low

density lipoprotein (normal <150mg/dl), Folic acid (normal, 4.6-18.7 µg/l), Vitamin

B-12 (normal, 270-730ng/l), 1,25(OH)-D-Vitamin D (calcitriol) (normal > 30

pg/ml).
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4.10 Late outcome of NASH group at follow up according to the type of 
operation 

In a subgroup analysis for patients with NASH only, BMI and laboratory 

parameters were assessed at follow-up and compared according to the type of 

surgery (Sleeve Gastrectomy vs. Roux-Y Gastric Bypass). There was no 

difference in BMI at follow-up between both groups p-value 0.07, although at 

baseline the SG group had a higher BMI p-value 0.001.  

Further analysis showed lower levels of ALT, AST, GGT in the SG group, p-value 

0.029, 0.06, and 0.04 respectively compared to the RYGB group. However; better 

levels of LDL p-value 0.002 and Cholesterol p-value 0.01 at follow-up were 

associated with RYGB. 

Figure 7: BMI at baseline according to operation using the Mann-Whitney Test: 

Legend: Preoperative BMI; Body Mass Index at baseline, SG; Sleeve 

Gastrectomy, RYGB; Roux-Y Gastric Bypass. Patients with NASH who 
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underwent SG had significantly higher BMI compared to RYGB patients  

p≤0.001 at baseline. 

 

Figure 8: BMI of patients at follow up according to operation using Mann-

Whitney test 

 

Legend: SG; Sleeve Gastrectomy, RYGB; Roux-Y Gastric Bypass. Patients with 

NASH who underwent SG tended to have higher BMI at follow up than patients 

with RYGB p=0.074 
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5.Discussion 

5.1 Patient characteristics 

This retrospective study was conducted for patients undergoing bariatric surgery 

at Adipositascentrum des Universitätsklinikum Hamburg-Eppendorf between 

January 2012 and June 2014.  

In our cohort, a female predominance was noted at 69.4%. According to the 

report of Robert Koch Institute for the prevalence of Obesity in Germany 2012, 

Obesity is in males and females comparable 23.3% vs 23.9%.  

Many publications in the field of bariatric surgery with similar patient numbers 

show similar female proportions (Sjostrom, Lindroos, et al. 2004), some papers 

show female proportion as high as 78% (Mathurin, Hollebecque, et al. 2009, 

Kleiner, Berk, et al. 2014). This could be explained because female patients seek 

help more than male patients. The causality for this phenomenon has not yet 

been explained (Kolotkin, Crosby, et al. 2008). 

The mean age in our cohort was 43.4 years (± 11.9). This was comparable to 

other publications (Mathurin, Hollebecque, et al. 2009, Kleiner, Berk, et al. 2014). 

The mean preoperative BMI in our cohort was 52 (± 10) kg/m². This was similar 

to other cohorts (Mathurin, Hollebecque, et al. 2009), on the other side, the 

Swedish study, which examined 4047 patients undertaking bariatric surgery, had 

a lower mean BMI of 42 kg/m² (Sjostrom, Lindroos et al. 2004). 

5.2 Obesity-related disorders 

As previously stated bariatric surgery is related to several comorbidities, namely, 

diabetes mellitus, arterial hypertension, hyperlipidemia, OSAS and NAFLD. 

The most common obesity-related disorder in our patient collective was arterial 

hypertension n=180 (65.6%) of the 288 included patients at baseline. Our results 

are similar to Biertho et al. and Costa et al (Biertho, Lebel et al. 2014, Costa, 

Yamaguchi, et al. 2014). Another common comorbidity in obese is type 2 diabetes 

mellitus. In our cohort was the prevalence as high as 35.7%. In a study of the 

anti-diabetic effects of bariatric surgery which included 17670 patients, showed a 

similar prevalence of diabetes (31.2%) to our cohort (Weiner, El-Sayes, et al. 

2014). 
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In terms of hypertriglyceridemia, the prevalence of the disease varies according 

to the definition. When defined as >150 mg/dl in serum, the prevalence was 

67,6%, but when defined as >180mg/dl the prevalence dropped to 49.7%.  

When comparing our results to similar studies from Andrade-Silva et al. 

(Andrade-Silva, Caranti, et al. 2014) and Visockiene et al. we had a higher 

Incidence of Hypertriglyceridemia. Andrade-Silva et al. reported a prevalence of 

47.8%, whereas Visockiene reported only 52,4%. In both studies 150 mg/dl, the 

cut off for defining hypertriglyceridemia.  

In our cohort, the mean of triglyceride level in serum was 209 ± 108, which was 

pathologic for both cut-off levels. The maximum detected triglyceride level was 

771. Very severe hypertriglyceridemia, which is defined as triglyceride levels in 

serum between 1000-1999 mg/dl  (Hegele, Ginsberg, et al. 2014), that could 

precipitate acute pancreatitis(Valdivielso, Ramirez-Bueno et al. 2014) was not 

detected in our cohort.  

Another common comorbidity related to obesity is obstructive sleep apnea. In our 

cohort was the prevalence of OSAS (35.7%) at baseline.  According to Martí-

Valeri et al. 44% of his bariatric patients suffered from OSAS(Marti-Valeri, 

Sabate, et al. 2007). Biertho et al. reported an even higher prevalence of OSAS 

(63%) in his 378 bariatric patients (Biertho, Lebel, et al. 2014). In conclusion, our 

cohort included a typical patient collective for bariatric surgery at baseline. 

5.3 Liver Histology and NAFLD 

In our cohort, (75.6%) patients had histological signs of NAFLD. This is similar to 

other publications (Kroh, Liu, et al. 2007). Also, 36.8% of our patients suffered 

from non-alcoholic steatosis hepatitis (NASH), which is an inflammatory 

asymptomatic advanced liver disease, that could lead to extensive liver fibrosis, 

cirrhosis, and eventually hepatocellular carcinoma (Day 2002). However, it is 

important to recognize that our biopsies were done, only when a macroscopic 

abnormality was intraoperatively detected. Which could mean, that the true 

prevalence of NAFLD, NASH, and liver cirrhosis is lower. 

In the western world, the prevalence of NASH is 2-3% in adults (Neuschwander-

Tetri and Caldwell 2003). However, in bariatric patients the prevalence of NASH 

is higher and varies in the literature, it lies between 26% (Total patient collective 

n=212) (Ong, Elariny, et al. 2005) and 98% (Total patient collective n=51). Kleiner 
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et al. reported the prevalence of NASH to be 16,2% in 693 Patients (Kleiner, Berk, 

et al. 2014). According to Machado et al. the mean prevalence of NASH in 

bariatric patients is about 37% (Machado and Diehl 2016), which is similar to our 

results (36.8%). 

Moreover, we identified 11 Patients who suffered from liver cirrhosis (3.8%), The 

incidence is higher compared to other publications, this may be attributed to the 

high BMI in our patients. In the other studies, the rate of cirrhosis ranged from 0% 

(Total collective n=106) to 1.2% (Total collective n=693)(Fassio, Alvarez, et al. 

2004, Kleiner, Berk, et al. 2014). Also Machado et al. reported in a review of 10 

studies, that the mean prevalence of liver cirrhosis is almost 1.4% in bariatric 

patients (Machado, Marques-Vidal, et al. 2006). 

Nevertheless, higher rates of cirrhosis were also reported. For example in a study 

from Shalhub et al., the rate of newly diagnosed liver cirrhosis was as high as 

7%(Shalhub, Parsee, et al. 2004).    

In our patients, a correlation between liver cirrhosis and BMI could not be found. 

This was also shown in retrospective analysis from Younus et al. In their cohort 

patients with liver cirrhosis had even lower BMI levels than non-cirrhotic patients 

(46 kg/m2 vs. 52 kg/m2) (Younus, Sharma et al. 2019).  

NASH-associated Liver cirrhosis has become one of the most common 

indications for liver transplant (Wong, Aguilar, et al. 2015). Important is to identify 

patients with advanced liver disease, in order to provide timely treatment and 

surveillance. It is alarming that in our cohort 11 patients suffered from 

asymptomatic NAFLD-associated liver cirrhosis, these patients are at high risk of 

developing Hepatocellular carcinoma.  

Hepatocellular carcinoma, which has been rising in incidence in the last decade, 

is now the second leading cause of cancer death worldwide (Wallace, Preen, 

et al. 2015).  

In the absence of periodic control in patients with NAFLD, the incidence of non-

curable hepatocellular carcinoma increases (Pocha, Kolly, et al. 2015). 

Hepatocellular carcinoma can also rise in NASH without the presence of cirrhosis. 

Stine et al. reported in a metanalysis of 19 studies that the incidence of HCC was 

seen in up to one-third of non-cirrhotic NASH patients (Stine, Wentworth, et al. 

2018). This is driven through lipotoxicity and insulin resistance leading to 

fibrogenesis, inflammation, and abnormal proliferation and alteration of cell death 
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(Baffy, Brunt et al. 2012). Non-cirrhotic NASH patients also have inferior 

outcomes, decreased survival rates, and increased Mortality after the diagnosis 

of HCC compared with other non-cirrhotic liver disease etiologies of HCC 

(Younossi, Otgonsuren et al. 2015, Hassan and Gane 2019). That is why the S3 

German guidelines for HCC recommend screening ultrasound and Alpha-

fetoprotein levels every 6 months in patients with NASH. This recommendation 

was based on the good outcome and higher survival rates in screened 

asymptomatic HCC patients, in whom the 5-year survival exceeded 50% (Bruix, 

Sherman et al. 2011) unlike diagnosing HCC after appearance of symptoms, 

which is associated with a worse 5-year survival rate of 0-10% (Llovet, Burroughs 

et al. 2003). Based on these observations stated Dhanasekaran et al. that HCC 

screening can be extended to all patients with morbid obesity and not confine it 

to NASH patients. Howell et al. suggested that, this could eventually lead to a 

decrease in liver transplantation due to decreased incidence NAFLD associated 

liver failure and cirrhosis (Howell, Balderson et al. 2016).  

We also detected in our cohort a high incidence in liver fibrosis 40.6%. This high 

incidence of liver fibrosis was also reported in a similar publication. It ranged 

between 36.1%(Kleiner, Berk, et al. 2014) and 40% (Machado, Marques-Vidal, 

et al. 2006). 

The high incidence of liver disease in patients undergoing bariatric surgery leads 

to the question if routine liver biopsy should be implemented during bariatric 

surgery as recommended by some authors (Shalhub, Parsee, et al. 2004, Kleiner, 

Berk, et al. 2014), which could lead to early disease recognition and control.  

The high incidence of liver cirrhosis 3.8% and fibrosis 40.6% in our study, 

emphasizes the importance of close surveillance in these patients. According to 

some authors, the progression of liver fibrosis is seen in up one-third of the 

patients at 4 years (Fassio, Alvarez, et al. 2004). 

5.4 NAFLD and macroscopic examination  

Globally, the incidence of obesity increases steadily over time, so that more 

patients suffering from liver diseases will be encountered in the future. A 

drawback is the limited ability of the surgeons in recognising liver disease based 

on its macroscopic appearance.  
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In a clinical trial including 51 patients undergoing bariatric surgery, the surgeon 

assessed the liver macroscopically for the presence of NASH. Clinical and 

histological assessments were compared. This study showed that macroscopic 

examination had a sensitivity of 14%, a specificity of 56%, and that macroscopic 

examination is a poor tool to identify NASH (Teixeira, Bellodi-Privato, et al. 2009). 

