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Abstract
Objective:  The  objective  of  this  study  was  to  evaluate  the  effects  of  two  low-dose  combined
oral contraceptives  on  bone  metabolism  in  adolescents  for  one  year.
Methods:  This  was  a  quasi-experimental  study.  The  adolescents  were  divided  into  three  groups:
oral contraceptives  1  (n  =  42)  (20  �g  EE/150  �g  desogestrel),  oral  contraceptives  2  (n  =  66)  (30  �g
EE/3 mg  drospirenone),  and  a  control  group  (n  =  70).  Adolescents  underwent  anthropomet-
ric assessment  and  densitometry  (dual-energy  X-ray).  Bone  age  and  bone  formation  markers
(osteocalcin  and  bone  alkaline  phosphatase)  were  evaluated.  The  oral  contraceptives  users
were evaluated  again  after  12  months.  Linear  regression  analysis  was  used  to  indirectly  study

the effect  of  each  additional  year  of  chronological  age  on  anthropometric  and  densitometric
variables  as  well  as  on  bone  markers  in  the  control  group.
Results:  At  study  entry,  no  significant  differences  were  observed  between  the  oral  contracep-
tives 1,  oral  contraceptives  2,  and  controls  in  the  analyzed  variables.  Linear  regression  analysis
showed an  increase  in  bone  mineral  density  and  bone  mineral  content  for  each  additional  year.
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mineral density and bone formation marker changes through the use or lack of use of combined hormonal contraceptives. J Pediatr (Rio J).
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There  was  a  significant  reduction  in  bone  alkaline  phosphatase  levels;  no  significant  difference
was observed  for  osteocalcin  in  control  individuals.  Comparison  of  dual-energy  X-ray  variables  at
baseline and  after  one  year  showed  no  significant  differences  in  the  oral  contraceptives  1  or  oral
contraceptives  2  groups.  A  significant  reduction  in  bone  alkaline  phosphatase  and  osteocalcin
levels was  observed  in  both  the  oral  contraceptives  1  and  oral  contraceptives  2  groups.
Conclusion:  Adolescent  women  gain  peak  bone  mass  during  this  phase  of  life.  Two  low-dose
combined  oral  hormonal  contraceptives  were  associated  with  lower  bone  gain  and  lower  bone
formation  markers  than  in  untreated  controls.
© 2018  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Alterações  na  densidade  mineral  óssea  e  nos  marcadores  de  formação  óssea  em
adolescentes  usuárias  ou  não  de  contraceptivos  hormonais  orais  combinados  por
período  de  um  ano

Resumo
Objetivo:  O  objetivo  deste  estudo  foi  avaliar  os  efeitos  de  dois  contraceptivos  orais  combinados
de baixa  dosagem  por  um  ano  sobre  o  metabolismo  ósseo  em  adolescentes.
Métodos:  Este  foi  um  estudo  quase  experimental.  As  adolescentes  foram  divididas  em  três  gru-
pos: contraceptivos  orais  1  (n  =  42)  (20  �g  de  EE/150  �g  de  desogestrel),  contraceptivos  orais  2
(n =  66)  (30  �g  EE/3  mg  de  drospirenona)  e  grupo  controle  (n  =  70).  As  adolescentes  foram  sub-
metidas à  avaliação  antropométrica  e  densitometria  (raio-X  de  dupla  energia).  Foram  avaliados
a idade  óssea  e  os  marcadores  de  formação  óssea  (osteocalcina  e  fosfatase  alcalina  óssea).
As usuárias  de  contraceptivos  orais  foram  novamente  avaliadas  após  12  meses.  A  análise  de
regressão linear  foi  utilizada  para  estudar,  indiretamente,  o  efeito  de  cada  ano  adicional  da
idade cronológica  sobre  as  variáveis  antropométricas  e  densitométricas  e  sobre  os  marcadores
ósseos no  grupo  de  controle.
Resultados:  No  início  do  estudo,  não  foram  observadas  diferenças  significativas  nas  variáveis
analisadas  entre  as  usuárias  de  contraceptivos  orais  1,  contraceptivos  orais  2  e  o  grupo  controle.
A análise  de  regressão  linear  mostrou  um  aumento  na  densidade  mineral  óssea  e  no  conteúdo
mineral ósseo  para  cada  ano  adicional.  Houve  uma  redução  significativa  nos  níveis  de  fosfa-
tase alcalina  óssea  e  não  foi  observada  diferença  significativa  para  osteocalcina  nos  indivíduos
controles.  A  comparação  das  variáveis  do  raio-X  de  dupla  energia  no  início  e  após  um  ano  não
mostrou diferença  significativa  no  grupo  de  contraceptivos  orais  1  ou  contraceptivos  orais  2.
Foi observada  uma  redução  significativa  nos  níveis  de  fosfatase  alcalina  óssea  e  osteocalcina
nos dois  grupos  contraceptivos  orais  1  e  contraceptivos  orais  2.
Conclusão:  As  adolescentes  atingiram  o  pico  de  massa  óssea  durante  essa  fase  da  vida.  Duas
formulações de  contraceptivos  hormonais  orais  de  baixa  dosagem,  após  um  ano  de  uso,  se
associaram  a  menor  incremento  na  densidade  mineral  óssea  e  menor  concentração  de  mar-
cadores de  formação  óssea  quando  confrontados  com  resultados  de  adolescentes  não  usuárias
de contraceptivos.
© 2018  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este é um  artigo
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dequate  bone  mass  acquisition  during  childhood  and  ado-
escence  has  been  indicated  as  a  protective  factor  of
keletal  health  in  adulthood.1 One  risk  factor  for  osteope-
ia/osteoporosis  and  fragility  fractures  during  adulthood
nd  old  age  is  low  bone  mineral  density  (BMD)  or  the  lack  of
ts  preservation  during  childhood  and  adolescence.  It  seems
irtually  impossible  to  increase  peak  bone  mass  in  adult-
ood,  thus  the  growing  individual  must  gain  the  necessary
one  mass  at  the  appropriate  time.  In  this  respect,  about

