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Summary In a recent study on the prevalence of childhood asthma and allergies using the International
Study of Asthma and Allergies in Childhood (ISAAC) questionnaires, 6238 Singapore school children in

two age-groups, 6± 7 years (n 5 2030) and 12± 15 years (n 5 4208), were evaluated. Of the 1856 children

who reported asthma-like symptoms (wheezing, exercise-wheezing, persistent nocturnal cough), 919 (49%)
had not been diagnosed asthmatic. Of these undiagnosed children, 731 (39%) reported current symptoms

of asthma. Under-recognition of asthma was more prevalent among those with persistent nocturnal cough

and mild symptoms. In addition, the discordance between wheezing in the last 12 months and a diagnosis
of asthma was signi® cantly higher among the younger age-group (6± 7 years), but exercise-induced wheezing

was less recognized as a symptom of asthma among the older age-group (12± 15 years). This study has
shown that there is a substantial degree of under-recognition of asthma among school children in

Singapore.

Introduction

In 1993, asthma ranked second after accidents
and injuries only as the leading condition in
childhood with the highest number of dis-
charges from all hospitals in Singapore.1 At the
general practitioner and government primary
health care clinics, this disease ranked second
after upper respiratory tract infections as the
condition seen most commonly among chil-
dren under the age of 15 years.1 Our child-
hood asthma prevalence ® gures have also been
on the rise over the past 25 years.2 The econ-
omic cost of asthma in Singapore was esti-
mated to be US$36.57 million per annum.3

This translated to approximately US$257 per
asthmatic person per year, or US$12.85 per

person per year in Singapore. These ® gures
indicate that asthma is a common cause of
childhood morbidity in Singapore and is
of increasing concern.

There is evidence to suggest that under-
recognition of asthma symptoms in the com-
munity may be contributing to asthma
morbidity.4,5 This study therefore aimed to
examine the extent of asthma under-recogni-
tion in our childhood population. Data from a
survey of the prevalence of asthma in children,
using the International Study on Asthma and
Allergies in Childhood (ISAAC) question-
naire,2,6 were employed to evaluate the rate of
asthma under-recognition.

Methods

The data collection procedures and protocols
of a survey carried out between February and
November 1994 using the ISAAC written
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questionnaire for asthma have been described
previously.2,6 The survey concentrated on past
and current (in the last 12 months) asthma-
like symptoms of wheeze, exercise-induced
wheezing, persistent cough unrelated to respir-
atory infections, frequency of wheezing, sever-
ity of symptoms which included sleep
disturbance and speech limitation during at-
tacks, and a doctor’s diagnosis of asthma.

Two age groups of school children (6± 7
years, and 12± 15 years) were studied. Twenty-
one of thirty schools randomly selected from
all parts of Singapore consented to participate
in the study. The parents of the 6± 7-year-olds
were the respondents and the 12± 15-year-olds
completed the questionnaire themselves. The
survey was conducted mainly in English
(95%) and only a few parents required Malay
or Mandarin translations.

Under-recognition of asthma was evaluated
and strati® ed according to demographic fac-
tors such as age-group, sex, race and socio-
economic status (de® ned from total family
income and type of residence). Asthma under-
recognition was de® ned as a positive response
to asthma-like symptoms but a negative re-
sponse to a medical diagnosis of asthma. Only
questions pertaining to current symptoms (in
the 12 months prior to the survey) were evalu-
ated. This was because the 12± 15-year age
group, who themselves completed the ques-
tionnaires, were more likely to give accurate
responses regarding current rather than cumu-
lative symptoms. The data included responses
to the following: (i) had any asthma-like

symptom (any form of wheeze or nocturnal
cough); (ii) had wheeze; (iii) had exercise-

induced wheeze; (iv) had nocturnal cough

not associated with cold or chest infection; (v)
had severe ( . 12 attacks last year, and/or
disturbed sleep . 1 per week, and/or wheeze
limiting speech) asthma symptoms; (vi) had

moderate asthma symptoms(4± 12 attacks in
last year, disturbed sleep , 1 per week); and
(vii) had mild asthma symptoms(1± 3 attacks
in last year).

