Taylor & Francis
Tournal of Taylor & Francis Group

e Journal of Asthma

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ijas20

Latino-white disparities in ICD-coded asthma
diagnosis among US children

John Heintzman , David Ezekiel-Herrera , Steffani R. Bailey, Arvin Garg,
Jennifer Lucas, Shakira Suglia, Stuart Cowburn, Jon Puro & Miguel Marino

To cite this article: John Heintzman , David Ezekiel-Herrera , Steffani R. Bailey , Arvin Garg ,
Jennifer Lucas , Shakira Suglia , Stuart Cowburn , Jon Puro & Miguel Marino (2020): Latino-
white disparities in ICD-coded asthma diagnosis among US children, Journal of Asthma, DOI:
10.1080/02770903.2020.1861628

To link to this article: https://doi.org/10.1080/02770903.2020.1861628

@ Published online: 18 Dec 2020.

N
CJ/ Submit your article to this journal &

||I| Article views: 8

A
& View related articles &'

N

@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ijas20


https://www.tandfonline.com/action/journalInformation?journalCode=ijas20
https://www.tandfonline.com/loi/ijas20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02770903.2020.1861628
https://doi.org/10.1080/02770903.2020.1861628
https://www.tandfonline.com/action/authorSubmission?journalCode=ijas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ijas20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02770903.2020.1861628
https://www.tandfonline.com/doi/mlt/10.1080/02770903.2020.1861628
http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2020.1861628&domain=pdf&date_stamp=2020-12-18
http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2020.1861628&domain=pdf&date_stamp=2020-12-18

JOURNAL OF ASTHMA
https://doi.org/10.1080/02770903.2020.1861628

Taylor & Francis
Taylor &Francis Group

‘ W) Check for updates‘

Latino-white disparities in ICD-coded asthma diagnosis among US children

John Heintzman, mp, MPH*®, David Ezekiel-Herrera, ms?, Steffani R. Bailey, PhD?, Arvin Garg, Mp, MPHC, Jennifer
Lucas, PhD?, Shakira Suglia, Php%, Stuart Cowburn, ms®, Jon Puro, MPAHA®, and Miguel Marino, PhD?

Department of Family Medicine, Oregon Health & Science University, Portland, OR, USA; POCHIN Inc, Portland, OR, USA; “Department
of Pediatrics, Boston University School of Medicine/Boston Medical Center, Boston, MA, USA; “Department of Epidemiology, Emory

University Rollins School of Public Health, Atlanta, GA, USA

ABSTRACT

Introduction: It is uncertain if disparities in asthma diagnosis between Latino and non-
Hispanic white children stem from differences in diagnosis over time among children pre-
senting with similar clinical scenarios suggestive of asthma.

Methods: We evaluated the odds of International Classification of Disease (ICD)-coded
asthma diagnosis in Latino (English and Spanish preferring) and non-Hispanic white chil-
dren, overall (N=524,456) and among those presenting with possible asthma indicators
(N=285,516) over a 13-year period, using electronic health record data from a multi-state
network of community health centers.

Results: Among those with possible asthma indicators, Spanish-preferring Latinos had lower
adjusted odds of ICD-coded asthma diagnosis compared to non-Hispanic whites (OR = 0.87,
95%Cl = 0.77-0.99); English-preferring Latinos did not differ from non-Hispanic whites.
Differences in ICD-coded diagnosis between ethnicity/language groups varied by present-
ing symptom.

Conclusions: Spanish-preferring Latino children may be less-likely to have ICD-coded
asthma documented in the EHR when presenting with certain clinical indicators suggestive
of asthma. Clinicians should be cognizant of the need for the follow-up of these indicators
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in Spanish-preferring Latino children.