0---45%  of  the  bone  mass  present  in  adulthood  is  acquired
uring  adolescence.2

In  this  context,  it  should  be  remembered  that  contracep-
ives  are  prescribed  at  increasingly  younger  ages  to  protect
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 BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.

oung  people  against  unintended  pregnancies  at  the  initi-
tion  of  sexual  activity.3 This  practice  has  raised  questions
s  to  whether  the  amount  of  estrogen  in  the  formulation  is
dequate  for  this  age  group  regarding  bone  development
nd  attaining  an  adequate  bone  mass  peak.  Much  of  the
ublished  research  on  the  subject  includes  a  wide  range  of
omen  of  different  ages,  including  adolescents,  young  peo-
le,  and  even  young  adults,  as  well  as  diverse  moments  of
rowth  and  bone  mineralization,  creating  difficulties  when
nterpreting  the  results  of  increases  in  bone  mass.

Recent  studies  involving  young  boys  and  girls  have

emonstrated  a relationship  between  bone  markers  as
redictors  of  the  development  of  bone  mineral  content
BMC)  and  BMD  during  the  period  of  greatest  bone  mass
ain.  The  results  showed  that  the  concentrations  of
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Low-dose  combined  contraceptives  and  bone  markers  and  d

markers  of  bone  formation  and  resorption  are  higher  in  the
early  years  of  puberty  than  in  advanced  stages  of  pubertal
development.4---7 The  possible  effects  of  contraceptives  on
bone  mass  gain  can  cause  bone  remodeling  disorders.8,9

The  importance  of  hormonal  contraceptives  for  bone
mass  gain  and  their  participation  in  bone  remodeling  high-
light  the  need  to  conduct  prospective  studies  specifically
addressing  adolescence  ---  a  period  characterized  by  great-
est  bone  mass  acquisition  ---  to  evaluate  the  effects  of  those
drugs  on  bone  health  in  this  age  group  and  possible  future
outcomes  in  adulthood  and  old  age.

Thus,  the  objective  of  the  present  study  was  to
prospectively  evaluate  whether  there  would  be  any  effects
and  possible  differences  between  the  use  of  two  types
of  low-dose  oral  contraceptives  (OC)  containing  20  �g
ethinylestradiol  (EE)/150  �g  desogestrel  or  30  �g  EE/3  mg
drospirenone  for  one  year  on  the  bone  metabolism  of  ado-
lescents,  and  compare  the  results  with  those  obtained  for
healthy  adolescents  who  did  not  use  OCs.

Methods

This  was  a  quasi-experimental  study  approved  by  the
Research  Ethics  Committee  of  the  Botucatu  School  of
Medicine,  São  Paulo,  Brazil.  The  sample  consisted  of  healthy
adolescents  with  a  height  between  the  5th  and  95th  per-
centiles  for  age  and  a  body  mass  index  (BMI)  between  the  5th
and  ≤95th  percentiles  according  to  the  Centers  for  Disease
Control  and  Prevention.10 Adolescents  who  had  an  active
sex  life  and  wanted  to  start  a  contraceptive  method  were
included  in  the  OC  exposure  groups,  being  offered  two  types
of  OCs.  Those  who  did  not  require  OCs  were  directed  to  the
control  group.

