
Accepted Manuscript

Building Bridges for Asthma Care: Reducing School Absence for Inner City Children
with Health Disparities

Stanley J. Szefler, M.D., Michelle M. Cloutier, MD, Miguel Villarreal, MS, Jessica P.
Hollenbach, PhD, AE-C, Melanie Gleason, MS, PA-C, AE-C, Christy Haas-Howard,
RN, MPH, AE-C, Carol Vinick, RN, APRN, Agustin Calatroni, MA, MS, Lisa Cicutto,
RN, ACNP(cert), PhD, CAE, Marty White, BSN, RN, AE-C, Shann Williams, PMP,
Meghan McGinn, Christine Langton, MSW, MPH, Donna Shocks, MSN RN, CNS,
Herman Mitchell, PhD, David A. Stempel, MD

PII: S0091-6749(18)31060-1

DOI: 10.1016/j.jaci.2018.05.041

Reference: YMAI 13532

To appear in: Journal of Allergy and Clinical Immunology

Received Date: 10 February 2017

Revised Date: 16 May 2018

Accepted Date: 25 May 2018

Please cite this article as: Szefler SJ, Cloutier MM, Villarreal M, Hollenbach JP, Gleason M, Haas-
Howard C, Vinick C, Calatroni A, Cicutto L, White M, Williams S, McGinn M, Langton C, Shocks D,
Mitchell H, Stempel DA, Building Bridges for Asthma Care: Reducing School Absence for Inner City
Children with Health Disparities, Journal of Allergy and Clinical Immunology (2018), doi: 10.1016/
j.jaci.2018.05.041.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jaci.2018.05.041


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 1

Building Bridges for Asthma Care: 1 

Reducing School Absence for  2 

Inner City Children with Health Disparities  3 

 4 

*Co-Lead authors  5 

Stanley J. Szefler, M.D. * 6 

Director, Pediatric Asthma Research Program and Research Medical Director, 7 

Breathing Institute, 8 

Children’s Hospital Colorado;  9 

Professor of Pediatrics, 10 

Section of Pediatric Pulmonary and Sleep Medicine, 11 

University of Colorado School of Medicine  12 

Aurora, Colorado 13 

Stanley.Szefler@childrenscolorado.org 14 

 15 

Michelle M. Cloutier, MD* 16 

Professor Emerita of Pediatrics and Medicine 17 

UCONN Health 18 

Founding Director, Asthma Center 19 

Connecticut Children's Medical Center 20 

mclouti@connecticutchildrens.org 21 

 22 

Miguel Villarreal, MS 23 

Senior Biostatistician 24 

Rho, Inc. 25 

Chapel Hill, NC 26 

Miguel_villarreal@rhoworld.com 27 

 28 

Jessica P. Hollenbach PhD, AE-C 29 

Assistant Professor, Department of Pediatrics 30 

University of Connecticut School of Medicine 31 

Director of Asthma Programs 32 

Asthma Center 33 

Connecticut Children’s Medical Center 34 

jhollenbach@connecticutchildrens.org 35 

 36 

Melanie Gleason, MS, PA-C, AE-C 37 

Project Manager and Associate Director, Building Bridges Asthma Program 38 

Children’s Hospital Colorado; 39 

Instructor, Department of Pediatrics 40 

Section of Pediatric Pulmonary Medicine 41 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 2

University of Colorado School of Medicine, 42 

Aurora, Colorado 43 

Melanie.gleason@ucdenver.edu 44 

 45 

Christy Haas-Howard RN, MPH, AE-C 46 

Denver Public Schools 47 

Nursing and Student Health Services; 48 

Colorado Department of Education, 49 

Asthma Grant Program Manager, 50 

Denver, Colorado 51 

Christy_haas-howard@dpsk12.org 52 

 53 

Carol Vinick RN, APRN 54 

Building Bridges Coordinator 55 

Asthma Center 56 

Connecticut Children’s Medical Center 57 

cvinick@sbcglobal.net 58 

 59 

Agustin Calatroni, MA, MS 60 

Statistical Scientist 61 

Rho, Inc. 62 

Chapel Hill, NC 63 

Agustin_calatroni@rhoworld.com 64 

 65 

Lisa Cicutto RN, ACNP(cert), PhD, CAE 66 

Director, Community Outreach and Research,  67 

National Jewish Health; 68 

Director, Clinical Science Program,  69 

University of Colorado Denver AMC 70 

Denver, Colorado 71 

cicuttol@njhealth.org 72 

 73 

Marty White BSN, RN, AE-C 74 

Children’s Hospital Colorado/Denver Public Schools 75 

Asthma Nurse Liaison 76 

Denver, Colorado 77 

martha_white@dpsk12.org 78 

 79 

Shann Williams, PMP 80 

Senior Director, Operations 81 

Rho, Inc. 82 

Chapel Hill, NC 83 

Sherrell_williams@rhoworld.com 84 

 85 

Meghan McGinn 86 

Senior Project Manager III 87 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 3

Rho, Inc. 88 

Chapel Hill, NC 89 

Meghan_mcginn@rhoworld.com 90 

 91 

Christine Langton, MSW, MPH 92 

Building Bridges Coordinator 93 

Asthma Center 94 

Connecticut Children’s Medical Center 95 

clangton@connecticutchildrens.org 96 

 97 

Donna Shocks MSN RN, CNS 98 

Denver Public Schools 99 

Manager of Nursing and Student Health Services 100 

Denver, CO 101 

donna_Shocks@dpsk12.org 102 

 103 

Herman Mitchell, PhD 104 

Vice President, Federal Operations 105 

Rho, Inc. 106 

Chapel Hill, NC 107 

Herman_mitchell@rhoworld.com 108 

 109 

David A. Stempel, MD 110 

Propeller Health 111 

San Francisco, California 112 

Formerly GlaxoSmithKline 113 

Research Triangle Park, NC 114 

david.stempel@propellerhealth.com 115 

 116 

Corresponding Author: Stanley J. Szefler, MD 117 

Children’s Hospital Colorado, 118 

Breathing Institute; 119 

Department of Pediatrics, 120 

Section for Pediatric Pulmonary and Sleep Medicine 121 

13123 E. 16th Avenue, B395 122 

Denver, Colorado 80045 123 

720-777-0985 phone 124 

720-777-7284 fax 125 

Stanley.Szefler@childrenscolorado.org 126 

 127 

  128 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 4

Funding Acknowledgements:  129 

 130 

This study was funded by GlaxoSmithKline Study Number:  FLV116794.  131 

 132 

SJ Szefler is supported by the Colorado Department of Public Health and Environment 15 FLA 133 

