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Abstract

Background: This review will inform updated National Asthma Edtion and Prevention
Program clinical practice guidelines.

Objective: To evaluate the effectiveness of allergen redagtiterventions on asthma
outcomes.

Methods: We systematically searched the gray literaturefesedbibliographic databases.
Eligible studies included systematic reviews, ranted controlled trials, and nonrandomized
interventional studies. Risk of bias was assessetjuhe Cochrane Risk of Bias instrument and
the Newcastle-Ottawa scale. The evidence base sgsassed using the approach of the Agency
for Healthcare Research and Quality’s Evidencedb&sactice Center program.

Results: Fifty-nine randomized and 8 non-randomized tréaddressed 8 interventions: acaricide,
air purification, carpet removal, high-efficiencgrficulate air-filtration (HEPA) vacuums,
mattress covers, mold removal, pest control, andgmeoval. Thirty-seven studies evaluated
single component interventions, and 30 studiessassemulticomponent interventions.
Heterogeneity precluded meta-analysis. For mostuethtions and outcomes, the evidence base
was inconclusive or showed no effect. No intenamgiwere associated with improvement in
validated asthma control measures or pulmonaryiplogy. Exacerbations were diminished in
multicomponent studies that included HEPA vacuumsest control (moderate strength of
evidence [SOE] for both). Quality of life improvedstudies of air purifiers (low SOE), and in
multicomponent studies that included HEPA vacuumsderate SOE) or pest control (low

SOE).
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Conclusions: Single interventions were generally not associatigd improvement in asthma
measures, with most strategies showing inconclugiselts or no effect. Multicomponent
interventions improved various outcomes, but nolwoation of specific interventions appears
to be more effective. The evidence was often inlumive because of a lack of studies. Further
research is needed comparing the effect of indibengan reduction interventions on validated

asthma measures, with sufficient population siaegetect clinically meaningful differences.
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Key M essages:

» Evidence for single interventions designed taicedindoor allergen exposure on asthma
outcomes is lacking.

* Multicomponent interventions that bundle morentlbae strategy may improve some
asthma outcomes, but it is unclear if specific corations are more effective than others.

» Multicomponent interventions that include higlii@éncy particulate air-filtration (HEPA)
vacuums or pest control reduce exacerbations aprbira quality of life.

» The evidence for both single and multicomponatdrventions does not address many other
important outcomes, including asthma-related hezdtle utilization, pulmonary physiology,
and asthma-related quality of life.

Capsulesummary:
This systematic review assessed the effectiverfaateoventions to reduce exposure to indoor

inhalant allergens on asthma outcomes in adultchitdren. No single or specific combination
of interventions was found to be conclusively etifex

Keywords. asthma; allergens; environmental; house dustsinit@pet; pests; pets; air
purification; high-efficiency particulate air fidtion (HEPA) vacuums; mattress covers
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I ntroduction

Control of common environmental factors that cdmite to asthma is an important
component of asthma management. Many indoor inhalkergens are associated with increased
risk of asthma symptoms and exacerbations, incudimimal dander, cockroaches, house dust
mites, mice, and moliNumerous interventions have been designed to eseljoosure to these
allergens, including use of acaricides (dust méstigides), air-purification systems, carpet
removal, high-efficiency particulate air-filtratigflEPA) vacuums, allergen-impermeable
mattress covers, mold removal, pest-eliminatiohnegues, and removal of family pets.

In 1991, the National Asthma Education and Prewearnfirogram (NAEPP), a project of the
National Heart, Lung, and Blood Institute (NHLBpyoduced clinical practice guidelines
addressing the diagnosis, evaluation, and treatofeadthma, including reducing exposure to
indoor inhalant allergens. The guidelines were sgbently updated, most recently in 2G0#.
2016, NHLBI convened a working group to overseew npdate of the guidelines. After
receiving input from the public, NAEPP Coordinat@gmmittee Members and affiliates, and
members of the 2007 Expert Panel, the working grdeptified six high-priority topics for
updating. For each topic, key questions were d@eeldo guide new systematic literature
reviews. NHLBI engaged the Agency for Healthcaredech and Quality (AHRQ) to perform
the systematic reviews through its Evidence-basadtiee Centers (EPCs). In this article, we
summarize the resulting systematic review on “Bi@ness of Indoor Allergen Reduction in

Management of Asthma.” The complete review is amd at: (INSERT when available)
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M ethods

We searched Embase, MEDLINE, PubMed, CINAHL, arel@ochrane Library up to April
21, 2017. We also browsed the websites of relexgancies and organizations to identify “gray
literature” such as reports, white papers, disterts, or other documents not published in peer-
reviewed sources. Two independent reviewers peddratstract and full text screening, with
disagreements resolved by consensus.

We included only full-length, peer-reviewed studiggstematic reviews, meta-analyses,
randomized controlled trials (RCTs), and nonrandemhiinterventional studies with concurrent
controls (e.g., nonrandomized trials) or historimahtrols (e.g., pre-post studies) were eligible
for inclusion. In vivo, in vitro, and animal studigvere excluded. Studies published in a foreign
language with English-language abstracts were dereil for inclusion if they examined
interventions or reported outcomes not sufficieatligiressed in English-language studies, or
provided novel data that might affect our conclasidStudies were excluded if more than 15%
of participants were not diagnosed with asthmaf, @aatcomes for asthmatic patients were not
reported separately from patients without asthmacktordance with the approach used by the
Guidelines for the Diagnosis and Management of isthwe defined “pediatric” or “child”
populations as including patients age 11 or yourmat “adult” populations as including
patients age 12 or older. Studies that includegtpistin both categories are described as having
a “mixed population.”

We limited our review to studies that examinedral intervention or a set of interventions
designed to decrease exposure to one or more &fltbeing sources of indoor allergens: dust
mites, household pets, rodents, cockroaches, a¥.rrgerventions addressing other indoor

allergens or irritants, such as tobacco smoke,angdollution, and endotoxin, were excluded.
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We examined the following interventions, selectedeflect the input of the NHLBI Advisory
Council Asthma Expert Working Grotip

* Acaricides

» Air purification devices

» Carpet or rug removal

» HEPA vacuums

* Impermeable mattress covers

* Mold removal

» Pest control

* Petremoval

Data elements abstracted included general studwnciegistics, patient characteristics,
details of interventions, outcomes data, and ridias for each study. Risk of bias was assessed
by two independent reviewers using the Cochrané@Bafation’s tool for RCTsand the
Newcastle-Ottawa scaléor nonrandomized studies. Due to the heteroggoéihe included
studies, we did not attempt to combine data froenstindies quantitatively.

