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T he Healthcare Effectiveness Data and Information Set 
(HEDIS), developed by the National Committee for Quality 
Assurance,1 reports quality measures for various health condi-

tions. The asthma measure assesses the proportion of patients who are 
prescribed a controller medication in a given year, and it has become a 
focus of quality improvement programs nationally.2 The current mea-
sure may not be ideal for directing improvement efforts because pa-
tients with “appropriate” care (those with >1 controller medication 
prescribed) may actually have an increased risk of requiring emergency 
hospital care.3

A revision to the measure that would address this issue has been pro-
posed.4,5 This proposed measure, the ratio of controller to total (con-
troller plus rescue) asthma medications, has been shown to be a better 
indicator of the need for emergency hospital care than the HEDIS mea-
sure.5,6 A higher ratio also is significantly related to improved asthma-
related quality of life, better disease control, and reduced symptoms.5 In 
addition to validating its association with relevant outcomes, studies6,7 
of the ratio have demonstrated its performance among various plans and 
regions, tested different inclusion criteria, and examined the ideal cutoff 
point for high versus low ratios. However, little information is available 
regarding which patient populations perform well on this measure or 
what individual patient characteristics indicate poor performance. The 
type and number of controller and reliever medications that comprise 
the ratio have not been studied extensively. Having a better understand-
ing of this ratio measure would improve plans’ (and physicians’) ability 
to identify patients at risk of having poorly controlled asthma and might 
help plans, through targeted intervention, improve their compliance 
with the measure.

The primary objectives of this study were to investigate differences 
between patients who achieve high versus low ratios of controller to total 
asthma medications, to identify patient characteristics that are associ-
ated with high ratios, and to compare the type and number of controller 
and reliever medications used by patients with high versus low ratios.

Methods
We conducted a cohort study to 

examine the characteristics of pa-
tients with high and low ratios of con-
troller to total asthma medications. 
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Objective: To investigate differences in demo-
graphics, physician specialty, and medication use 
between patients who achieve high versus low 
ratios of controller to total asthma medications.

Study Design: Cohort analysis.

Methods: We used a Health Insurance Portability 
and Accountability Act–compliant claims database 
to identify patients aged 5 to 56 years with 
persistent asthma during a premeasurement year 
and a measurement year. Based on values in the 
measurement year, the ratio of controller to total 
asthma medications ratio was defined using the 
following formula: (Units of Controllers) / (Units 
of Controllers + Relievers). Descriptive analysis 
and multivariate logistic regression models were 
used to examine patients with high and low 
ratios.

Results: The final study group comprised 38,538 
patients with persistent asthma; 28,496 (73.9%) 
had high ratios. Specialty of usual-care physician 
differed (P <.001), with more high-ratio patients 
than low-ratio patients having an allergist or 
pulmonologist. Patients who received combina-
tion inhaled corticosteroid–long-acting β-agonist 
therapy (odds ratio [OR], 2.4) or leukotriene 
receptor antagonist therapy (OR, 3.5) were more 
likely to be in the high-ratio group compared with 
those dispensed a single inhaled corticosteroid. 
High-group and low-group assignment could be 
calculated by partial-year data: assignment based 
on 1 quarter of data was concordant with assign-
ment based on full-year ratio in 91% of cases 
(Pearson product moment correlation coefficient, 
0.864; κ statistic, 0.761), and assignment based on 
2 quarters of data was concordant with full-year 
results in 94% of cases (Pearson product moment 
correlation coefficient, 0.928; κ statistic, 0.843).

Conclusions: A high ratio of controller to total 
asthma medications is associated with greater 
controller adherence and with more controller fills. 
The ratio can be calculated using 1 or 2 quarters 
of pharmacy claims data, at a time when interven-
tion may reduce asthma-related exacerbations. 
Interventions that may improve the ratio include 
changing from single inhaled corticoste roid 
therapy and from asthma specialist care.

