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ABSTRACT
Background
The direct burden on North America health care systems attributable to respiratory disease
including specific asthmatic effects is in excess of $20 billion dollars yearly. It exceeds $61
billion dollars including indirect and external costs, with asthma rates continuing to climb.
Purpose
The purpose of this paper includes: 1) exposing the reversible economic impact of mould and
dampness affected high-use asthmatics on the public health care system; 2) a social cost benefit
analysis on patient and societal impact from mould and dampness and its reduction through
remediation of residential indoor environments; and 3) a proposal for proactively addressing the
significant patient cost and reversing the health impact of this demographic through a health care
environmental asthma prevention program.
Methods
Literature review and a survey sampling of health care professionals was conducted 2012-2014
to develop and isolate the more significant public health care system costs related to untreated
damp and mouldy indoor home environments of the high-use asthmatic to confirm prevention
viability. A social cost benefit analysis was conducted using risk assessment.
Results
The total yearly public health care system and societal cost impact due to indoor mould and
dampness to British Columbians is $153.3 million, for slightly over 4,400 asthmatics, which
extrapolates to $1.84 billion in Canada and $ 18.4 billion in the United States. Savings accrued
through program implementation are $97.4 million, a 63.5% reduction, after the first year in B.C.
which projects to $ 1.17 billion in Canada and $11.7 billion for the U.S. The reduction in public
health care system costs alone is 72% or $31.7 million in BC, projecting to $380 million in
Canada, and $3.8 billion in the U.S.
Conclusions
The results support an economic justification towards developing a prevention public health care
system approach to residential mould and dampness.
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INTRODUCTION
The onset and exacerbation of respiratory
disease from damp and mould contaminated
indoor environments is a substantial social
and economic burden.1,2,3,6,18,44,45 Adverse
response to inhaled mould can occur from
airborne fungi in the form of spores, hyphae,
and/or fungal fragments.4 The potential
annual health care savings plus productivity
gains from improved indoor environments
may exceed $55B (2013) in the U.S. alone
through reduced symptoms of sick building
syndrome (SBS), building related illness
(BRI), and respiratory disease.1 The Center
for Disease Control and Prevention
determined the impact for 25.7 million US
asthmatics to be $61.7B (2013) yearly for
medical cost, lost work and school days, and
early death.5 The impact comprises a critical
and increasing economic load on the health
care system,1,6 an increasing social burden
on family and the overall fabric of society,7
declining productivity in the workplace, and
an overall retarding impact on our economy
in North America.2,3 Moreover, asthma rates
continue to climb.5,22
Specifically, doctor assessed asthma onset
and exacerbation incidence
reviews
associated with clinic, hospital, and
emergency room visits focus on:
1) lack of treatment methods;
2) poor asthma education and action plans;
3) avoidance coping; and
www.ijetsi.org

