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Table of Contents Summary:  

 

This study develops a prediction score (the HEPAKID index) using anthropometric, 

sociodemographic and lifestyle factors to identify children with hepatic steatosis 

What’s Known on This Subject 

In parallel with the childhood obesity epidemic, a number of associated comorbidities, 

such as hepatic steatosis (HS), have become more prevalent. Non-invasive biomarkers 

for the early identification of children with hepatic steatosis are much needed in daily 

clinical practice.  

What This Study Adds 

 

The HEPAKID index is the first simple, non-invasive, sensitive and inexpensive method 

of screening at-risk children for hepatic steatosis in primary care clinics, allowing for their 

timely referral to a pediatric gastrointestinal specialist. 
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ABSTRACT 

 

Background: Hepatic steatosis (HS) is currently the most prevalent hepatic disease 

in pediatric population and a major risk factor for type 2 diabetes and 

cardiovascular diseases. The proper identification of children with HS is therefore 

of great public health interest. 

 

Objective: To develop a new prediction score (the HEPAKID index) using 

anthropometric, sociodemographic and lifestyle factors to identify children with HS.  

Previously published biochemical pediatric screening tools were validated in the same 

cohort. 

 

Methods: A total of 115 pre-adolescent children aged 8-12 years with 

overweight/obesity, recruited at hospital pediatric units were enrolled in this cross-

sectional study. HS (≥5.5% hepatic fat) was assessed by MRI. Anthropometric, 

sociodemographic and lifestyle variables were collected by validated tests/questionnaires. 

 

Results:  Forty-one children had MRI-diagnosed HS (35.6%, 49% girls). These children 

had (p<0.01) a higher waist-height ratio, a lower cardiorespiratory fitness, a younger 

gestational age, and consumed more sugar-sweetened beverages than their HS-free peers. 

Children with HS were more likely to belong to an ethnic minority (p<0.01) and to spend 

longer viewing screens than recommended (p<0.05). The addition of these variables to 

the multivariate logistic regression model afforded a HEPAKID index with high 

discriminatory capacity (AUC-ROC: 0.808, 95% CI 0.715-0.901), and score of ≥25.0 was 

associated with high sensitivity (82%, 95% CI 68-96%). Biochemical biomarker-based 

pediatric tools for identifying HS showed only moderate discriminatory capacity and low 

sensitivity (5-41%) in this cohort. 

 

Conclusions: The HEPAKID index is the first simple, non-invasive, sensitive, 

inexpensive, and easy-to-perform screening that can identify children with overweight or 

obesity who have HS.  

 

  



INTRODUCTION 

Childhood obesity is one of the 21st century's most serious public health challenges(1). In 

the last two decades, and in parallel with the childhood obesity epidemic, a number of 

associated comorbidities, such as hepatic steatosis (HS), have become more prevalent. 

Indeed, pediatric HS now affects some 8% of the general child population, and 34% of 

children with overweight or obesity(2). It is estimated that by 2025, 38 million children 

and adolescents will have HS(3). Depending on the diagnostic criteria and methodology 

used, however, prevalence rates for HS in children with overweight/obesity population 

can range as widely as 5-83%(2).  

Unfortunately HS can progress to cirrhosis and end-stage liver disease even at a 

young age(4–6) and is a major risk factor for type 2 diabetes and cardiovascular 

diseases(7,8). In children it is may be more severe than in adults and has a poorer 

prognosis(9), with some 15% of patients presenting with at least stage 3 fibrosis at 

diagnosis(10). The proper identification of children with HS, particularly in the early 

stages of the disease, is therefore of great public health interest, especially since lifestyle-

based treatments are effective in reducing hepatic fat and even reversing the disease 

before fibrosis develops(11–13).  

Pediatric HS is generally a silent liver disease; it can be present but cause no 

symptoms and give no warning signs(6). Liver biopsy is still the gold standard for its 

diagnosis(5,6), although other diagnostic procedures, including magnetic resonance 

imaging (MRI) are available(14,15). However, these methods are invasive and/or costly. 

HS may be suspected when patients have high levels of alanine aminotransferase (ALT), 

but ALT is not a sensitive marker of this disease or its severity(16). In fact, in children, 

the full spectrum of histological HS may be present even though they have an entirely 

normal blood ALT result(16–18).  