5.5  NAFLD and current diagnostic methods 

Due to the high number of individuals with NAFLD worldwide, great efforts are 

done for establishing cost-effective strategies for the screening of NASH, 

advanced fibrosis, and cirrhosis (Castera, Friedrich-Rust, et al. 2019). Reliable 

non-invasive methods for diagnosing and following up on NASH are still not 

available. There is no serum marker with high sensitivity and specificity that 

distinguishes simple steatosis from NASH (Helling, Helzberg, et al. 2008). Like in 

our cohort, generally serologic liver function tests are not specific, since many 

patients with NASH have normal levels of ALT and AST (McPherson, Stewart, et 

al. 2010). AST and ALT are general markers for cellular liver damage, so 

increased levels of AST and ALT cannot differentiate between different causes 

of liver damage and are not specific for NASH. Using AUROC (Area under 

Receiver Operating Characteristic) analysis, Subasi et al. reported that different 

non-invasive panel scores like FIB-4, NAFLD fibrosis score did not reach 

significant sensitivity or specificity (AUROC> 0.75) for NASH and that these non-

invasive panels have similar efficacy in detecting NAFLD (Subasi, Aykut et al. 

2015).  

The benefit of imaging studies in NAFLD is still limited. Ultrasound, which is 

generally used in the workup of liver diseases, cannot differentiate between 

simple hepatic steatosis and the presence of Inflammation like NASH. Also, the 

sensitivity in detecting NAFLD using ultrasound is reduced in the obese (Bril, 

Ortiz-Lopez, et al. 2015).  

Newer imaging modalities like elastography have limited informative value in 

case of obesity, which is usually associated with NAFLD (Castera, Forns, et al. 

2008). Other imaging modalities like MRI and CT-scan are not always applicable, 

because of the large body habitus in the obese, so that many patients may not fit 

in the scanners and may even exceed the recommended table weight load-limit 

(Fursevich, LiMarzi, et al. 2016). All this makes liver biopsy during bariatric 



38 
 

surgery a good screening method that can be routinely and safely performed 

during bariatric surgery. Nevertheless, some authors still stand against routine 

liver biopsy. According to Laurin et al., Liver biopsy in bariatric surgery has no 

consequences, since a reliable therapy is not available and the complications 

accompanying a liver biopsy like bleeding should not be underestimated (Laurin 

2002). However, in our cohort, complications like bleeding, liver damage, bile 

leakage were not perioperatively encountered and we were able to identify 11 

Patients with asymptomatic liver cirrhosis, who were put under strict surveillance. 

The safety of the liver biopsy was also reported by other Authors (Dolce, Russo 

et al. 2009, Collins, Beban, et al. 2019).  

Due to the unreliable results of using non-invasive methods in screening for 

NAFLD, a concrete methodology for following up patients with a positive 

diagnosis for NASH should be implemented. Patients who undergo bariatric 

surgery are expected to lose weight so that some non-invasive methods like 

ultrasound, elastography, MRI might become adequate (Castera, Forns, et al. 

2008, Bril, Ortiz-Lopez, et al. 2015), However till now all imaging modalities were 

of limited value for monitoring treatment over time (Bril, Ortiz-Lopez et al. 2015). 

This leads to the question, if a second biopsy is needed in order to follow up on 

the disease after bariatric surgery and whether the risk outweighs the benefits of 

such a procedure. This again emphasizes the importance of developing a reliable 

non-invasive method for diagnosing and monitoring NAFLD. 

As previously stated, in our center no complications were encountered after liver 

biopsy. Thanks to these biopsies, we identified 11 Patients with asymptomatic 

liver cirrhosis, that otherwise would not be recognized. 

5.6  Type of Operation and NAFLD 

We included in our cohort only patients undergoing RYGB and SG. 139 Patients 

had a RYGB (48.2%) the rest n=148 (51.8%) received SG. Since macroscopic 

evaluation and identification of liver disease is intraoperatively not possible 

(Teixeira, Bellodi-Privato, et al. 2009).  

Interestingly, Patients with NASH had more sleeve gastrectomies (66%) 

compared to RYGB 34%. This was also reported in a retrospective analysis of 53 

patients who underwent a second biopsy after bariatric surgery, 34 patients 

(64.1%) had initially a sleeve gastrectomy (von Schonfels, Beckmann, et al. 
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2018). This may be due to the association of NASH with cardiovascular disease, 

where antiplatelet medication or anticoagulation is part of the therapy. These 

patients undergo usually sleeve gastrectomy because the bioavailability of these 

medications after RYGB is not known. Another reason is that, in presence of 

macroscopic features of liver cirrhosis, a sleeve gastrectomy is done to avoid 

worsening of liver fibrosis, as previously stated.   

5.7  Effect of bariatric surgery at follow up 

The follow-up was available for 234 patients (81.2%). The mean follow up time 

was 24.9 months (± 13.6) and was carried out at our Institution or by external 

medical providers following the S3-German Guidelines (Runkel, Colombo-

Benkmann, et al. 2011). During this time 2 patients died, one patient died of 

advanced osteosarcoma and the other patient died of myocardial infarction. 

At follow-up, the median BMI was 36.2 (± 7) kg/m². 61% of the patients showed 

an excess weight loss above 50%. The BMI of our patients at follow up was 

similar to the results of other studies (Golzarand, Toolabi, et al. 2017, Peterli, 

Wolnerhanssen, et al. 2018). In a meta-analysis of 80 studies for long term follow 

up after bariatric surgery, patients undergoing RYGB lost -13.75 kg/m² vs. 11.32 

kg/m² for patients who underwent sleeve gastrectomy at long term follow 

up(Golzarand, Toolabi et al. 2017). In our cohort, the mean BMI loss was higher 

15.4 kg/m² at follow up with no significant difference between both operations. 

Not less important is the resolution of obesity-related comorbidities. At baseline 

was the prevalence of type 2 diabetes mellitus 37.5%, hypertension 65.6%, 

hyperlipidemia 62.3%, obstructive sleep apnea 37.6% and GERD 15.6% and 

dropped postoperatively to 11.4%, 36.7%, 33%, 14.9% and 4.2% respectively. 

This was similar to the results of the swiss SM-BOSS trial, a randomized clinical 

trial to assess the effect of SG and RYGB on weight loss in morbid obesity 

(Peterli, Wolnerhanssen, et al. 2018). 

Liver function was assessed at baseline and follow-up using serologic studies. 

The levels of AST (25.9 ±18 U/L), ALT (33.4 ±20 U/L), GGT (68.8 ±80 U/L) 

improved significantly at follow up (22.5 ±24 U/L), (25.8 ±27 U/L), and (29 ±30 

U/L) respectively. This was similar in other studies (Kalinowski, Paluszkiewicz, et 

al. 2017, Motamedi, Khalaj, et al. 2019). Although the prevalence of NAFLD in 

our cohort was as high as 75.6% the mean levels for AST and ALT were in the 
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normal range.  This range as well as the applied values for the upper limit of 

normal ALT (approximately 40 IU/L) were established in the 1980s. These were 

primarily for screening for viral hepatitis A and B. This could be the explanation 

of normal AST and ALT levels despite the presence of NAFLD. That is why some 

studies have lowered the threshold of ALT to improve the sensitivity and negative 

predictive value of ALT in patients with HCV and NAFLD (Kariv, Leshno, et al. 

2006, Ooi, Burton, et al. 2017). 

The lipid profile was also controlled at follow up. LDL, HDL, triglyceride, and total 

cholesterol levels improved significantly at follow-up. LDL dropped from 105 ± 32 

mg/dl to 93.9 ± 33 mg/dl (p-value <0.001), HDL increased from 43.8 ± 12 mg/dl 

to 59.3 ± 18 mg/dl (p-value <0.001), triglyceride dropped from 209 ± 108 mg/dl to 

149.8 ± 99 mg/dl (p-value <0.001) and total cholesterol dropped from 189 ± 38 

mg/dl to 180. 5 ± 36.2 mg/dl (p-value <0.001). This was reflected by a drastic 

decrease in the incidence of Hyperlipidemia from n=179 (62.3%) to n=69 (33%). 

Some authors reported complete remission of hyperlipidemia at 1 year in 96.3% 

of the patient after bariatric surgery (Climent, Benaiges, et al. 2017). The 

improvement in the lipid profile of the patients provides a long-term protective 

cardiovascular effect. Sjöström et al. reported a reduction in the number of 

cardiovascular events (HR 0.47) and cardiovascular deaths (HR 0.67) in obese 

adults after bariatric surgery (Sjostrom, Lindroos, et al. 2004). 

Regarding micronutrient status in our cohort. Vitamin levels like folic acid, Vitamin 

B12, and Vitamin D were assessed at the follow-up. The levels of folic acid and 

vitamin D improved at follow-up significantly p-value <0.001. Vitamin B12-level 

was normal before and after surgery and showed no statistical difference at follow 

up.  The good micronutrient status in our patients may indicate good compliance 

of our patients to medication and shows the importance of regular follow up visits 

after bariatric surgery to ensure adequate intake of medication. This was also 

reported by Johnson et al. in a retrospective analysis of micronutrients after 

bariatric surgery. In their cohort, vitamin B12 and folate deficiency were 

uncommon. He also reported improved levels of Vitamin D after surgery 

(Johnson, Ikramuddin, et al. 2019).  
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5.8 Effect of NAFLD at baseline and on the late outcome after bariatric 
surgery. 

The association of NAFLD with the anthropometric and biochemical 

measurements as well as with obesity-related comorbidities was assessed at 

baseline and follow-up.  

At follow up higher BMI levels tended to be in the NASH group compared with 

other groups, yet it did not reach statistical significance (p-value 0.056). the BMI 

loss (15,8 kg/m²) was similar to other bariatric surgery publications (Golzarand, 

Toolabi, et al. 2017, Peterli, Wolnerhanssen, et al. 2018). 

Hypertension, OSAS, and GERD improved significantly at follow up. The 

improvement was independent of the presence of NASH in the histology. 

Interestingly, the prevalence of type 2 diabetes mellitus at follow-up was not 

associated with liver histology, however, the preoperative mean HbA1c was 

higher in patients with NASH 6.7% compared to Borderline 6.3% (p-value 0.05) 

and no NASH 6.0% (p-value 0.001). At follow up there was no difference between 

groups (p-value 0.4) with a total mean of HbA1c 5.5%. Our results differ from 

Cazzo et al., who reported that T2DM was associated with NASH after bariatric 

surgery (Cazzo, Jimenez et al. 2018). 

Hyperlipidemia in NAFLD is atherogenic in nature and is characterized by 

hypertriglyceridemia, high LDL, and low HDL (Chatrath, Vuppalanchi, et al. 

2012). these features are found in our patients at baseline. Treating patients with 

NAFLD and Hyperlipidemia is a challenge since the pharmacological effects of 

many drugs in patients with NAFLD with elevated liver profiles are still debatable. 

Although some authors suggest that NASH is associated with higher levels of 

non-HDL cholesterol (Wang, Wang, et al. 2018), in our cohort in the incidence of 

Hyperlipidemia was not different between NAFLD subgroups preoperatively (p-

value = .075). However, at follow up Hyperlipidemia was associated to NASH 

compared to No NASH (p-value = 0.002) and to borderline NASH (p-value = 

0.04). This could be because even with the resolution of NASH in bariatric 

patients, high non-HDL-Cholesterol may persist as suggested by Corey et al. 

(Corey, Vuppalanchi, et al. 2015), which implicates that pharmacological therapy 

on top of bariatric surgery may be needed in patients with biopsy-proven NASH, 

to avoid possible cardiovascular complications of hyperlipidemia in the future.  
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5.9 Effect of type of surgery on the NASH. 

