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A sthma is the most common chronic condition affecting 

children. Given its prevalence, availability of effective 

medications, historically poor medication adherence, and 

costly yet preventable exacerbations, it is an ideal disease for the 

proactive monitoring of medication adherence.1-3 Inhaled cortico-

steroids (ICSs) are known to reduce the incidence of emergency 

department (ED) visits and hospitalizations for asthma, but they 

remain chronically underutilized.4,5 Asthma confers immense 

burden to children, families, and the health care system.1,2,6 In 2012, 

among children younger than 18 years, hospital discharges with a 

primary diagnosis of asthma accounted for a total annual cost of 

more than $520 million.7 Expensive asthma care, including ED visits 

and hospitalizations, is not evenly distributed among children with 

asthma.8 The majority of ED visits and hospitalizations for asthma 

can be attributed to a minority of children with asthma. Determining 

who these high-risk children are is necessary to maximize the 

efficiency and cost-effectiveness of asthma population management 

interventions. Unfortunately, identifying children with asthma at 

risk for costly ED visits and hospitalizations has previously proved 

challenging.9,10 Access to near real-time pharmacy dispensing data 

may be the key to a pragmatic system for asthma risk prediction. 

This would allow for intervention prior to symptom exacerbation, 

ultimately preventing ED visits and hospitalizations.

Risk determination through the monitoring of pharmacy 

dispensing data for children with asthma is possible through 

either a quarterly count of short-acting β-agonist (SABA) claims 

(SABA count)11 or the application of the asthma medication ratio 

(AMR) (No. of controller medication claims / [No. of controller 

medication claims + No. of rescue medication claims]). These 

asthma exacerbation risk predictors can be calculated using 

pharmacy dispensing or claims data.12-19 Findings of previous 

studies have shown that the AMR is an accurate predictor of 

subsequent severe asthma exacerbations (those resulting in ED 

visit or hospitalization) when calculated with 12 months of claims 

data. Our research group has recently demonstrated that a rolling 

3-month AMR calculation can identify children at higher risk for 

severe exacerbation in subsequent 3-month time periods.20,21 The 
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ABSTRACT

OBJECTIVES: Head-to-head comparisons are needed to 
determine the most accurate and appropriate administrative 
claims–based exacerbation risk predictor for emergency 
department (ED) visits and hospitalizations among children 
with asthma. 

STUDY DESIGN: Retrospective cohort study. 

METHODS: We analyzed 2013-2014 MarketScan Medicaid 
data. Children aged 2 to 17 years were included. Seven 
risk predictors were compared for accuracy in predicting 
3-month subsequent ED visits/hospitalizations for asthma: 
3-month rolling asthma medication ratio (AMR), Healthcare 
Effectiveness Data and Information Set (HEDIS) criteria, 
revised HEDIS criteria, quarterly short-acting β-agonist 
(SABA) claims, prior ED visit, prior hospitalization, and 
prior ED visit or hospitalization. Sensitivity, specificity, 
positive and negative predictive value (NPV), and percentage 
of population identified as high risk were compared for 
each risk predictor utilizing the McNemar test to identify 
statistically significant differences in risk prediction accuracy. 

RESULTS: A total of 214,452 children were included; 
the mean age was 7.8 years. HEDIS and revised HEDIS 
identified prohibitively large cohorts as high risk (67% and 
48%, respectively). For the remaining measures, the NPV 
range is narrow (97%-99%), indicating high performance at 
identifying patients who would not benefit from intervention. 
The ED visit and ED/hospitalization measures have superior 
sensitivities (44% and 49%, respectively) compared with 
pharmacy claims–based measures (AMR [5%] and SABA 
count [10%]). Pharmacy claims–based measures identify 
a smaller proportion of patients as high risk and maintain 
high NPV.

CONCLUSIONS: Pharmacy-based asthma exacerbation 
risk predictors such as the AMR and SABA count can rule 
out low-risk patients with a high degree of specificity and 
NPV, which is a primary goal of real-time risk monitoring in 
pediatric asthma.
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rolling calculation and shorter risk determination period, as well 

as reliance on only pharmacy data (not medical visit data), suggest 

that this asthma exacerbation risk predictor could be superior to 

previously studied claims-based asthma exacerbation risk predictors. 

