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EXECUTIVE SUMMARY

This report presentgsults froman analysi®f the asthmaelated healthimpactsof weatherizatiorand

healthy homes interventismsing data collected from 49 househatdslorthwesteriWashington State

covering the period frorB006 to 2013 This study was performed as partadiroader evaluation of the

U.S. Departmet of Energydéds Weatherization Assistance Pr
Laboratory (ORNL) conducted for the Department of Energy (DOE).

Healthy housing intervention programs aim to imgrtrealth outcomes for occupants through
improvements in dweltig quality.Households of loveocioeconomic statSES) 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 pathogewits @i healtiKrieger et al.
2002 2010 Matte et al. 2000YORNL and the Opportunity Coungila Community Action Agency
(CAA) in Northwestern Washington State, paried to collect and analyze caregiveported, field
collected, and healttarerecord data todiscern potentiahsthmarelatedbenefits of these programs in
the areas of improved dwelling quality, caregiver observed asthma morbidity, and directéealth
utilization and costsThe study enrolled Medicaitisured Healthy Homednly, Weaherization Plus
Health and WAPONIly participants with caregiveeported asthma diagresstomonetizetheimpactsof
program interventionsn healthcare costs The abovementioned groups will be referredds such in the
remainder of this report.

Comparingpre- and postinterventiondatafor the three study groupsvealed that both weatherization
(e.g., air sealing, insulation, heating equipment installation and maintemauackgalthy hesing
interventionge.g., flooring replacement, ventilatioryst mitemattress and pillowovers education)

were impactful with respect improvingdwelling quality and reducingjomesource asthma triggers
These datauggesbenefis accruethroughthe delivery ofWAP in concert withthe Healthy Homes
interventian, which is expectedince thos@rograms fund the provision of different, but complimentary,
servicesObservations oimproveddwelling quality health, and wellbein¢e.g.,decrease imoisture and
mold issuesimproved thermal comforivere madeCaregver-reported information revealeghild health
improvement in general, posintervention. Allhouseholds withithe Healthy Homes groupend 82% of

the WAP Only group reportethatc hi | dr en f s e eorlebuseholdsfvithethe bet t er
Weatherizatia Plus Healthgroup 94% of the Healthy Homes Onjyoup and 64% of the

Weatherization Only group reported childiartheircardic oul d r un andntepvéntiog. | onger
These resultbegin tosubstantiatehe claim that bothweatherization and hitay housing interventions
improvedwelling qualitywith the potential for synergistic benefits of WAP plus healthy housing evident.

The data indicate thaledicaidinsured study participantssiding in homes that received either
Weatherization Plus H&h, Healthy Homes, or standard WAP serviegperiencedtatistically

significant decreases in heatthre utilization and cosfsostintervention Specifically, astatistically
significant decreasef $421was observeth annualzed asthmarelated Medical costs forall study
groupscombined The average number of claims paid by the Washington State Medicaid program also
decreased significantly within thWWeatherization Plus Healdnd WAPONIy groupsby 0.42 and 0.91
claimsper month respectivelylt is possible thathe Healthy Home®nly sample in this studywhich
included participants with higher baseline amounts of claims and costs peraweraty would have
benefited from the additional measures provided thrdightherization Plus Healdnd WAP.

The public health community has given recent attentigisuperutilizersd of theU.S. healthcare system
to help alleviate health disparitiaad reduce costs thdisproportionately burden households of low SES
and communities of colomhe Centefor Medicaid and CHIP Servicd€MCS 2013)defines super

L http://www.oppco.org/
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utilizers as Abeneficiaries of c dregpdntexcounterawattd dr e s s

healthc ar e p r Based atleerfirdings of this studyt is reasonable to propodeat the Opportunity
Council and other healthy housing programs give high priority to fantiieshavechildren with severe
asthmaandto members of populations or demographics disproportionately burdened with asthma (e.g.,
American Indians in Washingtdtate) to maximize the potential impact of these programs.

This study explorgthe potential for assessing programmatic impasisg data olmutcome measures
contained in linkable Medicaifiles and physician recordgVe conclude that it is possible twllect and
link these data at individual and household levels.

Thedatacollected through this study suggest t&atherization Plus Healthlealthy Homes, and WAP

all contribute taa reduction in asthragelated health effectbut additional researdh required to better
attribute theobservedeductions 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 wdpo small to achieve statistical significance.

Overall, the services delivered by the participating agencies in thiswstrdyassociated with
significantly reduced healttare costs for Medicaithsuredchildrenwith asthmaresiding in

Northwestern Wshington StateEvaluatiors of asthma intervention programs are often befogged by
numerous confounding factors (e.g., demographics, geographic location, severity of illness, exposure to
environmental triggers) artie difficulty of quantifyingimproved helih outcomes (e.g., reduced
psychosocial stress, productivity gains, educational attainment) (Corso and Fertig 2009; Smith et al.
1997).Although a large body of evidenbas amassed over the past several decagggesting causality
and associations betew poorindoor Environmental QualitfEQ) and healthinany experts in the

public health and housing domains recommiemther research to studigerelationships between

specific housing intervention measures, indexosurego contaminants, andisparites and health
outcomes for better understanding of the determinants of these expasuretl asimpacts attributable
to WAP specifically(Breysse et al. 2008Breysse et al. 2014Vu and Takaro 20Q7Further

investigation othe cumulative exposure tndoor contaminant&nown to have pathogenic effects on
health contributes to a better understandingnaoorenvironmental justicessuesand improves the
efficacy of programs charged with creating parity for groups burdened by adverse health suttatee
to poorlEQ.
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1. INTRODUCTION

This report is part of the Recovery Act period na
(DOE) Weatherization Assistance Program (WAP). The evaluation is being managed by Oak Ridge

National Laboratory (ORNLon behalf of DOE. The pages that follow present findings from one of

several components of the WAP evaluat@nexploratoryanalysisof the impacts of weatherization and

healthy home interventions on asthmetated healtlzare utilization and costs. Bstudy provide an

opportunity to assess the poteniiapactof WAP and additional asthma trigger reduction measures on

direct and indirect outcomes farsmall cohort of childreburdened with asthmia Northwestern

Washington State

WAP was createdypCongress in 1976 under Title 1V 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 Ato increase the uwiedkbylgwincent peisans,ency o
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, highr e si denti al energy users, and househol ds
Regulations, 2011)

WAP provides grants, guidance, and other support to Grantees: weatherization programs administered by
each of the 50 states, the District of Columteaitories 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

(subgrantes). Thesaubgrantees qualify incorme| i gi bl e househol ds, assess t|
efficiency opportunities, install energaving measures, and inspect each homevpestherization.

Common weatherization measures include: air sealing, wall andnetiil@fion, 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 Ageyn(CAA) located in NorthwestrnWashington

State, has operated/eatherization Plus Healffrogram since 200@riginally funded as a U.S.
Department of Housing and Urban Development (HUD) Healthy Homes demonstration.project
Opportuni t galthg Bamespiodramsvorks to reduce asthma triggeiddathe homes of

families with young childrenThe services provide a range of tailored measures from the provision of
simple products (e.g., dust mite covers for mattresses and pillows, High Effi€articulate Air

(HEPA) vacuum cleaners, and ntmxic 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 OpportuniBouncil program is delivered agthera standalone service,

known as the Healthy Homes programn,in concert with WAPthe WeatherizatioRlus Health program.

The hypothesis put forth by the research team, comprised of both Opportunity Council anct@iRNL
posits that th&Veatherization Plus Healdnd Healthy Homegrograms impact asthma morbidity among
the population serveahd that these changes are observable in the health car8idakar to other multi
attribute asthma trigger reduction pragrs targeting the home environment, it was believed these
impacts could be directly observedrélatableand linkablehealthcarerecords and insurance claims. This
study enrolled Medicaithsured Healthy Home¥Veatherization Plus Healtand WAPonly paticipants

with caregivesreported asthma diagnosis to discern potential benefits of these programs in the areas of
improveddwelling quality caregiver observed asthmorbidity, anddirecthealthcare utilization and

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

2 Retrieved fromhttp://portal.hud.gov/hudptal/HUD?src=/program_offices/healthy _homes/hhi/hhd
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investigating the efficacy of horeased multattribute programs charged witkducing environmental
exposure t@asthmatriggers thereby improving health outcomes

Section 2.0 of tHg report containa discussion of theesearch related tadoor environmental quality
(IEQ) and children with asthma followed by an overview ofWeatherization Plus Healdnd Healthy
Homesprograns delivered through the Opportunity Council (Sectia®) 3Sectiond.0 provides thetudy
description complete witmethodology andata collectioremployed to captunerogramimpacs on
healthcare utilization and costse&ion5.0 provides descriptive statistics tcharacterie study
participants anthouseblds, and sction6.0discusgesprogramimpacts and other insights gleaned from
the research.astly, ®ction7.0 containsconclusions based on the data and existing body of research
relevant to the topics discusséghpendces AandB containpre- and posinterventionsurveyanddata
collectioninstrumentsadministeredrespectively Appendix Ccontainsthe approved version tifie

s t u dvashisgton State Institutional Review Bo&wiSIRB) application



2. INDOOR ENVIRONMENTAL QUALITY AND CHILDREN WITH ASTHM A

Understanding the asthrnalated health benefits of weatherization and healthy homes interventions is of
upmost importance as asthma continues tort@eofthe most common chronic pediatric disesessd the
leading cause afchool absencemdpediatrichospitalizations disproportionately impacting children in
poverty, children of Hispanic and African American ethniaitymmunities of colorand those residing in
urban environmentAkinbami et al.2011;Breysse et al. 20048reysse et al. 2@t BryantStephens

2009; Castro 2003).S. Centers for Disease Control and Prevent@in@) 2011;Corso and Fertig 2009;
Dixon et al. 2008EPA 2013 Kattan et al. 1997; Kreiger et al. 2005, 2010; NIH 20NHJS 2011;

Rastogiet al.2013;Sullivan et al. 2002Wu etal. 2007j. Trends in asthma over the past few decades
suggest @onstanincrease in asthma prevalence across demographics with additional bunieidrem,
andcommunities of coloandlow SES(Akinbami et al.2011,2012) Although asthma cannot bered, it

can be controlled through medical treatment lapdddressingtherfactorscontributing topoor asthma
control in children (e.g., environmental factofSprso and Fertig 200%1cGhan et al. 2006 Because
approximately 80% of all persistent asthoasepresenbefore age sixthe indirect lifetimeourden and

costs (e.g., loss of productivity, interference with childhood development) of asthma have the potential to
exceed the direct costs (e.g., healthe) Corso and Fertig 2009; Martinez 2002).

Asthma continues to be one of the most chronic and costly diseases in thétrearly 26 million
Americans suffering its effect® (5% of all children)andan annual cost of $56 billion (EPA 2013).
Nearlytwo million ED visits andb500,000 hospitaliations each year pralgthe 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 symptoifis a total of more than 13 million missed days a Y€&C 2013.
Households of lovBESarethree timesnore 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 hefitans and Kantrowitz 200Krieger et al. 2002; Matte et.al
2000) Families that live inthese homes agg-risk for exposurdo multiple environmental health and
safety hazards placinge mostvulnerable occupants at significantly greater risk for illeesand injuries.
Thebody of esearclexamined in this sectigorovides gidence that the effects ehvironmental health

and safety hazards in homes contribute billions of dojaBC 2011)annually to both the health and
economic burdens in socieshile placinghousehold®f low SESat a greater disadvantagdéitigating
exposure to indoor and outdoor source contaminants and h#zanagh healthy housing interventions
contributes to omyoing efforts to reduce chronic disease outcomes for househgbisptigtionately
burdened by their effec{8reysse et aR004; Breysse et a&2014;Crocker et al. 2011Dixon et al. 2008;
Evans 1999Kattan et al. 200%Kreiger et al. 2005 & 201(;akaro et al. 201\Vilson et al. 2014;
Woodfine et al. 2011Woods etl. 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 ppulations to a greater extent than others) have been identified and integrated into social
programs tasked with combatting chronic disease in t8e(Healthy People 202@014). Thaesearch
described hereitargets two of the factors identified as tdutors to health disparitiespcial

determinants and environmental exposures to contamiffaniscrease recognition and inform strategies
addressing health disparities in the UaSsessments aikentification of placebased drivers of indoor
pollutants and effective remediation measwaesongoing. 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 KantrowitD@G&tate that exposureitaloorenvironmental

risks is not randomly distributed among the general population in.®ekbthathousing qualityis

inversely correlated to income. Children of low SES households and communities of color are exposed to



greater amounts of environmental toxins than those of moderate to high SES (Evans and Kantrowitz
2002).

There is aonsiderabldody of evidence suggesting that exposure to these environmental risks occurs

indoors along with claims that these exposuresradricably linked to adverse and chronic health

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

households of IoBES and racial and ethnic minorities. There is increasing concern that these
environmentalnjustices occurring in the poor and more specifically in the mdrite poor populations

are widespread and severe requiring immediate public health and policy actiomofikisased
environment al ri sk burden refSES ehde alot hb yg rEavdainesn taon
exposure ta collection of weltestablished hazardous contaminanisgatedthrough weatherization and

healthy housingnitiatives.

Results from the American Housing Sury@&HS) conducted by the U.S. CendBisreay indicat that

households of low SES are more likely to be exposed to substandard housing quality thasptue, non

andt hat , fAepi demic i ndtysetingsensy be partialysattributadle to elevated n e r
ambient pollutants along with exposureatd | er gens in the homeoThi§ Evans an
contributes to the Institute of MedicineédOM) (2000)determination that 80%f asthma is allergic

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

asthma triggeréFigure2.1), found in suboptimal housingcontributes to asthmdudarri and Fisk

(2007)asserthat approximately 20% of asthma cases can be attributed to mold and moisture in the home
environmentThe Robert Wood Johnson Foundatpmsits that 40%f preventable medical costs

associated witlsthma are caused bgvironmentatriggersfound inside the home.

