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Does an allergy skin test on school-children predict respiratory
symptoms in adulthood?
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Summary

Background It is interesting from the correct point of preventive health care whether
allergy skin tests at entry have the positive relationship with common respiratory
symptoms such as persistent cough, persistent phlegm and wheeze with colds at end
point in longitudinal studies.

Objective The purpose of this study is to investigate this relationship in subjects
followed from when they were school-children until they were young adults.

Methods Young adults aged 18-31 years who had participated in an allergy skin test
and a health survey for common respiratory symptoms during primary and junior high
school were asked about their respiratory symptoms at the end-point in the follow-up
study. Three cohort groups were employed in the follow-up study.

Results According to a multiple logistic analysis with adjustments made for sex,
symptoms at entry in childhood, and age and smoking habits at the end-point, young
adults with a positive skin test to an extract of house dust as school-children showed a
higher prevalence of wheeze with colds compared with those with a negative skin test.
However, this relationship was not found for persistent cough or persistent phlegm,
indeed, the latter symptom was significantly associated with negative skin tests in one
cohort group.

Conclusion The respective symptoms at entry in childhood were also predictors of
their occurrence in young adults. The results show that the common respiratory
symptoms such as persistent phlegm and wheeze with colds in childhood are related
to those in young adults rather than is an allergy skin test to an extract of house dust in
childhood.
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these childhood symptoms can be the initial and some-
times the only manifestation of asthma [3-5]. Further-
Current data suggest that the prevalence of wheeze imore, longitudinal studies of asthma-related symptoms
children is increasing [1,2]. Apart from wheeze, coughreveal that children with these symptoms are more likely
and phlegm are also common as asthma-related respiraot to be free of these during adolescence [6-8]. As
tory symptoms in childhood. Studies have shown thatadolescents with these symptoms tend to show impaired
lung function, certain indicators to predict this risk
Correspondence: S. Kagamimori, Department of Community Medi-durlng childhood are desirable from the standlng point

cine, Toyama Medical & Pharmaceutical University, Toyama City 930- Of_ preventive health care. For this purpose an aIIerg_y
01, Japan. skin test has been widely used for screening atopic
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characteristics that predispose to asthma-related resplra 15—
tory symptoms [5,9,10]. In addition, it has been demon-g 2
strated that skin reactivity to an extract of house dust of=
common aeroallergens is also associated with air way§ 10
hyperresponsiveness [11]. The present authors have
reported that an allergy skin test to an extract of house&
dusts is a suitable procedure for monitoring school-3 gl +
children with asthma-related respiratory symptoms ms /)<,‘T»
Japanese rural districts [10,12—14]. This time in a follow- & +

up study on these school-children as young adults theﬁa 0

predictability of a skin test for common respiratory 9_11‘2“” ‘8'2§,_2§"3’
symptoms such as wheeze and persistent cough and Age at entry Age at end
phlegm was investigated. (years) point (years)

Fig. 1. Prevalence of persistent cough in childhood and adult-
Materials and methods hood for three cohort groups.

The study was carried out in Awara-machi (population
15000), a rural district of Japan. The geographicalquestion 3a (usually cough during the day or at night in
details of this town and its surroundings have beenwinter) of the questionnaire, the symptom was desig-
given in a previous report [12,14]. Most of the area isnated as persistent cough; when the answer ‘yes’ was
composed of flat paddy fields, and there are no majogiven to question 6a (usually phlegm in the morning in
sources of air pollution except for two heavy-oil-fired winter) and/or question 8a (usually phlegm during the
steam power stations located in the next town. The firstay or at night in winter), it was designated as persistent
one (350 MW) was commissioned in 1973 and the seconghlegm; and when the answer ‘yes’ was given to question
(250MW) in 1978. These induced a small increase inl5a (wheeze triggered by the common cold), it was
concentrations of air pollutants. However, due to thedesignated as wheeze with colds.
promotion of anti-air pollution measures such as usage The survey in young adults was conducted using the
of crude oil of lower sulphur concentration and reduc-BMRC questionnaire with self-administered methods in
tion of factory wastes through chimneys in the powerMarch 1991. Of the 5334 subjects who had participated
stations since 1974, the concentrations of sulphur dioxidén the survey during school, 2155 (40.4%) still lived in the
(8G,) and nitrogen dioxide (N§ but not suspended same town and valid replies were obtained from 1763
particulates (SP) were decreased. Based on air pollutiogubjects (a response rate of 81.8%). Although the desig-
parameters the area of the present study is still the leastation of respiratory symptoms was performed in the
polluted in Japan. same fashion as the survey in school-children inquired
A health survey of pupils attending primary and junior about their symptoms for the past 3 years. For the
high school in Awara-machi had been conducted every
summer since 1972 until 1990. The survey consisted of
an inquiry on respiratory symptoms standardized by thes
BMRC (British Medical Research Council's Committee
on Research into Chronic Bronchitis) [15], a skin-prick
test [16] using an extract of house dust (Torii) in which '©
sensitizing properties have been already demonstrated t§ |
be attributed to the presence of mite [17]. The question-g 5| |A | J

