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1 | INTRODUCTION

Abstract

Aim: To evaluate the feasibility of screening for non-alcoholic fatty liver disease
(NAFLD) in clinical practice and the acceptance of a screening strategy, and to identify
factors that determine compliance.

Methods: A screening protocol, based on alanine aminotransferase measurement and
introduced to healthcare workers of Dutch outpatient obesity clinics in 2017, was
evaluated. Medical files of children who visited the largest outpatient obesity clinic
between 2017 and 2020 were evaluated. Focus group discussions (FGDs) were con-
ducted with 14 healthcare workers who had been using the screening protocol.
Results: Screening for NAFLD was performed in 477/571 (84%) of the children. Loss of
follow-up was the major reason for inadequate screening. Follow-up was performed
in 81/134 children with an abnormal screening result (61%). The FGDs indicated 13
barriers for screening, regarding guideline- and knowledge-related issues.
Conclusion: Screening for NAFLD was performed in the vast majority of the children.
However, adherence to the guideline after an abnormal initial screening result needs
to be improved. This can be achieved by improving the loss of follow-up of patients'

and physicians' awareness of the relevance of mildly elevated ALT levels.
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but with obesity being the major risk factor, this increases to 34% in

those with obesity.? It is characterised by hepatic fat accumulation
Non-alcoholic fatty liver disease (NAFLD) is the most common and in the absence of other causes of the liver- or metabolic disease.
fastest growing cause of chronic liver disease in children and adults The first stage of disease, that is, simple steatosis or non-alcoholic

worldwide.! The prevalence of NAFLD in children is estimated at 7%, fatty liver (NAFL), can progress into steatohepatitis (NASH), fibrosis

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FGD, focus group discussion; HDL, high-density lipoprotein cholesterol;
HOMA-IR, homeostatic model assessment for insulin resistance; IQR, inter quartile range; LDL, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; NASH,
non-alcoholic steatohepatitis; NASPGHAN, North American Society for Pediatric Gastroenterology, Hepatology and Nutrition; ULN, upper limit of normal.
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or cirrhosis, which can result in end-stage liver disease and hepa-
tocellular carcinoma.® Also in children cirrhosis due to NAFLD has
been reported.A"5 Morbidity and mortality are higher in adults with
NAFLD due to hepatic complications, and even more frequently car-
diovascular disease and malignancies.®” Furthermore, NAFLD is an
independent risk factor for type 2 diabetes, even at paediatric age.s'9
Lifestyle intervention is currently the only treatment for NAFLD. It is
highly effective if a 10% weight reduction is achieved, albeit this is a
difficult long-term goal to achieve.101!

Given the high prevalence, long-term complications and treat-
ment options, screening for NAFLD in children with obesity is recom-
mended in all major obesity and hepatology guidelines.12 However,
these guidelines are mostly based on experts' opinion and differ
in their screening recommendations. Two important criteria of the
WHO-defined prerequisites for effective screening are the feasibil-
ity and acceptance by the target population of a screening strategy.
Evidence on these aspects of screening for NAFLD in children are
scarce and factors that determine compliance have not been stud-
ied. Therefore, the aim of this study is to evaluate the feasibility of
a NAFLD screening guideline in clinical practice by retrospectively
evaluating patient compliance and physicians' adherence to the
guideline, and by focus group discussions with healthcare workers
to identify limitations that arise when screening.

2 | PATIENTS AND METHODS

2.1 | Obesity care and NAFLD guideline

In the Netherlands, all children 210years of age with obesity or over-
weight with additional risk factors, or <10years with increased risk
of comorbidities, are referred from primary care to outpatient obe-
sity clinics where they are evaluated for comorbidities. Children with
comorbidities are followed-up yearly and without comorbidities
every 3years. In November 2017, all paediatricians working at the
outpatient obesity clinic in hospitals in Amsterdam and surroundings
were introduced to a new screening protocol for NAFLD through
presentations by the researchers in all hospitals. This screen-
ing strategy is based on the North American Society for Pediatric
Gastroenterology, Hepatology and Nutrition (NASPGHAN) guide-
line which is the most comprehensive screening guideline for NAFLD
in children and was published in 2017.1% The screening algorithm is
presented in Figure 1. For practical reasons, the NASPGHAN guide-
line's sex-specific ALT thresholds were set at 301U/L for both boys
and girls in our local screening protocol.“’15 In accordance with the
NASPGHAN guideline, screening for NAFLD is indicated in children
>8years of age with obesity or with overweight and additional risk
factors (i.e., hyperinsulinemia, [pre-]diabetes, dyslipidemia, central
adiposity, sleep apnea or a family history of NAFLD). In case of el-
evated ALT (2301U/L), testing should be repeated after 3-6 months
of lifestyle intervention. Children with persistently elevated ALT and
children with ALT 2801U/L at initial screening should be referred to
a paediatric gastroenterologist to exclude other liver diseases and to
investigate the presence of liver fibrosis. Reminders to the guideline
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Key Notes

e Screening for non-alcoholic fatty liver disease (NAFLD)
was performed in 84% of the children with obesity.

o After screening, inadequate follow-up occurred in 39%
of the children and was particularly due to physicians
failing to order follow-up measurements, and loss to
follow-up.

e Physicians' adherence and screening rates can be im-
proved by implementing a screening strategy in obesity
guidelines, by determining the cost-effectiveness of
screening, and by increasing NAFLD awareness.

