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INtrODUCtION

Obesity	and	the	liver	
Obesity is a major health problem because of its high prevalence and its severe health impact. 
Nearly 500 million adults and 40-50 million children are affected by obesity (Body Mass Index 
(BMI) or adjusted BMI > 30 kg/m2).1 Besides an important impact on quality of life, obesity is 
a risk factor for multiple health problems already at the pediatric age.2

The liver has a central role in lipid metabolism. It is therefore not surprising that the liver is 
frequently affected by obesity. Non-Alcoholic Fatty Liver Disease (NAFLD) is by far the most 
prominent obesity related liver disorder. Obesity related fat accumulation in the liver was 
first described in the sixties but it was not until the eighties that NAFLD as a disease entity 
was established.3 Today, concurrent with the rise in obesity, NAFLD has become the most 
prevalent liver disorder in the industrialized world among adults and children. Only a small 
minority of those affected will suffer from important liver fibrosis or liver dysfunction during 
their lifetime. However, due to the high number of those affected, NAFLD ranks among 
the top 3 indications for liver transplantation in adults.4 In addition, NAFLD is linked to the 
development of diabetes type 2 and cardiovascular disease. Long-term complications related 
to NAFLD are a particular concern in those affected at young age. 

Although established as an important and prevalent health problem, the clinical care and 
research in NAFLD is advancing slowly. This is for a large part due to lack of accurate non-
invasive diagnostic tools. At present NAFLD can only be accurately diagnosed and staged by 
liver histology obtained by liver biopsy. As a consequence, most of those affected by NAFLD 
go undiagnosed. In addition, results from research into NAFLD are often surrounded by 
limitations because surrogate markers for NAFLD are used, as liver histology was not feasible. 
This is particularly true for studies in children for whom the barrier to perform a liver biopsy 
is generally higher than in adults. As a consequence, important gaps in the knowledge on the 
exact prevalence, risk profile, pathophysiology, effect of treatments and prognosis of NAFLD, 
and pediatric NAFLD in particular, remain today. 

This overview provides insight on the current state of knowledge on pediatric NAFLD. On 
topics where pediatric data are lacking we will also provide adult data.

Definition	of	NAFLD	
NAFLD represents a spectrum of disorders that ranges from simple steatosis (steatosis) 
through Non-Alcoholic Steatohepatitis (NASH) to cirrhosis. Nomenclature can be confusing, 
as NAFLD is sometimes not used as the summarizing term for the entire disease spectrum, 
but to describe simple steatosis with or without minor inflammation in contrast to NASH.
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The stages of NAFLD are defined by pathohistological criteria. Although scoring systems have 
been developed for research purposes for adults and children, the diagnosis in clinical practice 
is made on the pathologist’s diagnostic determination.5, 6 Steatosis is diagnosed when more 
than 5% of hepatocytes are affected by micro- or macrovascular fat. NASH is defined as the 
presence of hepatic steatosis and inflammation with or without fibrosis. Other histological 
features, such as perisinusoidal-pericellular fibrosis, Mallory hyaline, megamitochondria, 
acidophil bodies, and glycogenated nuclei, can be present but are not mandatory to establish 
the diagnosis of NASH.

The pattern of liver injury differs between children and adults. Adults predominately have 
a lobular distribution (type 1 NASH) while abnormalities in children are mostly periportal 
(type 2 NASH).7 Ballooning degeneration, a feature of hepatocyte death typical for NAFLD, is 
usually only seen in type 1 NASH. The pathophysiological significance of these differences in 
distribution have not been determined.

epidemiology	
Concomitant with the rise in obesity, NAFLD has become the most common chronic liver 
disease in children and adults in the industrialized world.8 Prevalence rates reported in 
literature vary due to use of different diagnostic criteria, population selection and study 
period. Population studies have continued to show higher prevalence rates reflecting increase 
in the prevalence and severity of obesity in the last decennia.9

Recent studies using ALT and ultrasound indicate that NAFLD affects from 3% to 12% of the 
general Western pediatric population.9-11 In obese children the prevalence ranges from 30-
50% in population based studies up to 50-70% in those referred to obesity centers.9, 11-14

Only histopathological studies can determine the prevalence of NASH and fibrosis. These 
studies are scarce and usually represent a selected population. One pediatric autopsy study 
found NAFLD in 10% of normal weight and 38% of obese children, of those 23% had NASH 
and 2% had advanced fibrosis.15, 16 Histopathological series from pediatric tertiary liver centers 
report rates of NASH in 36-85% of patients with significant fibrosis in 5 to 8% of patients.17-19

