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Objective: To determine if the asthma medication 
ratio predicts subsequent emergency department 
(ED) visits and hospital admissions in children. 
Design: Retrospective cohort with two year pairs. 
Setting/Participants: 2007–2009 South Carolina 
Medicaid recipients with persistent asthma age 2–18. 
M ain Exposure: C ontrol ler-to-total ast hma 
medication ratios were calculated for each patient 
in 2007 and 2008. Ratios range from 0–1 (1 = ideal, 
0 = no controller). 
Outcome Measures: 2008 and 2009 asthma 
related ED visits, hospitalizations, and a combined 
outcome of ED visit or hospitalization in the 
subsequent 3, 6, and 12 month time periods. 
Results: 19,512 patients were included. Mean 
age 8.9 years, 58% male, and 55% black. The 
ratio significantly predicted ED visits and 
hospitalizations over subsequent 3, 6, and 12 month 
time periods. The cut-point that maximized the 
ability to predict visits ranged from 0.4–0.6. A cut-
point of 0.5 was used in the final models. After 
controlling for age, race, gender, and rurality, 
patients with a ratio <0.5 were significantly more 
likely to have a subsequent emergent healthcare 

visit (OR 1.5–2.0). The ratio retained its predictive 
ability in both year-pairs for all three outcome 
variables, in all three time periods, with the 
exception of the 2008 ratio not predicting 2009 
3-month and 6-month hospitalizations. 
Conclusions: The asthma medication ratio 
is a significant predictor of ED visits and 
hospitalizations in children. Using a cutoff of <0.5 
to signal at-risk patients may be an effective way 
for populations who would benefit from increased 
use of controller medications to reduce future 
emergent asthma visits. 
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Background 

Asthma is the most common chronic condition 
affecting children, resulting in frequent emergency 
department (ED) visits and hospital admissions. 
(Akinbami, 2006; Akinbami, Moorman, Garbe, 
& Sondik, 2009) Despite disease management 
guidelines and advances in medical treatments, the 
incidence of emergent health care visits for asthma 
has remained high. (Akinbami et al., 2012) Even 
though there is strong evidence that controller 
medications reduce the frequency of emergent 
health care visits for asthma, they continue to be 
underutilized. (Adams et al., 2001; Andrews, Teufel, 
& Basco, 2012; Cloutier, Hall, Wakefield, & Bailit, 
2005; Finkelstein, Lozano, Farber, Miroshnik, & 
Lieu, 2002; Lieu et al., 1997; Warman, Silver, & 
Stein, 2001). 

Previous studies have shown that the 
controller-to-total asthma medication ratio is 
associated with same year emergent health care 
utilization and therefore could be considered a 
reasonable care process measure and/or current 
disease control measure (Fuhlbrigge et al., 2004; 
Vernacchio, Trudell, & Muto, 2013). Schatz et al. 
(2006) showed that the ratio could also serve as 
a useful predictor of emergent health care visits 
for asthma in the following 12-month period in 
a primarily adult, privately insured population. 
Stanford, Shah, D’Souza, and Schatz (2013) found 
that a shorter ratio assessment period can be used 
to predict asthma exacerbations in the following 
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12-month period, in both commercially insured 
and Medicaid populations. 

Previous studies have used 12-month outcome 
periods. From a clinical standpoint and for a 
practical application of the ratio, demonstrating 
that the ratio can predict shorter-term outcomes 
is important. It could mean that an intervention 
targeted at improving ratios (through controller 
medication prescribing) in patients with a low 
ratio may lead to an immediate improvement in 
outcomes. Additionally, previous studies have 
included leukotriene receptor antagonists (LTRAs) 
in the ratio calculation, despite the fact that LTRAs 
are not preferred controller medication therapy 
and that LTRAs are often prescribed for allergic 
rhinitis in children. It is important to determine 
whether the inclusion of LTRAs in the calculation 
strengthens or weakens its predictive ability. 

