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Adolescence,  obesity,  and the role  of lipoprotein  lipases  in  the
non-alcoholic fatty  liver  disease�
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Non-alcoholic  fatty  liver  disease  (NAFLD)  encompasses  a
broad  spectrum  of  diseases  ranging  from  benign  steatosis,
through  non-alcoholic  steatohepatitis  (NASH),  to  cirrhosis
and  hepatocellular  cancer  in  the  most  severe  cases.

While  NAFLD  has  similarities  with  liver  damage  caused  by
excess  alcohol  consumption,  this  disease  occurs  in  patients
who  drink  no  or  small  amounts  of  alcohol.  Histologically,
NAFLD  is  characterized  by  the  accumulation  in  the  liver  of
an  amount  of  fat  greater  than  5---10%  of  organ  weight,  inflam-
matory  foci,  Mallory  bodies,  fibrosis,  and  even  changes
typical  of  cirrhosis.1

NAFLD  is  associated  with  obesity,  type  2  diabetes  mel-
litus,  hyperlipidemia,  hyperuricemia,  and  polycystic  ovary
disease,  and  also  with  sleep  apnea  and  lipodystrophy.1,2

It  is  also  found  associated  with  an  increased  risk  of  car-
diovascular  disease,  dyslipidemia,  and  high  blood  pressure
(although  no  significant  association  has  been  shown).3 In  the
specific  case  of  obesity,  people  with  NAFLD  have  greater
waist  circumference  and  body  mass  index  (BMI)  as  com-

pared  to  people  with  no  NAFLD.  However,  the  distribution
of  fat,  specifically  visceral  fat,  appears  to  be  more  signifi-
cant  for  the  pathogenesis  of  the  disease  both  because  it  is
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ssociated  with  insulin  resistance  (IR)  and  because  it  is  a
otential  source  of  non-esterified  fatty  acids  (NEFAs),  caus-
ng  fat  accumulation  in  this  area  to  positively  correlate  with
epatic  fat  and  IR.4 The  severity  of  steatosis  better  corre-
ates  with  the  amount  of  visceral  fat  as  compared  to  BMI  or
otal  fat,  and  slightly  correlates  with  subcutaneous  adipose
issue.5 However,  no  relationship  was  found  between  this  fat
eposit  and  NAFLD  in  some  studies.6

The  prevalence  of  NAFLD  has  increased  in  parallel  with
he  increase  in  the  number  of  cases  of  obesity  and  diabetes,
nd  this  condition  is  becoming  the  most  common  cause  of
iver  disease  in  the  Western  world.7 The  prevalence  of  NAFLD
n  the  overall  population  ranges  from  15%  to  30%,3,8 while
he  prevalence  of  NASH  is  approximately  3---5%.  In  the  obese
opulation,  the  prevalence  rates  of  steatosis  and  NASH  are
5---95%  and  25---70%,  respectively.3,4 NAFLD  is  particularly
mportant  in  children  and  adolescents.

In  the  Santomauro  et  al.9 paper  published  in  this
ssue,  conducted  on  an  obese  Venezuelan  population  aged
---18  years,  a  66.7%  prevalence  of  fatty  liver  (with  various
egrees  of  severity)  was  found.  The  condition  was  shown  to
e  associated  with  subjects  with  higher  BMI,  waist,  fat  area,
asal  insulin,  and  HOMA-IR  values  as  compared  to  subjects
ith  no  fatty  liver.

Changes  in  liver  enzymes  (AST  and  ALT,  aspartate

ransaminase  and  alanine  transaminase  respectively)  have
ometimes  been  used  as  a  tool  to  diagnose  NAFLD.  Many
tudies  have  reported  high  AST  and  ALT  levels  in  patients
ith  morbid  obesity  with  NAFLD  and  NASH,  but  have  found
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o  relationship  between  NASH  and  the  AST/ALT  ratio.3 By
ontrast,  other  authors  found  no  transaminase  levels  outside
he  normal  range  in  non-obese  people  with  NAFLD.8

In  the  above-discussed  Venezuelan  study,  the  author
ound  that  neither  the  presence  nor  the  grade  or  elevation
f  transaminases  was  specific,  and  that  up  to  70%  of  subjects
ith  NAFLD  had  no  enzyme  abnormalities.9

Several  studies  have  examined  the  origin  of  liver  lipids
nd  the  effect  of  bariatric  surgery  in  inducing  weight  loss,
ut  the  exact  pathophysiology  is  not  yet  clear.  However,  the
athogenesis  of  fatty  liver  is  clearly  multifactorial,  and  IR
as  been  suggested  as  an  essential  requirement  for  hepato-
ellular  fat  accumulation.3