4) self-management attitudes.6,8
This specifically excludes the review of the
patient’s home environment from diagnosis
for mould and dampness. While controlling
indoor mould (alongside dust mites,
dampness, and other irritants, such as ETS
and SHS, etc.) is considered in managing
asthma, distinct measures are not defined
nor is mould and dampness isolated for
particular remedy.43 The public health care
system (PHCS) currently downplays the
relationship between damp and mouldy
homes and respiratory effects on occupants.
As such, acting on its effects through insitu
prevention
measures
that
include
9
remediation is not undertaken. Although
proper and timely medical treatment and
trigger reduction action plans are essential to
controlling asthma and its more extreme
effects, remediation of residential indoor
environments may hold more significant
long term health benefits and cost savings.
Asthma-based health impacts are avoidable
if recognized by the patient and dealt with
promptly.10,11 However, more than half of
the asthmatic population lack the means to
deal with the cause of their asthma.18,30
Controlled studies on the health effects of
mould and dampness remediation indicates a
significant
health
benefit
from
15,16,41
environmental remediation.
Eliminating dampness and excess mould in
buildings reduces the occurrence of
respiratory infections, urgent clinic and
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hospital visits, and asthma medication use;
and the direct costs associated with the
PHCS.3,12 Moreover, the indirect and
external patient benefits of removing
dampness and moulds from homes include:
1) reduction in anemia and general malaise;
2) increased productivity;
3) decreased sick days and missed school
days;
4) increased well-being and function
efficiency;
5) reduction in mental health issues; and,
6) reduction of side effects from asthma
medication consumption.12,13,14,15,16
Approximately 6.5% of the asthmatic
population is severe uncontrolled but
consumes 60% of overall health care costs,
which totals $43.2 million (2013) in British
Columbia.18 The U.S. EPA term “high-use”
will be used to represent the severe
uncontrolled asthmatic demographic in this
paper. The average cost of treating the
asthmatic population rises from a systemaverage patient cost of $331 to $6,366 per
year per high-use asthma patient.18 Further,
effects of mould on asthmatics significantly
increases with severity (OR 2.34
(95%CI:1.56-3.52).32 This exposes the need
to address the high-use asthmatic
demographic and find ways to reduce its
impact.
The main purpose of this paper is to validate
an economic basis for a proactive approach
to reduce the social and economic burden of
consequential mould and dampness in
www.ijetsi.org

homes through a public health care initiated
environmental asthma prevention program
(EAPP).
METHODS
To determine the viability of an asthma care
prevention program, a PHCS cost analysis
and an overall social cost benefit analysis
(SCBA) was conducted on the economic
impact. Data was gathered from extensive
literature review and Kelowna General
Hospital (KGH) and health care profession
survey samplings from 2012 - 2014.
Sensitivity and risk analysis were conducted
to account for data variability and to
estimate confidence intervals at minimum
95% significance levels.
Previous research has focused on the cost of
care of the aggregate asthmatic population.17
As cost is known to be directly related to
severity,19,20 this paper builds on that
research to isolate the more significant
health care system costs related to untreated
indoor home environments of the high-use
asthmatic to confirm prevention program
viability. The direct costs to the PHCS were
determined by Monte Carlo Simulationbased (MCS) risk analysis techniques, which
relies on repeated random sampling of the
data including analysis of its variability
factors (standard deviation) to obtain
accurate numerical results by running cost
based scenario simulations to provide the
mean value, confidence interval, and
confidence levels based on the public health
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care cost equation provided at the bottom of
table 2. Cost savings from reduction in
healthcare
utilization
subsequent
to
environmental remediation was then
calculated using research-based impact
reduction factoring with its measured
variability. Estimated costs of remediating
home
indoor
environments
and
administering the prevention program were
also included.21 MCS risk analysis was used
to test how much results were influenced by
the data variability. This was found to be an
appropriate method for the variation level of
the data provided.
The 1) indirect and 2) external cost
functions were added, then totaled with the
direct cost component using MCS,
including: 1) loss of productivity, asthma
medications and ambulance cost, early
retirement, morbidity, and mortality; and, 2)
loss of well-being or Quality of Life (QoL),
in-house family and nursing care, social
worker/ special needs, welfare payments,
long term disability, low cost housing
subsidy, community care and involvement,
and social services support.
RESULTS

Table 1 identifies the primary health and
health care component sutilized for this
study. The conventional direct, indirect, and
external cost elements of the SCBA were
modified to address the differing
methodologies utilized by the researchers in
this field.
www.ijetsi.org

Table 1 Health Care Cost Data Variable
Definition

Cost to public health care system
(PHCS)
A Emergency Department admission
B Critical care bed stay
C Standard care bed
stay
D Hospital - daily drugs
E Hospital - exit drugs
F Doctor (GP + spec.)
visits

Cost to patient/
society
G
H
I
J
K

Ambulance
Yearly Drug Regime
Lost days/ productivity
Early retirement
Mortality

Externalities
L
M
N
O
P
Q
R

Loss of well-being
(QoL)
Nurse visits/ direct in-house care / family
Loss of patient's societal contributions
Welfare
Long term disability
Low cost housing subsidy
Social worker/ special needs

