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The Seattle-King County Healthy Homes Project:
A Randomized, Controlled Trial of a Community
Health Worker Intervention to Decrease Exposure
to Indoor Asthma Tri^ers
I James W. Krieger, MD, MPH, Tim K. Takaro, MD, MPH, MS, Lin Song, PhD, and Marcia Weaver, PhD

Asthma prevalence and morbidity among
children in the United States have increased
dramatically in the past 2 decades and
remain high.' Exposure and sensitization to
allergens and irritants found in the indoor
environment are major factors in the develop-
ment and exacerbation of asthma.^''' Wheez-
ing, asthma, and exposure to asthma triggers
are associated with specific home environ-
mental conditions, such as dampness and
carpeting.^"'

In recent years, the "Healthy Homes"
model has emerged as a promising approach
for reducing exposure to indoor asthma trig-
gers.̂ "^ The Healthy Homes model involves
conducting home environmental audits to as-
sess multiple exposures, motivating partici-
pants to take low-cost actions, and offering
advice, tools to reduce exposures, and advo-
cacy for improved housing. The National In-
stitute of Environmental Health Sciences,̂  the
Department of Housing and Urban Develop-
ment,"' and the Environmental Protection
Agency" have recognized the potential of the
Healthy Homes approach and have funded
research cind demonstration projects.

Initial Healthy Homes programs had cer-
tain limitations. Evidence from rigorously
conducted evaluations regarding their effec-
tiveness was lacking. They did not focus on
the urban, low-income, ethnically diverse
households that are disproportionately af-
fected by asthma.'^

Community health workers (CHWs) seem
well suited to implementing the Healthy
Homes approach among these house-
holds.'^"'^ However, evidence of CHW effec-
tiveness in improving health outcomes is lim-
ited.''' In particular, the effectiveness of a
CHW-based Healthy Homes program for con-
trolling asthma has not been assessed.

Objectives. We assessed the effectiveness of a community health worker in-
tervention focused on reducing exposure to indoor asthma triggers.

Methods. We conducted a randomized controlled trial with 1-year follow-up
among 274 low-income households containing a child aged 4-12 years who had
asthma. Community health workers provided in-home environmental assess-
ments, education, support for behavior change, and resources. Participants were
assigned to either a high-intensity group receiving 7 visits and a full set of re-
sources or a low-intensity group receiving a single visit and limited resources.

Results. The high-intensity group improved significantly more than the low-
intensity group in its pediatric asthma caregiverquality-of-life score (P=.OO5) and
asthma-related urgent health services use (P=.O26). Asthma symptom days de-
clined more in the high-intensity group, although the across-group difference
did not reach statistical significance (P= .138). Participant actions to reduce trig-
gers generally increased in the high-intensity group. The projected 4-year net
savings per participant among the high-intensity group relative to the low-in-
tensity group were $189-$721.

Conclusions. Community health workers reduced asthma symptom days and
urgent health services use while improving caregiver quality-of-life score. Im-
provement was greater with a higher-intensity intervention. {Am J Public Health.
2005;95:652-659. doi:10.2105/AJPH.2004.042994)

Therefore, we developed the Seattle-King
County Healthy Homes Project. We tested the
hypothesis that a high-intensity intervention
would be more effective than a low-intensity
intervention for changing asthma-related
behaviors, reducing trigger exposure, and
decreasing asthma morbidity among low-
income, ethnically diverse urban households.
The high-intensity intervention consisted of 7
home visits by CHWs over a year and a lull
set of trigger control resources, whereas the
low-intensity intervention included a single
home visit and limited resources.

METHODS

Participants
A household was eligible for enrollment if it

was home to a child aged 4-12 years with di-
agnosed persistent asthma; its income was
below 200% of the 1996 federal poverty

threshold or the child was enrolled in Medic-
aid; the caregiver was verbally proficient in
English, Spanish, or Vietnamese; the child
spent at least 50% of nights in the house; and
the house was in King County. We defined per-
sistent asthma as a caregiver report of persis-
tent asthma symptoms in the child (using
asthma rescue medication at least 4 times dur-
ing the previous 2 weeks, having asthma
symptoms at least 4 days during the previous
2 weeks, or waking at night because of asthma
at least twice during the previous month") emd
a clinical asthma diagnosis (diagnosis of
asthma or reactive airways disease recorded in
the outpatient medical record in the past year
or at least 1 hospitEil or emergency department
discharge with asthma as the primary diagno-
sis in the past 6 months). Exclusion criteria
were a child with another chronic illness re-
quiring daily medications, household participa-
tion in other asthma case management or care
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coordination programs in the past 2 years, or
plcins to leave King County during the next 6
months. Enrollment occurred between January
1999 and May 2000.

