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Atopic diseases are known to co-exist and are interrelated. Their
co-existence in a patient increases disease burden and morbidity. We
sought to study the prevalence of co-existing atopic conditions over
time and its associated risk factors among Singapore children. Data was
collected from two respective The International Study of Asthma and
Allergies in Childhood surveys conducted in 1994 and 2001. Data on
asthma, rhinitis and eczema were obtained from the responses to
questions about wheezing, exercise-induced wheezing, nocturnal cough,
rhinitis symptoms, rash, and diagnoses of asthma, rhinitis and eczema
in the last 12 months. Data on demographic and known risk factors
were also obtained. The prevalence of children who have had more than
one atopic disorder increased significantly from 6.0% in 1994 to 10.2%
in 2001 (p < 0.001). Parental history of atopic disease, maternal edu-
cational level, male gender and smoke exposure were significantly
associated with co-existent atopic symptoms in the child. Among
Singapore schoolchildren, there was a significant prevalence of
co-existent atopic disease and this prevalence was rising. The influences
of both genetic and environmental factors were likely to have
contributed to these observations.
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studies have described

tis and eczema are common disorders in children,
especially in westernized and industrialized coun-
tries (1). The burden of these diseases in terms of
quality of life and societal cost are considerable
(2, 3). Since atopic diseases are interrelated, their
effects on disease morbidity is expected to be
accentuated when individuals have co-existent
disease. The presence of rhinitis or eczema
increases the risk of asthma (4-6). Furthermore,
rhinitis has been shown to be an independent risk
factor for asthma (5, 7). Treating nasal symp-
toms have been observed to have protective
effects on asthma status (8-10). A common
genetic basis has been found for this interrela-
tionship (11, 12).

co-existence of multiple atopic conditions (13,
14), no study has reported temporal changes in
relation to their prevalence and related risk
factors. The objective of this study is to describe
changes in the prevalence of co-existing (>1)
atopic conditions in Singapore schoolchildren
based on data obtained from two The Intern-
ational Study of Asthma and Allergies in Child-
hood (ISAAC) surveys 7 yr apart.

Methods

Sampling methods and data collection procedure
for the 1994 and 2001 ISAAC surveys have been
described in previous reports (15). In brief,
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6—7 yr-old primary school children (total num-
bers were 2030 in 1994 and 5305 in 2001) and
13-14 yr-old secondary students (4208 in 1994,
4058 in 2001) from randomly selected schools
were surveyed in 1994 and 2001, according to
ISAAC protocol. The standard ISAAC core
questions were used in both surveys. The method
of data collection was identical between the two
surveys. Questions regarding environmental risk
factors related to atopic diseases were included
only in the 2001 survey.

The co-existence of more than one atopic
condition was deduced from the responses to
core questions about wheezing, exercise-induced
wheezing, nocturnal cough, rhinitis symptoms,
rash, and diagnoses of asthma, rhinitis and
eczema in the last 12 months at the time of
survey interview. For example, a subject would
be classified as having co-existence of asthma and
allergic rhinitis when he or she reported asthma
symptoms  (either wheeze, exercise-induced
wheeze or nocturnal cough) and rhinitis symp-
toms (sneezing or runny or blocked nose with no
cold or flu).

Data on monthly household income was col-
lected in 6-7 yr-old schoolchildren and classified
into quartiles based on national data on family
income as < S$2000, S$2000-3999, S$4000-5999
and >S§$6000. Data on mother’s highest educa-
tion level were also obtained (classified as
primary, secondary and tertiary levels). Maternal
or paternal history of atopic disease was
obtained based on reports of any history of
doctor-diagnosed atopic disease (asthma, eczema
and allergic rhinitis). The number of smokers in a
family was classified as: none, 1 and >2. The
number of siblings within the same household
was classified as: none, 1, 2 and >3.

SAS-callable SUDAAN V8.02 (Research Tri-
angle Institute (RTI), North Carolina, USA) was
applied for statistical analyses. Weighted multiple
logistic regression models were applied for adjust-
ing potential confounding factors, i.e. age, sex,

ethnic group, and socio-economical status (as
reflected by type of residential housing and
monthly household income), when comparing
prevalence between two surveys. Weights were
calculated based on the selection probability of
schools and the response probabilities (estimated
using response rate at school level and at subject
level). A sampling design without replacement
was chosen in estimation of prevalence.

For studying associated risk factors with
co-existing atopic disease, only data from
6-7 yr-old schoolchildren in 2001 survey were
included in the data analyses as surveyed cova-
riates were collected only for this particular
group. In all weighted multiple logistic regression
models, in the outcome variable, subjects without
any atopic symptoms were used as comparison

group.

