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1  |  INTRODUC TION

Fungi are a major environmental allergen.1 Exposure and sensi-
tization to environmental fungi are associated with asthma onset, 
severity, and exacerbation.2 Furthermore, fungi pose a risk for the 
development of more severe conditions such as allergic bronchopul-
monary aspergillosis/mycosis (ABPA/ABPM). An estimation of the 
global burden suggested that ABPA develops in approximately five 
million patients with asthma worldwide.3 As more time is spent at 
home in the era of the coronavirus disease 2019 (COVID-19) pan-
demic, appropriate maintenance of the indoor environment is 

essential for the health of patients with asthma. However, less is 
known regarding environmental interventions to reduce indoor 
molds and their efficacy compared with the approaches for another 
major indoor allergen, house dust-mites.4

Mold growth is affected by temperature, relative humidity, and 
ventilation. Therefore, heating, ventilating, and air-conditioning 
(HVAC) systems are beneficial for reducing the burden of airborne 
fungi.5 However, if not properly maintained, air conditioners them-
selves can be contaminated with fungi and, consequently, spread 
fungal spores into indoor air.6,7 We previously reported a case of 
ABPM with repeated deterioration due to recurrent exposure to 
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Abstract
Fungi, a major allergen associated with asthma onset and severity, can contaminate air 
conditioners if not properly maintained. We surveyed the prevalence and risk factors 
associated with fungal contamination of air conditioners and patient behavior to re-
duce this contamination. Japanese adults aged ≥30 years registered in the database of 
an Internet research company were asked to participate in an online survey. A moldy 
odor from the air conditioners in their residences was used as an indicator of fungal 
contamination. Among a total of 1006 adults, including 631 patients with asthma, 
37.1% reported a moldy odor from air conditioners. The prevalence was higher in 
residences with indoor condensation and in air conditioners used for ≥6 years or fre-
quently during the summer, but was lower in air conditioners with an auto-cleaning 
function. The risk of indoor condensation was higher in apartments, in the presence 
of an aquarium, and in the absence of a 24-h ventilation system. These risk factors did 
not differ between the residences or air conditioners of participants with and with-
out asthma. Asthmatic patients were conscious of indoor air quality; however, do not 
necessarily take appropriate measures to reduce indoor mold contamination, possibly 
due to a lack of knowledge. In conclusion, appropriate patient education is required to 
reduce environmental fungal contamination and improve asthma control.
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a contaminated air conditioner. Spontaneous resolution occurred 
after the environmental trigger was removed.8

Moldy odors are derived from fungal or microbial volatile or-
ganic compounds (mVOCs), as mixtures of alcohols, aldehydes, 
acids, ethers, esters, ketones, terpenes, thiols, and their deriva-
tives.9 These odors can be a sensitive indicator of the number of 
airborne fungal spores or β-glucan levels in indoor air.10 A study in 
daycare centers demonstrated significantly higher total fungal DNA 
in dust in the institutes with reported odor.11 In contrast, visible 
molds are not necessarily associated with airborne fungi or fungal 
components. A systematic review demonstrated that moldy odor 
was more closely associated with health outcomes; for example, 
asthma onset, compared with visible molds, suggesting the clinical 
importance of invisible fungi detectable with moldy odor. Moldy 
odor from the air-conditioning systems in automobiles is also as-
sociated with fungal contamination of the systems and the vehi-
cles.12,13 Therefore, moldy odor from air conditioners may be a 
reasonable indicator to imply that fungi are a major source of con-
tamination in residences.

We applied an online survey to examine the prevalence of moldy 
odors from air conditioners in the residences of healthy Japanese 
participants and patients with asthma and analyze the environmen-
tal factors associated with the presence of moldy air conditioners. 
We then analyzed whether patients with asthma were taking appro-
priate measures to reduce fungal contamination in the indoor envi-
ronments of their residences.

2  |  MATERIAL AND METHODS

2.1  |  Participants

Japanese adults aged ≥30 years registered in the database of an 
Internet research company (Macromill, Inc., Tokyo, Japan) were 
asked to participate in an online survey performed in October 2020. 
This survey included 600 patients with asthma and 400 without 
asthma. Participants who answered yes to both of the following 
questions were regarded as having asthma and were randomly se-
lected: (1) have you ever been diagnosed with asthma? and (2) are 
you currently being treated for asthma? Those who answered no to 
both questions were considered nonasthmatic.