RYGB and SG are the most commonly performed surgeries to treat obesity 

worldwide (Angrisani, Santonicola, et al. 2017). RYGB and SG have been 

compared in terms of weight loss and their metabolic parameters. Both 

procedures have demonstrated to result in significant weight loss and impressive 

comorbidity resolution in the short postoperative term (Vidal, Ramon, et al. 2013, 

Lim, Taller, et al. 2014, Peterli, Wolnerhanssen et al. 2017, Sharples and 

Mahawar 2020), This was the case in our cohort as well. 

According to the literature, RYGB leads to better long-term weight loss than SG 

at 5 years after surgery, this was the result of a meta-analysis focussing only on 

RCTs comparing 5-year outcomes between RYGB and SG (Sharples and 

Mahawar 2020), as well as many other publications (Jammu and Sharma 2016, 

Perrone, Bianciardi, et al. 2017, Ahmed, King et al. 2018). In our cohort, when 

taking only patients with NASH into consideration, EWL was similar for RYGB 

and SG at follow up. However, Patients with SG had initially significantly higher 

BMI compared with RYGB.  

In terms of comorbidity control after RYGB and SG in NASH, better lipidemic 

control was noted in the RYGB group. LDL and TC levels were significantly lower 

after RYGB. This was similar to the results of Sharples and Mahawer et 

al(Sharples and Mahawar 2020). However, liver function was better in SG than 

RYGB at follow up. ALT, AST, and GGT were significantly lower in the SG group. 

In the Cochrane Review reporting the influence of bariatric surgery on NASH, 

significant or nonsignificant improvement or no change in liver function tests was 

reported after RYGB in 9 studies with variable results regarding AST, ALT, ALP, 

and GGT (Chavez-Tapia, Tellez-Avila, et al. 2010). In a study, randomizing 

patients with NAFLD to SG or RYGB, better liver function was observed for the 

SG at follow up (Kalinowski, Paluszkiewicz, et al. 2017), which is the case in our 

cohort as well. In a study by Billeter et al, SG led to greater improvement in LFTs 

than RYGB (Billeter, Senft, et al. 2016). However, to show the real impact of 

bariatric surgery on the liver in NAFLD Patients, a second biopsy is needed. 
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5.10 NASH, an indication for bariatric surgery 
Till today it remains uncertain if NASH should be considered as a primary 

indication for bariatric surgery. While on one hand, many studies report an 

improvement of the existing steatosis (Stratopoulos, Papakonstantinou, et al. 

2005), other authors show the progression of liver fibrosis (Mathurin, 

Hollebecque, et al. 2009). A meta-analysis of 25 studies could not deliver a 

recommendation regarding the indication for bariatric surgery for NAFLD 

(Chavez-Tapia, Tellez-Avila, et al. 2010), since 21 Studies reported an 

improvement of NAFLD after bariatric surgery, and 4 studies reported worsening 

of liver fibrosis.  

The close association between obesity and NAFLD leads to the presumption that 

weight loss improves insulin resistance and subsequently leads to an 

improvement of NAFLD (Chitturi, Abeygunasekera, et al. 2002, Marchesini, 

Bugianesi, et al. 2003). That is why, patients with NAFLD are recommended to 

undergo lifestyle modifications, increase their physical activity and consume a 

healthy diet to lose weight (Promrat, Kleiner, et al. 2010, Centis, Marzocchi, et al. 

2013).  

An important aspect of the pathogenesis of NAFLD is the worsening of fibrosis 

after bariatric surgery. As stated previously Mathurin et al. reported this 

phenomenon. However, an interesting point here is that worsening of liver fibrosis 

was only evident in patients who had already fibrosis preoperatively (Mathurin, 

Hollebecque, et al. 2009, Chavez-Tapia, Tellez-Avila, et al. 2010), which leads to 

the question, if bariatric surgery should be combined with other lines of therapy 

in this set of patients with known liver fibrosis in order to improve NAFLD and to 

prevent its progression.  

Worsening of fibrosis could be caused by the persistence of hepatic inflammation 

after bariatric surgery(Klein, Mittendorfer, et al. 2006, Mathurin, Hollebecque, et 

al. 2009) Probably, in some cases the effect of weight loss should be supported 

through the administration of antioxidants like Vitamin E or antidiabetic 

medications Pioglitazone or Liraglutide to maximize the results (Day, 2012, 

Harrison et al., 2003, Aithal et al., 2008, Armstrong et al., 2015). 

All in all, to date, a recommendation for bariatric surgery as an indication to treat 

NAFLD cannot be given. Its role is through larger clinical trials yet to be 

determined.  
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7.Conclusion 

In the last few decades, bariatric surgery proven to be an effective way in treating 

obesity. The benefits of bariatric surgery extend beyond weight-loss, it improves 

all obesity-related disorders such as type 2 diabetes mellitus, hypertension, 

hyperlipidemia and obstructive sleep apnea. The present study highlights the 

benefits of bariatric surgery on weight loss and resolution of obesity-related 

disorders two years after the operation. Furthermore, it confirms the high 

incidence of NAFLD in patients undergoing bariatric surgery, underlining the 

correlation of obesity with NAFLD. 

 We compared patients with NASH to other NAFLD groups. The result was a 

comparable outcome, regarding weight-loss and resolution of obesity-related 

comorbidities like type 2 diabetes mellitus, arterial hypertension and OSAS at 

follow-up. However, presence of NASH at the primary operation was associated 

with persistence of hyperlipidemia at follow-up, despite proper weight-loss. We 

included only patients undergoing sleeve gastrectomy or Roux-Y gastric bypass. 

Both procedures resulted to have comparable effects regarding weight loss in 

NASH at follow up. We also showed that NASH patients undergoing sleeve 

gastrectomy had a significantly better liver function tests at follow-up.  
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6.Zusammenfassung 

 
Adipositas per magna ist die größte medizinische Bedrohung des Jahrhunderts.  

In den letzten Jahrzenten ist die Anzahl an bariatrischen Operationen in 

Deutschland deutlich angestiegen. Aufgrund des engen Zusammenhangs 

zwischen Adiposität und der nicht alkoholischen Leberverfettung (NAFLD) sind 

Chirurgen häufig intraoperativ mit diesem Krankheitsbild konfrontiert. Allerdings 

wurde der Einfluss der NAFLD auf dem Erfolg der bariatrischen Operation nur 

noch eingeschränkt untersucht.  

Das Ziel dieser Arbeit ist der Einfluss der Leberverfettung auf den Langzeiterfolg 

der bariatrischen Operationen (Schlauchmagen- Operationen und Roux-Y- 

Magenbypass), hinsichtlich Gewichtverlust und Verbesserung der Adipositas-

assoziierten Komorbiditäten darzulegen. Diese retrospektive Studie bestand aus 

288 Patienten, die in dem Zeitraum von 2012 bis 2014 am UKE operiert wurden 

und intraoperativ aufgrund makroskopischer Auffälligkeiten eine Leberbiopsie 

erhalten haben. Die Histologie wurde mit den langfristigen Ergebnissen der 

Operationen korreliert.   

Die Nachsorge von 226/288 Patienten ist erfolgt. Im Mittel betrug die Nachsorge 

24.9 Monate. Die Leberbiopsien zeigten einer höhen Prävalenz der NAFLD 

75.6%. 112 (38.9%) Patienten hatten keine NASH. 70 (24.3%) waren Borderline-

NASH und bei 106 (36.8%) Patienten wurde eine NASH histologisch 

nachgewiesen. 

Im Verlauf ist der BMI in unserer Kohorte von (52 ± 10.2) auf (36.6 ± 8) kg/m2 

gesunken. Die Gewicht-Abnahme (EWL) war allerding in allen NAFLD Gruppen 

vergleichbar. Die Prävalenz von Diabetes mellitus Typ 2 nahm von 35.7% auf 

11.4% ab. Ebenso sank die Inzidenz der arteriellen Hypertonie von 65.6% auf 

36.7%, der Hyperlipidämie von 62.3% auf 33% und der obstruktiven Schlafapnoe 

von 37.5% auf 14.9%. Nur die Hyperlipidämie war mit NASH assoziiert im 

Vergleich mit den Borderline NASH und NASH Gruppen bei der Nachsorge. 

Insgesamt können die vorliegenden Daten die bekannte Effektivität der 

bariatrischen Chirurgie bestätigen. Zusätzlich zeigt unsere Kohorte, dass 

Patienten mit NASH einen vergleichbaren Langzeiterfolg nach bariatrischen 

Operationen haben.   Die Persistenz der Hyperlipidämie nach bariatrischer 

Operation ist mit NASH vereinbart. 
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8. Abstract 

Obesity is the most significant clinical association with non-alcoholic fatty liver 

disease (NAFLD) and non-alcoholic steatosis hepatitis (NASH). Patients 

undergoing bariatric surgery have a high incidence of NAFLD. However, there 

are few data regarding the late postoperative effect of NASH on weight-loss and 

resolution of comorbidities after Bariatric surgery. This study compares the long-

term success of bariatric surgery in different NAFLD subgroups. 

A single-center, retrospective analysis of a prospective database was conducted 

for patients, who had a liver biopsy during bariatric surgery between 2011 and 

2014. Histology was compared to the long-term outcome.  

The follow up was available for 226 out of 288 Patients. The median follow-up 

time was 24.9 (± 13.6) months.  The baseline histology showed that 112 Patients 

(38.9%) had no NASH, 70 (24.3%) were borderline, 106 (36.8%) had NASH.  At 

follow-up, BMI dropped from (52 ± 10.2) to (36.6 ± 8) kg/m2. EWL was similar in 

all NAFLD groups at follow up. The incidence of type 2 diabetes mellitus dropped 

from 35.7% to 11.4%, hypertension from 65.6% to 36,7%, hyperlipidemia from 

62.3% to 33%, and obstructive sleep apnea dropped from 37.5% to 14.9%. Only 

hyperlipidemia was associated with NASH compared to No NASH and Borderline 

NASH groups; p-value (0.002) and (0.04) respectively.  

The beneficial effects of bariatric surgery are evident across all patients with 

NAFLD. Patients with NASH have comparable outcomes regarding, weight loss 

and resolution of obesity-related comorbidities. The persistence of hyperlipidemia 

is associated with NASH after bariatric surgery. 
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9. Abbreviations 

 
ALT Alanine aminotransferase 

AST Aspartate aminotransferase 

BMI Body mass index 

EWL Excess weight loss 

HCC Hepatocellular carcinoma 

NAFLD Non-alcoholic fatty liver disease 

NAS NAFLD activity score (Brunt score) 

NASH Non-alcoholic steatohepatitis 

OSAS Obstructive sleep apnoea 

RYGB Roux-Y Gastric Bypass 

SG Sleeve Gastrectomy 



48 
 

10. References 

  

1. ( WHO, 2000). "Obesity: preventing and managing the global epidemic. Report 

of a WHO consultation." World Health Organ Tech Rep Ser 894: i-xii, 1-253. 

 

2. Aguilar-Olivos, N. E., P. Almeda-Valdes, C. A. Aguilar-Salinas, M. Uribe and 

N. Mendez-Sanchez (2016). The role of bariatric surgery in the management of 

nonalcoholic fatty liver disease and metabolic syndrome. Metabolism 65(8): 

1196-1207. 

 

3. Ahmed, B., W. C. King, W. Gourash, S. H. Belle, A. Hinerman et al. (2018). 

Long-term weight change and health outcomes for sleeve gastrectomy (SG) and 

matched Roux-en-Y gastric bypass (RYGB) participants in the Longitudinal 

Assessment of Bariatric Surgery (LABS) study. Surgery 164(4): 774-783. 

