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Asthma Predictive Index (API) from the Tucson Study

Major criteria

Doctor-diagnosed parental asthma 
Doctor-diagnosed eczema in child

Minor criteria

Doctor-diagnosed allergic rhinitis in child 
Wheezing in between colds 
Eosinophilia

*One major or two minor criteria required for positive index

 
Modified Asthma Predictive Index (API)

Major criteria

Doctor-diagnosed parental asthma 
Doctor-diagnosed eczema in child 
Sensitisation to aeroallergens

Minor criteria

Allergic sensitisation to milk, eggs or peanuts 
Wheezing in between colds 
Eosinophilia

 
Hospital Asthma Predictive Index from the Korppi group

Major criteria

Doctor-diagnosed parental asthma 
Doctor-diagnosed eczema and/or food allergy in child 
Parental (especially maternal) smoking

Minor criteria

Sensitisation to aeroallergens 
Wheezing due to non-RSV infection
Eosinophilia or lack of eosinophilic response during viral infection

 
Predictive Index from the Isle of Wight Study

Family history of asthma
Recurrent chest infections in second year of life
Atopic sensitisation at age 4 years
Absence of recurrent nasal symptoms first year

 
Predictive Index from the PIAMA Study

Male gender
Post-term delivery
Parental education
Inhaled medication
Wheezing frequency
Wheezing or dyspnea apart from colds
Respiratory tract infections
Eczema
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&%#)*+ &%#)*+

;

&%#)*+

;
;

&%#)*+
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Domestic animals

;
&%#)*+

&%#)*+
&%#)*+ &%#)*+-

&%#)*+
&%#)*+

&%#)*+-

&%#)*+
&%#)*+

&%#)*+ &%#)*+

&%#)*+
;

;

&%#)*+
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Aims

-

;

;

;
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Methods

Children of Western Sweden Study, Papers ! and !!
Participants 

;

Ethical approval
;

Procedures

;

Response rate

!+&+
;

-

Questionnaires  
;
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;

;

;
;

Swedish Medical Birth Register (MBR)

;

2+9-321,(-461-,(7/2/*6+23-2,(=

Outcome variables

&%#)*+# ;
-861(-/'2+-

;

&%#)*+#



;

;

;

&%# )*+# -

;

Statistics – background
Definitions

;
;

;

*"+)%,4/,=)$6)*#3'!%&'!)#)33('2!";#%(#O!**+
Criterion

 
1.

 
Strenght

2. Consistency

3. Specificity 

4. Temporality

5. Biological gradient

6. Plausibility

7. Coherence

8. Experimental evidence

9. Analogy



Multivariate analysis – variable selection

@'(1(- 21(- 9*44(1(+/- 2>>1625'(7-.'(+- 9(5*9*+,-.'*5'- 425/617- /6- 56+7*9(1- *+-

;

;



;
;

)#5'!('!

;

Statistics – Papers ! and !!
"

;
;

;

;

;

2+9->1(9*5/617-.*/'-

;
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Paper 5

;
;

&%#)*+# &%#)*+#
&%#)*+# ;

;

Paper 55

;

;
32+9(1-&%#)*+# &%#)*+# &%#)*+#

;

;
;

;
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Wheezing bronchitis follow-up, Papers !!!, !" and#"
Participants

;

;
&%#)*+# &%#)*+#

;

;
/*6+-1(,*7/(1=-

Ethical approval
;

Procedures

;

Questionnaire

;
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Data on smoke exposure

;

;
+(1,1(+-&%#)*+#

Allergy testing

;

V+#5%&'("866!"$6-2+9-V+#/)'!")& P*%&'")'!)-2+9-=*)24
(65('!$:K

V+#/)'!")&I#V+#5%&'("864
6!"$6K =*)2(65('!$:K=-

;
;

Airway function testing

!