We recruited participants from community
and public health clinics (65%), loccil hospi-
tals and emergency departments (27%), and
referrals from community residents and agen-
cies (8%). Caregivers gave informed consent
and received $110 for participation. Children
provided assent. We followed community-
based participatory research principles.'^

Intervention

We randomly assigned participants to either
a comprehensive intervention arm ("high in-
tensity") or a minimal intervention arm ("low
intensity"). The 1-year-long high-intensity in-
tervention was provided by CHWs, as de-
scribed in a prior publication.'^ A CHW con-
ducted a structured bome environmental
assessment at tbe first visit. Each assessment
finding generated specific actions for the par-
ticipant and CHW. Tbe CHW and participant
prioritized the actions to prepare an action
plan. Recent reviews summarize the scientific
basis for selecting the actions.̂ '̂ ""^^ The CHW
made 4-8 additional visits to encourage com-
pletion of tbe action plan, provide education
and social support, deliver resources to reduce
exposures (allergy control pillow and mattress
encasements, low-emission vacuums, commer-
cial-quality door mats, cleaning kits, referral to
smoking cessation counseling, roacb bait, ro-
dent traps), offer assistance witb roacb and ro-
dent eradication, and advocate for improved
bousing conditions. We also offered free skin-
prick allergy testing at multiple clinic sites and
at special astbma fairs.̂ '' Sodal cognitive tbe-
ory^^ and the transtbeoretical stages of cbange
modeP^ guided our approacb.

Members of tbe low-intensity group re-
ceived a single CHW visit, wbicb consisted
of tbe bome environmental assessment, an
action plan, limited education, and bedding
encasements. After completing exit data col-
lection 1 year later, low-intensity group mem-
bers received tbe ftill package of resources
and additional education.

Measures

Primary prespecified outcomes were Pedi-
atric Astbma Caregiver Quality of Life

score (ranging from 1 to 7, witb
bigber scores indicating better quality of
life), astbma symptom days (self-reported
number of 24-bour periods during tbe 2
weeks before interview witb astbma symp-
toms: wbeeze, tigbtness in cbest, cougb,
sbortness of breatb, slowing down activities
because of astbma, or nigbttime awakening
because of astbma), and proportion witb self-
reported astbma-related urgent bealtb ser-
vice use during tbe past 2 montbs (emer-
gency department, hospital, or unscbeduled
clinic visit).

Intermediate outcomes included participant
self-report of bebaviors related to trigger ex-
posure and control, medication use, and
scbool and work absences resulting from
astbma. Presence of triggers in tbe bome was
assessed tbrougb interviewer observation and
Cciregiver report.

Descriptive variables included a measure of
astbma severity adapted from national guide-
lines;'^ caregiver race, etbnicity, and educa-
tional attainment using US Census categories;
and bousebold income defined as a percent-
age of tbe 1996 federal poverty tbresbold
($15 600 for a 4-person bousebold).

Data Collection

Community members trained as interview-
ers collected baseline data before randomiza-
tion and exit data 1 year later Data collection
consisted of an in-bome interview in tbe par-
ticipant's preferred language, collection of a
dust sample, and a standardized bome inspec-
tion. To assess tbe durability of tbe interven-
tion effect, interviewers collected data 6
montbs after exit from all bigb-intensity
group members wbo completed tbe inter-
vention. We did not follow up witb tbe low-
intensity group. Members of tbis group
crossed over and received tbe bigb-intensity
resources and additional CHW visits, making
it impossible to measure tbe sustainabiUty of
tbe low-intensity intervention.

Sample Size

A group size of 107 participants provided
80% power to detect a difference between
groups of 2 symptom days per 2-week period
and 0.5 units in tbe caregiver's quality-of-life
score (tbe minimum clinically significant dif-
ference^") witb a set at 0.05.

Randomization

We randomly assigned participants to
groups using a permuted block design witb
varying block size. Sequence numbers and
group allocation were concealed in sealed,
opaque, numbered envelopes prepared cen-
trally and provided sequentially to interview-
ers. Tbe nature of tbe intervention made it
impossible to blind participants and staff to
group assignment.

