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Abstract

Background: Respiratory syncytial virus (RSV) lowespiratory tract infection is implicated in
asthma development. RSV immunoprophylaxis durifigniay is efficacious in preventing RSV

hospitalizations and has been associated with deedewheezing in the first years of life.

Objective: We investigated whether greater adherémenmunoprophylaxis in infants at high-

risk for severe RSV would be associated with desda&hildhood asthma.

Methods: We conducted a retrospective cohort imy&tsbn including children born 1996-2003,
enrolled in Kaiser Permanente Northern Califormidennessee Medicaid, and eligible to
receive RSV immunoprophylaxis. Asthma was define¢l 56 years using asthma-specific
healthcare visits and medication fills. We clagsifchildren into immunoprophylaxis eligibility
groups and calculated adherence (% receipt of re@ded doses). We employed a set of
statistical strategies (multivariable logistic reggion, propensity score (PS)-adjusted and-
matched analyses) to overcome confounding by mieclicaplexity, as infants with higher
adherence (>70%) have higher prevalence of chtang disease, lower birth weight, and

longer nursery stays.

Results: Using multivariable logistic regressionl &5-adjusted models in the combined group,
higher adherence to RSV immunoprophylaxis was sebeated with decreased asthma.
However in PS-matched analysis, treated childreh wr0% adherence had decreased odds of

asthma compared to those with <20% adherence (atid€.62: 95% CI 0.50, 0.78).
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Conclusions: This investigation of RSV immunoprolalxis in high-risk children primarily
found non-significant associations on preventioasthma in specific preterm groups. Findings
highlight need for larger studies, prospective ecth@nd provide estimates of potential

preventive effect sizes in high-risk children.

Key Messages

. Among infants at high-risk for RSV, greater adimere to RSV immunoprophylaxis is
associated with higher medical complexity as mesksby factors such as small for gestational
age, lower birth weight, and chronic lung disease.

. Usinga priori defined statistical adjustment strategies in &fty control for

confounding by medical complexity in an observaaiostudy of high-risk infants, higher
adherence to RSV immunoprophylaxis was not assatiaith decreased odds of asthma in the
combined group of eligible children using standamdtivariable and propensity score-adjusted
models. Propensity score-matched modeling demdedtthat higher adherence was associated

with decreased odds of early childhood asthma.

Capsule Summary
Odds of childhood asthma among high-risk infanteirgng RSV immunoprophylaxis varied by
eligibility group and statistical method appliedo$pective studies are needed, but these findings

provide estimates of effect sizes in specific sutnigs.
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immunoprophylaxis; palivizumab; wheezing; asthnranpry prevention

Abbreviations:

RSV: Respiratory syncytial virus

LRTI: Lower respiratory tract infection

RCT: Randomized controlled trial

AAP: American Academy of Pediatrics

KPNC: Kaiser Permanente Northern California
PRIMA: Prevention of RSV: I mpact on Morbidity and Asthma
CLD: Chronic lung disease

ICD-9: International classification of diseases
CHD: Congenital heart disease

SGA: Small for gestational age

LOS: Length of stay

PS: Propensity score

EGA: Estimated gestational age

OR: Odds ratio
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INTRODUCTION

While asthma, a disease for which no known preverdirategies exist, has a strong hereditary
basis, risk of disease is likely modified by enmimeental and early life exposures. One such
early life exposure, infant respiratory syncytialg (RSV) lower respiratory tract infection
(LRTI), has a strong association with asthifianfant RSV LRTI precedes asthma and is
associated with a severity-dependent odds of astifoethermore, risk of asthma has been
linked with birth timing in relationship to respicay virus circulatiofand animal studies
demonstrate biologic mechanisms through which RV ILcould contribute to asthma
development:® Both observational studies and a recent randontiaattolled trial (RCT)
demonstrate that preventing RSV LRTI decreasesmanuwheezing and 1-year wheezing
outcomes, respectivefy** Determining whether prevention of infant RSV LRFevents asthma
is important, as the ability to modify risk of démging a lifelong chronic disease has remained

elusive.

RSV immunoprophylaxis, given during RSV seasonighisk infants, is efficacious in the
prevention of RSV hospitalization and the Ameriéarademy of Pediatrics (AAP) has issued
recommendations for use in infants at high-risksievere RSV??° To address the question of
whether prevention of severe infant RSV decredsesisk of early childhood asthma, we took
advantage of the known high risk of severe RSVastima among groups for whom
immunoprophylaxis is recommend&f!?*The use of observational methods to study whether
RSV immunoprophylaxis decreases asthma in highinigits allows estimation of effect size in
this select population within a real-world contestwever, confounding by indication is

important: among patients eligible for immunoprolabxis, the infants with highest risk of
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subsequent asthma are more likely to receive impraphylaxis>® Thus the drug will appear
to be associated with increased disease risk, phpbae to residual confounding related to
medical complexity. In this report, we describe hea/tested the hypothesis that increased
adherence to RSV immunoprophylaxis would be assmtiith a decreased odds of asthma at

age 4.5-6 years.
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METHODS
Study design