Outcomes were selected to be consistent with temmendations of the 2010 Asthma
Outcomes workshopPrimary outcomes included: validated measuresthinaa control (e.g.,
the Asthma Control Questionnaif@A\CQ) or Asthma Control TES(ACT)), asthma-related
exacerbations, asthma-related healthcare utilizatia costs, pulmonary physiology (e.qg.,
spirometry measures), and asthma-related qualiifedfe.g., the Asthma Quality of Life
Questionnaire(AQLQ)). Non-validated measures of asthma symptansallergen levels were

assessed as secondary outcomes.
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We graded the strength of evidence (SOE) for eattome based on the guidance
established by the EPC progranThis approach incorporates five key domains:ystud
limitations, consistency, directness, precisior egporting bias. Overall SOE was evaluated as
High, Moderate, Low, or Insufficient. Evidence bass RCTs was assigned an initial SOE of
“high,” while evidence based on non-RCTs was asglgm initial SOE of “low.” The SOE was
then downgraded as appropriate based on the fivaihs.

We determined study limitations by appraising tegrée to which the included studies for
the given comparison and outcome had adequatecfiotegainst bias (i.e., has good internal
validity). In general, we downgraded for study liations when 50 percent or more of the studies
evaluated for a given outcome were at “high” ovarak of bias as described above. When 50
percent or more of the studies were at “mediungiv,I' or “unclear” risk of bias, we did not
downgrade for study limitations.

We assessed consistency of results in terms afitbetion and magnitude of effect. In
general, we downgraded for inconsistency when tivaeheterogeneity in the effects of an
intervention across studies for a given outcoméedbald not be explained through identifiable
differences in study characteristics. We downgrddednknown consistency when only a
single study was included for an outcome.

The evidence was considered indirect if the popriat interventions, comparisons, or
outcomes used within studies did not directly cgposd to the comparisons we were evaluating.

Precision is the degree of certainty surroundingféect estimate with respect to a given
outcome and may be affected by sample size, nuoflerents, and width of confidence
intervals. In some cases, we downgraded the SQ&devels due to substantial imprecision

resulting from very small samples or numbers ofésieor when it was not possible to assess an
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estimate of effect based on the available data, (@easures of variance were not included, or
results were presented graphically without repgrahspecific data points).

Reporting bias includes publication bias, outcoearting bias, and analysis reporting bias.
Given the small number of studies we evaluatedriost of the interventions we did not examine
funnel plots. We downgraded for reporting bias wivendetected a likelihood of outcome
reporting bias (important clinical outcomes apgedrave been collected but not reported by the
studies within a comparison) or analysis reporbigs (important comparisons were not
analyzed). For studies that had commercial fundimdfor authorship, we also assessed the size
and direction of any effect compared to the stuthias did not receive commercial support, to
identify possible publication or reporting bias.

We also conducted a qualitative comparative anstfy€@CA) to evaluate the studies. This
analytic technique was incorporated to determinetidr specific individual strategies or
bundles of allergen reduction interventions mayroee likely to improve asthma outcomes.

A complete description of the methods used inrgNgew are included in the EPC report.
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Results

We reviewed 1,921 abstracts and 201 full-text ssidiVe included 59 RCTs (with data
published in 63 published articles) and 8 non-ramded controlled studies in the review
(Figure 1). Thirty-seven studies evaluated singteriventions and 30 studies examined
multicomponent strategies. Use of mattress covasstihe most frequently examined
intervention and was included in 33 studies. Paional, conversely, was implemented in just
three studies. Twenty-two studies included onlygrais twelve years of age and older, while 9
studies were limited to children under 12. Thintyefstudies enrolled patients above and below
the age of 12 and one study did not report agetyFfour studies were conducted in Europe, 23
were performed in the United States, and the rem@aib0 were conducted in Canada, Australia,
New Zealand, or Asian countries. In forty studedpatients were sensitized to a relevant
allergen, while an additional 14 studies reportet & majority of patients were sensitized.
Sensitization was confirmed through skin-prickitesin 43 RCTs, and with blood tests in the
remaining 11 trials.

Table 1 provides an overview of the distributiortteé studies. Table 2 shows the
combinations of interventions used in the multicomgnt studies. Table 3 summarizes the
strength of evidence for each intervention.

A more detailed description of the analysis is enéad in Table 4 (for single-intervention
studies) and Table 5 (for multicomponent studiddiditional information for each included

study is available in the complete AHRQ reporthen available).
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Acaricide

Seven studies examined the use of acaricide omessdts, carpets, and upholstery, as a
single intervention to eradicate house dust mlergens:**® There was no improvement in
pulmonary physiology when comparing acaricide widicebo (SOE: Moderate) or with other
interventions (SOE: Low), and other outcomes wecemclusive or not reported. Six
multicomponent studies also examined acarictd&®’"°and suggested no improvement in
pulmonary physiology (SOE: Moderate) or asthma gpmg (SOE: High). Acaricides reduced
dust mite allergen burden (SOE: Low), but othecomtes were inconclusive or not reported.

Air purification

Nine studies evaluated air purification as a simglervention'*2’ The evidence for asthma
control was inconclusive, and no difference wasoled for exacerbations or pulmonary
physiology measures (SOE: Low). For quality of,ld@e study found that Asthma Quality
Control Questionnaire (AQLQ) scores improved (SO&w), while two studies that used
nonvalidated quality of life measures found no &f{&OE: Low). Five studies evaluated air
purifiers within multicomponent interventiod$2°°®""%and reported no improvement in asthma
control (SOE: Low), exacerbations (SOE: High), oality of life (SOE: High). However, school
absenteeism decreased (SOE: Low), asthma symptopneved (SOE: Low), and allergen
levels were reduced (SOE: Moderate).

Carpet removal

No studies looked solely at removal of carpetirmyéver, eight multicomponent studies
encouraged patients to remove carpet from theirdsofout it is unclear how widely this

&2,54,58,68,71,

recommendation was implement& "27Allergen levels were reduced in these

studies (SOE: Moderate), but the evidence is inlcsing for the other outcomes.

11
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HEPA vacuum

One study examined HEPA vacuums alone, but theeagilbase is insufficient to support
conclusions® Eight multicomponent studies also evaluated HEB&uums:>3:°°00.61.64.75.77
The evidence was insufficient for asthma contral pulmonary physiology measures.
Exacerbations were reduced (SOE: Moderate), mediicase did not change (SOE: High), and
no effect was observed for school (SOE: Low) orknadssenteeism (SOE: Moderate). Quality of
life improved in studies of children under age $©E: Moderate) In addition, asthma symptoms
improved in children (SOE: Low) but not among mixsxpulations of children, adolescents, and
adults (SOE: Moderate).