Sources: U.S. EPA 2001, Univ. Kent UK
2012
Analysis was completed on the cost impact
and cost savings to the PHCS for high-use
asthmatics to address the consideration for a
health care prevention program approach.
The overall social cost benefit was then
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analyzed to provide the societal cost impact
and cost benefit for comparative purposes.
Direct costs to PHCS for untreated highuse Asthmatics
The direct health care service costs for the
cost categories provided in Table 1and
frequency of utilization of the PHCS by
asthmatics were thoroughly researched
through peer reviewed journals and

augmented by a survey of hospital and
professional health care providers where
research data was found incomplete. Table 2
summarizes the rates and costs for
emergency department (ED) and physician/
clinic visits, standard and critical care
hospitalization
durations,
hospital
admissions, and asthma medication usage in
stay and at exit. The supplemental tables
provide the specifics of line item costs and
references.

Table 2 Cost to public health care system (PHCS)

Category
A1
A2
B1
C1
B2
B3
C2
D1
D2
E
F1
F2

Subject
Emerg. Dept. costs per visit
Emerg. Dept. visits per year
Crit care bed charge
Std care bed charge
Hosp admissions per year
Crit care duration (days)
Std care duration (days)
Daily hosp drug cost
Drug use duration (days)
Exit hospital drugs
Physician/ clinic costs/visit
Physician/ clinic visit frequency

Min

Max

Mean

SD

$251.00
1.4
$3,108
$1,010
1.06
1
0.88
$5.55
3
$115
$32.95
3.49

$428.00
2.85
$3,108
$1,075
1.7
2
7
$18.00
5
$175
$239.01
3.49

$331.62
1.894
$3,108
$1,043
1.09
1.5
3.25
$11.78
4
$134.87
$107.07
3.49

$58.09
0.52
$100
$32.50
0.5
1.0
2.17
$6.23
1
$33.72
$79.37
1.75

Health care cost (XX) = A1*A2+B1*B2*B3+C1*B2*C2+D1*D2+E+F1*F2

Note: This table summarizes data found in literature. Gaps were augmented by a survey
sample of health care professionals. It provides data for validating risk assessment.
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Research data was compiled through
published government statistics and relevant
peer-reviewed journal publications. The
population-based asthma hospitalization rate
for Canada is 7.2% derived from
hospitalization rates of 280/100,000 for
adults 25+ and 1,400/100,000 for children 024 years.21 This totals to 202,317 annual
hospitalizations due to asthma from a
population of 2,817,200 asthmatics.22 18%
of asthmatics visited the ED nationally in
1996/7. 23, 24 Combined, 40% of ED visits
culminated in hospitalization. Research
confirmed 28% - 56% of asthma patients
required ED treatment and 6.9%-10.1%
required hospitalization.18,26,27,28,29 The U.S
EPA determined 1.67 ED visits and 0.732
hospital visits for high-use patients per year.
30
The survey data from KGH health care
providers, including asthma care specialists
and emergency room doctors, augmented the
research data obtained from literature for:
duration of hospital admission standard care
and critical care stays; daily hospital and
exit medication usage; and confirmed the

most recent costs. An algorithm (Table 2)
combining the health care usage and
components was developed to sum total the
overall cost of care. MCS trials on the cost
component algorithm were run 10,000 times
using the normal function to approximate
overall costs to a 95-98% confidence level.
The mould and dampness affected high-use
asthma group for British Columbia was
calculated in Table 3. A study of multiple
countries attributes 22.1% of high-use
asthma onset or exacerbation to indoor
mould and dampness. 31 Mudarri and Fisk
value of 21.0% (95% CI 12 - 29) was based
on North American specifics.31 The value of
35.1% determined by Jaakkola was adjusted
to 20.8% for this study to account t for the
difference between odds ratios and rate
ratios.33 The value used in the assessment
was averaged to 21.3% with a standard
deviation (SD) of 0.57%. The percentage of
high-use asthmatics from the overall asthma
population was determined in supplemental
table S2 by taking the normalized mean of 9
available studies.