The prevalence of NAFLD increases with increasing BMI. In addition, other established risk 
factors are male gender, age over 10 years and Hispanic origin, whereas African origin seems 
to be protective.20 Risk factors for more advanced disease (NASH, fibrosis) have not been 
identified, except for underlying hypothalamic and pituitary disorders.16

Recent reports on the prevalence of obesity in children show signs of plateauing in the 
Western world. It remains to be established whether, at least in that part of the world, the 
prevalence of NAFLD also stabilizes.
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Diagnosing	NAFLD	

Liver biopsy 

Liver histology obtained by a needle biopsy remains the reference standard for diagnosing 
NAFLD.7 At present, no alternative diagnostic tool has been proven to match liver histology 
for accurately grading inflammation and staging fibrosis. In addition, liver histology is the test 
with the highest discrimination for excluding other potentially treatable conditions. 

However, a liver biopsy has several drawbacks. First, a very small liver sample is obtained, 
representing approximately 1/50,000 of the total liver. Due to the inhomogeneous nature of 
liver abnormalities in NAFLD, this small sample is prone to sampling error. In an adult study, 
consecutive liver biopsies of the right and left hepatic lobes revealed a significant discordance 
in steatosis, grade of inflammation and stage of fibrosis in 18%, 41%, and 43% of the patients, 
respectively.21 Secondly, a liver biopsy is invasive, expensive and severe complications occur 
in 0.6% of cases. It can therefore not be used for screening proposes, nor can it be performed 
in every case of suspected NAFLD.

Less invasive tools to accurately detect steatosis, inflammation and fibrosis continue to be 
investigated. And although present diagnostic algorithms use clinical parameters and other 
tests to preselect patients, liver biopsy is still part of the diagnostic algorithm for a large 
portion of patients. 

Alanine Aminotransferase

Serum Alanine Aminotransferase (ALT) is a widely used and inexpensive test. The sensitivity 
of this biochemical marker for detecting NAFLD however is generally considered low. In a 
study involving 72 obese children with NAFLD, an ALT >35 IU/L had a sensitivity of 48% and 
specificity of 94% for detecting MRI determined steatosis.22 In addition ALT did not or only 
moderately correlate with inflammation and fibrosis in pediatric studies.19, 23-25

There is debate on the normal thresholds for ALT in children. In a large population based 
study, the upper limit of normal for ALT in healthy weight, metabolically normal, liver disease-
free children was defined at 25.8 U/L (boys) and 22.1 U/L (girls). Meaning, that current 
thresholds are set too high to accurately detect liver disease in clinical practice and most 
pediatric studies.26 Despite its limitations ALT continues to be used as a test for the screening, 
initial evaluation and follow-up of NAFLD.27

Prediction scores

Besides ALT a high number of other routine or more specific biochemical parameters have 
been shown to correlate with steatosis, inflammation or fibrosis in NAFLD. Among these are 
gamma glutamyl transpeptidase, high sensitive C-reactive protein, ferritin, vitamin D, leptin, 
fibroblast growth factor 21, hyaluronic acid, cytokeratin-18 and numerous others. However, 
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none of these parameters has proven to be such accurate biomarker that it can be used as 
a single diagnostic test. Therefore equations combining several clinical and/or biochemical 
parameters, so called prediction scores, are being explored in the diagnostics of NAFLD.

Prediction scores for steatosis could potentially allow quick and non-invasive screening 
for presence of NAFLD.	 Five prediction scores that combine clinical and/or biochemical 
parameters have been developed, mostly in adults.28-32 Fair to good predictive values of these 
equations were reported; however, rigorous external validation of their diagnostic accuracy 
in different populations is lacking. Complexity and accessibility of equations have been 
additional barriers to their application. At present none of these has been broadly applied 
in clinical practice. Surprisingly, development of new prediction score and biopredictors for 
steatosis receives little attention in hepatological research.

Prediction scores to distinguish simple steatosis from NASH by the detection of inflammation 
and more importantly fibrosis are intensively investigated. In adults, the current available 
tests can accurately detect advanced fibrosis but perform less in the detection of mild fibrosis. 
Still, the relevance of these tests have recently been underscored by a study in adults that 
showed that prediction scores for fibrosis do correlate with long-term adverse liver related 
outcome and death.33 Most frequently applied tests are the NAFLD fibrosis score and the 
European Liver Fibrosis (ELF) test, which are finding their way into diagnostic algorithms and 
clinical practice for adults. In children with NAFLD a study assessing the ELF score showed 
a high sensitivity and specificity, compared with liver biopsy.34 Other adult fibrosis scores 
were recently shown to perform poorly in children, prompting researchers to develop a new 
pediatric fibrosis score.35 Further validation of fibrosis scores in children is needed before 
they can be applied in clinical practice.