This study was approved by the Institutional Reviwards of Kaiser Permanente Northern
California (KPNC), the State of California Comméttr the Protection of Human Subjects,
Vanderbilt University Medical Center, and reprdaées of the Tennessee Department of
Health, and the Bureau of TennC&t&Ve conducted a retrospective cohort investigation
children enrolled in th@revention of RSV: I mpact on Morbidity and Asthma (PRIMA) cohort

who were at increased risk for severe RSV andl#édo receive RSV immunoprophylaxis
during infancy. The PRIMA cohort is composed obtlarge population-based birth cohorts
followed through age six years from KPNC and TesaesMedicaid (TennCar&) This
investigation of receipt of RSV immunoprophylaxigicg infancy and early childhood asthma
included infants born between January 1, 1996 asxkMber 31, 2003 to allow adequate follow-
up time to age 6 yeaf3. For KPNC, data were obtained from linked admiatste and clinical
databases, the electronic medical record, anddCail# vital records files as previously
described” In 1994, TennCare replaced the federal Medicaignam, as a state-based
managed health care program that covered Medid@ithle individuals and the uninsured;
approximately 50% of infants in Tennessee are @by TennCar&?*?* For the TennCare
population, all data were obtained from linked T€are administrative files and Tennessee vital

records files as previously descritéd>2’

Eligibility to receive RSV immunoprophylaxis. Children eligible for study inclusion were
continuously enrolled in either KPNC or TennCaremytheir first year and between ages 4.5-6

years. Continuous enrollment was defined as neri@n 90 days of non-enrollment during the



157  first year of life and no more than 60 days of momellment between 4.5-6 ye&rEligibility

158  for receipt of RSV immunoprophylaxis was determiaedording to AAP recommendations in
159  place during the study period (see detailed Metldse Online Repositoryf***°As

160  previously described, eligible children were clésdiinto 4 hierarchical, mutually exclusive
161  groups: 1) CLD: Chronic lung diseases (CLD) witkgaription filled for CLD medication

162  within 6 months of RSV season 2) Prematurity 2&timated gestational age (EGA) less than
163 29 weeks 3) Prematurity <32: EGA < 32 weeks anOthpr Eligible: 32 to < 35 weeks EGA,
164 less than 6 months of age at RSV season with batarmmal smoking and an older sibling or
165 ICD-9 diagnoses of cyanotic or hemodynamically gigant congenital heart disease (CHD),
166  neurologic condition, or congenital anomaly of aigw®?*? The start of RSV season was
167  defined as Novemberf'l Children with CLD who did not require medicatiovere categorized
168 by EGA.

169

170  Main Predictor: % adherence to RSV immunoprophylaxis during infancy. During the study

171 period, the AAP recommended that eligible childreceive monthly injections throughout the
172 RSV season, typically November to March. We idediall RSV immunoprophylaxis

173 encounters throughout the study pefdd/e calculated the recommended number of doses
174  each infant should have received based on theibéity group, birth date, and month of

175  hospital discharge in relation to RSV seaSbiwe calculated the percent receipt of

176  recommended doses (adherence) by dividing the nuailt®ses received by number of

177  recommended doses, and used this value as consimn@ategorized for comparison of

178 different levels of adherence by type of anal{3is.

179



180  Outcome of early childhood asthma. We determined diagnoses of asthma between yeai
181  to allow a window for diagnosis and to exclude ptte “transient early wheezerd® We

182  defined asthma using a validated algorithm thatriperates asthma-specific healthcare

183  encounters and medication claims using a modifiE®I$ definition®3%*! Children with an
184  asthma-specific ICD-9 code (493) from a hospitdlan, 23 hour observation, or emergency
185 department visit or 2 or more clinic visits werasdified as having asthma. In addition, children
186  with 2 or more prescription fills for a short-a@ibeta-agonist within a 12 month period or a
187  prescription fill for other asthma medications (uding inhaled corticosteroids and long-acting
188  beta agonists) were classified as having asthma.

189

190 Covariates. We used administrative data linked with vitalaets to identify covariates. Birth
191  certificate data were used to determine infantattaristics (gender, EGA, birth weight) and
192  maternal demographics and characteristics (raceatidn, smoking status during pregnancy,
193  gravidity status, number of previous live birth§mall for gestational age (SGA), %5

194  percentile, was determined using standard metffddgant birth hospitalization length of stay
195  (LOS) and healthcare visits for bronchiolitis wétentified using administrative data.