valence (‘V

naires for the inquiry were distributed in advance and® | B
filled out by parents of the school-children. On the day of'§ = I T
the survey each child was interviewed to confirm the g B *C

accuracy of the contents and received the allergy sking
test, in which a weal greater than 5 mm was considered te 68  12-14 1822  24-31

be positive following the criteria of the Research Com- s-n 12

mittee for Prick Test in Japan. School-children were Age at entry Age at end
asked about their respiratory symptoms during the last (years) point (years)
year. In cases when the answer ‘yes’ was given to quessig. 2. Prevalence of persistent phlegm in childhood and
tion la (usually cough in the morning in winter) and/or adulthood for three cohort groups.
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junior high school were selected, respectively. School-
children who had the respiratory symptoms in the pre-
sent study at least once during the respective 3 years
mentioned above were incorporated into the ‘yes’ group
and others into the ‘no’ group. This classification was
also taken for the allergy skin test: that is when having a
positive reaction at least once during the respective 3
years, school-children were incorporated into the posi-
tive skin-test group and others into the negative skin-test
group. The follow-up study analysis was performed for
each of the three cohort groups between entry of school-
children and the end-point as young adults.

For the adjusted relative risk ratio by multiple logistic
analysis SAS; the analysis of maximum-likelihood esti-

Fig. 3. Prevalence of wheeze with colds in childhood and mates method was used.

adulthood for three cohort groups.

present study young adults who had received a 3 ye
survey during 6-8 years of age (cohort A: aged 18-2
years at end-point) and 9-11 years of age (cohort B: age

Results

revalence of common respiratory symptoms in school-
8hildren and young adults

21-29 at end-point) in primary school, and 12-14 yearsThe prevalences of persistent cough, persistent phlegm
of age (cohort C: aged 24-31 years at end-point) inrand wheeze with colds in schoolchildren and young

Table 1. Risk of persistent cough at end-point for respective cohorts

Crude relative 95% Confidence Statistical
Categories No of total Prevalence (%) risk interval significance
Sex (Male/Female)
Cohort A 241/257 2.9/1.9 15 0.5-4.8 NS
Cohort B 395/324 7.1/1.9 3.7 1.6-8.9 P < 0.001
Cohort C 367/212 6.8/0.5 13.6 1.9-95.0 P < 0.001
Persistent cough at entry
(Yes/No)
Cohort A 43/455 2.312.4 1.0 0.1-7.5 NS
Cohort B 32/687 9.4/4.5 2.1 0.6-6.8 NS
Cohort C 8/571 12.5/4.5 2.8 0.4-21.0 NS
Allergy skin test at entry
(Positive/Negative)
Cohort A 144/354 2.1/2.5 0.8 0.2-3.1 NS
Cohort B 211/508 2.8/5.5 0.5 0.2-1.2 NS
Cohort C 176/405 3.4/5.0 0.7 0.3-1.7 NS
Years of age at end-point
Cohort A (> 20/<20) 186/312 1.6/2.9 0.6 0.1-2.0 NS
Cohort B (> 25/<25) 364/355 6.0/3.4 1.8 0.9-3.6 P <0.10
Cohort C (> 28/<28) 268/311 3.4/5.5 0.6 0.3-14 NS
Smoking habits and end-point
(Smoker/Non-smoker)
Cohort A 155/343 3.91.7 2.3 0.6-6.6 NS
Cohort B 310/409 8.1/2.2 3.7 2.1-11.0 P < 0.001
Cohort C 290/289 6.9/2.1 3.3 1.3-8.1 P < 0.01
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Table 2. Risk of persistent phlegm at end-point for respective cohorts

