Received: 21 May 2019 | Revised: 3 July 2019

Accepted: 10 July 2019

DOI: 10.1111/ina.12588

ORIGINAL ARTICLE

WILEY

Does dampness and mold in schools affect health? Results of a

meta-analysis

William J. Fisk

Indoor Environment Group, Lawrence
Berkeley National Laboratory, Berkeley, CA

Correspondence

William J. Fisk, Indoor Environment Group,
Lawrence Berkeley National Laboratory,
Berkeley, CA.

Email: WJFisk@Ibl.gov

Funding information

U.S. Environmental Protection
Agency, Grant/Award Number:
DW-089-92500601-0

1 | INTRODUCTION

| Wanyu R. Chan | Alexandra L. Johnson

Abstract

This paper provides meta-analyses of the published findings relating the respira-
tory health of occupants of schools with visible dampness, water damage, visible
mold, and/or mold odor. Random effects models were used to develop central es-
timates and confidence limits for the associations of respiratory health effects with
school dampness and mold. Eleven studies, all with cross-sectional designs, were
included in the meta-analyses; however, analyses for some health outcomes were
based on as few as four studies. Analyses were performed using data from adults
and children combined, using only data from children, and using data from adults and
children after excluding two studies. The central estimates of odds ratios from the
meta-analyses were consistently above unity. The evidence of adverse health effects
was strongest for cough and wheeze, which had confidence limits excluding unity in
some or all analyses. The odds ratios of 1.32 for cough and 1.68 for wheeze suggest
moderate increases in health risk. Studies not included in the meta-analyses provide
additional evidence that dampness and mold in schools are associated with adverse
health outcomes. These meta-analyses and the published literature not included in
the meta-analyses suggest that dampness and mold in schools are associated with

adverse respiratory health effects.
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agents in the air or dust of homes are less consistently associated with

adverse health effects than visible dampness or mold or mold odor.!

Based on a large body of research, visible dampness, water damage,
visible mold, and mold odor in homes are associated with increases
in respiratory and asthma symptoms including cough and wheeze and
are also associated with increases in development of the disease of
asthma, although the specific agents that may be causing the increases
in health effects are not known.! The associations remain after con-
trolling for a range of confounding factors. A smaller but significant
body of research indicates that visible dampness and mold or mold
odor in homes is associated with increases in respiratory infections.®
Associations of visible home dampness and mold and mold odor with
lung function are not as well established.! Concentrations of microbial

We would anticipate that exposures to dampness and mold in
schools are associated with the same health outcomes, although the
risks from exposures at schools might be smaller because students
and teachers usually spend less time at school than at home. Less re-
search has been published on the health consequences of dampness
and mold in schools and no published review, focusing specifically on
this topic, was identified.

This paper provides a meta-analysis of published findings relating
the health of occupants of schools or day care centers (both adults
and children) with visible dampness (which includes water damage),

visible mold, and mold odor.
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Papers were identified using PubMed using the following search
string ((Classroom OR School OR Daycare) AND (dampness OR
mold) AND (Health or Asthma)). Supplemental searches were per-
formed in Google Scholar with combinations of the same terms. The
final PubMed search on September 4, 2018, identified 5195 papers.
Titles of each paper were read. If the title indicated that a paper
might be relevant, the abstract was read. If the abstract indicated
that the paper was relevant, the full paper was read. For inclusion in
the meta-analysis, we required that papers were published in peer-
reviewed journals, described an original study (ie, were not reviews
of prior research), and provided odds ratios (ORs) and confidence
intervals (Cls) for the associations of visible dampness and/or mold,
and/or mold odor in schools (including classrooms, universities, or
daycare centers) with one or more of the following health outcomes:
breathlessness; cough; current asthma; dermal symptoms; nasal
symptoms; throat symptoms; wheeze. We did not distinguish among
dampness, mold, or mold odor as risk factors since visible mold is
considered the result of excess dampness whether or not the damp-
ness is reported, and excess dampness is typically accompanied by
mold, even if the mold is not visible. Mold odor is also associated
with mold, even when not visible. In addition, one study’ included
water vapor condensation as one of several risk factors.

