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Abstract
Background:  Asthma  exacerbations  attended  in  emergency  departments  show  a  marked  season-
ality in  the  paediatric  age.  This  seasonal  pattern  can  change  from  one  population  to  another
and the  factors  involved  are  poorly  understood.
Objectives:  To  evaluate  the  association  between  meteorological  factors  and  schooling  with
asthma exacerbations  in  children  attended  in  the  paediatric  emergency  department  of  a  district
hospital.
Methods:  We  conducted  a  retrospective  review  of  the  medical  records  of  children  5---14  years  of
age attended  for  asthma  exacerbations  during  a  4-year  period  (2007---2011).  Climatic  data  were
obtained  from  a  weather  station  located  very  close  to  the  population  studied.  The  number  of
asthma exacerbations  was  correlated  to  temperature,  barometric  pressure,  relative  humidity,
rainfall, wind  speed,  wind  distance,  solar  radiation,  water  vapour  pressure  and  schooling,  using
regression  analyses.
Results:  During  the  study  period,  371  children  were  attended  for  asthma  exacerbations;  median
age was  eight  years  (IQR:  6---11),  and  59%  were  males.  Asthma  exacerbations  showed  a  bimodal
pattern with  peaks  in  spring  and  summer.  Maximum  annual  peak  occurred  in  week  39,  within
15 days  from  school  beginning  after  the  summer  holidays.  A  regression  model  with  mean  tem-
perature, water  vapour  pressure,  relative  humidity,  maximum  wind  speed  and  schooling  could
explain 98.4%  (p  <  0.001)  of  monthly  asthma  exacerbations.
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Conclusions:  The  combination  of  meteorological  factors  and  schooling  could  predict  asthma
exacerbations  in  children  attended  in  a  paediatric  emergency  department.
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sthma  is  the  most  prevalent  chronic  disease  in  child-
ood  and  an  important  cause  of  visits  to  the  emergency
epartment  (ED).1 Seasonal  exacerbation  of  asthma  is  a
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distribution  of  the  children  attended  for  asthma  is  shown
in  Fig.  1.  Monthly  asthma  exacerbations  showed  a  bimodal
distribution  with  two  annual  peaks,  one  in  spring  and  the

5

10

15

20

25

30

35

40

45

N
o.

 o
f E

D
 v

is
its

Document downloaded from http://zl.elsevier.es, day 30/04/2014. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. This early online article has been reviewed, accepted and posted on the Web before copyediting.
ARTICLELLER-549; No. of Pages 5

 

ell-known  phenomenon  especially  in  children.  Johnston
nd  Sears2,3 studying  hospitalisations  and  ED  visits  for
sthma  in  Canada  found  that  asthma  exacerbations  fol-
owed  a  cyclic  pattern  in  school-age  children  5---15  years.
here  was  a  minor  increase  through  the  first  six  months
f  the  year,  then  declined  during  the  summer  and  peaked
n  September  about  two  weeks  after  school  return  from
he  summer  holidays.  The  patterns  in  the  distribution  of
sthma  exacerbations  may  be  explained  by  a  combination
f  geographical  differences  in  allergen  sensitisation,  pol-
ution  levels,  viral  exposure  and/or  weather  conditions.  In
eneral,  understanding  the  determinants  of  asthma  exac-
rbation  is  poor  because  of  the  difficulty  in  determining
xposure  to  causal  factors  and  the  complexity  of  the  inter-
ctions  between  them.4

There  are  not  many  reports  on  the  association  between
sthma  attacks  and  specific  weather  conditions.5---19 Rel-
tive  humidity,  mean  temperature,  rainfall,  wind  speed,
unshine  and  barometric  pressure  have  been  evaluated  as

 cause  of  asthma  exacerbations  in  children.  However,  it
s  not  clear  whether  climatic  factors  affect  asthma  exacer-
ations  directly  or  indirectly  through  their  effect  on  other
nvironmental  agents.  To  date,  no  model  based  on  climatic
actors  has  been  able  to  accurately  predict  exacerbations
f  asthma.  The  aim  of  this  study  was  to  determine  the  epi-
emiology  of  asthma  exacerbations  in  the  children  attended
n  a  paediatric  ED.  We  evaluated  the  association  of  these
xacerbations  with  some  meteorological  factors  and  school
ttendance.