65765, 16 FHLA 76546 and 17FHLA87312, Caring for Colorado Foundation, the McCormick 134 

Foundation and Glaxo Smith Kline FLV116794. Also supported by NHLBI AsthmaNet U10 135 

HL098075 and supported in part by Colorado CTSA Grant UL1 RR025780 from NCRR/NIH 136 

and UL1 TR000154 from NIH/NCATS.  137 

 138 

MM Cloutier is supported by the State of CT Department of Public Health, Community Health 139 

Network of Connecticut, and NHLBI 1U34 HL130665-01 and by University of Colorado School 140 

of Medicine, funded through GlaxoSmithKline FLV116794. 141 

 142 

M Villarreal is supported by University of Colorado School of Medicine, funded through 143 

GlaxoSmithKline FLV116794. 144 

 145 

JP Hollenbach is supported by the State of CT Department of Public Health, Community 146 

Health Network of Connecticut, NHLBI 1U34 HL130665-0 and by University of Colorado 147 

School of Medicine, funded through GlaxoSmithKline FLV116794 148 

 149 

MC Gleason is supported by Colorado Department of Public Health and Environment 15 FLA 150 

65765, 16 FHLA 76546 and 17FHLA87312, Caring for Colorado Foundation, the McCormick 151 

Foundation and GlaxoSmithKline FLV116794. 152 

C Haas-Howard is supported by Colorado Department of Public Health and Environment 15 153 

FLA 65765, 16 FHLA 76546 and 17FHLA87312, and Kaiser Permanente and supported by 154 

University of Colorado School of Medicine, funded through GlaxoSmithKline FLV116794. 155 

C Vinick is supported by NHLBI 1U34 HL130665-01 and supported by University of Colorado 156 

School of Medicine, funded through GlaxoSmithKline FLV116794. 157 

 158 

A Calatroni is supported by University of Colorado School of Medicine, funded through 159 

GlaxoSmithKline FLV116794. 160 

 161 

LC Cicutto is supported by Colorado Department of Public Health and Environment, Colorado 162 

CTSA Grant UL1 TR001082 from NIH/NCRR, Kaiser Permanente Foundation, the Jessie Ball 163 

Du Pont Fund and the McCormick Foundation.  164 

 165 

M White is supported by Colorado Department of Public Health and Environment 15 FLA 166 

65765, 16 FHLA 76546 and 17FHLA87312, Caring for Colorado Foundation, the McCormick 167 

Foundation and by University of Colorado School of Medicine, funded through 168 

GlaxoSmithKline FLV116794. 169 

S Williams is supported by University of Colorado School of Medicine, funded through 170 

GlaxoSmithKline FLV116794. 171 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 5

 172 

M McGinn is supported by University of Colorado School of Medicine, funded through 173 

GlaxoSmithKline FLV116794. 174 

 175 

C. Langton is supported by the State of CT Department of Public Health, Community Health 176 

Network of Connecticut and NHLBI 1U34 HL130665-01 and by University of Colorado School 177 

of Medicine, funded through GlaxoSmithKline FLV116794.  178 

 179 

H Mitchell is supported by University of Colorado School of Medicine, funded through 180 

GlaxoSmithKline FLV116794. 181 

 182 

D Stempel was formerly an employee at GlaxoSmithKline when this study was conducted. 183 

  184 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 6

Abstract 185 

Background:  Children with asthma are at increased risk for experiencing health and 186 

educational disparities because of increased school absence. School nurses are well-187 

positioned to support asthma management and improve school attendance. 188 

Objective: To implement and assess the effect of the Building Bridges for Asthma Care 189 

Program on improving school attendance and measures of asthma control. 190 

Methods: Children with asthma, ages 5 through 14 years, in the Denver Public School System 191 

(n=240) and the Hartford Public School System (n=223) were enrolled in the Building Bridges 192 

Program during the 2013-2014 and the 2014-2015 school years and followed until the end of 193 

the second school year. The primary outcome was school absence with secondary outcomes 194 

including asthma control measured by the Childhood Asthma Control Test (cACT) or the 195 

Asthma Control Test (ACT), and rescue inhaler use. 196 

Results:  Participants experienced a 22% absolute decrease in school absenteeism; the 197 

number of children with an ACT/cACT score below the control threshold of 20 decreased from 198 

42.7% to 28.8% and bronchodilator use >2 times per week declined from 35.8% to 22.9% (all 199 

changes were significant, p<.01).  200 

Conclusions: Children enrolled in the Building Bridges for Asthma Care Program experienced 201 

reduced school absence and improved asthma control.  202 

 203 

  204 
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Clinical Implications: A systematic, school-centered asthma program implemented in 205 

a partnership among school nurses, families, and primary care clinicians can 206 

significantly reduce asthma morbidity and improve asthma control. 207 

 208 

Clinical Summary: Implementation of the Building Bridges for Asthma Care Program for 209 

students with at-risk asthma resulted in reduced school absence, improved asthma control and 210 

a decreased need for rescue medication.  211 

 212 

 213 

Key words: African American, asthma, case management, care coordination, children, 214 

disease management, Hispanic, partnerships, school 215 

 216 

Abbreviations: 217 

ACT – Asthma Control Test 218 

BB - Building Bridges for Asthma Care 219 

DPS – Denver Public Schools 220 

cACT – Childhood Asthma Control Test 221 

ED – Emergency Department 222 

FERPA – Family Educational Rights and Privacy Act 223 

HCP – Health care practitioner 224 

HIPAA - Health Insurance Portability and Accountability Act 225 

HPS – Hartford Public Schools 226 

MCID – Minimal clinically important difference 227 

SABA – Short acting ß-agonist  228 
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Introduction   229 

 More than 5 million school-aged children in the United States have a current 230 

diagnosis of asthma [1].  Asthma is the leading cause of disease-related school 231 

absenteeism and children with asthma miss 13.8 million days of school each year [2].  232 

Socioeconomically disadvantaged children and minority children are disproportionately 233 

affected by asthma and, in addition, have higher rates of school absenteeism [3-5].  234 

Poorly controlled asthma disrupts sleep and can negatively affect a child’s ability to 235 

learn and perform at school [6, 7].  Children with asthma may be placed at greater 236 

academic disadvantage as a result of their asthma-related absences [8-10] and loss of 237 

educational hours.  238 

 239 

 Schools are favorable environments to address the burden of asthma. Children 240 

spend a large proportion of their day at school and may interact with the school nurse 241 

more frequently than any other health care provider [11]. Although school nurses are 242 

thus well-positioned to take a lead in supporting asthma population health management 243 