The operational de® nition used to de® ne
asthma was based on a positive response to the
question `Have you (your child) ever had

asthma?’ This de® nition was used as it has
been validated and shown to be highly speci® c
and moderately sensitive in categorizing true
cases of asthma.7 A positive response to this
question was taken to indicate that asthma had
been diagnosed previously in the respondent.
However, it could not determine whether a
negative response in the presence of asthmatic
symptoms was a result of the respondent’s
failure to seek medical attention or the phys-
ician’ s failure to make the diagnosis.

Statistical analysis was carried out by cross-
tabulation using the PROC FREQ procedure
of the statistical package SAS (version 6.08)
for personal computers. The Mantel-Haenszel
test was used to evaluate the signi® cance of the
estimated relative risk between the groups cat-
egorized within each demographic parameter.
Further statistical analyses were performed as
for cross-sectional data, with the computation
of the prevalence rate ratios (PRRs) and 95%
con® dence intervals (95% CI) via the
modi® ed Cox proportional hazard regression
model (PROC PHREG procedure) with the
assumption of constant risk period. Cox’s pro-
portional hazard model was originally devel-
oped for estimating instantaneous hazards
ratio based on complete or censored longitudi-
nal data with varying follow-up times.8

Breslow subsequently showed that by as-
suming or imposing a condition of constant
follow-up time, Cox’s model could be adopted
for the estimation of rate ratios.9 Thus, in this
study, by assuming the constant risk period,
the Cox model was adapted to estimate the
prevalence rate ratios for cross-sectional data.
This multiple regression analysis was em-
ployed to control simultaneously for potential
confounding factors (demographic and socio-
economic factors in particular), and to select
variables as signi® cant independent predictors
of under-recognition. The use of prevalence
rate ratio for cross-sectional data has been
discussed in various epidemiology jour-
nals.10,11 The socio-economic variables (total
household income and type of housing) were
analysed in separate models to avoid problems
with collinearity. In addition, missing values
and individuals who were not within the two
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TABLE I. Demographic and socio-economic pro® le of the study population

Age group

Overall 6± 7 years 12± 15 years
No. (%) No. (%) No. (%)

Total no. surveyed 6238 2030 4208

Sex Male 3400 (54.5) 1065 (52.5) 2335 (55.5)
Female 2813 (45.1) 947 (46.7) 1866 (44.3)
Sex not stated 25 (0.4) 18 (0.9) 7 (0.2)

Race Chinese 5004 (80.2) 1722 (84.8) 3282 (78.0)
Malay 790 (12.7) 185 (9.1) 605 (14.4)
Indian 283 (4.5) 68 (3.3) 215 (5.1)
Other/not stated 161 (2.6) 55 (2.7) 106 (2.5)

Housing Public housing 4650 (74.5) 1239 (61.0) 3411 (81.1)
Private condominium 595 (9.5) 276 (13.6) 319 (7.6)
Landed house 815 (13.1) 435 (21.4) 380 (9.0)
Not stated 178 (2.9) 80 (3.9) 98 (2.3)

Total family income , S$1000/month 249 (4.0) 130 (6.4) 119 (2.8)
S$1000± , 2000/month 790 (12.7) 403 (19.9) 387 (9.2)
S$2000± 4000/month 878 (14.1) 485 (23.9) 393 (9.3)
. S$4000/month 974 (15.6) 760 (37.4) 214 (5.1)
Not stated 3347 (53.7) 252 (12.4) 3095 (73.6)

age-groups (6± 7 and 12± 15 years) or the three
main ethnic groups in Singapore (Chinese,
Malay, Indian) were excluded from analysis.

Results

Study population

There were 6238 responders, with a response
rate of approximately 90%. The demographic
pro® le and socio-economic categories of re-
spondents are shown in Table I. A large pro-
portion (74%) of the 12± 15-years respondents
did not state family income (because they
completed the questionnaire themselves).
Other responses excluded from analysis in-
cluded 63 with invalid or missing ages, and
those with inconsistent answers to stem
questions (n 5 218), resulting in 6020 valid
responses for asthma.

