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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

C
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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.  



|19

In
tr

od
uc

tio
n 

1

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 
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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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ABStrACt	

Purpose
To evaluate the diagnostic accuracy of ultrasound (US) for the assessment of hepatic steatosis 
in severely obese adolescents with proton-MR-spectroscopy (1H-MRS) as the reference 
standard, and to provide insight on the influence of prevalence on predictive values by 
calculating positive and negative post-test probabilities. 

Materials	and	methods
This prospective study was IRB approved. All participants, and/or their legal representatives, 
gave written informed consent. Sensitivity, specificity, positive and negative predictive values 
(PPV, NPV) were calculated for the overall presence of steatosis and for the presence of 
substantial (moderate/severe) steatosis. Positive and negative post-test probabilities were 
calculated and plotted against prevalence. 

results
104 children (47 male, 57 female) were prospectively included. Mean age was 14.5 years 
(range 8.3-18.9) and mean age adjusted standard deviation BMI score (BMI z-score) was 3.3 
(range 2.6- 4.1). The overall prevalence of hepatic steatosis was 46.2% (48/104). Sensitivity 
of US was 85.4% (41/48), specificity was 55.4% (31/56), PPV was 62.1% (41/66) and NPV 
was 81.6% (31/38). The prevalence of substantial steatosis was 15.4% (16/104), with US 
sensitivity of 75.0% (12/16) and specificity of 87.5% (77/88). PPV was 52.2% (12/23) and NPV 
was 95.1% (77/81). Plotting of post-test probabilities against prevalence for both disease 
degrees demonstrated how disease prevalence influences US accuracy.

Conclusion
Positive US examination results in severely obese adolescents cannot accurately predict the 
presence and severity of hepatic steatosis and require additional imaging. Negative US results 
exclude the presence of substantial steatosis with acceptable accuracy. Steatosis prevalence 
differs among specific populations, strongly influencing post-test probabilities. 
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INtrODUCtION

Nonalcoholic fatty liver disease (NAFLD) is currently the most common cause of liver dis-
ease in youth. Its prevalence increases concomitant with the epidemic of childhood obesity 1. 
The clinical spectrum of NAFLD ranges from simple steatosis to nonalcoholic steatohepatitis 
(NASH), fibrosis and cirrhosis. As in adults, pediatric NAFLD is associated with components of 
the metabolic syndrome (defined by the presence of obesity, dyslipidemia, insulin resistance 
and hypertension) and cardiovascular diseases. NAFLD related liver complications have been 
observed children, emphasizing the need to detect, monitor and treat NAFLD in childhood 2-4.
Diagnosing NAFLD remains problematic as it formally requires a liver biopsy which is unsuited 
for screening purposes due to its invasive nature. Non-invasive diagnostic tools, mostly 
alanine aminotransferase (ALT) levels or ultrasound (US), are therefore used for diagnosing 
NAFLD in trials and in clinical practice, especially in the pediatric population 5. Serum ALT, 
however, correlates somewhat with inflammation, but not with liver steatosis. US on the 
other hand has an adequate diagnostic accuracy to detect moderate/severe hepatic steatosis 
in the adult population in general, with pooled sensitivities ranging from 85.7- 91.1% and 
pooled specificities ranging from 85.2– 91.9% in a recently published meta-analysis 6. All data 
were obtained from studies that compared US with histopathology. To date, no such data 
exist for the pediatric population. Proton magnetic resonance imaging (1H-MRS) has gained 
ground over the past decade as an alternative and noninvasive reference standard for liver fat 
content evaluation because of its high diagnostic accuracy and reproducibility 7, 8. 

To the best of our knowledge, two studies have been published reporting the accuracy of 
US for steatosis evaluation in the obese pediatric population, both using dual-echo MRI as 
reference standard 9, 10. Dual-echo MRI, however, is not an optimal reference standard owing 
to the technique’s susceptibility to confounders 11. Moreover, predictive values were not 
reported. When clinicians want to determine whether a specific test result reflects the correct 
diagnosis, predictive values — expressed as positive and negative post-test probabilities 
— are more informative than sensitivity or specificity, provided that disease prevalence is 
considered 12. 

The purpose of this study was therefore (1) to evaluate the diagnostic accuracy of US for the 
assessment of hepatic steatosis in a cohort of severely obese adolescents with proton MR- 
spectroscopy (1H-MRS) as the reference standard, and (2) to provide a clear insight on the 
influence of prevalence on predictive values by calculating the positive and negative post-test 
probabilities, based on the obtained diagnostic accuracy estimates. 
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MAterIAL	AND	MethODS	

Study	Design	and	Patients
This study was approved by the institutional review board of the Academic Medical Center 
Amsterdam, The Netherlands. Written informed consent was obtained from parents or legal 
representatives of participants who were under 12 years of age. For those between 12 and 
18 years of age, informed consent was obtained from both the participant and the parents or 
legal representatives. Between February 2008 and October 2010, we prospectively included 
a cohort of 121 consecutive severely obese children who were admitted to a tertiary center-
based lifestyle intervention program. Admission criteria for this program were: severe 
primary obesity (body mass index adjusted for age >35 kg/m2) or primary obesity (BMI-
for-age >30 kg/m2) along with obesity-related co-morbidity. BMI-for-age was reported as 
BMI z-score, which reflects the number of standard deviations (SD) from the mean on a 
standard BMI curve for age and gender. Children with a BMI z-score of >2 (95th percentile) are 
considered obese, those with a BMI z-score of >2.6 (99th percentile) are considered severely 
obese 13, 14. All admitted children between 8-18 years old were eligible for participation in 
our study. Exclusion criteria were: known liver disease other than NAFLD (viral/autoimmune 
hepatitis, Wilson disease, hemochromatosis, a1- antitrypsin deficiency); metabolic disease 
(b-oxidation defects, urea cycle defects); (history of) use of steatogenic medication; alcohol 
consumption >7 units/week; jejuno-ileal surgery; history of parenteral feeding and contra-
indications for MRI. Before participating in the weight-loss program, all children underwent 
a liver ultrasound examination and a 1H-MRS scan of the liver in a tertiary care setting within 
a time interval of one month.

Imaging	techniques

Index Test: Ultrasound
US examinations were performed and interpreted by one of three radiologists (T.P.R, S.A.S. 
and E.M.K.), 5-20 years experience, >600 liver US examinations per year). All were blinded 
to clinical and 1H-MRS data. Philips ATL HDI 5000, HD11 and IU22 US systems were used 
with 2-5 and 3.75 MHz curved array transducers. The US examinations for this study were 
incorporated in the daily workload of a teaching hospital and reflect routine clinical practice. 
The “abdominal general” setting was used on all US systems. Gain and focus were manually 
adjusted, depending on patient habitus and beam attenuation. For the diagnosis and grading 
of severity of hepatic steatosis, the following standardized views of the liver were obtained: 
transverse and longitudinal views of the right hepatic lobe, including the right kidney and 
diaphragm; a sagittal view of the left liver lobe; a view including the portal vasculature, and 
a view through the gall bladder region. On these images, the following four widely accepted 
scoring items were evaluated 15: (1) echogenicity of liver parenchyma; (2) visualization of 
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diaphragm; (3) visualization of intrahepatic vessels and (4) visualization of posterior part of 
the right hepatic lobe.. A final qualitative score from 0 to 3 was given with respect to liver 
steatosis (table	1,	Figure	1): score 0 for no steatosis, score 1 for mild steatosis, score 2 for 
moderate steatosis and score 3 for severe steatosis.

	
Figure	1.	Examples of liver ultrasound examinations: none, mild, moderate and severe steatosis. 
A:	No steatosis (score 0). Longitudinal view of liver and right kidney of a 14 year old boy, BMI-z score 3.3. 
Ultrasound examination shows normal liver parenchyma echogenicity (LP), comparable to that of the 
kidney parenchyma (K). Normal visibility of diaphragm (D) and intrahepatic vessels (V). Proton magnetic 
resonance spectroscopy (1H-MRS): 0.4% liver fat concentration (LFC). 
B: Mild steatosis (score 1): 11 year old boy; BMI-z score: 3.0. Increased echogenicity of liver parenchyma 
compared with kidney parenchyma. Normal visualization of diaphragm and slightly impaired visualization 
of intrahepatic vessels. Corresponding 1H-MRS result: 6.0% LFC.
C: Moderate steatosis (score 2): 12 year old boy; BMI-z score: 3.4. Increased echogenicity of liver 
parenchyma compared with kidney parenchyma. Impaired visualization of diaphragm and intrahepatic 
vessels. 1H-MRS: 14.8% LFC.
D: Severe steatosis (score 3): 13 year old boy (BMI-z score: 3.9). Ultrasound examination shows no 
visibility of diaphragm or intrahepatic vessels. The radiologist was unable to visualize the kidney. 
Ultrasound examination overestimated disease degree: LFC with 1H-MRS was 4.2% (indicating mild 
steatosis). 
BMI-z: body mass index z-score (standard deviation of mean BMI adjusted for age).
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table	1.	Scoring of hepatic steatosis with Ultrasound

Score	0		
(no steatosis)

Normal echogenicity of liver parenchyma  
Normal visualization of diaphragm and intrahepatic blood vessels

Score	1		
(mild steatosis)

Slightly increased echogenicity of liver parenchyma
Normal visualization of diaphragm and intrahepatic blood vessels

Score	2		
(moderate steatosis)

Markedly increased echogenicity of liver parenchyma 
Slightly impaired visualization of diaphragm and intrahepatic vessels

Score	3		
(severe steatosis)

Severely increased echogenicity of liver parenchyma with poor or no 
visualization of diaphragm and intrahepatic vessels and posterior part of the 
right liver lobe

Interoberver and intraobserver agreement

Nineteen consecutive patients were asked for permission to have extra US examinations 
performed for the analysis of inter and intraobserver agreement. All three radiologists 
performed US liver examinations in this patient subgroup on the same day for interobserver 
agreement analysis. For intraobserver agreement analysis, US examinations were repeated 
one week later in 16 of 19 patients by the radiologists. Three patients did not have the second 
US examination performed due to logistic problems. 

Reference Test: Proton MR- Spectroscopy
1H-MR spectra were acquired by using first order iterative shimming and a point-resolved 
spectroscopy sequence (TE/TR=38/2000 ms, 64 signal acquisitions) in a voxel of 20 x 20 x 
20 mm on a 3.0 T MR scanner during free breathing (Intera, Philips Healthcare, Best, The 
Netherlands) (Figure	 2	 a,b). If patients weighted over 150 kilograms or if they had an 
abdominal circumference of more than 150 cm, the MR scans were performed on an open 
bore 1.0 T MR scanner (Panorama, Philips Healthcare). Six-channel (3T) and three-channel 
(1T) torso coils were used. The fat (methylene, CH2) and water resonance peaks, located at 
1.3 ppm and 4.7 ppm respectively (Figure	2), were fitted with the AMARES algorithm of the 
spectroscopic signal processing package jMRUI 16. Calculated peak areas were corrected for 
average T2 relaxation effects using the following T2 values for 3T: T2water3T = 34 ms, T2fat3T = 
68 ms 17. For 1T, T2 values of T2water1T = 69 ms and T2fat1T = 60 ms were used 18. The relative fat 
signal fraction (FSF) was calculated as:

FSF =  

FSF was further converted to the fat volume fraction (FVF): 

FVF = 

fat
fat + water

1.138 - 0.339 · FSF
FSF
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Subsequently, the absolute mass concentration of liver fat (LFC) was calculated using a liver 
tissue density of 1.051 g/L and a density of fat in the liver of 0.90 g/L: 

LFC (mg/g wet weight) = FVF · 0.856. 19, 20

Presence of hepatic steatosis was defined as >1.8% LFC measured with 1H-MRS. Presence 
of substantial (moderate/severe) hepatic steatosis was defined as >7.7% LFC. Both cutoffs 
have been validated to correspond with >5% and >33% fat containing hepatocytes on liver 
biopsy, respectively 21, 22. 1H-MR spectra were analyzed by a research fellow (A.E.B, 3 years of 
experience) under supervision of an MR physicist (A.J.N, 8 years of experience), who were 
both blinded to the results of the US liver examination. 

Figure	2. Example of proton magnetic resonance spectroscopy (1H-MRS) voxel positioning in (A)	coronal 
and (B) transverse plane of T2-weighted anatomical liver MR series (girl, 11 years old). Large vessels and 
liver edges have been avoided for voxel placement. 
Examples of 1H-MR spectra obtained in a (C) 13 year old girl without hepatic steatosis, (D) 11 year old girl 
with mild steatosis (4% LFC) and (e) 17 year old boy with severe hepatic steatosis (24% LFC). The water 
peak is visible at a frequency of 4.7 ppm in all three examples. The fat (methylene) peak at 1.3 ppm is 
visible in (D) and (E). 
LFC: liver fat concentration; ppm: parts per million; a.u.: arbitrary units.
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Statistical	Analysis

Demographic data

Differences in age, BMI-z score and LFC between boys and girls were calculated with the 
independent sample t-test for parametric data and Mann Whitney U test for non-parametric 
data. A p-value <0.05 was considered statistically significant. 

Diagnostic accuracy 

Accuracy, underestimation and overestimation of US compared to 1H-MRS were calculated. 
For both thresholds on 1H-MRS, sensitivity, specificity, positive and negative predictive values 
(PPV, NPV) and positive and negative likelihood ratios (LR+, LR-) were calculated with 95% 
confidence intervals (CI). 

Interobserver and intraobserver agreement

For assessment of interobserver and intraobserver agreement, linear weighted kappa scores 
with 95% confidence intervals were calculated. A kappa score below 0.4 indicated poor 
agreement, a score of 0.4-0.6 moderate, 0.6-0.8 good and 0.8-1.0 excellent agreement 23. 

Post-test probabilities related to prevalence

Positive and negative post-test probabilities were calculated based on the Bayesian 
principles, using positive and negative LR and pretest odds 12. As the prevalence of hepatic 
steatosis differs, depending on various risk factors, we plotted positive and negative post-test 
probabilities of US against a prevalence range of 0-100%. 

All analyses were performed with PASW Statistics 18; SPSS inc., Chicago, IL and with Microsoft 
Office Excel; Microsoft; Redmond; WA.

reSULtS

Patients
We included 121 children in this study. Two children withdrew from the study before study 
procedures were finished and data of US and 1H-MRS were incomplete in six children. The 
time interval between US and 1H-MRS exceeded one month for nine children, who were also 
excluded from analysis. In total, data of 104 children (47 male, 57 female) were analyzed. The 
mean age of these 104 children was 14.5 ± 2.2 years (range: 8.3-18.9). Mean BMI-z score was 
3.3 ± 0.3 (range: 2.6-4.1). There was no statistically significant age difference between boys 
and girls (p=0.49); BMI-z score of boys was significantly higher than that of girls (p=0.002), 
table	2.  
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table	2. Patient characteristics

total	(n=104) Boys	(n=47) Girls	(n=57) p-value

Age (y) 14.5 ± 2.2 (8.3-18.9) 14.3 ± 2.1 (10.1 - 18.0) 14.6 ± 2.3 (8.3 – 18.9) 0.49

BMI-z score 3.3 ± 0.3 (2.6-4.1) 3.5 ± 0.3 (2.8 -4.1) 3.2 ± 0.3 (2.6 – 4.0) 0.002

LFC (%) 1.7 (0.2 – 26.0) 2.3 (0.2 – 26.0) 1.4 (0.2 – 11.4) 0.13

1H-MRS: proton magnetic resonance spectroscopy; LFC: liver fat concentration measured with 1H-MRS 
Data are presented in mean ± SD (range) for age and BMI-z and in median (range) for LFC. 

Imaging	results
1H-MRS was performed at 3T MRI for 89 children, and at open 1T MRI for 15 children. The 
prevalence of hepatic steatosis was 46.2% (48 of 104). Substantial steatosis was present in 
15.4% (16 of 104) of children. Median LFC was 1.7% (range: 0.2 – 26.0%). There was no 
statistically significant difference in LFC between boys and girls (p = 0.13), table	2.  

US results are illustrated in Figure	3. US diagnoses were correct for 57.7% of patients (60 of 
104). US examination overestimated disease severity in 33.7% of patients (35 of 104) (table	
3). Disease severity was underestimated by US for 8.7% of patients (9 of 104).

Figure	3. Liver fat concentration (LFC) measured in each ultrasound score group by proton magnetic 
resonance spectroscopy (1H-MRS). The horizontal lines represent the cutoff values for mild steatosis 
(1.8 - 7.7% LFC) and substantial steatosis (>7.7% LFC). Median LFC per US degree are: 1.1% (range 0.2-
10.1) for degree 0; 1.6% (0.4-11.4%) for degree 1; 7.7 (0.5-26.0%) for degree 2 and 9.8% (4.2-15.3%) for 
degree 3.      
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table	3.	Ultrasound imaging scores compared with 1H-MRS categorization

None
(0	–	1.8%	LFC)

Mild	
(1.8	–	7.7%	LFC)

Substantial	
(>7.7%	LFC)

total

US score 0 (none) 31 † 5 ‡ 2 ‡ 38

US score 1 (mild) 24 § 17 † 2 ‡ 43

US score 2 (moderate)* 1 § 9 § 11 † 21

US score 3 (severe)* 0 § 1 § 1 † 2

Total 56 32 16 104

1H-MRS: proton magnetic resonance spectroscopy; LFC: liver fat concentration measured with 1H-MRS.
* US scores 2 and 3 match 1H-MRS category of “substantial” steatosis.
† Correct diagnosis of disease degree by US
‡ Underestimation of disease degree by US
§ Overestimation of disease degree by US

Diagnostic	Accuracy

Overall hepatic steatosis

For detection of overall hepatic steatosis (1H-MRS > 1.8% LFC), sensitivity of US was 85.4% (41 
of 48) and specificity was 55.4% (31 of 56). PPV was 62.1% (41 of 66) and NPV was 81.6% (31 
of 38). LR+ was 1.91 and LR- was 0.26 (table	4). 

Substantial hepatic steatosis

For detection of substantial steatosis (1H-MRS >7.7% LFC), sensitivity of US was 75.0% (12 of 
16) and specificity was 87.5% (77 of 88). PPV was 52.2% (12 of 23) and NPV was 95.1% (77 of 
81,). The LR+ and LR- were 6.00 and 0.29 respectively (table	4).

Interobserver	and	intraobserver	agreement
Interobserver agreement was moderate to good, ranging from 0.58 to 0.68 between 
radiologists. Intraobserver agreement for each of the three radiologists was excellent, ranging 
from 0.82 to 0.91 (table	5). 

Post-test	probabilities	related	to	prevalence
For the observed disease prevalence of 46.2% in our population, the positive post-test 
probability (or PPV) was 62.1%. The negative post-test probability (or 1-NPV) was 18.4% 
(Figure	4a). For substantial hepatic steatosis; the observed disease prevalence of 15.4% in 
our population resulted in a positive post-test probability (or PPV) of 52.2% and a negative 
post-test probability (or 1-NPV) of 4.9% (Figure	4b).
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Figure	 4.	 Post-test probability curves for the prediction of hepatic steatosis in relation to disease 
prevalence. Black line: positive post-test probability curve. Grey line: negative post-test probability 
curve. Dotted vertical line: disease prevalence of this study cohort. 
A:	Post-test probability curve for the prediction of any hepatic steatosis (LFC > 1.8%; US score ≥1). The 
prevalence of hepatic steatosis was 46.2%. The positive post-test probability (PPV) was 62.1%, and 
negative post-test probability (1-NPV) was 18.4%.  
B:	Post-test probability curve for the prediction of substantial hepatic steatosis (LFC > 7.7%; US score 
≥2). Prevalence of substantial hepatic steatosis was 15.4%. The positive post-test probability (PPV) was 
52.2%, and negative post-test probability (1-NPV) was 4.9%. 
LFC: liver fat concentration measured with proton magnetic resonance spectroscopy.

DISCUSSION

We have shown in our cohort of severely obese children that the value of US is limited 
with respect to predicting the presence and severity of hepatic steatosis. However, US has 
acceptable accuracy to predict the absence of substantial hepatic steatosis. This is different 
from the severely obese adult population, where the prevalence of hepatic steatosis is 
reported to be higher 24, 25. Our calculations of post-test probabilities illustrate how predictive 
values depend strongly on disease prevalence. 

Pozatto et al and Pacifico et al compared the accuracy of US with dual-echo chemical shift 
MRI in severely obese adolescent populations and reported prevalences of hepatic steatosis 
of 23.3% and 40.0%, respectively 9, 10. From the reported data, we were able to calculate 
predictive values: PPV were 56% and 48%, NPV were 94% and 97%, respectively. Interestingly, 
two studies that compared the accuracy of US with histopathology results in severely obese 
adults (with mean BMI scores of 43.8 and 47.5 kg/m2), reported much higher prevalences 
of hepatic steatosis: 89.5% and 91.4% 24, 25. Again, we calculated predictive values from 
the reported data. PPV were high: 98.4% and 95.4% respectively. NPV were consequently 
low: 23.3% and 12.1%, respectively. Additionally, we found one study that compared US 
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accuracy for hepatic steatosis with liver biopsy results in healthy, lean, adult potential living 
liver donors 26. The prevalence of hepatic steatosis in this cohort was 11.5% (with a cutoff 
of 10% fat containing hepatocytes on liver biopsy), PPV was 30.4% and NPV was 96.4%. The 
reported data from all these studies, obtained in different populations with different disease 
prevalences, fit adequately within our post-test probability models. This finding emphasizes 
that for the individual patient, factors that influence the prevalence of hepatic steatosis 
(e.g., age, race, presence of components of the metabolic syndrome) have to be taken into 
consideration as these strongly influence the predictive value of US examination results 5, 27. 

This study has some limitations. Firstly, US examinations were performed by three different 
radiologists. Interobserver variability is a well-known drawback of US examination. In our 
cohort, intraobserver agreement was excellent for all three radiologists; interobserver 
agreement was moderate to good. Accuracy results therefore could have been better, had 
one observer preformed all US examinations. For logistic reasons, this was not possible in our 
study. Moreover, interobserver variability is intrinsic to the subjective US examination and 
therefore inevitable in daily clinical practice. Secondly, possible confounders for correct LFC 
measurement with 1H-MRS in our cohort are T2 relaxation effects. T2 values are known to vary 
between individuals, especially in the presence of iron accumulation. However, no patients 
with known hemochromatosis were included in this study. We did not perform multiecho 
1H-MRS acquisitions in our cohort for individual T2 correction. Instead, we corrected for T2 
effects using average T2 relaxation values that have been reported in literature 17, 18. This could 
have led to small inaccuracies in LFC calculations. We do however not believe that this has 
significantly affected our accuracy data. Another limitation with respect to 1H-MRS is the fact 
that LFC was measured in a single voxel, while steatosis can be heterogeneously distributed. 
Multiple voxel measurements or spectroscopic imaging of the whole liver would therefore 
have been ideal to reduce the risk of sampling error. This, however, is time consuming which 
makes it impractical in clinical practise. A previous study showed an acceptable coefficient of 
variation of 14% for LFC measurements in different locations of the liver in patients with fatty 
liver 8. Moreover, the liver tissue size of 8000 mm3 that is examined with single voxel 1H-MRS 
is approximately 150 times larger than the amount of liver tissue that is examined at liver 
biopsy, which already diminishes the sampling error risk compared to the reference standard. 

When using US to evaluate hepatic steatosis in obese children and adolescents in clinical 
practice, we recommend additional MR-imaging (1H-MRS or multi-echo chemical shift MRI) 
if US examination is positive and further information on the presence and/or severity of 
steatosis is required. A negative US finding excludes the presence of steatosis in the majority 
of cases, and presence of substantial steatosis is most unlikely. To improve diagnostics in 
NAFLD, further effort should be aimed at implementation of standardized 1H-MRS or multi-
echo chemical shift MRI scanning protocols, enabling comparison of results obtained 
on different MR systems and at different centers, and simplification of post-processing of 
acquired MR data. 
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In conclusion, this study shows that a positive US examination cannot accurately predict the 
presence or severity of hepatic steatosis in severely obese adolescents; a negative US result 
predicts the absence of substantial hepatic steatosis with acceptable accuracy. Predictive 
values depend strongly on disease prevalence and can therefore only be applied to specific 
populations through calculation of post-test probabilities. 
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ABStrACt

Background
Accurate prediction scores for liver steatosis are demanded to enable clinicians to 
noninvasively screen for nonalcoholic fatty liver disease (NAFLD).  Several prediction scores 
have been developed, however external validation is lacking. 

