
J Pediatr (Rio J).  2019;95(1):4---6

www.jped.com.br

EDITORIAL

Pediatric nonalcoholic  fatty  liver  disease�,��

Doença hepática  gordurosa  não  alcoólica  em crianças
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Nonalcoholic  fatty  liver  disease  (NAFLD)  is  a  spectrum  of

fat-associated  liver  conditions  that  can  result  in  end-stage

liver  disease  and the  need  for  liver  transplantation.  Sim-

ple  steatosis,  or  fatty  liver, occurs  early  in NAFLD  and may

progress  to  nonalcoholic  steatohepatitis,  which is  charac-

terized  by the presence  of  hepatocellular  damage  such

as  lobular  inflammation  and  cellular  ballooning.  It  may

evolve  to  fibrosis,  and  to  cirrhosis  with  increased  risk  of

hepatocellular  carcinoma  (HCC)  in a variable  proportion

of  cases.  NAFLD  is  considered  to  be  the  hepatic  compo-

nent  of  metabolic  syndrome  (MetS),1 which also  includes

obesity,  hypertension,  dyslipidemia,  impaired  glucose  reg-

ulation,  and insulin  resistance,  and  therefore  represents  a

strong  cardiovascular  risk  even  at a  very  early  age.2,3

The  global  burden  of  NAFLD  runs  parallel  to  the  preva-

lence  of  obesity,  with  the  degree  of hepatic  triglyceride

accumulation  being  proportional  to  the  severity  of  each

component  of MetS.4 With  over  two  billion  individuals  with

overweight/obesity  expected  worldwide  by  2030,  NAFLD  is

undoubtedly  becoming  the most  prominent  chronic  liver  dis-

ease  of the  21st  century  in both  adults  and youths.5 During

the  past  few  decades,  obesity  has  shifted  toward  an onset

earlier  in  life, with  a dramatic  rise  in childhood.6 This  find-

ing  represents  a  serious  threat to  the health  state  of youths
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and  raises  the  issue  of  how  this  earlier  advent  of  overweight

will  affect  the  burden  and  management  of  NAFLD  later  in

life.  In  a  recent study,  Hagström  et  al.7 showed  that  over-

weight  in late  adolescence  is  a significant  predictor  of  severe

liver  disease,  including  HCC  later  in life.  The  researchers

used  register  data  from  more  than  1.2  million  Swedish  men

enlisted  for  conscription  between  1969  and 1996.  During  a

follow-up  of more  than  34  million  person-years,  5281  cases

of  severe  liver  disease  including  251  cases  of HCC  were  iden-

tified.  An  association  with  severe  liver  disease was  found for

overweight  (Hazard  ratio  [HR]  1.49;  95%  confidence  inter-

val  [CI],  1.35---1.64)  and  for  obese  men  (HR 2.17;  95%  CI,

1.82---2.59).  Development  of  type 2 diabetes  mellitus  (T2DM)

further  increases  the risk  for  severe  liver  disease  across  all

body  mass  index  (BMI)  categories.  The  study  by  Hagström

et  al.7 definitively  establishes  that  the obesity-related  risk

of  future severe  liver  disease  starts  early  in life.

In  addition  to  liver  complications,  patients  with  NAFLD

also  have  a high  risk  of  cardiovascular  disease  (CVD).2

Indeed,  NAFLD  may  be considered  in  adults  as  well  as  in chil-

dren  a multisystem  disease  affecting  several  extra-hepatic

organs  and involving  a  range  of  extra-hepatic  chronic  dis-

eases,  in  particular  T2DM, CVD,  and  chronic  renal  disease.8,9

The  exact  prevalence  of NAFLD  is  uncertain.  Several

studies  have demonstrated  a  prevalence  of  3---10% in gen-

eral  pediatric  populations,  which  increases  to  up  to  60---70%

in subjects  with  metabolic  comorbidities.10 Importantly,

NAFLD  prevalence  varies  widely  depending  on geographical

area  and  diagnostic  methods  used.11 Initial  population-based

studies,  which estimated  the prevalence  of pediatric  NAFLD

by  determining  aminotransferases  or  by  ultrasonography

in  several  countries,  have indicated  a  prevalence  range

of  3---7%.11 In  an autoptic  study,  conducted  in  unselected
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children  who died  in accidents  in California,  the prevalence

