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During 2010–2012, we conducted an observational study on household environment and health outcomes
among 40,010 preschool children from seven cities of China. Here we examined associations of six dampnessrelated indicators (visible mold spots, visible damp stains, damp clothing and/or bedding, water damage,
condensation on windowpane, moldy odor) in the current residence and three dampness-related indicators
(visible mold spots, condensation on windowpane, moldy odor) in the early residence with childhood asthma
and rhinitis. In the multi-level logistic regression analyses, visible mold spots and visible damp stains in the
current residence were signiﬁcantly associated with the increased odds of doctor-diagnosed asthma and allergic
rhinitis during lifetime-ever (adjusted odd ratios (AORs) range: 1.18–1.35). All dampness-related indicators were
signiﬁcantly associated with increased odds of wheeze and rhinitis during lifetime-ever and in the past
12 months (AORs range: 1.16–2.64). The cumulative numbers of damp indicators had positively dose-response
relationships with the increased odds of the studied diseases. These associations for wheeze and rhinitis were
similar between northern children and southern children. Similar results were found in the sensitive analyses
among children without a family history of allergies and among children without asthma and allergic rhinitis.
For 3–6 years-old children in mainland of China in 2011, we speculated that about 90,000 (2.02%) children with
asthma and about 59,000 (1.09%) children with allergic rhinitis could be attributable to exposing to visible mold
spots in the current residence. Our results suggested that early and lifetime exposures to household dampness
indicators are risk factors for childhood asthma and rhinitis.
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1. Introduction
Asthma and rhinitis are common pediatric diseases and their prevalences have rapidly increased in the past years in the developing
countries (Asher et al., 2006; Yangzong et al., 2012; Zhang et al., 2013;
Zhao et al., 2010; Huang et al., 2015). In China, prevalence of asthma in

3–6-year-olds preschool children has increased from 1.7% in 1990 to
9.8% in 2011 (Zhang et al., 2013). The prevalence of allergic rhinitis
among children 13–14-year-olds in Guangzhou and Beijing has increased from 2.9% and 6.0% in 1994 to 11.0% and 20.0% in 2009,
respectively (Asher et al., 2006; Zhao et al., 2010). As the time for the
increases in prevalences of these diseases are short, and genes have not
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2. Materials and methods

changed, changed environmental exposures should be responsible for
these increases (Greiner et al., 2011; Martinez and Vercelli, 2013; Papi
et al., 2018). Numerous studies have showed that pediatric asthma and
rhinitis were associated with environmental exposures, especially those
exposures in the homes where children spent > 80% of their lifetime
(Papi et al., 2018; von Mutius, 2002; Turner, 2012; Reynolds and
Finlay, 2017; Kim et al., 2013; Liu et al., 2014; Laborde et al., 2015;
Heinrich, 2011; Wang et al., 2016; Brunekreef and Holgate, 2002; Fan
et al., 2017; Sundell, 2017; Diette et al., 2007).
Household dampness, which were commonly showed by visible
mold spots, visible damp stains, water damage, condensation on windowpane, and mold odor, and have been suggested to be signiﬁcantly
associated with pediatric asthma and rhinitis in many developed and
developing countries (Bornehag et al., 2004a, 2004b, 2005, 2011; Hu
et al., 2014; Mendell et al., 2011, 2018; Fisk et al., 2007;
Gunnbjörnsdottir et al., 2003; Jaakkola et al., 2005, 2013; Peat et al.,
1998; Quansah et al., 2012; Tischer et al., 2011; Wang et al., 2013; Sun
and Sundell, 2013; Shorter et al., 2018; Choi et al., 2014; Tham et al.,
2007). However, it is still not clear that whether a causal relationship
exist between household dampness and childhood asthma and rhinitis
(Bornehag et al., 2011; Mendell et al., 2018). Some studies also suggest
that such associations could be confounded by the parents-reported bias
in cross-sectional studies or retrospective cohort studies by using selfadministered questionnaire (Sun et al., 2009; Sun and Sundell, 2013;
Larsson et al., 2011; Naydenov et al., 2008). Speciﬁcally, Bornehag
et al. conducted a study of Dampness in Buildings and Health (DBH)
and tried to ﬁnd that what “dampness” is causative for asthma and
allergies in Sweden (Naydenov et al., 2008; Hägerhed-Engman et al.,
2009). The conclusion was that “dampness” was strongly associated
with the reported health outcomes in the questionnaire studies, but the
association disappeared in the follow up-studies. Several studies have
reported that household dampness were signiﬁcantly associated with
the increased odds of childhood asthma and allergies in China (Liu
et al., 2014; Sun and Sundell, 2013; Sun et al., 2018; Li et al., 2014).
The same analyses from diﬀerent cities involved in the China, Children,
Homes, Health (CCHH) study also had the similar ﬁndings (Wang et al.,
2013, 2014, 2015a, 2015b, 2016; Hu et al., 2014; Deng et al., 2016;
Qian et al., 2016; Zhao et al., 2013; Lin et al., 2015; Norbäck et al.,
2018; Zhang et al., 2018a, 2018b). However, these ﬁndings in China
were mostly based on the study that were done in one city or in a
speciﬁc climate area. None study compared associations of household
dampness with childhood asthma and allergies in diﬀerent climate
areas.
In the present study, we merged data from seven cities involved in
the CCHH study and analyzed the associations and dose-response relationships of household dampness-related exposures in diﬀerent lifetime durations and the increased odds of childhood asthma and rhinitis
in diﬀerent climate areas of China. The seven cities could be divided
into two typical groups according to their ambient climates: (i) hotmoist in summer and cold-moist in winter (southern cities: Shanghai,
Nanjing, Changsha, and Chongqing); (ii) hot-dry in summer and colddry in winter (northern cities: Urumqi, Taiyuan, and Beijing) (Fig. 1).
We hypothesized that household dampness-related exposures could
have signiﬁcant associations and dose-response relationships with the
increased odds of childhood asthma and allergies, and that these associations could be diﬀerent among children with dampness-related
exposures in diﬀerent lifetime durations and among children from
diﬀerent climate areas. Besides, to the best knowledge, none studies
quantitatively estimated burdens of asthma and rhinitis attributable to
household dampness-related exposures, we also estimated population
attributable fractions and numbers of children with the studied diseases
due to the representative dampness-related exposures.