Similarly, quarterly SABA counts can be used to identify high-risk 

children with asthma.11

Before we can proceed with interventional studies aimed at 

preventing severe exacerbations by using claims-based exacerba-

tion risk predictors to target high-risk individuals, we must first 

compare their diagnostic accuracy (their ability to accurately identify 

children who will have an ED visit or hospitalization for asthma). 

This information, combined with relative high-risk cohort size and 

feasibility of implementation based on data source availability, will 

help providers, payers, and health care administrators select the 

most appropriate predictor for their population. The objective of 

this study is to perform a head-to-head comparison of the diagnostic 

accuracy of claims-based asthma exacerbation risk predictors.

METHODS
Population

This is a retrospective analysis of a large national cohort of publicly 

insured children with asthma. For this analysis, 2013-2014 Truven 

MarketScan Medicaid data were used. The Truven Medicaid data 

are from a deidentified multistate database of children enrolled in 

Medicaid fee-for-service or capitated plans. Children aged 2 to 17 years 

with at least 1 claim for an ICS in the first year or “measurement” 

year of the data set were included. Children with a diagnosis of 

cystic fibrosis (International Classification of Diseases, Ninth Revision 

[ICD-9] code 277.xx) or eosinophilic esophagitis (ICD-9 code 530.13) 

were excluded due to their use of ICSs for nonasthma indications.

Risk Predictors

Pharmacy claims–based risk predictors. The AMR is calculated 

using 3 months of pharmacy claims data using the following 

formula: (No. of controller claims / [No. of controller claims + No. 

of rescue claims]). SABA claims have been proposed as an asthma 

exacerbation risk predictor, with patients with more than 3 SABA 

claims per quarter having higher risk for subsequent exacerbation.11

Medical claims–based risk predictors. The number of ED visits, 

hospitalizations, or a combination of ED visits/hospitalizations 

with a primary diagnosis of asthma in the 

previous 12 months has been shown to predict 

subsequent-year ED visits/hospitalizations 

with a primary diagnosis of asthma.22,23

Risk predictors that require both phar-

macy and medical claims. The Healthcare 

Effectiveness Data and Information Set (HEDIS) 

criteria rely on evaluation of 12 months of 

administrative pharmacy and medical claims 

data to determine asthma risk. The HEDIS 

criteria are 1 asthma inpatient admission or 

ED visit, 4 asthma medication dispensing events, or 4 outpatient 

asthma visits and at least 2 asthma medication dispensing events 

within a 12-month period.24 The HEDIS criteria were developed to 

identify patients with persistent asthma and to inform quality-of-care 

measures, not as a risk prediction tool. Similarly, a revised HEDIS 

definition has been proposed as a way to improve the precision of 

risk assessment, but it also relies on 12 months of both pharmacy 

and medical claims to make a risk determination.9 The revised 

HEDIS criteria are at least 1 ED visit or at least 1 hospitalization 

for asthma, or at least 1 oral steroid prescription for asthma, in a 

12-month period.9

Outcome Variable

The primary outcome variable is an ED visit or hospitalization with 

a primary diagnosis of asthma (ICD-9 code 493.xx) in the 3-month 

outcome period immediately following the risk prediction period.

Statistical Analysis

We first determined the proportion of the population identified as 

high risk for each risk predictor. We then compared the diagnostic 

accuracy of the 7 administrative claims–based asthma exacerbation 

risk predictors: (1) 3-month rolling AMR, (2) quarterly count of SABA 

claims,11 (3) ED visit, (4) hospitalization, (5) ED visit/hospitaliza-

tion,22,23 (6) HEDIS criteria for persistent asthma, and (7) revised 

HEDIS criteria as developed by Bennett et al.9 Each of these asthma 

exacerbation risk predictors is dichotomous: high risk, yes/no. The 

outcome variable is also dichotomous: ED visit or hospitalization 

in outcome window, yes/no. One variation among risk predictors 

is the calculation period for the AMR (rolling 3 months) and SABA 

count (3 months) vs all others (12 months). Because of the alterna-

tive timing of these measures, there were 10 AMR measurement 

periods (rolling) and 4 SABA count measurement periods (fixed) in 

the measurement year. Each time period and its respective outcome 

periods were included in our final analysis.

We utilized the methods described by Trajman and Luiz25 to 

compare sensitivities and specificities of the diagnostic exami-

nations in question. We first determined each individual test’s 

sensitivity, specificity, and positive and negative predictive values 

for identifying patients with ED visits or hospitalizations in the 

outcome period. We then looked for statistically significant differ-

ences in the test metrics by using the McNemar test among those 

TAKEAWAY POINTS

 › Administrative claims data can be utilized to identify children at high risk for asthma 
exacerbation requiring emergency department visits or hospitalizations.