(Am J Manag Care. 2010;16(3):170-178)
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We used the PharMetrics database, a Health 
Insurance Portability and Accountability 
Act–compliant administrative claims data-
base (www.imshealth.com). This database 
contains adjudicated pharmacy and medical 
claims submitted by providers, healthcare 
facilities, and pharmacies. The study was ex-
empt from human subjects review.

Study Population
We included patients who had persistent asthma as de-

fined by the current HEDIS measure during a premeasure-
ment year (October 1, 2005, to September 30, 2006) and a 
measurement year (October 1, 2006, to September 30, 2007) 
who were aged 5 to 56 years during the measurement year 
and who were continuously enrolled during those 2 years. 
Patients with emphysema or chronic obstructive pulmonary 
disease (COPD) (International Classification of Diseases, Ninth 
Revision, Clinical Modification [ICD-9-CM] codes 492, 518.2, 
491.2, 493.2, 496, and 506.4) were excluded.

Outcome Measure
The main outcome measure was the ratio of controller 

to total asthma medications, as described by Schatz et al.5 
Patients with a ratio of at least 0.5 were classified as high-
ratio patients, and those with a ratio of less than 0.5 were 
classified as low-ratio patients. Based on values in the mea-
surement year, the ratio was defined using the following 
formula: (Units of Controllers)/(Units of Controllers + Re-
lievers). Controller medications included cromolyn sodium, 
leukotriene modifiers, nedocromil, inhaled corticosteroids 
(including combination inhaled corticosteroid–long-acting 
β-agonists), methylxanthines, and omalizumab. Reliever 
medications included inhaled short-acting β-agonists. Long-
acting β-agonists as individual drugs or as part of combination 
therapy were not counted in the numerator or the denomina-
tor for the ratio calculation.

To count medication units for oral medications, 1 U was 
considered equivalent to 1 dispensing event (for a 30-day sup-
ply). If a patient received a 90-day supply, it was considered  
3 U. For inhalers, 1 U was 1 canister. For injected medica-
tions, 1 U was 1 claim, but if a subsequent claim had a service 
date within 21 days, it was ignored (eg, claims on days 1 and 
15 counted as 1 U).5 We used HEDIS definitions to count 
dispensing events.1 For injected medications (omalizumab), 
each claim was counted as a dispensing event.

The number of canisters dispensed in each claim was de-
termined by a ratio of quantity to package size. For example, 
a claim of triamcinolone acetonide inhalation aerosol, 75 
mcg/actuation (20-g package size), with a quantity of 20 was 

interpreted as 1 canister dispensed. Any claim with a ratio 
of quantity to package size of less than 1 was counted as 1 
canister. For claims with a ratio of quantity to package size 
of at least 1, we rounded the number to a whole number of 
canisters. For example, claims of aerosol solution, 75 mcg/
actuation (20-g package size), with quantities of 35 and 25 
were counted as 2 canisters (35/20 = 1.75 [rounded to 2]) 
and 1 canister (25/20 = 1.25 [rounded to 1]), respectively. If 
a claim was for more than 12 canisters, it was truncated to 
12 canisters.

Patient Characteristics
We evaluated patient characteristics in the premeasure-

ment year and in the measurement year. Characteristics eval-
uated in the measurement year included demographics (age, 
sex, and geographic region of care), specialty of usual-care 
physician, and controller or reliever use. To determine the 
specialties of the patients’ usual physicians, we reviewed of-
fice visit claims for evidence of evaluation and management 
services (defined as those with Current Procedural Terminology 
codes for office or other outpatient services, office consulta-
tions, and preventive medicine services). We identified the 
specialty of the physician with whom each patient had the 
most evaluation and management visits during the measure-
ment year and considered that the patient’s usual-care physi-
cian.8 We reported extent of controller and reliever use in 
the measurement year and calculated controller medication 
possession ratios (MPRs), defined as the sum of the “days of 
supply” divided by the total number of days in the measure-
ment year (365 days). If the days of supply exceeded 365, the 
total number of covered days was truncated to 365 days.

