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Abstract

Background: Despite the popular usage of household cleanimglymts worldwide, there is no

published study investigating the health effectthefproducts on rhinitis in children.

Objective: To investigate the household use of cleaning mtsdand rhinitis patterns in Chinese

children.

Methods: A total of 2,299 children were recruited from 2inpary schools with wide geographical

coverage in Hong Kong. Self-administered questioeeawere completed by parents/guardians to
collect detailed information on respiratory sympsoamnd household use of fourteen types of chemical
cleaning products as well as clean water. Studesmt® categorized into four mutually exclusive

rhinitis patterns (never, occasional, frequent, pacsistent). The total chemical burden (TCB) score
was used as the exposure indicator by calculatingdtal time of exposure to the fourteen cleaning
products. Multinomial logistic regression was usedssess the relationship between rhinitis pattern

and the usage of household cleaning products.

Results: Every 10-unit increment of TCB score was assodiatgh an increase in odds of occasional
(odds ratio (OR): 1.21, 95% confidence interval){@l05 - 1.41), frequent (OR: 1.36, 95% CI: 1.13 -
1.60), and persistent (OR: 1.21, 95% CI: 1.01 61 hinitis after adjustment for a wide range of
potential confounders. Compared to the childremiwithe lowest tertile of TCB score, the adjusted
ORs (95% CI) of occasional, frequent, and persigtanitis in children within the highest tertileene

1.29 (1.01 - 1.65), 1.97 (1.40-2.76), and 1.67(01.2.54), respectively.

Conclusion: Frequent use of chemical cleaning products at hisragsociated with an increase in the

odds of rhinitis in Chinese primary school children

Keywords: rhinitis; household cleaning products; school-agi&loen
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Capsule Summary

Household cleaning products are commonly used wuidkel and previous studies show an increased
risk of rhinitis among cleaning workers. Usage tdaaing products at home may also impact the

prevalence of rhinitis in primary school children.
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Key Messages

Frequent use of chemical cleaning products at hisnassociated with an increase in
the odds of rhinitis in primary school children.

Clean water should be preferred for cleaning honver@nment.
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Abbreviations used

TCB score Total chemical burden score, defined as the catival time of exposure to 14 chemical

cleaning products.

OR: Odds ratio;

Cl: Confidence interval;

BMI : Body mass index

PCFA: principal components and factor analysis

ISAAC: the International Study of Asthma and Allergre€hildhood
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Introduction

Household cleaning products are commonly used wwidlkel to enhance domestic cleanliness and
hygiene. Despite their apparent benefits, theyatao be of significant concern with regard to indoo
air pollution. With their different functions anlde various scents added to many of them, a widgeran

of chemicals could be involved in the active ingeets’

Despite their common usage amongst the generalgtapy there is limited information on the health
effects of such cleaning products. Occupationabsype to cleaning products has shown that there is
an increased risk of asthma and rhinitis amongnategpworkers?, and this suggests that there is
potential hazardous exposure to cleaning producteeé general population. Studies in adult women,
who are generally the primary users of these haldetieaning products in the home, indicate that th
frequent use of cleaning products and hypochldriéach might be important factors of adult asthma
and respiratory symptonis. Children are certainly vulnerable because of thmiger stay time at
home, smaller lung airway, and immature immuneesyst We speculate that the health impact of the
exposure to household cleaning products in childram be significant. Several birth cohorts have
shown that the prenatal usage of cleaning produwht increase the risk of wheezing, infectiong] an
other respiratory symptoms in early Iff€’ and in pre-school childretf ** Only a few studies have
investigated the respiratory health impact of theent usage of cleaning products and the contsgver
remains: Nickmilderet al. found a protective effect of cleaning products asthma and allergic

sensitization whereas Casasl. showed adverse impacts on wheezing and pulmonagion®?™*

To our knowledge, there are no published studigswdissess the health impacts of cleaning products
on rhinitis in children. Rhinitis is one of the m@®mmon respiratory conditions. It is an irritatiand

inflammation of the mucous membrane lining of tlesey characterized by stuffy nose, runny nose,
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sneezing, rhinorrhea, and post-nasal drip for trvmore consecutive days and lasting for more timan a
hour on most dayS. Rhinitis causes a considerable global burden wigmificant damage to the
economy and it has a remarkable influence on thadityuof the life® It has also emerged as a
common condition associated with substantial mdipid childhood'’*® The International Study of
Asthma and Allergies in Childhood (ISAAC) have repd that the prevalence of life-time rhinitis and
current rhinitis has increased significantly in sohage childre’’ We therefore investigated the

health impacts of common cleaning products on tisim a large population of Chinese children.

Method

Setting and participants

The present data analysis is from an ongoing ladgitl prospective cohort study ? that aims to
investigate respiratory health effects of indoarpallution. The sample size was calculated by gisin
EpiTools calculator$®. The rhinitis prevalence in our pilot study wa®ab20%; The effect size for
rhinitis was 1.30 (95% CI: 1.20 - 1.40) among Ctelt?* A total of 2058 students were estimated to
reach a statistic power of 90% with the confidelesel of 0.95. To compensate for possible attrition
and take into account the needs of other researestigns, we planned to recruit around 2400 stgdent

at the beginning of the study.