Table 3 Affected Population based on Monte Carlo Simulation
Affected population of BC
Asthmatics (BC)
Percentage high-use
% environ affected
* 2010

318,051*
11.1% +/-4.71%
21.3% +/- 0.57%
Total*

Population
4,433

SD
1,912

*Monte Carlo risk analysis confidence level: 95%
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The cohort of high-use asthmatics in British
Columbia affected by mould and dampness
was calculated to be 4,433 (95% CI: 25006350) from an overall asthma population of
318,051.23 The median health care cost
impact was calculated from the model to be
$9,895 (95%CI: 5100-14,700) per personyear. The total health care burden from highuse asthmatics is the sum of all hospital care
costs multiplied by the number of visits per
year. The model projects the total yearly
cost to the PHCS for high-use asthmatics in
British Columbia to be $43,860,000
(98%CI: 13,884,000-73,840,000).
Public health care system cost savings
Research suggests health care and hospital
usage drops over time with environmental
remediation
measured
against
the
15,16,30,34
baseline.
Based on hospitalization
recovery records, the decrease in health
impact recovery from uncontrolled asthma
attacks depending on severity can range
from a few days to a few weeks.26,34,35,36 A
local survey of professional remediation
firms expert in mould remediation provides
a range of $1,500 - $8,500 CAD (2013) for
mould and dampness remediation of homes
with the median value of $4,519 (95%CI:
4040-5000) as a one-time cost. Management
and administration of the program would
utilize existing health care personnel to
identify and assess the patient candidate and
their residence, monitor and record their
health response using self-reporting and
hospitalization
records.
To
ensure
sustainability of the program, measuring and
www.ijetsi.org

reporting the cost savings on a quarterly
basis is included. For personnel training and
systems integration, a one-time sum of
$250,000 for a Province-wide prevention
program has been assumed in the
calculations. This is a first level estimate to
be verified after program delineation.
The PHCS cost reduction component values
(supplemental tables S3 and S4) were
inputted into the MCS.
Results gave
individual high-use PHCS cost savings of
$7,144 (98%CI: 3,650-10,650) per patientyear. The first year PSHC cost impact
benefit of the affected population totals
$12.1 million in savings for Provincial
implementation including administration
costs and residence remediation but
excluding social benefits and $31.7 million,
a 72.4% reduction, each year thereafter. This
is extrapolated to be $380 million in PHCS
cost savings in Canada and $3.8 billion in
the U.S. based on relative asthma
populations for a health care environmental
asthma prevention program after the first
year.
Sensitivity analysis
The study results sets the PHCS yearly cost
per high-use asthmatic at $9,895 (98%CI:
5,100-14,700) and projects the total yearly
cost to the PHCS for high-use asthmatics in
British Columbia to be $43,861,853 (98%
CI:13,880,000-73,840,000).
Sadatsafavi
identified $56.1 million in health care funds
going to asthma on a broad analysis basis
with 60% (43.2 mil, 2013) of it being
consumed by a population of 5,941or highPage 128
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use asthmatics based on that study’s
calculation of the severe uncontrolled
cohort.18 The MCS cost value of $43.8
million aligns with the Sadatsafavi value but
the number of projected high-use patients
(5941 vs. 4433) in B.C. varies by 25% with
the study.18 This variance can be attributable
to study interpretation of asthma severity
data with the study results considered
conservative.
Societal cost of not remediating
proactively
In addition to PHCS savings from
environmental remediation, patient and
societal costs savings were generated from
reduction in indirect costs to patients and
society, and cost of externalities impacts.