We assessed asthma control in the premeasurement year 
with variables that reflect impairment and risk using 2 key 
concepts described by the National Asthma Education and 
Prevention Program.9 To assess impairment, we measured 
whether patients had 6 or more short-acting β-agonist canis-
ters dispensed in the premeasurement year. Such use has been 
shown to be a marker of impairment in previous investiga-
tions.10, 11 To assess risk, we measured whether patients had the 
following: (1) at least 2 oral corticosteroid dispensing events, 
(2) any asthma-related (with primary diagnosis of asthma 

Take-Away Points
The ratio of controller to total asthma medications may be a useful tool for improving 
quality of care.

n Patients with greater adherence to controller therapy are more likely to have high 
ratios.

n Higher ratios are seen in patients treated with medications other than single inhaled 
corticosteroids. 

n Ratios may be calculated using less than a full year of data.
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ual and grouped diagnoses. We used Clinical Classifications 
Software, developed by the Agency for Healthcare Research 
and Quality (http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ 
ccs.jsp), to identify patients with mental disorders and disor-
ders of the gastrointestinal system, conditions that may affect 
medication adherence and asthma severity.13 Individual diag-
noses included reflux (ICD-9-CM codes 530.11 and 530.81), 
sinusitis (codes 461.x and 473.x), rhinitis (codes 477.0, 477.8, 
477.9, and 472.0), acute upper respiratory tract infection (code 

[ICD-9-CM code 493]) hospitalization, or (3) any asthma-re-
lated emergency department (ED) visits.12 We assessed impair-
ment and risk in the premeasurement year rather than in the 
measurement year to understand the effect of baseline control 
on the ratio.

To describe patient clinical characteristics and chronic dis-
ease burden, we used claims in the premeasurement year and in 
the measurement year to capture more completely any relevant 
diagnoses. We evaluated clinical characteristics using individ-

n Table 1. Characteristics of Patients in the Measurement Year by Ratio of Controller to Total Asthma Medications

Ratio

 
Characteristic

<0.5  
(n = 10,042) 

>0.5 
 (n = 28,496)

All Patients  
(N = 38,538)

 
P

Age, mean (SD), y 32.0 (15.7) 32.3 (17.6) 32.2 (17.1) .12

Age group, y, No. (%)

  5-9 877 (8.7) 4014 (14.1) 4891 (12.7) <.001

  10-17 1775 (17.7) 5243 (18.4) 7018 (18.2)

  18-56 7390 (73.6) 19,239 (67.5) 26,629 (69.1)

Female sex, No. (%) 5071 (50.5) 15,740 (55.2) 20,811 (54.0) <.001

Geographic region of care, No. (%)

  Northeast 1621 (16.1) 4882 (17.1) 6503 (16.9) <.001

  Midwest 6131 (61.1) 16,078 (56.4) 22,209 (57.6)

  south 1369 (13.6) 5201 (18.3) 6570 (17.0)

  West 921 (9.2) 2335 (8.2) 3256 (8.4)

Specialty of usual-care physician, No. (%) <.001

  Allergist 388 (3.9) 2174 (7.6) 2562 (6.6)

  Pulmonologist 224 (2.2) 829 (2.9) 1053 (2.7)

  Primary care 5967 (59.4) 16,339 (57.3) 22,306 (57.9)

  other 3463 (34.5) 9154 (32.1) 12,617 (32.7)

Controller use

  Controller medication possession  
  ratio, mean (sd)

0.203 (0.230) 0.603 (0.241) 0.499 (0.296) <.001

  No. of controllers, mean (sd), U 3.1 (3.9) 10.3 (6.2) 8.4 (6.5) <.001

  Quartile of controller use, No. (%)

    1, 0-3 U 6823 (67.9) 2181 (7.7) 9004 (23.4) <.001

    2, 4-7 U 2048 (20.4) 8870 (31.1) 10,918 (28.3)

    3, 8-11 U 761 (7.6) 7383 (25.9) 8144 (21.1)

    4, >12 U 410 (4.1) 10,062 (35.3) 10,472 (27.2)