Imaging techniques

Imaging techniques are widely used to detect steatosis. To date, there is no conventional 
diagnostic imaging method available that can accurately detect inflammation. Important 
progress has been made in imaging techniques for detecting and staging fibrosis. Of these 
techniques, ultrasound based transient elastography has been most extensively studied and 
is already being used in clinical practice. For most of these techniques no studies have been 
performed on large samples of children with NAFLD. 

Imaging of steatosis

- Ultrasonography

Ultrasonography (US) is widely used in clinical practice for the evaluation of hepatic 
steatosis, as it is a safe and inexpensive examination method. Steatosis appears as a bright 
or hyperechoic liver as compared with the adjacent right kidney or spleen. Steatosis can be 
semi-quantitivily assessed with US by scoring: liver echogenicity, echotexture, visibility of the 
diaphragm and large vessels, and beam attenuation (Figure 1).36
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US has an adequate diagnostic accuracy to detect moderate/severe hepatic steatosis in 
adults, with sensitivities ranging from 85.7- 91.1% and specificities ranging from 85.2– 91.9% 
compared with histopathology.37 In all studies US was less accurate in detection of mild 
steatosis and when performed in severely obese subjects.38

Two studies have been published reporting the accuracy of US with respect to the evaluation 
of steatosis in the obese pediatric population comparing with MRI but using a non-validated 
cut of 10% MRI determined liver fat.39, 40 From the reported data, the calculated sensitivity 
was 95-93% and specificity was 50-70%, respectively.	The ability of US to accurately detect 
higher grades of steatosis was confirmed in a study comparing US with histology in children.41 
This study also showed the inability of conventional US to detect inflammation or mild to 
moderate fibrosis in children with NAFLD. Other limitations of US are that it is operator 
dependent and that it does not easily distinguish liver steatosis from fibrosis.

Figure	2.	Examples of ultrasound examination of the liver. The images show a longitudinal view of liver 
and right kidney. The presence and severity of steatosis is evaluated by assessing (1) the echogenicity of 
the liver parenchyma (LP) relative to the echogenecity of the kidney (K), (2) the visibility of diaphragm 
(D) and (3) the visibility of the intrahepatic vessels (V). A: ultrasound image of a patient without liver 
steatosis. B: patient with moderate liver steatosis. Note how the echogenicity of the liver increases in 
comparison with the kidney and how the intrahepatic vessels become less visible.

- Controlled Attenuation Parameter

Controlled Attenuation Parameter (CAP) is an additional US based method developed 
in the last few years to investigate hepatic steatosis. CAP is incorporated in the transient 
elastography system (TE) of the FibroScan®. As described below in the section on imaging 
techniques for fibrosis, TE uses the propagation speed of vibration-induced shear-waves for 
the assessment of liver stiffness. The CAP algorithm calculates the attenuation of the shear-
wave propagation to determine liver fat content. Attenuation includes both scattering and 
absorption of the acoustic wave and is mainly affected by tissue fat content.

A B
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CAP has shown good performance also for the detection of milder grades of steatosis in 
adults with NAFLD.42, 43 No pediatric studies are available. At present, CAP seems a promising 
technique because it is cheap and easily available. However it needs further validation and 
possibly further development before it may find its way into clinical practice.

- Computed Tomography

Computed Tomography (CT) beam attenuation in the liver is related to liver fat content, and 
therefore CT allows for quantitative evaluation of hepatic steatosis. It has been replaced in 
the diagnostics of NAFLD by magnetic resonance imaging techniques that have been proven 
to be more accurate for detecting steatosis and are free of ionizing radiation.37 CT also has no 
place in clinical practice for the detection of inflammation and fibrosis.

- Magnetic Resonance techniques

Magnetic Resonance (MR) Imaging and Magnetic Resonance Spectroscopy, and more 
specifically proton MR spectroscopy (1H-MRS), are considered the most accurate non-
invasive imaging methods for liver steatosis quantification. In a recent systematic review 
these MR techniques were shown to outperform US and CT in adults. Mean sensitivity 
estimates were 82.0–97.4% (MRI) and 72.7–88.5% (1H-MRS). Mean specificity ranges were 
76.1–95.3% (MRI) and 92.0–95.7% (1H-MRS).37

The physics behind calculating liver fat content with MRI and 1H-MRS are described in several 
reviews.44 MR techniques to detect inflammation are in an initial stage of development.45 
The relevance of 1H-MRS as a diagnostic tool is underscored by a guidance document, 
which defined it as one of the end points for clinical trials in NAFLD when liver biopsy is not 
feasible.46 Main limitations of all MR techniques are the high costs and limited availability, for 
that reason it is used mainly for research purposes in NAFLD.

