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Abstract
Introduction  and  objectives:  High  blood  pressure  (BP)  remains  a  major  modifiable  cardiovascu-
lar (CV)  risk  factor.  Several  epidemiologic  studies  have  been  performed  to  assess  the  association
between  air  pollution  exposure  and  this  CV  risk  factor  but  results  remain  inconsistent.  This  study
aims to  estimate  the  effect  of  short-term  PM10 exposure  (average  previous  three-day  concen-
tration)  on  diastolic  (DBP)  and  systolic  (SBP)  blood  pressure  values  of  the  resident  mainland
Portuguese  population.
Methods:  Our  study  was  based  on  available  DBP  and  SBP  data  from  2272  participants  from
the first  Portuguese  Health  Examination  Survey  (INSEF,  2015)  living  within  a  30  km  radius  of
at least  one  air  quality  monitoring  station,  with  available  measurements  of  particulate  matter
with an  aerodynamic  equivalent  diameter  ≤10  �m  (PM10).  We  used  data  from  the  air  quality
monitoring  network  of  the  Portuguese  Environment  Agency  to  obtain  the  individual  allocated
PM10 concentrations.  Generalized  linear  models  were  used  to  assess  the  effect  of  PM10 exposure
on DBP  and  SBP  values.
Results:  No  statistically  significant  association  was  found  between  PM10 exposure  and  both  DBP
 change  per  10  �g/m3 of  PM10 increment  (95%  confidence  interval
 SBP  change  per  10  �g/m3 of  PM10 increment  (95%  CI:  −0.86;  1.79)).

after  restricting  the  analysis  to  hypertensive  or  obese  participants
ment  methodology.
and SBP  values  (0.42%  DBP
(CI): −0.85;  1.70)  and  0.47%
Results  remain  unchanged  

or changing  the  PM10 assess
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Conclusions:  In  view  of  the  PM10 levels  observed  in  2015,  our  results  suggests  that  exposure  to
PM10 concentrations  have  a  small  or  no  effect  on  the  blood  pressure  values.  Other  air  pollutants
and mixtures  of  pollutants  that  were  not  included  in  our  study  should  considered  in  future
studies.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  Published  by  Elsevier  España,  S.L.U.  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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Investigando  a  associação  entre  a  exposição  a  partículas  ambientais  (PM10)  e  os
valores  da  pressão  arterial:  resultados  da  ligação de  dados  do  Inquérito  Nacional
de  Saúde  com  Exame  Físico  e  da  qualidade  do  ar

