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Abstract

Background: Genetic factors influence the risk of fatty liver disease (FLD) in adults. The

aim of this study was to test if, and when, genetic risk factors known to affect FLD in

adults begin to exert their deleterious effects during childhood, adolescence and early

adulthood.

Methods: We included up to 4018 British children and adolescents from the Avon

Longitudinal Study of Parents and Children (ALSPAC) cohort. Three genetic variants

known to associate robustly with FLD in adults (PNPLA3 rs738409, TM6SF2 rs58542926

and HSD17B13 rs72613567) were tested for association with plasma levels of alanine

transaminase (ALT) and aspartate transaminase (AST) during childhood (mean age:

9.9 years), early adolescence (15.5 years), late adolescence (17.8 years), and early adult-

hood (24.5 years). We also tested the associations of a 17-variant score and whole-

genome polygenic risk scores (PRS) derived from associations in adults with plasma ALT

and AST at the same four time points. Associations with elastography-derived liver stea-

tosis and fibrosis were tested in early adulthood.

Results: Genetic risk factors for FLD (individually, combined into a 3-variant score, a 17-

variant score and as a genome-wide PRS), were associated with higher liver enzymes,

beginning in childhood and throughout adolescence and early adulthood. The ALT-

increasing effects of the genetic risk variants became larger with increasing age. The

ALT-PRS was associated with liver steatosis in early adulthood. No genetic associations

with fibrosis were observed.

Conclusions: Genetic factors that promote FLD in adults associate with elevated liver

enzymes already during childhood, and their effects get amplified with increasing age.
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Introduction

Fatty liver disease (FLD) encompasses a spectrum of he-

patic pathologies stemming from accumulation of fat in-

side the liver cells (steatosis). Hepatic steatosis can lead to

inflammation of the liver tissue (steatohepatitis) that in

turn can progress to fibrosis and cirrhosis of the liver: seri-

ous, irreversible diseases that are associated with high mor-

bidity and mortality. Previously an uncommon disease

mainly caused by habitual excessive alcohol consumption,

FLD due to non-alcoholic causes has become very common

in recent decades due to the rising rates of obesity.

Approximately 25% to 45% of adults have steatosis, the

first stage of the FLD spectrum, and between 3% and 5%

have non-alcoholic steatohepatitis.1–3

Mirroring the obesity pandemic in adults, the preva-

lence of paediatric obesity is rapidly growing throughout

the world.4,5 In parallel with this, FLD has become the

most common liver disease affecting children. A worrying

aspect of paediatric FLD is that the disease is likely to per-

sist into adulthood, conferring a substantial cumulative

risk of progressing to chronic liver disease at a young age.

Recent data from a study of young British adults (mean

age 24 years) found that among those with obesity (body

mass index >30 kg/m2), half had severe hepatic steatosis,

and among those with severe steatosis, 5% had hepatic

fibrosis.6

Approximately half of the interindividual variation in

propensity to develop FLD in adults is due to genetic fac-

tors. So far, genome-wide association studies (GWAS)