of  histological  NAFLD  ranged  from  0.7% in 2-  to  4-year-old

to  17.3%  in  15-  to 19-year-old  subjects,  but  increased  to  38%

in  obese  children.12 In  cohorts  of  children  of  various  nation-

alities  selected  for overweight  or  obesity,  the prevalence  of

elevated  alanine  aminotransferase  was  higher  and  ranged

from  8%  to  42%,  whereas  the prevalence  of  bright  liver

ranged  from  1.7  to 77%.11 A recent  meta-analysis  including

76  independent  study  populations  of youths  aged  1---19 years

led  to  an  estimate  of  NAFLD  of  7.6%  (95%  CI,  5.5---10.3%)

in  the  general  population  and 34.2%  (95%  CI, 27.8---41.2%)

in  obesity  clinics.13 In both  populations,  there  was  marked

heterogeneity  (I2 =  98%),  which  was  partly  accounted  for

by  sex  distribution,  difference  in BMI,  and  ethnicity,  with

NAFLD  prevalence  being  higher  in males, individuals  with

more  severe  adiposity,  and  Asians.  Notably,  the  use  of  liver

enzymes  to  diagnose  NAFLD  led  to  a significant  underesti-

mation  of  disease  prevalence.13

NAFLD  diagnosis  currently  requires  proof  of  steatosis,

which  relies  on imaging  techniques  in  clinical  practice.