Resumo
Introdução  e  objetivo:  A  pressão  arterial  elevada  (PA)  continua  a  ser  um  importante  fator  de
risco cardiovascular  (CV)  modificável.  Vários  estudos  epidemiológicos  têm  sido  realizados  para
avaliar a  associação  entre  a  exposição  à  poluição  do  ar  e  este  fator  de  risco  CV,  mas  os  resultados
permanecem  inconsistentes.  Este  estudo  tem  como  objetivo  estimar  o  efeito  da  exposição  de
curta duração  às  PM10 (concentração  média  dos  últimos  três  dias)  nos  valores  da  pressão  arterial
diastólica (PAD)  e  sistólica  (PAS)  da  população  residente  em  Portugal  Continental.
Métodos:  O  nosso  estudo  baseou-se  nos  dados  disponíveis  de  PAD  e  PAS  de  2272  participantes
do primeiro  Inquérito  Nacional  de  Saúde  com  Exame  Físico  (INSEF,  2015)  que  viviam  num  raio  de
30 km  de  pelo  menos  uma  estação  de  monitoração  da  qualidade  do  ar  com  medições  disponíveis
de material  particulado  com  diâmetro  aerodinâmico  ≤10  �m  (PM10).  Foram  utilizados  os  dados
da rede  de  monitoração  da  qualidade  do  ar  da  Agência  Portuguesa  do  Ambiente  para  atribuir  as
exposições individuais  de  PM10.  Os  modelos  lineares  generalizados  foram  utilizados  para  estimar
o efeito  da  exposição  às  PM10 nos  valores  de  PAD  e  PAS.
Resultados:  Nenhuma  associação  estatisticamente  significativa  foi  encontrada  entre  a
exposição a  PM10 e  os  valores  de  PAD  e  PAS  (0,42%  de  incremento  de  PAD  por  cada  aumento
de 10  �g/m3 de  PM10 [IC  de  95%:  −0,85;  1,70]  e  de  0,47%  de  incremento  de  PAS  por  cada
aumento de  10  �g/m3 [IC  95%:  −0,86;  1,79]).  Os  resultados  permaneceram  inalterados  após
restringir a  análise  aos  participantes  hipertensos  ou  aos  participantes  obesos  ou  após  alteração
da metodologia  para  atribuir  as  exposições  individuais  de  PM10.
Conclusões:  Tendo  em  consideração  os  níveis  de  PM10 observados  em  2015,  os  nossos  resultados
sugerem  que  a  exposição  às  concentrações  de  PM10 terá  um  efeito  pequeno  ou  nenhum  efeito
sobre os  valores  da  pressão  arterial.  Outros  poluentes  atmosféricos  e  misturas  de  poluentes  que
não foram  incluídos  no  nosso  estudo  devem  ser  analisados  em  estudos  futuros.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  Publicado  por  Elsevier  España,  S.L.U.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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igh  blood  pressure  (BP)  or  hypertension  remains  a  major
odifiable  cardiovascular  (CV)  risk  factor,  being  responsi-
le  for  at  least  45%  of  all  deaths  due  to  heart  disease  and
1%  of  deaths  due  to  stroke.1,2 Worldwide,  it  is  estimated
hat  around  31%  of  adults  aged  25  years  and  over  had  hyper-
ension,  defined  as  systolic  BP  (SBP)  ≥140  mmHg  and/or
iastolic  BP  (DBP)  ≥90  mmHg.3 In  Portugal,  according  to  the
ortuguese  Health  Examination  Survey  (INSEF),  the  overall
revalence  of  hypertension,  in  the  population  aged  25---74
ears  of  age,  was  36.0%,  in  2015,  defined  as  having  a SBP

140  mmHg  and,  or,  a  DBP  ≥90  mmHg  and,  or,  taking  anti-
ypertensive  medication.4

The  causes  of  high  blood  pressure  are  complex  and
re  related  to  genetic,  behavioral  and  environmental
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actors,  including  air  pollution  exposure.5 Over  the  last
ecades,  several  epidemiological  studies  assessed  the
ssociation  between  air  pollution  exposure,  including  par-
iculate  matter  (PM),  and  BP  values.  Evidence  from  a  recent
eta-analysis  which  pooled  studies  published  before  May

017,  supports  the  association  between  PM10 and  a  DBP
levation.  The  authors  of  this  meta-analysis  found  a  DBP  ele-
ation  of  0.86  mmHg,  95%  CI  (0.37;  1.35)  and  0.15  mmHg,
5%  CI  (0.01---0.29)  per  each  10  �g/m3 increase  of  PM10

n  long  (≥30  days)  and  short-term  (<30  days)  periods  of
xposure,  respectively.6 The  evidence  compiled  in  this  sys-
ematic  review  failed  to  support  the  association  between

M10 and  SBP  values.

Direct  PM  translocation  into  the  blood,  oxidative  stress,
nflammatory  mediator  production  and  neuroendocrine  acti-
ation  are  the  potential  biological  mechanisms  responsible
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or  the  pathophysiological  mechanisms  through  which  PM
xposure  can  raise  blood  pressure,  including  vascular  dys-
unction  and  aortic  stiffness,7 sodium  retention  at  the
idney  level8 and  chronic  kidney  diseas.9 According  to  New-
an  and  his  colleagues,  the  first  three  pathophysiological

esponses  associated  with  BP  elevation  will  occur  in  a  few
our  to  days  after  exposure  and  are  reversible  whereas  the
ast  physiological  response  will  occur  mainly  in  a  long-term
xposure  context  and  will  be  irreversible.10

To  the  best  of  our  knowledge,  in  Portugal,  the  associ-
tion  between  PM  exposure  and  blood  pressure  values  has
ever  been  published  before.  Consequently,  our  study  aims
o  assess/investigate  the  association  between  individually
llocated  environmental  PM10 concentrations  and  individual
evel  SBP  and  DBP,  considering  a  short  period  of  time  (previ-
us  three  days  before  blood  pressure  measurements)  as  the
indow  of  exposure,  in  the  mainland  resident  Portuguese
opulation  aged  between  25  and  74  years  old,  in  2015.