This study was approved by the Institutional Review Board of 
Tokai University Hospital (20R-179) and was conducted in accor-
dance with the Declaration of Helsinki. Participants provided in-
formed consent by responding to the survey.

2.2  |  Questionnaire

The questionnaire comprised 33 questions: 12 on participant char-
acteristics, nine on the home environment, and 12 on air condition-
ers. The questions regarding participant characteristics included 
age, sex, living area in Japan, family income, occupation, marital 

status, number of family members living together, living with chil-
dren, age at asthma onset, residence type and age, and room to 
spend the longest.

The questions regarding the home environment included the 
use of humidifiers/dehumidifiers/air cleaners; the presence of a 
24-h ventilation system, aquariums, foliage plants, carpets, and pet 
breeding; and the occurrence of condensation in the room. The 
questions on air conditioners asked about the type of room installed, 
the presence of an auto-cleaning system in the unit, the unit age and 
frequency of use in the summer and winter months, and the meth-
ods and frequency of cleaning the air conditioner, including profes-
sional cleaning services.

2.3  |  Statistical analysis

Numerical data were presented as means and standard deviations 
or medians and interquartile ranges (IQRs), while categorical data 
were presented as numbers and percentages. Group comparisons 
were performed using Mann-Whitney U and Fisher's exact tests for 
continuous and categorical variables, respectively. To identify the 
factors linked to moldy odor or indoor condensation, univariable 
logistic regression analysis and/or multivariable analysis adjusted 
for age, sex, and the presence of asthma were performed. The be-
haviors of the participants with asthma were compared to those of 
participants without asthma using univariable and multivariable lo-
gistic regression analyses adjusted for age, sex, and moldy odor. To 
predict whether appropriate modification of lifestyle and residential 
environments can reduce the moldy odor from air conditioners, we 
calculated the probability of moldy odor on the basis of three mod-
els constructed with multivariable logistic regression analysis using 
data on nonasthmatics. Model #1 included the easily modifiable fac-
tors, model #2 included easily modifiable factors and air conditioner-
related factors, and model #3 included easily modifiable factors, air 
conditioner-related factors, and residence-related factors. All the 
models were adjusted for participant age. Goodness of fit was ex-
amined using the Hosmer-Lemeshow test. We then calculated the 
change in the estimated probability of moldy odor among patients 
with asthma before and after the removal of specific lifestyle and 
environmental factors in the model and tested for differences using 
the Wilcoxon signed-rank test.

Practical Implications

Moldy odor in the household air conditioners is associated 
with the factors related to air conditioners and indoor en-
vironments. The present online survey has clarified that 
patients with asthma, who are vulnerable to fungal expo-
sure, do not necessarily take appropriate measures to re-
duce indoor mold contamination. Patient education about 
the maintenance of indoor environment is warranted.
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The statistical analyses were performed using IBM SPSS 
Statistics for Windows version 26.0 and GraphPad Prism version 
9.0.0 for Windows. Statistical significance was set at p < 0.05.

3  |  RESULTS

A total of 1006 adults (aged 51.6 ± 12.0 years, 52.6% men), including 
631 patients with asthma, responded to the online survey. Most of 
their residences (94.5%) were equipped with air conditioners, mainly 
in the living room (90.2%), followed by the bedrooms (50.1%). The 
median age of the air conditioner was 6.0 years, and approximately 
one-third of the participants had used the same air conditioner for 
≥10 years.

A substantial proportion of participants (37.1%) reported 
moldy odors from their air conditioners. This prevalence did not 
differ between the residences of asthmatic and nonasthmatic par-
ticipants. In the nonadjusted univariable analysis, moldy odor was 
associated with ≥4 residents (OR = 1.45, 95% confidence interval 
[CI] 1.11–1.89), living in apartments (OR = 1.50, 95% CI = 1.01–
2.26), and indoor condensation (OR  =  2.57, 95% CI 1.96–3.38). 
Air conditioners ≥6 years of age (OR =  2.60, 95% CI 1.75–3.86) 
and frequent use during the summer (OR  =  1.90, 95% CI 1.28–
2.81) were related to moldy odors. In contrast, the presence of an 
auto-cleaning function in the air conditioner significantly reduced 
the moldy odor (OR  =  0.66, 95% CI 0.50–0.85). After adjusting 
for age, sex, and the presence of asthma, moldy odor was asso-
ciated with indoor condensation (OR = 2.61, 95% CI 1.97–3.47), 
air conditioner use ≥6 years (OR = 2.33, 95% CI 1.75–3.11), fre-
quent use during the summer (OR = 1.69, 95% CI 1.28–2.24), and 
auto-cleaning function (OR = 0.62, 95% CI 0.47–0.82) (Table 1). 
Moldy odor from the air conditioner was significantly associated 
with cleaning using aerosol spray (OR = 1.69, 95% CI 1.18–2.42) 
or a professional cleaning service (OR = 1.51, 95% CI 1.14–2.01), 
regardless of the presence of asthma. These data suggest that the 
presence of a moldy odor is a major motive for air conditioner 
cleaning.