M attress covers

Fourteen studies examined impermeable mattress£ot/eand three studies evaluated
other approaches designed to limit dust mite atiesgon bedding®*° The evidence suggests no
difference in asthma control (SOE: Moderate), edaatgons (SOE: Moderate), use of inhaled
corticosteroids (SOE: Low), rescue medication &eK: High), pulmonary physiology (SOE:
High), quality of life (SOE: High), or self-repodeasthma symptoms (SOE: High). Conversely,
these studies reported reduction in dust mitegaietevels (SOE: Moderate). Mattress covers
were also used in 19 multicomponent interventiomligis?®>%°4°%5859.61.62657174 4 thege
studies, no improvement was found for emergencyadieent use (SOE: Low), hospitalizations
(SOE: High), or acute care visits (SOE: Moderdtmwever, school absenteeism and missed

activities decreased (SOE: Low). No effect was plesefor measures of pulmonary physiology

(SOE: High), or quality of life (SOE: Moderate).

12
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Mold removal

There were no single-intervention studies examimnodd removal. Six multicomponent
studies examined mold removar®®"8and found that asthma symptoms improved (SOE:
Low), but findings for other outcomes were incorsohe.

Pest control

One RCT° and one nonrandomized stdfigxamined pest-control strategies alone and the
findings were insufficient to support any conclusiamther than improvement in self-reported
asthma symptoms (SOE: Low). Thirteen multicomposéudies evaluated pest-control
efforts}9°25453°86266.74%ha avidence was inconclusive for asthma conmeldication use,
and pulmonary physiology measures. Exacerbatioms reeluced when measured as a
composite score (SOE: Moderate), but no effectotmerved for discrete measures including
emergency department visits (SOE: Moderate) angditabgations (SOE: High). School
absenteeism decreased (SOE: Low) and qualityehfong children (SOE: Low) improved.
Asthma symptoms also improved (SOE: Low), and @derievels were reduced for some pests
(e.g. cockroaches) (SOE: Low).

Pet removal

One nonrandomized study focused on pet renfBvEthe evidence for hospitalizations,
medication use, and follow-up visits was inconalasiand no other asthma outcomes were
reported. Two multicomponent interventions encoadaget removat:>®but we did not
evaluate the SOE because of the small number difestand uncertainty regarding how widely

this recommendation was implemented.

13
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Qualitative Compar ative Analysis (QCA)

We included 30 multicomponent and 19 individuakmrention studies in the QCA. The
results were not robust, and no intervention ordieiof interventions was necessary or
sufficient for improvement in any primary outcon@erall, the analysis reinforced the findings
described in our SOE assessment: there is ingii@vidence demonstrating the effects of most

single interventions or multicomponent strategiesnoportant asthma outcomes.
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Discussion

This systematic review identified 59 RCTs and 8-R®il's addressing 8 interventions for
reducing home-based indoor allergen exposure aptbiring asthma outcomes. Thirty-seven
studies evaluated single component interventiam$ 38 studies assessed multicomponent
interventions. Overall, we found no high-strengtidence suggesting improvement in any of the
primary outcomes, but there was low to moderatength evidence for some interventions.
Validated measures of asthma control were infretiyieeported.

Our findings are generally consistent with previ@achrane reviews of similar
interventions, but differs from some other revietst example, in a Cochrane systematic
review addressing mattress covers and acari¢idas) another that examined air purification
devices evidence was generally lacking in rigor and insight to inform conclusions.
Conversely, a 2010 systematic reviéfound evidence supporting pest control, mold reahov
and multicomponent interventions that are indivijugilored to a patient or family. The
authors, however, did not use a formal approaclgsessing the strength of the evidence base,
and they incorporated expert opinion and epidergiolevidence drawn from noninterventional
studies into their conclusions. Also, they emphasievidence showing reduced allergen levels
on mattresses and floors, when clinical outcome® \aeking.

Similarly, our assessment varies in key ways fros2007 NAEPP guidelinésand clinical
practice parameters of the American Academy ofrgileAsthma, and Immunolog§.We
found that the evidence for most interventions leasstrength or insufficient, while the
previous guidelines found greater evidence of bheas$ociated with some interventions.
Several reasons can account for our different cmnmhs. Our review includes numerous studies

published recently, some of which showed no intetiea effect. Additionally, we did not
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always select the same studies as other revieweelibe of differences in our respective
inclusion criteria. We also prioritized outcomesl @xamined specific outcome measures
differently from the AAAAI and the 2007 NAEPP, whiaffected how our findings were
synthesized. Further, our report used differerttumsents to assess the risk of bias of individual
studies, which in turn affected our analysis of #@E. Finally, the prior reviews did not employ
the EPC methodolod$or a similar GRADE (Grading of Recommendationsesssnent,
Development and Evaluatid type of approach to evaluate the evidence baseser

differences may account for variations betweenassessment and the preceding reviews.

We found a high level of heterogeneity across swjdparticularly related to patient
characteristics and the combinations of treatmexasnined, and this limited our ability to assess
generalizability to the overall population of pati® with asthma. First, variability in patients’
baseline clinical characteristics suggests thaeptt were not equally likely to benefit from the
interventions. Although 40 RCTs reported that alignts were sensitized to an allergen, and 14
more trials confirmed sensitization in a majorifypatients, only 43 studies used skin-prick
testing to confirm sensitization, while 13 studmsasured sensitization using blood tests (a less
reliable predictor of true allergy). Therefore, sopatients in these studies may have been
unlikely to benefit from the interventions if thesere not allergic. This may affect the results of
our analysis.

A similar consideration is variation in asthma séyeOnly 18 RCTs classified the severity
of participants’ asthma. In 11 studies, most opatients had moderate to severe asthma, while
most patients had mild to moderate asthma in Seduth 2 studies, the populations were

distributed evenly among mild, moderate, and sepatients. Unfortunately, since 41 RCTs did

16
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not report severity, it is difficult to determinew disease severity may have affected our results,
and whether these studies are representative dirtiaeler population of patients with asthma.

We also note that home-based interventions arieulifto implement properly and
completely, as cost, language, technology, homesestnip, and health literacy can be barriers.
Thirteen of the 30 multicomponent intervention g##gdncluded a community health worker
who received specialized training to educate ptdiahout reducing home allergen exposure in a
highly tailored way. Although we did not evaluabe direct impact of these health workers, their
role in the process may be important. Similarlys idifficult to evaluate or ensure fidelity to a
home-based intervention. Although several studépsnted that adherence to study protocols
was evaluated periodically (through surveys or heisis), most studies did not report such
findings. Conversely, it is possible and even ljkidlat some control group households adopted
allergen-reducing interventions during their stadigotentially masking or minimizing
differences in outcomes between study groups. Tlthes we evaluated did not address or
adjust for this type of confounding. It may alsodiicult to maintain an allergen-reduction
strategy over time. Many studies had high attritiaes, which are attributable partly to
participants moving from one home to another ooeantering instability in family life that may
disrupt continuity. Additionally, some of the intentions may have evolved over time. For
example, contemporary air purification devices roaydifferent from those technologies
available and examined two or three decades eaherthis may introduce further
heterogeneity into the results.