 

4. Aithal, G. P., J. A. Thomas, P. V. Kaye, A. Lawson, S. D. Ryder, I. Spendlove, 

et al. (2008). Randomized, placebo-controlled trial of pioglitazone in nondiabetic 

subjects with nonalcoholic steatohepatitis. Gastroenterology 135(4): 1176-1184. 

 

5. Albano, E., E. Mottaran, M. Vidali, E. Reale, S. Saksena, G. Occhino et al. 

2005). Immune response towards lipid peroxidation products as a predictor of 

progression of non-alcoholic fatty liver disease to advanced fibrosis. Gut 54(7): 

987-993. 

 

6. Albhaisi, S., D. Issa and N. Alkhouri (2018). Non-alcoholic fatty liver disease: 

a pandemic disease with multisystem burden. Hepatobiliary Surg Nutr 7(5): 389-

391. 

 

7. Almogy, G., P. F. Crookes and G. J. Anthone (2004). Longitudinal gastrectomy 

as a treatment for the high-risk super-obese patient. Obes Surg 14(4): 492-497. 

 



49 
 

8. Anderson, J. W., L. R. Reynolds, H. M. Bush, J. L. Rinsky and C. Washnock 

(2011). Effect of a behavioral/nutritional intervention program on weight loss in 

obese adults: a randomized controlled trial. Postgrad Med 123(5): 205-213. 

 

9. Andrade-Silva, S. G., D. A. Caranti, J. A. Sallet, L. P. Leal et al.  (2014). Age 

and gender may influence the results of Roux-en-Y gastric bypass? Metabolic 

syndrome parameters. Arq Gastroenterol 51(3): 171-179. 

 

10. Angrisani, L., A. Santonicola, P. Iovino, A. Vitiello, K. Higa, J. Himpens, H. 

Buchwald and N. Scopinaro (2018). IFSO Worldwide Survey 2016: Primary, 

Endoluminal, and Revisional Procedures. Obes Surg 28(12): 3783-3794. 

 

11. Angrisani, L., A. Santonicola, P. Iovino, A. Vitiello, N. Zundel, H. Buchwald et 

al. (2017). Bariatric Surgery and Endoluminal Procedures: IFSO Worldwide 

Survey 2014. Obes Surg 27(9): 2279-2289. 

 

12. Angulo, P., J. M. Hui, G. Marchesini, E. Bugianesi, J. George, G. C. Farrell et 

al. (2007). The NAFLD fibrosis score: a noninvasive system that identifies liver 

fibrosis in patients with NAFLD. Hepatology 45(4): 846-854. 

 

13. Arun, J., N. Jhala, A. J. Lazenby, R. Clements and G. A. Abrams (2007). 

Influence of liver biopsy heterogeneity and diagnosis of nonalcoholic 

steatohepatitis in subjects undergoing gastric bypass. Obes Surg 17(2): 155-161. 

 

14. Ascha, M. S., I. A. Hanouneh, R. Lopez, T. A. Tamimi, A. F. Feldstein and N. 

N. Zein (2010). The incidence and risk factors of hepatocellular carcinoma in 

patients with nonalcoholic steatohepatitis. Hepatology 51(6): 1972-1978. 

 

15. Assmann, G., H. Schulte and P. Cullen (1997). New and classical risk factors-

-the Munster heart study (PROCAM).Eur J Med Res 2(6): 237-242. 

 

16. Baffy, G., E. M. Brunt and S. H. Caldwell (2012). Hepatocellular carcinoma in 

non-alcoholic fatty liver disease: an emerging menace. J Hepatol 56(6): 1384-

1391. 



50 
 

 

17.Bedogni, G., L. Miglioli, F. Masutti, C. Tiribelli, G. Marchesini and S. Bellentani 

(2005). Prevalence of and risk factors for nonalcoholic fatty liver disease: the 

Dionysos nutrition and liver study. Hepatology 42(1): 44-52. 

 

18. Begriche, K., A. Igoudjil, D. Pessayre and B. Fromenty (2006). Mitochondrial 

dysfunction in NASH: causes, consequences and possible means to prevent it. 

Mitochondrion 6(1): 1-28. 

 

19. Belfort, R., S. A. Harrison, K. Brown, C. Darland et al.  (2006). A placebo-

controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N 

Engl J Med 355(22): 2297-2307. 

 

20. Biertho, L., S. Lebel, S. Marceau, F. S. Hould, O. Lescelleur, P. Marceau et 

al. (2014). Laparoscopic sleeve gastrectomy: with or without duodenal switch? A 

consecutive series of 800 cases. Dig Surg 31(1): 48-54. 

 

21. Billeter, A. T., J. Senft, D. Gotthardt, P. Knefeli, F. Nickel, T. Schulte, L. 

Fischer et al. (2016). Combined Non-alcoholic Fatty Liver Disease and Type 2 

Diabetes Mellitus: Sleeve Gastrectomy or Gastric Bypass?-a Controlled Matched 

Pair Study of 34 Patients. Obes Surg 26(8): 1867-1874. 

 

22. Bonekamp, S., I. Kamel, S. Solga and J. Clark (2009). Can imaging modalities 

diagnose and stage hepatic fibrosis and cirrhosis accurately? J Hepatol 50(1): 

17-35. 

 

23. Breslow, R. A. and B. A. Smothers (2005). Drinking patterns and body mass 

index in never smokers: National Health Interview Survey, 1997-2001. Am J 

Epidemiol 161(4): 368-376. 

 

24. Bril, F., C. Ortiz-Lopez, R. Lomonaco, B. Orsak, M. Freckleton et al. (2015). 

Clinical value of liver ultrasound for the diagnosis of nonalcoholic fatty liver 

disease in overweight and obese patients Liver Int 35(9): 2139-2146. 

 



51 
 

25. Brolin, R. E., L. B. LaMarca, H. A. Kenler and R. P. Cody (2002). 

Malabsorptive gastric bypass in patients with superobesity. J Gastrointest Surg 

6(2): 195-203; discussion 204-195. 

 

26. Browning, J. D., L. S. Szczepaniak, R. Dobbins, P. Nuremberg, J. D. Horton, 

J. C. Cohen et al. (2004). Prevalence of hepatic steatosis in an urban population 

in the United States: impact of ethnicity Hepatology 40(6): 1387-1395. 

 

27. Bruix, J., M. Sherman and D. American Association for the Study of Liver 

(2011). Management of hepatocellular carcinoma: an update. Hepatology 53(3): 

1020-1022. 

 

28. Brunt, E. M., C. G. Janney, A. M. Di Bisceglie, B. A. Neuschwander-Tetri and 

B. R. Bacon (1999). Nonalcoholic steatohepatitis: a proposal for grading and 

staging the histological lesions. Am J Gastroenterol 94(9): 2467-2474. 

 

29. Cabrera, M., M. A. Sanchez-Chaparro, P. Valdivielso, L. Quevedo-Aguado, 

C. Catalina-Romero et al. (2014). Prevalence of atherogenic dyslipidemia: 

association with risk factors and cardiovascular risk in Spanish working 

population. "ICARIA" study. Atherosclerosis 235(2): 562-569. 

 

30. Carmelli, D., L. R. Cardon and R. Fabsitz (1994). Clustering of hypertension, 

diabetes, and obesity in adult male twins: same genes or same environments? 

Am J Hum Genet 55(3): 566-573. 

 

31. Castera, L., X. Forns and A. Alberti (2008). "Non-invasive evaluation of liver 

fibrosis using transient elastography J Hepatol 48(5): 835-847. 

 

32. Castera, L., M. Friedrich-Rust and R. Loomba (2019). Noninvasive 

Assessment of Liver Disease in Patients With Nonalcoholic Fatty Liver Disease. 

Gastroenterology 156(5): 1264-1281.e1264. 

 

33. Cazzo, E., L. S. Jimenez, M. A. Gestic, M. P. Utrini, F. H. M. Chaim, F. D. M. 

Chaim, J. C. Pareja and E. A. Chaim (2018). Type 2 Diabetes Mellitus and Simple 



52 
 

Glucose Metabolism Parameters may Reliably Predict Nonalcoholic Fatty Liver 

Disease Features. Obes Surg 28(1): 187-194. 

 

34. Centis, E., R. Marzocchi, A. Suppini, R. Dalle Grave, N. Villanova, I. J. 

Hickman and G. Marchesini (2013).The role of lifestyle change in the prevention 

and treatment of NAFLD. Curr Pharm Des 19(29): 5270-5279. 

 

35. Chalasani, N., Z. Younossi, J. E. Lavine, A. M. Diehl, E. M. Brunt, K. Cusi, et 

al. (2012). 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 55(6): 2005-2023. 

 

36. Chalasani, N., Z. Younossi, J. E. Lavine et al. American Gastroenterological, 

D. American Association for the Study of Liver and G. American College of 

(2012). The diagnosis and management of non-alcoholic fatty liver disease: 

practice guideline by the American Gastroenterological Association, American 

Association for the Study of Liver Diseases, and American College of 

Gastroenterology. Gastroenterology 142(7): 1592-1609. 

 

37. Charlton, M., R. Sreekumar, D. Rasmussen, K. Lindor and K. S. Nair (2002). 

Apolipoprotein synthesis in nonalcoholic steatohepatitis Hepatology 35(4): 898-

904. 

 

38. Chatrath, H., R. Vuppalanchi and N. Chalasani (2012). Dyslipidemia in 

patients with nonalcoholic fatty liver disease. Semin Liver Dis 32(1): 22-29. 

 

39. Chavez-Tapia, N. C., F. I. Tellez-Avila, T. Barrientos-Gutierrez, N. Mendez-

Sanchez et al.  (2010). Bariatric surgery for non-alcoholic steatohepatitis in obese 

patients Cochrane Database Syst Rev(1): Cd007340. 

 

40. Chen, H. P., J. J. Shieh, C. C. Chang, T. T. Chen, J. T. Lin, M. S. Wu, J. H. 

Lin and C. Y. Wu (2013). Metformin decreases hepatocellular carcinoma risk in 



53 
 

a dose-dependent manner: population-based and in vitro studies Gut 62(4): 606-

615. 

 

41. Chitturi, S., S. Abeygunasekera, G. C. Farrell, J. Holmes-Walker, J. M. Hui, 

C. Fung et al. (2002). NASH and insulin resistance: Insulin hypersecretion and 

specific association with the insulin resistance syndrome Hepatology 35(2): 373-

379. 

 

42. Clark, P. J. (1956). The heritability of certain anthropometric characters as 

ascertained from measurements of twins. Am J Hum Genet 8(1): 49-54. 

 

43. Climent, E., D. Benaiges, J. Pedro-Botet, J. A. Flores-Le Roux, J. M. Ramon 

et al. (2017). Atherogenic Dyslipidemia Remission 1 Year After Bariatric Surgery. 

Obes Surg 27(6): 1548-1553. 

 

44. Colditz, G. A., W. C. Willett, M. J. Stampfer, J. E. Manson, C. H. Hennekens, 

R. A. Arky and F. E. Speizer (1990). Weight as a risk factor for clinical diabetes 

in women. Am J Epidemiol 132(3): 501-513. 

 

45. Collaborators, G. B. D. O., A. Afshin, M. H. Forouzanfar et al. Health Effects 

of Overweight and Obesity in 195 Countries over 25 Years. N Engl J Med 377(1): 

13-27. 

 

46. Collins, H., G. Beban, J. Windsor, R. Ram, D. Orr, N. Evennett and B. 

Loveday (2019). Safety and Utility of Liver Biopsy During Bariatric Surgery in the 

New Zealand Setting Obes Surg. 