ethods

tudy  population

his  study  used  data  from  the  first  Portuguese  National
ealth  Examination  Survey  (INSEF),  collected  between
ebruary  and  December  2015.  This  survey  was  described
n  more  detail  by  Nunes  et  al.11 The  present  analysis  was
estricted  to  the  subsample  of  INSEF  participants  from  main-
and  Portugal  (n=3467)  who  consented  to  have  their  data
inked,  provided  a  residence  zip  code  number,  were  living
ithin  a  30-km  radius  of  an  air  quality  monitoring  station
ith  available  PM10 concentration  values  and  had  blood
ressure  values  measured  in  INSEF  (n=2272).  The  INSEF  sur-
ey  received  approval  from  the  Ethics  Committee  of  the
ortuguese  National  Health  Institute  Doutor  Ricardo  Jorge,
he  National  Data  Protection  Authority  (Authorization  no.
348/2010)  and  from  the  regional  Ethics  Committees.

ealth  related  data

ealth  data  collection  in  INSEF  was  performed  by  trained
ealth  professionals,  according  to  the  European  Health
xamination  Survey  (EHES)  procedures.12 Blood  pressure  val-
es  were  measured  according  to  the  previous  published
tudy  of  Rodrigues  and  colleagues.4

Sociodemographic  (age,  sex,  educational  level  and
ccupation),  lifestyle  (smoking,  excessive  alcohol  con-
umption,  sedentary  and  unhealthy  diet)  and  health  status
ariables  (diagnosed-dyslipidemia,  diagnosed  diabetes,
ipid-lowering  medication  usage  and  diabetes  medication
sage)  were  obtained  by  self-report  through  the  interview.
moker’s  definition  includes  current  daily  and  occasional
mokers  and  excessive  alcohol  consumption  was  defined
s  reporting  three  or  more  days/week  of  consumption
f  at  least  one  of  the  following  alcoholic  beverages:

ine,  beer,  brandy/spirits,  Port  wine/martini/liqueur,
hiskey/gin/vodka.  Unhealthy  diet  was  defined  as  no
onsumption  of  fruit  and  vegetables  at  least  once  a  day
nd  sedentary  was  defined  as  reporting  reading,  watching
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elevision  or  other  sedentary  activities  as  the  best  descrip-
ion  of  leisure  time  activities  during  the  last  12  months.

nvironmental  exposure  assessment

ourly  validated  PM10 values  were  obtained  from  the  QualAr
atabase,  available  online  at  the  Portuguese  Environment
gency  (APA)  website  (https://qualar.apambiente.pt/)  and
he  individual  allocated  PM10 concentrations  were  obtained
s  previously  reported  by  Gaio  et  al.13 Briefly,  for  each  indi-
idual  the  allocated  three-day  average  PM10 concentration
as  the  weighted  average  of  three-day  averaged  PM10 con-
entrations  of  all  stations  within  a  30  km  radius  from  each
articipant’s  residence.  This  average  was  weighted  by  the
nverse  of  the  squared  distance  between  the  residence  and
he  air  quality  monitoring  stations.

The  individually  allocated  three-day  average  tem-
eratures  were  also  obtained  using  data  from  the
ational  Oceanic  and  Atmospheric  Administration  database
www.ncdc.noaa.gov) and  we  assumed  the  three-day  aver-
ge  value  of  the  closest  temperature  monitoring  station  as
eing  representative  of  the  individual  exposure.

tatistical  analysis

he  statistical  analysis  was  performed  using  the  R  statisti-
al  package  version  3.6.3.14 All  estimates  were  weighted
o  account  for  different  selection  probabilities  resulting
rom  the  complex  sample  design  of  INSEF  2015  and  to
atch  the  geographic  region,  age  group  and  sex  popu-

ation  distribution  of  2015.  T-test  and  the  Wilcoxon  test
ere  used  to  access  differences  of  quantitative  variables
ccording  to  their  adherence  to  the  normal  distribution
r  not.  Proportions  were  compared  using  Pearson’s  chi-
quared  test.  The  significance  level  for  all  analysis  was  set
t  5%.

