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Abstract
Purpose of Review The aim of this study was to identify risk
factors of asthma among children < 6 years old (preschool
age) for predicting asthma during the preschool age and early
school age (≤ 10 years of age).
Method of the study MEDLINE, Cochrane, EMBASE, and
Google Scholar databases were searched until June 30,
2017. Prospective or retrospective cohort and case-control
studies were included. Studies had to have evaluated risk fac-
tors or a predictive model for developing asthma in children ≤
6 years of age or persistent asthma in early school age.
Recent Findings A total of 17 studies were included in the
analysis. Factors associated with developing asthma in chil-
dren ≤ 10 years of age (both pre-school and early school age)
included male gender (pooled OR = 1.70, P < 0.001), atopic

dermatitis (pooled OR = 2.02, P < 0.001), a family history of
asthma (pooled OR = 2.20, P < 0.001), and serum IgE levels ≥
60 kU/l or having specific IgE (pooled OR = 2.36, P < 0.001).
A history of exposure to smoke or wheezing was also associ-
ated with persistent asthma in early school age (pooled OR =
1.51,P = 0.030 and pooled OR= 2.59,P < 0.001, respectively).
In general, asthma predictive models (e.g., API, PIAMA,
PAPS) had relatively low sensitivity (range, 21% to 71.4%)
but high specificity (range, 69% to 98%).
Summary The study found that male gender, exposure to
smoke, atopic dermatitis, family history of asthma, history of
wheezing, and serum IgE level ≥ 60 kU/l or having specific
IgE were significantly associated with developing asthma by
either preschool or early school age. Asthma predictive
models can be developed by those risk factors.
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Introduction

Asthma is the most common chronic airway disease of child-
hood and the leading cause of childhood morbidity from
chronic disease [1]. It often begins in early childhood with
up to 50% of people with asthma having had symptoms, such
as wheeze, in the first 6 years of life, and about 40% of toddlers
will experience continued wheezing later in childhood [2].
Although the typical respiratory symptoms of asthma are
wheezing and cough, those symptoms are also common in
children without asthma, particularly in those 0 to 2 years of
age [1, 3]. Other causes of wheezing can be upper and lower
respiratory infection [1, 3]. Determining whether recurrent clin-
ical presentation of wheezing is indicative of childhood asthma
is difficult [1, 3]. In fact, a study in China found that the missed
diagnosis rate of asthma in urban children was as high as 30%
[4].

The clinical characteristics of asthma for children < 6 years
old generally begin before the age of 3 years [1, 5]. Currently,
no specific diagnostic tools or surrogate markers for detecting
asthma in infancy or very young children exist [6]. Evaluating
pulmonary function can be difficult in young children, al-
though children aged 4 to 5 years can often produce reproducible
spirometry with guidance [3, 7]. The persistent asthma-
associated pulmonary function impairment in children also
begins at preschool age. Therefore, it is clinically significant to
assess the risk of developing persistent asthma at preschool
age and to estimate the requirement for initiating a long-term
asthma control program [5]. The Global Initiative for Asthma
Guidelines (GINA) recommend that the diagnosis of asthma in
children ≤ 5 years of age be based on: (1) symptom patterns
(recurrent wheeze, cough, breathlessness, and nocturnal or early
morning symptoms or awakenings), (2) presence of risk factors
for development of asthma, and (3) therapeutic response to asth-
ma controller and/or reliever treatment [3]. A position paper on
the diagnosis and management of asthma in preschoolers in
Canada proposes that the diagnosis of asthma in preschoolers
requires the objective documentation of signs (or convincingly
reported symptoms) of airflow obstruction and reversibility of
airflow obstruction (i.e., improvement of signs and symptoms
with asthma medication) [7]. A reliable tool or prediction rule
to specifically predict the risk of preschool children in developing
diagnosed-asthma may also reinforce the diagnosis.