Objective
We aimed to determine the diagnostic accuracy of four existing prediction scores in severely 
obese children, to develop a new prediction score using novel biomarkers and to compare 
these results to the performance of ultrasonography.	

Design	and	results
Liver steatosis was measured using Proton Magnetic Resonance Spectroscopy in 119 severely 
obese children (mean age 14.3 ± 2.1 years, BMI z-score 3.35 ± 0.35). Prevalence of steatosis 
was 47%. The four existing predictions scores (’NAFLD liver fat score’, ‘Fatty Liver Index’, 
‘Hepatic Steatosis Index’ and the paediatric prediction score) had only moderate diagnostic 
accuracy in this cohort (positive predictive value (PPV): 70, 61, 61, 69% and negative 
predictive value (NPV) 77, 69, 68, 75%, respectively). A new prediction score was built using 
anthropometry, routine biochemistry and novel biomarkers (leptin, adiponectin, TNF-alpha, 
IL-6, CK-18, FGF-21 and adiponutrin polymorphisms).	The final model included ALT, HOMA, 
sex and leptin. This equation (PPV 79% and NPV 80%) did not perform substantially better 
than the four other equations and did not outperform ultrasonography for excluding NAFLD 
(NPV 82%). 

Conclusion
In severely obese children and adolescents existing prediction scores and the tested novel 
biomarkers have insufficient diagnostic accuracy for diagnosing or excluding NAFLD. 
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INtrODUCtION

Non-alcoholic fatty liver disease (NAFLD) is well established as one of the complications of 
obesity. Concomitant with the rise in obesity, NAFLD has become the most common chronic 
liver disease in children and adults in the industrialized world 1. In obese children it has a 
reported incidence ranging from 22% in school-based population up to 52% in those referred 
to obesity centres 2, 3. The spectrum of NAFLD ranges from simple steatosis, to steatohepatitis, 
to fibrosis and cirrhosis. Significant fibrosis and even cirrhosis can already develop in childhood 
4. Furthermore, although still disputed, several studies found that NAFLD is an independent 
risk factor for diabetes type 2 and atherosclerosis in this age group 5, 6. In view of these risks 
screening for this chronic and mostly asymptomatic disorder in obese children is important.

Serum aminotransaminases and liver ultrasonography (US) have been shown to be imperfect 
screening tools for NAFLD 1, 7, 8. Proton Magnetic Resonance Spectroscopy (1H-MRS) has been 
recognized as an accurate noninvasive tool to determine liver steatosis 1, 9. Liver steatosis is a 
prerequisite for the presence of all stages of NAFLD. The relevance of 1H-MRS as a diagnostic 
tool is underscored by a recent guidance document which defined it as one of the end 
points for clinical trials in NAFLD when liver biopsy is not feasible 10. However, 1H-MRS has 
drawbacks; it is expensive and not widely available. Therefore biomarkers for NAFLD remain 
highly demanded for daily clinical practice. Several prediction scores using noninvasive 
markers have been developed for determining the presence of liver steatosis in adults and 
in children 11-15. Fair to good predictive values of these equations were reported; however, 
external validation of their diagnostic accuracy in different populations is lacking. Besides 
these equations, novel biomarkers that strongly correlate with the presence of NAFLD 
continue to be reported. Most of these have not been evaluated for their diagnostic value in 
noninvasive prediction models.

In this study, we aimed (1) to prospectively evaluate the diagnostic performance of four 
freely available prediction scores for diagnosing NAFLD in an unselected cohort of severely 
obese children and adolescents using 1H-MRS as the reference standard; (2) to build a new 
prediction model in this same cohort using anthropometric, routine biochemistry and an 
extensive set of novel biomarkers; and (3) to compare the performance of these equations to 
the diagnostic accuracy of US in this cohort. 
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PAtIeNtS	AND	MethODS

Population
Children and adolescents referred to a Dutch obesity centre between February 2008 and 
October 2010 were eligible. Inclusion criteria were age from 8 to 18 years and primary obesity. 
Exclusion criteria were concomitant liver disease, (past) use of steatogenic medication or oral 
anti-diabetic drugs, alcohol use ≥ 7 units/week, history of jejunal-ileal surgery or parenteral 
feeding and contra-indications for MR scanning (magnetic or radiofrequency sensitive 
implants or claustrophobia). The study was conducted according to the Declaration of 
Helsinki. The study protocol was approved by the Medical Ethics Committee of the Academic 
Medical Centre of the University of Amsterdam. Each participant and/or its guardian provided 
written informed consent.

Clinical	assessment
Measurements were performed at the start of the obesity program. Three trained 
paediatricians in the obesity centre conducted anthropometric measurements using a 
standardized protocol (all blinded; 11-28 years of experience). Weight and length were 
measured and used to calculate the age adjusted BMI standard deviation score, the BMI-
z-score 16. Waist circumference was defined as the smallest torso circumference measured 
between spina iliaca superior and the lower rib margin 17. Resting blood pressure was 
measured using an oscillometric sphingomanometer. The pubertal stages were determined 
by visual inspection, using Tanner’s criteria.

After an overnight fast venous blood was sampled for serum biochemistry studies. Alanine 
aminotransferase (ALT), asparte aminotransferase (AST), gamma glutamyl transferase (γGT), 
fat spectrum, ferritin, and high sensitive C-reactive protein were measured directly after 
blood sampling using standard laboratory methods by blinded and certified laboratory staff 
in an adjacent local hospital. Fasted insulin and glucose were used to calculate Homeostatic 
Model Assessment (HOMA-IR) as previously described 18. An oral glucose tolerance test was 
performed to exclude the presence of diabetes mellitus type 2	. Hepatitis B and C, autoimmune 
hepatitis, alpha-1 antitrypsin deficiency, abetalipoproteinemia, haemochromatosis and 
Wilson disease were excluded using the appropriate diagnostic tests.

Serum and plasma samples plus lymphocytes were stored at -80°C until analyses were 
conducted for novel biomarkers. Circulating levels of leptin, adiponectin, tumor necrotic 
factor-alpha (TNF-alfpha), interleukin-6 (IL-6), caspase-cleaved cytokeratin 18 (CK-18), 
fibroblast growth factor 21 (FGF-21) and single nucleotide polymorphism in the rs738409 
region of the patatin-like phospholipase domain-containing protein-3 (‘adiponutrin’) gene 
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(PNPLA3 SNP) were selected based on previously reported correlations with the presence of 
NAFLD 19-28. Leptin and adiponectin were measured in plasma using a human Leptin RIA kit 
(Millipore, St. Charles, Missouri, USA). CK-18, TNF-alpha and IL-6 were measured in serum 
by ELISA kits (CK-18: M30-Apoptosense ELISA kit, PEVIVA, Bromma, Sweden; IL-6 and TNF-
alpha: Pelikine compactTM, Sanquin, Amsterdam, The Netherlands). Serum FGF-21 levels 
were determined by an in-house developed ELISA using goat anti-human FGF-21 antibody 
(AF2539, R&D Systems, Minneapolis, MN, USA) (Details available on request). PNPLA3 
SNP analysis was performed by PCR amplification of the region surrounding rs738409 in 
the PNPLA3 gene. PCR fragments were bidirectionally sequenced using the Bigdye kit v1.1 
(Applied Biosystems, Carlsbad, CA, USA). Reactions were run on an ABI3700 genetic analyzer 
(Applied Biosystems, Carlsbad, CA, USA) and sequences were analyzed using CodonCode 
aligner (CodonCode Corporation, Dedham, MA, USA). 

Ultrasonography
US examinations were performed in the daily workload of a local, medium-sized hospital by 
one of three radiologists (5-20 years experience, >600 liver US examinations per year). All 
radiologists were blinded to clinical and 1H-MRS data. Four widely accepted scoring items 
for liver steatosis were considered 29: (1) echogenicity of liver parenchyma; (2) visualization 
of diaphragm; (3) visualization of intrahepatic vessels and (4) visualization of posterior part 
of the right hepatic lobe. Standardized views of the liver were obtained to enable scoring 
of these four items on a four point scale: score 0 for no steatosis, score 1 for mild steatosis, 
score 2 for moderate steatosis and score 3 for severe steatosis. The ‘US steatostis score’ was 
defined as the average score of the four items. A score ≥1 was defined as liver steatosis. 
Diagnostic accuracy results and observer variability data of US in this cohort were previously 
reported 8.

Proton	Magnetic	resonance	Spectroscopy
Magnetic resonance (MR) scanning was performed in the Academic Medical Centre of the 
University of Amsterdam from 1 month before to 2 weeks after the start of the obesity 
program. 1H-MR spectra were acquired using a point-resolved spectroscopy sequence (TE/
TR=38/2000 ms) in a voxel of 20x20x20 mm during free breathing on a 3.0 Tesla MR system 
(Philips Healthcare, Best, The Netherlands). If body habitus did not permit scanning on this 
system, an open bore 1.0 Tesla MR scanner (Philips Healthcare, Best, The Netherlands) was 
used. The absolute mass concentration of liver fat was calculated as previously described by 
a research fellow (blinded, 3 years of experience) under supervision of an experienced MR 
physicist (blinded, 8 years of experience) 8. Liver steatosis was defined as >1.8% absolute mass 
concentration of liver fat measured with 1H-MRS. This cutoff has been shown to correspond 
with >5% fat containing hepatocytes on liver histology in a validation study which showed an 
excellent linear correlation and accuracy of the MRI setting in our hospital. 30
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existing	prediction	scores	for	diagnosing	NAFLD
The diagnostic accuracy of ‘Fatty Liver Index’ (FLI), ’NAFLD liver fat score’ (NAFLD score), 
‘Hepatic Steatosis Index’ (HSI) and a recently published equation for the prediction of NAFLD 
in children (ped-NAFLD score) was determined in this cohort. All scores use simple clinical 
and laboratory parameters, have good to fair accuracy in their derivation population and 
are freely available 12, 13, 15. For the FLI and HSI, it should be noted that these were developed 
using US as an (imperfect) reference standard. The respective equations are shown in Table 
1. The optimum cutoff points reported for the derivation populations were not adopted but 
instead the optimum cutoff was calculated for this cohort, to aim for maximum performance.

table	1.	Equations of the four noninvasive prediction scores.

NAFLD	liver	fat	score	12:
Score† =   -2.89 + 1.18 * metabolic syndrome (yes=1/no=0) + 0.45 * type 2 diabetes     
                 (yes=2/no=0) + 0.15 * insulin (mU/L) + 0.04 * AST (U/L) - 0.94 * AST/ALT ratio

Fatty	Liver	Index	score	13:
             e 0.953 * log

 
  triglycerides mg/dl +  0.139 * BMI +  0.718 * log

   
γGT u/L + 0.053* waist cm - 15.745 

P =    ________________________________________________________________________________________________

           1 + e 0.953* log
  
 triglycerides mg/dl + 0.139 * BMI +  0.718 * log

  
 γGT u/L + 0.053 * waist cm - 15.745

hepatic	Steatosis	Index	14:
															e 0.315 * BMI + 2.421* ALT-to-AST ratio +  0.630 * Diabetes Mellitus yes=1/no=0 − 9.960

P =    _____________________________________________________________________________________

            1 + e 0.315 * BMI + 2.421 * ALT-to-AST ratio +  0.630 * Diabetes Mellitus yes=1/no=0 − 9.960

Paediatric	NAFLD	score	15:
               e -10.79 + 0.22 * W-to-H + 0.08 * ALT+0.82 * HOMA - 0.77 * Adiponectin

P =    _______________________________________________________________________

            1 + e -10.79 + 0.22 * W-to-H + 0.08*ALT + 0.82*HOMA - 0.77 * Adiponectin

Abbreviations: W-to-H, waist to height ratio; HOMA, homeostasis model assessment of insulin resistance.
† The metabolic syndrome was defined according to the 2007 criteria of the International Diabetes 
Federation. Children under 10 years of age (n=2) were excluded for the ‘NAFLD liver fat score’ because 
the metabolic syndrome is not defined in this age group.

Statistics
Descriptive results were expressed using standard descriptive statistics. Diagnostic accuracy 
of the equations was assessed by performing Receiver Operating Characteristics (ROC) curve 
analysis. The optimal cut-off point was determined using the Youden index. Performance 
was expressed as sensitivity, specificity, positive and negative predictive value (PPV and 
NPV, respectively), positive and negative likelihood ratio (LR) and their corresponding 95% 
confidence intervals (95% CI). 

e e

e e
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Predictive parameters for steatosis in the study cohort were identified using multivariate 
logistic analysis. Anthropometric and routine biochemistry parameters with p≤0.10 in 
univariate logistic regression analysis were entered in a multivariate model. Variables were 
excluded using backward selection with a significance level set at p<0.05. Novel markers were 
then entered into this model and included if they significantly attributed to the model (forward 
selection). This approach was chosen to prevent model over-fitting. Effect modification for 
sex, age and pubertal stage on the selected parameters was studied and added to the model 
if p<0.10. Shrinkage was applied to correct the coefficients for overoptimism 31. Calibration of 
the model was evaluated by the Hosmer-Lemeshow goodness of fit test. Diagnostic accuracy 
of the model was determined by ROC curve analysis as described above. 

All analyses were performed with PASW Statistics 18; SPSS inc., Chicago, IL, USA and with 
Microsoft Office Excel; Microsoft; Redmond; WA; USA. Results were presented according to 
the STAndards for the Reporting of Diagnostic accuracy studies (STARD) criteria 32.

reSULtS

Population	and	prevalence	of	liver	steatosis
Out of 134 eligible subjects, 119 severely obese children and adolescents were consecutively 
included. Eight subjects could not be included because no informed consent was obtained, 
two subjects withdrew before study procedures were finished and five patients met exclusion 
criteria: magnetic sensitive implants (n=1), past use of steatogenic or oral antidiabetic drugs 
(n=3) and alcohol use ≥ 7 units per week (n=1).

Characteristics of the 119 included subjects are depicted in Table 2. None of the subjects had 
diabetes type 2. Prevalence of steatosis in this cohort was 47% (56/119) (95% CI: 38-56 %). 
The distribution of the degree of steatosis 

Figure	 1.	 Distribution of liver steatosis in the study cohort (n=119) measured by Proton Magnetic 
Resonance Spectroscopy (1H-MRS)
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table	2.	Clinical characteristics of the study cohort.
								N=119

Age (yrs) 14.3 (± 2.1)
Gender (♂) 48 (41%)
Ethnicity*

   - European
   - Middle-East 
   - Other

85 (71%)
19 (16%)
15 (13%)

Anthropometry:
Puberty stage†

   - prepubertal
   - pubertal
   - postpubertal

9 (7%)
70 (59%)
40 (34%)

BMI-z-score 3.35 (± 0.35)
Waist (cm) 104.5 (± 12.7)
Diastolic BP (mmHg) 80 (± 10)
Systolic BP (mmHg) 121 (± 15)

routine	biochemistry:
ALT (IU/L) 31.8 (± 19)
gGT (IU/L) 23.4 (± 11.4)
Ferritin (µg/L) 58.5 (± 34.3)
CRP (mg/L) 4.3 (± 3.9)
HOMA-IR 3.9 (± 2.5)
Triglycerides (mmol/L) 0.98 (± 0.50)
HDL-cholesterol (mmol/L) 1.08 (± 0.25)
LDL-cholesterol (mmol/L) 2.50 (± 0.68)

Specific	biomarkers:
Adiponectin (μg/mL) 7.8 (± 2.8)
Leptin (ng/mL) 33.9 (± 32.4)
Interleukin-6 (pg/mL) 1.28 (0.33-4.86)
TNF-α (pg/mL) 1.12 (0.10-24.93)
CK-18 (U/L) 134.0 (75.8-564.4)
FGF-21 (ng/mL) 0.112 (0.190-0.845)
PNPLA-3 SNP, n (%)
CC
CG
GG

48 (44%)
27 (24%)
35 (32%)

Values are given as mean (± SD), number (%) or median (min-max), as appropriate. 
Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood pressure; 
TNFα, tumor necrotic factor-alpha; CK-18, caspase-cleaved cytokeratin 18; FGF-21 fibroblast growth 
factor-21; PNPLA-3 SNP: rs738409 PNPLA3 gene polymorphism.
* ‘Middle-East’ included mainly Turkish nationality. ‘Other ethnicity’ included Mediterranean (6%), 
Africans (3%) and other (3%). † 3 stages based on Tanner stages: ‘prepubertal’ equals G/M1&P1; 
‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner stages.
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Prediction	scores	for	liver	steatosis

Performance of existing prediction scores

The ROC curves of the NAFLD score, FLI, HSI, and Ped-NAFLD score in this cohort are shown 
in Figure 2. The diagnostic accuracy of these equations using the optimum cutoff are shown 
in Table 4. The PPV for predicting liver steatosis of these four equations ranged from 61% to 
70% and the NPV ranged from 68% to 77%, with overlapping 95% CI. 

Prediction score derived from this cohort

Results of the logistic regression analysis are shown in Table 3. The following variables 
were associated with presence of steatosis in univariate analysis (p<0.10) and accordingly 
presented to the multivariate logistic regression model in two steps: gender, BMI z-score, 
waist, diastolic blood pressure, ALT, γGT, ferritin, HOMA-IR, triglycerides, LDL-cholesterol, US 
steatosis score (Step 1: backward selection) and the novel biomarkers leptin, TNF-alpha, CK-
18, PNPLA-3 SNP (Step 2: forward selection). Only HOMA, ALT and leptin were identified 
as independent predictors of steatosis. Gender was identified to be an effect modifier for 
the effect of HOMA on steatosis; the effect of HOMA in females being 1.6 times higher as 
compared to males (OR = 1.81,  p=0.003 vs 1.13, p=0.396) (p=0.06). No collinearity between 
the independently correlated variables was detected. The model-issued equation to predict 
NAFLD is:

   e -6.043 + 0.058 * ALAT + 0.564 * HOMA - 0.45 * sex * HOMA + 2.456 * sex + 0.044 * leptin 

Probability of steatosis =  ____________________________________________________________________________________________

         1 + e -6.043 + 0.058 * ALAT + 0.564 * HOMA - 0.45 * sex * HOMA + 2.456 * sex + 0.044 * leptin 

Ad sex: male=1 and female=0

The model was fairly well calibrated (Hosmer-Lemeshow Chi Square = 12.39, p = 0.14). The 
AUC-ROC of this equation was 0.83 (95% CI 76-91%; Fig 2). The ROC curve and diagnostic 
performance of this equation as well as the performance of US in this cohort, as previously 
published 8, are shown in Figure 2 and Table 4.
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Figure	2. Receiver Operating Characteristics curves of the prediction scores
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table	3.		Logistic regression analysis of factors predicting presence of hepatic steatosis

Univariate	analysis Multivariate	analysis

Or	(95%	CI) p	value Adjusted‡	Or	(95%	CI) p	value
Patient

Age (per year) 1.05 (0.89-1.25) 0.55
Gender (♂) 1.86 (0.89-3.90) 0.10       2,12 (0,76-5.89) 0.132
Ethnicity* 1.28 (0.57-2.86) 0.55
Puberty stage†

   - prepubertal
   - pubertal
   - postpubertal

1
1.48 (0.33-6.67)
2.06 (0.43-9.87)

0.61
0.37

Anthropometry
BMI-z-score 6.2 (1.94 - 20.0) 0.002
Waist (per cm) 1.05 (1.01-1.08) 0.007
Diastolic BP (per mmHg) 1.05 (1.01-1.10) 0.02
Systolic BP (per mmHg) 1.02 (0.99-1.05) 0.11

routine	biochemistry
ALT (per IU/L) 1.06 (1.03-1.10) <0.001 1.06 (1.02-1.10) 0.001
gGT (per IU/L) 1.08 (1.03-1.14) 0.002
Ferritin (per μg/L) 1.01 (0.99-1.02) 0.09
CRP (per mg/L) 0.95 (0.86-1.05) 0.32
HOMA-IR 1.52 (1.22-1.90) <0.001 ♀ 1.76 (1.19-2.60)

♂ 1.13 (0.85-1.50)
0.03
0.40

Triglyceriden (per mmol/L) 3.72 (1.52-9.10) 0.004
HDL-chol (per 0.1 mmol/L) 1.13 (0.97-1.31) 0.12
LDL-chol (per mmol/L) 1.6 (0.91-2.85) 0.10

Specific	markers
Adiponectin (per μg/mL) 0.96 (0.84-1.09) 0.52
Leptin (per ng/mL) 1.02 (0.99-1.05) 0.10 1.04 (1.01-1.09) 0.03
Interleukin-6 1.05 (0.69-1.61) 0.82
TNF-α 0.84 (0.71-1.00) 0.05
CK-18 1.01 (1.00-1.02) 0.01
FGF-21 (per ng/mL) 1.67 (0.87-32.22) 0.73
PNPLA-3 SNP rs738409
CC
CG
GG

1
2.78 (0.98 -7.88)
1.57 (0.63-3.96)

0.15

0.06
0.34

Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood pressure; TNFα, 
tumor necrotis factor-alpha; CK-18, caspase-cleaved cytokeratin 18; FGF-21 fibroblast growth factor-21; 
PNPLA-3 SNP: rs738409 PNPLA3 gene polymorphism. * Caucasian as reference versus Non-Caucasian; 
† 3 stages based on Tanner stages: ‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; 
‘pubertal’ equals all other Tanner stages; ‡ odds adjusted for effect modification of HOMA-IR by sex.
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DISCUSSION

This study shows that in a high-risk population of severely obese children and adolescents 
(prevalence of steatosis 47%, 95% CI: 38-56%), the currently freely available prediction scores 
and presently derived formula using a set of novel biomarkers only have moderate diagnostic 
accuracy for predicting NAFLD and, therefore, are insufficiently accurate to be used in daily 
clinical practice in this group. 

Noninvasive prediction scores for NAFLD are highly demanded to enable clinicians to screen 
for NAFLD easily and rapidly. Particularly, accurate exclusion of the presence of NAFLD in high 
risk groups would allow clinicians to select patients needing more expensive and invasive 
diagnostics (i.e. MR scanning or liver biopsy). Although a perfect diagnostic test for NAFLD 
remains the final aim 33, widely adopted criteria indicative for a clinically useful test when 
aiming to exclude a disorder are sensitivity >95% (i.e. <5% false negatives) and negative 
likelihood ratio <0.10 34. All the evaluated equations do not meet this degree of diagnostic 
accuracy in this study population as shown in Table 4. Even in their derivation population the 
four previously published prediction scores did not meet this degree of accuracy (sensitivity 
varied between 82 and 85% and negative likelihood ratio varied between 0.17 and 0.25) 12, 

13, 15. External validation of these equations is scarce. FLI and HSI were evaluated once in a 
cohort of obese and diabetic adults and lacked diagnostic accuracy (AOC-ROC 0.65 and 0.64, 
respectively) 35. The only report on external validation of the NAFLD score was published in 
a letter: in a selected overweight adult population it almost met the proposed criteria of a 
clinically useful test (sensitivity 93% and a negative likelihood ratio 0.09) 36. No other reports 
of external validation of these equations using an accurate reference standard (liver histology 
or MR spectroscopy) have been published to our knowledge.

As expected, since it is derived from this study population, the newly built equation performed 
better than the four previously published equations. However its diagnostic accuracy for 
excluding NAFLD is still insufficient for use in daily clinical practice (sensitivity 77%; negative 
likelihood ratio 0.28). Moreover, when externally validated, this model is unlikely to perform 
substantially better than the other four equations. Application of lower cut-off values (i.e. 
leading to increased sensitivity, and lower false negative rate) for these prediction scores can 
improve the diagnostic accuracy for excluding NAFLD, but consequently a smaller proportion 
of patients is thus identified as free from disease, limiting the clinical usefulness of these 
tests. Using a lower cut-off for the prediction score derived from this cohort, a sensitivity 
>95% and a negative likelihood ratio <0.10 can be obtained. However, using this cut-off, only 
15% of the cohort has a negative test result, while in fact 53% of this cohort is disease free. 
In other words, less than one third of the disease free subjects are identified as free from 
disease. For clinical practice this would mean that a large number of patients would still 
require further diagnostic testing to exclude NAFLD.
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The prediction rules did not outperform US for excluding NAFLD in this study despite the 
only moderate diagnostic accuracy of US (NPV 82%; 95% CI 69-94). US is widely available 
and is simple to use in comparison to the equations. Therefore, until new high-performance 
diagnostic tools to screen for NAFLD are developed, liver US remains the most suitable 
tool to exclude NAFLD in severely obese children. US cannot be used to diagnose NAFLD 
in this patient group because the positive predictive value was low (63%; 95% CI 50-74). In 
literature, the reported predictive values of US vary. However, we previously showed that the 
observed predictive values in this cohort are comparable to those observed in other studies 
when correcting for differences in disease prevalence 8. To our knowledge, no previous study 
compared head-to-head the diagnostic accuracy of non-invasive prediction scores versus US 
in one population. 

