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Abstract

Objective: Limited English proficiency can be a barrier to asthma care and is associated with 

poor outcomes. This study examines whether pediatric patients in Ohio with limited English 

proficiency experience lower asthma care quality or higher morbidity.

Methods: We used electronic health records for asthma patients aged 2–17 years from a regional, 

urban, children’s hospital in Ohio during 2011–2015. Community-level demographics were 

included from U.S. Census data. By using chi-square and t-tests, patients with limited English 

proficiency and bilingual English-speaking patients were compared with English-only patients. 

Five asthma outcomes—two quality and three morbidity measures—were modeled using 

generalized estimating equations.

Results: The study included 15352 (84%) English-only patients, 1744 (10%) patients with 

limited English proficiency, and 1147 (6%) bilingual patients. Pulmonary function testing (quality 

measure) and multiple exacerbation visits (morbidity measure) did not differ by language group. 

Compared with English-only patients, bilingual patients had higher odds of ever having an 

exacerbation visit (morbidity measure) (adjusted odds ratio [aOR], 1.4; 95% confidence interval 

[CI], 1.2–1.6) but lower odds of admission to intensive care (morbidity measure) (aOR, 0.3; 95% 

CI, 0.2–0.7), while patients with limited English proficiency did not differ on either factor. 

Recommended follow-up after exacerbation (quality measure) was higher for limited English 
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proficiency (aOR, 1.8; 95% CI, 1.4–2.3) and bilingual (aOR, 1.6; 95% CI, 1.3–2.1), compared 

with English-only patients.

Conclusions: In this urban, pediatric population with reliable interpreter services, limited 

English proficiency was not associated with worse asthma care quality or morbidity.
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Introduction

One in 12 children in the United States has asthma (1). A growing number of Ohioans speak 

a non-English language, including more than 14% of households in Columbus (2). 

Socioeconomic context plays an important role in asthma prevalence and care quality with 

higher prevalence and morbidity observed among lower income populations (3). Within this 

context, limited English proficiency presents a unique challenge for asthma patients to 

access care and adhere to treatment (4). Understanding the impact of English language 

proficiency on asthma care and treatment is complex because of the relationship of language 

with cultural factors, health literacy, and socioeconomic status (5,6). Studies have reported 

that limited English proficiency is a barrier to asthma knowledge and treatment, but these 

studies have been limited to small, cross-sectional surveys that rely on self-reported asthma 

and focus on a single language (7–10).

Our aim was to identify asthma disparities associated with language so that quality 

improvement initiatives could be developed. We hypothesized that lower English proficiency 

would negatively impact asthma care quality and morbidity.

Methods

We reviewed electronic health records from Hospital System A in Columbus, Ohio, during 

2011–2015. Hospital System A is the largest pediatric hospital system in central Ohio with 

multiple locations including 11 primary care clinics, seven urgent care clinics, and a level 1 

pediatric emergency department. Epic (Epic Systems Corporation, Verona, WI) is the single 

electronic health record system used across all of Hospital System As locations.

Inclusion and exclusion criteria

Patients were included if on December 31 of any year (2011–2015) they met the following: 

1) age 2–17 years, 2) hospital system encounter (acute care or routine visit) with an asthma 

diagnosis within the previous 24 months, and 3) primary care visit in the past 13 months. 

Patients with missing language or a history of cystic fibrosis, tracheomalacia, tracheostomy, 

bronchopulmonary dysplasia, or vocal cord paralysis were excluded. Asthma was defined by 

the International Classification of Diseases, Ninth Edition (ICD-9) (493) and Tenth Edition 

(ICD-10) (J45) codes as the primary diagnosis.
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Language

Language and use of an interpreter are documented in two sections of the electronic health 

record, and collection methodology is uniform across all hospital system locations. When a 

patient’s health record is created, preferred language and need for an interpreter are self-

reported by the patient and documented by hospital staff in the demographics section. In 

addition, patients are asked during each visit whether they would like an interpreter and the 

language requested. The interpreter can be provided for either the patient or the family or 

guardian and is not distinguished in the record. Documentation of request for interpreter by 

hospital and clinic staff is used for interpreter scheduling, which improves the reliability of 

documentation.

