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EDITORIAL

Growth,  bone  health,  and  later  outcomes  in infants
born preterm�,��

Crescimento,  saúde  óssea  e  resultados  mais  recentes  em  neonatos
prematuros

Nicholas Embletona,b,∗, Claire L. Wooda

a Newcastle  Hospitals,  NHS  Foundation  Trust,  Newcastle,  United  Kingdom
b Institute  of  Health  and  Society,  Newcastle  University,  Newcastle,  United  Kingdom

One  in  ten  babies  worldwide  are  born  preterm  every  year;
over 90%  of  these  are  born  in  low  and  middle-income  coun-
tries such  as  Brazil.1 Improvements  in  neonatal  intensive
care and  increased  survival  of  preterm  infants  has  led  to  an
increasing focus  on  the  long-term  impacts  of  preterm  birth,
specifically with  respect  to  metabolic  outcomes  such  as  bone
mineral  density  (BMD)  and  timing  and  extent  of  catch-up
growth.

Metabolic bone disease of prematurity

Preterm  infants  are  particularly  susceptible  to  metabolic
bone disease  for  two  key  reasons:  Firstly,  80%  of  fetal  bone
mineral accumulation  occurs  during  the  last  trimester  of
pregnancy, with  a  surge  in  placental  transfer  of  calcium,
magnesium, and  phosphorus  to  the  neonate.2 A  preterm
infant ex-utero  must  accrete  bone  mineral  during  this
period without  the  support  of  the  regulatory  placental
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environment,  and  almost  all  these  infants  will  have  sig-
nificantly lower  bone  mineral  content  (BMC)  than  those
born at  term.  Secondly,  ex-utero  living  conditions  make  it
more difficult  for  infants  to  move  and  stress  their  bones  as
they would  have  done  in-utero.3 As  well  as  mineral  insuf-
ficiency, lower  BMD  is  also  a  consequence  of  other  factors
such as  medication  (e.g.  steroids,  diuretics,  etc.),  respira-
tory compromise,4 and  infection,5 which  may  damage  bone
trabeculae. Although  metabolic  bone  disease  of  prematurity
is often  asymptomatic  and  described  as  self-limiting,6 con-
cern remains  that  under-mineralization  during  such  a  critical
period  could  increase  the  risk  of  childhood  fracture.  Perhaps
more importantly,  it  may  result  in  reduced  peak  bone  mass,7

which  is  a  key  predictor  for  risk  of  osteoporosis  in  adulthood.

Impact of preterm birth on later metabolic
bone  outcomes

In  this  issue  of  Jornal  de  Pediatria,  Quintal  et  al.8 have
conducted a  comprehensive  longitudinal  study,  examining
bone mineralization  and  body  composition  using  dual  X-ray
absorptiometry (DXA)  in  14  preterm  infants  over  the  first  six
postnatal  months,  and  compared  them  to  infants  born  full
term. This  is  important,  as  previous  research  studies  have
produced conflicting  data  on  the  effect  of  prematurity  on
later BMD.  Consistent  with  data  from  this  study,  previous
studies in  preterm  infants  have  shown  a  lower  bone  mass,9
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BMD,7 and  BMC4 at  the  corrected  age  of  term,  as  well  as  a
lower weight  and  ponderal  index.7 Several  studies,  however,
have failed  to  demonstrate  an  association  between  preterm
birth and  later  bone  strength,5,10,11 whilst  others  have  shown
greater BMC  and  BMD  in  term  children  compared  to  preterm,
at follow-up.4,12 A  possible  explanation  for  the  variation  in
study results  may  be  in  the  timing  of  follow-up  as  catch-
up in  bone  mineralization  may  occur  throughout  childhood
and adolescence.13 Of  note,  in  Quintal  et  al.’s  study,8 catch-
up bone  mineralization  appears  to  have  occurred  in  early
infancy; thus,  data  from  preterm  and  full-term  infants  were
comparable  by  6 months  of  age.  This  may  be  attributable  to
the persisting  benefits  of  growth  factors  present  in  breast
milk, as  Quintal  et  al.’s  cohort  were  all  breastfed,  compared
to much  of  the  published  data  from  formula  fed  babies.  Con-
tinued follow  up  of  this  cohort  with  further  DXA  scans  in  later
childhood and  adulthood  would  provide  additional  insights
into their  peak  bone  mass.

The  exact  influence  of  birth  weight  on  later  BMD  remains
unclear. Some  studies  have  found  that,  although  preterm-
born infants  were  lighter  during  childhood  than  their  term
counterparts, their  BMD  was  appropriate  for  size.  Adults
who were  born  preterm  remain  on  average  slightly  shorter
than their  term-born  peers.  As  some  studies  may  not  have
made appropriate  adjustments  for  current  size,  it  may  be
difficult to  determine  whether  BMD  is  appropriate  or  not.
There is  also  evidence  that  very  low  birth  weight  (VLBW)
infants, whether  preterm  or  not,  attain  a  sub-optimal  peak
bone mass  in  part  due  to  their  small  size,  but  also  due  to
their subnormal  skeletal  mineralisation.5 The  Hertfordshire
cohort study  (which  formed  the  basis  for  several  of  Barker’s
studies) showed  that  birth  weight  was  independently  asso-
ciated with  bone  density  at  60-75  years  of  age.  Although
another study  found  no  association  with  preterm  birth  and
peak bone  mass,14 an  effect  of  being  small  for  gestational
age was  apparent,  suggesting  that  a  proportion  of  later  bone
mass  is  determined  by  in  utero  events,  such  as  fetal  growth.