Some basic background information on 1H-MRS will be given as this technique was used in 
this thesis to determine liver fat content. The principle of 1H-MRS is based on differences 
in resonance frequencies of protons within different molecules. Instead of using resonance 
frequencies for creating anatomical images, in spectroscopy the differences in frequency 
are used to identify different chemical compounds. The different signals that originate from 
resonating protons in different molecular structures within a preselected cubic volume 
(‘voxel’) of the liver are recorded and plotted in a spectrum (Figure 2). For measuring liver fat, 
protons in water molecules are differentiated from protons in lipids. The signal intensity and 
line width of peaks of the spectrum give information regarding the relative quantity of the 
water and fat. Quantifying the amount of fat content is possible by calculating the area under 
the “fat resonance peak” and comparing it to the “water resonance peak”. 
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Figure	2.	Example of voxel position at coronal (A) and axial slice (B). Large vessels and liver edges are 
avoided for voxel placement. Example of 1H-MR spectrum from a patient with mild steatosis showing the 
water peak at 4.7 ppm and fat (methylene) peak at 1.3 ppm (C). 

Imaging of fibrosis  

- Ultrasound elasticity imaging

Transient elastography or Fibro Scan® (Echosens, France) is a technique which is already 
broadly applied in clinical practice for staging fibrosis particularly in viral liver diseases for 
which it has been rigorously validated. It measures the propagation speed of a shear wave 
in liver tissue. Shear waves are generated by a vibrating device that is attached to an US 
probe. This technique is based on the fact that the liver becomes stiffer as fibrosis progresses. 
The stiffer the tissue the faster the shear wave propagates. The liver tissue volume that is 
measured with transient elastography is 100-200 times bigger than a biopsy sample.

In a meta-analysis on the diagnostic accuracy of transient elastography in adults with NAFLD, 
the pooled sensitivities and specificities for TE were 79% and 75% to diagnose moderate 
fibrosis to 92% and 92% for cirrhosis.47 In children with various liver diseases TE has been 

A B
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shown to perform comparably.48, 49 In general TE performance is slightly inferior in NAFLD 
compared other liver disorders.49 Limited penetration of shear waves is also known to hamper 
evaluation of obese patients.47 A pediatric probe has been developed allowing measurement 
in small children. However, large pediatric studies to determine reference values and accuracy 
in NAFLD are awaited. 

Other ultrasound elasticity imaging techniques that have been developed are acoustic 
radiation force impulse (ARFI) and Real-Time Tissue Elastography (RTE). These make use of 
the same principle of shear wave velocity but use ultrasound beams instead of a vibrating 
device. Therefore these techniques can be incorporated in a conventional US apparatus. 
Studies seem to show that ARFI performs comparable to TE while RTE seems slightly inferior 
for grading fibrosis in NAFLD in adults.50 No pediatric studies are available yet.

- Magnetic resonance elastography

Magnetic resonance elastography (MRE) uses MR imaging for the evaluation of wave	
propagation within tissue. Mechanical waves are sent into the liver by a portable transducer 
that is positioned on the chest. A motion-sensitive MRI sequence measures the tissue 
displacement. Small studies on accuracy of MRE are available in children with liver disease.51 
A recent study in adults with NAFLD showed the high accuracy of MRE for distinguishing mild 
from advanced fibrosis with sensitivity 86% (95% CI; 65-97%) and specificity 91% (95% CI; 
83-96).52 Two studies in adults showed that the accuracy of MRE was higher than that of TE in 
other liver disorders.53, 54 Due to an unfavorable profile in costs and availability MRE is mainly 
used for research purposes.

Diagnosing	NAFLD	in	clinical	practice	
The majority of children with NAFLD is asymptomatic or has mild and non-specific complaints 
(fatigue, mild abdominal pain in right lower quadrant). NAFLD is mostly suspected during 
diagnostics for non-related complaints or a routine check-up for obesity. In these cases 
usually elevated aminotransferase levels or liver hyperechogenicity on US raises suspicion 
of NAFLD. On physical examination acanthosis nigricans and increased waist circumference 
might further indicate a higher risk profile for NAFLD.55, 56 However, multiple other disorders 
can cause elevated ALT or liver steatosis and should be considered (Table 1). A recent position 
paper by European pediatric gastroenterologist society stated that in those aged over 10 years 
of age, steatosis can be attributed to NAFLD when: 1) one or more features of the metabolic 
syndrome (visceral obesity, hypertension, insulin resistance/diabetes or dyslipidemia) are 
present and 2) celiac disease, Wilson disease and alpha-1-antitrypsin deficiency have been 
excluded and autoimmune hepatitis was considered. However, additional abnormalities, such 
as signs of advanced liver disease or no effect of lifestyle intervention after 3 to 6 months 
should prompt consideration of additional investigations including liver biopsy. In those 
under 10 years of age NAFLD is rarer and other causes should be more vigorously excluded.
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The position paper by European pediatric gastroenterologist society and the Dutch obesity 
guidelines both advice screening of all obese children for NAFLD by serum ALT or liver 
ultrasound despite their known diagnostic inaccuracy.27, 57 Initial age and frequency of 
screening are not specified and no guideline is given on how detection of NAFLD should alter 
the obesity treatment. In the literature, only one report from an expert committee suggested 
biannual screening with serum ALT and AST starting at age 10 years in obese children and 
those with a BMI of 85th to 94th percentile with other risk factors.58 However, because of 
a lack of accurate diagnostic tools and clear treatment consequences screening of all obese 
children is not recommended in other guidelines.59