! "%

! ;
" ;

!- ;
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*"+)%,6/#P!'.)8#/$"3%!("#:&)6$'&:&"%6+#W!6%#(/#)AA'&-!)%!("6+
Airway function measurements

FEV1

 

Forced expiratory volume in 1 second

FVC1

 

Forced vital capacity

FEV1/FVC Ratio of forced expiratory volume in 1 second over forced vital capacity

MEF50
Maximum expiratory flow at 50% of the FVC

MEF25
Maximum expiratory flow at 25% of the FVC

R5Hz

 

Airway resistance measurements at 5Hz

;

" !+&+
!-64-C

;

;

&%#)*+# !

! ! "%-
;
;

&%#)*+# &%#)*+#
;

&%#
)*+# &%#)*+#

Outcome variables

" ;

;
" ;

237-.*/'-869(12/(-27/'82-+((9(9-D
" ;

"
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Statistics
Univariate 

;
" %

;
;

" ;

Multivariate 

;

;

;
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*"+)%,7/#,-&'-!&.#(/#%0&#:$*%!-)'!)%&#:(2&*6#)"2#($%3(:&6#$6&2#!"#9)5&'6#XXX#@Y)A*&#Z)KI#X[#
@Y)A*&#ZAK#)"2#[#@Y)A*&#Z3K+

Y)A*&#Z)
Multivariate models for asthma

Current factors Allergy
BHR
Active smoking
Gender

All factors Allergy
BHR
Active smoking
Gender
Family history of atopy
Early passive smoking

Infantile factors Gender 
Family history of atopy
Early passive smoking

Y)A*&#ZA
Multivariate model for abnormal airway function

Cohort 
Infantile factors

Gender
Prenatal smoking
Intense disease in early life

Cohort 
All factors

Gender
Prenatal smoking
Intense disease in early life 
Current asthma
Current allergic sensitisation
Current BHR
Current active smoking

Study group 
Infantile factors

Gender
Severe wheezing in early life (belonging to the cohort)

Study group 
All factors

Gender
Severe wheezing in early life (belonging to the cohort)
Current asthma
Current allergic sensitisation
Current BHR
Current active smoking

Y)A*&#Z3
Multivariate models for pre- and postnatal smoke exposure

Outcomes Asthma
BHR
Allergic sensitisation
Active smoking

Adjustments Family history of atopy
Gender
Pre- and postnatal smoking respectively



Results and Discussion

Children of Western Sweden Study, Papers ! and !!
Prevalence – Papers !#and !!
Recurrent wheeze

!+&+#C
;

ICS-treated wheeze

Proxy for asthma

;
&%#)*+# &%#)*+#

3(77-/1(2/8(+/-.*/'-27/'82-8(9*52/*6+-2+9-3(77-965/61;9*2,+67(9-27/'82-/'2+-

Duration of wheeze

;

/6/23-56'61/=-E4- /'(-5'*391(+-.'6-1(>61/(9-2/- 3(27/-6+(-(>*769(-64-.'(()*+,-
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Corresponding prevalence

;

!+&+
&%# )*+ ;

&%#)*+ &%#)*+

&%#)*+

&%#
)*+

Heredity – Paper !
Increased risk of wheeze

;

&%#)*+#

Parental asthma, eczema and rhinoconjunctivitis

;

;

&%#)*+#



&%#)*+# &%#)*+#
&%#)*+# &%#)*+# &%#)*+#

&%#
)*+#

;
;

#&%#)*+#

*"+)%, 8/# 9)'&"%)*# )6%0:)I# &37&:)# )"2# '0!"(3("]$"3%!-!%!6# )")*86&2# 6!:$*%)"&($6*8# !"# %0&#
6):&#:(2&*# /('# '&3$''&"%#.0&&7&# )%# 5'&630((*# );&+# X"# )22!%!("I# '&6$*%6# )'&# 5'&6&"%&2# /('#
'&3$''&"%#:$*%!5*&4%'!;;&'#)"2#&5!6(2!3#-!')*#.0&&7&+#^"5$A*!60&2#2)%)+