 › To be scalable and cost-effective, these risk predictors must be available in near real time 
and must identify a reasonable proportion of the overall asthma population as high risk.

 › This head-to-head comparison of 7 claims-based risk predictors provides decision makers 
with information vital to risk predictor selection.

 › Pharmacy claims–based risk predictors, such as the asthma medication ratio or short-acting 
β-agonist count, are likely to be the ideal choice for many situations.
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with an exacerbation and then in a separate 2 × 2 table determining 

statistically significant differences in specificity among those 

without an exacerbation.

Analyses were performed using SAS version 9.4 (SAS Institute). 

Statistical significance was determined at α ≤ 0.05. Research 

conducted on these data was considered exempt by the Medical 

University of South Carolina Institutional Review Board.

RESULTS
Study Population

We identified 214,452 children with asthma for inclusion; 41% 

were female, and they had a mean age of 7.8 years. Regarding racial 

composition, 41% were White, 41% were Black, and 8% were Hispanic. 

The cohort utilized in this analysis is the same cohort described 

in our previously published analysis of a rolling AMR (Table 1).21

High-risk Cohort Size

There was substantial variation among risk predictors in the 

proportion of patients who were identified as high risk. High-risk 

cohort sizes ranged from 5% to 67%. The HEDIS and revised HEDIS 

measures identified the largest proportion of patients as high risk 

(67% and 48%, respectively). All other risk predictors identified 

15% or less of the population as high risk (Table 2).

Risk Prediction Accuracy

Sensitivity. Sensitivity measures how often the risk predictor will 

identify patients as high risk who then go on to have ED visits or 

hospitalizations. Asthma exacerbation risk predictor sensitivity 

ranged from 10% to 85% (Table 2).

Specificity. Specificity measures how well the risk predictor 

correctly identifies those patients who will not have an ED visit or 

hospitalization in the 3-month outcome period. Asthma exacerbation 

risk predictor specificity ranged from 34% to 95%. Hospitalization, 

ED visit, SABA count, and AMR all had specificities higher than 

90% (Table 2).

Positive predictive value. Positive predictive value (PPV) measures 

the percentage of children who are identified as high risk who will 

go on to have an ED visit or hospitalization. Because the prevalence 

of ED visits and hospitalizations is relatively low and the PPV 

calculation is sensitive to prevalence, PPVs of any risk predictor 

will be low. PPVs in this study ranged from 4% to 12% (Table 2).

Negative predictive value. Negative predictive value (NPV) 

measures the percentage of children who are identified as low risk 

and do not go on to have an ED visit or hospitalization. Maximizing 

the NPV of an asthma exacerbation risk predictor is paramount 

because of the prevalence of the disease and the relative rarity 

of ED visits/hospitalizations. A risk predictor with high NPV 

effectively identifies the patients who are less likely to need or 

benefit from an intervention. All the asthma exacerbation risk 

predictors analyzed in this study had a high NPV, ranging from 

97% to 99% (Table 2).

Bivariate Analysis of Differences in Accuracy Measures
The McNemar test was used to determine statistically significant 

differences in sensitivity and specificity, focusing on the AMR and 

SABA measures based on their favorable proportion of high-risk 

patients identified and reliance on only pharmacy claims data. We 

compared AMR from months 4 to 6, 7 to 9, and 10 to 12 with quarters 

2, 3, and 4, respectively, of the SABA count. We did not compare AMR 

from months 1 to 3 with quarter 1 of SABA count because AMR from 

months 1 to 3 is artificially inflated due to our definition of the index 

month requiring an ICS claim. All comparisons were found to be 

statistically significant with P < .0001 (Table 3), showing that the AMR 

had a higher sensitivity whereas the SABA count had a higher specificity.

DISCUSSION
This retrospective study of a national cohort of children covered by 

publicly funded insurance describes and compares the diagnostic 

accuracy of 7 claims-based asthma exacerbation risk predictors. These 

findings can be utilized by providers, practice managers, payers, or 

health care system managers to select the most appropriate asthma 

exacerbation risk predictor. Ultimately, application of these risk 

predictors to large cohorts of children with asthma can allow for 

targeted interventions for the highest-risk patients with asthma.