Patients who requested an interpreter during any hospital system encounter were considered 

to have limited English proficiency. Patients who reported a non-English language and never 

requested an interpreter were considered bilingual. We created a three-category language 

variable: patients who reported speaking only English, bilingual patients, and patients with 

limited English proficiency.

Demographic covariates

Tobacco exposure was extracted from a note template with an open-ended question about 

any tobacco smoke exposure. Any first-, second-, or third-hand reported exposure was 

included as tobacco exposure. Residential ZIP code-level household income, education, and 

unemployment were derived from U.S. Census data (12–14).

Asthma care measures

Because the study was conducted for quality improvement purposes, we evaluated two 

measures of asthma care quality – use of pulmonary function tests (PFTs) during the most 

recent two years and 30-day outpatient follow-up after exacerbation. Standardized 

documentation of other quality improvement measures, such as asthma action plans or 

asthma control test scores, was not implemented until after the start of the study period, and 

thus were not considered as potential outcome measures. PFT analyses were limited to 

patients aged 5 years and older. PFTs were determined from billing codes within the most 

recent two years of study eligibility. Age and time ranges were selected based on the 

National Asthma Education and Prevention Program Coordinating Committee 

recommendations, which specify that spirometry be performed a minimum of once every 

two years over the patient’s lifetime, regardless of asthma severity (11). Follow-up within 30 

days was determined by a primary care or pulmonology outpatient encounter within 30 days 

after the most recent exacerbation.

We also evaluated three morbidity measures because of clinical relevance – asthma 

exacerbation visit (ever/never), admission to the pediatric intensive care unit (PICU), and 

multiple exacerbation visits. An asthma exacerbation visit was defined as any urgent care 

encounter, emergency department encounter, or inpatient admission during the study period 

for which asthma was the primary diagnosis. Asthma exacerbations treated in a primary care 

clinic setting were not included because the reason for an asthma visit (well-controlled 

asthma, uncontrolled asthma, or asthma exacerbation) was not reliably documented in 
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billing codes. Patients who were ever seen for an asthma exacerbation visit during the study 

period were compared to patients who were never seen for an asthma exacerbation visit. For 

patients with multiple exacerbation encounters, PICU admission was determined from the 

most recent exacerbation. We added a third clinical outcome measure, multiple exacerbation 

visits, as a post hoc analysis. Multiple exacerbation visits were determined based on one 

calendar year of data using the year of most recent exacerbation. Patients with a single visit 

in one year were compared with patients who were seen for more than one exacerbation 

visit.

Lastly, we examined exacerbation treatment location (urgent care, emergency department, 

and inpatient admission) as a proxy for severity. For patients who were treated at multiple 

locations in a single encounter, the final destination was used. For example, a patient who 

arrived at an urgent care, was transferred to the emergency department, and was admitted to 

a hospital inpatient service was considered an inpatient. Because the relationship between 

language and 30-day follow-up might vary according to exacerbation severity (effect 

modification), we examined the 30-day follow-up variable stratified by exacerbation 

treatment location. We also compared exacerbation treatment location by language group.

Analysis

Statistical analyses were performed using SAS v9.4 (SAS Institute Inc., Cary, NC). Chi-

square, Fisher’s exact, and Student’s t-tests were used for significance testing. All covariates 

except tobacco exposure were missing for < 1% of patients, so patients missing these 

variables were excluded in multivariable models. Missing tobacco exposure was imputed to 

9237 patients. Given the univariate missing data pattern, we applied logistic regression to 

impute missing tobacco information by using the following variables: language group, age, 

and race and ethnicity. A total of 20 imputed data sets were created and pooled for analysis. 

Imputed prevalence of tobacco exposure did not significantly differ from observed 

prevalence by age, sex, or race and ethnicity.