196

197 Satistical Analyses. The main outcome variable was asthma, defineddashatomous variable
198  (Asthma present vs. No), ascertained between 4éafs. We have demonstrated that

199  prematurity and SGA are associated with higher eatee to RSV immunoprophylaxis in this
200  cohort® thus, a priori we decided to employ different nwaitiable adjustment approaches to
201  address confounding. Therefore, in addition tovemtional multivariable logistic regression,

202  we used propensity score (PS) methods to perforadpted and-matched analyses (see

10



203 detailed Methods and Figure E1 in the Online Repog.. In univariate analysis, we compared
204  the proportion of children with asthma by categedefining the degree of adherence using

205 Pearson’s Chi-square statistics. Continuity corestwere not used for 2x2 tables. RSV

206 immunoprophylaxis predictor categories were spediby the type of multivariable analyses
207  conducted. For the multivariable and PS-adjustedlyars we defined the degree of adherence as
208  no receipt, <70% adherence, and >70% adherenc®3-onatched analyses, the subset of

209  children with extremes of RSV immunoprophylaxis adimce were included (see detailed

210 Methods in the Online Repository)Covariates in the multivariable models includefai

211 gender, EGA, EGA plus birth hospital LOS, birth glgi, bronchiolitis diagnosis, season of birth
212 (RSV season: October-March vs. non-RSV seasoni-8pptember), birth year, number of

213 living siblings, maternal race, age, educationyiglity, smoking during pregnancy, and site. For
214 TennCare, when birth hospital LOS was missing,aswmputed as previously descriféd.

215

216  Each regression adjustment method (multivarialdesta regression, propensity score adjusted,
217  and propensity score matched models) was conductee all RSV immunoprophylaxis

218  eligible cohort and in each subgroup based onkglityi criteria (CLD, Prematurity <29,

219  Prematurity <32, and Other Eligible). Adjusted odalsos (AORS) for asthma were determined
220 by adherence to AAP RSV immunoprophylaxis recomraéods, categorized as no receipt,

221 <70%, or >70% adherence, in the conventional maii@ble and PS-adjusted models. Model fits
222 (for conventional logistic regression methods) wassessed using the goodness of fit test

223 (Cessie—van Houwelingen—Copas—Hosmer) and them neestatistically significant evidence
224  of lack of fit in our logistic regression modeR.opensity score adjustment models: PS was

225 derived using a proportional odds ordinal logistigression model for treatment (RSV

11



226 immunoprophylaxis) with three level categories feceipt, <70% adherence, and >70%

227 adherence) and included as a covariate in the psityescore adjustment modéfstollowing

228 derivation of the PS, in adjustment models, restdcubic splines were used to allow for non-
229 linear adjustment between PS and outcoPrapensity score-matched treatment groups: We

230 derived the PS for matched analyses using bingigtio regression with high and low ends of
231 receipt, including >70% and > 0 to <20% adheréidéhe PS-matched model included 1:1

232 matching with replacemefit> based on the PS to assess the association of 8teadle with

233 recommended number of doses of RSV immunopropls/iaxnfancy and subsequent asthma.
234 In the matched analysis, conditional logistic regien and robust sandwich error estimates were

235 used to account for the clustered data. The sagifie level for all analyses was p <0.05.
236

237  To assess the impact of missing covariate dataonducted conventional multivariable

238  adjustment models using multiple imputation of nmgssariables. Since the results of these
239  analyses remained unchanged, we present the cengale¢ analyses. Overall, less than 2% of
240  children were excluded from multivariable analydas to missing/Unknown data. Analyses
241 were conducted using SAS version 9.1 (SAS Insti@gey, NC) and R version

242 3.0.1(http://www.r-project.orgy*>®

243

244

245
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RESULTS

A total of 6,571 children eligible to receive RSYimunoprophylaxis were included (Table 1).
The percentages of children in the RSV immunopr&ptiy eligibility groups were as follows:
CLD (10%), <29 week EGA group (33%), 29 to <32 we&#kA group (48%) and the Other
Eligibility Group (9%). Asthma prevalence at agb-6 years varied according to eligibility
group, affecting 45%, 23%, 19%, and 17% in the CkP9 week EGA group, 29 to < 32 week
EGA group, and the Other Eligibility group, respeely. Overall, the majority of infants
received at least one dose of RSV immunoprophylasitegorized as no receipt (36%), <70%
adherence (30%), and >70% adherence (34%). Thenenwotable differences between eligible
infants who did and did not receive immunoprophidgXable 1). Although the no receipt group
and those with >70% adherence had a similar EGA/$3@9 weeks, respectively), substantial
bias was evident. Compared to the no receipt griofgmts with >70% adherence were more
likely to have CLD (45% vs. 22%), lower median bivteight (1179 grams vs. 1510 grams), be
small for gestational age (8% vs. 4%), and havgdomedian birth hospital LOS (50 vs. 31

days).