During the study, a total of 21 primary schools eveandomly selected in the four regions (Hong
Kong/outlying islands, Kowloon, New Territories Easnd New Territories West) of Hong Kong. To
facilitate the spirometry test and the follow-ufl, siudents from grades two to four in each school
were invited to participate in the study. A tot&l20477 students were recruited and the baselitee da

was successfully collected for 2,415 (97.5%) sttslém 2012 and 2013. We plan to follow up the
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students twice during a two-year period (once gar)y The first round of follow-up was completed at
the end of 2014. One school withdrew from the stddying the first round of follow-up but the

follow-up data collection was successfully compdiefier a total of 2,299 children.

In both the baseline and the first follow-up susiethe parents or guardians of each participang wer
required to complete a detailed self-administeredstjonnaire. The questionnaire was composed
mainly of items adopted from the questionnairethefAmerican Thoracic Society, the ISAAC studies,
and the European Community Respiratory Health SLR& The questionnaire collected extensive
information on each child’s respiratory health @s$atincluding respiratory symptoms, allergic
symptoms, and respiratory problems. Each partitiggEso received a health examination that
measured anthropometric parameters and pulmonactidm in both baseline and the first follow-up
surveys. This study was approved by the Joint Geitdniversity of Hong Kong—New Territories East
Cluster Clinical Research Ethics Committee. Theatis’ parents or guardians were required to sign a

written informed consent for their children to peigate in the study.

Data collection

Rhinitis

Questionnaires were completed by parents or gusmdm baseline and follow-up to collect
information on non-infectious rhinitis in the chigh. Non-infectious rhinitis was defined as affiegti
those children who have “ever had nasal symptorols as nasal blockage, sneezing, and running nose
as well as itching eye or lachrymation in the absesf common cold in previous 12 months”. Those
who answered “yes” were asked to state the montmsnwhey suffer from rhinitis. The baseline

questionnaire collected information from the presidl2 months before the baseline interview. The
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follow-up questionnaire collected information dwithe one-year follow-up period. The 24-month
period was then divided into eight mutually exchgsseasons relevant to Hong Kong’s weather: 2012
winter (December 2011-February 2012), 2012 spfivigrch 2012-May 2012), 2012 summer (June
2012—-August 2012), 2012 autumn (September 2012-Nbge2012), 2013 winter (December 2012—-
February 2013), 2013 spring (March 2013-May 2028),3 summer (June 2013—August 2013), 2013
autumn (September 2013-November 2013). Each studest categorized into one of the four
mutually exclusive rhinitis patterns, namely, ne@m rhinitis in any season), occasional (had ttsni

in less than three seasons), frequent (had rhinitieree or more seasons but did not have rhiiritis

four or more consecutive seasons), and persidtadtrhinitis in four or more consecutive seasons).

Exposure to household cleaning products

Information on exposure to household cleaning pectslwas collected by the questionnaire. “Did you
use the following household cleaning products ahdéan the previous 12 months?” was one of the
required answers of the baseline survey. The l4wamtypes of chemical cleaning products included:
those for cleaning bathroom; floor; glass; kitchdites; leather; multi-purpose cleaners; non-
chlorinated bleach; chlorinated bleach; sanitizerented air fresheners; non-scented air fresheners
insecticides; and others. If the response was “yesiny type of these cleaners, then information on
the weekly usage frequency (< 1 time, 1-3 times§, tines, and 7 times) and the average duration of
each use (< 15 minutes, 15-30 minutes, 31-45 nan4t@-60 minutes, and > 60 minutes) were
collected. In addition, information on the usagelebin water only for cleaning the home environment

was also sought.

Potential confounding factors
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Information on a wide range of potential confoursders also collected. We used a questionnaire to
collect information on age (years), gender (male f@male), average size of house for each member
(m?), present at home when using cleaning products ¥g no), windows opened when using cleaning
products (yes vs no), keeping a pet at home (ya®yskeeping a plant at home (yes vs no), burning
incense or mosquito coil at home (yes vs no), homevation (yes vs no), passive smoking at home
(yes vs no), exercise per week (never/less thae pec week, once to twice per week, at least three
times per week), education of mother and fathem@ry school or lower, secondary school, tertiary
school or above), and atopic status. Atopic stetas defined based on self-reported doctor-diagnosed
eczema and/or asthma (yes vs no). In addition, saatent received a simple health examination to
measure weight and height at school in baseline@tmiv-up surveys, then body mass index (k§/m
was calculated by data from the latest survey. Heslevel (mg/nf) in the school environment was
measured in the first year by using Dust Trak (Te&ihosol monitor. To address seasonal variation, we
conducted two measurements; one was in the cosbse@avinter and spring), and the other in the

warm season (summer and autumn). The averagewasgalised in the present analysis.

