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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 
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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.

 



108|

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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