Analysis of the factors associated with indoor condensation 
(Table 2) showed that living in apartments (OR = 1.43, 95% CI 1.10–
1.87) and the presence of aquariums (OR = 3.42, 95% CI 1.54–7.56) 
increased the risk of condensation, while a 24-h ventilation system 
decreased the risk (OR = 0.38, 95% CI 0.27–0.54).

These data suggested that living in apartments, the presence of 
an aquarium, older air conditioners, and the frequent use of air con-
ditioners in summer may cause increased exposure to fungi, whereas 
the presence of a 24-h ventilation system in the residence and auto-
cleaning function in the air conditioner reduced exposure. Therefore, 
we investigated whether patients with asthma were taking appro-
priate measures to reduce indoor fungal exposure. We found that 
<20% of the residences of patients with asthma were equipped with 
24-h ventilation systems. Nearly half of the patients used air condi-
tioners aged ≥6 years, half of which were not equipped with auto-
cleaning functions (Table  3). Although patients with asthma more 

frequently had humidifiers and air cleaners compared to those with-
out asthma, the presence of aquariums, 24-h ventilation systems, old 
air conditioners, and auto-cleaning functions in the air conditioner 
did not differ between participants with and without asthma.

The probability of moldy odor, estimated using a combination of 
lifestyle and environmental factors, was calculated on the basis of 
the three models (Table S1). Model #1 included the factors that can 
be modified relatively easily (pet, foliage plant, aquariums, carpet, air 
cleaner, humidifier, and dehumidifier). Model #2 included the factors 
from model #1 in addition to air conditioner-related factors (air con-
ditioner age ≥6 years and auto-cleaning function). Model #3 included 
the factors in model #2 and residence-related factors (e.g., apart-
ment, residence ≥20 years old). Goodness of fit examined using the 
Hosmer-Lemeshow test was acceptable for all models. Furthermore, 
the median values of the estimated probability of moldy odor in pa-
tients with asthma were 35–37%, which is close to the actual prev-
alence (37.7%). Using these models, we calculated the change in the 
estimated probability of air conditioner moldy odors among patients 
with asthma before and after the removal of specific lifestyle and 
environmental factors. Table 4 presents the results of this simulation 
using model #3. For example, aquariums are present in 25 asthma 
residences. The probability of moldy odor in these residences as de-
duced from our model decreased from 0.72 (median) to 0.43 (me-
dian, p < 0.01) when aquariums as a factor were removed from the 
model.

Participants with asthma more frequently cleaned their air con-
ditioners by using commercially available aerosol sprays containing 
detergents and antifungal chemicals (23.6% vs. 15.1%, p < 0.01). 
However, the rate of use of air conditioners with an auto-clean func-
tion or professional service to clean the air conditioners with high-
pressure washers did not differ from that in patients without asthma 
(Table 5). After adjusting for age, sex, and moldy odor, participants 
with asthma more frequently cleaned their air conditioners using 
commercially available aerosol sprays (OR = 1.48, 95% CI 1.03–2.13) 
but not with professional services.

4  |  DISCUSSION

If not properly managed, air conditioners are a major site of indoor 
mold growth, possibly causing or worsening ABPM and hypersen-
sitivity pneumonia.8,14 The number of airborne fungi increases 
by 10–10 000 fold immediately after starting a contaminated air 
conditioner.6 Moldy odors originating from air conditioners were 
present in more than one-third of the residences of participants 
with and without asthma. Not only air conditioner-related fac-
tors, such as length and duration of its use, but also household 
condensation reflecting high indoor relative humidity were asso-
ciated with the moldy odor. Asthmatic patients more frequently 
used air cleaners and humidifiers compared with participants 
without asthma, implying that they were more conscious of in-
door air quality. However, the number of participants who were 
taking effective measures to reduce moldy odor or condensation, 
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TA B L E  1 Characteristics of indoor environments with or without moldy odor from air conditioners