Several models/scoring systems have been developed to
help the healthcare provider identify children who are at risk
of developing asthma during childhood (age 6 years or older),
such as the stringent and loose forms of the Asthma Predictive
Index (API) [8], cumulative risk score [9], severity score for
obstructive airway disease [10], PIAMA risk score [11],

Persistent Asthma Predictive Score (PAPS) [12], and other
risk prediction based on the presence of risk factors for asthma
development [13]. These models have included risk factors
in preschool age associated with the development of asthma
during the early childhood.

The aim of this study was to further evaluate potential risk
factors of asthma present in children < 6 years of age that are
associated with asthma in preschool children (< 6 years of
age) or persistent asthma in early school age children (between
age 6 and age10). In addition, the different published asthma
prediction tools or models used to predict asthma among pre-
schoolers or persistent asthma in early school age children
were systematically reviewed.

Methods

Search Strategy

The study was performed in accordance with the PRISMA
guidelines. The following databases were searched on
June 30, 2017: Medline, Cochrane, EMBASE, and Google
Scholar using the following search terms: Asthma AND (pre-
dictive OR prediction OR predicting) AND risk factors AND
(preschool OR infants). Prospective or retrospective cohort
and case-control studies were included. Included studies in-
vestigated patients < 6 years of age (pre-school) and evaluated
the relevant risk factors for predicting diagnosed asthma in
pre-school children or the persistence of asthma in children
aged between 6 to 10 years (early pre-school). Studies evaluating
the asthma predictive model for preschool children to predict
the risk of developing asthma at early school age (between 6
to 10 years of age) were also included. In addition, studies
should evaluate outcomes of interest quantitatively. Letters,
comments, editorials, case reports, proceedings, and personal
communications were excluded. Studies that evaluated children
treated with inhaled corticosteroids and studies that assessed
asthma risk factors during pregnancy, infancy, or children > 10
years of age, adolescence, and young adults were also excluded.

Data Extraction

The following information/data were extracted from the in-
cluded studies: the name of the first author, year of publica-
tion, study design, number of participants in each group, age,
gender, event of asthma, major risk factors, and outcomes of
multivariate analysis. Factors assessed for predicting the risk
of developing asthma included gender, exposure to smoke,
atopic dermatitis, family history of asthma, history of wheezing,
and IgE levels. For the asthma predictive model, the sensitivity,
specificity, and positive and negative predictive value of the
model were extracted.
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Statistical Analysis

Outcomes evaluated had to be reported in ≥ 3 studies. The
odds ratio (OR) with 95% confidence intervals (CIs) was ex-
tracted for each individual study included in themeta-analysis.
A χ2-based test of homogeneity was performed, and the in-
consistency index (I2) and Q statistics were determined.
Heterogeneity was determined using the I2 statistic and was
defined as follows: 0 to 24% = no heterogeneity; 25 to 49% =
moderate heterogeneity; 50 to 74% = large heterogeneity; 75
to 100% = extreme heterogeneity. Because the number of
studies included in the meta-analysis was small, heterogeneity
tests had low statistical power. When tests for heterogeneity
are underpowered, random-effects models are used routinely
[14]. The National Research Council report recommends the
use of random-effects approaches for meta-analysis and the
exploration of sources of variation in study results [15].
Pooled effects were calculated, and a two-sided P value <
0.05 was considered to indicate statistical significance.
Sensitivity analysis was carried out using the leave-one-out
approach to investigate the validity and robustness of the
results. The leave-one-out approach involves performing a
meta-analysis on a subset of the studies in which each study
is left out in turn. Publication bias using a funnel plot was not
performed as > 10 studies are necessary for this type of analysis
[16]. All analyses were performed using Comprehensive Meta-
Analysis statistical software, version 2.0 (Biostat, Englewood,
NJ, USA).

