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Background: The prevalence of asthma and allergic diseases has increased rapidly in Chinese cities over 
the past decades. Few studies have examined the potential role of household mold in asthma and allergies in 
Chinese cities. 
Methods: A cross-sectional survey in 4,691 school-age children was performed in Lanzhou and Wuhan. 
The two cities represent distinct climate conditions, as Lanzhou, located in northwestern China, has dry 
and cold winter and relatively cool summer whereas Wuhan, located in central-southern China, has hot and 
humid summer and mild winter temperatures. Two schools were randomly selected from a suburb and an 
urban area of each city, respectively. Data were collected using a modified Chinese version of the American 
Thoracic Society (ATS) standard respiratory health questionnaire for children, regarding asthma, substance 
allergy, allergic rhinitis, presence of mold in residence, and household characteristics. Logistic regression 
models were applied to identify the odds ratios of childhood asthma and allergies with regard to mold. 
Results: The prevalence rates of asthma, substance allergy, allergic rhinitis, and mold, were all higher in 
Wuhan than in Lanzhou. We observed significant associations of household mold with increased prevalence 
for both asthma [odds ratio (OR) =2.399, 95% confidence interval (95% CI): 1.309–4.398], substance allergy 
(OR =1.729, 95% CI: 1.282–2.332) and allergic rhinitis (OR =1.969, 95% CI: 1.491–2.600), with spatial 
heterogeneity across urban versus suburban schools. The mold effect was modified by age group and breast-
feeding status. 
Conclusions: Across two climatically distinct cities, household mold exposure was significantly associated 
with an increased risk for asthma and allergies. Younger children and children from the suburbs were 
more likely to be affected by mold. Whether breastfeeding enhanced or weakened the mold effects were 
inconsistent across the cities and across the health outcomes. 
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Introduction 

Asthma prevalence has been increasing globally with 
the most pronounced increase in low and middle-
income countries (1-3). Rhinitis is marked by irritation 
and inflammation of the nasal mucosa. According to the 
International Study of Asthma and Allergies in Childhood 
(ISAAC) study, about 17% of the children globally suffer 
from asthma or allergic rhinitis (4). 

There is abundant epidemiologic evidence on the 
association of dampness and mold exposure with various 
respiratory problems, including upper respiratory tract 
symptoms, chronic wheezing and cough, and development 
of asthma in children (5-9). Epidemiologic studies 
conducted in different climates have suggested that home 
dampness and mold may also increase the risk of allergic 
rhinitis in children (5,10,11). More specifically, exposure 
to mold has been associated with the development or 
exacerbation of common respiratory diseases such as 
asthma, allergic rhinitis, and respiratory infections, with 
odds ratios (ORs) reaching 1.50 [95% confidence interval 
(CI): 1.25–1.80], 1.83 (95% CI: 1.75–1.91), and 1.49 (95% 
CI: 1.14–1.95), respectively (12). According to a review and 
meta-analysis, indoor dampness and mold can increase the 
risk of rhinitis (OR =1.12, 95% CI: 1.02–1.23) (11). Most 
of the studies included in this review were conducted in 
the humid climate. There have been few studies available 
on dampness or mold and children’s rhinitis in cold and 
dry areas where dampness-related mold problems about 
the sources of water damage and window condensation are 
indeed common in the winter (13,14). 

Indoor dampness and mold are widespread in China. 
One Chinese study including seven northeast cities found 
that about 10% reported mold/mildew at home (13). 
Another Chinese study from Taiyuan, a northern city in 
Shanxi Province, showed that 20% of homes had dampness/
mold problems recently (15). Among different dampness 
indicators, mold odor and visible mold have been reported 
to have the strongest association with asthma (7) and 
rhinitis (16). The ISAAC phase two studies, involving 
21 countries, found that residential mold exposure was 
associated with increased rhinitis among school children 
(8–12 years) (17). Mold odor at home in Finland was 
associated with asthma incidence among children (18). The 
visible presence of mold was significantly associated with 
current symptoms of rhinitis (OR 1.55, 95% CI: 1.16–2.07) 
and rhinoconjunctivitis (OR 2.38, 95% CI: 1.51–3.75) in 
young children in Singapore (19). The CCHH (China, 

Children, Homes, Health) study reported that mold odor 
was associated with asthma (OR =1.90) and allergic rhinitis 
(OR =1.25–1.44) (8). In addition, self-reported dampness 
at home was also associated with asthma and rhinitis 
(8,20). However, data are still limited in China concerning 
household dampness and mold in relation to allergic 
diseases, especially in northwestern China.  