For inclusion, we required that studies controlled for potential con-
founders with multivariate statistical modeling or with study designs;
however, we did not specify the specific confounders that must be
controlled. Study subjects could be either school children or adults (eg,
teachers or other school staff). Data from studies at all grade levels were
accepted. We excluded a study® that used health data from the general
population, and from office workers, as references. Studies of associa-
tions of dampness or mold in dorm rooms with health were excluded
since we considered dorm rooms as residences. To limit the diversity
of the studies used in the meta-analyses, the results of four interven-

tion studies’ 12

were excluded. Also, to limit diversity, we excluded a
study®® that assessed the level of improvement of health symptoms
during weekends and vacation periods in subjects from moisture dam-
aged schools compared to subjects from non-damaged schools.

Because of the very large number (5195) of papers identified via
the search, it was not practical to compile the reasons for exclusion
of each excluded paper. A very large majority of papers were ex-
cluded because they did not address the health consequences of
dampness or mold in any type of building. Other main reasons for
exclusion were as follows: (a) the study addressed health risks of
dampness and mold in homes (potentially of school-age children) but
not of dampness and mold in schools; (b) the study assessed associ-
ations of health outcomes with airborne molds or molds in dust, but
did not include analyses with visible dampness or mold, or mold odor
as the risk factor; (c) the study did not provide data for any of the
specific health outcomes included in our meta-analysis.

The study setting and methods, key findings, and key strengths

and weaknesses were summarized in tabular form. Study data were

Practical Implications

e School districts should design, operate, and maintain
school buildings in a manner that minimizes dampness
and mold problems.

e When dampness and mold problems occur in schools,

corrective measures should be undertaken promptly.

independently extracted by two authors and discrepancies resolved.
Findings were also displayed in charts.

We applied random effects models to derive central estimates
and confidence limits for the associations of health outcomes with
mold, dampness, and/or mold odor. A separate model was run for
each health outcome category. Random effect models were more
appropriate than fixed effect models as we could not assume that
the true effect size for all studies was identical since the studies var-
ied according to subjects, investigators, and scenarios. In addition,
because findings of multiple analyses within a single study may not
be statistically independent, we applied a random effects model
that adjusted for possible within-study correlations. The approach
used was the same as in prior meta-analyses of dampness and mold
with various respiratory outcomes.?® In each meta-analysis model,
we included from each eligible study all relevant ORs for different
but correlated risk factors (eg, visible dampness, visible mold, mold
odor). If a study included ORs for multiple specific health outcomes
(eg, cough and night-time cough) within a health outcome category
(eg, cough), the meta-analysis used the ORs for each specific health
outcome.

We required that each analysis utilize data from four or more
studies. Accordingly, calculations for throat symptoms and breath-
lessness, each with data from only three studies, were excluded.
Additionally, from some analyses of subsets of studies, calculations
for current asthma and dermal symptoms were excluded.

One study* provide values of relative risk in place of ORs. We
treated the relative risk values as equivalent to ORs. With preva-
lence rates of health outcomes far less than 100%, values of relative
risk tend to be slightly smaller than ORs.

ORs and 95% Cls reported in primary studies were first log-
transformed. The transformed results for each health outcome cat-
egory were then combined using statistical software R'®> metafor
package.16 A random effects model was fitted to the studies using
the rma function that utilizes the inverse-variance method. These re-
sults were compared to those obtained from our main analysis using
the rma.mv function following a multi-level random effects model
procedure’” to account for both within-study and between-study
variance, where a variance-covariance matrix of the sampling errors
was estimated and constructed. The three levels of variance are as
follows: level 1—sampling variance of the extracted effect sizes; level
2—variance between effect sizes extracted from the same study;
and level 3—variance between studies. The three-level analysis
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approach is a practical way to account for interdependency of effect
sizes without requiring primary studies to report the correlations
between outcomes. Simulation studies showed that this method
resulted in unbiased central estimates and corresponding standard
errors.®Y Further, the three-level approach allowed an examination
of the differences in outcomes within studies (ie, within-study het-
erogeneity) as well as an examination of differences between studies
(eg, between-study heterogeneity). We used the three-level model
as our primary analysis. The outputs of the models were exponenti-
ated to produce the ORs and Cls for graphs and tables.