Results

Search Results

The flowchart of the search results is shown in Fig. 1. Of the
original 326 articles initially identified, 296 were excluded
based on the inclusion/exclusion criteria, and 30 studies were
fully assessed for eligibility (Fig. 1). After full-text review, 13
additional articles were excluded because of the investigation
of predictors for wheezing (n = 7), for atopy (n = 1), for school
age adolescents and young adults (n = 3), and not reporting
outcomes of interest (n = 2). A total of 17 articles were eligible
for qualitative analysis [8, 11, 12, 17–30], and 11 articles
were included in the meta-analysis [11, 12, 17, 20–24, 26,
27, 29].

Of the 17 included studies, 3 investigated the risk factors
for predicting asthma events during the preschool age (age < 6
years), 8 investigated the risk factors for predicting persistent
asthma at the early school age (age between 6-10 years old),
and 10 investigated the asthma predictive models for pre-
school children to predict the risk of developing asthma at
early school age (≤ 10 years of age) (Table 1). Four studies
investigated both asthma predictors and the predictive model.

The age of the participants ranged from newborn to 60months
(5 years of age). Male gender ranged from 49% to 74.4%, and
the percentage of asthma events at the end of follow-up ranged
from 5% to 75.2%.

Qualitative Analysis

The end points of the studies were diverse (Table 1). For the
studies that investigated the predictors of asthma events at the
preschool age, the end points were either asthma at 5 years of
age [17, 20] or physician-diagnosed asthma in children aged 0
to 4 years [21]. For most of the studies that investigated pre-
dictors of persistent asthma in early school age, the end point
was asthma at ages 6 to 8 years [11, 12, 22–24, 29]; only two
studies had the end point of asthma in children up to the age of
10 years [26, 27].

Of the studies included in the meta-analysis, the predictors
in which the odds ratio (OR) and 95% confidence intervals
(CIs) were reported in ≥ 3 studies were male gender, exposure
to smoke, atopic dermatitis, family history of asthma, history
of wheezing and elevated IgE ≥60 kU/l, and specific IgE
(Table 2). Predictors of asthma reported in two to three
studies were not be included in meta-analysis, which were
age at entry (baseline), prematurity (low birth weight) and
preterm birth, positive asthma predictive index (API), atopy
and allergy, blood eosinophils, respiratory infections, pul-
monary disorders relating to prematurity, and wheezing
(Supplemental Table 1). Odd ratios for the different predic-
tors ranged from 1.11 to 9.3.

Fig. 1. Flow chart for study selection
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Type of asthma predictive score used in the different studies
included loose API and stringent API [8, 19, 26], modified
API (also referred to as the University of Cincinnati API
[ucAPI]) [28, 30], asthma prediction tool (APT) [24, 25], clin-
ical asthma prediction score (CAPS) [23], persistent asthma
predictive score (PAPS) [12], and prevention and incidence of
asthma and mite allergy (PIAMA) [18, 19] (Table 3).

The predictive probabilities of the different models/
scoring systems (sensitivity, specificity, positive predic-
tive value, negative predictive value) are summarized in
Table 4. Loose API had a relatively higher sensitivity
(range, 56.5% to 71.4%) but lower specificity (range,
33.3% to 81%) than stringent API (range, 27.5% to 42%
for sensitivity; range, 79.2% to 96.3% for specificity) [8,
19, 26]. Modified API had relatively low sensitivity
(range, 21% to 44%) but high specificity (range, 93% to
98%) [28, 30]. The PIAMA score and PAPS also had
relatively low sensitivity (range, 54.5% to 63.8% for
PIAMA; 42.6% for PAPS) but high specificity (range,
73.9% to 78.9% for PIAMA; 89.6% for PAPS) [12, 18,
19]. For APT, both sensitivity (72%) and specificity
(71%) were moderately high [24], and external validation
of APT found similar results (82% for sensitivity and 69%
for specificity [25]).