 

47. Conigrave, K. M., L. J. Degenhardt, J. B. Whitfield, J. B. Saunders, A. 

Helander and B. Tabakoff (2002). CDT, GGT, and AST as markers of alcohol 

use: the WHO/ISBRA collaborative project. Alcohol Clin Exp Res 26(3): 332-339. 

 

48. Considine, R. V., M. K. Sinha, M. L. Heiman, A. Kriauciunas, T. W. Stephens, 

M. R. Nyce et al. (1996). Serum immunoreactive-leptin concentrations in normal-

weight and obese humans N Engl J Med 334(5): 292-295. 



54 
 

 

49. Corey, K. E., R. Vuppalanchi, L. A. Wilson, O. W. Cummings and N. Chalasani 

(2015). NASH resolution is associated with improvements in HDL and triglyceride 

levels but not improvement in LDL or non-HDL-C levels Aliment Pharmacol Ther 

41(3): 301-309. 

 

50. Costa, R. C., N. Yamaguchi, M. A. Santo, D. Riccioppo and P. E. Pinto-Junior 

(2014). Outcomes on quality of life, weight loss, and comorbidities after Roux-en-

Y gastric bypass Arq Gastroenterol 51(3): 165-170. 

 

51. Davila, J. A., R. O. Morgan, Y. Shaib, K. A. McGlynn and H. B. El-Serag 

(2005). Diabetes increases the risk of hepatocellular carcinoma in the United 

States: a population based case control study.Gut 54(4): 533-539. 

 

52. Day, C. P. (2002). Pathogenesis of steatohepatitis. Best Pract Res Clin 

Gastroenterol 16(5): 663-678. 

 

53. Day, C. P. (2006). Non-alcoholic fatty liver disease: current concepts and 

management strategies. Clin Med (Lond) 6(1): 19-25. 

 

54. Day, C. P. and O. F. James (1998). Steatohepatitis: a tale of two "hits"? 

Gastroenterology 114(4): 842-845. 

 

55. Degache, F., E. Sforza, V. Dauphinot, S. Celle, A. Garcin, P. Collet, V. Pichot, 

J. C. Barthelemy, F. Roche and P. S. Group (2013). Relation of central fat mass 

to obstructive sleep apnea in the elderly. Sleep 36(4): 501-507. 

 

56. DeMaria, E. J., H. J. Sugerman, J. M. Kellum, J. G. Meador and L. G. Wolfe 

(2002). Results of 281 consecutive total laparoscopic Roux-en-Y gastric 

bypasses to treat morbid obesity. Ann Surg 235(5): 640-645; discussion 645-647. 

 

57. Despres, J. P. (2012). Body fat distribution and risk of cardiovascular disease: 

an update Circulation 126(10): 1301-1313. 

 



55 
 

58. Ding, W. J., Y. Wang and J. G. Fan (2014). Regulation of adipokines by 

polyunsaturated fatty acids in a rat model of non-alcoholic steatohepatitis. Arch 

Iran Med 17(8): 563-568. 

 

59. Dixon, J. B., P. S. Bhathal, N. R. Hughes and P. E. O'Brien (2004). 

Nonalcoholic fatty liver disease: Improvement in liver histological analysis with 

weight loss Hepatology 39(6): 1647-1654. 

 

60. Dolce, C. J., M. Russo, J. E. Keller, J. Buckingham, H. J. Norton, B. T. 

Heniford et al. (2009). Does liver appearance predict histopathologic findings: 

prospective analysis of routine liver biopsies during bariatric surgery Surg Obes 

Relat Dis 5(3): 323-328. 

 

61. Donnelly, J. E., S. N. Blair, J. M. Jakicic, M. M. Manore et al. . American 

College of Sports (2009). American College of Sports Medicine Position Stand. 

Appropriate physical activity intervention strategies for weight loss and prevention 

of weight regain for adults. Med Sci Sports Exerc 41(2): 459-471. 

 

62. Dreon, D. M., B. Frey-Hewitt, N. Ellsworth, P. T. Williams, R. B. Terry and P. 

D. Wood (1988). Dietary fat:carbohydrate ratio and obesity in middle-aged men 

Am J Clin Nutr 47(6): 995-1000. 

 

63. Drey, M., C. M. Berr, M. Reincke, J. Fazel, J. Seissler, J. Schopohl et al. 

(2017). Cushing's syndrome: a model for sarcopenic obesity Endocrine 57(3): 

481-485. 

 

64. Duvnjak, M., I. Lerotic, N. Barsic, V. Tomasic, L. Virovic Jukic and V. Velagic 

(2007). Pathogenesis and management issues for non-alcoholic fatty liver 

disease World J Gastroenterol 13(34): 4539-4550. 

 

65. El Chaar, M., N. Hammoud, G. Ezeji, L. Claros, M. Miletics and J. Stoltzfus 

(2015). Laparoscopic sleeve gastrectomy versus laparoscopic Roux-en-Y gastric 

bypass: a single center experience with 2 years follow-up. Obes Surg 25(2): 254-

262. 



56 
 

 

66. Fakhry, T. K., R. Mhaskar, T. Schwitalla, E. Muradova, J. P. Gonzalvo and M. 

M. Murr (2018). Bariatric surgery improves nonalcoholic fatty liver disease: a 

contemporary systematic review and meta-analysis. Surg Obes Relat Dis. 

 

67. Fassio, E., E. Alvarez, N. Dominguez, G. Landeira and C. Longo (2004). 

Natural history of nonalcoholic steatohepatitis: a longitudinal study of repeat liver 

biopsies. Hepatology 40(4): 820-826. 

 

68. Feldstein, A. E., A. Canbay, P. Angulo, M. Taniai, L. J. Burgart, K. D. Lindor 

and G. J. Gores (2003). Hepatocyte apoptosis and fas expression are prominent 

features of human nonalcoholic steatohepatitis Gastroenterology 125(2): 437-

443. 

 

69. Fontaine, K. R., D. T. Redden, C. Wang, A. O. Westfall and D. B. Allison 

(2003). Years of life lost due to obesity. Jama 289(2): 187-193. 

 

70. Franssen, R., H. Monajemi, E. S. Stroes and J. J. Kastelein (2011). Obesity 

and dyslipidemia.Med Clin North Am 95(5): 893-902. 

 

71. Fursevich, D. M., G. M. LiMarzi, M. C. O'Dell, M. A. Hernandez and W. F. 

Sensakovic (2016). Bariatric CT Imaging: Challenges and 

Solutions.Radiographics 36(4): 1076-1086. 

 

72. Gagner, M. and T. Rogula (2003). Laparoscopic reoperative sleeve 

gastrectomy for poor weight loss after biliopancreatic diversion with duodenal 

switch. Obes Surg 13(4): 649-654. 

 

73. Gilmore, L. A., A. F. Duhe, E. A. Frost and L. M. Redman (2014). The 

technology boom: a new era in obesity management. J Diabetes Sci Technol 

8(3): 596-608. 

 

74. Golzarand, M., K. Toolabi and R. Farid (2017). The bariatric surgery and 

weight losing: a meta-analysis in the long- and very long-term effects of 



57 
 

laparoscopic adjustable gastric banding, laparoscopic Roux-en-Y gastric bypass 

and laparoscopic sleeve gastrectomy on weight loss in adults Surg Endosc 

31(11): 4331-4345. 

 

75. Goossens, N., Y. Hoshida, W. M. Song, M. Jung, P. Morel, S. Nakagawa, B. 

Zhang et al. (2016). Nonalcoholic Steatohepatitis Is Associated With Increased 

Mortality in Obese Patients Undergoing Bariatric Surgery Clin Gastroenterol 

Hepatol 14(11): 1619-1628. 

 

76. Hall, K. D. and J. Guo (2017). Obesity Energetics: Body Weight Regulation 

and the Effects of Diet Composition. Gastroenterology 152(7): 1718-1727.e1713. 

 

77. Harrison, S. A., W. Fecht, E. M. Brunt and B. A. Neuschwander-Tetri (2009). 

Orlistat for overweight subjects with nonalcoholic steatohepatitis: A randomized, 

prospective trial Hepatology 49(1): 80-86. 

 

78. Harrison, S. A., S. Torgerson, P. Hayashi, J. Ward and S. Schenker (2003). 

Vitamin E and vitamin C treatment improves fibrosis in patients with nonalcoholic 

steatohepatitis. Am J Gastroenterol 98(11): 2485-2490. 

 

79. Hasegawa, T., M. Yoneda, K. Nakamura, I. Makino and A. Terano (2001). 

Plasma transforming growth factor-beta1 level and efficacy of alpha-tocopherol 

in patients with non-alcoholic steatohepatitis: a pilot study Aliment Pharmacol 

Ther 15(10): 1667-1672. 

 

80. Hassan, I. and E. Gane (2019). Improving survival in patients with 

hepatocellular carcinoma related to chronic hepatitis C and B but not in those 

related to non-alcoholic steatohepatitis or alcoholic liver disease: a 20-year 

experience from a national programme. Intern Med J. 

 

81. Hauner, H., A. Bechthold, H. Boeing, A. Bronstrup, A. Buyken et al.German 

Nutrition (2012). Evidence-based guideline of the German Nutrition Society: 

carbohydrate intake and prevention of nutrition-related diseases. Ann Nutr Metab 

60 Suppl 1: 1-58. 



58 
 

 

82. Hegele, R. A., H. N. Ginsberg, M. J. Chapman, B. G. Nordestgaard, J. A. 

Kuivenhoven et al. European Atherosclerosis Society Consensus (2014). The 

polygenic nature of hypertriglyceridaemia: implications for definition, diagnosis, 

and management. Lancet Diabetes Endocrinol 2(8): 655-666. 

 

83. Helling, T. S., J. H. Helzberg, J. S. Nachnani and K. Gurram (2008). Predictors 

of nonalcoholic steatohepatitis in patients undergoing bariatric surgery: when is 

liver biopsy indicated? Surg Obes Relat Dis 4(5): 612-617. 

 

84. Helmert, U. and H. Strube (2004). The development of obesity in Germany in 

the period from 1985 until 2000]. Gesundheitswesen 66(7): 409-415. 

 

8.5 Himpens, J., G. Dapri and G. B. Cadiere (2006). A prospective randomized 

study between laparoscopic gastric banding and laparoscopic isolated sleeve 

gastrectomy: results after 1 and 3 years. Obes Surg 16(11): 1450-1456. 

 

8.6 Hopps, E. and G. Caimi (2015). Obstructive Sleep Apnea Syndrome: Links 

Betwen Pathophysiology and Cardiovascular Complications. Clin Invest Med 

38(6): E362-370. 

 

87. Howell, J., G. Balderson, M. Hellard, P. Gow, S. Strasser, K. Stuart, A. Wigg, 

G. Jeffrey et al.  (2016). The increasing burden of potentially preventable liver 

disease among adult liver transplant recipients: A comparative analysis of liver 

transplant indication by era in Australia and New Zealand. J Gastroenterol 

Hepatol 31(2): 434-441. 

 

88. Huang, Z., W. C. Willett, J. E. Manson, B. Rosner, M. J. Stampfer, F. E. 

Speizer et al. (1998). Body weight, weight change, and risk for hypertension in 

women. Ann Intern Med 128(2): 81-88. 

 

89. Huszar, D., C. A. Lynch, V. Fairchild-Huntress, J. H. Dunmore, Q. Fang et al. 

(1997). Targeted disruption of the melanocortin-4 receptor results in obesity in 

mice. Cell 88(1): 131-141. 



59 
 

 

90. Ingalls, A. M., M. M. Dickie and G. D. Snell (1950). Obese, a new mutation in 

the house mouse. J Hered 41(12): 317-318. 