Table 2 shows that 23% of children eligible for R@&munoprophylaxis were diagnosed with
asthma between age 4.5-6 years, including 19%, 28#%28% in the no receipt, <70%
adherence, and >70% adherence groups respectivelthe multivariable and PS-adjusted
regression models of the combined group, statltisggnificant differences in the relative odds
of asthma were not detected in the most adhereapd>70%) or those with <70% adherence
(Table 2) compared to children with no receiptthe PS-matched model that compared children

who received >70% of recommended doses to thosaedsived at least one dose, but were

13
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<20% adherent, a decreased odds of early childasthuna was detected, 0.62 (0.50-0.78), see

Table 3.

We also investigated adherence to RSV immunoprepds/and childhood asthma by eligibility
groups. For children in the CLD group, 45% of 8% children were diagnosed with asthma
between age 4.5-6 years, including 36%, 42%, aft ilthe no receipt, <70% adherence, and
>70% adherence groups, respectively. In compatisdhe no receipt group, children in the
<70% or the >70% adherence groups did not havatiatgtally significant difference in relative
odds of early childhood asthma in the multivariainé®S-adjusted models (Table 2). An
increased odds of early childhood asthma was dstactthe propensity score matched model,
adjusted OR 1.76 (1.41-2.20), Table 3. Additionakparate multivariable and propensity
score-adjusted analyses were conducted for chiidrére EGA <29 week, EGA 29 to <32
week, and the Other Eligible group, however stiatifliy significant differences were not
detected in the relatives odds of early childhosttima by percent adherence to RSV
immunoprophylaxis (Table 2). In contrast, in PStechad analysis that compared children in the
>70% adherence group to those in the <20% adheggno@ (of children who received at least
one dose) a decreased odds of early childhood astlas detected in the EGA <29 week group
[adjusted OR 0.62 (95% CI 0.50-0.78)] and the EGA®<32 week group [adjusted OR 0.63

(95% CI 0.42-0.93)], Table 3.
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DISCUSSION

Viral LRTIs during infancy are associated with ieased asthma risk in childhood, representing
a potentially modifiable risk factdr*’*® Observational studies designed to test whether
therapeutic agents that are efficacious in premgrgevere RSV can prevent asthma are plagued
by the problem of confounding by indication and mabrisk. Within our risk categories, there
was a spectrum of iliness severity, with thoseigttér-risk more likely to receive RSV
immunoprophylaxis and also have higher adherenh#ewnfants with lower or non-adherence
were healthier. In the multivariable and PS-adpist@dels, greater adherence to RSV
immunoprophylaxis was not associated with decreas#ftma later in life. In the analyses of the
sub-cohort with matching by PS design, we deteatpibtective effect in the combined
eligibility group and prematurity groups, althougiincreased odds was found in the CLD
group. Although PS matching limits sample size eatiés on appropriate and available data, it

provides the best balance between treatment groups.

Several findings in the previous literature ledagvestigate whether increased adherence to
RSV immunoprophylaxis recommendations would be@ated with decreased odds of
subsequent asthma. Multiple independent cohokts Hamonstrated that children with RSV
bronchiolitis during infancy have an increasedtieéaodds of early childhood asthma afid
%our group has demonstrated a severity dependemtiassn® In addition, we have found that
birth in relationship to winter virus season isaasated with subsequent asthma fiskfinding
that suggests that exposure to viruses during ptisteperiods in early life may play a causal
role in asthma inception. Previous research finglimgve demonstrated efficacy of RSV

14;15

immunoprophylaxis in decreasing risk of RSV hod&ion ™ and in a RCT of infants born

15



314 at 33 to 35 weeks EGA, Blanken et al. found tha¥ RBmunoprophylaxis was associated with
315 decreased wheezing days, including the post-pragisyperiod, and decreased recurrent

316 wheezing in the first year of lif€. Importantly, recent animal studies provide ihsignto the
317  biologic mechanisms through which RSV could cawsteraa”’

318

319 Itis important to note that for the most high riskants, such as infants with CLD and/or

320 extreme prematurity, with currently available kneddje our research question can only be

321 addressed using an observational study desigmaeyitbe considered unethical in certain

322 countries to conduct a RCT of RSV immunoprophylaisong infants for whom RSV

323  immunoprophylaxis is recommended. Although thetmesent AAP guidelines, which were
324 notin place during our study period, recommend R8Munoprophylaxis in fewer children,

325 recommendations for use remain in place for childvéh CLD and/or extreme prematurity,

326 although in our study we were not able to captur® @s defined in the current guidelin®sAs
327  found in this current study, groups that have tighést risk for severe RSV also have the

328 highest prevalence of asthma during childhood,hieac45% in the CLD group. Therefore even
329  given the narrowing of the scope of recommendation®SV immunoprophylaxis and the

330 policy statement that RSV immunoprophylaxis showtibe used for asthma prevention,

331 investigations using observational study desigrestess the association of adherence to asthma
332 development have the potential to provide importasights into whether a currently used

333 therapeutic agent is associated with a decreabe iburden of a potentially life-long chronic
334 disease in arelevant and disproportionately a#tésubset of children for whom receipt is

335 recommended.