We used generalized estimating equations with a logit link and an exchangeable correlation 

structure to adjust for individual and ZIP code-level covariates. Potential confounders were 

selected a priori on the basis of published literature (3). Age, race, ethnicity, and insurer 

were individual-level variables included in the adjusted models. Education, household 

income, and unemployment were ZIP code-level variables included in the adjusted models. 

Tobacco exposure was considered a priori as a potential confounder for only the morbidity 

outcomes – asthma exacerbation visit, multiple exacerbation visits, and PICU admission – 

because we did not expect tobacco to be causally associated with the quality measures. 

PICU outcome had too few observations to accommodate the full models, so logistic 

regression without the ZIP code-level variables was used.

We conducted a sensitivity analysis to estimate potential bias of language misclassification 

on the 30-day follow-up outcome variable. We determined the minimum percent 

misclassification needed to cause a type II error (failure to detect a disparity by language) 

for three scenarios. First, patients with limited English proficiency could be misclassified as 

bilingual patients if they did not request an interpreter. Second, bilingual patients could be 

misclassified as English-only if they did not report a non-English language. Third, patients 
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with limited English proficiency could be misclassified as English-only if they did not 

request an interpreter and did not report a non-English language. We also assumed 100% 

differential misclassification by follow-up (i.e., every misclassified patient failed to follow-

up within 30 days).

Ethics and data security

This study was exempted from Hospital System As Institutional Review Board. A non-

research determination was obtained through the Centers for Disease Control and Prevention 

(HSR 2016–00176). To maintain data security and confidentiality, no personal identifying 

information was used for analysis.

Results

Overall, 18 329 patients met the inclusion criteria. One patient was missing language and 85 

had excluding conditions, leaving 18 243 patients for analysis. Of these, 1744 (10%) patients 

with limited English proficiency and 1147 (6%) bilingual patients were identified. Aside 

from English, 56 languages were reported (Table 1). For the 1744 patients with limited 

English proficiency the most common languages were Spanish (936, 54%) and Somali (523, 

30%). The most common languages for the 1147 bilingual patients were Somali (502, 44%) 

and Spanish (282, 25%).

Compared with English-only patients, patients with limited English proficiency were 

younger with a higher proportion of Hispanic ethnicity and Asian race and a lower 

proportion of non-Hispanic white and non- Hispanic black patients (Table 2). Bilingual 

patients were also younger with a higher proportion of Hispanic and Asian but a similar 

proportion of non-Hispanic black patients. The proportion of Medicaid-insured patients was 

similar across language groups (83%–85%), but English-only patients had a higher 

proportion of private or military insurance (8%), compared with bilingual patients (5%) or 

patients with limited English proficiency (2%). Among the 9006 patients with non-missing 

data, tobacco exposure was significantly higher among English-only patients (48% versus 

9% for bilingual patients and patients with limited English proficiency, p < 0.001). A higher 

proportion of English-only patients lived in ZIP codes with the lowest income, lowest 

education, and highest unemployment quartiles (28%, 28%, and 26%, respectively), 

compared with bilingual patients (16%, 18%, and 16%, respectively) and patients with 

limited English proficiency (13%, 19%, and 13%, respectively).

In bivariate analyses, bilingual patients and patients with limited English proficiency had 

higher unadjusted odds of PFTs than English-only patients (Table 3). Follow-up at 30 days 

was higher for both bilingual patients (OR, 1.8; 95% CI, 1.4–2.2) and patients with limited 

English proficiency (OR, 2.2; 95% CI, 1.9–2.7) compared with English-only patients. The 

unadjusted odds of an asthma exacerbation visit was higher for bilingual patients (odds ratio 

[OR], 1.6; 95% confidence interval [CI], 1.4–1.8) and patients with limited English 

proficiency (OR, 1.2; 95% CI, 1.1–1.4) compared with English-only patients. Among 

patients with an asthma exacerbation visit, there were no differences in the unadjusted odds 

of having multiple exacerbation visits. PICU admission among patients with an asthma 
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exacerbation visit was lower for bilingual patients compared with English-only patients (OR, 

0.3; 95% CI, 0.2–0.7) but not for patients with limited English proficiency.

