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Abstract
Background and Aims: Moisture damage increases the risk for respiratory disorders 
in childhood. Our aim was to determine whether early age residential exposure to 
inspector-observed moisture damage or mold is associated with different wheezing 
phenotypes later in childhood.
Methods: Building inspections were performed by civil engineers, in a standardized 
manner, in the children's homes—mostly single family and row houses (N = 344)—in 
the first year of life. The children were followed up with repeated questionnaires until 
the age of 6 years and wheezing phenotypes—never/infrequent, transient, intermedi-
ate, late onset, and persistent—were defined using latent class analyses. The multino-
mial logistic regression model was used for statistical analysis.
Results: A total of 63% (n = 218) had infrequent or no wheeze, 23% (n = 80) had tran-
sient and 9.6% (n = 21) had a persistent wheeze. Due to the low prevalence, results 
for intermediate (3.8%, n = 13) and late-onset wheeze (3.5%, n = 12) were not further 
evaluated. Most consistent associations were observed with the persistent wheeze 
phenotype with an adjusted odds ratio (95% confidence intervals) 2.04 (0.67–6.18) 
for minor moisture damage with or without mold spots (present in 23.8% of homes) 
and 3.68 (1.04–13.05) for major damage or any moisture damage with visible mold in 
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1  |  INTRODUC TION

Moisture damage and mold growth in buildings increase the risk of 
asthma exacerbation.1 Previous reviews2-4 have also concluded that 
there is sufficient evidence for the association of moisture damage 
or mold with asthma development, a finding reported also in the pre-
sent birth cohort.5,6 However, asthma itself represents a complex 
spectrum of phenotypes from early childhood into adulthood. In this 
context, children might be diagnosed as asthmatics at an early age 
due to experiencing wheezing symptoms, for instance during res-
piratory infection episodes, but might lose these symptoms later on, 
so-called transient wheezing.7 This may lead to a false positive clas-
sification of asthma status in epidemiological studies.

Two analytical approaches have been widely used to identify dis-
tinct classifications of asthma and wheezing in birth cohorts: the epide-
miological and clinical phenotype definitions.8 The clinical phenotype 
definition approach is based on the onset or overall timing of wheez-
ing symptoms and the number of lower respiratory tract illnesses over 
a certain time period,9 whereas the epidemiological approach uses 
hypothesis-free latent class analysis (LCA), utilizing parent-reported 
respiratory symptoms in different time points.8,10 Previous studies 
have differentiated wheezing and asthma phenotypes into six classes 
by various analytical and data-driven approaches.9-15

Previous research has suggested that fungal components includ-
ing cell fragments or spores released during fungal growth in buildings 
affected by moisture or mold damage may provoke inflammatory re-
sponses,16,17 and in turn, induce respiratory disorders including wheez-
ing and asthma.8,18 Due to the heterogeneity of asthma, it is further 
important to pinpoint those wheezing phenotypes, which may be as-
sociated with exposure to moisture damage and mold at an early age.

The aim of the present study was to evaluate prospectively, 
whether wheezing phenotypes as defined by LCA until the age of 
6 years were associated with exposure to building inspection con-
firmed moisture damage and mold in the home during infancy in a 
Finnish birth cohort study from the general population.

2  |  MATERIAL AND METHODS

2.1  |  Study population and study area

The study population consisted of the Finnish LUKAS birth cohort 
that has been prospectively followed up from the third trimester 
of pregnancy.5 Briefly, the study population includes 442 children 

that were born between September 2002 and May 2005 in Middle 
and Eastern Finland. The first half of the study population (N = 214) 
has been recruited from rural areas and is part of a European birth 
cohort (the Finnish arm of PASTURE),19 the second half of the co-
hort comes mainly from suburban areas (N = 228).5 For the current 
analysis, children whose homes have been investigated for moisture 
damage and mold at an early age (mostly between 2 and 5 months 
of age),5 and who had information on wheezing phenotypes deter-
mined by LCA8 were included (N = 344). The ethical permission for 
the study was granted by the Research Ethics Committee of the 
Hospital District of Northern Savo, Kuopio, Finland (ORG number: 
IORG00005196). The number for LUKAS is 299/2017 (33/2002) and 
for LUKAS2 is 300/2017 (48/2004). Written consent were acquired 
from the parents of the participating children.

