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ENGLISH SUMMARY 

 

CHAPTER 1 is the general introduction to this thesis and gives an overview on the history of 

fatty liver disease (FLD) and the contribution of this thesis to our knowledge of FLD. The 

livers’ ability to store fat has been known for a long time, as the first publication on human 

liver fat dates from 1907. FLD is a broad spectrum, consisting of many subtypes, but is 

often divided in steatosis (fat accumulation) and steatohepatitis (fat + inflammation, with or 

without fibrosis). Throughout history many synonyms for the spectrum and its subtypes 

have been published. Subtypes can be determined by histology only. The first proposal 

(protocol) for uniformly scoring the histologic FLD lesions was published in 1999, and 

updated in 2005. Other diagnosis methods, for liver fat content only include: biochemical 

analysis (after liver biopsy), magnetic resonance spectroscopy (1H MRS), magnetic 

resonance imaging (MRI), computed tomography (CT), and ultrasonography. As alcohol is 

a historically well known risk factor for liver disease, alcoholic FLD (AFLD) and non-

alcoholic FLD (NAFLD) are often distinguished, usually using an ethanol cut-off value of 

20 g/d. In 1992, a close association of NAFLD with the metabolic syndrome, a marker of 

cardiovascular disease (CVD), was first reported.  

CHAPTER 2 explores baseline data of the Fenland Study, which is an ongoing population 

based cohort study with currently cross-sectional results only. The chapter describes the 

prevalence of FLD and its association with CVD risk in the general population of East 

Anglia, aged 30 to 58 years. Exclusion criteria were: diabetes mellitus, terminal illness, 

inability to walk unaided, and pregnancy. FLD was assessed by ultrasonography (scored in 

a cumulative fashion and attributed as normal, mild, moderate, and severe FLD). CVD risk 

was estimated by the metabolic syndrome (MetS), using several definitions, and the 10-year 

Framingham CVD risk score. Liver fat scores were obtained in 762 participants. Overall 

prevalence of FLD and non-alcoholic FLD (NAFLD) was 38.5% and 30.5%, respectively. 

FLD was more prevalent in men than women (p<0.001). By multiple logistic regression 

analysis on the presence of FLD, only BMI (OR 1.3, p<0.05) was significantly associated 

in men, and BMI (OR 1.6, p<0.001), waist circumference (OR 1.1, p<0.01), and hip 

circumference (OR .9, p<0.01) were significantly associated in women. With increasing 

liver fat category, the number of metabolic syndrome components (p<0.001 both ATP III 

and IDF), the cumulative MetS Z-score (p<0.001) and the 10-year Framingham risk score 
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(p<0.001) increased as well. We conclude that this study shows a striking prevalence of 

FLD in East Anglia, particularly in men. As FLD is associated with several CVD risk 

estimates, this striking prevalence may delineate an increased CVD risk in this population.  

CHAPTER 3 is a review paper on the cardiovascular disease (CVD) risk of non-alcoholic 

fatty liver disease (NAFLD). NAFLD is associated with both hepatic and systemic insulin 

resistance. In the case of NAFLD, the liver overproduces several atherogenic factors, 

notably inflammatory cytokines, glucose, lipoproteins, coagulation factors, and factors 

increasing blood pressure. Intervention studies with diet and bariatric surgery revealed 

improvements of hepatic fat content and CVD risk profile. Pharmacological approaches to 

reduce liver fat have been developed as well, but the effects are often confounded by 

weight change. We conclude that NAFLD is associated with an increased CVD risk profile 

(and hepatic risk). In order to improve CVD risk profile, prevention and treatment of 

NAFLD seems advisable. However, well designed randomised interventions, and long-term 

follow-up studies are scarce. 