Bivariate comparisons of under-recognition

Discordance between current (in the past 12
months) asthma-like symptoms (wheezing,
wheezing with exercise or persistent nocturnal

cough) and diagnosed asthma was 51% (731/

1423) (Table II). Approximately half of the

respondents who answered positively to the

presence of at least one asthma-like symptom

(wheezing, nocturnal cough, exercise wheez-

ing) were not diagnosed with asthma. In con-

trast, only 22% (267/1204) of those who

stated they had asthma did not respond posi-

tively to any of the asthma symptoms (data not

shown).

Discordance between wheezing in the last

12 months and a diagnosis of asthma was

signi® cantly higher in the younger age-group

(p , 0.05) and higher socio-economic groups

(p , 0.05) (Tables II & III). Other factors such

as gender and ethnic origin did not in¯ uence

the rate of under-recognition. Exercise-

induced wheezing was less recognized as a

symptom of asthma in the older age-group

(p , 0.001). In addition, nocturnal cough was

more likely to be under-recognized as a symp-

tom of asthma compared with wheezing or

exercise-induced wheezing (Table IV). Those

with mild symptoms had a higher degree of

under-recognition than current severe asth-



86 F. T. Chew et al.

T
A

B
L

E
II

.
A

st
h

m
a

u
n

d
er

-r
ec

o
gn

it
io

n
st

ra
ti

®
ed

b
y

d
em

o
gr

ap
h
ic

fa
ct

o
rs

A
ge

gr
o
u

p
S

ex
E

th
n

ic
gr

o
u

p

6
±7

1
2
±1

5
O

ve
ra

ll
ye

ar
s

ye
ar

s
M

al
e

F
em

al
e

C
h

in
es

e
M

al
ay

In
d

ia
n

S
ym

p
to

m
s

in
la

st
1
2

m
o
n

th
s

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

T
yp

e
of

sy
m

pt
om

s
A

st
h

m
a-

li
ke

sy
m

p
to

m
s

D
is

co
rd

an
ce

7
3

1
(5

1
.4

)
2
3
6

(4
8
.9

)
4

9
5

(5
2

.7
)

4
2
8

(5
0

.8
)

3
0
2

(5
2
.2

)
5
8
7

(5
1
.7

)
9
2

(4
8
.4

)
2
7

(4
5
.8

)
n

o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

6
9

2
(4

8
.6

)
2
4
7

(5
1
.1

)
4

4
5

(4
7

.3
)

4
1
4

(4
9

.2
)

2
7
7

(4
7
.8

)
5
4
9

(4
8
.3

)
9
8

(5
1
.6

)
3
2

(5
4
.2

)

W
h

ee
ze

d
la

st
1
2

m
o
n

th
s

D
is

co
rd

an
ce

2
4

0
(3

3
.2

)
1
1
8

(3
7
.3

)
1

2
2

(3
0

.0
)

1
4
9

(3
4

.7
)

9
0

(3
0

.8
)

2
0
1

(3
3
.8

)
2
2

(2
9
.3

)
9

(2
5

.0
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

4
8

3
(6

6
.8

)
1
9
8

(6
2
.7

)
2

8
5

(7
0

.0
)

2
8
1

(6
5

.3
)

2
0
2

(6
9
.2

)
3
9
3

(6
6
.2

)
5
3

(7
0
.7

)
2
7

(7
5
.0

)

E
xe

rc
is

e-
in

d
u

ce
d

D
is

co
rd

an
ce

3
0

9
(4

4
.1

)
4
9

(3
0

.4
)

2
6
0

(4
8

.1
)

1
8
2

(4
3

.4
)

1
2
7

(4
5
.2

)
2
4
8

(4
3
.9

)
3
8

(4
4
.2

)
1
3

(3
9
.4

)
w

h
ee

zi
n

g
n

o
t

d
ia

gn
o
se

d
C

o
n

co
rd

an
ce

3
9

2
(5

5
.9

)
1
1
2

(6
9
.6

)
2

8
0

(5
1

.9
)

2
3
7

(5
6

.6
)

1
5
4

(5
4
.8

)
3
1
7

(5
6
.1

)
4
8

(5
5
.8

)
2
0

(6
0
.6

)
as

as
th

m
a

N
o
ct

u
rn

al
co

u
gh

n
o
t

D
is

co
rd

an
ce

4
0

0
(5

3
.1

)
1
4
8

(5
1
.7

)
2

5
2

(5
3

.8
)