 

91. Jammu, G. S. and R. Sharma (2016). A 7-Year Clinical Audit of 1107 Cases 

Comparing Sleeve Gastrectomy, Roux-En-Y Gastric Bypass, and Mini-Gastric 

Bypass, to Determine an Effective and Safe Bariatric and Metabolic 

Procedure.Obes Surg 26(5): 926-932. 

 

92. Johnson, L. M., S. Ikramuddin, D. B. Leslie, B. Slusarek and A. A. Killeen 

(2019). Analysis of vitamin levels and deficiencies in bariatric surgery patients: a 

single-institutional analysis. Surg Obes Relat Dis 15(7): 1146-1152. 

 

93. Jokinen, E. (2015). Obesity and cardiovascular disease. Minerva Pediatr 

67(1): 25-32. 

 

94. Kalinowski, P., R. Paluszkiewicz, B. Ziarkiewicz-Wroblewska, T. Wroblewski, 

P. Remiszewski  et al. (2017). Liver Function in Patients With Nonalcoholic Fatty 

Liver Disease Randomized to Roux-en-Y Gastric Bypass Versus Sleeve 

Gastrectomy: A Secondary Analysis of a Randomized Clinical Trial. Ann Surg 

266(5): 738-745. 

 

95. Karamanakos, S. N., K. Vagenas, F. Kalfarentzos and T. K. Alexandrides 

(2008). Weight loss, appetite suppression, and changes in fasting and 

postprandial ghrelin and peptide-YY levels after Roux-en-Y gastric bypass and 

sleeve gastrectomy: a prospective, double blind study. Ann Surg 247(3): 401-

407. 

 

96. Kariv, R., M. Leshno, A. Beth-Or, H. Strul, L. Blendis, E. Kokia et al. (2006). 

Re-evaluation of serum alanine aminotransferase upper normal limit and its 

modulating factors in a large-scale population study. Liver Int 26(4): 445-450. 

 

97. Keys, A., F. Fidanza, M. J. Karvonen, N. Kimura and H. L. Taylor (1972). 

Indices of relative weight and obesity. J Chronic Dis 25(6): 329-343. 



60 
 

 

98. Kirwan, J. P., H. Barkoukis, L. M. Brooks, C. M. Marchetti, B. P. Stetzer and 

F. Gonzalez (2009). Exercise training and dietary glycemic load may have 

synergistic effects on insulin resistance in older obese adults. Ann Nutr Metab 

55(4): 326-333. 

 

99. Klein, S., B. Mittendorfer, J. C. Eagon, B. Patterson, L. Grant, N. Feirt, E. Seki 

et al. (2006). Gastric bypass surgery improves metabolic and hepatic 

abnormalities associated with nonalcoholic fatty liver disease. Gastroenterology 

130(6): 1564-1572. 

 

100. Kleiner, D. E., P. D. Berk, J. Y. Hsu, A. P. Courcoulas, D. Flum, S. 

Khandelwal et al. (2014). Hepatic pathology among patients without known liver 

disease undergoing bariatric surgery: observations and a perspective from the 

longitudinal assessment of bariatric surgery (LABS) study. Semin Liver Dis 34(1): 

98-107. 

 

101. Kleiner, D. E., E. M. Brunt, M. Van Natta, C. Behling, M. J. Contos et al. 

(2005). Design and validation of a histological scoring system for nonalcoholic 

fatty liver disease. Hepatology 41(6): 1313-1321. 

 

102. Klem, M. L., R. R. Wing, M. T. McGuire, H. M. Seagle and J. O. Hill (1997). 

A descriptive study of individuals successful at long-term maintenance of 

substantial weight loss. Am J Clin Nutr 66(2): 239-246. 

 

103. Kolotkin, R. L., R. D. Crosby, R. E. Gress, S. C. Hunt, S. G. Engel and T. D. 

Adams (2008). Health and health-related quality of life: differences between men 

and women who seek gastric bypass surgery. Surg Obes Relat Dis 4(5): 651-

658; discussion 658-659. 

 

104. Kotronen, A., L. Juurinen, M. Tiikkainen, S. Vehkavaara and H. Yki-Jarvinen 

(2008).Increased liver fat, impaired insulin clearance, and hepatic and adipose 

tissue insulin resistance in type 2 diabetes. Gastroenterology 135(1): 122-130. 



61 

105. Kroh, M., R. Liu and B. Chand (2007). Laparoscopic bariatric surgery: what

else are we uncovering? Liver pathology and preoperative indicators of advanced

liver disease in morbidly obese patients. Surg Endosc 21(11): 1957-1960.

106. Laurier, V., A. Lapeyrade, P. Copet, G. Demeer, M. Silvie et al. (2015).

Medical, psychological and social features in a large cohort of adults with Prader-

Willi syndrome: experience from a dedicated centre in France. J Intellect Disabil

Res 59(5): 411-421.

107. Laurin, J. (2002). Motion - all patients with NASH need to have a liver biopsy:

arguments against the motion. Can J Gastroenterol 16(10): 722-726.

108. Lean, M. E., T. S. Han and C. E. Morrison (1995). Waist circumference as a

measure for indicating need for weight management. Bmj 311(6998): 158-161.

109. Lenz, M., T. Richter and I. Muhlhauser (2009). The morbidity and mortality

associated with overweight and obesity in adulthood: a systematic review. Dtsch

Arztebl Int 106(40): 641-648.

110. Lim, D. M., J. Taller, W. Bertucci, R. H. Riffenburgh, J. O'Leary and G.

Wisbach (2014). Comparison of laparoscopic sleeve gastrectomy to laparoscopic

Roux-en-Y gastric bypass for morbid obesity in a military institution. Surg Obes

Relat Dis 10(2): 269-276.

111. Lindor, K. D., K. V. Kowdley, E. J. Heathcote, M. E. Harrison, R. Jorgensen,

P. Angulo et al.  (2004). Ursodeoxycholic acid for treatment of nonalcoholic

steatohepatitis: results of a randomized trial. Hepatology 39(3): 770-778.

112. Llovet, J. M., A. Burroughs and J. Bruix (2003). Hepatocellular carcinoma.

Lancet 362(9399): 1907-1917.

113. Ludwig, J., T. R. Viggiano, D. B. McGill and B. J. Oh (1980). Nonalcoholic

steatohepatitis: Mayo Clinic experiences with a hitherto unnamed disease. Mayo

Clin Proc 55(7): 434-438.



62 
 

 

114. Machado, M., P. Marques-Vidal and H. Cortez-Pinto (2006). Hepatic 

histology in obese patients undergoing bariatric surgery J Hepatol 45(4): 600-

606. 

 

115. Machado, M. V. and A. M. Diehl (2016). Pathogenesis of Nonalcoholic 

Steatohepatitis. Gastroenterology 150(8): 1769-1777. 

 

116. Maffei, M., J. Halaas, E. Ravussin, R. E. Pratley, G. H. Lee, Y. Zhang  et al. 

(1995). Leptin levels in human and rodent: measurement of plasma leptin and ob 

RNA in obese and weight-reduced subjects. Nat Med 1(11): 1155-1161. 

 

117. Marchesini, G., E. Bugianesi, G. Forlani, F. Cerrelli, M. Lenzi et al. (2003). 

Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome. Hepatology 

37(4): 917-923. 

 

118. Marti-Valeri, C., A. Sabate, C. Masdevall and A. Dalmau (2007). 

Improvement of associated respiratory problems in morbidly obese patients after 

open Roux-en-Y gastric bypass. Obes Surg 17(8): 1102-1110. 

 

119. Mathurin, P., A. Hollebecque, L. Arnalsteen, D. Buob, E. Leteurtre, R. 

Caiazzo et al. (2009).Prospective study of the long-term effects of bariatric 

surgery on liver injury in patients without advanced diseas Gastroenterology 

137(2): 532-540. 

 

120. McCuen-Wurst, C., M. Ruggieri and K. C. Allison (2018)Disordered eating 

and obesity: associations between binge-eating disorder, night-eating syndrome, 

and weight-related comorbidities. Ann N Y Acad Sci 1411(1): 96-105. 

 

121. McGee, D. L. (2005). Body mass index and mortality: a meta-analysis based 

on person-level data from twenty-six observational studies Ann Epidemiol 15(2): 

87-97. 

 



63 
 

122. McPherson, S., T. Hardy, E. Henderson, A. D. Burt, C. P. Day and Q. M. 

Anstee (2015). Evidence of NAFLD progression from steatosis to fibrosing-

steatohepatitis using paired biopsies: implications for prognosis and clinical 

management. J Hepatol 62(5): 1148-1155. 

 

123. McPherson, S., S. F. Stewart, E. Henderson, A. D. Burt and C. P. Day 

(2010). Simple non-invasive fibrosis scoring systems can reliably exclude 

advanced fibrosis in patients with non-alcoholic fatty liver disease. Gut 59(9): 

1265-1269. 

 

124. McTiernan, A., B. Sorensen, M. L. Irwin, A. Morgan, Y. Yasui, R. E. Rudolph 

et al. (2007). Exercise effect on weight and body fat in men and women. Obesity 

(Silver Spring) 15(6): 1496-1512. 

 

125. Mensink, G. B., A. Schienkiewitz, M. Haftenberger, T. Lampert, T. Ziese and 

C. Scheidt-Nave (2013). Overweight and obesity in Germany: results of the 

German Health Interview and Examination Survey for Adults (DEGS1). 

Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 56(5-6): 

786-794. 

 

126. Micozzi, M. S., D. Albanes, D. Y. Jones and W. C. Chumlea (1986). 

"Correlations of body mass indices with weight, stature, and body composition in 

men and women in NHANES I and II." Am J Clin Nutr 44(6): 725-731. 

 

127. Mofrad, P., M. J. Contos, M. Haque, C. Sargeant, R. A. Fisher, V. A. Luketic 

et al.  (2003). Clinical and histologic spectrum of nonalcoholic fatty liver disease 

associated with normal ALT values. Hepatology 37(6): 1286-1292. 

 

128. Motamedi, M. A. K., A. Khalaj, M. Mahdavi, M. Valizadeh, F. Hosseinpanah 

and M. Barzin (2019). Longitudinal Comparison of the Effect of Gastric Bypass to 

Sleeve Gastrectomy on Liver Function in a Bariatric Cohort: Tehran Obesity 

Treatment Study (TOTS). Obes Surg 29(2): 511-518. 

 



64 

129. Mottin, C. C., M. Moretto, A. V. Padoin, A. M. Swarowsky, M. G. Toneto et

al. (2004). The role of ultrasound in the diagnosis of hepatic steatosis in morbidly

obese patients. Obes Surg 14(5): 635-637.

130 Naggert, J. K., L. D. Fricker, O. Varlamov, P. M. Nishina, Y. Rouille et al. 

(1995). Hyperproinsulinaemia in obese fat/fat mice associated with a 

carboxypeptidase E mutation which reduces enzyme activity. Nat Genet 10(2): 

135-142.

131. Neuschwander-Tetri, B. A. and S. H. Caldwell (2003). Nonalcoholic

steatohepatitis: summary of an AASLD Single Topic Conference. Hepatology

37(5): 1202-1219.

132. Ng, M., T. Fleming, M. Robinson, B. Thomson, N. Graetz, C. Margono, E.

C. Mullany et al.  (2014). Global, regional, and national prevalence of overweight

and obesity in children and adults during 1980-2013: a systematic analysis for

the Global Burden of Disease Study 2013.Lancet 384(9945): 766-781.

135. Nocca, D., D. Krawczykowsky, B. Bomans, P. Noel, M. C. Picot, P. M. Blanc

et al. (2008). A prospective multicenter study of 163 sleeve gastrectomies: results

at 1 and 2 years. Obes Surg 18(5): 560-565.

