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Abstract
Background & Aims: Although transient elastography is used to determine liver stiffness as 

a surrogate to hepatic fibrosis, the normal range in children is not well defined. We 

performed a systematic review and individual participant data meta-analysis to determine 

the range of liver stiffness in healthy children and evaluate the influence of important 

biological parameters.

Methods: We pooled data from 10 studies that examined healthy children using transient 

elastography. We divided 1702 children into two groups: ≥ 3 years (older group) and < 3 

years of age (younger group). Univariate and multivariate linear regression models 

predicting liver stiffness were conducted.

Results: After excluding children with obesity, diabetes, or abnormal liver tests, 652 children 

were analyzed. Among older children, mean liver stiffness was 4.45 kPa (95% confidence 

interval 4.34-4.56), and increased liver stiffness was associated with age, sedation status, 

and S probe use. In the younger group, the mean liver stiffness was 4.79 kPa (95% 

confidence interval 4.46-5.12), and increased liver stiffness was associated with sedation 

status and Caucasian race. In a subgroup analysis, hepatic steatosis on ultrasound was 

significantly associated with increased liver stiffness. We define a reference range for normal 

liver stiffness in healthy children as 2.45-5.56 kPa.

Conclusions: We have established transient elastography-derived liver stiffness ranges for 

healthy children and propose an upper limit of liver stiffness in healthy children to be 5.56 

kPa. We have identified increasing age, use of sedation, probe size and presence of 

steatosis on ultrasound as factors that can significantly increase liver stiffness. 

Keywords: transient elastography, FibroScan, liver stiffness, healthy controls, steatosis

Lay Summary: Measurement of liver stiffness is increasingly used as a non-invasive 

method to assess the degree of liver fibrosis. While normal ranges of liver stiffness for 

healthy adults have been established, the normal values for healthy children are not well A
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defined. Our study establishes normal ranges for healthy children and also identifies factors 

that may increase liver stiffness in this population.
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Introduction

Although liver biopsy remains the gold standard for the assessment of hepatic fibrosis, its 

invasiveness, sampling bias, and the need for sedation/anesthesia may limit its use, 

particularly in children. The presence of hepatic fibrosis holds prognostic significance as its 

severity is strongly associated with the development of cirrhosis and consequent morbidity 

and mortality. Pediatric liver disease is increasing in prevalence among children and 

adolescents, driven by the growing epidemic of childhood obesity and non-alcoholic fatty 

liver disease (NAFLD)1. As such, non-invasive methods to evaluate hepatic fibrosis in 

children have become increasingly utilized and important in clinical practice. 

Since 2003, transient elastography (TE) has been used as a non-invasive tool for liver 

stiffness measurement (LSM), a surrogate marker for hepatic fibrosis. TE is a rapid and non-

invasive technique that is based upon the principle that the propagation velocity of a wave 

through a homogenous tissue is proportional to its elasticity, which itself is correlated with 

the degree of hepatic fibrosis. The operator uses an ultrasound transducer that measures 

the speed at which vibration of mild amplitude and low frequency transmits through the liver. 

Due to the ease of application, TE has become an established tool in the diagnosis and 

prospective monitoring of hepatic fibrosis in a variety of chronic liver diseases in adults2. 

With the widening use of this non-invasive technique, there has been increased interest in 

determining the normal LSM range in healthy individuals. While the normal LSM range has 

been identified in adults3, no systematic review has evaluated the normal values for LSM in 

children and there is only data available from a small number of studies in healthy children4–

10. 

In this systematic review and individual participant data (IPD) meta-analysis, we aimed to 

define the normal range of TE-derived LSM, as well as identify factors influencing this range 

by synthesizing studies reporting the measurements in ostensibly healthy children. 
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Methods
We developed a protocol a priori and followed the guidance of Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis of Individual Participant Data statement11. For 

details, a checklist is provided in Supplemental Information.

Data Sources and Search Strategies

An experienced librarian searched the following databases with guidance from the study’s 

principal investigators: EBM Reviews - Cochrane Central Register of Controlled Trials April 

2020, EBM Reviews - Cochrane Database of Systematic Reviews 2005 to May 29, 2020, 

Embase 1974 to 2020 May 29, Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & 

Other Non-Indexed Citations and Daily 1946 to May 29, 2020. The search included human 

studies of liver elastography as measured by TE in children and infants published in English, 

French, or Spanish. Details of the search strategy are available in Supplemental 
Information. 