table	1.	Causes of fatty liver in children 
General	or	systemic Genetic-	metabolic Other	rare	genetic	

disorders
Drugs’	hepatotoxicity

Obesity/metabolic 
syndrome

Cystic fibrosis Alström syndrome Ethanol

Polycystic ovary 
syndrome

Shwachman Diamond 
syndrome

Ecstacy, Cocaine

Obstructive sleep 
apnea

Wilson disease Bardet Biedl syndrome

Α1-antitrypsin deficiency Prader Willy Syndrome Nefidipine
Acute systemic disease Galactosemia/

Fructosemia
Cohen Syndrome Diltiazem

Oestrogens
Acute starvation Cholesteryl ester storage 

disease
Cantu syndrome 
(1p36 deletie)

Methotrexate

Protein energy 
malnutrition

α- and ß-beta oxidation 
defects

Weber Christian disease Corticosteroids

Rapid weight loss Mitochondrial/
peroxisomal defects

Amiodarone

Anorexia nervosa Abeta en 
hypobetalioproteinemia

Total parenteral 
nutrition

Familial 
hyperlipoproteinemia

Perhexiline

Madelung lipomatosis
Hepatitis C Lipodystrophiees Coralgin
Nephrotic syndrome Dorfman-Chanarin 

syndrome
Tamoxifen

Type 1 diabetes  
mellitus

Glycogen storage disease 
I and VI 

Valproate

Thyroid disorders Pophyria cutanea tarda Vitamin A
Hypothalamic-pituitary 
disorders

Homocysteinuria L-asparginase

Blind loop 
(bacterial overgrowth)

Tyrosinemia type 1
Bile acid synthesis defects

Zidavudine, 
Protease inhibitors
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General	or	systemic Genetic-	metabolic Other	rare	genetic	
disorders

Drugs’	hepatotoxicity

Congenital defects of 
glycolysation
Turner syndrome Pesticides
Organic acidemia Solvents
Citrin deficiency
Hemochromatosis

Exclusion of these causes should be adjusted to age and clinical presentation. Table adapted from 
reference 27.

Pathophysiology	
The liver plays a crucial role in fatty-acid and triglyceride (TG) metabolism. It synthesizes, 
stores, secretes and oxidizes free fatty acids (FFAs). The liver manages fatty acids that 
originate from ingested foods, from adipose stores and from its own de novo lipogenesis. The 
pathophysiological mechanisms that cause liver steatosis and particularly inflammation and 
fibrosis in NAFLD are a complex interplay of different mechanisms both within and outside 
the liver. In individual patients different mechanisms play a role depending on genetic and 
environmental factors. The complex and heterogeneous nature of the pathophysiology of 
NAFLD is part of the explanation why up to present we are unable to accurately identify the 
obese individuals at risk of NAFLD, those at risk of progression to NASH and to find good 
biomarkers and effective treatment options for NAFLD. In the next paragraph a short outline 
of the main pathophysiological mechanisms in NAFLD will be discussed. For further reading 
on the current understanding of pathophysiology of NAFLD several reviews are available. 60-62

