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ublic health is embracing economic analyses in an effort

to use limited resources in the most efficient manner.

However, users of economic analyses in the public health
arena should recognize the inherent strengths and weaknesses
of different types of analysis, as well as understand how the
inclusion or omission of certain costs or benefits might influence
study results. For example, asthma is a chronic condition that
can result in health care costs that accrue well beyond the
duration of a housing intervention. Thus, an economic analysis
that omits long-term health care costs can underestimate the
total economic benefit of the housing intervention. This article
contains reviews of economic articles on housing interventions
published in PubMed, examines salient differences between
studies, and discusses pertinent gaps in the literature. In
addition, this article attempts to provide an overview of key
economic evaluation methods in relation to housing interventions
to a target audience of local and state public health practitioners.
Specific housing-related health issues discussed include
asthma, lead, and carbon monoxide poisoning and radon-related
lung cancer.
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A growing body of research has estimated
the numbers of people who become ill or die
because of unhealthy housing. The research also has
provided estimates of the effectiveness of housing in-
terventions to eliminate or reduce these adverse health
outcomes. However, few studies compare the economic
burden of housing-related adverse health outcomes
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with the resources required to implement relevant in-
terventions. Public health practitioners should use eco-
nomic analyses to guide decisions regarding the effi-
cient use of resources."?

This article gives an overview of economic analy-
ses commonly used in public health, examines the eco-
nomic burden of housing-related illness, and compares
economic studies that focus on housing-related illness
and associated interventions. Examples are given to
discuss the appropriate interpretation of findings from
economic studies and to help guide decision making
regarding implementation of housing-related interven-
tions to improve health. Specific housing-related health
issues discussed include asthma and adverse effects
from lead, radon, and carbon monoxide (CO). The eco-
nomic costs and burden of common housing-related
injuries are excluded from this article and will be the
subject of a separate subsequent analysis. The work did
not involve human subjects.

©® Overview of Economic Analysis Methods

Five types of economic analysis methods are common
in the public health literature:

e Cost of illness (COI)
e Cost analysis (CA)
o Cost-effectiveness analysis (CEA)
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o Cost-utility analysis (CUA)
e Cost-benefit analysis (CBA)

Cost-of-illness studies convey the magnitude of
a public health problem in monetary terms. The
summary measure of a COI analysis includes all costs
(ie, medical, nonmedical, and productivity) associated
with all adverse health outcomes resulting from a
health problem.? In contrast, a “program” CA quanti-
fies the value of resources required to implement 1 or
more interventions. This type of analysis may include
not only costs associated with implementing the
intervention but also costs that are saved as a result of
the intervention. In the latter case, results from the CA
are presented as net costs (ie, COI minus total program
costs).*

Cost-of-illness studies and cost analyses that fo-
cus on a single program are inherently descriptive in
nature—they are conducted to describe the economic
burden of a disease or illness or the costs and po-
tential cost savings associated with implementing an
intervention.® Economic evaluation analyses, in contrast,
go beyond merely quantifying illness-associated or in-
tervention implementation costs to comparing the costs
and effects of alternative intervention strategies. In pub-
lic health, the most common of these economic evalu-
ation approaches is CEA.> The summary measure of
CEA is a ratio of net cost of the intervention (program
cost minus costs saved because of adverse health con-
ditions prevented) per improvement in health result-
ing from the intervention (eg, cost per case averted
or cost per symptom-free day).>>® Alternatives un-
der consideration may include another intervention,
“usual care,” or the “do nothing” option.” When alter-
native strategies intended to address the same health
outcome are being compared, the alternatives can be
ranked on the basis of their cost-effectiveness ratio.
Cost-effectiveness analysis is typically performed to
compare the relative efficiency of 2 or more inter-
ventions, that is, to determine the relative bang for
the buck of each intervention.” Under these circum-
stances, the incremental cost-effectiveness ratio is re-
ported. The incremental cost-effectiveness ratio is the
additional cost per additional unit of health effect re-
sulting from the intervention under study as compared
with the next best alternative.” Unless an intervention
is both more effective and less costly than all alterna-
tives, the determination of whether an intervention is
cost-effective assumes a threshold exists for which the
health benefits gained are judged by decision makers
to be large enough to justify the additional cost of the
intervention,® although there is some controversy sur-
rounding the use of such thresholds.