After the removal of duplicates and studies that evaluated LSM in non-healthy children, we 

identified a total of 66 entries (papers and abstracts). Contact information was collected if 

available in the entry or internet-based search engines. 

Inclusion Criteria

Studies were included according to the following criteria. (1) studies of transient 

elastography as measured by FibroScan® (Echosens, Paris, France) that explicitly described 

the recruitment of apparently healthy individuals, as well as studies that used comparative 

control arms of healthy recruits; (2) individuals were less than 18 years of age; (3) the LSM 

examination was performed with either a standard small (S1, S2) or standard medium (M) 

probe. The application of the probe was at the discretion of the original study center; and (4) 

technically good examinations were performed according to the manufacturer’s instructions.

Exclusion CriteriaA
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Studies were excluded if they (1) included patients with known liver disease (hepatic 

steatosis discovered incidentally on abdominal ultrasound was not considered an exclusion 

criterion); (2) did not record the type of probe that was used for LSM measurements; (3) 

used newer technologies for TE including FibroTouch® (Hisky Medical Technologies Co. Ltd, 

Wuxi, China).

Data Extraction

Authors of screened studies potentially fulfilling the inclusion criteria were provided with the 

inclusion and exclusion criteria and invited to offer related individual participant data. The list 

of investigators who provided data sets is provided in Supplemental Information.

Study Group Analysis

The cohort was divided into two groups:  3 years of age (older group) and < 3 years of age 

(younger group) at the time of testing. This age was chosen as a cut off as a consensus 

discussion among the study authors, as it was felt that certain anthropomorphic 

measurements did not have validity above or below this age. As such, BMI was calculated 

for children older than 3 years of age, and weight for length (WFL) was calculated for 

children younger than 3 years of age. Z-scores were calculated using the website 

https://www.quesgen.com/BMIPedsCalc.php. The outcome of interest was LSM evaluated 

by FibroScan® expressed in kilopascals (kPa). For our primary analysis, we excluded 

individuals that were obese, carried a diagnosis of diabetes mellitus, or who had incidentally 

abnormal liver function tests (LFTs). We defined obesity in children in accordance with the 

Center for Disease Control guidance, as being greater than the 95th percentile for BMI for 

age (BMI z-score or WFL z-score > 1.64)12. Abnormal LFTs were defined as ALT > 33 IU/L 

for males and ALT > 25 IU/L for females, according to the American College of 

Gastroenterology guidelines, and cutoffs for AST levels were chosen similar to that of ALT13. 

A rigorous approach was followed so that if the the individual participant data did not 

specifically designate the status of diabetes in the participant, or if liver enzymes were not 

reported, the participant was censored from the primary analysis). A
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Assessment of Methodologic Quality

Two reviewers (DKL, FB) assessed the methodologic quality of all included studies by 

applying a modified tool of the Newcastle-Ottawa Scale adapted to our cohort study14. We 

kept items focused on the representativeness of the cases and ascertainment of outcome 

and removed items that related to the selection of the controls and comparability. This tool 

has been applied in many previous publications3,15–18, with good consistency among 

reviewers. The assessment of methodologic quality for the 10 included cohorts and the 

overall risk of bias for these cohorts is found in Supplemental Information.

Statistical Analysis and Regression Model Analysis

For descriptive analysis, we reported means, standard deviation, and 95% confidence 

intervals (95% CI) for continuous variables and percentages for dichotomized variables 

unless otherwise specified. 

To determine the reference range for LSM in healthy children of all ages, we first removed 

outliers using a method based on robust nonlinear regression with a 1% false discovery 

rate19. After outliers were removed, we defined the upper limit of normal to be the 90th 

percentile of LSM readings and the lower limit of normal as the 2.5th percentile. 

To evaluate the association between LSM and confounding factors, we constructed 2-level, 

mixed effect, linear, random-intercept, regression models with unconstructed covariance 

between the random effects. Observations without providing all the adjusted factors were 

deemed as missing and were ignored in the analysis. All statistical analyses were conducted 

using STATA version 14.1 (StataCorp LP, College Station, TX).
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Results
Description of Included Studies

The flow diagram for this individual participant data meta-analysis is shown in Figure 1. Our 

search identified 3010 entries. Reviewers (FB, SH, DKL) examined all entries. We identified 

66 studies as potentially appropriate to be included if enough data were made available. 