336
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Findings in our multivariable and PS-adjusted medi not demonstrate that RSV
immunoprophylaxis decreased asthma odds. Althewgghsed a set of statistical adjustment
strategies to address differences between compagreaps, it is possible that we were not able
to control for important confounders that influed@lherence and imbalance in prognostically
important variables. In addition, although thisNKB-TennCare collaboration provided the
largest retrospective cohort study to date thates$ed our primary research question, a larger
sample size may have enhanced our ability to oweecconfounding bias, particularly in the
subgroups with smaller numbers. In an attempédoce substantial indication bias, PS-
matching with replacement was used, limiting sanspe (for example: in CLD subgroup, we
had 90 subjects in >0,<=20% adherence and 324>#1l9%). This may have contributed to the
inconsistent results. We were not able to quantié/extent to which sample size affected the
results*** In our analyses with PS matching, we detectedtgtive effect of
immunoprophylaxis on asthma in the combined eligybgroup and the two prematurity groups,
although an increased odds was found in the CLDmrd&ince the underlying pulmonary
architecture and physiology differs between chitdnéth and without CLD, it is biologically
plausible that prevention of RSV would prevent sgfuent pathologic airway changes or host
responses in children without chronic lung pathglogwith milder disease, but not alter the

course of asthma development in children with tlestrsevere CLD.

There are several limitations of this retrospectiobort study. We categorized infants into RSV
immunoprophylaxis eligibility groups using admiméttve data and we were not able to identify
all risk factors used to determine eligibility fiofants born between 32 to 35 weeks EGA. In

addition there were likely unmeasured factors eeldb neonatal course severity that influenced

17
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which children received immunoprophylaxis. We defl asthma outcomes using ICD-9
diagnoses and medication use and may not detetipasgnatic or undiagnosed individuals.
Although our method of detecting asthma is sintibea definition found to be sensitive and
specific for persistent asthma, it is possible that definition captures diverse wheezing
phenotypes®® Strengths of our study include a large populatibohildren recruited from a
managed care plan as well as a state Medicaidhhesié plan and objective information on

administration of RSV immunoprophylaxis and astldi@gnosis.

In summary, we investigated the association of egtee to RSV immunoprophylaxis during
infancy and asthma diagnosis at 4.5-6 years. Ustangdard statistical adjustment methods, our
results suggest that we were unable to overcomi®anding by indication with the highest risk
children having the highest adherence to RSV priapis, For example, we found increased
asthma in children with CLD who were most adheterRSV immunoprophylaxis, but these
infants also had the most severe neonatal colmséighest prevalence of RSV LRTI, and the
highest prevalence of developing asthma. The esbliained in PS-matched analysis in preterm
infants provide insights into what the protectivieet size might be across gestational ages to
inform future prospective and intervention stud{@ar findings support the need for larger
studies to overcome potential sample size limitetj@rospective cohorts with more precise
measurement of exposure data, continued methoddogenent to overcome bias in
observational data, and long-term follow-up of fepry outcomes in ongoing vaccine trials

should these vaccines prove to be effective.
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Table 1: Infant and Maternal Characteristics of the PRIMA* Cohort, by Adherence to RSV Immunoprophylaxis,

Births 1996-2003

Characteristic No Receipt >0to <70 >70% Adherence All Eligible
(N=2344) Adherence (N=2256) (N=6571)
(N=1966)
Eligibility Group (N=6566)(n, %)
CLD' 146 (6) 181 (9) 324 (14) 651 (10)
<29 week EGA 759 (32) 645 (33) 746 (33) 2150 (33)
29 to <32 week EGA 1327 (57) 807 (41) 1014 (45) 3148 (48)
Other Eligible Group 112 (5) 333 (17) 172 (8) 617 (9)
Estimated gestational age, wks 3028, 31] 3028, 31] 2927, 31] 3028, 31]
Median (IQR)
1510 1531 1179 1365
Birth Weight, grams Median (IQR) | [1074, 2438]] [1049, 2523] [879, 1560] [992-2070]
Small for gestational age 105 (4) 106 (5) 172 (8) 383 (6)
(<5" %) (n, %)
Infant Sex (n, %)
Male 1244 (53) 1035 (53) 1205 (53) 3486 (53)
Female 1100 (47) 931 (47) 1051 (47) 3085 (47)
Chronic lung disease(n, %) 518 (22) 501 (25) 1010 (45) 2030 (31)
3119, 38] 30 [6, 58] 50 [30, 75] 38[14,65]
Birth length of stay, daysMedian,
IQR
Maternal Race (n, %)
White 1082 (46) 948 (48) 1057 (47) 3087 (47)
Black 987 (42) 920 (47) 835 (37) 2743 (42)
Latino 121 (5) 52 (3) 175 (8) 349 (3)
Asian 92 (4) 21 (1) 102 (5) 215 (3)
Other 62 (3) 23 (1) 87 (4) 175(3)
Maternal smoking (n, %) 614 (26%) 710 (36%) 571 (25%) 1898 (29)
Bronchiolitis in first year of life
(n, %)
None 1672 (71) 1354 (69) 1551 (69) 4581 (70)
Clinic 294 (13) 186 (9) 281 (12) 762 (12)
ED 150 (6) 123 (6) 131 (6) 404 (6)
Hospitalization 228 (10) 303 (15) 293 (13) 824 (13)
Early childhood asthma n, % 441 (19) 426 (22) 630 (28) 1498 (23)