The main aim of this study is to evaluate prevalence 
rates of asthma and allergic rhinitis in schoolchildren 
across two cities of distinct climate and the relationship 
between these diseases and indoor dampness-related mold 
exposure. We also aim to explore potential effect modifiers 
such as age, sex, and breastfeeding status. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-21-1380/rc).

Methods 

Study population

This survey was conducted in Lanzhou and Wuhan, which 
was part of the follow-up Four Chinese Cities (4CC2) 
study. This was a cross-sectional study carried out in 2017–
2018 among elementary school children. The details of the 
survey design and sampling approach were described in 
prior publications (21,22). 

Lanzhou, located in the northwest of China, has dry and 
cold winters and relatively cool summers, whereas Wuhan, 
located in central-southern China and at the middle 
reaches of the Yangtze River, has hot and humid summers 
and mild winter temperatures. Two primary schools, one 
from an urban and the other from a suburban area, were 
selected from each city. Informed consent forms were 
obtained. Parents of participating children completed the 
questionnaire at home and had their children returning it to 
their teachers in a sealed envelope. A total of 4,691 children 
(6–13 years old) completed the questionnaire survey, 
including 2,019 in Lanzhou and 2,672 in Wuhan. 

Questionnaire data

Information on residential history, lifestyle, household 
characteristics,  and children’s and parents’ health 
history were obtained through the questionnaire. The 
questionnaire was adapted from the American Thoracic 
Society (ATS) Epidemiologic Standardization Project 
questionnaire (23) and has proven to be an effective tool 

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1380/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1380/rc
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for assessing children’s respiratory health status and history 
(24,25). The questionnaire was in Chinese (Mandarin) and 
included detailed questions on sociodemographic factors, 
characteristics of the dwelling, and home environment, all 
tailored to suit the Chinese urban populations.  

Presence of mold and the duration of mold exposure 
were characterized by the following questions: “Have you 
perceived mold due to dampness (such as mold odor or 
ever had visible mold) in your dwelling during the past  
12 months, and how long does this situation last?” (none;  
<1 month/year; 1–3 months/year; >3 months/year). We 
created a categorical variable indicating whether mold was 
present in home. Answers to “none” were assigned to the 
reference category. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was reviewed and approved by the Committee on Ethics of 
Biomedicine Research, Duke Kunshan University, Jiangsu, 
China (No. FWA00021580). All the parents or legal guardians 
of participants completed the informed consent form.

Definitions of asthma and allergic diseases

We assessed health outcomes according to the following 
definitions. Ever diagnosed asthma and allergic diseases by 
a doctor were defined as follows: (I) asthma: a “yes” answer 
to the question “Has a doctor ever diagnosed asthma in this 
child?”; (II) substance allergy: a “yes” answer to the question 
“Has a doctor ever diagnosed substance allergy in this child, 
i.e., allergy to food, drug, pollen, and chemical material?”; 
(III) allergic rhinitis: a “yes” answer to the question “Has 
a doctor ever diagnosed allergic rhinitis in this child?”. 
Having symptoms currently were defined as follows: (I) 
asthma: a “yes” answer to “has this child had an asthma 
attack in the last 12 months?”; (II) substance allergy: a 
“yes” answer to “has this child had an incident of substance 
allergy from food, drug, pollen, and chemical material, in 
the last 12 months?”; (III) allergic rhinitis: a “yes” answer 
to “has this child suffered from allergic rhinitis in the last  
12 months?”. 

Covariates 

We considered a series of possible explanatory variables 
related to economic level and urbanization. Factors that have 
been shown previously or suspected to be associated with 
allergic diseases or associated symptoms were considered as 
the covariates in our statistical model. Sociodemographic 