The  participants  were  divided  into  three  groups.  Group
1  (OC1)  consisted  of  healthy  adolescent  girls  aged  12
full  years  to  20  incomplete  years  in  post-menarche,  late
puberty.11 The  adolescents  were  registered  at  the  Adoles-
cent  Medicine  outpatient  clinic  of  the  University  Hospital
and  were  referred  to  guidance  and  prescription  of  a  contra-
ceptive  method  due  to  an  active  sexual  life.  The  subjects
(n  =  42)  received  a  low-dose  combined  oral  contraceptive
(OC)  containing  20  �g  ethinylestradiol  (EE)  and  150  �g  des-
ogestrel.  Group  2  (OC2)  consisted  of  adolescent  girls  of  the
same  age  range  and  with  the  same  characteristics  as  those
of  OC1.  Those  subjects  (n  =  66)  received  another  formula-
tion  of  low-dose  combined  OC  containing  30  �g  EE  and  3  mg
drospirenone.  The  control  group  consisted  of  70  adolescent
girls  matched  to  the  other  two  groups  and  who  did  not  use
OCs.  All  adolescents  of  the  study  and  control  groups  were
in  post-menarche,  had  regular  menstrual  cycles,  and  had
no  oligomenorrhea/amenorrhea.  All  participants  were  non-
smokers  and  non-drinkers  and  did  not  participate  in  sporting
activities  besides  the  2-h  physical  activity  performed  once
a  week  during  school  hours.  The  health-related  exclusion
criteria  adopted  for  the  study  were:  a  history  of  prema-
turity  or  low  birth  weight;  prolonged  steroid  treatment  or
use  of  calcium  or  iron  supplements  during  the  12  months

prior  to  the  study;  diabetes  mellitus;  acute  or  chronic
malnutrition;  congenital  or  acquired  bone  diseases;  gas-
trointestinal  malabsorption;  a  history  of  nephropathy  with
or  without  chronic  renal  failure;  endocrinopathies;  early  or
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ate  puberty;  chronic  drug  use;  cystic  fibrosis;  and  celiac  dis-
ase.  Other  exclusion  criteria  were  the  use  of  medications
nown  to  negatively  affect  bone  metabolism,  previous  use
f  an  OC  or  other  hormonal  contraceptive  method  includ-
ng  depot  medroxyprogesterone  acetate,  switching  methods
uring  the  study,  being  vegetarian  or  consuming  a  high-fiber
iet,  and  daily  consumption  of  more  than  300  mg  of  caffeine
r  more  than  500  mL  of  cola-based  soft  drinks.

All  adolescents  underwent  an  anthropometric  assess-
ent.  The  BMI  was  calculated  and  the  pubertal  stage  was

valuated  using  the  Tanner  criteria.11 Bone  age  was  deter-
ined  by  the  Greulich  and  Pyle  method12 at  baseline  and

fter  12  months  of  follow-up.
Adolescents  who  completed  all  previous  steps  were  sub-

itted  to  bone  mass  evaluation  at  the  beginning  of  OC
se  and  at  the  end  of  follow-up  (after  1  year).  Bone
ass  was  measured  densitometrically  by  dual-energy  X-ray

bsorptiometry  (DXA)  with  a  Hologic  QDR  4500  Discovery
 (Hologic,  Inc.,  Bedford,  MA).  Osteocalcin  and  bone  alka-

ine  phosphatase  (BAP)  biomarkers  were  evaluated  before
nd  after  12  months  of  OC  use.  The  dosages  were  mea-
ured  using  an  assay  from  MetraTM Biosystems,  with  intra-
nd  inter-assay  coefficients  of  variation  of  8%  and  7.6%,
espectively.

The  study  proposed  to  perform  a  follow-up  of  the  three
roups  over  a  period  of  1  year;  however,  there  were  difficul-
ies  at  follow-up  concerning  adolescents  who  composed  the
ontrol  group,  at  which  point  they  were  to  undergo  new  bone
ineral  densitometry  and  blood  collections,  procedures  sim-

lar  to  those  proposed  for  the  users  of  contraceptives.
ifficulties  included:  many  did  not  return  on  the  scheduled
ay  for  the  blood  collection  or  performance  of  densitom-
try;  others  started  using  medication  that  was  among  the
xclusion  criteria;  and  finally,  a  large  percentage  requested
rescription  of  a  contraceptive  method.  For  this  reason  the
ecision  was  made  to  exclude  the  control  group  and  per-
orm  a  linear  regression  analysis  with  a  normal  response  with
ndependent  observations  among  the  adolescents  of  the  con-
rol  group,  allowing  an  estimation  of  the  annual  effect  on  our
utcomes,  and  compensating  for  the  absence  of  a  one-year
ollow-up  among  adolescents  in  the  control  group.  Using  this
echnique,  we  were  able  to  indirectly  compare  groups  during
ne  year  of  follow-up.

tatistical  analysis

he  Kruskal---Wallis  test  was  used  to  compare  baseline
ariables  between  the  control,  OC1,  and  OC2  groups,
nd  the  Mann---Whitney  test  was  used  to  compare  the
C1  and  OC2  groups.  The  ANOVA  test  was  used  for  the
ariables  BMI,  Z-score  BMI,  and  percentile  BMI  (values  pre-
ented  as  mean)  as  these  variables  presented  symmetrical
istribution.