Reliever use

  No. of relievers, short-acting β-agonist,  
  mean (sd), U

10.1 (7.2) 2.4 (3.0) 4.4 (5.6) <.001

  Quartile of reliever use, No. (%) <.001

    1, 0 U 0 8432 (29.6) 8432 (21.9)

    2, 1-2 U 261 (2.6) 10,603 (37.2) 10,864 (28.2)

    3, 3-6 U 3428 (34.1) 7125 (25.0) 10,553 (27.4)

    4, >7 U 6353 (63.3) 2336 (8.2) 8689 (22.5)
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465.x), and nasal polyposis (code 471.x). To account for the 
burden of chronic health conditions, we applied the method 
by Hwang et al14 to assess the number of chronic health condi-
tions each patient had.

Statistical Analysis
We conducted a descriptive analysis to compare demo-

graphic and clinical characteristics, specialty of usual-care 
physician, and medication use between the high-ratio and low-
ratio groups. In addition to high-ratio and low-ratio groups, 
we further divided patients into 4 groups based on their actual 
ratios (<0.25, 0.25 to <0.5, 0.5 to <0.75, and >0.75) and com-
pared their characteristics. We studied quartiles for a more 
precise evaluation. We conducted bivariate analyses compar-
ing selected characteristics between the high-ratio and low-
ratio groups. Characteristics that were significantly associated 
with the ratio were included in the multivariate models as 
independent variables. We compared ratios calculated using 
the first quarter, the first 2 quarters, and the first 3 quarters of 
data with full-year ratios using Pearson product moment cor-
relation coefficient and κ statistic.

We used 2 multivariate logistic regression models to es-
timate the association between certain characteristics and a 
high ratio. The first model excluded patients with a zero ratio 
(no controller use). It also excluded patients treated with only 
theophylline or cromolyn sodium, as these drugs are not com-
monly used as single agents in current practice (<1% of pa-
tients in the study). The second model included patients with 
no controller use. We reported adjusted odds ratios (ORs) and 
their 95% confidence intervals (CIs). All tests were 2-sided 
with a significance level of .05. All data transformations and 
statistical analyses were performed using SAS version 9.1 
(SAS Institute, Inc, Cary, NC).

ResUlts
We identified 150,903 patients with persistent asthma in 

the premeasurement year and 156,649 in the measurement 
year. After excluding those who did not meet the age crite-
ria, those who were not continuously enrolled, those who had 
evidence of emphysema or COPD, and those who did not use 
controllers or relievers in the measurement year, 38,538 pa-
tients remained (eappendix available at www.ajmc.com).

Of the final study cohort, 28,496 (73.9%) were classified 
as having high (>0.5) ratios. The mean age did not differ be-
tween the groups with high versus low ratios. Age group, sex, 
and geographic region of care differed (P <.001), with a higher 
proportion of high-ratio patients aged 5 to 9 years (14.1% vs 
8.7%), female (55.2% vs 50.5%), and from the South (18.3% 
vs 13.6%). Specialty of usual-care physician in the measure-

ment year differed (P <.001), with a higher proportion of 
high-ratio than low-ratio patients having an allergist (7.6% 
vs 3.9%) or a pulmonologist (2.9% vs 2.2%) (Table 1).

The mean MPR in the measurement year was 0.603 for 
high-ratio patients and 0.203 for low-ratio patients (Table 
1). High-ratio patients used a mean of 10.3 U of controllers; 
low-ratio patients used a mean of 3.1 U (P <.001). Control-
ler medication use differed between groups (P <.001): 7.7% 
of high-ratio patients used 0 to 3 U (lowest quartile) com-
pared with 67.9% of low-ratio patients, and 35.3% of high-
ratio patients used at least 12 U (highest quartile) compared 
with 4.1% of low-ratio patients. There were significant dif-
ferences in reliever use during the measurement year (P 
<.001): the mean number of reliever units used was 2.4 in 
the high-ratio group compared with 10.1 in the low-ratio 
group. Almost 30% of high-ratio patients had no reliever 
fills in the measurement year (0% of low-ratio patients had 
no reliever fills, as by definition having no reliever use pro-
duces a ratio of 1.0). The highest quartile of reliever use 
included those with 7 or more canisters used. Just over 8% 
of high-ratio patients and 63.3% of low-ratio patients were 
in this group.

