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EXECUTIVE SUMMARY  

This report presents results from an analysis of the asthma-related health impacts of weatherization and 

healthy homes interventions using data collected from 49 households in Northwestern Washington State 

covering the period from 2006 to 2013. This study was performed as part of a broader evaluation of the 

U.S. Department of Energyôs Weatherization Assistance Program (WAP) that Oak Ridge National 

Laboratory (ORNL) conducted for the Department of Energy (DOE). 

Healthy housing intervention programs aim to improve health outcomes for occupants through 

improvements in dwelling quality. Households of low socioeconomic status (SES) are more likely to 

reside in homes with structural damage, elevated levels of lead, indoor allergens, radon, environmental 

contaminants, and other dwelling quality issues known to have pathogenic effects on health (Krieger et al. 

2002, 2010; Matte et al. 2000). ORNL and the Opportunity Council,
1
 a Community Action Agency 

(CAA) in Northwestern Washington State, partnered to collect and analyze caregiver-reported, field-

collected, and health care records data to discern potential asthma-related benefits of these programs in 

the areas of improved dwelling quality, caregiver observed asthma morbidity, and direct health care 

utilization and costs. The study enrolled Medicaid-insured Healthy Homes Only, Weatherization Plus 

Health, and WAP Only participants with caregiver-reported asthma diagnoses to monetize the impacts of 

program interventions on health care costs.  The above-mentioned groups will be referred to as such in the 

remainder of this report. 

 

Comparing pre- and post-intervention data for the three study groups revealed that both weatherization 

(e.g., air sealing, insulation, heating equipment installation and maintenance) and healthy housing 

interventions (e.g., flooring replacement, ventilation, dust mite mattress and pillow covers, education) 

were impactful with respect to improving dwelling quality and reducing home-source asthma triggers. 

These data suggest benefits accrue through the delivery of WAP in concert with the Healthy Homes 

intervention, which is expected since those programs fund the provision of different, but complimentary, 

services. Observations of improved dwelling quality, health, and wellbeing (e.g., decrease in moisture and 

mold issues, improved thermal comfort) were made. Caregiver-reported information revealed child health 

improvement, in general, post-intervention. All households within the Healthy Homes groups and 82% of 

the WAP Only group reported that children ñseemed to feel better.ò All households within the 

Weatherization Plus Health group, 94% of the Healthy Homes Only group, and 64% of the 

Weatherization Only group reported children in their care ñcould run and play longerò post-intervention. 

These results begin to substantiate the claim that both weatherization and healthy housing interventions 

improve dwelling quality with the potential for synergistic benefits of WAP plus healthy housing evident.  

 

The data indicate that Medicaid-insured study participants residing in homes that received either 

Weatherization Plus Health, Healthy Homes, or standard WAP services experienced statistically 

significant decreases in health care utilization and costs post-intervention. Specifically, a statistically 

significant decrease of $421 was observed in annualized asthma-related Medicaid costs for all study 

groups combined. The average number of claims paid by the Washington State Medicaid program also 

decreased significantly within the Weatherization Plus Health and WAP Only groups by 0.42 and 0.91 

claims per month, respectively. It is possible that the Healthy Homes Only sample in this study, which 

included participants with higher baseline amounts of claims and costs per month overall,  would have 

benefited from the additional measures provided through Weatherization Plus Health and WAP.  

 

The public health community has given recent attention to ñsuper-utilizersò of the U.S. health care system 

to help alleviate health disparities and reduce costs that disproportionately burden households of low SES 

and communities of color. The Center for Medicaid and CHIP Services (CMCS 2013) defines super-

                                                      
1 http://www.oppco.org/ 
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utilizers as ñbeneficiaries of complex, unaddressed health issues and a history of frequent encounters with 

health care providers.ò Based on the findings of this study, it is reasonable to propose that the Opportunity 

Council and other healthy housing programs give high priority to families that have children with severe 

asthma and to members of populations or demographics disproportionately burdened with asthma (e.g., 

American Indians in Washington State), to maximize the potential impact of these programs.  

 

This study explored the potential for assessing programmatic impacts using data on outcome measures 

contained in linkable Medicaid files and physician records. We conclude that it is possible to collect and 

link these data at individual and household levels.  

 

The data collected through this study suggest that Weatherization Plus Health, Healthy Homes, and WAP 

all contribute to a reduction in asthma-related health effects, but additional research is required to better 

attribute the observed reductions in Medicaid claims and costs to these programs and to generalize the 

results to all program recipients. Promising savings were observed across all study groups, but sample 

sizes in some instances were too small to achieve statistical significance. 

 

Overall, the services delivered by the participating agencies in this study were associated with 

significantly reduced health care costs for Medicaid-insured children with asthma residing in 

Northwestern Washington State. Evaluations of asthma intervention programs are often befogged by 

numerous confounding factors (e.g., demographics, geographic location, severity of illness, exposure to 

environmental triggers) and the difficulty of quantifying improved health outcomes (e.g., reduced 

psychosocial stress, productivity gains, educational attainment) (Corso and Fertig 2009; Smith et al. 

1997). Although a large body of evidence has amassed over the past several decades suggesting causality 

and associations between poor Indoor Environmental Quality (IEQ) and health, many experts in the 

public health and housing domains recommend further research to study the relationships between 

specific housing intervention measures, indoor exposure to contaminants, and disparities and health 

outcomes for better understanding of the determinants of these exposures, as well as, impacts attributable 

to WAP specifically (Breysse et al. 2004; Breysse et al. 2014; Wu and Takaro 2007). Further 

investigation of the cumulative exposure to indoor contaminants, known to have pathogenic effects on 

health, contributes to a better understanding of indoor environmental justice issues and improves the 

efficacy of programs charged with creating parity for groups burdened by adverse health outcomes related 

to poor IEQ. 
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1. INTRODUCTION  

This report is part of the Recovery Act period national evaluation of the U.S. Department of Energyôs 

(DOE) Weatherization Assistance Program (WAP). The evaluation is being managed by Oak Ridge 

National Laboratory (ORNL) on behalf of DOE. The pages that follow present findings from one of 

several components of the WAP evaluation, an exploratory analysis of the impacts of weatherization and 

healthy home interventions on asthma-related health care utilization and costs. This study provided an 

opportunity to assess the potential impact of WAP and additional asthma trigger reduction measures on 

direct and indirect outcomes for a small cohort of children burdened with asthma in Northwestern 

Washington State.  

WAP was created by Congress in 1976 under Title IV of the Energy Conservation and Production Act.  

The purpose and scope of the Program as currently stated in the Code of Federal Regulations (CFR) 10 

CFR 440.1 is ñto increase the energy efficiency of dwellings owned or occupied by low-income persons, 

reduce their total residential energy expenditures, and improve their health and safety, especially low-

income persons who are particularly vulnerable such as the elderly, persons with disabilities, families 

with children, high residential energy users, and households with high energy burden.ò (Code of Federal 

Regulations, 2011)  

WAP provides grants, guidance, and other support to Grantees: weatherization programs administered by 

each of the 50 states, the District of Columbia, territories and several Native American tribes. The 

Grantees, in turn, oversee a network of 900+ local community action agencies, nonprofit organizations, 

and local government agencies that are eligible to receive weatherization funding from DOE 

(subgrantees). These subgrantees qualify income-eligible households, assess their homesô energy 

efficiency opportunities, install energy-saving measures, and inspect each home post-weatherization. 

Common weatherization measures include: air sealing, wall and attic insulation, duct sealing, furnace 

repair and replacement, as well as home improvements needed to ensure the health and safety of 

household occupants. The work is done at no cost to the eligible participants.  

The Opportunity Council, a Community Action Agency (CAA) located in Northwestern Washington 

State, has operated a Weatherization Plus Health program since 2000; originally funded as a U.S. 

Department of Housing and Urban Development (HUD) Healthy Homes demonstration project.
2
 The 

Opportunity Councilôs Healthy Homes program works to reduce asthma triggers inside the homes of 

families with young children. The services provide a range of tailored measures from the provision of 

simple products (e.g., dust mite covers for mattresses and pillows, High Efficiency Particulate Air 

(HEPA) vacuum cleaners, and non-toxic cleaning kits) to interventions requiring contracted work (e.g. 

replacement of carpet with laminate or hard wood flooring and/or the installation of whole house 

ventilation systems.) This Opportunity Council program is delivered as either a stand-alone service, 

known as the Healthy Homes program, or in concert with WAP, the Weatherization Plus Health program. 

The hypothesis put forth by the research team, comprised of both Opportunity Council and ORNL staff, 

posits that the Weatherization Plus Health and Healthy Homes programs impact asthma morbidity among 

the population served and that these changes are observable in the health care data. Similar to other multi-

attribute asthma trigger reduction programs targeting the home environment, it was believed these 

impacts could be directly observed in relatable and linkable health care records and insurance claims. This 

study enrolled Medicaid-insured Healthy Homes, Weatherization Plus Health, and WAP only participants 

with caregiver-reported asthma diagnosis to discern potential benefits of these programs in the areas of 

improved dwelling quality, caregiver observed asthma morbidity, and direct health care utilization and 

costs.  Any relationships observed from these data contribute to the body of literature and research efforts 

                                                      
2 Retrieved from: http://portal.hud.gov/hudportal/HUD?src=/program_offices/healthy_homes/hhi/hhd 
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investigating the efficacy of home-based multi-attribute programs charged with reducing environmental 

exposure to asthma triggers, thereby improving health outcomes. 

Section 2.0 of this report contains a discussion of the research related to indoor environmental quality 

(IEQ) and children with asthma followed by an overview of the Weatherization Plus Health and Healthy 

Homes programs delivered through the Opportunity Council (Section 3.0). Section 4.0 provides the study 

description complete with methodology and data collection employed to capture program impacts on 

health care utilization and costs. Section 5.0 provides descriptive statistics to characterize study 

participants and households, and section 6.0 discusses program impacts and other insights gleaned from 

the research. Lastly, section 7.0 contains conclusions based on the data and existing body of research 

relevant to the topics discussed. Appendices A and B contain pre- and post-intervention survey and data 

collection instruments administered, respectively. Appendix C contains the approved version of the 

studyôs Washington State Institutional Review Board (WSIRB) application. 
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2. INDOOR ENVIRONMENTAL QUALITY AND CHILDREN WITH ASTHM A  

Understanding the asthma-related health benefits of weatherization and healthy homes interventions is of 

upmost importance as asthma continues to be one of the most common chronic pediatric diseases and the 

leading cause of school absences and pediatric hospitalizations disproportionately impacting children in 

poverty, children of Hispanic and African American ethnicity, communities of color, and those residing in 

urban environments (Akinbami et al. 2011; Breysse et al. 2004; Breysse et al. 2014; Bryant-Stephens 

2009; Castro 2003; U.S. Centers for Disease Control and Prevention (CDC) 2011; Corso and Fertig 2009; 

Dixon et al. 2008; EPA 2013; Kattan et al. 1997; Kreiger et al. 2005, 2010; NIH 2011; NHIS 2011; 

Rastogi et al. 2013; Sullivan et al. 2002; Wu et al. 2007).
 
 Trends in asthma over the past few decades 

suggest a constant increase in asthma prevalence across demographics with additional burden on children, 

and communities of color and low SES (Akinbami et al. 2011, 2012). Although asthma cannot be cured, it 

can be controlled through medical treatment and by addressing other factors contributing to poor asthma 

control in children (e.g., environmental factors) (Corso and Fertig 2009; McGhan et al. 2006). Because 

approximately 80% of all persistent asthma cases present before age six, the indirect lifetime burden and 

costs (e.g., loss of productivity, interference with childhood development) of asthma have the potential to 

exceed the direct costs (e.g., health care) (Corso and Fertig 2009; Martinez 2002).  

 

Asthma continues to be one of the most chronic and costly diseases in the U.S. with nearly 26 million 

Americans suffering its effects (9.5% of all children) and an annual cost of $56 billion (EPA 2013). 

Nearly two million ED visits and 500,000 hospitalizations each year provide the bulk of the direct costs 

of asthma. It is one of the leading causes of school absences with more than half of children with asthma 

missing school due to symptoms for a total of more than 13 million missed days a year (CDC 2013).  

Households of low SES are three times more likely to reside in homes with structural damages, elevated 

levels of lead, indoor allergens, radon, environmental contaminants, and other dwelling quality issues 

known to have pathogenic effects on health (Evans and Kantrowitz 2002; Krieger et al. 2002; Matte et al. 

2000). Families that live in these homes are at-risk for exposure to multiple environmental health and 

safety hazards placing the most vulnerable occupants at significantly greater risk for illnesses and injuries. 

The body of research examined in this section provides evidence that the effects of environmental health 

and safety hazards in homes contribute billions of dollars (CDC 2011) annually to both the health and 

economic burdens in society while placing households of low SES at a greater disadvantage. Mitigating 

exposure to indoor and outdoor source contaminants and hazards through healthy housing interventions 

contributes to on-going efforts to reduce chronic disease outcomes for households disproportionately 

burdened by their effects (Breysse et al. 2004; Breysse et al. 2014; Crocker et al. 2011; Dixon et al. 2008; 

Evans 1999; Kattan et al. 2005; Kreiger et al. 2005 & 2010; Takaro et al. 2011; Wilson et al. 2014; 

Woodfine et al. 2011; Woods et al. 2012; Wu and Takaro 2007).  

 

Social justice in the context of human health is generally equated with access to health resources and 

equal opportunity to a healthy life. Determinants for domestic health disparities (health outcomes that 

impact certain populations to a greater extent than others) have been identified and integrated into social 

programs tasked with combatting chronic disease in the U.S. (Healthy People 2020, 2014). The research 

described herein targets two of the factors identified as contributors to health disparities; social 

determinants and environmental exposures to contaminants. To increase recognition and inform strategies 

addressing health disparities in the U.S., assessments and identification of place-based drivers of indoor 

pollutants and effective remediation measures are on-going. Environmental justice involves differential 

income, racial and ethnic or other types of vulnerable population exposure to environmental health risks 

(Evans and Kantrowitz 2002). Evans and Kantrowitz (2002) state that exposure to indoor environmental 

risks is not randomly distributed among the general population in the U.S. and that housing quality is 

inversely correlated to income. Children of low SES households and communities of color are exposed to 
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greater amounts of environmental toxins than those of moderate to high SES (Evans and Kantrowitz 

2002).  

 

There is a considerable body of evidence suggesting that exposure to these environmental risks occurs 

indoors along with claims that these exposures are inextricably linked to adverse and chronic health 

conditions, and an emerging body of evidence that these health risks disproportionately impact 

households of low SES and racial and ethnic minorities.  There is increasing concern that these 

environmental injustices, occurring in the poor and more specifically in the non-white poor populations, 

are widespread and severe requiring immediate public health and policy action. This home-based 

environmental risk burden referred to by Evans and Kantrowitz as the ñSES health gradientò involves 

exposure to a collection of well-established hazardous contaminants mitigated through weatherization and 

healthy housing initiatives.  

Results from the American Housing Survey (AHS) conducted by the U.S. Census Bureau, indicate that 

households of low SES are more likely to be exposed to substandard housing quality than the non-poor, 

and that, ñepidemic increases in asthma in inner-city settings may be partially attributable to elevated 

ambient pollutants along with exposure to allergens in the homeò (Evans and Kantrowitz 2002). This 

contributes to the Institute of Medicineôs (IOM) (2000) determination that 80% of asthma is allergic 

asthma and is consistent with the overwhelming evidence that chronic exposure to indoor environmental 

asthma triggers (Figure 2.1), found in sub-optimal housing, contributes to asthma. Mudarri and Fisk 

(2007) assert that approximately 20% of asthma cases can be attributed to mold and moisture in the home 

environment. The Robert Wood Johnson Foundation posits that 40% of preventable medical costs 

associated with asthma are caused by environmental triggers found inside the home. 

 

Figure 2.1. List of Evidence-Based Environmental Asthma Triggers
3
 

 

                                                      
3 Retrieved from National Institute of Environmental Health Sciences (NIEHS) supported research found at: 

http://www.niehs.nih.gov/health/topics/conditions/asthma/index.cfm 
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The Stanford Center on Poverty and Inequality Report (2014) revealed health disparities across poverty, 

race and ethnicity. The brief stated Americans living in poverty to be five times more likely to report 

being in poor or fair health than those with incomes four times the poverty threshold. The same brief 

reviewed asthma rates as a health indicator for children and described the resulting racial disparity 

findings for asthma as ñtroubling.ò African Americans are twice as likely as white children to have 

asthma and two to three times more likely than any other racial or ethnic group to die from asthma (CDC 

2014). Results from the National Surveillance of Asthma (2001-2010) found the rate of ED visits among 

African Americans with asthma to be 330% higher than Caucasians (220% higher for hospitalizations and 

180% higher for death rates). Evans and Kantrowitz (2002) suggests asthma as an epidemic in inner city 

urban environments can, in part, be attributable to high levels of ambient pollution and exposure to 

environmental allergens in the home.  

A recent study, conducted by Breysse et al. (2014) in Washington State, sought to determine impacts of 

weatherization-plus-health
4
 interventions, in conjunction with in-home asthma education provided by 

community health workers (CHWs), on asthma-related health outcomes. The Breysse et al. study 

concluded that participants in the treatment group that received healthy housing interventions in addition 

to CHW education, compared to those who received CHW services only, observed improvements in IEQ, 

caregiver quality of life, and child asthma-related health outcomes through improved asthma control. 

Although the Breysse et al. study has similarities to the ORNL/Opportunity Council study described 

herein (i.e., target population, housing stock, and a tailored set of healthy housing interventions), the 

Breysse et al. studyôs inclusion criteria limited participation to those with severe asthma and to those with 

a medical diagnosis.  The ORNL/Opportunity Council study included those households eligible for 

Opportunity Council healthy housing programs and households containing children with any severity of 

asthma (caregiver-reported). Additionally, none of the study groups evaluated within this report involved 

CHW education only, while the Breysse et al. report did not collect health insurance data as a method to 

evaluate impacts on health care utilization and costs. 

Several studies confirm that costs of asthma are correlated with severity (Godard et al. 2002; Serra-Batlles 

et al. 1998; Smith et al. 1997). The Breysse et al. report defined severity based on asthma control levels 

according to the 2007 National Heart, Lung, and Blood Institute (NHLBI). Participants in the Breysse et 

al. study met criteria for either not-well-controlled or very poorly controlled asthma. The Godard et al. 