To  address  such diagnosis  in a  large  number  of  putative

patients,  liver  biopsy,  an  invasive  test  with  some  risk  of

complications,  is  neither  feasible  nor  ethical  to  use  as  a

screening  tool.  Moreover,  liver  biopsy  is  susceptible  to  samp-

ling  bias.  At  present,  ultrasound  is  the most  commonly

used  modality  to  determine  hepatic  steatosis  because  of

its  relatively  low  cost, availability,  and  safety.  However,

ultrasound  is  operator  dependent,  and  has  limited  sensi-

tivity  and  specificity  for steatosis  assessment.  Among  the

currently  available  imaging  modalities,  magnetic  resonance

spectroscopy  (MRS)  is the  most  direct  MR-based  method

to  separate  the  liver  signal  into  its water  and  fat  compo-

nents  and  calculate  the fat-signal  fraction.14 However,  MRS

demonstrates  some  limitations  in that  it is  too  time  con-

suming  for  routine  clinical  practice,  and  requires  a  skilled

operator  to  correctly  perform  the examination,  process  the

data,  and  interpret  the results.  Because  of these  limitations,

MRS  still  lacks  general  availability  in  current  clinical  practice

for  assessment  and  monitoring  of  hepatic  steatosis.  Unlike

MRS,  MRI  has  shown  greater  promise  for the quantitative

assessment  of  hepatic  steatosis  in  adults14 and  children.15,16

Different  methods  can  be  performed  for  the  evaluation  of

liver  steatosis  by  MRI,  but  the  most used  method  is  based  on

the  modified  Dixon  method  based on dual-phase  gradient-

recalled  echo  sequences.17 On in-phase  echo-time,  water

and  fat  signals  add  up  and  therefore,  the  total  signal inten-

sity  is  higher.  On out-of-phase  echo-time,  water  and  fat

signals  cancel  out  each  other,  and  consequently  the total

signal  intensity  decreases.  While  a healthy  liver  has  no

difference  in  signal  intensities  between  the in-phase  and

out-of-phase  images,  in the  case  of fat  storage,  the liver

signal  intensity  diminishes  on  the out-of-phase  image.17 This

imaging  method  is  reliable  in the  absence  of magnetic  field

inhomogeneity.  The  main  drawback  is  that  the quantity  of

water  and  fat  can affect  their  signals.17 This  can  be man-

aged  by  acquiring  new  images  with  variable  T1-weighting,

through  the  application  of  two  flip-angle-imagings,  such

as  high-flip-angle  for  uncovering  small  amounts  of  fat  in

tissues  that  include  mainly  water,  or  low-flip-angle  for

revealing  small  amounts  of  water  in  fat-rich  tissues.  Fur-

thermore,  hepatic  iron  deposition,  often  coexisting  with

hepatic  steatosis,  causes  increased  T2*  decay  and  lowers the

detection  of  liver  fat.18 Other  confounders  of  quantification

include  T1  signal,  spectral  complexity  of  fat,  eddy  currents,

and  noise  bias.18 By  addressing  these  confounding  factors,

recent  improvements  in MRI  have  provided  measurement  of

the  proton  density  fat-fraction  ([PDFF]:  the fraction  of  the

liver  proton  density  attributable  to  liver  fat), which  is  an

inherent  property  of tissue  and a  direct  measure  of  liver

fat  content.14 MRI-PDFF  is  accurate,  precise,  and  reliable

for quantifying  liver  steatosis,  having  been  validated  against

liver  biopsy  in  both  adults18 and  children.17 Thus  MRI-PDFF

is  emerging  as  a  useful biomarker,  in particular  in patients

for  whom  liver  biopsy  is  contraindicated  or  impractical.18

Into  this environment,  Benetolo  et  al.19 have  published

an  article  in this  issue  of  the Journal  describing  the  preva-

lence  of NAFLD  among  Brazilian  children  and adolescents

followed  at  an obesity  outpatient  clinic.  Using  MRI,  they

found  that  the prevalence  of  NAFLD  was  28%,  lower  than  that

reported  in  other  studies  from  different  countries,  including

Brazil.  Based  on  the  scarce  available  literature,  the  preva-

lence  of  NAFLD  in South  America  seems  to  be higher  than

the  rate  reported  for  the  United  States.  Specifically,  NAFLD

prevalence  (as  assessed  by  ultrasonography)  in population-

based  studies  for  South  America  has  been  estimated  to be

∼30.45%  (95%  CI,  22.74---39.4%).  Indeed,  the majority  of

studies  reporting  the prevalence  of  NAFLD  from  South  Amer-

ica  have been  performed  in  Brazil.  Nevertheless,  in a  study

reported  from  Chile,  the prevalence  of  NAFLD  (as assessed

by  ultrasonography)  was  estimated  to  be 23%.10 Another

study  from  Columbia,  also  using  ultrasonography,  reported  a

prevalence  of 26.6%  in men.10 These  rates  can  be  influenced

by  genetic  predisposition.  An  important  finding,  however,  of

the  Benetolo  et al. study19 is  that  among  children  younger

than 10  years  the prevalence  of NAFLD  was  31.8%,  similar

to  that encountered  in  those  older  than  10  years.  Hepatic

steatosis  was  associated  with  male  gender,  triglycerides,

transaminases,  and  acanthosis  nigricans,  while  there  was

no  association  with  insulin  resistance  and  MetS.  There  were

some  limitations  to  the  study  by  Benetolo  et al.,  which  may

have  contributed  to  the lack  of  association  of NAFLD  with

insulin  resistance.  The  small sample  size  may  have  caused  a

type  2  error.

In conclusion,  the  deleterious  effects  of  obesity  on

liver  health  should  not be overlooked,  particularly  during

childhood.  Children  with  a  long  duration  of  obesity  should

be  screened  for  liver  disease  ---  the earlier  the onset  of

obesity,  the higher  the  risk  of  NAFLD.  While waiting  for

the  development  of  effective  drug  therapies  for  NAFLD,

all  health-care  providers  should  combine  their  efforts  at

the  population  level  to  control  and  prevent  childhood  and

adolescent  obesity.

Conflicts  of interest

The  authors  declare  no  conflicts  of  interest.

References

1. Kotronen A, Yki-Jarvinen H. Fatty liver: a novel component

of  the metabolic syndrome. Arterioscler Thromb Vasc Biol.

2008;28:27---38.



6  Chiesa  C  et al.

2. Targher G,  Day CP, Bonora E. Risk of  cardiovascular disease in

patients with nonalcoholic fatty liver disease. N Engl J  Med.