2.2  |  Follow-up

Questionnaires at 12, 18, and 24 months of age and thereafter annu-
ally,6 enquired about any wheezing and other symptoms or diseases 
for the time period after the preceding questionnaire. Confounding 
factors were asked in the parents' questionnaires and in the 2- 
and 12-months follow-up questionnaires. Questionnaire-based 

a child's main living areas (present in 13.4% of homes). Early-age moisture damage or 
mold in the kitchen was associated with transient wheezing.
Conclusion: At an early age, residential exposure to moisture damage or mold, can be 
dose-dependently associated especially with persistent wheezing phenotype later in 
childhood.

K E Y W O R D S
childhood, indoor, latent class analysis, moisture damage, mold, wheezing phenotype

Highlights

•	 Exposure to moisture damage is considered a risk factor 
for respiratory disorders.

•	 Exposure to moisture damage in infancy was associated 
especially with persistent wheezing phenotype.

•	 Persistent wheeze is strongly associated with a later 
doctor diagnosis of asthma.

Key Message

This is the first study to assess the association of mois-
ture damage and mold observations recorded during 
standardized building inspections with different asthma 
phenotypes obtained by latent class analysis in a general 
population. Early age exposure to moisture damage was 
associated with persistent wheezing.
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information about housing characteristics were collected during the 
home inspection.

2.3  |  Immunoglobulin E (IgE) against 
inhalant allergens

Venous blood samples have been taken at the age of 6 years and an-
alyzed for specific immunoglobulin E (sIgE) to 19 common allergens 
by administering the Allergy Screen Test Panel for Atopy (Mediwiss 
Analytic).20,21 The cut-off level to define specific sensitization to 13 
inhalant allergens was 0.70 kU/L.5

2.4  |  Home inspection

The method of home inspection has been described earlier.6,22,23 
Briefly, trained civil engineer(s) inspected the homes for moisture 
damage, including detailed documentation of signs of excess mois-
ture and/or mold on the surfaces and building structures using 
a pre-designed checklist. In this context, “Children's main living 
area” encompasses the child's bedroom, the living room, and/or the 
kitchen. Children were 5 months old on average (mean 5.42 months, 
SD 6.00) during the home inspection and the results of the home 
inspection were reported to the parents.

2.5  |  Classification of moisture damage

During the building inspection, each sign of excess moisture was 
graded using a 6-point “need for repair” estimation scale in addition to 
the area of the damage.6,23 A description of the exposure assessment 
has been reported earlier in detail.5,6 “No damage” was defined as no 
need for repair or need for repair was only cosmetics (need for repair 
classes 0 or 1, respectively). “Major damage” was defined in three in-
stances: (A) a repair of surface materials was needed (class 2) with the 
area of moisture damage ≥1 m2; (B) a repair of structural components 
was needed (class 3) with the area of damage ≥0.1 m2; and (C) a need 
for repair was more extensive than structural components (classes 4 
or 5). Other damage than the above was classified as “minor damage.” 
The presence of mold odor or visible mold was recorded in connec-
tion with each damage observation. The variable “Moisture damage 
or mould in the child's main living areas” was created using combined 
information on signs of moisture damage and visible mold in the child's 
bedroom, the home's living room, and kitchen. As in previous publica-
tions,6,24 observation of visible mold only on silicone sealants in the 
kitchen or in the bathroom was classified as “no mold.”

2.6  |  Wheezing phenotypes

Wheezing phenotypes in PASTURE (N = 953, including the first half 
of the LUKAS study population) were originally defined using LCA, 

as defined in more detail in Depner et al.8 This was done based on 
repeated parental reports on wheezing symptoms at 12, 18, and 
24 months of age and thereafter annually up to the age of 6 years, 
using the following question: “How often has your child wheezed 
during the last 12 months?” or during the respective time period. 
The answer categories were “never,” “less than once a month,” 
“once a month,” and “at least twice a month.” Children with any 
wheeze at the respective time period were defined as wheezers. 
In consequence of varying time periods between questionnaires, 
each follow-up period was recoded to cover a 12 months period. 
Only those who had no or at most one missing time-point from 
the wheezing reports were included in the analyses. The Bayesian 
Information Criterion was used for determining the optimal number 
of five classes and the children were assigned to their respective 
classes based on the highest posterior probability of belonging. For 
the current analysis, the same LCA was repeated, now additionally 
including the second half of the LUKAS study population (N = 185), 
which resulted in five wheezing patterns as observed in the earlier 
analysis.8 LCA was conducted in MPLUS Version 5 (Muthén and 
Muthén).

