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Abstract
Background: Steatotic liver disease (SLD) represents a multisystem disease and is a common complication of childhood obesity.

We studied fat content at the abdominal level (liver, subcutaneous, and visceral) and the response to childhood obesity
management.
Methods: In this retrospective longitudinal study, 8–18-year-olds with a body mass index (BMI) z-score above 1.28 (corresponding

to a BMI above the 90th percentile), as a proxy for obesity, were offered person-centered, family-oriented obesity management in a
hospital setting and in a magnetic resonance (MR) scan. Liver fat content (LFC) was assessed by MR spectroscopy, whereas subcuta-
neous adipose tissue and visceral adipose tissue (VAT) were assessed by MR imaging. We conducted nonparametric tests to evaluate
baseline-to-follow-up changes and comparisons between participants with and without an MR assessment. Additionally, a logistic
regression model examined the association between changes in LFC and BMI z-score.
Results: The study group comprised 1002 children and adolescents (52% females) with an MR assessment at baseline. The

median age was 13.0 years, the median BMI was 28.4, and the BMI z-score was 2.90. At baseline, 378 (38%) exhibited SLD
defined by an LFC above 1.5%. Among the 322 with a follow-up MR scan, 76% of the patients with SLD reduced their LFC. BMI
z-score and VAT (both p < 0.001) were reduced during intervention.
Conclusions: SLD is highly prevalent (38%) in children and adolescents with obesity. A chronic care obesity management

model reduced the fat content in the liver, the visceral fat, and the degree of obesity.

Keywords: fatty liver; magnetic resonance imaging; magnetic resonance spectroscopy; obesity management; pediatric obesity;
steatotic liver disease

Introduction

Childhood obesity (including overweight), defined
by excessive fat deposits that can impair health,1

is a major global health concern with high

prevalence.2 Childhood obesity is associated with multi-
ple complications,3–7 which can track into adulthood.8,9

Ectopic fat deposition in the liver is associated with met-
abolic dysfunction, increased risk of cardiometabolic
diseases, and organ damage.3,5,10
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In this study, we use the 2023 consensus nomenclature,
where steatotic liver disease (SLD) is defined as hepatic
steatosis identified by imaging, and the further presence
of cardiometabolic features, such as obesity, is called met-
abolic dysfunction-associated steatotic liver disease
(MASLD).11 The spectrum of MASLD is one of multiple
obesity-related complications arising already in childhood.9

Emerging evidence suggests that accumulation of fat in
the liver can progress into more advanced disease stages
with inflammation (steatohepatitis) and fibrosis and carries
a significantly higher mortality risk later in life.3,10,12 The
estimated prevalence of MASLD in children and adoles-
cents with obesity varies greatly in the literature from 12%
to 53%, although increasing with age and male sex.3–7

Liver fat accumulation is known to be a highly important
factor in metabolic health,13–15 where increased visceral fat
can be an indicator of liver fat accumulation.16–18 Early
onset (i.e., during childhood) of ectopic fat deposition in
the liver, and the related insulin resistance, may reflect a
more metabolically deranged obesity phenotype compared
with later onset.14,19

Historically, the gold standard for quantifying SLD has
been liver biopsy,20 which, in children and adolescents, is
challenging due to risks of pain, bleeding, and infection.
Liver biopsy is useful in the histological identification of
infiltration, inflammation, scarring, and other conditions,
although it is not suitable as screening procedures.7,21–23

Noninvasive diagnostic tools in SLD are available. Pro-
ton magnetic resonance spectroscopy (MRS) and imag-
ing (MRI) are used for assessments of quantification of
liver fat content (LFC).19,24–26 The MR technique is a
precise, feasible, and safe procedure. MRS quantification
of LFC can be measured simultaneously with MRI assess-
ments of subcutaneous and visceral fat.23

Intensive nonpharmacological obesity management is
recommended as a first-line treatment of MASLD in chil-
dren and adolescents with obesity.27 Such intensive obesity
management has, in smaller studies, shown reductions in
LFC and hepatic fibrosis.28 Likewise, The HOLBAEK
Model has previously proven effective in reducing MASLD
among children and adolescents.29

This study investigates the MRS-assessed LFC and
MRI-assessed subcutaneous adipose tissue (SAT) and vis-
ceral adipose tissue (VAT) in children and adolescents
with obesity during nonpharmacological, nonsurgical
childhood obesity management.