Introduction

Asthma outcome disparities between Latino children
and non-Hispanic white children persist in the United
States (1-3). Unfortunately, a comprehensive under-
standing of why this exists along with progress toward
ending this persistent health inequity remain elusive.
The diagnosis of asthma is the starting point of
adequate care for this common chronic condition (4).
Some prior studies have found a greater relative
prevalence of asthma diagnoses in Latino children
compared with non-Hispanic whites (5,6), while
others have not (7-9). Numerous factors in national
surveys have been shown to be associated with asthma
prevalence, including specific Latino subgroup (10-15)
and country of birth (16-19).

Some studies have examined the association
between symptoms and diagnosis (8,20), but largely
utilize patient/family report to establish the diagnosis.
Other work has examined odds of asthma diagnosis
and wheezing in foreign born children in general (21),

after early life severe respiratory infection (22), and in
Latino adolescents with varying levels of acculturation
(23), but research correlating presenting symptom
with diagnosis of asthma in a healthcare facility is
largely not found in the literature, and is an important
and missing element of our understanding of asthma
disparities. Specifically, it is uncertain if Latino chil-
dren receive the same documented asthma diagnoses
by clinicians, when presenting with comparable clin-
ical situations, as white children. Therefore, a broad,
objectively measured examination of a national sample
of children, their presenting clinical indicators, and
subsequent asthma diagnosis could better elucidate
the landscape of healthcare inequity in asthma among
Latino children.

To fill this crucial gap, we analyzed a sample of
>500000 low-income children using an electronic
health record (EHR) dataset from a 24-state network
of community health centers (CHCs) in the United
States to examine patient demographics, presenting
clinical indicators, and International Classification of

CONTACT John Heintzman @ heintzma@ohsu.edu @ Department of Family Medicine, Oregon Health & Science University, Portland, OR, USA.

© 2020 Taylor & Francis Group, LLC


http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2020.1861628&domain=pdf&date_stamp=2020-12-16
https://doi.org/10.1080/02770903.2020.1861628
http://www.tandfonline.com

2 J. HEINTZMAN ET AL.

Disease (ICD)-coded asthma diagnosis in >4.8 million
encounters over 13years (2005-2017). Our objective
was twofold: 1) to compare the prevalence of ICD-
coded asthma diagnosis in both English and Spanish-
speaking Latino children and non-Hispanic white
children seeking care at CHCs and most importantly
2) to compare this prevalence among children pre-
senting with clinical indicators suggestive of asthma,
because this likely represents a population at higher
risk for the diagnosis and represents common clinical
scenarios encountered by clinicians. Based on limited
survey-based evidence on under-diagnosis in Latino
children (8,20), we hypothesized that Latino children,
both English and Spanish preferring, would have
lower adjusted odds of receiving asthma diagnoses
when presenting with clinical indicators suggestive of
asthma as compared to non-Hispanic white children.

Methods

Study Data. We utilized data from the Accelerating
Data Value Across a National Community Health
Center Network (ADVANCE) Clinical Research
Network (CRN) (24). The ADVANCE CRN contains
EHR data from the OCHIN network and Health
Choice Network (HCN) of CHCs in 24 states. This
dataset includes patients who have at least one ambu-
latory visit between 1/1/2012-12/31/2017. Once
included in the warehouse, data is potentially available
as far back as 2005 and through 12/31/2017; all avail-
able data were included in the analysis. Community
health centers are comprehensive primary care clinics
that receive special US government funding to care
for low-income populations. They care for over 28
million patients in the United States (25).

Population

Our study population was any Latino or non-Hispanic
white child, age 3-17 (26), with an outpatient office
visit after January 1, 2012. We excluded children
under the age of three because of the frequency of
lower respiratory symptoms (e.g. wheeze) in this
group that do not eventually result in asthma diagno-
sis (26). We also considered a subpopulation who pre-
sented with at least one indicator consistent with
asthma, including wheeze, five or more visits for
cough, bronchitis (a term often used to describe lower
respiratory symptoms in children with clinical overlap
with asthma symptoms (27-29)), and documented
albuterol prescription (we term these “clinical
indicators”). We chose to include albuterol

prescription given the common practice of prescribing
albuterol for symptom treatment even prior to an offi-
cial diagnosis of asthma (29,30). Multiple presenta-
tions for cough were considered as an indicator as
this is a presenting symptom of asthma in some chil-
dred (31). Children with a diagnosis of cystic fibrosis
were excluded.