[12], they are challenged by limited available time and resources to support 244 

management of students with chronic diseases.  Multiple studies have examined the 245 

utility of the school setting for screening and asthma case finding  [13, 14],  asthma 246 

education and management [15, 16] and directly observed administration of daily 247 

preventive asthma medications by school nurses [17] with mixed results.   248 

 249 

 The Building Bridges for Asthma Care Program was developed to serve as a 250 

school-centered asthma program that could be a model for other school systems [18].  It 251 
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represents a novel combination of two existing asthma programs, one with an asthma 252 

counselor oriented school-centered asthma program, the Colorado Step-Up Asthma 253 

Program [19], and the other a primary care provider oriented program, Easy Breathing© 254 

in Hartford, Connecticut [20].  The Building Bridges Program provides the background, 255 

tools and support for school nurses to identify students with at-risk asthma, indicated by 256 

poor asthma control, high asthma morbidity and frequent school absenteeism, to 257 

intervene with targeted case management, tailored care coordination, and to serve as a 258 

communication bridge between students, families and clinicians.  We hypothesized that 259 

such a program would be capable of reducing school absenteeism and improving 260 

asthma control. It is the first step to determine the feasibility, acceptability, and initial 261 

efficacy in a school nurse intervention in two different school systems. 262 

 263 

Methods 264 

Program Description 265 

  The goals of the Building Bridges program are to 1) identify students with asthma; 2) 266 

assess asthma risk/control; 3) enroll students at-risk for adverse asthma outcomes and their 267 

families in the Building Bridges program; 4) provide case management and care coordination; 268 

and 5) prepare students and their families for improved asthma management in the coming 269 

school years. 270 

  Identifying students for the Building Bridges project was a 2-stage process.  The first 271 

step, screening, was typically conducted at the beginning of the school year with school nurses 272 

or their designee identifying students with asthma using district health forms in Denver Public 273 

Schools (DPS) or the Connecticut Health Assessment record and medication authorization 274 

forms in Hartford Public Schools (HPS).  Using this information, students with asthma were 275 
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assessed for their risk for adverse asthma outcomes, including asthma-related school 276 

absenteeism (Asthma Intake Form).   277 

  Students with asthma at risk for adverse outcomes were subsequently invited to enroll 278 

in the program and provided detailed information regarding the student’s asthma.  School-aged 279 

children, pre-K through grade 8, ages 5 to 14 years at enrolment, were defined as “at risk for 280 

adverse asthma outcomes” and eligible for the Building Bridges Program if they met any of the 281 

following risk criteria from the Asthma Intake Form:  >2 urgent care/ED visits for asthma in the 282 

last 12 months, hospitalization for asthma in the last 12 months, >2 courses of prednisone or 283 

systemic corticosteroids for asthma in the last 12 months, > 5 missed school days due to 284 

asthma in the last school year OR had current uncontrolled asthma as indicated by one or 285 

more of the following: daytime symptoms  >2 days per week, night time awakenings >2 times 286 

per month, quick-relief inhaler used >2 times per week, limiting activity level due to asthma 287 

“often” or “all of the time”.  All information was self-reported.  At risk children with asthma were 288 

targeted for case management and care coordination and comprised the study population. 289 

Parents of children at-risk were contacted by study staff members; the goals of 290 

the Building Bridges program were explained and informed consent (and assent for 291 

students 7 years and older), and Health Insurance Portability and Accountability Act 292 

(HIPPA) and Family Educational Rights and Privacy Act (FERPA) permissions were 293 

obtained.  A structured interview (15-30 minutes) was conducted by study staff (Getting 294 

to Know You [21, 22]) and identified learning needs and barriers.  This information was 295 

then used by the school nurse or a member of the Building Bridges staff to plan case 296 

management activities which consisted of asthma education, both general and tailored 297 

to asthma, medication use, inhaler technique coaching, and care coordination.  298 
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  On-going assessment activities occurred throughout the school year and included three 299 

face-to-face visits with the child at school to assess asthma control, inhaler technique and 300 

provide asthma education and two additional visits with the parent(s)/guardian(s) to provide 301 

general and asthma-tailored education.  Asthma control was assessed using the Childhood 302 

Asthma Control Test (cACT) for children 5-11 years and the Asthma Control Test (ACT, 303 

Quality Metric Inc.) for those ≥12 years [23, 24]. Educational activities with students and 304 

parents included short summaries on the management of asthma triggers, medications, 305 

asthma control, and working with health providers.  The Inhaler Technique Assessment Tool 306 

was used to standardize the assessment of inhaler technique by school nurses [21, 22, 25]. 307 

Care coordination activities were tailored to the students’ needs and included 308 

securing a health care provider and obtaining health insurance if the child did not have 309 

these, identification of barriers and facilitators to asthma management, and closing of 310 

gaps.  School nurses also confirmed that participating students had a reliever inhaler at 311 

school, were actively participating in physical education, and monitored absenteeism.  312 

Copies of School Asthma Care Plans and Home Asthma Action/Treatment Plans were 313 

requested from health care practitioners (HCPs), entered into the school electronic 314 

systems and recorded in the Building Bridges program portal.   315 

  The final component of care coordination included communication with the child’s health 316 

care provider and consisted of letters that were sent to the child’s health care provider(s) and 317 

the family three times (beginning, mid and end) during the school year.  These letters used a 318 

standardized template individualized to provide information about the student’s asthma control, 319 

school absenteeism, self-reported use of prescribed medications, and the availability of a 320 

school asthma care plan and rescue inhaler in school. Letters, if needed, also included a 321 
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request for the HCP to contact the family to schedule an appointment, complete and submit a 322 

school asthma care plan and/or provide an additional reliever inhaler for the school. A copy of 323 

the letters was also provided to the parent.  324 

During the school year, care coordination continued with reassessment of the 325 

child’s asthma control at mid-year and at the end of the year using the cACT/ACT as 326 

well as reinforcement of the care coordination plan.  Inhaler technique coaching and 327 

asthma education were on-going and detailed in a follow-up letter to the primary care 328 

clinician. Absenteeism was tracked throughout the school year.  329 

  At the end of the school year, a Back to School Asthma Packet was sent to families of 330 

Building Bridges.  This packet included a blank school asthma care plan for completion by 331 