Non-invasive biomarkers or screening tools for the early identification of children 

with HS are much needed(19). Several scores have been developed for detecting the 

disease in adults(20–22), but only one exists for use with children(23). However, the 

accuracy and clinical usefulness of these tools remain controversial, and they are yet to 

be validated(24). In addition, biochemical biomarkers are required if they are to be used, 

and blood sampling is not routine in apparently healthy children, even if they have 

overweight or mild obesity. A simple and effective non-invasive screening tool is 

therefore needed that can be used by clinicians in the routine primary care setting. 

Children suspected of having HS could then be referred for a confirmatory diagnosis. The 

aim of the present work was to develop such a tool - the HEPAKID index - based on the 

recording of anthropometric, sociodemographic and lifestyle factors. Previously 

published pediatric screening tools were subjected to validation in the same cohort used 

to develop the new tool, and the results compared.  

  



METHODS 

Design, participants and data collection 

This cross-sectional study made use of data collected during the EFIGRO project 

(ClinicalTrials.gov ID: NCT02258126), the overall aim of which was to examine the 

effect of exercise on percentage hepatic fat in children with overweight/obesity. In that 

trial, which was conducted from September 2014 to June 2017 in Vitoria-Gasteiz, Spain, 

all subjects participated in a 22-week family-based program involving lifestyle and 

psychological education. Details of sample calculation, randomization, the characteristics 

of the study subjects, the design of that work, its methods and the measurements taken 

are available elsewhere(25). For the present work, the baseline data of 115 pre-adolescent 

children with overweight/obesity(26), and aged between 8.5 and 12.0 years, were 

analyzed. Overweight and obesity status was defined according to the body mass index 

(BMI) international age- and sex-specific cut-off values provided by the World Obesity 

Federation (26). Having other hepatic disease or/and any other disease accompanied with 

elevated blood transaminase levels, such as viral hepatitis, toxic hepatitis or autoimmune 

diseases were exclusion criteria.  

The Euskadi Clinical Research Ethics Committee approved the study protocol 

(PI2014045), which complies with the ethical guidelines of the Declaration of Helsinki 

(2013 revision). Subjects were recruited at the Pediatric Endocrinology Unit of the 

University Hospital of Araba, and at primary care clinics. The parents or legal guardians 

of the children provided informed consent for their charges to be enrolled in the study. 

The present study followed the Transparent Reporting of a Multivariable Prediction 

Model for Individual Prognosis or Diagnosis (TRIPOD) guidelines(27). 

Percentage hepatic fat was assessed by MRI using a Magnetom Avanto system 

(Siemens Healthcare, Erlangen, Germany) as previously described(25). Thereafter, 



children were divided into those with and without HS (≥5.5% or <5.5% hepatic fat 

respectively) (28,29). 

Body mass (kg), height (m), and waist circumference (cm) were measured in 

duplicate following standard protocols; the body mass index (BMI) (kg/m2) and the waist 

to height ratio (WHtR) were then calculated(30).  

The educational level and country of origin of the children's mothers were 

obtained via questionnaire. Belonging to an ethnic minority was defined as having a 

foreign-born mother from a low or middle income country (Supplemental table 1) or 

belonging to recognized ethnic minority for Spain (i.e., Gypsies) according to the 

categories provided by the European Commission for Spain. Perinatal variables such as 

gestational age at birth (weeks), birth weight (g) and duration of breastfeeding (weeks), 

and any family history of obesity and diabetes were collected via a questionnaire and 

from clinical records. 

Dietary intake was assessed by two non-consecutive 24-hour recalls within a 

period of seven days. Sugar-sweetened beverage (SSB) consumption was determined as 

the ingestion of soft drinks, sweetened juices, and energetic drinks(31) in g/day. Children 

were also categorized as consumers or non-consumers of SSB. Adherence to the 

Mediterranean dietary pattern was evaluated using the Mediterranean Diet Quality Index 

for children and teenagers (KIDMED) questionnaire(32).  

Cardiorespiratory fitness (CRF) was estimated from the number of laps completed 

in the 20 m shuttle run test (20mSRT)(33), and the children classified as fit (>20th 

percentile) or unfit (≤20th percentile) according to the sex- and age-specific percentiles 

of Tomkinson et al. (34). This is a validated test used to evaluate CRF in schools(35). 