After multivariable adjustment, no differences were observed in the odds of PFT use. Both 

bilingual patients and patients with limited English proficiency had higher adjusted odds of 

30-day follow-up after exacerbation, compared with English-only patients (aOR, 1.6; 95% 

CI, 1.3–2.1 and aOR, 1.8; 95% CI, 1.4–2.3, respectively). Bilingual patients had higher odds 

of an asthma exacerbation visit (adjusted odds ratio [aOR], 1.4; 95% CI, 1.2–1.6) and 

decreased odds of PICU admission (aOR, 0.3; 95% CI, 0.2–0.7) than English-only patients. 

All remaining comparisons were non-significant. When we stratified probability of 30-day 

follow-up by exacerbation treatment location (Table 4), we found that follow-up was 

consistently higher for bilingual patients and patients with limited English proficiency 

compared with English-only patients.

Lastly, we looked at the exacerbation treatment location for all asthma patients as an 

estimate of asthma exacerbation severity (Figure 1). Among all asthma patients, bilingual 

patients and patients with limited English proficiency were more likely to be treated at an 

urgent care facility (25% and 17%, respectively), compared with English-only patients 

(13%, p < 0.001). Emergency department use (11%–12%) and inpatient admissions (2.3%–

2.8%) were similar among the three groups. Bilingual patients were less likely to be 

admitted to PICU (0.7%), compared with English-only patients (1.5%, p=0.02).

Discussion

We analyzed over 18 000 central Ohio pediatric asthma patient records to compare asthma 

care quality and morbidity by English language proficiency. This is the largest study 

evaluating the relationship of spoken language and asthma in a hospital system-based 

population. Contrary to our initial hypothesis, patients with limited English proficiency did 

not have worse markers of asthma care quality (PFT use or 30-day follow-up) or morbidity 

(asthma exacerbation visits, multiple exacerbations, or PICU admissions) compared with 

English-only patients. In fact, follow-up was higher for both bilingual patients and patients 

with limited English proficiency compared to English-only patients, even after accounting 

for sociodemographic factors.

These findings differ from previous studies that evaluated slightly different outcomes. A 

survey of 107 caregivers found that those with limited English proficiency had lower rates of 

asthma action plan use, even after adjustment for demographic characteristics (15). A larger, 

multistate telephone survey of 1517 children with parent-reported diagnoses of asthma 

found that families of Spanish-speaking children were less often instructed how to recognize 

early exacerbation signs, what to do during an asthma attack, and how to change the living 

environment, compared with non-Latino white children (8). A cross-sectional, clinic-based 

survey of405 pediatric asthma patients found lower rates of peak flow monitoring and 

written action plans among Spanish-speaking Latino patients, compared with English-

speaking Latino patients (7).
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These differences might have occurred because prior studies evaluated different asthma 

measures, such as asthma action plans, altering the living environment, or peak flow 

monitoring, which are thought to modify morbidity. We were unable to evaluate these 

measures because of inconsistent use or documentation in the electronic health record across 

the study period. Instead, our study evaluated morbidity outcomes directly and found only 

one difference. We observed that bilingual patients were more likely to ever have an asthma 

exacerbation visit compared with English-only patients. This could reflect higher intrinsic 

disease burden in the bilingual population; however, we suspect it is more likely that 

bilingual patients seek care for less severe exacerbations or earlier in an exacerbation 

because of increased access to or higher utilization of care. This explanation is supported by 

the lower PICU admissions, higher use of urgent care, and higher 30-day follow-up in the 

bilingual group compared to the English-only group. As in our study, Chan et al. also found 

no difference in self-reported acute care visits in the past six months among Spanish-

speaking Latino patients, compared with English-speaking white patients (7).

One potential limitation to our findings is the low socioeconomic status of the English-only 

comparison population. We lacked individual-level data for socioeconomic factors, such as 

household income, unemployment, and education, which might confound the observed 

relationships between English language proficiency and asthma care quality or morbidity. 