Children with obesity or
overweight with risk
factors (8-18 years)

I
[ [ ]
Mildly to moderately Strongly elevated
elevated ALT ALT
(30-80 1U/1) (=801U/1)

Repeat testing after
6 months

Refer to pediatric
gastroenterologist in
case of ALT >30 IU/L

Normal ALT
(<301U/1)

Repeat testing after
2-3 years

Refer to pediatric
gastroenterologist

FIGURE 1 The screening algorithm used in the study is based on
the NASPGHAN guideline of 2017. ALT, alanine aminotransferase;
NASPGHAN, North American Society for Paediatric
Gastroenterology, Hepatology and Nutrition

were sent out by email to all paediatricians after 6 and 12 months
and subsequently yearly.

2.2 | Study design and patients

From May to November 2020 medical files of children who visited the
largest outpatient obesity clinic in Amsterdam, the OLVG hospital, be-
tween November 2017 and March 2020 were evaluated for this study.
This study was approved by the Medical Ethics Committee of the
Amsterdam University Medical Centers and by the Research Board of
the OLVG hospital. First, an automated search in the electronic medi-
cal record system was performed to extract a list of all children diag-
nosed with primary adiposity (age and sex-specific body mass index
[BMI] corresponding to an adult BMI score of 225kg/m?) during the
study period.*®*® Children who did not physically visit the outpatient
obesity clinic within the study period were excluded. Secondly, the
electronic patient files were manually searched to assess whether the
patient was screened for NAFLD according to the guideline. Data were
collected from medical files at the patient's first visit to the obesity
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clinic and at the moment of the first ALT measurement within the study
period. Patient characteristics (sex, age and ethnicity), physical exami-
nation (BMI and BMI z-score) and laboratory measurements (ALT, total
cholesterol, triglycerides, high-density lipoprotein [HDL] cholesterol,
low-density lipoprotein [LDL] cholesterol, glucose and insulin levels)
were recorded. Dyslipidemia was defined as either elevated LDL, total
cholesterol, triglycerides or lowered HDL, according to age- and sex-
specific cutoffs.}’ Hyperinsulinemia was defined as elevated fasted
insulin, according to the institutional laboratory cutoff. In children with
overweight, additional risk factors for NAFLD were recorded (sleep
apnea, family history of NAFLD/NASH and central adiposity) to evalu-
ate if the patient met the screening criteria. Subsequently, all follow-up
ALT measurements were recorded (dates and ALT levels) in all patients,
as well as referrals to the NAFLD outpatient clinic for further evalua-
tion. For those referred, it was assessed whether patients were evalu-
ated by a paediatric gastroenterologist.

Reasons for not measuring ALT within the study period or for
not retesting ALT after an initial abnormal ALT result were extracted
from the medical files. These reasons were categorised in patient-

and physician-related categories.

2.3 | Focus group discussions

An explanatory mixed methods design was used in this study, wherein
first quantitative and then qualitative data are collected and analysed
in two consecutive phases within one study.20 To evaluate more in
depth the use of the guideline in clinical practice by healthcare work-
ers and to understand derogations of the guideline that were found
in the quantitative (retrospective) part of this study, two 60 min on-
line focus group discussions (FGDs) were conducted in March 2021
with healthcare workers of outpatient obesity clinics who had all
been introduced to the screening algorithm described above in 2017.
Permission for recording was obtained at the start of the meeting.
Two main questions were discussed: “What difficulties do you experi-
ence with the guideline?” and “What improvements do you envision
for the guideline?”. The transcripts of the FGDs were initially coded
and categorised by one researcher by identifying keywords used by
respondents as indicators of important themes.? Initial coding was
conducted using ATLAS.ti version 9.0. Subsequently, the identified
categories were eliminated, combined or subdivided through induc-
tive axial coding. Lastly, the final items were inductively categorised
into themes by one researcher.?? The results were validated by the
participants by sending a summary of the transcripts to all partici-

pants of the FGDs, allowing them to provide additions.

2.4 | Statistical tests

Descriptive statistics were used to calculate means with standard
deviations or medians with interquartile range (IQR) for continuous
variables and frequencies (percentages) for categorical variables.
Differences between groups were tested using a Chi-square test for
categorical variables and a student t-test or a Mann-Whitney U test
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TABLE 1 Patient characteristics
N =571
Demographic
New patients (first visit after November 2017), 316 (55)
n (%)
Girls, n (%) 231 (41)
Age, years 9.8(7.3-12.7)
Ethnicity, n (%)
Moroccan 175 (31)
Turkish 122 (21)
Indian-Surinamese 98 (17)
Dutch 73 (13)
Other 91 (16)
Unknown 12 (2)
Clinical
BMI z-score 3.64
(3.21-4.09)
ALTZ, IU/L? 24 (18-32)
Glucose, mmol/LP 5.1(4.8-5.4)
Comorbidity, n (%)
Dyslipidemia® 151 (37)
Hyperinsulinemia® 128 (35)

Note: Data are presented as median with an interquartile range.
Abbreviations: ALT, alanine aminotransferase; BMI, body mass index.
nh=477.