Physical activity (counts per min), sedentary and sleep time (min per day) were 

measured by accelerometry, as reported elsewhere (36). A self-reported sedentary 

behavior questionnaire(37) was completed in order to determine the frequency of 

specified sedentary behaviors such as watching TV, playing on-screen games, and surfing 

the Internet; the children were then categorized as meeting (<2h/day) or not-meeting 

(≥2h/day) WHO recommendations regarding screen time for children(38).  

A brief questionnaire to collect the required information to calculate the 

HEPAKID index. The calculator is available on https://bit.ly/37WXV0j. Additionally, as 

the CRF measurement may not be available in clinical settings, a second model was 

generated excluding this variable (https://bit.ly/2AQTUPa). 

In addition to developing the proposed tool, three previously published ALT cut-

off points and a score for diagnosing HS in pediatric populations were validated in the 

present study population: 1) the ALT concentrations of >22 IU/L in girls and >25 IU/L 

in boys, according to the criteria proposed by Schwimmer et al. (39), 2) the ALT cut-offs 

of ≥44 IU/L in girls and ≥52 IU/L in boys proposed by the North American Society For 

Pediatric Gastroenterology, Hepatology & Nutrition (NASPGHAN)(40), 3) the ALT cut-

off point of >35 IU/L proposed by the European Society for Paediatric Gastroenterology, 

Hepatology and Nutrition (ESPGHAN) (41), and 4) the pediatric NAFLD (non-alcoholic 

fatty liver disease) score (ped-NAFLD score), determined as: 

ped-NAFLD score = 
𝑒[−13.83 + (0.16 𝑥 𝑊𝐻𝑡𝑅) +(0.07 𝑥 𝐴𝐿𝑇) + (0.78 𝑥 𝐻𝑂𝑀𝐴)]

1+ 𝑒[−13.83 + (0.16 𝑥 𝑊𝐻𝑡𝑅) +(0.07 𝑥 𝐴𝐿𝑇) + (0.78 𝑥 𝐻𝑂𝑀𝐴)]
 

for which the proposed cut-off point is 0.39(23). 

The plasma concentrations of ALT and HOMA variables included in the ped-

NAFLD score were measured in the present sample of children using standard 

protocols(25). 

Statistical analysis  

https://bit.ly/37WXV0j
https://bit.ly/2AQTUPa


Differences in sociodemographic, anthropometric and lifestyle characteristics between 

children with or without MRI-diagnosed HS were analyzed using the independent t-test 

(continuous variables) or χ2 test (categorical variables).  

No missing data imputation was performed. All variables potentially associated 

with the presence of HS were included as candidates in a multivariate logistic regression 

model forming the base of the HEPAKID index. Those independent variables that showed 

collinearity, and those whose effect was negligible, were removed from the final model.  

The probability of having HS was determined from the model, multiplying by 100 

to obtain the “sociodemographic, lifestyle and anthropometric data based pediatric 

hepatic steatosis index (HEPAKID index)”, which therefore has a 0-100 score range. 

The discriminatory capacity of the HEPAKID index was examined by calculating 

the area under the receiver-operating characteristic curve (AUC-ROC, with 95% 

confidence intervals [CI]). The calibration of the model was examined using a calibration 

plot (plotting the expected probabilities against observed event proportions and 

smoothing via the Loess method) and the Hosmer-Lemeshow test. Cross validation with 

150 samples was performed as an internal validation and to provide an optimism-

corrected AUC-ROC.  

In the external validation of the pre-existing tools, the discrimination of the ALT 

tests and ped-NAFLD score were assessed by AUC-ROC analysis, and the calibration of 

the ped-NAFLD score was evaluated using a calibration plot. 

The Youden index(42) was used to identify the optimal cut-off point for the 

HEPAKID index, prioritizing high sensitivity (≥80%). The performance of the proposed 

index and the already published tools was expressed as sensitivity, specificity, positive 

predictive value, and negative predictive value (with their corresponding 95%CIs) for the 



proposed cut-off points. All analyses were performed for the sample as a whole, and 

separately for boys and girls.  

All calculations were performed using SPSS software v.23.0 (IBM, Armonk, NY, 

USA) and R statistical software v.3.6.3. Significance was set at α= 0.05.  

  



RESULTS 

Table 1 shows the sociodemographic, anthropometric, lifestyle and biochemical 

characteristics of the children with (36%) and without HS (64%) as determined by MRI. 

Children with HS had a higher WHtR (p<0.001), higher SSB consumption (p<0.005), a 

lower CRF (p<0.01) and a lower gestational age at birth (p<0.01) than those without HS. 