Meta-Analysis

Three studies [11, 21, 27] reported ORs for gender and were
included in the meta-analysis. No heterogeneity was observed
among the three studies (Q statistic = 0.223, I2 = 0%). The
pooled analysis revealed that male gender was significantly
associated with asthma (pooled OR = 1.70, 95% CI: 1.54 to
1.88, P < 0.001, Fig. 2A).

Three studies [22, 27, 29] provided ORs for exposure to
smoke and were included in the meta-analysis. No heteroge-
neity was observed among the studies (Q statistic = 1.843, I2 =
0%). The pooled analysis revealed that preschool children
who were exposed to smoke were associated with risk of
asthma at the early school age (age between 6-10 years
old) (pooled OR = 1.51, 95% CI: 1.04 to 2.18, P = 0.030,
Fig. 2B).

Three studies [12, 17, 29] reported ORs for atopic derma-
titis and were included in the meta-analysis. No heterogeneity
was observed among the three studies (Q statistic = 2.239, I2 =
10.66%). The pooled analysis showed that preschool children
with atopic dermatitis were associated with a risk of asthma
when they were ≤ 10 years of age (preschool and early school
age) (pooled OR = 2.02, 95% CI: 1.58 to 2.57, P < 0.001, Fig.
2C).

Table 1 Baseline demographics and basic characteristics of the selected studies that investigated the predictors of asthma in preschool children

First author (year) Study design No. of
patients

End point* Age
(months)

Male
(%)

Event of
asthma (%)

Predict the asthma events at the preschool age (age <6 years)

Wen (2015) ( [17]) Prospective 19,192 Ever having asthma at 5 years old 6 52.5

Holt (2010) [20] Prospective 198 Asthma at 5 years < 24 NA 28

Schaubel (1996) [21] Case-control 16,207 Physician-diagnosed asthma or asthma
admission during age 0-4

Newborn 51.6 10.7

Predict the persistent asthma at early school age (age between 6-10 years old)

Yu (2017) [22] Retrospective
study

463 Emergency asthma admission after the age 6
years

3.1 ± 1.36
years

64.6 NA

van der Mark (2014)
[23]

Prospective 438 Asthma at 6 years 36 57 42.7

Pescatore (2014) [24] Population-based
cohort

1226 Development of asthma 5 years later (6-8 year
old)

12 to 36
months

55.3 28.1

Leonardi (2011) [26] Population-based
cohort

TCRS:
1014

Asthma at 6-11 years old (data for asthma at age
6-7)

24 and 36
months

49 11

LRC:
1916

Asthma at 7-10 years old (data for asthma at age
6-7)

24 and 36
months

52 11.5

Vial Dupuy (2011) [12] Retrospective
study

200 Asthma at 6 years old 13 ± 4
months

64 47.5

Caudri (2009) [11] Prospective
cohort study

2071 Asthma at 7-8 years old 0-4 years 55 7 years: 5%
8 years: 6%

Arshad (2005) [27] Prospective
cohort study

1456 Asthma at 10 years old Newborn 50.7 13.0

Kotaniemi-Syrjänen
(2002) [29]

Prospective
cohort study

82 Asthma at 7-8 years old (7.2 [5.6-8.8]) < 2 years 74.4 40.2%

Abbreviations: LRC: Leicester 1998b Respiratory Cohort; TCRS: Tucson Children’s Respiratory Study

*End point is a dependent variable of the multivariate logistic regression analysis
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Six studies [12, 17, 21, 23, 27, 29] provided ORs for family
history of asthma and were included in the meta-analysis.
Large heterogeneity was observed among the six studies (Q
statistic = 17.160, I2 = 70.86%). The pooled analysis revealed
that preschool children with a family history of asthma were
associated with increased risk of asthma developing when < 6
years of age or 6 to 10 years of age (pooled OR = 2.20, 95%
CI: 1.54 to 3.14, P < 0.001, Fig. 2D).