Pn = 361.

‘n=411.

for continuous variables. p-values lower than 0.05 were considered
to be statistically significant. All statistical analyses were carried out
using SPSS version 26 (IBM).

3 | RESULTS

3.1 | Patients

In total, 695 children visited the outpatient obesity clinic within the
study period. Of those, 571 children met the screening criteria during
the study period. Their baseline characteristics at the first visit are pre-
sented in Table 1. Most children lived in districts of Amsterdam with
low or middle socioeconomic status (West, New-West and East).23 The
majority of the children were male (59%) and of Moroccan, Turkish or
Indian-Surinamese descent (69%). Over one-third of the children had

dyslipidemia and/or hyperinsulinemia at their first visit.

3.2 | |Initial screening

Out of 571 children that were eligible for screening, ALT was meas-
ured during the study period (ALT1) in 477 children (83.5%), with
a median ALT of 241U/L (IQR 18-32) (Figure 2). In 94/571 children
(16.5%) initial screening was not performed even though they did
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meet the screening criteria. Identified patient-related factors were
loss to follow-up and refused blood tests (Table 2). Physician-related
factors were (1) no blood test ordered for unknown reasons, (2) no
blood test ordered with motivation, for example, perceived as low-
risk patient due to low grade of obesity and no other comorbidities
(as concluded by the physician) and (3) referred back to primary care.
The reasons for not measuring ALT were equally due to patient-
related factors as physician-related factors. Among these losses to

follow-up was the main reason.

3.3 | Six months follow-up

Of the 477 children that were initially screened, 134 children (28%) had
a mildly to moderately elevated ALT1 (30-801U/L) and required a sec-
ond ALT measurement after 3-6 months (ALT2) (Figure 2). This ALT2

Baseline
Total:
571 (100%)
First visit
No ALT1: ALT1:
94 (16.5%) 477 (83.5%)
[ 1
ALT1 <30 IU/L: ALT1 30-80 IU/L: ALT1 >80 IU/L:
330 (69%) 134 (28%) 13 (3%)
Referred to adult I I i
e e " No ALT2: ALT2:
13 (10%) 52 (39%) 69 (51%)
[ 1
ALT2 <30 IU/L: ALT2 30-80 IU/L: ALT 2 >80 1U/L:
28 (41%) 38 (55%) 3 (4%)

FIGURE 2 The first and second ALT measurements were
performed between November 2017 and March 2020. ALT
measurements are categorised into normal ALT (<301U/L), mildly
to moderately elevated ALT (30-801U/L) and strongly elevated ALT
(2801U/L) ALT, alanine aminotransferase

TABLE 2 Patient-related and physician-
related reasons for non-adherence to the
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measurement was performed in 69/134 (51%) of the children. Notably,
the time interval between ALT 1 and ALT2 was within 6 months in only
12 children, between 6-12 months in 41 children and more than 1year
in 16 children. In 52/134 children (39%) ALT2 measurement was erro-
neously not performed. This was mostly due to physician-related fac-
tors (60%) (Table 2). In the other children, no follow-up measurement
was needed because they were transferred to adult care. There was no
difference in ALT1 level between children that had ALT2 measurement
and those that erroneously did not (both median 361U/L).

3.4 | Referrals

During the study period, 54 children were eligible for referral to a
paediatric gastroenterologist, having either an initial ALT of 2801U/L
(n = 13) or a persistently elevated ALT of 2301U/L (n = 41). All except
one (98%) were indeed referred, none refused referral and all were
evaluated by a paediatric gastroenterologist. No other liver- or met-
abolic diseases, apart from NAFLD, were found in these children.

In total, 424/571 children (74%) were evaluated for NAFLD
according to the guideline and 147/571 (26%) were not. The most
common reason for the latter was the loss to follow-up (39%). There
were no significant differences in age, BMI z-score, sex, ethnicity
and comorbidities between both groups.

3.5 | Focus group discussions
Sixteen healthcare workers from eight hospitals in Amsterdam and
surroundings were invited for the FGDs. Ten paediatricians and four
specialised obesity nurses (88%) attended the FGDs. Initial coding
of the transcripts resulted in 40 categories. Out of these categories
emerged 13 items, comprising four main themes (Table 3). In the fol-
lowing paragraph, we outline the discussion that took place on the
items from Table 3 focussing on the items with the largest impact on
screening practice.

The 6-month period of lifestyle intervention between the first

and second ALT measurement was perceived to be too short. In

No initial ALT No follow-up ALT

guideline. Reason screening (n = 94) measurement (nh = 52)

Patient-related, n

Loss to follow-up 36 21

Patient refused 14 0

Total, n (%) 50 (53) 21 (40)
Physician-related, n

No blood test ordered for unknown reasons 18 29

No blood test ordered, with motivation 15

Referred back to primary care 11 0

Total, n (%) 44 (47) 31 (60)

Abbreviation: ALT, alanine aminotransferase.
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TABLE 3 Barriers to adherence to the screening guideline are
identified through focus group discussions with healthcare workers
and classified by inductive thematic coding.