Environmental Tobacco Smoke (ETS)
Dust Mites

Pollutants from vehicle traffic infiltrating
indoors (e.g., diesel exhaust)

Ozone

Outdoor allergens

Cockroach allergen

Rodents

Pets (cats and dogs)

Molds and fungi

Smoke from burning wood

Indoor VOCs

Thermal stress (extreme temps indoors)
Severity of the common cold
Psycho-social stress

Particulate matter from cooking; NO»

Figure 2.1. List of EvidenceBased Environmental Asthma Triggers

% 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 dndquality Report (2014) revealbéalthdisparities across poverty,
race and ethnicity. The bristatedAmericans living in poverty to be five times more likely to report
being in poor or fair health than those with incomes four times the povertydlitteEhe same brief
reviewed asthma rates as a health indicator for chilndrdescribethe resulting racial disparity
findings for ast hma eriaass afetwice as bkely adige childreA fohavec an A m
asthmaand two to three times moligely than any other racial or ethnic group to die from asthma (CDC
2014) Results from the National Surveillance of Asthma (22010) found the rate &D visits among
African Americans with asthma to be 330% higher than Caucasiad®(B@gher for haggitalizationsand
180% higher for death rates). Evans and Kantrowitz (2002) suggestsaasttan epidemic in inner city
urban environmentsan in part be attributable to high levels of ambient pollution and exposure to
environmental allergens in the hem

A recent studyconducted by Breysse et al. (20i#)NVashington Statesought to determine impacts of
weatherizatiorplus-healtt interventionsin conjunction with ishome asthma education provided by
community health workers (CHWgn asthmaelatal health outcomed§ he Breysse et atudy
concluded that participants in the treatment grhap received healthy housiimgerventions in addition
to CHW educationcompared to those who received CH®#fvices only, observed improvement$g60Q,
caregier quality of life, ancthild asthmarelated health outcomdéisrough improveasthma control
Although the Breysse et al. study has similarities to the ORNL/Opportunity Council study described
herein (i.e., target population, housing stock, atailoredset of healthy housing interventions), the
Breysse et al. studyds inclusion criteria |imited
a medical diagnosis. The ORNL/Opportunity Council study inclikdese households eligible for
Opportwnity Councilhealthy housingrogramsandhouseholds containing children with any severity of
asthma (caregivenreported). Additionally, none of the study groups evalusaiititin this report involved
CHW education onlyvhile the Breysse et al. report didt collecthealth insurance dats a method to
evaluatémpacts on healtbare utilization and costs.

Several studies confirm that costs of asthma are correlated with sé@exitsrd et al. 2002; SerBatlles

et al. 1998 Smith et al. 199/ The Breyss et al. report defined severity based on asthma control levels
according to the 2007 National Heart, Lung, and Blood Institute (NHIEBiticipants in th&reysse et

al. study met criteria foeithernot-well-controlled or very poorly controlled asthnTde Godard et al.

(2002) stug investigating the relationship between severity and esstd spirometryandother tests

according tdnternational standargd® assign partipants to one of fouasthma severitglassifications

1) intermittent; 2) mildoersistent; 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, indinecuality of life (QoL).

In 2010, Mason et al. conducted a review of economic analyses of hoelsiteyl interventions aimed at
preventing asthma and other illnesses. This review described five types of economic analysis
methodologies common in publie#lth research to valuate the costs, impacts, and effectiveness of the
interventions: 1) Cost of illneg€0I); 2) Cost analysi§CA); 3) Costeffectivenesanalysis (CEA)4)
Costutility analysis(CUA); and 5) Cosbenefit analysi¢CBA). COI studies eMaate all direct and

indirect costs oadverse health outcomes attributedhimiliness, while CA evaluatiortslculate all costs
of implementing the intervention(s) and may include all costs saved by the intervestic@@I minus
total intervention osts).Mason et alidentify CEA as the most common evaluation method in the public
health research domaitefined as a ratio of net cost of the intervention pgravemenattributed to

that intervention. CEA is typically employed to compare the redaifectiveness of one or more
interventiors or to no intervention. Ultimately, CEA is used to gudisionmakers on best practice
when considering whether or not an intervention is-effetctive compared to other practice in efforts to
justify additional costsCUA is considered a version of CEA whereas the health outcome measure

4 This was not the same Weatlzation Plus Health program evaluated for this study.
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includes a valuation of Qoltypically quality-adjusted life years (QALYMason et al. goes on to

describe CBA as the gold standard of economic evaluation methods, as pethbyotherresearchers

in the field because CBA compares the coahd consequences of differarterventions in monetary
termsover time Comparing disparate interventions in this way allows for consideration of both positive
and negative impacts ofuttiple interventions and allows for prioritization of both benefits and negative
consequences attributed to each intervention.

According to the health economics literatutés icommon taise national and statevel medical
expenditure data to trackelprevalence and costs of asthfirombkowski et al. 2005elly et al. 2000;
Landrigan et al. 2002¥lason et al. 2010; Smith et al. 1997; MEPS 2015; HCUP 2015; Weiss and
Sullivan 2001).The Piecoro et a(2001)study limited costs to asthanalated Medtaid claims in
Kentucky (24,365 participants)ith afinal result estimatingotal state asthmeelated costs to be $845

per personThe evaluation method conducted for this ORNL/Opportunity Council study employed a
similar payer perspective COIl design d$sy Piecoro et a{2001).Section 4.1 of this report describes the
ORNL/Opportunity Council study thassedMedicaid claimsollectedfor a small cohort of children with
asthmao compare the effectivenesbthree interventions in Northwestern Washimg8tatein reducing
Medicaid costs

2.1 ASTHMA AND WEATHERIZATION

Weatherization measur@sigure 2.2) directly and inadvertentigldress multiple evidendssed indoor
environmentahsthmatriggers covered bgublic healthcampaignssuch agxposure to eréme
temperatureanold, moisture, cockroaches, mice, dust and other particulate matter, and the hazards of
exposure to byproducts of combustion from gas cooking stoves and portable unvented.Nezarsal
conditions caralsohave significant adversefetts on health and mortality especially within the
vulnerable populations that WAP servéhe effects of heat ammplifiedin the elderly pregnant

women, and infant€CDC 2005).People with cardiovascular or respiratory disease, dialmdiesity,

chranic mental disorderdimited mobility, or other preexisting medical conditigssich as asthmare at
greater risk from heat exposure (CDC 20@g)ditional risk factors for heatlated mortality include

social isolation, lowSES limited educational aainment, poor housing, lack of access to air conditioning,
and less availability of healttare services (Huang 201HVAC maintenance and accessories such as
HEPA filters may be included in the weatherization scope of work depending on the needsookthg
unit asdetermineddy anenergy 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 tbyrassing air quality issues caused from combustien by
products and dust. Finally, air sealing and insulatam potentiallyeduce indoor exposure to
contaminants generdfrom the outdoor environmergxposure to extreme hot and cold temperatures
andpest infestations, thereby reducing exposure to evideased asthma triggers from mice and
cockroach generated particulatBsoper mechanical ventilation iceosscuttingaspect of both
weatherization and healthy homes programs that addresses expaswoisture related problems (e.g.,
mold), and othelEQ issues (e.g., NEgenerated from gas cooking stoves).
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Figure 2.2.Frequency of WAP Measures Installed in Homes in PY2008

Epidemiologistsexposure scientists and othare currently conductingesearch thatuggestindoor
exposure to chemicals may be a more important source of asthma trigge¢hethanmakuite ofsuspects
commonly referred to as environmental asthma triggers listed in Figuf@d&nehagand Whyat2013)
Manufactured cheroals 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 dustiefBjlogists have concluded
that the majority of human exposure to manufactured chemicals occurs from inside thgittteme

2013)

One pathway for exposure to these chemicals and heavy metals is through dust. In addition to substantial
amounts of squaaus (human skin cells), household dust may dorgavide range of contaminants

harmful to human health includingut not limited to, flame retardants, persistent organic compounds
(POCs), semiolatile organic compounds (SVOCSs) released from vinyl flaggrand 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, andtan impact reproductive healfhakaro et al. 2013Residue from environmental tobacco
smoke (known as thirland smoke) and even from the illegal production of methamphetamine by

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

human hedh over time.

Current research in tHield of exposure sciencgiggests that the more dust in the environment the

greater chance of exposure to these contaminants through inhalation, ingestion, or skin absosption. Du
from the outdoors may infiltrate the home through open windows, leaky doorframes, and other air leaks in
the buildingds infrastr uctnsideleomesbavemtainedo ad sampl es
manufactured chemicals, such &shtbrodiphenyltrichlooethangDDT) despite having been

discontinued for 20 yearand heavy metals such as I1€8tbut et al. 2009Veschler 2013)They also
contairedvarious speciation of particulate matfeM, s and PMg). These are known contributors and

triggers forastma and other adverse health impaetgected to increase with climate changaljian et

al. 2013;NIEHS 2015 Melillo et al. 2014National Research Council (NRC) 201@/eatherization

directly addresses many of thdB€) issues through duseduction mesures, such as air sealing, the

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

and localized ventilation, dryer venting, and by implementing-tediel weatherization practice during
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window and dooreplacementA study conducted by Sandel et al. (2Q16yiewing int@ventions and

control of healtkrelated chemical agenisdicatedthatparticulate intrusion reductidnom improved

ventilation 5 a promising intervention that neddgherevaluation. This same report indicated the need

for more formative research on improved resident.i
ventilation levels affect both sheandlongt er m heal t h. 6 Overall, studi es
ventilation adersely affects health, but that more formal research is necessary to further our

understanding of different types of systems in relation to housing and household characterid&@s and

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

The WAP national occupant survéyonn et al. 2014reports a reductiofiom 29% of those reporting

their home drafty most or all of the time to 98tso supporting this observation are findings from

ORNLGO6s ¢ woir&l shneady, fAWeatherization Experiences, 0
evaluationgRose et al. 2015Members of social networks who had weatherization work completed at

the suggestion of other WAP recipients reported observations reldEeq pmstweatherization. Of

those who had weatherization work completddoSeported less drafts in the home aA@lodof

respondents reported the home being less dusty.

Low-income weatherization can reduce poveeiated stressors faced by occupants asutref direct

energy and noenergy related benefits. Chronic stress is an evideased risk factor for adverse health
implications associated withe release of stress hormoniasparticular, cortisol. High doses of cortisol
released as a resultdironic stress correlates with a variety of health problentsding cardiovascular

disease, obesitanxiety disordersand asthmé@NIH 2002) Chronic stress as it relates to exposure to
psychosocial stress is recognized as a symptom of pov@dyvesely, 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

i gt e a ef atdess within the past montNPR 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 \Belhg Inpacts ofEnergy Efficiency Improvementhpsted

by the International Energy Agen¢§eA),f ound t hat it only takes a few s
significant negative impact on mental health and that the detrimental effect of adding stressote seem

be exponential, not linear (Ldell 2013).Liddell also states that greater residential stability reduces stress
and related adverse health outconmidsGhan et al. (2006) found that children with poorly controlled

asthma has significantly worse scoire¢he 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 IESpich as asthma and allergiegy result in loss of pductivity

at home and work either through absenteeism or presentedisss 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 througitreased 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-pegaistress can then

lead tochild exposure to psychsocial stress. Family functioning and wie#ing promotes secure

attachment between caregivers and children, reducing both parental and child exposure tsggsgicho
stress and allows children and adtdt$end to educational and professional nekd&cure or

dysfunctional attachment patterns between children and parents can result in the disruption of child
developmental milestones, low setinfidence;esteem, aneworth and may interfere with a cHild s

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 condition
& "Presenteeism occurs when an employee goes to work despite a medical illness that will premehehirom fully
functi oni hnttg://waww.nchv.olm.hih.gov/pmc/articles/PMC2947637/
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offspring (Wong et al. 2002; Jacobsen and Hofmann 1997). Children with observed insecure or
dysfunctional attachment amidosedevelopmentdy immaureare at greater risk for poor school
performance and unruly, delinquent and sexually risky behaviavéng impacts at both household and
societal levels (Levi and Orlans 2000; Coleman 2003). A recent study conducted through the MacArthur
F o u n d aHow ldonsing Matters Research Initiative found that poor housing quality contributes to
emotional and behavioral problems in children and
parentaktress and parenting behaviors ( Co | e y . 8yimpaving thqbalit® of the dwelling,
weatherization has the potential to reduce parental stiessby improving availability and attachment
between the caregivei)(and the children in the home that then afféhdse children the opportunity to

better adress developmental milestone achievement and improved behavior and performance.
Ameliorating the physiologi¢and psychological symptoms pbverty through work likeveatherization

is an underealized benefit

Simulated models of the effects of builgimterventions antEQ (measuringpollutant concentrations
indoors) on pediatric asthma outcomes in-losome multifamily buildings suggest that weatherization
measuresargeting the sealing of the building envelope led to an increase in pollutant ttaticerof

NO,and PMs. That increase predicted 20% more serious asthma eventisablitindling weatherization

with repairing kitchen exhaust fans mitigated this adverse impact (Fabian et al. 2013). This study looked
at the intersection of weatherizaiti IEQ and health with particular attention to pediatgthma. Fabian

et al.go on to statei Wi t h o wmde of ehangek én healtlare use, it is difficult to develop public
health or policy actions. 0

Numerougpapers discuss the effectivenessnoiti-component interventicon the severity and
incidence of asthma episodes by addressing multiple triggers in the home envir(Bnegsge et al.
2014; Crocker et al. 2011; Dixon et al. 2009; Godard et al. 20€1B; et al. 2000Krieger et al. 2010;
Sulivan et al. 2002)In addition to averted medical costs asata with hospitalization artD visits
due to asthma, there is evidence to suggest that weatherizatidn pet$ as a homdvased multirigger
or multi-attribute asthma reduction programoviding additional benefits beyond urgent cg@eocker et
al. 2011;Godard et al. 200Zullivan et al. 2002)These benefits are observed through other direct
medical costsd.g.,reduced prescribed medicines, office and clinic visits, and hospifstent) and
indirect costs€.g.,reduced housekeeping loss, loss of work and school productivity, and restricted
activity) (Dombkowski et al. 20083 mith et al. 1997Norton 201%. Wang et al. (2005) estimated the
total economic impact of asthrraschml-aged childen for 1996 to b&1993.6 million or $791 per child
with asthma.

A recentevaluation of the healthnd househol8enefits of weatherization begins to attribute the benefits
of asthma trigger reductions inside tieme to WAP through sefeported changes in morbidignd use

of urgent care facilitiefom pre to postintervention (Tonn et al. 2014)he data mentioned in the

ORNL nonenergy benefits report suggéisat weatherization issaociated with fewdED visits due to
asthmaThe andysis 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%)westherzation at both societal and
household levelslo monetize potential reductions in averted medical costs and indirecbegstsd

urgent care treatmeattributable to WAPa methodology was developkeythe ORNL teanto

determine the percentage of resppmdt s i d e n t-ci of sitedd aasst hiinwaatpphiaatiandutt s pr e
t hen i dentciofsitedd aasst himaeatipeazatiore Higitsst agtlong patients account for
two-thirds of the ED visits and hospitalizations due to asthma in 18g8mith et al.1997). Those who
reportedchaving asthma syptoms within the last three montivere counted as higtost asthma patients
and those who reported last having asthma symg greater than three monthere identified as low

cost asthma patient§he Snith et al. study findings were then used to calculate the direct and indirect
cost savings associated for each of the two grdugiag these data, the total health benefits associated
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with asthma, attributable to WAP per horme2008, was $202 arttie pesent value (PV) per homes
calculated to be $2,009 (Tonn et al. 2014).

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 andngegeentions have improved

indoorair quality and occupant healtlloweverot her st udi es have recogni zed
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 noenergy benefits, such as productivity gains, due to weatherizdiem U.S. studies on

new, green construction hagemonstrated significant respiratdrealthimprovementgHeyman et al.