Children with HS were also more likely to belong to an ethnic minority (p<0.01) and not 

to meet recommendations regarding screen time (p<0.05). The plasma ALT, plasma 

insulin and the HOMA index were also higher in children with HS (p<0.01). 

Model development and validation 

Table 2 shows the multivariate logistic regression analysis based on sociodemographic, 

anthropometric, and lifestyle variables potentially associated with having HS. The 

HEPAKID index was defined using the regression coefficients (β) obtained in the 

multivariate logistic regression model (Table 2, I). Only those children with valid data 

on maternal country of origin (non-missing data) on duration of gestation (missing data 

n=12), anthropometry (no missing data), screen time (no missing data), dietary habits (no 

missing data), and CRF level (missing data n=5) were included in the model (n=99): 

"𝐻𝐸𝑃𝐴𝐾𝐼𝐷 𝑖𝑛𝑑𝑒𝑥" =  
𝑒𝑚𝑒

1 + 𝑒𝑚𝑒
 𝑥 100 

me = 2.801 + 1.583 x (ethnic minority1) + [(-0.230) x (gestational age2)] + 0.095 x (WHtR3) + 

0.656 x (screen time ≥2h/day4) + 0.834 x (SSB5) + [(-0.028) x (CRF6)] 

Equation to calculate the “HEPAKID Index”. Me=model equation, e=exponential function constant. 1Ethnic 

minority=1 and non-ethnic minority=0, 2Gestational age at birth in weeks, 3WHtR: waist to height 

circumference ratio, 4Screen time ≥2h/day=1 and <2h/day=0, 5Consumer of sugar sweetened beverages=1, 

non-consumer=0, 6CRF: cardiorespiratory fitness (number of laps completed in 20mSRT test).  

The model included six categorical or continues variables collected in a brief 

questionnaire: 1) belonging to an ethnic minority (categorical, yes or no), 2) duration of 



gestation in weeks (continuous), 3) the WHtR multiplied by 100 (continuous), 4) meeting 

or not meeting screen time recommendations (categorical, yes or no), 5) consumption of 

SSB (categorical, yes or no), and 6) cardiorespiratory fitness in laps (discrete variable).  

The Hosmer-Lemeshow test (p=0.380) and the calibration plot (Figure 1) showed 

the HEPAKID index to be well calibrated. The AUC-ROC value of 0.808 (95%CI 0.715-

0.901) showed the index to have strong discriminatory capacity for detecting HS in the 

study population (Figure 1). The optimism corrected AUC-ROC was 0.755 (Figure 1).  

Supplemental Table 2 shows the diagnostic performance of the HEPAKID index 

at different cut-off points. A value of 25.0 was selected as the optimum cut-off for HS 

(sensitivity 0.82, specificity 0.62).  

A second model for the index was generated excluding CRF (Table 2, II). In this 

case the AUC-ROC was 0.793 (95%CI 0.694-0.893), the Hosmer-Lemeshow test 

(p=0.521), and the calibration plot again demonstrated good calibration (Supplemental 

Figure 1 in the Supplement). The optimism corrected AUC-ROC was 0.754 

(Supplemental Figure 1 in the Supplement). The calculator is available on 

https://bit.ly/2AQTUPa. 

Performance of the ped-NAFLD-score and ALT tests 

The AUC-ROC value for both the ped-NAFLD score and the ALT levels (AUC=0.770, 

95%CI 0.679-0.861, SE: 0.046 and AUC=0.751, 95%CI 0.657-0.845, SE: 0.048, 

respectively) were lower than for the HEPAKID index. In addition, the ped-NAFLD score 

showed poor calibration and detected far fewer cases of HS than did MRI (Supplemental 

Figure 2). Table 3 shows the diagnostic performance of the HEPAKID index (with and 

without CRF) compared to the ALT tests and the ped-NAFLD score using their optimum 

cut-offs. The HEPAKID index showed higher sensitivity (82% and 79% with and without 

CRF respectively) for identifying children with HS compared to the ped-NAFLD score 

https://bit.ly/2AQTUPa


(33%) and the ALT tests (between 5 and 41%), but showed lower specificity (62% vs. 

90-100%). It is remarkable that the proposed cut-offs for the NASPGHAN and 

ESPGHAN ALT tests identified only 4 and 2 children (all boys) respectively among the 

41 children with MRI-diagnosed HS (Table 3). 