HCPs and a Back to School with Asthma Checklist. The Checklist was to be completed over 332 

the summer and included: making an appointment with the HCP, requesting a reliever inhaler 333 

for school use, and completing the necessary school forms.   334 

Program Implementation 335 

 336 

 In year 1, the feasibility of the program was assessed in five elementary schools 337 

in Denver, CO and three elementary schools in Hartford, CT.  In year 2, the program 338 

was implemented in a total of 20 additional elementary schools (18 in Denver and 10 in 339 

Hartford). The target of this school-based intervention is asthma morbidity, but with the 340 

ultimate goal of showing a reduction in school absences.  Therefore, the primary 341 

outcome was defined as the percent of school days absent for children enrolled in the 342 

program as compared to non-Building Bridges controls.   Secondary outcomes included 343 

frequency of short-acting β agonist use >2 times/week, and changes in ACT/cACT 344 

scores.  345 
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 346 

Statistical Analysis   347 

 Data sources:  History of asthma diagnosis, severity, symptoms and medical 348 

services utilization were obtained from parent self-report.  School absenteeism data 349 

were obtained from the respective schools’ electronic data capture system (Infinite 350 

Campus for Denver schools and Power School for Hartford schools).  351 

 Analysis techniques: Comparisons between Building Bridges and non-Building 352 

Bridges students were performed with a chi-square test for categorical outcomes and a 353 

t-test for continuous outcomes. The percent absent measure reported in the figures was 354 

calculated for each student as the number of school days missed divided by the number 355 

of days enrolled within a school year. Students who were enrolled in school for less than 356 

twenty-five days inclusively were removed prior to the analysis since it was assumed 357 

that they no longer attended that school.  358 

 The primary outcome for the Building Bridges Program was student school days 359 

absent and reported as a percentage of the number of days enrolled. Absence rates 360 

were estimated using an over-dispersed Poisson model and reported as percents. The 361 

number of days missed was the dependent variable and a group variable (Building 362 

Bridges vs. non-Building Bridges students) as the independent variable with the log-363 

transformed number of days enrolled at school as the offset variable. The back-364 

transformed least squares mean estimates from the model are reported as percent 365 

absent and the relative ratio, the percent absent in the Building Bridges group relative to 366 

the percent absent in the non-Building Bridges control group, and 95% confidence 367 

intervals are estimated using the same model.  368 
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The analysis of school absenteeism was conducted for both the 2013-14 (Year 1) 369 

and 2014-15 school years.  Therefore, some children (n=73) were enrolled in the 370 

Building Bridges Program for two consecutive years, but only data from their first year of 371 

enrollment were included in the analysis of absenteeism.  372 

 School absence data are especially challenging to analyze, given that they vary 373 

dramatically by age/grade, race/ethnicity and asthma status (see Figure 1).  To make 374 

the most relevant comparison between the Building Bridges and non-Building Bridges 375 

groups, the Building Bridges students were compared to children with asthma who were 376 

not enrolled in the program, but who met the same eligibility criteria based on the 377 

Asthma Intake Form.  Furthermore, a matched case-control method was employed to 378 

pair each Building Bridges participant with a non-Building Bridges student on school, 379 

grade, sex, ethnicity, program eligibility, asthma severity and program year. Asthma 380 

severity was based on information from the Asthma Intake Form regarding symptoms 381 

and exacerbations. The CRAN statistical package MatchIT was used to statistically 382 

match each case with a control using the nearest-neighbor matching method with the 383 

distance measure being estimated using logistic regression [26]. SAS version 9.4 384 

software (SAS Institute, Inc., Cary, NC) and R were used for all statistical analyses [27].  385 

  386 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

May 15, 2018 

 

 15 

Results 387 

  388 

The Student Population.  The demographic characteristics of the Building 389 

Bridges students from the 28 schools in the Denver and Hartford School Districts where 390 

the Building Bridges Program was implemented compared to the remaining school 391 

student populations based upon the initial screening data are provided in Table 1. This 392 

table compares the Building Bridges students to the remaining school student 393 

population based upon the initial screening data. Consistent with asthma prevalence in 394 

the general population, the Building Bridges students with asthma are more likely to be 395 

male and younger, as reflected by their grade in school.  The Building Bridges program 396 

population has proportionally larger numbers of minority children, with Hartford having 397 

more Puerto Rican Hispanic students in the program and Denver having more Mexican 398 

Hispanic children.  A total of 2,178 students with asthma were identified in the two 399 

schools using health forms (14%).  Of these students, 1390 (64%) returned an Asthma 400 

Intake Form and 781 were determined to be at-risk for adverse asthma outcomes.  Of 401 

at-risk students, 463 (59.3%) were enrolled (292 declined to participate and 26 were lost 402 

to follow up). 403 

 404 

Asthma morbidity, healthcare access and environmental exposures.   Table 2 405 

provides a comparison of the Building Bridges students at Denver and Hartford schools.  406 

It should be noted that the Hartford population experiences greater asthma morbidity 407 

and environmental exposures than the Denver Building Bridges population which is 408 

characteristic of New England areas as compared to the West. 409 
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 410 

 Most participants reported having a primary care physician at the beginning and 411 

at the end of the program. Approximately 85% were insured by Medicaid and 1% were 412 

without insurance of any type. Nearly all (95%) indicated they were receiving asthma 413 

medication at the time of enrollment.  In response to questions about identifying 414 

potential asthma triggers, 24% reported tobacco smoke, and 41% reported pets; 415 

approximately 2% of participants in Denver and 17% of participants in Hartford reported 416 

cockroach and/or rodent exposure, with 3% in Denver and in Hartford noting exposure 417 

to a wood burning stove or fireplace. Participants in Building Bridges received a total of 418 

approximately 60 minutes of asthma education, improved their inhaler technique scores 419 

from 2.9 (0.11) to 3.9 (0.11) (p<.01) and completed three ACTs during the school year. 420 

 421 

School absence. Utilizing school absences as an outcome measure presents 422 

some statistical challenges.  School absences are more common among those with 423 

asthma, but also strongly related to age and grade (Figure 1) (as well as race/ethnicity –424 

data not shown). The mean percent absence for all students at the Denver and Hartford 425 

Public schools for the 2012-2013, 2013-2014 and 2014-2015 school years combined 426 

show the same general pattern for those with and without asthma: students tend to 427 

have higher percent absences in the earlier and later grades (Figure 1). Students with 428 

asthma also showed a higher percent absence as compared to students without 429 

asthma.  To account for the inherent differences in absenteeism between grade levels 430 

and asthma status, as well as the baseline differences in asthma morbidity levels 431 

between Denver and Hartford, a case-control analysis was utilized to match Building 432 
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Bridges participants to controls (i.e., children with asthma who were eligible but not 433 

enrolled in Building Bridges) based on school, grade, sex, ethnicity, program eligibility, 434 

asthma severity and program year (Figure E1).  Table 3 presents the demographic and 435 

baseline asthma morbidity characteristics of the Building Bridges students and the 436 

matched analytic comparison group.  We were unable to find a comparable match for 437 