Ideally, all studies included in a meta-analysis would be very sim-
ilar in design and subject type with results that vary only because
of sampling variance. Heterogeneity indicates that the variability
in study results is not fully explained by sampling variance. Our
analyses included calculations of p values from significance tests
of heterogeneity. The 12 statistic was also computed. The I? value
describes the percentage of variability across studies due to hetero-
geneity rather than sampling error.2° Using the criteria outlined for
Cochrane reviews, I values below 40% may indicate that heteroge-
neity is unimportant, 30%-60% may represent moderate heteroge-
neity, and greater than 75% indicates considerable heterogeneity.20
I? can be biased in small meta-analyses due to low statistical power.

The primary meta-analyses used data from all studies, regardless
of the subject type (child or adult) or risk factor. A second set of
analyses considered only studies with children as subjects. A third

12! and Taskinen et al.??

set of analyses omitted data from Bakke et a
These two studies compared health effects of subjects of one or two
schools with widely known dampness problems to health effects of

subjects of one or two schools without such problems. We felt that

TABLE 1 Primary results of the three main, multi-level meta-analyses

Number of Number of
Health Effect ORs Studies OR (95% CI)
1. Adults and children as subjects
Cough 28 9 1.32(1.20-1.45)
Current asthma 6 4 1.38(0.72-2.63)
Dermal symptoms 15 4 1.13(0.70-1.83)
Nasal symptoms 28 7 1.23(0.96-1.59)
Wheeze 14 6 1.68 (1.06-2.66)
2. Only children as subjects
Cough 18 6 1.30(1.17-1.45)
Nasal symptoms 14 4 1.16 (0.86-1.56)
Wheeze 5 4 1.88(0.66-5.37)
3. Adults and children as subjects excluding data from?* AND?2
Cough 26 7 1.30(1.18-1.43)
Current asthma 6 4 1.38(0.72-2.63)
Nasal symptoms 27 6 1.20(0.92-1.58)
Wheeze 13 5 1.43(0.97-2.09)

“Test for heterogeneity between all ORs: *P < 0.05.

WILEY--

the known history of dampness problems in these two studies could
have biased the reporting of symptoms and that the small number of

schools were additional weaknesses.

3 | RESULTS

After applying inclusion criteria, eleven studies remained.”!42??
The study features and results are compiled in Table S1. Nine stud-
ies provided data for cough, seven studies provided data for nasal
symptoms, and six studies provided data for wheeze. Four studies
provided data for current asthma and dermal symptoms. All included
studies had a cross-sectional design. In all studies, presence of
dampness or mold was verified by trained inspectors, by members
of the research team, or, in one case by teachers when the subjects
were children. Thus, none of the studies relied on reports of subjects
to indicate whether dampness of mold were present. The number of
subjects in statistical tests ranged from 113 to 9271. In four studies,
the subjects were adult teachers or staff, and otherwise, the sub-
jects were school children. Many studies provided multiple sets of
ORs and Cls, with each set applicable to a specific combination of
health outcome and risk factor. Risk factors included in the meta-
analyses were visible dampness, water damage, visible mold, mold
odor, and combinations of these factors.

Most studies controlled for a broad set of potential confound-
ers. Confounders commonly controlled in the studies within the
meta-analyses included gender, age, socio-economic status, atopy,
environmental tobacco smoke at home, and dampness and mold at
home. One study?! controlled only for age and gender.