Fat accumulation, or steatosis, is traditionally considered the first step in the pathogenesis of 
NAFLD. It results from a disturbance in the balance between influx of TG by food supply and 
de novo formation and disposal of TG through hepatic oxidation and VLDL excretion.  Insulin 
resistance is a key pathogenic factor in the development of hepatic steatosis. Insulin resistance 
of peripheric fat tissue causes a decrease in insulin’s inhibitory effects on peripheral lipolysis 
in adipocytes and increases FFA’s availability. Particularly FFA released by visceral adipocytes 
flow directly into the liver. Insulin resistance is both a cause and a consequence of hepatic 
steatosis as FFA accumulation in hepatocytes causes defects in insulin signaling pathways in 
genetically susceptible subjects.63, 64 Other factors in the development of steatosis are the 
upregulation of de novo lipogenesis and downregulation of VLDL in the liver. Adipokines, 
bioactive peptides released by adipocytes, play an important role in the latter.64 Finally, 
an important part of FFA influx in the liver comes from high dietary fat intake resulting in 
increased formation of chylomicrons and increased uptake of TG containing chylomicron 
remnants by the liver.65
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The factors that are responsible for the development of NASH are still heavily researched. 
At present lipotoxicity is considered a key mechanism in its pathogenesis. It refers to an 
overflow of the mitochondrial and peroxisomal oxidation by the large influx of FFA from the 
mechanisms described above. This results in increased production of reactive oxidative species 
but also accumulation of lipotoxic intermediates (e.g diacylglycerols, ceramides) which cause 
oxidative stress, inflammatory responses and thus trigger fibrogenetic mechanisms and 
cause NASH (figure 3).60 In this theory the development of NASH depends on the ability of 
the liver to control the oxidative degradation process by scavenging reactive oxidative species 
and by diverting FFA from oxidation through storage as TG or excretion as VLDL particles. For 
this reason, TG accumulation itself might be protective against the development of NASH and 
might explain why some people have important steatosis but do not develop NASH. However 
this remains debated as the different effects and interplay between accumulation of TG, FFA 
and fatty acid metabolites is still not fully understood.

Additional factors that have been implemented in the pathophysiology of NASH are dietary 
composition, like fructose and trans-fat intake60, 66, hypoxia due to obstructive sleep apnea 
syndrome67, inflammatory and energy regulating influence of intestinal microbioma68 and 
cytokines released by adipocytes.69 Finally, several genetic polymorphisms associated with 
NAFLD have been identified. The pathophysiological role of most has not been clarified and 
all have limited or unknown predictive value for the course of the disease in individuals.69

Figure	3: Fatty acid trafficking and lipotoxicity	
Red arrows identify processes that contribute to the flux of fatty acids through hepatocytes, thus 
promoting lipotoxic injury; green arrows identify processes that eliminate fatty acids and thus reduce 
lipotoxic injury. Figure adapted from reference 60.  
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Natural	history	and	complications	

Liver disease 

Simple steatosis is still considered a benign, non-progressive disease that does not 
increase overall or liver-related morbidity and mortality.70-72 However, in the last few years, 
retrospective follow-up studies in adults have shown that in patients with repeated liver 
biopsies, simple steatosis can progress to NASH in 25 to 50% with substantial fibrosis in some 
during a 3-4 year follow-up. Those in which metabolic risk factors had worsened were most at 
risk.73, 74 Although these were retrospective series at high risk of selection bias, these studies 
underscore the need to follow-up patients at all stages of NAFLD, including simple steatosis, 
particularly if metabolic parameters worsen. 

Once NASH has developed, the inflammatory process triggers fibrogenic mechanisms which 
put the patient at risk of liver-related complications. In adults with NASH the prevalence of 
cirrhosis and death related to liver complications is about 11% and 7%, respectively, during 
the first 15 years of follow-up.71, 72 At present, NAFLD is the third most common indication for 
liver transplantation in adults in the United States and is on a trajectory to become the most 
common cause.4

NAFLD in children is generally considered a slowly progressive disease although NASH-related 
cirrhosis was reported as early as age 8 years.75 Worrying data on speed of progression 
in some patients came from a pediatric series of 66 patients diagnosed at childhood and 
followed up for on average 6 years, progression of fibrosis was found in 4 out of 5 of those 
with repeat biopsy with progression from no fibrosis to cirrhosis within 5 years in one subject. 
Four patients developed type 2 diabetes, 2 patients died and 2 had a liver transplant. 76 Similar 
cases of rapid progressive fibrosis in children have since been reported.77

Worsening of the metabolic profile, including weight gain and presence of fibrosis at diagnosis 
were identified as risk factor in some studies and recently fibrosis markers were shown 
to have some predictive value.33 However, further studies are needed to more accurately 
identify those who are more likely to progress to advanced stages of NAFLD.

Non-liver complications 

NAFLD is closely linked to insulin resistance, abdominal obesity and dyslipidemia and is 
therefore sometimes referred to as ‘the hepatic expression of the metabolic syndrome’. 

In this cluster of cardiovascular and diabetes type 2 risk factors, NAFLD could not just be a 
consequence but also an etiological element as pointed out in the pathophysiology section.  