have identified eight different genetic variants that associ-

ate robustly with liver fat content7–11, 15 associated with

chronic liver disease12–15 and 172 that associate with ele-

vated plasma levels of alanine transaminase (ALT), a bio-

chemical marker of liver cell damage.16–18 The most

widely replicated of these variants are in the genes

PNPLA3, TM6SF2 and HSD17B13. Homozygous carriers

of the risk-increasing variants at each of these three loci

have an approximately 2–3-fold higher risk of FLD and/or

chronic liver disease as compared with non-carriers.19

It remains unclear if the above-mentioned genetic risk

variants exert their effects from birth or from some later

time point during childhood or adolescence. This is impor-

tant, because the timing of these effects may shed light on

the underlying biological pathways and provide clues to

potentially permissive non-genetic factors (e.g. obesity, sex

hormones or alcohol intake). Recent studies of the genetics

of obesity during childhood have revealed a striking het-

erogeneity in onset and duration of the effects of the indi-

vidual obesogenic variants. Some were associated with

body mass index (BMI) at birth, others during infancy and

early childhood (but not in adulthood) and some first be-

gan to exert their effects at 8 years of age.20

The aim of this study was to test if genetic susceptibility

factors for FLD display similar age-varying association

patterns. The study cohort included up to 4018 British

children and adolescents from the Avon Longitudinal

Study of Parents and Children (ALSPAC) study. We exam-

ined the associations of the three variants known to associ-

ate robustly with FLD in adults (in PNPLA3, TM6SF2 and

HSD17B13) with liver enzymes during childhood (mean

age: 9.9 years), early adolescence (15.5 years), late adoles-

cence (17.8 years) and early adulthood (24.5 years).

Furthermore, we tested the associations of a 17-variant

score and polygenic risk scores (derived from associations

in adults) with liver enzymes at the same four time points.

Methods

The Avon Longitudinal Study of Parents and

Children

ALSPAC is a population-based cohort investigating genetic

and environmental factors that affect the health and devel-

opment of children. The study methods are described in de-

tail elsewhere.21,22 In brief, 14 541 pregnant women

resident in the former region of Avon, UK, with an

expected delivery date between 1 April 1991 and 31

December 1992, were eligible to take part in ALSPAC. Of

these initial pregnancies there was a total of 14 676 foe-

tuses, resulting in 14 062 live births and 13 988 children

who were alive at 1 year of age. Please note that the study

website contains details of all the data that are available

through a fully searchable data dictionary and variable

search tool [http://www.bris.ac.uk/alspac/researchers/our-

data/]. Written informed consent was obtained for all

study participants. Ethical approval for this study was

obtained from the ALSPAC Ethics and Law Committee

Key Messages

• Genetic risk factors for fatty liver disease begin to exert their effects already during early childhood.

• The effects get larger with increasing age throughout childhood and adolescence.

• Fatty liver disease in adulthood could partly be due to an ‘unmasking’ of genetic risk by factors that emerge during

childhood and adolescence.
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and the local research ethics committees. All research was

conducted in accordance with both the Declarations of

Helsinki and of Istanbul.

In ALSPAC, there were data available on liver bio-

markers at four time points over the life course, measured

during clinic visits: ‘childhood’—mean age¼9.9 years

clinic (range¼ 8.9 to 11.5 years); ‘mid-adolescence’—mean

age¼ 15.5 years clinic (range¼ 14.3 to 17.7 years); ‘late

adolescence’—mean age¼17.8 years clinic (range¼16.3

to 20 years); and ‘early adulthood’— mean age¼ 24.5 -

years clinic (range¼22.4 to 26.5 years). Measures for ALT

and aspartate transaminase (AST) were obtained at each

time point. Biomarker levels from the childhood time point

at mean age 9.9 years were derived using non-fasting blood

samples, whereas all other time points were based on sam-

ples after participants had not eaten or drunk anything

apart from water for at least 6 h. Lipoprotein lipid levels

[high-density lipoprotein (HDL) cholesterol, low-density li-

poprotein (LDL) cholesterol and triglycerides] were also

available as part of these biomarker panels. Measures of

body mass index (BMI) and dual-energy X-ray absorpti-

ometry (DXA)-assessed fat mass were also derived at each

time point. BMI was calculated using height measured to

the nearest 0.1 cm using a Harpenden stadiometer (Holtain

Crosswell), and weight was measured to the nearest 0.1 kg

on Tanita electronic scales. Whole-body DXA scans were

conducted using a Lunar Prodigy fan-beam densitometer

using paediatric software as described previously.23

Additionally, a subset of the participants examined at

mean age¼24.5 years had hepatic fibrosis and steatosis

assessed by transient elastography (FibroScan 502 Touch;

Echosens, Paris, France).