Statistical analysis

Statistical analyses were performed by using Raso# (version 3.1.2). Alp-values were derived

from two-sided statistic tests and less than 0.85 gonsidered to be statistically significant

As the usage frequency and duration variables wategorical, we used the mid-point value of each
category for score calculationd,, frequency: we used 0.5, 2.0, 5.0, and 8.5 fbrtkne, 1-3 times, 4—

6 times, and> 7 times, respectively; duration: we used 7.5, 23800, 52.5, and 75 for < 15 minutes,

15-30 minutes, 31-45 minutes, 46—60 minutes, aB® minutes, respectively). The total chemical

burden (TCB) score was calculated to indicate exymsevel to the 14 types of chemical cleaning
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agents for each participant. The TCB score wasddfias the cumulative time of exposure to 14
chemical products, and the formula w&¥€B = Y12, (Fre; x Dur;). Fre refers to the weekly
frequency of usage of a certain chemical prodDat; refers to the average duration of each use; and

represents the specific chemical cleaning product.

Cleaning products usage patterns were extractessing the principal components and factor analysis
(PCFA) method based on 14 types of chemical clgapmoducts as well as clean water [Package
“princomp”]. The statistical score of each partaip in each usage pattern was generated by usng th
regression method. Orthogonal (varimax) transfoionalvas adopted to achieve simple structure with
greater interpretability. In determining the numbérfactors to retain, eigenvalues (> 1.0), theescr
plot construction, Kaiser—Meyer—Olkin measure ompghbng, Bartlett’'s test of sphericity, and the
interpretability of the factors were consider@d® Cleaning products with absolute rotated factor
loadings> 0.50 are referred to as “dominant components”dfege The labeling of factors was based
on our interpretation of the data. A positive loagifor a cleaning product indicated a direct
association with the pattern, whereas a negatiaihg suggested that the cleaning product

contributed inversely to the pattern.

Multinomial logistic regression models (Packageétihwere used to assess the relationship between
the usage of cleaning products and the rhinitiepatwith the “never” rhinitis pattern as the mefgce
category. Separate models were conducted by usengdore as continuous and categorical variables
(tertiles). Stepwise strategy was adopted to setextconfounding factors. Unadjusted and adjusted
odds ratios (ORs) with 95% confidence intervals¥961) were calculated for all rhinitis patterns by
comparing them with the “never” rhinitis. The likedod ratio test statistic was used to determine

whether there was linear relationship between T€&esand rhinitis patterffs For each rhinitis



168 pattern there was no evidence against the hypathbsit the effect of the TCB score is linear
169  (occasional rhinitisP = 0.039; frequent rhinitisP < 0.001; persistent rhiniti®? = 0.001). Test for

170  trend was performed when the tertile was takenrageeric variable in the model.

171  Results

172 A total of 2,299 children with complete informatiarere included in the analysis. Table 1 preserds th
173  general characteristics of the participants atlbeeselhe mean (S.D.) of age was 10.1 (0.9) yeads a

174  the mean BMI was 17.9 (3.3) kg7m48.5% of the participants were boys.

175 Regarding the rhinitis pattern, 1,260 (54.8%) stuslavere grouped into “never”, 798 (34.7%) were
176  “occasional’, 135 (5.9%) were “frequent”, and 10660Q0) were “persistent” rhinitis sufferers. No
177  significant difference was found between the bogd the girls in the distribution of the rhinitis

178  patternsf = 0.443).

179  The students had higher exposure to clean watgt (®ours/week), floor cleaners (1.30 hours/week),
180  kitchen cleaners (1.15 hours/week), and bathroaandrs (0.91 hours/week), but less exposure to
181 non-scented air fresheners (0.04 hours/week), ticgges (0.07 hours/week), and other chemical
182  cleaners (0.06 hours/week). The weekly exposuratidur is presented in Table E1 in the Online

183  Repository. No significant differences were obsdrisetween boys and girls (alivalues > 0.05).

184 The TCB score of each participant was calculatesedan the aforementioned formula. The median
185  (inter-quartile) of the TCB score was 3.86 (6.3duts/week for boys and 3.93 (6.18) hours/week for
186  girls. There was no significant difference betwbens and girlsg{ = 0.723). Therefore, the combined

187 data of boys and girls were used for data analysgire E1 in the Online Repository displayed the
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distribution of the TCB score for all students. d-igtudents had TCB score of more than 50

hours/week.

Four major factors were extracted and labeledeanahg product usage pattern I, 11, 1ll, and IV iflea
E2 in the Online Repository). Pattern | was chaméotd by a higher factor loading of
bathroom cleaners, floor cleaners, glass cleakigchen cleaners, tile cleaners, leather cleameudt;-
purpose cleaners, and non-chlorinated bleach;rpdttevas characterized by a higher factor loadihg
non-scented air fresheners and insecticides; paltewas characterized by a higher factor loadifig
sanitizers and scented air fresheners; and pditewas characterized by a higher factor loading of

clean water.

The relationships between rhinitis and the TCB s@re presented in Tables 2 and 3. Every 10-unit
increase of TCB score was associated with an iser@athe odds of occasional rhinitis (OR: 1.21,
95% CI: 1.05 - 1.41), frequent rhinitis (OR: 1.3%% CI: 1.13 - 1.60), and persistent rhinitis (OR:
1.12, 95% CI: 1.01 - 1.56) after adjustment forgotial confounders (Table 2). Compared to children
within the lowest tertile of the TCB score, the wdgd OR (95% CI) of occasional, frequent, and
persistent rhinitis in children within the highesttile was 1.29 (1.01 - 1.65), 1.97 (1.40 - 2.@6y
1.67 (1.10 -2.54), respectively (Table 3). Howewuan, significant associations were found when

comparing the middle tertile with the lowest tertithen adjusting for covariates.