Guideline-related issues

Short time window between screening and follow-up ALT
measurement

Conflicting recommendations in other published guidelines

Conflicting ALT cutoffs in institutional laboratories

Perceived lack of guidance on the interval of screening
NAFLD-related issues

Lack of NAFLD-specific treatment

Lack of scientific evidence on the cost-effectiveness of screening
Healthcare worker-related issues

Lack of knowledge on NAFLD

Uncertainty about the relevance of screening, particularly in
children with mildly elevated ALT

Uncertainty about task division between specialist and
subspecialist

Lack of time during consultation
Patient-related issues
Lack of knowledge on long-term risks in patients and parents
Patient information overload
Lack of patient information leaflets

Abbreviations: ALT, alanine aminotransferase; NAFLD, non-alcoholic
fatty liver disease.

practice, this period was frequently extended to 1year by most phy-
sicians, to combine the ALT measurement with the yearly comorbid-
ity screening. The healthcare workers found it confusing that other
published guidelines provided different information on screening
for NAFLD (e.g., national obesity guidelines advising to screen for
comorbidity at a different age). In addition, some healthcare work-
ers by habit continued to rely on the ALT cutoff set by their insti-
tutional laboratory which was in all cases higher than the cutoff in
the NAFLD screening guideline. The healthcare workers suggested
implementing these cutoffs in all laboratories to enhance the de-
tection of NAFLD and correct follow-up. Working with two ALT
thresholds (30 and 801U/L) was not perceived as a problem, as long
as there is easy access to a comprehensible algorithm. Furthermore,
the relevance of screening and referral was questioned, especially
in children with only mildly elevated ALT levels, considering that
lifestyle intervention is the only available treatment for children.
The healthcare workers suggested that more information on the
natural course of NAFLD and the cost-effectiveness of screening
would increase their motivation for screening. All specialised nurses
indicated a lack of knowledge of NAFLD, impairing their confidence
in communicating about NAFLD. Patient-related issues were a lack
of knowledge on the long-term risks in patients and parents and an
information overload during the consultation, since patients are in-
formed about other comorbidities as well. This could be improved

by information leaflets.

4 | DISCUSSION

In this study evaluating the feasibility of screening for NAFLD in
clinical practice, we found that after implementation of the screen-
ing guideline, 84% of the children at the outpatient obesity clinic
of a Dutch hospital were screened for NAFLD. Identified factors
that inhibited initial screening were patient-related (loss to follow-
up before blood sampling and refusal), while physician-related fac-
tors were equally important, including perceived lack of relevance
to test, particularly in children with mild obesity. Of the children
with an abnormal screening test, 61% were adequately followed up.
Inadequate follow-up was due to loss to follow-up, but even more
often due to physicians failing to order follow-up ALT measurements
for unknown reasons.

The screening rate for NAFLD in the current study is similar to
the self-reported screening rate of 86% by Dutch paediatricians in
a recent survey.?* Only two other studies evaluated the compli-
ance to paediatric NAFLD screening guidelines, both conducted in
the United States, and using ALT measurement and repeated test-
ing in case of an abnormal result. Ferguson et al. found a screening
rate of 65% in a paediatric weight management program in a ter-
tiary hospital in the United States with an established institutional
NAFLD screening protocol that propagates screening in all children
with obesity and overweight using ALT, aspartate aminotransferase
or gamma-glutamyl transferase with a cutoff set at 501U/L for all
three.?® In another retrospective study by Sahota et al. a much lower
screening rate was found by evaluating 206.117 health charts from
primary care practices in California from 2009 to 2018. It showed
a screening rate of 54% and 21% in the children with obesity and
overweight, respectively.?® The lower screening rate in this study
could be explained by the fact that it evaluated primary care practice
without prior implementation of a screening protocol and was per-
formed in an earlier time period.26 The latter is also reflected in the
greater odds of having a further evaluation for NAFLD in the years
2012-2018 than during the years 2009-2011 found in this study.

The study by Ferguson et al.?®

showed a higher rate in repeated
liver enzyme testing of 83%, compared to 60% in our study, while in
the study by Sahota et al.?® this rate was only 12%. Unsurprisingly, in
both our study and in the study by Ferguson et al., loss to follow-up
was the most frequent patient-related reason for the absence of
repeated measurement, underscoring the relevance to motivate
patients and to identify patient-related barriers for follow-up.
Physician-related factors regarding inadequate screening were not
reported by Ferguson et al. In the study by Sahota et al., causes of
inadequate follow-up were not evaluated. However older age, fe-
male sex, higher BMI and higher ALT were the factors associated
with greater odds of having further evaluation, suggesting patients'
characteristics influence the interpretation of screening results,
which could lead to underdiagnosing in certain patient groups.? In
our study, there were no significantly different features identified
between children that were evaluated according to the screening