Materials and Methods
Study Population
In this retrospective longitudinal cohort study, we extracted

data from The HOLBAEK Study (formerly known as
The Danish Childhood Obesity Data- and Biobank). The
patients were 8–18 years of age, had a body mass index
(BMI) z-score above 1.28 (corresponding to a BMI
above the 90th percentile) (as a proxy for obesity), and

were enrolled in obesity management at The Children’s
Obesity Clinic, an accredited European Center for Obe-
sity Management at Copenhagen University Hospital
Holbæk, Denmark.30 The recruiting obesity management
clinic has no exclusion criteria.

Anthropometry
All children and adolescents had anthropometric meas-

ures performed at enrollment, including height, weight,
and waist circumference. The same measurements were
performed at yearly visits. The height was measured to
the nearest millimeter with a stadiometer. The weight was
measured to the nearest 0.1 kg on an electronic scale with
regular certified calibration. Waist circumference was
measured in a standing position at the umbilical level to
the nearest 0.5 cm. We calculated the BMI z-score with
the LMS method from Danish references.31,32 We calcu-
lated the waist circumference z-score with the GAMLSS
method33 from a Danish reference population of 2541
children and adolescents.34

MR Scans
Since May 2015, The Children’s Obesity Clinic has been

offering MR scans for abdominal fat content and distribu-
tion analysis and evaluation to children and adolescents
with obesity who were 8 years or older at enrollment. We
used the MR scans of the liver and abdomen to evaluate
the LFC, SAT, and VAT and investigate the prevalence of
MASLD.29,35

Since all study participants exhibited obesity (per eligi-
bility criteria), any occurrence of SLD in the present study
was labeled as MASLD, according to definition.11

The measurements of LFC were done with 1H-MRS,
using a 3T Achieva MR imaging system (Philips Medical
Systems, Best, Netherlands) without sedation. The method
has been described in our previous studies.21,22,36 The pro-
cedure was performed with a standard postprocessing pro-
tocol for the MR imaging system by an experienced senior
MR physicist. The spectroscopy was placed in the right
liver lobe corresponding to the level of the third lumbar
vertebra (L3) as described by Chabanova et al.21 For this
study, SLD was defined as LFC >1.5% since children and
adolescents with normal weight have shown to have an
LFC <1.5% with this type of 1H-MRS scan.21

Puberty Stage
Pubertal development stage was classified according to

sexual maturity rating37,38 by breast development in girls
and gonad development in boys, evaluated by a pediatri-
cian. Puberty stage was categorized as prepubertal (sexual
maturity rating 1), peripubertal (sexual maturity rating 2–
4), or postpubertal (sexual maturity rating 5).

Socioeconomic Status
Socioeconomic status (SES) was categorized into five

groups depending on parental education and occupation
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based on the official Danish national classification (DISCO-
08)39 adapted from the International Standard Classification
of Occupations (ISCO-08). The five categories are high SES
(general directors and higher educational level), high middle
SES (office and customer service and medium educational
level), middle SES (functionaries and skilled workers),
lower middle SES (workers, manual labor, and students),
and lower SES (unemployed).