aterials and methods

tudy  population

he  study  was  conducted  in  the  paediatric  ED  of  a  dis-
rict  hospital  on  the  island  of  Mallorca,  Spain.  From  July
,  2007,  to  June  30,  2011,  the  medical  records  of  chil-
ren  5---14  years  of  age  visited  at  the  ED  with  a  diagnosis  of
sthma  exacerbation  were  retrospectively  reviewed.  Diag-
osis,  age,  sex,  and  date  of  admission  of  all  children
ttended  were  codified  prior  to  their  discharge  and  these
ata  were  automatically  stored  in  a  computerised  database.
ubjects  were  selected  from  this  database  after  revision  of
he  hospital  discharge  codes  with  a  primary  or  secondary
iagnosis  of  asthma  exacerbation.  The  episodes  of  asthma
xacerbation  were  identified  via  the  International  Classi-
cation  of  Diseases,  9th  revision,  with  493.0-9  discharge
odes.

eteorological  data

uring  the  study  period,  data  on  barometric  pressure,
umidity,  wind  speed,  wind  distance,  rainfall,  global
olar  radiation  and  temperature  were  obtained  from  the
panish  Meteorology  Agency.  This  agency  collects  daily
Please  cite  this  article  in  press  as:  Hervás  D,  et  al.  Can  meteorol
population?  Allergol  Immunopathol  (Madr).  2013.  http://dx.do

nformation  from  a  weather  station  located  close  by  at
atitude  39.55◦ N,  longitude  2.73◦ E  and  4  m  height.  Water
apour  pressure  was  obtained  using  an  equation  described
lsewhere.20
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ata  analysis

escriptive  analysis  was  performed  using  frequency  distri-
utions  or  rates.  All  continuous  variables  were  confirmed
o  be  normally  distributed,  or  to  have  skewness  not  sig-
ificantly  different  from  zero.  Results  are  presented  as
ean  ±  standard  deviation  (SD)  or  median  and  interquartile

IQR)  as  required.  Co-linearity  was  studied  performing  toler-
nce  testing.  For  analyses,  variables  were  paired  throughout
he  12  months  of  the  year;  the  meteorological  data  were  the
ean  of  the  different  monthly  means,  and  asthma  exacer-
ations  was  the  sum  of  admissions  in  the  ED  for  this  reason
uring  the  months  of  the  year.  The  association  between
sthma  exacerbations  and  the  meteorological  variables  was
etermined  after  multivariate  linear  regression.  Backward
limination  method  was  used  for  variable  selection.  The
ffect  of  two  lag  months  period  was  also  evaluated.  The
ffect  of  a unit  increase  for  each  independent  variable  was
alculated  transforming  the  ˇi coefficients  into  percent-
ges  ([ˇi/N◦ asthma  exacerbations]  ×  100).  To  determine  the
ffect  of  school  attendance  we  considered  that  one  or  more
eeks  of  school  holidays  during  a  month  period  could  be  con-

idered  a  relevant  decrease  in  schooling.  In  consequence,  a
ummy  variable  that  defined  schooling  as  the  absence  of
his  holiday  period  was  introduced  in  the  multivariate  anal-
ses.  Statistical  significance  was  set  at  p <  0.05.  Data  were
nalysed  with  the  statistical  software  package  IBM  SPSS  20.0
New  York,  USA).

esults

eneral  characteristics  and  seasonality

rom  July  1,  2007,  through  June  30,  2011,  371  children  aged
---14  years  were  attended  at  the  ED  for  asthma  exacerba-
ion.  This  accounted  for  7.9%  of  the  attended  children  of
his  age  group  in  the  paediatric  ED.  The  median  age  was
ight  years  (IQR:  6---11),  and  59%  were  males.  The  monthly
ogical  factors  forecast  asthma  exacerbation  in  a  paediatric
i.org/10.1016/j.aller.2013.07.004
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igure  1  Seasonality  of  asthma  exacerbations  in  the  paedi-
tric emergency  department.
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Table  1  Mean  monthly  levels  of  studied  meteorological  factors.