The diagnostic value of the extensive set of novel biomarkers for NAFLD evaluated in this 
study was disappointing. All selected markers have been reported to individually correlate 
strongly with the presence of NAFLD and have been marked as promising biomarkers, but 
most have not been evaluated in diagnostic models 19-28. In this cohort, none of the novel 
biomarkers, except for leptin, independently correlated with NAFLD when added to the 
model containing the simple parameters ALT, HOMA and effect modification of sex on HOMA. 
By adding leptin the model only marginally improved (PPV unchanged, NPV increased from 
76% to 80%). PNPLA3 SNPs have previously been shown not to improve diagnostic accuracy 
when added to the NAFLD score in obese adults. Adiponectin only marginally improved 
the ped-NAFLD score in its initial publication 12, 15. Leptin, IL-6, TNF-alpha, FGF-21 and CK-
18 have not been previously evaluated in diagnostic models for NAFLD. Leptin and FGF-21 
have been shown to correlate specifically with steatosis 22, 25, 27. IL-6, TNF-alpha and CK-18 
have been shown to correlate with steatohepatitis and fibrosis 23, 25, 26. Despite the lack of 
diagnostic value observed in this population, these novel biomarkers remain to be evaluated 
in populations with different age and degree of obesity.

A strong point of this study is that the MR scanner used in this study has been validated by 
comparison with the reference standard of histological determined liver fat, as described in 
the method section 30. In most studies steatosis is defined as 5.0% or 5.5% MR determined 
liver fat without taking into account scanner parameters and mode of fat fraction calculations 
that importantly influence the results of MR determined fat. Moreover, the cohort in this 
study was not selected based on liver abnormalities and other causes of liver disease were 
rigorously excluded. Limitations of this study are that the study population was severely 
obese and results cannot simply be extrapolated to less severely obese children. Yet, the 
negative predictive value of US is likely to be even better in less severely obese children as 
has been reported in adults 37. The newly developed prediction rule derived from this study 
cohort was not tested in a validation cohort. However, as its accuracy was already considered 
insufficient, validation is less relevant.  Finally, novel candidate biomarkers for presence of 
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NAFLD continue to be reported, such as white blood cell count, vitamin D, Apolipoprotein 
C3 gene variants, markers of oxidative stress and molecular species identified through 
metabolomics 38-40. The diagnostic value of these parameters in prediction models needs to 
be evaluated.

In conclusion, the currently freely available, noninvasive prediction scores lack sufficient 
diagnostic accuracy for diagnosing or excluding NAFLD in severely obese children and 
adolescents. The set of novel biomarkers for NAFLD evaluated in this study have little 
additional diagnostic value when combined with routinely available biomarkers in this group. 
New high-performance prediction scores for NAFLD remain to be developed. 
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ABStrACt

Objective
Visceral fat accumulation is a well-established risk factor for obesity-related complications. 
In children it has not been determined whether ultrasonography is superior to waist 
measurement for assessing visceral fat. Moreover, the optimal site for waist measurement 
has not been determined. 

Design
In a prospective cohort of 92 severely obese children and adolescents (age 13.9 ± 2.2 years, 
BMI z-score 3.29 ± 0.33), we evaluated the performance of ultrasonography and two different 
methods of waist circumference measurement, using MRI as the reference standard. 

results
Waist circumference, defined as the smallest body circumference between xiphisternum 
and umbilicus had the strongest correlation with visceral fat quantity (r=0.69 all, r=0.68 girls, 
r=0.64 boys). It was not outperformed by ultrasonography (r=0.60 all, r=0.62 girls, r=0.50 
boys) and correlated significantly better than the WHO standard for waist measurement, 
midway between lower margin of the last rib and the crest of the ilium, (r=0.51 all, r=0.39 
girls, r=0.46 boys). 

Conclusions
Waist circumference measurement, defined as the smallest body circumference between 
xiphisternum and umbilicus, is the preferred non-invasive technique for daily clinical practice 
to assess visceral fat accumulation in severely obese children and adolescents. There is no 
place for ultrasonography for the quantification of visceral fat in this group. 
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INtrODUCtION

Childhood obesity has become a major public health issue.1 It is well recognized that 
abdominal fat, in particular the amount of visceral fat, is more important than total body 
fat when studying obesity and obesity-related complications.2 Visceral fat accumulation 
compared with body mass index (BMI) is more strongly related to the risk for type 2 diabetes3, 
cardiovascular diseases and mortality.4

Anthropometry, or more precisely waist circumference (WC), is the clinical standard for 
assessing visceral adiposity. However, different sites for WC measurement have been defined 
in the literature and the optimal method has not been well established in children.5 Magnetic 
resonance imaging (MRI) and computed tomography (CT) can directly measure visceral 
fat with high accuracy and reproducibility. These techniques however are impractical and 
expensive for daily clinical practice.6,7 Ultrasonography (US) can also directly measure visceral 
fat and is simple, safe and inexpensive. Studies comparing the correlation of WC and US 
with cardiovascular risk factors in children show conflicting results.8,9 Direct comparison of 
the performance of US and anthropometry for assessing visceral adiposity has only been 
performed in one small non-obese cohort.1 

The aim of our study was to compare the performance of US and two different methods of 
WC measurements for the quantification of visceral fat in a cohort of severely obese children 
and adolescents.

MethODS

All children and adolescents that participated in a Dutch tertiary centre based lifestyle 
intervention program between February 2008 and April 2010 were assessed for participation 
in the study. Inclusion criteria for participating in the program were age 8-18 years, primary 
obesity and a BMI equivalent to an adult index of ≥35 kg/ m². All measurements were taken 
at the start of the lifestyle intervention program.

Anthropometry
Anthropometric measurements of all participants were performed by one of three blinded 
and experienced (11-28 years) pediatricians. In a random subset measurements were 
performed independently by all observers to evaluate reliability. The children, wearing light 
clothing, were measured in standing position using an inelastic anthropometric tape. WC was 
measured according to two different definitions: 1) at the midpoint of the lower margin of 
the last rib and the iliac crest in a horizontal line according to the World Health Organization 
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Guidelines (WHO-WC) and 2) at the narrowest body circumference between xiphisternum 
and umbilicus as recommended by the Anthropometric Standardization consensus group 
(narrow-WC).10 Measurements were taken at the end of a gentle expiration, in threefold and 
recorded to the nearest 0,1 cm. The average of the three measurements was calculated.

Ultrasonography
Measurements were performed by one of three blinded and experienced radiologists (5-20 
years experience). The Philips ATL HDI 5000 with a 3.5MHz transducer (Philips	healthcare,	
eindhoven,	the	Netherlands)	was	used.	In a random subset measurements were performed 
independently by all observers to evaluate reliability. The transducer was placed in the midline 
just above the umbilicus with minimal pressure. The visceral fat thickness was defined as the 
distance between the internal fascia of rectus abdominis muscle and the front side of the 
corpus of the lumbar vertebra at the end of a normal expiration. Measurement was repeated 
three times and the average was calculated. This technique is widely accepted and validated 
as an ultrasonographic method to quantify visceral fat.6

Mr	visceral	fat	distribution	imaging
MRI was performed using a 3.0 Tesla MR system (Intera, Philips Healthcare, The Netherlands). 
Participants that weighted more than 150 kilograms or had a WC greater than 150 cm were 
scanned in an open bore 1.0 Tesla MR scanner (Panorama, Philips Healthcare). An in-phase 
and opposed-phase MR sequence was used with the following echo times (TE) and repetition 
times (TR) in milliseconds: TE 1.13/2.30, TR 208 at 3 Tesla, and TE 3.45/6.91, TR 168 at 1Tesla). 
Five transverse slices of 6.5 mm thickness were selected just above the umbilicus, at the 
L3 level. On the in-phase images, an initial segmentation of visceral and subcutaneous fat 
compartments was computed using Matlab software (MathWorks, Inc, Natick, USA), based 
on differences in signal intensity. The automatic segmentations were subsequently manually 
corrected by two blinded and trained operators (R.W. and A.B.) in 3D-Slicer software (www.
slicer.org). The volume of visceral fat was calculated in cubic millimetres by summing the 
area measurements of the five slices, multiplied by the slice thickness. Multi slice and even 
single slice MR measurements at L2-3 have been shown to be a reliable estimate of the total 
visceral fat amount.11,12

Statistical	methods
Spearman’s correlation coefficients were used to determine the correlation of US and 
anthropometric measurements to the reference standard, MRI measurement. Subsequently, 
due to the paired nature of the data, we used bootstrapping, based on 1000 bootstraps, to 
determine the significance of the differences between correlations. Inter- and intraobserver 
reliability of the measurements were assessed by determining the Technical Error of 
Measurement as previously described 13,14 and by calculating intraclass correlation coefficients 
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(ICCs), reporting the absolute agreement of single measurements in a two way mixed model. 
Systemic differences between repeated observations were evaluated using Wilcoxon signed 
rank test. All statistical analyses were performed using SPSS version 19.0 (SPSS, Chicago, IL, 
USA).

reSULtS	

In total 99 children were eligible for the study. Seven children were excluded because data for 
US and/or WC were incomplete. Characteristics of the 92 severely obese children analysed 
are shown in Table 1.

table	1.	Main characteristics of participants.
         N=92

Age (years) 13.9 (± 2.2)

Gender (♂) 35 (38%)
Ethnicity1

 European 61 (72%)
 Middle- East 13 (15%)

 Other 18 (20%)

Weight (kg) 103.5 (± 21.8)

BMI z-score 3.29 (± 0.33)

Narrow-waist (cm)2 102.9 (± 12.1)

WHO-waist (cm)2 114.3 (±13.0)

US visceral fat diameter (mm)2 56 (±23.0)

MRI visceral fat volume (cm3)2 261 (±110.0)

Values are given as mean (± SD), number (%), as appropriate. Abbreviations: BMI z-score: aged-corrected 
standard deviation score of body mass index. 1 ‘Middle-East’ included mainly Turkish nationality. ‘Other 
ethnicity’ included  North African (6%), Latin American (2%) and other (5%). 2 See ‘Methods’ section for 
description of measurement.

Correlation	of	US	and	anthropometric	measurements	with	MrI	measurement	of	vis-
ceral	fat	

As shown in Table 2, narrow-WC had highest correlation with MRI measurements (0.69 (95% CI 
0.57-0.80) for all, 0.64 (95% CI 0.38-0.81) for boys, 0.68 (95% CI 0.50-0.81) for girls). It correlated 
significantly better than WHO-WC (p=0.002 for all, p=0.04 for boys, p<0.001 for girls) as 
determined by bootstrapping. The correlation coefficients of narrow-WC were not significantly 
better than those of US (p=0.47 for all, p=0.97 for boys, p=0.18 for girls). In a post hoc analysis, 
US measurement was added to narrow-WC measurement in a multivariate linear regression 
model, this only increased the explained variance of the visceral fat quantity with 6%.
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table	2. Spearman’s correlation coefficients (95% confidence interval) of different methods for visceral 
fat measurements compared to MR measurements

All
(n=92) P 1

Boys
(n=35) P 1

Girls
(n=57) P.1

Narrow-waist2 0.69 (0.57-0.80) NA 0,64 (0.38-0.81) NA 0,68 (0.50-0.81) NA
Ultrasonography2 0.60 (0.44-0.73) 0.47 0,62 (0.33-0.80) 0.97 0,50 (0.25-0.69) 0.1
WHO-waist2 0.51 (0.32-0.66) 0.002 0,39 (0.12-0.67) <0.001 0,46 (0.19-0.67) 0.04

Abbreviations: NA: not applicable; 1p-value compared to correlation coefficient of ‘narrow-waist’ 2see 
‘Methods’ section for description of measurement.

Inter-	and	intraobserver	reliability
Nineteen consecutive patients had repeated measurements with a one-week interval to 
determine intra- and interobserver agreement for US and both waist measurements. In 
addition, both MR operators calculated MR visceral fat in a set of thirty patients. No systematic 
differences for anthropometry, US and MRI measurements were noted between observers 
and for repeated observations by single observers. Technical Error of Measurement was 
acceptable in all techniques; intra- and interobserver variation of measurements, respectively, 
were 1.9% and 2.8 % for US, 0.79 % and 1.5 % for narrow-WC, 1.24 % and 3.5% for WHO-
WC and <0.01% for MRI. For US, the intraobserver reliability between the three observers 
assessed by ICC was fair to good (0.73-0.81) and the interobserver reliability was good 
(0.80). For both definitions of waist circumference measurement the intra- and interobserver 
reliability were good to excellent (ICC 0.83-0.93). For MRI the ICC for inter observer variability 
was excellent for both single and multiple measurements (0,94 and 0,97, respectively).

DISCUSSION

This study shows that US and narrow-WC, defined as the narrowest body circumference 
between xiphisternum and umbilicus, correlate equally with visceral fat measured by MRI in 
severely obese children. Secondly, we show that narrow-WC correlates stronger than the WHO 
definition of WC. Combining both narrow-WC and US measurements did not substantially 
improve the explained variance in visceral fat quantity. Since narrow-WC measurement has 
practical advantages compared to US (costs, availability, ease and the availability of reference 
values), it is the preferred method to quantify visceral fat in severely obese children in daily 
clinical practice. 

Previously, only one small pediatric study (n=31) in young non-obese children compared WC 
to US and reported that WHO-WC measurements were superior to US measurements for 
assessing visceral adiposity (r=0.70 versus r= 0.18).1 However, the performance of US in that 
study was remarkably poor for unexplained reasons. US showed a high correlation in another 
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cohort study of young and lean children (r= 0.75-0.84).15 This study did not compared to 
anthropometry. The lower correlation of US with MR measured visceral fat in our study 
compared the later study is probably related to the difference in BMI.  

Several studies of children, mixed obese and lean, reported correlations between WC and 
CT/MRI measured visceral fat that are similar to the correlations found in our study (r=0.64-
0.84).7,16,17,18 . In adults, three studies compare WC and US; US performed better in two 6,19	and 
equally in one.20 However, these studies were all performed in lean adults. 

There is no agreement on the optimal site for measuring WC in children.5 It has previously 
been shown that narrow-WC and WHO-WC correlate equally well with metabolic risk factors 
in children.21,22 However, no pediatric study has previously compared the performance of 
different WC measurements for assessing visceral adiposity. In adults, it has been shown that 
different sites for WC measurement correlate equally with both visceral fat and with adverse 
cardiovascular outcomes.23,24 A possible explanation for the poorer performance of WHO-WC 
in our study could be that in severely obese children identification of iliac crest and lower ribs 
is difficult, as has been previously reported.25 This problem may be more important in boys 
than girls as a trend for a lower correlation for WHO-WC in boys was found in our study.

It should be noted that narrow-WC did not have an excellent correlation and could only 
explain 47% of the variability in visceral fat in the whole group. This underscores the need 
for other better performing and easy-to-use methods to estimate visceral fat and risk-stratify 
obese patients.

Limitations of this study are that the study population was severely obese and, therefore, 
results cannot simply be extrapolated to less severely obese children. Secondly, we could 
only calculate correlations. Bland Altman plots could not be constructed to determine 
the agreement between the methods, because visceral fat measurement by MR had a 
volumetric outcome while the other measurements had a distance as outcome. Thirdly, for 
all measurements more than one observer was involved. Variability assessments, however, 
show that measurements were reliable and reproducible. Lastly, US measurement of 
mesenteric leaves thickness has been proposed as an alternative way to assess visceral fat 
using US. Few studies have used this method.25 In our experience this method is complex to 
perform and has therefore not been evaluated in this study.

In conclusion, this study shows that narrow-WC, defined as the narrowest body circumference 
between xiphisternum and umbilicus, is the preferred non-invasive technique for assessing 
visceral fat in severely obese children and adolescents in daily clinical practice. There is no 
place for US for the quantification of visceral fat in this group.
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ABStrACt

Background		
Non-alcoholic fatty liver disease (NAFLD) has a high prevalence in obese children. Lifestyle 
intervention is the primary treatment for NAFLD. However, limited data are available 
regarding the efficacy of lifestyle interventions.

Objectives	
To prospectively determine the efficacy of a lifestyle intervention programme on NAFLD 
in severely obese children and identify the clinical parameters related to improvement in 
NAFLD.

Methods	
Children admitted to a lifestyle intervention programme were screened for NAFLD. Steatosis 
was defined as increased echogenicity of the liver on ultrasonography. Serum alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) were used as surrogate markers 
for steatohepatitis. The lifestyle intervention programme consisted of physical exercise, 
dietary counselling and behavioural counselling for a period of 6 months.

results
144 children were included with a mean age of 14.1 (±2.3) years, BMI z-score of 3.35 (±0.40) 
kg/m2. Lifestyle intervention significantly reduced the prevalence of steatosis (31.2–11.9%, 
p<0.001) and the prevalence of elevated serum ALT (25.7–11.1%, p<0.001) and serum AST 
(13.3–4.3%, p<0.002). In multivariate regression analysis, improvement in the degree of 
steatosis and decrease in ALT and AST were all significantly related to improvement in insulin 
resistance. Improvement in insulin resistance only explained a small part of the observed 
changes in transaminases.

Conclusions
A lifestyle intervention of 6 months is moderately effective in improving NAFLD in severely 
obese children. Improvement in insulin resistance is the clinical parameter most strongly 
associated with improvement in NAFLD. Other factors related to the successful treatment 
of NAFLD need to be identified so that these can be a focus for new lifestyle and drug 
interventions
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INtrODUCtION

Non -alcoholic fatty liver disease (NAFLD) is well established as one of the complications 
of obesity. In severely obese children NAFLD has a reported incidence ranging from 22% 
in school-based population up to 52% in those referred to obesity centres.1,2 The clinical 
spectrum of NAFLD consists of simple steatosis, steatohepatitis and cirrhosis. Important 
fibrosis and occasionally cirrhosis can already occur at paediatric age.3,4 In adults NAFLD is 
increasingly recognized as an independent risk factor for cardiovascular disease and also in 
children it has been found to be associated with cardiovascular risk factors.5,6

At present lifestyle intervention remains the only accepted therapy for NAFLD.7 Remarkably 
little is known about the efficacy of lifestyle interventions. Most studies are small or were 
performed in selected populations, often in patients treated in tertiary liver centres.8-13 
Although it is considered of paramount importance to identify which lifestyle interventions 
are most effective, the factors associated with response to lifestyle interventions have not 
been studied. 

The aim of this study is to determine the effect of lifestyle intervention on NAFLD in children 
identified by screening children referred to a tertiary obesity centre. Moreover we aim to 
identify the clinical parameters associated with response to the lifestyle intervention.

MAterIALS	AND	MethODS

Population
All children that participated in a Dutch tertiary centre based lifestyle intervention program 
between November 2004 and May 2008 were eligible. Inclusion criteria for this program 
were severe primary obesity (Body Mass Index adjusted for age (“BMI-for-age”) > 35 kg/m2) 
and primary obesity (BMI-for-age > 30 kg/m2) together with obesity related co-morbidity. 
For participation in this study additional exclusion criteria were (a history of) the use of 
steatogenic and/or antidiabetic drugs, diabetes mellitus, alcohol abuse, hepatitis B, hepatitis 
C or auto-immune hepatitis. The majority of children were referred by hospital-based 
paediatricians. The study protocol was approved by the Medical Ethics Committee of the 
Academic Medical Centre of the University of Amsterdam.
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Intervention
The lifestyle intervention program consisted of scheduled exercise (3 times per week 1 hour) 
and the promotion of self initiated physical activities. Nutrition modification therapy was 
given using a non-diet approach and focused on the quality of the dietary intake and eating 
behaviour. Behaviour modification therapy was given and consisted of coping skills training 
focusing on self-regulation, self-awareness, goal setting and stimulus control. The program 
was facilitated by physical education teachers, a dietician and a child psychologist. Care-givers 
were separately educated on nutrition and behaviour modification during this program. 
Children	attended the sessions in an outpatient setting consisting of 12 days of treatment 
over a 6 months period with homework assignments or an inpatient setting consisting of 
5 days of admission per week during 6 months. Children were allocated to either setting 
based on order of inclusion unless the treating physician judged that the patient was unfit for 
outpatient treatment in which case he/she was allocated to inpatient treatment.

Measurements
Ultrasonography of the liver (US), blood sampling, an oral glucose tolerance test (OGTT) and 
physical examination were performed at the start and at the end of 6 months of treatment. 
Steatosis was diagnosed on basis of US findings and scored using a scale adapted from 
Saverymuttu (Table1).14 Ultrasonography was performed by a single experienced radiologist 
blinded for clinical data. The Philips ATL HDI 5000 with a 3.5MHz transducer was used (Philips	
healthcare,	 eindhoven,	 the	 Netherlands). Alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were used as surrogate markers for steatohepatitis Steatohepatitis 
was defined as ALT and/or AST serum level >35 Units/L. In the multivariate analyses, 
improvement in NAFLD was expressed as the change in serum ALT and AST. Insulin sensitivity 
was measured using ‘Homeostasis Model Assessment’ formula (HOMA-IR): fasting insulin 
(mU/L) x fasting glucose (mmol/L) /22.5.15 Diabetes mellitus was defined as fasting blood 
glucose >7.0 mmol or a 2-hour blood glucose >11.1 mmol/l during the OGTT.16 Hepatitis C 
and Hepatitis B infection and autoimmune hepatitis were excluded by serology. BMI was 
expressed as age corrected BMI (BMI-z-score) calculated from data of a Dutch reference 
population as described before.17,18  Waist circumference was defined as the mean of three 
measurements of the smallest torso circumference between the inferior margin of the last 
rib and the crista iliaca at the end of normal expiration.19

Statistical	analysis
Children missing end of treatment measurements were excluded from analysis. The effect 
of the intervention on NAFLD was analyzed using McNemar test for paired categorical data 
and Chi square test for independent categorical data. Changes in continuous variables were 
analysed using paired Student-t-test. Regression analyses were performed to identify factors 
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predictive of improvement in steatosis and decrease in ALT and AST. All parameters with 
p <0.10 in univariate analyses were included in multivariate regression analyses (backward 
selection). The intraobserver variability of US steatosis scoring was determined by repeated 
ultrasound in 100 patients.

table	1. Scoring of liver steatosis determined by ultrasound adapted from Saverymuttu14

Score 0 (normal): 
 normal echogenicity of liver parenchyma.
 normal visualisation of diaphragm and intrahepatic blood vessels.

Score 1 (mild steatosis):
 slightly increased echogenicity of liver parenchyma.
 normal visualisation of diaphragm and intrahepatic blood vessels.