(2002) study investigating the relationship between severity and costs used spirometry, and other tests 

according to international standards, to assign participants to one of four asthma severity classifications: 

1) intermittent; 2) mild persistent; 3) moderate persistent; and 4) severe persistent. The Godard et al. study 

not only concluded that overall costs of asthma are correlated with severity, but that this correlation 

persists for each of the cost categories used; direct, indirect, and quality of life (QoL).  

In 2010, Mason et al. conducted a review of economic analyses of housing-related interventions aimed at 

preventing asthma and other illnesses. This review described five types of economic analysis 

methodologies common in public health research to valuate the costs, impacts, and effectiveness of the 

interventions: 1) Cost of illness (COI); 2) Cost analysis (CA); 3) Cost-effectiveness analysis (CEA); 4) 

Cost-utility analysis (CUA); and 5) Cost-benefit analysis (CBA). COI studies evaluate all direct and 

indirect costs of adverse health outcomes attributed to the illness, while CA evaluations calculate all costs 

of implementing the intervention(s) and may include all costs saved by the intervention (i.e., COI minus 

total intervention costs). Mason et al. identify CEA as the most common evaluation method in the public 

health research domain, defined as a ratio of net cost of the intervention per improvement attributed to 

that intervention. CEA is typically employed to compare the relative effectiveness of one or more 

interventions or to no intervention. Ultimately, CEA is used to guide decision-makers on best practice 

when considering whether or not an intervention is cost-effective compared to other practice in efforts to 

justify additional costs. CUA is considered a version of CEA whereas the health outcome measure 

                                                      
4 This was not the same Weatherization Plus Health program evaluated for this study. 
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includes a valuation of QoL; typically quality-adjusted life years (QALY). Mason et al. goes on to 

describe CBA as the gold standard of economic evaluation methods, as pronounced by other researchers 

in the field, because CBA compares the costs and consequences of different interventions in monetary 

terms over time. Comparing disparate interventions in this way allows for consideration of both positive 

and negative impacts of multiple interventions and allows for prioritization of both benefits and negative 

consequences attributed to each intervention.  

According to the health economics literature, it is common to use national and state-level medical 

expenditure data to track the prevalence and costs of asthma. (Dombkowski et al. 2005; Kelly et al. 2000; 

Landrigan et al. 2002; Mason et al. 2010; Smith et al. 1997; MEPS 2015; HCUP 2015; Weiss and 

Sullivan 2001).  The Piecoro et al. (2001) study limited costs to asthma-related Medicaid claims in 

Kentucky (24,365 participants) with a final result estimating total state asthma-related costs to be $845 

per person. The evaluation method conducted for this ORNL/Opportunity Council study employed a 

similar payer perspective COI design used by Piecoro et al. (2001). Section 4.1 of this report describes the 

ORNL/Opportunity Council study that used Medicaid claims collected for a small cohort of children with 

asthma to compare the effectiveness of three interventions in Northwestern Washington State in reducing 

Medicaid costs.   

2.1 ASTHMA AND WEATHERIZATION  

Weatherization measures (Figure 2.2) directly and inadvertently address multiple evidence-based indoor 

environmental asthma triggers covered by public health campaigns, such as exposure to extreme 

temperatures, mold, moisture, cockroaches, mice, dust and other particulate matter, and the hazards of 

exposure to by-products of combustion from gas cooking stoves and portable unvented heaters. Thermal 

conditions can also have significant adverse effects on health and mortality especially within the 

vulnerable populations that WAP serves. The effects of heat are amplified in the elderly, pregnant 

women, and infants (CDC 2005). People with cardiovascular or respiratory disease, diabetes, obesity, 

chronic mental disorders, limited mobility, or other preexisting medical conditions, such as asthma, are at 

greater risk from heat exposure (CDC 2005). Additional risk factors for heat-related mortality include 

social isolation, low SES, limited educational attainment, poor housing, lack of access to air conditioning, 

and less availability of health care services (Huang 2011). HVAC maintenance and accessories such as 

HEPA filters may be included in the weatherization scope of work depending on the needs of the housing 

unit as determined by an energy audit, and depending on availability of leveraged resources secured by 

the weatherization provider.  While primarily targeting energy efficiency, these heating equipment 

measures provide tertiary health benefits by addressing air quality issues caused from combustion by-

products and dust. Finally, air sealing and insulation can potentially reduce indoor exposure to 

contaminants generated from the outdoor environment, exposure to extreme hot and cold temperatures, 

and pest infestations, thereby reducing exposure to evidence-based asthma triggers from mice and 

cockroach generated particulates. Proper mechanical ventilation is a crosscutting aspect of both 

weatherization and healthy homes programs that addresses exposure to moisture related problems (e.g., 

mold), and other IEQ issues (e.g., NO2 generated from gas cooking stoves). 

 



 

7 
 

 
Figure 2.2. Frequency of WAP Measures Installed in Homes in PY 2008 

 

Epidemiologists, exposure scientists and others are currently conducting research that suggests indoor 

exposure to chemicals may be a more important source of asthma triggers than the usual suite of suspects 

commonly referred to as environmental asthma triggers listed in Figure 2.1 (Bornehag and Whyatt 2013). 

Manufactured chemicals and heavy metals inside the home may be introduced into the home through 

sources such as building materials, solvents, furniture, and plastics or they may have infiltrated from 

outdoors (e.g., particulate matter from combustion, agricultural dust). Epidemiologists have concluded 

that the majority of human exposure to manufactured chemicals occurs from inside the home (Little 

2013). 

 

One pathway for exposure to these chemicals and heavy metals is through dust. In addition to substantial 

amounts of squamous (human skin cells), household dust may contain a wide range of contaminants 

harmful to human health including, but not limited to, flame retardants, persistent organic compounds 

(POCs), semi-volatile organic compounds (SVOCs) released from vinyl flooring, and other manufactured 

chemicals. One such substance is a plasticizer (phthalate) found in toys and other products. Exposure to 

phthalates and other endocrine disrupting chemicals is statistically correlated to respiratory diseases and 

infections, and can impact reproductive health (Takaro et al. 2013). Residue from environmental tobacco 

smoke (known as third-hand smoke) and even from the illegal production of methamphetamine by 

previous residents are rising on the radar of those worried about the impacts of indoor pollutants on 

human health over time.  

 

Current research in the field of exposure science suggests that the more dust in the environment the 

greater chance of exposure to these contaminants through inhalation, ingestion, or skin absorption. Dust 

from the outdoors may infiltrate the home through open windows, leaky doorframes, and other air leaks in 

the buildingôs infrastructure. Dust load samples collected from inside homes have contained 

manufactured chemicals, such as dichlorodiphenyltrichloroethane (DDT) despite having been 

discontinued for 20 years, and heavy metals such as lead (Stout et al. 2009; Weschler 2013). They also 

contained various speciation of particulate matter (PM2.5 and PM10). These are known contributors and 

triggers for asthma and other adverse health impacts projected to increase with climate change (Fabian et 

al. 2013; NIEHS 2015; Melil lo et al. 2014; National Research Council (NRC) 2010). Weatherization 

directly addresses many of these IEQ issues through dust-reduction measures, such as air sealing, the 

cleaning and replacement of air filters (including HEPA filters) on air supply lines, proper whole-house 

and localized ventilation, dryer venting, and by implementing lead-safe weatherization practice during 
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window and door replacement. A study conducted by Sandel et al. (2010), reviewing interventions and 

control of health-related chemical agents, indicated that particulate intrusion reduction from improved 

ventilation is a promising intervention that needs further evaluation. This same report indicated the need 

for more formative research on improved residential ventilation stating, ñtoo little is known about how 

ventilation levels affect both short- and long-term health.ò Overall, studies show that inadequate 

ventilation adversely affects health, but that more formal research is necessary to further our 

understanding of different types of systems in relation to housing and household characteristics and IEQ. 

 

Drafts in a home may indicate how well sealed the home is from infiltration of outdoor particulate matter. 

The WAP national occupant survey (Tonn et al. 2014) reports a reduction from 29% of those reporting 

their home drafty most or all of the time to 9%. Also supporting this observation are findings from 

ORNLôs social network study, ñWeatherization Experiences,ò another component of the national WAP 

evaluations (Rose et al. 2015). Members of social networks who had weatherization work completed at 

the suggestion of other WAP recipients reported observations related to IEQ post-weatherization. Of 

those who had weatherization work completed, 55% reported less drafts in the home and 44% of 

respondents reported the home being less dusty. 

 

Low-income weatherization can reduce poverty-related stressors faced by occupants as a result of direct 

energy and non-energy related benefits. Chronic stress is an evidence-based risk factor for adverse health 

implications associated with the release of stress hormones; in particular, cortisol.  High doses of cortisol 

released as a result of chronic stress correlates with a variety of health problems including cardiovascular 

disease, obesity, anxiety disorders, and asthma (NIH 2002).  Chronic stress as it relates to exposure to 

psychosocial stress is recognized as a symptom of poverty.
5
 Conversely, of those Americans who reported 

having a major stressful event in the past year (49%), 43 percent reported that experience being related to 

health, and those identifying as being in poor health were twice as likely (60%) to report being under a 

ñgreat dealò of stress within the past month (NPR 2014).The same poll finds that 36% of households with 

an income < $20,000 reported experiencing high stress levels within the past month. Research presented 

at a recent Roundtable on the Health and Well-Being Impacts of Energy Efficiency Improvements, hosted 

by the International Energy Agency (IEA), found that it only takes a few stressors in oneôs life to have a 

significant negative impact on mental health and that the detrimental effect of adding stressors seems to 

be exponential, not linear (Liddell 2013). Liddell also states that greater residential stability reduces stress 

and related adverse health outcomes. McGhan et al. (2006) found that children with poorly controlled 

asthma has significantly worse scores in the areas of confidence in management their asthma, fear of 

dying, and QoL related to social and sport activities, and school performance and attendance. 

 

Physical effects of exposure to poor IEQ, such as asthma and allergies, may result in loss of productivity 

at home and work either through absenteeism or presenteeism.
6
  Loss of productivity through absenteeism 

may result in financial stress. Family dysfunction as a result of inhibited productivity in the home can also 

lead to chronic stress through increased dependence on formal and informal social networks for support 

and perceived lack of control and uncertainty around meeting the basic physiological needs of household 

members. Family dysfunction and symptoms of parental depression and psycho-social stress can then 

lead to child exposure to psycho-social stress. Family functioning and well-being promotes secure 

attachment between caregivers and children, reducing both parental and child exposure to psycho-social 

stress and allows children and adults to tend to educational and professional needs. Insecure or 

dysfunctional attachment patterns between children and parents can result in the disruption of child 

developmental milestones, low self-confidence, -esteem, and -worth and may interfere with a childôs 

ability to develop schemas around healthy attachments to others including other adults, peers and future 

                                                      
5 Psychosocial stress is experienced when individuals face complex and stressful living conditions. 
6 "Presenteeism occurs when an employee goes to work despite a medical illness that will prevent him or her from fully 

functioning at work,ò http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2947637/ 
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offspring (Wong et al. 2002; Jacobsen and Hofmann 1997). Children with observed insecure or 

dysfunctional attachment and those developmentally immature are at greater risk for poor school 

performance and unruly, delinquent and sexually risky behaviors; having impacts at both household and 

societal levels (Levi and Orlans 2000; Coleman 2003). A recent study conducted through the MacArthur 

Foundationôs How Housing Matters Research Initiative found that poor housing quality contributes to 

emotional and behavioral problems in children and that ñmuch of this association operates through 

parental stress and parenting behaviorsò (Coley et al. 2013).  By improving the quality of the dwelling, 

weatherization has the potential to reduce parental stress, thereby improving availability and attachment 

between the caregiver(s) and the children in the home that then affords those children the opportunity to 

better address developmental milestone achievement and improved behavior and performance. 

Ameliorating the physiological and psychological symptoms of poverty through work like weatherization 

is an under-realized benefit. 

 

Simulated models of the effects of building interventions and IEQ (measuring pollutant concentrations 

indoors) on pediatric asthma outcomes in low-income multifamily buildings suggest that weatherization 

measures targeting the sealing of the building envelope led to an increase in pollutant concentration of 

NO2 and PM2.5. That increase predicted 20% more serious asthma events, but that bundling weatherization 

with repairing kitchen exhaust fans mitigated this adverse impact (Fabian et al. 2013). This study looked 

at the intersection of weatherization, IEQ and health with particular attention to pediatric asthma.  Fabian 

et al. go on to state, ñWithout evidence of changes in health care use, it is difficult to develop public 

health or policy actions.ò 

 

Numerous papers discuss the effectiveness of multi-component interventions on the severity and 

incidence of asthma episodes by addressing multiple triggers in the home environment (Breysse et al. 

2014; Crocker et al. 2011; Dixon et al. 2009; Godard et al. 2002; Kelly et al. 2000; Krieger et al. 2010; 

Sullivan et al. 2002). In addition to averted medical costs associated with hospitalization and ED visits 

due to asthma, there is evidence to suggest that weatherization acts, in part, as a home-based multi-trigger 

or multi-attribute asthma reduction program providing additional benefits beyond urgent care (Crocker et 

al. 2011; Godard et al. 2002; Sullivan et al. 2002). These benefits are observed through other direct 

medical costs (e.g., reduced prescribed medicines, office and clinic visits, and hospital outpatient) and 

indirect costs (e.g., reduced housekeeping loss, loss of work and school productivity, and restricted 

activity) (Dombkowski et al. 2005; Smith et al. 1997; Norton 2015). Wang et al. (2005) estimated the 

total economic impact of asthma in school-aged children for 1996 to be $1993.6 million or $791 per child 

with asthma.  

 

A recent evaluation of the health and household benefits of weatherization begins to attribute the benefits 

of asthma trigger reductions inside the home to WAP through self-reported changes in morbidity and use 

of urgent care facilities from pre- to post-intervention (Tonn et al. 2014). The data mentioned in the 

ORNL non-energy benefits report suggest that weatherization is associated with fewer ED visits due to 

asthma. The analysis used health care cost data from the National Medical Expenditure Panel Survey 

(MEPS) and through the National Healthcare Utilization Project (HCUP) to monetize cost savings from 

reduced ED visits (by 11.5%) and hospitalization (by 3.1%) post-weatherization at both societal and 

household levels. To monetize potential reductions in averted medical costs and indirect costs beyond 

urgent care treatment attributable to WAP, a methodology was developed by the ORNL team to 

determine the percentage of respondents identified as ñhigh-costò asthma patients pre-weatherization, but 

then identified as ñlow-costò asthma patients post-weatherization. High-cost asthma patients account for 

two-thirds of the ED visits and hospitalizations due to asthma in the U.S. (Smith et al. 1997). Those who 

reported having asthma symptoms within the last three months were counted as high-cost asthma patients 

and those who reported last having asthma symptoms greater than three months were identified as low-

cost asthma patients. The Smith et al. study findings were then used to calculate the direct and indirect 

cost savings associated for each of the two groups. Using these data, the total health benefits associated 
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with asthma, attributable to WAP per home in 2008, was $202 and the present value (PV) per home was 

calculated to be $2,009 (Tonn et al. 2014).
7
 

 

A comprehensive review of past research has provided evidence that indoor air pollutants are a frequent 

cause of illness and that residential energy efficiency measures and green interventions have improved 

indoor air quality and occupant health.
 
 However, other studies have recognized that a ñtoo tightò building 

envelope could exacerbate indoor air pollution if appropriate precautions and measures are not considered 

(Fisk 2000).
 
 Research has also been conducted that focused specifically on asthma morbidity reductions 

and other non-energy benefits, such as productivity gains, due to weatherization.
 
 Two U.S. studies on 

new, green construction have demonstrated significant respiratory health improvements (Heyman et al. 

2005; Takaro et al. 2011). A 2005 World Health Organization (WHO) report concluded there are direct 

linkages relating energy efficiency of housing and health with sufficient evidence for estimating the 

burden of disease. Programs retrofitting affordable housing with green and healthy interventions directly 

reduce health problems associated with poor quality housing by limiting exposure to allergens, 

neurotoxins, and other dangers (Breysse et al. 2004; Sandel et al 1998).  
 

One study recently attempted to determine key predicting factors for high health care utilization or super-

utilizers
8
 among Hispanic and African American children (Rastogi 2013).

 
The study revealed that 

caregiver knowledge alone of asthma pathophysiology, control, and treatment does not adequately 

prevent high health care utilization.  Participants in the study reported feelings of stress and helplessness, 

an inability to implement the actions learned, and on-going use of the ED. Although the authors of the 

study reported that high health care utilizers had fewer ED visits post-targeted educational interventions, 

many of the asthma trigger reduction measures remained beyond the capabilities of the household to 

complete on their own without additional services or support. 

 

Targeted public health education is delivered alongside the healthy homes and weatherization measures 

provided through the Opportunity Council. Opportunity Council is in a unique position as both a CAA 

and WAP subgrantee with the ability to implement asthma-reduction measures to mitigate observed and 

known asthma triggers in concert with weatherization at no cost to the occupant. This is important as 

asthma is a health disparity impacting households of low SES at a greater rate than those in higher income 

brackets. The impetus for the research study described in this report was to determine if the bundling of 

services provided through the Opportunity Council positively impacts the health and well-being of the 

recipients of these targeted programs, thereby reducing the utilization and cost of health care. More 

specifically, this research initiative sought to demonstrate any changes in the number of asthma-related 

Medicaid claims and costs post-intervention for three study groups that offer unique sets of housing-

related services. 

 

Targeting the ñhigh-costò health care users or super-utilizers of the health care system could maximize the 

benefits of the Weatherization Plus Health model, as observed in the Sullivan et al. (2002) study. An 

information bulletin published by the CMCS (2013) reported that 5% of Medicaid beneficiaries account 

for 54% of total annual health care expenditures; approximately 60% of those beneficiaries that were 

among the most expensive 10% in one year remained the most expensive for two subsequent years 

(Coughlin and Long 2010). Another economic analysis of asthma observed that 20% of individual cases 

in the National Medical Expenditure Survey accounted for 80% of all asthma-related costs (Malone et al. 

2000). Studies investigating this topic have revealed that socioeconomic distress, chronic illness, high use 

                                                      
7 Results from this analysis show that the present value (PV) per household of all health-related benefits of the ~ 80,000 single 

family and mobile homes served by WAP in PY 2008 is estimated to be approximately $14,148. 
8 The Center for Medicaid and CHIP Services (CMCS) defines super-utilizers as those ñbeneficiaries of complex, unaddressed 

health issues and a history of frequent encounters with health care providers.ò 
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of other health care resources, substance abuse, and mental illness are associative factors for ED visits and 

other health care utilization (Sun et al. 2003). 