Emails were sent to corresponding and primary authors of unique entries (abstracts and 

articles) to obtain individual participant data tables. Fifty-five authors were not able to 

provide data, and one study was excluded because of the use of Fibrotouch®.

The study included a total of 10 cohorts, with a total of 1702 participants4–8,10,20–23. The 

breakdown of these studies and references, as well as their overall risk of bias, is outlined in 

Supplemental Information.

Baseline Characteristics

Of the 1702 total individuals, 201 individuals were excluded from the primary analysis due to 

having obesity (BMI or WFL z-score > 1.64), diabetes mellitus, or abnormal LFTs24. An 

additional 849 individuals were excluded because of missing information regarding diabetes 

status or LFTs. In our primary analysis cohort, 588 (90.2%) were in the older group and 64 

were (9.8%) were in the younger group. The baseline characteristics of each group are 

shown in Table 1. 

A description of the probes used for LSM determination is provided in Supplemental Table 
1. Overall, the M probe was used for LSM in the majority of older children (n=268; 50.66%), 

while the S1 probe was used for the majority of younger children (n=59; 92.19%).

Liver Stiffness Measurement Ranges in Apparently Healthy Children

The mean LSM for older children was 4.45 kPa ± 1.31 kPa (95% CI 4.34-4.56) and is shown 

in Figure 2A and Table 2, stratified by sex. Among the older group, mean LSM was 

significantly different between the sexes (p=0.015). In this group, males and females had A
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similar age (p=0.41). The mean LSM for the younger group was 4.79 kPa ± 1.34 kPa (95% 

CI 4.46-5.12)  and was significantly different between sexes (p=0.043) as shown in Figure 
2B. The average LSM for all children combining both categories was 4.48 kPa ± 1.32 kPa 

(95% CI 4.38-4.58). Histograms for LSM values for older children and younger children are 

provided in Supplemental Figures 1 and 2.

Within this cohort, there were 9 children (all in the older group) who had evidence of 

steatosis on ultrasound. These individuals with “lean NAFLD” had a mean LSM of 6.78 kPa 

(95% CI 2.88-10.68). 

In the older group, mean LSM for Caucasian children was significantly greater than that for 

Asian children (4.66 vs. 4.08 kPa, p<0.0001). This was also statistically significant in the 

younger group of children (4.92 vs. 3.33 kPa, p=0.041).

We also performed a subgroup analysis for pre-adolescent (3-11 years old) and adolescent 

( 11 years old) children. Mean LSM for pre-adolescent and adolescent children were 4.42 

kPa ± 1.32 kPa (95% CI 4.27-4.56) and 4.49 kPa ± 1.30 kPa (95% CI 4.33-4.65), 

respectively. Histograms of LSM values for pre-adolescent and adolescent children are 

provided in Supplemental Figures 3 and 4. Additional stratification by sex demonstrated a 

trend toward a difference in LSM between male and female pre-adolescent children 

(p=0.065) and adolescent children (p=0.097) (Supplemental Table 2).

Reference Range of LSM in Healthy Children

We next derived a reference range for LSM based on this cohort and determined it to be 

2.45–5.56 kPa (see Methods for details).

Regression Analysis Model of Normal Liver Stiffness Measurement

Next, we sought to identify the impact of baseline characteristics on LSM. Univariate 

analysis demonstrated that for older children, age, male sex, and sedation status were A
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significantly associated with increased LSM (Supplemental Table 3). These variables were 

not significantly associated with changes in LSM in children < 3 years old. 

Next, a multivariate regression model, adjusting for confounding factors influencing LSM was 

developed for both age groups. The regression coefficient represents the kPa change in liver 

stiffness. The results of this analysis are summarized in Table 3. For older children, age, 

sedation status during TE, and S probe use were associated with a statistically significant 

increase in LSM. The other adjusted factors (male sex, Caucasian race, BMI z-score) had 

no significant effect on LSM. For younger children, only Caucasian race and sedation during 

TE were associated with a statistically significant increase in LSM. As relayed in methods, 

this regression analysis included LSM values of individuals who had available data for all the 

adjusted factors, and those individuals who were missing any of these values were censored 

from the analysis. 