Score 2 (moderate steatosis):
 markedly increased echogenicity of liver parenchyma.
 slightly decreased visualisation of diaphragm and intrahepatic blood vessels

Score 3 (severe steatosis):
 severely increased echogenicity of liver parenchyma.
 no or severely decreased visualisation of diaphragm and intrahepatic blood vessels 
 and posterior part of right liver lobe.

reSULtS

During the inclusion period 180 children were treated in the lifestyle intervention program. 
Eight were excluded (7x metformin use; 1x alcohol abuse). Twenty-eight children missed end 
of treatment measurements: 21 because they dropped out during the treatment phase and 
7 because they did not show up at the end of treatment examinations. Those who dropped 
out were not significantly different for any baseline feature except for a higher prevalence 
of steatosis (60.7 vs 31.2 % p=0.002) and a higher prevalence of elevated serum ALT (46.4 vs 
25.5 % p=0.04). Baseline features of the 144 children who completed treatment are shown 
in table 2. 
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table	2. Main characteristics of participants before and after 6 months of treatment (n=144)

Pre-treatment Post-treatment p-value
Age (years) 14.1 (± 2.3) -
Gender (% ♂) 37.5 -
Duration of overweight (years) 9.2 (± 3.1) -
Ethnicity
   - Caucasian (%)
   - Arab-African (%)
   - African (%)
   - Middle-east (%)

64.1
7.7
6.3

21.8
Puberty stage* 
   - prepubertal (%)
   - pubertal (%)
   - postpubertal (%)

7.8
57.4
34.8

-
-
-

Outpatient treatment (%) 49%
Weight (kg) 108.6 (± 24.4) 95.3 (± 22.4) < 0.001
BMI-z-score 3.35 (± 0.40) 2.85 (± 0.56) < 0.001
Degree of steatosis:
- no steatosis (grade 0)
- mild steatosis (grade 1)
- moderate steatosis (grade 2)
- severe steatosis (grade 3)

68.8%
9.7%

18.1%
3.5%

88.2%
5.6%
4.9%
1.4%

< 0.001

ALT 28.2 (±	12.6) 22.6 (± 6.6) < 0.001
AST 31.2 (± 21.2) 22.8 (± 12.7) < 0.001
γ-GT 22.4 (± 9.5) 18.9 (± 12.8) 0.001
Waist (cm) 105.0 (± 12.6) 96.4 (± 13.0) < 0.001
HOMA-IR 3.4 (± 1.7) 2.4 (± 1.6) < 0.001
HDL-cholesterol (mmol/L) 1.22 (± 0.29) 1.26 (± 0.31) 0.01
LDL-cholesterol (mmol/L) 2.46 (± 0.78) 2.17 (± 0.70) < 0.001
Diastolic BP (mmHg)     80 (± 11)     73  (± 11) < 0.001
Systolic BP (mmHg)   125 (± 15)  117 (± 13) < 0.001

Values expressed as mean (± SD). Abbreviations: BMI, body mass index; γ-GT, gamma glutamyl 
transpeptidase; HOMA-IR, homeostasis model assessment of insulin resistance; HDL, high-density 
lipoprotein;  LDL, low-density lipoprotein; BP, blood pressure.
* 3 stages based on Tanner stages: ‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; 
‘pubertal’ equals all other Tanner stages.
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Steatosis	and	serum	transaminases
Treatment improved significantly all biochemical and anthropometrical parameters (Table 
2). The mean weight reduction achieved was 12.2%. Treatment significantly decreased the 
prevalence of steatosis n=45 (31.2%) to n=17 (11.9%), the prevalence of elevated serum ALT 
n=37 (25.7%) to n=16 (11.1%) and elevated serum AST n=19 (13.3%) to n= 6 (4.3%). (Figure 
1). Worsening in the grade of steatosis after treatment was observed in 3 cases (3x 1 grade). 
Serum liver transaminases were in the normal range pre-treatment serum and elevated post-
treatment in 6 children. Intraobserver agreement for US steatosis score was found for 57% 
of cases, 38% showed a difference of 1 stage, 5% showed a difference of 2 stages between 
observations.

Figure	1.	Prevalence of steatosis, elevated ALT and AST before (white bar) and after (black bar) 6 months 
of treatment. 

Factors	associated	with	improvement	in	NAFLD
Improvement in the US determined stage of steatosis was related to a younger age, non-
Caucasian ethnicity, inpatient treatment, decrease in BMI z-score, decrease in HOMA-IR 
index and an increase in HDL-cholesterol in univariate logistic regression analyses (Table 
3). In multivariate logistic regression analyses only a decrease in HOMA-IR index remained 
significantly association with improvement in steatosis stage (OR 1.61; 95% CI 1.2-3.4). 



90|

table	3.	Prediction of improvement in US determined steatosis grade by univariate logistic regression 
analysis.	Those with no steatosis pre-treatment (score 0) were excluded because they could not improve 
their steatosis score (n= 45 analyzed).

Or	(95%	CI) p
Male 1.05 (0.30 to 3.70) 0.94
Age (per year) 0.71 (0.49 to 1.05) 0.09
Duration of overweight (years) 1.10 (0.84 to 1.44) 0.48
Ethnicity *
   - Caucasian
   - Non Caucasian 

1
7.1 (0.82 to 61.0) 0.07

Puberty stage**
   - prepubertal 
   - pubertal
   - postpubertal

***
1
0.38 (0.08 to 1.80 ) 0.22

Outpatient  treatment 0.28 (0.08 to 1.80 ) 0.06
 Decrease in BMI-z-score 
(per 0.1 SD)

1.32 (1.03 to 1.70) 0.03

Decrease in waist circumference
(per cm)

1.04 (0.96 to 1.12) 0.37

Decrease HOMA-IR
(per 1.0 point)

1.61 (1.07 to 2.44) 0.02

Decrease in ALT 
(per U/L)

1.02 (0.99 to 1.04) 0.30

Decrease in AST 
(per U/L)

1.07 (0.98 to 1.16) 0.12

Decrease in γ-GT
(per U/L)

1.16 (0.99 to 1.36) 0.06

Increase in HDL-cholesterol
(per 0.1 mmol/L)

1.23 (0.96 to 1.56) 0.09

Decrease in LDL-cholesterol
(per mmol/L)

1.38 (0.50 to 3.82) 0.54

Decrease in diastolic BP
(per mmHg)

0.97 (0.93 to 1.02) 0.20

Decrease in systolic BP
(per mmHg)

0.99 (0.96 to 1.03) 0.74

Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; 
HDL, high-density lipoprotein;  LDL, low-density lipoprotein; BP, blood pressure. * Non-Caucasian: Arab-
African or African.; no subjects from Middle-east in this group. ** 3 stages based on Tanner stages: 
‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner 
stages. *** only 1 patient in ‘prepubertal’ stage no regression analysis possible
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table	4. Prediction of a decrease in serum ALT and AST after 6 months of treatment by univariate linear 
regression analysis (n=144)

ALt ASt
Variable B*	(95%	CI) p value B*	(95%	CI) p value
Male 7.9 (1.2 to 14.6) 0.02 1.4 (-2.6 to 5.4) 0.48
Age (per year) -0.6 (-2.0 to 0.9) 0.44 -0.03(-0.8 to 0.9) 0.39
Duration of overweight (years) -0.1 (-1.3 to 1.2) 0.93 -0.1(-0.9 to 0.7) 0.83
Ethnicity
   - Caucasian
   - Arab-African
   - African
    - Middle-east 

      reference
7.8 (-4.7 to 20.3)

-3.4 (-17.0 to 10.3)
2.0 (-6.1 to 10.1)

0.22
0.63
0.63

     reference
7.6 (0.4 to14.7)

-2.3 (-10.2 to 5.5)
1.5 (-3.2 to 6.2)

0.04
0.56
0.54

Tanner stage**
    - prepubertal 
    - pubertal
    - postpubertal

      reference
-0.3 (-14.8 to 14.2)
-1.2 (-16.3 to 13.9)

0.97
0.87

      reference
3.0 (-5.7 to 11.8)
3.4 (-5.7 to 11.8)

0.61
0.74

Outpatient treatment -7.5 (-14.0 to -1.0) 0.02 -3.5 (- 7.4 to 0.3) 0.07
 Decrease in BMI-z-score 
(per 0.1 SD)

0.8 (-0.7 to 1.6) 0.07 0.13 (-0.4 to 0.6) 0.63

Decrease in waist circumference
(per cm)

0.4 (0.1 to 0.8) 0.03 0.1 ( -0.1 to 0.3) 0.38

Decrease HOMA-IR
(per 1.0 point)

2.6 (0.8 to 4.4) 0.005 1.4 (0.4 to 2.5) 0.009

Increase in HDL-cholesterol
(per mmol/L)

-7.6 (-25.7 to 10.5) 0.41 0.05 (-10.7 to 10.6) 0.99

Decrease in LDL-cholesterol 
(per mmol/L)

5.8 (0.1 to 11.5) 0.05 2.9 (-0.4 to 6.2) 0.09

Decrease in diastolic BP
(per mmHg)

-0.1 (-0.3 to 0.2) 0.50 -0.05 (-0.2 to 0.1) 0.55

Decrease in systolic BP
(per mmHg)

0.1 (-0.2 to 0.3) 0.70 0.04 (-0.1 to 0.2) 0.55

* In case of a significant p-value, a positive B-value indicates a higher decrease in ALT/AST during 
treatment. ** 3 stages based on Tanner stages: ‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/
M5&P5; ‘pubertal’ equals all other Tanner stages.

In univariate linear regression analysis a decrease in serum ALT was associated with male 
gender, inpatient treatment, decrease in BMI z-score, decrease in HOMA-IR index, decrease 
in waist circumference and decrease in LDL-cholesterol (Table 4). In a multivariate linear 
regression analyses only a decrease in HOMA-IR index remained significantly associated with 
a decrease in serum ALT; a decrease in 1 point of HOMA-IR index resulted in a 2.6 U/L (95% 
CI 0.8 to 4.4) decrease in ALT.
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In univariate linear regression analysis a decrease in serum AST was associated with Arab 
African ethnicity, inpatient treatment, decrease in HOMA index and decrease LDL-cholesterol 
(Table 4). After combining these associated factors in a multivariate logistic regression 
analyses only a decrease in HOMA-IR index remained significantly associated with a decrease 
in serum AST; a decrease in 1 point of HOMA-IR index resulted in a 1.4 U/L (95% CI 0.36 to 
2.46) decrease in AST.

The linear regression model for change in transaminases and HOMA index had a R-Square 
value of 0.06 and 0.05 for ALT and AST, respectively. This means that change in HOMA only 
explained 5 to 6 % of the observed changes in serum transaminases.

DISCUSSION

This study shows the efficacy of a 6 months lifestyle program on NAFLD in a large unselected 
cohort of severely obese children. Steatosis, serum ALT and serum AST normalized in 
respectively 62%, 57% and 68% of the participants who completed the program. Furthermore, 
this study establishes that improvement in insulin sensitivity is the parameter most strongly 
associated with improvement in NAFLD achieved by lifestyle intervention.

The study population was identified by screening children referred to a tertiary obesity 
centre for the presence of NAFLD. This study population is therefore not comparable to other 
paediatric studies that recruited children referred to tertiary GE centres mostly for evaluation 
of elevated transaminases 8,11,13,20-22 or children selected based on insulin resistance.13, 24 
Comparing paediatric studies with a similar selection of patients, we have found a similar 
efficacy of lifestyle intervention: normalization of ultrasonography determined steatosis 
occurred in 50%-89%.9,10,12,23 , mean ALT decreased 10 U/L (95% CI -14 to -6) and mean AST 
decreased 5 U/L (95% CI -7 to -3).23 Taken together these studies show that the current 
standard of care is at best moderately effective for NAFLD in children. Therefore studies into 
more effective lifestyle and/or drug interventions are of paramount importance. At present 
there is a lack of randomized controlled trials comparing lifestyle and/or drug interventions.7

The correlation between NAFLD and insulin resistance has been well established in 
children in a cross sectional studies.2,3,25,26 Insulin resistance is considered one of the main 
pathophysiological mechanisms in NAFLD by increasing lipolysis in visceral adipose tissue and 
thus increasing the influx of free fatty acids into the liver. However, few studies have looked at 
the correlation between change in NAFLD during treatment and change in insulin resistance 
and other clinical parameters. Moreover, these few studies usually only determined univariate 
correlations.9,11 In this study multivariate regression analyses was performed to determine 
the association between change in NAFLD and baseline or changes in several basic clinical 
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and biochemical parameters. In all three models of NAFLD (US determined steatosis, ALT, 
AST) improvement in insulin resistance is identified as the parameter independently related 
to improvement in NAFLD. Change in BMI z-score was not significant in multivariate analysis 
in all three models. Nobili et al. using multivariate analysis also found that change in fasting 
insulin was an independent predictor of change in ALT in their control group of children 
only treated by lifestyle intervention.20 In contrast Reinehr et al. did not find a significant 
correlation between change in transaminases and HOMA in children treated by lifestyle 
intervention.23 The latter study only used univariate analyses. In adults a correlation between 
improvement in NAFLD and fasting glucose has also been established.27

This study establishes a clear link between improvement in insulin resistance and improvement 
in NAFLD during lifestyle intervention. And although it has not been established whether 
insulin resistance is cause or consequence of NAFLD, this finding supports studies into lifestyle 
and drug interventions targeted at insulin resistance in children with NAFLD. Recently, it was 
shown that increasing physical activity alone can improve NAFLD independent of weight 
changes in adults and children. A possibly mechanism could be the positive effect of exercise 
on peripheral and hepatic insulin sensitivity.28,29,30 Drugs that improve insulin sensitivity have 
only been studied in open label, uncontrolled studies in children.7 A paediatric, randomized 
controlled trial with metformin as a monotherapy in NAFLD is now underway (ClinicalTrials. 
gov Identifier: NCT00063635). Thiazolidinediones, such as pioglitazone and rosiglitazone, 
have not been studied in children, data in adults are limited and an beneficial effect has not 
been well established.7,31 

It should be noted however that HOMA only explains 6% of the change in ALT and 5% of the 
change in AST in this study. Thus, other factors not included in this study are related to the 
observed change in transaminases. In order to identify other factors related to improvement 
in NAFLD, larger studies including more associated factors (e.g. genetic) are needed.

Limitation of almost all studies on NAFLD in children, including this study, is the inaccuracy 
of the tools used to detect NAFLD. Ultrasonography can not detect subtle (changes in) 
liver steatosis.32-34 Moreover, it is operator dependent which is underscored by the only 
moderate intraobserver agreement in this study. Serum transaminases and gamma glutamyl 
transpeptidase have been found to be the clinical variables correlating best with histological 
NASH in children, however they can not replace histology.25 We assume however, given the 
relatively large sample size and longitudinal follow-up, that the changes in these parameters 
represent changes in NAFLD. In the multivariate analysis we used change in serum ALT and 
AST as a continuous variable thus also including those with transaminases within the normal 
range at baseline. The upper limits of transaminases are arbitrary and debated and it has 
been shown that transaminases within the normal range decrease related to interventions in 
those with NAFLD.36 Therefore the change in ALT and AST within the normal range in this large 
cohort can be considered a treatment effect on NAFLD. The use of more accurate modalities 
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to detect steatosis and inflammation/fibrosis, like MR imaging, MR proton-spectroscopy and/
or histology, in future studies would possibly allow to identify other significant biochemical or 
anthropometric parameters that relate to change in NAFLD. 

Although patients were partially treated in an inpatient and outpatient setting comparison 
of these treatments was not possible in this cohort because patients were not randomly 
assigned to either program. Patients treated in an inpatient setting had a longer duration of 
obesity, significantly higher BMI-z score and higher waist circumference (data not shown). 
In multivariate analysis patient setting was found not to be significantly associated with 
response to therapy. Including patient setting in the multivariate analysis until the end did 
not alter the results. 

In this study the prevalence of steatosis and elevated ALT at baseline was higher in the 28 
children that did not have end point measurements compared to those that had end point 
measurements. There is no theoretical ground to assume that children with steatosis and 
elevated ALT are more likely not to complete a lifestyle intervention program. In two other 
studies describing drop-out, such difference was not observed.20,23  We therefore assume that 
this difference is based on coincidence.

This study shows a moderate efficacy of lifestyle intervention on NAFLD in a well defined 
cohort of severely obese children. Improvement in insulin resistance is identified as the clinical 
parameter most strongly associated with improvement in NAFLD. Future studies should focus 
on identifying more factors related to successful treatment of NAFLD and exploring lifestyle 
and drug interventions based on these factors.
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ABStrACt

Background	&	aims
Lifestyle intervention is the only established therapy for non-alcoholic fatty liver disease 
(NAFLD). The optimal treatment schedule and predictors of response of this treatment have 
not been established in children. In addition, therapy resistant severely obese children are 
rarely studied. We aimed to evaluate the two-year efficacy of an inpatient versus ambulatory 
intensive lifestyle intervention for treating NAFLD in therapy resistant severely obese children.

Methods
A cohort study of 51 severely obese non-diabetic children (mean age 14.7 (±2.4) years; BMI 
z-score 3.5 (±0.5)) with liver steatosis were non-randomly allocated to 6 months of inpatient or 
ambulatory treatment in a tertairy obesity centre or usual care. Proton Magnetic Resonance 
Spectroscopy determined liver steatosis and serum ALT were the primary outcome measures. 
Baseline variables were evaluated as predictors of treatment response.

results
Liver fat content normalized in 43%, 29% and 22% and serum ALT normalized in 41%, 33% 
and 6% at the end of 6 months inpatient, ambulatory or usual care treatment, respectively. 
Only the proportions of ALT normalisation in inpatient and ambulatory treatment compared 
to usual care treatment were significantly higher. However, this study was inadequately 
powered to detect all clinically relevant differences. Treatment effects of inpatient and 
ambulatory treatment were sustained at 1.5 years follow-up. No baseline characteristic, 
including PNPLA3 polymorfism or leptin, was consistently predictive for treatment response. 

Conclusions
A 6-months intensive inpatient and ambulatory lifestyle treatment in severely obese children 
reverses NAFLD in a minority of patients. This study suggests that inpatient compared to 
ambulatory intensive treatment only slightly increases treatment success. Further efforts 
to optimize and individualize lifestyle interventions and additional treatments options are 
needed particular for severely obese children resistant to conventional lifestyle interventions.
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INtrODUCtION

Non-alcoholic fatty liver disease (NAFLD) is a frequent complication of obesity. Parallel with 
the epidemic in obesity, NAFLD has become the most common chronic liver disease in children 
and adults in the industrialized world. 1 The reported incidence varies from 22% in obese 
school-based population up to 52% in those referred to obesity centres. 2,3 The spectrum of 
NAFLD ranges from simple steatosis, to steatohepatitis, to fibrosis and cirrhosis. Significant 
fibrosis and even cirrhosis can already develop in childhood (Feldstein 2009). Furthermore, 
although not established in children, studies strongly suggest that NAFLD in adults is an 
independent risk factor for diabetes type 2 and cardiovascular disease. 4

At present lifestyle intervention remains the only established therapy for NAFLD. No 
pharmacological intervention has been approved for NAFLD. 5,6 However, no guidelines exist 
on the most beneficial type of lifestyle intervention. No paediatric and only a few adult studies 
compare different lifestyle interventions for NAFLD. 7,8 In addition, few studies evaluate the 
effect in severely obese children who generally are more therapy resistant in weight loss 
programs. 9

We aimed to evaluate the two-year efficacy of an intensive lifestyle intervention in an obesity 
institute for treating NAFLD in therapy resistant severely obese non-diabetic children. In a 
nonrandomized study intensive inpatient treatment was compared to ambulatory treatment 
and usual care. In addition, we analysed the parameters associated with response to the 
lifestyle intervention. 

MethODS

Population
Children and adolescents referred to a tertiary Dutch obesity centre between February 2008 
and December 2010 were eligible. These children were mostly referred by paediatricians 
and had failed to respond to previous lifestyle interventions. All children were screened for 
NAFLD using Proton Magnetic Resonance Spectroscopy (1H-MRS). Inclusion criteria were age 
from 8 to 18 years, liver steatosis (‘steatosis’) at 1H-MRS and primary obesity (Body Mass 
Index adjusted for age (“BMI-for-age”) > 35 kg/m2) or primary obesity (BMI-for-age > 30 
kg/m2) together with obesity related co-morbidity. Exclusion criteria were concomitant liver 
disease, diabetes, (past) use of steatogenic medication or oral anti-diabetic drugs, alcohol use 
≥ 7 units/week, history of jejunal-ileal surgery or parenteral feeding and contra-indications 
for MR scanning (magnetic or radiofrequency sensitive implants or claustrophobia). Each 
participant and/or its guardian provided written informed consent.
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treatment
Although not initiated as a comparative study, the intensive lifestyle treatment offered in 
the obesity institute, changed during the inclusion period. Therefore children were treated 
according to four different treatments schedules as depicted in figure 1: 1) a long inpatient 
setting (six months of inpatient treatment on working days and follow-up consisting 
of six monthly return visits of 2 days); 2) a short inpatient setting (2 months of inpatient 
treatment on working days followed by 4 months of biweekly return visits of 2 days, and 
follow-up consisting of six monthly return visits of 2 days); 3) an ambulatory setting (12 days 
of ambulatory visits at increasing time-intervals over a six-month period with homework 
assignments, follow-up consisted of ambulatory visits 6 weeks and 3, 6, 9, 12 months after 
the end of treatment) or 4) home-based usual care (continuation of the care participants 
were receiving in their local setting).

Figure	1.	Treatment schedules for inpatient, ambulatory and usual care group

 

Children were randomly allocated to the long inpatient treatment, short inpatient treatment 
or usual care as part of a randomized controlled trial evaluating the effect of this program 
on body mass that started September 2009. 10 Those receiving usual care were subsequently 
offered inpatient treatment. All children referred to the obesity centre outside the inclusion 
period of this RCT were treated in the ambulatory setting. 
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Extensive details on the content of inpatient treatment were previously reported.10 The 
ambulatory program is described in detail in a previous study from our centre.11 In short, 
during hospitalization in the inpatient program exercise was scheduled four days per week 
(30-60 min each) for participants, and nutrition and behaviour modification sessions once 
per week (60 min each) for participants and their caregivers. During the subsequent 2-day 
return visits 2 exercise sessions and 3 to 5 nutrition and behaviour modification sessions 
were planned.  In the ambulatory program each visit consisted of exercise (60 minutes), an 
educational program for one hour, and a nutritional-education session for half an hour. In 
addition, children and caregivers were encouraged to exercise at home on three days per 
week to reduce sedentary behaviour. 

The standardized exercise sessions consisted of high-intensity aerobic exercise (indoor, 
outdoor, and swimming activities) in groups. Nutrition modification therapy was given using a 
non-diet approach and focused on the quality of the dietary intake and on trying to establish 
a controlled, yet flexible, eating behaviour. Behaviour modification therapy was given and 
consisted of coping skills training focusing on self-regulation, self-awareness, goal setting and 
stimulus control. In addition caregivers were educated separately in three one hour sessions 
on food preparation, implementing physical activity in the family’s routine and motivating 
their child to change their habits).

Sessions were followed in groups of 9-10 children but individual sessions were organized 
as needed.  Physical education teachers, a dietician and a child psychologist facilitated 
the program. The content of the nutrition classes, behavioural modification classes and 
homework assignments for children, and parents/caretakers were the same for the inpatient 
and ambulatory setting. 

Measurements
Children were evaluated at the start of treatment, at the end of 6 months treatment and 
at 24 months. At these time points, anthropometry (length, weight, waist circumference 
(waist) and blood pressure), blood sampling (serum alanine aminotransferase (ALT), insulin, 
glucose, lipids) and 1H-MRS scanning to determine liver steatosis were performed. The age 
adjusted BMI standard deviation score, the BMI-z-score, was calculated from weight and 
length measurement.12 Fasted insulin and glucose were used to calculate Homeostatic Model 
Assessment (HOMA-IR).13 Details on these measurements were previously reported.14

1H-MRS determined liver steatosis and serum ALT were the primary outcome measures in 
this study. Treatment success was defined as absence of steatosis and/or normal ALT levels.  
Liver steatosis was defined as >1.8% absolute mass concentration of liver fat measured with 
1H-MRS. This cut-off has been shown to correspond with >5% fat containing hepatocytes on 



104|

liver histology in a validation study which showed an excellent linear correlation and accuracy 
of the MRI setting in our hospital. 15

In this study we report corresponding degree of histological steatosis calculated from the 
1H-MRS measurement. For ALT the upper limit of normal was defined at 25.8 U/L (boys) and 
22.1 U/L (girls), which is the reported 95th percentile levels in healthy weight, metabolically 
normal, liver disease-free paediatric participants from the National Health and Nutrition 
Examination Survey (NHANES). 16

In addition to the measurements mentioned above, at baseline and at 6 months a modified 
shuttle test was performed to assess aerobic fitness in all except those in the usual care 
group. This test is adapted from the 20-meter shuttle running test but with slower increments 
in speed and therefore more fitted for obese subjects to reach maximal cardiorespiratory 
performance. It has been shown to correlate well with peak oxygen uptake during maximal 
exercise cycle test, the reference standard for measuring aerobic fitness.17

At baseline, also single nucleotide polymorphism in the rs738409 region of the patatin-like 
phospholipase domain-containing protein-3 (‘adiponutrin’) gene (PNPLA3 SNP) and leptin 
were determined. Both PNPLA3 SNP and baseline serum leptin levels have been shown 
to correlate with the effect of lifestyle intervention. 18,19 These parameters were therefore 
included as a possible predictor of treatment success.

Finally, to exclude the presence of diabetes mellitus type an oral glucose tolerance test was 
performed. Also hepatitis B and C, autoimmune hepatitis, alpha-1 antitrypsin deficiency, 
abetalipoproteinemia, haemochromatosis and Wilson disease were excluded using the 
appropriate diagnostic tests. 