2010;363:1341---50.

3. Pacifico L, Chiesa C, Anania C, De Merulis A, Osborn JF,

Romaggioli S, et al. Nonalcoholic fatty liver disease and the

heart in children and adolescents. World J Gastroenterol.

2014;20:9055---71.

4. Younossi Z, Anstee QM, Marietti M,  Hardy T, Henry R, Eslam M,

et al. Global burden of  NAFLD and NASH: trends, predictions,

risk factors and prevention. Nat Rev Gastroenterol Hepatol.

2018;15:11---20.

5. Kelly T, Yang W, Chen CS, Reynolds K,  He J. Global bur-

den of  obesity in 2005 and projections to 2030. Int J  Obes.

2008;32:1431---7.

6. Skinner AC, Ravanbakht SN, Skelton JA, Perrin EM, Armstrong

SC. Prevalence of obesity and severe obesity in US children,

1999---2016. Pediatrics. 2018:e20173459.

7. Hagström H,  Tynelius P, Rasmussen F. High BMI in late adoles-

cence predicts future severe liver disease and hepatocellular

carcinoma: a national, population-based cohort study in 1.2

million men. Gut. 2018;67:1536---42.

8. Byrne CD, Targher G. NAFLD: a multisystem disease. J  Hepatol.

2015;62:S47---64.

9. Pacifico L,  Bonci E, Andreoli GM, Di Martino M, Gallozzi A, De

Luca E, et  al. The impact of nonalcoholic fatty liver disease on

renal function in children with overweight/obesity. Int J Mol Sci.

2016;17:E1218.

10. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M.

Global epidemiology of  nonalcoholic fatty liver disease --- meta-

analytic assessment of prevalence, incidence, and outcomes.

Hepatology. 2016;64:73---84.

11. Pacifico L,  Poggiogalle E, Cantisani V, Menichini G, Ricci P,

Ferraro F, et  al. Pediatric nonalcoholic fatty liver disease: a

clinical and laboratory challenge. World J Hepatol. 2010;2:

275---88.

12. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C,

Behling C. Prevalence of fatty liver in children and adolescents.

Pediatrics. 2006;118:1388---93.

13. Anderson EL, Howe LD, Jones HE, Higgins JP, Lawlor DA, Fraser

A. The prevalence of  non-alcoholic fatty liver disease in children

and adolescents: a systematic review and meta-analysis. PLOS

ONE. 2015;10:e0140908.

14. Reeder SB, Cruite I,  Hamilton G,  Sirlin CB. Quantitative

assessment of liver fat with magnetic resonance imaging and

spectroscopy. J  Magn Res Imaging. 2011;34:729---49.

15. Pacifico L, Martino MD, Catalano C, Panebianco V, Bezzi M,  Ana-

nia C, et  al.  T1-weighted dual-echo MRI for fat quantification

in pediatric nonalcoholic fatty liver disease. World J  Gastroen-

terol. 2011;17:3012---9.

16. Di Martino M, Pacifico L,  Bezzi M,  Di Miscio R, Sacconi B, Chiesa

C, et al. Comparison of  magnetic resonance spectroscopy,

proton density fat fraction and histological analysis in the quan-

tification of liver steatosis in children and adolescents. World J

Gastroenterol. 2016;22:8812---9.

17. Di Martino M,  Koryukova K, Bezzi M, Catalano C. Imaging

features of non-alcoholic fatty  liver disease in children and

adolescents. Children. 2017;4:E73.

18. Costa AF, Thipphavong S,  Arnason T, Stueck AE, Clarke SE. Fat-

containing liver lesions on imaging: detection and differential

diagnosis. Am J Roentgenol. 2018;210:68---77.

19. Benetolo PO, Fernandes MI, Ciampo IR, Elias-Junior J, Sawamura

R. Evaluation of nonalcoholic fatty liver disease using magnetic

resonance in obese children and adolescents. J Pediatr (Rio J).

2019;95:34---40.


	Pediatric nonalcoholic fatty liver disease
	Conflicts of interest
	References