factors included gender, age, and city. Early childhood factors 
included born pre-term, mother smoking during pregnancy 
or first year of birth, and breastfeeding duration. Breast-
feeding was defined based on the question “The duration 
of the child’s exclusive breast-feeding?” (never; <4 months; 
4–6 months; >6 months). Family health history factors were 
assessed by reports of father with asthma and mother with 
asthma. Factors related to the family residence were district 
(urban/suburban) and characteristics including child sleeping 
in shared or own room, sleeping in shared or own bed, 
whether kitchen was open or enclosed from the rest of the 
home, use of home space heating, use of kitchen ventilation 
device, whether house interior was remodeled in the past 
year, and use of air purifiers. ETS exposure was defined 
as parental smoking (no smoker; either father or mother 
smoker), and then classified into three levels according to 
the daily consumption of cigarettes (level 1, none; level 2, 1– 
10 cigarettes/day; level 3, >10 cigarettes/day). We established 
binary variables for presence or absence of any pets (no; 
yes). Other covariates included use of air freshers, cooking 
fuel type, and use of mosquito coils. Factors related to the 
family’s socioeconomic status included parental occupation 
and education level. Details of all home environmental and 
lifestyle factors are summarized in Table 1. 

Statistical methods 

The six outcome variables were defined as ever diagnosed 
asthma, substance allergy, or allergic rhinitis by a doctor 
and having symptoms of asthma, substance allergy and 
allergic rhinitis currently. The key exposure variable was 
focused on household presence of mold. ORs and 95% CI 
were calculated using logistic regression for each of the six 
outcome measures. Chi-square test was used to compare 
the prevalence of asthma and allergic diseases and the 
differences in home mold, pet-keeping, and ETS exposure 
between cities. Multiple logistic regressions were used to 
assess the association between an outcome variable and 
presence of mold adjusting for gender, age, smoking status, 
presence of pets, factors related to the family residence, 
family’s socio-economic status and family history of asthma. 

Logistic regression models were repeated for subgroups 
stratified by city, gender, age, urban or suburban residence, 
parental occupation type and education level. Potential 
effect modification of breast-feeding was examined in 
the overall children and separated by city, respectively. 
Significance was set at P value <0.05. All statistical analysis 
was performed using SPSS 22.0 (SPSS Ltd., USA).
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Results

Characteristics of the study population

Of 5,098 eligible and invited participants, 4,691 returned 
the completed questionnaire (response rate of 92%). The 
mean age of the children was 9.1 years (SD =0.02; range, 
6–13) and 2,680 (57.1%) were boys. A total of 2,019 
(43%) children were from Lanzhou and 2,672 (57%) were 
from Wuhan. Most children (81.4%) were breastfed. The 
characteristics of the participants are shown in Table 1. 

As shown in Table 2, 477 (10.3%) homes reported the 
presence of mold, of which 293 (6.3%) had mold lasting less 
than a month, 73 (1.6%) had mold lasting for >3 months per 
year. The majority of households (85.0%) had pets. Nealy 
half (47.5%) of the children had ETS exposure at home. 
Compared with the children from Lanzhou, more children 
from Wuhan were exposed to residential mold (14.8% 
vs. 4.3%, χ2=137.480, P<0.001). Across the two cities, the 
overall prevalence of ever diagnosed asthma, substance 
allergy, and allergic rhinitis by a doctor was 2.0%, 11.0%, 
and 13.4%, respectively; and 0.9%, 5.9%, and 10.0% of 
children had current symptoms of asthma, substance allergy, 
and allergic rhinitis, respectively. When stratified by city, 
results showed that the prevalence rates of doctor-diagnosed 
asthma, substance allergy, allergic rhinitis, having current 
symptoms of allergic rhinitis symptom were all significantly 
higher in the Wuhan children (P<0.001). The greatest city-

Table 1 Sociodemographic data of study participants (n=4,691)

Variables N (% of total)

Total 4,691 (100.0)

Lanzhou 2,019 (43.0)

Wuhan 2,672 (57.0)

Urban area 1,894 (40.4)

Boy 2,680 (57.1)

<9 years old 2,436 (51.9)

Questionnaire filler (total) 4,579 (100)

Father 1,323 (28.9)

Mother 3,166 (69.1)

Grandparents 90 (2.0)

Sleep in shared room 2,140 (46.1)

Sleep in shared bed 1,570 (33.9)

Open kitchen 1,711 (37.2)

Cooking fuel type

Coal 153 (3.3)

Gas 4,298 (93.1)

Electric/solar  167 (3.6)

Use of kitchen ventilation device 4,353 (95.3)

Use of home space heating 2,772 (59.9)

Use of air purifiers 712 (15.5)

Home remodeled in past year 672 (14.5)

Use of mosquito coils 3,162 (67.8)

Use of air freshers 755 (16.2)

Child born pre-term 336 (7.3)

Father’s occupation 

Blue collar 1,892 (41.3)