Genome-wide association studies in the UK

Biobank

Genome-wide association studies (GWAS) were under-

taken in the UK Biobank (UKB) on ALT (field #30620)

and AST (field #30650) to identify weights for genetic and

whole-genome polygenic risk scores (PRS) (Supplementary

Table S1, available as Supplementary data at IJE online).

The analysis protocol for these GWAS have been described

previously in detail.24 Briefly, UKB participants of non-

European descent based on K-means clustering (K¼ 4)

were excluded from analyses along with individuals with

withdrawn consent, mismatch between genetic and

reported sex, and putative sex chromosome aneuploidy.

GWAS were conducted using the BOLT-LMM software

that applied a linear mixed model to account for popula-

tion structure and cryptic relatedness in UKB.25 Analyses

were undertaken after applying rank inverse normal trans-

formations to liver traits with adjustment for age and sex,

resulting in final sample sizes of n¼ 441 209 (ALT) and

n¼ 439 757 (AST).

Genotypes and genetic risk scores

Three genetic variants were selected based on previous

studies that had elucidated their role in FLD.8,10,12 These

single nucleotide polymorphisms (SNPs) were rs738409

(PNPLA3), rs58542926 (TM6SF2) and rs13130041

(HSD17B13), which were selected because they were pre-

viously used to construct a genetic risk score for FLD in an

adult population.19 rs13130041 was identified as a proxy

for the original SNP rs72613567 as this was not available

in the ALSPAC genotype data (r2¼0.95). Whereas the var-

iants in PNPLA3 and TM6SF2 influence the entire FLD

spectrum, the HSD17B13 variant only affects the later

stages of the disorders [non-alcoholic steatohepatitis

(NASH), fibrosis, cirrhosis] but not steatosis per se.12 We

also selected 17 variants robustly associated with elevated

ALT and with imaging or histologically defined FLD16

(Supplementary Table S2, available as Supplementary data

at IJE online).

We conducted four analyses. First, we analysed the asso-

ciation between the three variants in PNPLA3, TM6SF2

and HSD17B13 individually against ALSPAC measures of

ALT and AST, stratified by age. Second, to increase power

we combined the three variants (each weighted by its effects

on ALT and AST in UKB) into weighted genetic risk scores.

We tested the association between increasing genetic risk

score and ALT and AST in ALSPAC, again stratified by age.

Third, we tested the association with ALT of a 17-variant

weighted genetic risk score based on the 17 variants robustly

associated with FLD mentioned above. The weights of the

individual variants in this risk score were derived from beta

ALT as reported in the GWAS. Our fourth set of analyses

was based on whole-genome PRS for ALT and AST, based

on the full set of genome-wide results from our UKB

GWAS. PRS were constructed by applying linkage disequi-

librium (LD) clumping to our UKB GWAS results to identify

genetic variants based on an r2<0.1, window distance of

1000 kb and P<0.05. A reference panel of 10 000 random

UKB European participants was used to estimate correlation

of variants for LD clumping.26 PRS were then built using

ALSPAC genotype data for ALT and AST as separate

scores, by summing trait-increasing alleles weighted by their

GWAS effect estimates. PLINK v2.0 was used for all LD

clumping and PRS construction.27

Statistical analysis

Rank inverse normal transformations were applied to all

liver biomarker data and measures of fibrosis in ALSPAC
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prior to analyses. The association between each of the

three genetic variants was then evaluated with ALT and

AST in turn in ALSPAC, using linear regression with ad-

justment for age and sex. The genotypes were coded 0, 1

and 2 for number of ALT-increasing alleles in the single

variant analyses. Previous analyses have demonstrated that

adjusting for principal components in ALSPAC does not

make meaningful differences to results, given that study

participants were recruited from the same geographical

area (county of Avon in the UK).28 We therefore did not

adjust for principal components in the present study. The

three-variant and 17-variant scores and whole-genome

PRS were entered as continuous variables in linear

regression.