2.1. Study design and subjects
This study is a part of the China, Children, Homes, Health (CCHH)
study, which was conducted in China involving seven large cities from
October 2010 to April 2012 (Fig. 1). Based on the parent-administered
data, the main purpose of the CCHH study is to explore the associations
of household environment with lifetime-ever (from the child's birth to
the survey) and current (in the last year before the survey) asthma and
rhinitis in preschool children. In each city, we used a standard questionnaire that was validated by a pilot study in Chongqing, China
(Zhang et al., 2013). Herein questions for pediatric asthma, allergies,
and related symptoms were modiﬁed from the International Study on
Asthma and Allergies in Childhood (ISAAC) (Asher et al., 1995).
Questions for home characteristics, family life habits, and indoor environment were updated from the study of Dampness in Building and
Health (DBH) in Sweden (Bornehag et al., 2004a) with consideration of
the speciﬁc life habits and building characteristics in China. The study
and procedure were approved by the Ethical Committee in the School of
Public Health, Fudan University (International Registered Number:
IRB00002408&FWA00002399). We obtained the consent from all involved parents or legal guardians of the studied children before the
survey.
A multistage cluster sampling method was used to select the surveyed kindergartens. First, we coded all districts in each city and randomly selected 4–6 districts by lottery. Second, we coded all kindergartens in each selected district and randomly selected 10–15
kindergartens by lottery. We determined the total numbers of the selected districts and kindergartens according to the population size in
each city. We excluded those kindergartens in the rural areas that far
from the urban center because the CCHH study focused on urban/
suburban household environment. All children from the selected kindergartens were invited to participate in the survey. A total of > 200
kindergartens and 59,337 children were surveyed and 42,666 questionnaires were responded (response rate: 71.9%). In the present study,
data from 40,010 children 3–6 years-old were selected (Fig. 1). Data
from 1784 children in other ages were excluded because of the small
sample sizes and data from 872 children were excluded for that children missed information on age. For analyses with respect to both
current (during the survey) residences and current health outcomes, all
40,010 children were included as the basic database for the descriptive
and regression analyses. For analyses regarding either early residences
or lifetime-ever health outcomes, we selected 24,503 children (64.8%
of the 40,010 children) who lived in the same residences since birth as
the basic database for the regression analyses, to avoid the inﬂuence of
residence changing on the studied associations. Regarding to the valid
one child policy during our questionnaire survey, and most families
only had one child.
2.2. Household dampness-related exposures
In this study, we analyzed dampness-related indicators in the early
and current residences. Herein, indicators for the current residence
included visible mold spots, visible damp stains, damp clothing and/or
bedding, water damage, condensation on windowpanes in winter, and
mold odor; indicators for the early residence included visible mold
spots, condensation on windowpanes in winter, and mold odor.
Questions for these dampness-related indicators were presented in the
supplemental Table S1. These questions were derived from those of the
DBH study in Sweden (Bornehag et al., 2004a). These questions also
used in the similar studies in the Texas study of America (Sun et al.,
2013) and in the Tianjin, China (Sun and Sundell, 2013). These studies
have conﬁrmed that the indicators can reﬂect household dampnessrelated exposures. Besides, the validity of these questions had been
validated thorough the comparison of the reported indicators in the
736

Environment International 126 (2019) 735–746

J. Cai, et al.

Fig. 1. Location distributions and sample sizes (N) of the seven cities that participated in the study (Green: Northern cities; Blue: Southern cities). (For interpretation
of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

the child's sex (girls vs. boys) and age (3-year-olds vs. 4-year-olds vs. 5year-olds vs. 6-year-olds), residence-located area (urban vs. suburban/
rural district), residence ownership (owner vs. renter), family history of
allergic diseases (yes vs. no), duration of breastfeeding (≤6 vs. > 6
months), household renovation during the early lifetime (yes vs. no),
and indoor environmental tobacco smoke (ETS, yes vs. no). Herein, if a
child's father, mother, grandparents, or siblings had asthma or other
allergic problems, we considered that the child had family history of
allergic diseases. If a child's residence was renovated within one year
before pregnancy, during pregnancy, during 0–1-year-old, or after 1year-old, we considered that the child had household renovation during
early lifetime. Questions for these covariates were presented in the
Supplemental Table S3.

cross-sectional survey and on-site inspection in Shanghai, China (Cai
et al., 2016). We deﬁned that child had the dampness-related exposure
if a “yes” answer was responded to the corresponding question. To
show the dose-response relationships between home dampness exposures and the studied diseases, we cumulated the numbers (n) of
household dampness-related indicators in the early residence (range:
n = 0–3) and in the current residence (range: n = 0–6). Besides, if both
the early and current residences had any dampness-related indicators,
we deﬁned that these children had “both early and current” dampnessrelated exposures. The same deﬁnitions were applied to “never”, “only
early”, and “only current” dampness-related exposures.
2.3. Health outcomes
We analyzed six health outcomes regarding childhood asthma and
rhinitis. The deﬁnitions of these outcomes were as follows: (1) lifetimeever asthma: child ever had doctor-diagnosed asthma from the child's
birth to the survey; (2) lifetime-ever wheeze: child ever had chest
wheezing or whistling symptom from the child's birth to the survey; (3)
lifetime-ever allergic rhinitis: child ever had doctor-diagnosed allergic
rhinitis from the child's birth to the survey; (4) lifetime-ever rhinitis:
child ever had a problem about sneezing, or a runny, or a stuﬀy nose
without a cold or the ﬂu from the child's birth to the survey; (5) past
12 months wheeze: child ever had chest wheezing or whistling
symptom in the past year before the survey; (6) past 12 months rhinitis:
child ever had sneezing, or a runny nose or a stuﬀy nose without a cold
or chest infection in the past year before the survey. We have presented
questions for these health outcomes in the supplemental Table S2. We
deﬁned that child had the outcome if a “yes” answer was responded to
the corresponding question.