2005; Takaro et al. 20114 2005 World Health OrganizatighvHO) report concluded there are direct

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

burden of diseasdrograms 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 dangéBseysse et al. 2004; Sandel et al 1998)

One study recentlgttempted to determine key predicting factors for high healtbutilization or super
utilizer$ among Hispanic and African American children (Rastogi 208).study revealed that

caregiver knowledge alone of asthma pathophysyplogntrol, and treatment does not adequately

prevent high healthare utilization. Participants in the study reported feelings of stress and helplessness,
an inability to implement the actions learned, andjoimg use of th&D. Although the authors dhe

study reporedthat high healtltare utilizers had fewer ED visits pdaatgeted educational interventions

many of the asthma trigger reduction measures resdaigyond thecapabilitiesof the household to

complete on their owwithout additional seli¢es or support.

Targetedoublic healtheducatioris delivered alongside the healthy homes and weatherization measures
provided throughthe Opportunity Council. Opportunity Council is in a unique position as both a CAA
and WAP subgrantegith the abilityto implement asthmeeduction measures to mitigate observed and
known asthma triggeiia concert with weatherization at no cost to the occufdmis is important as
asthma is a health disparity impacting households o968 at a greater rate than thoshigher income
bracketsThe impetus fotheresearch studglescribed in this repovwasto determine ithe bundling of
services provided throughe Opportunity Councppositively impacts the health amell-beingof the
recipients of tesetargeted pograns, thereby reducing the utilization and cost of headtte. More
specifically, this research initiative sougiatdemonstratany changes in the number of asthrakated
Medicaid claims and costs peaaterventionfor three study grouphatoffer unique sets of housing
related services.

Tar get i ngc otshted cAhbeisglhor Bupetilizersof the healttrcare system could maximize the
benefits of thaVeatherization Plus Healthode| as observed in the Sullivan et al. (2002) study

information bulletinpublishedby the CMCS (2013) reported that 5% of Medicaid fieragies account

for 54%o0f total annual healtbare expendituresipproximately 60%f those beneficiaries that were

ammg the most expensive 10%one year remained the mogpensive for two subsequent years

(Coughlin and Long 2010Another economic analysis of asthma obsethati20% of individual cases

in the National Medical Expenditure Survey accounted for 80% of all agtated costs (Malone et al.
2000).Studies investigating this topic have revealed that socioeconomic distress, chronic illness, high use

" Results from this analysis show that the present value (PV) per househbltezfithrelated benefits of the ~ 80,000 single

family and mobile homes served WJAP in PY 2008 is estimated to be approximately $14,148.

8 The Center for Medicaid and CHIP Services (CMCS) definessupei | i zers as those fibeneficiarie
health issues and a historyfefquent encounters with healthre provide s . 0
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of other healtltareresources, substance abuse, and mental iliness are associative factors for ED visits and
other healttcare utilization(Sun et al. 2003)

2.2 OVERVIEW OF ASTHMA MORBIDITY IN WASHINGTON STATE

The CDCpubliskesstatistics related to asthma morbidity and mortality by nation, by state, and by
population. Theeport completethy the National Center for Environmental Health (NCE&t)d

published bthe CD@ s Nat i onal Ast hma ,C@pontthedollowiRgrsmtigtifer m ( NACP
2007

 Child'® asthma prevalence in &hingtorStatewas 6.9% compared to the U.S. rate of 9.0%

1 Asthma prevalence for childréem WashingtorStateaged 1217 was 9.9%(10.5 fa U.S.) U.S.
rate for children aged-51 is 11.0%.

1 Boys (at 8.7%) hdhigher asthma prevalence than girls (at 5.1%)

1 For American Indians and Alaska Natives in Washin@taie asthma rates are much higher

than the state average

No statistics were avablein 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, agadjusted mortality rate for Washingt&tatein 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 S{NI¢l5) conducted
in 2012(Bloom et al. 2012)These most recently available natiositistics are presented here to aid in
the discussion on asthma as a health disparity in the U.S.:

T 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 wextepoor (12% and 8%).

1 Children in fair or poor health (40%) were three and-loailé 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% art)3

1 The highest U.S. rate for one race is that for black or African Americamratésof 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, andmébmmunities of calr despite geographic
location.

® Retrieved fromhttp://www.cdc.gov/asthmay/stateprofiles/asthma_in_wa.pdf
% ncludes persons in WA agedid.
1 CDC. Retrieved fromhttp://www.cdc.gov/nceh/tracking/success/washington.htmghelping
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3. WEATHERIZATION PLUS HEALTH

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

TheWeatherization Plus Healffrogram was started in the early 1990s aftpportunity Council

representativesat a meeting with Native American tribal leadensservedhat the elders of the tribe

were using inhalerghile leading discussions tfe asthma rates prevalent in their tribes. Many homes
had electric baseboard head wood stoves. Mold was often observed around the colder perimeter of the
homes. In 2002, the loedr Air Coalition of Whatcom Countgecided thathe Opportunity Council

should addEQ to its portfolio since the program was alreadWWAP incomeeligible homes completing
audits and addressing ventilation. The Opportunity Couecédived &UD Healthy Homes grant to

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

foundation finances the Weatherizatidlus Health programor homes that have one or more child with
asthmaunder the age of siROE has adopted the program ndfiiéeatherizatiorPlus Healthod with
permission of the Opportunigouncil

TheOpportunity Council 6s Heeskearvites thit ange fsomfpome gr am e n c ¢
education andsthmanterventions to fulWeatherization Plus Healdervicesln addition to a
comprehensive education component, interventions and tools include HEPA filter vacuum cleaners,

mattress and pillow encags, green cleaning kits, and hamarface flooring (carpet removallhe

Healthy Homes measurdsigure3.1) are all measures observed in the invoices collected for this. study
Households might receive a simple package of measures (e.g., HEPA vacuomgdigadust mite
covers) or a full package of measures requiring contracted waykdarpet replacement with hard
surface flooring, mechanical ventilatiohyeatherization services and furthEQ assessments are
incorporated into projectdependingn household need, eligibility, and program funding

4

opportunity
councll

Healthy Homes Program

Targeted asthma education

Advanced ventilation

Laminate and hardwood flooring (carpet remov

Rodent and pest exclusion

HEPA' floor vacuum

Dust mite mattress, box springnd pillow covers

Entry mat

Cleaning kit

Humidistat

Dehumidifier

Chimney cleaning

Figure 3.1List of Opportunity Council Asthma Trigger Reduction Measures

12 High-efficiency particulate arrestance (HEPA)isg pe of air filter

efficiencyo

vacuum.aspx

as

fcapabl e

defined by the U.S. Environment al
has a HEPA filter as the last filtration stage and isges! so that all the air drawn into the machine is expelled through the filter
with none of the air leaking out. Retrieved fromttp://www.nilfiskcfm.com/vacuurappications/EPALeadRRPepa
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The WeatherizatioRlus Health concept is integrated into each of the Opportunity Coungilgms and

is considered by the each of the program coordinators when assessing family needs. Tlaeleoentyy
conductinghe initial assessment of the home is often the one who identifies the home as a potential
Healthy Homes owWeatherization Plus Hetlproject.Homes can be slated to receiaeHealthy Homes
only package for a myriad of reasafesg, deferralof weatherizatiomue tooutstanding housintelated
issues) Both energy advocates aWdAP auditorsare trained to identify asthma triggersch 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 weatherizaisagasment and
thenthe weatherization itself. While most opportunities to make homes healthier are identified through
the Energy Assistance passessments, the Opportunity Council also receives direct referrals for Healthy
Homes projects through its Head Start and dadgning programs.

I n addition to DOEb6s interest in weaving Healthy
Opportunity Council has worked with the state of California and EPA in designing their program and in
continuing to connect the Healthy HomHsQ), and energy retrofit programs. Although the original HUD

grant targeted homeowners and claéde providers, renters are now eligible\Weatherization Plus

Health The Opportunity Counciéontinues to consider what other populations should be tdrfyate

Healthy Homes assessment and action, as welltese agency partnerships migjmprove efficiency

andprove effective.
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4. STUDY DESCRIPTION

WAP serves households of losecioeconomistatus 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 enefgybe eligible for the Programpbseholds mugtave an
income 0f200%of thefederal poverty levedr less It wasthe assumption that many of the households
served byWAP also receive Medicaid @nother form ohealthcare assistance. Medicaid recowtse
requestedor Opportunity Council household members with astlamacollected from the Washington
State Health CarAuthority(HCA) to measure potential changes in costs related to astiommadity.

This transfer of data involved; (1) approval from thashingtorState Institutional Review Board
(WSIRB); (2)the OpportunityCouncil requesting and receiviagthorizaionsfor the disclosure of
Medicaid records from both treatment and comparisons gr@jpsubmitting the authorization forms to
theHCA through a secure file transfer proto{®T P) and(4) receiving asthma specifidedicaid

records back from the HCAsng the same secuFel'P. The Opportunity Councpartnered with ORNL

on this taskandwith entering the data into a database for future analysSBRL. The datasevasde
identified ofpersondy identifiable information IPIl) prior to CRNL reviewing thedatato reduce the risk
of breach of confidentialityStudy identifiers were given to participating households and to individuals
for the linking of all data collectedhe minimum data elemenigererequestedrom HCA capturing all
asthmarelated claimsincludingthe type of clainand costsThe research plan was to identify
relationshig betweerthe programs delivered to households with children with asthma arehangesn
direct medical expenditures relatedasihma as evidenced throutje disclosure of records.

4.1 METHODOLOGY

A guasiexperimental design for thigtrospective evaluatiomas adopted to compare results between

two programs operated under the Opportunity Council services umbtelithy Homes and
Weatherization Plus Healtithe impa&ts of these two programeere to becompared not only to each

other, but to standard WAgervicedelivered through other CAAs in WA State as a means to discern
potential impact of these programsadarildren with asthma withithe WAP eligible populatioriThe COI
under studywvas limited to asthmeelated costs of Medicaid recipients in Washington State and therefore
applied a payer perspective, similar to the Piecoro et al. (2001)d#gdsibed in section orso and

Fertig 2009) Utilization of Medicad data as primary data reduces bias inherent irregedirted
information,while corroborating the narratiyrovided byboth survey research and anecdotal evidence.

The studyaimedto answer the followingesearctyuestions(1) Does the Opportunity Cowil's
Weatherization Plus Healfirogram result in decreased direct medical expenditures related to asthma
treatment¥2) Do the direct medical expenditures also correlate withreplbrted and caregiver reported
improvement in health related asthma syonms and episode$3) Does the level of impact on direct
medical expenditures correlate with specific weatherization or asthma reduction measures provided
throughWeatherization Plus Heal?l{4) Arerelationshifg observed between thWeatherization Plus
Healthprogram, asthmeorbidity and healtlcare,and schoobn-site care and attendad®) If
relationshig areobserved, what are the cost savings related to the decrease in direct medical
expenditures, increased school attendance, performance,-aitel care, and caregiver productivit{)
What dotherelevantphysicians attribute change in asthma status and episittasd(7) Are there any
adultswith asthman the household that seképort a change itheir ownasthma conditions as a benefit
for treatng the home for the children?
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4.1.1 Research Design

This study implemented a quastperimental approach fewaluating the impacts of three diffeten
program types on asthma morbidity in a sample of Mediceaidred persond his involved collecting

data for a ontrol group(i.e., WAP Only) and comparing the results to those observed for the treatment
groups (i.e., Weatherization Plus Health and Healthy Homes Oflgg primary reasons for using quasi
experimental design was due to the retrospectiera of the study and because the Opportunity Council
did not randomly assign households to different programs at the time of intervéirifamderstod that

a randorized controltrial (RCT) desigroffers benefits as agxperimental approach. Howevérere are
compelling reasons, explained in this subsection, why a-gupsrimental desigwaschosen instead.

According to a recent @&ernment Accountability Office (GAQ) epor t, Aprogram eval ua
generally agrees that walbnducted ramaimized experiments are best suited for assessing effectiveness

when multiple causal influences “TheGAD reportigneasenmr t ai nt
to not e, however, t hat randomi zed expleticamgnt s HAar
out, 0 and that HArequiring evidence from randomi ze
exclude many potentially effective and worthwhile
or impossible to cay out, quasexpeimentalc o mpar i son group studies satisf
alternatives to randomized experi mentdthata For | eg

classical (RCT) approaaould notbe implemented to evaluate WAP during the ARRA period.

Additionally, WAP is administered by States (i.e., grantees) through subgrtratesist 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 thgbgrantees should prioritize WAP applicants. From the
U.S. Department of Energy, Weatherization Assistance Program fetriammne Persons, Title 10, Part

440 (Direct Final RuleFederal RegisterJune 22, 2006%:

Section 440.16 Minimum programrequte nt sé (b) Priority is given to i
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 R@pproach 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 appliéa@isd particularly to higipriority applicant as fairly

and expediently as the Program will allow. This institutional resistance to random assignment to and the
consequential delay of service to contragss 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 morbiditypecausét did not purposefully target horigased environental triggers associated
with asthma andlso because there is angoing debate within the home performance industry on

13HProgram Evaluation: A Variety of Rigorous Methods Can Help Identify Effective Intérvent s , -40-3G A@ember
2009.

14 Seehttp://www.waptac.org/spsp?id=1812#minimum
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whether WAP contributes to worsened IEQ aftersailing a home. However, results from an occupant
survey delivered to a random setion of WAP recipients provided statistically significant results
indicating improved outcomes related to asthma morbidityretidceduse of urgent healtbare facilities
(Tonn et al. 2014)Based on these results, it became evident that anadystged with this studyvould
need to consider the results from the Opportunity Council sample in comparitkeW\taP group, but

that the WAP @ly group couldho longerbe used as a true comparisoougy with no anticipated change.

4.1.2 Limitations

This retrospetive evaluation of the impacts of asthma reduction measures on environmental triggers in
the homaeutilized a quasiexperimental desigrwhich has less internal validity than a randomized control
trial. Additionally, this study did not include a comparisgroup composed of individuals who had
received no interventioat all. Further research witkitheran experimental desigr a quasi

experimental desigwith alarger sample andr@ontreated comparison growould allowcausal

statements to be madeorsidering the aforementioned limitationgg aimed todetermine through this

study (1) whether or not linkable data candedracted from institutions housing sensitive health
information in order tanake the necessary observations to state causal relafien(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 projet.

4.2 DATA COLLECTION

Approval from WSIRB® was required prior to the collection of HCA Medicaid records. IRB approval is
required for such resear ch e Weatherizaton BlusiHealha lu\diy o g
application was submitted for exgieed review and was initially submitted on November 1, 20&r

two rounds of revisions made by the study tefSIRB approval was achieved July 2, 2013° It

should be noted that as a condition of approval, HCA fitaffdetermined that the studyas of mutual

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

TheOpportunity Council was responsible for the collection and management of the data. One full time
equivalent (FTEgvaluation coordinator, working closely twihe Department Director and Manager,

was hired for a term of sixteen months. The evaluation coordinator was responsible for scheduling and
conducting homeisits in treatment and comparissanples, responsible for most pessit data

collection, datary 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 anéiealth Insurance Portability and Aceuability Act of 1996 (HIPPAJ’ compliance.