Dependent variable

The primary outcome variable was ICD-9 or ICD-10
diagnosis of asthma, either in a visit or on the child’s
EHR problem list (4). Independent Variables. Our
main independent variable was categorized as three
groups: non-Hispanic white patients, Spanish pre-
ferring Latino patients, and English preferring
Latino patients. While we generally use Latino/a
because it is often preferred in populations similar
to our study population, the actual ethnicity infor-
mation collected by clinics is “Hispanic” and “non-
Hispanic white” (32). Language preference and
ethnicity is assessed routinely at study clinics in the
course of routine care.

Covariates

We included EHR-derived age at first encounter, sex,
insurance status (never insured at any visits, public
insurance at some visits, private insurance at some
visits, private and public at some visits), family
income measured as % federal poverty level, body
mass index (BMI), binary clinical indicators (wheeze,
54 coughs, bronchitis, albuterol prescription), and
rate of ambulatory visits per year. Wheeze, cough, and
bronchitis were derived from ICD-9/10 codes at visits,
and albuterol was measured using prescription
National Drug Codes (NDC) in the EHR medication
list. BMI was measured using Centers for Disease
and Prevention (CDC) (33).
Overweight at a clinic visit was defined as having a
BMI >85" percentile to <95 percentile (for respect-
ive age and sex), and obesity at clinic visit was defined
as a BMI >95™ percentile. Overweight/obese at a
clinic visit was defined as the child’s BMI being >85"
percentile. BMI percentiles and groups were calculated
using the R package childsds, version 0.6.7, using
CDC parameters. We initially derived the rural-urban
classification of the clinics study patients attended, but
>90% of patients attended clinics in metropolitan or
micropolitan areas; we therefore could not include
this covariate in our regression models.

Control standards
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Table 1. Pediatric population characteristics, overall and by ethnicity/language.

Ethnicity/Language Groups

Demographics Overall Non-Hispanic White Latino Preferring Spanish Latino Preferring English
N (%) 524,456 176,021 184,728 163,707
Age:

3-5 193,398 (36.9) 63,136 (35.9) 76,220 (41.3) 54,042 (33.0)
6-11 169,467 (32.3) 55,821 (31.7) 57,366 (31.1) 56,280 (34.4)
11-14 94,028 (17.9) 32,679 (18.6) 29,910 (16.2) 31,439 (19.2)
14-17 67,563 (12.9) 24,385 (13.9) 21,232 (11.5) 21,946 (13.4)
Sex: female 260,366 (49.6) 87,747 (49.9) 90,871 (49.2) 81,748 (49.9)
Insurance: Never Insured 56,064 (10.7) 17,989 (10.2) 24,484 (13.3) 13,591 (8.3)
Some Private 44,924 (8.6) 31,428 (17.9) 5,737 (3.1) 7,759 (4.7)
Some Public 400,345 (76.3) 116,303 (66.1) 148,026 (80.1) 136,016 (83.1)
Some Private and Public 23,123 (4.4) 10,301 (5.9) 6,481 (3.5) 6,341 (3.9)
Federal Poverty Level >138%: Yes 316,340 (60.3) 95,743 (54.4) 131,202 (71) 89,395 (54.6)
No 208,116 (39.7) 80,278 (45.6) 53,526 (29) 74,312 (45.4)
Visits Per Year: <1 173,461 (33.1) 69,290 (39.4) 49,951 (27.0) 54,220 (33.1)
1-2 221,903 (42.3) 68,360 (38.8) 84,811 (45.9) 68,732 (42.0)
3-4 71,310 (13.6) 19,802 (11.2) 28,765 (15.6) 22,743 (13.9)
5-9 39,165 (7.5) 11,823 (6.7) 15,113 (8.2) 12,229 (7.5)
>10 18,617 (3.5) 6,746 (3.8) 6,088 (3.3) 5,783 (3.5)
Smoking: Current 2,419 (0.5) 1,767 (1) 249 (0.1) 403 (0.2)
NEI' 356,982 (68.1) 116,822 (66.4) 112,549 (60.9) 127,611 (78)
Never 161,789 (30.8) 55,733 (31.7) 71,108 (38.5) 34,948 (21.3)
Past 3,266 (0.6) 1,699 (1) 822 (0.4) 745 (0.5)
Overweightz: Never 116,022 (22.1) 42,502 (24.1) 41,240 (22.3) 32,280 (19.7)
Sometimes 82,256 (15.7) 22,631 (12.9) 37,176 (20.1) 22,449 (13.7)
Always 98,207 (18.7) 27,690 (15.7) 40,573 (22) 29,944 (18.3)
Missing 227,971 (43.5) 83,198 (47.3) 65,739 (35.6) 79,034 (48.3)
Clinical Indicators