The  effects  of  age  on  anthropometric  and  densitometric
ariables  as  well  as  on  the  concentrations  of  bone  markers
n  the  control  group  were  evaluated  by  simple  linear  regres-

ion  with  a  normal  response.  The  Wilcoxon  test  was  used
o  compare  anthropometric  and  densitometric  variables,  as
ell  as  bone  markers  at  baseline  and  after  12  months  in

he  OC1  and  OC2.  For  BMI,  Z-score  BMI,  and  BMI  percentile,
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70  

he  paired  test  was  used.  Differences  and  associations  were
onsidered  significant  when  p  <  0.05.

esults

n  the  OC1  group,  36  subjects  completed  the  study  and  six
ere  excluded  because  they  chose  to  discontinue  the  OC
ue  to  personal  reasons.  Of  the  66  subjects  included  in
he  OC2  group,  five  were  excluded  for  the  same  personal
easons.  Comparison  of  anthropometric  and  densitometric
ariables,  body  composition  obtained  by  densitometry,  and
oncentrations  of  BAP  and  osteocalcin  at  baseline  revealed
o  significant  differences  between  the  three  groups,  indi-
ating  the  homogeneity  between  the  groups  at  the  moment
f  inclusion,  except  for  body  fat  percentage.  This  variable
as  higher  in  the  OC2  group  compared  to  the  control  and
C1  groups.  However,  none  of  the  participants  were  obese

Table  1).
Simple  linear  regression  analysis  was  used  to  study  the

ffect  of  each  additional  year  of  chronological  age  on  all
ariables  in  the  control  group.  For  each  additional  year  of
hronological  age,  bone  age  increased  by  1.04  years,  weight
y  3.42  kg,  and  BMI  by  1.33  kg/m2.  The  statistically  signif-
cant  annual  effect  on  height  (increase  of  0.1  m  per  year)
oes  not  agree  with  the  biologically  expected  effect.  Thus,
his  effect  was  reevaluated  using  a  linear  regression  model
ith  insertion  of  an  intercept,  which  resulted  in  a  biolog-

cally  more  sensible  annual  effect  on  height  of  practically
ero  (p  =  0.953)  (Table  2).

Analysis  of  the  densitometric  variables  in  the  control
roup  showed  statistically  significant  differences  in  lumbar
pine  BMD,  total  body  BMD,  and  subtotal  BMD,  with  increases
f  0.060  g/cm2,  0.064  g/cm2,  and  0.056  g/cm2 for  each  addi-
ional  year,  respectively.  Increases  were  also  observed  in
umbar  spine  BMC,  total  body  BMC,  and  subtotal  BMC  (3.22  g,
17.21  g,  and  89.36  g,  respectively;  p  <  0.001).  Fat  mass  and
ean  mass  increased  by  1045.85  g  and  2238.40  g,  respectively
Table  2).

Regarding  bone  biomarkers,  there  was  a  statistically  sig-
ificant  reduction  in  the  concentration  of  BAP  (−5.19  U/L)
ith  each  additional  year  of  chronological  age  in  the  control
roup.  No  significant  difference  was  observed  for  osteocal-
in  (Table  2).

No  significant  differences  were  found  for  the  follow-
ng  variables:  lumbar  BMD,  lumbar  BMC,  total  body  BMD,
otal  body  BMC,  subtotal  BMD,  and  subtotal  BMC  in  the
C2  group;  the  same  was  found  in  the  OC1  group,  except

or  total  body  BMC  (p  =  0.001).  Significant  differences  were
bserved  in  fat  mass  and  body  fat  percentage  between
aseline  and  12  months  for  the  two  contraceptive  formula-
ions.  No  significant  difference  in  lean  mass  was  observed
etween  baseline  and  after  12  months  in  the  OC2  group
Table  3).

There  was  a  reduction  in  median  BAP  levels  from
3.92  U/L  at  baseline  to  41.48  U/L  after  12  months  of  use  in
he  OC1  group  (p  =  0.080),  and  from  43.10  U/L  to  27.14  U/L
n  the  OC2  group  (p  <  0.001).  Reductions  in  osteocalcin  con-

entrations  were  observed  from  8.0  ng/mL  at  baseline  to
.69  ng/mL  after  12  months  in  the  OC1  group  (p  =  0.002),  and
rom  10.43  ng/mL  to  1.47  ng/mL  in  the  OC2  group  (p  <  0.001)
Table  3).
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ealthy  adolescents  in  the  age  range  of  12  full  years  to
0  incomplete  years  who  did  not  use  oral  hormonal  contra-
eptives  exhibited  a  significant  increase  in  bone  mass  when
nalyzed  by  bone  densitometry  at  the  different  skeletal  sites
roposed,  according  to  the  linear  regression  analysis  used  to
erify  the  effect  of  one  year  of  chronological  age  on  the  ana-
yzed  variables.  With  respect  to  bone  formation  markers,  an
ncrease  in  concentrations  was  observed,  which  coincided
ith  the  time  of  peak  height  velocity  (PHV),  confirming  the
arallelism  between  these  events.  This  increase  was  fol-
owed  by  a  decrease  in  biomarker  levels,  which  accompanied
he  expected  deceleration  of  PHV.  Thus,  although  BMD  val-
es  increased  with  the  advancement  of  maturation  events,
he  concentrations  of  biomarkers  reduced  with  age  at  the
nd  of  adolescence.7,13