2.5. Statistical methods
Both STATA 11.0 (STATA Corp., Texas, USA) and SPSS 20.0 (IBM
Ltd., USA) were applied to conduct the statistical analyses. In the speciﬁc analysis, we selected the children with complete data for all required variables in the analysis. Because some information on diﬀerent
items was missed, the total numbers of children in the subgroups could
be not equal to the total sample sizes. Pearson's chi-square test was
applied to compare the prevalence diﬀerences of the studied pediatric
diseases in the diﬀerent subgroups, stratiﬁed by covariates and household dampness-related exposures. For association analyses, two-level
(city and child) logistic regression models were used to investigate the
adjusted associations and dose-response relationships among household
dampness-related exposures and asthma, wheeze, allergic rhinitis, and
rhinitis symptoms. Adjusted odd ratios (AORs) with 95% conﬁdence
intervals (CIs) were used to show the target associations. A two-tailed pvalue < 0.05 was considered as statistical signiﬁcance for all statistical
analyses.
We conducted a sub-analysis, with stratifying children from the
southern cities (Chongqing, Changsha, Nanjing, and Shanghai) and
northern cities (Urumqi, Taiyuan, and Beijing) of China, and investigated the dose-response relationships between household dampness and asthma, wheeze, allergic rhinitis, and rhinitis among southern
and northern children. Through these analyses, we explored diﬀerences
in the target associations between southern cities and northern cities of

2.4. Covariates
According to the published articles from the CCHH study (Wang
et al., 2016; Deng et al., 2016; Qian et al., 2016; Liu et al., 2013; Zhang
et al., 2018a, 2018b; Norbäck et al., 2018) and other existed literature
(von Mutius, 2002; Turner, 2012; Bornehag et al., 2005; Mendell et al.,
2018; Jaakkola et al., 2013; Choi et al., 2014), we considered the following factors as covariates in the present study. These factors included
737
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China.
Furthermore, some studies reported that parents with family history
of allergy and whose children were diagnosed asthma or allergic rhinitis may subjectively tend to reporting more household dampness-related problems than others (Hu et al., 2014; Larsson et al., 2011;
Hägerhed-Engman et al., 2009). To reduce impact of the potential reported bias on the target associations, we also conducted sensitive
analyses among children without family history of allergic diseases and
among children without both diagnosed asthma and allergic rhinitis.
Besides, our previous analyses have shown that these dampnessrelated exposures had statistically signiﬁcant correlation among all
surveyed children (Table S4, correlation coeﬃcient r: 0.074–0.558),
and among children without changing residences since birth (Table S5,
correlation coeﬃcient r: 0.057–0.561). Herein, the largest correlation
coeﬃcient (0.561) appeared between visible mold spots and visible
damp stains in the current residence among children without changing
residences since birth (Table S5). Therefore, in the present study,
among the studied diseases that had signiﬁcant associations with
household visible mold spots, we estimated their burdens attributable
to household visible mold spots, to represent the impact of household
dampness-related exposure on these diseases. Due to potential misclassiﬁcation, ORs that we calculated in the logistic regression analyses
could overestimate the actual relative risks (RRs) and population attributable fractions (PAFs) of household visible mold spots for the
studied diseases. We estimated RR and PAF with using OR by the following equations (Ezzati et al., 2004):

RR =

f=

OR
(1−Prevalence) + Prevalence×OR

Ne
N

f × (RR − 1)
PAF =
1 + f × (RR − 1)

Table 1
Demographic information, covariates, and disease prevalences for all surveyed
children.

(1)

(2)

(3)

Herein, Ne is the number of children who were exposed to household visible mold spots. N is the total number of the surveyed children.
Then the numbers (n) of infants with the studied diseases due to
household visible mold spots were estimated by the following equation:

n = PAF × Prevalence × Ninfants

(4)

Herein, Ninfants is the national total number of children aged 3–6years-old in mainland of China in 2011 (the year when most children
were surveyed in this study), and is about 591,040,000 according to the
China Statistical Yearbook (The National Bureau of Statistics of the
People's Republic of China, 2012). By the same equations, we used 95%
CIs of ORs to estimate the corresponding 95% CIs of the infant numbers
(n) with the studied diseases due to household visible mold spots.

Items

Proportion or prevalence, n (%)

Total

40,010 (100.0)

Sex
Boys
Girls

20,684 (51.9)
19,176 (48.1)

Age
3-year-olds
4-year-olds
5-year-olds
6-year-olds

7079 (17.7)
14,041 (35.1)
12,352 (30.9)
6526 (16.3)

Residence-located area
Urban district
Suburban/rural district

29,432 (75.9)
9349 (24.1)

Family history of allergic diseases
Yes
No

7725 (20.0)
30,866 (80.0)

Residence ownership
Owner
Renter

24,838 (64.2)
13,866 (35.8)

Breastfeeding duration
≤6 months
> 6 months

18,847 (48.3)
20,192 (51.7)

Household environmental tobacco smoke
Yes
No

22,295 (58.9)
15,581 (41.1)

Household renovation during early lifetime
Yes
No

12,993 (32.5)
27,017 (67.5)

Doctor-diagnosed asthma during lifetime-ever
Yes
No

2942 (7.5)
36,068 (92.5)

Wheeze during lifetime-ever
Yes
No

10,532 (27.1)
28,355 (72.9)

Doctor-diagnosed allergic rhinitis during lifetime-ever
Yes
No

3471 (9.0)
35,084 (91.0)

Rhinitis during lifetime-ever
Yes
No

21,346 (54.9)
17,505 (45.1)

Wheeze in the last year before survey
Yes
No

7847 (20.1)
31,150 (79.9)

Rhinitis in the last year before survey
Yes
No

16,018 (41.2)
22,847 (58.8)