There was a statistically significant difference between the 
groups in asthma control measures during the premeasurement 
year. High-ratio patients had less impairment, with only 16.4% 
filling 6 or more short-acting β-agonist canisters compared 
with 63.3% of low-ratio patients (P <.001) (Table 2). High-
ratio patients had lower risk than low-ratio patients in each 
of the areas measured (P <.001 for each category). High-ratio 
patients had more total chronic health conditions (4.0 vs 3.6, 
P <.001) and more of the individual comorbidities assessed, 
except for mental disorders, which were more common among 
low-ratio patients (Table 3). When we further classified pa-
tients into 4 ratio groups (<0.25, 0.25 to <0.5, 0.5 to <0.75, 
and >0.75), the results for medication use, asthma control, 
and comorbidities were similar (data not shown).

High-group and low-group assignment could be calculated 
using partial-year data. High-ratio vs low-ratio group assign-
ment based on 1 quarter of data was concordant with group 
assignment based on full-year ratio in 91% of cases. Adding a 
second quarter of data increased concordance to 94%. Pearson 
product moment correlation coefficient of partial-year to full-
year ratio (using a continuous [0-1.0] variable for the ratio) 
was 0.864 for 1 quarter and 0.928 for 2 quarters. κ statistic, 
calculated using the categories of high ratio and low ratio, was 
0.761 for 1 quarter and 0.843 for 2 quarters (Table 4).

The 2 multivariate models produced similar results. The 
model that excluded patients without controller use allowed 
us to estimate the effect of specific patterns of medication use 
on the ratio. In multivariate analysis of controller users, older 
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age and male sex significantly lowered the odds of being in 
the high-ratio group, with an OR of 0.54 (95% CI, 0.48-0.61) 
among patients aged 10 to 17 years compared with patients 
aged 5 to 9 years and an OR of 0.69 (95% CI, 0.61-0.77) 
among patients aged 18 to 56 years compared with patients 
aged 5 to 9 years. Geographic region of care was associated 
with ratio group, with an OR of 1.14 (95% CI, 1.01-1.30) for 
the Northeast compared with the West and an OR of 1.18 
(95% CI, 1.03-1.34) for the South compared with the West. 
Compared with patients having primary care physicians (inter-
nists and family physicians), patients having allergists as usual-
care physicians had an OR of 1.35 (95% CI, 1.17-1.55) for 
being in the high-ratio group, and patients having pulmonolo-
gists had an OR of 1.26 (95% CI, 1.04-1.52) (Table 5).

There was a statistically significant association between 
the type of controller used in the measurement year and the 
ratio group. Patients whose only controller was a combina-
tion inhaled corticosteroid–long-acting β-agonist product 

had 2.36 (95% CI, 2.15-2.58) times the odds of being in 
the high-ratio group compared with patients who used only 
single inhaled corticosteroids (Table 5). Similarly, patients 
with a leukotriene receptor antagonist as their only control-
ler had an OR of 3.49 (95% CI, 3.15-3.87) for being in the 
high-ratio group compared with patients who used a single 
inhaled corticosteroid controller. Users of multiple control-
lers had an OR of 7.45 (95% CI, 6.80-8.17) for being in the 
high-ratio group.