2.7  |  Statistical analysis

Multinomial logistic regression25 was used to determine associations 
between moisture damage with or without mold and the five wheez-
ing phenotypes. All models were adjusted for the following, a priori 
selected covariates: study cohort, maternal history of allergic dis-
eases (asthma, atopic dermatitis, or allergic rhinitis), gender, number 
of older siblings (≥2, 1 vs. no siblings), smoking during pregnancy, and 
living on a farm. A more detailed phenotype description according to 
disease status and socio-demographics was done in supplementary 
analyses. Due to the low number of observations in the groups of in-
termediate and late-onset wheezing, we only report analytical find-
ings for moisture damage and mold with no or infrequent wheezing, 
transient, and persistent wheezing phenotype in the manuscript 
(N = 319). The data were analyzed using SAS 9.3 for Windows (SAS 
Institute).

3  |  RESULTS

3.1  |  Descriptive findings

The main population characteristics are shown in Table 1. The low 
number of children in different subgroups prevented further analy-
ses on the associations between wheezing phenotypes and the 
association with current disease status (e.g., asthma or atopy at 
6 years) and socio-demographic information (Table 1). Minor mois-
ture damage in the child's main living areas was reported for 80 
(24%) of the houses and major moisture damage or any moisture 
damage with visible mold was recorded in 46 homes (13%) (Table 2). 
During the 6-year follow-up, 63.4% (n = 218) of the children were 
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categorized according to no or infrequent wheezing, 23.3% (n = 80) 
transient, 3.8% (n = 13) intermediate, 3.5% (n = 12) late onset, and 
6.0% (n = 21) persistent wheezing (Figure 1).

3.2  |  Analytical findings

3.2.1  |  Persistent wheezing

Moisture damage or mold in the child's main living area was dose-
dependently associated with an increased risk of persistent wheeze in 
adjusted analyses (Figure 2; Table 2). The persistent wheezing pheno-
type tended to be also associated with moisture damage and moisture 

damage with mold in the living room, in the child's bedroom (Table 2) 
and in the other main living areas (other than kitchen, living room, and 
child's bedroom) (Table 3), but due to small numbers confidence inter-
vals are wide. No associations were found between moisture damage 
or moisture damage with mold in the bathrooms, other interior spaces, 
or in the whole house and persistent wheezing (Table 3). If children 
diagnosed with asthma (n = 45) were excluded from the current analy-
ses (resulting in 6 persistent wheezers, 65 transient, and 203 no/in-
frequent wheezers in the model, N = 274), the association between 
moisture damage in the child's main living area and persistent wheeze 
phenotype showed the same trend. However, due to the small number 
of persistent wheezers in the model (n = 6), a meaningful interpreta-
tion of the results is questionable.