3. Results

3.2. Prevalences of the studied diseases

3.1. Demographic information

Among all surveyed children, 7.5%, 27.1%, 9.0%, and 54.9% children were reported lifetime-ever asthma, wheeze, allergic rhinitis, and
rhinitis, respectively. A total of 20.1% and 41.2% children were respectively reported wheeze and rhinitis in the last year before the
survey (Table 1). Prevalences of these diseases were similar among all
surveyed children without changing residence since birth (Table S6).
From the Pearson's chi-square test (Table S7 and Table S8), we found
that prevalences of these diseases were signiﬁcantly higher among
boys, children with family history of allergic diseases, children from
families who had the ownership of the current residences, children
breastfed ≤6 months, and children from families who renovated the
residences during early lifetime. Children in 6 years old showed the
highest prevalence of lifetime-ever asthma, allergic rhinitis, rhinitis,
whereas children in 3 years old had the highest prevalence of past

Among 40,010 children (Table 1), 51.9% children were boys and
75.9% children lived in the urban district; 35.1% and 30.9% children
were 4 years old and 5 years old, respectively. Herein 20.0% children
had family history of allergic diseases and 48.3% children were
breastfed ≤6 months; 64.2% children's families owned the current residences; 58.9% children had ETS exposure and 32.5% children had
household renovation during early lifetime. Among 24,503 children
(Table S6) without changing residence since birth, 78.2% children lived
in the urban district, 68.5% children's families owned the current residences, and 29.3% children had household renovation during early
lifetime. The proportions of other items among children without
changing residence since birth were similar with all surveyed 40,010
children (Tables 1 and S6).
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3.4. Associations of household dampness with the studied diseases

Table 2
Status of damp exposures in the current and early residences for all surveyed
children.
Items
1. Dampness-related indicators in the current residence
(1) Visible mold spots
Yes
No
(2) Visible damp stains
Yes
No
(3) Damp clothing and/or bedding
Yes, frequently
Yes, sometimes
No, never
(4) Water damage
Yes, in the past year
Yes, before the past year
No, never
(5) Condensation on windowpane in winter
Yes, > 25 cm
Yes, 5–25 cm
Yes, < 5 cm
No, never
(6) Moldy odor
Yes, frequently
Yes, sometimes
No, never
2. Dampness-related indicators in the early residence
(1) Visible mold spots
Yes, frequently
Yes, sometimes
No, never
(2) Condensation on windowpane in winter
Yes, frequently
Yes, sometimes
No, never
(3) Moldy odor
Yes, frequently
Yes, sometimes
No, never

In the Pearson's chi-square test (Table S10), children in any dampness-related exposure had signiﬁcantly higher prevalences of all studied
diseases than children without the dampness-related exposure, and all
p-values in the Pearson's chi-square test for the prevalence diﬀerences
were smaller than 0.001. Compared to children who sometimes exposed
to the damp indicators, children frequently exposed to the damp indicators generally had higher prevalences of the studied diseases.
In the multi-level logistic regression analyses (Table 3), exposures to
visible mold spots, visible damp stains, and damp clothing and/or
bedding were signiﬁcantly associated with the increased odds of lifetime-ever asthma (AOR range: 1.15–1.40). The increased odds of lifetime-ever asthma also were signiﬁcantly associated with water damage
in the current residence before the past year, condensation on windowpane in winter > 25 cm, sometimes exposed to moldy odor in the
current residence and in the early residence, sometimes exposed to
visible mold spots in the early residence, and frequently found condensation on windowpane in winter in the early residences (AOR range:
1.20–1.44). Visible mold spots, visible damp stains, condensation on
windowpane in winter in the current and early residences were signiﬁcantly associated with the increased odds of allergic rhinitis during
lifetime-ever (AOR range: 1.18–1.46). Frequently exposed to damp
clothing and/or bedding, water damage in the current residence before
the past year, frequently exposed to moldy odor in the current residence, and sometimes exposed to visible mold spots in the early residence were signiﬁcantly associated with the increased odds of allergic
rhinitis during lifetime-ever (AOR range: 1.15–1.73). Besides, all studied dampness exposures had signiﬁcant associations with the increased odds of lifetime-ever and current wheeze and rhinitis (AOR
range: 1.16–2.64). Compared to children with sometimes exposing to
the studied damp indicators, children with frequently exposing to the
studied damp indicators also had higher odds of wheeze and rhinitis
during lifetime-ever and in the last year before the survey.
The cumulative numbers of damp exposures in the current residence
had signiﬁcant and positive dose-response relationships with the increased odds of all studied diseases except for lifetime-ever asthma
(Fig. 2 and Table S11). The cumulative numbers of damp exposures in
the early residence also had signiﬁcantly dose-response relationships
with the increased odds of all studied diseases. Compared to children
who only had early household dampness-related exposures or only had
current household dampness-related exposures, childhood who had
dampness exposures in both early and current residences had higher
odds of the studied diseases.

Sample size, n (%)

2410 (6.4)
35,332 (93.6)
4346 (11.4)
33,701 (88.6)
849 (2.2)
11,554 (30.0)
26,174 (67.8)
2568 (6.7)
2849 (7.5)
32,669 (85.8)
2195 (6.9)
4994 (15.8)
8470 (26.7)
16,031 (50.6)
247 (0.7)
3383 (9.3)
32,674 (90.0)

589 (1.5)
4656 (12.0)
33,445 (86.4)
3667 (9.5)
15,726 (40.8)
19,137 (49.7)
181 (0.5)
2834 (7.7)
33,598 (91.8)

12 months wheeze and rhinitis. Urban children indicated signiﬁcantly
higher prevalence of asthma, allergic rhinitis, and rhinitis than suburban/rural children did. Compared to children without ETS exposure,
children with ETS exposure had signiﬁcant higher prevalences of
wheeze and rhinitis.