The objective of this study is to investigate 
whether the controller-to-total asthma medication 
ratio independently predicts hospitalizations and 
emergency department visits, over subsequent 
3, 6, and 12 month time periods, in a Medicaid 
population of children with asthma. Secondary 
objectives include determining if the ratio is a 
stronger predictor with or without the inclusion 
of leukotriene antagonists (LTRA) as a controller, 
and determining what cut-point should be used in 
order to accurately target at-risk patients. 

Methods 

We conducted a retrospective analysis utilizing 
2007–2009 South Carolina Medicaid data. Patients 
age 2–18 years with at least one calendar year of 
continuous Medicaid enrollment were included. 
All analyses were conducted using 2007 ratios 
predicting 2008 visits and 2008 ratios predicting 
2009 visits (two year-pairs). We isolated all 
encounters with a primary diagnosis of asthma using 
International Classification of Diseases 9th Revision 

(ICD-9) codes 493.00–493.02, 493.10–493.493.12, 
493.20–493.22, 493.8, and 493.9. From this group, we 
eliminated all patients with the following co-morbid 
conditions using ICD-9 codes: exercise induced 
asthma; cystic fibrosis; bronchiolitis; Respiratory 
Syncytial Virus; moderate, severe, or profound 
mental retardation; congenital heart disease; sickle 
cell disease; chronic respiratory disease arising in 
the perinatal period; tracheostomy; gastrostomy; or 
any other artificial opening of the gastrointestinal 
tract (Gupta, Bewtra, Prosser, & Finkelstein, 2006). 
From this group of children with asthma, those 
with persistent asthma were identified using the 
Healthcare Effectiveness Data and Information Set 
(HEDIS) criteria. This includes anyone with any of 
the following in one calendar year: (1) an asthma 
related hospitalization, (2) an asthma related ED 
visit, (3) 4 or more asthma medication fills, or (4) 
4 or more asthma related outpatient visits and 2 or 
more asthma medication fills. 

Asthma Medication Ratio 

The controller-to-total asthma medication ratios 
[number of controller fills / (number of controller 
fills + number of short-acting beta-agonist fills)] 
were then calculated for each patient in years 2007 
and 2008. We included any ICS or combined ICS/ 
Long-acting beta agonists in the ratio. Although 
ICSs are the preferred first line preventive therapy 
for children with persistent asthma, the National 
Heart, Lung, and Blood Institute Guidelines for 
the management of asthma recommend LTRAs 
as alternative first line therapy or adjunctive 
therapy for patients with persistent asthma not 
controlled on ICS alone (Expert Panel Report 3 
[EPR-3], 2007). If patients had a pharmacy claim 
for more than one controller in a month they were 
both included in the calculation. Our ratios were 
calculated both with and without LTRAs included 
as a controller medication in order to determine 
if this alternative therapy contributes to the ratio’s 
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predictive ability. Ratios range from zero to one 
with one being ideal and zero being the worst (no 
controller). Ratios were categorized into deciles for 
the analyses to determine ideal cut-points. 

Outcome Variable 

Asthma related ED visits and hospitalizations were 
identified by Current Procedural Terminology 
(CPT) codes and ICD-9 codes.1 

Analysis 

Logistic regression models first determined if 
the ratio is a significant predictor of subsequent 
emergent healthcare visits and which ratio, 
with or without LTRA, is a stronger predictor of 
emergent health care visits. This was determined 
by comparing Areas Under the Curve (AUC) from 
models with the ratio as the independent variable 
and each of the three outcome variables (ED visit, 
hospitalization, and ED visit or hospitalization) as 
a dichotomized dependent variable. Each model 
was run with the ratio including LTRA and the 
ratio not including LTRA. 