Cost-utility analysis is technically a special case of
CEA.>>7 What distinguishes CUA from CEA is that the

health outcome measure, typically quality-adjusted life
years (QALY), accounts for both the prolongation and
quality of life.>” A QALY is a health outcome that incor-
porates preferences for different health states, where 1
is perfect health and 0 is death. While the QALY is the
predominant generic outcome measure used in CUAs,
alternative outcome measures have been proposed. For
example, the World Health Organization recommends
the use of disability-adjusted-life-years in CUAs.” Be-
cause the outcome measure in a CUA captures the mul-
tifaceted nature (ie, both length and quality of life) of
health outcomes and therefore allows disparate health
conditions and interventions to be compared, a number
of health economists recommend CUA be conducted as
part of any economic analysis.'” This recommendation
notwithstanding, some researchers note that QALYs
can be subjective, are not available for many health
outcomes, can be difficult to measure, and may not be
universally accepted.?

Some researchers suggest CBA as the gold stan-
dard of economic evaluation methods.> A CBA com-
pares the costs and consequences (both positive
and negative) of disparate intervention strategies in
monetary terms. It can be useful in choosing among
competing program options, helping to decide whether
to implement a program, and setting priorities within
resources constraints.>* For example, CBA is the pri-
mary form of economic evaluation used in regulatory
analyses, including regulations relating to housing and
environmental health.” The summary measure of a CBA
is expressed as either net benefit (ie, costs minus ben-
efits) or as a ratio of costs to benefits. In CBA, “bene-
fits” comprise the economic value of all averted adverse
outcomes associated with the disease under study. Be-
cause both the numerator and denominator of the ratio
are expressed in common units (eg, dollars) and the
summary measure is dimensionless, decision makers
can compare disparate public health problems and pro-
grams. However, it is often difficult to valuate certain
health outcomes in monetary terms (eg, freedom from
pain) and it may be distasteful or controversial to value
health or a human life in monetary terms.**

Regardless of economic evaluation method, the
viewpoint from which the analysis is conducted has
important implications in the design of an economic
study and on the results of the analysis.>* The study
perspective used is particularly important because the
costs associated with adverse health, as well as the costs
and benefits associated with implementing an inter-
vention aimed at addressing the heath issue, are typ-
ically not distributed equally among various groups
within society. For example, low-income households
suffer a disproportionate share of illness because of sub-
standard housing.'”"" However, by choosing an appro-
priate perspective (eg, societal) for the conduct of an
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TABLE 1 Categories of Gosts Typically Used by Study Type and Perspective
Study Type Study Perspective
Example Costs COl CA CEA CUA CBA Societal Government Insurer/Payer Individual
Direct medical X x2 X X X X X X X
Office visits
Hospitalizations
Emergency department visit
Diagnostic tests
Medical supplies
Prescription drugs
Direct nonmedical X xa X X X X
Transportation to and from medical services
Childcare
Time spent by patient seeking medical care
Public awareness campaign
Caregiver time
Productivity (also known as indirect) X xa X X X X
Patient’s lost wages due to work or school absence
Caregiver’s lost wages due to work or school absence
Lost wages due to premature death
Change in productivity due to morbidity
Forgone leisure time
Intangible (quality of life) X X X

Pain and suffering
Peace of mind
Social stigmatization

Abbreviations: CA, cost analysis; CBA, cost-benefit analysis; CEA, cost-effectiveness analysis; COI, cost of illness; CUA, cost-utility analysis.