Evaluations of an interaction with time points in

ALSPAC were conducted by stacking liver biomarker

observations (i.e. so that each individual had multiple

measures) and then regressing this against genetic variables

with adjustment for age, sex and time point. Analyses were

then repeated, along with adjustment for the interaction

between genetic variables and time point as undertaken

previously,29 by stacking observations (i.e. so that individ-

uals had multiple ALT/AST measurements) and then

regressing the liver enzymes measures on genetic variables

with adjustment for age, sex and time point. An inherent

feature of quantitative interactions (i.e. interactions that

affect the magnitude but not the direction of an associa-

tion) is that they depend on the scale on which they are

analysed. To assess the effects of scale transformations, we

repeated all interaction tests using untransformed or loga-

rithmically transformed values of ALT or AST.

Associations of the ALT-PRS with BMI and plasma

lipid levels were tested at the four time points, using linear

regression adjusted for age and sex. Furthermore, given

previous evidence of an interaction between genetic var-

iants which influence risk of FLD and body BMI,30 we sub-

sequently included an interaction term between liver

biomarkers and BMI in models to formally assess this.

Analyses were repeated to evaluate interactions with DXA-

assessed fat mass substituted for BMI in the model. Last,

we evaluated the association between individual genetic

variants, three-variant and 17-variant scores and PRS, and

the Fibroscan-measures of fibrosis and steatosis taken at

the early adulthood time point in ALSPAC, as before using

linear regression adjusting for age and sex. Finally, we

used the whole-genome PRS to stratify the ALSPAC popu-

lation into deciles, and for their respective biomarkers

assessed linear trends across groups using linear regression.

Figures in this paper were generated using the R pack-

age ‘ggplot2’.31 All analyses were conducted using R (ver-

sion 3.5.3).

Results

Baseline characteristics

The baseline characteristics of up to 4018 participants

from the ALSPAC cohort, stratified by age group, are given

in Supplementary Table S3 (available as Supplementary

data at IJE online).

PNPLA3, TM6SF2 and HSD17B13 variants and

liver enzymes during childhood through to early

adulthood

We first tested the associations of three variants known to

associate robustly with FLD in adults. The strongest evi-

dence of association was found between the PNPLA3 vari-

ant rs738409 and ALT measured during early adulthood

(i.e. mean age¼ 24.5 years) (beta¼ 0.12 per SD change in

ALT levels, 95% CI¼ 0.05 to 0.18, P¼ 5.8� 10-4).

Furthermore, we found that the magnitude of effect for

this variant on both ALT and AST levels increased incre-

mentally across time points in the ALSPAC cohort

(Figure 1A). For example, the per-allele effect on inverse-

normalized ALT was 0.045 at 9.9 years old, 0.059 at

15.5 years old, 0.094 at 17.8 years old and 0.115 by

24.5 years old (P for interaction between time and

PNPLA3 genotype on ALT¼0.048). A similar, albeit less

consistent, pattern of increasing effects on inverse-

normalized AST with age was seen for the TM6F2-variant

(P for interaction between time and TM6SF2 genotype on

inverse normalized AST¼ 0.075). The interactions were

similar when analysing ALT or AST either as raw, untrans-

formed values or after logarithmical transformation

(Supplementary Table S4, available as Supplementary data

at IJE online). The full results underlying Figure 1A can be

found in Supplementary Table S5 (available as

Supplementary data at IJE online).

Three-variant risk score and liver enzymes during

childhood through to early adulthood

Evidence of an association between the three-variant ge-

netic risk score and liver enzymes was strongest when ana-

lysing data from the late adolescent (i.e. mean

age¼ 17.8 years) and early adulthood (i.e. mean

age¼ 24.5 years) time points (Figure 1B). For example, the

AST risk score was most strongly associated with AST lev-

els during late adolescence (beta¼ 1.18 per SD change in

AST levels, 95% CI¼ 0.60 to 1.76, P¼ 6.7� 10-5).