Once we determined that the ratio was a 
significant predictor of emergent healthcare visits 
and whether or not to include LTRA in the ratio, 
we then determined which ratio cut-point is most 
appropriate. We built logistic regression models 
with a dichotomous independent variable (ratio 
greater than or less than/equal to cut-point X where 
X = 0.1, 0.2, etc.) and a dichotomous dependent 
variable of whether or not there was an emergent 
healthcare visit. The AUC were compared to find 
the cut-point that maximized the predictive ability 
of the ratio. These analyses were completed in both 

1 CPT© codes for ED visits are 99281–99285 and for hospitalization 
are 99217–99223 and 99234–99236. ICD-9 codes for asthma are 
493.00–493.02, 493.10–493.12, 493.20–493.22, 493.8, and 493.9. 
CPT only copyright 2006–2013 American Medical Association. 
All rights reserved. 

year-pairs and for all three outcome variables (ED 
Visit, hospitalization, ED Visit or hospitalization). 

Finally, to investigate whether the controller-
to-total asthma medication ratio predicts 
emergent health care visits over subsequent 3, 6, 
and 12 month time periods, multivariable logistic 
regression was used to determine if the ratio 
remained a significant predictor of ED visits, 
hospitalizations, and a combined outcome of ED 
visit or hospitalization, over each time period, 
controlling for age, gender, race, and rurality 
(defined using the Metropolitan Statistical Area 
definition of urban). To assess for differences 
in the ratio’s predictive ability by race or age, we 
included interaction terms in the final models. 

We used SAS 9.3 for all data analyses. The 
Medical University of South Carolina IRB approved 
this study. 

Results 

We identified 19,512 children with persistent 
asthma aged 2–18 years to include in the analyses. 
Mean age was 8.9 years (median 9.0); 58% were 
male, and 55% were black (Exhibit 1). 

The controller-to-total asthma medication 
ratio significantly predicted subsequent ED visits 
alone, hospitalizations alone, and combined count 
of ED visits and hospitalizations in separate logistic 
regression analyses. While the relationship was 
significant both with and without LTRA, including 
LTRA in the ratio resulted in stronger predictive 
potential when compared to the ratio without LTRA. 
The strongest relationship was seen using the ratio 
with LTRA to predict hospitalizations (Exhibit 2). 

Using the ratio with LTRA, and testing each 
decile as a potential cut-point, the ratio cut-point 
that maximized the AUC when predicting ED visits, 
hospitalizations, and ED visit or hospitalization 
ranged from 0.4–0.6 in both year-pairs. We chose 
a cut-point of 0.5 for the final models (Exhibit 3). 
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Exhibit 1. Demographics of South Carolina 
Medicaid Recipients with Persistent Asthma 
2007–2009 (n = 19,512) 

Demographic N (%) 
Male 11,401 (58) 
Minority Race/Ethnicity1 13,110 (67) 
Urban2 13,549 (69) 
Patients with an ED visit 4,281 (22) 
Patients with a Hospitalization 666 (3) 

Mean Median 
Age 8.9 9.0 
Number of SABA3 fills 7.4 5.0 
Number of ICS3 fills 4.5 3.0 
Number of LTRA3 fills 5.0 2.0 
NOTES: 1Minority race/ethnicity = self-declared black race,
 
Hispanic ethnicity, and “other.”
 
2Indicates individuals who live in a county that is part of a South 

Carolina Metropolitan Statistical Area.
 
3SABA = Short-acting beta agonist; ICS = Inhaled Corticosteroid;
 
LTRA = Leukotriene Receptor Antagonist.
 
SOURCE: South Carolina Medicaid Data, 2007–2009.
 

Exhibit 3. Areas Under the Curve for Asthma 
Medication Ratio Cut points by Year-Pair and Outcome 

Area Under Area Under 
the Curve the Curve 

Ratio Cut-point 2007–20081 2008–20092 

Hospitalization 
0.4 0.557 0.569 
0.5 0.590 0.575 
0.6 0.555 0.598 
ED Visit 
0.4 0.561 0.559 
0.5 0.552 0.564 
0.6 0.554 0.566 
Hospitalization 
or ED Visit 
0.4 0.560 0.562 
0.5 0.559 0.568 
0.6 0.554 0.609 
NOTES: 1Ratios calculated with 2007 data predicting 2008 emergent 

care visits.
 