12 students from the Denver Building Bridges group and 69 students from Hartford, 438 

resulting in a matched sample size of 228 at Denver and 154 at Hartford.  The students 439 

who were matched were comparable to those who did not match, except for a few 440 

differences within the school system and between school systems as noted in Table E1.  441 

Figure 2 shows the estimated percent absence among children enrolled in the 442 

Building Bridges Program (9.3%) compared to the non-Building Bridges control group 443 

(11.8%, p < 0.001).  Both Denver and Hartford showed a significant decrease, 24% and 444 

19% respectively, in percent absence when stratifying the analysis by school district. 445 

The typical school year consists of 170 to 185 days and this decrease in absences 446 

results in approximately 5½ additional days of school attendance per student.  All 447 

absenteeism estimates were adjusted to the actual number of school days a child was 448 

enrolled.   449 

 Clinical outcomes. Changes in asthma clinical outcomes from enrollment to 450 

follow-up for the Building Bridges students are shown in Table 4. Significant reductions 451 

were observed in the proportion of students in the Building Bridges cohort requiring 452 

short-acting ß-agonists more than two times per week. There were consistent 453 

improvements in Asthma Control Test (ACT) control cut-point score of 20 and above, 454 
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including 37.4% that demonstrated improvements above the minimal clinically important 455 

difference (MCID) of 3 [28]. 456 

457 
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Discussion 458 

 The Building Bridges for Asthma Care Program was designed to serve as a 459 

model program for school systems to support asthma care for children with asthma not 460 

well controlled. This program confirms the important role that school nurses can play in 461 

coordinating asthma care with children, their parents/guardians and clinicians. The 462 

program led to significant improvements in asthma control and a 22% reduction in 463 

school absence. This reduction in school absence was accompanied by a reduction in 464 

the proportion of children requiring short-acting ß-agonists more than 2 times per week 465 

and improved asthma control test scores.  466 

 Since the number of school days varies across schools and school systems, we 467 

assessed school absence based on the percent of school days missed. This can be 468 

translated back to number of days missed with a high degree of accuracy.  Most 469 

schools do not record the actual reason for a school absence and therefore, we were 470 

unable to study absences specifically for asthma. We carefully matched students with 471 

similar levels of asthma morbidity and baseline demographics to assess school 472 

absenteeism between those who did and did not enroll in the program. 473 

 The benefits of identifying children at risk who had an exacerbation in the prior 474 

year or who missed a significant amount of school in the prior year are multiple.  First, 475 

these children could be selected for careful observation in a program such as Building 476 

Bridges.   Second, preventive measures such as assurance of regular medical follow-477 

up, adherence to the home management plan, and close observation for symptoms 478 

during the coming school year could be applied.  Third, a pattern of school absence 479 

reflective of poor asthma control could be identified in real time and a plan to re-assess 480 
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the child’s asthma management could be recommended before additional educational 481 

hours are lost. Fourth, asthma has a seasonal pattern and preventive measures could 482 

be used to step-up treatment prior to a season associated with a high frequency of 483 

exacerbations, such as the fall season [29-33]. Prior assessments of academic 484 

performance related to school attendance estimate that 10%, or approximately 15 days, 485 

of school absence affect school performance [34]. Only 31.9% of the Building Bridges 486 

students were absent more than 10% of their school days, while 45.5% of the matched 487 

non-Building Bridges students were absent more than 10% of their school days. In a 488 

study of children with hemophilia, preventive care resulting in decreased school 489 

absences led to improvements in both academic achievement and even IQ [34].  Early 490 

recognition of poor asthma control could lead to identification of children with poor 491 

adherence to asthma medications, or poor medication inhalation technique despite 492 

appropriate therapy and adherence. This would prompt an assessment for 493 

environmental control, a step-up in the asthma therapy/treatment or other 494 

considerations of family support that would address social determinants of health [35]. 495 

While the program components responsible for the decrease in school absenteeism are 496 

not known, the additional asthma education, the awareness of how to assess their 497 

asthma control and respond to a loss of control and technical improvements in use of 498 

their asthma medication may be contributing factors. 499 

 500 

 The Building Bridges Program is consistent with new initiatives to support school 501 

nurses in managing chronic diseases [12, 36]. The Building Bridges Program served to 502 

focus the limited school resources available rather than requiring significant increases in 503 
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the time needed to manage asthma.  It requires training a school team composed of a 504 

school nurse and possibly a health care assistant to implement the program as well as 505 

an organizational plan to initiate and continue the program.  Expansion of these 506 

programs to a national level could serve to assist more children with asthma and further 507 

support school systems with limited resources. The American Academy of Allergy, 508 

Asthma and Immunology in collaboration with the National Association of School 509 

Nurses developed the School-Based Asthma Management Program to assist schools in 510 

accessing these resources [12]. However, individual schools will need to determine their 511 

own level of commitment and readiness to apply these resources appropriately. 512 

 Several strengths were identified with the implementation of the Building Bridges 513 

Program. It was equally successful in two different school systems with different 514 

population demographics and a marked difference in the level of support for school 515 

nurses (Figure 2); in Hartford a full-time school nurse is present every day while in 516 

Denver the school nurse is present only a few days per week with the support of a 517 

health care assistant who is present every day at each school. In Denver, non-518 

professional staff, such as health technicians or Unlicensed Assistive Personnel, were 519 

trained to assist nurses. In addition, both school systems learned to use technology to 520 

help with record keeping. The two school systems learned techniques from each other 521 

in enhancing school-based computer systems for record keeping and developing portals 522 

and dashboards. 523 

  524 

We recognize several limitations.  Our control group consisted of a population of 525 

children with asthma, defined after the initiation of the study of equal severity and 526 
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comparable demographics (school grade, ethnicity, etc.) who did not participate in the 527 

program.  There are several inherent methodological challenges associated with this 528 

non-randomized design including selection bias that could lead to over-estimation of 529 

effect sizes.  We do not know if the control group of non-participant families was less 530 

engaged than the intervention participants or if their ACT/cACT scores changed over 531 

time.  We also did not collect detailed information on psychosocial or familial factors that 532 

might have influenced school attendance by both the control and intervention students. 533 

There were many successes noted during the development, implementation and 534 

analysis of this program.  The Building Bridges Program has continued in both the 535 