@\When conducted to estimate net costs.

economic evaluation of an intervention aimed at im-
proving low-income housing, all relevant costs and
benefits associated with the intervention can be ac-
counted for regardless of who pays or who benefits.
Other possible analysis perspectives include the fed-
eral, state, or local government; the health insurer or
payer (eg, a health maintenance organization or Med-
icaid); the employer; or the individual. However, the
societal perspective is often used in public health and
is recommended by the Panel on Cost-effectiveness in
Health and Medicine.” The Panel on Cost-effectiveness
in Health and Medicine, a 13-member group of non-
government scientists and scholars with expertise in
CEA, was convened in 1993 by the US Public Health
Service to assess how CEAs are being conducted in the
field and to make recommendations on how such stud-
ies can be conducted to improve their quality and fa-
cilitate their comparability. In the societal perspective,
all significant costs and health effects associated with
everyone affected by the intervention are included in
the analysis regardless of who pays or who benefits.>”
However, public health practitioners working at the lo-
cal level may not have sufficient expertise to use analy-

ses conducted from a societal perspective. In addition,
analyses conducted from a societal perspective typi-
cally do not valuate intangibles important to public
health practitioners such as social justice.'” Although
economic evaluation from other perspectives often can
be deduced from a societal perspective by including
only the appropriate subset of costs and consequences
in the analysis, such studies may not include all costs
of interest to local public health officials (eg, all imple-
mentation costs). Consequently, health economists may
serve local and state public health agencies by conduct-
ing analyses from a government or other payer per-
spective. Table 1 provides a list of cost categories and
examples of the types of data typically used for differ-
ent study perspectives. Other issues important to con-
ducting and understanding economic analyses, such
as study time frame, analytic horizon (eg, the upfront
costs of a housing intervention might result in health
benefits that can be captured only years later), and dis-
count rates, are not discussed in this article. Others have
provided brief overviews of these important economic
concepts.>® In addition, other resources are available for
more in-depth study.*>’
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©® Published Costs of Specific
Housing-Related Health Outcomes
and Interventions

Some housing-related health outcomes and relevant
interventions have received considerable attention in
health economics, whereas others have not. For ex-
ample, a search of PubMed and the Internet reveals a
substantial body of literature on the cost of asthma mor-
bidity. However, a similar search resulted in no COI
studies on CO poisoning. For the current discussion,
we include economic analyses on common housing in-
terventions to prevent asthma, lead and CO poisoning,
and lung cancer related to radon. All monetary values
have been adjusted to 2008 dollars, using the overall
Consumer Price Index, which may result in an under-
estimation of medical costs."

Asthma and indoor agents

Asthma-related costs, estimated at $20 billion in 2007,
rank among the highest for chronic diseases.' On aver-
age, each child and adult with asthma costs respectively
$1044 and $2157 more in direct medical costs than chil-
dren and adults without asthma' and asthmatic chil-
dren miss 2.5 more days of school a year.'® Productiv-
ity losses due to missed work by parents of children
with asthma total $333 each year per child with asthma,
and $123 of lifetime earnings per school-aged child
with asthma is lost because of premature death. An-
nual mean health care expenditures for children with
asthma are nearly 2.5 times the amount incurred for
children without asthma ($2140 vs $887)."”
Environmental exposures account for a substantial
portion of the economic costs of asthma. For example,
1 investigation suggests approximately 20% of asthma
cases may be attributable to dampness and mold at an
annual cost of $4.0 billion."® More than $1.1 billion an-
nually in asthma-related direct and indirect costs are
estimated to be attributable solely to residential expo-
sures in children and adolescents 16 years or younger."
Several COI studies have been conducted for
asthma, and CA and CEA have been performed on
asthma-related housing interventions (Table 2).'¢8:20-28
The COI studies were conducted mostly from a soci-
etal perspective. One team of researchers limited their
study to asthma-related costs for Medicaid recipients
and therefore used a payer perspective.”® Studies vary
in the comprehensiveness of cost categories included.
For example, medication costs associated with allergic
rhinitis, a common comorbidity of asthma, were in-
cluded in 1 study,? whereas other studies either did not
explicitly state the types of medications considered'®
or included only estimates of costs for asthma-specific

medications.? Differences in how the study is framed
should be considered when comparing study results.’