It has been established that NAFLD is an independent risk factor for Diabetes type 2 in adults. 
The two disorders are highly interlinked: NAFLD increases the risk for diabetes by 2-5 fold. 
Vice versa in those with diabetes type 2 the risk of NAFLD is increased 2-fold.78 The risk for all 
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these comorbidities seems higher in NASH than simple steatosis.	Moreover, the combination 
of these disorders is linked to a worse course of NAFLD with more cirrhosis and hepatocellular 
carcinoma.79 Diabetes type 2, although still relatively rare, is on the rise in children. The role of 
NAFLD in the development of pediatric diabetes type 2 is not established. However, virtually 
all children with NAFLD show insulin resistance and it is hypothesized that many patients 
might develop diabetes type 2 already in early adulthood.80

A growing body of evidence in adults indicates that NAFLD is also an independent risk factor 
for cardiovascular disease.78 It has been shown that not only liver-related death but also 
cardiovascular mortality is increased in those with NASH, but not in those with NAFLD.70, 

72 Not liver disease, but cardiovascular events are the leading cause of death in adults with 
NAFLD.70, 72 Whether atherosclerosis related to NAFLD occurs already in childhood is debated 
as studies show inconsistent findings in children.81, 82

Other disorders for which there is evidence of and independent relation with NAFLD in adults 
are chronic kidney disease and colorectal cancer.

treatment		

Lifestyle intervention

Since most pediatric NAFLD patients are obese, lifestyle intervention is the treatment of 
choice as it does not carry side effects and confers cardiometabolic benefits. At present, 
combined lifestyle intervention addressing diet, physical activity and behavior modification 
is the only established therapy for NAFLD. However, there is a surprising lack of guidelines 
and study data to determine the optimal treatment regimen. In practice, NAFLD patients are 
treated according to regular obesity treatment regimens.

Adult and pediatric studies have shown that losing 7-10% of weight normalizes ALT and/
or histology in over 80-90% of patients.83, 84 However, these targets are not achieved in the 
majority of patients and drop-out rates during treatment are usually high. The reported 
success rates in lifestyle studies range in children from 26 to 68% depending on target 
population and intensity of treatment.18, 83, 85-89

Outcome measures in most pediatric studies are US determined steatosis and/or ALT 
normalization. It is widely accepted that histological improvement, that is decrease in 
necroinflammation and fibrosis, is the most relevant short-term outcome measure. Few 
pediatric studies evaluate the effect of lifestyle intervention on histological parameters. In 
these studies improvement in inflammation but not fibrosis was noted.88, 89 No effect of a 
lifestyle intervention on fibrosis was also noted in adults with NAFLD.84 A shortcoming of 
most lifestyle studies is the lack of follow-up data to show sustainability of the effect of 
treatment.87, 90
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There are no specific guidelines on the composition of lifestyle intervention programs 
in adults or children with NAFLD. In national and international obesity guidelines it is not 
indicated how detection of NAFLD should alter conventional obesity treatment. At present, 
data from studies are insufficient to determine the optimal dietary composition, physical 
exercise targets, behavioral treatment or best treatment setting (inpatient, outpatient, 
home based) for the treatment of NAFLD.91, 92 In addition, few studies address differences in 
treatment effect among subgroups of patients, and cost effectiveness. 

Other treatment options

In view of the limited effectiveness, high costs and great effort involved in lifestyle 
interventions, there is considerable interest in alternative strategies. Studies in adults 
and children have shown that (aerobic and resistance) exercise alone can have an effect 
on NAFLD even if no weight loss is achieved, but no comparison to lifestyle treatment is 
made.93 At present, bariatric surgery is not recommended for the treatment of NAFLD in 
adults or children.59 Furthermore, no drug therapy is registered for the treatment of NAFLD 
in adults or children. Oral insulin sensitizers, antioxidants, ursodeoxycholic acid, orlistat and 
carnitine have not shown to add to the treatment effect achieved by lifestyle treatment alone 
in children, although most studies were not adequately powered to detect small additional 
differences.94 In the largest pediatric drug study and an adult study, vitamin E showed some 
benefit on steatosis and inflammation, but not fibrosis89, 95 The 2012 American NAFLD 
guidelines states that vitamin E could be ‘considered’ for use in NASH in non-diabetic adults 
despite concerns on safety of long-term use. In this guideline use in children is not advised as 
further studies are awaited.59 At present, several drugs with potential effectiveness are being 
studied, such as probiotics, ω–3 polyunsaturated fatty acids supplementation, pentoxifylline, 
caspase inhibitors and obeticholic acid.91 Combination of therapies to strike at several of the 
pathophysiological mechanisms might be needed. 