Analysis

Analysis was based on original allocation,
and no participants crossed over between
groups. We examined baseline differences
across groups witb tbe t, Wilcoxon rank-sum,
or x^ tests. We used paired t, signed-rank, or
McNemar tests to examine witbin-group
baseline-to-exit changes. To examine across-
group exit differences adjusted for baseline
across-group differences, we used generalized
estimating equation (GEE) models witb tbe ro-
bust option (using tbe HuberAVbite/Sandwicb
estimator of variance) and tbe equal witbin-
group working correlation structure.^^ Models
included tbe outcome as tbe dependent vari-
able and group assignment (coded 0 for
low-intensity group and 1 for bigb-intensity
group), time (baseline or exit), and interaction
of tbese 2 variables as independent variables.
A P value of less tban .05 for tbe interaction
term indicated a statistically significant across-
group difference.

Tbe coefficient of tbe interaction term is
tbe (bigb-intensity group exit-to-baseline
mean cbange) - (low-intensity group exit-to-
baseline mean cbange) in linear GEE mod-
els and tbe log ([exit-to-baseline odds ratio
bigb-intensity group] / [exit-to-baseline odds
ratio low-intensity group]) for logistic GEE
models. Because tbe interpretation of tbese
coefficients is somewbat complex, we used
tbe Stata PREDICT function (Stata Corp,
College Station, Tex) to generate linear GEE
model-derived estimates of baseline and
exit values for eacb group (or, for tbe logis-
tic model, tbe predicted probabilities).

We tested for potential confounding by
baseline variables (cbild's age, gender, and
astbma severity; bousebold income; care-
giver's race/etbnicity, employment status,
education, and marital status) by assessing
wbetber inclusion of tbe variable cbanged tbe
coefficient of tbe interaction term by more
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than 10%. No confounding was present, so
tbese variables were not included in tbe mod-
els. We assessed wbetber significant iP<.05)
interactions between tbe group x time inter-
action term and eacb of tbe baseline variables
was present. We computed tbe number
needed to treat (NNT) for continuous vari-
ables witb tbe metbod of Guyatt et al.'"' We
performed an intention-to-treat ansilysis by
using tbe baseline value of tbe outcome vari-
able of interest as tbe exit value for partici-
pants wbo did not complete tbe study, wbicb
yields a conservative estimate of intervention
effect. We used Stata version 7.0 (Stata Corp,
College Station, Tex) to perform analyses. All
analyses were 2 tailed.

Cost Analysis of Use of Urgent Care
Tbe potential savings in urgent medical

ceire costs were estimated as tbe product of
tbe number of units of urgent care services
multiplied by tbe unit cost of eacb service.
Participants reported tbe number of units of
urgent care services during tbe 2 previous
montbs at baseline and at exit We obttuned 5
sets of unit costs from tbe bealtb services liter-
ature^'"'''' and Wasbington State Medicaid
data, and adjusted tbem to 2001 prices using
tbe consumer price index for medical care.''̂
Sullivan et al. '̂ reported 1995 data on Medic-
aid reimbursements for cbildren witb astbma.
Stroupe et al.̂ ^ reported 1995 medical center
cost data for all care received by all patients
vntb astbma. Weiss et al.̂ ^ reported national
data on 1994 cbarges for astbma care for all
patients v̂ dtb astbma. Lozano et al.̂ ** reported
1992 data lrom a bealtb maintenance organi-
zation on costs for astbma care for all patients
witb astbma. Wasbington State Medical Assis-
tance Administration provided 2001 and
2002 data on Medicaid fee-for-service reim-
bursements for cbildren witb astbma from tbe
subset of cbildren wbo were not enrolled in
managed care programs.