At  baseline,  the  three  studied  groups  were  homogeneous
n  terms  of  anthropometric  and  densitometric  characteris-
ics,  as  well  as  markers  of  bone  formation.  Users  of  the  two
ypes  of  OC  exhibited  lower  bone  increment  between  base-
ine  and  12  months  than  what  was  estimated  for  the  control
roup,  according  to  the  results  obtained  through  the  linear
egression  analysis,  thus  demonstrating  a  lower  increase  in
one  mass  in  adolescents  who  took  the  two  contraceptive
ormulations.  It  should  be  emphasized  that  this  period  com-
rising  the  second  decade  of  life  is  considered  unique  and
undamental  for  future  bone  health,  since  92%  of  total  bone
ass  is  acquired  by  about  the  age  of  18  years  and  99%  by

he  age  of  26  years.14---16

Women  using  OCs  are  known  to  lack  the  high  concen-
rations  of  endogenous  estrogen  observed  at  mid-cycle,  a
haracteristic  of  spontaneous  cycles,  as  well  as  the  oscilla-
ions  seen  during  the  different  phases  of  menstrual  cycles.16

he  efforts  to  reduce  side  effects,  especially  cardiovascu-
ar  complications  resulting  from  the  use  of  OCs,  has  led
o  a  gradual  reduction  in  the  concentrations  of  estrogen  in
ontraceptive  formulations,  a  fact  that  may  have  caused  a
eleterious  effect  on  BMD.  Due  to  the  lower  concentration
f  sex  steroids  in  the  circulation,  a smaller  increase  in  peak
one  mass  acquired  in  adolescence  was  observed,17 although
ther  organs  and  systems  were  protected  by  this  reduction
n  EE  concentrations  in  contraceptives.

When  we  compare  the  results  of  the  present  study  with
ata  in  the  literature  we  can  confirm  that  the  use  of  OCs  pre-
ipitates  a  lower  increase  in  bone  mass  in  adolescents,  since
inear  regression  analysis  showed  an  increase  in  BMD  and
MC  at  all  skeletal  sites  analyzed  in  control  subjects.  These
esults  agree  with  those  reported  in  the  study  by  Polatti
t  al.18 in  which  BMD  increased  by  7.8%  in  controls.18,19

onversely,  in  the  present  study,  analysis  of  bone  mass
ain  through  densitometry  revealed  a  very  discrete  increase
mong  OC  users  after  12  months  compared  to  baseline,  but
he  difference  was  not  statistically  significant.

Cromer  et  al.20 evaluated  the  evolution  of  bone  mass  in
70  adolescents  aged  12---18  years,  divided  into  users  and
on-users  of  OCs,  over  a period  of  12  months.  Users  of

edroxyprogesterone  acetate  exhibited  an  average  reduc-

ion  of  1.4%  in  lumbar  spine  BMD  (p  <  0.001),  while  those
sing  OC  containing  20  �gEE  and  100  �g  levonorgestrel
ained  2.3%  of  BMD  in  the  lumbar  spine.  However,  this
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Table  1  Comparison  of  anthropometric  and  densitometric  variables  and  bone  formation  markers  at  baseline  between  adolescents  receiving  low-dose  oral  contraceptives  and
the control  group.

Control  (n  =  70) OC1  (n  =  36) OC2  (n  =  61)