To determine whether a single type of the cleapraglucts was responsible for any observed effect,
the analyses of the association between the TCi soul the rhinitis patterns were repeated 14 times
each time removing one of the product types from ghore. In all cases there was no significant
change in effect sizes. Sensitivity analysis wasdaoted by removing the five participants whose

TCB score was more than 50 hours/week and no ggnifchange was observed. We also conducted
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analysis in atopic and nonatopic students sepgratetl the results are presented in Tables E3 dnd E
in the Online Repository. Significant positive asations were observed in nonatopic students, but n

significant association was found in atopic student

The relationships between rhinitis and four usaggtepns of cleaning products are presented in Table
4 and 5. After adjusting for potential confoundeesgery 1-unit increase of pattern | score was
significantly associated with an increase in thdsodf occasional rhinitis (OR: 1.12, 95% CI: 1.01 -
1.24), frequent rhinitis (OR: 1.15, 95% CI: 1.01.30) and persistent rhinitis (OR: 1.03, 95% CQ11.

- 1.35); similar results were observed for pattéknbut not for patterns Il and IV (Table 4). When
TCB was categorized into tertile for analysis, $amiresults were observed after adjustment for

confounders (Table 5).

Because chlorinated bleach exposure was not takéregrinciple component in any patterns defined,
separated analysis was conducted and the reseltshawn in Table E5 in the Online Repository.
Compared to children within the lowest tertile obse of chlorinated bleach exposure, the adjusted O
(95% CI) of occasional, frequent, and persisteititis in children within the highest tertile waslé

(0.92 - 1.46), 1.29 (0.96 - 1.73) and 2.52 (1.33%66), respectively

Discussion

Despite the popular usage of household cleanindyats, there is a little information on their hbalt

effects in primary school children. To our knowledghis is the first study on the health effects of
household cleaning products in Asian children. Tésults from this large population-based study
indicate that frequent use of household cleanirafycts increases the risk of rhinitis in primary

school children, after controlling for a wide ranggotential confounding factors.
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We also examined whether a single type of chenpoadluct has dominant effects by repeating the
analysis 14 times, each time removing the chentigeden score of one type of the cleaning products.
No significant change was found in effect sizesicWisuggests that the health effects on rhinitiy ma

be synergic or due to the totadp®sure to all or several types of the cleaning pectsl

The PCFA method was applied in the present studgxtoact the usage pattern of the cleaning
products. The patterns defined by PCFA can refleet true exposure models of using cleaning
products. Pattern | represented the most commdarpatf using household cleaning products and it
was significantly associated with frequent/persistehinitis. It was expected that there was no
relationship between usage pattern IV and rhifi@sause pattern IV was characterized by a factor
loading of clean water. However, we did not obseragnificant relationship for the usage pattérn |
but a significant relationship for pattern Ill. VBpeculated that this phenomenon was possibly celate
to the exposure level of the chemical agents. Tinawative exposure time of sanitizers (0.60
hours/week) and scented air fresheners (0.32 heerek) was much larger than that of non-scented air
fresheners (0.04 hours/week) and insecticides (®Ours/week), which might explain why no
significant association was observed for patternnladdition to exposure level, the nature of the
chemicals of each pattern also matters. To askes®le of the chemicals in each pattern, we agust
for total pattern exposure level in the model. Bignificant associations remained for pattern Ut b
disappeared for pattern I. There were no changegdtierns Il and IV (data not shown). This
suggested that the chemicals in pattern Il mightniiore toxic or volatile and have higher adverse

impact on rhinitis.

Chlorinated bleach did not fall into any of the tpats but the usage was not uncommon (0.23

hours/week). Hence, we assessed the effects oé ugaghlorinated bleach separately. Our results are
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consistent with Casas’ study showing that cleahiegch has adverse respiratory health effect,tbut i

is contrary to Nickmilder's study showing proteetigffects-> 4

We found that TCB score was associated increaskafirhinitis in nonatopic students. This is imeli
with the results from the Avon Longitudinal StudfyRarents and Children, which show that higher
exposure to domestic chemicals during pregnancyrelated to persistent wheezing and lung function
abnormalities in children without atopyWe did not find a significant association in atoptudents.

This is possibly because the number of atopic siisdeas small in the present study.