* Prevention of RSV: Impact on Morbidity and Asthma




"Inclusion in CLD eligibility group required diagnosis of CLD and prescription for medication for CLD (bronchodilator, corticosteroid, diuretics)
within 6 months of RSV season. Therefore there are children with CLD who did not meet this requirement and are included in other groups.



Table 2: Percent and Adjusted Odds Ratios for Asthm, by Adherence to RSV
Immunoprophylaxis Recommendations among Children irPRIMA,* Births 1996-2003

Palivizumab (n, %asthma) Multivariable Model™ Propensity Score
Adherence Odds Ratio (95% ClI) Adjusted
Odds Ratio (95% CI)

All Eligibility groups N=6566

No receipt 441 (19) Reference Reference

<70% 426 (22) 1.06 (0.89-1.26) 0.93 (0.78-1.10)

>70% 630 (28) 1.13 (0.95-1.35) 1.17 (0.98-1.39)
CLD N=651

No receipt 52 (36) Reference Reference

<70% 78 (43) 1.28 (0.78-2.09) 1.30 (0.80-2.11)

>70% 165 (51) 1.50 (0.90-2.50) 1.45 (0.86-2.42)
EGA <29 week N=2150

No receipt 142 (19) Reference Reference

<70% 139 (22) 1.04 (0.78-1.39) 0.93 (0.69-1.24)

>70% 213 (29) 1.21 (0.88-1.67) 1.35(0.98-1.86)
EGA 29 to <32 week N=3148

No receipt 231 (17) Reference Reference

<70% 152 (19) 1.03 (0.79-1.34) 0.91 (0.70-1.19)

>70% 221 (22) 1.05(0.81-1.36) 1.02 (0.79-1.34)
Other risk factors N=617

No receipt 16 (14) Reference Reference

<70% 57 (17) 1.15 (0.50-2.66) 1.30 (0.44-3.88)

>70% 31 (18) 0.91 (0.37-2.26) 1.28 (0.40-4.16)

" Prevention of RSV: Impact on M orbidity and Asthma

"Adjusted for infant gender, EGA, birth weight, maternal race, maternal age, education, gravidity status, maternal smoking status, number of siblings,
EGA+infant birth hospital LOS, bronchiolitis diagnosis during infancy, season of birth, year of infant birth, and site (TC or KP).

MPropensity score derived with the variables: infant gender, EGA, birth weight, maternal race, maternal age, education, gravidity status, maternal
smoking status, number of siblings, EGA+infant birth hospital LOS, CLD diagnosis, season of birth, year of infant birth, and site (TC or KP).
Propensity score was included as a covariate in the model.



Table 3: Propensity Score Matched Odds Ratios* foAsthma among Subset
With Highest and Lowest Immunoprophylaxis among Chidren in PRIMA,* Births 1996-2003

RSV immunoprophylaxis Adherence OddSI(Aat;t%(zS% &)
od :
1:1 with replacement
caliper .25
Propensity score matched>70% versus >0, <20
All Eligibility groups 0.62 (0.50-0.78)
CLD 1.76 (1.41-2.20)
EGA <29 week 0.36 (0.13-0.97)
EGA 29 to <32 week 0.63 (0.42-0.93)
Other risk factors 0.77 (0.44-1.33)

" Prevention of RSV: Impact on M orbidity and Asthma

"Propensity score derived with the variables: infant gender, gestational age, birth weight, SGA, CLD, maternal age, maternal race, education,
gravidity status, maternal smoking status, siblings, EGA+infant LOS, RSV hirth season, year of infant birth, and site (TC or KP) and CLD presence

if al eligible or EGA <29, or EGA 29 to 32. Conditional logistic regression with robust standard errors estimates were used to account for the
matched design correl ated data.
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Online repository: Detailed Methods