Regression  coefficients  of  effect  (ˇ)  of  PM10 on  DBP
nd  SBP  with  the  corresponding  95%  confidence  intervals
CIs)  were  obtained  by  generalized  linear  regression  models
nalyses  for  each  1  �g/m3 increment  of  PM10.  We  used
he  svyglm  function  from  the  ‘‘survey’’  R  package  to  run
ach  Gaussian  family  model  with  a link  log  function  (fam-
ly=gaussian  (link=‘‘log’’)).  Then,  percent  change  per  10
g/m3 increment  of  PM10 with  corresponding  95%  CIs  were
alculated  by  using  the  formula  100×[exp  (ˇ)−1]*10.  Addi-
ionally,  to  obtain  estimates  comparable  with  previous
tudies,  we  also  run  the  models  using  the  (family=gaussian
link=‘‘identity’’))  to  obtain  results  in  mmHg  increase  per
ach  10  �g/m3 increment  of  PM10 and  these  results  are  pre-
ented  as  supplementary  data.

First,  an  unadjusted  exposure-outcome  model  was  fitted
or  each  outcome.  Then,  a  second  model  confounder-
djusted  for  sex  (Male/Female),  age  group  (25---49  years;
0---74  years),  educational  level  (Low  education/Medium
ducation/High  education),  occupation  (White-collar
ccupation/Blue-collar  occupation),  smoking  (smoker/no
moker),  excessive  alcohol  consumption  (Yes/No),  seden-

ary  (Yes/No),  unhealthy  diet  (Yes/No)  and  individual
llocated  three-day  average  temperature  (continuous)  was
erformed  for  each  outcome.  Additionally,  as  the  objective
as  to  assess  only  the  short-term  effects  of  PM10 exposure,
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Table  1  Description  of  the  general  characteristics  of  the  study  participants.

Characteristics  Total  (n=2272)  Males  (n=1037)  Females  (n=1235)

Age  (n=2272)  --- %
25---49  years  old  53.0  53.6  52.4
50---74 years  old  47.0  46.4  47.6

Level of  education  (n=2271)  ---  %a

Low  education  57.8  62.1  54.0
Medium education  21.9  21.9  21.9
High education  20.3  16.0  24.1

Occupation (n=2102)  ---  %b

White-collar  occupation 63.6  56.1  70.7
Blue-collar occupation 36.4  43.9  29.3

Lifestyles variables  ---  %
Smokers  (n=2272)c 21.5  27.0  16.6
Excessive alcohol  consumers  (n=2271)d 35.8  53.5  20.0
Unhealthy diet  (n=2271)e 36.4  46.0  27.8
Sedentary (n=2258)f 45.0  42.0  48.0

Hypertension  (n=2272)  ---  %g 36.4  40.8  32.4
Hypertensive  medication  (n=2272)h 25.1  24.4  25.7
Diastolic blood  pressure  (n=2272)  ---  mmHg  (mean,  SD)  74.0  (10.2)  76.1  (9.9)  72.0  (9.9)
Systolic blood  pressure  (n=2272)  mmHg  (mean,  SD)  125.1  (16.0)  130.0  (14.3)  120.8  (16.3)

Individual allocated
3-Day  average  temperature  (n=1887)  --- ◦C  (mean,  SD)  16.1  (4.0)  16.1  (4.0)  16.1  (4.0)
3-Day average  PM10 (n=2272)  --- ◦C  (mean,  SD)  18.7  (8.3)  18.6  (8.2)  18.7  (8.4)

a Low education: levels 0---2 of the ISCED 2011; medium education: levels 3---4 of the ISCED 2011; high education: levels 5---8 of the
ISCED 2011.

b White-collar occupation: Managers, Professionals, Technicians and Associate Professional, Clerical Support Workers and Services and
Sales Workers; Blue-collar occupation: Skilled Agricultural Workers, Craft and Related Trades Workers, Plant and Machine Operators and
Elementary Occupations.

c Smokers include current daily and occasional smokers.
d 3 or more days/week of consumption of at least one of the following alcoholic beverages (wine, beer, brandy/spirits, port

wine/martini/liqueur, whisky/gin/vodka).
e No consumption of fruit and vegetables at least once a day.
f Reading, watching TV or other sedentary activities declared as the best description of the leisure time activities during the last 12

months.
g Defined as measured SBP ≥140 mmHg or measured DBP ≥90 mmHg or self-report of taking antihypertensive medication.
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h Self-report of taking antihypertensive medication. Results in b
versus males, according to the Pearson’s chi-square test (p<0.05).

n  adjustment  for  the  long-term  effect  of  PM10 was  also
ncluded  by  adding  the  variable  one-previous  year  average
f  PM10 concentrations.