White collar 1,609 (35.1)

Military/other 1,080 (23.6)

Mother’s occupation

Blue collar 1,549 (33.6)

White collar 1,834 (40.9)

Military/other 1,097 (24.5)

Father’s education 

Below or with senior high school 3,229 (70.1)

Senior high school or above 1,376 (29.9)

Table 1 (continued)

Table 1 (continued)

Variables N (% of total)

Mother’s education 

Below or with senior high school 3,347 (72.9)

Senior high school or above 1,247 (27.1)

Mother smoking during pregnancy 33 (0.7)

Mother smoking in the first year of birth 27 (0.6)

Breastfeeding duration

0 month 846 (18.6)

<4 months 672 (14.8)

4–6 months 747 (16.5)

>6 months 2,277 (50.1)

Father with asthma 40 (0.9)

Mother with asthma 29 (0.6)
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difference was observed for ever diagnosed allergic rhinitis 
(20.2% vs. 4.5%). 

Association between indoor exposure factors and health 
outcomes

Univariate logistic regression models were first conducted 
to analyze the associations. Crude ORs, without adjustment 

for covariates, for associations between each indoor 
exposure variable (mold, ETS and pet keeping) and each 
health outcome are given in Table 3. Exposure to mold was 
positively associated with doctor-diagnosed asthma, doctor-
diagnosed substance allergy, doctor-diagnosed allergic 
rhinitis, having symptoms of substance allergy, and having 
symptoms of allergic rhinitis, respectively. There were 
strong associations between mold presence of any duration 

Table 2 Prevalence of asthma and allergies and a priori selected exposure factors among children in Lanzhou and Wuhan 

Personal characteristics Total N (%) Lanzhou N (%) Wuhan N (%) P for city difference

Ever diagnosed by a doctor

Asthma 94 (2.0) 30 (1.5) 64 (2.4) 0.026

Substance allergy 514 (11.0) 158 (7.8) 356 (13.4) <0.001

Allergic rhinitis 630 (13.4) 91 (4.5) 539 (20.2) <0.001

Having symptoms currently 

Asthma 41 (0.9) 16 (0.8) 25 (0.9) 0.573

Substance allergy 277 (5.9) 106 (5.3) 171 (6.5) 0.068

Allergic rhinitis 467 (10.0) 87 (4.3) 380 (14.4) <0.001

Parental smoking 0.067

No smoker 2,289 (52.5) 918 (50.8) 1,371 (53.6)

Either smoker 2,073 (47.5) 888 (49.2) 1,185 (46.4)

Father smoking intensity 0.229

None 2,378 (53.5) 971 (52.2) 1,407 (54.4)

1–10 cigarettes/day 1,587 (35.7) 689 (37.1) 898 (34.7)

>10 cigarettes/day 479 (10.8) 199 (10.7) 280 (10.8)

Mother smoking intensity 0.080

None 4,229 (99.4) 1,747 (99.7) 2,482 (99.2)

1–10 cigarettes/day 22 (0.5) 4 (0.2) 18 (0.7)

>10 cigarettes/day 3 (0.1) 2 (0.1) 1 (0.0)

Presence of any pets 3,959 (85.0) 1,733 (85.8) 2,226 (84.3) 0.143

Cat 124 (2.7) 32 (1.6) 92 (3.5) <0.001

Dog 344 (7.4) 145 (7.2) 199 (7.5) 0.663

Presence of mold 477 (10.3) 87 (4.3) 390 (14.8) <0.001

Mold presence duration <0.001

None 4,170 (89.7) 1,932 (95.7) 2,238 (85.2) 

<1 month/year 293 (6.3) 54 (2.7) 239 (9.1)

1–3 months/year 111 (2.4) 13 (0.6) 98 (3.7)

>3 months/year 73 (1.6) 20 (1.0) 53 (2.0)
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and allergic rhinitis. However, no significant associations 
were found of any intensity of paternal smoking and pet 
keeping with any asthma and allergy outcomes.  