2
2
7

(5
1

.6
)

1
7
2

(5
5
.0

)
3
1
3

(5
4
.1

)
5
8

(5
0
.4

)
1
5

(3
8
.5

)
d

ia
gn

o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

3
5

4
(4

6
.9

)
1
3
8

(4
8
.3

)
2

1
6

(4
6

.2
)

2
1
3

(4
8

.4
)

1
4
1

(4
5
.0

)
2
6
6

(4
5
.9

)
5
7

(4
9
.6

)
2
4

(6
1
.5

)

S
ev

er
it
y

of
sy

m
pt

om
s

S
ev

er
e²

as
th

m
a,

D
is

co
rd

an
ce

5
7

(3
0
.2

)
1
7

(3
0
.4

)
4
0

(3
0

.1
)

3
6

(2
9

.8
)

2
1

(3
0

.9
)

4
2

(3
2

.1
)

7
(2

0
.6

)
6

(3
1

.6
)

sy
m

p
to

m
s

n
o
t

d
ia

gn
o
se

d
C

o
n

co
rd

an
ce

1
3

2
(6

9
.8

)
3
9

(6
9
.6

)
9
3

(6
9

.9
)

8
5

(7
0

.2
)

4
7

(6
9

.1
)

8
9

(6
7

.9
)

2
7

(7
9
.4

)
1
3

(6
8
.4

)
as

as
th

m
a

M
o
d

er
at

e²
as

th
m

a,
D

is
co

rd
an

ce
5

1
(2

5
.0

)
3
1

(2
9
.0

)
2
0

(2
0

.6
)

3
1

(2
8

.4
)

2
0

(2
1

.1
)

4
4

(2
5

.4
)

4
(2

3
.5

)
1

(1
2

.5
)

sy
m

p
to

m
s

n
o
t

d
ia

gn
o
se

d
C

o
n

co
rd

an
ce

1
5

3
(7

5
.0

)
7
6

(7
1
.0

)
7
7

(7
9

.4
)

7
8

(7
1

.6
)

7
5

(7
8

.9
)

1
2
9

(7
4
.6

)
1
3

(7
6
.5

)
7

(8
7

.5
)

as
as

th
m

a

M
il
d

²
as

th
m

a
sy

m
p

to
m

s
D

is
co

rd
an

ce
1
3

2
(4

0
.0

)
7
0

(4
5
.8

)
6
2

(3
5

.0
)

8
2

(4
1

.0
)

4
9

(3
8

.0
)

1
1
5

(3
9
.7

)
1
1

(4
5
.8

)
2

(2
2

.2
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

1
9

8
(6

0
.0

)
8
3

(5
4
.2

)
1

1
5

(6
5

.0
)

1
1
8

(5
9

.0
)

8
0

(6
2

.0
)

1
7
5

(6
0
.3

)
1
3

(5
4
.2

)
7

(7
7

.8
)

D
is

co
rd

an
ce

5
p

o
si

ti
ve

re
sp

o
n

se
s

to
th

e
sy

m
p
to

m
s

b
u

t
n

eg
at

iv
e

re
sp

o
n

se
s

to
th

e
d

ia
gn

o
si

s.
C

o
n

co
rd

an
ce

5
p
o
si

ti
ve

re
sp

o
n

se
s

to
b
o
th

th
e

sy
m

p
to

m
s

an
d

d
ia

gn
os

is
;

²
S

ev
er

it
y

o
f

as
th

m
a:

s
e
v
e
r
e

(
.

1
2

at
ta

ck
s

la
st

ye
ar

an
d

/o
r

d
is

tu
rb

ed
sl

ee
p

.
1

p
er

w
ee

k
an

d
/o

r
w

h
ee

ze
-l

im
it

ed
sp

ee
ch

);
m

o
d

e
ra

te
(4

±1
2

at
ta

ck
s

in
la

st
ye

ar
,

d
is

tu
rb

ed
sl

ee
p

,
1

p
er

w
ee

k)
;

an
d

m
il

d
(1

±3
at

ta
ck

s
in

la
st

ye
ar

).