Med/Mean  Min  Max  Med/Mean  Min  Max  Med/Mean  Min  Max  pa pb

Ages  (years) 16.00 12.00 19.40 15.00 11.00 20.00 15.00 12.00 18.00 0.663 0.182
Bone  age  (years) 17.00 14.00 19.00 16.00 14.00 18.00 17.00 14.00 21.00 0.245 0.402
Weight  (kg) 52.55 41.00 69.90 54.00 39.00 73.40 54.00 38.50 69.00 0.855 0.971
Height  (m) 1.60 1.49 1.72 1.59 1.49 1.67 1.59 1.39 1.71 0.862 0.212
BMI  (kg/m2)c 20.30 16.44 26.78 21.35 17.1 26.78 21.50 15.82 26.86 0.512 0.052
Z-score  for  BMIc −0.02 −1.40 1.15 0.27 −1.39 1.27 0.24 −1.73 1.24 0.840 0.113
BMI (Percentile)c 48.89 8.07 87.46 58.72 8.21 89.78 59.89 8.18 89.22 0.692 0.066
Lumbar  BMD  (g/cm2)  0.951  0.724  1.174  0.963  0.770  1.169  0.955  0.744  1.242  0.987  0.874
Lumbar BMC  (g)  51.00  29.94  76.64  49.82  38.54  72.99  50.19  34.61  79.39  0.579  0.854
Z-score for  Lumbar  −0.300  −1.800  1.630  0  −1.400  1.900  0  −1.800  2.400  0.774  0.637
Total body  BMD  (g/cm2)  1.017  0.859  1.205  0.995  0.845  1.130  1.017  0.884  1.240  0.152  0.213
Total body  BMC  (g)  1886.75  1260.69  2473.26  1848.59  1291.25  2130.32  1804.57  1377.30  2719.86  0.620  0.743
Z-score for  Total  body  −0.900  −1.900  1.800  −0.500  −1.900  1.800  0.219  0.219
Subtotal BMD  (g/cm2)  0.886  0.753  1.043  0.874  0.726  0.950  0.888  0.790  1.161  0.077  0.185
Subtotal BMC  (g)  1445.81  923.07  1901.61  1443.84  945.38  1609.56  1395.64  1032.23  2254.86  0.541  0.782
Fat Mass  (g)  15,315.20  9539.10  29,019.90  16,111.70  7740.60  25,324.60  17,593.45  10,151.70  29,019.90  0.037  0.069
Lean Mass  (g)  35,636.00  26,173.60  48,669.10  37,105.10  29,294.40  48,669.10  35,325.60  25,993.70  51,819.50  0.209  0.358
Total body  fat  %  29.400  20.400  41.800  29.100  20.000  38.500  32.550  19.600  41.300  0.002  0.008
BAP (U/L)  53.92  15.41  87.90  44.86  3.94  132.766  39.885  19.312  103.404  0.093  0.225
Osteocalcin (ng/mL)  6.68  1.12  30.11  8.00  1.711  25.998  10.427  0.269  28.146  0.295  0.301

Note. Med (Median).
OC1, adolescents receiving oral contraceptive containing 20 �g EE/150 g desogestrel; OC2, adolescents receiving oral contraceptive containing 30 �g EE/3 mg drospirenone.

a Mann---Whitney test for comparison between OC1 and OC2.
b Kruskal---Wallis test for comparison between the three groups.
c ANOVA for comparison of means between the three groups.
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Table  2  Linear  regression  analysis  to  evaluate  the  effect  of  age  on  anthropometric  and  densitometric  variables  and  bone
formation markers  in  adolescents  not  using  oral  contraceptives  (control  group).

Control

ˇ  p  95%CI

Bone  ages  (years) 1.04 <0.001 1.02  1.06
Weight (kg) 3.42 <0.001 3.30 3.54
Height  (m) 0.10 <0.001 0.10 0.10
BMI  (kg/m2)  1.33  <0.001  1.29  1.37
Z-score for  BMI  0.01  0.342  −0.01  0.02
BMI (percentile)  3.31  <0.001  2.93  3.68
Lumbar BMD  (g/cm2)  0.060  <0.001  0.058  0.06
Lumbar BMC  (g)  3.223  <0.001  3.086  3.36
Z-score for  lumbar  −0.012  0.105  −0.026  0.00
Total body  BMD  (g/cm2)  0.064  <0.001  0.062  0.07
Total body  BMC  (g)  117.21  <0.001  113.150  121.27
Subtotal BMD  (g/cm2)  0.056  <0.001  0.055  0.06
Subtotal BMC  (g)  89.36  <0.001  86.041  92.68
Fat mass  (g)  1045.85  <0.001  974.54  1117.16
Lean mass  (g)  2238.40  <0.001  2150.19  2326.62
Total body  fat%  1.910  <0.001  1.82  2.00
BAP (U/L)  −5.19  <0.001  −7.24  −3.14
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ncrease  was  3.8%  in  the  control  group.  The  increase  in  BMD
ound  in  users  of  OCs  observed  both  in  the  study  by  Polatti
t  al.18 and  in  the  present  study  is  noteworthy;  however,  this
ncrease  was  lower  than  that  expected  for  the  group  of  non-
sers  of  OC.  These  results  suggest  that  the  moderate  gains
n  BMD  in  adolescents  using  low-dose  OCs  allow  some  bone
ass  gain,  but  not  the  peak  bone  mineralization  necessary