136. Nordestgaard, B. G., M. Benn, P. Schnohr and A. Tybjaerg-Hansen (2007).

[Non-fasting triglycerides and risk of for myocardial infarction and death among

women and men]. Ugeskr Laeger 169(45): 3865-3868.

137. Ong, J. P., H. Elariny, R. Collantes, A. Younoszai, V. Chandhoke et al.

(2005). Predictors of nonalcoholic steatohepatitis and advanced fibrosis in

morbidly obese patients. Obes Surg 15(3): 310-315.

138. Ooi, G. J., P. R. Burton, L. Doyle, J. M. Wentworth, P. S. Bhathal, K. Sikaris

et al. (2017). Effects of Bariatric Surgery on Liver Function Tests in Patients with

Nonalcoholic Fatty Liver Disease. Obes Surg 27(6): 1533-1542.



65 

139. Perrone, F., E. Bianciardi, S. Ippoliti, J. Nardella, F. Fabi and P. Gentileschi

(2017). Long-term effects of laparoscopic sleeve gastrectomy versus Roux-en-Y

gastric bypass for the treatment of morbid obesity: a monocentric prospective

study with minimum follow-up of 5 years. Updates Surg 69(1): 101-107.

140. Peterli, R., B. K. Wolnerhanssen, T. Peters, D. Vetter, D. Kroll, Y. Borbely et

al. (2018). Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-

Y Gastric Bypass on Weight Loss in Patients With Morbid Obesity: The SM-BOSS

Randomized Clinical Trial.Jama 319(3): 255-265.

150. Peterli, R., B. K. Wolnerhanssen, D. Vetter, P. Nett, M. Gass, Y. Borbely, T.

Peters et al.  (2017).Laparoscopic Sleeve Gastrectomy Versus Roux-Y-Gastric

Bypass for Morbid Obesity-3-Year Outcomes of the Prospective Randomized

Swiss Multicenter Bypass Or Sleeve Study (SM-BOSS) Ann Surg 265(3): 466-

473.

151. Phelan, S., H. R. Wyatt, J. O. Hill and R. R. Wing (2006). "Are the eating

and exercise habits of successful weight losers changing Obesity (Silver Spring)

14(4): 710-716.

152. Pocha, C., P. Kolly and J. F. Dufour (2015). Nonalcoholic Fatty Liver

Disease-Related Hepatocellular Carcinoma: A Problem of Growing Magnitude.

Semin Liver Dis 35(3): 304-317.

153. Portmann, L. and V. Giusti (2007). [Obesity and hypothyroidism: myth or

reality?]. Rev Med Suisse 3(105): 859-862.

154. Promrat, K., D. E. Kleiner, H. M. Niemeier, E. Jackvony, M. Kearns, J. R.

Wands, J. L. Fava and R. R. Wing (2010). Randomized controlled trial testing the

effects of weight loss on nonalcoholic steatohepatitis. Hepatology 51(1): 121-129.

155. Qureshi, K. and G. A. Abrams (2007). Metabolic liver disease of obesity and

role of adipose tissue in the pathogenesis of nonalcoholic fatty liver disease.

World J Gastroenterol 13(26): 3540-3553.



66 

156. Rastogi, A., S. M. Shasthry, A. Agarwal, C. Bihari, P. Jain, A. Jindal and S.

Sarin (2017). Non-alcoholic fatty liver disease - histological scoring systems: a

large cohort single-center, evaluation study. Apmis 125(11): 962-973.

157. Regan, J. P., W. B. Inabnet, M. Gagner and A. Pomp (2003). "Early

experience with two-stage laparoscopic Roux-en-Y gastric bypass as an

alternative in the super-super obese patient." Obes Surg 13(6): 861-864.

157. Rolls, B. J., L. S. Roe, A. M. Beach and P. M. Kris-Etherton (2005). Provision

of foods differing in energy density affects long-term weight loss. Obes Res 13(6):

1052-1060.

158. Runkel, N., M. Colombo-Benkmann, T. P. Huttl, H. Tigges, O. Mann et al.

(2011). Evidence-based German guidelines for surgery for obesity Int J

Colorectal Dis 26(4): 397-404.

159. Saadeh, S., Z. M. Younossi, E. M. Remer, T. Gramlich, J. P. Ong, M. Hurley,

K. D. Mullen, J. N. Cooper and M. J. Sheridan (2002). The utility of radiological

imaging in nonalcoholic fatty liver disease. Gastroenterology 123(3): 745-750.

160. Salvador, J., J. Iriarte, C. Silva, J. Gomez Ambrosi, A. Diez Caballero and

G. Fruhbeck (2004). [The obstructive sleep apnoea syndrome in obesity: a

conspirator in the shadow]. Rev Med Univ Navarra 48(2): 55-62.

161. Sanyal, A. J., C. Campbell-Sargent, F. Mirshahi, W. B. Rizzo, M. J. Contos,

R. K. Sterling et al. (2001). Nonalcoholic steatohepatitis: association of insulin

resistance and mitochondrial abnormalities. Gastroenterology 120(5): 1183-

1192.

162. Sanyal, A. J., N. Chalasani, K. V. Kowdley, A. McCullough, A. M. Diehl, N.

M. Bass et al. (2010). Pioglitazone, vitamin E, or placebo for nonalcoholic

steatohepatitis. N Engl J Med 362(18): 1675-1685.



67 
 

163. Seki, S., T. Kitada, T. Yamada, H. Sakaguchi, K. Nakatani and K. Wakasa 

(2002). In situ detection of lipid peroxidation and oxidative DNA damage in non-

alcoholic fatty liver diseases. J Hepatol 37(1): 56-62. 

 

164. Shalhub, S., A. Parsee, S. F. Gallagher, K. L. Haines, C. Willkomm, S. G. 

Brantley, H. Pinkas, L. Saff-Koche and M. M. Murr (2004). The importance of 

routine liver biopsy in diagnosing nonalcoholic steatohepatitis in bariatric patients. 

Obes Surg 14(1): 54-59. 

 

165. Sharples, A. J. and K. Mahawar (2020). Systematic Review and Meta-

Analysis of Randomised Controlled Trials Comparing Long-Term Outcomes of 

Roux-En-Y Gastric Bypass and Sleeve Gastrectomy. Obesity Surgery 30(2): 664-

672. 

 

166. Sheth, S. G., F. D. Gordon and S. Chopra (1997). Nonalcoholic 

steatohepatitis. Ann Intern Med 126(2): 137-145. 

 

167. Sinning, D. and U. Landmesser (2017). [Dyslipidemias : Diagnostics and 

management]. Herz 42(6): 607-620. 

 

168. Sjostrom, L., A. K. Lindroos, M. Peltonen, J. Torgerson, C. Bouchard, B. 

Carlsson et al. Swedish Obese Subjects Study Scientific (2004). Lifestyle, 

diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N Engl 

J Med 351(26): 2683-2693. 

 

169. Spengler, E. K. and R. Loomba (2015). Recommendations for Diagnosis, 

Referral for Liver Biopsy, and Treatment of Nonalcoholic Fatty Liver Disease and 

Nonalcoholic Steatohepatitis. Mayo Clin Proc 90(9): 1233-1246. 

 

170. Stamler, R., J. Stamler, W. F. Riedlinger, G. Algera and R. H. Roberts 

(1978). Weight and blood pressure. Findings in hypertension screening of 1 

million Americans. JAMA 240(15): 1607-1610. 

 



68 

171. Sterling, R. K., E. Lissen, N. Clumeck, R. Sola, M. C. Correa, J. Montaner

et al. (2006). Development of a simple noninvasive index to predict significant

fibrosis in patients with HIV/HCV coinfection Hepatology 43(6): 1317-1325.

172. Stine, J. G., B. J. Wentworth, A. Zimmet, M. E. Rinella, R. Loomba, S. H.

Caldwell et al.  (2018). Systematic review with meta-analysis: risk of

hepatocellular carcinoma in non-alcoholic steatohepatitis without cirrhosis

compared to other liver diseases. Aliment Pharmacol Ther 48(7): 696-703.

173. Stratopoulos, C., A. Papakonstantinou, I. Terzis, C. Spiliadi, G. Dimitriades,

V. Komesidou et al. (2005). Changes in liver histology accompanying massive

weight loss after gastroplasty for morbid obesity. Obes Surg 15(8): 1154-1160.

174. Strauss, R. S. and H. A. Pollack (2001). Epidemic increase in childhood

overweight, 1986-1998.JAMA 286(22): 2845-2848.

175. Stroh, C., R. Weiner, F. Benedix, T. Horbach, D. Birk, D. Luderer et al.

(2014). Bariatric and metabolic surgery in Germany 2012 - results of the quality

assurance study on surgery for obesity (data of the German Bariatric Surgery

Registry). Zentralbl Chir 139(2): e1-5.

176. Subasi, C. F., U. E. Aykut and Y. Yilmaz (2015). Comparison of noninvasive

scores for the detection of advanced fibrosis in patients with nonalcoholic fatty

liver disease. Eur J Gastroenterol Hepatol 27(2): 137-141.

177. Sullivan, S., E. P. Kirk, B. Mittendorfer, B. W. Patterson and S. Klein (2012).

Randomized trial of exercise effect on intrahepatic triglyceride content and lipid

kinetics in nonalcoholic fatty liver disease. Hepatology 55(6): 1738-1745.

178. Sumida, Y., A. Nakajima and Y. Itoh (2014). Limitations of liver biopsy and

non-invasive diagnostic tests for the diagnosis of nonalcoholic fatty liver

disease/nonalcoholic steatohepatitis. World J Gastroenterol 20(2): 475-485.



69 

179. Teixeira, A. R., M. Bellodi-Privato, J. B. Carvalheira, V. F. Pilla, J. C. Pareja

and L. A. D'Albuquerque (2009). The incapacity of the surgeon to identify NASH

in bariatric surgery makes biopsy mandatory. Obes Surg 19(12): 1678-1684.

180. Tendler, D., S. Lin, W. S. Yancy, Jr., J. Mavropoulos, P. Sylvestre, D. C.

Rockey and E. C. Westman (2007). The effect of a low-carbohydrate, ketogenic

diet on nonalcoholic fatty liver disease: a pilot study. Dig Dis Sci 52(2): 589-593.

181. Torres do Rego, A., L. Perez de Isla, A. Saltijeral Cerezo, G. Vitale, A. Izarra

and L. A. Alvarez-Sala Walther (2014). Cholesterol control according to the

presence of metabolic syndrome in coronary and diabetic patients. Relationship

with non-alcoholic fatty liver disease. Eur J Intern Med 25(5): 438-443.

182. Valdivielso, P., A. Ramirez-Bueno and N. Ewald (2014). Current knowledge

of hypertriglyceridemic pancreatitis. Eur J Intern Med 25(8): 689-694.

183. Van Der Heijden, G. J., Z. J. Wang, Z. Chu, G. Toffolo, E. Manesso, P. J.

Sauer and A. L. Sunehag (2010). Strength exercise improves muscle mass and

hepatic insulin sensitivity in obese youth. Med Sci Sports Exerc 42(11): 1973-

1980.

184. Verhaegen, A. A. and L. F. Van Gaal (2017). Drug-induced obesity and its

metabolic consequences: a review with a focus on mechanisms and possible

therapeutic options. J Endocrinol Invest 40(11): 1165-1174.

185. Vidal, P., J. M. Ramon, A. Goday, D. Benaiges, L. Trillo, A. Parri, S.

Gonzalez et al. (2013). Laparoscopic gastric bypass versus laparoscopic sleeve

gastrectomy as a definitive surgical procedure for morbid obesity. Mid-term

results. Obes Surg 23(3): 292-299.