The Intervention
The children and adolescents with obesity followed the

person-centered, family-oriented, multifaceted, chronic care
treatment approach, The HOLBAEK Model, at The Child-
ren’s Obesity Clinic.40,41 The intervention strategy is based
on the understanding of obesity as a chronic disease, the
neuroendocrinological regulation of fat mass, and its homeo-
static ability to counteract weight loss and preserve fat
mass.40,42 The HOLBAEK Model represents a paradigm
shift, challenging existing strategies such as caloric restric-
tion, motivational thinking, and the incremental step
approach. For example, instead of caloric restriction, patients
are encouraged to achieve reasonable satiety at each main
meal, featuring diverse and nutritious food options, with
compassionate guidance. The treatment protocol is hospital
based and uses a behavioral modifying technique, targeting
all food and beverage intake, physical activity, inactivity,
sleep, allowances, means of transport, sugar dependency,
picky eating, and more. The family receives an individually
tailored plan of advice addressing all the relevant aspects for
the family. The family consults a pediatrician yearly and on
a per-need basis and other health care professionals such as
dieticians, nurses, psychologists, and social workers in
between if relevant. The average intensity was 5 (interquar-
tile range [IQR]: 3–7) visits, amounting to 4–5 hours of
health care professional time per patient the first year. All
patients undergo a thorough examination at the start of
treatment, screening for other concomitant conditions and
obesity-related complications.

Statistical Analysis
Statistical analyses were performed using “R” statistical

software version v. 4.1.2.43 The level of significance was
set at p < 0.05. The normality of data was assessed with
histograms, qq-plots, and the Shapiro–Wilk test. As the
data were non-normally distributed, nonparametric analy-
ses were performed. Differences between the groups were
tested using the Wilcoxon rank-sum or chi-squared test.
The Wilcoxon signed rank test was used to analyze differ-
ences from baseline to follow-up. The differences in
paired categorical data of fractions of MASLD and puber-
tal developmental stage were analyzed by McNemar’s test
and Kruskal–Wallis rank sum test, respectively. Associa-
tions with categorical variables were investigated by a
logistic regression model of the binomial family. SES was
categorized into five groups depending on parental occu-
pation using a national classification.39

Ethical Aspects
This study has been approved by the Ethics Committee

of Region Zealand, Denmark (ID: SJ-104) and the Danish
Data Protection Agency (ID: REG-043-2013). The study
is registered at ClinicalTrials.gov (NCT00928473).
Informed assent was provided from all study partici-
pants. Written consent was obtained from the study par-
ticipants 18 years of age and older and from the parents
of the study participants younger than 18 years.

Results
Until March 2022, 3751 children and adolescents were

enrolled in obesity treatment at The Children’s Obesity
Clinic. Around 3135 were of age 8–18 years, whereas
15 were excluded from this study due to a BMI z-score
of 1.28 or lower. None exhibited other known liver dis-
ease or had known use of antiobesity medication. The
3120 eligible participants were divided into the study
group, n = 1002 (with MR assessment at baseline), and
the comparison group, n = 2118 (without MR assessment
at baseline; Fig. 1, Table 1).

Baseline
At baseline, the study group and the comparison group

were comparable regarding sex, ethnicity, and BMI
z-score (2.90 vs. 2.93, p = 0.94), whereas the study group
was older (13.0 years vs. 12.0 years, p < 0.001) and more
advanced in pubertal development (see Supplementary
Table S1). The study group had a median age of 13.0 years
and a median BMI of 28.4 and a BMI z-score of 2.90.
About 378 (38%) exhibited MASLD (LFC >1.5%). Fur-
ther, 183 (18%) exhibited an LFC >5.0%. In the children
and adolescents with MASLD, the BMI z-score was sig-
nificantly higher than among the children and adolescents
without MASLD (3.20 vs. 2.76, p < 0.001; Table 1). Like-
wise, the waist–height ratio, waist circumference z-score,
SAT, and VAT were significantly higher (all p < 0.001)
among the children and adolescents with MASLD com-
pared with those without. Middle Eastern ethnicity was
overrepresented (12% vs. 6%) among the children and
adolescents with MASLD compared with those without.
Among the children and adolescents with MASLD, base-
line LFC ranged from 1.5% to 43%.
In a logistic regression model, the presence of MASLD

at baseline was positively correlated with SAT (p = 0.01),
VAT (p < 0.001), and older age (p < 0.001) but not with
BMI z-score (p = 0.20) nor sex (p = 0.32).