Three studies [11, 22, 29] reported ORs for history of
wheezing and were included in the meta-analysis. No hetero-
geneity was observed among the three studies (Q statistic =
0.512, I2 = 0%). The pooled analysis showed that preschool
children who have a history of wheezing were associated
with a risk of developing asthma between 6 to 10 years of
age (pooled OR = 2.59, 95% CI: 1.83 to 3.68, P < 0.001,
Fig. 2E).

Table 2. The predictors of asthma during childhood (included in meta-analysis)

First author (year) Male
gender

Exposure
to smoke

Atopic
dermatitis

Family history of asthma History of wheezing Elevated IgE ≥ 60 kU/l or
specific IgE

Predict the asthma events at the preschool age (age <6 years)

Wen (2015) [17]

Boy NA NA Boy: OR =
2.01

(95% CI,
1.61–2.-
48)

Father: OR = 2.56 (95% CI,
1.56–4.04)

Mother: OR = 3.61 (95% CI,
2.36–5.37)

NA NA

Girl NA NA Girl: OR =
1.68

(95% CI,
1.22–2.-
26)

Father: OR = 4.36 (95% CI,
2.55–7.12)

Mother: OR = 3.75 (95% CI,
2.33–5.79)

NA NA

Holt (2010) [20] NA NA NA NA NA OR = 1.78 (95% CI,
1.24-2.57) (house dust
mite)

Schaubel (1996) [21] OR = 1.72
(95% CI,

1.54,
1.92)

NA NA OR = 1.54 (95% CI, 0.98-2.41) NA NA

Predict the persistent asthma at the early school age (age between 6-10 years old)

Yu (2017) [22] NA OR = 1.16
(95% CI,

0.64,
2.11)

NA NA OR = 2.68 (95% CI,
0.75-9.52)

NA

van der Mark (2014)
[23]

NA NA NA OR = 1.54 (95% CI, 0.98 to
2.41)

NA OR = 2.45 (95% CI, 1.38
to 4.33)

Pescatore (2014)
[24]

OR = 1.48 NA NA OR = 1.26 OR = 1.23 NA

Leonardi (2011) [26] NA NA NA Patients with loose API: OR =
5.5; stringent API: OR = 8.3

NA NA

Vial Dupuy (2011)
[12]

NA NA OR = 2.3
(95% CI,

1.2-4.5)

OR = 2.4 (95% CI, 1.3-4.5) NA OR = 6.1 (95% CI,
1.7-21.6)
(polysensitization)

Caudri (2009) [11] OR = 1.6
(95% CI,

1.2, 2.1)

NA NA NA 1-3 times/year: OR =
1.5 (95% CI,
1.1-2.1)

≥4 times/year: OR =
2.5 (95% CI,
1.7-3.6)

NA

Arshad (2005) [27] OR = 1.72
(95% CI,

1.01,
2.95)

OR = 1.99
(95% CI,

1.15,
3.45)

NA Father: OR = 2.30 (95% CI,
1.17-4.52)

Mother: OR = 2.26 (95% CI,
1.20-4.24)

NA OR = 3.41 (95% CI,
1.03-11.33)

Kotaniemi-Syrjänen
(2002) [29]

NA OR = 1.28
(95% CI,

0.51,
3.25)

OR = 4.11
(95% CI,

1.42-11-
.84)

OR = 2.34 (95% CI, 0.76-7.17) OR = 4.29 (95% CI,
1.02-17.99)

NA
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Four studies [12, 20, 23, 27] reported ORs for IgE levels.
Moderate heterogeneity of serum IgE levels was observed
among the four studies (Q statistic = 0.512, I2 = 0%). The
pooled analysis showed that preschool children with serum
IgE level ≥ 60 kU/l or having specific IgE were significantly
associated with the risk of asthma developing when ≤ 10 years
of age (pooled OR = 2.36, 95% CI: 1.56 to 3.58, P < 0.001,
Fig. 2F).