CHAPTER 4 is a review paper on the pathogenesis of FLD. FLD is the most prevalent 

hepatic condition worldwide. Thorough understanding of risk factors and the pathogenesis 

of FLD is therefore warranted. Few comprehensive theories on its pathogenesis have been 

proposed. The aim of this paper was to critically discuss present theories on the 

pathogenesis of FLD, and to arrange risk factors in an easily recognisable manner. The 

literature, including behavioural, genetic, and environmental factors associated with FLD 

was reviewed, together with their underlying role in the pathogenesis of FLD. Risk factors 

for FLD were arranged according to pathogenesis. The following groups of risk factors for 

FLD were identified: 1) ‘risk factors for hepatic lipid content’, 2) ‘risk factors for inhibited 

hepatic metabolism’, and 3) ‘risk factors for hepatic inflammation’. Some risk factors can 

be placed in more than one category and might therefore have a greater effect on FLD than 

others. These three categories do not stand alone but interact, forming a downward spiral 

onto the development and progression of FLD. We propose to modify current arrangements 

of risk factors for FLD. The present arrangement of risk factors may be useful to identify 

people at high risk for FLD and to initiate interventions. 

CHAPTER 5 describes the development of an ultrasonography method for quantitative 

assessment of liver fat content, and validation using magnetic resonance spectroscopy (1H 

MRS) as gold standard. Eighteen White volunteers (BMI range 21.0 to 42.9) were scanned 
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by both ultrasonography and 1H MRS. Altered ultrasound characteristics, present in the 

case of fatty liver disease (FLD), were assessed using a specially developed software 

program. Various attenuation and textural based indices of FLD were extracted from 

ultrasound images. Using linear regression analysis, the predictive power of several models 

(consisting of both attenuation and textural based measures) on log 10-transformed hepatic 

fat content by 1H MRS were investigated. The best quantitative model was compared with a 

qualitative ultrasonography method, as used in clinical care. A model with four ultrasound 

characteristics could modestly predict the amount of liver fat (adjusted explained variance 

43.2%, p=0.021). Expanding the model to seven ultrasound characteristics increased 

adjusted explained variance to 60% (p=0.015), with r=0.789 (p<0.001). Comparing this 

quantitative model with qualitative ultrasonography revealed a significant advantage of the 

quantitative model in predicting hepatic fat content (p<0.001). This validation study shows 

that a combination of computer-assessed ultrasound measures from routine ultrasound 

images can be used to quantitatively assess hepatic fat content.  

CHAPTER 6 describes the modification and validation of a recently published Dixon-based 

magnetic resonance imaging method (MRI) method/algorithm for quantification of liver fat 

content using dual-echo breath-hold gradient echo imaging, with multi-voxel proton 

magnetic resonance spectroscopy (1H MRS) as gold standard. Ten men were examined by 

MRI and 1H MRS in one measurement session. Using a recently published MRI algorithm, 

two problems were encountered: 1) MRI liver fat contents were too high in nine volunteers 

(range 3.3-10.7% vs. 0.9-7.7%), and correct in the volunteer with the highest liver fat 

content (21.1 vs. 21.3%), and 2) in one of the ten subjects the MRI fat content according to 

the Dixon-based MRI method was incorrect due to a (100-x) versus x percent lipid content 

mix-up. The second problem was fixed by a minor adjustment of the MRI algorithm. 

Despite systematic overestimation of liver fat contents by MRI, Spearman's correlation 

between the adjusted MRI liver fat contents with 1H MRS was high (r=0.927, P<0.001). 

Even after correction of the algorithm, the problem remaining with the Dixon-based MRI 

method for the assessment of liver fat content, is that, at the lower end range, liver fat 

content is systematically overestimated by 4%.  

CHAPTER 7 describes how we used the MRI method which was developed and validated in 

chapter 6 to simultaneously compare fat content in the liver, pancreas, kidney, and 

subcutaneous adipose tissue. In 36 volunteers with body mass index (BMI) ranging from 
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20.0 to 42.9 kg/m², the median fat contents of liver, pancreas and kidney were 2.3% 

(interquartile range: 0.2%-7.8%), 2.7% (1.0%-6.5%) and 0.7% (0.1%-1.4%), respectively. 