TA B L E  1 Study population characteristics by wheezing phenotype

N

Never/infrequent 
wheeze

Transient 
wheeze

Intermediate 
wheeze

Late onset 
wheeze

Persistent 
wheeze

n % n % n % n % n %

Farmer

No 245 145 67 63 79 10 77 9 75 18 86

Yes 99 73 34 17 21 3 23 3 25 3 14

Cohort

Finnish arm of PASTURE 166 110 51 35 44 9 42 5 41.7 7 33

Extended cohort 178 108 49 45 56 4 58 7 58.3 14 67

Gender

Girl 173 119 55 33 41 4 31 8 66.7 9 43

Boy 171 99 45 47 59 9 69 4 33.3 12 57

Maternal smoking

Never 187 125 57 40 50 7 54 5 41.7 10 48

Not during pregnancy 109 68 31 24 30 5 39 5 41.7 7 33

During pregnancy 48 25 12 16 20 1 8 2 16.7 4 19

Maternal history of allergic disease

No 152 107 49 31 39 5 39 3 25 6 29

Yes 192 111 51 49 61 8 62 9 75 15 71

Paternal history of allergic disease

No 178 121 56 40 51 3 25 6 50 8 38

Yes 161 95 44 38 49 9 75 6 50 13 62

Number of siblings

None 120 82 38 26 33 2 15 6 50 4 19

One 115 75 34 27 34 1 8 5 41.7 7 33

Two or more 109 61 28 27 34 10 77 1 8.3 10 48

Maternal education level

Low 105 62 28 26 33 7 54 2 16.7 8 38

Middle 160 101 46 38 48 4 31 8 66.6 9 43

High 79 55 25 16 20 2 15 2 16.7 4 19

Asthma ever 6 years

No 281 202 93 65 81 2 15 6 50 6 29

Yes 62 15 7 15 19 11 85 6 50 15 71

Inhalant atopy age 6 year

No (<0.70 kU/L) 178 120 66 34 55 7 54 7 58 10 59

Yes (≥0.70 kU/L) 109 63 34 28 45 6 46 5 42 7 41
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3.2.2  |  Transient wheezing

Moisture damage or mold in the child's main living area was non-
significantly associated with transient wheeze (aOR (95% CI) 1.59 
(0.85–2.99)) for minor damage with or without mold spots and 1.75 
(0.78–3.94) for major moisture damage or any moisture damage with 
visible mold (Figure 2; Table 2). This association resulted from exposure 
to moisture damage or mold in the kitchen because no association was 
found for moisture damage or mold in the living room or in the child's 
bedroom (Table  2). No other associations were observed between 
moisture and mold categories and transient wheezing (Table 3).

4  |  DISCUSSION

4.1  |  Summary of main findings

In this study, we applied LCA to questions about current wheeze 
from birth until age 6 years, resulting in five wheezing phenotypes; 
infrequent/no wheeze, transient wheeze, intermediate wheeze, 
late-onset wheeze, and persistent wheeze. We found that moisture 
damage and mold observations in the child's main living areas, as 
determined by building inspections performed during the child's 
first year of life, were significantly associated especially with the 

TA B L E  2 Adjusted associations between different types of moisture damage or mold in the main locations of the home and the risk of 
transient and persistent wheezing phenotypes. Never or infrequent wheeze is always used as the comparison group.

N

Never/
infrequent 
wheeze Transient wheeze Persistent wheeze

n % n % aOR (95% CI) n % aOR (95% CI)

Child's main living area (child's bedroom, living room, and kitchen)

No moisture damage and no mold 200 144 72 46 23 1 10 5 1

Minor damage with/without mold 
spots

76 48 63 22 29 1.59 (0.85–2.99) 6 8 2.04 (0.67–6.18)

Major/any moisture damage with 
visible mold

43 26 61 12 28 1.75 (0.78–3.94) 5 11 3.68 (1.04–13.05), p = .0435

Kitchen

No moisture damage (reference) 237 170 72 53 22 1 14 6 1

Minor 67 40 60 22 33 1.93 (1.02–3.68), 
p = .0447

5 8 1.65 (0.53–5.16)

Major 15 8 53 5 33 2.43 (0.73–8.14) 2 13 3.53 (0.61–20.5)

No moisture damage with mold 
(reference)

307 213 69 74 24 1 20 7 1

Spots 4 1 25 2 50 4.17 (0.36–48.7) 1 25 5.38 (0.28–104)

Visible mold 8 4 50 4 50 2.62 (0.59–11.7) 0 0 –a

Living room

No moisture damage (reference) 260 177 68 70 27 1 13 5 1

Minor 40 28 70 7 18 0.67 (0.27–1.68) 5 13 2.75 (0.81–9.29)

Major 19 13 68 3 16 0.71 (0.19–2.64) 3 16 6.24 (1.34–29.0), p = .0197

No moisture damage with mold 
(reference)

309 212 69 79 26 1 18 6 1

Spots 5 4 80 0 0 –a 1 20 2.38 (0.22–26.2)

Visible mold 5 2 4 1 20 1.94 (0.16–23.5) 2 40 32.3 (2.81–370), p = .0053

Child's bedroom

No moisture damage (reference) 271 183 68 71 26 1 17 6 1

Minor 40 30 75 8 20 0.76 (0.33–1.78) 2 5 0.78 (0.16–3.69)

Major 8 5 63 1 13 0.69 (0.08–6.41) 2 25 6.91 (0.89–53.6), p = .0647

No moisture damage with mold 
(reference)

