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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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