Month  Vapour
pressure
(hPa)

Barometric
pressure
(hPa)

Relative
humidity  (%)

Solar
radiation
(10  kJ/m2)

Mean  Ta

(◦C)
Maximum
wind  speed
(km/h)

Wind
distance
(km)

Rainfall
(mm)

January  987.2 1016.8 81.1 763.1 9.9 37.6 243.2  1.6
February 993.5  1016.6  79.3  1093.2  10.3  37.9  258.0  1.2
March 1037.6  1016.1  76.6  1460.8  11.5  41.4  284.2  1.2
April 1238.2  1014.8  75.4  1956.3  14.4  39.0  279.9  0.9
May 1494.7  1015.0  71.2  2157.2  18.2  38.6  270.4  2.5
June 1759.7  1015.5  68.2  2738.6  21.6  37.2  262.2  0.6
July 2055.1  1016.0  64.8  2691.4  25.0  38.4  288.8  0.0
August 2142.8  1015.2  67.8  2298.9  24.9  39.2  284.1  0.5
September  1870.2 1016.1 70.9  1862.6  21.9  37.7  251.4  2.9
October 1644.4  1016.0  78.3  1142.1  18.3  37.5  253.2  3.2
November 1196.7  1014.9  78.1  858.2  13.3  38.5  251.4  1.5
December 1020.5  1015.5  80.5  676.3

Table  2  Multiple  linear  regression  analyses.§
Independent  variables† Coefficients  (SE)‡ p  values

Water  vapour  pressure −0.29 (0.02) <0.0001
Relative  humidity 7.7(0.6) <0.0001
Mean  temperature 27.2  (2.6) <0.0001
Maximum  wind  speed 5.7  (0.7) <0.001
Schooling  4.8  (1.7)  <0.05

† Equation constant −800.
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§ Determination coefficient (R2) = 0.984 (p < 0.001).

other  in  autumn.  Table  1  shows  the  monthly  variation  of  the
meteorological  variables.

Association  with  meteorological  factors

After  multivariate  analyses  asthma  exacerbation  was  inde-
pendently  associated  to  several  meteorological  variables:
mean  temperature,  water  vapour  pressure,  relative  humid-
Please  cite  this  article  in  press  as:  Hervás  D,  et  al.  Can  meteorol
population?  Allergol  Immunopathol  (Madr).  2013.  http://dx.do

ity  and  maximum  wind  speed  (see  Table  2).  The  resulting
model  (including  schooling)  was  able  to  explain  98.4%  of  the
variability  of  monthly  asthma  exacerbations  during  the  study
period.  The  regression  equation  showed  a  7.3%  increase
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Figure  2  Weekly  distribution  of
 10.4  38.3  249.7  1.7

n  the  number  of  monthly  asthma  exacerbations  for  each
egree  decrease  in  temperature;  and  1.5%  and  2.1%  increase
or  each  unit  rise  in  wind  speed  and  relative  humidity,
espectively.  A  100  hPa  increase  in  water  vapour  pressure
ecreased  the  number  of  asthma  exacerbations  by  7.8%.  The
se  of  one  and  two  lag  months  did  not  provide  better  models.

ssociation  with  school  attendance

eak  asthma  exacerbations  occurred  15  days  after  school
eturn  from  the  summer  holidays  (week  39  of  the  year).
he  number  of  attended  asthma  exacerbations  decreased
he  following  week  but  maintained  at  a  high  rate  for  several
onths  with  scarce  variations  (see  Fig.  2).  Multivariate  anal-

sis  showed  that  school  attendance  was  also  an  independent
ariable  associated  to  asthma  exacerbations.