Cleaning products consist of a number of chemicgiddients” It is has been concluded that some
ingredients, such as propylene glycol and glycbkeed, alkyl phenol ethoxylates, volatile organic
compounds, ethylene diamine tetra acetic acid, rtrdotriacetic acid , have harmful effects®
Although to date there are no published studieschvispecifically focus on the usage of cleaning
products and rhinitis in children, our results ardine with those which have reported the adverse
effects of cleaning products on various respiratoeglth outcomes, such as infection, wheezing, and

pulmonary functiof:**

The present study took into account a number ofrg@l confounding factors (including the
information collected in the questionnaire anddhiequality measurements in the school environment)
Other strengths include a relatively large popalatof children and 14 types of commonly used
cleaning products. In addition, we categorizedrtheitis patterns seasonally instead of monthlyd an
this may help to reduce misclassification. The dest/persistent patterns may minimize the
confounding effect of accidental stimulus and seabwariation because they have more serious
patterns and the persistent rhinitis pattern wdmel® as having rhinitis in four or more consecetiv

seasons. However, there are limitations. Firstkgept for the chlorinated bleach, our study cowd n
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identify specific chemical agents in the cleanimgducts. Secondly, the temporal relationship was
difficult to determine due to the cross-sectionatiadanalysis. Families might have used more clganin
agents because their children had rhinitis. Howewerdid not find a relationship between the usage
of clean water and rhinitis, suggesting that frequese of cleaning products might not due to having
rhinitis. It is also not appropriate to use cohdesign to study rhinitis because rhinitis can occu
repeatedly and it is difficult to determine the ensf rhinitis. Cohort study on the relationshigvibeen
cleaning product and other respiratory outcome nfpulary function development) may help to
determine the temporal relationship. Finally, tigeotive measurement of the chemical level would be
ideal but it is not practical in a study with agarsample size. Many previous epidemiology studies
have adopted a questionnaire for exposure infoomatollection, and this approach should not affect

our results.

In conclusion, our study indicates that the frequese of household cleaning products increases the
risk of rhinitis, especially of frequent rhinitisnd persistent rhinitis, which are the more serious
patterns of rhinitis. Because household cleaniraglyets are part of domestic life for most people,
their health effects are an important public healtbblem. More research is warranted to investigate
the effects of household cleaning products on warieespiratory health outcomes such as wheezing,
asthma, and pulmonary function. Our findings suptes it is necessary to develop healthier cleginin

products and we should advise people to prefencheder for cleaning their home environment.
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Table 1. General characteristics of the students ddaseline

Variables Value
Mean (S.D.)
Age, year 101(0.9)
BMI *, kg/n? 17.9 (3.3
Average size of house for each membé 13.2 (7.6
Concentration of PM2.5 in each school (m®), 1¢* 1.1(0.8)
N (%)

Gender, mal 1,114 (48.5
Present at home when cleaning products use 978(42.5
Atopic statu, yes 32€(14.2)
Windows opened during cleaning, 2,278 (99.1
Keeping a pet at home, \ 305 (13.3
Keeping a plant at home, \ 1,207 (52.5
Burning incense/mosquito coil at home, 760 (33.1
Home renovation, y 953(41.5
Passive smoking at home, 580 (25.2
Exercise per wes

Never/less than once per wi 337 (14.7

Onceor twice per wee 1,401 (60.9

At least three times per we 561 (24.4
Education of fathe

Primary school or lowe 305 (13.3

Secondary scha 1,626 (70.7

Tertiary school or abor 368 (16.0
Education of motht

Primary school or lowe 259 (11.3

Secondary scha 1,574 (68.5

Tertiary school or abo 466 (20.3

" BMI: body mass index, which is equal to weight/Inéig



Table 2. The relationship between rhinitis patternand total chemical burden score (Continuous)

N (%) Unadjustecmode ' Multivariable model™
OR (95% CI) p-value OR (95% ClI p-value
Never 1260 (54.8) 1.00 — 1.00 -
Occasion: 594 (25.8 1.26 (1.09, 1.4¢ 0.00z 1.21 (1.05, 1.4: 0.01:
Frequer 282 (12.3 1.46 (1.24, 1.7. < 0.00: 1.36 (1.13, 1.6( 0.001
Persister 163 (7.1 1.28 (1.07, 1.6« 0.03: 1.12 (1.01, 1.5¢ 0.037

" N (%): The Number (percentage) of the student @hegoup
T OR for a 10-unit increase in total chemical burdeore

* Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size oetfous
each member, concentration of PM2.5 in each scledoication of father, education of mother, wind@psn
when cleaning, passive smoking at home, keepingt atphome, keeping a plant at home, home renavatio
burning incense/mosquito coil at home, atopic stanud frequency of exercise.



Table 3. The relationship between rhinitis patternand total chemical burden score (Tertile category)

Rhinitis N Unadjustecmodel® Multivariable mode ™
TL T2 T3 T2vs. T T3vs. T T2vs. T T3vs. T
OR(95%CI p value OR(95%CI p value OR(95%CI  pvalue OR(95%CI  pvalue
Never 462 431 367 1.00 — 1.00 — 1.00 -- 1.00 --

Occasione 19z 194 207 1.08 (0.85, 1.3°  0.54( 1.35(1.06, 1.7: 0.01¢ 1.03(0.81,1.3: 0.811 129(1.C1,1.€5) 0.(45
Frequer 68 92 12z 1.45(1.03, 2.0« 0.03: 2.26 (1.63, 3.1: <0.00! 1.35(0.96,1.9: 0.08¢ 1.97(1.40, 2.76) <0.001]
Persister 44 48 71 1.17 (0.76, 1.8(  0.47¢ 2.03 (1.36, 3.0:  0.001 1.08(0.0,1.67 0.730 1.67(1.10, 2.54) 0.016

" N: The Number of the student in each group. Stusdametre divided into three categories accordindiotertiles of the total chemical burden (TCB)
scores (T1: Tertile 1; T2: tertile 2; T3: Tertilg Fhe cut-off points were 2.41 hours/week and 3idérs/week.

" Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size aiehion each member, concentration of PM2.5 in
each school, education of father, education of emtindows open when cleaning, passive smokirgate, keeping a pet at home, keeping a plant
at home, home renovation, burning incense/mosgqoilat home, atopic status and frequency of egerci

*P value for trend test in unadjusted model was 0.015081) < 0.001 for occasional, frequent and peststinitis, respectively.

$ P value for trend test in multivariable model was 0.04D,001, < 0.014 for occasional, frequent and ptst rhinitis, respectively.




Table 4. The relationship between rhinitis patternsand scores of cleaning productasagepatterns
(continuous)

Rhinitis N (%)’ Unadjusted modél Multivariable model™
OR (95% CI p-value OR (95% ClI p -value
Patten |
Nevel 1260 (54.8 1.0C 1.0C
Occasion: 594 (25.8 1.14 (1.04, 1.2¢ 0.00¢ 1.12 (1.01, 1.2 0.03¢
Frequer 282 (12.3 1.20 (1.06, 1.3! 0.00: 1.15(1.01, 1.3( 0.041
Persister 163 (7.1 1.11 (0.95, 1.3: 0.19: 1.03(1.01, 1.3¢ 0.047
Pattern |
Nevel 1260(54.8 1.0C 1.0C
Occasion: 594 (25.8 1.07 (0.97, 1.1¢ 0.19¢ 1.07 (0.95, 1.1¢ 0.29¢
Frequer 282 (12.3 0.75 (0.57, 0.9¢ 0.04: 0.80 (0.61, 1.0: 0.08¢t
Persister 163 (7.1 0.91 (0.68, 1.2: 0.52¢ 0.94 (0.73, 1.2: 0.57¢
Pattern Il
Nevel 1260 (54.8 1.0C 1.0C
Occasion: 594 (25.8 1.04 (0.93, 1.1¢ 0.46¢ 1.03(0.93, 1.1! 0.58:
Frequer 282 (12.3 1.27 (1.14, 1.4: <0.001 1.24 (1.11, 1.3¢ <0.001
Persister 163 (7.1 1.19 (1.04, 1.3t 0.01¢« 1.16 (1.02, 1.3! 0.C48
PatternlV
Nevel 1260 (54.8 1.0C 1.0C
Occasion: 594 (25.8 1.01 (0.91, 1.1: 0.907 0.99 (0.89, 1.0¢ 0.7¢€0
Frequer 282 (12.3 1.20 (0.95, 1.2« 0.00z 1.15 (0.97, 1.2¢ 0.123
Persister 163 (7.1 1.10 (0.94, 1.2¢ 0.25¢ 1.04 (0.88, 1.2: 0.661

"N (%): The Number of the student in each group
" OR for a 1-unit increase in pattern score

* Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size oftous
each member, concentration of P each school, education of father, education ofher, windows open
when cleaning, passive smoking at home, keepingt atphome, keeping a plant at home, home renavatio
burning incense/mosquito coil at home, atopic statud frequency of exercise.



Table 5. The relationship between rhinitis patternsand scores of cleaning products usage patterns (Ti&e category)

NT Unadjusted model Multivariable modef
T2vs. T: T3vs. T: Prend’ T2vs. T: T3vs. T: Prend’
T1 T2 T3 OR (95% CI) OR(95%CI) OR (95% CI) OR (95% CI)
Pattern
Never 456 426 378  1.00 1.00 — 1.00 1.00 —
Occasion: 192 18¢ 214  1.05(0.82, 1.3 1.34 (1.06, 1.7:" 0.01f 0.99(0.78,1.27  1.2€(0.99, 1.61 0.06¢
Frequer 70 99 11  1.51(1.0€2.11°  1.95(1.40,2.7(  <0.00: 1.3€(0.96, 1.92  1.62(1.15, 2.2¢" 0.00¢
Persister 48 52 62  1.14(0.75, 1.7: 1.53 (1.22,2.3"" 0.037 1.07(0.68, 1.58  1.21(1.01,2.1%) 0.03¢
Pattern |
Never 400 441 419  1.00 1.00 — 1.00 1.00 —
Occasion: 191 18S 214  0.90 (0.70, 1.1« 1.07 (0.84, 1.3¢ 0.5€0 0.92(0.73,1.0)  1.0¢(0.86, 1.3¢ 0.47¢
Frequer 124 79 79  0.58(0.42,0.8¢  0.61(051,1.00) 0.c61 0.6£(056,1.00 0.72(0.55, 1.C6) 0.103
Persister 51 57 55  1.01(0.68, 1.51 1.03 (0.69, 1.5 0.88¢ 1.15(0.76,1.74  1.04(0.68, 1.58 0.872
Pattern Il
Never 457 424 379  1.00 1.00 — 1.00 1.00 —
Occasion:  19C 19¢ 20€  1.12(0.88, 1.4 1.31 (1.03, 1.6¢" 0.02¢ 1.10(0.86, 1.4 1.27(0.99, 1.62 0.05¢
Frequer 77 87 11€  1.22(0.87, 1.7( 1.85 (1.34, 2.5 < 0.00: 1.12(0.79, 1.5¢  1.67(1.21, 2.33" 0.00:
Persister 42 57 64  1.46(0.96, 2.2 1.84 (1.22, 2.7¢" 0.00< 1.3¢(0.90, 2.14  1.6%(1.07, 2.10)" 0.02¢
Patten IV
Never 438 416 406  1.00 1.00 — 1.00 1.00 —
Occasion:  19¢ 21C 18€  1.12(0.88, 1.4 1.01 (0.80, 1.2¢ 0.89¢ 1.0€(0.85,1.38  0.97(0.76, 1.24 0.82¢
Frequer 85 80 117  0.99(0.71, 1.3¢ 1.48 0.89, 1.€3) 0.11( 1.01(0.71, 1.42  1.4<(0.9¢ 1.89) 0.122
Persister 45 60 58  1.40(0.93, 2.1 1.39 (0.92, 2.0) 0.11¢ 1.4£(0.95,2..0) 1.3£(0.87, 2.05 0.19¢