Another important factor is the potential exposiorendoor allergens outside the home.
Patients with asthma are frequently exposed togates at work or school or while engaged in

other activities, which may limit the effectivenegsnterventions used solely at home. Although

17
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our review was designed to include studies thauetad interventions in work or school
environments, we did not identify any eligible sagithat fit those criteria.

We also note that standardized measures of astbnteok; exacerbations, healthcare
utilization, and quality of life were infrequenttgported. Few studies included discrete,
validated outcome measures that have establisheshiblds for clinical significance, such as the
ACT or AQLQ. Further, composite outcome measureevrequently used but their
components were not uniform. The relative pauditstodies using validated, standardized
measures limited our interpretation of the results.

Overall, the most important limitation of the evite base we reviewed is the lack of
conclusive, consistent, high- or moderate-streegttience that either favors or does not favor
these interventions. We found inconclusive eviddocenany comparisons and outcomes, and
low-strength evidence or no effect for many oth@¥e. must emphasize in this context the
critical distinction between a lack of evidence awience of no effect. Throughout this review,
we found that the evidence base lacks sufficiegh-guality studies to inform useful conclusions
for these interventions. This does not indicat¢ tihe interventions are ineffective, but rather
highlights the need for additional research.

We identified several evidence gaps that would fiefnem future research. First, there has
been insufficient evaluation of several specifieimmentions, including HEPA vacuums, carpet
removal, pet cleaning or removal, and mold remadakd-to-head studies of interventions are
also missing from the current evidence base, wbdgtsists almost entirely of comparisons with
placebos or standard practices. Research is agsteddo evaluate multicomponent interventions

more efficiently. This might be accomplished bynstardizing sets of strategies that could be

18



384 tested as bundles. Additionally, future researaliccattempt to directly compare single

385 interventions with bundled interventions.

386 We also need research to establish thresholddificcadly significant change in many of the
387 asthma outcomes examined. Thresholds exist for sute®me measures such as the ACT and
388 AQLQ, but there are no agreed upon standards &oticomes that were most frequently

389 improved in the studies we reviewed, including meas of exacerbations, absenteeism, peak
390 flow, asthma symptoms, and allergen reduction.

391 We also highlight the need for studies that recogtihe complex set of challenges facing
392 low-income and minority groups. Although these geti$ are at higher risk of allergen exposure
393 and significant morbidity, most of the studies weiewed did not describe the socioeconomic
394 context of their patient population, and only 14TR{24%) seem to have included a substantial
395 number of patients living in poverty and/or innéy Gettings. Finally, assessment of differences
396 in outcomes by age (i.e., children versus aduktg)ds exploration. For example, younger

397 patients are most likely to be truly allergic arayé exacerbations related to allergen exposure,
398 but these differences are not adequately addrasdkd current literature.

399 This review highlights an important consideration d¢linicians. Since asthma significantly
400 affects overall health and quality of life, pateaind their families are often motivated to

401 augment medical treatment with interventions tedtice exposure to allergen triggers. It is

402 important for clinicians to consider the complexatiytheir patient population and the limitations
403 of the evidence that we have identified. When reabemding specific steps of action, clinicians
404 may find it helpful to consider a patient’s indiv@al sensitization and reaction to specific

405 allergens, as well as the severity of the patieagthma and the extent of previous symptoms and

406 exacerbations. Meanwhile, further research on fieeteveness of common allergen-control
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409
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411

412

413

414

415

416

strategies, and the many patient- and househotl-td\aracteristics that may influence patient
outcomes, is necessary.

Despite an extensive evidence base spanning selezradies, the evidence base as a whole is
insufficient to support meaningful conclusions aibie effectiveness of many widely used
products and strategies for improving patient oones by reducing environmental allergen
exposure. For many important outcomes, evidencangasficient due to too few studies.
Moreover, results that were conclusive often suggelack of clinical effect. Further research is
needed, and should address these evidence gapsomiffarative studies that enroll enough

patients to detect clinically meaningful improvertgeim important, validated asthma outcomes.
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Table 1. Overview of interventional studies for reducing exposure to allergens

Intervention

Randomized
Controlled Trials
and Sample Size

Other Study Designs
and Sample Size

Age Cohorts®

Country/Region

Acaricides (dust mite | '’ 1 nonrandomized trial*® |3 adult 6 Europe
pesticide) Total n=229 n=59 4 mixed 1 Canada
Air purification 9'9%’ 0 4 adult 1 United States
Total n=311 1 pediatric 7 Europe
4 mixed 1 New Zealand
Carpet removal 0 0 Not applicable | Not applicable
HEPA vacuums 128 0 1 mixed 1 Europe
n=60
Mattress covers 17794 0 9 adult 11 Europe
Total n=2,287 1 pediatric 4 Asia
6 mixed 2 Australia
1 not reported
Mold removal 0 0 Not applicable | Not applicable
Pest control 146 1 pre-post*’ 2 mixed 2 United States
n=102 n=78
Pet removal 0 1 nonrandomized trial® |1 adult 1 Asia
n=20
Multicomponent 25973 3 pre-post’*"® (n=365) |5 adult 20 United States
Total n=4,338 2 nonrandomized 7 pediatric 9 Europe
controlled trials™""® 18 mixed 1 Australia
(n=204)
Total 59 4 nonrandomized 22 adult 23 United States
trials 9 pediatric 1 Canada
4 pre-post 35 mixed 34 Europe
1 not reported |5 Asia
4 Australia/

New Zealand

4 “adult” patients were 212 years old, “pediatric” patients were <12 years old, and “mixed” populations
included pediatric and adult patients
HEPA: high-efficiency particulate air-filtration
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Table 2.  Multicomponent indoor allergen reduction interventions by study
v 2T 5| .= ) = — | 2 DN T €5
& 58| S|S5|f8|S8|28|25|%5|55/858|055|6
<88 F|l x|"T>|=2 iz x| 8T |0nal Fe
Matsui, 2017 v v v
DiMango, 2016°° v v v v
Shani, 2015"*" v % v v
Breysse, 2014""" v v Weatherization
Turcotte, 2014"° v v v v | Professional cleaning
Sweet, 2013"%¢ v v v v v v [Moisture control
El-Ghitany, 2012°* v v v v v Ventilation
Takaro, 2011"° v v Ventilation
Bryant-Stephens, 2009 v v v v v
Krieger, 2009°® v v v
Bryant-Stephens, 2008>* v v v v v
Parker, 2008> v v v v v
Burr, 2007%° v Positive ventilation fan
Kercsmar, 2006 v Moisture control
Williams, 2006 v v v v v v | Professional cleaning
Eggleston, 2005 v v v v
Krieger, 2005%° v v v v
Morgan, 2004% v v v v
Carter, 2001% v v v
Htut, 2001% v Ventilation; steam heating; new pillows
Warner, 2000% v House-wide ventilation system
Cloosterman, 1999% v v
Evans, 1999%° v v v
Shapiro, 1999°% v v v
Hayden, 1997°% v v v v
Carswell, 1996 v v v
Marks, 1994 v v
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o L5 5 < 0 = — o | 2 D0 o ==
T E S| g S %) o S| o o8| o
g SES|.%|8S|55|88|=23|ns|zS|52|EL8|225|
5 S22 |28 5 LW3|E2|8ec|otc S| g85|IT8 35S
n §S39 |85 T8|83|25|23|*5|55|258/05%|6
38| 3 & > | = o O C|® ona| F2
Walshaw, 1986" v v Feather-based bedding replaced
Korsgaard, 198372 v Mattregs v.acuumlng; new pillows and quilts;
ventilation; clothes dried outdoors
Burr, 19807 v Mattress vacuuming; quilts removed; feather pillows
replaced
Total 6 5 8 8 19 6 13 2 9 11