305 209 69 79 26 1 17 6 1

Spots 6 4 67 0 0 –a 2 33 6.10 (0.85–43.6), p = .0715

Visible mold 8 5 63 1 13 0.71 (0.08–6.62) 2 25 5.98 (0.83–42.8), p = .0752

Note: Models are adjusted for study cohort, living on a farm, gender, maternal history of allergic diseases (hay fever, atopic dermatitis, and/or asthma), 
smoking during pregnancy, and the number of siblings. The reference group in phenotypes is Never/Infrequent wheeze and in the exposure group as 
stated in the table.
aCannot be estimated.
A general estimate of the degree of damage was defined as “need for repair” class of the damage in the whole house.
Bold value indicates significant p - value.
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persistent wheezing phenotype until the age of 6 years. Exposure 
to moisture damage or mold in the kitchen area was associated with 
transient wheeze only. No associations were observed for moisture 

observation in the bathrooms, in the other interior spaces or when 
considering the entire house.

4.2  |  Validation of wheezing phenotype 
identification

It is crucial to determine the underlying mechanisms to prevent 
the continuation of symptoms and a subsequent asthma diagno-
sis later in childhood by targeted intervention measures before-
hand.26 To distinguish between different wheezing phenotypes 
in early childhood, epidemiological studies including ours, have 
mostly used a hypothesis-free LCA approach to evaluating long-
term trajectories of wheezing outcomes or wheezing classes 
throughout childhood.15,27 Martinez and colleagues9 identified 
four patterns of early-life wheezing (never wheeze, transient early 
wheeze, late-onset wheeze, and persistent wheeze) on the basis 
of clinical observation among children from the Tucson Children's 
Respiratory Study in 1995. These wheezing patterns have gener-
ally been confirmed and further refined in subsequent investiga-
tions using clinical and epidemiological approaches.10,11,13,27 The 
identified wheezing phenotypes in our study are consistent and 
similar in magnitude to those obtained in the Tuscon,9 the ALSPAC 
(Avon Longitudinal Study of Parents and Children) birth cohort 
study,10 and the Melbourne Atopy Cohort Study.28 In addition, 
they were identical to those ascertained from the Dutch PIAMA 

F I G U R E  1 Prevalence of wheezing in different time points 
during the first 6 years of life in five wheezing phenotypes analyzed 
by latent class analyses (LCA) reproduction.

F I G U R E  2 Adjusted associations 
between moisture damage in the child's 
main living area and transient or persistent 
wheezing phenotypes compared to no 
or infrequent wheezing phenotype. 
No moisture damage (reference 
category) = no damage or mold in the 
child's main living areas (minor = minor 
moisture damage with or without mold 
spots; major = major moisture damage or 
any moisture damage with visible mold. 
Multinomial logistic regression models 
are adjusted for study cohort, living on a 
farm, gender, maternal history of allergic 
diseases (hay fever, atopic dermatitis, and/
or asthma), smoking during pregnancy, 
and the number of siblings. *p < .05.
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birth cohort.11 Consensus over the identification of wheezing phe-
notypes is important as previous findings indicate that in particu-
lar persistent and recurrent wheezing during early childhood years 
is associated with an asthma diagnosis and lung function decline 
throughout later childhood.29,30 In our study, early age exposure 
to moisture damage and visible mold in the child's main living areas 
(living room, kitchen, and child's bedroom) was most notably asso-
ciated with the persistent wheezing phenotype. This underlines the 

importance of measures to repair moisture damages at home and 
helps to target those efforts.

4.3  |  Results in comparison with previous findings

In line with the present findings, we reported previously from 
the same study population that early age exposure to residential 

TA B L E  3 Adjusted associations between characteristics of moisture damage or mold in further locations of the home and transient as 
well as persistent wheezing phenotypes compared with never or infrequent wheeze.