protocol and those that were not.
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For this study, ALT was used as a screening tool since we based
our protocol on the NASPGHAN guideline. We acknowledge that
ALT is not the most optimal test due to its mediocre accuracy and
NAFLD can also occur in patients with normal transaminases,?’
however, in clinical practice, it is the most commonly used screen-
ing tool due to low costs (€2 compared to €80 for ultrasound) and
easy availability. When developing a screening strategy, it should
be remarked that these factors are equally important as diagnostic
accuracy in terms of the feasibility of screening. The FGDs on the
healthcare workers' perception of using this guideline, showed that
they did not perceive the two thresholds for ALT in the guideline
as a problem. However, they suggested bringing the automated
cutoff reported by laboratories in line with the threshold of the
guideline to facilitate the use of this cutoff and also overcome the
reported confusion due to different ALT thresholds in other pub-
lished guidelines. The ALT cutoff of 301U/L was reported as a bar-
rier in the FGDs as healthcare workers questioned the relevance
of retesting in those with mildly elevated ALT. This is probably also
reflected in the high rate of physicians not ordering follow-up ALT
measurements according to the protocol. Although the optimal
screening threshold that balances a high detection rate with an
acceptable false positive rate has not been established, it is known
that the threshold of 401U/L reported by many institutional lab-
oratories, has a low detection rate for liver disease.?’"?’ A high
detection rate is favourable because in children with comorbid-
ities such as NAFLD, lifestyle treatment needs to be intensified.
Whether the optimal detection rate is at a threshold of 301U/L,
or at the even lower ULN threshold for healthy children (22 1U/L
for girls and 251U/L for boys) as propagated in the NASPGHAN
guideline, remains to be established.*3031

Secondly, the short time window of 6 months between initial
screening and repeated ALT measurement was experienced as a bar-
rier and most healthcare workers preferred an extension to 1year.
Our chart review confirmed this barrier: 18% of the patients received
follow-up after 6 months versus 61% after 1year. We therefore sug-
gest considering to extend the time window to 1year and matching
NAFLD follow-up with scheduled clinical follow-up appointments.
This strategy seems safe based on the recent study of Yodoshi et al.
that found another underlying disease in 2% of the children that
were screened using ALT in a community setting, suggesting that
the chance of missing a disease other than NAFLD is low.%? It should
be noted that in those patients with ALT >801U/L, alternative diag-
noses are more common?® and alertness on the presence of other
disorders is important in all cases. Furthermore, paediatric NAFLD
in a community setting does not seem to progress rapidly: ALT in-
creases in 30% of the children after 2-3years and normalises in 26%,
although the progression to fibrosis in the general population is still
unknown.®® The exact cost-effectiveness of screening remains to
be established, wherein the costs of screening should be balanced
with the risk of missing rare diseases. Thirdly, it was perceived as a
problem that the guideline does not correspond with other guide-

lines. This underscores the undisputed need to come to a uniform
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evidence-based international guideline for screening supported by
both hepatology, endocrinology and obesity societies, which is likely
to improve physicians' adherence and screening rates.

Other reported barriers in NAFLD screening were not related to
the guideline, but to a lack of knowledge on NAFLD in both health
care workers and patients and their caretakers and a lack of data
on the progression of paediatric NAFLD. This highlights the ur-
gent need for studies on the natural history of paediatric NAFLD
in primary care settings. To improve NAFLD management and the
confidence of physicians in communicating about NAFLD, more
awareness and knowledge of NAFLD is required,®*®> which could
be achieved through educational programs and visual educational
material.3¢ Lastly, the emergence of drugs for NAFLD may increase
the follow-up rate of patients with NAFLD in the future, but this also
stresses the importance to come to a uniform and comprehensive
screening strategy.

A strength of this study is the large cohort that includes all pa-
tients seen at an outpatient obesity clinic who were not selected on
liver features, hence reflecting the true screening population. Since
we evaluated medical files and referrals, we displayed the actual
screening practice, in contrast to previous studies that relied mostly
on self-reported measures of physicians. By combining a chart re-
view with FGDs we were able to identify obstacles in the clinical use
of the guideline and define possible improvements. A limitation of
any study using medical files is missing data. Reasons physicians do
not measure ALT were often unrecorded. Lastly, the results of this
study are reflective of healthcare practices in the Netherlands and
might not be translatable to other countries. We underline that this
study does not evaluate the cost-effectiveness of screening, nor the
efficacy of identifying cases of NAFLD. Therefore, the exact yield
of screening when following the NASPGHAN guideline remains to
be established. Furthermore, the present discussion on the NAFLD
nomenclature and diagnostic criteria could possibly affect screening
strategies in the future. 3738

In conclusion, screening for NAFLD by following the
NASPGHAN guideline was performed in the vast majority of the
children at an outpatient obesity clinic. However, adherence to
the guideline after an abnormal initial screening result needs to
be improved, mainly by improving the loss of follow-up of patients
and physicians' awareness of the relevance of mildly elevated
ALT levels. In addition, this study identifies other guidelines- and
knowledge-related barriers to effective screening for NAFLD in

children.