Eacb data set included tbe unit cost of 3
services; bospital admission, emergency de-
partment visit, and clinic visit Eacb source of
unit costs bad strengtbs relative to tbe otbers
and no source was uniformly more or less ex-
pensive for all 3 services. The cost per bospi-
tal admission ranged fix)m $4309 to $8044,
per emergency department visits ranged from
$116 to $496, and per clinic visit ranged

Potentially eligible
children identified
through medical records
and referrals (n=1116)

Assessed for eligibility by phone screening = 714

Unable to contact
(n=402)

Not randomized (n=440)
Not eligible (n=267)
Refused screening (n=90)
Refused/cancelled baseline (n=68)
Pilot testing (n=15)

Randomized (n=274)

High-intensity intervention
(n=138)

Low-intensity intervention
(n=136)

Lost to follow-up (n=16)
Discontinued intervention (n=12)
Refused to continue (n=8)
Caregiver change (n=2)
Unsafe/difficult situation (n=2)

Lost to follow-up (n=27)
Discontinued intervention (n=5)
Refused to continue (n=3)
Caregiver change (n=1)
Caregiver hired (n=1)

Completed exit interview and
analyzed (n=110)

Completed exit interview and
analyzed (n=104)

Lost to follow-up (n=44)

Completed 6-mo postintervention
interview and analyzed (n=66)

FIGURE 1-Flow of participants tiirough the study.

from $41 to 159. An average lengtb of stay
of 4.06 days^^was used to convert cost per
bospital daŷ ''̂ "* to cost per admission. Tbe
potential savings were calculated once witb
eacb data set for a totsil of 5 estimates of po-
tential savings, and results cire reported as tbe
range of tbe 5 estimates.

Tbe cost of tbe intervention was also esti-
mated and included salary and fringe bene-
fits, supplies, rent, travel, office expenses, and
indirect cbarges (13%).̂ ^ Project staffing
cbanged during tbe course of tbe tried as effi-
ciency improved, and we tberefore estimated
personnel costs based on tbe final staffing
plan ratber tban tbe actual costs accrued over
tbe life of tbe project

RESULTS

Participation
We identified 1116 cbildren vntb provider-

diagnosed astbma and reacbed 714 (64%) of
tbeir caregivers (Figure 1). We randomly as-
signed 274 eligible and interested botisebolds
to the study arms, producing groups balanced
witb respect to demograpbic cbaracteristics
and exposure to triggers, altbougb astbma
morbidity was modestly more severe in tbe
bigb-intensity group (Table 1). Tbree-quarters
of bomes bad at least 1 astbma trigger pres-
ent, wbile 36% bad 2 or more (Table 1).

Tbe study was completed by 214 (78%) of
tbe participants; 110 (80%) in tbe bigb-intensity
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TABLE 1-Baseline Demograpiiic Ciiaracteristics and Astiima Severity of Study Participants:

Comparison of Higli- and Low intensity Groups

High-Intensity Group (n = 138) Low-Intensity Group (n = 136)

Demographic characteristics

Child's age (mean years)

Child's gender (% male)

Caregiver's ethnicity (%)

Non-Hispanic White

Non-Hispanic African American

Vietnamese

Other Asian

Hispanic

Other

Household income (%)

< 100% poverty

100%-149% poverty

150%-200% poverty

Caregiver's education (%)

Less than high school

High school graduate or general equivalency diploma

Some college

College graduate

Single caregiver in household {%f

Caregiver currently employed (%)

Caregiver's mean age (yeare)

Caregiver rents home (%)

Asthma severity (%)

Mild intermittent

Mild peisistent

Moderate persistent

Severe persistent

Urgent health use in past 2 months (%)

Caregiver quality-of-life score'

Symptom days/2 weeks

Days with activity limited by asthma/2 weeks

Days used P2-ag(inist/2 weeks

Days used controller medications/2 weeks

Missed school in past 2 weeks-child (%)

Missed work in past 2 weeks-all adults (%)

Smoker in home (%)

Pet in home (%)

Mold (%)

Water damage/moisture/leak (%)

Roaches (observed or reported) (%)

Rodents (observed or reported) (%)"

7.4

55.8

12.3

31.9

25.4

9.4

17.4

3.6

51.9

33.3

14.8

40.9

25.8

26.5

6.8

35.5

47.8

35.9

81.9

20.3

15.9

31.2

32.6

25.9

4.1

8.1

5.3

7.2

5.2

33.9

15.9

39.9

20.4

41.1

17.8

19.6

0.0

7.3

61.8

21.3

27.9

22.1

5.2

17.7

5.9

60.9

24.1

15.0

37.6

27.8

25.6

9.0

23.5

57.4

34.6

83.0

27.2

12.5

36.8

23.5

21.3

4.5

7.6

4.1

7.1

4.6

26.6

18.4

41.9

26.9

46.2

23.9

15.6

3.5

°P< .05 for between-group comparison.

group and 104 (76%) in the low-intensity
group (Figure 1). Analysis of across-group dif-
ferences was based on these participants.
Those who completed the study were more

likely to be Asian (35% vs. 15%, P=.OO2)
and less likely to have pets (20% vs. 34%,
P=.O23); otherwise, the 2 groups were simi-
lar. Among participants completing the study.

members of the 2 groups were similar at
baseline (Tables 2 and 3).