iscussion

sthma  exacerbations  show  a  seasonal  variability  in  adults
nd  children  in  both  hemispheres,  with  grade  school  chil-
ogical  factors  forecast  asthma  exacerbation  in  a  paediatric
i.org/10.1016/j.aller.2013.07.004

ren  being  the  most  vulnerable  to  seasonal  changes.21,22 In
ur  study,  we  observed  a  bimodal  seasonal  pattern  of  asthma
xacerbations  with  peaks  in  April  and  October,  similar  to
hose  described  in  Tokyo  (Japan)  and  Ontario  (Canada).14,15

27 29 31 33 35 37 39 41 43 45 47 49 51
eks

 the  asthma  exacerbations.

dx.doi.org/10.1016/j.aller.2013.07.004
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tudies  that  have  evaluated  the  association  between  mete-
rological  factors  and  asthma  exacerbations  in  the  ED  are
imited  and  have  obtained  disparate  results.  They  differ  in
he  meteorological  variables  associated,  their  positive  or
egative  correlation  and/or  the  strength  of  the  association.
he  resulting  models  of  the  reported  studies  on  meteoro-

ogical  factors  and  exacerbation  of  asthma  have  shown  low
redictive  power  (R2 <  0.4).7---9,17 In  our  study,  we  observed
n  association  between  asthma  exacerbation,  measured  by
he  rates  of  ED  visits  for  asthma,  and  several  meteorological
ariables  such  as  mean  temperature,  water  vapour  pressure,
elative  humidity  and  maximum  wind  speed.  This  model  has
iven  a  very  high  predictive  power  (R2 =  0.98),  making  it  very
seful  for  forecasting.

We  observed  that  mean  temperature  was  inversely  cor-
elated  with  ED  visits  for  asthma,  which  is  consistent  with
ther  studies  that  showed  a  weaker  correlation.7,17 However,
his  variable  has  given  contradictory  results  in  some  reports.
ohr  et  al.23 reported  a  positive  association  with  ED  visits

or  asthma  in  summer  and  negative  during  the  winter  time.
ashimoto  et  al.14 observed  a  positive  association  for  mean
emperature  but  inverse  for  maximum  average  tempera-
ure.  In  addition,  other  studies  have  found  a  weak  positive
orrelation.18 It  is  likely  that  these  results  are  not  mutually
xclusive,  and  that  the  association  between  temperature
nd  asthma  exacerbations  in  the  ED  depends  on  the  aetio-
ogical  trigger;  probably  negative  with  respiratory  viruses,24

nd  positive  in  the  case  of  air  pollutants  and  pollens.18,25,26

In  our  study,  asthma  exacerbations  in  the  ED  were
ssociated  to  a  decrease  in  the  water  vapour  pressure
nd  to  an  increase  in  relative  humidity.  The  associa-
ion  between  vapour  pressure  and  asthma  exacerbations
as  not  been  previously  studied,  but  several  studies  have
eported  a  relationship  between  this  variable  and  respi-
atory  viruses  (respiratory  syncytial  virus  and  influenza),
hich  are  believed  to  trigger  asthma  exacerbations.20,24

imilarly,  increased  relative  humidity  has  been  correlated
n  some  studies  to  an  increase  in  viral  activity  and  mite
oncentration.27,28 In  our  study,  for  each  one  percent
ncrease  in  relative  humidity  there  was  a  1.8%  increase  in
sthma  attacks,  as  also  described  by  others.17

Overall,  the  association  of  asthma  attacks  with  tempera-
ure,  vapour  pressure  and  humidity  is  in  agreement  with  the
ncreasing  evidence  of  the  role  of  viral  respiratory  infections
s  important  triggers  of  asthma  exacerbations,  especially
erotype  C  human  rhinovirus.29 A  recent  study  performed
n  Madrid  (Spain)  evaluated  the  seasonal  distribution  of  rhi-
ovirus  C  infections  in  children.30 We  compared  their  data
ith  our  monthly  incidence  of  asthma  attacks,  observing  a
ood  correlation  (r  =  0.61,  p  <  0.05;  data  not  shown).  Despite
he  limitations  of  comparing  populations  with  environmen-
al  and  weather  differences,  this  correlation  suggests  that
he  asthma  exacerbations  in  our  study  could  also  be  caused
y  rhinovirus  infections  in  certain  periods  of  the  year.