3.3. Status of the household dampness-related exposures

3.5. Sensitive analyses of the studied associations

For household dampness in the current residence among all surveyed children (Table 2), 6.4% and 11.4% children respectively exposed to visible mold spots and visible damp stains. A total of 2.2% and
30.0% children reported frequently and sometimes damp clothing and/
or bedding, respectively. A total of 6.7% and 7.5% children reported
water damage in the residence in the past year before survey and before
the past year respectively. A total of 6.9% and 15.8% children respectively had > 25 cm and 5–25 cm condensation on windowpane in
winter. A total of 0.7% and 9.3% children respectively exposed to frequently and sometimes moldy odor. For household dampness in the
early residence among all surveyed children (Table 2), 1.5% and 12.0%
exposed to visible mold spots frequently and sometimes, respectively. A
total of 9.5% and 40.8% children exposed to condensation on windowpane in winter frequently and sometimes, respectively. A total of
0.5% and 7.7% children exposed to moldy odor frequently and sometimes, respectively. The proportions of children with diﬀerent dampness-related exposures among children without changing residence
since birth (Table S9) were also similar with all surveyed children.

In the sensitive analysis among children without family history of
allergic diseases (Fig. 3 and Table S12), about half of the associations
between household dampness indicators and doctor-diagnosed asthma
and allergic rhinitis were signiﬁcant (AOR range: 1.25–2.19). Most of
the studied associations regarding to wheeze during lifetime and in the
past 12 months were signiﬁcant (AOR range: 1.24–2.97). All of the
studied associations regarding to rhinitis during lifetime and in the past
12 months were signiﬁcant (AOR range: 1.18–2.91). Besides, the doseresponse relationships between the cumulative numbers of damp indicators in the current or early residence and all studied diseases (except for asthma) were signiﬁcant (Fig. 3).
In the sensitive analysis among children without doctor-diagnosed
asthma and allergic rhinitis (Fig. 4 and Table S13), except for associations of frequently exposure to visible mold spots with wheeze during
lifetime-ever and in the past 12 months, all analyzed associations between household dampness-related indicators and the increased odds of
wheeze and rhinitis during lifetime-ever and in the past 12 months were
signiﬁcant (AOR range: 1.13–3.29). All dose-response relationships
between the cumulative numbers of damp exposures in the current or
739
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1.41, 0.96–2.06 (0.080)
1.17, 1.02–1.35 (0.028)
1.41, 1.20–1.65 (< 0.001)
1.15, 1.04–1.28 (0.009)
1.79, 0.98–3.26 (0.058)
1.09, 0.90–1.32 (0.377)

1.32, 1.01–1.71 (0.039)
1.59, 1.45–1.74 (< 0.001)
1.64, 1.47–1.83 (< 0.001)
1.32, 1.23–1.41 (< 0.001)
2.64, 1.67–4.17 (< 0.001)
1.74, 1.55–1.95 (< 0.001)

2.23, 1.33–3.73 (0.002)
1.71, 1.52–1.92 (< 0.001)

1.50, 1.35–1.66 (< 0.001)
1.24, 1.17–1.31 (< 0.001)

1.69, 1.31–2.19 (< 0.001)
1.50, 1.37–1.64 (< 0.001)

1.93, 1.32–2.82 (0.001)
1.61, 1.45–1.78 (< 0.001)

1.35, 1.19–1.53 (< 0.001)
1.18, 1.08–1.29 (< 0.001)
1.22, 1.13–1.31 (< 0.001)

1.38, 1.23–1.55 (< 0.001)
1.33, 1.19–1.47 (< 0.001)

1.66, 1.36–2.03 (< 0.001)
1.36, 1.28–1.45 (< 0.001)

1.50, 1.37–1.64 (< 0.001)

1.42, 1.27–1.59 (< 0.001)

2.58, 1.63–4.10 (< 0.001)
1.90, 1.68–2.14 (< 0.001)

1.62, 1.44–1.82 (< 0.001)
1.34, 1.25–1.44 (< 0.001)

1.33, 1.00–1.76 (0.048)
1.64, 1.49–1.81 (< 0.001)

2.23, 1.67–2.97 (< 0.001)
1.65, 1.51–1.80 (< 0.001)

1.55, 1.38–1.74 (< 0.001)
1.36, 1.25–1.48 (< 0.001)
1.39, 1.29–1.49 (< 0.001)

1.29, 1.16–1.43 (< 0.001)
1.33, 1.21–1.47 (< 0.001)

1.41, 1.18–1.68 (< 0.001)
1.44, 1.36–1.53 (< 0.001)

1.49, 1.38–1.62 (< 0.001)

1.53, 1.38–1.69 (< 0.001)

1.95, 1.23–3.09 (< 0.001)
1.47, 1.31–1.64 (< 0.001)

1.65, 1.50–1.83 (< 0.001)
1.24, 1.17–1.32 (< 0.001)

1.57, 1.23–2.00 (< 0.001)
1.39, 1.27–1.51 (< 0.001)

1.60, 1.21–2.11 (0.001)
1.43, 1.32–1.54 (< 0.001)

1.51, 1.37–1.67 (< 0.001)
1.38, 1.28–1.48 (< 0.001)
1.28, 1.21–1.36 (< 0.001)

1.31, 1.20–1.43 (< 0.001)
1.16, 1.06–1.26 (0.001)

1.66, 1.43–1.94 (< 0.001)
1.31, 1.25–1.38 (< 0.001)

1.39, 1.30–1.49 (< 0.001)

1.46, 1.33–1.60 (< 0.001)

Rhinitis

a
Adjusted for the child's sex, age, residence-located area, residence ownership, family history of allergic diseases, breastfeeding duration, household renovation during early lifetime and indoor environmental tobacco
smoke (ETS); b For children who lived in the same residences since birth; c For all children except for dampness-related indicators in the early residence.