2Ratios calculated with 2008 data predicting 2009 emergent care visits.
 

Exhibit 2. Logistic Regression Models1 Evaluating Asthma Medication Ratio’s Ability to Predict Subsequent 
Emergent Healthcare Visits for Asthma 

Hospitalizations ED Visits Hospitalization or 
AUC2 AUC ED Visit AUC 

2007–20083 

Ratio with LTRA n = 13,756 0.614 0.587 0.586 
Ratio without LTRA n = 13,199 0.589 0.554 0.552 
2008–20094 

Ratio with LTRA n = 15,480 0.636 0.589 0.591 
Ratio without LTRA n = 14,711 0.611 0.542 0.546 
NOTES: 1Models included ratio as only independent variable and p<. 001 for all models.
 
2Area Under the Curve.
 
3Ratios calculated with 2007 data predicting 2008 emergent care visits.
 
4Ratios calculated with 2008 data predicting 2009 emergent care visits.
 
SOURCE: South Carolina Medicaid Data, 2007–2009.
 

After  controlling  for  age,  gender,  race  and  rurality, 
patients  with  a  ratio  <0.5  were  significantly  more 
likely to have a subsequent ED visit, hospitalization,  
and  ED  visit  or  hospitalization.  The  ratio  retained 
its  predictive  ability  in  both  year-pairs  for  all  three 
outcome  variables  in  all  three  time  periods  (3  month, 
6  month,  and  12  month)  with  the  exception  of  the 

2008  ratio  not  predicting  2009  3  month  and  6  month 
hospitalizations. This is likely due to the rarity of this  
outcome. Hospitalization is a less common outcome  
and  by  decreasing  the  time  interval  to  3  and  6  months 
the  occurrence  became  even  more  rare  (n  =  48  for 
3 month hospitalizations and n = 86 for 6 month  
hospitalizations) (Exhibit 4). 
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Exhibit 4.  Logistic Regression Models1 Predicting Asthma Emergent Care Visits if Asthma Medication Ratio is <0.5 

Hospitalization  
Hospitalizations ED Visits or ED Visit 

OR (95% CI) OR (95% CI) OR (95% CI) 
2007–20082 

 3 month 1.9 (1.1–3.4) 1.6 (1.2–2.0) 1.6 (1.3–2.0) 
 6 month 2.0 (1.3–3.0) 1.5 (1.3–1.8) 1.6 (1.3–1.9) 
 12 month 1.8 (1.3–2.5) 1.5 (1.3–1.8) 1.6 (1.4–1.8) 
2008–20093 

 3 month 1.1 (.69–1.9) 1.5 (1.2–1.9) 1.5 (1.2–1.9) 
 6 month 1.1 (.66–2.4) 1.6 (1.4–2.0) 1.6 (1.4–1.9) 
 12 month 1.7 (1.2–2.5) 1.7 (1.4–1.9) 1.7 (1.5–1.9) 
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NOTES: 1All models controlled for age, gender, race, and rurality and all models except italicized were significant with p<.001
 
2Ratios calculated with 2007 data predicting 2008 emergent care visits.
 
3Ratios calculated with 2008 data predicting 2009 emergent care visits.
 
SOURCE: South Carolina Medicaid Data, 2007–2009.
 

Discussion 

The results of this study suggest that the controller-
to-total asthma medication ratio can predict both 
ED visits and hospitalizations, over short as well as 
long term time periods, in children with persistent 
asthma. While the knowledge of short term 
predictive potential is new, these findings also 
confirm, in a large population of Medicaid-funded 
children, the findings of Stanford et al. which 
show that the asthma medication ratio can be used 
to identify children at risk for ED and hospital 
visits before they occur. Specifically, patients 
who have controllers dispensed as less than half 
of their asthma medications are approximately 
60% more likely to have an emergent care visit in 
the subsequent 3, 6, and 12 month time periods. 
An intervention aimed at improving controller 
medication use in those with a ratio <0.5 may be an 
effective way to prevent future emergent healthcare 
visits in a period as short as three months. 