TABLE 1. Demographics of Children in the Truven MarketScan Medicaid 
Database With at Least 1 ICS-Containing Medication Claim in 2013-2014 
(N = 214,452)

Characteristic Value (n)

Age in years, mean; median (range) 7.8; 7 (2-17)

Age category

2-6 years 94,585 (44%)

7-12 years 85,424 (40%)

13-17 years 34,443 (16%)

Sex

Male 126,840 (59%)

Female 87,612 (41%)

Race/ethnicity

White 87,034 (41%)

Black 88,635 (41%)

Hispanic 17,858 (8%)

Other 20,925 (10%)

Index controller categorya

ICS 181,829 (85%)

ICS/LABA 32,623 (15%)

Index controller season

Winter (January-March) 107,073 (50%)

Spring (April-June) 42,602 (20%)

Summer (July-September) 31,725 (15%)

Fall (October-December) 33,052 (15%)

ICS, inhaled corticosteroid; LABA, long-acting β-agonist.
aIndex controller is defined as the first ICS or ICS/LABA claim within the 
study period.
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To determine the ideal risk predictor, many factors need to 

be considered. Although we are treating the risk predictors as 

screening tests for severe exacerbations, the basic tenet of maxi-

mizing sensitivity for screening tests might not apply here, as false 

positives will contribute significantly to the costs of interventions. 

The diagnostic accuracy of each individual measure needs to be 

weighed with considerations of convenience and timeliness to 

determine the best risk predictor for an individual situation. The 

first consideration must be an assessment of what data are available. 

With the exception of closed systems such as Kaiser Permanente, 

any measure that relies on medical claims (HEDIS, revised HEDIS, 

ED visit, hospitalization, ED visit/hospitalization) will be chal-

lenging due to both availability and completeness of the data and 

the complexity of the algorithm needed for operationalization of 

the risk tool. The next consideration likely needs to be high-risk 

cohort size. If the risk predictor identifies a prohibitively large 

proportion of patients as high risk, interventions are unlikely to be 

cost-effective or scalable. The HEDIS and revised HEDIS identify 67% 

and 48% of children with asthma as being high risk, respectively.

Of the measures with a reasonable cohort size (all measures 

except for HEDIS and revised HEDIS), the NPV range is narrow 

(97%-98%), so they are performing well at identifying children 

who can be excluded from an intervention. There is a broader 

range of sensitivity (10%-50%), which means 

that any measure with a reasonable cohort 

size will miss a fair number of children who 

experience an ED visit or hospital admission. 

The ED visit and ED/hospitalization measures 

have higher sensitivities, but they require 

medical claims data and a 12-month assess-

ment period. For a closed system with ready 

access to medical claims, this could be an ideal 

measure, although it requires a 12-month risk 

assessment period. After excluding measures 

that identify a prohibitively large cohort size 

and those that require ready access to complete 

medical claims data, the ideal risk predictor will 

be either the AMR or SABA. These 2 measures 

have essentially equal NPV; the sensitivity of 

the AMR is slightly higher, but the specificity 

of SABA is slightly higher. Unlike the AMR, the 

SABA measure has never been tested as a rolling 

measure but rather is calculated quarterly.20,21 

Because the AMR can be calculated each month, 

the risk value represents “current” risk.

Identifying excessive SABA use, as measured 

by SABA dispensings in administrative data, has 

been a strategy employed in previous studies for 

high-risk patient identification and intervention. 

Zeiger et al, in a randomized controlled trial of 

patients aged 12 to 56 years, identified patients 

with 7 or more SABA dispensings in the previous 

12 months. Those randomized to the intervention arm received a 

letter notification and an electronic message to their physician with 

suggestions for management including allergy referral. Compared 

with the control group, patients in the intervention were less likely 

to fill 7 or more SABAs in the subsequent 12 months, suggesting that 

SABA count could be an effective way to target interventions to the 

highest-risk patients with asthma.26 In a subsequently published 

systematic review, McKibben et al analyzed 4 trials that evaluated 

computerized alerts identifying excessive SABA prescribing. The 

authors found evidence that these alerts may reduce subsequent 

excessive prescribing, but further research is needed to optimize 

such an alert system.27 The findings of this systematic review in 

combination with the current analysis suggest that either SABA 

count or the AMR would be suitable measures to identify children 

with asthma who are at high risk for an exacerbation. Significantly 

more work needs to be done to design, test, and implement effective 

patient-centered interventions to improve disease control and 

reduce risk for exacerbation once a patient is identified as high risk.