Sensitivity Analysis

Sensitivity analyses were performed using the leave-one-out
approach in which the meta-analysis was performed with each
study removed in turn (Supplemental Table 2). Except expo-
sure to smoke, the direction and magnitude of combined esti-
mates did not vary markedly with the removal of the studies,
indicating that the meta-analyses had good validity and ro-
bustness, and the data were not overly influenced by any
one study. Sensitivity analysis with regard to exposure to
smoke suggests that the studies of Arshad et al. (2005) [27]
and Kotaniemi-Syrjänen et al. (2002) [29] may have overly
impacted the findings.

Discussion

Identifying risk factors associated with the development of
asthma in preschool children and persistent asthma in early
school age children would facilitate the diagnosis and man-
agement of children with asthma. The meta-analysis found
that being male, having atopic dermatitis, having a family
history of asthma, and serum IgE levels ≥60 kU/l or having
specific IgE were associated with asthma in preschool chil-
dren (< 6 years of age) and persistent asthma in early school
age children (≥ 6 and ≤ 10 years of age). A history of exposure
to smoke or of wheezing was associated with developing per-
sistent asthma in children aged 6 to 10 years.

The systematic review found that the different published
models used to predict asthma varied with regard to sensitivity
and specificity. Of all the models assessed, APTwas the only
scoring system that consistently had both good sensitivity and
specificity (range, 72% to 82% for sensitivity; range, 69% to
71% for specificity). The other five models had either high
sensitivity but low specificity or vice versa. Although the
modified API model and stringent API model had high spec-
ificity (range, 79.2% to 98%), they had very low sensitivity
(21% to 44%) suggesting these models would fail to identify

Table 3. Baseline demographics and basic characteristics of the selected studies that investigated the asthma predictivemodel for preschool children to
predict developing asthma at early school age (≤ 10 years of age)

First author (year) Study design No. of
patients

Age
(months)

Male
(%)

End point Event of
asthma (%)

Type of asthma
predictive score

Amin (2014) [28] Prospective
cohort

653 36 54.8 Asthma at age 7 years 17.5 Modified API
(ucAPI)

Pescatore (2014) [24] Prospective
cohort

1226 12 to 36 55.6 Development of asthma 5 years later
(6-8 years old)

28.1 APT

Grabenhenrich (2014)
[25]

Retrospective
study

140 36 52.0 Asthma at age 8 19.0 APT

van der Mark (2014)
[23]

Prospective
cohort

438 12 to 60 57.0 Asthma at age 6 42.7 CAPS

Chang (2013) [30] Prospective
cohort

256 12 NA Asthma at age 6 73 Modified API

Hafkamp-de Groen
(2013) [18]

Prospective
cohort

2877 3 51.0 Asthma at 6 years 6 PIAMA

Leonardi (2011) [26] Prospective
cohort

TCRS:
1014

24 and
36

49.0 Asthma at 6-11 years old (data for
asthma at age 6-7)

11 API loose

LRC:
1916

24 and
36

52.0 Asthma at 7-10 years old (data for
asthma at age 6-7)

11.5 API loose

Rodriguez-Martinez
(2011) [19]

Prospective
cohort

93 12 to 36 NA Asthma at 5–6 years 22.6 API loose and API
stringent

123 53.7 PIAMA

Vial Dupuy (2011)
[12]

Retrospective
study

200 13 ± 4 64 Asthma at 6 years old 47.5 PAPS

Castro-Rodriguez
(2000) [8]

Prospective
cohort

1,246 24 or 36 NA Asthma at 6 years 73.9 API loose

75.2 API stringent

Abbreviations: API, asthma predictive index; CAPS, clinical asthma prediction score; LRC: Leicester 1998b Respiratory Cohort; NA, not available;
PAPS, persistent asthma predictive score; PIAMA, prevention and incidence of asthma and mite allergy; TCRS, Tucson Children’s Respiratory Study
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many children who may develop asthma. Similarly, the
PIAMA score and PAPs model had good specificity (range,
73.9% to 89.6%) but low sensitivity (range, 42.6% to 63.8%).
These findings suggest that the APT model may be a more
robust model for identifying children at risk for developing
asthma, but additional studies are required to test the different
models in clinical practice.