4.2.1 Participant Inclusion and Recruitment

Inclusion Criteria
Studyinclusioncriteria werecarefully considered by the research team to eribatéhe final samples
would be representative of the population\Weatherization Plublealthinitiative sought to target for
improved health outcomeghe following set of criteria was used for inclusion:
A Homesmust haveeceived 1) Weatherization Plus Healiervices OR) Healthy Homes
interventionghrough the Opportunity Council O& WAP Only (1year prior to studydhrough
participating WAP agencies;

15 hitps://www.dshs.wa.gov/sesa/reseaadittdataanalysis/humamesearckreviewsection

16 See the complete WSIRB application in Appendix C.

" The HIPAA Privacy Rule provides federal protections for individually identifiable hedtimiation held by entities and
covers patientsd rights with respect to the disclogure of
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A The same children) for whom services were employed, continued to reside withimotinefor
the duration of the primtervention (lyear) and posintervention time periods

A The family continued to residim the same house where the intervention occyraad
A 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 thesstudy
patticipant identification and recruitment phatksing search filters in the Weatherization and
Conservation Education databases, a list of 125 potential homes was prétkea@pents of the
Opportunity Council programs were excluded if they no longeredsidthe home where services had
been delivered=rom this sample34 households were schedulfed visitsand included in thetudy.
Individual case files were further mined to deterntimetype of HealthjHomes packagebat
household$iadreceived the full package (e.g., carpet removal)asimple package delivered through a
onetime visit to the home where products were distributed to households at that time (e.g., HEPA
vacuum).

Comparisorsample

Thestudy worked with three comparis@AP agencis in the region Snohomish CountyHousing

Authority of Skagit Countyand Community Action Council of Lewis, Mason, and Thurston Counties

to collectively provide the comparison sample.(WAP Only group).In Snohomish County, eligible
program yearifes were sorted through by hand to determine that the household had an occupant with
asthma and a child betweei0 at the time of weatherization. From a sample of nearly 60 homes, 8 were
included in the stud{? Outreach efforts were made to WAP agesdiesurrounding service territories to
improve the sample siz€kagit County was able to screen their database for the requisites but was only
able to provide 15 potential heeholds, of which twavere includedThe Lewis, Mason and Thurston
weatherizatbn department was not able to screen their database and provided the Opportunity Council
with a samp of over 150 households, only figéwhich participated in the studyhe total number of
comparisorhouseholdsvas 15 21 children in total) The averag number of month®r which datawere
collected postintervention ranged from 228 (Table4.1).

Table 4.1. Average (Mean) Number of Months Between Program Delivery and Postntervention 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
schedile the visit. The letters also asked residents to cotft@€ipportunity Council if they were

interested in participating. One week latential participants were called to schedule thelimame

visit. The initial round of calls served mostly toesen the sample for eligibility, wrong or disconnected
numbers, and peopkeho had moved sinceeceiving Healthy Homes or WASrvices. Once a household
was contacted and eligibilityasconfirmed, an overview of the visit was discussed, including informing
the participants of the potential benefits and consequences of participating in thé Shelintroduction

18 Reasons for only 8 of the 60 potential homes included in the study: (1) staff was unabdeningsf the person with asthma
in the home was a child betweet10 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 AppendixA.
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letter and the informed consent drafts were reviewed for readabititypaiowthe 8" grade reading
levef® using the Flesckinkaid test; a Micosoft Word document function.

The following survey and data collectiorstrumentsvereusedby the study tearat the time of the
intervention (Appendix A):

1 Weatherization audit, scope of work, and work compl€bdeR)

1 AsthmaHomeEnvironment ChecklistAction Han, and work completed
9 Asthma Control Test (symptoms) pand posintervention

9 Satisfaction survey

The following survey and data collectiorstruments were administered by the sttelym over the
course of the studAppendix B):

Occupant 8rvey postintervention (study instrumert)
Home walkthrough posintervention (study instrument)
Medicaid records preand posintervention

Physician records prand posintervention

= =4 -4 =9

4.2.2 Home Visits

Opportunity Council staff preested the orsite home \8it in twohomes in August of 2012. The visits
averaged 1.5 houesach Both the walkthough observation and survey instruments were tegtacho
concernsvoiced or observedHowever, it became apparent that caregivers desired the opportunity to
confer with their partners prior to sigmg the HCA authorization forms releasing Medicaid data for the
study. It was agreed that theportance ofwuthorization should beffectively communicateduring the
recruitment phase and as part of the initial informatseat Thisallow timed for discussion and
agreement between caregivers prior to the homeinisitforts toavoid a second visit to the home

Thehome visis were conducted between Ma@13 and January 281Theytook approximately onbour

to completeand families received a $200 incentive check for participating. Home vigitlvéd a

detailed informed consent component, data collegtien occupant survey and walk throudata form),

and signatures adCA authorization and release of informatifamms 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 predatieerizatiorstudies 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 affe€. The researchehenworkedwith 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 hdating an
ventilation, home conditions, healtiare and coverage, health and vixeling IEQ issues, and

employment and demograplaharacteristicsOnce these forms were completed and verified the home
visit was concluded.

20 g grade reding level and below is the WSIRB required standard for documents provided to human subjects.

2 The postintervention occupanusveywaspaid for and administered by the Opportunity Council
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4.2.3 Database Development

A customMicrosoft Access database was built e ORNL WAP evaluation subcontract&RPRISE

to housedatacollected in the program files and data collected duhegstudy. The database comprised

of modules that correspoedwith each survey instrumerdata collectioriorm, and records fields

requested through HCAModularization 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-folehtifeed

data file was uploadedto ORNIsu ng ORNLG6s Secure File Transport (
database copy was retained and consulted as needed to resolve data issues.

4.2.4 HCA Medicaid RecordsCollection

A Amini mum necessaryo data request waseestahlishedi tt ed
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 submittégon authorization, HCAeleagdthe
requestednformation to the Opportunit€ouncil and ORNL analysts listed on the WSIRB application

1 Program type As HCA manages records for both Medicaid and state program recjpieats
program type for each claim was requested

1 Claim type;ALL professional, outpatient, home health, pharn@wy inpatient claimeelated to
asthman their final statevere requested

9 Diagnosis codesAll 6 asthma ICDB9 codes starting with 493 were pulled at both the header and
line levels for all paid and final encounter claiffs

1 Primary diagnosisAll claims were the 493 ICED code appears as either the primary or after the
primary diagnosis (diagnosis 2, 3, 4, etc.)

1 Paid amount493 ICD-9 codes were pulled for all paid and final encounter claims and included
all paid amounts for that line claim

1 Billing provider information;HCA provided both the billing provider ID, name, and billing
provider for all claims

9 Servicing provider identificationtiCA provided both the servicing provider and name of the
service provider for all claims

9 Procedure codeddCA provided procedure codes and names for all services provided and the
guantity of each

1 Revenue code3he revenue code and name in cases where services are bundled for billing were
provided

1 Recipient Aid Category (RACRACs were pulled to inform the study whigktipient category
the client belongs to

1 Pharmacy claimsHCA 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 manageratit@dization formswere

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 contadthiarough
secureg=TPoperated byHCA. HCA staff compiled the Medicaid records into a single spreadsheet within

3-5 days and delivered it using tR&P. The department manager compiled all returned records

spreadsheet nt o one master spreadsheet orgafgpi zed by bui

2 International Classification of Diseases, Ninth Revision @@Rodes were used for the HCA request for records. All header
or line claims with any ICED asthma codes (codes starting with 493) listed as either primary or secondary diagnisos were
requested.
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individualswith asthma within the homé&he spreadsheet was-idientified and sent to ORNL using
secureFTP operated by ORNL

4.2.5 Data Transferto ORNL analysts

Opportunity Council staff sent the -itdentified database with linkable study identifiers a titousehold

and individual l evel s through ORNLBIRan&isdperatedp | oad

t hrough ORNLOGs Information Technology Services
complete database and other records usilsgQRNL file upload systen©ther security measures were
established to protect the confidential information collected through this*Study

4.2.6 Data CollectionChallenges

One primary challenge the research study faced was the timelineWS#RB approval. Theesearch

work scope was finalized, but the researchers were unable to request Medicaid records without IRB
approval. The decisionas made to move forward with the first roundsigits that consisted of all parts

of the visit except gathering th#CA 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 stopijpzdipauiitic

the evaluation beforesecondvisit could be completed to gain the Medicaid releases.

A second challenge faced was the size of the treatment enghdsonsample. In the treatment sample,
while the program served over 125 families, the fsaahpleincluded only 34 householagth 52
individual casesThis was due to families moving, out of date contactrimédgion or lack of interest in
participating. There were similar issues in tbenparisorsample.

Working with three differen?VAP 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 sparisorsample wasmall. We learnethatthere is inconstgncy in how

asthma prevalence is recordedVWAP files. Washington Statas the WAP granteepes not have a
requirement for this information to be recorgetisome agenciedo not captueit at all. Phone

screening wasompletedorior to scheduling tansure eligibility,. Somecomparison groufamilies also

had legitimacy concerns about the study. Though letfaérgroductionwere mailedincluding a cover

letter from eacltomparison groupgency, most potential participants were not aware of the @iyityr
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 recorgesed an additional challenge to measuring program impadisalth 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 attemptingdquest school records. The sample had very few children in
elementary school during tlstudytime frame A decision was madey the study teamot to continue
pursuit ofschool records, as there would be little comparative data to look at from year.tdlje
component of thetudy would haveequiredworking with at least 6 school districts in the treatment
groupcouniesand many more in the ogarisongroupcounties. It was decided that due to the low
number that were enrolled in schaliringthe studytime period, school records would not be sought.

de

BORNLO6s Electronic Data Security Plan was approved by WSIRB
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5. DESCRIPTIVE STATISTICS FROM THE STUDY SAMPLE

Results from th&HS conducted by the U.S. CendBgreauindicate that households of low SES are
three times more likely to be exposed to substandardrigpgsality than the nepoor (Evans and
Kantrowitz 2002). Findings from questions posed to WAP recipients as part of the national evaluation
about the physical condition of their homes-paed postveatherizatiomevealedhat the physical
conditionimproved postweatherizationThe largest reported change was relatdwbtoes beindess
drafty postweatherizationThiswasnot an unexpected result consideringgr 90% of WAP homes in
PY 2010 received some sort of air sealing measure during the weaiberjzrocess. The results also
suggest that insulation,ragealing and other measures have the potentabtect homes from dust, and
mice and cockroach infestationdatineir generated particulates, which are all knewidencebased
asthma triggersOccupantreported observations ofoisture issues and moldside homes reducdm
28% preweatherization to less th&0% postweatherizatn (Tonn et al. 2016 Comparable findings
suggestingeductions in moisture issues were also obsemitdn groups participating in this study.

The following six subsections captudescriptive statistics extracted from a combination of gnel post
intervention survey instruments (discussed in more detail in Section 5.2) administered to occupants of the
three goups that participated in this special study and are grouped into these categories:

Characterization of Study Participants and Housing Units
Presence of Hom8ource EvidencBased Asthma Triggers
Allergy Reduction Measures

Impacts of Weatherization artealthy Homes Education
Weatherization and Healthy Homes Measures Installed
Occupant Health and Heal@are Coverage

= =4 =8 =8 -4 A

5.1 CHARACTERIZATION OF STUDY PARTICIPANTS A ND HOUSING UNITS

This section of the report presents statistics characterizing participahis stidy and the homes in
which they resideThe average (mean) number of occupants living witihénstudy households (n= 49)
was4.6 people with 1.4 of those being childr&he majority (8%) of childrenwith asthmaparticipating
in the study was betwea the ages of-h0and31% were between the ages of 0 to 5 yedex{able5.1)
with the mean age at 7.6 years (ranging from 2 tpehrs of age Comparing age groups between
program typesevealedhat the HalthyHomes Onlygroup consistedf more ttan double the children
between the ages of1® than the other two grougswasexpected that the Opportunity Council study
samples that foceslon children with asthma would contain a higher percentage of younger children
compared to the WAP grosghatincludedadults of elderly or with disability status as high priority.

Many of the households (46%) selfentified as NorHispanic White; 15% identifieds Hispanic White,

21% as Hispanic Ot hpanni.derfifoididtsehads itithied as Black,
American IndianAlaska Native, or AsianTable5.2).
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Table 5.1. Age Ranges o€Children with Asthma in Study Householdsi by Program Type

Program Type
A IENEE All Groups
Wx + Health | Wx Only | HH Only | 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% 155%
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 HouseholdEthnicity and Racei All Groups Combined

Race
American
Ethnicity Black or | Indian or
African - Alaska
White | American | 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.%%6 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 crawlqjadse 5.3) The

Weatherization Plus Healtiroupconsisted of 64% SF homes and 36% mobile homes, with the
Weatherization Onlgroup having a higher ratio of SF to mobile homes at 87% and 13% respectively. Of
those within theNeatherizatiorplus Health group, 86% lived in a home with a crawlspace and22¥a
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basement; with the WatherizatiorOnly group at 73% and 20%, respectiv&lilhese housing
characteristics were then used to identify any statistically significant relationships between asthma
morbidity and healtlcare utilization.

Table 5.3. HousingType/Characteristicsi by Group

Housing Type Wx + Health Wx Only
Single-family 64% 87%
w/ crawlspace 86% 73%
w/ basement 23% 20%
M obile Home 36% 13%

Residential status for the entire group Vady evenly splitas 49%of households reported remg their
homesand 506 owning their home However,uponcharacterizingeach studgroup, more of the ehlthy
Homes Onlygrouphouseholds reported being renters, ammte of the VéatherizatiorOnly group
householdsverehomeowners (Tablg.4). It appears tht the study homes, collectively, were somewhat
evenly represented with regard to location (réxal, city, suburb, town) with thmost reported3{7%)
being in a rural locationT@ble5.5).