4implemented by some but not all study participants

®not an RCT
CHW: community health worker

HEPA: high-efficiency particulate air-filtration
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749ble 3. Allergen reduction interventions summary results and strength of evidence*

Intervention Asthma Exacerbations | Health Care | Absenteeism | Pulmonary Quality of Symptoms Allergen
(n=studies) Control Utilization Physiology Life Reduction
21‘3_6‘;;%0'1? only No studies No studies No studies No studies E\IMOOZE;G) Inconclusive | Inconclusive | Inconclusive
Acaricide multicomponent . . . . No effect . No effect Improved
(n:6)51,65,67-70 No studies Inconclusive Inconclusive | No studies (Moderate) No studies (High) (Low)
Air purification only Inconclusive No effect No effect No studies No effect Improved Inconclusive No effect
(n=9)"**" (Low) (Low) (Low) (Low) (Low)
Air purification multicomponent No effect No effect No studies Improved Inconclusive No effect Improved Improved
(n=5)*9°0°9.6L.78 (Low) (High) (Low) (High) (Low) (Moderate)
&alrg)et removal only No studies No studies No studies No studies No studies No studies No studies No studies
Carpet removal multicomponent No studies Inconclusive Inconclusive | No studies Inconclusive | Inconclusive | Inconclusive Improved
(n:8)51,52,54,58,68,71,72,77 (Moderate)
I(ﬂrlliliégvacuum only No studies No studies No studies No studies Inconclusive | No studies No studies Inconclusive
HEPA vacuum multicomponent Inconclusive Improved No effect Improved Inconclusive Improved Improved Improved
(n=8)>0°3°5,6061,64.75.76 (Moderate) (High) (Low) (Moderate) | (Low) (Moderate)
Mattress cover only No effect No effect No effect Improved No effect No effect No effect Improved
(n=17)*"* (Moderate) (Moderate) (High) (Low) (High) (High) (High) (Moderate)
Mattress cover multicomponent Inconclusive No effect Inconclusive Improved No effect No effect Improved Improved
(n=19)"9525455558559,616265-71,74,76 (High) (Low) (High) (Moderate) | (High) (Low)
('\;I:IS) removal only No studies No studies No studies No studies No studies No studies No studies No studies
Mold removal multicomponent . . . . . . Improved .
(n=6)"55.7678 No studies Inconclusive Inconclusive | No studies Inconclusive | Inconclusive (Low) Inconclusive
;e_szt)%,’ﬂ”o' only Inconclusive | Inconclusive No studies Inconclusive | Inconclusive | No studies I(T(E)Vr\/())ved Inconclusive
Pest control multicomponent Inconclusive Improved Inconclusive Improved Inconclusive Improved Improved Improved
(n=13)"952:54,55,58-62.66,74-76 (Moderate) (Low) (Low) (Low) (Low)
;e_t;;gmval only No studies Inconclusive Inconclusive | No studies No studies No studies No studies No studies
E}e_tzr)eémsgval multicomponent No studies No studies No studies No studies No studies No studies No studies No studies
746  *Tables 4 and 5 provide detailed information about the direction of effect and strength of evidence

747

HEPA: high-efficiency particulate air-filtration; green shading=improvement, red=no effect, yellow=inconclusive
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Table 4. Strength of evidence for studies of individual interventions

Outcome

Conclusion

Study Design

Strength of Evidence

and Sample (Rationale)?

Size
Acaricide compared with placebo (not reported in studies: asthma control, exacerbations, healthcare
utilization)
Pulmonary No effect: No difference for 4 RCTs™ Y Moderate
physiology: FEV; or peak flow 1 non-RCT"*® (Imprecise)
spirometry (n=219)
Pulmonary Inconclusive 1RCT® Insufficient
physiology: airway 1 non-RCT*® (Inconsistent, Imprecise)
hyperresponsiven (n=93) #Substantial imprecision
ess
Quality of Life Inconclusive 1 RCTY Insufficient

(n=62) (Study limitations, Unknown

consistency, Imprecise)

Symptoms Inconclusive 1 RCT™ Insufficient

(n=35) (Unknown consistency,

Imprecise)
#Substantial imprecision

Allergen levels

Inconclusive: 1 study found
decreased allergen; 1 study
found no difference on carpet or
mattress and decreased allergen
in other locations; other studies
found no difference

4 RCT812,14,15,17
1 non-RCT*®
(n=228)

Insufficient
(Inconsistent, Imprecise)
#Substantial inconsistency

Acaricide compared with other mite- avoidance interventions (not reported in studies: asthma
control, exacerbations, healthcare utilization, quality o

f life, symptoms)

Pulmonary No effect: No difference for 2 RCTs™" Low
physiology FEV, or peak flow 1 non-RCT*® (Study limitations, Imprecise)
(n=147)
Allergen levels Inconclusive: No estimate of |2 RCTs™’ Insufficient
precision provided in studies 1 non-RCT*® (Study limitations, Imprecise)
(n=147) ®Reported data insufficient for

determining effect

Air purification co
healthcare utilizatio

mpared with placebo devices or

n)

no intervention (not reported in studies:

Asthma control

Inconclusive: 1 study found no
difference in ACQ scores; 1
study found improvement in
composite asthma outcomes; 1
study did not report differences
between arms

3 RCT824,27,64
(n=169)

Insufficient

(Inconsistent, Imprecise)
®Reported data insufficient for
determining effect

Exacerbations No effect: ED visits and use of |3 RCTs'%2"64 Low

rescue medications did not differ (n=167) (Study limitations, Imprecise)
Pulmonary No effect: 5 studies found no 7 RCTs' Low
physiology difference in spirometry; 1 study |**?%%*2" (n=263) |(Inconsistent, Imprecise)

found improved peak flow; 1
study found improved peak flow
and airway hyper-
responsiveness
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Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Quality of life: Improvement: Improved mini- |1 RCT*® Low
mini-AQLQ AQLQ scores; mean difference | (n=28) (Study limitations, Unknown
in change (standard error of the consistency)
mean): 0.54 (0.28); p<0.05
Quality of life: No effect: No difference 2 RCTs??' Moderate
other measures (n=155) (Imprecise)
Symptoms Inconclusive 1 RCT® Insufficient
(n=18) (Unknown consistency,