 

2.2 OVERVIEW OF ASTHMA MORBIDITY IN WASHINGTON STATE  

The CDC publishes statistics related to asthma morbidity and mortality by nation, by state, and by 

population. The report completed by the National Center for Environmental Health (NCEH), and 

published by the CDCôs National Asthma Control Program (NACP),
9
 reports the following statistics for 

2007: 

 

¶ Child
10

 asthma prevalence in Washington State was 6.9% compared to the U.S. rate of 9.0%. 

¶ Asthma prevalence for children in Washington State aged 12-17 was 9.9% (10.5 for U.S.). U.S. 

rate for children aged 5-11 is 11.0%. 

¶ Boys (at 8.7%) had higher asthma prevalence than girls (at 5.1%). 

¶ For American Indians and Alaska Natives in Washington State, asthma rates are much higher 

than the state average
11

 

 

No statistics were available in this publication on race or ethnicity except for the white population with an 

asthma prevalence of 5.6%. Also not reported at the state level are mortality rates for children. However, 

the overall, age-adjusted mortality rate for Washington State in 2007 was 10.2 per million compared to 

the U.S. rate of 11.0 persons per million. 

 

The following vital statistics were reported from the National Health Interview Survey (NHIS) conducted 

in 2012 (Bloom et al. 2012). These most recently available national statistics are presented here to aid in 

the discussion on asthma as a health disparity in the U.S.: 

¶ Children in poor families were more likely to have ever been diagnosed with asthma (19%) or to 

still have asthma (13%) than children in families that were not poor (12% and 8%).  

¶ Children in fair or poor health (40%) were three and one-half times as likely to have ever been 

diagnosed with asthma and almost five times as likely to still have asthma (37%) as children in 

excellent or very good health (12% and 8%).  

¶ The highest U.S. rate for one race is that for black or African American with rates of 16.0%. 

Although the state level asthma rate for Washington is lower than the U.S. rates, this health condition 

continues to impact households of lower SES, and within communities of color despite geographic 

location.

                                                      
9 Retrieved from: http://www.cdc.gov/asthma/stateprofiles/asthma_in_wa.pdf 
10 Includes persons in WA aged 0-17. 
11 CDC. Retrieved from; http://www.cdc.gov/nceh/tracking/success/washington.htm#helping 
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3. WEATHERIZATION PLUS HEALTH  

The Opportunity Council is a CAA serving Whatcom, Island and San Juan Counties in Washington State. 

The Weatherization Plus Health program was started in the early 1990s after Opportunity Council 

representatives, at a meeting with Native American tribal leaders, observed that the elders of the tribe 

were using inhalers while leading discussions of the asthma rates prevalent in their tribes. Many homes 

had electric baseboard heat and wood stoves. Mold was often observed around the colder perimeter of the 

homes. In 2002, the Indoor Air Coalition of Whatcom County decided that the Opportunity Council 

should add IEQ to its portfolio since the program was already in WAP income-eligible homes completing 

audits and addressing ventilation. The Opportunity Council received a HUD Healthy Homes grant to 

work with a consultant in developing the Weatherization plus Health protocol. Currently, a private 

foundation finances the Weatherization Plus Health program for homes that have one or more child with 

asthma under the age of six. DOE has adopted the program name ñWeatherization Plus Healthò with 

permission of the Opportunity Council.   

The Opportunity Councilôs Healthy Homes program encompasses services that range from in-home 

education and asthma interventions to full Weatherization Plus Health services. In addition to a 

comprehensive education component, interventions and tools include HEPA filter vacuum cleaners, 

mattress and pillow encasings, green cleaning kits, and hard-surface flooring (carpet removal). The 

Healthy Homes measures (Figure 3.1) are all measures observed in the invoices collected for this study.  

Households might receive a simple package of measures (e.g., HEPA vacuum, cleaning kit, dust mite 

covers) or a full package of measures requiring contracted work (e.g., carpet replacement with hard-

surface flooring, mechanical ventilation). Weatherization services and further IEQ assessments are 

incorporated into projects depending on household need, eligibility, and program funding. 

 

 

 

Healthy Homes Program  

Targeted asthma education 

Advanced ventilation 

Laminate and hardwood flooring (carpet removal) 

Rodent and pest exclusion 

HEPA
12

 floor vacuum  

Dust mite mattress, box spring, and pillow covers 

Entry mat 

Cleaning kit 

Humidistat 

Dehumidifier 

Chimney cleaning 
Figure 3.1 List of Opportunity Council Asthma Trigger Reduction Measures 

                                                      
12 High-efficiency particulate arrestance (HEPA) is a type of air filter ñcapable of capturing particles of 0.3 microns with 99.7% 

efficiencyò as defined by the U.S. Environmental Protection Agency (EPA).  The EPA defines a HEPA vacuum as a vacuum that 

has a HEPA filter as the last filtration stage and is designed so that all the air drawn into the machine is expelled through the filter 

with none of the air leaking out. Retrieved from; http://www.nilfiskcfm.com/vacuum-applications/EPALeadRRP-hepa-

vacuum.aspx 

http://www.nilfiskcfm.com/vacuum-applications/EPALeadRRP-hepa-vacuum.aspx
http://www.nilfiskcfm.com/vacuum-applications/EPALeadRRP-hepa-vacuum.aspx
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The Weatherization Plus Health concept is integrated into each of the Opportunity Council programs and 

is considered by the each of the program coordinators when assessing family needs. The energy advocate 

conducting the initial assessment of the home is often the one who identifies the home as a potential 

Healthy Homes or Weatherization Plus Health project. Homes can be slated to receive a Healthy Homes 

only package for a myriad of reasons (e.g., deferral of weatherization due to outstanding housing-related 

issues).  Both energy advocates and WAP auditors are trained to identify asthma triggers, such as the 

presence of rodents, insects and dust.  

The Community Services department, which delivers the Energy Assistance program (a primary source 

for both weatherization and Healthy Homes referrals), schedules the weatherization pre-assessment and 

then the weatherization itself. While most opportunities to make homes healthier are identified through 

the Energy Assistance pre-assessments, the Opportunity Council also receives direct referrals for Healthy 

Homes projects through its Head Start and early-learning programs.  

In addition to DOEôs interest in weaving Healthy Homes protocols in with energy efficiency, the 

Opportunity Council has worked with the state of California and EPA in designing their program and in 

continuing to connect the Healthy Homes, IEQ, and energy retrofit programs. Although the original HUD 

grant targeted homeowners and child-care providers, renters are now eligible for Weatherization Plus 

Health. The Opportunity Council continues to consider what other populations should be targeted for 

Healthy Homes assessment and action, as well as, where agency partnerships might improve efficiency 

and prove effective. 
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4. STUDY DESCRIPTION 

WAP serves households of low socioeconomic status to achieve energy efficiency through home energy 

retrofit and energy consumption education. The mission of WAP also involves addressing health and 

safety concerns as they relate to home energy.  To be eligible for the Program, households must have an 

income of 200% of the federal poverty level or less. It was the assumption that many of the households 

served by WAP also receive Medicaid or another form of health care assistance. Medicaid records were 

requested for Opportunity Council household members with asthma and collected from the Washington 

State Health Care Authority (HCA) to measure potential changes in costs related to asthma morbidity.  

This transfer of data involved; (1) approval from the Washington State Institutional Review Board 

(WSIRB); (2) the Opportunity Council requesting and receiving authorizations for the disclosure of 

Medicaid records from both treatment and comparisons groups; (3) submitting the authorization forms to 

the HCA through a secure file transfer protocol (FTP); and (4) receiving asthma specific Medicaid 

records back from the HCA using the same secure FTP. The Opportunity Council partnered with ORNL 

on this task and with entering the data into a database for future analysis by ORNL. The dataset was de-

identified of personally identifiable information (PII) prior to ORNL reviewing the data to reduce the risk 

of breach of confidentiality. Study identifiers were given to participating households and to individuals 

for the linking of all data collected. The minimum data elements were requested from HCA capturing all 

asthma-related claims, including the type of claim and costs. The research plan was to identify 

relationships between the programs delivered to households with children with asthma and any changes in 

direct medical expenditures related to asthma as evidenced through the disclosure of records.   

4.1 METHODOLOGY  

A quasi-experimental design for this retrospective evaluation was adopted to compare results between 

two programs operated under the Opportunity Council services umbrella: Healthy Homes and 

Weatherization Plus Health. The impacts of these two programs were to be compared not only to each 

other, but to standard WAP services delivered through other CAAs in WA State as a means to discern 

potential impact of these programs on children with asthma within the WAP eligible population. The COI 

under study was limited to asthma-related costs of Medicaid recipients in Washington State and therefore 

applied a payer perspective, similar to the Piecoro et al. (2001) study described in section 2 (Corso and 

Fertig 2009). Utilization of Medicaid data as primary data reduces bias inherent in self-reported 

information, while corroborating the narrative provided by both survey research and anecdotal evidence.  

 

The study aimed to answer the following research questions: (1) Does the Opportunity Council's 

Weatherization Plus Health program result in decreased direct medical expenditures related to asthma 

treatment? (2) Do the direct medical expenditures also correlate with self-reported and caregiver reported 

improvement in health related asthma symptoms and episodes? (3) Does the level of impact on direct 

medical expenditures correlate with specific weatherization or asthma reduction measures provided 

through Weatherization Plus Health? (4) Are relationships observed between the Weatherization Plus 

Health program, asthma morbidity and health care, and school on-site care and attendance? (5) If 

relationships are observed, what are the cost savings related to the decrease in direct medical 

expenditures, increased school attendance, performance, and on-site care, and caregiver productivity? (6) 

What do the relevant physicians attribute change in asthma status and episodes to? and (7) Are there any 

adults with asthma in the household that self-report a change in their own asthma conditions as a benefit 

for treating the home for the children?   
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 Research Design   4.1.1

This study implemented a quasi-experimental approach for evaluating the impacts of three different 

program types on asthma morbidity in a sample of Medicaid-insured persons. This involved collecting 

data for a control group (i.e., WAP Only) and comparing the results to those observed for the treatment 

groups (i.e., Weatherization Plus Health and Healthy Homes Only). The primary reasons for using quasi-

experimental design was due to the retrospective nature of the study and because the Opportunity Council 

did not randomly assign households to different programs at the time of intervention. It is understood that 

a randomized control trial (RCT) design offers benefits as an experimental approach. However, there are 

compelling reasons, explained in this subsection, why a quasi-experimental design was chosen instead.  

 

According to a recent Government Accountability Office (GAO) report, ñprogram evaluation literature 

generally agrees that well-conducted randomized experiments are best suited for assessing effectiveness 

when multiple causal influences create uncertainty about what caused results.ò
13

 The GAO report goes on 

to note, however, that randomized experiments ñare often difficult, and sometimes impossible, to carry 

out,ò and that ñrequiring evidence from randomized studies as sole proof of effectiveness will likely 

exclude many potentially effective and worthwhile practices.ò When randomized studies are impractical 

or impossible to carry out, quasi-experimental comparison group studies satisfactorily provide ñrigorous 

alternatives to randomized experiments.ò  For legal and practical considerations, we believed that a 

classical (RCT) approach could not be implemented to evaluate WAP during the ARRA period.  

 

Additionally, WAP is administered by States (i.e., grantees) through subgrantees that must prioritize 

WAP applicants in order to select them. The primary barrier to randomization in a WAP evaluation is in 

fact legislative priority constraints on how the subgrantees should prioritize WAP applicants.  From the 

U.S. Department of Energy, Weatherization Assistance Program for Low-Income Persons, Title 10, Part 

440 (Direct Final Rule, Federal Register, June 22, 2006)
 14

: 

 

Section 440.16 Minimum program requirementsé(b) Priority is given to identifying and providing 

weatherization assistance to: 

(1) Elderly persons; 

(2) Persons with disabilities; 

(3) Families with children; 

(4) High residential energy users; and 

(5) Households with a high energy burden. 

 

Thus, Title 10, Part 440 essentially prohibits the purely random assignment of WAP applicants to control 

groups, meaning that the RCT approach is not possible. 

 

In conjunction with Title 10, Part 440, there is also a practical and perceived moral obligation among 

subgrantees to provide services to all applicantsðand particularly to high-priority applicantsðas fairly 

and expediently as the Program will allow.  This institutional resistance to random assignment to and the 

consequential delay of service to control groups would have to be overcome before an RCT could be 

correctly implemented.  

 

At the time of the study design, it was believed that WAP alone would have minimal impact, if any, on 

asthma morbidity because it did not purposefully target home-based environmental triggers associated 

with asthma and also because there is an on-going debate within the home performance industry on 

                                                      
13ñProgram Evaluation: A Variety of Rigorous Methods Can Help Identify Effective Interventions,ò GAO-10-30, November 

2009. 
14 See http://www.waptac.org/sp.asp?id=1812#minimum.  

http://www.waptac.org/sp.asp?id=1812#minimum
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whether WAP contributes to worsened IEQ after air-sealing a home.  However, results from an occupant 

survey delivered to a random selection of WAP recipients provided statistically significant results 

indicating improved outcomes related to asthma morbidity and reduced use of urgent health care facilities 

(Tonn et al. 2014).  Based on these results, it became evident that analysts involved with this study would 

need to consider the results from the Opportunity Council sample in comparison to the WAP group, but 

that the WAP Only group could no longer be used as a true comparison group with no anticipated change. 

 Limitations  4.1.2

This retrospective evaluation of the impacts of asthma reduction measures on environmental triggers in 

the home utilized a quasi-experimental design, which has less internal validity than a randomized control 

trial. Additionally, this study did not include a comparison group composed of individuals who had 

received no intervention at all.  Further research with either an experimental design or a quasi-

experimental design with a larger sample and a non-treated comparison group could allow causal 

statements to be made. Considering the aforementioned limitations, we aimed to determine through this 

study: (1) whether or not linkable data can be extracted from institutions housing sensitive health 

information in order to make the necessary observations to state causal relationships; (2) if any 

statistically significant relationships exist within the data collected; and (3) whether or not the observed 

results lead us to believe that further exploration is worth the level of effort required for a true experiment 

or big data project. 

4.2 DATA COLLECTION  

Approval from WSIRB
15

 was required prior to the collection of HCA Medicaid records. IRB approval is 

required for such research endeavors involving human subjects. The ñWeatherization Plus Health Studyò 

application was submitted for expedited review and was initially submitted on November 1, 2012. After 

two rounds of revisions made by the study team, WSIRB approval was achieved on July 2, 2013.
16

  It 

should be noted that as a condition of approval, HCA staff first determined that the study was of mutual 

benefit to their program. This determination was made by HCA in October 2012.  

 

The Opportunity Council was responsible for the collection and management of the data. One full time 

equivalent (FTE) evaluation coordinator, working closely with the Department Director and Manager, 

was hired for a term of sixteen months. The evaluation coordinator was responsible for scheduling and 

conducting home visits in treatment and comparison samples, responsible for most post-visit data 

collection, data entry and file management.  As a requirement of IRB approval and a general best practice, 

all researchers were required to provide proof of receiving training in protecting human research 

participants and Health Insurance Portability and Accountability Act of 1996 (HIPPA)
17

 compliance. 

 Participant Inclusion and Recruitment 4.2.1

Inclusion Criteria 

Study inclusion criteria were carefully considered by the research team to ensure that the final samples 

would be representative of the population the Weatherization Plus Health initiative sought to target for 

improved health outcomes. The following set of criteria was used for inclusion: 

Å Homes must have received: 1) Weatherization Plus Health services OR 2) Healthy Homes 

interventions through the Opportunity Council OR 3) WAP Only (1 year prior to study) through 

participating WAP agencies; 

                                                      
15 https://www.dshs.wa.gov/sesa/research-and-data-analysis/human-research-review-section 
16 See the complete WSIRB application in Appendix C. 
17 The HIPAA Privacy Rule provides federal protections for individually identifiable health information held by entities and 

covers patientsô rights with respect to the disclosure of that information. http://www.hhs.gov/ocr/privacy/hipaa/understanding/ 
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Å The same child(ren) for whom services were employed, continued to reside within the home for 

the duration of the pre-intervention (1 year) and post-intervention time periods; 

Å The family continued to reside in the same house where the intervention occurred; and 

Å The legal parent/guardian(s) agreed to participate in the study. 

Treatment sample 

During the WSIRB approval process, the ORNL and Opportunity Council team engaged in the studyôs 

participant identification and recruitment phase. Using search filters in the Weatherization and 

Conservation Education databases, a list of 125 potential homes was produced. Recipients of the 

Opportunity Council programs were excluded if they no longer resided in the home where services had 

been delivered. From this sample, 34 households were scheduled for visits and included in the study. 

Individual case files were further mined to determine the type of Healthy Homes packages that 

households had received: the full package (e.g., carpet removal) or a simple package delivered through a 

one-time visit to the home where products were distributed to households at that time (e.g., HEPA 

vacuum).   

 

Comparison sample 

The study worked with three comparison WAP agencies in the region ï Snohomish County; Housing 

Authority of Skagit County; and Community Action Council of Lewis, Mason, and Thurston Counties - 

to collectively provide the comparison sample (i.e., WAP Only group). In Snohomish County, eligible 

program year files were sorted through by hand to determine that the household had an occupant with 

asthma and a child between 0-10 at the time of weatherization. From a sample of nearly 60 homes, 8 were 

included in the study.
18

  Outreach efforts were made to WAP agencies in surrounding service territories to 

improve the sample size. Skagit County was able to screen their database for the requisites but was only 

able to provide 15 potential households, of which two were included. The Lewis, Mason and Thurston 

weatherization department was not able to screen their database and provided the Opportunity Council 

with a sample of over 150 households, only five of which participated in the study. The total number of 

comparison households was 15; 21 children in total). The average number of months for which data were 

collected post-intervention ranged from 24-28 (Table 4.1). 

 
Table 4.1. Average (Mean) Number of Months Between Program Delivery and Post-Intervention Data 

Collection  

 # of months (mean) Range (in months) 

Wx + Health 26 3-47 

Wx Only 28 6-52 

HH Only 24 6-44 

 

Prior to calling homes to schedule potential study participants, each household received an introduction 

letter explaining the study and informing the residents that they would be receiving a phone call to 

schedule the visit. The letters also asked residents to contact the Opportunity Council if they were 

interested in participating. One week later, potential participants were called to schedule their in-home 

visit. The initial round of calls served mostly to screen the sample for eligibility, wrong or disconnected 

numbers, and people who had moved since receiving Healthy Homes or WAP services. Once a household 

was contacted and eligibility was confirmed, an overview of the visit was discussed, including informing 

the participants of the potential benefits and consequences of participating in the study.
19

 The introduction 

                                                      
18 Reasons for only 8 of the 60 potential homes included in the study: (1) staff was unable to determine if the person with asthma 

in the home was a child between 0-10 years old until making further contact; (2) family may have moved from the home; (3) 

family not interested or unable to participate. 
19 See Informed Consent in Appendix A. 
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letter and the informed consent drafts were reviewed for readability at or below the 8
th
 grade reading 

level
20

 using the Flesch-Kinkaid test; a Microsoft Word document function. 