Crude relative 95% Confidence Statistical
Categories No of total Prevalence (%) risk interval significance
Sex (Male/Female)
Cohort A 241/257 5.8/1.6 3.6 1.2-10.9 P < 0.05
Cohort B 395/324 6.8/1.2 5.7 2.0-16.4 P < 0.001
Cohort C 367/212 10.1/2.4 4.2 1.7-10.6 P <001
Persistent phlegm at entry
(Yes/No)
Cohort A 241474 25.0/2.5 10.0 3.7-26.7 P < 0.0001
Cohort B 24/695 12.5/4.0 3.1 0.9-10.1 P<0.1
Cohort C 28/551 28.6/6.2 4.6 2.1-10.0 P < 0.0001
Allergy skin test at entry
(Positive/Negative)
Cohort A 144/354 3.4/4.2 0.8 0.3-2.2 NS
Cohort B 211/508 3.3/4.7 0.7 0.3-1.6 NS
Cohort C 176/405 4.0/8.9 0.5 0.2-1.0 NS
Years of age at end-point
Cohort A (> 20/<20) 186/312 2.3/45 0.5 0.2-1.5 NS
Cohort B (> 25/<25) 364/355 5.2/3.4 1.6 0.7-3.1 NS
Cohort C (> 28/<28) 268/311 9.7/5.1 1.9 1.0-3.6 P < 0.05
Smoking habits and end-point
(Smoker/Non-smoker)
Cohort A 155/343 7.1/2.0 3.6 1.4-9.2 P <0.01
Cohort B 310/409 7.1/2.2 3.2 15-7.0 P <001
Cohort C 290/289 10.7/3.8 2.8 14-5.6 P < 0.001

adults are illustrated in Figs 1, 2 and 3, respectively. Foobserved for cohort A and cohort B. In addition, the
school-children all three symptoms show a decline insignificant relative risk ratio of smoking habits at end
prevalence with advancing age. The prevalence is highguoint was evident for cohort B and cohort C and years of
for wheeze with colds compared with persistent coughage at end point for cohort B (Table 1). With regard to
and lowest for persistent phlegm in each cohort. persistent phlegm at end-point, the significant relative
For young adults persistent phlegm shows an increasesk ratios of sex, persistent phlegm at entry and smoking
in prevalence with advancing age. The prevalence ohabit at end-point were observed for the all three cohort
wheeze with colds is still higher compared with the groups. In addition, the significant relative risk ratio of
other two symptoms. For the changes in prevalencege at end point was evident for cohort C (Table 2). With
between school-children and young adults the prevalenceegard to wheeze with colds at end point, the significant
of wheeze with colds shows a substantial decrease in theslative risks ratio of wheeze with colds at entry was
three cohort groups. As for persistent phlegm, a subobserved for the three cohort groups. In addition, the
stantial increase in the oldest cohort group (cohort Ckignificant relative risk ratio of positive allergy skin test
was shown. at entry was evident for cohort A and cohort B, and
smoking habits at end-point for cohort A (Table 3). In
the present case, the positive predictive value, proportion
of young adults with wheeze with colds to those who had the
same symptom in school-children, was 11.1% (16/
Unadjusted relative risk ratios of various categories forl44) for cohort A, 11.4% (24/211) for cohort B and 8.5%
persistent cough, persistent phlegm and wheeze witkl5/176) for cohort C. For the negative predictive value,
colds in young adults are shown in Tables 1, 2 and 3the proportion of young adults without wheeze with
respectively. With regard to persistent cough at end<colds to those who didn't have the same symptom in
point, the significant relative risk ratio of sex was school-children was 93.8% (332/354) for cohort A,

Prevalence risk of common respiratory symptoms by
various categories in young adults
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Table 3. Risk of wheeze with colds at end-point for respective cohorts

Crude relative 95% Confidence Statistical
Categories No of total Prevalence (%) risk interval significance
Sex (Male/Female)
Cohort A 241/257 8.3/7.0 1.2 0.6-2.2 NS
Cohort B 395/324 6.6/6.8 1.0 0.6-1.7 NS
Cohort C 367/212 6.8/6.6 1.0 0.5-2.0 NS
Wheeze with cold at entry
(Yes/No)
Cohort A 143/355 11.9/5.9 2.0 1.1-3.8 P < 0.05
Cohort B 134/585 15.7/4.6 3.4 1.9-6.0 P < 0.0001
Cohort C 96/483 14.4/5.2 2.8 1554 P < 0.0001
Allergy skin test at entry
(Positive/Negative)
Cohort A 144/354 11.1/6.2 1.8 0.9-3.4 P <0.10
Cohort B 211/508 11.4/4.7 24 1.2-4.6 P <0.01
Cohort C 176/405 8.5/6.0 1.4 0.7-2.7 NS
Years of age at end-point
Cohort A (> 20/<20) 186/312 8.1/7.4 11 0.6-2.1 NS
Cohort B (> 25/<25) 364/355 6.0/7.3 0.8 0.5-1.5 NS
Cohort C (> 28/<28) 268/311 7.5/6.1 1.2 0.7-2.3 NS
Smoking habits at end-point
(Smoker/Non-smoker)
Cohort A 155/343 11.0/6.1 1.8 1.0-3.2 P <0.10
Cohort B 310/409 8.1/5.6 1.4 0.8-2.5 NS
Cohort C 290/289 7.216.2 1.2 0.6-2.2 NS