Asthma-related interventions have been the focus
of many health economic studies, but few included
a housing-modification component.® Of 2 studies that
did include such a component, the costs included in
each analysis differed substantially. For example, the
CA conducted by Krieger et al** compared only urgent
direct medical care costs of 2 groups that received dif-
ferent levels (“high intensity” vs “low intensity”) of
an home-based environmental intervention, whereas
Kattan et al” were more inclusive in the direct medical
costs (eg, both scheduled and unscheduled medical vis-
its, and controller and rescue medications) considered
in their CEA.

Two cost analyses suggest that while integrated
pest management (IPM), a strategy for reducing ex-
posures to both pesticides and allergens (eg, insects
and rodents),”® is more effective than standard pest
management strategies, IPM is initially 2 to 3 times
more costly than standard pest management.”?* Be-
cause both studies were conducted from the payer per-
spective, the true total costs of pest control methods
studied may not have been adequately quantified (eg,
resources used by occupants to purchase and apply
supplemental pesticides were not included). In addi-
tion, the links between exposures to pesticides in res-
idential settings and health outcomes and associated
costs were not examined in either study.

Lead poisoning

Blood lead levels in children in the United States have
decreased significantly over the past decade.” The re-
sources essential to achieve this success were allocated,
in part, as a result of policy changes made on the basis
of published estimates of the financial benefits of elim-
inating lead exposures.** Although studies demon-
strate that blood lead levels have had a staggering im-
pact in terms of productivity losses alone, they focused
primarily on intelligence quotient-related productivity
improvement. For example, elevated blood lead levels
have been linked to many long-term adverse outcomes,
including attention-deficit/hyperactivity disorder, ju-
venile delinquency, and criminal behavior, and an
increased need for special education.®** However,
these studies did not consider how reducing or elim-
inating lead exposures in young children could lead to
reductions in costs associated with the aforementioned
conditions. Thus, the total benefits of lead hazard pre-
vention and mitigation likely are much higher than the
estimates reported in studies that focused on produc-
tivity losses alone.

A recent CBA that compared the benefits of lead haz-
ard mitigation with costs associated with lead paint
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Selected Characteristics and Findings of Economic Studies on Asthma

Author, Health Issue,
Comparators (Where

Model Type,
Study Perspective(s), and

Costs and Benefits

Applicable) Population Description Considered Results
Wang et al'® col Direct medical: Total annual costs of asthma =
Asthma Societal PHY, UM, ED, IH, OH, and PMED $2.3 billion ($926 per child)

Mudarri and Fisk'®
Asthma

Smith et a?’
Asthma

Cisternas et al*
Asthma

Piecoro et al?®
Asthma

Krieger et al®*

Asthma

High-intensity intervention® vs
low-intensity intervention®

Kattan et al®®

Asthma

Targeted home-based
environmental modification
Vs usual care

US children with asthma aged 5-17'y

col

Societal

National estimate for US children and
adults with asthma

Col

Societal (presumed, not stated)

National estimate for US adults and
children with asthma

col
Societal
401 adults with asthma aged 18-50y

col

Payer

24 365 Medicaid recipients with
asthma

CA

Perspective not stated

274 low-income children with
persistent asthma aged 4-12 y

CEA
Payer
800 children with asthma aged 5-11y

Productivity (indirect):
LPAR, LPRD, and LSAD

Note. Based on previous work by
Weiss and Sullivan® and Smith
etal®

Direct medical:

IH, ED, OH, IP, PHY, and PMED

Productivity (indirect):

LSAD, LWW, LPHW, LPRD, LPAR, and
LRA

Direct medical:

OPMED, PHY, OH, and ED
Productivity (indirect):

LPHW, LWW, LSAD, LPAR, and LRA

Direct medical:

IH, AMV, ED, OH, PMED, and OCMED
Direct nonmedical:

TRANS, ACP, HWK;, and ACRHR
Productivity (indirect):

LWW and LPHW

Direct medical:
PMED, MS, ED, IH, OH, etc

Direct medical:

IH, UM, and ED

Intervention:

SAL, BEN, SUP, FR, TRAV, OE, and IC

Direct medical:

PHY, UM, ED, IH, and PMED
Intervention:

SAL, TRAV, PEST, AST, and EQUIP

Total direct costs due to asthma =
$1.2 billion ($469 per child)

Total indirect costs due to asthma =
$1.2 billion ($456 per child)

Number of asthma cases attributable
to dampness and mold =
$4.6 million (21% of all cases of
asthma)

Total annual asthma cost attributable
to dampness and mold in
homes = $4.0 hillion

Total annual costs of asthma =
$8.5 hillion;

Annual cost per high-cost patient
with asthma = $3754

Annual cost per low-cost patient with
asthma = $203

Total mean annual asthma-related
costs per adult = $6488

Total mean annual asthma-related
costs per adult by asthma severity:

Mild = $3495

Moderate = $5984

Severe = $16 924

Total state (Kentucky) asthma-related
costs = $20.6 million ($845 per
person)

Marginal cost of high-intensity
intervention relative to
low-intensity intervention =
$151 000 ($1366 per child)

Projected range of 4-y net savings
per child among high-intensity
intervention relative to low-intensity
intervention = $230-$877

ICER = $34 per symptom-free day
gained

(continues)
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TABLE 2

Selected Characteristics and Findings of Economic Studies on Asthma (Continued)

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Author, Health Issue,
Comparators (Where

Model Type,
Study Perspective(s), and

Costs and Benefits

Applicable) Population Description Considered Results
Sullivan et al?® CEA Direct medical: ICER = $13 per symptom-free day
Asthma Payer PHY, UM, ED, IH (ICU and non-ICU), gained
1033 children with asthma aged 5-11y and IP
Intervention:
SAL, BEN, SUP, INTM, TRG, and FR
(Note. Intervention costs were
included with direct medical costs)
Wang and Bennett?” CA Intervention: IPM median cost per apartment =
IPM Payer L and PCM $74 (>29 wk);
IPM vs bait treatment only 12 buildings, 66 apartments in Bait treatment cost per apartment =
multifamily public housing $40 (>29 wk)
Miller and Meek?® CA Intervention: Average cost per unit per treatment
IPM Payer L and PCM for IPM = $5.51 Average cost per
IPM vs monthly spray or dust ~ IPM—10 buildings, 50 apartments in unit per treatment for traditional

treatment multifamily public housing
Traditional—12 buildings, 50
apartments in multifamily public

housing

pest management = $1.80

Abbreviations: ACP, asthma control products; ACRHR, asthma control-related home repairs; AMV, ambulatory visits; AST, allergy skin tests; BEN, benefits; CA, cost anal-
ysis; CEA, cost-effectiveness analysis; COI, cost of illness; ED, emergency department visit; EQUIP, equipment; FR, facility rental; HWK, housework; IC, indirect charges;
ICER, incremental cost-effectiveness ratio; IH, inpatient hospital; INTM, intervention-related materials/aids; IP, inpatient physician; IPM, integrated pest management; L, labor;
LPAR, parent's/caregiver’s loss of productivity; LPHW, loss productivity for those who did not work outside the home; LPRD, loss due to premature death; LRA, loss due to restricted
activity; LSAD, loss due to school absence days; LWW, lost work wages; MS, medical services; OCMED, over-the-counter medications; OE, office expenses; OH, outpatient hospital;
PCM, pest control materials/equipment; PEST, pest management/treatment; PHY, scheduled medical/physician/office-based visits; PMED, prescription medications; SAL, salaries;
SUP, supplies; TRANS, transportation; TRAV, travel; TRG, training; UM, unscheduled medical.

@High-intensity intervention, structured home environmental assessment and resources for reducing environmental exposures.

b Low-intensity intervention, environmental assessment and bedding encasements.

hazards in homes estimated that exposures due to these
hazards costs the US society from $205 to $288 billion
for a cohort of children 6 years and younger."” In one
of the few CBAs that explicitly described the interven-
tion being evaluated (lead-safe window replacement),*
societal benefits from productivity gains, savings in en-
ergy costs, and higher housing market values were all
included in the study, but other costs (eg, direct medical
costs) and benefits (eg, from reduced crime and spe-
cial education needs) were not accounted for. In con-
trast, an earlier CBA included savings resulting from
reduced medical and special education costs and ex-
pected productivity gains, as well as program costs as-
sociated with the intervention.*!