186. Viljanen, A. P., P. Iozzo, R. Borra, M. Kankaanpaa, A. Karmi, R. Lautamaki

et al.  (2009). Effect of weight loss on liver free fatty acid uptake and hepatic

insulin resistance. J Clin Endocrinol Metab 94(1): 50-55.



70 

187. Villarejo, C., S. Jimenez-Murcia, E. Alvarez-Moya, R. Granero, E. Penelo, J.

Treasure et al.  (2014). Loss of control over eating: a description of the eating

disorder/obesity spectrum in women. Eur Eat Disord Rev 22(1): 25-31.

188. von Schonfels, W., J. H. Beckmann, M. Ahrens, A. Hendricks, C. Rocken et

al. (2018). Histologic improvement of NAFLD in patients with obesity after

bariatric surgery based on standardized NAS (NAFLD activity score). Surg Obes

Relat Dis 14(10): 1607-1616.

189. Wallace, M. C., D. Preen, G. P. Jeffrey and L. A. Adams (2015). The evolving

epidemiology of hepatocellular carcinoma: a global perspective.Expert Rev

Gastroenterol Hepatol 9(6): 765-779.

190. Wang, D., L. Wang, Z. Wang, S. Chen, Y. Ni and D. Jiang (2018). Higher

non-HDL-cholesterol to HDL-cholesterol ratio linked with increased nonalcoholic

steatohepatitis. Lipids Health Dis 17(1): 67.

191. Wang, H. and D. Q. Peng (2011). New insights into the mechanism of low

high-density lipoprotein cholesterol in obesity. Lipids Health Dis 10: 176.

192. Weiner, R., I. El-Sayes, T. Manger, S. Weiner, H. Lippert and C. Stroh

(2014). Antidiabetic efficacy of obesity surgery in Germany: a quality assurance

nationwide survey. Surg Obes Relat Dis 10(2): 322-327.

193. Weingarten, T. N., C. B. Mantilla, J. M. Swain, M. L. Kendrick et al. (2012).

Nonalcoholic steatohepatitis in bariatric patients with a diagnosis of obstructive

sleep apnea. Obes Facts 5(4): 587-596.

194. Welbourn, R., D. J. Pournaras, J. Dixon, K. Higa, R. Kinsman, J. Ottosson

et al.  (2018). Bariatric Surgery Worldwide: Baseline Demographic Description

and One-Year Outcomes from the Second IFSO Global Registry Report 2013-

2015. Obes Surg 28(2): 313-322.



71 

195. Wing, R. R. and S. Phelan (2005). Long-term weight loss maintenance.Am

J Clin Nutr 82(1 Suppl): 222S-225S.

196. Wittgrove, A. C. and G. W. Clark (2000). Laparoscopic gastric bypass, Roux-

en-Y- 500 patients: technique and results, with 3-60 month follow-up.Obes Surg

10(3): 233-239.

197. Wong, R. J., M. Aguilar, R. Cheung, R. B. Perumpail, S. A. Harrison, Z. M.

Younossi  et al. (2015).Nonalcoholic steatohepatitis is the second leading

etiology of liver disease among adults awaiting liver transplantation in the United

States. Gastroenterology 148(3): 547-555.

198. Younossi, Z. M., M. Otgonsuren, L. Henry, C. Venkatesan et al. (2015).

Association of nonalcoholic fatty liver disease (NAFLD) with hepatocellular

carcinoma (HCC) in the United States from 2004 to 2009. Hepatology 62(6):

1723-1730.

199. Younus, H., A. Sharma, R. Miquel, A. Quaglia, S. R. Kanchustambam  et al.

(2019). Bariatric Surgery in Cirrhotic Patients: Is It Safe? Obes Surg.

200. Yusuf, S., S. Hawken, S. Ounpuu, T. Dans, A. Avezum, F. Lanas et al.

(2004). Effect of potentially modifiable risk factors associated with myocardial

infarction in 52 countries (the INTERHEART study): case-control study. Lancet

364(9438): 937-952.

201. Zarjevski, N., I. Cusin, R. Vettor, F. Rohner-Jeanrenaud and B. Jeanrenaud

(1993). Chronic intracerebroventricular neuropeptide-Y administration to normal

rats mimics hormonal and metabolic changes of obesity. Endocrinology 133(4):

1753-1758.

202. Zhang, Y., R. Proenca, M. Maffei, M. Barone, L. Leopold and J. M. Friedman

(1994). Positional cloning of the mouse obese gene and its human homologue.

Nature 372(6505): 425-432.



72 

11. List of Tables

Table 1: Weight classification according to BMI (WHO, 2000)…………………...1 

Table 2 Waist circumference and risk for obesity metabolic related disorders 

(Lean et al., 1995) .............................................................................................. 2 

Table 3: Patient demographics at baseline .................................................... 199 

Table 4: Distribution of liver cirrhosis ................................................................ 20 

Table 5: Distribution of liver fibrosis .................................................................. 20 

Table 6: Distribution of NAFLD according to severity ....................................... 21 

Table 7: Relation of different obesity-related disorders to NAFLD.................... 23 

Table 8: Laboratory parameters at baseline and it’s relation to NASH. ............ 24 

Table 9: Types of operation .............................................................................. 25 

Table 10: Type of operation according to histology: ......................................... 25 

Table 11: Patient demographics at follow up (n=234) ...................................... 27 

Table 12: Comparison between laboratory parameters at baseline and follow up

 ......................................................................................................................... 29 

Table 13: The laboratory parameters at follow up and its relation to NASH. .... 30 

12. List of Figures

Figure 1: NAFLD scores across the whole population at baseline ................... 20 

Figure 2: Distribution of NAFLD according to severity: ..................................... 22 

Figure 3: Bar-Chart showing the association of T2DM to NAFLD preoperatively   

 ..........……………………………………………………………………………….…23 

Figure 4: Type of operation according to NAFLD. ............................................ 26 

Figure 5: Box-Plot showing relation of BMI at follow up to liver histology: ........ 27 

Figure 6: Association of hyperlipidemia at follow up according to liver histology

 ......................................................................................................................... 28 

Figure 7: BMI at baseline according to operation using Mann-Whitney Test: ... 31 

Figure 8: BMI at follow up according to operation using Mann-Whitney test .. 331 



Lebenslauf wurde aus datenschutzrechtlichen Gründen entfernt



74 

14 .Dankausgang 

Ich bedanke mich bei Herrn Prof. Dr. med. Prof. h.c. Dr. h.c. Jakob R. Izbicki, 

Direktor der Klinik und Poliklinik für Allgemein-, Viszeral- und Thoraxchirurgie des 

Universitätsklinikums Hamburg-Eppendorf, der mir die Möglichkeit gegeben hat, 

meine Dissertation zu erarbeiten.  

Ganz herzlich bedanke ich mich weiterhin bei meinem Doktorvater, Herrn Prof. 

Dr. med. Oliver Mann, leitender Oberarzt und stellvertretender Direktor der Klinik 

und Poliklinik für Allgemein-, Viszeral- und Thoraxchirurgie des 

Universitätsklinikums Hamburg-Eppendorf, für die freundliche Überlassung der 

wissenschaftlichen Fragestellung, die Unterstützung und die damit verbundene 

Möglichkeit mich auch über diese Arbeit hinaus mit dem Thema zu beschäftigen. 

Des Weiteren möchte ich mich bei Dr. med. Stefan Wolter, der diese Doktorarbeit 

mit großem Einsatz betreut hat sowie für seine wertvolle kompetente fachliche 

Unterstützung in allen Phasen der wissenschaftlichen Arbeit sowie für seinen 

Einsatz als mein Mentor in der Klinik bedanken.  

Ein besonderer Dank gilt meiner Frau Valeria Almanfalouti und meiner Tochter 

Liliana, die mich stets bestärkten und unterstützt haben und mir die Freiheit und 

den Ruckenhalt gegeben haben.  



75 

15 .Eidesstattliche Erklärung 

Ich versichere ausdrücklich, dass ich die Arbeit selbständig und ohne fremde 

Hilfe verfasst, andere als die von mir angegebenen Quellen und Hilfsmittel nicht 

benutzt und die aus den benutzten Werken wörtlich oder inhaltlich entnommenen 

Stellen einzeln nach Ausgabe (Auflage und Jahr des Erscheinens), Band und 

Seite des benutzten Werkes kenntlich gemacht habe. 

Ferner versichere ich, dass ich die Dissertation bisher nicht einem Fachvertreter 

an einer anderen Hochschule zur Überprüfung vorgelegt oder mich anderweitig 

um Zulassung zur Promotion beworben habe. 

Ich erkläre mich einverstanden, dass meine Dissertation vom Dekanat der 

Medizinischen Fakultät mit einer gängigen Software zur Erkennung von Plagiaten 

überprüft werden kann. 

Unterschrift: ...................................................................... 


	1. Introduction
	1.1 Obesity - Definition, BMI, Classification
	1.2  Prevalence of obesity
	1.3 Mortality in Obesity
	1.4 Etiology of obesity
	1.5 Obesity-related disorders
	1.5.1 Arterial hypertension
	1.5.2 Type 2 Diabetes mellitus
	1.5.3 Hypertriglycermia
	1.5.4 Obstructive sleep apnea syndrome
	1.5.5 Non-alcoholic fatty liver disease (NAFLD)
	1.5.5.1 Prevalence of NAFLD
	1.5.5.2 Pathogenesis of NAFLD
	1.5.5.3 Diagnosis of NAFLD
	1.5.5.4 Therapy of NAFLD


	1.6 Therapy of obesity
	1.6.1 Conservative Therapy
	1.6.2 Surgical therapy of obesity
	1.6.2.1 Indication and contraindication of bariatric surgery
	1.6.2.2 Bariatric operations
	1.6.2.2.1 Restrictive Procedures
	1.6.2.2.1.1 Sleeve Gastrectomy

	1.6.2.2.2 Malabsorptive procedures
	1.6.2.2.2.1 Laparoscopic Roux-Y gastric bypass (RYGB/LRYGB)





	2. Aim of the study
	3. Methods and Materials
	3.1 Collection of Data
	3.1.1 Patient Selection
	3.1.2 Liver Histology
	3.1.3 Obesity-related diseases

	3.2 Inclusion criteria
	3.3 Statistical analysis

	4. Results
	4.1 Patient characteristics at baseline
	4.2 Liver histology at baseline
	4.4  Laboratory parameters at baseline
	4.5 Type of operation
	4.6 Patient characteristic at follow up and relation to NAFLD:
	4.7 Obesity-related disorders at follow up and relation to NAFLD
	4.8 Laboratory parameters at follow up
	4.9 Laboratory parameters at follow-up and its relation to NASH
	4.10 Late outcome of NASH group at follow up according to the type of operation

	5.Discussion
	5.1 Patient characteristics
	5.2 Obesity-related disorders
	5.3 Liver Histology and NAFLD
	5.4 NAFLD and macroscopic examination
	5.5  NAFLD and current diagnostic methods
	5.6  Type of Operation and NAFLD
	5.7  Effect of bariatric surgery at follow up
	5.8 Effect of NAFLD at baseline and on the late outcome after bariatric surgery.
	5.9 Effect of type of surgery on the NASH.

	7.Conclusion
	6.Zusammenfassung
	8. Abstract
	9. Abbreviations
	10. References
	11. List of Tables
	12. List of Figures
	13 Lebenslauf
	14 .Dankausgang
	15 .Eidesstattliche Erklärung
	Blank Page