Wheeze 7,970 (1.5) 2,497 (1.4) 3,726 (2.0) 1,747 (1.1)
5+ Cough 3,295 (0.6) 892 (0.5) 1,446 (0.8) 957 (0.6)
Bronchitis 12,965 (2.5) 4,790 (2.7) 4,829 (2.6) 3,346 (2.0)
Albuterol Prescription 78,891 (15.0) 25,039 (14.2) 31,633 (17.1) 22,219 (13.6)

Note: All chi-square tests for differences between ethnicity/language groups were significant at p < 0.001.

"Not enough information.

2BMI was measured using Centers for Disease Control and Prevention (CDC) standards. Overweight at a clinic visit was defined as having a BMI >85th
percentile to <95th percentile (for respective age and sex), and obesity at clinic visit was defined as a BMI >95th percentile. Overweight/obese at a
clinic visit was defined as the child’s BMI being >85th percentile. BMI percentiles and groups were calculated using the R package childsds, version

0.6.7, using CDC parameters.

Analysis

We described patient characteristics in our total sam-
ple and compared difference between our three ethni-
city/language groups using chi-square tests. Among
the full sample, we estimated adjusted odds ratios of
having an asthma diagnosis by ethnicity/language
groups using logistic regression modeling with a
robust sandwich variance estimator to account for
clustering of patients within clinics and including the
covariates listed above. As secondary analyses, among
the subset of patients with clinical indication of
asthma, to estimate ICD-coded disparities between
ethnicity/language groups, we performed generalized
estimating equation (GEE) logistic regression analyses
with a working exchangeable correlation structure to
accounting for clustering of patients within clinics. In
these models, the outcome was ICD-coded asthma
diagnosis (yes vs. no) and predictors were ethnicity/
language groups, clinical indicators, interaction terms
between ethnicity/language groups and clinical indica-
tors (which captured heterogeneity of effects), and the
remaining covariates. For all models, we report odds

ratios (ORs) and their corresponding 95% confidence
intervals (CIs), accounting for clustering of patients
within CHCs. Analyses were performed using Stata
version 15 and R version 4.0.2, and statistical signifi-
cance was set at p values < 0.05. This study was
approved by the Institutional Review Board of Oregon
Health and Science University.

