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Evaluation of evidence of causation according to Bradford Hill criteria 

 

(1) Strength  

We observed a statistically significant increased risk of asthma (1.49 (1.28-1.72), wheeze 

(1.68 (1.48-1.90) and allergic rhinitis (1.39 (1.28-1.51) in children when exposed to visible 

mould in studies over the past 30 years. According to Hill’s criteria, inadequacy could 

derive from systematic errors such as reverse causation, without affecting the effect 

estimates. We were not able to look into every study included in the meta-analysis, 

however, numerous studies validated self-reported visible mould questions against 

inspector reported observations (1-6) and did not find any evidence for over- or 

underreporting of dampness and mould by occupants. 

 

(2) Consistency 

Has the association between visible mould exposure and allergic health outcomes been 

repeatedly observed by different persons, in different places, circumstances and times?  

This review was comprised of a number of publications on adverse health effects of 

mould and mould derived components exposure over the past 30 years. Visible mould 

exposure was reported to increase the risk for allergic health outcomes in every 

epidemiological study design described in our study. The same was found for mould 

spore exposure; however, the number of studies was limited. In contrast, we observed a 

protective tendency of mould derived components on allergic diseases in prospective and 

retrospective studies. Therefore, mould derived components such as (1,3)-ß-D-glucan or 

EPS might be an inadequate surrogate of visible mould exposure. 

 

(3) Specificity 

Multi-causation is generally more likely in epidemiological studies. Although we observed 

strong associations between mould exposure and allergic health outcomes, there were 

other risk factors such as second hand smoke (SHS), hidden microbial pollution or 

subject related risk factors. In order to account for specificity in the meta-analysis we 

included only studies with clearly defined exposure (“visible mould at home”), well-

defined health outcomes and similarly adjusted effect estimates. 

 

(4) Temporality 

Temporality refers to the temporal relationship of the association. In almost all birth 

cohort and cohort studies not recruited at birth there is at minimum one year between 

exposure and health outcome assessment. For case-control and cross-sectional based 



studies, exposure was determined retrospectively. However, for the meta-analysis we 

had to combine studies regardless of their study design due to the limited number of 

prospective (birth) cohort studies. 

 

(5) Biological gradient 

There were only 8 publications included in this review that looked at the dose-response 

relationship between exposure and health outcomes assessment. One birth cohort study 

and one cross-sectional study reported that the number of mould sites at home 

significantly increased the risk for wheeze in 1 year old children, which was confirmed at 

the age of three years within the U.S. birth cohort study. Two U.S. cohort studies and one 

case-control study from Germany found that higher levels of Penicillium and 

Cladosporium increased the risk for allergic disorders. In contrast, two birth cohort 

studies from the U.S. and Europe found that higher levels of mould (1,3)-ß-D-glucan and 

EPS were associated with a decreased risk for physician-diagnosed asthma and 

(recurrent) wheeze.  

 

(6) Plausibility and (7) Coherence 

The inflammatory and allergenic potential of fungal allergens was investigated in a 

number of experimental studies (7, 8). Fungal exposure was associated with type 1 

allergies, with a focus on proteins produced by the respective species as suggested by 

IgE-inducing allergens (9-11). Several fungi and isolated mycotoxins were linked with 

inflammatory responses in vitro (12-14). Mould derived components such as (1,3)-ß-D-

glucans originate among others from fungi and have the capacity to initiate a variety of 

inflammatory reactions in vertebrates (15).  

 

(8) Experiment 

There are some intervention studies which investigated the effect of remediation of mould 

or microbial exposure in affected home or school environments in follow-up studies. After 

remediation, symptoms of allergic respiratory health outcomes and medication use 

decreased (16-20).  

 

(9) Analogy 

The indoor environment consists of a complex mixture of viable and non-viable organisms 

and a clear assignment to the observed health effect is difficult (21). Home dampness and 

visible mould, as an apparent exposure, might be only partly responsible for the observed 

health effects. However, most of the studies included in the meta-analysis were adjusted for 

important risk factors which are thought to have an effect on the health effects.  
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