Primary Outcomes

The high-intensity intervention yielded
significantly greater benefit in caregiver
quality-of-life (GEE group x time interaction
coefficient=0.58 points [95% confidence
interval [CI]=0.18, 0.99], P=.OO5, NNT=
4.8), with the difference in the change across
groups exceeding the clinically significant
threshold of 0.5^^ (Table 2). Urgent health
services use declined significantly more in
the high-intensity group (GEE group x time
interaction coefficient=-0.97; 95% CI=
-1.82, -0.12; P=.O26; NNT=12.9). The
absolute change in the proportion with
urgent use in the past 2 months was 17.0%
in the high-intensity group and 4.6% in the
low-intensity group, adjusted for baseline dif-
ferences and within-group correlations, using
the Stata PREDICT function. Symptom days
decreased more in the high-intensity group,
but the difference between groups was not
significant (GEE group x time interaction
coefficient=-1.24 days; 95% CI=-2.88,
0.40; P=.138). Intention-to-treat analysis
yielded similar results: Improvements in
quality of life and urgent health services use
were greater in the high-intensity group
(P=.OO9 and .062, respectively). We ob-
served no interactions between group alloca-
tion and child's age, child's asthma severity,
caregiver's educational attainment, or care-
giver's race/ethnicity.

These across-group differences were at-
tributable to greater improvements within
the high-intensity group relative to the low-
intensity group. The high-intensity group
showed greater and statistically significant
improvement in all 3 primary outcome mea-
sures (Table 2). Symptom days decreased by
4.7 (95% CI = 3.6, 5.9). The proportion with
urgent health services use decreased ab-
solutely by 15% (95% CI=6.3, 23.6). The
caregiver-quality-of-life score increased by
1.6 (95% GI= 1.3, 1.9). In the low-intensity
group, symptom days also decreased signifi-
cantly (3.9 days, 95% CI=2.6-5.2), and
quality of life improved (1.0, 95% CI=0.7,
1.3), while urgent health services use did not
change (absolute increase 3.8%; 95% CI=
-5.4, 13.1).
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TABLE 2-Health and Functional Outcomes: Baseline and Exit Values and Comparison of Baseline-to-Exit Changes

Days with symptoms/2 weeks

Caregiver quality-of-life score

Urgent health seivices use/ 2 months (%)

Days with activity limitation/ 2 weeks

Days used P2-agohist/2 weeks

Days used controller medication/ 2 weeks

Missed school in past 2 weeks-child (%)

Missed work in past 2 weeks-all adults (%)

High-Intensity Group

(n = l :

Base

8.0

4.0

23.4

5.6

7.5

5.9

31.1

13.1

10)

Exit

3 . 2 "

5 . 6 "

8 . 4 "

1 . 5 "

4 . 0 "

3.5*

12.2*

11.2

Low-Intensity Group

(n =

Base

= 104)

Exit

Primary outcomes

7.8

4.4

20.2

3 . 9 "

5 . 4 "

16.4

Secondary outcomes

4.3

6.9

4.4

28.4

21.0

1.7"

4 . 0 "

3.6

20.3

13.0

Comparison of Baseline-to-Exit Changes Across Groups

GEE Coefficient (95% Cl)'

-1.24(-2.9,0.4)

0.58(0.18,0.99)

-0.97 (-1.8,-0.12)

-1.5 (-2.84,-0.15)

-0.23 (-1.88,1.42)

-1.03 (-2.79,0.73)

-0.77 (-1.70,0.16)

.07 (-0.91,1.05)

Odds Ratio (95% Cl)

0.38(0.16,0.89)

0.22(0.06,0.86)

0.46 (0.18,1.18)

1.07(0.40,2.85)

.138

.005

.026

.029

.781

.250

.105

.890

'GEE coefficient refers to the coefficient of the group x time interaction term in the GEE model and represents (high-intensity group exit-to-baselihe mean change) - (low-intehsity group
exit-to-baseline mean change) for continuous variables and the log (exit-to-baseline odds ratio high intensity group/exit-to-baseline odds ratio low intensity group) for binary variables.A negative
coefficient value indicates greater benefit in the high-intensity group (with the exception of quality of life, in which a positive coefficient indicates greater benefit in the high-intensity group).
'P value refers to the significance level of the difference across groups, adjusted for baseline differences and within-group correlation.
•P< .005; * •P< .001 (withih-group comparison of baseline and exit values using the Wilcoxon matched pairs test or the McNemar test).