Results

Full study population (N=524456) characteristics,
overall and by ethnicity/language groups, are reported
in Table 1. Differences were noted in insurance status:
Spanish-speaking Latino children were more likely to
be uninsured than non-Hispanic white and English-
speaking Latino children (13.3%, 10.2%, and 8.3%
respectively, p <0.001). Latino children (English and
Spanish-speaking) were less likely than non-Hispanic
white children to have some private insurance (4.7%
and 3.1% to 17.9%, p < 0.001), but more likely to have
some public insurance (83.1% and 80.1% to 66.1%,
p <0.001). Demographics for the subset of children
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Figure 1. Among children with any clinical indication of
asthma (N = 85,516), adjusted odds ratios of having an
asthma diagnosis comparing Latino Spanish-preferring and
Latino English-preferring to non-Hispanic whites. Adjusted
odds ratios are reported overall, and for each specific clinical
indicator. Note: Estimates were derived using a generalized
estimating equation (GEE) logistic regression model with a
working exchangeable correlation structure to accounting for
clustering of patients within clinics. The outcome was ICD-
coded asthma diagnosis (yes vs. no) and predictors were ethni-
city/language groups, clinical indicators, interaction terms
between ethnicity/language groups and clinical indicators
(which captured heterogeneity of effects), and the remaining
covariates (age at first encounter, sex, insurance status, family
income measured as % federal poverty level, body mass index,
and rate of ambulatory visits per year).

with at least one clinical indicator of asthma
(N=285516) are reported in Appendix Table 1.

Among our full study population (N =>524456),
each of our ethnicity/language groups had a similar
observed unadjusted prevalence of ICD-coded asthma:
non-Hispanic white children 10.6%, Spanish-prefer-
ring Latino children 10.8%, and English preferring
Latino children 10.2%. In the adjusted analyses,
Spanish-preferring Latino children had lower odds of
being diagnosed with asthma (OR = 0.75, 95% CI =
0.67-0.84) than non-Hispanic white children, but
English preferring Latino children showed similar
adjusted odds of having an asthma diagnosis to non-
Hispanic white children (OR = 096, 95% CI
= 0.81-1.14).

Among children presenting with any clinical indi-
cator (N=285516), as shown in Figure 1 and Table 2,
we observed that Spanish-preferring Latino children
have lower adjusted odds of having an asthma diagno-
sis compared to non-Hispanic white children. English-
preferring Latino children had higher odds of an
ICD-coded asthma diagnosis than non-Hispanic
white children.

When evaluating the odds of ICD-coded asthma
diagnosis among children with particular clinical indi-
cators, Latino children in both language groups with a

presentation for wheeze in the study period showed
higher odds of receiving an ICD-coded asthma diag-
nosis compared to non-Hispanic whites. Spanish and
English-speaking Latinos had increased odds of receiv-
ing an ICD-coded asthma diagnosis compared to non-
Hispanic whites when diagnosed with bronchitis.
Spanish-speaking Latino had lower odds of ICD-coded
asthma diagnosis when receiving an albuterol pre-
scription and English-preferring Latino children had
higher odds compared to non-Hispanic whites. No
differences in the adjusted odds of ICD-coded asthma
diagnosis between ethnicity/language groups was
observed among those presenting with 5+ coughs.

Discussion

This study is novel in its use of longitudinal EHR
data from a large sample of patients to study ethnic/
language differences in asthma diagnosis, and specific-
ally among children presenting to their community
health center with possible clinical indicators of
asthma. Our intention was not to establish the diag-
nosis of asthma against a gold standard, or to assess
the prediction of asthma diagnosis by these clinical
indicators, but to compare the prevalence of ICD-
coded chart diagnosis in similar, EHR documented
clinical presentations across our population, which is
a significant advancement over previous diagnosis lit-
erature which has relied mainly on self-report.
Demonstrating different pathways from presenting
indicator to chart diagnosis can provide greater
understanding of future targets for equitable treatment
in asthma. Overall, Spanish-preferring Latino children
had a lower adjusted odds of ICD-coded asthma diag-
nosis, even when having at least one possible present-
ing symptom of asthma. This result, in a large sample
of symptomatic children and adjusting for health care
access, challenges previous findings about asthma
prevalence which suggests that ethnicity alone may be
the major driver of diagnosis differences (5,6). Our
findings suggest that differences in prevalence of
asthma diagnosis may be more across language groups
rather than ethnic ones, and those differences persist
even when clinical suspicion for asthma is higher
(because possible clinical indicators are present). Prior
studies noted lower odds of asthma diagnosis in
Spanish-preferring families (34); our study found
similar results in a larger, national sample using elec-
tronic health record data. Further work can examine
the specific Hispanic subgroup or nativity represented
by the language groups.