Moldy odor from air conditioner Nonadjusted odds ratio Adjusted odds ratiob

With moldy 
odor Without moldy odor Odds ratio 95% CI Odds ratio 95% CI

n 353 598

Participant characteristics

Age of participants (%), years

30–39 24.4 13.5 Ref

40–49 33.1 23.4 0.79 0.53–1.16

50–59 32.0 31.8 0.56** 0.38–0.82

60–69 7.4 17.1 0.24** 0.14–0.41

≥70 3.1 14.2 0.12** 0.06–0.25

Male (%) 42.8 56.9 0.57 0.44–0.74

Asthma (%) 63.5 62.0 1.13 0.86–1.49

Age at onseta 29 (8–40) 35 (14–49) 0.94** 0.92–0.95 0.99 0.99–1.00

Durationa 17.5 (6–33) 18.0 (6–33) 0.94** 0.92–0.96 1.00 0.99–1.01

Residence

Apartments (%) 42.5 34.4 1.50* 1.01–2.26 1.30 0.99–1.73

Age of residence, years 8 (5–12) 8(5–12) 1.00 0.97–1.04 0.99 0.97–1.02

0–9 19.8 18.9 Ref

10–19 22.4 17.9 1.19 0.79–1.81 1.69* 1.07–2.69

≥20 50.4 56.7 0.85 0.59–1.20 1.22 0.84–1.79

Home environment

Residents ≥4 (%) 48.4 39.3 1.45** 1.11–1.89 1.12 0.85–1.49

Pet (%) 24.1 19.6 1.30 0.84–2.01 1.19 0.86–1.66

Foliage plant (%) 16.7 18.9 0.97 0.59–1.60 0.89 0.62–1.28

Aquariums (%) 5.1 2.7 1.39 0.57–3.35 1.72 0.84–3.49

Carpet (%) 41.4 38.5 0.97 0.67–1.42 1.08 0.82–1.44

24-h ventilation system (%) 17.8 18.9 0.82 0.49–1.37 0.81 0.57–1.15

Air cleaner (%) 35.7 34.2 0.95 0.62–1.45 1.05 0.79–1.40

Humidifier (%) 24.3 19.1 1.09 0.66–1.80 1.34 0.96–1.87

Dehumidifier (%) 10.5 10.9 1.01 0.50–1.88 0.99 0.63–1.54

Condensation (%) 22.9 25.0 2.57** 1.96–3.38 2.61** 1.97–3.47

Air conditioners

Installed in living room (%) 89.5 90.6 0.90 0.58–1.40 0.87 0.55–1.36

Installed in bedroom (%) 54.4 48.8 1.25 0.96–1.63 1.26 0.94–1.61

Air conditioner age, years

0–5 36.8 52.8 Ref

6–10 19.2 17.9 1.54* 1.07–2.23 1.65* 1.12–2.42

11–20 34.8 20.1 2.49** 1.80–3.45 3.04** 2.16–4.30

≥21 8.6 9.2 1.37 0.84–2.23 1.91* 1.14–3.21

Frequent use during the 
summer (%)

64.3 48.5 1.90** 1.28–2.81 1.69** 1.28–2.24

Use during the winter (%) 66.2 59.9 1.33 0.89–1.99 1.19 0.89–1.58

Auto-cleaning function (%) 42.5 53.0 0.66** 0.50–0.85 0.62** 0.47–0.82

Air conditioner maintenance

Self-cleaning (%) 82.2 74.2 1.59* 1.15–2.22 1.72* 1.22–2.42
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such as auto-cleaning function in air conditioners or 24-h ventila-
tion systems in residences, did not differ between patients with 
and without asthma. Patients with asthma were more likely to 
clean air conditioners with aerosol spray, even after adjusting for 
moldy odor, which is the major motive to clean the air condition-
ers. However, less than 15% of patients with asthma had asked 
for professional services to clean their air conditioners by disas-
sembling and high-pressure washing, which effectively removes 
fungal contamination in the apparatus.