Evidence of an interaction with time for the three variant

risk scores for inverse normalized ALT and AST was

P¼ 0.062 and P¼0.021, respectively (Supplementary

Table S4). The evidence for interaction was stronger when
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analysing ALT or AST on the untransformed scale or after

logarithmical transformation (all P-values <0.02;

Supplementary Table S4). The full results underlying

Figure 1B can be found in Supplementary Table S6 (avail-

able as Supplementary data at IJE online).

The 17-variant risk score and plasma ALT during

childhood through to early adulthood

Similarly, we found that the 17-variant risk score provided

stronger evidence of association with plasma ALT at the

late adolescent (beta¼ 0.32 per SD change in ALT levels,

95% CI¼ 0.18 to 0.45, P¼6.1� 10-6) and early adult-

hood (beta¼0.31, 95% CI¼ 0.17 to 0.44, P¼ 6.0� 10-6)

time points. Comparatively, the association of this score

with AST levels was weaker than with ALT, which was to

be expected given that these 17 variants were identified

based on elevated ALT levels (Figure 1C). Full results un-

derlying this figure can be found in Supplementary Table

S7 (available as Supplementary data at IJE online).

Genome-wide PRS and liver enzymes during

childhood and early adulthood

There was strong evidence of an association for both the

ALT and AST whole-genome PRS and their corresponding

traits measured at each of the four time points in the

ALSPAC cohort (Supplementary Table S8, available as

Figure 1 Forest plots illustrating the effect estimates per one standard deviation change in liver enzymes, and corresponding 95% confidence intervals

for A) single variant analyses encoded 0, 1 and 2 per ALT-increasing allele. Filled circles: P<0.05, unfilled circles: P�0.05. B) Genetic risk scores con-

sisting of all three variants encoded additively per ALT-increasing allele. C) Genetic risk score consisting of 17 variants associated with ALT as well as

histologically or imaging-verified fatty liver disease in adults. D) Polygenic risk scores weighted by effect estimates derived from UK Biobank ge-

nome-wide association studies for corresponding traits after rank inverse normal transformation. Analyses were conducted at four time points across

childhood, adolescence and early adulthood using liver enzyme data from the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort.

ALT, alanine transaminase; GRS, genetic risk score; NAFLD, non-alcoholic fatty liver disease
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Supplementary data at IJE online). The ALT-PRS and

AST-PRS explained 0.2% to 1.5% of and 0.2% to 2.1%

of the total variation in plasma ALT and AST, respectively,

across the four time points (Supplementary Table S9, avail-

able as Supplementary data at IJE online). The association

between the genome-wide ALT-PRS and ALT plasma lev-

els increased with age and was strongest among the young

adults (Figure 1C, P for interaction between time and PRS

on inverse normalized ALT¼ 1.5�10-4). The evidence for

interaction was similar when analysing ALT on the

untransformed scale (P for interaction¼ 2.6�10-4) but

was stronger when analysing ALT on the logarithmical

scale (P for interaction¼ 2.1� 10-7, Supplementary Table

S4). In contrast, the association between the AST-PRS and

AST was similar during childhood and adolescence, and

slightly weaker during young adulthood (P for interaction

between time and AST-PRS on inverse normalized

AST¼ 0.136).

Using these genome-wide PRS to stratify the ALSPAC

population resulted in a clear incremental trend observed

across risk deciles for each ,as illustrated using data from

the childhood (i.e. mean age¼ 9.9 years) in Figure 2. Plots

generated using findings from the other three time points

can be found in Supplementary Figures S1–S3 (available as

Supplementary data at IJE online). Tests for linearity in

effects on ALT and AST across deciles are shown in

Supplementary Table S10 (available as Supplementary

data at IJE online). The percentage of individuals with

liver enzyme levels greater than the 95th percentile across

each PRS decile can be found in Supplementary Table S11

(available as Supplementary data at IJE online).