The covariate-adjusted ORs and 95% CI are shown in 
Table 4. Controlling for age, gender, city, parental asthma, 
factors related to family residence and home environment, 
and family’s socioeconomic status, consistent associations 
were found between presence of mold and doctor-
diagnosed asthma (OR =2.399, 95% CI: 1.309–4.398), 
doctor-diagnosed substance allergy (OR =1.729, 95% 
CI: 1.282–2.332), doctor-diagnosed allergic rhinitis (OR 
=1.969, 95% CI: 1.491–2.600), having current symptoms 
of substance allergy (OR =1.537, 95% CI: 1.026–2.301) 
and allergic rhinitis (OR =2.242, 95% CI: 1.664–3.022), 
respectively. When analyzed by the durations of mold, 
there were also statistically significant associations between 
different mold durations and respiratory outcomes, notably 
for mold that lasted over 3 months per year showed a 
mostly strong association with doctor-diagnosed allergic 
rhinitis (OR =2.075, 95% CI: 1.106–3.895), mold lasted 
1–3 months was mostly associated with doctor-diagnosed 

asthma (OR =3.392; 95% CI: 1.257–9.151) and then with 
current allergic rhinitis (OR =2.677; 95% CI: 1.586–4.519). 

Mold effect modifiers 

The associations between household presence of mold and 
childhood asthma and allergic diseases or symptoms were 
further analyzed in strata with city, gender, area, age group, 
paternal education and occupation, and maternal education 
and occupation (Figure 1). Due to the low prevalence of 
current asthma, no further group analysis was performed. 
The associations showed significant interaction with age 
and living area. There was a significant association between 
mold and doctor-diagnosed asthma among children living in 
suburban areas (adjusted OR =5.816, 95% CI: 2.390–14.149). 
Similarly, presence of mold was associated with a higher risk 
of doctor-diagnosed allergic rhinitis among children living 
in suburban areas (adjusted OR =2.473, 95% CI: 1.712–
3.572). Younger children were more susceptible to mold-
associated allergic rhinitis, both ever diagnosed by a doctor 
(OR =2.726, 95% CI: 1.894–3.924) and having symptoms 

Table 3 Odds ratios (95% CI) of childhood asthma and allergies associated with exposure factors

Exposure factors 

Ever diagnosed by a doctor Having symptoms currently  

Asthma  
OR (95% CI)

Substance allergy  
OR (95% CI)

Allergic rhinitis  
OR (95% CI)

Asthma  
OR (95% CI)

Substance allergy  
OR (95% CI)

Allergic rhinitis  
OR (95% CI)

Parental smoking (ref: no 
smoker)

0.862  
(0.568–1.310)

1.041  
(0.861–1.258)

0.968  
(0.814–1.151)

0.639  
(0.330–1.240)

0.956  
(0.743–1.230)

0.932 (0.765–
1.135)

Father smoking intensity (ref: none)

1–10 cigarettes/day 0.950  
(0.611–1.476)

1.029  
(0.838–1.262)

1.019  
(0.847–1.225)

0.683  
(0.334–1.398)

0.947  
(0.721–1.243)

1.023  
(0.831–1.261)

>10 cigarettes/day 0.661  
(0.298–1.464)

1.195  
(0.885–1.613)

0.911  
(0.678–1.224)

0.615  
(0.184–2.051)

1.045  
(0.696–1.570)

0.752  
(0.526–1.075)

Presence of any pet (ref: no) 0.986  
(0.555–1.752)

0.867  
(0.677–1.110)

1.002  
(0.792–1.2269)

0.862  
(0.381–1.952)

0.813  
(0.590–1.119)

1.329  
(0.993–1.779)

Mold (ref: no) 2.459  
(1.485–4.071)*

1.822  
(1.407–2.359)*

2.682  
(2.144–3.354)*

1.510  
(0.632–3.609)

1.557  
(1.098–2.210)*

2.693  
(2.104–3.448)*

Mold duration (ref: no)

1 month/year 2.406  
(1.291–4.484)*

2.030  
(1.489–2.768)*

2.635  
(1.998–3.474)*

1.646  
(0.581–4.664)

1.524  
(0.983–2.363)

2.358  
(1.722–3.230)*

1–3 months/year 3.197  
(1.360–7.514)*

1.592  
(0.940–2.696)

2.493  
(1.608–3.865)*

1.066  
(0.145–7.853)

1.310  
(0.630–2.723)

3.477  
(2.236–5.407)*

>3 months/year 1.576  
(0.379–6.547)

1.383  
(0.704–2.714)

3.188  
(1.917–5.302)*

1.652  
(0.223–12.225)

2.088  
(0.989–4.406)

2.945  
(1.672–5.185)*

*, indicates with statistical significance. OR, odds ratio; 95% CI, 95% confidence interval.
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currently (OR =2.813, 95% CI: 1.905–4.155). The ORs 
of allergic rhinitis were all significant under the grouping 
of city, gender, and paternal occupation. However, no 
significant interaction effects were identified between them.