Denver Public School System and the Hartford Public School System with some 536 

modification and is now being used in additional school districts both in Colorado and 537 

Connecticut. School nurses and assistants spent on average 100-126 minutes per week 538 

systematically identifying children with asthma at risk for adverse outcomes and 539 

program implementation.  While Building Bridges added some time to the efforts of 540 

school nurses and assistants, this added time may have offset some of the time spent in 541 

acute asthma management; the net effect on time was not, however, measured. There 542 

are significant benefits of an organized program in identifying, assessing, monitoring 543 

and supporting children who might not have access to regularly scheduled medical 544 

care. Although nearly 100% of the children in this population had health insurance 545 

(typically, Medicaid), barriers to accessing health care are many and significant [37].  546 

This program offers a unique approach to reducing and/or circumventing barriers to 547 

asthma care.  However, a formal cost analysis for program implementation would be 548 

needed to determine feasibility of the program implementation in specific school 549 
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systems. School engagement and readiness is a critical feature in introducing the 550 

program [38]. There is a critical need to facilitate communication among children, 551 

families, schools and clinicians that assure confidentiality but support integrated care 552 

[39]. There may be a requirement for additional layers of support for schools with high 553 

needs, such as that provided by community health workers, patient navigators, or 554 

asthma counselors, as indicated in the Step-Up Asthma Program [19], as well as new 555 

technology, such as telemedicine [40]. Professional societies of asthma specialists, 556 

primary care physicians, and school nurses should work to collaborate on these efforts 557 

and break down the existing silos that have created gaps in communication [41].  558 

 In summary, the Building Bridges for Asthma Care Program was developed to 559 

serve as a model for a collaborative effort among schools, health care clinicians, and 560 

families to support children with asthma who suffer health disparities. Clinical outcomes 561 

were notably improved and thus this program demonstrated an immediate impact that 562 

could be extended to other school systems. It provided a model of support but also 563 

pointed to general areas that must be improved to support children with health 564 

disparities as well as children who have access to care but whose asthma is not well 565 

managed.  566 

 Given that asthma is the number one respiratory disease-related reason for 567 

school absences among children, reducing asthma morbidity and the resultant school 568 

absences should have a positive impact on the children and their families as well as a 569 

reduction in demands on school nurse resources and an improvement in academic 570 

performance for these children.  571 

  572 
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Legends for figures 708 

 709 

Figure 1. Percent of school days absent within a school year by grade for the Denver 710 

(a) and Hartford (b) school systems. The figures depict the % school days absent in 711 

those with asthma (red) and those without asthma (blue). 712 

 713 

Figure 2. Percent of school days absent during the school year following enrollment in 714 

the Building Bridges (BB) Program. The bar graph compares the percent of school days 715 

absent for the Building Bridges participants and the matched non-Building Bridges (non-716 

BB) asthma controls at Denver and Hartford as well as the combination of the two 717 

school systems. The ratio of the percent school absences of the Building Bridges 718 

participants relative to the non-Building Bridges controls and the 95% confidence 719 

intervals are presented above the set of bars for each of the school systems separately 720 

and combined. A rate ratio of less than 1 represents a decrease in absenteeism in the 721 

Building Bridges participants compared to controls. The graph depicts a consistent 722 

decrease in the percent of school days absent for the Building Bridges participants at 723 

the Denver (24%) and Hartford (19%) school systems as well as the combined school 724 

systems (22%). All rate ratios are statistically significant. 725 

 726 
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Table 1: Comparison of Screening Data for Building Bridges and non-Building Bridges Students at Denver and Hartford 
 

    Denver        Hartford                  Total 
 Building 

Bridges 
N=240 

Non- 
BB 

N=12,519 

 

                                         
p-value 

Building 
Bridges 
N=223 

Non- 
BB 

N=7,805 p-value 

Building 
Bridges 
N=463 

 
Non-BB 

N=20,324 

 
 

p-value 
Gender (Male) 156 (65.0%) 6281 (50.2%) <.01 117 (52.5%) 3950 (50.6%) 0.58 273 (59.0%) 10231 (50.3%) <.01 
Grade   <.01   <.01   <.01 
    Pre-K 15 (6.3%) 1362 (10.9%)  9 (4.0%) 656 (8.4%)  24 (5.2%) 2018 (9.9%)  
    K 32 (13.3%) 1861 (14.9%)  27 (12.1%) 1244 (15.9%)  59 (12.7%) 3105 (15.3%)  
    1 27 (11.3%) 1343 (10.7%)  43 (19.3%) 874 (11.2%)  70 (15.1%) 2217 (10.9%)  
    2 34 (14.2%) 1261 (10.1%)  36 (16.1%) 881 (11.3%)  70 (15.1%) 2142 (10.5%)  
    3 37 (15.4%) 1291 (10.3%)  27 (12.1%) 835 (10.7%)  64 (13.8%) 2126 (10.5%)  
    4 38 (15.8%) 1203 (9.6%)  31 (13.9%) 770 (9.9%)  69 (14.9%) 1973 (9.7%)  
    5 21 (8.8%) 1064 (8.5%)  15 (6.7%) 794 (10.2%)  36 (7.8%) 1858 (9.1%)  
    6 15 (6.3%) 1281 (10.2%)  16 (7.2%) 560 (7.2%)  31 (6.7%) 1841 (9.1%)  
    7 11 (4.6%) 917 (7.3%)  10 (4.5%) 591 (7.6%)  21 (4.5%) 1508 (7.4%)  
    8 10 (4.2%) 936 (7.5%)  9 (4.0%) 600 (7.7%)  19 (4.1%) 1536 (7.6%)  
Race/ Ethnicity  <.01   <.01   0.14 

Hispanic/ 
Latino 

163 (67.9%) 9528 (76.1%)  159 (71.3%) 4678 (59.9%)  322 (69.5%) 14206 (69.9%)  

Black/African 
American 

45 (18.8%) 1330 (10.6%)  50 (22.4%) 2202 (28.2%)  95 (20.5%) 3532 (17.4%)  

White 16 (6.7%) 1009 (8.1%)  11 (4.9%) 604 (7.7%)  27 (5.8%) 1613 (7.9%)  
Other 16 (6.7%) 652 (5.2%)  3 (1.3%) 321 (4.1%)  19 (4.1%) 973 (4.8%)  