AUTHOR CONTRIBUTIONS

BK, LD and MV were involved in the design and conduction of the
study. The Amsterdam Paediatric Obesity Collaboration collected
the data. MV analysed the data. BK, LD and MV were involved in
data interpretation. LD and BK wrote the manuscript; MV wrote the
first draft. MB supervised the study. All authors significantly con-
tributed to the improvement of the manuscript and have approved

the final content of this manuscript.



GBI IRYVAMIPSE \C A P/EDIATRICA

DRAIJER ET AL.

CONFLICT OF INTEREST

All authors declare no conflict of interest.

ORCID

Laura Draijer

https://orcid.org/0000-0002-1840-1692

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer
M. Global epidemiology of nonalcoholic fatty liver disease-meta-
analytic assessment of prevalence, incidence, and outcomes.
Hepatology. 2016;64(1):73-84. doi:10.1002/hep.28431

Anderson EL, Howe LD, Jones HE, Higgins JP, Lawlor DA, Fraser
A. The prevalence of non-alcoholic fatty liver disease in children
and adolescents: a systematic review and meta-analysis. PLoS One.
2015;10(10):e0140908. doi:10.1371/journal.pone.0140908
Marengo A, Jouness Rl, Bugianesi E. Progression and natural his-
tory of nonalcoholic fatty liver disease in adults. Clin Liver Dis.
2016;20(2):313-324. doi:10.1016/j.c1d.2015.10.010

Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, Benson
JT, Enders FB, Angulo P. The natural history of non-alcoholic fatty
liver disease in children: a follow-up study for up to 20years. Gut.
2009;58(11):1538-1544. doi:10.1136/gut.2008.171280

Molleston JP, White F, Teckman J, Fitzgerald JF. Obese children with
steatohepatitiscandevelopcirrhosisinchildhood. AmJGastroenterol.
2002;97(9):2460-2462. doi:10.1111/j.1572-0241.2002.06003.x
Dulai PS, Singh S, Patel J, et al. Increased risk of mortality by fibro-
sis stage in nonalcoholic fatty liver disease: systematic review and
meta-analysis. Hepatology. 2017;65(5):1557-1565. doi:10.1002/
hep.29085

Ekstedt M, Hagstrom H, Nasr P, et al. Fibrosis stage is the stron-
gest predictor for disease-specific mortality in NAFLD after up
to 33years of follow-up. Hepatology. 2015;61(5):1547-1554.
doi:10.1002/hep.27368

Hecht L, Weiss R. Nonalcoholic fatty liver disease and type 2 diabe-
tes in obese children. Curr Diab Rep. 2014;14(1):448. doi:10.1007/
s11892-013-0448-y

Armstrong MJ, Adams LA, Canbay A, Syn WK. Extrahepatic
complications of nonalcoholic fatty liver disease. Hepatology.
2014;59(3):1174-1197. doi:10.1002/hep.26717

Koot BG, van der Baan-Slootweg OH, Tamminga-Smeulders CL,
et al. Lifestyle intervention for non-alcoholic fatty liver disease:
prospective cohort study of its efficacy and factors related to
improvement. Arch Dis Child. 2011;96(7):669-674. doi:10.1136/
adc.2010.199760

Chan DF, Nelson EA, Li AM, et al. Lifestyle intervention in obese
Chinese adolescents with non-alcoholic fatty liver disease: a
randomised controlled study. Hong Kong Med J. 2018;24(Suppl
4):12-15.

Koot BGP, Nobili V. Screening for non-alcoholic fatty liver disease
in children: do guidelines provide enough guidance? Obes Rev.
2017;18(9):1050-1060. d0i:10.1111/0br.12556

Vos MB, Abrams SH, Barlow SE, et al. NASPGHAN clinical practice
guideline for the diagnosis and treatment of nonalcoholic fatty liver
disease in children: recommendations from the Expert Committee
on NAFLD (ECON) and the North American Society of Pediatric
Gastroenterology, Hepatology and Nutrition (NASPGHAN). J
Pediatr Gastroenterol Nutr. 2017;64(2):319-334. doi:10.1097/
mpg.0000000000001482

Schwimmer JB. Clinical advances in pediatric nonalcoholic fatty
liver disease. Hepatology. 2016;63(5):1718-1725. doi:10.1002/
hep.28441

Yu EL, Golshan S, Harlow KE, et al. Prevalence of nonalcoholic fatty
liver disease in children with obesity. J Pediatr. 2019;207:64-70.
doi:10.1016/j.jpeds.2018.11.021

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children
and adolescents. Bull World Health Organ. 2007;85(9):660-667.
doi:10.2471/blt.07.043497

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a stan-
dard definition for child overweight and obesity worldwide: inter-
national survey. BMJ. 2000;320(7244):1240-1243. doi:10.1136/
bmj.320.7244.1240

de Wilde JA, van Dommelen P, Middelkoop BJ. Appropriate
body mass index cut-offs to determine thinness, overweight and
obesity in South Asian children in the Netherlands. PLoS One.
2013;8(12):e82822. doi:10.1371/journal.pone.0082822

Kist-van Holthe JE, van Mil EGAH, van den Akker ELT, et al. NVK
Richtlijn basisdiagnostiek cardiovasculair risico bij kinderen met
obesitas en behandeling van hypertensie. NVK; 2016.