Several of the lead-related evaluations were con-
ducted from a societal perspective.'>**! However, there
are many adverse effects associated with lead ex-
posures that are potentially relevant from a societal
perspective that were not included in any of the stud-
ies reviewed. For example, none of these studies in-
cluded costs associated with the effects of in utero lead
exposure (eg, reduced gestational age or lower birth

weight) or certain adultadverse outcomes (eg, increases
in blood pressure and cardiovascular disease).”

Lung cancer related to radon

Radon is estimated to cause 21 000 lung cancer deaths
annually at an average cost of $1.1 million per person.*
In contrast, typical costs for radon mitigation ranges
from $900 to $2850, with an average per unit cost
of $1350,* while the cost of making a new radon-
resistant home ranges from $460 to $660.** There is
conflicting evidence on the effectiveness and cost-
effectiveness of specific radon prevention and mitiga-
tion strategies. For example, basic preventative mea-
sures in new homes, such as the use of sealed mem-
branes, have been found to be ineffectivein 1 study,” yet
highly cost-effective in another study (which implies
effectiveness).* In contrast, active radon mitigation in
existing housing has been found to be effective®*+
but may not be cost-effective.*” The monetary units
here are pounds-sterling, not dollars. When a societal
perspective is taken, the determination of whether a



specific radon prevention or mitigation intervention is
cost-effective or not rests on many factors. Such factors
include, but are not limited to, (1) the action level above
which remediation of the home is recommended (cur-
rently 4 pCi/L in the United States); (2) the proportion
of homes with radon levels over the action level; (3) the
proportion of households that have radon levels over
the action level that decide to remediate; (4) the risk
of developing lung cancer based on radon dose; and
(5) the age of the residents living in the home.**

Consistent with cost analyses on other health con-
ditions discussed in this article, economic studies on
the effectiveness of radon exposure control to improve
health tend to undervalue the benefits of the interven-
tions. Three of the 4 CEA studies listed in Table 3 used
cost per life-year saved (gained) as a summary mea-
sure, thereby facilitating the comparability of study
findings.!34041.4649.5153 Although each of these studies
accounted for reduced costs attributable to prevent-
ing premature death caused by lung cancer, health care
costs due to extended life expectancy are generally not
considered.* As noted by a team of researchers,* their
study (as well as the other studies reviewed for this ar-
ticle) did not include potential benefits such as delayed
lung cancer onset, prevention of nonfatal lung cancer,
and benefits to future generations that live in high-risk
areas where radon prevention or remediation strate-
gies have been implemented (assuming remediation is
effective). Of the radon studies reviewed, only 1 was a
CUA.*

Carbon monoxide poisoning not related to fires

Carbon monoxide is the leading cause of all uninten-
tional poisoning-related deaths in the United States,™
especially among adults older than 65 years.” In res-
idential settings, CO accounts for 5% of poisoning
deaths not related to a fire.*® While the public health
burden of most CO poisoning is small when compared
with other housing-related adverse health outcomes,
the Centers for Disease Control and Prevention reports
non-fire-related CO exposures caused an average of 480
deaths from 2001 to 2002 and more than 15000 emer-
gency department visits between 2001 and 2003.”° More
than 50% of CO poisoning incidents reportedly occur
in the home.””® On the basis of a published estimate
of the average societal costs of unintentional death in
the home” and assuming 50% of deaths occurred in
the home,”®® residential CO poisoning-related fatali-
ties costs the US society more than $500 million annu-
ally. Similarly, assuming the average cost for nonfatal
injuries is $17 250, and 70% of nonfatal CO poisoning
incidents occur in the home,*" morbidity due to resi-
dential CO exposures costs approximately $180 million
annually in the United States.
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Few published studies on societal costs associated
with CO morbidity or mortality were identified. This
may be because CO poisoning is difficult to accu-
rately diagnose clinically.”*% Although CO detectors
are purported to reduce CO poisoning incidents and
deaths,** only 1 study on the effectiveness and costs
and benefits of these devices was identified.” This CBA
demonstrated that installing CO detectors is not suffi-
ciently beneficial to justify the costs in homes with new
gas and liquefied petroleum gas appliances in the UK,
since these appliances already have a secondary safety
system built-in.