o  serve  as  a  ‘‘bone  bank’’  for  adulthood  and  old  age.9,18---20

In  addition  to  the  effects  related  to  estrogen,  the  impact
f  progestogens  on  bone  mass  should  also  be  taken  into
onsideration,  with  different  underlying  mechanisms.  First,
ell-established  effects  confirm  that  high  doses  of  pro-
esterone  act  on  the  hypothalamus-pituitary-gonadal  axis,
ausing  hypoestrogenism,  accelerated  bone  remodeling  and
apid  bone  mass  loss.21,22 Another  possibility  is  that  proges-
erone  exerts  a  stimulatory  effect  through  progesterone  and
ndrogen  receptors.23 Progesterone  and  androgen  receptors
re  expressed  in  osteoblasts  and  osteoclasts,  and  the  acti-
ation  of  those  two  receptors  has  been  demonstrated  by
n  increase  in  bone  mass,  thus  increasing  osteoblast  activ-
ty  and  reducing  bone  resorption  resulting  from  osteoclast
timulation.18,24

Many  progestogens  committed  to  androgen  receptors,
uch  as  drospirenone  and  desogestrel  found  in  the  OCs  used
n  the  present  study,  activate  androgen  receptors  by  com-
etitive  inhibition,  thus  blocking  endogenous  androgenic
ction.  This  mechanism  of  action  results  in  important  antian-
rogenic  effects  on  bone  metabolism  since  testosterone
lays  a  fundamental  role  in  bone  mass  acquisition.  In  view
f  the  small  number  of  studies  investigating  the  influence  of
rogestogens  present  in  OC  formulations,  it  is  difficult  to  dis-

inguish  whether  the  effects  on  bone  metabolism  arise  from
rogesterone  or  from  the  reduced  levels  of  estrogen.23,24

An  increase  in  bone  markers  is  observed  during  the  period
f  growth  acceleration  in  girls,  corresponding  to  Tanner

i
o

p

0.540  −1.23  0.65

tage  2.  Bone  mass  also  increases,  with  the  concentration
eak  of  the  markers  coinciding  with  PHV  observed  in  Tanner
tage  3.  Subsequently,  at  the  time  of  growth  deceleration,
arkers  of  bone  metabolism  decline,  while  bone  mass  con-

inues  to  increase,  probably  due  to  elevated  levels  of  sex
teroids  and  insulin-like  growth  factor  1.  This  phenomenon
as  reported  by  Tobiume  et  al.25 In  view  of  these  considera-

ions,  and  since  all  adolescents  of  the  present  sample  were
n  late  puberty,  we  believe  that  the  reduction  in  concentra-
ions  of  bone  formation  markers  was  influenced  by  the  use
f  OCs.  Thus,  the  bone  marker  results  obtained  in  this  study
o  not  appear  to  be  influenced  only  by  age,  but  also  by  the
ifferent  concentrations  of  EE  in  the  two  formulations.

With  respect  to  bone  formation  markers,  the  present
tudy  demonstrated  a  reduction  in  the  serum  concentrations
f  these  markers  in  the  two  groups  after  12  months  of  OC
se,  with  reductions  of  20---37%  in  BAP  and  40---86%  in  osteo-
alcin.  Similar  results  were  reported  in  the  study  by  Paoletti
t  al.,26 which  compared  28  women  aged  20---30  years  who
sed  OC  containing  30  �g  EE/3  mg  drospirenone  with  non-
sers  of  the  same  age  range.  Serum  concentrations  of  the
one  formation  markers  analyzed  decreased  by  20---30%  in
C  users,  but  remained  unchanged  in  controls.

The  reduction  observed  in  the  biomarkers  of  bone  for-
ation  can  be  attributed  to  the  use  of  OCs,  which  was

onfirmed  by  the  demonstration  of  significant  differences
n  BAP  and  osteocalcin  levels  in  the  adolescents  after  one
ear  of  follow-up.

The  limitations  of  this  study  were  the  short  follow-up
eriod  of  OC  users  and  the  small  number  of  participants.  In
ddition,  we  had  difficulties  accompanying  the  adolescents

n  the  control  group,  since  a  large  contingent  did  not  return
n  the  scheduled  dates  to  perform  the  proposed  evaluations.

On  the  other  hand,  the  strengths  of  the  study  are  its
rospective  design  and  the  fact  that  bone  densitometry  and
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Table  3  Comparison  of  anthropometric  and  densitometric  variables  and  bone  formation  markers  between  baseline  and  after  12  months  in  the  two  groups  receiving  oral
contraceptives.