Recurrent 
wheeze 

aOR; 95% CI

Multiple-trigger 
wheeze

aOR; 95% CI

Episodic viral
wheeze

aOR; 95% CI

Parental asthma 1.7; 1.2-2.5 1.4; 0.8-2.5 1.9; 1.1-3.2

Parental eczema 2.0; 1.4-2.8 3.0; 1.7-5.1 1.5; 0.996-2.4

Parental rhinoconjunctivitis 1.0; 0.7-1.4 1.4; 0.8-2.4 0.9; 0.5-1.3

P2]$6%:&"%6#.&'&#:)2&#/('#5)'&"%)*#&2$3)%!("#*&-&*I#:)*&#;&"2&'I#6:(_!";#2$'!";#5'&;")"38I#:)%&'")*#
:&2!3)%!("#2$'!";#5'&;")"38I#;&6%)%!(")*#);&#`#Da#.&&_6I#3)&6)'&)"#6&3%!("I#%'&)%:&"%#.!%0#)"%!A!(%!36#

("3&#)#:("%0#('#:('&#)%#G#8&)'#(/#);&+

Other allergic manifestations – Paper !
Allergic manifestations in infancy

;

;

&%#)*+ &%#)*+ &%#)*+-
&%#)*+ &%#)*+ &%#)*+ ;

(+-&%#)*+ &%#)*+



Allergic manifestations at preschool age

&%#
)*+#

;

0123#%,6/#9'&-)*&"3&#(/#&37&:)#)"2#/((2#)**&';8#!"#!"/)"38#):(";#30!*2'&"#.!%0#)"2#.!%0($%#
'&3$''&"%#.0&&7&#)%#5'&630((*#);&#!"#%0&#=0!*2'&"#(/#>&6%&'"#?.&2&"#?%$28+#Y0&#'&6$*%6#)'&#
)*6(#60(."# /('#:$*%!5*&4%'!;;&'#.0&&7&# @bY>K#)"2#&5!6(2!3#-!')*#.0&&7&# @c[>K#):(";# %0&#
30!*2'&"#.!%0#'&3$''&"%#.0&&7&+



*"+)%,9/,9'&-)*&"3&#(/#3$''&"%#)**&';!3#:)"!/&6%)%!("6#!"#30!*2'&"#.!%0#"(#'&3$''&"%#.0&&7&#
3(:5)'&2#.!%0#30!*2'&"#.!%0#'&3$''&"%#.0&&7&#)%#5'&630((*#);&#!"#%0&#=0!*2'&"#(/#>&6%&'"#
?.&2&"#?%$28+#Y0&#'&6$*%6#)'&#)*6(#60(."#/('#:$*%!5*&4%'!;;&'#.0&&7&#@bY>K#)"2#&5!6(2!3#
-!')*#.0&&7&#@c[>K#):(";#%0&#30!*2'&"#.!%0#'&3$''&"%#.0&&7&+#
d#!"2!3)%&6#)#'&5('%&2#2(3%('#2!);"(6!6+#
dd#!"2!3)%&6#%'&)%:&"%#.!%0#%(5!3)*#3('%!3(6%&'(!26+
@R5`C+CZI#RR5`C+CG#)"2#RRR5`C+CCGI#30!46M$)'&#%&6%K+

Food 
allergy#

Allergy 
test 
positive

Peanut 
allergy#

Eczema# Eczema 
treated 
##

Eczema 
ever

Symp-
toms of 
allergic 
rhinitis

Allergic 
rhinitis#

No re-
current 
wheeze

4.0% 7.6% 0.7% 8.3% 14.6% 30.0% 4.4% 1.4%

Re- 
current 
wheeze

13.0%*** 27.0%*** 2.5%*** 14.0%** 24.0%*** 51.0%*** 25.0%*** 7.0%***

MTW 23.0%*** 43.0%*** 5.0%*** 19.4%*** 28.0%*** 57.0%*** 47.0%*** 14.6%***

EVW 5.1% 13.2%* 0.7% 9.5% 20.4% 44.5%** 8.8%* 1.5%

Gender – Paper !
Increased risk of wheeze

;