 

The following survey and data collection instruments were used by the study team at the time of the 

intervention (Appendix A): 

 

¶ Weatherization audit, scope of work, and work completed (DF2) 

¶ Asthma Home Environment Checklist, Action Plan, and work completed 

¶ Asthma Control Test (symptoms) pre- and post-intervention 

¶ Satisfaction survey  

 

The following survey and data collection instruments were administered by the study team over the 

course of the study (Appendix B): 

 

¶ Occupant Survey post-intervention (study instrument)
21

 

¶ Home walk-through post-intervention (study instrument) 

¶ Medicaid records pre- and post-intervention 

¶ Physician records pre- and post-intervention 

 Home Visits 4.2.2

Opportunity Council staff pre-tested the on-site home visit in two homes in August of 2012. The visits 

averaged 1.5 hours each. Both the walk-though observation and survey instruments were tested with no 

concerns voiced or observed. However, it became apparent that caregivers desired the opportunity to 

confer with their partners prior to signing the HCA authorization forms releasing Medicaid data for the 

study. It was agreed that the importance of authorization should be effectively communicated during the 

recruitment phase and as part of the initial informed consent. This allow timed for discussion and 

agreement between caregivers prior to the home visit in efforts to avoid a second visit to the home. 

 

The home visits were conducted between May 2013 and January 2014. They took approximately one hour 

to complete and families received a $200 incentive check for participating. Home visits involved a 

detailed informed consent component, data collection (i.e., occupant survey and walk through data form), 

and signatures on HCA authorization and release of information forms. Certified medical translators 

accompanied visits for households where English was a second language, and all forms were translated 

into the primary first language.  

 

The home visit procedures and data collection were based on previous weatherization studies for the 

ARRA-era WAP evaluations.  After completing the informed consent procedures and answering any 

initial questions, a home walkthrough and checklist was completed to verify the condition of the home 

and take note of any issues that may affect IEQ. The researcher then worked with the participant to 

complete forms including an asthma control test with any asthmatic children and releases of information 

for physician and Medicaid records. Next an occupant survey was administered covering heating and 

ventilation, home conditions, health care and coverage, health and well-being, IEQ issues, and 

employment and demographic characteristics. Once these forms were completed and verified the home 

visit was concluded. 

                                                      
20 8th grade reading level and below is the WSIRB required standard for documents provided to human subjects. 
21 The post-intervention occupant survey was paid for and administered by the Opportunity Council  
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 Database Development 4.2.3

A custom Microsoft Access database was built by the ORNL WAP evaluation subcontractor, APPRISE, 

to house data collected in the program files and data collected during the study. The database comprised 

of modules that corresponded with each survey instrument, data collection form, and records fields 

requested through HCA. Modularization allowed for modules to be updated and debugged as needed by 

APPRISE, allowing work to still be entered even as modules were being updated. A final de-identified 

data file was uploaded to ORNL using ORNLôs Secure File Transport (SFT). An identified back up 

database copy was retained and consulted as needed to resolve data issues. 

 HCA Medicaid Records Collection 4.2.4

A ñminimum necessaryò data request was submitted to HCA for a data share agreement to be established 

with a data transfer protocol and system identified (FTP secure site). The HCA data set included the 

following items for each of the authorization forms submitted. Upon authorization, HCA released the 

requested information to the Opportunity Council and ORNL analysts listed on the WSIRB application: 

¶ Program type; As HCA manages records for both Medicaid and state program recipients, the 

program type for each claim was requested. 

¶ Claim type; ALL  professional, outpatient, home health, pharmacy and inpatient claims related to 

asthma in their final state were requested. 

¶ Diagnosis codes; All 6 asthma ICD-9 codes starting with 493 were pulled at both the header and 

line levels for all paid and final encounter claims.
22

 

¶ Primary diagnosis; All claims were the 493 ICD-9 code appears as either the primary or after the 

primary diagnosis (diagnosis 2, 3, 4, etc.). 

¶ Paid amount; 493 ICD-9 codes were pulled for all paid and final encounter claims and included 

all paid amounts for that line claim. 

¶ Billing provider information; HCA provided both the billing provider ID, name, and billing 

provider for all claims. 

¶ Servicing provider identification; HCA provided both the servicing provider and name of the 

service provider for all claims. 

¶ Procedure codes; HCA provided procedure codes and names for all services provided and the 

quantity of each. 

¶ Revenue codes; The revenue code and name in cases where services are bundled for billing were 

provided. 

¶ Recipient Aid Category (RAC); RACs were pulled to inform the study which recipient category 

the client belongs to. 

¶ Pharmacy claims; HCA provided the National Drug Code (NDC), the drug generic name, the unit 

of measure, and the paid amount for that claim. 

 

HCA Medicaid requests were handled by the department manager. HCA authorization forms were 

gathered releasing information to both Opportunity Council and ORNL (2 releases). Scans of the releases 

for each family were uploaded along with a request spreadsheet to a dedicated HCA contact through the 

secure FTP operated by HCA. HCA staff compiled the Medicaid records into a single spreadsheet within 

3-5 days and delivered it using the FTP. The department manager compiled all returned records 

spreadsheets into one master spreadsheet organized by building ID # using a, b, cé to identify 

                                                      
22 International Classification of Diseases, Ninth Revision (ICD-9) codes were used for the HCA request for records. All header 

or line claims with any ICD-9 asthma codes (codes starting with 493) listed as either primary or secondary diagnisos were 

requested. 
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individuals with asthma within the home. The spreadsheet was de-identified and sent to ORNL using 

secure FTP operated by ORNL. 

 Data Transfer to ORNL analysts 4.2.5

Opportunity Council staff sent the de-identified database with linkable study identifiers at the household 

and individual levels through ORNLôs File Upload System. This system uses secure FTP and is operated 

through ORNLôs Information Technology Services department. Opportunity Council staff uploaded the 

complete database and other records using this ORNL file upload system. Other security measures were 

established to protect the confidential information collected through this study.
23

 

 Data Collection Challenges 4.2.6

One primary challenge the research study faced was the timeline of the WSIRB approval. The research 

work scope was finalized, but the researchers were unable to request Medicaid records without IRB 

approval. The decision was made to move forward with the first round of visits that consisted of all parts 

of the visit except gathering the HCA Medicaid releases. Families received $100 for this visit with the 

agreement to issue the remaining $100 after Medicaid releases were collected following IRB approval. 

Most homes required a second visit to complete the forms, and some households stopped participating in 

the evaluation before a second visit could be completed to gain the Medicaid releases. 

 

A second challenge faced was the size of the treatment and comparison samples. In the treatment sample, 

while the program served over 125 families, the final sample included only 34 households with 52 

individual cases. This was due to families moving, out of date contact information, or lack of interest in 

participating.  There were similar issues in the comparison sample.  

 

Working with three different WAP agencies, each with their own databases and standards for information 

collection, made screening participants challenging. While the control agencies submitted encouraging 

sample sizes, the final comparison sample was small. We learned that there is inconsistency in how 

asthma prevalence is recorded in WAP files. Washington State, as the WAP grantee, does not have a 

requirement for this information to be recorded and some agencies do not capture it at all. Phone 

screening was completed prior to scheduling to insure eligibility. Some comparison group families also 

had legitimacy concerns about the study. Though letters of introduction were mailed, including a cover 

letter from each comparison group agency, most potential participants were not aware of the Opportunity 

Council. This, combined with the difficulty of explaining the broad overview of the study, caused some to 

be hesitant to schedule the home visit and participate. 

 

Accessing physician records posed an additional challenge to measuring program impacts on health. It 

took many months working with the primary care provider networks in the area to receive the first batch 

of records, despite authorization from participating households releasing this information. 

 

The final challenge faced was attempting to request school records. The sample had very few children in 

elementary school during the study time frame. A decision was made by the study team not to continue 

pursuit of school records, as there would be little comparative data to look at from year to year. This 

component of the study would have required working with at least 6 school districts in the treatment 

group counties and many more in the comparison group counties. It was decided that due to the low 

number that were enrolled in school during the study time period, school records would not be sought. 

                                                      
23 ORNLôs Electronic Data Security Plan was approved by WSIRB. 
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5. DESCRIPTIVE STATISTICS  FROM THE STUDY SAMPLE  

Results from the AHS conducted by the U.S. Census Bureau indicate that households of low SES are 

three times more likely to be exposed to substandard housing quality than the non-poor (Evans and 

Kantrowitz 2002).  Findings from questions posed to WAP recipients as part of the national evaluation 

about the physical condition of their homes pre- and post-weatherization revealed that the physical 

condition improved post-weatherization. The largest reported change was related to homes being less 

drafty post-weatherization. This was not an unexpected result considering over 90% of WAP homes in 

PY 2010 received some sort of air sealing measure during the weatherization process.  The results also 

suggest that insulation, air sealing and other measures have the potential to protect homes from dust, and 

mice and cockroach infestation and their generated particulates, which are all known evidence-based 

asthma triggers. Occupant-reported observations of moisture issues and mold inside homes reduced from 

28% pre-weatherization to less than 20% post-weatherization (Tonn et al. 2015). Comparable findings 

suggesting reductions in moisture issues were also observed within groups participating in this study. 

 

The following six subsections capture descriptive statistics extracted from a combination of pre- and post-

intervention survey instruments (discussed in more detail in Section 5.2) administered to occupants of the 

three groups that participated in this special study and are grouped into these categories: 

 

¶ Characterization of Study Participants and Housing Units    

¶ Presence of Home-Source Evidence-Based Asthma Triggers 

¶ Allergy Reduction Measures 

¶ Impacts of Weatherization and Healthy Homes Education 

¶ Weatherization and Healthy Homes Measures Installed 

¶ Occupant Health and Health Care Coverage 

5.1 CHARACTERIZATION OF  STUDY PARTICIPANTS A ND HOUSING UNITS   

This section of the report presents statistics characterizing participants of this study and the homes in 

which they reside. The average (mean) number of occupants living within the study households (n= 49) 

was 4.6 people with 1.4 of those being children. The majority (48%) of children with asthma participating 

in the study was between the ages of 5-10 and 31% were between the ages of 0 to 5 years (See Table 5.1) 

with the mean age at 7.6 years (ranging from 2 to 17 years of age). Comparing age groups between 

program types revealed that the Healthy Homes Only group consisted of more than double the children 

between the ages of 5-10 than the other two groups. It was expected that the Opportunity Council study 

samples that focused on children with asthma would contain a higher percentage of younger children 

compared to the WAP groups that included adults of elderly or with disability status as high priority.  
 

Many of the households (46%) self-identified as Non-Hispanic White; 15% identified as Hispanic White, 

21% as Hispanic ñOtherò and 8% as Non-Hispanic ñOther.ò Very few households identified as Black, 

American Indian, Alaska Native, or Asian (Table 5.2). 
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Table 5.1. Age Ranges of Children with Asthma in Study Households ï by Program Type 

  Age range 
Program Type 

Wx + Health Wx Only HH Only 
All Groups 

Combined 

 0-5 Count 9 5 8 22 

% within Age range 42.9% 23.8% 27.6% 31.0% 

 
5-10 Count 8 7 19 34 

% within Age range 38.1% 33.3% 65.5% 47.9% 

 
10-15 Count 4 6 1 11 

% within Age range 19.0% 28.6% 3.4% 15.5% 

 
15-20 Count 0 3 1 4 

% within Age range 0.0% 14.3% 3.4% 5.6% 

Total Count 21 21 29 71 

% within Age range 100.0% 100.0% 100.0% 100.0% 

 

 

Table 5.2. Household Ethnicity and Race ï All Groups Combined 

 Ethnicity  

Race 

White 

Black or 

African -

American 

American 

Indian or 

Alaska 

Native Asian Other Total 

 Hispanic Count 7 0 0 0 10 17 

% within Ethnicity 41.2% 0.0% 0.0% 0.0% 58.8% 100.0% 

% within Race 24.1% 0.0% 0.0% 0.0% 71.4% 35.4% 

% of Total 14.6% 0.0% 0.0% 0.0% 20.8% 35.4% 

 
Non-Hispanic Count 22 2 1 2 4 31 

% within Ethnicity 71.0% 6.5% 3.2% 6.5% 12.9% 100.0% 

% within Race 75.9% 100.0% 100.0% 100.0% 28.6% 64.6% 

% of Total 45.8% 4.2% 2.1% 4.2% 8.3% 64.6% 

Total Count 29 2 1 2 14 48 

% within Ethnicity 60.4% 4.2% 2.1% 4.2% 29.2% 100.0% 

% within Race 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 60.4% 4.2% 2.1% 4.2% 29.2% 100.0% 

 

The majority of homes receiving weatherization, either alone or in combination with a healthy homes 

intervention were single family (SF) detached buildings with a crawlspace (Table 5.3). The 

Weatherization Plus Health group consisted of 64% SF homes and 36% mobile homes, with the 

Weatherization Only group having a higher ratio of SF to mobile homes at 87% and 13% respectively. Of 

those within the Weatherization plus Health group, 86% lived in a home with a crawlspace and 23% had a 
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basement; with the Weatherization Only group at 73% and 20%, respectively.
24

 These housing 

characteristics were then used to identify any statistically significant relationships between asthma 

morbidity and health care utilization.  

Table 5.3. Housing Type/Characteristics ï by Group  

Housing Type Wx + Health Wx Only  

Single-family  64% 87% 

w/ crawlspace 86% 73% 

w/ basement 23% 20% 

Mobile Home 36% 13% 

 

Residential status for the entire group was fairly evenly split as 49% of households reported renting their 

homes and 50% owning their home. However, upon characterizing each study group, more of the Healthy 

Homes Only group households reported being renters, and more of the Weatherization Only group 

households were homeowners (Table 5.4). It appears that the study homes, collectively, were somewhat 

evenly represented with regard to location (i.e., rural, city, suburb, town) with the most reported (37%) 

being in a rural location (Table 5.5).   

Table 5.4. Residence Status of Household ï by Group  

Residence Status 

Program Type All Groups 

Combined Wx + Health Wx Only HH Only  

 Rent 52% 30% 57% 47% 

 
Own 48% 61% 43% 50% 

 
Neither 0 9% 0 3% 

 

Table 5.5. Location of Household -All Groups Combined  

Location Frequency Percent 

 Rural  18 36.7 

 City  14 28.6 

 
Suburb  10 20.4 

 
Town 7 14.3 

 

5.2 PRESENCE OF HOME -SOURCE EVIDENCE-BASED ASTHMA TRIGGER S 

Avoiding allergens alongside other environmental control efforts have been shown to be effective at 

reducing asthma attacks and clinical improvement can be observed through elimination of just one 

environmental allergen (Kelly 2014). Weatherization addresses multiple evidence-based indoor 

environmental triggers (e.g., mold, cockroaches, mice, dust, and by-products of combustion from gas 

cooking stoves and portable unvented heaters). Weatherization helps minimize many of these IEQ issues 

through dust and moisture-reduction measures such as air sealing, the cleaning and replacement of air 

filters (including High Efficiency Particulate Air (HEPA) filters) on air supply lines, proper whole-house 

and localized ventilation, and clothes dryer venting. The provision of accessories, such as HEPA 

vacuums, allergy pillow and mattress covers, and non-toxic cleaners may be included in the scope of 

                                                      
24 These answers are not mutually exclusive; some SF homes can have both a basement and a crawlspace, or neither. 
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work if combined with Healthy Homes services (i.e., Weatherization Plus Health) depending on the needs 

of the occupants. As discussed in Section 3, these services are typically determined through an energy 

audit and an asthma checklist for eligible households and may be dependent on availability of leveraged 

resources secured by the weatherization or Healthy Homes provider and the condition of the home. 

Table 5.6 presents frequencies of evidence-based asthma triggers found within study homes pre- and post-

intervention. All pre-intervention findings presented in this section (and throughout Section 5) were 

extracted from the following survey instruments
25

 (See Appendix A and B): 1) U. S. Environmental 

Protection Agencyôs Asthma Checklist and 2) Opportunity Councilôs Pollution Source Survey; therefore, 

the pre-intervention results are provided for the Weatherization Plus Health and the Healthy Homes Only 

groups. The pre-intervention survey findings were based on observations of weatherization staff. All post-

intervention findings presented in this section (and throughout Section 5) were extracted from the 

following survey instruments: 1) Opportunity Councilôs Walk-through Checklist - findings based on 

observations of weatherization staff as well and 2) a modified version of ORNLôs Occupant Survey 

designed for the national evaluation of WAP. It should be noted that the findings from the Occupant 

Survey are self-reported by the occupant rather than based on observations of weatherization staff.  

The occupant survey was administered post-intervention ranging from 3 months to 4.3 years with the 

average (mean) at 26 months. Reporting both sets of post-intervention data provides the opportunity to 

consider differing perspectives while reducing bias inherent in self-reported data collection due to 

potential inconsistencies resulting from misinterpretation of questions and response bias. Furthermore, the 

occupant is more familiar with their home, while an auditor may be equipped with building science 

expertise, but can only observe what is happening during their time at the residence. Therefore, both sets 

of post-intervention data are provided for all groups. 

When occupants were asked if it seemed their childôs asthma was worse around pets, more than half 

(65%) of the Weatherization Plus Health group replied in the affirmative, while only 15% of the Healthy 

Homes Only group responded the same (Table 5.6). However, it was observed that 43% of the 

Weatherization Plus Health group had indoor pets pre-intervention, but close to half reported post-

intervention, that they either no longer had pets or the pets were no longer allowed indoors. There was 

negligible change post-intervention for the Healthy Homes Only group. Within the Weatherization Only 

homes, 60% were observed to have indoor pets post-intervention. It remains unknown as to what 

percentage of children in the sample had allergies to pet dander. 

A low percent of respondents reported smoking cigarettes inside the home at any time within all study 

groups. Although, for the Healthy Homes Only group, post-intervention there was an observed increase 

(by 15%) in the presence of smoking (e.g., ashtrays, cigarette butts). Unexpectedly, because of the 

measures installed, there was an increase in evidence of pests inside the home post-intervention for all 

groups.  