Table 5.4. Residence Status of Household by Group

Program Type All Groups

Residene Status Wx + Health | Wx Only | HH Only Combined
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 OFHOME -SOURCE EVIDENCE-BASED ASTHMA TRIGGER S

Avoiding allergens alongside other environmental control efforts have been shown to becedtectiv
reducing asthma attacks arhical improvement can be observiinlough elimination of just one
environmental allergen (Kelly 2014). Weatherization adésssiltiple evidencébased indoor
environmental triggerge.g.,mold, cockroaches, mice, dust, anddrgducts of combustion from gas
cooking stoves and portable unvenkegters)Weatherizatiorelps minimizemany of theséEQ issues
through dusand moistureeduction measuresich as air sealing, the cleaning and replacement of air
filters (includingHigh Efficiency Particulate & (HEPA) filters) on air supply lines,rpper wholehouse
and localized ventilatiorgnd clothes dryer ventinhe provision of accessories, such as HEPA
vacuums, allergy pillow and mattress covers, andtogit cleaners may be included in $eope of

% 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 bimes serdes(i.e., Weatherization Plus Healtdepending on the needs
of theoccupantsAs discussed in Section Bigse services are typically determined through an energy
audit and an asthma checklist for eligible households and may be dependent on availébikraged

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

Table5.6 presentdrequencies oévidencebased asthma triggeisund within study homegre- and post

intervention. All pe-interventionfindings presented in this section (and throughout Section 5) were

extracted from the followingurveyinstrument® (See Appendix Aand B: 1) U. S.Environmental
Protection Agencand2s0 pApsarhtmian iCGhye cCkd uinscti | Otisereflere | | ut i or
the preintervention resultareprovided for théVeatherization Plus Healdndthe Healthy Home®nly

groups. The printervention survey findings were basedatrsenations of weatherization staff. All pest
interventionfindings presented in this sewt (and throughout Section 5) were extracted from the

following survey instrumentsl) OpportunityCouncl a\alk-through Checklist findingsbased on

obserat i ons of weatherization st aff Oecgpanv®uivdy and 2) &
desigred forthe national evaluation &AP. It should be ated that the findings from the Occupant

Survey are selfeportedby the occupamiather than based on obsereas of weatherization staff.

The occupant surveyas administered pesitervention rangig from 3months to 4.3 yeansith the
averaggmean)at 26 monthsReporting both sets of pesttervention data provides th@mortunity to
consider differingperspecties while reducing bias inherent in sedported data collection due to
potential incasistenciesesulting from migiterpretation of questions and response lagthermorethe
occupant is me familiar with their home, whilan audtor may be equipped with building science
expertise, but can only observe what is happening duringtitme at the residencd@herefore, botisets
of postintervention datareprovided forall groups.

When occupants were asked if it seeoretdanhadbei r chi |l
(65%) of theweatherization Plus Healtroup replied in thaffirmative, while only 15% of the Healthy
HomesOnly group responded the sarfieable5.6). However, it vas observed that 43% of the

Weatherization Plus Healtiroup had indoor pets pietervention, but close to haiéported post

intervention, thatheyeither no longr had pets or the pets were no lorejawed indoorsThere was

negligible chage posintervention for the Healthy Hom&nly group.Within the Weatherizatio®nly

homes 60%were observed to have inotopets posintervention. It remainanknownas to what

percentage athildrenin the samplénad allergieso pet dander

A low percent of respondentsported smoking cigarettasside the home at any time withafl study
groups. Although, forite Healthy Home®nly group postintervention there was an observed increase
(by 15%) in thepresencef smoking (e.g., ashtrays, cigarette buttsexpectely, because of the
measures installethere was an increaseénidence of pests inside the home potrventionfor all
groups.

The presace of carpets in the living room decreased slightly5@#y postintervention for the Healthy

Homes Only group. The Healthy Homes measures padaagenot always include the replacement of

carpet®, in addition, it may have been determined that it woeldriore beneficial for the carpet to be
removed in the chil dds bedr oo dabservadilosesta30% dfthen t he | i

% See Methodology (Section 4.1) for a detailed description of which data (betngreosintervention) were collected by

participating agncies as part of its typical program delivery and which data were collected specifically for the purposes of this

study.

% The Healthy Homepackage does not always include carpet replacement; there arealtby-Homep ac kages, a fisi mpl
and a Thefull Healtby.Homepackagecan includecarpet removal. 35% of theddlthy Home®©nly group and 100% of

the Weatherization Plubklealth group received the full package. For those in teatiérization Pluklealth group that were

observed to have carpettheir home (either living room or bedrooms)4mervention (n=11), 36% no longer had carpet in

their livingroomposi nt er venti on and 64% no | onger h adthydHame®elygroupn t hei r
(n=6): 17% no longer had capin living room posintervention and 67% no longer had carpet in bedroomiptestvention.
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Weatherization Plus Healtiroup had their carpets rewed in the living room. flere was @ increase
(7%) in the pesence of throw rugs in the living room pogerventionindicating thathrow rugsmight
have beemraded 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 PluBlealth (n=14)
WAP Only (n= 15§’
Healthy Home®©nly (n= 20)

1
1
1
f  Opportunity Council (OCyroups(n= 34®

27 \Weatherization Only groups were provided services byhifee comparison WAP agencies in the regi@nohomish
County, Housing Authority of Skagit County,ca@ommunity Action Council of Lewis, Mason, and Thurston Counties to
collectively provide the comparison sample

2 0C groups include the recipients of the OC programs (i.e. those that received Healthy Homes intervesaitiesi2ation
PlusHealth and ldathy HomesOnly) and constitute the treatment sample.
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29,30

Table 5.6. Home-Source EvidenceBased Asthma Triggers Pre and Posintervention by all Groups
Pre Post Post (self
(staff observed) | reported)
# % # % %
EVIDENCE -BASED ASTHMA TRIGGERS
Asthma Worse Around Pets(Yes)”
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 Hbome (anywhere, at any
time)* (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 Chyesgds Bedroom
Wx + Health - - 9 43% -
Wx Only - - 20 87% -
HH Only - - 24 80% -
OC groups - - 33 65% -

2 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: atitmePlus Health (n=14); Weatherization Only
(n=15); Healthy Homes Only (n= 20); All Opportunity Council (OC) homes (n= 34).

31 For this questionpredata was not observed, weatherization staff asked occupant the question.

32 For this questionpredatawas not observed, weatherization staff asked occupant the question.
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5.2.1 Moisture and Mold

Mold allergies associated with asthmadather respiratory symptonere 3050% more prevalent in
damp houses, especiaitythosewith damp basemen{Rutgers2011).Research also indicates that early
exposure (in infancy) to high mold couras measured kthe Environmental Relative Moldinedndex
(ERMI) test increases the risk for developing asthma by 50% in late childtiRebnen 2011Findings
presented ifTable5.7 suggesthat for all three groups participating in this study, observations of
moisture and mold issues substantiallyrdased posintervention. A 20% decrease insarved moisture
damage to walls antkilings and a 60% decrease ibhserved standing water in the Healthy Horoedy
group was reported. For th&eatherization Plus Healtroup, a 28% decrease in moisturendge was
observed and a 7% decrease in observedlisig water was reported. The Weatheriza@mty group

had posintervention findings comparable to the other two groups in these two categories. It is interesting
to note the difference between the olisdrand the selfeported findings for presence of standing water.

Thedecrease of close to 60% in reporgadesive humidity levels for both Opportunity Coungiloups

is most likelyconnected to the substantial decrease of observadld or mildew; 65%n the

Weatherization Plus Healtiroup and 35% ithe Healthy Home®nly group. Again, ishould be noted

tha the selfreported findings werkigher than what was observed by the staff. Howeasiation in

guestion format exists between data collectitsstruments. Thquestion in the occupant survey reads

fiHave you seen mold in your home in the past 12 mdrihs De pendi ng on how much
since the intervention this datauldbe seen as more of a greéervention result, and in fact areitgu

similar to the observed piatervention findings. With that said, tiiese percentages arensidered to be

a proxy for a préntervention finding for the Weatherizati@nly group, in comparisomtthe other

groups, these homes, at baseline, hagbadttelling quality withrespect to mold and mildew issues.
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Table 5.7. Moisture Issues Pre and Postntervention by all Groups

Pre Post Post (self
(staff observed) reported)
# % # # %
Evidence ofDamage From Moisture On Wals/Ceiling (Yes)
Wx + Health 5 36% 1 8% -
Wx Only - - 1 7% -
HH Only 6 30% 2 10% -
OC groups 11 32% 3 9% -
ObservedStanding Water (crawlspace, fish tanks, house 33
plants, etc.) (Yes)
Wx + Health 5 36% 4 29% 14%
Wx Only - - 4 27% 7%
HH Only 17 85% 5 25% 15%
OC groups 22 65% 9 27% 15%
ExcessiveHumidity Levels(Yes)*
Wx + Health 10 71% 1 7% -
Wx Only - - 2 13% -
HH Only 12 60% 0 0% -
OC groups 22 65% 1 3% -
See orSmell Mold or Mildew (Yes) s
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%

5.2.2 Chemicals and Cleaning Supplies

This subsectiopresens frequencies associated with chemicals and toxic cleaning supplies found within

study homes. When occupants were askecsifite med t heir chil dés ast hma wa:
chemical based cleaning supplies, chemical air fresheners, perfumes, scented candles or laundry products,

or insecticides, more than half both ¥eatherization Plus Healdnd Healthy Home®nly groips, at

64% and 65% respectively, responded in the affirmative.

Table5.8 presentdindings associated with the visibility of chemicals and cleaning supplies inside
treatment homes pesitervention. The balare of this data suggests that Opportunity Cdurmines
(presumably more so than the Weatheriza@uy group) has either been educated on the benefits of
replacing toxic cleaners with more natural, astheyanptomfriendly alternatives and/or been provided
nontoxic cleaners as part of the Healthy Hmserviceaneasures package; 30% more of the
Weatherization Only group, compared to YWeatherization Plus Healtiroup reportedchemical
cleaning supplies within easy accemssd 43% more of thé&/eatherization Plus Healttouseholds
reportednontoxic cleaning supplies withithe home.

33 percentages based on those that stated they sometimes, often, or always observed standing water in their home.

%Presurvey question did not specd;f ypumsymuesianspeadificalleefeired®théd e xces s i v
laundry room and defined excessive humidity as >60% Relative Humidity.

%5 The question in the occupant surwegs:Have you sen mold in the past 12 morf#Bepending on how much time had

passed since thietervention this question could be more of aiptervention result.
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Table 5.8. Chemicalsand Cleaning Supplies Postntervention by all Groups
Post Post (self
(staff observed) reported)
# % %
Toxic Chemicals (Paints/SolventsyVithin 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 mentionedn Section 3upon delivery oHealthyHomes services, either in concert with
weatherization or on its owa,home couldhavereceival either a simple or fulbackage of serviceBoth
weretailored tothe needs of the household and the occupant: the srapkagevas typicallydelivered
through a ongime visit to the homand includedch comprehensiveducatiorcomponenand provision

of a selection of allergy reduction accessories; thepdkagencludedinterventions requiring
contracted work (e.gteplacement of carpet with laminate or hard wood flooring and/or installation of
whole house ventilation system3$pble5.9 presents the number of homes that received whiaafp
package per progratype. All Weatherization Pludealth householdis the sample received the full
packageof servicesas did 35% of the eblthy Home©nly group.

Table 5.9. Number of Homes that Received Full or Simple ldalthy HomesPackages, Per Program Type

Type of HH package
Program Type No HH Simple Full Total
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

Table5.10 presers the percentages of asthma trigger reduction accessories obseungedinpresnt

within the home: 90% of the Healthy Homes grewgsobserved to have a HEPA vacuuatiergy

mattress coverand allergy pillow covers in their honpestintervention; 71% of th¥/eatherization

Plus Healtthomes were usingllergy pillow covers and 43%ereusing allergy mattress covguest

intervention only 64% owne& HEPA vacuumOne might have expected that the Weatherization Plus
Health group and Healthy Homes Only grdafhavehadcomparabldrequencies for these findings.
However the necessjtof 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 packade.addition, this data was e 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 thisgramservesa populationthatmight not be able to afford to
continuewith best practice.

Since these accessories are not considered a DOE allowable expense through traditional WAP it was

hypothesized that their presence gagtrvention would be at a much lowerpentage for the homes in

the Weatherizatio®nly group, which is @anfirmed in the table below.

Table 5.10. Presence ofAsthma Trigger Reduction Measures Postntervention by all Groups

Post
(staff observed)
_ # %
Own a HEPA Vacuunt®
Wx + Health (n=14) 9 64%
Wx Only (n=15) 3 20%°’
HH Only (n=20) 18 90%
OC groups (n=34) 27 79%
Allergy Covers on Mattress®
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%

5.3.1 Ventilation

There is growing concern within tipiblic health and building science communities regarding emissions

from unvented gas cooking stoves or the use of unvented combustion space/Agatated in Section
2, dmulated modks of the effects of building interventions and IEQ on pediatric asthma outcomes in low
income households suggest that weatherizittargeting the sealing of the building envelope led to an
increase in pollutant concentration of Nahd PM s, and 20% mee 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 logstically feasible. Results from the national occupant survey showed thateesierization,
the number of program respondents that reported using a cook stove exhaust fan regularly increased by
8% (Tonn et al. 2014).

%6 Results for owning a HEPA vacuum are pen$ehold, as indicated by the n.
%" The selfreported percentage was quite a bit higher here, at 53%. This could be due to a lack ohalimipiathow the

agency
®Resul

defines a AHEPAO vacuum.

ts for allergy covers on mattress

indicated by the n.

3% The Fabian et al. (2013) study was not focusing on weatiin as delivered through WAP. Weatherization in this context is

referring to energefficiency retrofits and building interventions in general.
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Within this study, electric cookingtoves were more commonly observed to be irbo#ie pre andpost
intervention only 15% of theWeatherization Plus Healtltouseholds, 20% of the Weatherizat@nly,
and 25% of the Healthy Hom@&nly groups usedgas cooking stovedable5.11)*° Noneof the study
groups were found to be using any unventasl @ppliances in the home, both pre and-pstvention
All groupsthat had heating units fueled by gas were properly vented to the outside.

Table 5.11. Potential Sources of Indoor Environmental Cataminants PostIntervention 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 ammable to establish any increase in mechanical ventilation usage post
intervention. Specific aa on kitcha and bathroom famstallation was not collected either. However,

the two participating agendouseventilaiogn Whotebalset he i nst a
ventilation, as described by the Opportunity Coumefiers tofithe whole home receivirfgesh outside

air.o This can be achieved by installing fans ( mo
continuously or intermittently (on a timer, not easily turned off by the occupant) throughout the day. This

type of ventilation exhausts indocontaminants 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. Yérgenal

communication, April 2015).

The majority of homes within th&/eatherization Plus Healdnd Weatherizatio®nly grous received
whole-house installation at 93% and 87%, respectively (Section 5.5 presents data on other weatherization
and healthjynomes measures installed fhese homes). Findings revélat 93% of both groups were
observed to have a functional bathroom fan4mstrvertion; however only 64% of thé/eatherization
Plus Healtrand 53% of the Weatherizati@nly groups were observe to have a functional kitchen fan
(Table5.12). The Healthy Home®nly group in general was observed to have a lower percentage of
functional mechanical ventilation measures fintrvention, at 80% (bathroom fans) and 50% (kitchen
fans).Respondents reypt using their bathroom fans much more than their kitchen fans (for those that
have them); with 100% of thé&/eatherization Plus Healtmd 100%of the Weatherizatio®nly, and

75% of the Healthy Home3nly groups using their bathroom fan at least rafahpi evey time. As low
as 47% of the Weatherizati@nly groupreports usingheir kitchen fa at least rarely whereas the
Weatherization Plus Healtfouseholds use their kitchen fan at least rarely 64% of the time

0 None of the study homes received a new stove as part of their intervention.
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Table 5.12. Presenceof Functional and in Use Mechanical Ventilation Measures Posintervention

Group Functional Kitchen | Use kitchen fan Functional Bathroom | Use bathroom fan
Fan (Post) (self-reported)** Fan (Post) (self-reported)*?