We have compared the predictive power  
of  the  ratio  when  it  is  calculated  both  with  and 
without  the  inclusion  of  LTRAs.  We  feel  this 
is an important contribution to the literature,  

because of the frequency with which LTRAs are  
prescribed in pediatric populations, both for  
asthma and allergic rhinitis. One of the limitations  
of  working  with  pharmacy  claims  data  is  that  one 
cannot  always  link  the  medication  claim  to  a 
visit  diagnosis  code.  We  were  able  to  show  that, 
regardless  of  prescribing  intent,  LTRAs  strengthen 
the relationship between the ratio and subsequent  
outcomes; therefore, they should be included in  
the  ratio  calculation  in  future  studies  and  when 
the  ratio  is  used  by  providers  and  payers  to  identify 
high risk patients. 

In South Carolina, there are over 2,490 
hospitalizations (average cost $6,192) and over 
12,000 ED visits (average cost $237) per year 
in children under 18 years of age (The Bureau 
of Community Health and Chronic Disease 
Prevention, 2012). The results of this study suggest 
that an intervention that increases controller 
medication use in children by increasing their ratio 
above 0.5 could result in 7,200 fewer ED visits and 
1,495 fewer hospitalizations per year, leading to a 
cost savings of over $10,000,000 per year. These 
cost estimates do not take into account additional 
savings from decreased missed work/school days 
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or the improved quality of life that would be 
experienced by the child and family. 

To our knowledge, this is the first study to 
demonstrate the ability of the ratio to independently 
predict hospitalizations and ED visits in a large 
population of children over 3, 6, and 12 month 
time periods; thereby, expanding on previous 
researchers’ work. (Schatz et al., 2006; Stanford et 
al., 2013). The ability of the ratio to not only predict 
visits in the subsequent 12 months, but also in the 
subsequent 3 and 6 month time periods, is a critical 
basis for the practical application of the ratio. We 
find promising the idea that improving preventive 
medication use can yield short-term benefits in 
terms of decreased frequency of acute care visits, 
and we believe it provides rationale that targeted 
interventions that may not be sustainable over a 
long period of time might still have a significant 
impact on outcomes. 

There are several limitations to this study. We 
analyzed Medicaid data from one state; therefore, 
our findings may not be generalizable to other 
geographic locations or to non-publicly insured 
patients. However, to date, this represents the 
largest cohort of children who have been studied 
with this ratio, and we feel our findings contribute 
significantly to the literature. It will be important 
in the future to test this ratio in privately insured 
children with asthma. Additionally, we used 
administrative claims data to do this study. There 
is inherent inaccuracy when relying on ICD-9 
codes for identification of subjects. Pharmacy 
claims data will not capture free samples provided 
to patients or the intent of the medication (for 
example, asthma or allergic rhinitis). We feel 
that our sample size is large enough to minimize 
the effect of any potential coding inaccuracies 
or missed controller prescriptions. And testing 
this ratio in administrative claims data is 
critical, because the utility of this ratio and any 
interventions based on it will be through tracking 

prescription claims. The data used in this study 
covers through 2009. Although 2010 data was 
available at the time of our analysis, we do not feel 
that the incorporation of the extra year’s data in 
this project would significantly affect our results. 
Additionally, there have not been any significant 
changes in the treatment of asthma during the 
recent 3 years. We feel that our data provides an 
accurate representation of the current relationship 
between the ratio and subsequent visits. 

Conclusions 

The asthma medication ratio is a significant 
predictor of hospitalizations and ED visits over 
subsequent 3, 6, and 12 month periods, in publically 
insured children with asthma. In addition, the 
ratio’s predictive potential is stronger when LTRAs 
are included in the calculation. Providers and 
payers can use this ratio in real time to identify at 
risk patients so that they can intervene to improve 
controller medication use and therefore prevent 
emergent healthcare visits. 
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