2. Dampness-related indicators in the early residenceb
(1) Visible mold spots (reference: No, never)
Yes, frequently
1.16, 0.75–1.80 (0.495)
Yes, sometimes
1.20, 1.03–1.40 (0.019)
(2) Condensation on windowpane in winter (reference: No, never)
Yes, frequently
1.44, 1.21–1.70 (< 0.001)
Yes, sometimes
1.06, 0.95–1.19 (0.321)
(3) Moldy odor (reference: No, never)
Yes, frequently
1.39, 0.69–2.80 (0.352)
Yes, sometimes
1.31, 1.08–1.58 (0.006)

1.73, 1.06–2.80 (0.027)
1.07, 0.90–1.27 (0.445)

1.16, 0.97–1.39 (0.110)
1.27, 1.08–1.49 (0.004)

1.28, 1.14–1.45 (< 0.001)
1.36, 1.22–1.52 (< 0.001)

2.27, 1.60–3.22 (< 0.001)
1.58, 1.42–1.76 (< 0.001)

1.38, 1.03–1.84 (0.031)
1.00, 0.89–1.11 (0.957)

1.41, 1.15–1.73 (0.001)
1.40, 1.30–1.50 (< 0.001)

1.46, 1.19–1.78 (< 0.001)
1.24, 1.06–1.44 (0.007)
1.24, 1.09–1.41 (0.001)

1.18, 1.03–1.35 (0.017)

1.44, 1.31–1.58 (< 0.001)

1.47, 1.28–1.69 (< 0.001)
1.33, 1.20–1.47 (< 0.001)
1.32, 1.21–1.43 (< 0.001)

1.19, 1.01–1.42 (0.046)

1.45, 1.29–1.63 (< 0.001)

Wheeze

Allergic rhinitis

Asthma

Wheeze

Past 12 monthsc

Lifetime-everb

Adjusted OR, 95% CI (p-value)a

1. Dampness-related indicators in the current residence
(1) Visible mold spots (reference: No)
Yes
1.35, 1.13–1.62 (0.001)
(2) Visible damp stains (reference: No)
Yes
1.35, 1.17–1.56 (< 0.001)
(3) Damp clothing and/or bedding (reference: No, never)
Yes, frequently
1.40, 1.02–1.92 (0.036)
Yes, sometimes
1.15, 1.03–1.29 (0.015)
(4) Water damage (reference: No, never)
Yes, in the past year
1.11, 0.91–1.37 (0.304)
Yes, before the past year
1.25, 1.04–1.49 (0.015)
(5) Condensation on windowpane in winter (reference: No, never)
Yes, > 25 cm
1.43, 1.16–1.76 (0.001)
Yes, 5–25 cm
0.98, 0.82–1.16 (0.785)
Yes, < 5 cm
1.08, 0.94–1.24 (0.302)
(6) Moldy odor (reference: No, never)
Yes, frequently
1.53, 0.89–2.61 (0.123)
Yes, sometimes
1.33, 1.12–1.58 (0.001)

Items

Table 3
Adjusted ORs, 95% CIs for associations between diseases and damp exposures in the two-level (city-child) logistic regression analyses.
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Fig. 2. Dose-response relationships between the cumulative numbers of damp indicators in the current and early residence and odds of the studied diseases in the
two-level (city-child) logistic regression analyses (reference: n = 0). AOR, adjusted odds ratio; CI, conﬁdence interval. The adjusted factors included the child's sex,
age, residence-located area, family history of allergic diseases, residence ownership, breastfeeding duration, household environmental tobacco smoke (ETS), and
household renovation during early lifetime. The supplemental Table S11 presented the detailed data for AORs and their 95% CIs.

3.6. Disease burdens attributed to visible mold spots

early residence and wheeze and rhinitis were also signiﬁcant (Fig. 4).
In the sub-analyses with respect to northern children and southern
children (Fig. 5, Table S14, and Table S15), most associations of the
damp exposures in the current and early residence with the increased
odds of pediatric wheeze and rhinitis during lifetime-ever and in the
past 12 months were statistically signiﬁcant (AOR range: 1.19–4.25 for
northern children; 1.14–2.29 for southern children), whereas we found
few signiﬁcant associations of the damp exposures in the current and
early residence with the increased odds of doctor-diagnosed asthma and
allergic rhinitis during lifetime-ever (AOR range:1.44–3.65 for northern
children; 1.16–1.53 for southern children). The dose-response relationships between the cumulative numbers of damp indicators in the
current residence and wheeze and rhinitis had no notable diﬀerences in
southern cities and in northern cities (Fig. 5). However, the dose-response relationship between the cumulative numbers of damp indicators in the current residence and lifetime-ever asthma and allergic
rhinitis in southern cities were stronger than in northern cities. We
found the similar results regarding the early residence and regarding
the cumulative damp-related indicators in the early residences and in
the current residences (Table S14, Table S15). The dose-response relationship between the cumulative damp exposures in the early and
current residence and lifetime-ever asthma in southern cities were
stronger than in northern cities.

Table 4 shows population attributable fraction and number to
household visible mold spots in the current residence among 3 to
6 years-old children in 2011 in mainland of China. Speciﬁcally, about
90,000 (2.02%) children with lifetime-ever asthma, about 295,000
(1.89%) children with lifetime-ever wheeze, about 59,000 (1.09%)
children with lifetime-ever allergic rhinitis, about 319,000 (0.98%)
children with lifetime-ever rhinitis, about 2,291,000 (2.45%) children
with wheeze in the last year, and > 354,000 (1.46%) children with
rhinitis in the last year, could be attributable to exposing to visible mold
spots in the current residence.