Distribution of Variance I? (%)
Heterogeneity

P-value? Within-studyb Between-Studyb
0.81 16 0
0.02* 0 71
0.38 0 42
0.06 0 43*
0.02* 0 59
0.44 23 0
0.34 0 42*
0.003* 38 37
0.90 13 0
0.02* 0 71
0.05* 0 45*
0.12 0 40

POne-sided log-likelihood-ratio test for significance of within-study variance and between-study variance: *P < 0.05.
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Table 1 provides the results of the three-level random effects
modelling. Odds ratios and 95% Cls are in bold when the Cls exclude
unity. We first consider the meta-analyses of all studies; that is, studies
with either adults or children as subjects and with the following risk
factors individually or in combination: visible dampness; water dam-
age; visible mold; mold odor. All of the resulting central estimates for
ORs exceeded unity (1.0) with a range from 1.13 for dermal symptoms
to 1.68 for wheeze. Ninety-five percent Cls excluded unity for cough
with OR = 1.32 (1.2-1.45) and for wheeze with OR = 1.68 (1.06-2.66).
For nasal symptoms, the OR was 1.23 with a lower confidence limit of
0.96, indicating an increase in risk that was nearly significant since the
lower Cl was close to unity. P values for heterogeneity ranged from
0.02 for wheeze and current asthma to 0.81 for cough. Figure 1 shows
Forest plots with adjusted ORs and 95% Cls for cough, nasal symp-

toms, wheeze, dermal, and current asthma.

Next, consider the analyses of the subset of studies with children
as subjects. Central estimates of ORs always exceeded unity with
a range of 1.16 for nasal symptoms to 1.88 for wheeze. However,
cough is the only outcome for which the 95% Cl excluded unity with
OR =1.30(1.17-1.45).

When we excluded data from Bakke et al.?! and Taskinen
et al.?? for the analyses with adults and children combined, most
ORs changed minimally. For wheeze, the OR decreased from 1.68
to 1.43 and the lower confidence limit dropped to 0.97, just below
unity.

When we applied the inverse-variance random effects model
to adults and children for all studies, central estimates ranged from
1.16 for dermal symptoms to 1.66 for wheeze, with the Cls exclud-
ing the null in all cases except dermal symptoms. A table of these

results can be found in Table S2. Relative to the three-level random
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effects models, this model yielded central estimates that tended to
be slightly higher with Cls that were substantially narrower. The nar-
rower Cls were expected since the standard models treat the multi-
ple results from within studies as independent.

The P values from test of heterogeneity in all ORs and values of
distribution of variance (1) are also listed in Table 1. Although there
are several exceptions, for most analyses P values far exceeded
0.05, suggesting acceptable heterogeneity. For most of the cases,
total variance can be attributed to the estimated sampling variance
and the differences between ORs between studies. In comparison,
differences between ORs within studies were a minor component of
the total variance. The sum of I values was less than 50% for most
of the cases. I? was lowest for cough, for which data were available
from nine studies. 1> was greater than 50% for current asthma and
wheeze.

For cough, which has confidence limits excluding unity in all
analyses, P values for heterogeneity are 0.44-0.90 and a small frac-
tion of variation is due to heterogeneity. For wheeze, which has a
confidence interval excluding unity in the analyses of results from
all studies, heterogeneity is high with P = 0.02 and an estimated

59% of variation due to heterogeneity. Excluding data from Bakke

et al?! and Taskinen et al?? reduced heterogeneity in the analysis for
wheeze leading to a P value of 0.12. Heterogeneity is also significant
for nasal symptoms (P = 0.05) for the final set of analyses excluding
the two studies. Analysis of variance suggests that heterogeneity is
due to between-study variance. Analyses of the subset of studies
with children as subjects resulted in reduced heterogeneity for nasal
symptoms (P = 0.34). This finding suggests that part of the between-
study variance may be explained by whether the subjects were chil-
dren or adults.

