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Another Predictive Score for Childhood Asthma:
The Search Remains

Jose A. Castro-Rodriguez, MD, PhD Santiago, Chile
Approximately 40% of all young children have at least 1
episode of asthma-like symptoms.1 Moreover, approximately
80% of asthmatic patients date their disease onset to the first
years of life.2 Fortunately, only 30% of preschoolers with
recurrent wheezing still have asthma at age 6 years.1 However,
knowledge of which infants and preschoolers with recurrent
wheezing will have asthma once they reach school age is of
clinical importance for the following reasons. First, asthma is one
of the most prevalent chronic diseases in childhood; second, the
greatest decline in lung function in asthmatic patients occurs
during the preschool period3; third, asthma-like symptoms are
particularly difficult to control in preschool than in later child-
hood4; and fourth, several wheezing phenotypes coexist at pre-
school age.1 Therefore, identifying which children with wheeze
at a young age will experience asthma at school age will help to
better predict the prognosis of early wheezing and respiratory
symptoms and also provide rationale for specific treatment and
potential prevention strategies. Despite the importance of the
above, diagnosis of asthma at an early age remains a challenge for
physicians. The development of asthma prediction rules may
provide an answer to this challenge.

Four consecutive steps are needed to develop prognostic or
diagnostic prediction rules: development, validation/assessment,
impact, and implementation.5 In this issue of The Journal of
Allergy and Clinical Immunology: In Practice, Amin et al6 present
the development (the first step) of a new predictive index for
objectively confirmed asthma at age 7 years using data from the
Cincinnati Childhood Allergy and Air Pollution Study, a high-
risk prospective birth cohort (children were eligible for enroll-
ment if they had at least 1 parent who was skin prick tested
positive to a common aeroallergen). The new Asthma Predictive
Index (API) named the “University of Cincinnati API” (ucAPI)
is derived and adapted from the original API7 and modified API
(mAPI).8 A positive ucAPI at age 3 years was defined as having 2
or more episodes of wheezing in the previous 12 months at the
third-year clinic visit, and 1 of the 3 major criteria (parental
asthma, allergic sensitization to �1 aeroallergens, or a history of
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eczema) or 2 of the 3 minor criteria (wheezing without a cold,
physician-diagnosed allergic rhinitis, or allergic sensitization to
milk or egg). In addition, Amin et al6 determined the statistical
properties of specific persistent wheezing phenotypes at age 3
years (persistent wheezing, atopic persistent wheezing, and
nonatopic persistent wheezing) to predict objectively confirmed
asthma at age 7 years.

Objectively confirmed asthma was defined as parent-reported or
physician-diagnosed asthma confirmed by (1) either a change of
12% or more in FEV1 postbronchodilator or a positive meth-
acholine challenge (PC20 � 4 mg/mL) or (2) previous treatment
with daily asthma controller medication(s). Of the 762 children
enrolled in the Cincinnati Childhood Allergy and Air Pollution
Study cohort, 589 (77.3%) had complete data at 7 years that
were used to analyze the several prediction rules. Both prediction
rules of a positive ucAPI and persistent wheezing at age 3 years
were significant predictors of objectively confirmed asthma at age
7 years. The sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio (LR), and
negative LR of ucAPI were 44%, 94.1%, 60.3%, 89.3%, 7.5,
and 0.6, respectively. The values for persistent wheezing were
36%, 95%, 61%, 87%, 7.2, and 0.7, respectively. Using 4 or
more wheezing episodes (as used in the mAPI) to define a pos-
itive ucAPI, the sensitivity, specificity, positive predictive value,
negative predictive value, positive LR, and negative LR were
32%, 96%, 91%, 88%, 7.8, and 0.7, respectively.

After multivariate analysis (covariates were sex, race, exposure
to environmental tobacco smoke, breast-feeding, sensitization to
aeroallergen, egg and milk sensitization at age 1 and 3 years, cat
ownership, and elemental carbon attributable to traffic exposure),
the positive ucAPI (using �2 wheezing episodes) was associated
with a significant risk for objectively confirmed asthma at age 7
years (adjusted odds ratio, 13.3; 95% CI, 7-25.2; P < .01), as
was the persistent wheezing (adjusted odds ratio ¼ 9.8; 95% CI,
4.9-19.2; P < .01). The authors concluded that both predictive
rules, a positive ucAPI and persistent wheeze at age 3 years, were
associated with objectively confirmed asthma at age 7 years;
however, the ucAPI evidenced better prediction, suggesting the
usefulness of ucAPI as a tool for predicting future asthma in
school-age children.