Associations between genetic scores with BMI

and plasma lipid levels during childhood and

early adulthood

We found that the association between the genome-wide

PRS for ALT and BMI increased in magnitude across time

points in ALSPAC from mean age 9.9 years (beta¼0.28,

95% CI ¼ 0.06 to 0.49, P¼ 0.01) to mean age 24.5 years

(beta¼ 0.75, 95% CI ¼ 0.44 to 1.06, P¼ 1.7� 10-6). The

ALT PRS was likewise associated with triglycerides most

strongly at the early adulthood time point (beta¼0.57,

95% CI ¼ 0.23 to 0.91, P¼9.6� 10-4). In terms of indi-

vidual genetic variants, the TM6SF2 variant (rs58542926)

was associated consistently with LDL cholesterol across

time points in ALSPAC (Supplementary Table S12, avail-

able as Supplementary data at IJE online).

Interaction between genetics and adiposity on

liver enzymes during childhood through to early

adulthood

Previous studies in adults have found that the effects of in-

dividual risk variants and polygenic risk scores for liver

disease are robustly amplified by underlying obesity or

Figure 2 Error plots presenting the mean measurement and 95% confidence intervals for A) alanine aminotransferase and B) aspartate aminotransfer-

ase measured in a cohort of young individuals (mean age 9.9 years, range¼8.8 to 11.7 years) from the Avon Longitudinal Study of Parents and

Children (ALSPAC) study, across deciles determined using whole-genome polygenic risk scores (PRS) for their corresponding traits. Weights for poly-

genic risk scores were derived using findings from genome-wide association studies undertaken in populations of adults (mean age 56.9 years,

range¼ 39 to 73 years) enrolled in the UK Biobank study. Similar plots generated using findings from the other three timepoints can be found in

Supplementary Figures S1–S3 (available as Supplementary data at IJE online).
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insulin resistance (i.e. interaction). We attempted to iden-

tify similar interaction in the ALSPAC cohort. Fitting inter-

action terms between genetic variants (and scores) with

measured BMI and DXA-assessed fat mass at each time

point in the ALSPAC cohort provided little evidence that

BMI may modulate the association of these genetic varia-

bles with the early life measures of liver biomarkers

(Supplementary Table S13, available as Supplementary

data at IJE online).

Genetic effects on liver fat and fibrosis at

24.5 years of age

Fibroscan-quantified hepatic steatosis and fibrosis were

available in approximately n¼ 2400 from the young adult-

hood time point in ALSPAC (mean age: 24.5, range: 22.4

to 26.5). Evaluating the relationship between individual

genetic variants and polygenic scores with measures of

steatosis or fibrosis provided the strongest evidence of as-

sociation when analysing the ALT PRS with the measure

of steatosis based on the controlled attenuation parameter

(CAP) (beta¼ 0.08 per SD change in CAP measure, 95%

CI¼ 0.04 to 0.12, P¼ 2.5� 10-5). However, no other find-

ings from this analysis were robust to multiple testing com-

parisons (Supplementary Table S14, available as

Supplementary data at IJE online).

Discussion

The main finding of this study is that genetic variants

known to confer a higher risk of FLD in adults also associate

with elevated liver enzymes during early childhood, adoles-

cence and early adulthood. The liver enzyme-increasing effects

of these variants were evident already among the 10-year-old

children in our cohort and they seemed to become stronger

with increasing age.