We used ZIP code-level data as a proxy for socioeconomic factors. Adjustment for ZIP 

code-level covariates might have also partially adjusted for clustering by clinic site that we 

were otherwise unable to adjust for. However, residual confounding by socioeconomic 

factors could mask language barrier effects. Expanding the interpretation of our findings to 

other populations should be done with caution.

Lastly, the greater asthma care quality or lack of differences we found might be related, in 

part, to the comprehensive provision of interpreter services in our population. Studies in 

multiple fields have shown that use of interpreter services can improve health care delivery 

(16–18) although randomized controlled trials in this field are lacking. The hospital system 

for our population offers qualified interpreters to all patients for both in-patient and out-

patient visits. A staff of 25–30 full-time interpreters provides face-to-face interpretation for 

over 80 different languages, and third-party phone and video interpreter services are 

available for additional languages. During orientation, new nursing staff receive training on 

effective use of interpreters, and additional training for other health care providers is 

available as needed. Determining how the provision of interpreter services is related to 

quality of asthma care delivery in this population would require further study.

This study has several limitations. Tobacco exposure was self-reported or reported by proxy 

(parent or guardian), binary, and often missing. We used multiple imputation to account for 

missing data. Secondly, no validated measure for defining asthma exacerbation from 

electronic health records exists, but other published measures are similar to ours (19,20). An 

expert work-group definition proposed by Fuhlbrigge et al. includes the use of systemic 

corticosteroids; however, we were unable to reliably determine systemic corticosteroid use 

during an exacerbation visit, a known limitation of the proposed definition (21). Similarly, 

no validated measure for English proficiency exists. As in prior published studies, this study 

relies on self-identified language and self-reported request for interpreter. Using a sensitivity 
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analysis, we found that an estimated 24% misclassification of language status would need to 

exist before a type II error occurred (Supplemental Table 1). This degree of misclassification 

is felt to be unlikely. Although Hospital System A serves as the only pediatric emergency 

department and only inpatient pediatric facility for the region, it is possible that patients 

could be seen for asthma exacerbations at outside urgent care or emergency facilities; 

however, we would not expect this to differ by language status. Lastly, although ICD billing 

codes could determine whether asthma was the primary diagnosis during the follow-up visit, 

these codes do not distinguish whether patients were seen for follow-up of resolved 

symptoms or worsening asthma symptoms.

Conclusions

We describe the association between English language proficiency and asthma care quality 

and morbidity using a large, hospital system-based cohort. In this urban population of 

pediatric asthma patients where comprehensive interpreter services are provided 

consistently, we did not find evidence that asthma care (as reflected by PFT utilization and 

30-day post-exacerbation follow-up) or morbidity (as reflected by exacerbation visits and 

PICU admissions) was compromised by limited English proficiency. Other groups working 

with pediatric asthma populations may consider directly examining the role of interpreter 

services on reducing language barriers.
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Figure 1. 
Distribution of asthma exacerbation encounters among 18243 pediatric asthma patients from 

Hospital System A, by encounter location and patient language status, Ohio, 2011–2015. 

Note. Abbreviations: LEP = limited English proficiency; PICU = pediatric intensive care 

unit. Bars do not equal 100% because not all patients had an exacerbation. Exacerbation 

location is determined based on the final destination. The following comparisons were 

significant by using chi-square: English-only versus bilingual: Urgent care p < 0.001, PICU 

p = 0.02 English-only versus LEP: Urgent care p < 0.001.
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Table 1.

Languages spoken by pediatric asthma patients at Hospital System A, Ohio, 2011–2015.

No interpreter used (16499) Interpreter used (1744)

Language N % Language N %

English 15 352 93% Spanish 936 54%

Somali 502 3.0% Somali 523 30%

Spanish 282 1.7% Arabic 52 3.0%

Arabic 57 0.3%
Other

b 233 13%

Other
a 306 1.9%

a
Includes 47 additional languages, each with fewer than 50 patients

b
Includes 31 additional languages, each with fewer than 50 patients
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