Secondary Outcomes

Both groups showed statistically significant
improvements in most secondary outcome
measures. Missed work days did not improve
in either group. Need for asthma controller
medications and missed school or child care
decreased only in the high-intensity group
(Table 2). Although there was a trend toward
greater improvement in the high-intensity
group for most measures, the degree of im-
provement in the high-intensity group was
statistically greater only for activity limitation
due to asthma.

Behavior Changes

The frequencies of actions to reduce dust
exposure and the use of bedding encasements
increased more in the high-intensity group
(Table 3). Kitchen ventilation improved more
in the low-intensity group. Neither group in-
creased the frequency of washing sheets or
dusting nor reduced exposure to pets (although
pet ownership was uncommon among partici-
pants) and smoking in the home. The behavior
summary score improved in both groups, and
the across-group difference was not significant.

Cost Analysis of Use of Urgent Care

Urgent care costs (hospital admissions, emer-
gency department visits, and unscheduled clinic

visits) during the 2 months before the exit in-
terview were $6301-$8856 less in the high-
intensity group ($57 to $80 per child) relative
to the low-intensity group. The lower estimates
were based on data from Sullivan et al.,""
Stroupe et al.,̂ ^ and Lozano et al.,̂ "* whereas
the higher estimates were based on data from
the Washington State Medicaid Program and
Weiss.̂ '' Within the high-intensity group, the es-
timated decrease in 2-month costs between
baseline and exit ranged from $22084 to
$36700 ($201 to $334 per child), and within
the low-intensity group, they ranged from
$19246 to $32756 ($185 to $315 per child).

Process Measures and Sustainabiiity in

the High-intensity Group

A CHW made a mean of 7 visits to each
high-intensity participant. Fewer than 20%
required the maximum allowed 9 visits. The
mean visit length was 1 hour. The gains in
health outcomes and behaviors at exit per-
sisted for 6 months after the intervention
ended, with a tendency for further improve-
ment across all outcomes (data not shown).

DISCUSSION

Low-income households with children with
asthma that received multiple visits from com-

munity health workers and resources to reduce
exposure to asthma triggers experienced signifi-
cantly reduced urgent health services use and
improved caregiver quality-of-life score relative
to households receiving a single visit from a
CHW and no resources other than bedding en-
casements. The intervention effect was equiva-
lent across caregivers of all race/ethnic groups
and educational attainments and among chil-
dren of all ages and asthma severities. House-
holds receiving the high-intensity intervention
demonstrated significant improvements in care-
giver quality-of-life, child's asthma symptoms,
and health care use. Those receiving the low-
intensity intervention showed smaller improve-
ments that reached statistical significance for
quality-of-life and symptoms.

Analysis of intennediate measures indicates
that these differences may have been partly
attributable to intervention intensity. Partici-
pant actions to reduce exposures generally in-
creased in the high-intensity group but not in
the low-intensity group. Floor dust loading de-
creased significantly more in the high-intensity
group than in the low-intensity group.^' Differ-
ences in medical management did not explain
the differences; the intensity of asthma treat-
ment measured by the use of controller
asthma medications and routine asthma care
visits did not increase in either group.
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TABLE 3-Trigger Reduction Behaviors: Baseline and Exit Vaiues and Comparison of Baseiine-to-Exit Ciianges

Vacuum child's bedroom at least twice/2 weeks'

Dust child's bedroom at least twice/2 weeks'

Vacuum cloth-covered furniture at least

twice/2 weeks or remove it'

Use doormat or remove shoes'

Use allergy control covers on mattress and pillows'

Wash sheets weekiy and use hot wash or rinse'

No pet in the home'

No pet in child's bedroom

Caregiver does not smoke

No smoking allowed in the home'

Working bath exhaust fan present and used'

Working kitchen exhaust fan present and used'

Behavior summary score

High-Intensity Group (n = 110)