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 manthsan either aidh exhausting
contaminated and/drumid indoor aito the outside, or supply contaminated andiumid outdoor aito
the indoor environmentleperling on climate and several other contributing factors. Findings esleal
that most, if not all, of the study households aukheir windows in the summet Beast rarely to all the
time; 93% of théNeatherization Plus Healtiroup and 100% of the Weathetion Only and Healthy
HomesOnly groups replied in the affirmati@able5.13). As forduring thewinter, close to 80% of the
Weatherization Plus Healtiroupreportedopering windows,followed by the Healthy Homes Only
group (70%), andlightly mae than half of the Weatherization Only group

Table 5.13. Natural Ventilation Post-Intervention by all Groups

Post (selfreported)
OpenWindows At All in The Summer (Rarely, Sometimes, Frequently, All the
time)
Wx + Health 93%
Wx Only 100%
HH Only 100%
OpenWindows 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 ofWeatherization Plus Healmd Healthy Homes Only program deliy, 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 iTable5.14 there was substantial decrease pre postintervention in the use of chemieal

based cleaning suppliesofnpared to more asthrafidgendly, nontoxic alternatives A a | | or most o
time.0 However, it appears that tNéeatherization Plus Healtiroup experienceghore of a change as

their use of chemicals fal | fodhe Weatherizatiom Onlytatdeé0% i me 0
for the Healthy Home®nly group. It should be noted that these topics are not typically coverad dur

traditional WAP delivery (Weéerization Only).

“! Rarely, Sometimes, Often, Bvery time
42 Rarely, Sometimes, Often, or Every time
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Table 5.14. Comparison of Use of Chemical Cleaning Supplies Pre to Pelsttervention by All Groups

Pre Post
UseMore Chemical Based Cleaning All or Some or a | Never | All or Some or a | Never
Supplies(compared to more asthma most of little of the most of little of the
friendly, non-toxic alternatives) the time | time the time | time
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 nationsl/ AP evaluation occuparsturvey revealedhattreatment homes reported
changing their air filters more often pageatherization (Tonn et al. 2015). The benefits of changing the
air filter on the furnace are twiold; it can both reduce energy use and improve IEQ. Tabtepresents
that50% ofWeatherization Plus Health7% of Weatherization Only, and 25% of Healthy HotDasy
householdsvere observed to have changed their furnace filtdrarast six monthdHowever, the
frequency of this actiowaschallenging to quantifgimplyf r om observing the fAcl ean
from one house to the next. The selported frequencies provide an altgive perspective; 54% of the
Weatherization Plus HealtB3% of Weatherization Only, and 52% of Healthy Hoi®a$/ households
repored changingheir furnace filter at least every 6 montkwever, 10% more of the Weatherization
Only group (compared to the Healthy Hon@dy group) and 16% more of the Weatherizatiamy

group (compared to th&eatherization Plus Healtigroup repokd using asavice company that changes
theair filter.

Table 5.15. Frequency of Changing/Cleaning Furnace Filter Postntervention by All Groups

Post (sel
PeER repor(ted)
Frequency % %
Change/Clean Air Filter on Furnace(within last six months)*®
Wx + Health 7 50% 54%
Wx Only 7 47% 33%
HH Only 5 25% 52%

It appears that the Opportunity Council homes, collectively, disgleyidence of bein§dustedon a
weekly basis (50%xlightly more than the Weatherizati@mly homes40%)(Table5.16). Additionally,
the Opportunity Counctiomes, again collectively, reported cleaning and vacuuming more often since
receiving interventin substantially more than the Weatherizatmy group at 91% and 13%,
respectivelyThese findings support the argumdrdat comprehensiveducation provided through

Healthy Homes programs empowaisiseholdsvith knowledge of method® minimize homesource
evidencebased asthma triggers.

43 Based on observedidence 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 Poslntervention 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 o

the time, most of the time, some of the time, #tle of the time). VeeEelinEE i)

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 measuresdahbt save
erergy but reducexposure to extreme hot and cold temperatanegiseduce infiltration opestsdust and
outdoor cataminants, thereby redag exposure to evidendeased asthma triggers. Mechanical
ventilation measures address moistrtelated problemis the home and may exhaust contaminants
generated from the indoor environment or those that have infiltrated theftooméine outdoor
environment

Table 5.17 presents results from the national WAP evaluation with respect to measures installed in homes

(al building types) weatherized in PY 2010 for a subset of homes located within the climate region

applicable tdNorthwe st er n Washi ngton referr edInstalatiensates he 6 mod
wereas follows: 100% received some type of insulatian attic, floor or wall); 90% air sealing; 41%

ductsealing; 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. wihaase, kitchen or bathroom fan). Based on

blower door tests conducted both-aad postveatherization, the mean air leakage reduction was 970

cubic feet per minuteQFMs).

4 As part of the national evaluatidiwe climate regionsvere definedwhichwerebased in largeart on the climate zones
recognized by DOE6s Building America program except that sta
assigned to a climate region based on estimates of the heating and cooling degmetidaysdjor populationenters (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 3360CFM
Post 2390CFM

Comparing the rates presented in Table 5.17 with Figure 5.1, measure installations rates between the
national moderatelimate region sample and the Weatherization Only group are similar for insulation
installation, air and duct sealing, and heating system replacemerEQidronly); but not for ventilation
measures, heating system replacement (ECM), and AC replacemenerithation (wholehouse)
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 seammstalledl00% of the time,

and ventilation measure installatioms23% higher even than the WeatheriaatOnly study homes.

None of th@e homes received a new AC either. In comparison to the national sample, duct sealing (71%)
and window (storm) intallation (36%) were more frequent for the Weatherization Plus Health group.

None of the Weatherization Plus Health homes received-&@Gdh furnace replacement.
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®Wx + Health
®Wx Only

*A/C installation is 0% for both groups

Figure 5.1 Weatherization and Healthy Homes Measures Installed b%roup: W eatherization PusHealth
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 entdre homeTable5.18 presentshe pre and poshtervention CFMs for both the
Weatherization Plus Healind Weatherizatio®nly homesPrei nt er venti on, weret h gr ou
already tighter than the national sampleyviding explanation fothe meameductionbeing lesg~150

300 CFMs)For the study groups in the sample -prervertion, the Weatherizatio@nly homes were
moreleaky in comparison to thé/eatherization Plus Healtiomes, but th&/eatherization Plus Health
homes posinterventionweremore tightly sealed (1407 CFMsg)an the Weatherizatid®@nly homes

(1,588 CFMs). A balanced approach is required to mitigate the infiltration ratgddor generated air
contaminantsvhile not sealing in thandoor sourced contaminaniBhis is where wble-house

mechanical ventilation becomes a critical component for addressing IEQ in concert with weatherization.

Table 5.18. House Air Leakage Rate Pre and Posintervention by Group:
Weatherization PlusHealth and Weatherization Only (mean CFMSs)

: : Reduction
Group Pre-Intervention PostIntervention (mean CFMs)
Wx + Health 2067 1407 660
Wx Only 2409 1588 821

5.5.1 Indoor Temperatures

Existing research studies show that exposusxtieme temperatures can exacerbate asthma symptoms in

turn increasindgD admisions for childhood asthma (Xu et al. 2013 and Guo et al. 2012). Xu (2013)

statedi ¢ hi | d r-éyearsawgre choreddvulnerable to heat effects while children agb4 Jy€ars were

more vulnerabl e t o c o ktdysadgédbatpmssintetovenionindbarngs fr om t
temperaturesveredramatically more comfortable for the occupaiiahle5.19 presents that 97% of the
Weatherization Plus Healttouseholdseported prentervention that theirhomewasi t her fAcol do o
Aver y,pastintededito n 100% r eported t he bheindieasaamomioaable i c o mf o
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temperatures for Weatherization Only and Healthy HoBmg*® grouphouseholdsvere also observed
but it appears that themight be potential br synergistic benefits of WAHys realthy fousing evident
based on these results.

Table 5.19. Indoor Temperatures Pre and Postintervention by All Groups

Indoor Temperatures
Pre
\ Comfortable Hot Very Hot
Wx + Health | - - -
Wx Only | | - - -
HH Only | | 20% - -
OC groups | | 9% : -
Post
Very Cold Cold Hot Very Hot
Wx + Health - - - -
Wx Only 13% - - -
HH Only - 10% 10% -
OC groups - 4% 4% -

5.6 OCCUPANT HEALTH AND HEALTH CARE COVERAGE

As stated previouslyogial justice in the context of human health is generally equated with access to
health resources and equal opportunity to a healthyFlifdunately, the majority of childrehat
participaedin this study were reported by the head of household to have h#udseeal coverage (at
least over the 12 months prior to the piogervention occugnt survey), with more of the Opportunity
Council groups (91% collectively) than the Weatheriza@ary group (64%) holding Medicaid as their
primary insurance (Seeable5.20).

Table 5.20. Health care CoveragePostIntervention - All Groups

HEALTH CARE COVERAGE Wx + Wx HH ocC
HH Only Only Groups

In the past 12 months has your child(ren) wih asthma had any
kind of health care coverage?

Yes| 100% 87% 95% 97%
If yes, which type?
Medicaid 93% 64% 95% 91%
Basic HealtH® - 21% - -
Private individual or group i nsurance 7% 7% 5% 6%

The next set of tablggesent data reported by the head of the household for all study groups related to
health status po$ttervention(i.e., frequency of asthma symptont) and hospital visits, and days of

% The increased rate of reported comfort for the Healthy Homes Only grdepasables they did not receive any
wedherization measures. Opg&planation for the reported increase in comforild bedue toresponse bias.

46 Washington Basic Health (WBHs asystem created and administered by the state of Washington to enable low income
individuals, and families to punase basic health care services through participating managed health caM/Bldnis.
administered by the Health Care Authority, available to Washington nésidéo meet income guidelines aare not eligible

for Medicare Premiums are based on age ammbme.Washirgton Basic Health Plus (WBHP) idvedicaid Program
administered by the Department of Social and Health Services and the Health Care Authority for children-fromnteawy
families. There are no premiums or copaymetttshould be noted #t 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.Jable5.21 focuseson head of household health status fpatgrvention and able5.22
focuses on child health status pogervention.

All children participatingm this study were reported by the head of the household to have 45thma;
although not all had rebeed a medical diagnosi®Vithin the sample, 93% of th&'eatherization Plus
Healthgroup, 80% of the Weatherization Only group, and 95% of the Healthy Honhgg©up
contained at least one child with an asthma diagnosisdroradical providennterestingly, 8% of the
Weatherization Plus Healtiroup, 11% of the Healthy Homé&mly group and 18% of the
WeatherizatiorOnly group reported that pestterventian at least one child in the home longerhad
asthma

A comparison between groups shemlthat individuals within the Weatherizati@nly group (for both
head of household and child) experienced asthma symptoms much more réosaifiiy thelast six
daysd6) than the Opportunity Coun cWehthegzatioruPlusHealtb ol | e c
group.The Weatherization Only and Healthy Hont@rdy group included individuals that reported they
sought out urgerfiealthcare over the last 12 mdrgt due to asthma symptoms where individuals fiven t
Weatherization Plus Healtfroup reported they did notn® adult and one child in the Healthy Homes
Only group and one child in the Weatherizatanly group reported to have stayed overnight in a
hosptal. One child within the Weatherizatiomly groupand four children within the Healthy Homes
only group were reported to have gone toERe(not counting hospitalizations) for their asthma
symptoms.

47t is important to note that even though all children participating in this study were reported to have asthmadolyahinbe
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 fa three child
home, regardless of the number of children living in the home. Therefore the sample sizes are not the total number of childre
included in each group. Medical data on a case by case basis will be expl8estiam &hrough the analysis of Medichand
Physician records.
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Table 5.21. Health Status Head of Household)PostIntervention - All Groups*

HEAD OF HOUSEHOLD H EALTH STATUS POST- Wx + Wx HH ocC
INTERVENTION HH Only Only Groups
Have you ever been told by a doctor or other health professional | n=14 n=15 n=20 n=34
that YOU (head of householdhave asthma?
Yes| 36% 27% 35% 35%
Do youSTILL 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 n=5 n=3* | n=5" n=10
asthma?®
Less than one day agq - 33% 20% 10%
1-6 days ago| 20% 33% 20% 20%
1 week to lesshan 3 months ago| 40% - - 20%
3 months to less than 1 yearag{ 20% - 40% 30%
1 year to less than 3 years ag - - -
3 years to 5 years agq - 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 folloimless noted)Wx + Health= 5; Wx Only = 4; HH Only = 5; All OC Groups = 10

Table5.22 alsopresentshe number of days of schoah¢luding preschool or daycajehat the head of
household reported their children having to miss due to asthma symptoms. A substantial number of
children, in all studgroups, missed several days of school over the last 12 naungts asthma38% of
the children within th&Veatherization Plus Healtiroup, and 58% of the Healthy Hom@sly group
missed 6+ days and 25% of the Weatherizaboty group missed 11+ days sthool.

Overall,a substantial number of caregiveeporedt hat their chil dbds health ha
postintervention. All of both thé@pportunity Councigroups and 82% of the Weatherizati@mly group
reported theirfedhibledt en 0f s\beatdeecizhtoORas ehltdrdut, 84%

of the Healthy Homes Only group and 64% of the Weatheriz&ioy group reported their children

Acoul d run andntepéntog. | onger 6 post

““Mi ssing answers include fADon6t know/not surebo.
49 sample size differed due to some respondents leaving question blank.
0 sample size differed due to some respondents leaving question blank.
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Table 5.22. Health Status (Child) PostInt ervention - All Groups*

CHILD HEALTH STATUS POST-INTERVENTION WX + Wx HH ocC
HH Only Only Groups
Have you ever been told by a doctor or dier health professional n=14 n=15 n=20 n=34
that at least one child in the homéasasthma?
Yes| 93% 80% 95% 94%
Doesthis child STILL have asthma?
No
How long has it been sincgour child(ren) last had any symptoms
of asthma?(at least one child in the home)
Less than one day agq - 20% 20% 12%
1-6 days ago - 7% 20% 12%
1 week to less than 3 motis ago| 21% 13% 20% 21%
3 months to less than 1 year ag{ 50% 27% 15% 29%
1 yearto less than 3yearsag{ 14% 7% 10% 12%
During the past 12 months didyour child(ren) have to stay
overnight in the hospital because of asthma?
Yes 0% 9% (1) | 6% (1) 3%
Not counting hospitalizations, duing the past 12 months, did your
child(ren) go to an emergency room because of asthma?
Yes 0% 9% (1) 24% 14%
4)
In the past 12 months, about how many days of school (including| n=14 n=15 n=20 n=34
pre-school or daycare) has your chil{fen) missed because of
asthmarelated symptoms?
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 healthiljomes services?
Yes| 100% 82% 100% 100%
Since receiving veatherization 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 folloWsnless noted)Wx + Health=12; Wx Only = 11; HH Only=17; All OC Groups = 29

In addition to suffering with asthmagrfchildren living within the Opportunity Council homes,

collectively, 4462% hadbeen diagnosed by a medical professional (sometime over the last 12 months)

with respratory allergies, the flu, persistent cold symptoms, and/or a sinus inféEtible5.23). These
rates are substantially lower amoheg thildren living within the Weatherization Only homes.
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Table 5.23. Other Health Issues Child) Postintervention - All Groups

CHILD H EALTH STATUS POSTINTERVENTION Wx + Wx HH ocC
HH Only Only Groups

In the past 3 months, has your child(ren) had . . .