Statistical	analysis
We analysed the two different inpatient treatments as one group as these programs were 
highly distinct from the ambulatory treatment program and usual care and the number of 
participants having NAFLD did not allow comparison between the long and short inpatient 
treatment. Patient numbers in each treatment arm were insufficient to detect all clinically 
relevant differences between treatments; this study was therefore mainly explorative. 
Children missing end of treatment measurements at 6 months were excluded from the 
analysis. Descriptive results were expressed using standard descriptive statistics. The effect 
of the intervention on NAFLD was analysed using McNemar’s test for paired categorical data 
and χ2 or Fisher’s exact test for independent categorical data, as appropriate. Changes in 
continuous variables were analysed using paired Student t-test. Statistical significance was 
set at p<0.05.
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Using analysis of covariance (ANCOVA) we evaluated whether baseline variables predicted 
changes in both liver fat content and ALT during 6 months treatment. In this regression 
analysis baseline liver fat contents or ALT were included as covariates. In addition, in a 
pathophysiological approach, using linear regression analysis we evaluated the degree in 
which, improvement in BMI z-score, HOMA and aerobic fitness during treatment explained 
the observed change in steatosis and ALT. For all these analyses liver fat content and serum 
ALT were analysed as continuous variables and inpatient and ambulatory treatment were 
analysed as one group to increase discriminative power. Normal distribution of the dependent 
variables was obtained using log transformation. All parameters with p<0.10 in univariate 
analysis were included in multivariate analysis. Effect modification for treatment setting, age 
and sex was assessed.

reSULtS

Participant flow is shown in figure 2. Children were derived form a cohort of 119 children 
initially screened for NAFLD, characteristics of this cohort were previously published.14 One 
patient with NAFLD identified in that study was not included in this study as an organic cause 
of obesity was diagnosed after inclusion.

The baseline characteristics of the three treatment groups are shown in Table 1. Patients 
were not significantly different, except for a slightly higher diastolic blood pressure and lower 
HDL-cholesterol in the inpatient compared to the ambulatory group. Five of the 55 children 
(9%) were excluded because no end of treatment measurement was obtained. At 24 months 
additionally 7 (11%) children were lost in follow-up. The baseline characteristics (age sex BMI 
z-score, steatosis and ALT) of those excluded at 6 months and lost at follow-up at 24 months 
were not different from those who completed these time-points (data not shown).
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Figure	2.	 Study population flow

effect	of	treatment
As shown in figure 3, after 6 months of treatment, liver fat content had normalized in 43% 
(95% CI 26-63%), 29% (95% CI 14-50%) and 22% (95% CI 9-45%) of those in the inpatient, 
ambulatory and usual care group, respectively. Simultaneously, ALT normalized in 41 (95% CI 
23-61%), 33% (95% CI 17-54%) and 6% (95% CI 1-30%), respectively (figure 4). Improvement 
at end of the treatment was significant in all groups except for proportion of ALT normalization 
in the usual care group. Comparing among treatment groups, only the proportion of ALT 
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normalization at the end of 6 months inpatient and ambulatory treatment compared to usual 
care were significant higher (p=0.005 and p=0.002, respectively). At the end of follow up at 
24 months, treatment effects were maintained in the inpatient and ambulatory group, except 
for a small decrease in the proportion of normalized ALT in the inpatient group.  At the end 
of follow-up, steatosis or elevated ALT where noted in four patients (three inpatient and one 
ambulatory treatment) who had normal values at the end of treatment.

table	1.	Baseline characteristics of treatment groups.

Inpatient	treatment
(n=23)

Ambulatory	treatment
(n=21)

Usual		care
(n=18)

Age (years) 14.9(± 2.5) 14.4(± 2.1) 14.7(± 2.4)
Gender (% ♂) 10 (44%) 13 (61%) 10 (56%)
Ethnicitya

   - Caucasian
   - Middle-east
   - Other

13 (56%)
6 (26%)
4 (17%)

16 (76%)
3 (14%)
2 (10%)

9 (50%)
5 (28%)
4 (22%)

Puberty stageb

   - prepubertal
   - pubertal 
   - postpubertal

3 (13%)
7 (31%)

13 (56%)

2 (11%)
8 (38%)

11 (52%)

0 (0%)
8 (44%)

10 (56%)
PNPLA-3 SNP
   - CC 
   - CG 
   - GG

12 (52%)
3 (13%)
8 (35%)

6 (29%)
9 (42%)
6 (29%)

 
7 (39%)
5 (28%)
6 (33%)

BMI-z-score 3.6 (± 0.5) 3.5 (± 0.5) 3.3 (± 0.7)
Waist circumference (cm) 113.4 (±14.3) 106.2 (±13.2) 105.2 (±13.7)
Shuttle run (metres) 690 (±185) 707 (±150) NA
Liver steatosis (%)c 13.3 (8.3-28.6) 15.4 (9.5-27.9) 15.8 (9.8-30.7)
ALT (IU/L) 43 (33-60) 36 (26-48) 37 (25-47)
GGT (IU/L)  23 (18-30)  25 (21-28) 24 (17-31)
HOMA-IR 4.0 (± 2.4) 4.5 (± 1.7) 4.7 (± 3.6)
HDL-cholesterol (mmol/L) 1.03 (± 0.24) 1.19 (± 0.29)* 1.09 (± 0.36)
LDL-cholesterol (mmol/L) 2.4 (± 0.6) 2.7 (± 0.6) 2.4 (± 0.6)
Diastolic BP (mmHg) 85 (± 12) 78  (± 8)** 83 (± 14)
Systolic BP (mmHg) 126 (± 16) 120 (± 14) 127 (± 15)

Values are given as mean (±SD), range (25-75th percentile) and number (%), as appropriate.   * Significant 
higher in comparison to inpatient treatment group value p= 0.05. ** Significant lower in comparison to 
inpatient treatment group value p= 0.02. a ‘‘Middle-East’’ included mainly Turkish nationality. ‘‘Other 
ethnicity’’ included African, East Asian, Hispanic.
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Figure	3.	Proportion of steatosis in different treatment groups at baseline, end of treatment (6 months) 
and follow-up (24 months). * significant change compared to baseline.

Figure	 4.	Proportion of elevated ALT in different treatment groups at baseline, end of treatment (6 
months) and follow-up (24 months).  * significant change compared to baseline.
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As shown in Table 2, the improvement in other obesity related anthropometric and 
biochemical parameters at T6 and T24 months compared to baseline was limited in all 
groups. Improvement was most pronounced in the inpatient group, however BMI z-score in 
this group still only improved 0.37 points at the end of treatment. Serum lipids and systolic 
blood pressure did not significantly improve in any group and any time point. Diastolic 
blood pressure dropped significantly in inpatient and ambulatory group at 6 and 24 months 
compared to baseline (data not shown).

table	2. Change in health outcome per group compared to baseline.

Inpatient	
treatment
(n=23)

Ambulatory	
treatment
(n=21)

Usual	
care
(n=18)

BMI-z-score   - 6 months
- 24 months

-0.37 (-0.5 to -0.2)*
-0.34 (-0.5 to -0.1)*

-0.16 (-0.3 to -0.04)*
-0.05 (-2.7 to 1.8)

0.06 (-0.01 to 0.13)
NA

HOMA-IR      - 6 month
- 24 months

-1.1 (-1.7 to -0.5)*
-0.8 (-1.5 to -0.6)* 

-0.05 (-1.0 to 0.9)
-0.7 (-1.7 to 0.4)

-1.7 (-3.1 to -0.3)*
NA

Shuttle test   
(meters)       

- 6 months
- 24 months

  221 (141 to 301)*
NA

   127 (59 to 196)*
NA

NA

Values are given as mean change (95% CI) * Significant difference in comparison to pre-treatment value.
Abbreviations: GGT, gamma-glutamyltranspeptidase; HOMA-IR, homeostasis model assessment of 
insulin resistance; 

Factors	predictive	of	response
Except for male gender that correlated with a greater decrease in ALT no other baseline 
characteristic was predictive for response to treatment (Table 3). Male gender in regression 
model had a R2 value of 0.05 for ALT, meaning that a gender only explained 5% of the observed 
changes in serum ALT. 

In a pathophysiological approach, improvement in HOMA and BMI z-score during treatment 
were univariately related to improvement in steatosis and ALT. Aerobic fitness assessed by 
modified shuttle test was not significantly correlated (Table 4). In multivariate analysis only 
a decrease in BMI z-score was related with a decrease in steatosis: a decrease of 0.1 point in 
the BMI z-score resulted in a 1.2% (95%CI 0.4 to 2) decrease in liver fat. BMI-z score explained 
19% of the variation in steatosis. BMI z-score and HOMA were both related to decrease in ALT 
in multivariate analysis. Both parameters could be combined as no collinearity was noted (r= 
0.07). A decrease of 0.1 point in the BMI z-score was associated with 1.9 (95%CI 0.2 to 3.9) 
IU/L drop in ALT and a decrease in 1 point HOMA resulted in 3.9 (95%CI 0.15 to 7.7) IU/L drop 
in ALT. Together they explained 16% of variation in ALT. No effect modification by age, gender 
or treatment setting was noted for these parameters.
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table	3.	Prediction of improvement in degree of steatosis and ALT during treatment by baseline variables.
Steatosis ALt
B*	(95%	CI) p B*	(95%	CI) p

Male 4.1 (-1.3 to 9.5) 0.13 6.9 (0.6 to 14) 0.05
Age (per year) -0.31 (-1.5 to 0.86) 0.59 -1.2 (-2.7 to 0.27) 0.11

Ethnicity
   - Caucasian
   - other 

Reference
1.3 (-4.7 to 7.4)

0.67
Reference

5.8 (-1.7 to 13)
0.13

Tanner stage**
    - pre- or pubertal 
    - postpubertal

Reference
-1.76 (-7.2 to 3.7) 0.51

Reference
-3.1 (-10 to 3.8) 0.37

BMI z-score (per point) -0.42 (-5.2 to 6) 0.88 1.2 (-0.6 to 3) 0.18
HOMA-IR (per point) 1.1 (-0.3 to 2.5) 0.12 -3.9 (-11 to 3.3) 0.28
Cardiovascular fitness 
(per 100 meter shuttle run)

-0.01 (-0.2 to 0.01) 0.46 0.01 (-0.01 to 0.03) 0.25

PNPLA-3 SNP
   - CC 
   - CG 
   - GG

Reference
-3.8 (-10 to 2.7)
-1.4 (-7.9 to 5.2)

0.63
0.67

Reference
6.1 (-2.4 to 15)
1.4 (-7.1 to 10)

0.15
0.75

Leptin (per ng/ml) 0.08 (-0.15 to 0.30) 0.49 -0.16 (-0.5 to 0.2) 0.31

* A positive B-value indicates a higher decrease in percentage of histological % of steatosis or ALT 
(IU/L) at the end of treatment. ** 3 stages based on Tanner stages: ‘prepubertal’ equals G/M1&P1; 
‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner stages. Abbreviations: HOMA-
IR, homeostasis model assessment of insulin resistance; BP, blood pressure; PNPLA-3 SNP: rs738409 
PNPLA3 gene polymorphism.

table	 4	 Correlation between improvement in degree of steatosis and ALT during treatment and 
treatment setting, change obesity and change in insulin resistance.

	Steatosis 	ALt
	B*	(95%	CI)   p 	B*	(95%	CI)   p

Ambulatory treatment** -0.8 (-6.2 to 4.6) 0.77  -6 (-13 to 1.4) 0.21
Decrease in BMI-z-score 
(per 0.1 SD)

1.2 (0.4 to 2) 0.004 1.5 (0.5 to 2.4) 0.004

Decrease HOMA-IR
(per 1.0 point)

1.80 (0.1 to 3.4) 0.04 2.1 (0.03 to 4.1) 0.05

Improvement in shuttle test
(per 100 meter shuttle run)

2.0 (-1.1 to 4.5) 0.21 2.3 (-1 to 5.6) 0.17

* A positive B-value indicates a higher decrease in histological % of steatosis or ALT (IU/L) at the end of 
treatment.  Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance. ** compared 
to inpatient treatment.
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DISCUSSION

This study explores the long-term efficacy of a 6-months inpatient versus an ambulatory 
intensive lifestyle intervention as a treatment for NAFLD in severely obese children. At two 
years follow-up sustained absence of steatosis and normalization of ALT was present in 
around 40% of those treated in inpatient setting and 30% of those in the ambulatory setting. 
No statistical differences between inpatient and ambulatory treatment were noted but this 
study was underpowered to detect differences among groups below 25%. Compared to 
usual care, inpatient and ambulatory treatment lead to significantly higher proportion of ALT 
normalization at the end of the 6 months treatment period. Differences were not significant 
for normalization of liver fat in this comparison, likely due to lack of power. As usual care was 
not continued, comparison at 24 months with this treatment was not possible.

Although limited in power this study suggests that intensive inpatient and outpatient 
treatment is more effective than usual care and that inpatient intensive treatment has a 
limited additional effect compared to ambulatory intensive treatment. Most importantly 
this study shows that even with intensive lifestyle treatment the majority of severely obese 
children do not achieve normalization of liver fat or ALT. The population in this study is specific 
because of the severity of obesity, adolescent age and previous treatments, which are factors 
well known to correlate with therapy resistance to weight loss in children.9 However, other 
lifestyle intervention studies in less therapy resistant obese children also report mediocre 
response rates ranging from 25 to 68% at the end of treatment.20-27 

As intensifying conventional lifestyle treatment seems to have a limited additional effect, 
there is a need to explore other ways to increase the efficacy of treatment for NAFLD. In 
this study we tried to identify predictive factors for response to the lifestyle treatment. 
Pre-treatment basic patients’ characteristics, PNPLA3 SNPs and serum leptin were not 
consistently correlated with improvement in liver fat and ALT. These parameters can thus 
not be used to select before treatment those that are more likely to respond to this lifestyle 
treatment. During treatment, improvement in aerobic fitness was not significantly correlated 
with improvement in liver fat and ALT. Although our study size is too small to draw firm 
conclusions, this finding suggests that in this patient group aerobic fitness is less relevant 
than weight reduction and improvement in insulin sensitivity for treatment effect. However, 
in view of the difficulty to achieve rigorous weight reduction and improvement in insulin 
resistance, it remains worthwhile to explore lifestyle interventions focusing on exercise in 
this patient group. In adults and in a small paediatric study aerobic and resistance training 
has been shown to have an effect on NAFLD independent of weight loss. 28,29 Specific dietary 
interventions, like a low carbohydrate and fructose diet, could also potentially enhance the 
effect of conventional lifestyle interventions for NAFLD.7,8,30 Drug interventions are the main 
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focus of current NAFLD research and effective drugs for NAFLD might be available in the near 
future. However, improving lifestyle treatments and identifying individual factors for success 
remains relevant as combining individually optimized lifestyle treatments with drug therapy 
rather than drug therapy alone is probably the future of NAFLD treatment.

A  strength of this study is the use of 1H-MRS, which is a highly accurate and non-invasive 
method to measure liver fat, particular as our scanners setting was validated by comparison 
with histological determined liver fat. In addition the study outcome was not a decrease, 
but normalization in liver fat content. The interpretation of normalization in ALT in our study 
is less straightforward. ALT correlates at best moderately with inflammation and fibrosis in 
paediatric studies.31,32 In a recent paediatric study, it was shown if, as in our study, the low 
paediatric ALT thresholds (25.8 U/L (boys) and 22.1 U/L (girls)) were adopted ALT did correlate 
with steatosis, fibrosis and to a lesser extent inflammation.33 Therefore, we can assume, that 
with the low threshold and longitudinal follow-up in our study, the changes in ALT represent 
changes in NAFLD at group level. 

Major limitations of our study are the small sample size per treatment group, the not fully 
randomized treatment allocation and high dropout rate. Due to small sample size, only large 
treatment differences could be statistically proven and our conclusions on effect of different 
treatments are limited. Treatment allocation was randomized between inpatient treatment 
versus usual care, but not for the ambulatory treatment group. All children referred before 
the RCT assessing inpatient treatment started were treated in the ambulatory group. During 
the whole inclusion period patient selection did not change and baseline characteristics were 
not different among groups. A learning effect of the health workers with time and higher 
motivation of those involved in RCT could have favoured inpatient treatment results. This 
would not change the conclusion that an additional effect of inpatient treatment compared 
to ambulatory treatment seems limited. The overall dropout rate (5/55 (9%) and 11/55 (20%) 
at 6 and 24 months, respectively) in our study is relatively low compared to other lifestyle 
studies with long-term follow-up.34 Baseline characteristics in our study were not different 
between those lost in follow up and those who completed treatment and/or follow-up. We 
therefore assume dropout is largely random and is unlikely to have influenced results.

In conclusion, this study shows that a 6-months intensive inpatient and ambulatory lifestyle 
treatment in severely obese children reverses NAFLD in a minority of patients. Inpatient 
intensive treatment compared to ambulatory intensive treatment seems to have only a 
slightly better treatment success. Baseline characteristics including PNPLA3 and leptin were 
not predictive for treatment response. Further efforts to optimize and individualize lifestyle 
interventions and additional treatments options are needed particular for severely obese 
adolescents that are generally resistant to conventional lifestyle interventions.
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ABStrACt

Objectives
Non-alcoholic Fatty Liver Disease (NAFLD) has been recognized as an independent risk factor 
for cardiovascular disease in adults. It has not been established whether NAFLD is related to 
early atherosclerotic changes at pediatric age.

Methods
In a cross-sectional study, 78 severely obese, non-diabetic, non-smoking children were 
evaluated for NAFLD. Proton Magnetic Resonance spectroscopy was used to detect liver 
steatosis and serum ALT was used as a surrogate marker for steatohepatitis. Carotid intima-
media thickness (CIMT) and arterial wall stiffness were measured using ultrasound. 

results
Steatosis was present in 41(53%) of subjects. Of these children, 26 out of 41(63%) had 
elevated ALT levels. No differences in CIMT and arterial wall stiffness were observed between 
those without and with steatosis and those with steatosis plus elevated ALT levels (CIMT= 
0.47 (± 0.06), 0.48 (± 0.06) and 0.48(± 0.07) mm, respectively; stiffness= 2.78 (± 0.50), 3.00 
(± 0.81) and 2.90 (± 0.78), respectively). Liver steatosis and ALT were not correlated to CIMT 
(r=-0.02 and -0.14, respectively) or arterial wall stiffness (r=0.13 and -0.11, respectively).

Conclusions
In this study, no relationship between NAFLD and early atherosclerotic changes in children 
was observed. An atherogenic effect of NASH on pediatric age and long-term atherogenic 
consequences of simple steatosis cannot be excluded based on this study.
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INtrODUCtION

In the last two decades nonalcoholic fatty liver disease (NAFLD) has emerged as the leading 
cause of liver disease in children worldwide. 1 The spectrum of NAFLD ranges from simple 
steatosis, to steatohepatitis (NASH), to fibrosis and cirrhosis. NAFLD is strongly linked with 
established cardiovascular risk factors: abdominal obesity, dyslipidemia, hypertension and 
insulin resistance/diabetes in both children and adults. Indeed, not the complications of liver 
disease, but cardiovascular events are the leading cause of death in adults with NAFLD. 2,3 A 
growing body of evidence in adults indicates that NAFLD is a risk factor for cardiovascular 
disease independent of the other conventional cardiovascular risk factors. 4-7 Suggested 
pathophysiological mechanisms through which NAFLD could cause atherogenesis are the 
release of inflammatory cytokines from the liver, disturbances in lipoprotein metabolism, 
increase in liver- and whole body insulin resistance, decrease in adiponectin, and production 
of procoagulation factors. 8

Although atherosclerosis often starts in childhood or young adulthood, it has not been 
established whether the atherosclerotic disease risk in children and adolescents with NAFLD 
is increased beyond the risks associated with the conventional cardiovascular risk factors, like 
obesity, insulin resistance, hypertension and smoking. Studies into the relation between the 
presence of NAFLD and early markers of atherosclerosis, mostly carotid vascular changes, 
show inconsistent findings in children. 9-17 Therefore the aim of this study was to investigate 
NAFLD as an independent risk factor for early atherosclerosis in a cohort of severely obese, 
non-diabetic and non-smoking children. For this aim, we used Proton Magnetic Resonance 
(1H-MR) spectroscopy determined liver fat as an accurate marker for liver steatosis (‘steatosis’) 
and in a secondary comparison in those with steatosis, we used elevated serum alanine 
aminotransferase (ALT) as a surrogate marker for NASH.

MethODS

Population
This is a cross-sectional study in children and adolescents referred to a Dutch obesity center 
between August 2008 and October 2010. Inclusion criteria were age from 8 to 18 years, 
primary obesity and a body mass index (BMI) equivalent to an adult index of ≥35 kg/m². 
Exclusion criteria were concomitant liver disease, diabetes, smoking, (past) use of steatogenic 
medication or oral anti-diabetic drugs, alcohol use ≥ 7 units/week, history of jejunal-ileal 
surgery or parenteral feeding and contra-indications for MR scanning (e.g. pacemaker or 
claustrophobia). The study was conducted according to the Declaration of Helsinki. The study 
protocol was approved by the Medical Ethics Committee of the Academic Medical Center of 
the University of Amsterdam. Each participant and/or its guardian provided written informed 
consent.
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Clinical	assessment
Anthropometric measurements were performed at the start of the lifestyle program in the 
obesity center. One of two trained pediatricians conducted anthropometric measurements 
using a standardized protocol (all blinded for all clinical information; 11-28 years of 
experience). Weight and length were measured and used to calculate the age adjusted BMI 
standard deviation score, the BMI-z-score. 18 Waist circumference was defined as the smallest 
torso circumference measured between xiphoid and umbilicus. The pubertal stages were 
determined by visual inspection, using Tanner’s criteria.19 Aerobic fitness was assessed by the 
distance ran during the modified shuttle test. 20 A positive family history for cardiovascular 
events in first or second-degree relatives and the duration of obesity as reported by the 
participants or their caretakers were recorded.

After an overnight fast venous blood was sampled for serum biochemistry studies. ALT, fat 
spectrum and high sensitive C-reactive protein (hsCRP) were measured directly after blood 
sampling using standard laboratory methods by blinded and certified laboratory staff in an 
adjacent local hospital. In those with steatosis an elevated serum ALT was used as a surrogate 
marker for steatohepatitis using a cut-off of >30 IU/L for ALT. Fasted insulin and glucose were 
used to calculate Homeostatic Model Assessment (HOMA-IR) as previously described.21 An 
oral glucose tolerance test was performed to exclude the presence of diabetes mellitus type 2. 
Hepatitis B and C, autoimmune hepatitis, alpha-1 antitrypsin deficiency, abetalipoproteinemia, 
hemochromatosis and Wilson disease were excluded using the appropriate diagnostic tests.

Proton	Magnetic	resonance	Spectroscopy
Magnetic resonance (MR) scanning was performed in the Academic Medical Center of the 
University of Amsterdam from 1 month before to 2 weeks after the start of the obesity 
program. 1H-MR spectra were acquired using a point-resolved spectroscopy sequence (TE/
TR=38/2000 ms) in a voxel of 20x20x20 mm during free breathing on a 3.0 Tesla MR system 
(Philips Healthcare, Best, The Netherlands). If body habitus did not permit scanning on this 
system, an open bore 1.0 Tesla MR scanner (Philips Healthcare, Best, The Netherlands) was 
used. The absolute mass concentration of liver fat was calculated as previously described by a 
research fellow (blinded for all clinical information; 3 years of experience) under supervision 
of an experienced MR physicist (blinded for all clinical information; 8 years of experience). 22 
Presence of hepatic steatosis was defined as greater than 1.8% liver fat mass concentration 
measured with 1H-MR spectroscopy. This cut-off has been validated to correspond with 
greater than 5% fat containing hepatocytes at liver histology, respectively 23.
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Carotid	ultrasound	measurements	
To assess carotid intima-media thickness (CIMT) and arterial wall stiffness, ultrasound 
scans were performed by a single trained and certified sonographer (blinded for all clinical 
information; 17 years of experience). An Acuson Aspen (Siemens Medical Solutions, 
Erlangen, Germany) equipped with a linear-array ultrasound transducer (L7, 5–12 MHz) 
was used. Instrument application and scanning protocols were standardized as extensively 
described previously. 24 For CIMT measurements, in each subject three arterial segments of 
the right and left common carotid, carotid bulb and internal carotid were scanned. Of each 
of the segments scanned, a high-resolution image in the diastole of the artery was saved as 
a DICOM (Digital Imaging and Communications in Medicine) still image. CIMT was defined as 
the distance between the lumen-intima and media-adventitia interfaces of the far arterial 
wall. To assess carotid wall stiffness, bilaterally M-mode traces of the distal common carotid 
arterial lumen for at least two cardiac cycles were obtained and saved as a DICOM still image. 