Funnel plots are provided in Figure 2, where odds ratios were
plotted on logarithmic scale. Asymmetry in funnel plots can have
multiple causes including heterogeneity, chance, and reporting or
publication bias—the less frequent publication of results with low
ORs or with confidence intervals including unity.>® In the funnel
plots, nearly all data points fall within the boundaries of the fun-
nels which is suggestive of limited bias. None of the funnel plots
have a particularly high level of asymmetry, considering the rela-
tively small number of data points. In the plot for wheeze, there
appears to be fewer than expected data points with high standard
error and a small odds ratio, possibly indicating publication bias or

other sources of bias.
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4 | DISCUSSION

The central estimates of odds ratios from these meta-analyses are
consistently above unity suggesting associations of adverse respira-
tory health effects with dampness and mold in schools. The suggestion
of adverse health effects is strongest for cough and wheeze, which
have confidence limits excluding unity in some or all analyses, and
for nasal symptoms for which the lower confidence limit is just below
unity. The ORs of 1.32 for cough and 1.68 for wheeze suggest moder-
ate increases in health risk and the ORs near 1.2 for nasal symptoms
suggest a small increase in health risk. Wide Cls for dermal symptoms
and current asthma may be partly a consequence of the small number
of studies providing data for these outcomes; however, other factors
such as heterogeneity may also contribute to the wide Cls. Omitting
data from the two studies having both few buildings and with well
established, likely widely known, dampness problems led to minor
changes in most ORs.

For cough, the heterogeneity in study results is small, while for
wheeze and nasal symptoms there is considerable heterogeneity.
Heterogeneity may be explained by the differences in the charac-
teristics of the study participants and the diversity of the studies.
For wheeze, heterogeneity is reduced when omitting data from
two studies having both few buildings and buildings with well es-
tablished, likely widely known, dampness problems. For nasal
symptoms, heterogeneity is reduced when studies with children as
subjects were analyzed separately. The tests for heterogeneity may
have been underpowered because of the small number of studies
providing data.?®

The ORs resulting from these analyses suggest the magni-
tudes of the fractional increases in respiratory health effects
when schools have dampness or mold. For example, an OR of 1.5
suggests slightly less than a 50% increase in a health effect. The
significance of these increases depends on the baseline propor-
tions of subjects experiencing the respiratory health effects. Not
all studies provided baseline prevalence rates of health effects in
schools without dampness or mold. However, the study with the
largest number of subjects reported the following prevalence rates
among children in schools without dampness or mold: 2%-4% for
current asthma; 10%-11% for wheeze; 13%-20% for cough; and
24%-31% for nasal symptoms.

The data underlying the meta-analyses are from studies that
have, in general, controlled for a broad set of potential confound-
ers. All but two studies have more than 250 subjects. The verifi-
cations, in every study, of dampness and mold by people (trained
inspectors, research team members, or in one case teachers when
the subjects were children) who were not study subjects is a
strength.

There are many limitations to the meta-analyses reported here.
The underlying data are entirely from cross-sectional studies, a type
of study subject to biases that cannot prove causal relationships.
These studies can be subject to confounding and other limitations
inherent in the study design, despite methods used to control for
known confounders. For dermal symptoms and current asthma,

only four studies provided data. The health data are entirely self-re-
ported, and the occupants of damp and/or moldy schools may have
been aware of the problems and their potential to cause health ef-
fects. The possibility of publication bias is always a concern for re-
search of this type. However, it is not the case that only statistically
significant findings have been published. Most of the published data
indicates non-statistically-significant increases in health risks. The
funnel plots suggest limited publication bias and provision of funnel
plots is a common practice for meta-analyses, although the value of
funnel plots is questionable when there are fewer than ten studies®®
which includes all of our analyses.