Shortness of breath when lying down| n=14 n=15 n=20 n=34
waking up, or with light work or light exercise?

Yes| 43% 13% 35% 38%

In the past 12 months has your child(ren) had or been told by a n=14 n=15 n=20 n=34
doctor or health professional
are reported only)

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 day] 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 tNéashingon State HCA" weresent tathe Opportunity Council study
staffto bede-identified prior to being sent to ORNinalystsCaseidentifiers were usetb link the
recordso demographics, housing characteristics, program type, and measures installe@mehe h
collected through other study instrumemisalysis was completed on individual casestead of

focusing orthe household levelo better capture potential change in health status evidenced lgeshan
in healthcare use and cost$tatistical anales were performagsing bothMicrosoft Excel and

Statistical Package for the Social Sciences (SE&8)lation functions.

6.1 CHARACTERIZATION OF MEDICAID STUDY DATA AND PARTICIPANTS

The HCA Medicaid file for this studgontained 46 individual cases; 62.2f#the total study sample
(Table6.1). The file contained botheaderandline (i . e . ¢) clains.Bleéadker claims contained a

subset of line claims submitted for that dd&ter this studyline claims were usefbr calkulating the total
Medicaidclaimsandcostsfor pharmacy and professional claionsder each header claifPaid amourd

for inpatient claimsvere pulled from the header claims as the costs for this type of claim were not found
in the line claim field The filereceived from HCAdid not captire the costs for outpatient claiffs

Claims werdahensortedby program typgWeatherization Plus HealfaVx+H), WAP (WxOnly), and

Healthy Homes onlyHH Only). Interventiordates were inserteatcording to program service delivery
dates provided by thearticipating agencies ®ventuallydetermine impacts on health stafusn

changes in the home environmefihe intervention date ranged between March 2006 and June 2013.
Cases were inctled in the Medicaid analysisadequate time for accruaf preintervention claimsvas
observedi.e.,>3 month$. Table26 containsadditionaldescriptive statistics on the HCA datet
recaved,aswella§ or t he 31. 3% of the studybés cahees deemed
Weatherization Plus Healtiroupprovided 43.5% of the usable Medicaid datth Weatherization Only

and Healthy Homes Only groups contributing 26.1% and 30.4% respecOveluerage (i.e., arithmetic
mean),casesncluded in the Medicaid analysis contained a total of 25.1 line claingsan average of

11.2 claims préntervention, 12.6 claims pe#titervention, 12.3 months piatervention, and 28.3

months postintervention. Study analysts used this data to calculate the differemsammumber of

claims and costs per month pre grudtintervention between study grou&ection 6.2)

51 http:/iwww.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 psid for tho
outpatient claims.
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Table 6.1. Medicaid Data Collected ty Research Group

Medicaid data collectedby Research Group Wx + HH Wx Only HH Only ALL
(Individual Case Level)
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% 62.20
Total number of line claims 507 206 213 926
% of Study sample 47.6% 26.1% 23.3% 31.1%
% of Medicaid sample 43.5% 26.1% 30.4% 100%
Total line claims perusablecase (mean) 25.1 31.3 46.6 33.3
Line claims per case preintervention (mean) 11.2 13.3 17.9 13.8
Line claims per case posinterventions (mean 12.6 16.2 26.4 17.5
Months per case preintervention (mean) 12.3 9.5 11.3 11.3
Months per case posinterventions (mean) 28.3 25.2 18.7 24.6
Claims within the 30 day postwindow (mean) 1.9 1.7 1.8 2.3

Within the Medicaidsampleweretwo groups thateceived some extent of Healthy Homes measures
73.9% of the total Medaid sampleThose households that received either fulliople measure
packagesnay have also received weatherization (ideatherization Plus HealthAll Weatherization

Plus Healthrecipients received the full extent of the Healthy Homes packagmicert with their
comprehensive weatherization packagthin the Medicaid Healthy Homes Only sampdeof the 7
casegeceived a onéime visit at the home and a simple measures package (e.g., public health education,
HEPA vacuum, dust mite covensjth 3 having received a full package of Healthy Homes measures (e.g.,
carpet replacement with vinyl flooringJable6.2). This distinction becomes relevant when considering
impacts on Medicaid claims and costs aftér identifyingsupetrutilizers of the heléh care system

within the Healthy Homes Only samgleat might have benefitted from a more extensive home retrofit
provided througiWeatherization Plus Health

Table 6.2. Percentof Healthy HomesCases That Received Either Full Or Simple Packages

Healthy Homes packag_]e type Full Simple ALL HH Cases
Medicaid study participants n=13 n=4 n=17
% of Medicaid sample 765% 23.%% 100.00

Table6.3 containscaregiverreported demographics and housing characteristics for the participants in the
sample for eachktudy groupOverall, 56.5% of the sample wamle, 30.4% was/hite/nonrHispanic

21.7% identifiedas white/Hispanicand 26.1% ideified as Hispanic. Black, neHlispanic, Asian and
thosereportedasfiOtheid wereunderrepresented at 4.3%, 8.7% and 8.@8pectively. Unfortunately, no
individuals in the sample identified as American Indidecording toWashington State level statistics,

this population is disproportionality burdened wittdespread asthma prevalence (CDC 2015).

Over half of the study saple containeahildren aged 8.0 years of age. Thigsasexpecteds the
programs operated through the Opportunity Council target families with young children with asthma.
The majority of households in the sample egitheir home, with the exception dfdse in the
Weatherization Only group who reported being homeowners (660fgrences between groups were
observed whehousing typevas assesse@he vast majority of households in M&atherization Plus
Healthgroup residd in manufactured housing wé over half of the households in the Healthy Homes
group and 100% of households in the Weatherization Only group desi8& site built housing
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Table 6.3. Caregiver-Reported Demographicsand Housing Characteristics ty Study Group

Survey Questions fran Occupant Survey (SeH Wx + HH Wx Only HH Only ALL
Reported Postintervention as part of the study)
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, NorrHispanic 10% 66.7% 28.6% 30.4%
White, Hispanic 40% 16.7% - 21.7%
Hispanic 40% - 28.6% 26.1%
Black, NonHispanic - - 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%
1015 10% 16.7% - 8.7%
1520 - 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%

Interndional Classification of Diseases, Ninth Revision (K8Pcodes were used for the HCA request for
records. All header or line claims with any I&@Casthma codes (codes starting with 493) listed as either
primary or secondary diagnisos were requesiallle6.4 containghe ICD-9 codes listed as the primary
diagnosis for each line claim in the HCA Medicaid data set recéived

%3 Additional diagnosis codes were observed but were not included in this list if deemeslatahle tohe study.
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Table 6.4. ICD-9 Codeslisted As Primary Diagnosis for Line Claims

ICD-9° Diagnosis codes for all line claims (n=926)

Primary Diagnosiss Asthmai 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 asthmawith (acute) exacerbation

493.81 Exercise induced bronchospasm

493.82 Cough variant asthma

493.90 Asthma, unspecified type

493.91 Asthma, unspecified typeith status asthmaticus
493.92 Asthma, unspecified typaith (acute) exacerbation
OtherPrimary 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

4610 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

4619 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 wecategorized bglaim type for furthecharacterization anainalysis of
costs(Table6.5). Thetotd amaunt of claims received from HCWasapproximately$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 cdstiperithout

541CD-9 code listings were retrieved froimitp://www.cms.gov/medicareoveragedatabase/staticpages/idecode
lookup.aspx?KeyWord=784&bc=AAAAAAAAAAAEAA%3d%3d&
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inpatient costs was approximately $61 per cl&@iffable6.6 contains types of Medicaid claims for each
of the study groups. The Weatherizatns Health group comprised the least amount of claim totals at
approximately $17K.

Table 6.5. Header and Line Claim Types

Type and costof Asthma-related | Inpatient Outpatient Pharmacy | Professional ALL
Medicaid Line Claims for all
Cases (n=46)

Count n=3 n=11 n=387 n=525 n=926
Cost| $13,877 NA $32,410 $24,266 $70,552
% of totalcosts 19.7% NA 45.9% 34.4% 100%

Table 6.6. Header andLine Claim Types by Research Group

Cost of Asthmarelated Wx + Health Wx Only HH Only Total Costs
Medicaid Line Claims for all
Cases (n=46) by program type

Inpatient claims - $10,564 $3,313 $13,877
Pharmacy claimg $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 4upieers of the healtsare system,
the Medicaid cases and claisigmitted by the HCA were combed for indicators that might contribute to
this discussion. Of the 926 claims collectethdividual cases contributed to 40% of all claims received
(n=401). Included in the data set were three claims for inpatient hasqigalor three separate cases
totaling $13,877; approximately 20% of the total cost for all claims. The inpatient claim submitted by
oneindividual in theHH group was prior to the intervention. The two claims submitted by the
WeatherizatiorOnly group wee submitted post interventiomn this sampleindividual cases were
categorized as supatilizers of the Medicaid system if they were included in the pre/post costs
comparisongandif they had received inpatient hospital care with a primary astetdzd diagnosisor

their annualized costs for asthma were greater than thatpreention mean {129)for that sample.

The eight(17.4% of the samplajases that qualified for this group accounted for 54% dtfotiaclaims

and 45.7% of the total casof all claims. Interestingly, none of the supélizersbelonged tdahe
Weatherization Plus Healtiroup(Table6.7).

Table 6.7. Super-utilizer Status by Research Group

Cross tabulation of Super-utilizer by Research Wx + H Wx Only HH Only ALL
Group (Individual Case Level; n=22

n=0 n=4 n=4 n=8

Superutilizer 3 66.7% 66.7% 36.4%

6.2 IMPACT ANALYSIS

Impactanalysisvas conducted tderivecomparisondetween the sample groupselfollowing
indicatorswere employed(1) the average number of claims pawnth; (2) the average costs of claims
per month; and (3) annualized costs. These high level indices wenestdas variables in a paired

%5 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-testto best determinstatistical difference in means betweagoups Weatherization Plus
Health, Healhy Homes Only and WAP Only

Theaveragenumber of claim paid by Medicaid per month wealculated for each individual case prior

to the intervention and then for each month post intervention.cdlleetivearithmeticmean foreach

groupwas then calcaltedfor the pre and postintervention periods separatelA 30-day post

intervention window wamsertedashealthcare appointmentmay have been scheduled prior to the
interventionor as retrofits completed within the home may have temporarily iregteagposure to
environmental triggerd he results of a paired samplest suggedhata statistically significant

difference of means exidetween the average number of claims submitted per montareost
interventionwithin the Weatherization Rs Healthand WAP ily groups(Table6.8). There was a

differencein meansf -.42 and-.90 claims per monthrespectivelyin these group#lthough results
indicatethatthe Healthy Homes grougxperienced@n increase in the average number of claims per

month, decreases in costs were obseivedl three group¢Table6.9). It shouldagainbe notedhat the

Heal thy Homes group received the Asi mpled package
major measures offered through tveatherization s Healthprogram (e.g., flooring replacement,
mechanical ventilation)rhe 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
Weatterization Plus Healtand WAP.Comparisons betweestudy groug werecalculated using anasis

of variance (twewvay ANOVA). These tests revealed no statically significant differebeveen any of

the groupselated to changes in the average number ahslpaid per month pogttervention

Calculationgto determine intervention impacts were performed to determine costs per month and
annualized costs for each study grdlipble 6.9) The datasuggest an increagly $5)in average costs

per month withirthe Weatherization Plus Healtroup but when annualized, suggest a decrease of $85
per yearThe greatest impact was observed within thaltdy Homes @ly group with a mean decrease

of $1204 per year, when including inpatient costs, and a decrea3&@3#fien not. Conversely, the

WAP Only group experienced a mean decrease of $785 when including inpatient costs and a decrease of
$1,026 when notBaselineasthmarelatedcosts forthe Weatherization Plus Healginoup preintervention

were considerapllowerthan the other two study groupespecially with the absence of any super

utilizers of the systemAdditionally, this group had the longest rangenaiths of claims collected both

pre- and postintervention. One could speculate that persistence afhadtigger 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 \thin the data set théhe same type of claim from the same provider increasied a certain
calendar yearHowever, the provider was not contacted to determine if the cost increase was due to
medical inflationor to addtional services required by stgarticipans. Figure6.1 captures the change

in average number of claims and costs per month submitted to Medicaltisiudy participants over

time.

Comparisons between granperecalculatedo determine statistical significance in the difference i
costs paid per montbostintervention These tests were performesing analysis of variance (twaay
ANOVA) and revealed a statically significadifferencebetween the Weatherization Plus Heahld a
Healthy Homes groups the mean of the average esef claims per month pasiterventionwhen
including the costs for inpatient cape< .05). These tests also revealed statistically significant
differencesetween the Weatherization Plus Health and WAP Only griougpe mean of the average
costs of chims paid each montip € .05 and in annualized cosfs < .05) postintervention but only
when excluding inpatient costs
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Table 6.8 Resultsfrom a Paired Sample FTest Comparing Difference of Means between the Average

Number of Claims Submitted Per Month Pre- and PostlIntervention by Research Grou

Paired sample ttest results for means comparison pre/post Wx + Wx Only | HH Only ALL
intervention using claims data by program type for Health
individual cases (n=23) (n=10) (n=6) (n=7) (n=23)
Mean of the average number of claims pa_ud per m_ontr 88 1.45 1.49 121
pre-intervention
Mean of the average number of claims p:?ud per m_ontr 16 55 159 83
post-intervention
Paired differences| -.42* -.90* +.10 -.38

** n<.001; ** p <.01; * p<.05

Table 6.9. Resultsfrom a Paired Sample FTest Comparing Differenceof Means between Averag€osts per
Claim Submitted Pre- And PostIntervention by Research Group

Paired sample ttest results for means comparison pre/post Wx + Wx Only | HH Only ALL
intervention using claimscostdata by program type for Health
individual cases (n=2%°) (n=10) (n=6) (n=6) (n=22)
Mean of the average costs of claims p_ald per rr_10nt $52 $108 $104 $81
pre-intervention
Mean of the average costs of claims p_ald per rr_10nt $57 $68 $36 $55
postintervention
Paired differences|  *° ~$40 -$68 -$26
Mean of the average costs of claims paid per mont
pre-intervention (no inpatient) $52 $108 $61 $70
Mean of the average costs of claims paid per mont
postintervention (no inpatient) $57 $45 $36 $48
Paired differences +$5 -$63 -$25 -$22
Mean of the annualized costs of claims pgld per n_10nt| $427 $1423 $2003 $1129
pre-intervention
Mean of the annualized costs of claims pgld per n_10nt| $342 $638 $799 $548
postintervention
Paired differences -$85 -$785 -$1204 -$581
Mean of the annualized cos_ts of clal_ms pa|d_ per _montl $427 $1423 $1175 $903
pre-intervention (no inpatient)
Mean of the annualized costs of claims paid per mont|
postintervention (no inpatient) $342 $397 $799 $482
Paired differences -$85 -$1026 -$376 -$427

** n<.001; ** p <.01; * p<.05

%6 One case in the HH Only group did natve enough claims data with costs included to be included in this analysis.
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Figure 6.1 Graphic of Average Claims and Costs per Month for All Study Groups Preand PostIntervention

Basic descriptive frequencies were calculated to capture the percentage pbstiailyants in each

group that had an observed decrease in each category 6TH)l€Overall, the majority of cases in each
study groupandthe supeiutilizer group showed a decrease in the average number of claims submitted to
Medicaid per month, a dezase in the average costs of those claims per month, and a decrease in
annualized costs after the interventi@verall, nearly 83% of all cases observed some decre#tse in
number ofMedicaid claims per month post intervention, and nearly 64% of abaasserved some
decrease in the cost of those claims per month pesverition. This impact increasemnearly 82%
wheninpatient claimsvereexcluded.