Asthma control was associated with outcomes. Patients 
who filled 6 or more short-acting β-agonist canisters in the 
premeasurement year, a measure of impairment, had signifi-
cantly lower odds (OR, 0.11; 95% CI, 0.10-0.12) of having 
high ratios than patients who filled fewer than 6 canisters 
(Table 5). Having any asthma-related hospitalization, any 
asthma-related ED visit, or having filled at least 2 oral cor-
ticosteroid prescriptions in the premeasurement year were 
all significantly associated with lower odds of having a high 

n Table 3. Select Comorbidities in the Premeasurement and Measurement Years by Ratio of Controller to Total 
Asthma Medications

n Table 2. Asthma Control in the Premeasurement Year by Ratio of Controller to Total Asthma Medications

No. (%)

 Ratio

 
Variable

<0.5  
(n = 10,042)

>0.5 
(n = 28,496)

All Patients  
(N = 38,538)

 
P

Impairment

Filled >6 short-acting β-agonist canisters 6356 (63.3) 4684 (16.4) 11,040 (28.6) <.001

Risk

Any asthma-related hospitalization 273 (2.7) 393 (1.4) 666 (1.7) <.001

Any asthma-related emergency department visit 1019 (10.1) 1246 (4.4) 2265 (5.9) <.001

Filled >2 oral corticosteroid prescriptions 1755 (17.5) 4383 (15.4) 6138 (15.9) <.001

Ratio

 
Variable

<0.5  
(n = 10,042)

>0.5  
(n = 28,496)  

All Patients  
(N = 38,538)

 
P

Mental disorder, No. (%) 3412 (34.0) 8129 (28.5) 11,541 (29.9) <.001

Disease in digestive system, No. (%) 3501 (34.9) 10,898 (38.2) 14,399 (37.4) <.001

Reflux, No. (%) 1306 (13.0) 4486 (15.7) 5792 (15.0) <.001

Sinusitis, No. (%) 3345 (33.3) 11,486 (40.3) 14,831 (38.5) <.001

Rhinitis, No. (%) 3706 (36.9) 15,157 (53.2) 18,863 (48.9) <.001

Acute upper respiratory tract infection, No. (%) 2749 (27.4) 8240 (28.9) 10,989 (28.5) <.001

Nasal polyposis, No. (%) 153 (1.5) 606 (2.1) 759 (2.0) .003

No. of chronic health conditions

  Mean (sd) 3.6 (2.8) 4.0 (3.0) 3.9 (2.9) <.001

  Median (interquartile range) 2 (1-3) 2 (1-4) 2 (1-4) —
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ratio. Patients with a mental disorder had lower odds of be-
ing in the high-ratio group (OR, 0.75; 95% CI, 0.70-0.81), 
whereas patients with rhinitis had higher odds (OR, 1.22; 
95% CI, 1.14-1.31). Each additional chronic health condi-
tion increased the odds of being in the high-ratio group (OR, 
1.04; 95% CI, 1.02-1.05).

disCUssioN
Limitations and problems with the current HEDIS asthma 

measure have led to consideration of some modifications. 
One potential modification is the use of a ratio of controller 
to total asthma medications as the primary quality measure. 
Using a ratio that is associated with outcomes may result in 
improvements in the quality of asthma care, and the measure 
identifies a subpopulation that may benefit from attempts 
at improvements in care. In a study7 using 3 separate data-
bases, a high ratio was consistently associated with improved 
outcomes. The proportion of patients with a ratio of at least 
0.5 varied from 70% to 75% across the 3 databases. High 
ratios are also associated with improved patient-reported 
outcomes,5 but little has been published about specific differ-
ences between high-ratio and low-ratio patients or about the 
stability of the measure over time.

In the present study, 73.9% of patients had high ratios, simi-
lar to other published studies6,7; the mean age and the slight 
female preponderance were also similar to prior work. In an 
unadjusted analysis, children younger than 10 years, female 
patients, and those with allergists and pulmonologists as their 
usual-care physician were more likely to have high ratios, and 
these results persisted after adjustment for baseline character-
istics. Other variables that had a statistically significant asso-
ciation with the high-ratio group in the multivariate analyses 

included lack of markers of impairment or risk, use of con-
trollers other than single inhaled corticosteroids, absence of 
mental disorders, presence of rhinitis or acute upper respiratory 
tract infection diagnosis, and more chronic health conditions.