Our  group  has  shown  that  the  presence  of  lipoprotein
ipase  (LPL,  EC  3.1.1.34),  an  enzyme  that  limits  the  rate  at
hich  circulating  tissues  take  up  triacylglycerides  (TAGs),

n  the  liver  of  obese  patients  may  be  the  cause  of  hepatic
teatosis.10

Free  fatty  acids  resulting  from  the  hydrolysis  of  TAGs
ontained  in  VLDL  or  CMs  are  taken  up  by  underlying  tis-
ues  where  these  fatty  acids  are  re-esterified,  stored,  used
or  obtaining  energy,  or  re-exported  as  lipoproteins.11 LPL
ctivity  occurs  in  a  wide  variety  of  tissues  (cardiac  and
keletal  muscle,  white  and  brown  adipose  tissue,  lung,  lac-
ating  breast,  etc.).  LPL  is  not  expressed  in  adult  liver  under
ormal  conditions,  and  when  detected,  it  is  assumed  to
ome  from  peripheral  tissues  (mainly  adipose  tissue  and
uscle).  The  functional  dimer  of  LPL  in  peripheral  tissue

s  located  in  the  capillary  lumen  where,  after  a  short  half-
ife,  it  monomerizes,  becomes  inactive,  and  is  transported
ound  to  lipoproteins  to  the  liver,  where  it  is  endocytosed
nd  broken  down.  However,  a  small  fraction  of  LPL  may  be
ransported  in  dimeric  (and  thus  active)  form,  be  taken  up
y  hepatic  receptors,  and  maintain  some  short-lasting  activ-
ty  that  confers  on  the  liver  a  minimum  capacity  to  take  up
irculating  TAGs.12

Similarly,  the  normal  human  liver  also  has  detectable
evels  of  LPL  activity,  but  this  should  be  considered  as  extra-
epatic  in  origin,  because  its  mRNA  cannot  be  detected
n  the  liver.  In  the  liver  of  patients  with  morbid  obesity,
owever,  LPL  may  have  a  hepatic  origin,  because  both  the
ctivity  and  mRNA  levels  of  the  enzyme  in  the  liver  are
igh.10

Patients  with  morbid  obesity  have  high  levels  of  TAGs  and
EFAs  in  both  plasma  and  liver,  leading  to  the  characteris-
ic  condition  of  NAFLD.13,14 Recent  studies  have  shown  that
orbid  obese  subjects  not  only  have  an  increased  adipocyte
ass,  but  also  an  increased  TAG  hydrolysis  resulting  from  an

ncreased  activity  of  hormone-sensitive  lipase  (HSL),  which
ontributes  to  high  plasma  NEFA  levels.15

Thus,  excess  uptake  of  NEFAs  due  to  their  high  plasma  lev-
ls  could  result  in  an  increase  in  the  hepatic  re-esterification
ate  as  compared  to  the  export  rate,  which  would  in  turn
ncrease  TAG  accumulation  in  the  liver  and  lead  to  hepatic
teatosis.16 On  the  other  hand,  the  presence  of  LPL  activ-
ty  in  the  liver  of  obese  people  would  allow  the  liver  to
ydrolyze  TAGs  from  chylomicrons  and  VLDL,  which  would
elp  to  remove  lipids  from  plasma.  However,  this  would  lead
o  an  even  greater  increase  in  hepatic  uptake  of  NEFAs  and,

hus,  to  increased  steatosis.10

Our  group  has  also  reported  higher  levels  of  hepatic  lipase
HL,  EC  3.1.1.3)  activity  and  mRNA  in  livers  from  morbid
E.  Pardina,  J.  Peinado-Onsurbe

bese  subjects  as  compared  to  people  with  normal  weight.
his  activity  allows  for  increased  amounts  of  phospholipids
PLs)  and  total  cholesterol  (TC)  in  the  liver.17

After  bariatric  surgery,  however,  a  dramatic  decrease
ccurs  in  TAG  levels  in  the  liver  and  plasma,  and  also  in  total
holesterol  levels.  This  reduction  in  TAG  content  is  associ-
ted  with  decreases  in  other  lipids  (TC,  PLs,  etc.),  and  the
mount  of  lipids  by  DNA  decreases  by  62%  in  the  year  after
ariatric  surgery.17

However,  TAG  reduction  occurs  with  no  concomitant
ecrease  in  plasma  NEFA  levels;  in  other  words,  without
ecreased  NEFA  absorption  by  the  liver  (which  depends  on
he  concentration  gradient  between  plasma  and  cytosol).  By
ontrast,  LPL  activity  levels  in  the  liver  show  a  clear  reduc-
ion  after  bariatric  surgery,  in  line  with  the  decrease  seen
or  hepatic  TAGs.  A  good  correlation  has  also  been  noted
etween  LPL  activity  levels  in  the  liver  and  the  extent  of
iver  damage  both  before  and  after  bariatric  surgery.  All  pre-
ious  observations  support  the  hypothesis  that  an  increase
n  LPL  activity  in  the  liver  of  obese  patients  contributes  to
AG  accumulation  in  the  liver  and,  thus,  to  its  associated
teatosis.10

The  effect  of  bariatric  surgery  and  weight  loss  on  fatty
iver  is  controversial.5,6 However,  in  children  and  adoles-
ents,  such  as  those  reported  by  Santomauro  et  al.9,  dietary
hanges  and  the  practice  of  physical  exercise  were  suffi-
ient  to  induce  the  disappearance  of  fatty  liver  in  37.5%
f  cases,  although  no  changes  were  seen  in  the  remain-
ng  62.5%.9 While  these  results  may  appear  disappointing,
t  should  be  noted  that  total  family  involvement  is  required
n  children  and  adolescents,  not  only  to  change  lifestyle,  but
lso  to  control  adherence  to  physical  activity.  Diet  prescrip-
ion  should  be  part  of  a  well-organized  treatment  program  to
chieve  and  maintain  weight  control  which  may  possibly  be
ore  successful  than  simple  generic  guidance  or  some  rec-

mmendations  on  lifestyle  changes  made  by  pediatricians  or
t  a  general  gastroenterology  unit.
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