Unravelling the genetic underpinning of FLD has pro-

gressed rapidly during the past decade, mainly owing to

the burgeoning of large-scale GWAS conducted in cohorts

of adults. In the latest and largest of these, 172 different ge-

netic loci were found to associate with elevated plasma

ALT levels.17 Comparatively little is known about the ge-

netic basis of FLD in children. The most robustly validated

risk variants identified in adults have been found to confer

risk of FLD in children too. For example, Goyal and col-

leagues recently reported that the PNPLA3 and TM6SF2

variants were associated with hepatic steatosis among 822

children with histologically verified non-alcoholic FLD.32

Earlier studies have reported similar results.33,34 The

results reported in our study align with and extend the

findings from these previous studies. Taken together, these

data support the notion that genetic risk factors that

promote the development of FLD exert their effects from

childhood and throughout adolescence and early life.

An unexpected finding in our study was that the liver

enzyme-increasing effects of the genetic variants increased

with higher age. This was true for the individual variants

(in PNPLA3 and TM6SF2), for a three-variant score com-

prising the risk alleles in PNPLA3, TM6SF2 and

HSD17B13, a 17-variant score based on alleles with ro-

bust effects on FLD in adults, and most clearly for a

genome-wide ALT-PRS. The mechanisms underlying these

time-gene interactions are not obvious. We speculate that

they might reflect the effects of certain permissive factors

that gradually emerge during childhood and adolescence,

effectively ‘unmasking’ the genetic risk factors.

In support of this notion is the fact that previous studies

have consistently found that the deleterious effect of

genetic risk factors for FLD in adults are amplified (i.e.

‘un-masked’) by the co-occurrence of environmental risk

factors such as obesity, heavy alcohol intake or insulin re-

sistance.19,30 These synergistic effects are among the most

robust examples of gene-environment interaction docu-

mented in humans.35 Some moderately-sized studies have

found that adiposity augments the steatogenic effect of the

PNPLA3 variant in children.36,37 It is, however, unclear if

these interactions are generalizable to all genetic risk var-

iants during early life. This is an important question. If

obesity ‘unmasks’ the genetic risk of FLD during early life,

the rapidly rising prevalence of obesity in children could

herald a future of widespread paediatric and adolescent

FLD, especially among ethnic groups genetically predis-

posed to develop the disorder (e.g. Hispanics).10,38

There are limitations to our study that should be consid-

ered. First, with N¼4018 in the full cohort, power was

limited for stratified sub-analyses. For example, although

we were able to detect gene-time interactions affecting liver

enzyme levels, we did not detect any evidence of BMI-gene

or DXA-assessed fat mass-gene interactions. This may re-

flect lack of power, given that such interactions are well

described in adults, and have been hinted at in previous

studies of children.36,37 Additionally, we note that the esti-

mates for our genetic scores derived from the UK Biobank

are likely to suffer from ‘winner’s curse’ and that this

source of bias may variably affect findings across time

points in ALSPAC. Full comparisons of estimates derived

in the UK Biobank with those derived in ALSPAC can be

found in Supplementary Tables S15–S22 (available as

Supplementary data at IJE online). Another limitation is

that plasma levels of liver enzymes are neither specific nor

sensitive markers of FLD. Whereas the variants in

PNPLA3, TM6SF2 and HSD17B13 and those included in

the 17-variant score are known to be robustly associated

with ALT and FLD, we cannot rule out that some of the
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variants used in the whole-genome PRS (derived from asso-

ciations with ALT or AST) may affect liver enzyme levels

via other pathways than FLD. The exact fraction of ‘true

FLD-variants’ in the PRS is unknown. That said, recent

GWASs in adults have reported high correlations between

genetic effects on plasma ALT and their effects on FLD.16

Finally, ALSPAC primarily (>95%) comprises children

and adolescents of White European ethnicity recruited

from the vicinity of Bristol in the UK. This potentially lim-

its the generalizability of our findings to other ethnic

groups and geographies.

Conclusion

In conclusion, the genetic risk factors that promote FLD in

adults begin to exert their deleterious effects already during

childhood, and these effects appear to grow stronger with

increasing age. These data highlight the potential of FLD

to become a major health problem among children, adoles-

cents and young adults, potentially due to an ‘unmasking’

of heritable risk by permissive factors such as obesity.
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