Obesity	and	gallstone	disease
Obesity is established as a risk factor for gallstones, or cholelithiasis, in adults and children. 
In the last two decades the prevalence of gallstones increased related to the increased 
prevalence of obesity.96, 97 Another important risk factor in adults is weight loss attempts. 
The incidence of gallstones reaches 12 to 30% in patients on very low-calorie diets or after 
bariatric surgery.98, 99 In children however the prevalence is still low, ranging from 0.13% in 
the general population studies to 2% among obese children or in hospital-based studies.96, 

100-102 Most of those affected are not expected to encounter complaints due to gallstones. No 
studies are available regarding the risks related to weight loss and lifestyle interventions in 
children.
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theSIS	OUtLINe	

In this thesis we explore several aspects of the diagnosis, treatment and complications 
related to non-alcoholic fatty liver disease (NAFLD) and obesity in children. Except for chapter	
5 and chapter	8, studies are based on a cohort of severely obese children that were treated 
between 2008 and 2010 in the Childhood Obesity Center Heideheuvel, Hilversum, the 
Netherlands. Due to the severe obesity these children are at high risk of NAFLD. 

All children were screened for NAFLD using proton MR spectroscopy (1H-MRS). For 
detecting steatosis 1H-MRS is the most accurate non-invasive technique. As outlined in the 
introduction, steatosis is present in all stages of NAFLD and detecting steatosis is the first step 
to diagnose NAFLD. The MR setting used in these studies has been validated by comparison 
with histological determined liver fat, the reference standard. This allowed us to relate 
1H-MRS results to the histological grades of steatosis.

Ultrasonography (US) is the most commonly used technique for detecting steatosis and 
diagnosing NAFLD in daily clinical practice. No pediatric study previously determined the 
diagnostic accuracy of US at exactly the defined threshold for steatosis, 5% histological 
liver fat. In chapter	2, accuracy of US at this threshold and at higher levels of steatosis is 
determined in our cohort of severely obese children. In addition, in order to show the 
relevance of taking into account the prevalence of NAFLD when extrapolating the predictive 
value of US to different patient groups, we calculate posttest probability plots in relation to 
disease prevalence.

Prediction scores are an alternative diagnostic modality for diagnosing NAFLD. Several 
prediction scores for liver steatosis have been published. Validation of these scores in 
different patient groups is lacking. In chapter	3 we evaluate the diagnostic accuracy of five 
existing prediction scores for detecting steatosis in our cohort of obese children. In addition 
we built a new prediction score based on our cohort of obese children using conventional 
and advanced biomarkers. 

Visceral fat accumulation is a known determinant of the risk for obesity related complications 
including presence and severity of NAFLD. In daily practice, waist circumference is used to 
assess visceral fat accumulation. In chapter	 4, we explore whether US imaging can more 
accurately determine visceral fat accumulation than conventional waist circumference 
measurement by anthropometric tape. US is compared to two different ways for measuring 
waist circumference, as the optimal way to measure waist circumference has also not been 
determined.

Lifestyle intervention is the only acknowledged treatment for NAFLD. In chapter	 5 and 
chapter	6 we evaluate the efficacy of an intensive lifestyle intervention on NAFLD in severely 
obese children. In chapter	5 we evaluate the effect of this lifestyle intervention in a cohort 
of children treated from 2004-2008 using US and serum ALT. In chapter	6 we compare the 



|23

In
tr

od
uc

tio
n 

1

effect of treatment in an inpatient and outpatient setting in a cohort treated between 2008 
and 2010 using the more accurate 1H-MRS and serum ALT. In this cohort we also evaluate the 
sustainability of treatment effect 18 months after the end of treatment. In both cohorts, we 
also evaluate whether baseline parameters are predictive for treatment success and look at 
the correlation between improvement in NAFLD, weight loss and change in insulin resistance 
during treatment. Improvement in BMI and HOMA are considered the main mechanisms that 
determine the effect of lifestyle change on NAFLD.

NAFLD is closely linked to many established cardiovascular risk factors (abdominal obesity, 
hypertension, diabetes type 2 and dyslipidemia) and cardiovascular disease is the main cause 
of mortality in adults with NAFLD. Studies strongly suggest that NAFLD is an independent risk 
factor for cardiovascular death in adults. In chapter	7, we evaluate in 78 children whether 
NAFLD is associated with early signs of atherosclerosis. Intima media thickness and stiffness 
of the carotid arteries are compared in those with no steatosis versus steatosis versus 
steatosis plus elevated ALT. 

Gallstone disease is related to obesity and it has been shown that weight loss is an important 
additional risk factor for developing gallstones in adults. In chapter	8 we determine the risk 
of developing gallstones during lifestyle treatment in 288 children treated at Heideheuvel 
between 2004 and 2012. In addition, we evaluate whether besides weight loss other patient 
characteristics were related to the development of gallstones.
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