Another regression model, including only those children with information regarding the 

presence or absence of steatosis on ultrasonography (n=216; Table 4), was constructed. All 

of the children with such available data were ≥ 3 years old. In this analysis, we found that the 

presence of hepatic steatosis on ultrasonography was significantly associated with 

increased LSM [coefficient 2.578 (standard error 0.507); p<0.0001]. 

Figure 3 summarizes the major results from the primary analysis of our IPD meta-analysis.

Sensitivity Analysis Including All Individuals in IPD Cohort

To explore the robustness of our results when expanded to include all individuals that were 

in our IPD cohort, we performed an additional sensitivity analysis where we removed the 

stringent exclusion criteria applied to the IPD models described previously. The resulting 

cohort included 1627 children ≥ 3 years old and 75 children < 3 years old. The baseline 

characteristics of this cohort are shown in Supplemental Table 4. Notably, 15.8% of older 

children and 12.0% of younger children in this cohort were obese. Moreover, 13.6% of older A
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children had evidence of hepatic steatosis on ultrasound, and 6.6% of the older children 

carried a diagnosis of diabetes mellitus. The mean LSMs for older and younger children, 

stratified by sex, is shown in Supplemental Table 5. Among older children, we also found 

that the mean LSM increased gradually from healthy children to children with hepatic 

steatosis on ultrasound, and children with both hepatic steatosis on ultrasound and diabetes 

mellitus (Supplemental Table 6).

The results of a multivariate regression model, adjusting for confounding factors that 

influence LSM in both age groups, are summarized in Supplemental Table 7. As in our 

primary analysis, age and sedation status were significantly associated with an increase in 

LSM in the older group. However, male sex and BMI z-score were associated with increased 

LSM in this sensitivity analysis while Caucasian race was not. The mean LSM for obese 

patients (BMI z-score > 1.64) was 4.71 ± 1.41 kPa (95% CI 4.53-4.89). A histogram of LSM 

values for obese patients is shown in Supplemental Figure 5. 

Results of the sensitivity analysis for younger children were identical to our primary analysis. 

In addition, a multivariate regression model including only those children with information 

regarding the presence or absence of steatosis on ultrasonography demonstrated that 

hepatic steatosis was significantly associated with increased LSM (Supplemental Table 8). 

A subset of individuals included in this larger cohort also had information regarding their 

diabetes mellitus status, all older children (n=459). Of these, 25 children carried a diagnosis 

of diabetes. Although it was surmised in all cohorts, that children included as healthy were 

de facto non-diabetics, to provide an additional layer of rigorous sensitivity analysis, we 

evaluated those who carried a diagnosis of diabetes, and a trend toward increased LSM in 

the presence of diabetes mellitus was noted, not reaching statistical significance (p=0.075; 

Supplementary Table 9).
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Overall, the findings of our sensitivity analysis demonstrate that the findings in our primary 

analysis, particularly the identification of increasing age and sedation status as factors that 

increase LSM in healthy children, remain robust in this larger, more inclusive cohort.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Discussion
Liver stiffness measurement (LSM) with transient elastography (TE) has become a standard 

non-invasive tool in the risk stratification of liver disease. While LSM is a surrogate of liver 

fibrosis, multiple confounding factors have been shown to influence the LSM in adults, 

including waist circumference, presence of diabetes mellitus, increased AST level, 

dyslipidemia, and systolic blood pressure in adults3. In children, TE studies mostly focused 

on identifying cutoffs for advanced fibrosis or cirrhosis in those with underlying chronic liver 

disease25,26. However, few studies have addressed the concept of normal liver stiffness in 

children or the effects of anthropomorphic parameters or comorbid conditions on LSM in 

reportedly healthy children (i.e., children not afflicted with liver disease). As such, there is no 

consensus with regards to the normal range of LSM in children. To address this unmet need, 

after a systematic review, we implemented an individual participant data meta-analysis 

accounting for these factors with sufficient power to determine a reference range for LSM as 

well as the effects of potential confounding factors on LSM in healthy children.

In our multivariate regression analysis, we first demonstrated that increasing age is 

associated with higher LSM among children ≥ 3 years old. There have been mixed results 

from prior studies in regard to the effect of age on LSM5,9, which may reflect differences in 

examination conditions, the study sample size, or the approach to probe choice. Increasing 

LSM in children with respect to increasing age has recently been identified using other forms 

of liver stiffness measurement, including MR elastography27. The mechanisms for this are 

unclear at this point but may be related to metabolic, vascular, and microstructural changes 

occurring during maturation28,29, which have been observed in animal models30. In this large 

study, after controlling for other important variables, we find that age is significantly 

associated with increases in TE-derived LSM. 