We also examined how mold effects were modified by 
breast-feeding (Table 5). Significant effects of presence of 
mold for asthma and allergic rhinitis were observed among 
breastfed children, with significant adjusted OR of 2.989 
(95% CI: 1.497–5.967) for doctor-diagnosed asthma, 
2.444 (95% CI: 1.801–3.317) for doctor-diagnosed allergic 
rhinitis, and 2.786 (95% CI: 2.004–3.874) for having 
allergic rhinitis symptoms currently. However, a higher risk 
of mold exposure for substance allergy was found among 
children who were not breastfed (OR =3.355, 95% CI: 
1.674–6.725). We observed a similar pattern when stratified 
by city, Lanzhou and Wuhan. 

Discussion 

In this cross-sectional study, we found that exposure to 
household dampness-related mold increased the risk of 
asthma, substance allergy and allergic rhinitis in children. 
We also identified more susceptible subgroups, e.g., 
children of younger age and those living in suburban 
areas had higher mold-associated asthma and allergic 
rhinitis risks. The results showed somewhat inconsistent 
associations among breastfed and non-breastfed children. 
Furthermore, the effects of household mold on allergic 
rhinitis were stronger in Lanzhou while the effect on 

asthma was stronger in Wuhan, while the prevalence rates 
of mold, asthma, and allergic rhinitis were all significantly 
higher in Wuhan children.   

Our results are supported by those from previous studies 
that measured microbials associated with dampness or 
mold (26-28). An early study evaluated the measurement 
by enzyme immunoassay of extracellular polysaccharides 
of Aspergillus in 31 homes of children and reported that 
Penicillium species in dust of the living room had significant 
associations with childhood respiratory symptoms (27). 
A cross-sectional survey conducted in 44 schools across 
Taiwan for 6–15 years old schoolchildren found that 
the Aspergillus or Penicillium and spores of airborne 
fungi were significantly associated with the prevalence 
of asthma and asthmatic symptoms (26). A prospective 
cohort study with 475 premature and atopy risk newborns 
found significant associations between respiratory tract 
infections and exposures to Penicillium spores as well as 
between rhinitis and its related symptoms and Aspergillus 
exposures (29). However, previous studies of dampness 
and mold and respiratory and allergic diseases showed 
conflicting results (30-32) partially due to the classification 
of dampness in studies. Our data support the conclusion of 
a review that there is sufficient evidence on the association 
between dampness or mold and asthma symptoms (6). We 
further provide evidence that residential mold exposure 
is associated with the prevalence of asthma and allergic 
rhinitis in children.

Furthermore, we demonstrated that the associations 

Table 4 Adjusted odds ratios (95% CI) of childhood asthma and allergies associated with home molda

Mold

Ever diagnosed by a doctor Having symptoms currently

Asthma  
Adjust OR

Substance allergy  
Adjust OR

Allergic rhinitis  
Adjust OR

Asthma  
Adjust OR

Substance allergy 
Adjust OR

Allergic rhinitis  
Adjust OR

None 1 1 1 1 1 1

Presence of mold 2.399  
(1.309–4.398)*

1.729  
(1.282–2.332)*

1.969  
(1.491–2.600)*

1.583  
(0.507–4.946)

1.537  
(1.026–2.301)*

2.242  
(1.664–3.022)*

Mold <1 month 2.316  
(1.084–4.949)*

1.958  
(1.364–2.811)*

2.154  
(1.528–3.037)*

1.411  
(0.307–6.480)

1.519  
(0.917–2.513)

2.216  
(1.527–3.217)*

Mold 1–3 months 3.392  
(1.257–9.151)*

1.66  
(0.951–2.899)

1.572  
(0.928–2.660)

1.662  
(0.203–13.607)

1.337  
(0.597–2.991)

2.677  
(1.586–4.519)*

Mold >3 months 1.556  
(0.355–6.823)

1.096  
(0.506–2.378)

2.075  
(1.106–3.895)*

2.018  
(0.248–16.409)

1.880  
(0.818–4.321)

1.875  
(0.941–3.738)