The reduction was derived from research
summarized
in
supplemental
table
15,16,30,34,38,40
S4.
With a 44.52% (SD 19.27%)
reduction in patient/ societal costs and
66.78% (SD 24.21%), using MCS, the
overall societal savings are $97.4 million, or
a 63.5% reduction, after remediation of
environmentally affected homes of high-use
asthmatics in British Columbia after the first
year. This extra polates to a yearly social
cost benefit of $1.2 billion dollars in Canada
and $11.7 billion in the U.S using asthma
population as a basis for the extrapolation. A
Summary of costs and benefits of
proactively
remediating
indoor
environments in British Columbia is
described in Table 4.

Table 4 Summary of costs and benefits*

BC Population
Direct (PHCS)
Indirect
Externalities
Total
Remediation/admin cost 1st year

Current

New

Net Cost

Cost
43.8
32.8
76.7
153.3

Cost
12.1
18.1
25.7
55.9

Savings
31.7
14.7
51.0
97.4
(20.3)
77.1

Total
* millions of dollars
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Summary Conclusions and
Recommended Future Initiatives
The economic impact of
high-use
asthmatics on the health care system and
society at large and the significant health
and cost benefit in undertaking prevention
measures is highlighted in this paper. This is
supported by a cost-benefit approach to
develop a proactive means to address the
problem of ill-health in homes primarily due
to damp and mouldy environments through a
health care environmental asthma prevention
program (EAPP).The asthma-based cost
analysis in this report demonstrates the
potential for significant economic benefits
that extrapolate to $380 million in PHCS
cost savings in Canada and $3.8 billion in
the U.S. based on relative asthma
populations for a health care environmental
asthma prevention program after the first
year. The social benefits are more
significant with yearly savings in the order
of $100 million in British Columbia, $1.2
billion in Canada and $12 billion in the U.S.
The use of economic modeling and remedial
prevention programs as a means to deliver
health care solutions is not new. Results
indicate public health care system impact
and financial outlay can be reduced by over
60% through prevention methods, with a
financial payback in the first year using a
literature
verified
and
practitioner
augmented social cost-benefit risk analysis
methodology. With over 60% of asthmatics
uncontrolled for exacerbation management
after years of health care focus on training
www.ijetsi.org

and education to control patient asthma, it
appears an in-home environmental asthma
prevention program may provide more
success.
Study results should be field verified as part
of mobilizing policy review by the Ministry
of
Health to undertake proactive
remediation programs in mouldy and damp
homes of respiratory patients that are
verified as illness causing. By proving
significant PHCS and social cost benefits for
the removal of excessive moisture and
mould of affected asthma patients from
residential indoor environments, this paper
exposes a compelling value equation to
develop a proactive prevention health care
approach to respiratory disease that is
critical to the well-being of families, their
communities, and the local and national
economy. Delivering tangible health and
environment benefits to thousands of
individual patients and redirecting funding
to other critical health care programs would
be key outcomes of such a prevention
program.
Limitations and comparatives
Accurate data gathering from national and
regional asthma literature was limited by
regional variations in identifying cost
categories, different asthma conditions,
along with direct and indirect scopes varying
by study. Measurement method and what
constitutes scope also varied by study.
Inconsistencies in definition and data may
affect results. The medical costs associated
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with
adult
respiratory
disease
is
underestimated by not tracking side effects
from pharmaceuticals used to treat asthma
such as exacerbation of cardiac events and
the compounding of other serious medical
conditions and may be overestimated by
disease overlap considerations. The possible
overlap effects between the various
respiratory diseases and asthma and various
indoor environmental hazards and irritants
and asthma exacerbation has not been
addressed. Social cost benefit analysis
accuracy is restricted by the aforementioned
data limitations and by scope delineation.
Factors that are known to affect asthmatics
include genetics, age, sex, ethnicity,
environmental tobacco smoke (ETS)
environments,
obesity,
degree
of
biodiversity in the environment, lifestyle,

urban versus rural environments, outdoor air
pollution, and income levels. Research used
in this paper that is directly focused on
health response to damp and mouldy
environments is assumed to have addressed
these risk factors through study exclusion
techniques. The extent of ill-health to mould
and dampness exposure levels and mould
types requires further research.
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Supplemental Tables
S1 Historical cost of high-use asthma patient care per patient-year