Table 6.10 % of Cases with a Decrease in Claims and Costs by Research Group

% of cases with a derasein claims and costs | Wx + HH | Wx Only [ HH Only Super- ALL
by program type utilizer
CLAIMS n=10 n=6 n=7 n=8 n=23
Any decrease in average _number (_)f claims 90.0% 83.3% 71 % 7506 82 6%
monthpost interventior{fYES)
COSTS n=10 n=6 n=6 n=8 n=22

Any decreasén average cost of claims per mor

0 0 0 0 0
post interventiofYES) 50.0% 66.7% 83.3% 62.5% 63.6%

Any decreasén average cost of claims per mor

post intervention (no inpatienty ES) 50.0% 83.3% 66.7% 62.5% 63.6%

Any decreasé annualized cos|

pod intervention(YES) 80.0% 83.3% 83.3% 75% 81.8%

Any decreasé annualized cos|
post intervention (no inpatienty ES)

80.0% 83.3% 83.3% 75% 81.8%

Final statistical analysis was performeddentify correlations between group type, participant
charateristics and conditions existing ihe pre and poshterventionenvironmentgTable6.11). As
expected, supattilizers of the healtleare system wengositively correlated with annualized costs both
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pre- and postintervention. ThéVeatherization Pluklealthgroup wagpositively correlated with
annualized costs in the pietervention period but no statistically significant relationship was found in the
postintervention environmentThe Weatherization Plus Health group alsatained children with bestr
controlled asthma as indicated &yegative correlation value with participants scoring poorly on the
ACT. Poor ACT scores were also negatively correlated if the study participant wa¥ Aalesitive
relationship between the Healthy Homes Only grang annualized costs was obserirethe pre
intervention environment andfter excluding costs for inpatient cairethe postintervention
environment. However, a statistically significant relationship was observed between that group and
individuals wth supetutilizer statusinterestingly, a negative correlation was observed between the
Weatherization Only group and household reported observations of mold or mildewt@ag&ntion, but
a positive correlatiowasobserved between thi#eatherization Bs Healthgroup and observations of
mildew in the home poshtervention.

Table 6.11. Statistically Significant Correlating Factors with Each Research and Supebtilizer Group

Statistically significant correlating factors for Medicaid Wx + Wx Only | HH Only Super
Sample (n=23) Health utilizer
Annualized cost pre Nature of relationshif - + +

intervention Coefficient of Determination (R 511* A27* .670**
Annualized cost pre Nature of relationshif - +
intervention (no inpatient)| Coefficient ofDetermination (B | .543* .678**
Annualized cost post Nature of relationshi +

intervention Coefficient of Determination (£ .604**
Annualized cost post Nature of relationshif + +
intervention (no inpatient)| Coefficient of Determination (f 454* .568**

Nature of relationshif -
Coefficient of Determination (£ .550*

ACT poor control score

Observatiormold post Nature of relationshif -
intervention Coefficient of Determination (f A22*
Observation mildew post Nature of relationshi + -
intervention Coefficient of Determination (£ | .649*** 434*
Clean morgoost Nature of relationshif -
intervention Coefficient of Determination (£ 755
Child has respiratory Nature of relationshif +
allergy Coefficient of Determination (f .533*
) ) ) ) Nature of relationshif +
Child has sinus infections Coefficient of Determination (£ .618
Hispanic _ Nature of r_elat_ionship +
Coefficient of Determination (] | .565**
Pets allowed on furniture Nature of relationshif +
post intervention Coefficient of Determination (f A439*
Pets allowed in common Nature of relationshig +
areas post intervention | Coefficient of Determination (£ A52*
own Home : Nature of r_ela’Fionship + +
Coefficient of Determination (F .582** ATT*
Housing Type; Nature of relationshif + -
Manufactured Coefficient of Determination (] | .429*
Superutilizer _ Nature of r-elat.ionship - - +
Coefficient of Determination (£ | .703*** .438*

Correhtionis significant at the followingevels (2-tailed).*** p<.001; ** p <.01; * p<.05

57 Correlation is significant at the 0.05 leveltédled).
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7. CONCLUSION

Effective multiattribute asthma reduction programs prowageiblic health resourcmitigatng a suiteof
evidencebasedenvironmental triggermside the homeAnalysis of theoccupanteported and field

collected data from the three study groupeealed that both weatherization and healthy homes
interventiondamproved dwelling quality and reducédmesource evidenebased asthma triggensth

the potential ér synergistic benefits of WAP plus healthy housing evidargeneral, aregivers reported

that their <c¢hil gdsntetventioh andithefiadul chpr omednd pl ay | on

The data usetb measure asthma morbidity for Medic@indured stdy participantsesiding inhomes

that receiveaitherWeatherization Plus Healthlealthy Homes, astandardVAP services suggetiat
statistically significantlecreaseeccurin healthcare utilization and cosfsostintervention and a
statistically sgnificant decreaseas observeth annualzedasthmarelated Medicaid costs faill study
groups collectivelyThe average number of claims paidtbg WashingtorstateMedicaidprogramper
month also decreased significantly within iWeatherization Pluslealthand WAPonly groups.Because
the Healthy Homesample in this studincluded participants with highéaselineamounts of claims and
costs per month overathis group could possiblyave benefited from the additional measures provided
throughWeaherization Plus Healtand WAP .Based on these data it is reasonablgréposethatthe
Opportunity Councibive high priority to familiescaring forchildren withsevereasthmaconsidered to be
supetutilizers of the healtltare systemandto members opopulations or demographics
disproportionately burdened with asthma (e.g., American Indians in Washington&tas)imize the
potential impact of these programs

Overall, he services delivered by the participating agencies in this study signifioasitiyed healtbare

costs for Medicaidnsured asthmatic children residing in NorthwestermsWihgton StateHowever it is
important to consider additional actions caretakers take upon recognizing poor health status of children
with asthmain their homesot controlled for during this studyMitigating homerelated environmental
asthma triggers is but one actiassociated with improveasthma contrahnd outcomesAccessing
serviceknown toimprove the dwelling qualitipy mitigating environmentdtiggers might be done in
concert with other evidendmased actiondJtilization of healthcare servicesgccessingchool health
professionals, reducing exposure to seasonal triggers, modifying exantdsbanges in medications and
dosage are but a few amtis that caregivers might undertake to improve asttataéed 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 studdegainng complete sts of survey, physician, housing
intervention and Medicaid datwill be relatedn a separatesubsequent analysis

Research studies have soughistdate andneasure the effectiveness of home interventions targeting
reductions in asthma symptoms, @pies, and costs. Tharrentbody of literature suggests that
mitigating indoor environmental asthma trigg@nproves health outcomes for childr&his study

sought to explore the potential for assessing programmatic impacts through outcome measimes cont
in linkable Medicaid recordenly and physician records research. Through this study we can conclude
that it is possible to collect and linkese data ahdividual and household lexeIThe research collected
through this study suggests thdeatheization Plus HealthHealthy Homes, and WAP all contribute to
addressing the problem of asthma as a health disgauitydditional research is required to better
attribute the reductions in Medicaid claims and costs to these programs, and to geheredizelts to all
program recipientdzor future studies, larger sample sizes will help detect diffesdeteveen groups and
will provide statistical power for more defensible resuigally, persistence over tinfer any reduced
costs and claims achiedat a programmatic level requires further investigation
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APPENDIX A. DATA FORMS AND SURVEY INSTRUMENTS COLLECTED DURING
INTERVENTION

A.1 INFORMED CONSENT FORM FOR WEATHERIZATION PLUS HEA LTH STUDY

opportunit
PP counc‘(l ’

Researchers:

Chris Miller, Evaluation Project Coordinator, Opportunity Council, 1111 Cornwall Ave.,
Bellingham, WA 98225;(800) 6495121

Lorena Shaw, Program Manager, Opportunity Council, 1111 Cornwall Ave., Bellingham,
WA 98225;(800) 6495121

Debbie Paton, Program Director, Opportunity Council, 1111 Cornwall Ave., Bellingham,
WA 98225;(800) 6495121

Erin Rose, CaPrincipal Investigator, Oak Ridge National Laboratory, One Bethel Valley
Rd, PO Box 2008, MS5038, Oak Ridge, TN 37831; (865) 5748292

Bruce Tonn, Co-Principal Investigator, Oak Ridge National Laboratory, One Bethel
Valley Rd, PO Box 2008, M$5038, Oak Ridge, TN 37831, (865) 574041

Researcherds Statement

Why is the research taking place?

1 The purpose of this search 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.

1 You can be included in the study because goeived services through the Opportunity
Council 6s Weatherization Plus Health program and
where the work was completed.

1 Between 60 and 80 households will participate in the study.
1 This research is funded throutjie Department of Energy. It is managed by Oak Ridge
National Laboratory.
What would | be asked to do?

1 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 &t 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 ger been told by a doctor or other health professional that you have asthma?
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(1) Yes

(2) No

3YDondt Know/ Not Sure
(4) Refused

Do you still have asthma?

(1) Yes

(2) No

3YDondt Know/ Not Sure
(4) Refused

You are being asked to release medical information such as Medicaid for ychildreh 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 willzdscollected 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 astia.

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 recedveettords if we have questions.

The study will end September 30, 2012.

What are the possible risks and harms if | take part?

As part of the study we will be collecting personal health information. If there is a breach of
confidentiality, the informatioaould 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 OpportunitynCibwill 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 undarst 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 familiebeing served.

What are my choices if Id_o_ntake part?

Study patrticipation 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 @uncil.
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Who would see study information about me?
T All household members have a right to privacy. Your agreement for us to collect records is
voluntary.

1 All names, medical and personal information will be protected and kept secure at the
Opportunity Counil. Researchers outside of the Opportunity Council will not have access to
personal identifiable information.

1 Family members will not be identified when the results of the study are published.

1 School and/or daycare records on nurse visits, mediogitten 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.

1 Follow up calls to the physician who treats the asthma may occur if the records collected are
not clear. Ngersonal information collected from other sources will be shared with anyone
outside of the study.

f The results from the study will be shared with the client at the end of the study.
1 Data containing personal information will be destroyed by 9/30/14.

Would | be paid for my time? Will the study cost me anything?
1 You will receive $200 payment for your participation at the time of the home visit.
1 This study will not cost you anything.

What else do | need to know?
1 You are not required to answer all question complete all study procedures.
1 All suspected abuse or neglect of children will be reported to Child Protective Services.
1 All suspected abuse of dependent adults will be reported to Adult Protective Services.

1 You may call the investigators tdtee orcollect 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:

1 The study described above has been explained to me. By signing below, | voluntarily
consent to particiga in this research. | have been told that | can refuse to answer any
guestion or leave the study at any time, without penalty. | have had a chance to ask
guestions. | have been told that | may call the researchers if | have any questions about the
researh.
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Subiject 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 i DF2

OMB Control Number: 1916168
Expiration Date: 6/30/2015

Thank you for your prompt 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 effectson clients' energy consumption, cost savings, and nemergy
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 mitdtnily 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 bugdipe 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 confidlentia
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 brden for this collection of information is estimated to avetagaty hours

per weatherization agency, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and retiewifpction

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 -1, Paperwork Reduction Project (44

USC 35013520), U.S. Department of Energy, 1000 Independence Ave SW, Washington, DC,
205851290; and to the Office of Management and Budget (OMB), OIRA, Paperwork Reduction
Project (44 USC 3503520), Washington, DQ0503.
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Form completed by: Date:

IDENTIFICATION
[Q1-5 will be precompleted by the evaluation team]

1. Agency name:

2. State:

3. Agency job nhumber:

4. Occupant name:

5a. Site address: 5h. City:

WEATHERIZATION INFORMATION

Weatherization dates (not audit or inspection dates):
6a. Started:
6b. Completed:

(month) (day) (year)
7. Was this a HAdeckhonpdnderi zedd unit?
[ Yes
[l No
[l Don’t know
Check fyeso if the home was weatperized pr
HOUSING UNIT

9. Building type:(check only one)
[ Single-family detached house
[ Single-family attached house (e.g., sidg-side duplex, townhouse, row house)
[ Single-family I unknown whether attached or detached
[l Mobile home
[ Small multifamily building (2-4 units per building and not a SF attached house)
[] Large multifamily building (5 or more units per building and not a SF attached house)
[] Shelter
[l Don’t know

10. Number of stories above grageheck only one)
o1
02
73
[1 4 or more
[] Don’t know
[] Not applicable
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13. If small or large multifamily building, number of units in the buildifateck only one)
02
3
L4
1159
10-19
20-29
130-49
150-99
[1 100 or more
[] Don’t know
[ Not applicable

14. Year house/building originally buil{check only one)

(12000 or later

[1 1990 to 1999
[1 1980 to 1989
[1 1970 to 1979
[1 1960 to 1969
[1 1950 to 1959
[1 1940 to 1949
[1 1930 to 1939
[] 1920 to 1929
[] 1910 to 1919
[1 1900 to 1909
[l Before 1900
[l Don’t know

Conditioned floor area at the time of weatherization

15a. Heated floor area: ft2 Don’t know

Include the basement only if it is intentionally conditioned (heated and/or cooled). If you dnly
know the total square footage of the homé,pase sel ect fidondét kjhowd r at he
total square footage.

15c. Does this home have a basement?
[l Yes
"1 No
[ Don’t know

A basement is a space under the living space of the home that is at least 5 feet tall. It is gither
partially or compktely under the ground.
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