For image analyses eTRACK software (Vascular Imaging and Department of Physiology, AMC, 
Amsterdam, the Netherlands) was used. Image analyses were done by a single certified 
ultrasound analyst (blinded, 8 years of experience). The ultrasound outcome was the per 
subject mean carotid IMT of the six carotid arterial wall segments. The arterial wall stiffness 
was considered a secondary endpoint and was calculated as the natural logarithm of the 
follow formula [SBP/DBP])/(ΔD/D). Abbreviations: SBP, systolic blood pressure; DBP, diastolic 
blood pressure; D, arterial diastolic diameter; ΔD, change in arterial diameter), as previously 
described. 25

To assess intra-sonographer reproducibility, repeat scans were assessed in 19 subjects. The 
observed mean absolute difference of the primary carotid ultrasound endpoint, mean CIMT, 
was 0.072 mm and far within the predefined intra-sonographer quality control limits of 
0.10 mm. The noninvasive ultrasound measurement of CIMT is a reproducible method well 
correlated to histology and is predictive of myocardial infarct and stroke in adults. 26

Statistics
Results were expressed using standard descriptive statistics. Differences between groups were 
determined using chi-square analyses for categorical variables and t–tests for continuous 
variables. For comparing non-normal distributed continuous variables, log transformation 
was performed to obtain normality. In addition, correlation coefficients between degree of 
steatosis and CIMT/stiffness and serum ALT levels and CIMT/stiffness were calculated using 
Pearson Correlation. The independence of an observed effect of steatosis or ALT on CIMT or 
stiffness would subsequently be evaluated using regression analysis including conventional 
atherosclerotic risk factors as co-variables.
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We aimed to include at least 35 study subjects in the group of the primary comparison of 
those with steatosis versus no steatosis. Based on previous carotid ultrasound studies in this 
age group, we expect the SD of CIMT measurements to be 0.05 mm. Assuming a two-sided 
α of 0.05 and a β of 0.2 (a power of 80%), we may observe a clinically relevant difference of 
0.035 mm in CIMT between groups. All analyses were performed with PASW Statistics 18; 
SPSS inc. Chicago, IL, USA.

reSULtS

Population
Out of 97 eligible subjects, 78 severely obese children and adolescents were included. Three 
subjects could not be included because no informed consent was obtained, one subject 
withdrew before study procedures were finished and fifteen patients met exclusion criteria: 
smoking (n=10), past use of steatogenic or oral antidiabetic drugs (n=3), alcohol use ≥ 7 units 
per week (n=1) and magnetic sensitive implant (n=1). 

Characteristics of the 78 included subjects are depicted in Table 1. Forty-three percent were 
male, the average age was 14.3 ± 2.2 years and the mean BMI z-score 3.38 ± 0.34. 1H-MRS and 
carotid ultrasound measurements were successful in all. As expected, those with steatosis 
had higher BMI-z-score and waist circumference, more insulin resistance and higher serum 
ALT levels.  ALT was elevated in 25 (61%) of those with steatosis.

As shown in figure 1, CIMT was not different between subjects without steatosis versus those 
with steatosis or steatosis plus elevated ALT (0.47(±0.06) vs 0.48(±0.06) and 0.48(± 0.07) 
mm, p=0.61 and p=0.59, respectively). Also, arterial wall stiffness was not different between 
subjects without steatosis versus those with steatosis or steatosis plus elevated ALT  (2.78 
(±0.50) vs 3.00 (±0.81) and 2.90 (±0.78); p=0.18 and p=0.59, respectively) (Fig 2). 

No significant correlation was found between the (log transformed) degree of steatosis and 
CIMT or arterial wall stiffness (r= - 0.02, p=0.89 and r = 0.13, p=0.26; respectively). No significant 
correlation was observed in those with steatosis between the level of (log transformed) ALT 
and CIMT or arterial wall stiffness. (r= -0.14, p= 0.44 and r= -0.11, p= 0.55; respectively). 
In multivariate linear regression analysis, subsequently combining degree of steatosis and 
ALT with other cardiovascular risk factors (age, BMI-z-score, waist circumference, insulin 
resistance, LDL-/HDL-cholesterol, blood pressure, gender and pubertal stage), using multiple 
models to prevent collinearity and overfitting, did not increase their correlation coefficient 
with CIMT or arterial wall stiffness.
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table	1.	Main characteristics of the participants.
All	
n=78

No	Steatosis
n=37

Steatosis	
n=41

p-value

Age, yrs 14.3 (± 2.2) 13.8 (± 1.8) 14.7 (± 2.4) 0.07
Gender, male 33 (42%) 13 (35%) 20 (59%) 0.23
Ethnicity*

   - European
   - Middle-East 
   - Other
Family history CVD†

60 (77%)
12 (15%)
6 (8%)
44 (56%)

29 (78%)
6 (16%)
2 (6%)
25 (67%)

31 (75%)
6 (15%)
4 (10%)
19 (46%)

0.77**

0.49
Duration obesity, 
years

7.5 (4) 6.5 (4) 9 (5) 0.70

Anthropometry:
Puberty stage‡

   - prepubertal
   - pubertal
   - postpubertal

7 (9%)
39 (51%)
30 (40%)

4 (11%)
20 (56%)
12 (33%)

3 (7%)
19 (48%)
18 (45%)

0.30††

BMI-z-score 3.38 (± 0.34) 3.20 (± 0.29) 3.52 (± 0.34) <0.001
Waist, cm 105.4 (± 13.2) 100.2 (± 11.8) 110.1 (± 12.9) 0.001
Diastolic BP, mmHg 80 (± 10) 77 (± 7) 83 (±11) 0.12
Systolic BP, mmHg 123 (± 14) 120 (± 11) 125 (± 15) 0.14
10-min shuttle run, 
metres

680 (320) 690 (310) 665 (378) 0.60

Biochemistry:
ALT (IU/L) 29 (21) 26 (16) 35 (23) 0.003
ALT > 30 IU/L 42 (53%) 12 (32%) 25 (61%) 0.012
hsCRP (mg/L) 3.0 (3.5) 3.0 (2.8) 3.0 (6) 0.98
HOMA-IR 3.3 (3.1) 2.4 (2.1) 4.33 (3.5) <0.001
HDL-cholesterol, 
mmol/L

1.08 (± 0.26) 1.04 (0.22) 1.12 (± 0.28) 0.17

LDL-cholesterol, 
mmol/L

2.57 (± 0.72) 2.54 (0.81) 2.6 (± 0.65) 0.68

Liver	1h-Mr	spectroscopy
Steatosis, %§ 5.4 (2.7) 2.6 (1.2) 14.3 (7.0) <0.001

Legend: Values are given as mean (± SD), median (Interquartile Range) or number (%) as appropriate.
Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood pressure. * 
‘Middle-East’ included mainly Turkish nationality. †Family history positive if 1th or 2th degree relative 
has suffered a cardiovascular event. ‡Three stages based on Tanner stages: ‘prepubertal’ equals G/
M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner stages. §Histological % of 
steatosis is depicted as recalculated from the MR determined % of steatosis (see Methods section). 
**Comparing European vs Non-European descent. ††Comparing prepubertal/pubertal vs postpubertal. 
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Figure	 1.	Carotid intima-media thickness (CIMT) in those with no steatosis, with steatosis and with 
steatosis plus elevated ALT

Legend: Box-plots give the median value (black line), 25th and 75th percentiles (lower and upper limits 
of the box) and lower and upper adjacent values (whiskers).
* comparison steatosis versus no steatosis p=0.61
** comparison steatosis plus elevated ALT versus no steatosis p=0.59

Figure	2. Carotid arterial wall stiffness in those with no steatosis, with steatosis and with steatosis plus 

elevated ALT

Legend: Box-plots give the median value (black line), 25th and 75th percentiles (lower and upper limits 
of the box) and lower and upper adjacent values (whiskers).
* comparison steatosis versus no steatosis p=0.18
** comparison steatosis plus elevated ALT versus no steatosis p=0.59
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DISCUSSION

In this study we observed no early atherosclerotic changes related to steatosis in a cohort 
of severely obese children. CIMT and arterial wall stiffness were not higher in those with 
steatosis despite a worse cardiovascular disease risk profile (higher BMI, waist circumference 
and insulin resistance). The subgroup of those with steatosis plus an elevated serum ALT, a 
surrogate marker for NASH, had no higher CIMT or arterial wall stiffness. The observed very 
low correlation coefficients between these parameters confirm the lack of relation between 
steatosis or ALT and early atherosclerotic changes in this cohort. 

Previous studies examining the correlation between NAFLD and early signs of atherosclerosis 
have found conflicting results. Most studies only investigated CIMT as a marker of early 
atherosclerotic changes. Five studies found increased CIMT in those with liver steatosis 9-13 
while in four studies no relation was found with CIMT 14-16 or arterial wall stiffness. Most of 
these studies have major methodological shortcomings; particularly the use of inaccurate 
diagnostic tools (mainly ultrasound) to diagnose NAFLD. 9-12,16,17 In obese children ultrasound 
has been shown to have an acceptable sensitivity (85%), but a poor specificity (55%) for 
detecting NAFLD. Therefore, these studies could have included a substantial number of 
particularly false positive cases. 27 In addition, most studies do not correct for all important 
cardiovascular risk factors, like insulin resistance 10,11, gender 28, pubertal stage 10,15,28 and 
smoking.10,15 Finally, overfitting and collinearity, two important pitfalls in multivariate 
analyses, are often not taken into account.9,10,13 The largest study including 132 children with 
ultrasound determined NAFLD found, after rigorously correcting for other cardiometabolic 
risk factors, that increased arterial wall stiffness was not independently associated with 
NAFLD. The only study using liver histology, the reference standard to diagnose NAFLD, did 
neither find a relation with steatosis nor inflammation in the liver and CIMT. 15 The present 
study is the second and largest pediatric study that uses 1H-MR spectroscopy to diagnose 
NAFLD. 14 1H-MR spectroscopy is well established as an accurate tool to measure liver fat 
and thus diagnose NAFLD, as pathological fat accumulation is a prerequisite for all stages 
of NAFLD. 27,29 Moreover, we studied NAFLD in children not referred for liver disorders. This 
cohort is therefore more representative for the severity of NAFLD present on population 
level compared to the cohorts of children referred to tertiary liver clinics that were studied 
in most other pediatric studies. 9,10,12,13,15,16 A limitation of the present study is that 1H-MR 
spectroscopy accurately diagnoses liver steatosis, but not steatohepatitis (NASH). We used 
serum ALT as a surrogate marker of NASH in those with steatosis. This showed no relation 
with CIMT and arterial wall stiffness. However, this should be interpreted with caution as ALT 
is a poor marker of NASH, ALT levels were mostly only mildly elevated in this study and the 
analyzed group of steatosis plus ALT was underpowered to detect small absolute differences. 
Probably, most children with steatosis in this cohort had simple steatosis and no NASH. 
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Therefore, no conclusions on atherogenic effects of NASH in children can be drawn from 
this study. In adults it was found that the CIMT effect was more pronounced in NASH than in 
simple steatosis, possibly because NASH causes increased systemic inflammation. 8 Another 
limitation of this study is its cross-sectional design, therefore it cannot be established whether 
prolonged presence of NAFLD can cause atherosclerotic changes in children. In this study the 
patients’ reported median duration of obesity was 9 years in those with steatosis, however 
the duration of NAFLD in this group is unknown.

In conclusion, the present study shows no association between liver steatosis and early signs 
of atherosclerosis in children and adolescents. It therefore suggests that liver steatosis is not 
an independent risk factor for atherosclerosis at this young age. However, an atherogenic 
effect of NASH on pediatric age and long-term atherogenic consequences of NAFLD cannot 
be excluded based on this study. 
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ABStrACt

	
Introduction
Cholelithiasis is increasingly encountered in childhood and adolescence due to the rise in 
obesity. As in adults, weight loss is presumed to be an important risk factor for cholelithiasis 
in children, but this has not been studied.

Methods
In a prospective observational cohort study we evaluated the presence of gallstones in 288 
severely obese children and adolescents (mean age 14.1±2.4 years, body mass index (BMI) 
z-score 3.39±0.37) before and after participating in a 6-month lifestyle intervention program.

results
During the lifestyle intervention, 17/288 children (5.9%) developed gallstones. Gallstones 
were only observed in those losing >10% of initial body weight and the prevalence was highest 
in those losing >25% of weight. In multivariate analysis change in BMI z-score (odds ratio (OR) 
3.26 (per 0.5 s.d. decrease); 95% CI:1.60–6.65) and baseline BMI z-score (OR 2.32 (per 0.5 
s.d.); 95% CI: 1.16–4.70) were independently correlated with the development of gallstones. 
Sex, family history, OAC use, puberty and biochemistry were not predictive in this cohort. 
During post-treatment follow-up (range 0.4–7.8 years) cholecystectomy was performed in 
22% of those with cholelithiasis. No serious complications due to gallstones occurred.

Conclusion
The risk of developing gallstones in obese children and adolescents during a lifestyle 
intervention is limited and mainly related to the degree of weight loss and initial body weight.
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INtrODUCtION

The reported prevalence of gallstones in children and adolescents range from 0.13% in the 
general population studies to 1.9% in hospital-based studies.1,2 As in adults, obesity has 
been established as an important risk factor for cholelithiasis in children (8–19 years old).3, 4, 
5 Recently, two large studies have reported an increased prevalence of symptomatic gallstone 
disease related to the increased prevalence of obesity in the last two decades.4,6 Female sex, 
use of oral anticonceptives, older age and Hispanic descent have been identified as additional 
risk factors in children.4 However, no studies are available regarding the risks related to 
weight loss and lifestyle interventions in children. In this study we aimed to (1) evaluate the 
risk for development of gallstones in children participating in a lifestyle intervention and (2) 
assess the long-term rate of complications due to gallstones in these children.

MethODS

Population
In a prospective observational cohort study all children and adolescents participating in a 
Dutch tertiary centre-based lifestyle intervention program (Heideheuvel Childhood Obesity 
Centre) between November 2004 and April 2012 were evaluated for inclusion. Inclusion 
criteria for the lifestyle program were age range of 8–18 years and severe primary obesity 
(body mass index adjusted for age (BMI-for-age) >35 kg m−2) or primary obesity (BMI-for-
age >30 kg m−2) with obesity-related co-morbidity. Exclusion criteria for this study were 
haemolytic disorders, previous small bowel resection, use of parenteral nutrition, Crohn’s 
disease, cystic fibrosis, cholecystectomy or no ultrasonography at baseline. The study 
protocol was approved by the Medical Ethics Committee of the Academic Medical Centre of 
the University of Amsterdam and VU University Medical Centre.

Intervention
The lifestyle program consisted of scheduled exercise, promotion of self-initiated physical 
activities, nutrition modification therapy and behaviour modification during 6 months. 
Nutrition modification was given using a non-diet approach and focused on the quality of the 
dietary intake and eating behaviour. Behaviour modification therapy consisted of coping skills 
training focused on self-regulation, self-awareness, goal setting and stimulus control. Children 
attended the 6-month treatment period in either an outpatient setting consisting of 12 days 
of treatment with homework assignments, an inpatient program of 2 months followed by 
biweekly return visits for 4 months or treatment in an inpatient setting for 6 months. Children 
were allocated to either setting based on the availability and patients’ preference.
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Measurements
All measurements (ultrasonography, laboratory tests and physical examination) were 
obtained at the start of the lifestyle intervention program and were repeated at the end of 
the 6-months treatment period.

History taking and physical examination were performed by experienced pediatricians in the 
obesity clinic. Weight and height were measured to calculate the age-adjusted BMI standard 
deviation score, the BMI z-score. The pubertal stages were determined by visual inspection 
using Tanner’s criteria.

Blood was drawn after an overnight fast and measurements included lipid spectrum, liver 
function tests, glucose and insulin. Insulin sensitivity was calculated using the ‘Homeostasis 
Model Assessment of insulin resistance’ formula (HOMA-IR).7 Ultrasonography was 
performed by one of three experienced radiologists blinded for the clinical data in an adjacent 
local hospital.

Long-term follow-up Participants with gallstones, both at baseline and those who developed 
gallstones during the lifestyle program, were contacted in February 2013 by telephone. 
Using a questionnaire, symptoms (nausea, dyspepsia, vomiting and right upper quadrant 
abdominal pain), complications (choledocholithiasis, pancreatitis and cholecystitis) and 
treatment (cholecystectomy) related to gallstone disease were retrospectively evaluated.

Statistical	analysis
Standard descriptive statistics were used. Logistic regression analyses were performed 
to identify factors predictive of gallstone development during lifestyle intervention. All 
parameters with P<0.10 in univariate analysis were included in multivariate regression 
analyses. To prevent overfitting, parameters were combined using forward selection. Effect 
modification for sex and age on the selected parameters was studied and added to the model 
if P<0.10. Statistical analyses were performed using SPSS version 19.0 (SPSS, Chicago, IL, USA).

reSULtS	

Between November 2004 and April 2012, 407 children participated in the lifestyle intervention 
program. Twenty-six children were excluded because ultrasonography at baseline was either 
not obtained or was unsuccessful. The prevalence of gallstones at baseline was 14/381 
(3.6%). After inclusion, 93 additional children could not be analysed for the development 
of gallstones during the lifestyle intervention, because gallstones were already present 
at baseline (n=14) or ultrasonography was not performed at 6 months (n=79). Thus, 288 
children completed the study protocol. The 79 children who had no ultrasonography at 6 
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months were not significantly different for any of the baseline characteristics. All children 
with gallstones, either present at baseline or developed during the program, were included 
in the long-term follow-up for complications.

Table 1 depicts the characteristics of the 288 participants who completed the protocol, 
both at baseline and at the end of the lifestyle program. Mean weight loss was 11.9±9.9  kg 
(10.4% of mean body weight). After the 6-month lifestyle intervention program 17 out of 288 
children (5.9%) had developed gallstones.

table	1.	Baseline characteristics of study participants.
Baseline	(N	=	288) end	of	treatment	(N=288)

Patients’	characteristics
Male gender (%) 104 (36%)
Age (years) 14.1 ± 2.4 
Ethnicity 
       European 
       North African 
       African 
       Middle East 
       South East Asia 
       Latin America 
       Double ethnicity (mix of two)

191 (66.3%)
14 (4.9%)

2 (0.7%)
38 (13.2%)

4 (1.4%)
11 (3.8%)
23 (8.0%)

Positive family history for gallstones* 63 (21.9%)
Oral anticonceptive use (girls) 38/184 (20.7%)
Anthropometry
Weight (kg) 110 ± 25 98 ± 23
BMI z-score 3.39 ± 0.37 3.02 ± 0.50
Waist circumference (cm) 105.4 ± 12.9 97.2 ± 12.8
Hip circumference (cm) 121.6 ± 14.0 113.6 ± 14.4
Pubertal stage†

      Prepubertal 
      Pubertal 
      Postpubertal

17 (5.9%)
149 (51.7%)
105 (36.5%)

-

Biochemistry
Cholesterol (mmol/L) 4.08 ± 0.87 3.90 ± 0.81
HDL-cholesterol (mmol/L) 1.14 ± 0.27 1.20 ± 0.29
Triglycerides (mmol/L) 1.10 ± 0.65 0.99 ± 0.65
γ-GT (U/L) 23 ± 13 20 ± 12
ALT (U/L) 32 ± 22 23 ± 14
HOMA-IR 3.55 ± 2.21 2.98 ± 3.18

Data presented as Number (%) or Mean ± SD, as appropriate. 
* Positive family history for gallstones in first degree family members. † Three stages based on Tanner: 
‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner stages. 
Abbreviations: HDL, high-density lipoprotein; ƴ-GT, ƴ-glutamyl transpeptidase; ALT, alanine 
aminotransferase; HOMA-IR, homeostasis model assessment of insulin resistance.
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In univariate analyses for the baseline parameters, severity of obesity correlated with the 
development of gallstones during the lifestyle intervention (Table 2). No correlations with 
sex, ethnicity, family history, oral anticonceptive use, puberty or biochemistry at baseline 
were observed.

table	2. Univariate regression analysis of baseline parameters and change in clinical parameters during 
the program for the occurrence of gallstones at the end of treatment. 

Odds	ratio 95%	CI P -	value
BASeLINe	PArAMeterS
Patients’	characteristics
Female gender 1.04 0.37 – 2.90 0.94
Age (per year) 1.14 0.92 – 1.43 0.23
Non-European ethnicity 0.94 0.32 – 2.79 0.91
Positive family history for gallstones† 1.04 0.32 – 3.46 0.94
Oral anticonceptive use 0.87 0.19 – 3.97 0.86
Anthropometry	
BMI z-score (per 0.5 SD increase) 2.09 1.07 – 4.10 0.03*
Tanner stage‡

        Prepubertal à Pubertal
        Pubertal à Postpubertal

NC
1.11 0.40 – 3.08 0.84

Biochemistry
Cholesterol (per 1 mmol/L increase) 1.05 0.60 – 1.83 0.87
HDL-cholesterol (per 1 mmol/L increase) 0.82 0.13 – 5.30 0.83
Triglycerides (per 1 mmol/L increase) 1.46 0.82 – 2.59 0.20
γ-GT (per 1 U/L increase) 1.00 0.97 – 1.04 0.97
ALT (per 1 U/L increase) 1.00 0.97 – 1.02 0.73
HOMA-IR (per 1.0 point increase) 0.89 0.68 – 1.16 0.37
DIFFereNCe	IN	PArAMeterS	BetWeeN	eND	OF	treAtMeNt	AND	BASeLINe		
Anthropometry	(end	of	treatment	versus		baseline)
BMI z-score (per 0.5 SD decrease) 3.04 1.51 – 6.12 0.002*
Biochemistry (end of treatment  versus baseline)
Cholesterol (per  1 mmol/L decrease) 2.63 1.17 – 5.91 0.02*
HDL cholesterol (per 1 mmol/L decrease) 4.09 0.20 – 83.87 0.36
Triglycerides (per 1 mmol/L decrease) 1.00 0.99 – 1.00 0.15
γ-GT (per 1 U/L decrease) 0.99 0.94 – 1.04 0.62
ALT (per 1 U/L decrease) 1.00 0.97 – 1.02 0.70
HOMA-IR  (per 1.0 point decrease) 1.14 0.89 – 1.45 0.31

* Significant. † Positive family history for gallstones in first degree family members. ‡ Three stages based 
on Tanner : ‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other 
Tanner stages.
Abbreviations: NC, not calculated, because no prepubertal children developed gallstones; HDL, 
high-density lipoprotein; γ-GT, γ-glutamyl transpeptidase; ALT, alanine aminotransferase; HOMA-IR, 
homeostasis model assessment of insulin resistance.
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Evaluating the change in BMI and change in biochemical parameters during the lifestyle 
intervention program, improvement in BMI z-score was univariately correlated with a higher 
risk for developing gallstones (Table 2). Decrease in total cholesterol was the only biochemical 
parameter correlating with the development of gallstones.

In multivariate analysis change in BMI z-score (OR 3.26 (per 0.5 s.d. decrease); 95% confidence 
interval (CI): 1.60–6.65; P=0.001) and baseline BMI z-score (OR 2.32 (per 0.5 s.d. increase); 
95% CI: 1.16–4.70; P=0.018) were independently correlated with the development of 
gallstones. Decrease in total cholesterol was not independently correlated when combined 
with change in BMI z-score. No collinearity between BMI z-score and change in BMI z-score 
was observed (Pearson’s correlation coefficient 0.054). There was no confounding or effect 
modification between these two parameters. No effect modification by gender or age was 
observed.

As shown in Figure 1, none of the patients losing <10% of initial weight developed gallstones. 
The risk for the development of gallstones was the highest when losing >25% of initial weight 
(P=0.028).

Figure	1.	Percentage children with gallstones developed during lifestyle intervention compared for the 
different categories of weight loss. 
* Fisher’s exact test comparing <25% weight loss versus >25% weight loss P = 0.028  
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Long-term	follow-up
The 31 children and adolescents who had gallstones at baseline (n=14) or developed 
gallstones during treatment (n=17) were contacted by telephone in February 2013. Seven 
patients could not be traced and one refused to participate. The mean duration of follow-up 
of the 23 participants interviewed was 4.8 years (range 0.4–7.8 years).

Twelve children experienced transient symptoms possibly related to gallstone disease (nausea 
and dyspepsia). Seven children reported episodic colic pain in right upper abdomen without 
jaundice or pruritis (three children with gallstones at baseline and four who developed 
gallstones during lifestyle program). Cholecystectomy because of colic complaints was 
performed in five children (two children with gallstones at baseline and three with gallstones 
developed during the program), with subsequent disappearance of symptoms. None of the 
participants reported serious complications due to cholelithiasis.