To  assess  the  sensitivity  of  our  analysis  to  the  30  km  radius
riteria,  we  also  fit  the  models  considering  only  participants
iving  within  a  20  km  radius  of  an  air  quality  monitoring
tation  with  available  PM10 measurements.  To  evaluate  the
ensitivity  of  our  analysis  regarding  the  exposure  assessment
ethod,  we  also  fit  the  models  considering  the  modeled  PM10

oncentrations  obtained  by  the  application  of  a  numerical
ir  quality  model  ---  the  WRF-CAMx  modeling  system  that  has
een  extensively  applied  over  Portugal  region  with  satisfac-
ory  skills,  as  previously  described.13

Finally,  we  also  repeat  the  analysis  after  excluding  the
articipants  taking  anti-hypertensive  medication  and  also

hen  considering  only  more  vulnerable  groups,  namely

estricting  the  analysis  to  the  hypertensive  participants
defined  as  measured  SBP  ≥140  mmHg  or  measured  DBP  ≥90
mHg  or  self-report  of  taking  antihypertensive  medication)
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re those with statistically significant difference between females

r  participants  with  abdominal  obesity  (assessed  by  using
he  formula:  waist  to  height  ratio  >0.5).

esults

articipants’  characteristics  and  PM10 values
escription

he  general  characteristics  ((Table  S1) analyzed  were  sim-
lar  among  included  and  excluded  participants.  Among  the
272  participants  in  our  study,  52.8%  were  females,  53.0%
ged  between  25  and  49  years  old,  57.8%  had  low  education
evel  and  63.6%  had  a  white-collar  occupation.  Most  parti-
ipants  reported  to  be  non-smokers  (78.5%),  non-excessive

lcohol  consumers  (64.2%),  to  have  a  healthy  diet  (73.6%)
nd  to  be  not  sedentary  (55.0%).  The  prevalence  of  hyper-
ension  was  36.4%  and  25.1%  of  the  participants  reported  to
ake  antihypertensive  medication.  The  mean  values  of  DBP

4
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Figure  1  Boxplot  of  the  PM10 distribution  according  to  sex.  The  dashed  lines  represent  the  daily  limit  value  given  by  the  EU
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mbient Air  Quality  Directives  (not  to  be  exceed  on  more  than  

uidelines (not  exceeded  more  than  3  days/year).

nd  SBP  were  74.4  mmHg  and  125.1  mmHg,  respectively  and
he  Individual  allocated  three-day  average  temperature  was
6.1 ◦C.  Differences  between  males  and  females  were  found
egarding  level  of  education,  occupation,  smoking,  alcohol
onsumption,  unhealthy  diet,  hypertension  prevalence  and
lood  pressure  values  (Table  1).

The  individual  allocated  three-day  average  PM10 concen-
ration  values  ranged  between  3.31  �g/m3 and  64.35  �g/m3

median=17.19  �g/m3,  IQR=12.40---24.27  �g/m3) and  differ-
nces  between  males  and  females  were  not  found  (Figure  1).
he  distribution  of  the  three-day  average  PM10 concentra-
ion  values  is  above  the  daily  limit  value  given  by  the  EU
mbient  Air  Quality  Directives  (not  to  be  exceed  on  more
han  35/year)  and  also  by  the  World  Health  Organization
ir  quality  guidelines  (not  to  be  exceed  more  than  three
ays/year).