Limitations to the ucAPI exist. First, as noted by the authors,
because the ucAPI predictive rule was developed in a high-risk
cohort, its findings are limited and cannot be generalized to
children without a family history of allergy. Similarly, the mAPI
developed by expert opinion for a high-risk cohort8 was recently
validated only in another high-risk birth cohort.9 Second,
although asthma is usually only clinically diagnosed, this is the
first study to develop predictive rules based on objectively
confirmed asthma. Adenosine challenge was reported as a more
specific test for the diagnosis of asthma10; therefore, it may have
been a better test than the methacholine challenge testing chosen
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for the present study. Specifically, the indirect bronchial chal-
lenge adenosine challenge test functions by causing the
endogenous release of mediators from eosinophils and mast
cells, causing airway smooth muscle contraction mimicking
clinical asthma.11 Third, the ucAPI (in contrast to the original
API7) used a positive skin prick test result to milk and egg
instead of eosinophilia as one of the minor criteria. Therefore, it
may have lost some of the strengths of eosinophilia to predict
persistent wheezing at school age, independently of a positive
aeroallergen or food allergen test result.12,13 In addition, lung
function trajectories from birth through age 16 years reflect
asthma phenotypes based on allergic dermatitis and rhinitis (as
used in the original API criteria), but not driven by allergic
sensitization.14 Because the rate of aeroallergen sensitization is
lower during early childhood than during later childhood,
allergen sensitization may not be optimal for prediction,
particularly because its determination is not routinely obtained
during clinical practice.15

The LR best reflects the diagnostic accuracy of a test. The
positive LRs of different prediction rules reported for assessing
the development of asthma at school age include the following:
mAPI9 (LR ¼ 21 for asthma at age 6 years), Isle of Wight score16

(LR ¼ 7.9 for asthma at age 10-11 years), ucAPI (LR ¼ 7.5 for
asthma at age 7 years), original stringent API7 (LR ¼ 7.4 for
asthma at age 6 years), and Prevention and Incidence of Asthma
and Mite Allergy risk score of 20 or more17 (LR ¼ 2.5 for asthma
at age 7-8 years). However, several important issues need to be
understood about these asthma predictive rules before choosing
the optimal rule. Among these 5 prediction rules, only the
original API7 is relatively generalizable because it was developed
in an unselected ethnically diverse birth cohort. The PIAMA17

and Isle of Wight16 prediction rules include respiratory tract/
recurrent chest infections among their many criteria, which could
misrepresent the reporting of episodes of recurrent wheezing.
The PIAMA17 prediction rule is more laborious to determine
because the many criteria used have different weights; in addi-
tion, its generalizability may be reduced because it includes
health beliefs and socioeconomic information that may vary
between ethnicities. The Isle of Wight16 and mAPI9 scores suffer
from a lack of external validation (second step of clinical pre-
dictive rule). Only the original stringent API7 and the PIAMA17

prediction rules were validated in different populations.
Moreover, the original stringent API7 is the only asthma

prediction rule in which the third (impact) and fourth (imple-
mentation) steps of clinical prediction rules are indirectly being
studied presently. The original stringent API was compared and
correlated with surrogate markers of airway inflammation, lung
function, and bronchial biopsies. Infants and toddlers with
recurrent wheezing and positive API had higher fractional
exhaled nitric oxide than did those with negative API.18,19 In-
fants and young children with recurrent wheezing and positive
API had a significantly lower lung function measured by values
of the maximal flow at functional residual capacity at an early age
than did those with negative API.20 And it was reported that a
significant difference in the thickness of the basement membrane
was seen among preschoolers who later developed a positive
API.21 Adding an exhaled breath condensate pH (a promising
new noninvasive technique for assessment of airway inflamma-
tion) to the original stringent API results in a lower positive LR
(5.88).22 Fractional exhaled nitric oxide when used as a minor
criteria replacing eosinophil determination of the original API
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showed a lower positive LR (1.99) for predictive asthma at age 4
years.23 Finally, an implementation or application value of the
original API for therapeutic strategies was recently published. It
revealed that inhaled corticosteroids and leukotriene receptor
antagonists worked equally well among those with negative APIs
but that leukotriene receptor antagonists worked better for the
positive API group.24

Because no accurate screening test using genetic or single
biochemical markers has been developed to determine which
young children with recurrent wheezing will have asthma at
school age, at the present time diagnosis of asthma needs to be
based on clinical scores. For clinical use, the original stringent
API is simple, inexpensive, and noninvasive and has been well
validated.25 Therefore, clinicians worldwide can use a positive
original stringent API to identify at-risk children and educate
parents on the importance of asthma maintenance therapy and
treatment of flares.25 Its major strength is its good positive LR
(the effect on posttest probability of disease improved signifi-
cantly), but because its sensitivity is modest it cannot be used to
rule out the development of asthma.25 More studies are needed
to explore the effect of asthma controller medications based on a
infant’s/preschooler’s API status.
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