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Asthma predictive index in children with recurrent wheezing
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Purpose : We compared the asthma predictive index(API) and the modified asthma predictive index
(mAPI) of the Tuscon Children’s Respiratory Study Group in Korean children with recurrent
wheezing. We investigated the atopic profiles and presence of allergen sensitization of each risk
group, and ascertained the significant clinical risk factors.

Methods : Two hundred and sixty two children, who visited for recurrent wheezing from 1998 to
2005, were enrolled and divided into groups by API and mAPI. We investigated the history of the
patients and their families, atopic profiles, and sensitization to aeroallergen and food allergens. Twen-
ty nine children were followed up to 6 years of age and we evaluated the sensitivity, specificity and
positive and negative predictive value of both indices.

Results : The high risk group of API were of older age, were more likely to be sensitized to aero-
allergen(P=0.001) and food allergen(P=0.034) and had higher levels of total eosinophil count, eosin-
ophil percent, serum ECP, total IgE, and D.p—, D.f-specific IgE. High risk group of mAPI showed
higher levels of atopic markers such as egg-, milk—-, D.p— and D.f-specific IgE. Even though API
did not include allergen sensitization, the high risk group was more significantly sensitized to com-
mon allergens than the low risk group. Twenty nine children were followed up until 6 years of age;
therefore 15 children were diagnosed as asthma, clinically. The sensitivity, specificity, positive and
negative predictive values of mAPI were higher than API

Conclusion : Both high risk groups of API and mAPI had higher levels of atopic markers and were
more sensitized to common allergens. These findings suggest that sensitization to aeroallergens and
food allergens are more objective markers as asthma predictive indices. In addition, mAPI is a more
reliable index in predicting asthma in Korean children with recurrent wheezing than is APIL But only
29 patients were followed until the age of 6, so we need to include more children with long term
follow up for future study. (Korean J Pediatr 2006;49:298-304)

Key Words : Recurrent wheezing, Asthma, Risk factors, Asthma predictive index, Aeroallergen,
Food allergen, Eosinophil cationic protein
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House dust mite(Dermatophagoides pteronyssinus, D.p,
Dermatophagoides farinae, D.f), Cockroach, Dog, Cat, Al-
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ternaria 5 6% EY¥EYIH Egg, Milk, Peanut, Soybean,
Wheat, Fish & 6% 2FZdl viste] HAalstalon, Sej
IgE7} 0.35 ku/mL ©1% & 1 class 1’3 A& Z2=HAch
3L Agejskdnh
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=

EAAEE SPSS version 12(SPSS Inc., Chicago, IL,
USA)E AH83I9al BE F4AES AdtBEHAE B
Atk T AP Atole] FY o] dig Hlue SYPEE T
A7 (independent samples t tests)Z FrolAlEF 34 (Chi-

square( z%) test) S ol-gato] EAE 1, W
A 2~8 FAENS AMEEte] A AT ZF 5] BAEA

2 FolFEe P<0.05E stk #8 A (cutoff value)= ROC
21X (receiver operating characteristic curve)& ©]&3sto] 24
A=
= 1}
1. A & X|E(asthma predictive index, APD!VE
s ETY Hm

=
API j%%ﬁf(l:ﬂ“ﬁ)% AAFTA317) Nl HBAM Byt AR
o] #9ko1H(28.0+224 vs 228114170, P=0.026) 4Eo] 2t
ol gislern, HH «1 AZ A717F =AEH18.2£19.1 vs 14.0

+9.9704, P=0.029). F3H9(462.61+3269 vs 277.3+1220.0/
pL, P=0.001), 34k HI&(51+3.7 vs 2.7£1.9%, P=0.001),

g% ECP(27.91349 vs 1744272 ug/L, P=0.001), ¥ IgE
(147.3£208.8 vs 6821931 kuw/L, P=0.001), D.p-5°] IgE
(61511816 vs 056+2.82 kwL, P=0.001), D.f-5°l IgE(8.78
+24.38 vs 1.13+595 ku/L, P=0.001)= ZA@TNA Su]gd

A=A Yebt o egg-, milk-5°] IgE+= F w3kl #o|7h
A AHTable 1).