ssociation  between  PM10 and  diastolic  blood
ressure and  systolic  blood  pressure  values

here  was  no  association  between  individual  allocated
hree-day  average  PM10 concentration  and  DBP  or  SBP  val-
es  (0.42%  DBP  increase  per  each  10  �g/m3 PM10 increment,
5%  CI:  −0.85%;  1.70%  and  0.47%  SBP  increase  per  each
0  �g/m3 PM10 increment,  95%  CI:  −0.86%;  1.79%).  Corre-
pondent  estimates  in  mmHg  increase  per  each  10  �g/m3

ncrement  of  PM10 are  presented  as  supplementary  data,
n  Table  S9  (0.33  mmHg  DBP  increase  per  each  10  �g/m3

M10 increment,  95%  CI:  −0.62%;  1.27%  and  0.57  mmHg  SBP
ncrease  per  each  10  �g/m3 PM10 increment,  95%  CI:  −1.10%;
.54%).  Similar  results  were  obtained  in  the  stratified  anal-
sis,  when  considering  only  males  or  females  (Table  2).
ensitivity  analysis

egarding  the  sensitivity  analysis,  when  we  restricted  our
ample  to  the  participants  living  within  a  20  km  radius  of

l
s
t
t

25
ys/year)  and  also  by  the  World  Health  Organization  air  quality

n  air  quality  monitoring  station  with  available  PM10 val-
es,  similar  results  were  found  when  considering  the  total
ample  and  also  when  considering  both  males  or  females.
er  each  10  �g/m3 PM10 increment,  there  was  a  0.51%  (95%
I:  −1.35;  2.37)  increase  in  the  DBP  values  and  a  0.75%
95%  CI:  −1.02;  2.53)  increase  in  the  SBP  values,  being
hese  results  not  statistically  significant  (Table  S2).  When
e  considered  different  exposure  periods  of  time  (2  pre-
ious  days  or  5  previous  days  instead  of  three  previous
ays)  similar  results  were  found  (Tables  S3  and  S4).  Addi-
ionally,  when  we  considered  the  individual  allocated  PM10

oncentrations  obtained  by  the  air  quality  modeling  system
WRF-CAMx),  no  associations  were  neither  found  (Table  S5).
inally,  when  we  restricted  our  analysis  to  participants  not
aking  hypertensive  medication,  or  when  we  considered  only
ore  susceptible  individuals  like  those  obese  or  diagnosed
ith  hypertension,  results  remain  similar  (Tables  S6---S8).

iscussion

ain  finding  of  this  study

n  this  study,  no  statistically  significant  association  was
ound  between  PM10 exposure  and  both  DBP  and  SBP  values.
owever,  the  point  estimates  obtained  were  similar  or  even
igher  than  those  from  the  last  published  meta-analysis
bout  the  global  association  between  ambient  air  pollution
nd  blood  pressure6 (DBP:  0.33  versus  0.15  mmHg  increase
er  each  10  �g/m3 PM10 increment;  SBP:  0.57  versus  0.21
mHg  increase  per  each  10  �g/m3 PM10 increment).  These

esults  were  consistently  maintained  by  the  sensitivity
nalysis  performed,  especially  when  considering  a  more
estrictive  criteria  to  the  exposure  assessment  (participants

iving  within  a  20  km  radius  of  an  air  quality  monitoring
tation  with  available  PM10 values),  when  considering  the
wo  or  five  previous  days  instead  of  three  previous  days  as
he  exposure  period  of  time,  when  considering  an  individual
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Table  2  Percent  changes  in  DBP  and  SBP  per  10  �g/m3 increment  of  PM10 according  to  sex.

%  Change  per  10  �g/m3 of  PM10 increment

DBP  SBP

Total  (n=2272)
Unadjusted  model −0.73 (−1.92;  0.47) −0.60  (−1.88;  0.69)
Adjusted model* 0.42  (−0.85;  1.70) 0.47  (−0.86;  1.79)

Males (n=1037)
Unadjusted  model −0.61 (−1.95;  0.73) −0.50 (−1.87;  0.88)
Adjusted model*  −0.04  (−1.09;  1.02)  0.68  (−0.81;  2.18)

Females (n=1235)
Unadjusted  model  −0.80  (−2.84;  1.25)  −0.64  (−2.75;  1.46)
Adjusted model*  0.76  (−1.42;  2.94)  0.16  (−1.98;  2.31)