The presence of carpets in the living room decreased slightly (by 5%) post-intervention for the Healthy 

Homes Only group. The Healthy Homes measures package does not always include the replacement of 

carpet
26

; in addition, it may have been determined that it would be more beneficial for the carpet to be 

removed in the childôs bedroom rather than the living room. In contrast, observed close to 30% of the 

                                                      
25 See Methodology (Section 4.1) for a detailed description of which data (both pre- and post-intervention) were collected by 

participating agencies as part of its typical program delivery and which data were collected specifically for the purposes of this 

study. 
26 The Healthy Homes package does not always include carpet replacement; there are two Healthy Homes packages, a ñsimpleò 

and a ñfullò. The full Healthy Homes package can include carpet removal. 35% of the Healthy Homes Only group and 100% of 

the Weatherization Plus Health group received the full package. For those in the Weatherization Plus Health group that were 

observed to have carpet in their home (either living room or bedrooms) pre-intervention (n=11), 36% no longer had carpet in 

their living room post-intervention and 64% no longer had carpet in their childôs bedroom. As for the Healthy Homes Only group 

(n=6): 17% no longer had carpet in living room post-intervention and 67% no longer had carpet in bedroom post-intervention. 
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Weatherization Plus Health group had their carpets removed in the living room. There was an increase 

(7%) in the presence of throw rugs in the living room post-intervention indicating that throw rugs might 

have been traded out for full carpet in some instances. 

It should be noted that the frequencies (#) provided in this table represent the number of households, not 

individual cases. Furthermore, unless noted, household sample sizes (n) for each group are as follows:  

¶ Weatherization Plus Health (n=14) 
¶ WAP Only (n= 15)

27 
¶ Healthy Homes Only (n= 20) 
¶ Opportunity Council (OC) groups (n= 34)

28
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
27 Weatherization Only groups were provided services by the three comparison WAP agencies in the region ï Snohomish 

County, Housing Authority of Skagit County, and Community Action Council of Lewis, Mason, and Thurston Counties to 

collectively provide the comparison sample 
28 OC groups include the recipients of the OC programs (i.e. those that received Healthy Homes interventions; Weatherization 

Plus Health and Healthy Homes Only) and constitute the treatment sample. 
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Table 5.6. Home-Source Evidence-Based Asthma Triggers Pre and Post-Intervention by all Groups
29,30

 

 
Pre 

Post  

(staff observed) 

Post (self-

reported) 

 # % # % % 

EVIDENCE -BASED ASTHMA TRIGGERS       

      

Asthma Worse Around Pets (Yes)
31

      

Wx + Health 9 65% - - - 

Wx Only - - - - - 

HH Only 3 15% - - - 

OC groups 13 38% - - - 

Have Indoor Pets (Yes)      

Wx + Health   6 43% 4 29% 21% 

Wx Only - - 9 60% 73% 

HH Only 6 30% 7 35% 35% 

OC groups 12 35% 11 32% 29% 

Cigarette Smoking Inside Home (anywhere, at any 

time)
32

 (Yes) 
     

Wx + Health 1 7% 1 7% 0% 

Wx Only - - 1 7% 7% 

HH Only 0 0% 3 15% 5% 

OC groups 1 3% 4 12% 3% 

Evidence of Pest Infestation (cockroaches, rodents, 

and/or other insects) (Yes) 
     

Wx + Health 2 14% 3 21% 29% 

Wx Only - - 2 13% 27% 

HH Only 0 0% 2 10% 35% 

OC groups 2 6% 5 15% 33% 

Carpet in Living Room (Yes)      

Wx + Health 11 79% 7 50% - 

Wx Only - - 7 47% - 

HH Only 17 85% 16 80% - 

OC groups 28 82% 23 68% - 

Throw Rugs in Living Room (Yes)       - 

Wx + Health 5 36% 6 43% - 

Wx Only - - 7 47% - 

HH Only 3 15% 4 20% - 

OC groups 8 24% 10 29% - 

Carpet in Childôs Bedroom (Yes)      

Wx + Health - - 9 43% - 

Wx Only - - 20 87% - 

HH Only - - 24 80% - 

OC groups - - 33 65% - 

 

                                                      
29 The frequencies (#) provided in this section represent the number of households, not individual cases, which responded yes. 
30 Unless noted, household sample sizes for each group are as follows: Weatherization Plus Health (n=14); Weatherization Only 

(n= 15); Healthy Homes Only (n= 20); All Opportunity Council (OC) homes (n= 34). 
31 For this question, pre-data was not observed, weatherization staff asked occupant the question. 
32 For this question, pre-data was not observed, weatherization staff asked occupant the question. 
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 Moisture and Mold  5.2.1

Mold allergies, associated with asthma and other respiratory symptoms, are 30-50% more prevalent in 

damp houses, especially in those with damp basements (Rutgers 2011). Research also indicates that early 

exposure (in infancy) to high mold counts, as measured by the Environmental Relative Moldiness Index 

(ERMI) test, increases the risk for developing asthma by 50% in late childhood (Reponen 2011). Findings 

presented in Table 5.7 suggest that for all three groups participating in this study, observations of 

moisture and mold issues substantially decreased post-intervention. A 20% decrease in observed moisture 

damage to walls and ceilings, and a 60% decrease in observed standing water in the Healthy Homes Only 

group, was reported. For the Weatherization Plus Health group, a 28% decrease in moisture damage was 

observed and a 7% decrease in observed standing water was reported. The Weatherization Only group 

had post-intervention findings comparable to the other two groups in these two categories. It is interesting 

to note the difference between the observed and the self-reported findings for presence of standing water. 

The decrease of close to 60% in reported excessive humidity levels for both Opportunity Council groups 

is most likely connected to the substantial decrease of observable mold or mildew; 65% in the 

Weatherization Plus Health group and 35% in the Healthy Homes Only group. Again, it should be noted 

that the self-reported findings were higher than what was observed by the staff. However, variation in 

question format exists between data collection instruments. The question in the occupant survey reads: 

ñHave you seen mold in your home in the past 12 months?ò Depending on how much time had passed 

since the intervention this data could be seen as more of a pre-intervention result, and in fact are quite 

similar to the observed pre-intervention findings. With that said, if these percentages are considered to be 

a proxy for a pre-intervention finding for the Weatherization Only group, in comparison to the other 

groups, these homes, at baseline, had better dwelling quality with respect to mold and mildew issues.  
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Table 5.7. Moisture Issues Pre and Post-Intervention by all Groups 

 
Pre 

Post  

(staff observed) 

Post (self-

reported) 

 # % # # % 

Evidence of Damage From Moisture On Walls/Ceiling (Yes)      

Wx + Health 5 36% 1 8% - 

Wx Only - - 1 7% - 

HH Only  6 30% 2 10% - 

OC groups 11 32% 3 9% - 

Observed Standing Water (crawlspace, fish tanks, house 

plants, etc.) (Yes) 
    

33
 

Wx + Health 5 36% 4 29% 14% 

Wx Only - - 4 27% 7% 

HH Onl y 17 85% 5 25% 15% 

OC groups 22 65% 9 27% 15% 

Excessive Humidity Levels (Yes)
34

      

Wx + Health 10 71% 1 7% - 

Wx Only - - 2 13% - 

HH Only  12 60% 0 0% - 

OC groups 22 65% 1 3% - 

See or Smell Mold or Mildew (Yes)     
35

 

Wx + Health 11 79% 2 14% 79% 

Wx Only - - 5 33% 13% 

HH Only  10 50% 3 15% 60% 

OC groups 21 62% 5 15% 68% 

 

 Chemicals and Cleaning Supplies 5.2.2

This subsection presents frequencies associated with chemicals and toxic cleaning supplies found within 

study homes. When occupants were asked if it seemed their childôs asthma was worse when exposed to 

chemical based cleaning supplies, chemical air fresheners, perfumes, scented candles or laundry products, 

or insecticides, more than half both the Weatherization Plus Health and Healthy Homes Only groups, at 

64% and 65% respectively, responded in the affirmative. 

Table 5.8 presents findings associated with the visibility of chemicals and cleaning supplies inside 

treatment homes post-intervention. The balance of this data suggests that Opportunity Council homes 

(presumably more so than the Weatherization Only group) has either been educated on the benefits of 

replacing toxic cleaners with more natural, asthma- symptom friendly alternatives and/or been provided 

non-toxic cleaners as part of the Healthy Homes services measures package; 30% more of the 

Weatherization Only group, compared to the Weatherization Plus Health group, reported chemical 

cleaning supplies within easy access, and 43% more of the Weatherization Plus Health households 

reported non-toxic cleaning supplies within the home.  

 

                                                      
33 Percentages based on those that stated they sometimes, often, or always observed standing water in their home. 
34 Pre-survey question did not specify a room or define ñexcessive humidityò; post-survey question specifically referred to the 

laundry room and defined excessive humidity as >60% Relative Humidity. 
35 The question in the occupant survey was: Have you seen mold in the past 12 months? Depending on how much time had 

passed since the intervention this question could be more of a pre-intervention result. 
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Table 5.8. Chemicals and Cleaning Supplies Post-Intervention by all Groups 

 Post  

(staff observed) 

Post (self-

reported) 

 # % % 

Toxic Chemicals (Paints/Solvents) Within Easy Access 

(Visible) 
   

Wx + Health 0 0% 7% 

Wx Only 2 13% 0% 

HH Only 3 15% 5% 

Chemical Cleaning Supplies Are Within Easy Access 

(Visible) 
   

Wx + Health 4 29% 36% 

Wx Only 9 60% 53% 

HH Only 9 45% 45% 

Non-toxic Cleaning Supplies Are in the Home    

Wx + Health 10 71% 71% 

Wx Only 4 27% 73% 

HH Only 11 55% 70% 

 

5.3 ALLERGY  REDUCTION MEASURES 

As mentioned in Section 3, upon delivery of Healthy Homes services, either in concert with 

weatherization or on its own, a home could have received either a simple or full package of services. Both 

were tailored to the needs of the household and the occupant: the simple package was typically delivered 

through a one-time visit to the home and included a comprehensive education component and provision 

of a selection of allergy reduction accessories; the full package included interventions requiring 

contracted work (e.g., replacement of carpet with laminate or hard wood flooring and/or installation of 

whole house ventilation systems). Table 5.9 presents the number of homes that received which type of 

package per program type. All Weatherization Plus Health households in the sample received the full 

package of services as did 35% of the Healthy Homes Only group. 
 

Table 5.9. Number of Homes that Received Full or Simple Healthy Homes Packages, Per Program Type 

Program Type 

Type of HH package 

Total No HH Simple Full 

 Wx + Health 0 0 14 (100%) 14 

 
Wx Only 15 (100%) 0 0 15 

 
HH Only 0 13 (65%) 7 (35%) 20 

Total 15 13 21 49 

 

Table 5.10 presents the percentages of asthma trigger reduction accessories observed in use or present 

within the home: 90% of the Healthy Homes group was observed to have a HEPA vacuum, allergy 

mattress covers, and allergy pillow covers in their home post-intervention; 71% of the Weatherization 

Plus Health homes were using allergy pillow covers and 43% were using allergy mattress covers post-

intervention. only 64% owned a HEPA vacuum. One might have expected that the Weatherization Plus 

Health group and Healthy Homes Only group to have had comparable frequencies for these findings. 

However, the necessity of these services is determined through the EPA Asthma Checklist and may also 

be dependent on availability of leveraged resources; therefore, not all homes received the complete list of 
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services within its provided package. In addition, this data was based on observations of field staff; 

occupants may not have been utilizing the accessories at the time of the visit or have them in sight. It 

should also be considered that this program serves a population that might not be able to afford to 

continue with best practice. 

Since these accessories are not considered a DOE allowable expense through traditional WAP it was 

hypothesized that their presence post-intervention would be at a much lower percentage for the homes in 

the Weatherization Only group, which is confirmed in the table below. 

Table 5.10. Presence of Asthma Trigger Reduction Measures Post-Intervention by all Groups 

 Post  

(staff observed) 

 # % 

Own a HEPA Vacuum
36

   

Wx + Health (n=14) 9 64% 

Wx Only (n=15) 3 20% 
37

 

HH Only  (n=20) 18 90% 

OC groups (n=34) 27 79% 

Allergy Covers on Mattress
38

    

Wx + Health (n= 21) 9 43% 

Wx Only (n= 23) 5 22% 

HH Only (n= 30) 27 90% 

OC groups (n=51) 36 71% 

Allergy Covers on Pillows    

Wx + Health (n= 21) 15 71% 

Wx Only (n= 23) 3 13% 

HH Only (n= 30) 27 90% 

OC groups (n=51) 42 82% 

 

 Ventilation 5.3.1

 

There is growing concern within the public health and building science communities regarding emissions 

from unvented gas cooking stoves or the use of unvented combustion space heaters. As stated in Section 

2, simulated models of the effects of building interventions and IEQ on pediatric asthma outcomes in low-

income households suggest that weatherization
39

 targeting the sealing of the building envelope led to an 

increase in pollutant concentration of NO2 and PM2.5, and 20% more serious asthma events, but that 

bundling weatherization with repairing kitchen exhaust fans mitigated this adverse impact (Fabian et al. 

2013). Range hoods can be installed and vented outdoors to provide localized ventilation in homes where 

this is logistically feasible. Results from the national occupant survey showed that post-weatherization, 

the number of program respondents that reported using a cook stove exhaust fan regularly increased by 

8% (Tonn et al. 2014).  

                                                      
36 Results for owning a HEPA vacuum are per household, as indicated by the n. 
37 The self-reported percentage was quite a bit higher here, at 53%. This could be due to a lack of understanding in how the 

agency defines a ñHEPAò vacuum. 
38 Results for allergy covers on mattress and on pillows are on a ñper caseò (individual) basis rather than by household, as 

indicated by the n..  
39 The Fabian et al. (2013) study was not focusing on weatherization as delivered through WAP. Weatherization in this context is 

referring to energy-efficiency retrofits and building interventions in general. 
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Within this study, electric cooking stoves were more commonly observed to be in use both pre- and post-

intervention; only 15% of the Weatherization Plus Health households, 20% of the Weatherization Only, 

and 25% of the Healthy Homes Only groups used gas cooking stoves (Table 5.11).
40

 None of the study 

groups were found to be using any unvented gas appliances in the home, both pre and post-intervention. 

All groups that had heating units fueled by gas were properly vented to the outside. 

 
Table 5.11. Potential Sources of Indoor Environmental Contaminants Post-Intervention by all Groups 

 Post  

(staff observed) 

 # % 

Use Gas For Cooking Fuel   

Wx + Health 2 15% 

Wx Only 3 20% 

HH Only  5 25% 

Heating Unit Vents Outside (for households heated with gas)   

Wx + Health 13 100% 

Wx Only 12 100% 

HH Only 7 100% 

 

For this study, data was not collected at household level for the usage of kitchen or bathroom fans pre-

intervention; therefore, we are unable to establish any increase in mechanical ventilation usage post-

intervention. Specific data on kitchen and bathroom fan installation was not collected either. However, 

the two participating agencies reported the installation of ñwhole-house ventilation.ò Whole house 

ventilation, as described by the Opportunity Council, refers to ñthe whole home receiving fresh outside 

air.ò This can be achieved by installing fans (more often a centralized bath fan) and running them 

continuously or intermittently (on a timer, not easily turned off by the occupant) throughout the day. This 

type of ventilation exhausts indoor contaminants and humidity but also pulls outside air into the home (if 

the building envelope is not too tight).  Supplying this outside air also has a drying effect; the often 

cool/moist outside air enters the home is warmed up and dehumidified (K. White, personal 

communication, April 2015).  

 

The majority of homes within the Weatherization Plus Health and Weatherization Only groups received 

whole-house installation at 93% and 87%, respectively (Section 5.5 presents data on other weatherization 

and healthy homes measures installed for these homes). Findings reveal that 93% of both groups were 

observed to have a functional bathroom fan post-intervention; however only 64% of the Weatherization 

Plus Health and 53% of the Weatherization Only groups were observed to have a functional kitchen fan 

(Table 5.12). The Healthy Homes Only group in general was observed to have a lower percentage of 

functional mechanical ventilation measures post-intervention, at 80% (bathroom fans) and 50% (kitchen 

fans). Respondents report using their bathroom fans much more than their kitchen fans (for those that 

have them); with 100% of the Weatherization Plus Health and 100% of the Weatherization Only, and 

75% of the Healthy Homes Only groups using their bathroom fan at least rarely if not every time. As low 

as 47% of the Weatherization Only group reports using their kitchen fan at least rarely whereas the 

Weatherization Plus Health households use their kitchen fan at least rarely 64% of the time. 

 

 

                                                      
40 None of the study homes received a new stove as part of their intervention. 
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Table 5.12. Presence of Functional and in Use Mechanical Ventilation Measures Post-Intervention 

Group Functional Kitchen 

Fan (Post) 

Use kitchen fan 

(self-reported)
41

 

Functional Bathroom 

Fan (Post) 

Use bathroom fan 

(self-reported)
42

 

Wx + Health 64% 64% 93% 100% 

Wx Only 47% 73% 93% 100% 

HH Only 50% 60% 80% 75% 

 

Natural ventilation can minimize energy use during the warmer months and can either aid in exhausting 

contaminated and/or humid indoor air to the outside, or supply contaminated and/or humid outdoor air to 

the indoor environment, depending on climate and several other contributing factors. Findings revealed 

that most, if not all, of the study households opened their windows in the summer at least rarely to all the 

time; 93% of the Weatherization Plus Health group and 100% of the Weatherization Only and Healthy 

Homes Only groups replied in the affirmative (Table 5.13). As for during the winter, close to 80% of the 

Weatherization Plus Health group reported opening windows, followed by the Healthy Homes Only 

group (70%), and slightly more than half of the Weatherization Only group. 

 
Table 5.13. Natural Ventilation Post-Intervention by all Groups 

 Post (self-reported) 

Open Windows At All i n The Summer  (Rarely, Sometimes, Frequently, All the 

time) 
 

Wx + Health 93% 

Wx Only 100% 

HH Only  100% 

Open Windows At All in The Winter  (Rarely, Sometimes, Frequently, All the 

time) 
 

Wx + Health 79% 

Wx Only 53% 

HH Only  70% 

 

5.4 IMPACTS OF WEATHERIZA TION AND HEALTHY HOM ES EDUCATION 

As part of Weatherization Plus Health and Healthy Homes Only program delivery, comprehensive 

education on asthma trigger reduction measures is provided. Decreasing the use of toxic chemicals and 

cleaners within the home and increasing dust reduction behaviors are topics typically discussed. As 

presented in Table 5.14 there was a substantial decrease pre- to post-intervention in the use of chemical-

based cleaning supplies (compared to more asthma-friendly, non-toxic alternatives) ñall or most of the 

time.ò However, it appears that the Weatherization Plus Health group experienced more of a change as 

their use of chemicals ñall or most of the timeò dropped 72%; 20% for the Weatherization Only and 60% 

for the Healthy Homes Only group. It should be noted that these topics are not typically covered during 

traditional WAP delivery (Weatherization Only).   