*, indicates with statistical significance. a, ORs were adjusted for covariates: city, area, sex, age, parental smoking, sleep in shared or own 
room/bed, kitchen style, cook fuel, ventilation use, air purifier, decorated last year, keep pet, mosquito coils, air fresher, pre-term birth, 
parents’ occupation and education, breastfeeding duration and parental asthma history. OR, odds ratio.
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A B

C

Figure 1 Subgroup analyses stratified by covariates showing associations of home mold presence with (A), ever diagnosed asthma by a 
doctor, (B) ever diagnosed allergic rhinitis by a doctor, and (C) current allergic rhinitis. P values shown in the figures are for the interaction 
term of home mold and a specific covariate. For each covariate stratification, the rest of the in covariates are controlled for in the model, 
among “city, area, sex, age, parental smoking, sleep in shared or own room/bed, kitchen style, cook fuel, ventilation use, air purifier, 
decorated last year, presence of pet, mosquito coils, air fresher, pre-term birth, parents’ occupation and education and parental asthma 
history.”

between household mold and childhood allergic rhinitis 
were both significant in two cities with different climates. 
Generally, the southern cities had more rain and warmer 
than the northern cities in China. These climatic 
differences could lead to differences in the indoor air 
climate, thus could increase differences in the status of 
household dampness-related exposures. As our analysis 

(Table 2) showed, the proportions of families who reported 
household mold were substantially higher in Wuhan than 
in Lanzhou. However, the result showed that, although 
household mold exposure was lower in Lanzhou than in 
Wuhan, the positive relationships of mold and allergic 
rhinitis had no differences between children from Lanzhou 
and Wuhan. It was supported by findings in a previous study 
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conducted in southern and northern cities of China (33).  
Similarly, a six-cities study showed that associations 
between mold signs and symptoms, including rhinitis, were 
stronger in Beijing as compared to southern China (9). This 
indicates that climate may modify health associations. It can 
be important to study health effects of mold in different 
subgroups concerning different climate zones. However, 
due to the data limitation, we were not able to analyze 
the modification effect of meteorological factors on these 
associations directly. Our research mainly found that using 
the same research methods in southern cities and northern 
cities, northern children suffering from allergic rhinitis 
are more susceptible to indoor humidity. This is lacking in 
previous studies.

Our findings for asthma and allergic rhinitis are 
also in line with recent studies conducted in urban and 
suburban areas, which found increased risk related to mold 
exposure in suburbs (5,9,34,35). The farm environment 
has been demonstrated to present a higher exposure to 
bio-contaminants, in particular to endotoxins but also 
molds (35). Flamant-Hulin et al. (5) observed more  
children with current asthma had experienced mold 

exposure in their homes (OR =3.38, 95% CI: 1.16–9.90), 
especially among children living in rural areas. Niculita-
Hirzel et al. (10) found dwellings in suburban zones showed 
the most frequent fungal contamination in the owners’ 
bedroom and the highest diversity of fungal genera among 
dwellings. Likewise, a systematic review reported higher 
aerobiome diversity in rural locations (34). However, 
two studies experimentally found the rural environment 
to benefit health, examined that rural aerobiome shifted 
immune function away from allergic (Th2-type) responses 
(36,37). The available epidemiological evidence between 
urban and suburban allergens and allergic reactions is 
limited and does not allow firm conclusions to be drawn. 

Numerous studies have investigated the health effects 
of breast-feeding on sensitization, but the results remain 
ambiguous. Several studies have suggested that prolonged 
breastfeeding increases the risk of developing allergic 
diseases (38-40). An Australian high-risk cohort study 
found an increased risk of sensitization with prolonged 
breastfeeding (41); and similar results were presented in 
a cohort study from New Zealand (39). However, the 
Osaka Maternal and Child Health Study did not find a 

Table 5 Adjusted odds ratios (95% CI) associated with home mold (reference: absence of mold) in subgroup analyses stratified by breastfeeding 
statusa 

Groups 
Ever diagnosed by a doctor Having symptoms currently

Asthma Substance allergy Doctor-diagnosed AR Current substance allergy Current AR

All children

No breastfeeding 1.508  
(0.343–6.633)

3.355  
(1.674–6.725)*

1.821  
(0.916–3.620)

2.034  
(0.795–5.203)

2.038  
(0.973–4.270)

Breastfeeding 2.989  
(1.497–5.967)*

1.595  
(1.134–2.242)*

2.444  
(1.801–3.317)*

1.46  
(0.922–2.312)