BMI and subcutaneous fat correlated significantly with liver and pancreas fat contents. 

Shown for the first time is significant correlation of the liver and pancreas fat contents in 

healthy controls (r=0.43, P<0.01). These observations are related to body weight as 

measured by BMI and the amount of subcutaneous fat. Kidney fat content is very low and 

correlates with none of the other fat depots. We conclude that renal lipid accumulation, 

unlike the coupled accumulations of fat in liver and pancreas, is not observed in obese 

subjects. Unlike what has been suggested in previous studies, renal lipid accumulation 

appears not to be involved in the pathogenesis of renal disease in humans. 

CHAPTER 8 is the general discussion of this thesis. As FLD is associated with health risks, 

notably CVD risk as described in chapters 2 and 3, we addressed the question if it would be 

beneficial to screen for FLD. The world health organisation (WHO) screening criteria, 

originally introduced by Wilson and Jungner, were organised as ‘the condition’, 

‘diagnosis’, ‘treatment’, and ‘cost & screening program’ and discussed stepwise. Compared 

to reference populations, survival of both patients with non-alcoholic FLD (NAFLD; 

including both steatosis and steatohepatitis) and patients with non-alcoholic steatohepatitis 

(NASH) is reduced. Moreover, both liver-related mortality and cardiovascular-related 

mortality are increased. An estimated 8.3% of patients with NAS will develop fibrosis, and 

an estimated 37.6% of patients with NASH will progress in fibrosis stage. Ultrasonography 

is an acceptable method for assessing FLD. Most FLD cases have a behaviour-related 

etiology, which provides opportunity for treatment. Studies on cost-effectiveness of 

screening for FLD are lacking, but prospects are promising given the increased costs (both 

financial and quality of life) of patients with FLD. Based on the evidence presented in this 

paper, we conclude that screening for FLD is advisable. However, cost effectiveness studies 

on screening for fatty liver disease are yet to be performed.  
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NEDERLANDSE SAMENVATTING (DUTCH SUMMARY) 

 

In het geval van aanhoudend vetopslag in de lever zal fatty liver disease (FLD) ontstaan. 

FLD is een breed spectrum dat begint met alleen vetopslag (steatose), wat kan leiden tot 

schade en ontstekingen (steatohepatitis). Steatohepatitis kan leiden tot cirrose en/of 

levertumoren. FLD is aanwezig bij 25% tot 40% van de Westerse volwassenen. In een 

groot bevolkingsonderzoek toonden we aan dat FLD sterk is geassocieerd met markers van 

hart- en vaatziekten. Uit ons literatuur overzicht blijkt dat de vervette lever een verhoogde 

productie geeft van vele markers van hart- en vaatziekten, zoals lipiden, glucose, 

inflammatoire cytokines, stollingsfactoren (productie daalt in het geval van cirrose), en 

factoren die de bloeddruk verhogen. Door af te vallen verbeteren zowel FLD als markers 

van hart- en vaatziekten. Daarnaast zijn er veelbelovende farmacologische behandelingen. 

Op basis van onze studie en de literatuur stellen we dat risicofactoren voor het ontstaan van 

FLD bestaan uit drie categorieën: 1] risico’s voor levervet (b.v. calorie inname, beweging), 

2] risico’s voor beperkt lever metabolisme (b.v. alcohol, bepaalde medicatie), en 3] risico’s 

voor lever ontsteking (b.v. hepatitis, ziekte van Crohn). Beeldvormende technieken voor het 

meten van levervet zijn magnetic resonance spectroscopie en imaging, computed 

tomografie, en echografie. Doorgaans wordt echografie kwalitatief gebruikt, maar wij 

hebben een kwantitatieve methode ontwikkeld en gevalideerd. Gezien de risico’s, de 

meetbaarheid, en de behandelbaarheid, concluderen we dat het zinvol is om te screenen op 

FLD, door middel van echografie. 

 




