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Abstract
Introduction:  Vitamin  D  is  an  essential  prohormone  in  calcium  and  phosphorus  homeostasis.
Recent studies  show  a  high  frequency  of  insufficiency/deficiency  of  vitamin  D  in  the  general
population  worldwide.  Our  objective  was  to  estimate  the  prevalence  of  circulating  vitamin  D
[25(OH)D3]  deficiency  and  insufficiency  in  children  and  examine  the  associated  factors.
Material  and  methods:  A  total  of  283  children,  participants  in  the  cohort  INMA-Asturias,  were
studied. The  25(OH)D3  concentrations  were  quantified  by  high  performance  liquid  chromatog-
raphy. The  prevalence  of  deficiency  [25(OH)D3  <  20  ng/mL]  and  insufficiency  [20---29.9  ng/mL]
of vitamin  D  was  estimated.  Distribution  of  25(OH)D3  for  month  of  extraction  of  specimen,
ingestion,  and  other  factors  were  analysed.
Results:  The  mean  25(OH)D3  was  20.1  ng/mL  (range  2.7---49.8),  with  8.8%  ≥30  ng/mL,  38.5%
from 20  to  20.9  ng/mL,  and  52.7%  <  20  ng/mL.  Seasonal  variation  was  found,  with  lower  values
in winter.  There  was  no  relationship  between  plasma  levels  and  intake  of  vitamin  D  (median
2.7 �g/day,  range  0.81---12.62),  time  outdoors  (mean  3  h,  range:  0:21---6:55),  or  BMI  or  gender,
but there  was  one  found  with  the  mother’s  levels  during  gestation.
Conclusions:  There  is  a  high  prevalence  of  vitamin  D  deficiency/insufficiency  in  children  at  4
years. Solar  exposure  might  not  be  enough  in  our  region.  Healthy  children  should  be  encour-
aged to  follow  adequate  outdoor  activities  with  associated  sun  exposure.  Due  to  the  deficit  of
intake in  childhood,  recommendations  are  needed  about  a  varied  diet  with  vitamin  D-containing
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foods  in  this  age  group,  especially  during  the  winter,  and  assessing  the  need  of  vitamin  D
supplementation  in  children  at  risk.
© 2015  Asociación  Española  de  Pediatŕıa.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.
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Hipovitaminosis  D  y  factores  asociados  a  los  4  años  en  el  norte  de  España

Resumen
Introducción:  La  vitamina  D  es  una  prohormona  esencial  en  la  homeostasis  del  calcio  y  el
fósforo. Estudios  recientes  muestran  una  elevada  frecuencia  de  insuficiencia/deficiencia  de
vitamina D  en  población  general  a  nivel  mundial.  Nuestro  objetivo  ha  sido  estimar  la  preva-
lencia de  deficiencia  e  insuficiencia  de  vitamina  D  sérica  [25(OH)D3]  y  examinar  sus  factores
asociados  en  la  infancia.
Material  y  métodos:  Se  ha  estudiado  a  283  niños  participantes  en  la  cohorte  INMA-Asturias.  Se
determinó  la  25(OH)D3  mediante  cromatografía  líquida  de  alta  resolución.  Se  han  estimado  las
prevalencias  de  deficiencia  ([25(OH)D3  <  20  ng/ml)  e  insuficiencia  (20-29,9  ng/ml)  de  vitamina
D y  se  ha  analizado  la  distribución  de  25(OH)D3  por  mes  de  extracción,  ingesta  y  otros  factores.
Resultados:  La  25(OH)D3  media  fue  20,1  ng/ml  (rango  2,7-49,8).  El  8,8%  tenía
25(OH)D3  ≥  30  ng/ml,  el  38,5%  entre  20-20,9  ng/ml  y  el  52,7%  <  20  ng/ml.  Se  halló  variación
estacional  con  menores  valores  en  invierno.  No  se  encontró  relación  entre  los  niveles  plasmáti-
cos y  la  ingesta  de  vitamina  D  (mediana  2,7  �g/día,  rango  0,81-12,62),  el  tiempo  al  aire  libre
(mediana  3  h,  rango:  0:21-6:55),  el  índice  de  masa  corporal,  ni  el  sexo,  pero  sí  con  los  niveles
de sus  madres  durante  la  gestación.
Conclusiones:  Existe  una  elevada  prevalencia  de  deficiencia/insuficiencia  de  vitamina  D  a  los
4 años.  La  exposición  solar  podría  no  ser  suficiente  en  nuestra  región.  Se  deberían  promover
actividades  al  aire  libre  con  una  adecuada  exposición  a  la  luz  solar.  Dado  el  déficit  de  ingesta  en
la infancia,  es  necesario  hacer  recomendaciones  de  una  alimentación  variada  rica  en  vitamina
D en  este  periodo  especialmente  durante  el  invierno,  valorando  la  necesidad  de  suplementar
con vitamina  D  en  los  niños  de  riesgo.
© 2015  Asociación  Española  de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  dere-
chos reservados.