Under-recognition of asthma 87

T
A

B
L

E
II

I.
A

st
h

m
a

u
n

d
er

-r
ec

o
gn

it
io

n
st

ra
ti

®
ed

b
y

so
ci

o
-e

co
n

o
m

ic
fa

ct
o
rs

T
yp

e
of

h
o
u

si
n

g
T

o
ta

l
fa

m
il
y

in
co

m
e

P
u

b
li
c

P
ri

va
te

L
an

d
ed

,
S

$
2
0

0
0

S
$
2
0

0
0
±

.
S

$
4
0
0

0
O

ve
ra

ll
h
o
u

si
n

g
co

n
d

o
s

h
o
u

se
/m

th
4
0
0

0
/m

th
/m

th
S

ym
p
to

m
s

in
la

st
1
2

m
o
n

th
s

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

N
o
.

(%
)

T
yp

e
of

sy
m

pt
om

s

A
st

h
m

a-
li
ke

sy
m

p
to

m
s

D
is

co
rd

an
ce

7
3
1

(5
1

.4
)

5
3
8

(5
3

.4
)

8
5

(5
4

.1
)

9
4

(4
1
.4

)
1
0

9
(5

1
.4

)
1
0

0
(5

1
.5

)
1

2
7

(4
4

.6
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

6
9
2

(4
8

.6
)

4
6
9

(4
6

.6
)

7
2

(4
5

.9
)

1
3
3

(5
8
.6

)
1
0

3
(4

8
.6

)
9
4

(4
8
.5

)
1

5
8

(5
5

.4
)

W
h

ee
ze

d
la

st
1
2

m
o
n

th
s

D
is

co
rd

an
ce

2
4
0

(3
3

.2
)

1
5
1

(3
3

.1
)

3
6

(3
7

.9
)

4
7

(3
0
.5

)
2

7
(2

9
.0

)
3

6
(3

2
.1

)
6
9

(3
5

.6
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

4
8
3

(6
6

.8
)

3
0
5

(6
6

.9
)

5
9

(6
2

.1
)

1
0
7

(6
9
.5

)
6

6
(7

1
.0

)
7

6
(6

7
.9

)
1

2
5

(6
4

.4
)

E
xe

rc
is

e-
in

d
u

ce
d

w
h

ee
zi

n
g

D
is

co
rd

an
ce

3
0
9

(4
4

.1
)

2
4
2

(4
6

.8
)

3
2

(4
4

.4
)

3
1

(3
1
.3

)
4

2
(4

2
.0

)
4

0
(4

7
.1

)
3
5

(3
0

.4
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

3
9
2

(5
5

.9
)

2
7
5

(5
3

.2
)

4
0

(5
5

.6
)

6
8

(6
8
.7

)
5

8
(5

8
.0

)
4

5
(5

2
.9

)
8
0

(6
9

.6
)

N
o
ct

u
rn

al
co

u
gh

D
is

co
rd

an
ce

4
0
0

(5
3

.1
)

3
0
0

(5
5

.0
)

4
3

(5
3

.1
)

4
8

(4
5
.3

)
6

8
(5

4
.0

)
5

5
(5

0
.5

)
7
2

(4
6

.2
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

3
5
4

(4
6

.9
)

2
4
5

(4
5

.0
)

3
8

(4
6

.9
)

5
8

(5
4
.7

)
5

8
(4

6
.0

)
5

4
(4

9
.5

)
8
4

(5
3

.8
)

S
ev

er
it
y

of
sy

m
pt

om
s

S
ev

er
e²

as
th

m
a

sy
m

p
to

m
s

D
is

co
rd

an
ce

5
7

(3
0

.2
)

4
8

(3
4

.8
)

2
(1

1
.1

)
6

(2
1
.4

)
7

(2
5
.9

)
1

4
(4

2
.4

)
6

(2
3

.1
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

1
3
2

(6
9

.8
)

9
0

(6
5

.2
)

1
6

(8
8

.9
)

2
2

(7
8
.6

)
2

0
(7

4
.1

)
1

9
(5

7
.6

)
2
0

(7
6

.9
)

M
o
d

er
at

e²
as

th
m

a
D

is
co

rd
an

ce
5
1

(2
5

.0
)

3
4

(2
5

.8
)