95.2% (484/508) for cohort B and 94.0% (379/403) for Adjusted relative risk ratios of the allergy skin test at entry
cohort C. As both positive and negative predictive valuedor respiratory symptoms at end-point in young adults

were almost equal in the three cohort groups, the répeakyr each of the three symptoms, adjusted relative risk

ability was thought to be acceptable.

ratios of the allergy skin test at entry in taking into

Table 4. Adjusted relative risk ratio of allergy skin test in taking into account other categories*

Adjusted relative risk ratio

for each respiratory 95% Confidence Statistical
Category Cohort symptom at end-point interval significance
Allergy skin test at entry Cohort A Persistent cough 0.8 0.2-3.3 NS
(Positive/negative) Persistent phlegm 09 0.3-3.1 NS
Wheeze with colds 1.7 0.9-34 NS
Cohort B Persistent cough 0.5 0.2-1.3 NS
Persistent phlegm 0.7 0.3-1.7 NS
Wheeze with colds 22 12-41 P < 0.05
Cohort C Persistent cough 05 0.2-14 NS
Persistent phlegm 0.4 0.2-0.9 P < 0.05
Wheeze with colds 1.4 0.7-2.7 NS

* Adjusted for sex (male/female), same respiratory symptom at entry (yes/no), age at end-pdifm) @nd smoking habits at end-point

(smoker/non-smoker).

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 262—269



Does allergy skin test on school-children predict respiratory symptoms in adulthoc2&7

Table 5. Adjusted relative risk ratio of persistent phlegm at entry to survey taking into account other categories*

Adjusted relative risk ratio

for persistent phlegm at 95% Confidence Statistical
Category Cohort end-point interval significance
Persistent phlegm at entry Cohort A 151 4.9-49.4 P < 0.001
(Yes/no) Cohort B 3.4 0.9-12.8 P <001
Cohort C 7.3 2.7-19.6 P < 0.001

* Adjusted for sex (male/female), allergy skin test at entry (positive/negative), age at end-peiff/(r) and smoking habits at end-point
(smoker/non-smoker).

account sex, respiratory symptoms at entry, and ag®iscussion
and smoking habit at end-point are shown in Table 4 for__ . . .
This study focused on the prognosis of common respira-

the respective cohort groups. For all three cohort groupst,ory symptoms in school-children. It is well known from

adjusted relative risk ratios were more than 1.0 for : . :

) L o follow-up that a representative obstructive respiratory
wheeze with colds though statistical significance WaSyicease such as asthma has manv childhood indicators
found in only cohort B. On the other hand the relative y

risk ratios were less than 1.0 for persistent cough antf)reOIICtIng prognosis [1,2]. However, the long-term prog-

persistent phlegm for all three cohort groups. Those were 031 of common respiratory symptoms in school-

not statistically significant except for that of persistentChlldren such as per5|§tent cough, permstgnt phlegm
and wheeze with colds is not fully known. Since these
phlegm for cohort C.

symptoms also consist of those for asthma the preva-
lences are much higher than that of asthma as actually
Adjusted relative risk ratios of respiratory symptoms at  confirmed in the present study, too. On the other hand, it
entry for the same symptoms in young adults has been already demonstrated in our previous studies
In common with the allergy skin test, adjusted relativethat persistent cough, persistent phlegm and whee_ze W't_h
. . . colds are related to the results of the allergy skin test:
risk ratios of respiratory symptoms at entry were . . - )
. o . school-children with positive skin tests to an extract of
obtained taking into account sex, allergy skin test at . :
! . . house dust show a higher prevalence of these respiratory
entry, and age and smoking habits at end-point. In Table ! . . :
Symptoms compared with those with a negative skin test

5, relative risk ratios of per_S|s_tent phlegm at entry Were[9,12,13]. Furthermore, positive responders to the skin
all demonstrated to be statistically significant for all the . . .
test showed a higher serum immunoglobulin E (IgE)

three cohort groups. This was also the same for wheez%\/el compared with negative responders. With regard

with colds at entry as shown in Table 6. On the other . .
. o . to environmental factors that also influence the preva-
hand persistent cough at entry didn’'t show any signifi- : : -
lence of respiratory symptoms, the subject district

cant adjusted relative risk ratio for the respective cohortbelon s to a low-arade air ollution area where the
groups (results not shown). 9 9 P