Follow-up
In the study group, follow-up data were collected after a

median treatment period of 12.7 months (IQR: 11.2–14.5)
after baseline. Among those with a follow-up MR scan,
the median change in BMI z-score was -0.17 (IQR:
-0.51–0.06; see Supplementary Table S2). A total of
69% decreased their BMI z-score.
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In the group without a follow-up MR scan, a total of 74%
decreased their BMI z-score after a median follow-up time
of 12.4 months. The median change in BMI z-score was
-0.18 (IQR: -0.47–0.01). No group difference in BMI
z-score change was observed (p = 0.42; Supplementary
Table S2).
Overall, 72% reduced their BMI z-score with a median

follow-up time of 12.5 months.

Follow-Up MR Scan
Among the 322 children and adolescents (161 females)

with a follow-up MR scan, 145 (45%) exhibited MASLD
at baseline (Table 2). At follow-up, LFC was reduced
from a median of 5.0% (IQR: 2.4–8.8) to a median of
2.0% (IQR: 0.5–7.0) among the 145 patients with
MASLD at baseline (p < 0.001). Looking at the 110
(76%) who reduced their LFC, of these 145 patients, the
LFC was reduced from a median of 4.9% (IQR: 2.4–8.4)
to a median of 1.0% (IQR: 0.5–3.1; p < 0.001), data not
shown. Furthermore, of these 110 children and adoles-
cents, 59 (53%) had a complete remission of MASLD at
follow-up. The LFC changes for each of the 145 patients
with MASLD are shown in Figure 2.
The fraction of patients with MASLD was reduced from

45% to 36% (p = 0.004), and the fraction exhibiting LFC of
5.0% or above was reduced from 23% to 16% (p = 0.001).
Among the 177 children and adolescents without MASLD
at baseline, 29 (16%) presented with MASLD at follow-up.
For the 322 children and adolescents with a follow-up

MR scan, the median BMI z-score was reduced (from
2.88 to 2.61, p < 0.001) alongside reductions in waist cir-
cumference z-score (from 2.42 to 2.12, p < 0.001), waist-

height ratio (from 0.59 to 0.55, p < 0.001), and VAT
(from 73 to 63 cm3, p < 0.001). SAT did not change sig-
nificantly (from 279 to 287 cm3, p = 0.08).
BMI z-score change is positively associated with

change in LFC.
Among the patients with follow-up MR scans, a logistic

regression model shows that the categorical change in LFC
(increase, stable, or decrease) was independent of baseline
LFC, age, sex, and treatment duration (all p > 0.10),
whereas a higher reduction in BMI z-score was associated
with increased odds of reducing LFC (p < 0.001; see Fig. 3).
Among the patients with follow-up MR scans, a predictive

logistic regression model shows that the categorical change
in LFC (increase, stable, or decrease) was independent of
baseline LFC, age, sex, and treatment duration (all p > 0.10),
whereas a higher baseline BMI z-score was associated with
increased odds of reducing LFC (p = 0.004).

Discussion
This study investigated MRS-assessed LFC in children

and adolescents with obesity who received treatment with
The HOBAEK Model. Reductions of the LFC were
achieved in 76% of patients with MASLD during inter-
vention. The literature is generally sparse regarding the
fraction of children and adolescents with MASLD reduc-
ing MR-assessed LFC.
Our group has previously shown LFC reductions

among 91% of 11 pediatric patients with MASLD.29

Schwimmer et al. found a prevalence of 25% (n = 20)
with MASLD, among whom 20%–40% reduced their
LFC after 8 weeks of dietary intervention.44 Other

Figure 1. Visual abstract. LFC, liver fat content; MRS, magnetic resonance spectroscopy; MASLD, metabolic dysfunction-associated
steatotic liver disease.
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intervention studies (n = 27–102), also nonpharmacolog-
ical, have shown reductions in MR-assessed LFC among
children and adolescents with obesity after 1 year of treat-
ment, although without reporting the fractions of patients
reducing their LFC.45,46

In the present study, 53% of patients with MASLD at
baseline showed complete remission, which is higher

than Chan et al. (n = 52), who reported complete remis-
sion of MASLD among 31% after 68 weeks of interven-
tion.47 The differences of higher fractions with LFC
reduction and a higher complete MASLD remission frac-
tion in the present study could be due to a higher treat-
ment intensity, including a more person-centered and
multifaceted approach.