Base

63.9

63.9

35.5

67.3

5.7

47.3

81.5

93.5

78.9

80.0

55.5

70.9

6.5

Exit P

78.7 • •

70.4

64.5 •*

88.1 • •

85.9 • •

41.8

81.5

93.5

83.5

77.3

73.3 • •

67.3

8.0 • •

Low-Intensity Group (n =

Base

62.5

69.2

26.2

70.6

7.8

42.3

77.9

91.4

74.0

76.0

68.1

54.8

6.4

Exit

64.4

66.3

36.9

77.5

71.8

42.3

75.0

87.5

72.1

79.8

68.1

70.2

7.3

104)

P

*

• •

Comparison of Baseline-Exit Changes Across Groups

GEE Coefficient (95% Cl)'

0.73 (0.12,1.35)

0.42 (-0.29,1.13)

0.75 (0.03,1.46)

0.93 (0.12,1.75)

1.17 (.07,2.28)

.26 (-0.42,0.95)

0.10 (-0.40,0.59)

0.53 (-0.3,1.36)

0.40 (-0.1,0.9)

-0.38 (-1.15,0.38)

0.71 (-0.07,1.5)

-0.8 (-1.44,-0.17)

0.41 (-0.13,0.95)

Odds Ratio (95% Cl)

2.08(1.12,3.84)

1.52(0.75,3.08)

2.11(1.03,4.31)

2.54(1.13,5.74)

3.24(1.07,9.77)

1.30 (0.66,2.58)

1.10 (0.67,1.81)

1.70(0.74,3.91)

1.49(0.38,2.45)

0.68 (0.32,1.47)

2.04(0.93,4.48)

0.45(0.23,0.84)

p»

.020

.250

.041

.025

.037

.452

.699

.210

.115

.328

.074

.013

.141

Note. All values are percentages of group unless othen(/ise indicated, except the behavior summary score.

"GEE coefficient refers to the coefficient of the groupxtime interaction term in the GEE model, and represents (high-intensity group exit-to-baseline mean change) - (low-intensity group

exit-to-baseline mean change) for continuous variables and the log (exit-to-baseline odds ratio high-intensity group/exit-to-baseline odds ratio low-intensity group) for binary variables.A positive

coefficient value indicates greater benefit in the high-intensity group.

'P refers to the significance level of the difference across groups, adjusted for baseline differences and within-group correlation

'Items included in the behavior summary score.

*P< .05; * *P< .01 (within-group comparison of baseline and exit values using the Wilcoxon matched-pairs test or the McNemar test).

These findings, along with the results of two
prior studies, support the value of interven-
tions aimed at reducing exposure to multiple
indoor asthma triggers. The recently published
Inner City Asthma Study''* demonstrated that
an in-home multifaceted environmental inter-
vention decreased asthma symptoms and ex-
posure to indoor allergens. The project was de-
signed as an efficacy study and used research
assistants to conduct home visits, unlike our
project, which was an effectiveness study using
CHWs. A smaller study by Carter and col-
leagues also supported the concept of address-
ing multiple triggers but used physician home
visits, which may prove too costly for wide-
spread implementation.''^ Previous studies di-
rected at single triggers, such as dust mites'"'^^
and environmental tobacco smoke,''̂  have
yielded mixed results,̂  perhaps because of the
limited effectiveness of addressing a single trig-
ger. Small sample size or inability to effectively
motivate participant behavior change may
have also contributed to negative findings.

Several factors may have contributed to the
intervention's effectiveness. First, CHWs may
be particularly successful in promoting behav-

ior change because they share community, cul-
ture, and life experiences with their clients and
are readily welcomed into the home.''''^ The
CHWs developed motivating relationships with
their clients, who rated them highly.'̂  Second,
CHWs educated clients about asthma triggers,
information frequently not imparted by health
providers (e.g., at baseline, 61% of participants
reported receiving education from their provid-
ers regarding pets, 55% regarding dust mites,
37% regarding bedding encasements, 30% re-
garding moisture and mold, and 14% regard-
ing roaches). Third, the intervention offered re-
sources for trigger reduction. Fourth, a
home-based intervention permitted direct as-
sessment of the indoor environment and of-
fered opportunities for demonstration and
coaching. Fifth, the CHWs used an individual-
ized approach to address each participant's
most pressing concems, both asthma related
and others (e.g., housing, income). Finally, the
use of commtinity-based participatory research
methods made the project responsive to partic-
ipant needs and feasible to implement

This study provides new information re-
garding the role of CHWs in asthma control.