 

 

 

 

 

                                                      
41 Rarely, Sometimes, Often, or Every time 
42 Rarely, Sometimes, Often, or Every time 
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Table 5.14. Comparison of Use of Chemical Cleaning Supplies Pre to Post-Intervention by All Groups   

 Pre  Post  

Use More Chemical Based Cleaning 

Supplies (compared to more asthma-

friendly, non-toxic alternatives) 

All or 

most of 

the time 

Some or a 

little of the 

time 

Never All or 

most of 

the time 

Some or a 

little of the 

time 

Never 

Wx + Health 79% 14% 7% 7% 86% 7% 

Wx Only 40% 53% 7% 20% 67% 13% 

HH Only 75% 25% 0% 15% 75% 10% 

 

Results from the national WAP evaluation occupant survey revealed that treatment homes reported 

changing their air filters more often post-weatherization (Tonn et al. 2015). The benefits of changing the 

air filter on the furnace are two-fold; it can both reduce energy use and improve IEQ.  Table 5.15 presents 

that 50% of Weatherization Plus Health, 47% of Weatherization Only, and 25% of Healthy Homes Only 

households were observed to have changed their furnace filter in the last six months. However, the 

frequency of this action was challenging to quantify simply from observing the ñcleanlinessò of the filter 

from one house to the next. The self-reported frequencies provide an alternative perspective; 54% of the 

Weatherization Plus Health, 33% of Weatherization Only, and 52% of Healthy Homes Only households 

reported changing their furnace filter at least every 6 months. However, 10% more of the Weatherization 

Only group (compared to the Healthy Homes Only group) and 16% more of the Weatherization Only 

group (compared to the Weatherization Plus Health) group reported using a service company that changes 

the air filter.  

 
Table 5.15. Frequency of Changing/Cleaning Furnace Filter Post-Intervention by All Groups   

 
Post 

Post (self-

reported) 

 Frequency % % 

Change/Clean Air Filter on Furnace (within last six months)
43

    

Wx + Health 7 50% 54% 

Wx Only 7 47% 33% 

HH Only 5 25% 52% 

 
It appears that the Opportunity Council homes, collectively, displayed evidence of being ñdustedò on a 

weekly basis (50%); slightly more than the Weatherization Only homes (40%) (Table 5.16). Additionally, 

the Opportunity Council homes, again collectively, reported cleaning and vacuuming more often since 

receiving intervention substantially more than the Weatherization Only group at 91% and 13%, 

respectively. These findings support the argument that comprehensive education provided through 

Healthy Homes programs empowers households with knowledge of methods to minimize home-source 

evidence-based asthma triggers. 

 

 

 

 

 

 

 

 

 

 

                                                      
43 Based on observed evidence of changing/cleaning air filter on heating system within the last 6 months. 
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Table 5.16. Frequency of Dusting/Cleaning and Vacuuming Post-Intervention by All Groups  

Evidence of Weekly Dusting Post (observed) 

 Frequency % 

Wx + Health 7 50% 

Wx Only 6 40% 

HH Only 10 50% 

OC groups 17 50% 

 

Clean and vacuum more often since receiving intervention (all of 

the time, most of the time, some of the time, a little of the time). 
Yes (self-reported) 

Wx + Health 93% 

Wx Only 13% 

HH Only 90% 

OC groups 91% 

 

5.5 WEATHERIZATION AND HEALTHY HOMES MEASURES INSTALLED  

Air sealing and insulation measures are commonly installed weatherization measures that not only save 

energy but reduce exposure to extreme hot and cold temperatures and reduce infiltration of pests, dust and 

outdoor contaminants, thereby reducing exposure to evidence-based asthma triggers. Mechanical 

ventilation measures address moisture related problems in the home and may exhaust contaminants 

generated from the indoor environment or those that have infiltrated the home from the outdoor 

environment.  

 

Table 5.17 presents results from the national WAP evaluation with respect to measures installed in homes 

(all building types) weatherized in PY 2010 for a subset of homes located within the climate region 

applicable to Northwestern Washington referred to as the ómoderateô climate region.
44

 Installation rates 

were as follows: 100% received some type of insulation (i.e. attic, floor or wall); 90% air sealing; 41% 

duct-sealing; 65% a new heating system (as an energy cost measure (ECM)); 28% a new heating system 

(not for energy conservation purposes); 19% received any window measure; 11% a new air conditioner 

(AC); and 17% received ventilation measures (i.e. whole-house, kitchen or bathroom fan). Based on 

blower door tests conducted both pre- and post-weatherization, the mean air leakage reduction was 970 

cubic feet per minute (CFMs).  

 

 

 

 

 

 

 

 

 

 

 

                                                      
44 As part of the national evaluation five climate regions were defined, which were based in large part on the climate zones 

recognized by DOEôs Building America program except that states are uniquely assigned to a single zone. Each state was 

assigned to a climate region based on estimates of the heating and cooling degree days for the major population centers (Bensch 

et al. 2014). All homes for this special study were located in Northwestern Washington State; the moderate climate zone. 
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Table 5.17. Weatherization Measures Installed In Moderate Climate Region for National Sample  

Weatherization Measure Moderate Climate Region 

Any Insulation 100% 

Air Sealing 90% 

Duct Sealing 41% 

Heating Equipment  

New Heating System  28% 

New Heating System (ECM) 65% 

Any Window Measure 19% 

Ventilation (Whole House, Kitchen, Bath Fan) 17% 

Air Conditioning  11% 

Air Leakage  

Pre 3360 CFM 

Post 2390 CFM 

 

Comparing the rates presented in Table 5.17 with Figure 5.1, measure installations rates between the 

national moderate climate region sample and the Weatherization Only group are similar for insulation 

installation, air and duct sealing, and heating system replacement (non-ECM only); but not for ventilation 

measures, heating system replacement (ECM), and AC replacement. The ventilation (whole-house) 

installation rate for this group is 70% higher than the national sample and 45% lower for ECM heating 

system replacements. None received AC replacements.  

 

As for the Weatherization Plus Health homes, insulation and air sealing was installed 100% of the time, 

and ventilation measure installation was 23% higher even than the Weatherization Only study homes. 

None of those homes received a new AC either. In comparison to the national sample, duct sealing (71%) 

and window (storm) installation (36%) were more frequent for the Weatherization Plus Health group. 

None of the Weatherization Plus Health homes received a non-ECM furnace replacement. 

 



 

38 
 

 
Figure 5.1: Weatherization and Healthy Homes Measures Installed by Group: W eatherization Plus Health 

and Weatherization Only  

 

As mentioned above, the level of draftiness can indicate how well sealed a home is; the lower the air 

leakage rate (CFMs), the tighter the building envelope is and the less likely pests and outdoor 

contaminants can enter the home. Table 5.18 presents the pre and post-intervention CFMs for both the 

Weatherization Plus Health and Weatherization Only homes. Pre-intervention, both groupsô homes were 

already tighter than the national sample, providing explanation for the mean reduction being less (~150-

300 CFMs). For the study groups in the sample, pre-intervention, the Weatherization Only homes were 

more leaky in comparison to the Weatherization Plus Health homes, but the Weatherization Plus Health 

homes post-intervention were more tightly sealed (1407 CFMs) than the Weatherization Only homes 

(1,588 CFMs). A balanced approach is required to mitigate the infiltration rate of outdoor generated air 

contaminants while not sealing in the indoor sourced contaminants. This is where whole-house 

mechanical ventilation becomes a critical component for addressing IEQ in concert with weatherization. 
 

Table 5.18. House Air Leakage Rate Pre and Post-Intervention by Group:  

Weatherization Plus Health and Weatherization Only (mean CFMs) 

Group Pre-Intervention Post-Intervention 
Reduction 

(mean CFMs) 

Wx + Health  2067 1407 660 

Wx Only  2409 1588 821 

 

 Indoor Temperatures 5.5.1

Existing research studies show that exposure to extreme temperatures can exacerbate asthma symptoms in 

turn increasing ED admissions for childhood asthma (Xu et al. 2013 and Guo et al. 2012).  Xu (2013) 

states ñchildren aged 0-4 years were more vulnerable to heat effects while children ages 10-14 years were 

more vulnerable to cold effects.ò Findings from this study suggest that post-intervention indoor 

temperatures were dramatically more comfortable for the occupants. Table 5.19 presents that 97% of the 

Weatherization Plus Health households reported pre-intervention that their home was either ñcoldò or 

ñvery coldò; post-intervention 100% reported their home was ñcomfortable.ò The increase in comfortable 

0%

20%

40%

60%

80%

100%

Wx + Health

Wx Only

*A/C installation is 0% for both groups 
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temperatures for Weatherization Only and Healthy Homes Only
45

 group households were also observed, 

but it appears that there might be potential for synergistic benefits of WAP plus healthy housing evident 

based on these results. 

 
Table 5.19. Indoor Temperatures Pre and Post-Intervention by All Groups 

Indoor Temperatures 
Pre 

 Very Cold Cold Comfortable Hot Very Hot 

Wx + Health  77% 23% - - - 

Wx Only 60% 40% - - - 

HH Only  40% 40% 20% - - 

OC groups  61% 30% 9% -  - 

Post 

 Very Cold Cold Comfortable Hot Very Hot 

Wx + Health - - 100% - - 

Wx Only 13% - 87% - - 

HH Only  - 10% 80% 10% - 

OC groups - 4% 91% 4% - 

 

5.6 OCCUPANT HEALTH AND HEALTH  CARE COVERAGE  

As stated previously, social justice in the context of human health is generally equated with access to 

health resources and equal opportunity to a healthy life. Fortunately, the majority of children that 

participated in this study were reported by the head of household to have had health care coverage (at 

least over the 12 months prior to the post-intervention occupant survey), with more of the Opportunity 

Council groups (91% collectively) than the Weatherization Only group (64%) holding Medicaid as their 

primary insurance (See Table 5.20).  

 
Table 5.20. Health care Coverage Post-Intervention - All Groups 

HEALTH  CARE COVERAGE  Wx + 

HH 

Wx 

Only 

HH 

Only 

OC 

Groups 

In the past 12 months has your child(ren) with asthma had any 

kind of health care coverage? 

    

Yes 100% 87% 95% 97% 

If yes, which type?     

Medicaid 93% 64% 95% 91% 

Basic Health
46

 - 21% - - 

Private individual or group i nsurance 7% 7% 5% 6% 

 

The next set of tables present data reported by the head of the household for all study groups related to 

health status post-intervention (i.e., frequency of asthma symptoms, ED and hospital visits, and days of 

                                                      
45 The increased rate of reported comfort for the Healthy Homes Only group is debatable as they did not receive any 

weatherization measures. One explanation for the reported increase in comfort could be due to response bias. 
46 Washington Basic Health (WBH) is a system created and administered by the state of Washington to enable low income 

individuals, and families to purchase basic health care services through participating managed health care plans. WBH is 

administered by the Health Care Authority, available to Washington residents who meet income guidelines and are not eligible 

for Medicare. Premiums are based on age and income. Washington Basic Health Plus (WBHP) is a Medicaid Program 

administered by the Department of Social and Health Services and the Health Care Authority for children from low-income 

families. There are no premiums or copayments.  It should be noted that these surveys were administered before the Affordable 

Care Act and these programs may currently differ from the description above. 
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school missed.) Table 5.21 focuses on head of household health status post-intervention and Table 5.22 

focuses on child health status post-intervention.  

 

All children participating in this study were reported by the head of the household to have asthma;
47

 

although not all had received a medical diagnosis. Within the sample, 93% of the Weatherization Plus 

Health group, 80% of the Weatherization Only group, and 95% of the Healthy Homes Only group 

contained at least one child with an asthma diagnosis from a medical provider. Interestingly, 8% of the 

Weatherization Plus Health group, 11% of the Healthy Homes Only group, and 18% of the 

Weatherization Only group reported that post-intervention at least one child in the home no longer had 

asthma.  

 

A comparison between groups showed that individuals within the Weatherization Only group (for both 

head of household and child) experienced asthma symptoms much more recently (ñwithin the last six 

daysò) than the Opportunity Council groups, collectively, and in particular the Weatherization Plus Health 

group. The Weatherization Only and Healthy Homes Only group included individuals that reported they 

sought out urgent health care over the last 12 months due to asthma symptoms where individuals from the 

Weatherization Plus Health group reported they did not. One adult and one child in the Healthy Homes 

Only group and one child in the Weatherization only group reported to have stayed overnight in a 

hospital. One child within the Weatherization only group and four children within the Healthy Homes 

only group were reported to have gone to the ED (not counting hospitalizations) for their asthma 

symptoms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                                      
47 It is important to note that even though all children participating in this study were reported to have asthma by the head of the 

household that the findings in this table specifically were from the occupant survey which was administered at the household 

level. Questions pertaining to symptoms, diagnoses, medical care, days of school missed can only be related to one child in the 

home, regardless of the number of children living in the home. Therefore the sample sizes are not the total number of children 

included in each group. Medical data on a case by case basis will be explored in Section 6 through the analysis of Medicaid and 

Physician records. 
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Table 5.21. Health Status (Head of Household) Post-Intervention - All Groups*  

HEAD OF HOUSEHOLD H EALTH  STATUS POST-

INTERVENTION  

Wx + 

HH 

Wx 

Only 

HH 

Only 

OC 

Groups 

Have you ever been told by a doctor or other health professional 

that YOU (head of household) have asthma? 

n=14 n=15 n=20 n=34 

Yes 36% 27% 35% 35% 

Do you STILL  have asthma? n=5 n=4 n=9 n=14 

No 20% 25% 56% 57% 

How long has it been since YOU last had any symptoms of 

asthma?
48

 

n=5 n=3
49

 n=5
50

 n=10 

Less than one day ago - 33% 20% 10% 

1-6 days ago 20% 33% 20% 20% 

1 week to less than 3 months ago 40% - - 20% 

3 months to less than 1 year ago 20% - 40% 30% 

1 year to less than 3 years ago - - -  

3 years to 5 years ago - 33% -  

More than 5 years ago 20% - - 10% 

During the past 12 months did YOU have to stay overnight in the 

hospital because of asthma? 

    

Yes 0% 0% 20% 10% 

Not counting hospitalizations, during the past 12 months, did 

YOU go to an emergency room because of asthma? 

    

Yes 0% 0% 0% 0% 

*Sample sizes are as follows (unless noted): Wx + Health = 5; Wx Only = 4; HH Only = 5; All OC Groups = 10 

 

Table 5.22 also presents the number of days of school (including pre-school or daycare) that the head of 

household reported their children having to miss due to asthma symptoms. A substantial number of 

children, in all study groups, missed several days of school over the last 12 months due to asthma; 38% of 

the children within the Weatherization Plus Health group, and 58% of the Healthy Homes Only group 

missed 6+ days and 25% of the Weatherization Only group missed 11+ days of school.  

Overall, a substantial number of caregivers reported that their childôs health had improved, in general, 

post-intervention. All of both the Opportunity Council groups and 82% of the Weatherization Only group 

reported their children ñseemed to feel betterò; and 100% of the Weatherization Plus Health group, 94% 

of the Healthy Homes Only group and 64% of the Weatherization Only group reported their children 

ñcould run and play longerò post-intervention. 

 

 

 

 

 

                                                      
48 Missing answers include ñDonôt know/not sureò. 
49 Sample size differed due to some respondents leaving question blank. 
50 Sample size differed due to some respondents leaving question blank. 
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Table 5.22. Health Status (Child) Post-Int ervention - All Groups*  

CHILD HEALTH STATUS POST-INTERVENTION  Wx + 

HH 

Wx 

Only 

HH 

Only 

OC 

Groups 

     

Have you ever been told by a doctor or other health professional 

that at least one child in the home has asthma? 

n=14 n=15 n=20 n=34 

Yes 93% 80% 95% 94% 

Does this child STILL  have asthma?      

No     

How long has it been since your child(ren) last had any symptoms 

of asthma? (at least one child in the home)  

    

Less than one day ago - 20% 20% 12% 

1-6 days ago - 7% 20% 12% 

1 week to less than 3 months ago 21% 13% 20% 21% 

3 months to less than 1 year ago 50% 27% 15% 29% 

1 year to less than 3 years ago 14% 7% 10% 12% 

During the past 12 months did your child(ren) have to stay 

overnight in the hospital because of asthma?  

    

Yes 0% 9% (1) 6% (1) 3% 

Not counting hospitalizations, during the past 12 months, did your 

child(ren) go to an emergency room because of asthma?  

    

Yes 0% 9% (1) 24% 

(4) 

14% 

In the past 12 months, about how many days of school (including 

pre-school or daycare) has your child(ren) missed because of 

asthma-related symptoms? 

n=14 n=15 n=20 n=34 

0 0% 0% 5% 5% 

1-5  63% 75% 33% 45% 

6-10 25% 0% 50% 40% 

11+ 13% 25% 8% 10% 

Does your child seem to feel better more of the time since your 

homes received weatherization and/or healthy homes services? 

    

Yes 100% 82% 100% 100% 

Since receiving weatherization and/or healthy homes services is 

your child able to run and play longer without resting? 

    

Yes 100% 64% 94% 97% 

*Sample sizes are as follows (unless noted): Wx + Health = 12; Wx Only = 11; HH Only = 17; All OC Groups = 29 

 
In addition to suffering with asthma, for children living within the Opportunity Council homes, 

collectively, 44-62% had been diagnosed by a medical professional (sometime over the last 12 months) 

with respiratory allergies, the flu, persistent cold symptoms, and/or a sinus infection (Table 5.23). These 

rates are substantially lower among the children living within the Weatherization Only homes.   
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Table 5.23. Other Health Issues (Child) Post-Intervention - All Groups 

CHILD H EALTH STATUS POST-INTERVENTION  Wx + 

HH 

Wx 

Only 

HH 

Only 

OC 

Groups 

     

In the past 3 months, has your child(ren) had . . .     