" <0.05"<0.01,” <0.001

" N: The Number of the student in each group. Stisderre divided into three categories accordintpéctertiles of pattern scores (T1: Tertile 1; T2:
tertile 2; T3: Tertile 3). Tertile 1 was taken he teference

* Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size oeHongach member, concentration of 2
each school, education of father, education of erpthindows open when cleaning, passive smokitgpate, keeping a pet at home, keeping a plant
at home, home renovation, burning incense/mosgoitat home, atopic status and frequency of egerci

8 P value for trend test.
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Table E1. Weekly exposure of the fourteen types of cleaning products and clean water

Total Boys Girls~ P value'
Bathroon cleanes 0.91 0.9C 0.92 0.891
Floor cleanes 1.1t 1.1¢ 1.14 0.98¢
Glass cleanss 0.22 0.22 0.2: 0.857
Kitcher cleanes 1.3C 1.32 1.2¢ 0.42:
Tile cleanes 0.2¢ 0.31 0.27 0.48¢
Leather cleanss 0.11 0.11 0.11 0.30¢
Multi-purposes cleans 0.4¢ 0.4¢ 0.4¢ 0.16¢
Non-chlorinated bleac 0.3¢ 0.3¢ 0.3¢ 0.911
Chlorinated bleac 0.2 0.21 0.2t 0.651
Sanitizer 0.6(¢ 0.5¢ 0.64 0.19(C
Scented air freshen 0.32 0.27 0.3¢ 0.09:
Non-scented air freshen: 0.0< 0.0z 0.0¢ 0.211
Insecticide 0.07 0.0¢ 0.0¢ 0.20(¢
Otherchemical cleans 0.0¢ 0.0 0.0¢ 0.241
Clean wate 2.51 2.5¢ 2.4t 0.89¢

" Weekly exposure duration of each type of cleapimgiuct, hours/week
"' P value for Wilcoxon rank-sum test between boysgirnd were all > 0.05



Table E2. Rotated loading for the major factorsvia principle component factor analysis i

Patternl Patternll Patternlll PatternlV
Bathroon cleaner 0.7¢ 0.1t 0.0¢ 0.0¢
Floor cleaner 0.7¢ -0.1C 0.2 -0.17
Glass cleane 0.6z 0.4z -0.0t -0.0t
Kitcher cleaner 0.6¢ 0.04 0.1¢ 0.1z
Tile cleaner 0.6¢ 0.1C -0.04 0.0c
Leather cleane 0.5¢ 0.41 -0.04 -0.0¢
Multi-purposes cleane 0.5C 0.1¢ 0.3C 0.2C
Non-chlorinated bleac 0.57 -0.0t 0.0c 0.1¢€
Chlorinated bleac 0.3¢ 0.4« 0.2¢ 0.07
Sanitizer 0.2¢ 0.0¢ 0.6¢ 0.0
Scented air freshen 0.0z -0.0¢ 0.6: 0.0¢
Non-scented air freshen 0.01 0.7t 0.01 0.0¢
Insecticide 0.1C 0.7¢ 0.0z -0.01
Otheichemical cleaner -0.0¢ 0.3¢ 0.4z -0.1¢
Clean wate 0.0¢ 0.0t 0.0z 0.9¢
Proportion vaiance 0.2: 0.1z 0.0¢ 0.07
Cumulative viriance 0.2 0.3t 0.4¢ 0.51
Proportion explaines 0.4¢ 0.2t 0.17 0.1¢
Cumulative proportio 0.4¢ 0.7C 0.8¢ 1.0C

" Factor loadings of equal to or more than 0.50 weeedominant components. Kaiser—-Meyer—Olkin factor
adequacy was 0.867 (> 0.5 regards as acceptabla)ye for Bartlett’s test of sphericity was lekart 0.001
(< 0.001 as accept).