 The diagnostic accuracy of the HEPAKID index was similar in girls and boys, 

while the predictive capacity and accuracy of the ALT tests and the ped-NAFLD-score 

were lower in girls than in boys (Table 3).  

DISCUSSION 

The early, easy and rapid screening of children at increased risk of HS would allow 

pediatricians to identify those children who should be referred for confirmatory diagnosis. 

Early detection would also open the door to more effective treatment. The proposed 

HEPAKID index is a simple, non-invasive, sensitive, inexpensive and easy-to-perform 

screening method based on sociodemographic, lifestyle and anthropometric variables that 

can identify HS in pre-adolescent children with overweight or obesity. A HEPAKID 

index score of ≥25.0 shows high sensitivity and reasonable accuracy in identifying HS as 

detected by MRI. It could therefore be of great use in primary care clinics, allowing those 

children who need to be referred to pediatric gastrointestinal and hepatology specialists 

to be quickly identified. 

The HEPAKID index includes anthropometric data (WHtR), sociodemographic 

factors (ethnic minority status and gestational age at birth), lifestyle variables (SSB 

consumption, screen time) and CRF (laps in 20mSRT test), all of which are easily 

measured or collected in a brief questionnaire (https://bit.ly/37WXV0j).  

The most important contributor to the HEPAKID index was belonging to an ethnic 

minority group. Previous studies have reported that ethnicity and genetics play an 

important role in liver fat deposition. Thus, in the United Sates, the prevalence of hepatic 

https://bit.ly/37WXV0j


steatosis was higher in Hispanic, than in non-Hispanic children(43) and adults(44). In 

addition, the accuracy of several predictive scores of NAFLD for adults was significantly 

influenced by ethnicity(45). Several genetic variants such as the PNPLA3 polymorphism 

have also been associated with increased risk of developing NAFLD (28,46,47). 

Interestingly, this polymorphism is more prevalent in Hispanic than in non-Hispanic 

individuals, suggesting an ethnic predisposition for hepatic steatosis (46,47). In our study, 

ethnic minority was defined as belonging to a recognized ethnic minority for Spain or as 

having a foreign-born mother from a low- or middle-income country. Ethnic minority 

groups are different across countries; however, in our study this group shares social 

disadvantages more than a genetic or biological background. Social disadvantages such 

as low income and parental education, occupation, minimal social network, non-

traditional family structure, migrant status or unemployment have been associated with 

obesogenic behaviors among children. Likewise, in high-income countries, there is an 

elevated prevalence of obesity and obesity-related comorbidities such as insulin 

resistance among racial and ethnic minority groups, as well as among individuals from 

disadvantaged socioeconomic backgrounds(48,49). Our results support these findings 

and extend to the presence of HS.  

It should also be noted that a high WHtR is one of the most frequently used 

anthropometric measures for identifying abdominal adiposity and cardiometabolic risk in 

children(30), and that the lifestyle factors included in the HEPAKID index (screen time 

and SSB consumption) are also known to be strong determinants of pediatric obesity 

and/or HS(31,50,51).  

In clinical practice, and particularly in primary care, the sensitivity of a screening 

tool is the main criterion for selecting it for use; the objective is to identify patients who 

warrant further, more invasive and/or expensive tests. The HEPAKID index can identify 



82% (79% in the model without CFR) of children with overweight/obese who have 

developed HS (18% false negatives). In a sample of children and adolescents with severe 

obesity (N=119), a laboratory biomarker-based model (ALT, HOMA and leptin) returned 

a sensitivity of 77%(24). The latter authors also tested other previously published 

screening tools for adults (20–22) in a sample of white children with obesity (N=56) (23) 

and reported their sensitivity to be <70% in all cases. In the present work, the previously 

published ALT level tests(39–41) and the ped-NAFLD score(23) were tested in the 

current cohort, and their accuracy and sensitivity were found to be lower than those of the 

HEPAKID index. Indeed, the NASPGHAN(40) and ESPGHAN(41) ALT cut-off points 

failed to identify 93% of children with an MRI-diagnosed fatty liver as having HS. 

Indeed, even the revised ALT cut-off of Schwimmer et al. (39) failed to detect HS in 59% 

of MRI-diagnosed children, and the ped-NAFLD score failed to detect 67% of them. In 

addition, the diagnostic accuracy of these scores was particularly low in girls, while the 

diagnostic performance of the HEPAKID index was similar in boys and girls. These 

findings highlight the usefulness and likely cost-effectiveness of the HEPAKID index.  