The dew point temperature of outdoor air, a function of tem-
perature and relative humidity, is an important factor for microbial 
loads in HVAC systems of buildings in the US.15 Fungal loads on 
cooling coils are more closely correlated with dew point tempera-
ture than bacterial loads, suggesting that moisture is an important 
factor related to fungal growth. However, window-type (ductless 
mini-split) air conditioners are commonly equipped in Japanese 
residences, composed of an outdoor compressor/condenser and an 
indoor air-handling unit(s), which re-circulate cooled indoor air but 
do not ventilate with outdoor air. Therefore, indoor environments 
such as condensation are important for fungal contamination in res-
idences with these air conditioners.

Condensation is an indicator associated with insufficient venti-
lation and high air humidity, sick building syndrome, asthma exacer-
bation, and allergic diseases.16–18 Our data confirmed that living in 
an apartment and the use of an aquarium increased the risk of con-
densation. Most Japanese apartments are reinforced concrete block 
buildings, which showed higher humidity and more abundant indoor 
fungi than wooden buildings.19 In the present study, a 24-h venti-
lation system suppressed the formation of condensation. As previ-
ously discussed, the window-type air conditioners popular in Japan 
do not ventilate indoor air with outdoor air; therefore, the indoor 
dew point temperature and the indoor-to-outdoor ratio of fungal 
bioaerosol levels in the summer are higher in houses equipped with 
this type of air conditioner compared with residences with HVAC 
systems.16,20 A 24-h ventilation system compensates for the short-
comings of window-type air conditioners.

Patients with asthma more frequently used air purifiers and 
humidifiers compared with patients without asthma. The use of 
humidifiers in the winter to increase indoor moisture may pre-
vent respiratory tract viral infections and asthma exacerbation.21 
However, their use also promotes the growth of fungi and mites, 
posing a risk of asthma development and worsening.19,20 The 

Moldy odor from air conditioner Nonadjusted odds ratio Adjusted odds ratiob

With moldy 
odor Without moldy odor Odds ratio 95% CI Odds ratio 95% CI

Filter alone (%) 57.9 60.3 0.55** 0.39–0.77 0.59** 0.41–0.85

Cleaning with aerosol 
spray (%)

24.3 13.9 1.83** 1.29–2.59 1.69** 1.18–2.42

Professional cleaning service 
(%)

41.6 31.8 1.53** 1.17–2.01 1.51** 1.14–2.01

Abbreviations: CI, confidence interval; NS, not significant.
a Values are medians and interquartile ranges.
b Adjusted for age, sex, and presence of asthma.
* p < 0.05;; ** p < 0.01.

TA B L E  1 (Continued)

With 
condensation

Without 
condensation

p value 
(univariable)

n 491 482

Living in apartments (%) 42.2 32.9 <0.01

Number of residents ≥4 (%) 23.8 20.1 NS

Pet (%) 21.6 20.5 NS

Foliage plant (%) 17.3 18.7 NS

Aquarium (%) 5.2 1.9 <0.01

Control of indoor air quality and humidity

24-h ventilation system (%) 11.8 25.7 <0.01

Air cleaner (%) 34.2 35.7 NS

Humidifier (%) 21.8 20.5 NS

Dehumidifier (%) 11.2 10.6 NS

Abbreviation: NS, not significant.

TA B L E  2 Characteristics of the 
indoor environment with or without dew 
condensation
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estimated probability of moldy odor in the residences of asthmat-
ics who use a humidifier decreased from 0.49 (median) to 0.31 
(median, Table 4) if humidifier as a factor was removed from the 
model, further supporting the notion that patient education can 
reduce environmental fungal contamination and improve asthma 
control. Patients with asthma in the present study were also aware 
of the need for air conditioner maintenance. They not only cleaned 
the filters but also used an aerosol spray to clean the air condi-
tioners. However, fungal contamination is most prominent in the 
downstream area of the cooling coils and the blower fan of air con-
ditioners.7 Therefore, spraying biocidal detergent cleaner on the 
front side of the AC heat exchanger has little effect. The cleaning 
of disassembled air conditioners with a high-pressure washer is 
most effective in reducing fungal load; however, <15% of patients 
with asthma utilized professional services for these procedures. 
Inappropriate efforts by patients themselves to clean air condition-
ers may exacerbate asthma symptoms.8