Imprecise) *Substantial
imprecision

Allergen levels

No effect: 4 studies found no
difference; 1 study found
decreased allergen

5 RCTSZO—22,24,27
(n=225)

Low
(Imprecise)

HEPA vacuum compared with standard vacuum (not reported in stud

exacerbations, healthcare utilization, quality of life, symptoms)

ies: asthma control,

Pulmonary Inconclusive 1 RCT*® Insufficient
physiology (n=60) (Unknown consistency,
Imprecise) *Substantial

imprecision

Allergen levels Inconclusive 1 RCT*® Insufficient
(n=60) (Unknown consistency,

Imprecise) ®Reported data
insufficient for determining
effect

Impermeable matt

ress covers compared with plac

ebo covers or no

intervention

Asthma control No effect: No difference in ACQ |2 RCTs** Moderate
scores (n=410) (Imprecise)
Exacerbations No effect: 1 study found no 3 RCTs?3>3¢ Moderate
difference in composite measure | (n=1,461) (Inconsistent)
(hospitalization/ rescue
medication); 1 study found
improved composite measure
(hospitalization/ ED visit); 1
study found no difference in
asthma attack frequency
Health care No effect: 1 study found no 3 RCTg313438 Low
utilization: inhaled | difference for total dose change; |(n=233) (Inconsistent, Imprecise)
corticosteroids 1 study found no difference for
mean dose change; 1 study
found improvement in daily dose
Health care No effect: No difference inuse |5 High
utilization: rescue | of rescue medications RCTs%336:37.39
medication use (n=1,275)
Health care Decreased workdays: Fewer 1 RCT®® Low
utilization and missed days of work, but (n=1,122) (Unknown consistency,
costs: work difference may not be Imprecise)
absenteeism meaningful: Mean difference: -

0.15 days per month (95%
confidence interval: -0.29 to -

0.02)
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750
751
752
753
754
755
756

Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Pulmonary No effect: No difference in peak |13 RCTs*** High
physiology flow in 12 studies; 1 study found |(n=1,744)
improvement
Quality of life No effect: No difference in 6 RCTs?31:32% | High
quality of life 3 (n=1,649)
Symptoms No effect: No difference in 7 8 RCTs31323436- | High
studies; 1 small study found 40 (n=1,473)
improvement
Allergen levels  |Allergen reduction: 9 studies |11 RCTs**"**° | Moderate

found reduced allergen; 2
studies found no difference

(n=1,928)

(Inconsistent)

Pest reduction interventions compared with no intervention (not reported in studies: quality of life)

Asthma control Inconclusive 1 RCT* Insufficient
(n=102) (Unknown consistency,
Imprecise) ®Substantial
imprecision
Exacerbations Inconclusive 1 RCT* Insufficient
1 pre-post*’ (Inconsistent, Imprecise)
(n=180) #Substantial imprecision
Health care Inconclusive 1 RCT* Insufficient
utilization (n=102) (Unknown consistency,
Imprecise) *Substantial
imprecision
Pulmonary Inconclusive 1 RCT® Insufficient
physiology (n=102) (Unknown consistency,
Imprecise) *Substantial
imprecision
Symptoms Improvement: Improved 1 RCT* Low
respiratory symptoms 1 pre-post”’ (Imprecise)
(n=180)
Allergen levels Inconclusive 1 pre-post*’ Insufficient
(n=78) (Unknown consistency,

Imprecise) ?Pre-post study

Pet removal comp

ared with no intervention (not re

physiology, quality of life, symptoms, allergen levels)

ported in studies: asthma control, pulmonary

Exacerbations/  |Inconclusive 1 non-RCT*® Insufficient

hospitalizations (n=20) (Unknown consistency,
Imprecise) ®Non-RCT

Health care Inconclusive 1 non-RCT*® Insufficient

utilization (n=20) (Unknown consistency)

*Non-RCT

“Criteria for downgrading strength of evidence is described as (Rationale); when these criteria are
insufficient for understanding the final strength of evidence, additional explanation is provided
ACQ: Asthma Control Questionnaire

AQLQ: Asthma Quality of Life Questionnaire
ED: emergency department

FEV,: forced expiratory volume in 1 second
HEPA: high-efficiency particulate air-filtration
RCT: randomized controlled trial
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Table 5. Strength of evidence for studies of multicomponent interventions

Outcome

Conclusion

Study Design
and Sample
Size

Strength of Evidence
(Rationale)?

Acaricide (dust mi
asthma control, quality of life)

te pesticide) + other interventions compared with placebo (not reported in studies:

Exacerbations Inconclusive: No difference in |2 RCTs>>%’ Insufficient
ED visits or hospitalizations in 1 (n=204) (Inconsistent, Imprecise)
study; no comparison between Substantial imprecision
arms in other study
Healthcare Inconclusive 1 RCT® Insufficient
utilization (n=70) (Unknown consistency,
Imprecise)
#Substantial imprecision
Pulmonary No effect: No difference in peak | 5 RCTs**%>%%7° | Moderate

physiology: peak
flow

flow in 3 studies; improved peak
flow in 1 study; no comparison
between arms in 1 study

(n=445)

(Inconsistent)

Pulmonary
physiology: FEV,

No effect: No difference 4
studies; improved FEV; in 1
study; no comparison between
arms in 1 study

6 RCT351,65,67-7O
(n=489)

Moderate
(Inconsistent)

Symptoms No effect: No difference in 4 RCTs®®7%970 | High
frequency of symptoms (n=306)

Allergen levels Reduced allergen: 2 studies 5 Low
found reduced allergens; 2 RCTs™ 878970 | (Inconsistent, Imprecise)
smaller studies found no (n=466)

difference; no comparison
between arms in 1 study

Air purification + other interventions compared with no intervention

Asthma control No effect: No difference in ACT |1 RCT>® Low
or childhood ACT scores (n=247) (Unknown consistency,
Imprecise)
Exacerbations No effect: No difference in 4 RCTs*°0%961 | High
hospitalizations in 3 studies; no | (n=1,645)
difference in ED visits in 2
studies; no difference in
undefined exacerbations in 1
study
Health care Inconclusive 1 RCT®® Insufficient
utilization: (n=100) (Unknown consistency,
acute care visIts |mprecise)
*Substantial imprecision
Health care Improvement: Fewer days of 1 RCTH® Low
utilization and missed school (n=937) (Unknown consistency,
costs: school Imprecise)
absenteeism
Pulmonary Inconclusive 1 RCT® Insufficient
physiology (n=361) (Unknown consistency,
Imprecise)
#Substantial imprecision
Quality of life No effect: No difference in mini- | 2 RCTs*>>° High
AQLQ scores (n=347)
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Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Symptoms Improved: Reduced symptoms |4 RCTs*>%%%%%1 || ow
in 2 studies; no difference in 2 (n=1,645) (Inconsistent, Imprecise)

other studies

Allergen levels

Allergen reduction: Decreased
allergens in 3 studies; no
difference in 1 study

4 RCTS49,50,59,61
(n=1,645)

Moderate
(Inconsistent)