Limitations

There are several limitations to this study. First, we used adminis-

trative claims data for this analysis. Although claims data lack the 

clinical detail that might be found in other data sources such as 

TABLE 2. Asthma Risk Predictor Measures of Accuracy

Measure

Prediction 
period 

(months)

Outcome 
period 

(months) Sensitivity Specificity PPV NPV

% 
high 
risk

AMR 3 (rolling) 3 0.15 0.91 0.06 0.96 9%

HEDIS 12 3 0.85 0.34 0.04 0.99 67%

Revised HEDIS 12 3 0.78 0.53 0.05 0.99 48%

SABA 3 3 0.10 0.95 0.07 0.97 5%

ED visit 12 3 0.44 0.90 0.12 0.98 11%

Hospitalization 12 3 0.13 0.95 0.09 0.97 5%

ED/hospitalization 12 3 0.49 0.86 0.10 0.98 15%

AMR, asthma medication ratio; ED, emergency department; HEDIS, Healthcare Effectiveness Data 
and Information Set; NPV, negative predictive value; PPV, positive predictive value; SABA, short-acting 
β-agonist.

TABLE 3. McNemar Test for Significant Differences in Sensitivity and Specificity Between AMR 
and Quarterly SABA

Screening tests
Sensitivity 

(95% CI)

McNemar test 
difference 

in sensitivity
Specificity 
(95% CI)

McNemar test 
difference 

in specificity

AMR 4-6 14.12 (13.38-14.87)
<0.0001

91.88 (91.76-91.99)
<0.0001

SABA Q2 9.01 (8.39-9.62) 95.40 (95.31-95.49)

AMR 7-9 15.41 (14.61-16.21)
<0.0001

91.00 (90.88-91.12)
<0.0001

SABA Q3 9.37 (8.72-10.01) 95.52 (95.43-95.61)

AMR 10-12 14.62 (13.77-15.46)
<0.0001

91.08 (90.96-91.20)
<0.0001

SABA Q4 8.36 (7.69-9.02) 95.81 (95.73-95.90)

AMR, asthma medication ratio; Q, quarter; SABA, short-acting β-agonist.
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electronic health records, they remain the most accurate source 

for determining medication adherence and health care utilization 

patterns in large populations of patients. Because we are not able to 

determine prescription writing from these data, we do not know the 

relative roles of provider prescribing vs patient filling behavior in 

prescription claims. Similarly, we cannot determine actual patient 

use of a filled medication; it is possible that prescriptions were filled 

by patients but not routinely used. Additionally, prescriptions that 

are not paid by the insurance company (ie, free samples) would 

not be included in these data. Another limitation is that the data 

set lacks geographical information; therefore, we are unable to 

determine trends related to geographic differences. ED visits and 

hospitalizations were included as an outcome only if the primary 

diagnosis for the encounter was asthma. It is possible that some 

of these visits were not primarily for asthma, but the diagnosis 

codes were reordered by the coders prior to claim submission. 

Similarly, some visits that were for asthma could have ultimately 

been submitted with asthma as a nonprimary diagnosis. These visits 

would not have been included in the determination of our outcome 

variable. This analytical choice is consistent with existing literature 

on the AMR and other asthma exacerbation risk predictors. The 

data used in these analyses are more than 5 years old due to their 

accessibility to the researchers during the grant funding period. 

However, because there have been no widespread significant changes 

to pediatric asthma management in the interval since these data 

were collected, the results should remain externally valid. Finally, 

because of the nature of research utilizing administrative claims 

data, we are unable to measure more proximal and patient-centered 

outcomes, such as asthma-related quality of life.

CONCLUSIONS
Pharmacy-based asthma exacerbation risk predictors such as the 

AMR and SABA count are available at the point of care and can be 

calculated with only 3 months of data. They identify a reasonably 

sized high-risk cohort. They can rule out low-risk patients with a 

high degree of specificity (and NPV), which is a primary goal of real-

time risk monitoring. This approach, utilizing readily available data, 

could enable providers to intervene prior to the onset of exacerbated 

symptoms and reduce the likelihood of associated morbidity and 

mortality. However, systematic methods to capitalize on this novel 

information source to improve quality of care and patient outcomes 

will need to be developed and tested. In order to provide the most 

accurate, targeted risk prediction, future studies should examine 

the accuracy of these predictors in patient subgroups. n
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