METHODS

Study design

This study was approved by the Institutional Reviiwards of Kaiser Permanente Northern
California (KPNC), the State of California Comméttor the Protection of Human Subjects,
Vanderbilt University Medical Center, and reprdagéimes of the Tennessee Department of
Health, and the Bureau of TennCan/e conducted a retrospective cohort investigation
children enrolled in th@revention of RSV: I mpact on Morbidity and Asthma (PRIMA) cohort

who were at increased risk for severe RSV andédb receive RSV immunoprophylaxis
during infancy. The PRIMA cohort is composed obtlarge population-based birth cohorts
followed through age six years from KPNC and TesaesMedicaid (TennCaré&)This
investigation of receipt of RSV immunoprophylaxigidg infancy and early childhood asthma
included infants born between January 1, 1996 aswkbber 31, 2003 to allow adequate follow-
up time to age 6 yeatsFor KPNC, data were obtained from linked admiaiste and clinical
databases, the electronic medical record, anddCail# vital records files as previously
described. In 1994, TennCare replaced the federal Medicedgnam, as a state-based managed
health care program that covered Medicaid-eligihtividuals and the uninsured; approximately
50% of infants in Tennessee are covered by TennCafor the TennCare population, all data
were obtained from linked TennCare administratilesfand Tennessee vital records files as

previously describeti?®

Eligibility to receive RSV immunoprophylaxis. Children eligible for study inclusion were

continuously enrolled in either KPNC or TennCaremyitheir first year and between ages 4.5-6
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years. Continuous enrollment was defined as neri@n 90 days of non-enrollment during the
first year of life and no more than 60 days of momellment between 4.5-6 yedrEligibility for
receipt of RSV immunoprophylaxis was determinedationg to AAP recommendations in

place during the study periot®.including 1) infants < 2 years of age with CLD wieguired
medical therapy within 6 months of RSV seasonn®rits born at 28 weeks estimated gestation
age (EGA) during their first RSV season, 3) infamsn at 29-32 weeks EGA and particularly
less than 6 months of age at the start of RSV seasal 4) infants who were born between 32-
35 weeks EGA, were less than 6 months at theat&®EV season, and had 2 or more risk
factors (attended child care, had school-agedngiblihad exposure to environmental air
pollutants, had congenital abnormalities of thevajrs, or had severe neuromuscular dise&8e.”
As previously described, for this current studygiglie children were classified into 4
hierarchical, mutually exclusive groups: 1) CLD:r@hic lung diseases (CLD) with prescription
filled for CLD medication within 6 months of RSVason 2) Prematurity <29: EGA less than
29 weeks 3) Prematurity <32: EGA < 32 weeks anOthgr Eligible: 32 to < 35 weeks EGA,
less than 6 months of age at RSV season with batermal smoking and an older sibling or
ICD-9 diagnoses of cyanotic or hemodynamically sigant congenital heart disease (CHD),
neurologic condition, or congenital anomaly of @igw '° The start of RSV season was
defined as Novembef'l Children with CLD who did not require medicatioere categorized

by EGA.

Main Predictor: % adherence to RSV immunoprophylaxis during infancy. During the study
period, the AAP recommended that eligible childreceive monthly injections throughout the

RSV season, typically November to March. We ideediall RSV immunoprophylaxis
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encounters throughout the study periow/e calculated the recommended number of dosés eac
infant should have received based on their eligybgroup, birth date, and month of hospital
discharge in relation to RSV seasoiVe calculated the percent receipt of recommendses
(adherence) by dividing the number of doses reddbyenumber of recommended doses, and
used this value as continuous or categorized forpewison of different levels of adherence by

type of analysis.

Outcome of early childhood asthma. We determined diagnoses of asthma between yeai6

to allow a window for diagnosis and to exclude ptia “transient early wheezer§* we

defined asthma using a validated algorithm thatnperates asthma-specific healthcare
encounters and medication claims using a modifiE®I$ definition®?** Children with an
asthma-specific ICD-9 code (493) from a hospitdlan, 23 hour observation, or emergency
department visit or 2 or more clinic visits werasdified as having asthma. In addition, children
with 2 or more prescription fills for a short-a@ibeta-agonist within a 12 month period or a
prescription fill for other asthma medications (uding inhaled corticosteroids and long-acting

beta agonists) were classified as having asthma.

Covariates. We used administrative data linked with vitalaets to identify covariates. Birth
certificate data were used to determine infantattaristics (gender, EGA, birth weight) and
maternal demographics and characteristics (raceatidn, smoking status during pregnancy,
gravidity status, number of previous live birth§mall for gestational age (SGA), %5
percentile, was determined using standard metHddgant birth hospitalization length of stay

(LOS) and healthcare visits for bronchiolitis wedentified using administrative data.
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Satistical Analyses. The main outcome variable was asthma, defineddashatomous variable
(Asthma present vs. No), ascertained between #dafs. We have demonstrated that
prematurity and SGA are associated with higher @toe to RSV immunoprophylaxis in this
cohort! thus, a priori we decided to employ different riwaltiable adjustment approaches to
address confounding. Therefore, in addition tovemtional multivariable logistic regression,
we used propensity score (PS) methods to perforadpted and-matched analyses. We
examined the association between the asthma outanththe adherence predictor included as a
flexible smooth parameter using cubic spline regjoes(2 degrees of freedom with 3 knots) in
multivariable analyses and did not detect non-lihgésee Figure E1 in the online Repository).
In univariate analysis, we compared the proportibchildren with asthma by categories
defining the degree of adherence using Pearsor'sgelare statistics. RSV immunoprophylaxis
predictor categories were specified by the typmoltivariable analyses conducted. For the
multivariable and PS-adjusted analyses we definedlegree of adherence as no receipt, <70%
adherence, and >70% adherence. We selected >76%timstion of a fairly high degree of
adherence in the absence of a widely recognizedmfiet immunoprophylaxid.We classified