DISCUSSION

This study is the first pediatric study prospectively analysing the risk factors for developing 
gallstones during a lifestyle intervention program. In this study, 5.9% of children developed 
gallstones during treatment. Although 5.9% can be considered a small risk, comparison to 
the baseline prevalence of gallstones in this study (3.6%) shows that weight loss substantially 
increases the chances for developing gallstones in these children. The degree of weight 
loss and severity of obesity at baseline were the only variables related with the risk of 
developing gallstones. Sex, family history for gallstones, oral anticonceptive use, puberty and 
biochemistry were not predictive in this cohort. Gallstones were only observed in children 
losing >10% of initial body weight and the prevalence was highest in those losing >25% of 
weight.

Several studies have shown that obesity and severity of obesity are risk factors for gallstones 
in children.3, 4, 5, 6 Although some studies included the number of reported previous weight 
loss attempt in their analysis, these transversal studies are unfit to accurately determine the 
risk for developing gallstones during a lifestyle intervention.3

In adults, the risk of gallstones development during obesity treatment has been studied 
prospectively, but mainly for very-low-calorie diets and bariatric surgery. The reported 
prevalence of the development of gallstones reaches 12% in adults during very-low-calorie 
diets and up to 30% in patients after bariatric surgery.8,9 One of the largest adult studies on 
very-low-calorie diets identified risk factors (higher initial BMI, higher relative BMI loss and 
higher initial triglycerides), which overlap with those observed in our cohort.10 This study, 
similar to our study, showed no gender difference in the risk for developing gallstones. A 
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higher risk in females has been reported in smaller and transversal adult studies.8 In both 
our and this very-low-calorie diet study, other established risk factors for gallstones (oral 
anticonceptive use, older age and a positive family history) did not correlate with the risk 
for gallstones during a lifestyle intervention.10 In line with our study, the largest bariatric 
surgery study in obese adults (n=586) showed that losing >25% of initial weight was the only 
prognostic feature for the development of symptomatic gallstones after bariatric surgery.11 
Age, gender and baseline BMI did not correlate with the development of gallstones in this 
study.

Speed of weight loss is considered an additional risk factor for gallstones.8 This is underscored 
by a recent study showing more symptomatic gallstones in those using a very-low-calorie 
versus a low-calorie diet.12 In our study no data on the speed of weight loss were available; 
therefore, this could not be analysed as a risk factor.

During the median 5-year follow-up of the children with gallstones, possible gallstone-
related symptoms were reported in 52% of the responding patients. Cholecystectomy for 
colic complaints was performed in 22% of patients with gallstones. In a retrospective cohort 
study of all children diagnosed with gallstones in a hospital setting, comparable percentages 
were reported: symptomatic gallstones disease in 49% and cholecystectomy in 32% during a 
median 3-year follow-up.13 Even though numbers are small, based on the absence of serious 
complications in our cohort a conservative management seems warranted in gallstones 
related to obesity and lifestyle interventions.

A limitation of this study is that few cases of gallstones were observed. Therefore, only the 
strongest correlating parameters could be identified. Another limitation is the high number 
of included children that could not be analysed due to dropout during the program. However, 
this is a limitation of most longitudinal studies in obesity.14 The high dropout in our study is 
not likely to have influenced the study results, as this group was at baseline not significantly 
different from those who completed the study. Finally, the accuracy of the follow-up data is 
disputable as the duration of follow-up was limited and it was analysed retrospectively with 
no follow-up results in 25% of patients.

CONCLUSION

The incidence of gallstones in obese children and adolescents during a lifestyle intervention 
is 5.9%. This is strongly related to the severity of obesity and the degree of weight loss. Only 
patients with >10% weight loss compared with their initial weight developed gallstones in 
our study. Follow-up data suggest that serious complications of gallstones occur infrequently, 
although cholecystectomy is performed in up to 22% of the children.
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SUMMArY,	DISCUSSION	AND	FUtUre	PerSPeCtIVeS

Concomitant with the rise of obesity, non-alcoholic fatty liver disease (NAFLD) has become 
the most prevalent liver disorder in children and adults in the Western world. Despite its high 
prevalence, knowledge on NAFLD is insufficient to provide clear guidelines for the clinical 
care of NAFLD. This thesis focuses on diagnostics, treatment and complications of NAFLD in 
children. The studies described in this thesis are based on data from severely obese children 
that were treated in the Childhood Obesity Center Heideheuvel, Hilversum, the Netherlands. 
For most studies the children were screened for NAFLD using Proton Magnetic Resonance-
spectroscopy (1H-MRS) a highly accurate, but complex, magnetic resonance (MR) technique 
to measure liver fat content. 

DIAGNOSING	NAFLD

Diagnosing NAFLD starts by determining pathological fat accumulation, liver steatosis. After 
that, further evaluation is needed to evaluate whether inflammation and/or fibrosis are 
present to distinguish between simple steatosis and non-alcoholic steatohepatitis (NASH). 

In clinical practice, ultrasonography (US) is most often used to screen for the presence of 
steatosis. The diagnostic accuracy of US has not been determined in children. In chapter	2 
we prospectively determine the diagnostic accuracy of US in 104 severely obese children 
using 1H-MRS as the reference standard. The presence of hepatic steatosis in this cohort of 
severely obese children was 46%. A positive US result accurately detected steatosis in 41 out 
of 61 children (positive predictive value 62%). A negative US result accurately excluded the 
presence of any steatosis in 31 of 38 children (negative predictive value 82%). The negative 
predictive value for excluding severe steatosis was better (95%). Based on these findings 
we conclude, that US has an acceptable accuracy to exclude the presence of steatosis in 
children with severe obesity. However, when US suggests the presence of steatosis further 
confirmation is needed. In addition, we show that the predictive value of an US result 
highly depends on the prevalence of steatosis in the target population. Clinicians should be 
aware that for an individual patient or patient groups, factors that influence the prevalence 
of hepatic steatosis (e.g. age, race, presence of components of the metabolic syndrome) 
have to be taken into consideration as these strongly influence the predictive value of US 
examination results.

Clinical and biochemical parameters can also predict the presence of steatosis. However, at 
present no individual parameter has sufficient diagnostic accuracy to be a clinically useful 
test on itself. Combining several clinical and biochemical parameters in a prediction score 
can enhance diagnostic accuracy. In chapter	3 we evaluate the diagnostic accuracy of five 
previously published prediction scores for steatosis in a cohort of 119 severely obese children 
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using 1H-MRS as the reference standard. We show that the diagnostic accuracy of these 
scores is insufficient for application in clinical practice in this patient group. Positive predictive 
values (PPV) ranged from 61 to 70% and negative predictive values (NPV) from 68 to 77%. 
Subsequently, we built a new prediction score based on our cohort using conventional and 
advanced biomarkers. This new score has only moderate diagnostic accuracy (NPV 79% and 
PPV 80%) and does not outperform US as determined in chapter	2. Therefore, we conclude 
that US is at present the most suitable tool for excluding NAFLD. New biomarkers for steatosis 
are still needed in order to improve the diagnostics of NAFLD. 

Abdominal fat, in particular the amount of visceral fat, is a more important determinant than 
total body fat for obesity-related complications. Also for NAFLD visceral fat accumulation 
is used as a clinical biomarker. An increased waist circumference has been shown to be 
predictive for the presence and severity of NAFLD.(1, 2) In chapter	4 we evaluate whether 
US determined visceral fat is more accurate for quantifying visceral fat than conventional 
waist circumference measurement using an anthropometric tape. Using visceral fat 
determined by magnetic resonance imaging (MRI) as the reference standard, we show in a 
cohort of 92 severely obese children that US and conventional waist measurement correlate 
equally with visceral fat measured by MRI. Since waist circumference measurement using 
an anthropometric tape is cheaper and easier to perform it is the preferred way to assess 
visceral obesity. In addition, we show that waist circumference defined as the narrowest 
body circumference between xiphisternum and umbilicus, correlates better with visceral 
fat quantity than the World Health Organization standard for waist measurement, midway 
between the lower margin of the last rib and the crest of the ilium.

These studies on diagnostic value of US and biopredictors show that accurate diagnosing 
or excluding NAFLD using these modalities is not possible. Although the negative predictive 
value of US (82%) is acceptable for clinical practice, still 18% of patients are inaccurately 
diagnosed as not having steatosis. Predicting presence of steatosis using these modalities 
is even more cumbersome with positive prediction scores not reaching above 70% in this 
patient group of severely obese children. 

At present we are unable to accurately screen those at risk of NAFLD and most of those affected 
by NAFLD are undiagnosed. New accurate, easily available and non-invasive diagnostic tools 
to diagnose or exclude NAFLD by detecting steatosis are needed. As we showed in chapter	3, 
US determined visceral fat is unlikely to be such a better marker for steatosis.

In research most of the effort goes to the development of non-invasive markers for 
inflammation and fibrosis to distinguish simple steatosis from NASH. Presence of inflammation 
and particularly fibrosis determine the future risk of liver related morbidity/mortality and 
general mortality. However, detection of those with NAFLD starts by accurately detecting 
steatosis. 
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Despite not being the main focus of research efforts, current developments in the field of 
imaging and biochemistry might lead to better tools for detecting steatosis in the near future. 
The newly developed Controlled Attenuation Parameter (CAP) modality incorporated in the 
Fibro Scan® device, a technique described in the introduction of this thesis, has been shown 
to have a high accuracy for detecting all grades of steatosis in small adult studies.(3-5) To date, 
studies in children are lacking. In the field of biochemical markers, emerging nonhypothesis 
driven technologies like lipidomics -proteomics - glycomics - metabolomics and microarray 
studies have the potential to generate an array of new markers.(6-8) Besides looking for 
new modalities the combination of different existing modalities, e.g. imaging together with 
biomarkers in a prediction score or diagnostic algorithm, might yield better diagnostic values 
and deserves to be explored.

treAtMeNt	OF	NAFLD

Combined lifestyle intervention including diet, physical exercise and behavioral treatment 
is the standard of care for NAFLD. Several studies have evaluated this treatment for NAFLD 
in children in different settings. In chapter	5	and chapter	6	we evaluate the efficacy of a 
6-month intensive combined lifestyle treatment program for severely obese children 
referred to the Childhood Obesity Center Heideheuvel, Hilversum, the Netherlands. Previous 
treatment attempts and severity of obesity make these children in general resistant for 
lifestyle interventions.(9) 

All children admitted to the Heideheuvel program between 2004 and 2010 were screened for 
presence of NAFLD. In chapter	5 we show in the children treated between 2004 and 2008, 
that US determined steatosis and alanine aminotransferase (ALT; threshold <30 IU/L for all) 
normalize in 60% of children. In chapter	6 we evaluate the effect of lifestyle treatment more 
accurately using 1H-MRS determined steatosis and a lower ALT threshold (25.8 IU/L (boys) 
and 22.1 IU/L (girls)) in children treated between 2008 and 2010. In addition, we compare 
intensive lifestyle treatment in an inpatient and ambulatory setting and usual care. This 
study shows that intensive lifestyle treatment in an inpatient and ambulatory setting are 
more effective than usual care. However, liver fat and ALT still only normalize in a minority of 
patients. This treatment effect sustains at 1.5-year follow-up. Inpatient intensive treatment 
compared to ambulatory intensive treatment seems to have only a slightly higher success 
rate (40% versus 30%, respectively), however the study is inadequately powered to accurately 
determine this possible difference.
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Efficacy of lifestyle treatment could be increased if those who are likely to respond to 
treatment could be identified at start of treatment. However, in chapter	6 we show that basic 
patient characteristics, PNPLA3 polymorfisms and leptin are all not useful to preselect patient 
who are more likely to respond to treatment. 

The children studied in chapter	 5 and chapter	 6, previously treated and severely obese 
adolescents, are known to be therapy resistant in lifestyle studies. However, other pediatric 
lifestyle intervention studies in less severely obese populations have also shown mediocre 
treatment results on NAFLD with treatment success ranging from 25 tot 68%. These results 
underscore the need to improve lifestyle intervention programs and look for additional 
treatment options. At present there is little data to determine the optimal diet, physical 
exercise regimen, behavioral therapy and treatment setting (inpatient, ambulatory, home 
based) for the treatment of NAFLD in both adults and children. Observational and small 
intervention studies evaluate specific dietary changes and the individual effect of aerobic 
versus resistance training on NAFLD in adults and children. These studies show that 
balancing diets towards a low carbohydrate and low fructose hypocaloric diet instead of a 
low fat hypocaloric diet and increasing focus on aerobic but also on resistance training could 
potentially increase efficacy of conventional lifestyle programs.(10-15) Our study in chapter	
6 suggests that inpatient treatment has a marginal additional effect compared to ambulatory 
treatment in severely obese adolescents. However, adequately powered studies comparing 
different patient setting and ideally also cost effectiveness are still needed. 

At present, no pharmacological treatment adds significantly to the effect of lifestyle 
intervention, except for a limited effect of vitamin E supplementation.(16, 17)  Drugs with 
different mechanisms than those previously tested are currently studied and might prove 
useful in the near future. Most promising are obeticholic acid, which acts on glucose and 
lipid metabolism through the nuclear farnesoid X receptor, probiotics which are thought 
to counteract the inflammatory and energy regulatory effects of intestinal microbiota, and 
supplementation of ω–3 polyunsaturated fatty acids, which have insulin-sensitizing actions.
(18-22)

In view of the multifactorial pathogenesis of NAFLD, as described in the introduction of 
this thesis, not single treatment modalities but multi-target combination treatment (e.g. 
combining several drugs or drugs together with lifestyle treatment) might be more effective. 
In addition, individually tailored lifestyle programs and drug therapy might be needed to 
enhance efficacy. In order to develop these, more knowledge is needed on individual 
pathogenic mechanisms and predictive factors of treatment response. Evolving insights 
in the genes influencing the pathophysiology of NAFLD but also in the genes determining 
lifestyle (impulse control, satiety and sedentary behavior) provide new potential tools to 
predict treatment response and to individually tailor treatment.
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Finally, to accurately evaluate the benefit of treatment, study end points need to be improved. 
Although sustained absence of steatosis is relevant, decreasing inflammation and fibrosis 
is more important. As (repeated) liver biopsy remains in many patient groups not feasible, 
accurate non-invasive markers are needed as study endpoints. ALT is not an accurate marker 
of inflammation and fibrosis, but also currently available more complex markers have only 
moderate accuracy to distinguish between the milder grades of inflammation and stages of 
fibrosis. As mentioned above in the section on diagnostics, new biochemical markers and 
radiological modalities for accurately measuring steatosis, inflammation and fibrosis are still 
highly demanded not only for diagnosing NAFLD, but also for evaluating treatment effect and 
follow-up studies. 

COMPLICAtIONS	OF	NAFLD	AND	LIFeStYLe	INterVeNtIONS

Cardiovascular	disease
Cardiovascular disease is the main cause of death in patients with NAFLD. Studies indicate that 
NAFLD, particular NASH, increases the risk of not only liver-related but also of cardiovascular 
morbidity and mortality in adults. In chapter	 7 we show in 78 severely obese children 
from Heideheuvel that no early signs of atherosclerosis are present in those with 1H-MRS 
determined liver steatosis or in those with 1H-MRS determined liver steatosis plus elevated 
ALT as compared to those with no steatosis. In this study, intima media thickness and wall 
stiffness of carotid artery determined by US were used as early markers of atherosclerosis. We 
conclude that no early signs of atherosclerosis are present in children with simple steatosis. 
However, since ALT is not an accurate marker for the presence of inflammation or fibrosis, 
we cannot conclude on the cardiovascular risks related to NASH in children. In addition we 
cannot preclude cardiovascular effects of long-term presence of simple steatosis.

In view of the established increased risk of cardiovascular disease of NAFLD in adults, it 
is debatable how relevant it is to prove early signs of atherosclerosis related to NAFLD in 
childhood. However, given the large burden treating obesity poses on health care, adequate 
risk stratification of obese patients is highly relevant in order to ensure that those most at 
risk of negative health effects receive the most intensive and effective treatment. Knowing 
whether the increased risk of cardiovascular disease related to NAFLD starts at childhood 
certainly increases the risk profile of children with NAFLD.
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Although our study adds to the body of evidence to answer this question, the question 
whether NAFLD, and particularly NASH, is a cardiovascular risk factor in children is still open. 
Studies report conflicting results: five studies found a relation between NAFLD and early 
signs of atherosclerosis on US, whereas in five studies, including our study, no relation was 
observed. All studies into this subject have major shortcomings. Most studies use US imaging 
and elevated ALT as inaccurate surrogate markers for steatosis and inflammation/fibrosis, 
respectively. Many studies do not adequately correct for other conventional cardiovascular 
risk factors. The small sample size of all studies, the largest study includes 132 NAFLD cases, 
does not allow detecting small differences in carotid artery properties by US between groups. 
Finally the transversal design of all studies does not allow appreciating the effect of prolonged 
presence of NAFLD. 

Performing a larger multi-center study of children with histological determined NAFLD would 
allow getting firmer answers. Finally, only a longitudinal study could determine a causal 
relation between NAFLD and cardiovascular risks in children. Initiatives are being deployed 
to form an international database of children with NAFLD. Such database would also allow 
answering other questions on the natural history and morbidity related to NAFLD.

Gallstones
In adults it has been shown that weight loss increases the risk of developing gallstones. No 
such data are available in children. In chapter	8 we evaluate the risk of gallstones in severely 
obese children treated in the Heideheuvel intensive lifestyle intervention program. Children 
treated between 2004 and 2012 were evaluated for gallstones by US before and after the 
6-month lifestyle treatment. Gallstones developed in 17 out of 288 children (3.6%). A high 
BMI at baseline and greater weight loss during treatment were correlated with a higher 
risk of developing gallstones. Gallstones were only observed in those losing >10% of initial 
body weight. Sex, family history, OAC use, puberty or lipid spectrum were not predictive. 
During post-treatment follow-up of those with gallstones for up to 7 years, a cholecystectomy 
was performed in 22%, but no serious complications (cholecystitis, choledocholithiasis, 
pancreatitis) due to gallstones occurred. 

This study shows that the risk of gallstone disease in conventional intensive life style 
programs is low in children, probably related to the limited weight loss reduction achieved. In 
addition, the complication rate of gallstones in children is low. There is no reason to consider 
prophylactic use of ursodeoxycholic acid, which has proven to help prevent gallstone in 
adults losing weight.(23) This consideration could change in treatments that are likely to have 
a higher risk of gallstones, like diets with very low fat or treatments that result in more rapid 
weight loss, like bariatric surgery.
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FINAL	CONCLUSIONS

This thesis shows the limitations of the current diagnostic and therapeutic options for NAFLD 
in children. Development of better non-invasive diagnostic tools for detecting steatosis, 
inflammation and fibrosis in NAFLD is the first step in order to achieve progress in these 
fields. These tools will allow researchers to evaluate more easily different treatments by 
obviating the need to perform a liver biopsy. Different dietary and physical exercise schedules 
can then be explored. New drugs but also combinations of previously tested drugs could be 
added to these treatments. Study subject should be extensively characterized, phenotypically 
and genetically, to best appreciate the different treatment effects in different subgroups. 
Development of markers of pathogenic mechanisms in NAFLD could help to tailor treatment 
to the individual mechanisms underlying the disease. These steps could lead to individualized 
multi-target therapy, which is probably the treatment of the future for this pathogenic 
heterogeneous disease. 

Creating databases to longitudinally follow-up patients, again using non-invasive markers to 
follow disease progression, will help us to understand the exact health risks related to NAFLD. 
Finally population studies using non-invasive markers could give new clues to the risk factors 
for the development of NAFLD. These could help guide prevention of NAFLD, a subject of 
great importance, untouched in this thesis.
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Niet-alcoholische leververvetting (non-alcoholic fatty liver disease oftewel NAFLD) is een 
veelvoorkomende complicatie van obesitas. Door de sterke toename van obesitas in de 
Westerse wereld is NAFLD in de laatste decennia de meest voorkomende leverziekte bij 
kinderen en volwassenen geworden. Ondanks de hoge prevalentie is de kennis over dit 
ziektebeeld beperkt en zijn er geen duidelijke richtlijnen over hoe deze aandoening het beste 
gediagnosticeerd en behandeld kan worden. Dit proefschrift richt zich op de diagnostiek, 
behandeling en complicaties van NAFLD bij kinderen.

De studies beschreven in dit proefschrift zijn gebaseerd op gegevens van kinderen die 
behandeld werden in Behandelcentrum Heideheuvel, een obesitas instituut gespecialiseerd 
in de behandeling van ernstig obese kinderen. In de meeste studies werden de kinderen 
gescreend op NAFLD met Proton magnetic resonance spectroscopy (1H-MRS), een zeer 
accurate en complexe magnetische resonantie (MR) techniek die beschreven wordt in  
hoofdstuk	1 van dit proefschrift.

DIAGNOStIeK	VAN	NAFLD

Het diagnosticeren van NAFLD begint met het vaststellen van pathologische vetstapeling 
(steatose) in de lever. Daarna is verdere evaluatie nodig of er ook sprake is van ontsteking 
en verlittekening (fibrose) in de lever. Bij leververvetting zonder ontsteking en fibrose 
spreekt men van ‘simpele’ steatose.  Leververvetting met ontsteking of fibrose wordt niet-
alcoholische steatohepatitis (non-alcoholic steatohepatitis oftewel NASH) genoemd. 

In de praktijk wordt echografie het meest gebruikt om te onderzoeken of er sprake is van 
steatose. De diagnostische accuratesse van echografie is bij kinderen niet vastgesteld. 
In hoofdstuk	2 wordt prospectief de accuratesse van echografie voor het detecteren van 
steatose bepaald in een groep van 104 ernstig obese kinderen waarbij 1H-MRS wordt gebruikt 
als gouden standaard. Van deze kinderen had 46% steatose gemeten met 1H-MRS. Een 
positief echografie resultaat was accuraat in 41 van de 61 kinderen (positief voorspellende 
waarde 62%). Afwezigheid van steatose bij echografie bleek accuraat in 31 van de 38 
kinderen (negatief voorspellende waarde 82%). De negatief voorspellende waarde om een 
ernstige mate van steatose uit te sluiten was beter (95%). Op basis van deze bevindingen 
concluderen we dat echografie een acceptabele accuratesse heeft om steatose uit te sluiten 
bij ernstig obese kinderen. Indien echter echografie de aanwezigheid van steatose suggereert 
is verder onderzoek nodig om dit te bevestigen. Daarnaast wordt  in hoofdstuk	2 aangetoond 
dat de voorspellende waarde van echografie sterk afhangt van de prevalentie van steatose 
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in de onderzoeksgroep. Een clinicus moet beseffen dat voor een individuele patiënt of 
patiëntengroep rekening moet worden gehouden met de factoren die de vooraf kans op 
steatose bepalen (b.v. leeftijd, ras en aanwezigheid van metabole risicofactoren). 

Naast echografie zijn er ook verschillende klinische en biochemische parameters, zogenaamde 
biomarkers, die voorspellend zijn voor de aanwezigheid van steatose. Geen enkele biomarker 
voor steatose is echter op zichzelf voldoende accuraat gebleken om als test in de klinische praktijk 
te worden toegepast. Het combineren van verschillende klinische en biochemische biomarkers 
in een formule, oftewel een risicoscore, kan resulteren in een meer accurate test. In hoofdstuk	
3 evalueren we de accuratesse van 5 bestaande risicoscores voor steatose in een groep van 
119 ernstig obese kinderen waarbij 1H-MRS als gouden standaard dient. De diagnostische 
accuratesse van deze risicoscores blijkt onvoldoende om bruikbaar te zijn in de klinische 
praktijk. De positief voorspellende waarde (PPV) varieerde tussen 61% en 70% en de negatieve 
voorspellende waarde (NPV) tussen 68% en 77%. Vervolgens hebben we een nieuwe risicoscore 
ontwikkeld, waarbij gebruik werd gemaakt van conventionele en enkele nieuwe biomarkers. 
Deze nieuwe risicoscore heeft ook slechts een matige diagnostische accuratesse (NPV 79% en 
PPV 80%) en is niet accurater dan echografie zoals vastgesteld in hoofdstuk	2. Concluderend is 
echografie tot op heden het meest bruikbare diagnosticum om NAFLD uit te sluiten. Nieuwe 
biomarkers voor steatose zijn nodig om de diagnostiek van NAFLD te verbeteren.