N

Never/infrequent 
wheeze Transient wheeze Persistent wheeze

n % n % aOR (95% CI) n % aOR (95% CI)

Other main living areas (other than the kitchen, living room, and child's bedroom)

No moisture damage (reference) 243 166 68 66 27 1 11 5 1

Minor 45 32 71 7 16 0.58 (0.24–1.42) 6 13 3.59 (1.08–10.9), p = .0368

Major 31 20 65 7 23 0.87 (0.33–2.29) 4 13 3.59 (0.90–14.3), p = .0690

No moisture damage with mold 
(reference)

293 200 68 76 26 1 17 6 1

Spots 9 6 68 1 11 0.41 (0.05–3.60) 2 22 3.72 (0.58–23.9)

Visible mold 17 12 71 3 18 0.74 (0.19–2.84) 2 12 1.91 (0.34–10.8)

Bathrooms

No moisture damage (reference) 127 85 67 35 28 1 7 6 1

Minor 97 68 70 22 23 0.84 (0.44–1.62) 7 7 1.56 (0.49–4.98)

Major 95 65 68 23 24 0.99 (0.50–1.95) 7 7 1.84 (0.55–6.12)

No moisture damage with mold 
(reference)

285 192 67 74 26 1 19 7 1

Spots 11 8 73 2 18 0.46 (0.09–2.30) 1 9 0.92 (0.10–8.42)

Visible mold 23 18 78 4 17 0.45 (0.14–1.45) 1 4 0.35 (0.04–3.08)

Other interior spaces

No moisture damage (reference) 240 160 67 63 26 1 17 7 1

Minor 15 12 80 3 20 0.75 (0.20–2.87) 0 0 –a

Major 64 46 72 14 22 0.95 (0.47–1.93) 4 6 1.08 (0.32–3.68)

No moisture damage with mold 
(reference)

289 194 67 75 26 1 20 7 1

Spots 3 3 100 0 0 –a 0 0 –a

Visible mold 27 21 78 5 19 0.64 (0.22–1.85) 1 4 0.49 (0.06–4.18)

Whole house

Need for repair scale: Class 0 or 1 
(reference)

93 64 67 25 27 1 4 4 1

Class 2 119 81 68 29 24 0.98 (0.51–1.89) 9 8 2.21 (0.61–7.92)

Class ≥3 107 73 68 26 24 1.00 (0.50–2.01) 8 8 2.31 (0.60–8.81)

No moisture damage with mold 
(reference)

202 138 68 52 26 1 12 6 1

Only spots 46 32 70 9 20 0.63 (0.27–1.48) 5 11 1.37 (0.41–4.58)

Visible mold 71 48 68 19 27 1.17 (0.58–2.37) 4 6 1.03 (0.28–3.82)

Note: Models are adjusted for study cohort, living on a farm, gender, maternal history of allergic diseases (hay fever, atopic dermatitis, and/or asthma), 
smoking during pregnancy, and the number of siblings. The reference group in phenotypes is Never/Infrequent wheeze and in the exposure group as 
stated in the table.
aCannot be estimated.
The general estimate of the degree of damage was defined as “need for repair” class of the damage in the whole house, p-value ^<.1, *<.05.
Bold value indicates significant p - value.
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moisture damage and mold in the child's main living area was associ-
ated with an increased risk of asthma ever and asthma at the age of 
6 years.6 The latter is likely to remain symptomatic until adulthood.31 
Accordingly, excluding asthmatics from the analyses still showed the 
same trend, however, a meaningful interpretation was hampered 
due to the small numbers.

In the current study, moisture damage or mold in the child's 
main living areas further tended to be associated with the transient 
wheezing phenotype, mainly driven by associations with moisture 
observations in the kitchen. We have reported earlier that mois-
ture damage or mold in the kitchen was associated with asthma or 
asthmatic bronchitis in the first 18 months of life,5 but was not as-
sociated with persistent asthma at the age of 6 years.6 We can only 
speculate about the possible reasons for this specific finding, in addi-
tion to small numbers. Depending on the age of the child, their occu-
pancy patterns with respect to time spent in different rooms of the 
apartment are likely to change. Transient wheezing was associated 
with wheezing that occurs at an early age when children typically 
spend more time with their parents, including in the kitchen when 
the parents prepare food. At the later age of the child, this aspect 
might become less important and the kitchen, for example, might no 
longer be as relevant with respect to exposure duration. In contrast, 
if the moisture damage or mold is located in the main living areas, 
such as the child's bedroom or the living room, the exposure time 
can be assumed to remain somewhat similar throughout childhood. 
In addition, it has been suggested that atopic children might be more 
affected by environmental exposures and thus prone to persistent 
wheezing. Compared to that, transient wheezing is often associ-
ated with early life respiratory infections, thus less affected by the 
environment.11,28