In multivariate analyses, the strongest variable associated 
with ratio group was the type of controller therapy, with single 
inhaled corticosteroids being associated with lower ratios than 
combination inhaled corticosteroid–long-acting β-agonist, 
leukotriene receptor antagonist, and multiple controllers. 
Patients are more adherent with combination inhaled corti-
costeroid–long-acting β-agonist inhalers than with concurrent 
treatment using separate inhaled corticosteroid and long-act-
ing β-agonist inhalers.15 In addition, combination therapy is 
generally more effective than similar doses of inhaled cortico-
steroid monotherapy in relieving symptoms and improving 
lung function,16 so patients might be more consistent in their 
use of these therapies. Patients receiving long-acting β-agonist 
therapy may use less short-acting β-agonist, which may in-
crease the ratio for combination products compared with single 
inhaled corticosteroid. However, if the reduced use of short-
acting β-agonist reflects decreased symptoms, this is not an ar-
tificial increase. Adherence to leukotriene receptor antagonist 
therapy is also greater than adherence to inhaled corticosteroid 
monotherapy.17 Patients treated with multiple controllers were 
many times more likely to have high ratios, possibly as a result 
of the calculation used to determine the ratio. To be catego-
rized as using multiple controllers, a patient needed at least 2 
controller fills (eg, to identify >2 types of controllers), whereas 
some users of single therapies had only 1 fill, and a greater num-
ber of controller fills results in a higher ratio.

Ratios also increase with increasing controller adherence. 
This relationship between greater adherence as measured by 
the MPR and higher ratios may explain some of the associa-

n Table 4. Ratios of Controller to Total Asthma Medications Using Partial-Year Data

 
Variable

Ratio in the  
Measurement Year,  

No. (%)

        High                        Low

 
Concordant  
Patients, %a

Pearson Product 
Moment  

Correlation 
Coefficientb

 
 
 κ

Statistic

Ratio in the First Quarter  
(n = 34,887)c

  high 24,505 (70.2) 1668 (4.8) 90.9 0.864 0.761

  low 1485 (4.3) 7229 (20.7)

Ratio in the First 2 Quarters  
(n = 37,688)c

  high 26,848 (71.2) 1167 (3.1) 94.0 0.928 0.843

  low 1098 (2.9) 8575 (22.8)

aPatients were classified in the same ratio group using full-year or partial-year data. 
bContinuous variables of ratios were used to determine Pearson product moment correlation coefficient. 
cthere were 3651 patients with an undefined ratio in the first quarter and 850 patients with an undefined ratio in the first 2 quarters.
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n Table 5. Multivariate Analysis Odds Ratios for High Versus Low Ratios of Controller to Total Asthma Medication

Controller Usersa  
(n = 35,043)

All Patients  
(N = 38,538) 

Variable OR (95% CI) P OR (95% CI) P

Measurement Year

Age group, y

  10-17 vs 5-9 0.54 (0.48-0.61) <.001 0.58 (0.53-0.65) <.001

  18-56 vs 5-9 0.69 (0.61-0.77) <.001 0.53 (0.49-0.59) <.001

Sex

  Female vs male 1.11 (1.04-1.18) .002 1.17 (1.11-1.23) <.001

Geographic region of care

  Midwest vs West 1.07 (0.96-1.20) .22 1.11 (1.01-1.22) .03

  Northeast vs West 1.14 (1.01-1.30) .04 1.12 (1.00-1.24) .049

  south vs West 1.18 (1.03-1.34) .02 1.20 (1.08-1.34) .001

Specialty of usual-care physician

  Allergist vs primary care 1.35 (1.17-1.55) <.001 1.52 (1.34-1.73) <.001

  Pulmonologist vs primary care 1.26 (1.04-1.52) .02 1.57 (1.33-1.86) <.001

  other vs primary care 1.13 (1.06-1.22) <.001 0.97 (0.91-1.03) .29

Controller use

  single combination inhaled corticosteroid– 
  long-acting β-agonist controller vs single 
  inhaled corticosteroid controllerb

2.36 (2.15-2.58) <.001 NA NA

  single leukotriene receptor antagonist  
  controller vs single inhaled corticosteroid  
  controller