&%#)*+#
;

&%#)*+# &%#)*+# &%#)*+#
&%#)*+# &%#)*+#

&%#)*+#

&%#)*+#



&%#)*+# &%#)*+#
&%#)*+# &%#)*+#

Smoke exposure – Paper#!
Prevalence

;

&%#)*+#

No significant effect on preschool wheeze

;

;
;

!"#$%&'(

&%#)*+

&%#
)*+ &%#)*+ &%#)*+ &%#)*+ ;
*,-&%#)*+ &%#)*+ &%#)*+

&%#)*+
&%#)*+

&%#)*+ ;



Neonatal antibiotic treatment – Paper !
Increased risk of wheeze

;

&%#)*+

&%#)*+
&%#)*+ &%#)*+

&%#)*+
&%#)*+

C

Reverse causation

<

2-+(.;:61+-5'*39- /'2/- *7->1(9*7>67(9- /6-9(0(36>-27/'82-8*,'/-2376-:(-861(-

&%#)*+# &%#)*+#

;
&%#)*+#



Patho-physiological mechanism

"
@'!

&%#)*+

;

64-5'*39'669-.'(()(=

;

&%#)*+ &%#)*+

&%#)*+#

&%#)*+

0123#%,7/#9&'3&"%);&#(/#30!*2'&"#!"#%0&#=0!*2'&"#(/#>&6%&'"#?.&2&"#?%$28#%0)%#'&3&!-&2#)"%!4

('#:('&#&5!6(2&6#(/#.0&&7&#)%#5'&630((*#);&+#9#/('#%'&"2#`#C+CCCG+



Paracetamol – Paper !!
Prevalence

;

Increased risk of wheeze

&%#)*+ &%#)*+ &%#)*+
&%#)*+ &%#)*+ &%#)*+ &%#
)*+ &%#)*+-

&%#)*+ ;

0123#%,8/#9'&-)*&"3&#(/#5'&")%)*#5)')3&%):(*#&Q5(6$'&#):(";#30!*2'&"#.!%0#)"2#.!%0($%#X=?4
%'&)%&2#.0&&7&#)%#5'&630((*#);&#!"#%0&#=0!*2'&"#(/#>&6%&'"#?.&2&"#?%$28+#Y0&#'&6$*%6#)'&#)*6(#
60(."#/('#:$*%!5*&4%'!;;&'#.0&&7&#@bY>K#)"2#&5!6(2!3#-!')*#.0&&7&#@c[>K#):(";#%0&#30!*2'&"#
.!%0#X=?4%'&)%&2#.0&&7&+



&%#)*+

;

Confounding 

;

;

;
;

;
;

8(9*52/*6+=

Fish – Paper !
Protective effect on wheeze

;

&%#)*+#

&%#)*+#

&%#)*+#
&%#)*+# &%#)*+# &%#)*+#

&%#)*+# &%#)*+#



Type of fish

&%#)*+#
&%#)*+#

;

Confounding

;

;
;

Window of opportunity

;

;
&%#)*+# &%#)*+#

&%#)*+#
;

&%#)*+#

;

#



&%#)*+# &%#)*+-/'2/-

&%#)*+#

Possible interaction

@'(1(-.27-768(-*+9*52/*6+-64-2-568:*+(9-(44(5/-:(/.((+-+(6+2/23-2+/*:*6/*57-

;

$%&'()#*+#9'&-)*&"3&#(/#'&3$''&"%#.0&&7&#)%#5'&630((*#);&#):(";#30!*2'&"#.!%0#('#.!%0($%#"&(4

!"#

$"!
%"#

&'"(

)*+,-.+/0123+4567 )*+,-.+809:+4567 ,-+.+/0123+4567 ,-+.+809:+4567



Breast-feeding – Paper !
Possible protective effect

;