To the best of our knowledge, this is the first study looking at 
objectively assessed early age moisture and mold exposure in re-
lation to different wheezing phenotypes obtained by hypothesis-
free LCA in a general population. A very similar study protocol 
was followed in an atopic cohort (the Cincinnati Childhood Allergy 
and Air Pollution Study, CCAAPS), which used home investigation 
for moisture damage and mold at an early age, but used clinical 
asthma phenotypes defined by parental-reported records instead 
of hypothesis-free LCA.32 Similarly, they observed that children had 
a significantly increased risk of persistent wheezing until the age of 
7 years upon exposure to objectively observed severe moisture and 
mold damage in the home at an early age.32 However, the weakness 
of the study was that the results were not as generalizable due to 
the nature of an atopic cohort as compared to the results from our 
cohort. In another birth cohort study (Barn/Child Allergy Milieu 
Stockholm Epidemiology, BAMSE) with the follow-up up to the age 
of 16 years, parents reported mold odor, visible mold, or dampness 
in the whole home at an early age, and clinical asthma phenotypes 
defined by parental-reported records was used.33 Among children 
exposed to any parent-reported mold or dampness at an early age, 
a significantly increased risk was observed for persistent, but not 
for the transient or late-onset asthma phenotype, as was found in 

our cohort with shorter follow-up time. Among 18 months old chil-
dren from the PARIS (Pollution and Asthma Risk: An Infant Study) 
birth cohort, three wheezing phenotypes were identified by LCA.34 
Parent-reported visible mold and/or moldy smell in the home was a 
risk factor for the atopic severe phenotype, which was associated 
with recurrent wheezing, other respiratory as well as allergic symp-
toms and an increased usage of medical and hospital-based care. 
Due to the short follow-up period, it is hard to separate children 
from early transient wheezing phenotype to persistent phenotype.

Based on the evidence from our study and others, early age ex-
posure to moisture damage and mold is associated specifically with 
a more severe, partly atopic wheezing phenotype, characterized by 
persistency and frequent episodes. In addition, there are a few stud-
ies looking at the association between wheezing phenotypes and 
exposure to moisture and/or mold without using an a priori data-
driven approach. According to Civelek et al.,32 current but not early 
age exposure to mold and dampness was associated with frequent 
wheezing in a multi-center cross-sectional analysis among over 
6000 elementary school children in Turkey. Finally, Lezmi and col-
leagues showed in a French multicenter observational cohort that 
exposure to residential mold was significantly associated with se-
vere recurrent wheezing in preschoolers that were at high risk of 
asthma.35 Taken together, the findings of our and previous investi-
gations consistently suggest that exposure to moisture damage and 
mold in early and throughout infancy are associated in particular 
with persistent and recurrent wheezing, which in turn is a risk factor 
for later asthma outcomes.

4.4  |  Strengths and limitations

Our study used information on moisture damage and mold observa-
tions from a home inspection carried out by trained civil engineers 
following standardized protocols, which is a more objective assess-
ment compared to for instance parent reports. Due to detailed re-
cords of the observations, we were able to estimate the dose of the 
exposure using mostly three-level indicators and information on 
location. We also collected the information on wheezing prospec-
tively, and thus, neither recall bias nor the well-known difficulties 
with asthma diagnoses—that is, asthma diagnoses at an early age 
may lead to a false positive classification of asthma—could have 
affected our results. As mentioned, this is the first study investi-
gating inspector observed early age exposure to moisture damage 
and mold in relation to wheezing phenotypes ascertained by latent 
class analyses in population-based birth cohorts. Although there 
are limitations due to a limited sample size, our work confirmed ear-
lier findings from similar studies in different geographical regions, 
underlining that moisture and mold damage in early infancy might 
contribute to later asthma outcomes. However, due to the low num-
bers of observations in the individual phenotypes in our study, some 
estimates may be unstable and the results need to be interpreted 
with caution.
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5  |  CONCLUSION

Our results add to earlier findings that exposure during infancy to 
moisture damage and mold in the child's main living areas in the 
home, increases the risk of especially persistent wheezing, thereby 
potentially contributing to asthma outcomes later in life. These find-
ings emphasize the importance of providing a healthy home environ-
ment free of major moisture damages during early childhood, in an 
effort to reduce the risk of later asthma.
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