Our systematic review and meta-analysis excluded several
other models/scoring systems used to predict asthma as they
either are predictive for persistent wheezing [9, 20] or identi-
fied asthma-related risk factors in school children [10]. We
also did not include assessment of risk factors that have been
reported only once in the literature to be predictive of asthma.
Those predictors are summarized in Supplemental Table 1.

Table 4. Predictive probability of the asthma predictive model for preschool children to predict developing asthma at early school age (≤ 10 years of
age)

First author (year) Type of
asthma
predictive
score

Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Amin (2014) [28] Modified
API
(ucAPI)

NA 44
(95% CI, 33.8–54.8)

94.1
(95% CI, 91.6–96.1)

60.3 (95%
CI,
47.7–7-
2)

89.3 (95%
CI,
86.2–9-
2)

Pescatore (2014)
[24]

APT 5 72 71 49 86

Grabenhenrich
(2014) [25]

APT
(external
valida-
tion)

5 82 69 40 94

van der Mark (2014)
[23]

CAPS NA NA NA 74.3 (95%
CI,
63.3–8-
2.9)

78.4 (95%
CI,
96.8–8-
5.0)

Chang (2013) [30] Modified
API

NA 1 year of age: 21 (95% CI,
11–30)2 years of age: 33 (95% CI,
22–44)3 years of age: 30 (95% CI,
20–41)

1 year of age: 93 (95% CI,
90–97)2 years of age: 95 (95% CI,
92–98)3 years of age: 98 (95% CI,
96–100)

NA NA

Hafkamp-de Groen
(2013) [18]

PIAMA ≥8 63.8 73.9 12.4 97.2

Leonardi (2011) [26] TCRS: API
loose

NA 57 (95% CI, 53-60) 81 (95% CI, 78-83) 26 (95%
CI,
23-29)

94 (95%
CI,
92-95)

API
stringent

28 (95% CI, 25-30) 96 (95% CI, 95-98) 48 (95%
CI,
44-50)

92 (95%
CI,
90-93)

LRC: API
loose

NA 57 (95% CI, 50-64) 80 (95% CI, 78-82) 26 (95%
CI,
21-30)

94 (95%
CI,
92-95)

API
stringent

37 (95% CI, 30-44) 93 (95% CI, 92-95) 40 (95%
CI,
32-48)

93 (95%
CI,
91-94)

Rodriguez-Martinez
(2011) [19]

API loose NA 71.4 33.3 23.8 80.0

API
stringent

NA 42.9 79.2 37.5 82.6

PIAMA 25.0 54.5 78.9 75 60

Vial Dupuy (2011)
[12]

PAPS ≥2 42.6 89.6 66.7 75.9

Castro-Rodriguez
(2000) [8]

API loose NA 56.5 80.8 26.2 93.9

API
stringent

NA 27.5 96.3 47.5 91.6

Abbreviations: API, asthma predictive index; CAPS, clinical asthma prediction score; PAPS, persistent asthma predictive score; PIAMA, prevention and
incidence of asthma and mite allergy; LRC: Leicester 1998b Respiratory Cohort; NPV, negative predictive value; PPV, positive predictive value; TCRS:
Tucson Children’s Respiratory Study; NA, not available
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A systematic review by Strina et al. (2014) evaluated risk
factors associated with non-atopic asthma/wheeze in children
and adolescents [31]. The systematic review included 43 stud-
ies, and they assessed 30 different risk factors. Only three
factors showed consistent association with non-atopic asth-
ma/wheeze. Similar to our findings, Strina et al. found family
history of asthmawas a risk factor for asthma. They also found
dampness/mold in the household and lower respiratory infec-
tions in childhood were risk factors. Overweight/obesity and
psychological/social factors also showed a consistent associa-
tion with non-atopic asthma/wheeze; however, the number of
studies investigating these factors was limited.