Ivankova NV, Creswell JW, Stick SL. Using mixed-methods sequen-
tial explanatory design: from theory to practice. Field Methods.
2006;18(1):3-20. doi:10.1177/1525822x05282260

Hennink MM. Understanding focus group discussions. Oxford
Scholarship Online; 2015. https://academic.oup.com/book/11826.
Accessed June 22, 2022.

Onwuegbuzie AJ, Dickinson WB, Leech NL, Zoran AG. A
qualitative framework for collecting and analyzing data in
focus group research. Int J Qual Methods. 2009;8(3):1-21.
doi:10.1177/160940690900800301

Sociaal-Economische Status per postcodegebied. Sociaal
en Cultureel Planbureau. https://bronnen.zorggegevens.nl/
Bron?naam=Sociaal-Economische-Status-per-postcodegebied.
Accessed January 1, 2022.

Draijer LG, Haggenburg S, Benninga MA, Chegary M, Koot BGP.
Survey on screening for paediatric non-alcoholic fatty liver
disease in clinical practice in Dutch hospitals. Acta Paediatr.
2020;109(11):2388-2393. doi:10.1111/apa.15294

Ferguson AE, Xanthakos SA, Siegel RM. Challenges in screen-
ing for pediatric nonalcoholic fatty liver disease. Clin Pediatr.
2018;57(5):558-562. doi:10.1177/0009922817733300

Sahota AK, Shapiro WL, Newton KP, Kim ST, Chung J, Schwimmer
JB. Incidence of nonalcoholic fatty liver disease in children:
2009-2018. Pediatrics. 2020;146(6):e20200771. doi:10.1542/
peds.2020-0771

Draijer LG, Feddouli S, Bohte AE, et al. Comparison of diagnos-
tic accuracy of screening tests ALT and ultrasound for pediatric
non-alcoholic fatty liver disease. Eur J Pediatr. 2019;178:863-870.
doi:10.1007/s00431-019-03362-3

Schwimmer JB, Newton KP, Awai HI, et al. Paediatric gastroen-
terology evaluation of overweight and obese children referred
from primary care for suspected non-alcoholic fatty liver disease.
Aliment Pharmacol Ther. 2013;38(10):1267-1277. doi:10.1111/
apt.12518

Radetti G, Kleon W, Stuefer J, Pittschieler K. Non-alcoholic
fatty liver disease in obese children evaluated by mag-
netic resonance imaging. Acta Paediatr. 2006;95(7):833-837.
doi:10.1080/08035250500449890

Rehm JL, Connor EL, Wolfgram PM, Eickhoff JC, Reeder SB, Allen
DB. Predicting hepatic steatosis in a racially and ethnically diverse
cohort of adolescent girls. J Pediatr. 2014;165(2):319-325.e1.
doi:10.1016/j.jpeds.2014.04.019

Colantonio DA, Kyriakopoulou L, Chan MK, et al. Closing the gaps
in pediatric laboratory reference intervals: a CALIPER database
of 40 biochemical markers in a healthy and multiethnic popula-
tion of children. Clin Chem. 2012;58(5):854-868. doi:10.1373/
clinchem.2011.177741

Yodoshi T, Orkin S, Arce-Clachar AC, et al. Alternative etiologies
of liver disease in children with suspected NAFLD. Pediatrics.
2021;147(4):e2020009829. doi:10.1542/peds.2020-009829


https://orcid.org/0000-0002-1840-1692
https://orcid.org/0000-0002-1840-1692
https://doi.org/10.1002/hep.28431
https://doi.org/10.1371/journal.pone.0140908
https://doi.org/10.1016/j.cld.2015.10.010
https://doi.org/10.1136/gut.2008.171280
https://doi.org/10.1111/j.1572-0241.2002.06003.x
https://doi.org/10.1002/hep.29085
https://doi.org/10.1002/hep.29085
https://doi.org/10.1002/hep.27368
https://doi.org/10.1007/s11892-013-0448-y
https://doi.org/10.1007/s11892-013-0448-y
https://doi.org/10.1002/hep.26717
https://doi.org/10.1136/adc.2010.199760
https://doi.org/10.1136/adc.2010.199760
https://doi.org/10.1111/obr.12556
https://doi.org/10.1097/mpg.0000000000001482
https://doi.org/10.1097/mpg.0000000000001482
https://doi.org/10.1002/hep.28441
https://doi.org/10.1002/hep.28441
https://doi.org/10.1016/j.jpeds.2018.11.021
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1371/journal.pone.0082822
https://doi.org/10.1177/1525822x05282260
https://academic.oup.com/book/11826
https://doi.org/10.1177/160940690900800301
https://bronnen.zorggegevens.nl/Bron?naam=Sociaal-Economische-Status-per-postcodegebied
https://bronnen.zorggegevens.nl/Bron?naam=Sociaal-Economische-Status-per-postcodegebied
https://doi.org/10.1111/apa.15294
https://doi.org/10.1177/0009922817733300
https://doi.org/10.1542/peds.2020-0771
https://doi.org/10.1542/peds.2020-0771
https://doi.org/10.1007/s00431-019-03362-3
https://doi.org/10.1111/apt.12518
https://doi.org/10.1111/apt.12518
https://doi.org/10.1080/08035250500449890
https://doi.org/10.1016/j.jpeds.2014.04.019
https://doi.org/10.1373/clinchem.2011.177741
https://doi.org/10.1373/clinchem.2011.177741
https://doi.org/10.1542/peds.2020-009829

DRAIJER ET AL.