Table 1. Study Group Characteristics at Baseline
Overall MASLD (LFC > 1.5%) No MASLD p value

n 1,002 378 624

Sex: female, n (%) 525 (52.4) 172 (45.5) 353 (56.6) 0.001

Age (years), median [IQR] 13.0 [11.3, 15.0] 13.4 [11.4, 15.4] 12.9 [11.3, 14.8] 0.02

SESa, n (%) 0.046

High SES 85 (9.7) 24 (7.5) 61 (11.0)

High middle SES 198 (22.6) 60 (18.7) 138 (24.9)

Middle SES 335 (38.2) 129 (40.2) 206 (37.1)

Lower middle SES 160 (18.3) 66 (20.6) 94 (16.9)

Lower SES 98 (11.2) 42 (13.1) 56 (10.1)

Ethnicity, n (%) 0.008

Caucasian 896 (89.4) 323 (85.4) 573 (91.8)

Middle Eastern 83 (8.3) 44 (11.6) 39 (6.2)

Asian 6 (0.6) 4 (1.1) 2 (0.3)

African 14 (1.4) 5 (1.3) 9 (1.4)

Hispanic 3 (0.3) 2 (0.5) 1 (0.2)

Pubertal statusb, n (%) 0.87

Prepubertal 138 (24.7) 49 (25.4) 89 (24.4)

Peripubertal 259 (46.4) 91 (47.2) 168 (46.0)

Postpubertal 161 (28.9) 53 (27.5) 108 (29.6)

BMI, median [IQR] 28.4 [25.2, 31.7] 29.9 [27.0, 34.5] 27.6 [24.7, 30.5] <0.001

BMI z-score, median [IQR] 2.90 [2.49, 3.34] 3.20 [2.78, 3.60] 2.76 [2.37, 3.15] <0.001

Waist circumference (cm), median [IQR] 95.0 [86.0, 104.5] 100.0 [91.0, 111.0] 91.0 [84.0, 100.0] <0.001

Waist circumference z-score, median [IQR] 2.42 [2.02, 2.73] 2.62 [2.31, 2.88] 2.27 [1.90, 2.60] <0.001

Waist–height ratio, median [IQR] 0.59 [0.54, 0.64] 0.62 [0.58, 0.66] 0.57 [0.53, 0.62] <0.001

LFC, median [IQR] 1.00 [0.5, 2.80] 4.65 [2.10, 9.1] 0.50 [0.50, 1.00] <0.001

SAT, median [IQR] 293 [222, 386] 344 [255, 456] 274 [205, 350] <0.001

VAT, median [IQR] 70 [50, 94] 89 [68, 114] 60 [45, 80] <0.001
aSES, socioeconomic status: high SES (general directors and higher educational level), high middle SES (office and customer service and medium
educational level), middle SES (functionaries and skilled workers), lower middle SES (workers, manual labor, and students), and lower SES
(unemployed).
bPubertal status is grouped according to sexual maturity rating: prepubertal (sexual maturity rating stage 1), peripubertal (sexual maturity rating
stage 2–4), and postpubertal (sexual maturity rating stage 5).
BMI, body mass index; LFC, liver fat content; MASLD, metabolic dysfunction-associated steatotic liver disease; MR, magnetic resonance; SAT,
subcutaneous adipose tissue; VAT, visceral adipose tissue.
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The present study showed changes in LFC from a median
of 5% to 2% among the 145 patients with MASLD and an
MR follow-up scan. This magnitude of LFC reduction
seems comparable to other successful MRS-based studies
of pediatric patients with obesity and MASLD: one study
(n = 15) from a mean of 9% to 6% LFC during a 12-week
period48 and another study (n = 52) from 13% to *10%
LFC during a 68-week intervention.47