The challenges of optimizing neonatal
nutrition

The  use  of  fortified  breast  milk  in  this  study  and  exclu-
sive breastfeeding  post-discharge  is  commendable.  Maternal
breast milk  is  associated  with  a  range  of  benefits  both  in  the
short-term (e.g.  reduction  in  the  incidence  of  necrotizing
enterocolitis) and  long-term  (e.g.  improved  cognitive  out-
come.) A  study  by  Fewtrell  at  al.15 showed  that  the  variable
with the  greatest  effect  on  adult  BMD  was  the  proportion  of
breast milk  intake.  Given  that  breast  milk  has  a  much  lower
mineral content  than  formula,  and  requires  fortification  to
meet nutrient  requirements,  the  data  of  Fewtrell  et  al.
suggests a  possible  beneficial  role  for  non-nutrient  compo-
nents such  as  growth  factors.  The  cohort  of  Quintal  et  al.8

highlights  the  challenges  of  providing  adequate  nutrition  to
enable growth  in  preterm  infants.  Although  many  units  now
strive to  start  early  feeds,  parenteral  nutrition  (PN)  is  now
common place  in  most  NICUs  and  provides  nutrients  whilst
enteral tolerance  is  achieved:  in  this  study,  although  enteral
feeds were  started  soon  after  birth,  most  received  PN  sup-
port with  an  average  PN  duration  of  12  days.

Preterm infants  miss  out  on  the  important  phase  of  min-
eral accretion  in  the  third  trimester  and  are  therefore  even
more vulnerable  to  the  effects  of  inadequate  mineral  pro-
vision in  the  postnatal  period.  Although  PN  solutions  have
improved dramatically  since  the  first  reports  of  neonatal  use
in  the  late  1960’s,  problems  with  respect  to  mineral  provi-
sion exist  because  calcium  and  phosphate  are  insoluble  in
high concentrations.  The  increased  availability  of  organic
salts, such  as  sodium  glycerophosphate,  has  improved  sol-
ubility (and  therefore  mineral  provision),  and  increased
intakes of  amino  acids  are  both  likely  to  result  in  higher  lean
mass and  bone  mass  accretion  than  in  the  past,  but  PN  pro-
vision continues  to  lack  a  strong  evidence  base  and  several
concerns persist.16 In  particular,  aluminium  contamination
remains a  very  common  problem,  and  is  independently  asso-
ciated with  reduced  BMC  in  later  childhood.15

Bone  mineral  and  other  growth  deficits  accrued  whilst
enteral nutrition  is  established  often  increase  during  NICU
stay. Mineral  uptake  is  compromised  through  the  low  content
in un-fortified  breast  milk  (especially  phosphate)  and  ineffi-
cient absorption  due  to  an  under-developed  gastrointestinal
tract.6 This  results  in  a  greater  loss  of  long  bone  den-
sity than  observed  in  term  infants  and  further  increases
the risk  of  metabolic  bone  disease.  There  is  compelling
evidence that  optimizing  early  growth  through  nutritional
interventions generates  positive  and  lasting  effects  on  bone
mineralization,10 which  may  partially  counteract  preterm
bone deficits.  A  systematic  review  by  Kusckel  and  Hard-
ing in  2009  showed  that  fortifying  the  nutrition  of  preterm
babies improves  growth  and  bone  mineral  aggregation.17

International  guidelines  from  groups  such  as  ESPGHAN
recommend that  those  receiving  unfortified  breast  milk
should receive  multivitamin,  iron,  folic  acid,  phosphate,  and
sodium supplementation.18

Several  studies  have  emphasized  the  importance  of  early
growth on  later  bone  health,2 so  it  is  encouraging  to  observe
in this  study  that  the  preterm  infants  demonstrated  sig-
nificant catch-up  growth  with  an  increase  in  mean  weight
Z-score from  -2.58  at  40  weeks  to  -0.49  at  6  months,  and
an increase  in  mean  length  Z-score  from  -2.22  to  -0.59  at
the 6-month  follow-up.  In  a  study  by  Cooper  et  al,  those
who were  lightest  at  1  year  of  age  had  the  lowest  BMC.2

In  a  further  study,  weight  gain  during  the  first  two  years  of
life predicted  BMD  at  age  9-14.19 Fewtrell  et  al.  suggested
that preterm  infants  with  the  most  substantial  increase  in
height (length)  between  birth  and  follow-up  showed  the
greatest bone  mass  at  follow-up.12 They  also  demonstrated
that birth  length  alone  was  a  strong  predictor  of  later  bone
mass, suggesting  that  optimizing  linear  growth  early  may  be
beneficial to  later  bone  health.  However,  the  mean  weight
Z-score at  term  of  -2.58  in  Quintal  et  al.’s  study8 highlights
the major  challenges  of  promoting  adequate  growth  dur-
ing NICU  stay.  Even  though  the  infants  showed  impressive
catch-up growth  up  to  6  months  of  age,  the  dramatic  fall
in growth  centiles  during  NICU  stay,  followed  by  a  period  of
rapid growth  acceleration,  represents  a pattern  that  is  very
different to  that  observed  following  normal  pregnancies.
Whether this  type  of  growth  trajectory  represents  an  inde-
pendent risk  for  later  adverse  metabolic  outcome  requires
further study,  but  highlights  that  growth,  rather  than  abso-
lute size,  is  the  key  variable  determining  longer-term
health.
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