33. Orkin S, Yodoshi T, Sun Q, et al. Can baseline characteristics be
used to predict liver disease outcomes in pediatric nonalcoholic
fatty liver disease? Obesity (Silver Spring). 2021;29(1):171-176.
doi:10.1002/0by.22999

34. Lazarus JV, Ekstedt M, Marchesini G, et al. A cross-sectional
study of the public health response to non-alcoholic fatty liver
disease in Europe. J Hepatol. 2019;72(1):14-24. doi:10.1016/j.
jhep.2019.08.027

35. Cleveland ER, Ning H, Vos MB, et al. Low awareness of nonal-
coholic fatty liver disease in a population-based cohort sample:
the CARDIA study. J Gen Intern Med. 2019;34(12):2772-2778.
doi:10.1007/s11606-019-05340-9

36. Grattagliano |, D'Ambrosio G, Palmieri VO, Moschetta A, Palasciano
G, Portincasa P. Improving nonalcoholic fatty liver disease man-
agement by general practitioners: a critical evaluation and impact
of an educational training program. J Gastrointestin Liver Dis.
2008;17(4):389-394.

APPENDIX

Amsterdam Paediatric Obesity Collaboration

Malika Chegary, Sebastiaan Schagen, Stikru Genco, Jasper J. J6bsis,
Niloufar Ashtiani: Department of Paediatrics, OLVG Hospital, Jan
Tooropstraat 164, 1061 AE Amsterdam, the Netherlands.

llse  Westerbeek: Department of Paediatrics, Amstelland
Ziekenhuis, Laan van de Helende Meesters 8, 1186 AM Amstelveen,
the Netherlands.

Venje Boonstra, Negassi Menelik: Department of Paediatrics,
Bovenl) Ziekenhuis, Statenjachtstraat 1, 1034 CS Amsterdam, the
Netherlands.

Erim van Os: Department of Paediatrics, Rode Kruis Ziekenhuis,
Vondellaan 13, 1942 LE Beverwijk, the Netherlands.

Meeike Kusters: Department of Paediatrics, Amsterdam
University Medical Centers, Location Vrije Universiteit Amsterdam,

De Boelelaan 1117, 1081 HV Amsterdam, the Netherlands.

ACTA PEDIATRICA RYVIE o i

37. Eslam M, Sanyal AJ, George J. MAFLD: a consensus-driven pro-
posed nomenclature for metabolic associated fatty liver disease.
Gastroenterology.  2020;158(7):1999-2014.e1.  doi:10.1053/j.
gastro.2019.11.312

38. Colucci A, Rocco MC, De Anseris AGE, Nazzaro L, Vajro P, Mandato
C. Pediatric vs. adult NAFLD to MAFLD transition: a welcome
but tangled path. Explor Med. 2021;2(4):333-342. doi:10.37349/
emed.2021.00051

How to cite this article: Draijer L, Voorhoeve M, Amsterdam
Paediatric Obesity Collaboration, Benninga M & Koot
BEvaluation of the feasibility of screening for paediatric
non-alcoholic fatty liver disease. Acta Paediatr.
2022;111:2408-2415. https://doi.org/10.1111/apa.16502

Saskia Bouma: De Kinderartsenpraktijk, Bijlimerdreef 1169, 1103
TT Amsterdam, the Netherlands.

Roosje Roelants, Dianne Maingay: Department of Paediatrics,
Flevoziekenhuis/De Kinderkliniek, Hospitaaldreef 29, 1315 RC
Almere, the Netherlands.

Joery Goede: Department of Paediatrics, Spaarne Gasthuis,
Boerhaavelaan 22, 2035 RC Haarlem, the Netherlands.

Anita Karperien: Department of Paediatrics, Zaans Medisch
Centrum, Koningin Julianaplein 58, 1502 DV Zaandam, the
Netherlands.


https://doi.org/10.1002/oby.22999
https://doi.org/10.1016/j.jhep.2019.08.027
https://doi.org/10.1016/j.jhep.2019.08.027
https://doi.org/10.1007/s11606-019-05340-9
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.37349/emed.2021.00051
https://doi.org/10.37349/emed.2021.00051
https://doi.org/10.1111/apa.16502

	Evaluation of the feasibility of screening for paediatric non-­alcoholic fatty liver disease
	Abstract
	1|INTRODUCTION
	2|PATIENTS AND METHODS
	2.1|Obesity care and NAFLD guideline
	2.2|Study design and patients
	2.3|Focus group discussions
	2.4|Statistical tests

	3|RESULTS
	3.1|Patients
	3.2|Initial screening
	3.3|Six months follow-­up
	3.4|Referrals
	3.5|Focus group discussions

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	REFERENCES