The  maximum  wind  speed  was  another  independent  fac-
or  that  we  found  associated  to  asthma  exacerbations.
ntil  now,  reports  correlating  this  meteorological  factor
o  viral  infections  and/or  asthma  exacerbations  have  been
Please  cite  this  article  in  press  as:  Hervás  D,  et  al.  Can  meteorol
population?  Allergol  Immunopathol  (Madr).  2013.  http://dx.do

necdotal.15,28 In  our  study,  the  correlation  was  more
arked  during  the  spring  time.  An  increase  in  wind  speed
uring  this  season  could  favour  a  higher  concentration,
ransport  and/or  exposure  to  pollen  grains.  In  a  similar  way,
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ind  speed  favours  higher  concentrations  of  asthma-related
ir  pollutants  such  as  low  weight  particle  matter  (e.g.
M10).31 However,  we  did  not  observe  an  association  with
ainfall  or  barometric  pressure,  which  have  been  related
o  the  concentration  of  air  pollutants.15,16 The  absence  of
ssociation  between  these  two  variables  and  asthma  exacer-
ations  in  our  study  points  to  a  scarce  influence  of  pollutants
s  asthma  triggers  in  our  population.

Meteorological  factors  could  also  play  a  direct  role
s  triggers  of  asthma  exacerbations,  as  occurs  with
ronchoconstriction  due  to  low  air  temperature  or  exercise-
nduced  asthma  in  low  humidity  conditions.  However,  the
eal  impact  of  the  direct  effect  of  climatic  factors  on  asthma
xacerbations  requiring  an  ED  visit  remains  unknown.32 A
tudy  performed  in  Ottawa  (Canada),  evaluating  the  associ-
tion  with  asthma  ED  visits  in  an  hourly  time  scale,  suggested
hat  the  direct  role  of  meteorological  factors  was  scarce.15

Finally,  we  evaluated  the  effect  of  schooling  to  see  if
his  variable  acted  as  a  confounding  factor  due  to  sea-
onal  overlapping  with  meteorological  factors.  Schooling
as  an  independent  variable  that  increased  the  monthly

isk  of  asthma  attacks.  Previous  studies  have  analysed  the
ffect  of  schooling  especially  after  the  summer  holidays.
e  observed  that  the  highest  asthma  exacerbation  peak
ccurred  15  days  after  the  beginning  of  school  in  September.
his  is  in  accordance  with  the  10---18  days  lag  from  school
pening  previously  described.22,33,34 As  has  been  suggested,
he  ‘‘September  epidemic’’  coinciding  with  school  open-
ng  is  probably  due  to  various  factors  such  as  a  favourable
eather,  increase  of  viral  proliferation  and  exposure  (espe-
ially  rhinovirus),  stress,  and  low  compliance  of  inhaled
orticosteroid  therapy  during  the  summer.3,35

The  present  report  is  an  ecological  retrospective  study
ith  the  limitations  of  this  type  of  study.  We  are  aware

hat  our  results  cannot  be  extrapolated  to  other  popula-
ions  with  different  sociodemographic,  environmental,  and
limatic  characteristics.  Despite  these  limitations,  we  have
hown  that  meteorological  factors  and  schooling  can  effi-
iently  forecast  the  asthma  exacerbations  that  need  to  visit
he  ED.  This  could  have  potential  implications  for  the  organi-
ation  of  health  resources,  prevention  and  etiological  study
f  asthma.
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