Carpet removal + other interventions compared with placebo or no intervention (not reported in studies:

asthma control)

Exacerbations Inconclusive: No difference in | 3 RCTs**** Insufficient
ED visits or hospitalizations in 2 | (n=705) (Study limitations, Inconsistent,
studies; no comparison between Imprecise)
arms in 1 study
Health care Inconclusive: Reduced number |2 RCTs'""2 Insufficient
utilization of daytime terbutaline puffsin 1 | (n=96) (Study limitations, Imprecise)
study; no comparison between Substantial imprecision
arms in 1 study
Pulmonary Inconclusive: Improved peak |4 RCTs*®*"™"* | Insufficient
physiology flow in 1 study; no difference in | (n=279) (Inconsistent, Imprecise)
1 study; no comparison between a3ubstantial imprecision
arms in 2 studies
Quality of life Inconclusive 1 non-RCT”’ Insufficient
(n=102) (Unknown consistency,
Imprecise)
’Non-RCT
Symptoms Inconclusive: No difference in 3|5 Insufficient
studies; reduced symptoms in 1 | RCTs******"%2 | (gy,dy limitations, Inconsistent,
study; reduced daytime (n=802) Imprecise)

symptoms but no difference in
nighttime symptoms in 1 study

Allergen levels

Allergen reduction: Decreased
allergen levels in 3 studies; no
comparison between arms in 1
study

4 RCTSSl,58,7l,72
(n=412)

Moderate
(Study limitations)

HEPA vacuum + o

ther interventions compared with placebo or no intervention

Asthma control

Inconclusive

1 RCT™
(n=247)

Insufficient
(Unknown consistency,
Imprecise)
#Substantial imprecision

Exacerbations: Reduction: Improved composite | 3 RCTs>>%%6! Moderate

composite measure of hospitalization, ED | (n=1,509) (Study limitations)

measure visits, and acute care clinic visits

Exacerbations: No effect: No difference in 2 RCTs %% Moderate

unspecified undefined “exacerbations” or (n=556) (Imprecise)
“asthma attacks”

Health care No effect: No difference in use |3 RCTs>53%° High

utilization: of rescue inhaler or beta (n=830)

medication use

agonists
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Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)®
Size
Health care No effect: No difference in 3 RCTg>30061 Low
utilization and missed school days in 2 studies; | (n=1,520) (Inconsistent, Imprecise)
costs: school reduction found in 1 study
absenteeism
Health care No effect: No difference in 2 RCTs>*® Moderate
utilization and missed workdays (n=583) (Study limitations)
costs: work
absenteeism
Health care Reduction: Fewer days of 3 RCTg>%0061 Low

utilization and missed activities in 2 studies; no | (n=1,520) (Inconsistent, Imprecise)

costs: missed difference in 1 study

activities

Pulmonary Inconclusive 1RCT™ Insufficient

physiology: peak (n=40) (Study limitations,

flow Unknown consistency,
Imprecise)

Pulmonary Inconclusive 1 RCT® Insufficient

physiology: FEV; (n=247) (Unknown consistency,
Imprecise)
®Substantial imprecision

Quality of life: Improvement: Improved 2 RCTs>®® Moderate

PACQLQ PACQLQ scores (n=583) (Study limitations)

Quality of life: Inconclusive 1 RCT*® Insufficient

mini-AQLQ (n=247) (Unknown consistency,
Imprecise)
®Substantial imprecision

Quality of life: Inconclusive 1 pre-post” Insufficient

CHSA (n=170) (Unknown consistency,
Imprecise)
’Non-RCT

Symptoms: Improvement: Fewer symptom |3 RCTs>>®%6! Low

children days in 2 studies; no difference | (n=1,509) (Study limitations, Inconsistent)

in 1 study

Symptoms: mixed
populations

No effect: No difference in
symptom frequency in 2 studies;
fewer symptom days in 1 study

3 RCTSSO,53,64
(n=596)

Moderate
(Inconsistent)

Allergen levels:
house dust mites

Inconclusive: No difference in 1
study; reduced allergen levels in
1 study; no comparison between
arms in 1 study; 4" study found
reduced Der f allergens but no
difference for Der p

4 RCTSSO,55,61,64
(n=1,522)

Insufficient

(Study limitations, Inconsistent,
Imprecise)

Allergen levels:
cats and dogs

Inconclusive: 1 study found
reduction in cat but not dog
allergens; 1 study found
reduction in dog but not cat
allergens; 1 study had no
comparison between arms

3 RCTSSO,SS,Gl
(n=1,195)

Insufficient
(Inconsistent, Imprecise)
#Substantial imprecision

40




Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Allergen levels: Reduction: 1 study found 2 RCTs™% Moderate
cockroach decreased cockroach allergen (n=1,184) (Imprecise)
levels; 1 study had no
comparison between arms
Mattress covers + other interventions compared with placebo or no intervention
Asthma control Inconclusive 1 RCT® Insufficient
(n=247) (Unknown consistency,

Imprecise)
#Substantial imprecision

Exacerbations: ED

No effect: No difference

3 RCTS49,52,54

Low

visits (n=545) (Study limitations, Imprecise)
Exacerbations: No effect: No difference High
hospitalization RCTg"952545961.6

® (n=2,976)
Exacerbations: Inconclusive: No difference in 3|5 Insufficient
Unscheduled care | studies; reduction in 2 studies RCTs>>®H928857 | (nconsistent, Imprecise)

(n=2,416) ®Substantial imprecision
Health care No effect: No difference 3 RCTs>*%%! Moderate
utilization: acute (n=1,318) (Study limitations)
care visits
Health care Inconclusive: Reduced use of |2 RCTs™®° Insufficient
utilization: asthma medication in 1 study; (n=317) (Inconsistent, Imprecise)
medication use no difference in other study ®Substantial imprecision
Health care Reduction: Fewer missed 1 RCT® Low
utilization and school days (n=937) (Unknown consistency,
costs: school Imprecise)
absenteeism
Health care Reduction: Fewer days of 1 RCT® Low
utilization and missed activities (n=937) (Unknown consistency,
costs: missed Imprecise)
activities
Pulmonary Inconclusive: Improved peak |5 RCTs>®®% "0 | |nsufficient

physiology: peak
flow

flow in 2 studies; no difference in
3 studies

(n=583)