AEE BAs] i B8 AAEEn FUTYel s
Aol uFTNAM 315%, AATTANA 76%= 2n A
Z}ol7} A LM (OR 5574, 95% CI 2.650-11.724, P=0.001), ]
EFgol e 2FEE uYPtol 41.6%, ATl 296

A YERETHOR 1772, 95% CI 1.044-
3.008, P=0.034)(Table 1). &1} HE9 "LE]Eﬂ H Q3 ol
B9, FAAe des] ng, ohEsny, WA, A
o £ Gy, w9 ARALPA AT BE Be T A9
F3kol SJmleli= Ael7k Ggie
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Table 1. Characteristics of Children with Recurrent Wheezing by Asthma Predictive Index Risk Group(Castro-Rodriguez'”)

1) Independent sample’s test

Mean *=SD High risk(n=131) Low risk(n=131) P value
Age(month) 28.0+22.4 22.8+t14.1 0.026"
Sex(male : female) 100 : 31 87:44 0.076
Wheezing onset(month) 18.2+19.1 14.0£9.9 0.029
TEC(/uL) 462.6+326.9 277.3+1220.0 0.001"
Fosinophil(%) 51%37 2719 0.001"
Serum ECP(ug/L) 279%349 17.4£27.2 0.001"
IgE(ku/L) 147.3+208.8 68.21+98.1 0.001"
Egg specific IgE(ku/L) 0.57+2.29 0.21%£0.53 0.081
Milk specific IgE(ku/L) 0.44%+1.35 0.26%+0.70 0.196
D.p specific IgE(ku/L) 6.15+t18.16 0.56+2.82 0.001"
D.f specific IgE(ku/L) 8.781+24.38 1.13£5.95 0.001"
2) Chi square test and logistic regression test

%(n/total n) High risk(n=131) Low risk(n=131) OR 95% CI P value
AD 43.5%(57/131) 0.09(0/131)

Parental asthma 27.5%(36/131) 0.0%(0/131)

AR 49.6%(65/131) 16.0%(21/131) 5.159 2.891-9.204 0.001"
Wheezing without URI 22.9%(30/131) 5.3%(7/131) 5.262 2.218-12.479 0.001"
Parental AR 39.7%(52/131) 29.8%(39/131) 1.553 0.930-2.592 0.092
Parental AD 8.4%(11/131) 3.1%(4/131) 2.910 0.902-9.389 0.063
Sibling AR 4.09%(3/131) 1.5%(1/131) 0.328 0.034-3.197 0.314
Sibling AD 8.4%(11/131) 5.3%(7/131) 1.624 0.609-4.328 0.329
Sibling asthma 5.3%(7/131) 1.5%(2/131) 3.641 0.742-17.867 0.090
Smoking of caregiver 27.5%(36/131) 26.7%(35/131) 1.039 0.603-1.792 0.889
Bronchodilator response 89.5%(22/24) 92.0%(17/19) 1.876 0.381-9.242 0.653
Wheezing past 1 year 74.0%(97/131) 80.2%(105/131) 0.952 0.826-1.097 0.342
Aeroallergen sensitization 31.5%6(41/130) 7.6%(10/131) 5.574 2.650-11.724 0.001"
Food allergen sensitization 41.6%(52/125) 29.6%(37/125) 1.772 1.044-3.008 0.034

Abbreviations : TEC, total eosinophil count; ECP, eosinophil cationic protein; AR, allergic rhinitis; URI, upper respiratory tract
infection; AD, atopic dermatitis; D.p, Dermatophagoides pteronyssinus; D.f, Dermatophagoides farinae

“significant P value(<0.05)

mAPIE #8358t 23 AP T(1417%)S ANFT(121%)
I vk, volel AW Hwel AFAZ|E U dE Aol
7t oy FEAT4(459.8+1324.1 vs 265.2F209.5/ul., P=
0.001), ZAHF H]&(4.9428 vs 2.8+2.2%, P:OOOI) =
ECP(295%37.1 vs 17.9%+185 ug/L, P=0.001), % IgE(138.9=*
1986 vs 71.8%113.1 ku/L, P=0.001), egg*'—E.ol IgE(0.61 &
1833 vs 0.0470.08 ku/L, P=0.012), milk-5°] IgE(10.04=+
24.86 vs 0.03+0.10 ku/L, P=0.014), D.p-5°] IgE(6.76-18.33
vs 0.0420.08 kuw/L, P=0.001), Df-5°] IgE(10.04+24.86 vs
0.0310.10 ku/L, P=0.001)7F 9" AA EATHTable 2). L&t}

1o OLEﬂEﬂ H A7} olEwF A, FA|xule] 2 7] W]
d, olEF TN, WA, AHe] FA o, 7@ A dig
=]

T e H’% el viglE AHel7t gldch,

il

3
g Ao FAKOR owglE RIS disiA AlE
HoohAs BAoa APIEA g2 H9(0R
5.022, 95% CI 2523-9.994, P=0.001), #7] $i= HB(OR
5.733, 95% CI 1.906-14.910, P=0.001), &AHF W&o 4% o]
249l 79-(OR 3.219, 95% CI 1.368-6.214, P=0.001) & 3=
ol 9ol Fiardel gk 2 oJF(OR 3.822, 95% CI 1.368-
6.214, P=0.001)7} @S AAsE FoAd A= YEly
o mAPIFlME 2#l27] HF(0OR 5991, 95% CI 2.049-
17513, P=0.001), #7] §+ HB(OR 5991, 95% CI 2.049-
17513, P=0.001), 21&&del gt 7Z2HOR 3517, 95% CI
1.843-6.711, P=0.001) & F&5 o]¢d dF ECP(OR 1.015,
95% CI 1.002-1.029, P=0.001)7} &<l A x2 JEPLTHTa-
ble 3). ROC I¥4& ¢]&ste] dF ECP #2H(cut off val-
ue)S doprokom APIFOIAME 11.7 ug/L o4 wrf wizh
T 62.7%, 5°l% 59.8%E 7IA+v el o2 eI, mAPI
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Table 2. Characteristics of Children with Recurrent Wheezing by Modified Asthma Predictive Index Risk Group(Theresa W.