JOURNAL OF ASTHMA 5

Table 2. Among children with any clinical indication of asthma (N=285516), adjusted odds ratios of having an
asthma diagnosis comparing Latino Spanish-preferring and Latino English-preferring to non-Hispanic whites.

Clinical Presentation Non-Hispanic White

Hispanic Spanish-preferred Hispanic English-preferred,

Any Ref
Wheeze Ref
5+ Cough Ref
Bronchitis Ref
Received albuterol prescription Ref

0.93 (0.88-0.99)
1.47 (1.27-1.71)
0.96 (0.63-1.48)
1.22 (1.05-1.41)
0.93 (0.88-0.99)

1.07 (1.02-1.12)
1.63 (1.40-1.89)
1.06 (0.79-1.41)
1.26 (1.09-1.46)
1.06 (1.02-1.11)

Adjusted odds ratios are reported overall, and for each specific clinical indicator. Adjusted odds ratios and corresponding 95% confi-

dence intervals (in parentheses) are reported.

Note: Estimates were derived using a generalized estimating equation (GEE) logistic regression model with a working exchangeable cor-
relation structure to accounting for clustering of patients within clinics. The outcome was ICD-coded asthma diagnosis (yes vs. no) and
predictors were ethnicity/language groups, clinical indicators, interaction terms between ethnicity/language groups and clinical indica-
tors (which captured heterogeneity of effects), and the remaining covariates (age at first encounter, sex, insurance status, family
income measured as % federal poverty level, body mass index, and rate of ambulatory visits per year). Bold denotes statistical signifi-

cance (p < 0.05).

Interestingly, we found that differences in asthma
diagnosis between ethnicity/language groups varied by
clinical indicator. Most prominently, Spanish-prefer-
ring Latinos who had received an albuterol prescrip-
tion had lower odds of ICD-coded asthma diagnosis
than English-preferring Latinos or non-Hispanic
whites. Given the high proportion of our sample who
had received these prescriptions (See Appendix Table 1),
this clinical situation likely greatly contributed to the
overall pattern (reduced odds in Spanish-preferring
Latinos) in the symptomatic sample. Lower odds of
ICD-coded asthma diagnosis in Spanish-preferring chil-
dren who receive prescriptions for albuterol raise the
concern that when albuterol is prescribed for acute
symptoms (which is a common clinical pattern, as evi-
denced by a Cochrane review (30), there may be lan-
guage barriers to follow-up on the response to that
medication and whether asthma should be considered
as a diagnosis. Alternatively, there may be other barriers
to follow-up in this language group that we did not
measure in our analysis. Transportation barriers, other
socioeconomic barriers to access, or provider bias may
impact follow up in this setting and can be foci of
future research. The albuterol prescription pattens may
also reflect that albuterol is prescribed for multiple spe-
cific scenarios (including our other clinical indicators),
so reflects the trends in the larger study population and
does not reflect patterns in the care of one specific
symptom. Regardless, to ensure appropriate diagnosis,
our findings suggest that providers should be specifically
attuned to recommending follow up to Spanish-prefer-
ring children who are prescribed albuterol in the
acute setting.