7
(3

0
.4

)
1
0

(2
2
.7

)
5

(1
6
.7

)
7

(2
0
.6

)
1
9

(2
9

.7
)

sy
m

p
to

m
s

n
o
t

d
ia

gn
o
se

d
C

o
n

co
rd

an
ce

1
5
3

(7
5

.0
)

9
8

(7
4

.2
)

1
6

(6
9

.6
)

3
4

(7
7
.3

)
2

5
(8

3
.3

)
2

7
(7

9
.4

)
4
5

(7
0

.3
)

as
as

th
m

a
M

il
d

²
as

th
m

a
sy

m
p

to
m

s
D

is
co

rd
an

ce
1

3
2

(4
0

.0
)

6
9

(3
7

.1
)

2
7

(5
0

.0
)

3
1

(3
7
.8

)
1

5
(4

1
.7

)
1

5
(3

3
.3

)
4
4

(4
2

.3
)

n
o
t

d
ia

gn
o
se

d
as

as
th

m
a

C
o
n

co
rd

an
ce

1
9
8

(6
0

.0
)

1
1
7

(6
2

.9
)

2
7

(5
0

.0
)

5
1

(6
2
.2

)
2

1
(5

8
.3

)
3

0
(6

6
.7

)
6
0

(5
7

.7
)

D
is

co
rd

an
ce

5
p

o
si

ti
ve

re
sp

o
n

se
s

to
th

e
sy

m
p

to
m

s
b

u
t

n
eg

at
iv

e
re

sp
o
n

se
s

to
th

e
d

ia
gn

o
si

s.
C

o
n

co
rd

an
ce

5
p
o
si

ti
ve

re
sp

o
n

se
s

to
b
o
th

sy
m

p
to

m
s

an
d

d
ia

gn
o
si

s.
²

S
ev

er
it

y
o
f

as
th

m
a:

s
e
v
e
r
e

(
.

1
2

at
ta

ck
s

la
st

ye
ar

an
d

/o
r

d
is

tu
rb

ed
sl

ee
p

.
1

p
er

w
ee

k
an

d
/o

r
w

h
ee

ze
-l

im
it

ed
sp

ee
ch

);
m

o
d

e
ra

te
(4

±1
2

at
ta

ck
s

in
la

st
ye

ar
,

d
is

tu
rb

ed
sl

ee
p

,
1

p
er

w
ee

k)
;

an
d

m
il

d
(1

±3
at

ta
ck

s
in

la
st

ye
ar

).



88 F. T. Chew et al.

TABLE IV. Under-recognition based on type and severity of symptoms

Prevalence 95% con® dence c 2 value
Symptoms and severity rate ratio interval (p-value)

Type of symptom (last 12 mth)
Wheezing 1 Ð c 2 5 59.29
Exercise-induced wheezing 1.59 1.27± 1.98 (p , 0.001)
Nocturnal coughing 2.27 1.83± 2.82

Severity of symptom*

Severe 1 Ð c 2 5 13.85
Moderate 0.77 0.48± 1.23 (p , 0.001)
Mild 1.54 1.04± 2.30

*Severity of asthma: severe ( . 12 attacks last year and/or disturbed sleep . 1 per week and/or wheeze
limiting speech); moderate (4± 12 attacks in last year, disturbed sleep , 1 per week); and mild (1± 3
attacks in last year).

matics (Table IV). However, asthma was un-
der-recognized in 30% of those with severe
symptoms ( . 12 attacks last year, and/or
disturbed sleep . 1 per week, and/or wheeze-
limited speech).

Multiple regression analysis

To evaluate the effects of each variable (age,
sex, race, socio-economic status and severity
of symptoms) on under-recognition rate of
asthma, multivariate regression analysis was
carried out (Tables V & VI). This analysis
con® rmed that under-recognition of asthma
was more prevalent among the 6± 7-year age
group (with the exception of exercise-induced
wheezing) and the higher socio-economic
groups. However, the 12± 15-year-olds were
more likely to under-recognize exercise-in-
duced wheezing as a symptom of asthma. In
addition, the in¯ uence of socio-economic fac-
tors on the rate of wheeze under-recognition
was observed to have been confounded by the
severity of symptoms as their corresponding
prevalence rates ratios were reduced with the
inclusion of a variable indicating severity of
symptoms into the model (not shown in the
table). Wheezing was found to be more com-
mon in the higher socio-economic groups but
the lower income group experienced greater
severity.