Ideally, school districts seeking to reduce dampness and mold in
their buildings would have clear criteria defining the dampness and
mold conditions that trigger remedial actions. However, the various
studies cited have employed a variety of definitions for dampness and
mold and there are no generally accepted criteria for distinguishing
a problematic level of dampness and mold, which adversely affects
health, from a non-problematic level of dampness and mold.®* The
lack of such criteria may hinder efforts to reduce dampness and mold-
related health effects.

Data from studies not included in the meta-analyses were also
reviewed. Four studies described in five papers assessed whether
renovations to correct dampness and mold problems in schools im-
proved health.? 232 All four studies reported statistically significant
improvements in some respiratory health outcomes after renova-
tions. In one of these studies, a thorough renovation was associated
with improved health but a partial renovation did not significantly
improve health.'> Among identified studies measuring airborne lev-
els of mold, with higher airborne mold levels, five of seven reported
statistically significant increases in respiratory symptoms or asthma
or an improvement in nasal patency and worsening of inflammatory
markers in nasal lavage fluids. 337 One of the seven studies re-
ported a very small statistically significant decrease in wheeze with

d®® and another study24 reported a decrease in

higher airborne mol
atopic dermatitis with higher airborne mold. Eight studies reported
in nine papers were identified that have investigated whether damp-
ness and mold indicators were associated with objective (mea-
sured) health outcomes such as lung function or markers of allergic
or inflammatory responses.10'“’21'24'32'34’37'39'40 Four of the eight
studies reported statistically significant worsening of one or more
objective health outcomes with indicators of building dampness or
mold.t124323437 However, with indicators of dampness and mold,
one of these four studies also reported a statistically significant im-
provement in an objective health outcome.?* Four studies reported
no statistically significant associations.'%243%40 Qverall, the data
from studies not included in the meta-analyses provide additional
evidence that dampness and mold in schools increase health risks.

5 | CONCLUSIONS

The results of these meta-analyses and the data from studies not
included in the meta-analyses suggest increased risks of adverse



FISK ET AL.

respiratory health effects with presence of dampness and mold in
schools. The suggested link with adverse health effects is strongest
for cough and wheeze, which have confidence limits excluding unity in
some or all meta-analyses.

ACKNOWLEDGEMENTS

This study was funded through interagency agreement
DW-089-92500601-0 between the Indoor Environments Division,
Office of Radiation and Indoor Air of the U.S. Environmental
Protection Agency (EPA) and the U. S. Department of Energy under
contract DE-AC02-05CH11231. The authors thank Randy Chapman
for program management and Mark Mendell and Brett Singer for re-
viewing a draft of this paper. The authors have no conflict of interest

related to the content of this paper.

ORCID

William J. Fisk https://orcid.org/0000-0002-5239-3542

REFERENCES

1. Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. Respiratory
and allergic health effects of dampness, mold, and dampness-re-
lated agents: a review of the epidemiologic evidence. Environ Health
Perspect. 2011;119:748-756.

2. Fisk WJ, Lei-Gomez Q, Mendell MJ. Meta-analyses of the asso-
ciations of respiratory health effects with dampness and mold in
homes. Indoor Air. 2007;17:284-295.

3. Quansah R, Jaakkola MS, Hugg TT, Heikkinen SA, Jaakkola JJ.
Residential dampness and molds and the risk of developing asthma:
a systematic review and meta-analysis. PLoS ONE. 2012;7:e47526.

4. 10OM. Damp indoor spaces and health, Institute of Medicine, National
Academy of Sciences. Washington, D.C: National Academy Press; 2004.

5. World Health Organization. WHO Guidelines for indoor air quality:
dampness and mold, ISBN 798 92 890 4168 3. Copenhagen, Denmark:
World Health Organization regional office for Europe; 2009.

6. Fisk WJ, Eliseeva E, Mendell MJ. Association of residential damp-
ness and mold with respiratory tract infections and bronchitis: a
meta-analysis. Environ Health. 2010;9:72.