(Inconsistent, Imprecise)
®Substantial imprecision

Pulmonary

No effect: No difference in 7

High

physiology: FEV, | studies; improvement in 1 study | RCTg*%°0:61:6567
0 (n=1,874)

Quality of life No effect: No difference 3 RCTs>*%%:67 Moderate
(n=144) (Study limitations)

Symptoms: No effect: No difference 4 RCTs®®7 I High

composite score (n=483)

Symptoms: Reduction: Fewer days High

symptom days reported with symptoms in 4 RCTs"%°59.6166

studies; no difference in 1 study | (n=2,729)
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Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Symptoms: cough | No effect: No difference in 5 Low
and wheeze :re%quceertljczoofgcr? _ungfl1 I_:t 3 dstund(;es; ?CIS;;;'SS'GLGQ (Study limitations, Inconsistent)
u ugh i udy; n=1,
difference in frequency of
wheeze in 4 studies; reduced
wheeze in 1 study
Allergen reduction Reduc_tion: De_creased_allergen Low
!ﬁvzlelssrrllglllleft:tdlc?’z;sno difference 5(;;?55'58’59'61’65' (Inconsistent, Imprecise)
i udi o
(n=1,782)

Mold removal + other interventions compared with placebo or no intervention (not reported in studies:

asthma control)

Exacerbations Inconclusive 1 RCT™ Insufficient
(n=62) (Study limitations, Unknown
consistency, Imprecise)
Health care Inconclusive 1 RCT®® Insufficient
utilization (n=232) (Study limitations, Unknown
consistency, Imprecise)
Pulmonary Inconclusive 1 RCT>® Insufficient
physiology (n=232) (Study limitations, Unknown
consistency, Imprecise)
Quality of life Inconclusive 1 RCTY Insufficient
(n=62) (Study limitations, Unknown
consistency, Imprecise)
Symptoms Improved symptoms: Fewer 2 RCTs>® Low
symptoms (n=223) (Study limitations, Imprecise)
Allergen levels Inconclusive 1 RCT” Insufficient
(n=62) (Study limitations, Unknown

consistency, Imprecise)

Pest control + other interventions compared with placebo or no intervention

Asthma control Inconclusive 1 pre-post’ Insufficient
(n=80) (Unknown consistency,
Imprecise)
®Pre-post study
Exacerbations: Reduction: Improved composite | 4 RCTs>®"% Moderate
Composite measure of hospitalization, ED | (n=1,613) (Study limitations)
measure visits, and acute care clinic visits
Exacerbations: No effect: No difference in 6 High
Hospitalization hospitalizations in 5 studies; no | RCTs*°%>*9616
difference in inpatient days in 1 | ° (n=2,976)
study
Exacerbations: ED | No effect: No difference 4 RCTs™%***%1 | Moderate
visits (n=1,843) (Study limitations)
Health care No effect: No difference in clinic | 3 RCTs%616® High
utilization: acute | visits for acute care (n=2,070)
care clinic visits
Health care Inconclusive 1 RCT® Insufficient
utilization: (n=274) (Study limitations, Unknown

medication use

consistency, Imprecise)
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Outcome Conclusion Study Design Strength of Evidence
and Sample (Rationale)?
Size
Health care Improvement: Fewer days with |4 RCTs>>%%%! Low
utilization and activity limitations in 2 studies; | (n=1,609) (Study limitations, Inconsistent)
costs: school fewer missed school days in 1
absenteeism/ study, but no difference in
patient activities missed school days in other
study
Health care No effect: No difference in 2 RCTs®®L Low
utilization and missed days of work or (n=1,211) (Study limitations, Imprecise)
costs: work caretaker plans changed
absenteeism/
plans
Pulmonary Inconclusive 1RCT>® Insufficient
physiology: peak (n=298) (Study limitations, Unknown

flow

consistency, Imprecise)

Pulmonary

Inconclusive: No difference in 2

3 RCTS49,55,61

Insufficient

physiology: FEV; | studies; no comparison between | (n=1,596) (Inconsistent, Imprecise)
arms in 1 study ?Substantial imprecision
Quality of life: Improvement: Improved 1 RCT® Low
PACQLQ PACQLQ scores (n=274) (Study limitations, Unknown
consistency)
Quality of life: Inconclusive 1 RCT>® Insufficient
other measures (n=100) (Unknown consistency,
Imprecise)
#Substantial imprecision
Symptoms Improvement: Reduced Low
symptom days or frequency of | RCTs**°*%>%% | (gy,dy limitations, Inconsistent)
symptoms in 5 studies; no 61,86
difference in symptom days in 2 | (n=3,709)

studies; no difference in
cough/wheeze in 2 studies

Allergen levels:
cockroach

Reduction: Decreased allergen
levels in 2 studies; no difference
in 1 study

3 RCT858,59,61
(n=1,198)

Low
(Inconsistent, Imprecise)

Allergen levels:
mouse

Inconclusive: Decreased
allergen levels in 2 studies; no
difference in 2 studies

4 RCTS46,55,59,61
(n=1,696)

Insufficient
(Inconsistent, Imprecise)
®Substantial imprecision

dCriteria for downgrading strength of evidence is described as (Rationale); when these criteria are
insufficient for understanding the final strength of evidence, additional explanation is provided
ACT: Asthma Control Test

AQLQ: Asthma Quality of Life Questionnaire
CHSA: Children’s Health Survey for Asthma
ED: emergency department

FEV,: forced expiratory volume in 1 second
PACQLQ: Pediatric Asthma Caregivers Quality of Life Questionnaire
RCT: randomized controlled trial
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3,182 Citations Identified by Searches

d
N
1,921 Abstracts ™

—b.

1,261 Citations Excluded at the Title Level

~._ Reviewed -

- %
.

201 Full-length Articles Reviewed

93 Articles

Y

1,720 Citations Excluded at the Abstract Level

Citations excluded at this level clearly did not address
the KQ, did not include population of interest, or did not
report on an outcome of interest

4

108 Citations Excluded at 1st Pass Full Article Level

20 Did not meet study design criteria (e.g., not a full-
length RCT or interventional trial)

38 Did not address KQ (e.g., did notinclude a
comparison of interest)

15 Did not report on an outcome of interest

5 Superseded by trial with longer followup or
systematic review of included RCTs

5 Included fewer than 10 patients per study group

20 Did not include population of interest

4 Not published in English

1 Inadequate description of intervention or outcomes

Reviewed

71 Publications:
59 RCTs with data in 63 published articles
8 non-RCTs

A 4

22 Citations Excluded at 2nd Pass Full Article Level

2 Did not meet study design criteria (e.g., notan RCT
or interventional trial)

11 Did not address KQ (e.g., did notinclude a
comparison of interest)

1 Did not report on an outcome of interest

5 Superseded by trial with longer followup or
systematic review of included RCTs

2 Included fewer than 10 patients per study group

1 Did not include population of interest