4. Discussion
4.1. Main ﬁndings
In this multicentre cross-sectional study, we found that diﬀerent
kinds of the damp indicators in the current residence and in the early
residences had signiﬁcant associations with the increased odds of pediatric asthma, wheeze, allergic rhinitis, and rhinitis. The cumulative
numbers of the damp indicators had signiﬁcant dose-response relationships with the increased odds of almost all studied diseases in the
overall analyses and in the sensitive analyses. Except for lifetime-ever
asthma and allergic rhinitis, these dose-response relationships had no
741
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Fig. 3. Dose-response relationships between the cumulative numbers of damp indicators in the current and early residence and odds of the studied diseases in the
two-level (city-child) logistic regression analyses (reference: n = 0), among children without family history of allergic diseases. AOR, adjusted odds ratio; CI,
conﬁdence interval. The adjusted factors included the child's sex, age, residence-located area, residence ownership, breastfeeding duration, household environmental
tobacco smoke (ETS), and household renovation during early lifetime. The supplemental Table S12 presented the detailed data for AORs and their 95% CIs.

household visible mold spots and childhood allergic disorders reported
that household exposures to mold during early lifetime were associated
with asthma in preschool children and were associated with allergic
rhinitis in school-age children (Tischer et al., 2011). Mendell and colleagues also conducted a series of reviews on the same topic in diﬀerent
years, and found that household dampness-related exposures had consistent and signiﬁcant associations with the development of asthma and
rhinitis, and their related allergic symptoms (Mendell et al., 2011,
2018). In summary, these ﬁndings suggest that early and current
household dampness exposures are risk factors for childhood asthma
and rhinitis.
Besides, our ﬁndings regarding dose-response relationships of
household dampness exposures and odds of the studied diseases were
consistent with several previous studies (Hu et al., 2014; Fisk et al.,
2007; Shorter et al., 2018; Hsu et al., 2010; Norbäck et al., 2013;
Weinmayr et al., 2013). Speciﬁcally, a ﬁeld study of 97 children aged
4–7-year-olds in Taiwan found that the severe growth of household
visible mold had signiﬁcant and positive dose-response relationships
with the total serum IgE concentrations of these children (Hsu et al.,
2010). The European Community Respiratory Health Survey (ECRHS)
indicated that household damp indicators (water damage and indoor
mold) had a dose-response eﬀect on the new onset of asthma among
young adults from 12 European countries (Norbäck et al., 2013). A
case-control study for 150 children aged 1–7-year-olds and with newonset wheeze in New Zealand found that household visible mold and
mold odor consistently and positively dose-depended the increased

substantial diﬀerences between northern children and southern children. Children who had early and current dampness-related indicators
generally had higher odds of the studied diseases than children who
only had early or current dampness-related exposures. Among
3–6 years-old children in mainland of China in 2011, about 90,000
(2.02%) children with asthma and about 59,000 (1.09%) children with
allergic rhinitis could be attributable to exposing to visible mold spots
in the current residence.
4.2. Comparisons of our ﬁndings to the previous studies
Our ﬁndings with respect to associations of household dampnessrelated exposures with childhood asthma, wheeze, and rhinitis were
consistent with many previous studies (Bornehag et al., 2004b, 2005,
2011; Hu et al., 2014; Mendell et al., 2011, 2018; Tischer et al., 2011;
Wang et al., 2013; Choi et al., 2014; Tham et al., 2007; Naydenov et al.,
2008). Speciﬁcally, the DBH study in Sweden found that water leakage,
ﬂoor moisture, visible mold spots, visible damp stains, and condensation on windowpane in winter > 5 cm were signiﬁcantly associated
with pediatric asthma, wheeze, and rhinitis among children from 1 to
6 years old (Bornehag et al., 2004a, 2005). Bornehag and colleagues
reviewed the related original studies conducted before 2004 and concluded that ORs for associations of home dampness exposures with
childhood asthma and wheeze ranged from 1.4 to 2.2 (Bornehag et al.,
2004b). This range of ORs is similar with the present study. A metaanalysis of eight European birth-cohort studies on associations between
742
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odds of new-onset wheeze (ORs ranged from 1.30 to 3.56) (Shorter
et al., 2018). These consistent dose-response relationships in diﬀerent
studies seemingly suggest that household dampness-related exposures
had causal relationships with childhood wheeze and rhinitis. Based on
these dose-response relationships, the observation-based metrics for
eﬀect of household dampness on childhood respiratory health also
could be developed (Mendell and Kumagai, 2017).
4.3. Regional diﬀerences of the studied associations
In China, the climate conditions between northern cities and
southern cities had notable diﬀerences. The northern cities normally
had a temperate monsoon climate with hot-rainy summer and cold-dry
winters, whereas the southern cities normally had a subtropical monsoon climate with hot-rainy summer and mild-humid winter. Generally,
the southern cities had more rain and warmer than the northern cities.
These climate diﬀerences could lead diﬀerences in the indoor air
climate (temperature and relative humidity) between northern cities
and southern cities, thus could increase diﬀerences in the status of
household dampness-related exposures which had strong associations
with air temperature and relative humidity. As our analyses (Table S16
and Table S17) showed, the proportions of families who reported
household dampness exposures were substantially higher in southern
cities than northern cities.
However, a novel result we found in the present study was that,
although household dampness-related exposures in northern cities and
in southern cities had notable diﬀerences, the positive dose-response
relationships of these indicators and odds of wheeze and rhinitis had no
obvious diﬀerences between children from southern cities and children
from northern cities of China. This ﬁnding was inconsistent with our
hypothesis that these associations could be diﬀerent among children
from diﬀerent climate areas. It was supported by ﬁndings in several
systematic reviews that evidences of household dampness-related exposures in the inducing asthma and allergic rhinitis and exacerbating
their related symptoms were generally consistent in the studies from
diﬀerent countries or regions (Mendell et al., 2011, 2018; Fisk et al.,
2007; Jaakkola et al., 2013; Tischer et al., 2011). These ﬁndings suggest
that ambient climate could have little impact on associations of early
and current household dampness-related exposures on childhood
wheeze and rhinitis. However, due to the data limitation, we were not
able to analyze the modiﬁcation eﬀect of diﬀerent indicators for ambient climate on these associations directly. More related studies were
warranted.

Fig. 4. Dose-response relationships between the cumulative numbers of damp
indicators in the current and early residence and odds of the studied diseases in
the two-level (city-child) logistic regression analyses (reference: n = 0), among
children without both doctor-diagnosed asthma and allergic rhinitis. AOR,
adjusted odds ratio; CI, conﬁdence interval. The adjusted factors included the
child's sex, age, residence-located area, family history of allergic diseases, residence ownership, breastfeeding duration, household environmental tobacco
smoke (ETS), and household renovation during early lifetime. The supplemental Table S13 presented the detailed data for AORs and their 95% CIs.