Research
Ojeda et al (2013)
EPA (2001b)
Sadatsafavi (2010)*
CDHS (2003)
Kim et al 2012 - severe
Kim et al 2012 –uncontr.
* 2006 costs

Base
$6,395 USD
$4,038 USD
$5,656 CAD
$3,572 USD
$5,141 USD
$7,010 USD

2013 value $$ adjust CDN lost prod adj $$ adjusted
0
2.50%
($1,600)
$4,955
25.50%
2.50%
0
$5,194
12.56%
0.00%
0
$6,366
28.70%
2.50%
0
$4,711
0.30%
2.50%
$5,285
0.30%
2.50%
$7,206
Mean
SD

$5,619.50
878.84

Research results, other than the older EPA results contain incomplete data to segregate the highuse from moderate asthmatics with any accuracy.
www.ijetsi.org
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S2 Asthma severity as a fraction of the population (sources noted)
A. Relationship mild to severe
Sadatsafavi
USEPA 2001B
Thorax 2000
Smith et al
Serra-Battles
Antonicelli et al
Braman 2006
(10-20 - ave 15)
NAEPP… (1996)
Kim et al
(10-20 - ave 15)
Mean
normalized
SD

B. relationship uncontrolled to controlled
uncontrolled
Sadatsafavi ( 2010)
63.50%
Seung (2005)
57.00%
ICES (2006)
56.00%
mean
SD

58.83%
3.32%

mild %
67.1
70
57

moderate %
25.5
25

70

20

66.025
65.6
5.34

23.5
23.3
2.48

severe %
7.4
5
20
14
7.8
15
10
15
11.15
11.1
4.71

controlled
36.50%
43.00%
44.00%
41.17%
4.07%

S3 Reduction in health care costs due to remediation

Category

Subject

A2
B2
D1
F2

ED visits per year
Hosp admissions per year
Daily hosp drug cost
Physician/ clinic visit frequency

Mean

SD

-62.45%
-72.50%
-59.00%
-88.73%

26.58%
30.90%
14.75%
1.62%

Sources: USEPA (2001b), Kercsmar (2006), Howden (2007), Burr (2007).
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S4 Reduction in patient and societal costs (sources noted)

Reduction in Patient and Societal costs

USEPA (2001b)
Cascadia (2009)
USEPA/Kerc
Burr (2007)
Burr (2007)
Kim (2011)

Lost workdays
Lost WD/ incr prod
average
Ambulance
Yearly drug regime
breathing issues
Mortality
mean

-39.00%
-40.30%
-39.65%
-88.83%
-59.00%
-52.00% No medical comparatives
No reduction information
-44.52%
Mean
SD

-44.52%
19.27%

Reduction in Externalities
* no direct data from literature. Propose mean & SD of personal impact reductions
- not weighted
Howden (2007)
USEPA (2001b)
Kercsmar (2006)

ED admission

USEPA (2001b)
USEPA (2001b)
Kercsmar (2006)

hospitalization
clinic visits

USEPA (2001b)
Cascadia (2009)

Lost workdays
Lost WD/ incr prod

-38.00%
-33.90%
-90.90%
-87.00%
-72.50%
-88.30%
-90.90%
-87.00%
-39.00%
-40.30%
Mean
SD

www.ijetsi.org

-66.78%
24.21%
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S5 Indirect Patient/ Societal/ Externality costs (sources noted)
INDIRECT COSTS
(Ambul/ drugs/lost work days/ productivity/early retirement/ mortality)
Based on Direct cost
BMC (2009)
16.3-92.3%
54.30%
BMC (2009)
49.2-112.8%
81.00%
AAFA (2011)
81.20%
Lee (2011)
81.80%

EXTERNALITIES
QoL/family/welfare/LTD/secial needs
Based on Indirect + Direct costs
Kim (2011)

Mean
SD

74.58%
11.71%

Mean
SD

100%
15.70%

100%
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