Table E3. Thereationship between rhinitis pattern and total chemical burden scorein stratified analysis
(Continuous)

N (%) Unadjuste model Multivariable model™
OR (95% CI)' p-value OR (95% CI ™ p-value

Atopic status, N (N=1973

Never 1144 (58) 1.00 - 1.00 —

Occasion: 504 (25.5) 1.2£(1.06, 1.4€ 0.00¢ 1.21(1.03, 1.43 0.021

Frequer 211 (10.7)  1.52(1.26, 1.85 < 0.00: 1.42(1.17, 1.74 0.001

Persister 114 (5.8)  1.3€(1.05, 1.77 0.01¢ 1.19 (%02, 1.69) 0.02:
Atopic status, Ye (N = 326

Never 116 (35.6) 1.00 - 1.00 -

Occasion: 90 (27.6) 1.20(0.87, 1.67 0.26: 1.17(0.84, 1.62 0.3€0

Frequer 71(21.8)  1.17(0.83, 1.6€ 0.37¢ 1.11(0.78, 1.10) 0.557

Persister 49 (15) 0.9£(0.58, 1.52 0.807 0.91(0.53, 1.54 0.71¢

"N (%): The Number (percentage) of the student @hegoup

" Odds ratio for a 10-unit increase in total chemimaiden score

¥ Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size okHous
each member, concentration of PM2.5 in each scledoication of father, education of mother, wind@psn
when cleaning, passive smoking at home, keepingt atphome, keeping a plant at home, home renavatio
burning incense/mosquito coil at home and frequafia@xercise.



Table E4. Thereationship between rhinitis pattern and total chemical burden scorein stratified analysis
(Tertile category)

N T2vs. T:7 T3vs. T:T Puend *
T1 T2 T3 OR (95% ClI p value OR (95% ClI p value
Atopic status, N (N=1973
Nevel 412z 391 341 1.0C -- 1.0C -- -
Occasion: 16¢ 1632 172 0.97(0.74,1.26  0.80: 1.1€(0.911.54 0.21¢ 0.22¢
Frequer 50 70 91 1.37(0.92,2.03  0.12¢ 1.91(1.30, 2.€0) 0.001  0.001
Persister 30 31 53 0.9£(0.56,1.61  0.83¢ 1.6€(1.04 2.74  0.03t 0.02¢
Atopic status, Ye (N = 326
Nevel 49 33 34 1.0 -- 1.0C -- -
Occasion: 24 32 34 2.0€(1.01,4.34 0.04% 1.9¢(0.984.05 0.05¢ 0.05Z
Frequer 21 24 26 1.87(0.86,4.08  0.11¢ 1.70(0.79 3.63  0.17¢  0.15¢
Persister 15 19 15 1.92(0.81,4.58 0.14] 1.31(0.54 3.20) 0.54¢  0.50¢

" N: The Number of the student in each group. Studeet® wivided into three categories according to the

tertiles of the total chemical burden (TCB) scdiEk. Tertile 1; T2: tertile 2; T3: Tertile 3).

" Adjustment for age, body mass index (BMI), gengeesent at home when cleaning, average size oeHous
each member, concentration of PM2.5 in each scledoication of father, education of mother, wind@psn

when cleaning, passive smoking at home, keepingt atphome, keeping a plant at home, home renavatio

burning incense/mosquito coil at home and frequeri@xercise.
* P value for trend test by calculating the Wald statistios)uding tertile as a continuous variable in thedel.



Table E5. Therelationship between rhinitis patternsand chlorinated bleach exposure

N Unadjuste mode * Multivariable model™
T1 T2 T3 T2vs. T: T3vs. T: T2vs. T: T3vs. T:
OR(95%CI p value OR(95%CI p value OR(95%CI  pvalue OR(95%CI  pvalue
Nevel 77z 157 331 1.0C - 1.0C -- 1.0C - 1.0C --
Occasion: 331 92 171 1.36 (1.02,1.8: 0.03¢ 1.20(0.96, 1.5. 0.10¢ 1.33(2.0C,1.79° 0.05: 1.16(0.921.46, 0.207

0.96(0.621.47 0.84f 1.29(0.9€1.73  0.09:

Frequer 156 31 95  0.98(0.64,1.4¢ 0.917 1.42(1.07,1.8¢ 0.01¢
2.52(1.723.66, <0.00]

Persister 61 3C 72 2.42 (1.51, 3.8¢ <0.001 2.75(1.91, 3.9¢ <0.001 2.32(1.433.77.  0.001]
“N: The Number of the student in each group. Stisdeetre divided into three categories accordingpéatértiles of pattern scores (T1: Tertile 1; T2:

tertile 2; T3: Tertile 3). The cut-off points webed1 hours/week and 0.2thours/week.
" Adjustment for age, body mass index (BMI), gengezsent at home when cleaning, average size oeHongach member, concentration of R
each school, education of father, education of erpthindows open when cleaning, passive smokitgpate, keeping a pet at home, keeping a plant

at home, home renovation, burning incense/mosguoitat home, atopic statasd frequency of exercise.
*P value for trend test in unadjusted model was 0.062@).00.001 for occasional, frequent and persistenitis, respectively.
8 P value for trend test in multivariable model was 0.139,05, < 0.001 for occasional, frequent and pensishinitis, respectively.
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Figure E1. Histogram of total chemical burden (TCB) score
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