The present study showed a high prevalence of MASLD
(38%) among children and adolescents with obesity, com-
parable to findings in other studies assessing LFC by
MR.6,15,35 The comparison between studies has tradition-
ally been made by using the cut-off at LFC >5%, which
was based on a different MR method and liver biopsy-
derived cut-offs.3,21,49 In the present study, we define SLD
as LFC >1.5%, as suggested by Chabanova et al.,21 which
is relevant to the applied MRS method to assess LFC. The
threshold of LFC >1.5% was established based on meas-
urements in children and adolescents with normal weight

to serve as a diagnostic criterion for differentiating SLD
from normal LFC,21 with the goal of improving diagnostic
accuracy. Despite methodological differences, the MASLD
prevalence observed in the present study appears consistent
with findings from other studies.3,6

Despite the notable disparity in BMI z-score between
the groups with and without MASLD at baseline, the
logistic regression model did not reveal a significant asso-
ciation between MASLD and BMI z-score. This suggests
that the variables positively correlated with MASLD—
SAT, VAT, and age—hold more significance than BMI
z-score and sex in the development of MASLD in this
cohort. This finding contrasts with our prior observations
in 287 children and adolescents with obesity.35 The differ-
ence may stem from the enhanced statistical power in the
present study, enabling a nuanced detection of associa-
tions, implying that body composition and fat distribution
yield more importance in identifying metabolic dysfunc-
tion than BMI z-score alone.

Table 2. Study Group Characteristics at Baseline and Follow-Up Stratified
by Follow-Up MR Scan

Overall With follow-up MR scan No follow-up MR scan p value

n (%) 1,002 (100) 322 (32) 680 (68)

Sex: female, n (%) 525 (52.4) 161 (50.0) 364 (53.5) 0.31

Age (years) at baseline, median [IQR] 13.0 [11.3, 15.0] 12.5 [11.0, 14.4] 13.3 [11.5, 15.2] 0.001

Follow-up time (months), median [IQR] 13.2 [10.8, 14.4] 13.2 [12.0, 15.6] 12.0 [9.6, 14.4] <0.001

BMI at baseline, median [IQR] 28.4 [25.2, 31.7] 27.9 [24.9, 31.1] 28.6 [25.6, 32.2] 0.008

BMI z-score at baseline, median [IQR] 2.90 [2.49, 3.34] 2.88 [2.47, 3.32] 2.93 [2.49, 3.35] 0.48

BMI at follow-up, median [IQR] 27.5 [24.3, 31.7] 27.4 [24.0, 31.5] 27.6 [24.5, 31.9] 0.68

BMI z-score at follow-up, median [IQR] 2.61 [2.10, 3.20] 2.61 [2.04, 3.20] 2.62 [2.13, 3.21] 0.79

Waist circumference at baseline (cm), median [IQR] 95.0 [86.0, 104.5] 94.5 [84.5, 103.0] 95.0 [86.4, 105.0] 0.23

Waist circumference z-score at baseline, median [IQR] 2.42 [2.02, 2.73] 2.42 [2.05, 2.73] 2.42 [2.00, 2.72] 0.59

Waist circumference at follow-up (cm), median [IQR] 92.0 [82.5, 102.0] 90.5 [82.0, 101.5] 93.0 [84.0, 103.0] 0.12

Waist circumference z-score at follow-up, median [IQR] 2.18 [1.62, 2.57] 2.12 [1.60, 2.56] 2.27 [1.64, 2.61] 0.06

Waist–height ratio at baseline, median [IQR] 0.59 [0.54, 0.64] 0.59 [0.54, 0.64] 0.59 [0.54, 0.63] 0.91

Waist–height ratio at follow-up, median [IQR] 0.56 [0.51, 0.61] 0.55 [0.50, 0.60] 0.57 [0.52, 0.62] 0.051

LFC at baseline, median [IQR] 1.0 [0.5, 2.8] 1.0 [0.5, 4.2] 1.0 [0.5, 2.0] 0.003

LFC at follow-up, median [IQR] 1.0 [0.5, 2.3] NA

SAT (cm3) at baseline, median [IQR] 293 [222, 386] 279 [219, 369] 298 [224, 392] 0.046