In contrast, Latino children with wheeze or bron-
chitis diagnoses, regardless of language, were more
likely to have an ICD-coded asthma diagnosis than
non-Hispanic white children. While our findings raise
concern for a scenario whereby some Latino children
may not be receiving asthma diagnoses, this result

suggests that there may be scenarios in which the pro-
viders of Latino children are more likely to diagnose
asthma. Reasons for this are uncertain; it may be that
these obvious lower respiratory tract symptoms raise
particular concern with families and providers for this
population and therefore lead to higher odds of diag-
nosis. Recurrent cough may not generate this elevated
suspicion, as both Spanish and English-preferring
Latino children did not differ in from non-Hispanic
white children in this category. Regardless of the spe-
cific dynamics that produce differential diagnosis rates
with different clinical indicators, the variation
observed in this study suggests that disparities in
asthma outcomes in Latino children are not homogen-
ous; they depend on language and on the specific pre-
senting scenario. Finally, it is also important to
observe the absolute number of children, including
children with asthma, across demographic characteris-
tics who receive care at community health centers.
This volume suggests that this piece of the healthcare
safety net is vital to children’s health in the
United States.

While our findings are specific to a sub-population
in the United States (Latino children with asthma),
there may be lessons for other disease processes in
other settings. Namely, that inequalities in care for
conditions treated in primary care may be varied; spe-
cific clinical scenario, specific sub-population, and
complex social factors all may affect the delivery of
routine primary care and result in inequity. It is
incumbent upon providers and policy makers to
appreciate this complexity, and turn our clinical and
research efforts toward understanding the details of
clinical scenarios such as these as much as possible.

Limitations

Limitations to our analysis include that we did not
have definitive testing information (spirometry), so
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our diagnosis odds are relative to a comparison group,
and not to a diagnostic gold standard. Our outcome
of EHR diagnosis, when compared to true diagnosis
(measured by a gold standard) may produce overesti-
mation (falsepositive cases) or underestimation (false-
negative cases) and could therefore be a source for
information bias. However, our aim was not to valid-
ate these indicators as predictors of true asthma diag-
nosis. Rather, it was to compare odds of chart
diagnoses with these clinical indicators consistent with
asthma between our ethnic/language cohorts. Previous
studies in the US have not looked at these scenarios
in this manner, and most previous survey-based
research on asthma has used far less stringent criteria
for asthma diagnosis (2,5,7). Future research can
investigate the association between ethnicity/language,
symptoms, and spirometric diagnosis of asthma; our
data may provide a foundation for whom to target
with confirmatory testing. We set five episodes of
cough as a marker of recurrent cough, but findings
could change as this threshold is moved up or down.
Our records only include what has been entered into
the ambulatory EHR, and may not include events or
information from emergency department or urgent
care visits. Asthma clinical indicators were recorded at
any time in the observation period and these indica-
tors of asthma may have occurred after diagnosis,
though this would have little impact on our conclu-
sions. Specific ethnic subgroup (Mexican, Puerto
Rican, etc.) and nativity may play a significant role in
the prevalence of asthma diagnoses in Latino children,
but we could not evaluate that in this analysis as the
EHR does not contain consistent record of this infor-
mation. However, our focus on broader ethnic/lan-
guage categories would seem appropriate because 1)
currently, providers may be more likely to have gen-
eral ethnic information about their patient panels to
make inferences about the risk of chronic disease and
2) our focus on presenting indicator addresses pat-
terns of provider behavior, not overall disease preva-
lence. Further investigation using ethnic subgroup
may yield important additional information about dif-
ferential diagnosis rates, and future work can apply
our methods here to subsets containing that subgroup
data. We did not analyze non-Hispanic black chil-
dren, as disparities in Latino children potentially
encompass distinct issues from those faced in
African-American communities. We did not have
data on the language preference of clinicians, a
factor which could also influence rates of ICD-
coded diagnosis and follow-up and should be fur-
ther examined in future work. Finally, we did not

have direct information from caregivers about per-
ceptions or communication regarding diagnosis.