Discussion

This study demonstrated a substantial degree
of under-recognition of asthma amongst
school children in Singapore. Approximately
half of those who reported asthma-like symp-
toms had not been diagnosed as asthmatic.

Our previous data showed that the preva-
lence of wheezing was higher in the higher
socio-economic groups but the lower income
group experienced more severe disease.2 In
this study, the data suggested that under-
recognition of wheezing as a symptom of
asthma occurred more frequently among the
higher socio-economic groups. This, however,
was confounded to some extent by the disease
severity. Elsewhere, the association between
asthma recognition and social status has been
attributed to differences in access to health
care.12 However, this is unlikely in Singapore
where health care is highly subsidized and a
greater proportion of the lower compared with
upper income group were found to use health
care resources (i.e. hospitalization and outpa-
tient treatment) for asthma.1,3 Asthma aware-
ness may play a greater role in in¯ uencing
asthma recognition. In addition, a previous
study noted that Malays and Indians were less
inclined to seek medical attention for asthma
symptoms.13 Together with the older gener-
ation of Chinese, they had a tendency to seek
traditional treatment.14 Our results, however,
did not show any difference in the degree of
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TABLE V. In¯ uence of demographic factors on under-recognition of asthma in Singapore school children analysed
by modi® ed Cox’s proportional hazards models

Ethnic group
Age group Sex
6± 7 years Male Malay Indian

Adjusted prevalence rate ratios
Dependent variable (95% con® dence intervals) and p-value²

Asthma-like symptoms for last 12 NS NS NS NS
months but not diagnosed as
asthma

Wheezed in last 12 months but 1.39 1.18 NS NS
not diagnosed as asthma (1.21± 1.59)** (1.03± 1.35)*

Exercise-induced wheezing in 0.69 NS NS NS
last 12 months but not (0.57± 0.84)**
diagnosed as asthma

Nocturnal cough last 12 months NS NS NS NS
but not diagnosed as asthma

³ Severe asthma symptoms but NS NS NS NS
not diagnosed as asthma

² Reference categories for age-group 5 12± 15-year-olds, sex 5 female, ethnic group 5 Chinese; ** p , 0.001;
* p , 0.01; NS: not signi® cant.
³ Severity of asthma: severe ( . 12 attacks last year and/or disturbed sleep . 1 per week and/or wheeze-limited
speech).

asthma under-recognition between the three
main races in Singapore.

In this study, it was noted that persistent
nocturnal cough was more likely to be under-
recognized as a symptom of asthma compared
with wheezing and exercise-induced wheezing.
This may be because in many cases persistent
cough may be ascribed to respiratory tract
infections by parents and physicians alike. Al-
though this survey did not evaluate under-
treatment of asthma, a local study revealed
that use of cough mixtures and antibiotics for
childhood asthma by private practitioners is
prevalent, indicating that childhood asthma
is under-treated in our community.15 This is of
considerable concern as under-treatment
of asthma is a major factor contributing to
morbidity and mortality.16,17

Under-recognition of asthma has been
observed in other communities also.4,5,18 In the
United Kingdom, under-diagnosis and treat-
ment was most pronounced in children from
ethnic minority groups.19 A study from Aus-
tralia reported that only 60% of symptomatic

children were labelled asthmatic, and only

20% were using appropriate asthma treat-

ment.5 When more stringent criteria were used

for evaluation ( . 12 wheezing attacks/year or

sleep disturbed on an average of one or more

nights per week due to wheezing), our data

demonstrated that more than 30% were not

diagnosed asthmatic. These results underline

the fact that a disturbingly large proportion of

asthmatics are undiagnosed and are therefore

unlikely to have received appropriate treat-

ment. On a more optimistic note, however,

it is encouraging to note a trend towards in-

creasing recognition of asthma; in 1989 the

label of `asthma’ was used in 52% of subjects

with wheeze compared with only 21% in

1964.20 Although this study has shown that

asthma is under-recognized amongst school

children in Singapore, it has been shown pre-

viously that further development of asthma

education and increased medical and public

awareness are an important means to address

this issue.
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