Shortness of breath when lying down,  

waking up, or with light work or light exercise? 

n=14 n=15 n=20 n=34 

Yes 43% 13% 35% 38% 

In the past 12 months has your child(ren) had or been told by a 

doctor or health professional that they haveé(% of yes answers 

are reported only) 

n=14 n=15 n=20 n=34 

3 or more ear infections per year 7% 7% 20% 15% 

Any kind of respir atory allergy 50% 33% 65% 59% 

Flu 57% 20% 55% 56% 

Persistent cold symptoms lasting more than 14 days 57% 13% 65% 62% 

Sinus infection 57% 13% 35% 44% 

Bronchitis 21% 20% 25% 24% 
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6. ANALYSIS OF MEDICAID RECORDS  

Medicaid records collected from the Washington State HCA
51

 were sent to the Opportunity Council study 

staff to be de-identified prior to being sent to ORNL analysts. Case identifiers were used to link the 

records to demographics, housing characteristics, program type, and measures installed in the home 

collected through other study instruments. Analysis was completed on individual cases, instead of 

focusing on the household level, to better capture potential change in health status evidenced by changes 

in health care use and costs.  Statistical analyses were performed using both Microsoft Excel and 

Statistical Package for the Social Sciences (SPSS) calculation functions.  

 

6.1 CHARACTERIZATION OF MEDICAID STUDY DATA AND PARTICIPANTS  

The HCA Medicaid file for this study contained 46 individual cases; 62.2% of the total study sample 

(Table 6.1). The file contained both header and line (i.e., ñpaidò) claims. Header claims contained a 

subset of line claims submitted for that date. For this study, line claims were used for calculating the total 

Medicaid claims and costs for pharmacy and professional claims under each header claim. Paid amounts 

for inpatient claims were pulled from the header claims as the costs for this type of claim were not found 

in the line claim field. The file received from HCA did not capture the costs for outpatient claims.
52

 

Claims were then sorted by program type; Weatherization Plus Health (Wx+H), WAP (Wx Only), and 

Healthy Homes only (HH Only). Intervention dates were inserted according to program service delivery 

dates provided by the participating agencies to eventually determine impacts on health status from 

changes in the home environment. The intervention date ranged between March 2006 and June 2013. 

Cases were included in the Medicaid analysis if adequate time for accrual of pre-intervention claims was 

observed (i.e., >3 months).  Table 26 contains additional descriptive statistics on the HCA data set 

received, as well as for the 31.3% of the studyôs cases deemed usable for this analysis (n=23).  The 

Weatherization Plus Health group provided 43.5% of the usable Medicaid data with Weatherization Only 

and Healthy Homes Only groups contributing 26.1% and 30.4% respectively. On average (i.e., arithmetic 

mean), cases included in the Medicaid analysis contained a total of 25.1 line claims, and an average of 

11.2 claims pre-intervention, 12.6 claims post-intervention, 12.3 months pre-intervention, and 28.3 

months post-intervention. Study analysts used this data to calculate the difference in mean number of 

claims and costs per month pre and post-intervention between study groups (Section 6.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
51 http://www.hca.wa.gov/Pages/about.aspx 
52 All outpatients claims received were $0 claims at both the header and line levels. It is not well understood who paid for those 

outpatient claims. 
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Table 6.1. Medicaid Data Collected by Research Group 

Medicaid data collected by Research Group 

(Individual Case Level) 

Wx + HH Wx Only HH Only  ALL  

Whole sample n=21 n=23 n=30 n=74 

Medicaid data collected (cases) n=14 n=11 n=21 n=46 

% of program sample 66.6% 47.8% 70% 62.2% 

Total number of line claims 507 206 213 926 

Cases with usable Medicaid n=10  n=6 n=7 n=23 

% of Study sample 47.6% 26.1% 23.3% 31.1% 

% of Medicaid sample 43.5% 26.1% 30.4% 100% 

Total line claims per usable case (mean) 25.1 31.3 46.6 33.3 

Line claims per case pre-intervention (mean) 11.2 13.3 17.9 13.8 

Line claims per case post-interventions (mean 12.6 16.2 26.4 17.5 

Months per case pre-intervention (mean) 12.3 9.5 11.3 11.3 

Months per case post-interventions (mean) 28.3 25.2 18.7 24.6 

Claims within the 30 day post-window (mean) 1.9 1.7 1.8 2.3 

 

Within the Medicaid sample were two groups that received some extent of Healthy Homes measures; 

73.9% of the total Medicaid sample. Those households that received either full or simple measure 

packages may have also received weatherization (i.e., Weatherization Plus Health). All  Weatherization 

Plus Health recipients received the full extent of the Healthy Homes package in concert with their 

comprehensive weatherization package. Within the Medicaid Healthy Homes Only sample, 4 of the 7 

cases received a one-time visit at the home and a simple measures package (e.g., public health education, 

HEPA vacuum, dust mite covers) with 3 having received a full package of Healthy Homes measures (e.g., 

carpet replacement with vinyl flooring) (Table 6.2). This distinction becomes relevant when considering 

impacts on Medicaid claims and costs and after identifying super-utilizers of the health care system 

within the Healthy Homes Only sample that might have benefitted from a more extensive home retrofit 

provided through Weatherization Plus Health.  

 
Table 6.2. Percent of Healthy Homes Cases That Received Either Full Or Simple Packages 

Healthy Homes package type Full  Simple ALL  HH Cases 

Medicaid study participants n=13 n=4 n=17 

% of Medicaid sample 76.5% 23.5% 100.0% 

  

 

Table 6.3 contains caregiver-reported demographics and housing characteristics for the participants in the 

sample for each study group. Overall, 56.5% of the sample was male, 30.4% was white/non-Hispanic, 

21.7% identified as white/Hispanic, and 26.1% identified as Hispanic. Black, non-Hispanic, Asian and 

those reported as ñOtherò were underrepresented at 4.3%, 8.7% and 8.7% respectively. Unfortunately, no 

individuals in the sample identified as American Indian. According to Washington State level statistics, 

this population is disproportionality burdened with widespread asthma prevalence (CDC 2015).  

 

Over half of the study sample contained children aged 5-10 years of age. This was expected as the 

programs operated through the Opportunity Council target families with young children with asthma.  

The majority of households in the sample rented their home, with the exception of those in the 

Weatherization Only group who reported being homeowners (66.7%). Differences between groups were 

observed when housing type was assessed. The vast majority of households in the Weatherization Plus 

Health group resided in manufactured housing while over half of the households in the Healthy Homes 

group and 100% of households in the Weatherization Only group resided in SF site built housing. 
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Table 6.3. Caregiver-Reported Demographics and Housing Characteristics by Study Group 

Survey Questions from Occupant Survey (Self-

Reported Post-Intervention as part of the study) 

Wx + HH Wx Only HH Only  ALL  

DEMOGRAPHICS  n=10 n=6 n=7 n=23 

Gender     

Male 60% 50% 57.4% 56.5% 

Female 40% 50% 42.9% 43.5% 

Race     

White, Non-Hispanic 10% 66.7% 28.6% 30.4% 

White, Hispanic 40% 16.7% - 21.7% 

Hispanic 40% - 28.6% 26.1% 

Black, Non-Hispanic - - 14.3% 4.3% 

Asian 10% - 14.3% 8.7% 

Other - 16.7% 14.3% 8.7% 

Age range (years)     

0-5 40% 33.3% 14.3% 30.4% 

5-10 50% 16.7% 85.7% 52.2% 

10-15 10% 16.7% - 8.7% 

15-20 - 33.3% - 8.7% 

HOUSING     

Home occupancy type     

Rent 80% 16.7% 71.4% 60.9% 

Own 20% 66.7% 28.6% 34.8% 

Neither - 16.7% - 4.3% 

Housing Type     

Apartment  - - 14.3%  

Manufactured 60% - 14.3%  

Single family 40% 100% 57.1%  

Other - - 14.3%  

 

International Classification of Diseases, Ninth Revision (ICD-9) codes were used for the HCA request for 

records. All header or line claims with any ICD-9 asthma codes (codes starting with 493) listed as either 

primary or secondary diagnisos were requested. Table 6.4 contains the ICD-9 codes listed as the primary 

diagnosis for each line claim in the HCA Medicaid data set received.
53

  

 

 

 

 

 

 

 

 

 

 

                                                      
53 Additional diagnosis codes were observed but were not included in this list if deemed non-relatable to the study. 
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Table 6.4. ICD-9 Codes Listed As Primary Diagnosis for Line Claims 

ICD-9
54

 Diagnosis codes for all line claims (n=926) 

Primary Diagnosis is Asthma ï ICD-9 code starting with 493. 

493.00 Extrinsic asthma, unspecified 

493.01 Extrinsic asthma with status asthmaticus 

493.02 Extrinsic asthma with (acute) exacerbation 

493.10 Intrinsic asthma, unspecified 

493.12 Intrinsic asthma with (acute) exacerbation 

493.81 Exercise induced bronchospasm 

493.82 Cough variant asthma 

493.90 Asthma, unspecified type 

493.91 Asthma, unspecified type with status asthmaticus 

493.92 Asthma, unspecified type with (acute) exacerbation 

Other Primary Diagnosis with a 493 asthma diagnosis code as secondary diagnosis 

786.2 Cough 

472.0 Chronic rhinitis 

474.10 Hypertrophy of tonsil with adenoids 

465.9 Acute upper respiratory infections of unspecified site 

462 Acute pharyngitis 

786.07 Wheezing 

461.0 Acute maxillary sinusitis 

799.9 Other unknown and unspecified cause of morbidity and mortality 

382.9 Unspecified otitis media 

486 Pneumonia, organism unspecified 

381.10 Chronic serous otitis media, simple or unspecified 

530.81 Esophageal reflux 

461.9 Acute sinusitis, unspecified 

381.00 Acute nonsuppurative otitis media, unspecified 

786.50 Unspecified chest pain 

477.8 Allergic rhinitis due to other allergen 

995.20 Unspecified adverse effect of unspecified drug, medicinal and biological substance 

477.0 Allergic rhinitis due to pollen 

466.0 Acute bronchitis 

477.9 Allergic rhinitis, cause unspecified 

784.0 Headache 

 

Both header and line claims were categorized by claim type for further characterization and analysis of 

costs (Table 6.5). The total amount of claims received from HCA was approximately $70.5K. Inpatient 

costs account for 19.7% of the total amount paid by Medicaid for all claims received from HCA. The 

Medicaid paid amount without inpatient claims totaled $56,655. The average cost per claim without 

                                                      
54 ICD-9 code listings were retrieved from; http://www.cms.gov/medicare-coverage-database/staticpages/icd-9-code-

lookup.aspx?KeyWord=784&bc=AAAAAAAAAAAEAA%3d%3d& 

 

http://www.cms.gov/medicare-coverage-database/staticpages/icd-9-code-lookup.aspx?KeyWord=784&bc=AAAAAAAAAAAEAA%3d%3d&
http://www.cms.gov/medicare-coverage-database/staticpages/icd-9-code-lookup.aspx?KeyWord=784&bc=AAAAAAAAAAAEAA%3d%3d&
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inpatient costs was approximately $61 per claim.
55

 Table 6.6 contains types of Medicaid claims for each 

of the study groups. The Weatherization plus Health group comprised the least amount of claim totals at 

approximately $17K. 

 
Table 6.5. Header and Line Claim Types 

Type and cost of Asthma-related 

Medicaid Line Claims for all 

Cases (n=46) 

Inpatient  Outpatient Pharmacy Professional ALL  

Count n=3 n=11 n=387 n=525 n=926 

Cost $13,877 NA $32,410 $24,266 $70,552 

% of total costs 19.7% NA 45.9% 34.4% 100% 

 
Table 6.6. Header and Line Claim Types by Research Group 

Cost of Asthma-related 

Medicaid Line Claims for all 

Cases (n=46) by program type 

Wx + Health Wx Only HH Only  Total Costs 

Inpatient claims - $10,564 $3,313 $13,877 

Pharmacy claims $6,266 $10,318 $15,826 $32,410 

Professional claims $10,707 $5,098 $8460 $24,266 

All claims $16,973 $25,980 $27,599 $70,552 

 

 

Similar to how the CMCS categorized recipients of Medicaid as super-utilizers of the health care system, 

the Medicaid cases and claims submitted by the HCA were combed for indicators that might contribute to 

this discussion. Of the 926 claims collected, 6 individual cases contributed to 40% of all claims received 

(n=401). Included in the data set were three claims for inpatient hospital care for three separate cases 

totaling $13,877; approximately 20% of the total cost for all claims.  The inpatient claim submitted by 

one individual in the HH group was prior to the intervention. The two claims submitted by the 

Weatherization Only group were submitted post intervention.  In this sample, individual cases were 

categorized as super-utilizers of the Medicaid system if they were included in the pre/post costs 

comparisons and if they had received inpatient hospital care with a primary asthma-related diagnosis, or 

their annualized costs for asthma were greater than the pre-intervention mean ($1,129) for that sample.  

The eight (17.4% of the sample) cases that qualified for this group accounted for 54% of the total claims 

and 45.7% of the total costs of all claims. Interestingly, none of the super-utilizers belonged to the 

Weatherization Plus Health group (Table 6.7). 

 
Table 6.7. Super-utilizer Status by Research Group  

Cross tabulation of Super-utilizer by Research 

Group (Individual Case Level; n=22)  

Wx + H Wx Only HH Only  ALL  

Super-utilizer 
n=0 

- 

n=4 

66.7% 

n=4 

66.7% 

n=8 

36.4% 

 

6.2 IMPACT ANALYSIS  

 

Impact analysis was conducted to derive comparisons between the sample groups. The following 

indicators were employed: (1) the average number of claims per month; (2) the average costs of claims 

per month; and (3) annualized costs. These high level indices were then used as variables in a paired 

                                                      
55 Medical inflation was not calculated due to the range of dates within the sample and the uncertainty of calculating specific 

medical inflation from year to year.  
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samples t-test to best determine statistical difference in means between groups; Weatherization Plus 

Health, Healthy Homes Only and WAP Only. 

 

The average number of claims paid by Medicaid per month was calculated for each individual case prior 

to the intervention and then for each month post intervention.  The collective arithmetic mean for each 

group was then calculated for the pre- and post-intervention periods separately.  A 30-day post 

intervention window was inserted as health care appointments may have been scheduled prior to the 

intervention or as retrofits completed within the home may have temporarily increased exposure to 

environmental triggers. The results of a paired sample t-test suggest that a statistically significant 

difference of means exists between the average number of claims submitted per month pre- and post-

intervention within the Weatherization Plus Health and WAP Only groups (Table 6.8). There was a 

difference in means of -.42 and -.90 claims per month, respectively, in these groups. Although results 

indicate that the Healthy Homes group experienced an increase in the average number of claims per 

month, decreases in costs were observed in all three groups (Table 6.9). It should again be noted that the 

Healthy Homes group received the ñsimpleò package of asthma reduction measures as opposed to the 

major measures offered through the Weatherization Plus Health program (e.g., flooring replacement, 

mechanical ventilation). The Healthy Homes group included participants with higher amounts of claims 

and costs per month overall and thus may have benefited from the additional measures provided through 

Weatherization Plus Health and WAP. Comparisons between study groups were calculated using analysis 

of variance (two-way ANOVA). These tests revealed no statically significant differences between any of 

the groups related to changes in the average number of claims paid per month post-intervention.  

 

Calculations to determine intervention impacts were performed to determine costs per month and 

annualized costs for each study group (Table 6.9). The data suggest an increase (by $5) in average costs 

per month within the Weatherization Plus Health group, but when annualized, suggest a decrease of $85 

per year. The greatest impact was observed within the Healthy Homes Only group with a mean decrease 

of $1204 per year, when including inpatient costs, and a decrease of $363 when not. Conversely, the 

WAP Only group experienced a mean decrease of $785 when including inpatient costs and a decrease of 

$1,026 when not. Baseline asthma-related costs for the Weatherization Plus Health group pre-intervention 

were considerably lower than the other two study groups, especially with the absence of any super-

utilizers of the system. Additionally, this group had the longest range of months of claims collected both 

pre- and post-intervention. One could speculate that persistence of asthma-trigger reduction measures 

could have played a role, or that this group provides a better glimpse into the true impact over time for a 

program inclusive of all eligible children with asthma without considering severity. Finally, observations 

were made within the data set that the same type of claim from the same provider increased after a certain 

calendar year. However, the provider was not contacted to determine if the cost increase was due to 

medical inflation or to additional services required by study participants. Figure 6.1 captures the change 

in average number of claims and costs per month submitted to Medicaid for all study participants over 

time. 

 

Comparisons between groups were calculated to determine statistical significance in the difference in 

costs paid per month post-intervention. These tests were performed using analysis of variance (two-way 

ANOVA) and revealed a statically significant difference between the Weatherization Plus Health and 

Healthy Homes groups in the mean of the average costs of claims per month post-intervention when 

including the costs for inpatient care (p < .05). These tests also revealed statistically significant 

differences between the Weatherization Plus Health and WAP Only groups in the mean of the average 

costs of claims paid each month (p < .05) and in annualized costs (p < .05) post-intervention, but only 

when excluding inpatient costs.  
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Table 6.8. Results from a Paired Sample T-Test Comparing Difference of Means between the Average 

Number of Claims Submitted Per Month Pre- and Post-Intervention by Research Group 

Paired sample t-test results for means comparison pre/post 

intervention using claims data by program type for 

individual cases (n=23) 

Wx + 

Health 

(n=10) 

Wx Only 

 

(n=6) 

HH Only  

 

(n=7) 

ALL  

 

(n=23) 

Mean of the average number of claims paid per month  

pre-intervention 
.88 1.45 1.49 1.21 

Mean of the average number of claims paid per month  

post-intervention 
.46 .55 1.59 .83 

Paired differences -.42* -.90* +.10 -.38 

*** p<.001; ** p <.01; * p<.05 
 
Table 6.9. Results from a Paired Sample T-Test Comparing Difference of Means between Average Costs per 

Claim Submitted Pre- And Post-Intervention by Research Group 

Paired sample t-test results for means comparison pre/post 

intervention using claims cost data by program type for 

individual cases (n=22
56

) 

Wx + 

Health 

(n=10) 

Wx Only 

 

(n=6) 

HH Only  

 

(n=6) 

ALL  

 

(n=22) 

Mean of the average costs of claims paid per month  

pre-intervention 
$52 $108 $104 $81 

Mean of the average costs of claims paid per month  

post-intervention 
$57 $68 $36 $55 

 

Paired differences 
+$5 -$40 -$68 -$26 

Mean of the average costs of claims paid per month  

pre-intervention (no inpatient) 
$52 $108 $61 $70 

Mean of the average costs of claims paid per month  

post-intervention (no inpatient) 
$57 $45 $36 $48 

Paired differences +$5 -$63 -$25 -$22 

Mean of the annualized costs of claims paid per month  

pre-intervention  
$427 $1423 $2003 $1129 

Mean of the annualized costs of claims paid per month  

post-intervention  
$342 $638 $799 $548 

Paired differences -$85 -$785 -$1204 -$581 

Mean of the annualized costs of claims paid per month  

pre-intervention (no inpatient) 
$427 $1423 $1175 $903 

Mean of the annualized costs of claims paid per month  

post-intervention (no inpatient) 
$342 $397 $799 $482 

Paired differences -$85 -$1026 -$376 -$421* 

*** p<.001; ** p <.01; * p<.05 

 

 

                                                      
56 One case in the HH Only group did not have enough claims data with costs included to be included in this analysis. 



 

52 
 

 
Figure 6.1. Graphic of Average Claims and Costs per Month for All Study Groups Pre- and Post-Intervention 

 

Basic descriptive frequencies were calculated to capture the percentage of study participants in each 

group that had an observed decrease in each category (Table 6.10). Overall, the majority of cases in each 

study group and the super-utilizer group showed a decrease in the average number of claims submitted to 

Medicaid per month, a decrease in the average costs of those claims per month, and a decrease in 

annualized costs after the intervention. Overall, nearly 83% of all cases observed some decrease in the 

number of Medicaid claims per month post intervention, and nearly 64% of all cases observed some 

decrease in the cost of those claims per month post intervention. This impact increased to nearly 82% 

when inpatient claims were excluded.  