Results
Symptoms of multiple atopic conditions

The percentage of children without any of the
atopic conditions fell from 68.7 to 46.1% in the
6-7 yr-old and 45.9 to 39.5% in the 13-14 yr-old
students from 1994 to 2001. The overall preva-
lence of children having more than one atopic
disorder increased from 6.0% in 1994 to 10.2%
in 2001 amongst Singapore school children
(p < 0.001 after adjustment for gender, age
group, ethnic group and housing type). Table 1
shows that subjects who reported having symp-
toms of both asthma and allergic rhinitis
increased from 13.9% in 1994 to 17.7% in 2001
among 13-14 yr-old students, although there was
no increase observed in the 67 yr age group. For
all remaining combinations of allergic disorders
and for both age groups, however, it was
observed that the prevalence of symptoms of
eczema and allergic rhinitis, eczema and asthma,
and of all three atopic conditions increased
significantly over the period of the two surveys,

Table 1. Crude prevalence, % of co-existent atopic conditions based on current (last 12 months) symptoms

6-7 yr-old 13-14 yr-old
Atopic condition® 1994 2001 Crude p  Adjusted pt 1994 2001 Crude p  Adjusted pi
Asthma and allergic rhinitis ~ 13.8 (269/1954)  11.9 (620/5221) 0.030 0.658 13.9 (579/4169)  17.7 (718/4048) 0.000 0.000
Eczema and allergic rhinitis 0.7 (14/1939) 3.7 (193/5154)  0.000 0.000 3.5 (145/4183) 4.7 (190/4027) 0.004 0.022
Eczema and asthma 1.2 (23/1936) 40 (207/5224)  0.000 0.000 3.2 (134/4188) 4.7 (190/4049) 0.000 0.006
All three conditions 0.7 (14/1961) 3.4 (180/5227)  0.000 0.000 3.2 (132/4190) 4.3 (175/4050) 0.005 0.016

*Asthma symptoms — wheeze, exercise-induced wheeze or nocturnal cough; symptoms of allergic rhinitis: rhinitis apart from cold; symptoms of eczema: rash with

typical distribution.

tAdjusted for age, sex, ethnic group, housing type and household income.
tAdjusted for age, sex, ethnic group, and housing type.

Figures in bold denote statistical significance p < 0.05.
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The prevalence of co-existent atopic disease in Singapore children is rising

even after adjustment for age, sex, ethnic group
and housing type.

Risk factors for co-existent atopic conditions among 6—7 yr-old
school children in 2001 survey

Table 2 shows the results of weighted multiple
logistic regression analyses. Paternal and mater-
nal histories of atopic diseases were significantly
associated with co-existent atopic conditions. On
the combination of asthma and allergic rhinitis,
the adjusted odds ratio (OR) was 2.30 [95%
confidence interval (95%CI): 1.78-2.99] for the
effect of paternal history of any atopic condition
and 3.07 (95%CI: 2.40-3.92) for the effect of
maternal history of atopy. A higher level of
mother’s education was also associated with
increased risk of multiple atopic conditions.
Male school children were more likely to have

the combination of asthma and allergic rhinitis
(OR: 1.53, 95% CI: 1.24-1.90). Children whose
families had two or more smokers were 1.61
(95% CI: 1.02-2.54) times more likely to have
both asthma and allergic rhinitis than those
without smokers in families. Compared to Chi-
nese, less Malay students had the combination of
both asthma and allergic rhinitis symptoms.

Discussion

This study further supports the common under-
standing that all three atopic conditions are
interrelated, and that the interrelationship
would be affected by genetic and environmental
factors. Parental histories of atopic disease and
mothers’ education level positively influenced
the co-existence of atopic conditions in their
children.

Table 2. Adjusted OR with 95% CI obtained from four different combination of atopic conditions among 67 yr-old school children in 2001 survey

Report symptoms

Report symptoms

Report symptoms

Report symptoms

of both asthma and of both eczema and of both eczema of all three
allergic rhinitis allergic rhinitis and asthma conditions
Risk factor OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Sex
Male 1.53 (1.24-1.90) 1.26 (0.90-1.76) 1.11 (0.80-1.54) 1.23 (0.85-1.76)
Female 1.00 1.00 1.00 1.00
Ethnic group
Chinese 1.00 1.00 1.00 1.00
Malay 0.60 (0.43-0.82) 1.10 (0.68-1.78) 1.28 (0.80-2.05) 1.12 (0.67-1.85)
Indian 0.82 (0.54-1.24) 0.77 (0.40-1.48) 1.21 (0.67-2.17) 0.78 (0.39-1.55)
Household income (S$)
<2000 1.00 1.00 1.00 1.00
2000-3999 0.86 (0.65-1.15) 0.87 (0.53-1.40) 0.89 (0.56-1.44) 1.00 (0.60-1.68)
4000-5999 0.84 (0.59-1.20) 1.03 (0.61-1.74) 1.28 (0.76-2.16) 1.39 (0.80-2.41)
>6000 1.08 (0.74-1.56) 1.14 (0.65-2.01) 1.39 (0.79-2.44) 1.28 (0.70-2.34)
Mother education
Primary 1.00 1.00 1.00 1.00
Secondary 1.65 (1.20-2.26) 3.58 (1.78-7.21) 3.06 (1.60-5.87) 4.75 (2.01-11.20)
Tertiary 1.93 (1.27-2.95) 458 (2.10-9.99) 2.79 (1.33-5.84) 7.70 (3.08-19.23)