Abdominaal vet, met name visceraal vet, is meer bepalend voor het risico op co- morbiditeit 
bij obesitas dan totaal lichaamsvet. Ook voor NAFLD is visceraal vet een biomarker. Een grote 
tailleomtrek is gerelateerd aan een hoger risico op en een ernstiger stadium van NAFLD.(1, 
2) In hoofdstuk	4 wordt onderzocht of visceraal vet gemeten met echografie accurater is dan 
conventionele bepaling middels taillemeting met een meetlint. In een cohort van 92 ernstig 
obese kinderen blijkt dat echografie en taillemeting met een meetlint beide even sterk 
correleren met de gouden standaard, visceraal vet gemeten middels magnetic resonance 
imaging (MRI). Omdat taillemeting met een meetlint makkelijker en goedkoper is, blijft dat de 
beste manier om visceraal vet te meten. In dit onderzoek tonen we ook aan dat tailleomtrek, 
gedefinieerd als de kleinste omtrek tussen xiphisternum en navel, beter correleert met 
visceraal vet dan de definitie van de World Health Organization, de omtrek gemeten op het 
vlak midden tussen ondergrens van de ribbenboog en bovenrand van het ilium.

Deze onderzoeken tonen aan dat echografie en de huidige biomakers en risicoscores NAFLD 
niet accuraat kunnen aantonen of uitsluiten. Alhoewel de negatief voorspellende waarde 
van echografie redelijk is (82%), betekent het wel dat met echografie bij 18% ten onrechte 
beoordeeld wordt dat er geen steatose is. Aantonen van steatose middels deze diagnostische 
middelen is zelfs nog moeizamer; de positief voorspellende waarde komt niet boven de 70% 
bij ernstig obese kinderen.



160|

Op dit moment zijn we niet in staat accuraat risicogroepen te screenen voor NAFLD. Nieuwe 
eenvoudige, niet invasieve en accurate diagnostische middelen zijn nodig om NAFLD te 
diagnosticeren en te excluderen. Zoals werd aangetoond in hoofdstuk	 3 is echografisch 
gemeten visceraal vet niet die betere biomarker.

Leveronderzoek richt zich vooral op het ontwikkelen van niet-invasieve biomarkers voor 
ontsteking en fibrose om hiermee ‘simpele’ steatose en NASH te kunnen onderscheiden. 
Aanwezigheid van ontsteking en vooral van fibrose bepaald het risico op het ontwikkelen 
van gecompliceerde leverziekte (cirrose, leverfalen en kanker) en ook lever gerelateerde- 
en algemene mortaliteit. Echter het identificeren van patiënten met NAFLD begint met het 
accuraat vaststellen van steatose.

Ondanks beperkte aandacht in de onderzoekswereld zijn er wel nieuwe ontwikkelingen op het 
gebied van beeldvorming en biochemie die kunnen leiden tot betere diagnostische middelen 
voor de detectie van NAFLD. De Controlled Attenuation Parameter (CAP) modaliteit, een 
toevoeging aan de Fibro Scan®, een techniek beschreven in de introductie van dit proefschrift, 
is in de laatste jaren ontwikkeld. Deze techniek heeft een goede accuratesse voor de detectie 
van alle stadia van steatose, aangetoond in kleine studies bij volwassenen.(3-5) Tot op heden 
zijn er geen studies bij kinderen. Op het gebied van biomarkers zijn er nieuwe technieken 
zoals lipidomics -proteomics - glycomics - metabolomics waarmee een grote diversiteit aan 
stoffen kan worden gemeten en potentieel een groot aantal nieuwe biomarkers kan worden 
ontdekt. Dit geldt ook voor microarray studies.(6-8) Naast nieuwe diagnostische middelen kan 
ook worden onderzocht of middels het combineren van verschillende bestaande middelen 
een betere diagnostisch accuratesse kan worden bereikt (bijvoorbeeld beeldvorming in 
combinatie met in een risicoscore of een diagnostisch algoritme). 

BehANDeLING	VAN	NAFLD

Lifestyle interventie bestaande uit dieet, sport en gedragstherapie is de standaard behandeling 
voor NAFLD. In hoofdstuk	 5 en hoofdstuk	 6 wordt de effectiviteit beschreven van de 
6-maands intensieve lifestyle behandeling voor ernstig obese kinderen in behandelcentrum 
Heideheuvel te Hilversum. Eerdere gefaalde behandelpogingen en ernst van de obesitas 
zijn factoren waardoor deze kinderen in het algemeen minder effect hebben van lifestyle 
behandeling.(9)

Alle kinderen toegelaten tot dit behandelprogramma tussen 2004 en 2010 werden 
gescreend op NAFLD middels echografie of 1H-MRS. In hoofdstuk	 5 tonen we aan dat 
bij kinderen behandeld tussen 2004 en 2008, echografisch gemeten steatose en serum 
alanine aminotransferase (ALT; grens <30 IU/L) normaliseren in 60% van de kinderen. In 
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hoofdstuk	 6 wordt bij kinderen, behandeld tussen 2008 en 2010, het effect van lifestyle 
behandeling accurater onderzocht door met 1H-MRS steatose te meten en een lagere ALT 
grens te gebruiken (25.8 IU/L (jongens) en 22.1 IU/L (meisjes)). In deze studie vergelijken 
we de behandeling in de kliniek, poliklinische behandeling en standaard zorg oftewel geen 
intensieve lifestyle behandeling. Het onderzoek toont aan dat klinische en poliklinische 
intensieve lifestyle behandeling effectiever zijn dan standaard zorg. Echter levervet en ALT 
normaliseren met beide intensieve lifestyle behandeling maar in een minderheid van de 
patiënten. Het effect van de behandeling houdt wel aan bij follow-up na anderhalf jaar. 
Klinische behandeling vergeleken met poliklinische behandeling lijkt in deze studie maar 
een beperkt hoger succespercentage te hebben (40% versus 30%, respectievelijk), echter de 
studie mist power om dit mogelijk kleine verschil accuraat te bepalen.

De effectiviteit van lifestyle behandelingen kan worden verhoogd als het mogelijk zou zijn 
voor de start van behandeling patiënten te identificeren met de meest kans op effect van 
behandeling. Echter in hoofdstuk	6 tonen we aan dat middels standaard patiëntkenmerken, 
PNPLA3 polymorfismen en leptine het niet mogelijk is effect van behandeling vooraf te 
voorspellen.

De kinderen onderzocht in hoofdstuk	5 en hoofdstuk	6 zijn al eerder behandeld en zijn ernstig 
obese. Dit zijn twee bekende factoren die de kans op succes van lifestyle behandeling verkleinen. 
Echter lifestyle interventie studies in minder ernstig obese kinderen tonen ook slechts een 
middelmatig effect van behandeling met succes percentages tussen 25 en 68%. Deze matige 
resultaten tonen de noodzaak tot het verbeteren van lifestyle behandelprogramma’s en het 
zoeken naar andere behandelopties. Tot op heden zijn er onvoldoende onderzoeken verricht 
om het optimale dieet, type sportactiviteit, gedragstherapie en behandelsetting (klinisch, 
poliklinisch, thuis) te bepalen voor de behandeling van NAFLD bij kinderen en volwassenen. 
Er zijn alleen observationele en kleine interventiestudies naar specifieke dieetsamenstelling 
en het effect van cardiofitness en krachttraining. Deze studies rapporteren een mogelijk 
additioneel effect van een laagcalorisch dieet met sterke beperking in koolhydraten en fructose 
in plaats van vetbeperking en ook een effect van zowel cardiofitness als krachttraining zonder 
gewichtsverlies.(10-15). Onze studie in hoofdstuk	 6 suggereert dat klinische behandeling 
een marginaal additioneel effect heeft vergeleken met poliklinische behandeling. Echter een 
studie met adequate power die behandelsetting en idealiter ook kosteneffectiviteit vergelijkt 
is nodig om dit te bevestigen.	

Geen enkele medicamenteuze behandeling heeft tot op heden een aangetoond additioneel 
effect naast lifestyle behandeling, behalve een marginaal effect van behandeling met 
vitamine E.(16, 17) Echter nieuwe medicamenten met nieuwe werkingsmechanismen 
worden momenteel onderzocht en zouden in de nabije toekomst van waarde kunnen zijn. 
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Het meest veelbelovend zijn obeticholic acid, hetgeen een effect heeft op de suiker- en 
vetstofwisseling middels de nuclear farnesoid X receptor, probiotica die de ontstekings- en 
metabole effecten van het intestinaal microbioom beïnvloeden en het suppleren vanω–3 
meervoudig onverzadigde vetzuren die insuline gevoeligheid verbeteren.(18-22)

Gezien de multifactoriële pathogenese van NAFLD, zoals beschreven in de introductie van dit 
proefschrift, zou combinatietherapie gericht op meerdere mechanismen (bijv. de combinatie 
van meerdere medicamenten of de combinatie van lifestyle met medicamenten) effectiever 
kunnen zijn dan monotherapie. Daarnaast kan behandeling middels lifestyle of medicamenten 
mogelijk beter worden afgestemd op het individu. Om dit te bereiken is meer kennis nodig 
omtrent individuele pathogenetische mechanismen en voorspellers van kans op succes van 
een behandeling. Nieuwe inzichten in de genen betrokken bij de pathofysiologie van NAFLD 
maar ook in de genen die lifestyle bepalen (impuls controle, verzadiging en inactiviteit) 
kunnen effectief blijken om het behandeleffect te voorspellen en therapie individueel te 
optimaliseren.

Tenslotte, om effect van behandeling accuraat te beoordelen moeten de eindpunten van 
studies verbeterd worden. Alhoewel verdwijnen van steatose relevant is, is het verminderen 
van fibrose en ontsteking nog belangrijker. Aangezien (herhaalde) leverbiopsie in veel 
patiëntengroepen niet ethisch is, zijn accurate niet-invasieve biomarkers nodig als studie 
eindpunt. Serum ALT is geen accurate biomarker van ontsteking en fibrose, maar ook de 
huidige meer complexe biomarkers kunnen de mildere stadia van ontsteking en fibrose matig 
onderscheiden. Zoals eerder vermeld in het deel over diagnostiek, zijn nieuwe biomarkers 
en radiologische technieken nodig om meer accuraat steatose, ontsteking en fibrose te 
meten. Niet alleen voor de diagnostiek maar ook voor het accurater evalueren van effect van 
behandeling en volgen van het natuurlijk beloop van NAFLD.

COMPLICAtIeS	VAN	NAFLD	eN	LIFeStYLe	INterVeNtIeS

Cardiovasculaire	ziekten
Cardiovasculaire ziekten zijn de belangrijkste doodsoorzaak van patiënten met NAFLD. 
Studies bij volwassenen tonen dat NAFLD en in het bijzondere NASH, het risico op lever 
gerelateerde- maar ook cardiovasculaire morbiditeit en mortaliteit verhoogd. In hoofdstuk	
7 wordt bij 78 ernstige obese kinderen aangetoond dat er geen vroege tekenen zijn van 
atherosclerose in patiënten met steatose of steatose met daarbij een verhoogd serum ALT 
in vergelijking met patiënten zonder steatose. Dikte van de intima media en stijfheid van de 
halsslagader werden in deze studie gebruikt als vroege markers van atherosclerose. Steatose 
werd gemeten met 1H-MRS. Conclusie van deze studie is dat er geen vroege tekenen van 
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atherosclerose zijn in kinderen met ‘simpele’ steatose. Echter, omdat ALT geen accurate 
marker is voor de aanwezigheid van ontsteking en fibrose kunnen we geen conclusies trekken 
over het cardiovasculaire risico van NASH bij kinderen. Ook is een cardiovasculair effect van 
‘simpele’ steatose op langere termijn niet uit te sluiten op basis van deze studie.

Gezien het vastgestelde verhoogde cardiovasculaire risico van NAFLD bij volwassenen, is het 
de vraag hoe relevant het is om vroege tekenen van atherosclerose gerelateerd aan NAFLD bij 
kinderen aan te tonen. Aangezien het niet haalbaar is alle mensen met obesitas intensief te 
behandelen, is goede risicostratificatie van obesitas patiënten noodzakelijk. Hierdoor kunnen 
degenen met het grootste gezondheidsrisico de meest effectieve behandeling krijgen. Indien 
het verhoogde risico op cardiovasculaire ziekte reeds voor de volwassenheid start, verhoogd 
dat duidelijk het risicoprofiel van obese kinderen met NAFLD.

Ondanks de resultaten van deze studie is de vraag of NAFLD, en in het bijzonder NASH, het 
cardiovasculair risico op kinder-/adolescenten leeftijd verhoogd niet volledig beantwoord. 
In studies worden tegengestelde resultaten beschreven: 5 studies rapporteren een relatie 
tussen NALFD en vroege tekenen van atherosclerose, anderzijds zijn er 5 studies, waaronder 
hoofdstuk	7, waarin geen relatie wordt gevonden. Al deze studies hebben tekortkomingen. 
De meeste studies gebruiken echografie om steatose vast te stellen en gebruiken serum ALT 
als (inaccurate) biomarker voor ontsteking en fibrose. De kleine populaties in alle studies, 
de grootste studie omvat 132 NAFLD patiënten, maakt het onmogelijk kleine verschillen in 
halsslagader eigenschappen te detecteren. Veel studies corrigeren daarnaast niet adequaat 
voor conventionele cardiovasculaire risicofactoren. De transversale opzet van de studies 
maakt het daarnaast onmogelijk het effect van de duur van het bestaan van NAFLD te 
beoordelen.

Grotere multicenter studies bij kinderen met histologisch vastgestelde NAFLD, zouden de 
openliggende vragen over relatie tussen NAFLD en cardiovasculaire risico’s beter kunnen 
beantwoorden. Alleen een longitudinale studie zou daarbij een causale relatie kunnen 
vaststellen. Een internationale databank van kinderen met NAFLD is in ontwikkeling. Deze 
databank zou mogelijk ook andere vragen over het natuurlijk beloop en de morbiditeit 
gerelateerd aan NAFLD kunnen beantwoorden.

Galstenen
Bij volwassenen is aangetoond dat gewichtsverlies het risico op het ontwikkelen van galstenen 
verhoogd. Tot op heden zijn hierover geen studies bij kinderen verricht. In hoofdstuk	 8 
onderzoeken we het risico op galstenen bij ernstig obese kinderen die behandeld worden in 
het lifestyle interventie programma van behandelcentrum Heideheuvel. Kinderen behandeld 
tussen 2004 en 2012 werden onderzocht op galstenen middels echografie voor en na het 
6-maanden lifestyle programma. Galstenen ontstonden in 17 van de 288 kinderen (3.6%). 
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Een hoge BMI bij start behandeling en groter gewichtsverlies tijdens de behandeling waren 
gecorreleerd met een hoger risico op het ontwikkelen van galstenen. Galstenen traden alleen 
op bij patiënten die meer dan 10% gewicht verloren. Geslacht, belaste familieanamnese, 
pilgebruik, puberteit en serum lipiden waren niet bepalend voor het risico op galstenen. 
Gedurende de follow-up periode werd een cholecystectomie verricht bij 22%, ernstige 
complicaties (cholecystitis, choledocholithiasis, pancreatitis) ten gevolge van galstenen 
traden niet op.

Deze studie toont dat het risico op galstenen bij kinderen laag is bij een conventioneel 
intensief lifestyle programma, waarschijnlijk door het beperkte gewichtsverlies. Daarnaast is 
het risico op complicaties van galstenen laag. Er is dan ook geen indicatie voor profylactisch 
gebruik van ursocholzuur, hetgeen het risico op galstenen bij volwassenen verkleint.(23) 
Deze overweging kan anders liggen voor behandelingen waarbij het risico op galstenen 
mogelijk groter is zoals diëten met een zeer laag vetgehalte of behandelingen waarbij snel 
gewichtsverlies optreedt, zoals bariatrische chirurgie. 

eINDCONCLUSIeS

Dit proefschrift beschrijft de beperkingen van de huidige diagnostiek en behandeling van 
NAFLD bij kinderen. De ontwikkeling van betere niet-invasieve diagnostische middelen 
voor het vaststellen van steatose, ontsteking en fibrose is noodzakelijk voor het beter 
detecteren van NAFLD, maar ook om in de behandeling voortgang te bereiken. Met beter 
diagnostica kan het effect van verschillende behandelingen accuraat worden geëvalueerd 
zonder leverbiopsie. Verschillende diëten en verschillende typen fysieke activiteit kunnen 
dan worden geëxploreerd. Nieuwe medicamenten en combinaties van eerder geteste 
medicamenten kunnen aan deze behandeling worden toegevoegd. Studiedeelnemers 
dienen uitgebreid te worden gekarakteriseerd, zowel fenotypisch als genetisch, om het 
effect van behandeling op verschillende subgroepen te kunnen beoordelen. Ontwikkeling 
van biomarkers van de verschillende pathogenetische mechanismen van NAFLD zouden 
ertoe kunnen leiden dat therapie individueel wordt afgestemd aan hand van de belangrijkste 
onderliggende pathofysiologische mechanismen. Deze stappen zouden kunnen leiden tot 
individuele multi-target therapie, hetgeen waarschijnlijk de toekomstige behandeling is van 
deze pathofysiologisch heterogene aandoening.

Het creëren van databanken om patiënten longitudinaal te volgen opnieuw met gebruik van 
niet-invasieve markers om ziekteprogressie te monitoren kan leiden tot beter begrip van het 
natuurlijk beloop en de gezondheidsrisico’s van NAFLD. Tenslotte kunnen populatiestudies 
met gebruik van niet-invasieve biomarkers nieuwe inzichten geven over het ontstaan van 
NAFLD. Deze zouden kunnen bijdragen aan de preventie van NAFLD, een belangrijk aspect 
niet behandeld in dit proefschrift.
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afdeling kenmerkt. Je vermogen altijd plezier te maken, ook als het tegenzit, is legendarisch. 
Het vertrouwen en de vrijheid die je mij hebt gegeven bij het werken aan dit proefschrift 
maakten dat het een klein beetje langer heeft geduurd, maar ook dat het leuk is gebleven. Ik 
hoop nog lang met je te mogen samenwerken. En nee, ik zal niet stoppen aan je stoelpoten 
te zagen.

Promotor, prof.	dr.	P.L.M.	Jansen, beste Peter, dit project begon heel lang geleden op jouw 
kamer met jouw idee ‘iets met MR-spectroscopie te gaan doen’. Iedere keer als ik in de 
afgelopen jaren bij je langskwam, leverde dat nuttige ideeën en nieuwe inzichten op. Ik 
bewonder je scherpte, kennis en enthousiasme die onverminderd aanwezig blijven, ook nu 
dat wettelijk niet meer per se hoeft.

Leden van de promotiecommissie, prof.	dr.	U.h.W.	Beuers,	dr.	e.	de	Groot,	prof.	dr.	h.S.A.	
heymans,	prof.	dr.	J.S.	Laméris,	prof.	dr.	J.C.	Seidell	en prof.	dr.	h.J.	Verkade, hartelijk dank 
voor het kritisch beoordelen van dit proefschrift en de bereidheid om zitting te nemen in de 
promotiecommissie.

Zonder de mensen van behandelcentrum Heideheuvel Merem in Hilversum zouden de 
studies uit dit proefschrift niet mogelijk zijn geweest. Velen hebben bijgedragen aan de 
inclusie van kinderen en dataverzameling. Dank hiervoor aan de artsen,	 het	 secretariaat	
en	 het	 laboratorium	van	heideheuvel. In het bijzonder dank aan dr.	O.h.	 van	der	Baan-
Slootweg en Christine	tamminga. Beste Olga, het was niet altijd eenvoudig de studies van 
afstand op te zetten en te coördineren, maar jij was daarin altijd een onmisbare schakel. 
Beste Christine, jij had als geen ander overzicht over de verzamelde data. Gegevens die zoek 
waren wist jij altijd vliegensvlug op te duikelen. Je co-auteurschappen van hoofdstuk 5 en 6 
waren daarom een vanzelfsprekendheid.

Dank aan alle kinderen en hun ouders die geparticipeerd hebben in de studies en daarvoor 
bereid waren meerdere keren naar het AMC te komen. Velen heb ik een beetje leren kennen 
en ik heb bewondering gekregen voor de manier waarop ze de lastige strijd aangaan tegen 
obesitas en niet in de minste plaats tegen de vooroordelen over obesitas.

De afdeling Radiologie in het AMC onder leiding van prof	 dr.	 J.	 Stoker. Beste Jaap, dank 
voor de goede samenwerking, die met de CAP-studie en nieuwe projecten ongetwijfeld 
blijft doorlopen. Jochem	 van	Werven,	 Anneloes	 Bohte	 en	 Jurgen	 runge, met ieder van 
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jullie was het op zijn/haar eigen wijze heel leuk om samen te werken. Aart	 Nederveen, 
jouw betrokkenheid en kritische visie op de manuscripten zijn van grote waarde geweest 
gedurende het hele project. raschel en Sandra, dankzij jullie bereidheid MR-metingen ook 
op niet reguliere tijden te verrichten, zijn veel studiedeelnemers van ‘lost to follow-up’ gered.

Collega’s van de kinder-MDL afdeling. Merit en Angelika, ook na zoveel jaren blijft het leuk 
samen een groep te zijn, waarschijnlijk juist omdat we zo verschillend zijn. tim, de afgelopen 
maanden ‘partners in crime’ in het VUMC waren kostelijk. Michiel,	thalia en herbert, dank 
voor jullie onmisbare injectie van jong elan die de afdeling scherp en levendig houdt. Idem 
dito voor alle onderzoekers	van	de	motiliteitsgroep. Faiza,	hilda,	heleen en Joan dank voor 
de hulp bij ..... van alles.

Dank ook aan alle mede-auteurs, zover niet hierboven genoemd, en iedereen die op andere 
wijze aan de verschillende projecten heeft meegewerkt: tammo	Pels	rijcken,	Joke	Korevaar,	
Maruschka	Merkus,	renée	Westerhout,	Anke	heida,	Sophie	Vinke,	Sabine	Makkes,	ton	van	
Schaik,	Jet	Bliek,	Johan	Gort	en al diegenen die ik  niet vermeld heb. 

Gert	en	Arnold, paranimfen, maar vooral goede oude makkers. Ondanks dat we elkaar in 
perioden weinig zien, blijft de vriendschap altijd ijzersterk. Naast 19 december hebben we 
voor komend jaar in ieder geval genoeg mooie gezamenlijke plannen.

Koen, neef, maar vooral hele goede vriend. Iedereen heeft iemand nodig met wie hij zich 
volledig vertrouwd voelt, dat ben jij al sinds een jaartje of 35. Dat gaat ook altijd zo blijven.

emmanuel,	 Merlijn,	 rein,	 Bernd,	 Frank,	 Fai,	 harriet,	 Arjan en heyn dank voor jullie 
vriendschap.

Kees en Iny, lieve Pa en Ma, jullie steun en liefde is altijd, maar zeker de afgelopen jaren, heel 
waardevol geweest. Ik ben blij dat jullie erbij kunnen zijn om te zien hoe jullie jongste en een 
tikkeltje onbesuisde zoon toch weer goed terecht is gekomen.

Mahtab, je bent en blijft belangrijk in mijn leven. Dank voor alles.

Lieve Annahita, ook na 10 jaar verbaas ik me er elke dag nog over hoeveel vreugde jij mij 
geeft. Je bent en blijft het mooiste in mijn leven.
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In het jaar waarin Pablo Picasso en John R.R. Tolkien hun laatste adem uitbliezen, nam Bart 
Koot op 4 september 1973 in Utrecht zijn eerste ademteug. In Zeist doorliep hij de lagere 
school waar bleek dat in hem niet de kunstzinnigheid van Picasso noch de fantasie van Tolkien 
waren gereïncarneerd. Toch ging hij naar het Christelijk Lyceum te Zeist waar hij in 1991 zijn 
VWO-diploma behaalde. In datzelfde jaar werd hij ingeloot voor de studie Geneeskunde aan 
de Rijksuniversiteit Groningen. Na ‘stages’ in Barcelona en Parijs en co-schappen in Enschede, 
behaalde hij zijn artsexamen in 1998.

Hierna werkte hij als arts-assistent kindergeneeskunde in Rotterdam en Den Haag. In 2001 
startte hij zijn opleiding tot kinderarts in het Emma Kinderziekenhuis AMC onder leiding van 
prof dr. H.S.A. Heijmans. Na voltooien van deze opleiding in 2006, begon hij in hetzelfde 
ziekenhuis met zijn subspecialisatie tot kinderarts-MDL onder leiding van prof. dr. J.A.J.M. 
Taminiau en prof dr. M.A. Benninga. In dat jaar werd ook de eerste plannen gemaakt die 
uiteindelijk hebben geleid tot dit proefschrift. Sinds 2008 is hij werkzaam op de afdeling 
Kinder-MDL in het Emma Kinderziekenhuis AMC als kinderarts-MDL met in het bijzonder 
aandacht voor leverziekten bij kinderen. Hij heeft een dochter: Annahita.