Introduction

Vitamin  D,  the  sun  vitamin,  is  known  for  its  importance
in  bone  health.  But  this  is  just  the  tip  of  the  iceberg,  as
it  is  also  associated  with  other  health  benefits,  including
decreasing  the  risk  of  chronic  pathologies  such  as  autoim-
mune,  neurologic  or  cardiovascular  disease  or  cancer,  among
others.1---7

Low  levels  of  vitamin  D  during  pregnancy  and  childhood
are  associated  with  an  increased  risk  of  complications  in
pregnancy  and  foetal  growth  and  development  (preeclamp-
sia,  gestational  diabetes,  small  for  gestational  age,  impaired
foetal  neurologic  development,  etc.),8,9 as  well  as  severe
asthma,  decreased  response  to  corticosteroids,  type  1
diabetes,  rheumatoid  arthritis,  cancer  and  cardiovascular
disease,3,5,10,11 not  to  mention,  of  course,  the  resurgence  of
rickets.12

Recent  population-based  studies  have  found  a  high
prevalence  of  low  serum  levels  of  vitamin  D  [25(OH)D3]
worldwide,  including  in  children.13,14

There  is  no  universal  consensus  on  the  optimal  25(OH)D3
serum  levels  needed  to  achieve  an  adequate  bone  miner-
alisation,  and  there  is  even  less  agreement  on  the  levels
required  for  the  other  functions  of  this  prohormone.15---17

Thus,  while  the  European  Society  for  Paediatric

Gastroenterology  Hepatology  and  Nutrition  (ESPGHAN)
and  the  Institute  of  Medicine  (IOM)  of  the  United  States
define  sufficiency  as  levels  of  20  ng/dL  and  greater,  the
Endocrine  Society  (Holick  et  al.,  2011)  defines  defi-
ciency  as  less  than  20  ng/mL  (50  nmol/L),  insufficiency  as
20---29  ng/mL  (50---74  nmol/L)  and  sufficiency  as  30  ng/mL
or  more  (75  nmol/L).  There  are  also  studies  that  claim  that
disturbances  in  calcium  absorption  and  low  bone  mineral
density  are  associated  with  levels  below  32  ng/mL.18 In  this
study,  we  applied  the  criteria  of  the  Endocrine  Society.

Our  aim  was  to  estimate  the  prevalence  of  serum  vitamin
D  deficiency  and  insufficiency  and  examine  the  factors  asso-
ciated  with  vitamin  D  deficiency  and  insufficiency  in  children
aged  4  years  in  the  Asturias  cohort  of  the  INMA  Project
(Infancia  y  Medio  Ambiente  [Childhood  and  Environment]).

Materials and methods

Sample  under  study

We  analysed  data  for  283  children  in  the  Asturias  cohort
of  the  Universidad  de  Oviedo  that  is  part  of  the  INMA
Project.19 The  INMA  Project  is  a  prospective  population-
based  cohort  study  whose  primary  objective  is  to  study
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