Maternal history™
Yes
No

Paternal history*
Yes
No

Number of smokers
0
1
>?

Number of siblings
0
1
2
>3

3.07 (2.40-3.92)
1.00

2.30 (1.78-2.99)
1.00

1.00
0.96 (0.75-1.22)
1.61 (1.02-2.54)

1.00

1.08 (0.73-1.61)
1.16 (0.77-1.76)
0.87 (0.52-1.46)

4.18 (2.92-5.99)
1.00

2.99 (2.07-4.33)

3.24 (2.25-4.68)
1.00

3.10 (2.15-4.47)

4.83 (3.28-7.11)
1.00

3.76 (2.52-5.60)

1.00 1.00 1.00
1.00 1.00 1.00
0.89 (0.60-1.31) 0.97 (0.66-1.41) 0.89 (0.58-1.35)
1.11(0.53-2.34) 0.92 (0.41-2.05) 0.86 (0.40-1.82)
1.00 1.00 1.00
1.11 (0.63-1.95) 1.03 (0.60-1.78) 1.38 (0.74-2.58)
0.80 (0.43-1.47) 0.74 (0.41-1.33) 0.92 (0.47-1.80)
0.75 (0.35-1.62) 0.69 (0.32-1.47) 1.04 (0.45-2.42)

OR, odds ratio; 95% Cl, 95% confidence interval.
*History of any diagnosed atopic disease.

Comparison group: individuals with no atopic condition.
Figures in bold denote statistical significance p < 0.05.
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The comparison of the global data obtained
from the ISAAC Phase I study found that the
prevalence of co-existent atopic conditions was
higher in English-speaking western countries
compared to other areas, in which the prevalence
of multiple conditions was widely different from
0.3% to 18.5%, even between centres with
populations of similar ethnic origins (1). Our
study shows that prevalence of more than one
atopic disorder in Singapore schoolchildren was
10.2% in the 2001 survey, rising significantly
from 6.0% in 1994. This increase is caused by the
combination of conditions and not by merely one
factor as it was observed in the previous report
that there was a reduction in asthma symptoms
and no significant difference in eczema in the
6-7 yr age group. However, the co-existence of
eczema and asthma symptoms increased signifi-
cantly from 1.2% to 4.0% (Table 1). Our previ-
ous report showed that the prevalence of allergic
rhinitis remained at the same level from 1994 to
2001, and that only eczema prevalence signifi-
cantly increased in both age groups (15). In this
analysis, prevalence of co-existence of symptoms
of asthma or allergic rhinitis with eczema also
increased, indicating an increased overlap of
eczema with asthma or allergic rhinitis in affected
children. Although no other study has previously
examined the temporal change in the co-existence
of multiple atopic conditions, several other
studies have noted the strong association
between these diseases. In a ISSAC Phase II
study in Turkish children, it was found that
asthma and eczema were significantly associated
with rhinitis (16).

Mothers’ education levels had significant
influence on co-existent atopic conditions in
these students. A mother’s education level may
be a surrogate of life style patterns that influence
the development of atopic disorders. Passive
smoking was significantly associated with an
increased risk of co-existent asthma and allergic
rhinitis symptoms, indicating that the respira-
tory system as a whole can be affected by passive
smoking (17). An ISAAC Phase III study
conducted in the Pacific found that passive
smoking is a risk factor for all three forms of
atopic conditions — asthma, allergic rhinitis and
eczema (18).

Limitations of this study include the use of
screening questionnaires and no clinical exami-
nation or allergy skin tests were performed to
confirm the symptoms. The risk factors for co-
existent atopic conditions were only available for
6—7 yr-old school children in the 2001 survey and
no comparisons between age groups or time
trends can be examined.

4

In summary, a considerable proportion of
Singapore children and adolescents with atopic
symptoms had symptoms for more than one
atopic condition and prevalence of multiple
conditions increased from 1994 to 2001. Envi-
ronmental factors are likely to have a role on
these trends as the effect of different risk factors
in our population is not known.
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