 
Table 6.10. % of Cases with a Decrease in Claims and Costs by Research Group 

% of cases with a decrease in claims and costs 

by program type  

Wx + HH Wx Only HH Only  Super- 

utilizer  

ALL  

CLAIMS  n=10 n=6 n=7 n=8 n=23 

Any decrease in average number of claims per 

month post intervention (YES) 
90.0% 83.3% 71.4% 75% 82.6% 

COSTS n=10 n=6 n=6 n=8 n=22 

Any decrease in average cost of claims per month 

 post intervention (YES) 
50.0% 66.7% 83.3% 62.5% 63.6% 

Any decrease in average cost of claims per month 

 post intervention (no inpatient) (YES) 
50.0% 83.3% 66.7% 62.5% 63.6% 

Any decrease in annualized cost 

 post intervention (YES) 
80.0% 83.3% 83.3% 75% 81.8% 

Any decrease in annualized cost 

 post intervention (no inpatient) (YES) 
80.0% 83.3% 83.3% 75% 81.8% 

 

 

Final statistical analysis was performed to identify correlations between group type, participant 

characteristics and conditions existing in the pre and post-intervention environments (Table 6.11). As 

expected, super-utilizers of the health care system were positively correlated with annualized costs both 

Intervention Intervention 
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pre- and post-intervention. The Weatherization Plus Health group was positively correlated with 

annualized costs in the pre-intervention period but no statistically significant relationship was found in the 

post-intervention environment.  The Weatherization Plus Health group also contained children with better 

controlled asthma as indicated by a negative correlation value with participants scoring poorly on the 

ACT. Poor ACT scores were also negatively correlated if the study participant was male.
57

 A positive 

relationship between the Healthy Homes Only group and annualized costs was observed in the pre-

intervention environment and, after excluding costs for inpatient care, in the post-intervention 

environment. However, a statistically significant relationship was observed between that group and 

individuals with super-utilizer status. Interestingly, a negative correlation was observed between the 

Weatherization Only group and household reported observations of mold or mildew post-intervention, but 

a positive correlation was observed between the Weatherization Plus Health group and observations of 

mildew in the home post-intervention.   

 
Table 6.11. Statistically Significant Correlating Factors with Each Research and Super-Utilizer Group   

Statistically significant correlating factors for Medicaid 

Sample (n=23) 

Wx + 

Health 

Wx Only HH Only  Super-

utilizer  

Annualized cost pre-

intervention 

Nature of relationship -  + + 

Coefficient of Determination (R
2
) .511*  .427* .670** 

Annualized cost pre-

intervention (no inpatient) 

Nature of relationship -   + 

Coefficient of Determination (R
2
) .543**   .678** 

Annualized cost post-

intervention 

Nature of relationship    + 

Coefficient of Determination (R
2
)    .604** 

Annualized cost post-

intervention (no inpatient) 

Nature of relationship   + + 

Coefficient of Determination (R
2
)   .454* .568** 

ACT poor control score 
Nature of relationship -    

Coefficient of Determination (R
2
) .550*    

Observation mold post- 

intervention 

Nature of relationship  -   

Coefficient of Determination (R
2
)  .422*   

Observation mildew post- 

intervention 

Nature of relationship + -   

Coefficient of Determination (R
2
) .649***  .434*   

Clean more post- 

intervention 

Nature of relationship  -   

Coefficient of Determination (R
2
)  .775***    

Child has respiratory 

allergy 

Nature of relationship  +   

Coefficient of Determination (R
2
)  .533*   

Child has sinus infections 
Nature of relationship    + 

Coefficient of Determination (R
2
)    .618 

Hispanic 
Nature of relationship +    

Coefficient of Determination (R
2
) .565**    

Pets allowed on furniture 

post intervention 

Nature of relationship +    

Coefficient of Determination (R
2
) .439*    

Pets allowed in common 

areas post intervention 

Nature of relationship  +   

Coefficient of Determination (R
2
)  .452*   

Own Home 
Nature of relationship  +  + 

Coefficient of Determination (R
2
)  .582**  .477* 

Housing Type; 

Manufactured 

Nature of relationship + -   

Coefficient of Determination (R
2
) .429*    

Super-utilizer 
Nature of relationship - - +  

Coefficient of Determination (R
2
) .703***   .438*  

Correlation is significant at the following levels (2-tailed):.*** p<.001; ** p <.01; * p<.05

                                                      
57 Correlation is significant at the 0.05 level (2-tailed). 
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7. CONCLUSION 

Effective multi-attribute asthma reduction programs provide a public health resource mitigating a suite of 

evidence-based environmental triggers inside the home. Analysis of the occupant-reported and field-

collected data from the three study groups revealed that both weatherization and healthy homes 

interventions improved dwelling quality and reduced home-source evidence-based asthma triggers with 

the potential for synergistic benefits of WAP plus healthy housing evident. In general, caregivers reported 

that their childôs health had improved post-intervention and they ñcould run and play longer.ò  

 

The data used to measure asthma morbidity for Medicaid-insured study participants residing in homes 

that received either Weatherization Plus Health, Healthy Homes, or standard WAP services suggest that 

statistically significant decreases occur in health care utilization and costs post intervention, and a 

statistically significant decrease was observed in annualized asthma-related Medicaid costs for all study 

groups collectively. The average number of claims paid by the Washington State Medicaid program per 

month also decreased significantly within the Weatherization Plus Health and WAP only groups. Because 

the Healthy Homes sample in this study included participants with higher baseline amounts of claims and 

costs per month overall, this group could possibly have benefited from the additional measures provided 

through Weatherization Plus Health and WAP. Based on these data it is reasonable to propose that the 

Opportunity Council give high priority to families caring for children with severe asthma considered to be 

super-utilizers of the health care system and to members of populations or demographics 

disproportionately burdened with asthma (e.g., American Indians in Washington State) to maximize the 

potential impact of these programs.  

 

Overall, the services delivered by the participating agencies in this study significantly reduced health care 

costs for Medicaid-insured asthmatic children residing in Northwestern Washington State. However, it is 

important to consider additional actions caretakers take upon recognizing poor health status of children 

with asthma in their homes not controlled for during this study.  Mitigating home-related environmental 

asthma triggers is but one action associated with improved asthma control and outcomes. Accessing 

services known to improve the dwelling quality by mitigating environmental triggers might be done in 

concert with other evidence-based actions. Utilization of health care services, accessing school health 

professionals, reducing exposure to seasonal triggers, modifying exercise, and changes in medications and 

dosage are but a few actions that caregivers might undertake to improve asthma-related health outcomes 

for their children. As part of the study, physician records were collected and combed for additional insight 

into these factors. This set of 10 case studies containing complete sets of survey, physician, housing 

intervention, and Medicaid data will be related in a separate subsequent analysis.  

 

Research studies have sought to isolate and measure the effectiveness of home interventions targeting 

reductions in asthma symptoms, episodes, and costs. The current body of literature suggests that 

mitigating indoor environmental asthma triggers improves health outcomes for children. This study 

sought to explore the potential for assessing programmatic impacts through outcome measures contained 

in linkable Medicaid records-only and physician records research. Through this study we can conclude 

that it is possible to collect and link these data at individual and household levels. The research collected 

through this study suggests that Weatherization Plus Health, Healthy Homes, and WAP all contribute to 

addressing the problem of asthma as a health disparity, but additional research is required to better 

attribute the reductions in Medicaid claims and costs to these programs, and to generalize the results to all 

program recipients. For future studies, larger sample sizes will help detect differences between groups and 

will provide statistical power for more defensible results. Finally, persistence over time for any reduced 

costs and claims achieved at a programmatic level requires further investigation. 
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APPENDIX A. DATA FORMS AND SURVEY INSTRUMENTS COLLECTED  DURING 
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A.1 INFORMED CONSENT FORM FOR WEA THERIZATION PLUS HEA LTH STUDY  

 

 

Researchers: 

 

Chris Miller, Evaluation Project Coordinator, Opportunity Council, 1111 Cornwall Ave., 

Bellingham, WA 98225; (800) 649-5121 

Lorena Shaw, Program Manager, Opportunity Council, 1111 Cornwall Ave., Bellingham, 

WA 98225; (800) 649-5121 

Debbie Paton, Program Director, Opportunity Council, 1111 Cornwall Ave., Bellingham, 

WA 98225; (800) 649-5121 

Erin Rose, Co-Principal Investigator, Oak Ridge National Laboratory, One Bethel Valley 

Rd, PO Box 2008, MS-6038, Oak Ridge, TN 37831; (865) 574-8292 

Bruce Tonn, Co-Principal Investigator, Oak Ridge National Laboratory, One Bethel 

Valley Rd, PO Box 2008, MS-6038, Oak Ridge, TN 37831; (865) 574-4041 

 

Researcherôs Statement 

Why is the research taking place? 

¶ The purpose of this research is to study possible changes in asthma after work was done in the 

home to reduce asthma triggers. If changes did occur we want to see if there is also a change in 

medical costs for treating the asthma. 

 

¶ You can be included in the study because you received services through the Opportunity 

Councilôs Weatherization Plus Health program and because you still to live in the same home 

where the work was completed.  

¶ Between 60 and 80 households will participate in the study.  

¶ This research is funded through the Department of Energy. It is managed by Oak Ridge 

National Laboratory. 

What would I be asked to do? 

¶ You are being asked to allow the Opportunity Council to return to your home. The staff person 

who will visit you will walk through the home to look at the work that had been done. They 

will note new changes that might have been made. The staff will ask questions. They will 

complete a survey with you while in the home. This visit will take between one and two hours. 

Example of survey questions: 

 

Have you ever been told by a doctor or other health professional that you have asthma? 



 

A-2 
 

(1) Yes 

(2) No 

(3) Donôt Know/Not Sure 

(4) Refused 

 

Do you still have asthma? 

(1) Yes 

(2) No  

(3) Donôt Know/Not Sure 

(4) Refused 

 

¶ You are being asked to release medical information such as Medicaid for you and children in 

your care living in the home if they have asthma. Records will be collected from the Health 

Care Authority in your state. This will allow us to look at costs for asthma treatment before 

and after the work was done in your home. Records will also be collected from physicians who 

treat asthma. We will only be collecting and looking at asthma related health information. If 

we do receive medical information along with the asthma information, it will be destroyed if it 

is not directly related to asthma.   

 

¶ You are being asked to sign a release of school records for children in the home with asthma. 

This will allow us to look at changes in school attendance, grades and use of medical services 

during the school day. You may be called after we receive the records if we have questions. 

The study will end September 30, 2012.  

 

What are the possible risks and harms if I take part? 

 

¶ As part of the study we will be collecting personal health information. If there is a breach of 

confidentiality, the information could be released.  

¶ To address the risk for a breach of confidentiality we have a plan to protect the data. Records 

will be stored securely. We will also only be collecting asthma health information. No 

persons or organizations outside the Opportunity Council will have access to your 

information.  

¶ If you believe an invasion of privacy or breach of confidentiality has occurred, please contact 

the Opportunity Council at 1.800.649.5121. 

What are the possible benefits? 

¶ This research will help us better understand whether or not reducing asthma triggers in 

houses results in medical cost savings. It will also help us better understand whether or not 

there is improvement in school attendance or performance. The results could lead to more 

funding with more families being served.  

 

 

What are my choices if I donôt take part? 

¶ Study participation is voluntary.  You may refuse to participate and can withdraw from the 

study at any time. You will not lose any services or benefits you normally receive from the 

Opportunity Council. 
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Who would see study information about me? 

¶ All household members have a right to privacy.  Your agreement for us to collect records is 

voluntary.  

 

¶ All names, medical and personal information will be protected and kept secure at the 

Opportunity Council. Researchers outside of the Opportunity Council will not have access to 

personal identifiable information.  

 

¶ Family members will not be identified when the results of the study are published. 

  

¶ School and/or daycare records on nurse visits, medication given during the school day and 

absences due to illness will be collected. No information on any person in the study will be 

given to the school.  

 

¶ Follow up calls to the physician who treats the asthma may occur if the records collected are 

not clear. No personal information collected from other sources will be shared with anyone 

outside of the study. 

 

¶ The results from the study will be shared with the client at the end of the study. 

 

¶ Data containing personal information will be destroyed by 9/30/14. 

Would I be paid for my time?  Will the study cost me anything? 

¶ You will receive $200 payment for your participation at the time of the home visit.  

¶ This study will not cost you anything. 

What else do I need to know?   

¶ You are not required to answer all questions or complete all study procedures. 

¶ All suspected abuse or neglect of children will be reported to Child Protective Services. 

¶ All suspected abuse of dependent adults will be reported to Adult Protective Services. 

¶ You may call the investigators toll-free or collect if he/she has any questions about the 

research. You can call at 1.800.649.5121. 

 
Investigator Signature 

 

 

Date 

 

If you agree to participate: 

 

¶ The study described above has been explained to me. By signing below, I voluntarily 

consent to participate in this research. I have been told that I can refuse to answer any 

question or leave the study at any time, without penalty. I have had a chance to ask 

questions. I have been told that I may call the researchers if I have any questions about the 

research.  
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Subject Signature 

 

 

Date 

Parent/Guardian Signature (if applicable) 

 

 

Date 

Witness/Advocate Signature (if applicable) 

 

 

Date 
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A.2. HOUSING UNIT INFORMA TION SURVEY  ï DF2  

OMB Control Number: 1910-5168 

Expiration Date: 6/30/2015 

 

Thank you for your pr ompt response to this data request which is part of the ARRA-

period evaluation of the Weatherization Assistance Program. Evaluation results will 

provide essential feedback to the weatherization community and inform policymakers 

about the program's effects on clients' energy consumption, cost savings, and non-energy 

benefits. 

 

This data form collects detailed information about homes weatherized by your agency in 

Program Year 2010. The information you supply will be used with billing history data to better 

understand energy savings attributable to the Weatherization Assistance Program under ARRA.  

 

Please use this form (DF2) to provide information about any single family detached and attached 

houses, mobile homes, or individual units within multi-family buildings. The Building 

Information Survey (DF3) should be used to document information on small or large 

multifamily buildings in which the whole building and all units in the building were weatherized 

or are waitlisted. Refer to the definitions of each building type provided at the end of the survey 

because these definitions are slightly different than those commonly used within the 

Weatherization Assistance Program. 

 

All of the information obtained from this survey will be protected and will remain confidential. 

The data will be analyzed in such a way that the information provided cannot be associated back 

to your state, your agencies, or the housing units and clients that your state served.  

 

Thank you in advance for completing this survey. 

 

Public reporting burden for this collection of information is estimated to average twenty hours 

per weatherization agency, including the time for reviewing instructions, searching existing data 

sources, gathering and maintaining the data needed, and completing and reviewing the collection 

of information.  Send comments regarding this burden estimate or any other aspect of this 

collection of information, including suggestions for reducing this burden, to Office of the Chief 

Information Officer, Records Management Division, IM-11, Paperwork Reduction Project (44 

USC 3501-3520), U.S. Department of Energy, 1000 Independence Ave SW, Washington, DC, 

20585-1290; and to the Office of Management and Budget (OMB), OIRA, Paperwork Reduction 

Project (44 USC 3501-3520), Washington, DC  20503. 
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Form completed by: ______________________________ Date: _______________ 

 

IDENTIFICATION  
 

[Q1-5 will be pre-completed by the evaluation team] 

 

1. Agency name: ________________________________________ 

 

2. State: _______________ 

 

3. Agency job number: ____________________ 

 

4. Occupant name: ______________________________ 

 

5a. Site address:  ______________________________  5b. City: _________________________ 

 

 

WEATHERIZATION INFORMATION  
Weatherization dates (not audit or inspection dates): 

 6a. Started: __________ __________ __________ 

 6b. Completed:__________ __________ __________ 

      (month)       (day)      (year) 

 

7. Was this a ñreweatherizedò unit? (check only one) 

  

  

  

 

Check ñyesò if the home was weatherized prior to PY 2010. 

 

 

HOUSING UNIT  
 

9. Building type: (check only one) 

 -family detached house 

 -family attached house (e.g., side-by-side duplex, townhouse, row house) 

 ngle-family ï unknown whether attached or detached 

  

 -4 units per building and not a SF attached house) 

  

  

 t know 

 

10. Number of stories above grade: (check only one) 
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Please list the number of stories above ground-level. If there are half-stories, round up to the 

nearest whole number. For example, please check ñ2ò for a 1.5-story split-level house. 

 

13. If small or large multifamily building, number of units in the building: (check only one) 

  

  

  

 -9 

 -19 

 -29 

 -49 

 -99 

  

  

  

 

14. Year house/building originally built: (check only one) 

  

  

  

  

  

  

  

  

  

  

  

  

 ow 

 

Conditioned floor area at the time of weatherization: 

 

 15a. Heated floor area: _________ ft²    

 

 

Include the basement only if it is intentionally conditioned (heated and/or cooled). If you only 

know the total square footage of the home, please select ñdonôt knowò rather than listing the 

total square footage. 

15c. Does this home have a basement?  

  

  

  

 

A basement is a space under the living space of the home that is at least 5 feet tall. It is either 

partially or completely under the ground. 