7. Saijo Y, Nakagi VY, Ito T, Sugioka Y, Endo H, Yoshida T. Dampness,
food habits, and sick building syndrome symptoms in elementary
school pupils. Environ Health Prev Med. 2010;15:276-284.

8. Sahakian NM, White SK, Park JH, Cox-Ganser JM, Kreiss K.
Identification of mold and dampness-associated respiratory mor-
bidity in 2 schools: comparison of questionnaire survey responses
to national data. J Sch Health. 2008;78:32-37.

9. Lignell U, Meklin T, Putus T, et al. Effects of moisture damage and ren-
ovation on microbial conditions and pupils’ health in two schools-a
longitudinal analysis of five years. J Environ Monit. 2007;9:225-233.

10. Patovirta R, Husman T, Haverinen U, et al. The remediation of mold
damaged school-a three-year follow-up study on teachers’ health.
Cent Eur J Public Health. 2004;12:36-42.

11. Savilahti R, Uitti J, Laippala P, Husman T, Roto P. Respiratory mor-
bidity among children following renovation of a water-damaged
school. Arch Environ Health. 2000;55:405-410.

12. Meklin T, Potus T, Pekkanen J, Hyvarinen A, Hirvonen MR,
Nevalainen A. Effects of moisture-damage repairs on microbial ex-
posure and symptoms in schoolchildren. Indoor Air. 2005;15(Suppl
10):40-47.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

WILEY-Z

Casas L, Espinosa A, Pekkanen J, et al. School attendance and daily
respiratory symptoms in children: influence of moisture damage.
Indoor Air. 2016;27(2):303-310.

Kielb C, Lin S, Muscatiello N, Hord W, Rogers-Harrington J, Healy
J. Building-related health symptoms and classroom indoor air
quality: a survey of school teachers in New York State. Indoor Air.
2015;25:371-380.

R Core Team. A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing. 2017.
https://www.R-project.org/.

Viechtbaur W. Conducting meta-analyses in R with the metafor
package. J Stat Softw. 2010;36:1-48.

Assink M, Wibbelink CJM. Fitting three-level meta-analyti-
cal models in R: A step-by-step tutorial. Quant Method Psychol.
2016;12:154-174.

Van den Noortgate W, Lopez-Lopez JA, Marin-Martinez F, Sanchez-
Meca J. Three-level meta-analysis of dependent effect sizes. Behav
Res Methods. 2013;45:576-594.

Moeyaert M, Ugille M, Natasha Beretvas S, Ferron J, Bunuan R, Van
den Noortgate W. Methods for dealing with multiple outcomes in
meta-analysis: a comparison between averaging effect sizes, ro-
bust variance estimation and multilevel meta-analysis. Int J Soc Res
Methodol. 2017;20:559-572.

Higginns JPT G, S (editors). Cochrange handbook for systematic re-
views of interventions versiion 5.1, UK: The Cochrane Collaboratiion;
2011. https://training.cochrane.org/handbook.

Bakke JV, Norback D, Wieslander G, et al. Symptoms, complaints,
ocular and nasal physiological signs in university staff in relation to
indoor environment - temperature and gender interactions. Indoor
Air. 2008;18:131-143.

Taskinen T, Hyvarinen A, Meklin T, Husman T, Nevalainen A, Korppi
M. Asthma and respiratory infections in school children with spe-
cial reference to moisture and mold problems in the school. Acta
Paediatr. 1999;88:1373-1379.

Borras-Santos A, Jacobs JH, Taubel M, et al. Dampness and mould
in schools and respiratory symptoms in children: the HITEA study.
Occup Environ Med. 2013;70:681-687.

Holst GJ, Host A, Doekes G, et al. Allergy and respiratory health effects
of dampness and dampness-related agents in schools and homes: a
cross-sectional study in Danish pupils. Indoor Air. 2016;26:880-891.
Meklin T, Husman T, Vepsalainen A, et al. Indoor air microbes and
respiratory symptoms of children in moisture damaged and refer-
ence schools. Indoor Air. 2002;12:175-183.