Rodriguez-Martinez et al. (2017) performed a systematic
review of studies that identified factors that predict persistence
of asthma symptoms among young patients with recurrent
wheeze [32]. The review included 35 studies. They found that
of the identified predictors the following were associated with
asthma: family history of asthma or atopy; personal history of
atopic disease; allergic sensitization early in life; and clinical
patterns, frequency, or severity of wheezing/symptoms. Other
risk factors included fraction of exhaled nitric oxide, eosino-
phils, age of onset ≥12 months, and male gender. Again, the
typical respiratory symptoms of asthma are wheezing and
cough, but those symptoms are also common in children with-
out asthma, particularly in those 0 to 2 years of age [1, 3].
Therefore, the Rodriguez-Martinez’s study was meaningful in
clinical practice. Our study also found that a history of

wheezing was significantly associated with developing persis-
tent asthma in children aged 6 to 10 years.

Two studies have evaluated risk factors associated with
asthma in Chinese children [22, 33]. Zhao et al. (2014) per-
formed a survey study in children (from newborn to 14
years of age) that evaluated the risk factors for asthma in
Zhengzhou, China [33]. Using multivariate analysis, they
found that allergic rhinitis, history of eczema, history of atopic
dermatitis, food allergies, cesarean delivery, frequent use of
antibiotic use within 1 year of age, use of wall decorating
material, and use of a heater in the winter were risk factors
for asthma. Yu et al. (2017) evaluated asthma risk factors in
preschool wheezers among Chinese children before the age of
6 years [22]. They used multivariate analysis to identify inde-
pendent risk factors for preschool wheeze. Yu et al. found
female gender, positive skin prick test, and late-onset pre-
school wheeze increased the chance of asthmatic hospitaliza-
tion after the age of 6 years. Allergic rhinitis and family history
of asthma were associated with greater likelihood of asthma
controller prescription after the age of six. It appears that more
well-designed clinical study is needed to identify risk factors of
asthma among preschool children for predicting asthma during
the preschool and early school age (≤10 years of age).

Across the different studies and systematic reviews sum-
marized above as well as the current study, a family history of
asthma was found to be a risk factor for asthma. This may
indicate a genetic component underlying asthma. Prior studies

Fig. 2. Meta-analysis forest plot for odds ratio of (A) male gender, (B) exposed to smoke, (C) having atopic dermatitis, (D) having family history of
asthma, (E) having wheezing history, and (F) serum IgE level or specific IgE
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have found that many of the symptoms of asthma result from
an interaction of environmental and genetic factors that lead to
an immune response caused by infiltration of inflammatory
cells into the airways [34, 35]. Multiple genetic factors are
thought to influence asthma [35]. Genetic factors are thought
to underlie about 40% to 60% of variance in the allergen-
specific IgE level, 30% to 60% in the positive skin test to dust
mite etiology, and 30% of log eosinophil count [35]. The
genetic pathways involved in asthma are not well understood
but are crucial for designing a precision medicine in the future.

The study has several limitations that should be considered.
For each risk factor evaluated by meta-analysis, the number of
studies included was small. Moreover, we assessed specific
factors already indicated to be involved in asthma. It is possi-
ble that ethnic background and/or cultural/lifestyle differences
may influence what factors are predictive of developing asth-
ma. Additional analyses are required to test other factors that
may also be predictive of asthma in preschool children and
persistent asthma in young school age children.

Conclusions

In summary, male gender, exposure to smoke, atopic derma-
titis, family history of asthma, history of wheezing, and serum
IgE level ≥60 kU/l or having specific IgE were significantly
associated with the chance of developing asthma by either
preschool or early school age. The risk factors identified by
our meta-analysis can be used to develop a predictive model
for asthma at preschool age and early childhood with high
sensitivity and specificity.
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