OC1  OC2

Baseline  (n  =  36) 12  months  (n  =  36) Baseline  (n  =  61) 12  months  (n  =  61)

Med/Mean  Min  Max  Med/Mean  Min  Max  Z  p  Med/Mean  Min  Max  Med/Mean  Min  Max  Z  p

Ages  (years) 15.00 11.00 20.00 16.00 12.00 19.00 −4.40.000 15.00 12.00 18.00 16.00 13.00 21.00 −5.60.000
Bone  age

(years)
16.00 14.00 18.00 18.00 15.00 18.00 −4.10.000 17.00 14.00 18.00 17.00 15.00 18.00 −4.90.000

Weight  (kg) 54.00 39.00 73.40 54.10 39.80 90.00 −3.20.001 54.00 38.50 69.00 54.45 39.50 73.60 −2.90.004
Height (m) 1.59 1.49 1.67 1.58 1.49 1.68 −1.30.179 1.59 1.39 1.71 1.59 1.39 1.73 −3.40.001
BMI (kg/m2)a 21.35 17.10 26.78 23.11 17.00 31.89 −2.90.037 21.50 15.82 26.86 21.87 17.91 26.78 −2.50.450
Z-score  BMIa 0.27 −1.39 1.27 0.52 −1.97 1.77 −1.20.175 0.24 −1.73 1.24 0.29 −1.58 1.26 −0.70.759
BMI

(percentile)
58.72 8.21 89.78 66.71 2.42 96.20 −1.00.194 59.89 8.18 89.22 60.44 15.00 89.60 −0.90.908

Lumbar BMD
(g/cm2)

0.968 0.771 1.169 0.983 0.798 1.091−1.70.088 0.955 0.744 1.242 0.926 0.672 1.242−1.60.116

Lumbar BMC  (g) 49.82  38.54  72.99  50.88  34.07  65.49  −1.40.166  50.19  34.61  79.39  50.98  33.90  77.35  −0.80.437
Z-score for

lumbar
0.000  −1.400  1.900  −0.200  −1.300  2.000−1.70.081  0.000  −1.800  2.400  −0.250  −3.100  2.100−2.80.005

Total body  BMD
(g/cm2)

1.000 0.845  1.130  1.000  0.864  1.144−1.90.059  1.017  0.884  1.240  1.031  0.907  1.242−1.60.102

Total body  BMC
(g)

1848.59  1291.25  2130.32  1829.99  1360.21  2153.10  −3.20.001  1804.57  1377.30  2719.86  1769.70  1512.99  2809.39  −0.30.751

Z-score for
total  body

−0.900  −1.900  1.800  −1.000  −2.200  0.800−2.70.007  −0.500  −1.900  1.800  −0.700  −2.200  1.700−2.30.021

Subtotal BMD
(g/cm2)

0.874  0.726  0.950  0.874  0.730  0.938−0.30.765  0.888  0.790  1.161  0.907  0.788  1.165−1.90.055

Subtotal BMC
(g)

1443.84  945.38  1609.56  1397.775  995.05  1602.94  −1.50.126  1395.64  1032.23  2254.86  1378.83  1107.32  2360.76  −1.20.224

Fat mass  (g) 16,111.70  7740.60  25,324.60  17,270.35  8940.40  34,651.30  −3.30.001  17,593.45  10,151.70  29,019.90  18,817.90  11,719.50  28,551.00  −4.10.000
Lean mass  (g)  37,105.10  29,294.40  48,669.10  36,420.85  28,945.30  53,000.10  −2.50.012  35,325.60  25,993.70  51,819.50  34,553.00  26,597.90  44,855.40  −0.20.873
Total body  fat  % 29.100  20.000  38.500  31.800  20.300  39.600−3.20.001  32.550  19.600  41.300  33.800  23.400  41.600−4.00.000
aBAP (U/L)  53.92  3.94  132.77  41.48  17.44  69.64  −2.10.080  43.10  19.31  103.40  27.14  11.70  51.70  −4.00.001
Osteocalcin

(ng/mL)
8.00 1.71  26.00  4.69  1.93  17.92  −3.10.002  10.43  0.27  28.15  1.47  0.00  19.83  −4.10.000

Note. Med (median).
OC1, adolescents receiving oral contraceptive containing 20 �g EE/150 g desogestrel; OC2, adolescents receiving oral contraceptive containing 30 �g EE/3 mg drospirenone.
Wilcoxon test for comparison between time points in OC1 and OC2.

a Paired t-test comparison between time points in OC1 and OC2.
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74  

one  biomarker  measurements  were  performed  by  a single
echnician  blinded  to  group  assignment.  Moreover,  the  use  of
he  two  formulations  of  low-dose  OCs  for  one  year  was  asso-
iated  with  a  lower  increase  in  bone  mass,  with  BMD  and  BMC
ains  below  those  estimated  for  this  age  group.  There  is  evi-
ence  that  the  introduction  of  these  contraceptives  in  the
econd  decade  of  life  is  related  to  consistently  lower  levels
f  bone  formation  markers,  confirming  the  lower  increase
n  bone  mass  demonstrated  by  densitometry.  Following  up
hese  adolescents  for  a  longer  period  of  exposure  to  com-
ined  OCs  is  necessary  to  better  understand  the  effects  of
hese  drugs  on  bone  mass  and  bone  formation  biomarkers.
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