Online surveys based on moldy odors from air conditioners 
have some strength in identifying the major factors associated 
with indoor fungal contamination and patient behaviors regard-
ing these conditions, as they can easily collect data from a large 

number of participants with variable backgrounds and lifestyles 
in a specific season. However, this patient- but not physician-
oriented study has several limitations. First, we could not evaluate 
detailed clinical backgrounds and atopic status, especially sensiti-
zation status to fungal allergens. Secondly, although moldy odor 
is more closely associated than visible fungi with airborne fungal 
spores/β-glucan levels10 as well as with health outcomes in pa-
tients with asthma,22 criticisms exist that the source of mVOCs 
causing “moldy odor” are not necessarily specific to fungi.23 
Thirdly, there was a significant age dependence in the prevalence 
of moldy odor: Older people reported less moldy odor probably 
due to the deterioration of olfactory function.24 We, therefore, 
performed multivariable logistic regression analysis and analyzed 
the data after adjusting for age to identify the risk factors. Care 
is still required when using a moldy odor as a parameter of envi-
ronmental fungal contamination in the elderly population. Field 
studies examining more detailed clinical backgrounds and envi-
ronmental parameters such as frequency of air conditioner usage 
and ventilation can overcome these limitations, however, are lim-
ited to small number of samples. Therefore, our study with large 
samples and other field studies are complementary to each other 

Asthmatics Nonasthmatics p value

n 631 375

Agea (years) 51 (42–59) 51 (43–59) NS

Male (%) 50.6 53.1 NS

Home environment

Apartments (%) 37.9 38.4 NS

Residences ≥20 years old (%) 60.1 63.7 NS

Pet (%) 23.8 16.8 <0.05

Foliage plant (%) 18.7 16.8 NS

Aquarium (%) 4.1 2.4 NS

Carpet (%) 42.5 35.5 <0.05

Control of indoor air quality and 
humidity

24-h ventilation system (%) 18.4 18.1 NS

Air cleaner (%) 36.9 29.9 <0.05

Humidifier (%) 23.5 15.5 <0.01

Dehumidifier (%) 10.9 10.1 NS

Air conditioners

Years of usea 6 (3–10) 6 (3–10) NS

Use ≥6 years (%) 45.6 45.9 NS

Frequent use during the 
summertime (%)

52.8 49.1 NS

Use during the wintertime (%) 62.5 61.2 NS

With auto-cleaning function (%) 50.8 49.0 NS

Moldy odor (%) 38.2 35.3 NS

Abbreviation: NS, not significant.
aValues are median ± interquartile range.

TA B L E  3 Comparisons of the 
characteristics of the indoor environment 
between patients with and without 
asthma
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to answer the questions about the role of environmental factors 
on health status in patients with asthma.

5  |  CONCLUSIONS

Asthmatic patients were more conscious of indoor air quality. 
However, they did not necessarily behave appropriately to reduce 
indoor mold contamination, possibly due to a lack of knowledge. 
Physicians should provide appropriate information to patients with 
asthma on how to maintain an optimal indoor environment to mini-
mize fungal contamination.25,26
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n

Estimated probability of moldy 
odora

p valueBefore removal
After 
removal

Residence

Apartments 223 0.43 0.39 <0.01

Residences ≥20 years old 323 0.35 0.38 <0.01

Home environment

Pet 145 0.40 0.36 <0.01

Foliage plant 113 0.30 0.39 <0.01

Aquariums 25 0.72 0.43 <0.01

Carpet 251 0.42 0.34 <0.01

24-h ventilation system 112 0.32 0.45 <0.01

Air cleaner 225 0.36 0.43 <0.01

Humidifier 142 0.49 0.31 <0.01

Dehumidifier 67 0.34 0.41 <0.01

Air conditioners

Air conditioner age, ≥ 6 years 319 0.47 0.26 <0.01

Auto-cleaning function 291 0.32 0.35 <0.01

aValues are median.

TA B L E  4 Changes in estimated 
probability of moldy odor by modification 
of lifestyle and residential environments

TA B L E  5 Comparisons of the characteristics of the indoor environment between patients with and without asthma

Asthmatics Nonasthmatics p value

Adjusted odds ratioa

Odds ratio 95% CI

n 631 375

Air conditioner maintenance

Self-cleaning (%) 80.8 78.3 NS

Filter alone (%) 57.2 63.2 NS 0.77 0.59–1.01

Cleaning with aerosol spray (%) 23.6 15.1 <0.01 1.48* 1.03–2.13

Professional cleaning service (%) 36.4 33.2 NS 1.10 0.84-1.47

Abbreviations: CI, confidence interval; NS, not significant.
a Adjusted for age, sex, and moldy odor.
* p < 0.05;
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PATIENT CONSENT S TATEMENT
Participants provided informed consent by responding to the survey.
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