An important finding from our analysis that was consistent in both age groups studied was 

the significant association between sedation and increased LSM. Increased LSM due to 

sedation was first described in Goldschmidt et al.4, and the finding remains robust after A
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controlling for confounding variables in our multivariate regression analysis. In our IPD, 

those individuals who underwent sedation primarily received propofol.  It is thought that the 

increase in LSM may be related to propofol-related increased splanchnic blood flow31. The 

effects of other forms of sedation, including benzodiazepines, nitrous oxide, or opioids on 

LSM remain open questions at this time. However, our findings suggest that results of TE in 

a sedated child is not an accurate reflection of intrinsic LSM. 

We also noted a significant association between the probe used and LSM. Specifically, we 

noted that the use of an S probe (S1, S2) may lead to an overestimation of LSM compared 

to use of an M probe, which has been suggested in previous studies32.

We also demonstrated that the presence of hepatic steatosis on ultrasound is associated 

with a significant increase in LSM. The impact of hepatic steatosis on LSM has been a 

controversial topic with conflicting results in the adult literature, depending on the degree of 

fibrosis and the etiology of any underlying chronic liver disease. In presumably healthy 

individuals, several studies have demonstrated a significant increase in LSM in those with 

hepatic steatosis on ultrasound compared to those without steatosis3,33–35. In our study, we 

have extended this observation to the pediatric population. 

While mean LSM in males was significantly higher than females in both older and younger 

age groups, male sex was not significantly associated with an increase in LSM based on our 

multivariate regression model. In contrast, the multivariate regression in our sensitivity 

analysis that included obese children, those with diabetes, and those with abnormal LFTs, 

did demonstrate that male sex was significantly associated with increased LSM. Several 

small studies in the pediatric population have noted an increased LSM in male children, 

though in most of these studies, the difference was particularly notable in adolescents8,9,36. 

While a biological mechanism for this difference is not entirely clear, previous conjecture has 

suggested that estrogens and other ovarian hormones may inhibit the production of 

extracellular matrix by hepatic stellate cells37. Whether or not this same dynamic is valid in A
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vivo remains unknown. In our primary analysis, we show a non-statistically significant trend 

toward increased LSM in males in both pre-adolescent and adolescent children. Ultimately, 

though we cannot comment definitively on the contribution of the male sex to LSM based on 

our results, a similar observation is seen in the adult population3. Moreover, we could not 

control for all potential confounding variables, which include surreptitious alcohol use and 

medications, particularly amongst adolescent children, as these were not captured in the 

pooled datasets. 

In light of a rising incidence and prevalence of pediatric liver disease driven by NAFLD, 

these results become important. In a seminal study, Schwimmer et al. examined liver 

biopsies of children between the ages of 2 and 19 who underwent an autopsy identified 

NAFLD in 13% of subjects with prevalence increasing with age38. A recent systematic review 

and meta-analysis pooling studies of reported prevalence of NAFLD based on any 

diagnostic method including non-invasive means reported a 7.6% prevalence of NAFLD in 

the general pediatric population and 34% in pediatric obesity clinics1. Among  individuals in 

the entire IPD cohort that had information regarding the presence or absence of steatosis on 

ultrasound, 59 (16.8%) had evidence of hepatic steatosis, consistent with what has been 

reported previously. As the use of TE increases for monitoring liver disease in the pediatric 

population, our results show that the presence of steatosis may increase LSM and may need 

to be factored in the interpretation of results. 

In addition to NAFLD, the prevalence of diabetes mellitus is also increasing among the 

pediatric population, driven in large part by the rise in childhood obesity. By intentional 

design, our primary analysis excluded children with diabetes. However, we capitalized on a 

large dataset that provided data in children with diabetes, by performing sensitivity analysis 

which identified a trend toward increased LSM in the presence of diabetes mellitus. The 

same observation has been demonstrated in the adult population3. Importantly, this trend 

toward increased LSM in patients with diabetes may suggest early underlying, and 

undetected fibrosis, as the metabolic syndrome has been associated with advanced liver A
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fibrosis among pediatric NAFLD patients39. Our finding warrants further evaluation in larger 

cohorts. 