Fig. 5. Dose-response relationships between the cumulative numbers of damp indicators in the current
residence and odds of the studied diseases in the twolevel (city-child) logistic regression analyses (reference: n = 0), stratiﬁed by northern cities and
southern cities. AOR, adjusted odds ratio; CI, conﬁdence interval; na, not available. The adjusted
factors included the child's sex, age, residence-located area, family history of allergic diseases, residence ownership, breastfeeding duration, household environmental tobacco smoke (ETS), and
household renovation during early lifetime. The
supplemental Tables S14 and Table S15 presented
the detailed data for AORs and their 95% CIs. The
presented data in the ﬁgure were upper limits of 95%
CIs and the presented datum in the parenthesis was
AOR for the corresponding column.
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Table 4
Population fraction of the studied diseases attributed to visible mold spots in the current residence in 3–6-years-old children in mainland of China.

a

Disease

Relative risk (95% CI)a

Population attributable fraction (95%
CI)

Total number of children with
disease

Attributable number for visible mold spots (95% CI)

Lifetime-ever
Asthma
Wheeze
Allergic rhinitis
Rhinitis

1.32
1.30
1.17
1.15

2.02%
1.89%
1.09%
0.98%

(0.76%–3.50%)
(1.27%–2.54%)
(0.06%–2.35%)
(0.67%–1.28%)

4,491,904
15,603,456
5,437,568
32,625,408

90,563 (34,195–157,282)
295,624 (197,988–397,010)
59,006 (3157–127,778)
318,940 (219,808–416,320)

Past 12 months
Wheeze
Rhinitis

1.38 (1.28–1.48)
1.23 (1.17–1.28)

2.45% (1.81%–3.10%)
1.46% (1.09%–1.81%)

11,879,904
24,350,848

290,973 (214,466–368,115)
354,371 (266,209–440,846)

(1.12–1.55)
(1.20–1.40)
(1.01–1.37)
(1.11–1.20)

According to adjusted odds ratio in the two-level logistic regression analyses (Table 4). CI, conﬁdence interval.

theme of risk factors for asthma and related allergies was conducted a
few years ago (Larsson et al., 2011). None such campaign has ever
happened in China. Therefore, our ﬁndings in the present study probably were not confounded by the parents' reported bias. In the sensitive
analyses among children with lower potential reported bias (children
without family history of allergic diseases and children without both
doctor-diagnosed asthma and allergic rhinitis), we also found that most
of the target associations were signiﬁcant and strong. These analyses
and results could further conﬁrm that household dampness-related
exposures were strong risk factors for childhood asthma and related
symptoms. While a follow-up study in China are highly warranted to
conduct to further test these ﬁndings. Besides, our study had large
sample size and high response rate. Our studied cities had diﬀerent
economic-development levels, ambient climates, and family lifestyles.
Findings in our study could have high representation of the status in
China.

4.4. Disease burdens for household dampness-related exposures
Another new contribution in the present study was that we quantitatively estimated burdens (indicated by population attributable
fractions and numbers) of childhood asthma, wheeze, and rhinitis attributable to current household visible mold spots, which had signiﬁcant correlations with other dampness-related indicators and had
signiﬁcant associations with all the studied diseases in overall analyses
(Table 4). Although the population attributable fractions were relatively small (ranged from 0.98% to 2.45%), the attributable numbers
(ranged from 59,006 to 354,371) of children with the studied diseases
due to household visible mold spots were large, with consideration of
the huge population base in China. These analyses indicate that
avoiding household dampness-related exposures could have substantial
beneﬁts in reducing the numbers of children with asthma, wheeze, and
rhinitis in China.

5. Conclusions

4.5. Limitations and strength

Current and early household dampness exposures, especially the
continuous household dampness exposures (both current and early), are
risk factors for childhood asthma, wheeze, and rhinitis in China.
Ambient climate (hot-moist in summer and cold-moist in winter vs. hotdry in summer and cold-dry in winter) could have little impact on associations of these exposures on childhood wheeze and rhinitis. To
avoid household dampness-related exposures could be an available
method to substantially prevent children getting asthma, wheeze, and
rhinitis in China.

This study had some limitations. First, The ISAAC questionnaires
about childhood health outcomes were used for 6–7 years-old and
13–14 years-old children, whereas the surveyed children in the present
study were 3–6 years-old. The health data we collected by these questionnaires could have deviation from the real situation, although the
validation of these questionnaires has been conﬁrmed in a previous
study (Zhang et al., 2013). Second, some household dampness-related
indicators, such as condensation on window pane and moldy odor,
might have strong relationship with the season when the questionnaire
survey was conducted. We did not consider the survey season during
our analyses. These analyses also could have certain deviation from the
real situation. Third, in the analyses with respect to dose-response relationship, we calculated dampness score with assuming that each indicator has the same importance. These processes had limitations, since
our analyses (Table 3) shows that diﬀerent dampness-related indicators
could be associated with childhood asthma and rhinitis to diﬀerent
extent. Fourth, although several covariates were considered, there are
perhaps other factors that could confound or modify the studied associations. These factors mainly include maternal medication and nutrition (Beckhaus et al., 2015), the child's dietary habits (Andrusaityte
et al., 2017), as well as ambient air pollution (Liu et al., 2016; Kan
et al., 2012). Fifth, as some previous studies reported (Larsson et al.,
2011; Sun and Sundell, 2013), the signiﬁcant associations could be
confounded by the potential over-reporting of household dampnessrelated exposures that parents were aware of before our survey.
Namely, if parents had a sick child and considered that household damp
indicators were risk factors for asthma and rhinitis, they might report
more of these indicators, then ORs in our association analyses could be
over-estimated.
However, parents' knowledge of eﬀects of household damp indicators on childhood asthma and allergies could be limited in China. In
Sweden, before the DBH study, a large information campaign with the
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