School Days Enrolled         
    N 240 12519 0.05 223 7805   0.89 463 20324 <.01 
    Mean (SD) 168.5 (19.7) 159.6 (34.6)  178.5 (21.4) 165.6 (41.9)  173.3 (21.1) 161.9 (37.7)  
    Range (49-191) (26-194)  (62-191) (26-200)  (49-191) (26-200)  
School Days Absent         
    N 240 12519 <.01 223 7805 <.01 463 20324 <.01 
   Mean (SD) 15.8 (14.2) 14.7 (15.9)  18.3 (15.5) 13.9 (13.7)  17.0 (14.9) 14.4 (15.1)  
   Range (1-94) (0-145)  (0-114) (0-177)  (0-114) (0-177)  
Asthma (Yes) 240 (100%) 780 (6.2%)  223 (100.0%) 1393 (17.8%)  463 (100.0%) 2173 (10.7%)  
Eligible (Yes) 240 (100%) 269 (2.1%)  223 (100.0%) 180 (2.3%)  463 (100.0%) 449 (2.2%)  

 
Comparisons are performed using the Chi-Square test and Kruskal Wallis test for discrete and continuous variables, respectively 
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Table 2: Comparison of Denver and Hartford Building Bridges Children at Screening 
 

 Denver 
N=228 

Hartford 
N=154 

Total 
N=382 

 

Asthma Morbidity n    (%)   n    (%) n    (%)  p-value 
   ER/Urgent Care Visit (2 or More  
     Times Last 12 Months) 

86 (37.7) 87 (56.5) 173 (45.3) <.01 

   Hospitalized (1 or More Times Last  
     12 Months) 

50 (21.9) 29 (18.8) 79 (20.7) 0.48 

   Oral Steroid Use (2 or More Uses  
     Last 12 Months) 

96 (42.1) 88 (57.1) 184 (48.2) <.01 

   Rescue Medication Usage (3 or More  
     Days/Week Past 4 Weeks) 

90 (39.5) 68 (44.2) 158 (41.4) 0.36 

   Daytime Disruption (3 or More  
     Days/Week Past 4 Weeks) 

54 (23.7) 59 (38.3) 113 (29.6) <.01 

   Nighttime Disruption (3 or More  
     Times/Month Past 4 Weeks) 

50 (21.9) 53 (34.4) 103 (27.0) <.01 

   Activity Disruption (Often or All of  
     the Time Past 4 Weeks) 

43 (18.9) 31 (20.1) 74 (19.4) 0.73 

Healthcare Access     
   Healthcare Provider for Asthma 218 (95.6) 152 (98.7) 370 (96.9) 0.24 
   Medicaid Health Insurance 184 (80.7) 142 (92.2) 326 (85.3) <.01 
   Asthma Medications at Enrollment 214 (93.9) 150 (97.4) 364 (95.3) 0.36 
Environmental Exposures     
   Child Exposed to Smoke 54 (23.7) 38 (24.7) 92 (24.1) 0.92 
   Child Exposed to Pets 108 (47.4) 50 (32.5) 158 (41.4) <.01 
   Child Exposed to Cockroaches 4 (1.8) 24 (15.6) 28 (7.3) <.01 
   Child Exposed to Rodents 5 (2.2) 27 (17.5) 32 (8.4) <.01 
   Child Exposed to Fireplace/Wood 
 _  Burning Stove 

7 (3.1) 5 (3.2) 12 (3.1) 0.95 
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Table 3: Screening Data Comparison of Denver and Hartford Building Bridges Students with non-Building Bridges Students  
Matched on Age, Grade, Race/Ethnicity, and Asthma Severity 

 
     Denver        Hartford                  Total 

 Building 
Bridges 
N=228 

Matched 
Non- BB 
N=228 

 
                                         

p-value 

Building 
Bridges 
N=154 

Matched 
Non-BB 
N=154 p-value 

Building 
Bridges 
N=382 

Matched 
Non-BB 
N=382 

 
 

p-value 
Gender (Male) 146 (64.0%) 135 (59.2%)   0.29 90 (58.4%) 88 (57.1%) 0.82 236 (61.8%) 223 (58.4%) 0.34 
Grade   0.72     0.26   0.39 
    Pre-K 15 (6.6%) 15 (6.6%)  8 (5.2%) 8 (5.2%)   23 (6.0%) 23 (6.0%)  
    K 30 (13.2%) 28 (12.3%)  16 (10.4%) 19 (12.3%)   46 (12.0%) 47 (12.3%)  
    1 26 (11.4%) 30 (13.2%)  33 (21.4%) 25 (16.2%)   59 (15.4%) 55 (14.4%)  
    2 31 (13.6%) 24 (10.5%)  29 (18.8%) 23 (14.9%)   60 (15.7%) 47 (12.3%)  
    3 35 (15.4%) 32 (14.0%)  17 (11.0%) 22 (14.3%)   52 (13.6%) 54 (14.1%)  
    4 34 (14.9%) 25 (11.0%)  20 (13.0%) 19 (12.3%)   54 (14.1%) 44 (11.5%)  
    5 21 (9.2%) 25 (11.0%)  11 (7.1%) 19 (12.3%)   32 (8.4%) 44 (11.5%)  
    6 15 (6.6%) 22 (9.6%)  9 (5.8%) 6 (3.9%)   24 (6.3%) 28 (7.3%)  
    7 11 (4.8%) 18 (7.9%)  7 (4.5%) 13 (8.4%)   18 (4.7%) 31 (8.1%)  
    8 10 (4.4%) 9 (3.9%)  4 (2.6%) 0 (0.0%)   14 (3.7%) 9 (2.4%)  
Race/ Ethnicity       0.87      0.17      0.53  

Hispanic/ Latino 156 (68.4%) 150 (65.8%)  107 (69.5%) 107 (69.5%)  263 (68.8%) 257 (67.3%)  
Black/ African 
American 

41 (18.0%) 48 (21.1%)  38 (24.7%) 43 (27.9%)  79 (20.7%) 91 (23.8%)  

White 16 (7.0%) 15 (6.6%)  7 (4.5%) 1 (0.6%)  23 (6.0%) 16 (4.2%)  
Other 15 (6.6%) 15 (6.6%)  2 (1.3%) 3 (1.9%)  17 (4.5%) 18 (4.7%)  

ER/Urgent Care 
Visit (Yes) 

86 (37.7%) 83 (36.4%)   0.77 87 (56.5%) 70 (45.5%)   0.05 173 (45.3%) 153 (40.1%)   0.14 

Hospitalized (Yes) 50 (21.9%) 44 (19.3%)   0.49 29 (18.8%) 22 (14.3%)   0.28 79 (20.7%) 66 (17.3%)   0.23 
Steroid Usage 
(Yes) 