Mi YH, Norback D, Tao J, Mi YL, Ferm M. Current asthma and re-
spiratory symptoms among pupils in Shanghai, China: influence of
building ventilation, nitrogen dioxide, ozone, and formaldehyde in
classrooms. Indoor Air. 2006;16:454-464.

Nafstad P, Jaakkola J, Skrondal A, Magnus P. Day care center charac-
teristics and children's respiratory health. Indoor Air. 2005;15:69-75.
Park JH, Schleiff PL, Attfield MD, Cox-Ganser JM, Kreiss K.
Building-related respiratory symptoms can be predicted with semi-
quantitative indices of exposure to dampness and mold. Indoor Air.
2004;14:425-433.

Ruotsalainen R, Jaakkola N, Jaakkola JJ. Dampness and molds in
day-care centers as an occupational health problem. Int Arch Occup
Environ Health. 1995;66:369-374.

Sterne JAC, Sutton AJ, loannidis JPA, et al. Recommendations for
examining and interpreting funnel plot asymmetry in meta-analyses
of randomised controlled trials. BMJ. 2011;343:d4002.

Mendell MJ, Kumagai K. Observation-based metrics for residential
dampness and mold with dose-response relationships to health: A
review. Indoor Air. 2017;27:506-517.

Savilahti R, Uitti J, Roto P, Laippala P, Husman T. Increased preva-
lence of atopy among children exposed to mold in a school building.
Allergy. 2001;56:175-179.


https://orcid.org/0000-0002-5239-3542
https://orcid.org/0000-0002-5239-3542
https://www.R-project.org/
https://training.cochrane.org/handbook

s wiLey

33.

34.
35.

36.
37.

38.

FISK ET AL.

Chen CH, Chao HJ, Chan CC, Chen BY, Guo YL. Current asthma
in schoolchildren is related to fungal spores in classrooms. Chest.
2014;146:123-134.

Simoni M, Cai GH, Norback D, et al. Total viable molds and fun-
gal DNA in classrooms and association with respiratory health and
pulmonary function of European schoolchildren. Pediatr Allergy
Immunol. 2011;22:843-852.

Smedje G, Norback D. Incidence of asthma diagnosis and self-
reported allergy in relation to the school environment-a four-
year follow-up study in schoolchildren. Int J Tuberc Lung Dis.
2001;5:1059-1066.

Smedje G, Norback D, Edling C. Asthma among secondary school-
children in relation to the school environment. Clin Exp Allergy.
1997;27:1270-1278.

Norback D, Walinder R, Wieslander G, Smedje G, Erwall C, Venge
P. Indoor air pollutants in schools: nasal patency and biomarkers in
nasal lavage. Allergy. 2000;55:163-170.

Kim JL, Elfman L, Mi Y, Wieslander G, Smedje G, Norback D. Indoor
molds, bacteria, microbial volatile organic compounds and plasticiz-
ers in schools-associations with asthma and respiratory symptoms
in pupils. Indoor Air. 2007;17:153-163.

39.

40.

Ebbehoj NE, Meyer HW, Wurtz H, et al. Molds in floor dust, build-
ing-related symptoms, and lung function among male and female
schoolteachers. Indoor Air. 2005;15(Suppl 10):7-16.

Jacobs J, Borras-Santos A, Krop E, et al. Dampness, bacterial and fun-
gal components in dust in primary schools and respiratory health in
schoolchildren across Europe. Occup Environ Med. 2014;71:704-712.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Fisk WJ, Chan WR, Johnson AL.
Does dampness and mold in schools affect health? Results of
a meta-analysis. Indoor Air. 2019;00:1-8. https://doi.
org/10.1111/ina.12588



https://doi.org/10.1111/ina.12588
https://doi.org/10.1111/ina.12588