DBP: diastolic blood pressure; SBP: systolic blood pressure.
* g sta

year 
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Adjusted for age, sex, educational level, occupation, smokin
individual allocated ambient temperature, individual allocated 1-

llocated  PM10 concentrations  obtained  from  an  air  quality
odel  instead  of  the  direct  measurements  from  the  air
onitoring  stations  or  when  considering  only  hypertensive,
articipants  with  abdominal  obesity  or  participants  not
aking  anti-hypertensive  medication.

hat  is  already  known  on  this  topic

ccording  to  a  recent  systematic  review  and  meta-analysis
erformed  on  the  association  between  ambient  air  pollution
nd  blood  pressure,  that  pools  studies  published  before  May
017,6 evidence  already  supported  the  association  between
hort-term  PM10 exposure  and  DBP  values  (0.15  mmHg,  95%
I:  0.01;  0.29,  per  each  10  �g/m3 increase  of  PM10),  which
ur  study  was  unable  to  confirm.  However,  the  point  esti-
ate  obtained  in  our  study  was  higher  than  the  one  reported
y  the  cited  meta-analysis  (0.33  versus  0.15  mmHg  increase
er  each  10  �g/m3 PM10 increment).  Additionally,  the  same
eta-analysis  did  not  support  the  association  between  PM10

xposure  and  SBP  values  (0.21  mmHg,  95%  CI:  −0.01;  0.43,
er  each  10  �g/m3 increase  of  PM10),  which  is  in  concor-
ance  with  our  results.

It  is  important  to  mention  that  the  polled  estimates  of  the
eta-analysis  previously  mentioned6 were  obtained  using
ata  from  studies  mostly  from  America  and  Asia  regions
here  the  levels  of  PM10 are  higher  in  comparison  to  the
ajority  of  the  European  countries.  When  we  consider  only

he  pooling  of  the  estimates  from  studies  performed  in  Euro-
ean  countries,15---18 we  found  a  −0.01  mmHg  DBP  decrease
95%  CI:  −0.14;  0.13)  per  each  10  �g/m3 increase  of  PM10.
ccordingly,  when  considering  only  European  countries,  the
ublished  meta-analysis  also  did  not  support  the  association
etween  short-term  exposure  to  PM10 and  diastolic  (DBP)  or
ystolic  (SBP)  blood  pressure  values,  which  is  corroborated
y  our  study.

After  the  publication  of  the  previously  cited  meta-
nalysis,6 additional  studies  were  published  on  this  issue  but

he  association  between  short-term  PM10 exposure  and  blood
ressure  values  remains  controversial.19,20 The  majority  of
he  studies,  mostly  performed  in  China,  provide  evidence
f  a  positive  association  between  PM10 and  blood  pressure

P
t
t
1

25
tus, excessive alcohol consumption, unhealthy diet, sedentary,
average of PM10 concentrations.

alues19,21 but  there  are  some  other  studies  that  did  not
upport  this  association.20 For  instance,  in  a  panel  study
erformed  in  Italy  and  Sweden,  with  a  range  of  PM10 val-
es  comparable  to  those  from  Portugal,  no  associations  were
ound  between  PM10 levels  and  either  systolic  (SBP)  or  dias-
olic  (DBP)  blood  pressure  but  short-term  exposure  to  PM10

esults  in  reductions  in  carotid  elasticity  among  elderly  pop-
lation  which  means  that  PM  exposure  could  be  associated
ith  other  important  CV  outcomes.20

hat  this  study  adds

his  study  suggests  that  exposure  to  PM10 concentrations
n  the  levels  observed  in  Portugal,  similar  to  other  Euro-
ean  countries,  has  little  or  no  effect  on  the  blood  pressure
alues,  however  it  could  have  impact  in  other  important
ardiovascular  outcomes.  In  fact,  in  a  recent  published
tudy  performed  in  the  Portuguese  population,13 a  signifi-
ant  association  between  short-term  PM10 exposure  (3-day
verage  PM10 concentration)  and  white  blood  cells  (WBC)
mong  females  was  found  (a  2.76%  WBC  increase,  95%  CI:
.65---4.87,  per  each  10  �g/m3 PM10 increment)  suggesting
hat  PM10 exposure  could  impact  on  other  outcomes  with
otential  to  mediate  a  cardiovascular  event.  Additionally,
t  is  also  important  to  mention  that  studies  reporting  sig-
ificant  results  are  more  likely  to  be  published  and  the
ossibility  of  a  publication  bias  on  this  issue  cannot  be
ejected.22,23