;
&%#)*+#

&%#)*+# &%#)*+# &%#)*+#
&%#)*+

&%#)*+#

Episodic viral wheeze most affected

&%#)*+#

&%#)*+# &%#)*+#

0123#%,:/,Y0&#'!6_#(/#'&3$''&"%#.0&&7&#/('#30!*2'&"#.!%0#('#.!%0($%#"&(")%)*#)"%!A!(%!3#%'&)%:&"%#

!"3'&)6&2#'!6_#(/#'&3$''&"%#.0&&7&#!/#&Q5(6&2#%(#A(%0#)"%!A!(%!3#%'&)%:&"%#)"2#%0&#*)%&#!"%'(2$34
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Other factors of interest – Paper !
Wheezing with viral infections

;
&%#)*+

&%#)*+ &%#)*+ &%#)*+ ;

&%#)*+ &%#)*+
&%#)*+ &%#)*+ &%#)*+

;
;

Day care and older siblings

&%#)*+ ;

&%#)*+ &%#)*+-

*"+)%,:/#9'&-)*&"3&#(/#.0&&7&#!"#!"/)"38#)"2#)%#5'&630((*#);&#):(";#30!*2'&"#.!%0#/&.&'#
%0)"#B#6!A*!";6#('#B#('#:('&#6!A*!";6#'&5('%&2#)%#H#:("%06#(/#);&+#Y0&#'&6$*%6#!"2!3)%&#)"#)64
6(3!)%!("#A&%.&&"#"$:A&'#(/#6!A*!";6#)"2#'!6_#(/#.0&&7&#!"#!"/)"38#A$%#"(%#.!%0#'!6_#(/#.0&&7&#
)%#5'&630((*#);&+

Any wheeze in 
infancy, %

Recurrent wheeze in 
infancy, %

Recurrent wheeze at 
preschool age, %

Fewer than two 
siblings

20 5.3 5.3

Two or more siblings 25 7.6 5.7

p-value 
(Fisher’s two-sided)

0.001 0.014 0.664



Obesity

Vitamin D

Rural residence

&%#)*+# &%#)*+#
&(++(1,1(+-&%#)*+# &%#)*+#

&%#)*+# &%#)*+#

&%#)*+#
;

(44(5/-6+->1(75'663-.'(()(=

Furry animals in the home

;



&%#)*+#
&%#)*+# &%#)*+# &%#)*+#

Phenotype differences

;

Multiple-trigger wheeze

;
&%#)*+# ;

&%# )*+I ;
&%#)*+#

;

Episodic viral wheeze

&%#)*+

;
&%#)*+

Representativeness of the sample



;
;
;

&%#)*+
;

&%#)*+

Strengths and weaknesses
Outcome measures

;
!+&+

;

5!5)"2&# &**&'# -e6)"2&f#

5!5)"2& g&**&'f-8(2+7-61-
-e6)"2&

-e6)"2&
;
;

965/61;9*2,+67(9-27/'82=

Antibiotic treatment

5(6%45)'%$:
9672,(=

Medication during pregnancy

;
5(6%45)'%$: ;



;

&%#)*+

Possible bias

Strengths

;

&%#)*+

Wheezing bronchitis follow-up, Papers !!!, !" and "
Asthma prevalence in adolescence – Paper !!!