The sensitivity of the HEPAKID index could be improved, but with the loss of 

specificity. Specificity was only 0.62 (0.59 in the model without CRF) for the ≥25.0 cut-

off point; thus, 38% of children without HS were identified as candidates for additional 

examination. The selected cut-point of ≥25, however, represents the best trade-off 

between sensitivity and specificity.  

While there is agreement among scientific/medical associations on the need to 

develop useful screening tools and guidelines for treating HS in children, no consensus 

strategies have been produced. For example, the American Academy of Pediatrics 

recommends ALT levels be measured in all children with obesity, or with overweight 

plus any cardiometabolic risk factor(52). The recommendation of the ESPGHAN(41) is 



to assess ALT levels and perform abdominal ultrasound in all children >3 years with 

overweight or obesity, but given the elevated prevalence of pediatric overweight and 

obesity this would be a large strain on public health systems. In addition, the majority of 

studies in children with biopsy-proven or MRI-diagnosed HS report that ALT levels and 

ultrasound techniques only show moderate diagnostic accuracy in terms of detecting HS 

in children, and that combining them leads to no improvement in sensitivity(53,54). Other 

authors propose blood ALT concentrations of >35 IU/L as indicative of HS. However, 

while this cut-off has a high specificity (between 92-94%) it has only low sensitivity 

(between 24-48%)(55–57). Similarly, the ALT cut-off points proposed for the pediatric 

population by Schwimmer et al. (39), the ESPGHAN(41) and the NASPGHAN(40), all 

showed high specificity (90%-100%) in the present work, but very low sensitivity (5%-

41%), particularly in girls (0%-30%), making them of little use as screening tools.  

The 20mSRT test is a routine test used to measure CRF in schools; the results are 

reported to the children and their parents. However, in clinical settings this information 

may not be available. For this reason, a version of the HEPAKID index that does not take 

CRF into account was developed. This showed slightly lower sensitivity (79% vs. 82%) 

but is still useful as a screening tool for identifying children with HS. On the other hand, 

the HEPAKID index should be externally validated in other multiethnic, representative, 

large cohorts of preadolescent children with overweight/obesity before its 

implementation in clinical settings. The predictive capacity of the HEPAKID index has 

been tested in pre-adolescent children and may not apply to adolescent population at risk 

of HS. 

In conclusion, the HEPAKID index is the first sociodemographic, lifestyle and 

anthropometric data-based screening tool for identifying HS in preadolescent children 

with overweight or obesity aged between 8.5 and 12.0 years. Pediatricians could easily 



use this index to identify children who should be referred for confirmatory diagnosis. The 

low cost of performing this screening, and the availability of the data required, render the 

HEPAKID index an ideal method for screening for HS in the pediatric primary care 

setting. 
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TABLES 

Table 1. Sociodemographic, anthropometric, and lifestyle characteristics of overweight 

or obese children with and without hepatic steatosis. 

 Non-hepatic 

steatosis 

Hepatic steatosis 

 

p 

 N Mean (SD) N Mean (SD)  

Sociodemographic characteristics 

Age (years) 74 10.6 (1.1) 41 10.5 (1.1) 0.749 

Girls (N, %) 74 42, 57 41 20, 49 0.077 

Ethnic minority1 (N, %) 74 6, 8 41 11, 26 0.007 

Maternal educational level (University N, 

%) 