The impact of hepatic inflammation (as determined by an elevated ALT) on LSM is well 

described in the adult population40 and has recently become appreciated in the pediatric 

population, particularly in patients with minimal or no fibrosis at baseline41. In our study, we 

were unable to include biochemical indices of hepatic inflammation, including ALT, in our 

regression model due to a limited amount of individual participant data reporting these 

values. However, we excluded all patients with elevated ALT from our primary analysis. 

Thus, the likelihood of occult hepatic inflammation in our cohort is low and incorporating ALT 

into our model would likely not have yielded a significant result. Nevertheless, cautious 

interpretation of LSM in the setting of an elevated ALT remains warranted.

The strength of our study derives from its large cohort of individuals from multiple centers 

that were selected after establishing an a priori protocol. Moreover, stringent inclusion and 

exclusion criteria were applied to exclude potential occult chronic liver disease, which may 

have confounded our results. Given the size of our cohort, we were also able to propose a 

reference range for LSM in healthy children based on rigorous statistical principles. As such, 

a LSM of greater than 5.56 kPa should alert the clinician to the presence of occult liver 

disease and prompt further investigation. In addition, our regression analysis conclusions 

are robust because the data were analyzed for a given LSM only if all variables of the 

regression analysis were available, and as such, each variable was therefore controlled. 

Another important strength of our study is that we calculated the z-score for height, weight, 

and BMI for every individual in our analysis, even if it had not been calculated in the original 

data set. The z-score is widely regarded as the best system for the analysis and 

presentation of anthropometric data in the pediatric population42. However, the use of the z-

score has been inconsistent in other studies of LSM in the pediatric population and may 

have resulted in bias and erroneous associations. The use of z-scores dramatically 
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simplifies not only clinical interpretation but also statistical analysis given that it is a 

normalized variable that factors in age. 

Our study has multiple inherent limitations. First, though the investigators identified each 

individual as healthy, we cannot fully rule out the presence of occult hepatic fibrosis or other 

undiagnosed liver disease24. Though we assumed no clinically significant fibrosis in the 

individuals in our cohort, given the retrospective nature of the data used and that none of the 

participants underwent a liver biopsy, this assumption may not ultimately be accurate. 

However, given that liver biopsy was not offered to these participants due to ethical 

considerations, this remains a clinically reasonable assumption. Second, our data did not 

capture certain information including biochemical indices of inflammation as well as 

medications, both of which may be contributing to the overall picture. However, this is 

potentially a lesser concern in a reported cohort of healthy children. Third, the determination 

of steatosis was performed with ultrasound for which there are numerous limitations, 

including decreased sensitivity, particularly compared to the use of controlled attenuation 

parameter (CAP)43. However, the prevalence of hepatic steatosis detected on ultrasound in 

our cohort is reflective of what is known from previous studies. Fourth, ethnicities, including 

black and Hispanic populations, were not represented in this data set despite the large 

cohort size, and so the applicability of our findings to these groups remains to be 

determined. Finally, we did not evaluate the reproducibility of TE in this study. While few 

studies have examined the reproducibility of TE in children4,10, it has been shown to be less 

than what is clinically acceptable. In one study, over 25% of children exhibited a difference 

of >1 kPa between repeat measurements10. Thus, while our study establishes the normal 

LSM ranges as determined by TE in children, further studies are needed to specifically 

optimize the reproducibility of TE in this patient population. 

In conclusion, we establish normal LSM ranges for children based on a large and diverse 

study population of healthy children. Our multivariate regression analysis demonstrates that 

age, sedation, hepatic steatosis, and S probe use influence LSM in children and should be A
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considered in its final interpretation. Future prospective studies are needed to validate our 

findings.
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Patients 

with 

available 

data

% (# of 

observations)
Median IQR

Patients 

with 

available 

data

% (# of 

observations)
Median IQR

Male 588 53.9% (317) 64 57.8% (37)

Caucasian 482 58.9% (284) 62 95.2% (59)

Sedated 525 9.7% (51) 64 43.8% (28)

Steatosis on 

ultrasound 216 4.2% (9) 4 0.0% (0)