SAT (cm3) at follow-up, median [IQR] 287 [210, 381] NA

VAT (cm3) at baseline, median [IQR] 70 [50, 94] 73 [52, 95] 68 [50, 94] 0.30

VAT (cm3) at follow-up, median [IQR] 63 [42, 87] NA

Data are presented as medians [with interquartile ranges] unless stated otherwise.
BMI, body mass index; LFC, liver fat content; MASLD, metabolic dysfunction-associated steatotic liver disease; MR, magnetic resonance; SAD,
sagittal abdominal diameter; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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The number of patients who reduced their BMI z-score
during treatment was lower in the study group than in the
comparison group. This could be due to a younger age
and lower pubertal stage in the comparison group, since
obesity treatment is often seen more effective in younger
children.
The study group and the comparison group were

comparable regarding the distribution of sex, ethnicity,
degree of obesity, and fraction reducing BMI z-score,
but not regarding age. This age difference may be
attributed to many younger children not being able to
undergo MR scans, since it required them to lay still
for 40 minutes. Despite the age and pubertal stage dif-
ferences between the groups, we found no difference
in pubertal stages between those with and without
MASLD.

Although Middle Eastern ethnicity applies to <10% of
our cohort, the results indicate that Middle Eastern eth-
nicity is associated with a higher risk of developing
MASLD.
A few limitations to the study must be taken into con-

sideration. The study was in a clinical setting with real-
life variability and challenges. Not all patients were
offered an MR scan due to low availability. Some patients
may have discontinued treatment (dropped out) due to a
variety of factors such as moving away, becoming older,
and experiencing treatment success or failure. This can
lead to missing data and potentially bias the result of the
study. Some patients may not return for the follow-up
visit including those delayed due to lockdowns during the
COVID-19 pandemic. This may result in less complete
follow-up data compared with the baseline data, reducing

Figure 3. BMI z-score change relative to categorical changes in LFC. BMI, body mass index; LFC, liver fat content.

Figure 2. LFC changes in each of 145 patients without MASLD (LFC > 1.5%). Dashed line shows the 1.5% LFC cut-off defining
MASLD. LFC, liver fat content; MASLD, metabolic dysfunction-associated steatotic liver disease.

CHILDHOOD OBESITY Month 2025 7

D
ow

nl
oa

de
d 

by
 C

op
en

ha
ge

n 
U

ni
ve

rs
ity

 L
ib

ra
ry

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

24
/2

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



the sample size, which could be a potential selection bias
that limits the generalizability of the findings. A follow-
up MR scan was completed by 32% of the study group.
Nonetheless, between those with and without a follow-up
MR scan, baseline BMI z-score and change in BMI
z-score were comparable (both p > 0.40), potentially mir-
roring concomitant improvements in LFC as well.
Despite these limitations, the study remains a tool for

understanding the effectiveness of the intervention with
the big sample size that this study contains.
This study did not include analyses of liver enzymes or

other biomarkers. In other studies from our clinic, we have
shown improvements in lipids50 and blood pressure51 dur-
ing obesity treatment. In future studies, we would like to
investigate the association between liver enzymes and LFC
during obesity management.

Conclusions
The present study revealed a high prevalence (38%) of

MASLD in children and adolescents with obesity. Never-
theless, we observed that the evidence-based, nonpharma-
cological, nonsurgical obesity management was successful
in reducing LFC in 76% and obtaining a normal LFC in
53% of patients with MASLD. Additionally, the degree of
obesity was reduced in 72% of the children and adolescents
with obesity.

Impact Statement
Magnetic resonance spectroscopy-confirmed steatotic

liver disease (SLD) is strongly linked to obesity and is
highly prevalent already in childhood. Childhood obesity,
nonpharmacological management with chronic care, effec-
tively decreases both the degree of obesity and SLD in the
majority of children and adolescents with obesity.
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