2.786  
(2.004–3.874)*

Lanzhou only

No breastfeeding 1.022  
(0.247–8.025)

1.066  
(0.157–7.243)

1.216  
(0.105–14.116)

1.199  
(0.082–17.498)

2.005  
(0.143–28.066)

Breastfeeding 1.550  
(0.159–15.154)

1.458  
(0.626–3.399)

4.743  
(1.854–12.130)*

0.512  
(0.117–2.232)

3.248  
(1.203–8.767)*

Wuhan only

No breastfeeding 7.711  
(0.403–147.431)

4.171  
(1.762–9.876)*

2.019  
(0.867–4.701)

1.606  
(0.430–5.994)

2.139  
(0.885–5.172)

Breastfeeding 3.160  
(1.484–6.729)*

1.469  
(0.996–2.165)

1.89  
(1.364–2.619)*

1.591  
(0.954–2.653)

2.322  
(1.628–3.313)*

*, numbers indicate with statistical significance. a, odds ratios were adjusted for covariates: city, area, sex, age, parental smoking, sleep in 
shared or own room/bed, kitchen style, cook fuel, ventilation use, air purifier, decorated last year, presence of pet, mosquito coils, air fresher, 
pre-term birth, parents’ occupation and education and parental asthma history. 95% CI, 95% confidence interval; AR, allergic rhinitis.
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statistically significant relationship between the duration of 
breastfeeding and the risk of wheezing or asthma in Japanese 
infants (42). These discrepancies between the various 
studies can possibly be attributed to differences in the study 
design, geographical location, ethnicity, and methodological 
factors (43,44). Compared with these studies, the present 
study intended to explore the modification of breastfeeding 
on the effects of household mold on childhood asthma and 
allergic diseases. Our findings suggest that breastfeeding 
may enhance asthma and allergic rhinitis risk of mold, but 
not substance allergy, in children.  

Overcrowding or certain personal habits may increase 
the indoor dampness load (e.g., drying of clothes indoors, 
keeping an aquarium, frequent showering, or cooking). 
China is a large country with diverse climate zones and the 
causes of dampness and indoor mold could be different in 
different climate zones. The prevalence of mold can be 
higher in southern China, linked to a warmer and more 
humid climate. However, the health risk linked to water 
damage and mold odor can be higher in northern China, 
possibly due to less ventilation in the homes because of the 
cold weather (9). Early-life exposure to molds could cause 
recurrent irritation and immune activation in the respiratory 
tract, inducing prolonged inflammation, prompting the 
genesis of inflammatory-related diseases, like asthma and 
rhinitis (6). Certain fungal species are associated with 
inflammatory processes, and molds may contain substances 
that have inflammatory effects such as β-1-3-glucans in the 
cell wall structure, microbial volatile organic compounds 
(mVOCs), extracellular polysaccharides, and mycotoxins 
(7,11). A previous study found that higher loads of β-(1,3)-
glucan and endotoxin were associated with poorer health 
outcomes, and this has also been observed with β-(1,3)-
glucan and airway inflammation and airway obstruction in 
adults as well as respiratory symptoms and peak expiratory 
flow variability in children (45,46). By any means, the 
current evidence is insufficient to fully elucidate the causal 
relationship between the mold exposure and asthma and 
allergy exacerbations, and warrants further discussions.

This study has several limitations. Firstly, as in all cross-
sectional epidemiological studies, no causal inference 
could be made about associations of mold with childhood 
asthma and allergic rhinitis. Secondly, exposures to outdoor 
pollutants (e.g., NO2) or exposures in school/daycare 
environment may be potential influencing factors (47) 
and were not considered in our study. We used questions 
to partly characterize outdoor exposure, such as home 
location. Thirdly, except for mold odor or visible mold, we 

had no related questions to deduce mold problems about 
the sources of water damage or moist spots on surfaces, 
which may contribute to household mold (8). Future studies 
may be benefited from considering these limitations to 
ascertain the role of dampness-related household mold in 
asthma and allergic diseases. 

Conclusions 

The prevalence of household mold was substantially 
higher in the southern Chinese city of Wuhan than the 
northwestern city of Lanzhou. Household mold exposures, 
especially with a longer duration, were risk factors for 
childhood asthma and allergic rhinitis in both cities. The 
higher effect of mold exposure was found in the suburban 
area and among younger children. Minimizing family mold 
exposure may be an effective way to reduce children’s risk of 
asthma and allergic rhinitis. 
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