The lack of CE studies on CO detectors is surpris-
ing, given the number of published economic stud-
ies on smoke alarm, a similar low-cost, early-warning
intervention.

©® Conclusions

Published economic evaluations for housing-related
health outcomes, including asthma, lead poisoning,
and radon-related lung cancer, provide valuable infor-
mation to guide prevention efforts. Nonetheless, more
research focusing on the costs of effective housing-
related interventions and the resulting economic im-
pact of these interventions is needed. In addition, for-
mal study is needed to demonstrate the effectiveness
of interventions for which only anecdotal arguments
have been presented. The resulting information can be
used to make more efficient use of limited resources,
as well as develop and implement programs that will
have greater health impact.

Understanding both the strengths and limitations of
economic evaluations will help decision makers inter-
pret findings appropriately. For example, a number of
economic evaluations reviewed were conducted from
the payer perspective. Such studies may be of partic-
ular interest to local public health agencies; however,
policy makers at the state and federal levels often take
a broader view of cost and consequences. Results from
CUA and CBA studies enable policy makers at the high-
est level (eg, Congress, heads of state health depart-
ments) to compare disparate health outcomes and re-
lated interventions. More CUA and CBA studies are
needed to help policy makers who are responsible for
allocating resources aimed at addressing wide-ranging
problems.

Because decision makers and practitioners in pub-
lic health increasingly embrace economic analyses to
make informed decisions about how best to allocate
limited resources, particular attention should be given
to important concepts highlighted in this article. These
concepts include (1) the selection of the appropriate an-
alytic method(s) to address the question(s) of interest;
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Selected Characteristics and Findings of Economic Studies on Indoor Chemical-Related Health Issues
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Author, Health Issue,
Comparators (Where
Applicable)

Model Type,
Study Perspective(s), and
Population Description

Costs and Benefits
Considered

Results

Stefanak et al®'
Lead poisoning

Gould'

Lead poisoning

Lead paint hazard screening
and control vs no action

Nevin et al*?
Lead poisoning
Lead-safe WR vs no action

Brown*!

Lead poisoning

Strict enforcement of lead
poisoning prevention
housing policies vs limited
enforcement

Gray et al*®

Lung cancer

Pre and post intervention
radon levels in new and
existing homes

COl
Local government
279 children with lead poisoning

CBA

Societal

National cohort of US children 6 y or
younger

CBA

Societal

Pre-1978 US housing with children
aged 6-30 mo

CBA

Societal

Strict enforcement: 22 children with
lead poisoning living in 22 buildings

Limited enforcement: 167 children
living in 77 buildings

CEA

Societal, NHS, HPA, government, and
homeowners

Representative national sample of
homes

Direct medical:
LS, TRMT, FUP, repeat blood testing,
El, SE, and juvenile delinquency

Direct medical:

LS, TRMT, and
attention-deficit/hyperactivity
disorder

Nonmedical direct:

Criminal activity, loss tax revenue,
and SE

Productivity (indirect):

LLE

Intervention:

Unspecified lead hazard control
treatment

Productivity (indirect):

Lifetime earnings, increased market
value, and energy savings

Intervention:

WR?

Direct medical:

TRMT, FUP

Nonmedical direct.