We could not locate any published controlled
trials of their use in asthma''' and found only
3 uncontrolled studies.'̂ '"''•''̂  Studies evaluat-
ing asthma health education have generally
employed health professionals who provide
services outside the home.''^"''^ Clients often
find it difficult to attend classes outside the
home. CHWs are less costly than other health
professionals and may establish rapport more
readily with clients.

The high-intensity intervention may be cost
saving relative to the low-intensity interven-
tion. Tlie estimated marginal cost of the high-
intensity intervention relative to the low-in-
tensity intervention was $124000, or $1124
per child. The savings in urgent care cost
(hospital admissions, emergency department
visits, and unscheduled clinic visits) during a
2-month period ranged from $57 to $80 per
child. These bimonthly savings are likely to
persist for several years. Although this study
did not collect follow-up data on both groups,
we do know that use of urgent care remained
low among the high-intensity group for at
least 6 months following the intervention. If
the lowered urgent care costs observed at
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study exit among the high-intensity group per-
sisted for 3-4 years, the high-intensity inter-
vention would be cost saving relative to the
low-intensity group. The savings per child,
discounted at 3% per year, would range from
$972 to $1366 for 3 years and from $1316
to $1849 for 4 years.

Special Considerations

Our conclusions are subject to several limi-
tations. It was impossible to blind participants
to group assignment. In some cases, partici-
pants revealed assignment to exit interview-
ers, which may have biased collection of self-
reported measures. However, objective
measures such as surface dust loading were
consistent with self-reported measures in
shovraig an intervention effect̂ ^

Loss to follow-up may have biased results
if systematic differences in drop-outs had oc-
curred across groups. However, subject reten-
tion overall was 78% and did not differ be-
tween groups. Among participants completing
the study, baseline characteristics of the 2
groups were similar.

The improvements seen in the low-intensity
group indicate that a single visit along with
bedding encasements may be beneficial. The
effectiveness of bedding encasements has
been questioned recently,'"''^ indicating that
the CHW education and action plan may
have been the relevant components of the
low-intensity intervention. However, our
study did not include a usual-care comparison
group, which raises the concem that the ob-
served changes in the low-intensity group
may have been caused by regression to
the mean, temporal trends, or Hav^thome ef-
fects.̂ " A recent trial with participants similar
to ours reported a decline of 1.5 symptom
days per 2-week period in a control group,'**
significantly smaller than the 3.9 days we
documented in our low-intensity group.
Whether or not the low-intensity intervention
was effective, the high-intensity intervention
produced greater benefit.

We did not include a usual-care compari-
son group because we believed that it would
have been unethical to enroll participants and
not provide them with interventions consid-
ered beneficial at the time the study was initi-
ated, such as bedding encasements'*" or
health education.'* '̂*^ Our community part-

ners advised strongly against the use of a
usual-care control group, and there is growing
debate in the medical literature regarding the
appropriateness of placebo-controlled trials.^'

Our project did not include all possible in-
terventions to contain costs. For example, we
did not remediate structural deficiencies in
the home or provide professional house-
cleaning services. We were able to complete
allergy testing in only 23% of participants
despite extensive efforts; testing would have
permitted more precise focusing on specific
triggers. Expanding the CHW role to include
assistance with the medical aspects of asthma
control may have provided additional bene-
fits. Focusing on environmental interventions
allowed us to isolate the effects of this aspect
of asthma control.

Policy Issues

CHW services are not reimbursed by
health care payors. Payors may consider sup-
porting these services as evidence of their ef-
fectiveness and information about their cost
accumulate. Strategies for improving indoor
environmental quality must go beyond the ac-
tions of household members to include reme-
diation of underlying structural conditions
that increase trigger levels. Updating and en-
forcing housing codes to promote Healthy
Homes principles are needed,^^ as are poli-
cies that ensure access to housing units offer-
ing healthy living conditions. Tenants who re-
quest repairs need protection from rent
increases or retaliation. Including other in-
door health hazards beyond asthma triggers
may be cost-effective.̂ "'̂ ^

Conciusions

Our findings indicate that a Healthy Homes
intervention in which community health work-
ers provide education and support to reduce ex-
posure to in-home asthma triggers can reduce
asthma morbidity and health service use. Fur-
ther work will define the place of this approach
in the broader context of asthma control. •
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