74 57, 77 40 26, 60 0.168 

Family history for obesity (N, %) 74 29,39 40 20,50 0.266 

Family history for T2D (N, %) 74 5,7 40 3, 8 0.882 

Gestational age (weeks) 68 39.1 (2.2) 35 37.4 (3.4) 0.009 

Birth weight (g) 72 3226 (597) 39 3072 (714) 0.256 

Breastfeeding duration (weeks) 72 11.6 (10.9) 38 13.2 (14.1) 0.545 

Anthropometric characteristics 

Height (cm) 74 145 (8) 41 147 (8) 0.520 

Weight (kg) 74 53.4 (10.2) 41 56.7 (10.7) 0.112 

Body mass index (kg/m2) 74 25.0 (3.2) 41 26.2 (3.3) 0.059 

Waist to height ratio (x100) 74 52.9 (4.5) 41 56.2 (4.3) <0.001 

Hepatic fat (%) 74 3.7 (1.0) 41 9.2 (4.9) <0.001 

Dietary, physical activity fitness, and sleep patterns 

Physical activity (counts/min) 71 3792 (676) 39 3577 (623) 0.097 

Cardiorespiratory fitness (laps) 70 24 (13) 40 17 (9) 0.002 

MVPA (min/day) 71 97 (26) 39 92 (27) 0.319 

Sedentary time (min/day) 71 511 (69) 39 522 (65) 0.421 

Screen hours ≥2h/day (N, %) 72 36, 50 39 31, 79.5 0.002 

Sleep time (min/day) 71 464 (34) 40 455 (38) 0.203 

SSB consumption (g/day) 74 51 (90) 41 121 (172) 0.019 

Fruits and vegetables intake (g/day) 74 224 (159) 41 259 (182) 0.297 

KIDMED index 74 5.9 (2.2) 41 6.1 (1.9) 0.694 

Biochemical variables:      

ALT (IU/L) 73 18 (5) 41 25 (11) <0.001 

Glucose (mg/dL) 73 84.7 (4.9) 40 86.7 (6.1) 0.086 

Insulin (IU/ml) 73 11.1 (4.3) 41 13.9 (5.5) 0.006 

HOMA-IR 73 2.34 (0.95) 40 3.01 (1.28) 0.006 

Abbreviations: T2D: type 2 diabetes mellitus, MVPA: moderate to vigorous physical activity, SSB: 

sugar-sweetened beverage, KIDMED: questionnaire about adherence to the Mediterranean Diet in 

children and young; HOMA:1Ethnic minority: the category of ethnic minority includes non-Spanish 

origin of the mother (Economic migrants: Latin America N=12, Maghreb N=3 and Eastern Europe 

N=5) and belonging from and Spanish ethnic minority such as Roma (N=6)).   



Table 2. Multiple logistic regression analysis showing the association of 

sociodemographic, anthropometric and lifestyle factors with hepatic steatosis (dependent 

variable) with (I) and without (II) cardiorespiratory fitness among predictors. 

 Hepatic steatosis 

OR (95% CI) β 

I (n=99)   

Constant - 1.339 

Ethnic minority1 4.94 (1.29-18.88) 1.597 

Gestational age (weeks) 0.84 (0.70-1.02) -0.170 

Waist to height ratio (x100) 1.08 (0.95-1.22) 0.073 

Screen time (≥2h/day)1 2.06 (0.69-6.16) 0.722 

SSB consumption 1 2.77 (0.96-8.01) 1.018 

Cardiorespiratory fitness (laps) 0.97 (0.93-1.02) -0.027 

II (n=100)   

Constant - 0.417 

Ethnic minority1 5.63 (1.51-21.09) 1.729 

Gestational age (weeks) 0.82 (0.68-0.99) -0.196 

Waist to height ratio (x100) 1.01 (0.97-1.25) 0.097 

Screen time (≥2h/day)1 2.23 (0.77-6.44) 0.801 

SSB consumption 1 2.54 (0.90-7.21) 0.933 

Abbreviations: β: standardized regression coefficient; OR: Odds ratio; CI: confidence interval; 

SSB: sugar-sweetened beverages. Only participants with no missing data were included into the 

model. Missing data: gestational age (n=12), cardiorespiratory fitness (n=5). 1: Categorical 

variables. The category of ethnic minority includes non-Spanish origin of the mother (economic 

migrants; Latin America n=12, Maghreb n=3, and Eastern Europe n=5), and belonging from and 

Spanish ethnic minority such as Roma (n=6).  

  



Table 3. Diagnostic performance of the HEPAKID-index and other pediatric prediction 

scores. 

Abbreviations: SN: sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative 

predictive value; CRF: cardiorespiratory fitness.  

 

 

 

 

 

 SN, % (95% CI) SP, % (95% CI) PPV, % (95% CI) NPV, % (95% CI) 

HEPAKID index (≥25) 

Whole sample (n=99) 82 (68-96) 62 (49-75) 53 (39-68) 86 (76-98) 

Girls (n=55) 82 (61-100) 61 (54-81) 48 (28-68) 88 (74-100) 

Boys (n=44) 82 (61-100) 64 (43-85) 61 (39-83) 84 (65-100) 

HEPAKID index (model without CRF)    

Whole sample (n=100) 79 (64-94) 58 (45-70) 49 (35-63) 84 (73-96) 