SE, El, and relocation

Productivity (indirect):

LLE

Intervention:

Unspecified lead hazard abatement

Unspecified lung cancer treatment
costs, NHS costs due to added life
expectancy, unspecified measures
comprising QALY®

Intervention:

New homes—aBasic preventative
measures

Existing homes—Identification of
existing homes targeted by policy,
capital, maintenance, running, and
replacement costs of remedial
work; lung cancer treatment costs,
and health care costs during any
extended life expectancy

Total annual costs to screen and treat
children for lead poisoning =
$597 779 for 279 children

Total net benefit of lead hazard
control:

$193-$287 hillion

Cost-benefit ratio = $18-$236 for
each dollar invested

Range of net benefit per housing unit
by housing age:

Pre-1940 = $4950-$6206;

1940-1959 = $541-$1796

Total net benefits of lead-safe WR in
all pre-1960 housing =
$73.9 billion

Net lifetime cost savings for recurrent
cases of elevated lead levels in the
blood in the same building in a
10-y period = $55 145

Preventative measures in new
houses:

Cost per life year gained (societal) =
$12075

Cost per QALY (societal) = $15 424

Cost per QALY (NHS) = $9216

Cost per QALY (homeowner, HPA, and
government) = $6208

Remediation in existing houses:

Cost per life year gained (societal) =
$55918

Cost per QALY (societal) = $71 426

Cost per QALY (NHS) = $9216

Cost per QALY (homeowner, HPA, and
government) = $62 210

(continues)
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Selected Characteristics and Findings of Economic Studies on Indoor Chemical-Related Health Issues

Author, Health Issue,
Comparators (Where
Applicable)

Model Type,
Study Perspective(s), and
Population Description

Costs and Benefits
Considered

Results

Coskeran et al*’

Lung cancer

Preremediation radon levels
vs postremediation radon
levels

Ford et al*®

Lung cancer

Various screening strategies
(universal, targeted,
modified universal, and
modified targeted) vs no
action

Coskeran et al®

Lung cancer

Premitigation program radon
levels vs postmitigation
program radon levels

UK Department of
Communities and Local
Governments®

CO poisoning

CO detector vs no detector

Trial and model-based CEA

Payer

Residents of 77 remediated houses in
5 areas

CEA

Societal

Universal: 250 million people living in
100.5 million homes

Targeted: 71 million people living in
25.9 million homes

CEA

Payer

176 people residing in 173
radon-remediated houses

CBA

Societal

22 million domestic properties in Great
Britain

Unspecified costs associated with
lung cancer (based on work by
Colgan and Gutierrez*é)°

Intervention:

Radon testing and remediation
program costs, initial
measurement; remediation work
(sump), retesting; fan replacement
every 10y

Direct medical:

Unspecified costs due to lung
cancer—related morbidity and
mortality

Productivity (indirect):

Unspecified losses due to lung
cancer—related morbidity and
mortality

Intervention:

Program, testing, mitigation

Unspecified costs associated with
lung cancer”

Intervention:

Initial measurement, remediation
work, retesting

Unspecified costs associated with CO
poisoning-related deaths and
injuries prevented

Intervention:

Average installation and maintenance
costs for sealed battery CO
detector

Range of annualized cost per lung
cancer saved =
$383036-$1 855135

Range of cost per life-years gained =
$25698-$129 223

Cost per life-year saved by screening
strategy (at 4-pCi/L radon action
threshold):

Universal = $620 000

Targeted = $492 000

Modified universal = $194 000

Modified target = $119 000

Annualized cost per lung cancer
avoided (assuming 6% discount
rate and 40-y accounting
period) = $184 997

Range of cost-benefit ratios (scenario
dependent) = 0.02-0.28

Abbreviations: CBA, cost-benefit analysis; CEA, cost-effectiveness analysis; CO, carbon monoxide; COI, cost of illness; El, environmental investigation; FUP, follow-up;
HPA, Health Protection Agency; LLE, loss lifetime earnings; LS, lead screening; NHS, National Health System; QALY, quality-adjusted life years; SE, special education;
TRMT, treatment; WR, window replacement.
2Window replacement include replacement of all single-pane windows with high efficiency Energy Star windows, paint stabilization, specialized cleaning, and clearance testing.
PNonintervention-related costs were generally not described or not described in sufficient detail to accurately categorize as direct, nonmedical, and/or productivity.
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