Table 6. Adjusted relative risk ratio of wheeze with colds at end-point taking into account other categories*

Adjusted relative risk ratio

for persistent phlegm at 95% Confidence Statistical
Category Cohort end-point interval significance
Wheeze in cold at entry Cohort A 2.0 1.0-4.0 P < 0.05
(Yes/no) Cohort B 3.2 1.7-6.0 P < 0.001
Cohort C 2.9 1.4-6.0 P < 0.01

* Adjusted for sex (male/female), allergy skin test at entry (positive/negative), age at end-peirit/() and smoking habits at end-
point (smoker/non-smoker).
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concentrations of three main pollutants, that is ,SO factors including infectious agents, smoking and so on
NO, and SP, were lower than the respective valuedecome more related to respiratory symptoms in adult-
recommended by the national environmental guidelinehood. Therefore, it is reasonable that the skin test finding
These air pollutant levels measured in the present studys a predictor for only wheeze with colds in young adults.
in general, have not been demonstrated to show anWith regard to persistent phlegm in young adults school-
relationship with the prevalence of respiratory illnesschildren with a negative skin test showed a higher pre-
[18-20]. Although school-children with a positive skin valence than positive school-children in one follow-up
test to an extract of house dust showed a tentativgroup. The relationship was also observed by multiple
increase in the prevalence of the respiratory symptomdactor analysis taking into account both male—female
especially wheeze with colds, after the commencement oflifferences in respiratory problems [27] and additive
the oil-fired steam power stations [14] this increase ha®ffects of smoking and skin test reactivity [28] demon-
disappeared since the introduction of anti-air-pollutionstrated already. So far the reason why such an opposite
measures mainly aimed at reducing sulphur dioxiderelationship was observed is open to question. When
exhaust. In the present study school-children with acomparing common respiratory symptoms to skin test
positive skin reaction showed a higher prevalence offindings with an extract of house dust in school-children
wheeze with colds as young adults compared withas a predictor of those respiratory symptoms in young
those with a negative skin reaction. It has been alreadwdult, persistent phlegm and wheeze with colds are better
demonstrated that skin reactivity to allergens is assothan the skin test. Based on a longitudinal study Keily
ciated with the development of asthmatic respiratoryal. [6] have reported that a considerable proportion of
symptoms [21-23]. However, this was not the case foradolescents who had wheezed in childhood were not free
persistent cough and phlegm. The common respiratorgf symptoms. In addition antecedent pneumonia,
symptoms adopted at the end-point in the present studgronchiolitis, hay fever and sinusitis which are accom-
are not necessarily thought to be asthmatic symptoms. Ipanied by persistent phlegm have also been pointed out
actual fact of the three respiratory symptoms, Rijcken aschildhood predictors of asthma [29]. Actually, school-
al. [24] recommended only wheeze as the one related tchildren with wheeze with colds showed a higher pre-
asthma for an epidemiological study. In addition, valence of the symptom in young adults compared with
although chronic dry cough was also included in thatthose without the symptom in childhood. Therefore,
category, chronic phlegm was not. Tolleratlal. [7] have  from a practical point of view self-administrated ques-
pointed out that the development of wheezing syndrome$ionnaires on respiratory symptoms in childhood are
except for typical asthma is no more frequent among anore acceptable and a better cost-performance proce-
positive skin test group of entry age 21-80 years thardure as adulthood predictors of respiratory symptoms.
among the negative skin test group. In an 8-year follow-For predicting the symptoms in adulthood, however, the
up study they could not find any significant differences inpositive predictive value is still not good enough for
the development of cough and phlegm excluding typicalusage in screening. Although the allergy skin test has
asthma and other wheezing symptoms between positivihe same limitation for screening school-children with
and negative skin test groups. Although four commonatopy, the test is also important because their develop-
aeroallergens including house dust, ragweed, mixed treasent or spirometric lung function may be impaired [10]
and mixed grasses were used for the prick test, theand the test is a procedure easily available which can
allergic skin reactivity failed to distinguish those respira- predict the prevalence of wheeze, one of the asthmatic
tory symptoms which developed in middle-aged andsymptoms in young adults which seems to indicate the
older men apart from typical asthma. With regard toevolution of ventilatory impairment [30] and is a dis-
cough in children Spelman [25] reported that manyadvantage for occupational activities [31].

children with chronic recurrent cough are responsive to

asthma therapy. Although pollen and animal allergensAcknowledgements
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