Girls (n=57) 77 (53-99) 62 (46-79) 46 (26-67) 86 (72-100) 

Boys (n=43) 81 (59-100) 48 (27-69) 48 (27-69) 81 (59-100) 

High ALT tests     

Schwimmer et al. (>22 IU/L girls and >25 IU/L boys)1 

Whole sample (n=114) 41 (25-58) 90 (83-98) 71 (51-91) 73 (64-83) 

Girls (n=62) 30 (7-53) 88 (77-99) 55 (21-89) 73 (59-86) 

Boys (n=52) 52 (29-76) 93 (83-100) 85 (61-100) 74 (59-89) 

NASPGHAN (≥44 IU/L girls and ≥52 IU/L boys)2 

Whole sample (n=114) 5 (0-13) 100 (99-100) 100 (75-100) 65 (56-74) 

Girls (n=62) - - - - 

Boys (n=52) 9 (0-24) 100 (98-100) 100 (75-100) 62 (48-76) 

ESPGHAN (>35 IU/L)3 

Whole sample (n=114) 7 (0-17) 99 (95-100) 75 (20-100) 65 (56-75) 

Girls (n=62) - - - - 

Boys (n=52) 14 (0-31) 97 (89-100) 75 (20-100) 63 (48-77) 

Ped-NAFLD score (≥0.39)4  

Whole sample (n=113) 33 (17-48) 95 (87-100) 76 (53-99) 72 (62-81) 

Girls (n=62) 30 (7-53) 95 (88-100) 75 (39-100) 74 (61-87) 

Boys (n=51) 35 (12-58) 94 (83-100) 78 (45-100) 69 (54-84) 



 

 

  



Supplemental Table 1. Spanish ethnic minority groups. (Information European Commission against Racism and Intolerance. ECRI Report on 

Spain (fifth monitoring cicle); 2018) 

 

Spanish ethnic minority groups  

National ethnic minorities Gypsies 

Migrants Latin Americans (South Americans and Central Americans) 

Eastern European (i.e., Romania, Bulgaria) 

North Africans 

Sub-Saharan Africans 

Arabian 

Chinese 

 

  

  



Supplemental Table 2. Prediction accuracy of the HEPAKID index. 

Cut-off points 

 

Sensitivity (%) 

(95% CI) 

Specificity (%) 

(95% CI) 

PPV (%) 

(95% CI) 

NPV (%) 

(95% CI) 

LR+ 

(95% CI) 

LR- 

(95% CI) 

Youden index (0.55): ≥ 41.7 68 

(50-85) 

87 

(78-96) 

74 

(57-91) 

83 

(74-93) 

5.3 

(2.7-10.6) 

0.4 

(0.2-0.6) 

≥ 25  82 

(68-96) 

62 

(49-75) 

53 

(39-68) 

86 

(76-98) 

2.2 

(1.5-3.1) 

0.3 

(0.1-0.6) 

≥ 35  71 

(54-87) 

79 

(69-90) 

65 

(48-81) 

83 

(73-94) 

3.4 

(2.0-5.8) 

0.4 

(0.2-0.6) 

≥ 45  62 

(44-80) 

87 

(78-96) 

72 

(54-90) 

81 

(71-91) 

4.9 

(2.4-9.8) 

0.4 

(0.3-0.7) 

≥ 55  47 

(29-65) 

92 

(85-99) 

76 

(56-97) 

76 

(66-86) 

5.9 

(2.4-14.8) 

0.6 

(0.4-0.8) 

≥ 65  35 

(18-53) 

97 

(92-100) 

86 

(64-100) 

74 

(63-84) 

11.1 

(2.6-46.8) 

0.7 

(0.5-0.9) 

≥ 75  24 

(8-39) 

98 

(95-100) 

89 

(63-100) 

70 

(60-81) 

15.0 

(2.0-113.0) 

0.8 

(0.6-0.9) 

PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-:  negative likelihood ratio. 
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Supplemental Figure 1. Receiver operating characteristics curve (panel A) and calibration 

(panel B) of the HEPAKID index model without cardiorespiratory fitness data. AUC-ROC: 

area under receiver operating characteristics curve; CI: confidence interval; SE: standard 

error.  
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Supplemental Figure 2. Receiver operating characteristics curve (panel A) and 

calibration (panel B) of the ped-NAFLD score. AUC-ROC: area under receiver 

operating characteristics curve; CI: confidence interval; SE: standard error.  