96 (42.1%) 99 (43.4%)   0.78 90 (58.4%) 80 (51.9%)   0.25 186 (48.7%) 179 (46.9%)   0.61 

Rescue Med. 
Usage (Yes) 

90 (39.5%) 69 (30.3%)   0.04 68 (44.2%) 61 (39.6%)   0.42 158 (41.4%) 130 (34.0%)   0.04 

Daytime 
Disruption (Yes) 

54 (23.7%) 49 (21.5%)   0.58 59 (38.3%) 44 (28.6%)   0.07 113 (29.6%) 93 (24.3%)   0.10 

Nighttime 
Disruption (Yes) 

50 (21.9%) 46 (20.2%) 0.65 53 (34.4%) 40 (26.0%)   0.11 103 (27.0%) 86 (22.5%)   0.15 

Activity 
Disruption (Yes) 

43 (18.9%) 40 (17.5%)   0.72 31 (20.1%) 29 (18.8%)   0.77 74 (19.4%) 69 (18.1%)   0.64 

 
Comparisons are performed using the Chi-Square test and Kruskal Wallis test for discrete and continuous variables, respectively 
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Table 4: Change from Enrollment to Follow-up in Clinical Outcomes for Building Bridges Students 
 
              Denver                    Hartford      Total 
               N=228          N=154       N=382   
 Enrollment Follow-Up Enrollment Follow-Up Enrollment Follow-Up p-value 

Outcome        

SABA Use >2 
Times/Week [% (n/N)] 

31.5 (57/181) 19.3 (33/171) 43.9 (43/98) 29.7 (27/91) 35.8 (100/279) 22.9 (60/262) <.01 

ACT/cACT Score  
[Mean (S.E.] 

19.8 (0.3) 21.0 (0.3) 19.2 (0.4) 21.4 (0.4) 19.5 (0.2) 21.1 (0.2) <.01 

Asthma Control Test 
<=19  [% (n/N)] 

37.9 (83/219) 28.1 (50/178) 49.7 (75/151) 29.9 (40/134) 42.7 (158/370) 28.8 (90/312) <.01 

ACT/cACT MCID>=3 
at Follow-Up [% (n/N)] 

 34.3 (61/178)  41.7 (55/132)  37.4 (116/310)  

 
A generalized mixed model was performed to estimate the mean and standard error (SE) for continuous data. A binomial mixed model was used for binary data. 
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Table E1: Demographics and Baseline Asthma Morbidity of the Denver and Hartford School Children 
Statistical Matches vs Non-Matches 

  
————————————————————————————————————————————————————————————————————————————————————————————— 

  Denver   Hartford 
  Matches 

 
N=228 

Non- 
Matches 

N=12 

    Matches 
 

N=154 

Non- 
Matches 

N=69 

  
   

p-value 
   

p-value     
————————————————————————————————————————————————————————————————————————————————————————————— 

                
Gender (Male) 146 (64.0%) 10 (83.3%) 0.1720   90 (58.4%) 27 (39.1%) 0.0100 
                
Grade     0.5860       0.2800 
    PK 15 (6.6%) 0 (0.0%)     8 (5.2%) 1 (1.4%)   
    K 30 (13.2%) 2 (16.7%)     16 (10.4%) 11 (15.9%)   
    1 26 (11.4%) 1 (8.3%)     33 (21.4%) 10 (14.5%)   
    2 31 (13.6%) 3 (25.0%)     29 (18.8%) 7 (10.1%)   
    3 35 (15.4%) 2 (16.7%)     17 (11.0%) 10 (14.5%)   
    4 34 (14.9%) 4 (33.3%)     20 (13.0%) 11 (15.9%)   
    5 21 (9.2%) 0 (0.0%)     11 (7.1%) 4 (5.8%)   
    6 15 (6.6%) 0 (0.0%)     9 (5.8%) 7 (10.1%)   
    7 11 (4.8%) 0 (0.0%)     7 (4.5%) 3 (4.3%)   
    8 10 (4.4%) 0 (0.0%)     4 (2.6%) 5 (7.2%)   
                
Race/Ethnicity     0.4760       0.6800 
    Hispanic/Latino 156 (68.4%) 7 (58.3%)     107 (69.5%) 52 (75.4%)   
    Black/African American 41 (18.0%) 4 (33.3%)     38 (24.7%) 12 (17.4%)   
    White 16 (7.0%) 0 (0.0%)     7 (4.5%) 4 (5.8%)   
    Other 15 (6.6%) 1 (8.3%)     2 (1.3%) 1 (1.4%)   
                
ER/Urgent Care Visit (Yes) 86 (37.7%) 6 (50.0%) 0.3940   87 (56.5%) 45 (65.2%) 0.2200 
                
Hospitalized (Yes) 50 (21.9%) 2 (16.7%) 0.6660   29 (19.0%) 18 (26.1%) 0.2300 
                
Steroid Usage (Yes) 96 (42.1%) 9 (75.0%) 0.0250   88 (57.9%) 35 (53.0%) 0.5100 
                
Rescue Med. Usage (Yes) 90 (39.5%) 4 (33.3%) 0.6710   68 (44.2%) 38 (55.9%) 0.1100 
                
Daytime Disruption (Yes) 54 (23.7%) 0 (0.0%) 0.0550   59 (38.6%) 35 (51.5%) 0.0700 
                
Nighttime Disruption (Yes) 50 (21.9%) 2 (16.7%) 0.6660   53 (34.6%) 40 (58.8%) <.0001 
                
Activity Disruption (Yes) 43 (18.9%) 1 (8.3%) 0.3580   31 (20.3%) 29 (43.3%) <.0001 

  
————————————————————————————————————————————————————————————————————————————————————————————— 
Comparisons are done using the Fisher's Exact, Chi-Square test and Kruskal Wallis test for discrete and continuous variables, respectively 
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Number of students enrolled by school year

Denver Hartford

2013-2014 45 67

2014-2015 227 206

Denver

Hartford

44/45 196/227 240

66/67 157/206 223

2013-2014* 2014-2015**

Combined

2013-2015

Flow of students from enrollment to matched analysis:

*Numerator represents students with analyzable, non-missing data. 

**Students’ data  who were enrolled in both school years have been removed from the 2014-2015 school year. 

Matched

Sample

228

154
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May 15, 2018 
 

 1

Figure E1. Summary diagram of the number of students enrolled over the first two years 1 

and then subsequent selection for the matching program based on school, grade, sex, 2 

ethnicity, program eligibility, asthma severity and program year. 3 

 4 