The  point  estimates  obtained  in  this  study  were  not
tatistically  significant,  which  will  be  probably  due  to
he  lack  of  statistical  power  to  estimate  effects  of  this
agnitude  with  a  sample  size  of  just  over  two  thousand
articipants.  However,  even  if  the  point  estimates  had
tatistical  significance,  we  considered  that  obtained  esti-
ates  would  represent  a  small  effect  of  the  exposure  to

M10 concentrations  on  blood  pressure,  taking  into  account
he  daily  mean  values  of  PM10 concentrations  observed  in
he  Portuguese  context,  in  2015  (three-day  average  PM10:
8.7  �g/m3).
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imitations  of  this  study

ur  study  has  some  limitations.  A  first  one  is  related  to  the
xposure  assessment  method,  due  to  the  high  distance  con-
idered  between  participants’  residence  and  the  air  quality
onitoring  stations  (30  km)  in  the  inclusion  criteria.  The

umber  and  the  spatial  distribution  of  air  quality  moni-
oring  stations  in  the  Portuguese  mainland  does  not  allow
s  to  apply  a  more  restrictive  distance  due  to  a  substan-
ial  sample  reduction  that  could  compromise  the  power  of
he  estimates  and  result  in  selection  bias.  However,  our
esults  remain  similar  when  we  apply  more  restrictive  crite-
ia  (including  only  participants  living  within  a  20  km  radius
f  an  air  quality  monitoring  station  with  available  PM10

easurements)  or  when  we  used  data  from  a  numerical
odel.
A  second  limitation  of  our  study  is  related  to  the  possibil-

ty  of  an  erroneous  assumption  on  the  temporal  relationship
etween  exposure  to  PM10 and  the  BP  changes.  In  fact,  the
onsidered  time  window  of  exposure,  that  was  the  three
revious  days  in  our  study,  varied  a  lot  in  the  previously  pub-
ished  studies,  ranging  from  days  to  months  and  even  years.
espite  the  time  window  of  PM  exposure  that  is  causally

inked  to  BP  levels  is  not  well  established,  according  to  the
erspective  of  Newman  and  his  collaborators,10 it  will  be  on
he  order  of  a  few  days  given  the  rapid  occurrence  of  the
hysiological  responses  whereby  PM  influences  on  BP.  Conse-
uently,  we  assumed  that  the  average  three  previous  days’
M10 concentrations  were  adequate  to  represent  the  indi-
idual  exposure  of  each  participant.  Additionally,  we  also
ested  the  associations  when  considering  two  and  five  pre-
ious  days  instead  of  the  three  previous  days  and  results
emain  the  same.

Finally,  even  considering  the  adjustment  for  several
otential  confounders,  there  is  still  a  possibility  that  the
bserved  estimates  could  have  been  affected  by  resid-
al  confounding  due  to  other  unmeasured  confounders.
n  addition,  effect  estimates  presented  in  this  study
ere  based  on  a  single-pollutant  model  and  consid-
ring  only  PM10,  due  the  scarce  available  air  quality
onitoring  data  for  the  remaining  air  pollutants,  but

here  are  important  interactions  between  the  atmospheric
ollutants,  namely  the  potential  additive  effects  of  mul-
iple  pollutants,  that  should  be  considered  in  future
tudies.24,25

onclusions

o  the  best  of  our  knowledge,  this  is  the  first  study  assess-
ng  the  association  between  an  air  pollutant  exposure  and
he  blood  pressure  values  in  Portugal.  Our  results  sug-
est  that  exposure  to  the  PM10 levels  observed  in  2015,
ave  a  small  or  no  effect  on  the  blood  pressure  val-
es.  However,  we  only  analyzed  one  of  a  large  amount
f  air  pollutants,  and  future  studies  should  investigate
hether  the  exposure  to  other  air  pollutants,  including

articulate  matter  of  a  smaller  size,  can  explain  some  of
he  causal  link  between  short-term  exposure  to  ambient
ir  pollution  and  diastolic  or  systolic  blood  pressure  val-
es.
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