Age, yr 588 10.05 5.97-13.26 64 2.16 1.51-2.94

Height z-score 588 0.08 -0.81-0.91

Weight z-score 588 0.02 -0.76-0.63

BMI z-score 588 -0.04 -0.81-0.59

WFL z-score 64 -0.1 -0.86-0.62

Hemoglobin, g/dL 210 13.1 12.5-13.9 4 11.8 10.1-12.5

ALT, IU/L 252 14.0 11.3-20.0 19 18.0 16.0-22.0

AST, IU/L 213 22.0 18.0-27.0 3 34.0 32.0-38.0

GGT, IU/L 211 13.0 10.0-17.0 18 9.0 8.0-11.3

Albumin, g/dL 192 4.4 4.0-4.6 3 4.1 3.7-4.1

Total bilirubin, 

mg/dL 224 0.41 0.30-0.60 19 0.23 0.18-0.35

≥ 3 years old < 3 years old

 

 

Table 1. Baseline characteristics of children  3 years and < 3 years old in the primary 

analysis cohort.  
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Group
Individuals, 

n
Mean, kPa SD 95% CI p value

≥ 3 years old

Male 317 4.57 1.47 4.41-4.73 0.015

Female 271 4.31 1.08 4.18-4.44

Total 588 4.45 1.31 4.34-4.56

< 3 years old

Male 37 5.08 1.37 4.62-5.54 0.043

Female 27 4.4 1.2 3.92-4.87

Total 64 4.79 1.34 4.46-5.12  

 

 

 

Table 2. Results of LSMs in children  3 years of age and < 3 years old.  
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Factor Coefficient SE 95% CI p value

Significant factors increasing LSM (≥ 3 years old)

Age, per year 0.05 0.016 0.018-0.082 0.002

Sedation status 0.588 0.200 0.195-0.981 0.003

S probe 0.655 0.223 0.218-1.092 0.003

Nonsignificant factors (≥ 3 years old)

Caucasian race 0.105 0.209 -0.304-0.514 0.615

Male sex 0.169 0.116 -0.059-0.397 0.146

BMI z-score, per point -0.021 0.643 -0.112-0.069 0.651

Significant factors increasing LSM (< 3 year old)

Caucasian race 1.419 0.654 0.138-2.700 0.03

Sedation status 1.111 0.281 0.561-1.661 0

Nonsignificant factors (< 3 years old)

Male sex 0.366 0.286 -0.196-0.927 0.202

Age, per year -0.215 0.198 -0.604-0.173 0.277

Weight for length z-score, per point -0.069 0.086 -0.237-0.010 0.424  

*Adjustment for probe used not performed with < 3 year old group as nearly all had LSM 

performed with S probe. 

 

 

Table 3. Factors influencing the results of LSMs in children  3 years of age and < 3 

years of age.  
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Factor Coefficient SE 95% CI p value

Significant factors increasing LSM

Steatosis on ultrasound 2.578 0.507 1.585-3.571 < 0.001

Nonsignificant factors

Male sex 0.291 0.191 -0.084-0.666 0.128

Caucasian race -0.006 0.391 -0.772-0.760 0.987

Age, per year 0.05 0.026 -0.001-0.102 0.056

BMI z-score, per point -0.054 0.078 -0.206-0.099 0.489

Sedation status -0.878 0.805 -2.456-0.699 0.275  

*Adjustment for probe used not performed in this regression analysis as all patients had 

LSM with M probe 

 

 

Table 4. Multivariate regression analysis of factors influencing the results of LSMs in 

children  3 years of age with information regarding the presence or absence of hepatic 

steatosis on ultrasound.  
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Figure 1. Flow diagram through the different phases of the individual participant data 

meta-analysis. 
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Figure 2. Dot plots of LSM for children for the (A) older (≥ 3 years old) and (B) younger 

(< 3 years old) groups stratified by sex. The solid line represents the mean and the bars 

represent standard deviation.  
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Figure 3. Summary of major results in this IPD meta-analysis. (A) LSM measurements 

for children ≥ 3 years old who were truly healthy and who had steatosis on ultrasound. 

Boxes represent 95% CI and lines represent the mean. (B) Significant factors 

influencing LSM in children < 3 years old; (C) Significant factors influencing LSM in 

children ≥ 3 years old; (D) Significant factors influencing LSM in children ≥ 3 years old 

with information regarding presence or absence of steatosis on ultrasound. Bars 

represent means and error bars represent 95% CI.  
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