Conclusion

In a large, geographically disparate sample of children
presenting at community health centers, Spanish-pre-
ferring Latino children were less likely and English-
speaking Latino children were more likely to have an
ICD-coded asthma diagnosis than and non-Hispanic
white children when presenting with a clinical indica-
tor suggestive of asthma. Odds of diagnosis differed
by specific indicator, however, with Spanish and
English preferring Latino children having higher odds
than non-Hispanic white children when presenting
with wheeze or bronchitis, but not when presenting
with recurrent cough. Spanish-preferring Latino chil-
dren had lower odds of ICD-coded diagnosis than
non-Hispanic white children when prescribed albu-
terol. Our findings suggest that providers should be
especially attuned to Latino children - especially
Spanish-preferring children - when prescribing albu-
terol for acute symptoms prior to asthma diagnosis.
Closer follow up to ensure appropriate asthma diag-
nosis is also likely needed. Future research should
build upon these results to examine time course from
symptoms to diagnosis, as well as interpersonal clin-
ician-patient-family factors that may affect communi-
cation about symptoms and diagnosis.
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Appendix

The equations of the model used to derive the estimates of
the odds of asthma diagnosis took the form:

P
log (ﬁ) = Py + PiLatino : English Preference + f3,Latino

: Spanish Preference + yY

where P is the probability of asthma diagnosis, f, is the
intercept, ff; is the coefficient for the indicator of being
Latino: English Preference, f3, is the coefficient for the indi-
cator of a patient being Latino: Spanish preference and the
reference group is set to non-Hispanic whites. The vector vy
is a set of coefficients that correspond to the matrix Y of
covariates. The covariates for all equations were: age, female
sex, insurance status, visits per year, cough, bronchitis, albu-
terol prescription wheeze, overweight status, and federal
poverty status.

Appendix Table 1. Pediatric population characteristics among children with any clinical indication of asthma, overall and by eth-

nicity/language. Column percentages shown.

Ethnicity/Language Groups

Overall Non-Hispanic White Latino Preferring Spanish Latino Preferring English

85,516 27,887 33,669 23,960
Demographics
Age: 3-5 573 50.4 554 64.4
6-11 27.8 30.3 28.6 25.2
11-14 10.2 133 10.8 7.3
14-17 4.7 6.0 5.2 3.2
Sex: female 45.5 45.7 457 45.1
Insurance: Never Insured 37 3.2 33 43
Some Private 7.0 14.6 53 1.9
Some Public 81.7 719 83.2 88.8
Some Private and Public 7.6 10.4 8.1 5.0
Federal Poverty Level >138%: Yes 67.8 62.4 75.6 63.2
No 322 37.6 244 36.8
Visits Per Year: <1 13.9 18.9 15.1 8.9
1-2 46.7 48.0 471 45.5
3-4 23.2 19.7 223 26.7
59 13.0 10.5 12.2 15.6
>10 3.2 3.0 33 3.2
Smoking: Current 0.6 13 0.1 0.3
NEI' 65.7 67.5 59.3 725
Never 329 29.7 40.1 26.5
Past 0.9 1.4 0.5 0.7
Overweight: Never 25.8 28 241 25.6
Sometimes 315 26.1 36.9 30.2
Always 225 19.9 23.8 23.7
Missing 20.2 26 15.2 20.5
Clinical Indicators
Wheeze 9.3 9 1.1 7.3
5+ Cough 39 3.2 43 4
Bronchitis 15.2 17.2 14.3 14
Albuterol Prescription 92.3 89.8 94 92.7
Asthma 54.2 53.8 52.6 57.0

"Not enough information.
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The subsequent models of clinical asthma indicator-spe-

ciﬁC(odjjs ere of the form:

lo = By + ByLatino : English Preference + f,Latino
e\1_p 0 1 g 2

: Spanish Preference + f;3Latino
: English PreferencexClinical Indicator + B,Latino
: Spanish PreferencexClinical Indicator + yY

JOURNAL OF ASTHMA 9

where the meaning is the same as in the general model and
p5 and f, are the coefficients for the interactions between
the Latino patient subgroups and the clinical indicator (i.e.
wheeze, 5+ cough, bronchitis, and albuterol prescription).
The coefficients of interest here were f5; and f, which cap-
tured heterogeneity of effects.
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