Guilbert')

1) Independent sample’s T test

Mean £ SD High risk(n=141) Low risk(n=121) P value
Age(month) 27.1%£19.2 23.4*184 0.113
Sex(male : female) 105: 36 82:39 0.232
Wheezing onset(month) 17.6+14.8 14.3£159 0.085
TEC(/uL) 459.8+£324.1 265.21209.5 0.001"
Fosinophil(%) 49%+28 2.8%12.2 0.001"
Serum ECP(ug/L) 29.5%£37.1 17.9£185 0.001"
IgE(ku/L) 138.9£198.6 71.8%113.1 0.001"
Egg specific IgE(ku/L) 0.61+2.21 0.12+0.34 0.012"
Milk specific IgE(ku/L) 0.49+1.37 0.18£0.52 0.014"
D.p specific IgE(ku/L) 6.76+18.33 0.04%£0.08 0.001"
D.f specific IgE(ku/L) 10.04£24.86 0.03£0.10 0.001"
2) Chi square test and logistic regression test

%(n/total n) High risk(n=141) Low risk(n=121) OR 95% CI P value
AD 52.5%(74/141) 0.09(0/121)

Parental asthma 25.5%(36/141) 0.0%(0/121)

Aeroallergen sensitization 36.4%(51/140) 0.0%(0/121)

AR 42.6%(60/141) 21.5%(26/121) 2.707 1.566-4.679 0.001"
Wheezing without URI 21.3%(30/141) 5.8%(7/121) 4.402 1.857-10.435 0.001"
Parental AR 39.0%(55/141) 29.8%(36/121) 1.165 0.949-2.652 0.117
Parental AD 7.8%(11/141) 3.3%(4/121) 2.475 0.767-7.985 0.129
Sibling AR 1.4%(2/141) 1.7%(2/121) 0.856 0.119-6.171 0.877
Sibling AD 7.8%(11/141) 5.8%(7/121) 1.571 0.590-4.188 0.363
Sibling asthma 5.7%(8/141) 0.8%(1/121) 7.218 0.890-58.559 0.064
Smoking of caregiver 27.0%(38/141) 27.3%(33/121) 0.984 0.570-1.699 0.953
Bronchodilator response 87.0%(20/23) 95%(19/20) 0.351 0.034-3.674 0.382
Wheezing past 1 year 78.0%(110/141) 76.9%(93/121) 1.068 0.598-1.910 0.823
Food allergen sensitization 46.0%(63/137) 23.0%(26/113) 2.849 1.640-4.948 0.001"

Abbreviations : TEC, total eosinophil count; ECP, eosinophil cationic protein; AR, allergic rhinitis; URI, upper respiratory tract in-

fection; AD, atopic dermatitis;, D.p, Dermatophagoides pteronyssinus, D.f, Dermatophagoides farinae

“Significant P value(<0.05)

Tl AE 11 pg/L oldY w7k 9= 635%, 5% 61.3%E
7HAE el o2 UEsti(data not shown).

(P>0.05, data not shown), Jd&atollA Dp-5°] IgE(18.93+
29.01 vs 421%1392 ku/L, P=0.093), Df-5°] IgE(27.60+
40.09 vs 4.31+13.90 ku/L, P=0.049), €% ECP(33.3+32.3 vs
12.2+205 ug/L, P=0.052)7} A e thH(data not shown).
ok Hl&o] 4% ol A$-(OR 4.950, 95% CI 1.017-
24095, P=0.048)¢} &% ECP7F 11 pg/L ©1%d? Z<(OR
6.000, 1.106-32552, P=0.038)7} HA+& AATE dvdE
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Aol e AQETRY Dp-, Df-5°] IgE7F A4 vehds, Y oJolr] oke] Al -froll tid gt ek 491719
9Tl tiek ZAEI AEFA e FHEo] ondA AT BAARE v Ao ojd vole olela &9,
=4 JeElgtiTable 1). 53] S9&ddole] =2 §5F= i 53] S99 AAHEoZN IgE w3 de27] 5o o
ZF BEAAE YA A4AE ARZ U yeht & ojuzm W AA 27 @487} o]FojrtE Aot My
@ elol F g RAFTE dFehe ARHolw ofm & s GollAE A FUeole] gl ww, W
e AXDS AALBIALE olv] &3 S AFT Yl bl (wheat), AT A (egg white), Tl 7l & AU F4I4
sk zhzto] HAle] wE T Aol ASS W= vhdd AT o oidk o] e Ag Aopr] HAS dAT £ dveE B
BHAY AW =)ol ngold 5o AW FYEde 1w uf?. HAom ke FolSex FUFAI 2E
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Table 3. Multivariate Analysis of Minor Risk Factors and o] ot =Rw 0]o]22) olalak 319 3 7RO 2] A
Allergic Parameters for Asthma Predictive Index(API) and L\] MD}L_TO i skl i [esh e e e =
Modified Asthma Predictive Index(mAPI) Excluding Major o] Fa3dk AT & 4 k. B AN E 19
Risk Factors Fol B FAFAT AEFUe] U@ @AEo] AAATR