% adherence into 3 levels, including no receipgldsugh individuals with and without receipt
of immunoprophylaxis varied regarding medical coamily, limiting the analyses to only
individuals with receipt did not change the res(dgta not shown). For PS-matched analyses,
the subset of children with extremes of RSV immunphylaxis adherence were includét..
Covariates in the multivariable models includeairifgender, EGA, EGA plus birth hospital
LOS, birth weight, bronchiolitis diagnosis, seasbhirth (RSV season: October-March vs. non-

RSV season: April-September), birth year, numbédivofg siblings, maternal race, age,
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education, gravidity, smoking during pregnancy, aitel. For TennCare, when birth hospital

LOS was missing, it was imputed as previously dbsdt*

Each regression adjustment method (multivarialdésta regression, propensity score adjusted,
and propensity score matched models) was conduttee all RSV immunoprophylaxis

eligible cohort and in each subgroup based onllityi criteria (CLD, Prematurity <29,
Prematurity <32, and Other Eligible). Adjusted odalsos (AORSs) for asthma were determined
by adherence to AAP RSV immunoprophylaxis recomragods, categorized as no receipt,
<70%, or >70% adherence, in the conventional mati@ble and PS-adjusted models. Model fits
(for conventional logistic regression methods) wassessed using the goodness of fit test
(Cessie—van Houwelingen—Copas—Hosmer) and there neestatistically significant evidence

of lack of fit in our logistic regression model.opensity score adjustment models: PS was
derived using a proportional odds ordinal logiséigression model for treatment (RSV
immunoprophylaxis) with three level categories faceipt, <70% adherence, and >70%
adherence) and included as a covariate in the psityescore adjustment mod&lFollowing
derivation of the PS, in adjustment models, re®dcubic splines were used to allow for non-
linear adjustment between PS and outcoPmapensity score-matched treatment groups. We
derived the PS for matched analyses using bingigtio regression with high and low ends of
receipt, including >70% and > 0 to <20% adheréritke PS-matched model included 1:1

t''based on the PS to assess the association of 8teadi with

matching with replacemeh
recommended number of doses of RSV immunoprophg/iaxnfancy and subsequent asthma.
In the matched analysis, conditional logistic regren and robust sandwich error estimates were

used to account for the clustered data. The sggmifie level for all analyses was p <0.05.
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To assess the impact of missing covariate dataonducted conventional multivariable
adjustment models using multiple imputation of nmgs/ariables. Since the results of these
analyses remained unchanged, we present the centplet analyses. Overall, less than 2% of
children were excluded from multivariable analydas to missing/Unknown data. Analyses
were conducted using SAS version 9.1 (SAS Insti@gey, NC) and R version

3.0.1(http://www.r-project.org)®
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Figure E1. Among infants with non-zero adherene adjusted association of adherence (black
lines) with childhood asthma outcome (predictedplmlity) was evaluated using restricted

cubic splines (2 degrees of freedom with 3 knatshultivariable logistic regression for

combined and risk eligibility groups. Adherencelahdicates 100% adherence and x -axes were
trimmed to about 200% adherence. The histogramedion top axis show adherence

distribution.

10



Probability of asthma Probability of asthma

Probability of asthma

CLD
[ TWWMWTm T Tl m Tmmn T T W | | T T W L L] LI | ] L LI L]

0.6

0.5

0.3

0'2- T T T T T

0.0 0.5 1.0 1.5 2.0
Adherence
29 to <32 week EGA
L B BN B L] W W L] W L L ] | L T W L
0.401
0.35;
0.301
0.25;
0.201
0.15
0.0 0.5 1.0 1.5 2.0
Adherence
All Eligibility groups
[  WEEETE TE THm W U MmN erEr . @ mim T § @nm W W W menrnr . W |

0.401
0.35;
0.301
0.25]
0.20; I
0.151

1.0
Adherence

0.0 0.5 15 2.0

Probability of asthma

Probability of asthma

<29 week EGA

0.5]
0.4
0.3
o.l- T T T T T
0.0 0.5 1.0 15 2.0
Adherence
Other Eligible Group
mT W W W | | L TT 1T m | | T L T LU LI LI T
0.25]
0.201
0.15]
0.101
0.05
0.0 05 1.0 15 20
Adherence