;

&%#)*+

&%#)*+ &%#)*+ ;
&%#)*+

Higher than control group

;

!+&+-'20;
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Other allergic manifestations
Current allergy

;
;

Previous re-investigations



&%#)*+
;

&%#)*+

Other studies

&%#)*+
&%# )*+ &%# )*+ &%# )*+

&%#)*+

&%#)*+

&%#)*+

&%#)*+

&%#)*+ ;

&%#)*+

&%#)*+

&%#)*+

Immune response during viral infection

:(/.((+-5'*391(+-.*/'->(17*7/(+/-2+9-/12+7*(+/-.'(()(=-<+-5'*391(+-.*/'-/12+;

&%#



)*+

;
&%#)*+

&%#)*+ ;
&%#)*+

&%#)*+

;
&%# )*+-

&%#)*+

Gender
Gender distribution

&%#)*+ &%#)*+ &%#)*+
&%#)*+ &%#)*+

;
;

&%#)*+ &%#)*+-
&%#)*+

&%#)*+ &%#)*+ &%#)*+ &%#)*+-1(>61/-+6-

&%#)*+

Course of wheezing



&%#)*+-

Airway function

;
;

*+51(27(9-*+-4(823(7=

0123#%,;/,h&"2&'#2!6%'!A$%!("6#):(";#6$A]&3%6#.!%0#)6%0:)#):(";#30!*2'&"#.!%0#6&-&'&#-!')*#
.0&&7&#A&/('&#%0&#);&#(/#%.(+#P6%0:)#.)6#:('&#5'&-)*&"%#):(";#A(86#$"%!*#630((*#);&+#P#60!/%#
!6#6&&"#!"#)2(*&63&"3&I#.!%0#)6%0:)#A&3(:!";#:('&#5'&-)*&"%#):(";#/&:)*&6+#

!

"!

#!

$!

%!

&!

'!

(!

)!

*!

"!!

+,-./0+123-//-45 678+"!+981./ 678+"(:#!+981./

;1<8

,831<8



!"#$%&'()"$$"*+ ,-.&/&0.'#$ ,-.&12&0.'#$ ,-.&13452
0.'#$

6'7.

!.)'7.

0123#%,-</,=($'6&#(/#)6%0:)#/'(:#&)'*8#30!*20((2#%(#*)%&#)2(*&63&"3&#):(";#:)*&6#)"2#/&:)*&6#
'&65&3%!-&*8I#!"#30!*2'&"#0(65!%)*!6&2#2$&#%(#&)'*8#-!')*#.0&&7&+#Y')"6!&"%#.0&&7&#@68:5%(:#/'&&#)*4
'&)28#)%#5'&630((*#);&K#)"2#.0&&7&#!"#'&:!66!("#@68:5%(:#/'&&#/'(:#630((*#);&#('#!"#)2(*&63&"3&K#
.)6#:('&#5'&-)*&"%#):(";#:)*&6I#.0!*&#/&:)*&6#0)2#:('&#5&'6!6%&"%#@)6%0:)#)%#)**#'&4!"-&6%!;)%!("6K#
)"2#'&*)56&#(/#)6%0:)#@68:5%(:#/'&&#5&'!(2#)%#5'&630((*#)"2U('#630((*#);&K#!"#&)'*8#)2$*%0((2+#

0123#%,--/#9'&-)*&"3&#(/#)6%0:)#)%#%0&#'&4!"-&6%!;)%!("6#):(";#:)*&6#)"2#/&:)*&6#'&65&3%!-&*8+#
i(%0#:)*&6#)"2#/&:)*&6#0)2#)#'&2$3&2#5'&-)*&"3&#(/#)6%0:)#2$'!";#5'&630((*#)"2#630((*#);&+#
O(.&-&'I# /&:)*&6# 0)2# )# 0!;0# ')%&# (/# '&*)56&# (/# 68:5%(:6# 2$'!";# )2(*&63&"3&I#.0!*&#:)*&6#
'&:)!"&2#!"#'&:!66!("+



Pre- and postnatal smoke exposure
Prevalence

;

&%#)*+ &%#)*+
!"-$%&'(

!"#$%&'(

Increased risk of asthma

&%#)*+

# &%# )*+

#&%#)*+
;

;
!"#$%&'(#

;
!"-

$%&'( &%#)*+ &%#)*+ &%#
)*+ &%#)*+ &%#)*+
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Pathogenic model
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Family history and the development of allergic disease
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