[e]

Risk factor orR o Lo TEEA
gk dloe] 72 ARE M HAe mYdEwrs AAste A
API AR . ‘ 5.022 2.523-9.994  0.001 = ugdor 8 Aow Az}
Wheezing without URI 5733 1.906-14.910 0.001 = e oma goleme wm o151
Aeroallergen sensitization 3.822 1.560-9.362  0.001 APISt mAPIE #&3te] 2@ ng9a 25 A9
Eosinophil >4% 3219 1.368-6.214  0.001 B} F3AE, B4 HE, 8% ECP ¥%, & IgE $%7}
mAPI Wheezing without URI 5991 2.049-17.513 0.001 =i e} 23 o8 olEd A RE wI 1o Te o=
Food allergen sensitization 3.517 1.843-6.711  0.001 - o = -
= g =80 2 £ 8 Ao A7 =] E 3] ARF9] =
Eosinophil >4% 3127 1501-6147 ogo1  oTo ) =Eel | ald slem Az 5ol sidve A
AR 3007 1543-5863 0001 922 A% % 4F5S diwshs NEoln MNEuA Aw
Serum ECP 1015 1.002-1.029 0025 — #AE 7HHE Aoz 4™ dF ECP $EE mAPI 9
Abbreviations : AR, allergic rhinitis; URI, upper respiratory in- el digk g¥EF BAdAE 19PTS AA3E e
fection; ECP, eosinophil cationic protein A x= golwgrt
Multiple regression test of API include age, onset age of j ’ ) )
wheezing, total IgE, eosinophil >4%, AR, wheezing without 2 AFolA= ROC F4E& o]&sto] td FtololA 19d
URI, aeroallergen sensitization, food allergen sensitization o ARA= Hal . o o) o} o
Multiple regression test of mAPI include wheezing onset age, e AAslE A eut off value)s ebrghor APL
total IgE, eosinophil >4%, AR, wheezing without URI, food Me €% ECP s%7F 11.7 ug/L ©13d ul, mAPIFAAME
allergen sensitization 9% BCP BEoh 11 pg/l o4 Wb welgew FHud

Table 4. Comparison of Asthma Predictive Parameters in Children with or without Asthma at Age of 6

Asthma(n=15) No asthma(n=14) OR 95% CI P value
AD 20.0%(3/15) 35.7%(5/14) 0.450 0.085-2.395 0.349
Parental asthma 13.3%(2/15) 7.1%(1/14) 2.000 0.161-24.871 0.590
AR 53.3%(8/15) 57.1%(8/14) 0.857 0.198-3.713 0.837
Eosinophil =4% 73.3%(11/15) 35.7%(5/14) 4.950 1.017-24.095 0.048"
Serum ECP =11 ug/L 76.9%(10/13) 35.7%(5/14) 6.000 1.106-32.552 0.038"
Aeroallergen sensitization 66.7%(10/15) 35.7%(5/14) 3.600 0.778-16.662 0.101
Food allergen sensitization 20.0%(3/15) 7.1%(1/14) 3.250 0.296-35.658 0.335

;Abbreviations : AD, atopic dermatitis; AR, allergic rhinitis; ECP, eosinophil cationic protein
Indicates significant P value(<0.05) in logistic regression test

Table 5. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the Asthma Predictive Index and
Modified Athma Predictive Index for the Prediction of Asthma at Age of 6

OR(95% CI, P value) Sensitivity % Specificity % Positive P value % Negative P value %
API 2.000(0.446-8.963, 0.365) 66.7(10/15) 50.0(7/14) 58.8(10/17) 58.3(7/12)
mAPI 18.667(1.894-184.017, 0.012) 93.3(14/15) 57.1(8/14) 70.0(14/20) 83.9(8/9)

Abbreviations : API, asthma predictive index; mAPI, modified asthma predictive index
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