3.49 (3.15-3.87) <.001 NA NA

  Multiple controllers vs single inhaled  
  corticosteroid controller c

7.45 (6.80-8.17) <.001 NA NA

Premeasurement Year

Impairment

  Filled >6 short-acting β-agonist canisters 0.11 (0.10-0.12) <.001 0.12 (0.11-0.12) <.001

Risk

  Any asthma-related hospitalization 0.72 (0.59-0.89) .003 0.71 (0.59-0.86) <.001

  Any asthma-related emergency  
  department visit

0.43 (0.38-0.48) <.001 0.37 (0.34-0.41) <.001

  Filled >2 oral corticosteroid prescriptions 0.89 (0.82-0.98) .01 1.11 (1.03-1.20) .006

Premeasurement Year or Measurement Year

Mental disorder 0.75 (0.70-0.81) <.001 0.70 (0.66-0.75) <.001

disease in digestive system 1.06 (0.98-1.14) .17 1.05 (0.99-1.13) .12

Reflux 1.06 (0.96-1.18) .26 1.12 (1.03-1.23) .01

sinusitis 0.99 (0.92-1.06) .71 1.08 (1.02-1.15) .007

Rhinitis 1.22 (1.14-1.31) <.001 1.52 (1.44-1.61) <.001

Acute upper respiratory tract infection 0.88 (0.82-0.94) <.001 0.92 (0.86-0.97) .005

Nasal polyposis 0.96 (0.77-1.21) .75 1.16 (0.94-1.42) .16

No. of chronic health conditions 1.04 (1.02-1.05) <.001 1.06 (1.05-1.07) <.001

Ci indicates confidence interval; NA, not applicable; oR, odds ratio. 
aPatients who filled at least 1 controller in the measurement year. C statistic for controller users was 0.821; C statistic for all patients was 0.787. 
bCombination inhaled corticosteroid–long-acting β-agonist in a single inhaler. 
cexcludes combination inhaled corticosteroid–long-acting β-agonist.
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tions we observed. Higher ratios were seen in patients who 
had allergists or pulmonologists as their usual-care physician. 
Provider knowledge and communication skills influence ad-
herence to treatment, and specialist providers may be better at 
communicating complex regimens to their patients with asth-
ma.18 Women had higher ratios, and some evidence suggests 
they may have better adherence than men.19 The presence of 
a mental disorder was associated with a lower ratio, and some 
mental disorders, including depression, decrease adherence to 
therapy.20 Many other factors associated with poor adherence 
were not captured in our study, such as patients’ education, so-
cioeconomic status, disease understanding, and belief in treat-
ment efficacy.18,19,21

Some variables may mediate their effect on ratio group 
through their association with asthma control. Increasing 
numbers of chronic health conditions, as well as rhinitis and 
upper respiratory tract infections, all may identify patients 
with greater risk. These factors may also lead to more office 
visits and greater opportunities for prescribing controller med-
ications. We used utilization-based measures to adjust our re-
sults for disease severity, but there were no clinical measures of 
severity in our database. This was a limitation of our analysis.

The goal of quality measures and tools for targeted inter-
ventions is to improve patient outcomes. Quality measures 
are provider oriented and aim to improve patient outcomes 
by improving provider adherence to treatment guidelines (eg, 
controllers for asthma). This is done by using quality measures 
as incentives for approaches such as public reporting and pay 
for performance. In contrast, population management (tools 
for targeted interventions) is patient oriented and aims to 
identify high-risk patients who need targeted interventions to 
improve outcomes. The ratio, which may be calculated from 
partial-year data, can be used as a quality measure or tool for 
population management to improve asthma outcomes. A plan 
interested in intervening for patients with low ratios could use 
data from 2 quarters or even 1 quarter to identify patients at 
risk for having a low ratio (if the quantities dispensed are in 
the 30-day to 60-day range). Interventions such as education, 
outreach, or medication counseling put in place after a partial-
year calculation of the ratio might not only increase the ratio 
but also (given the demonstrated link between the ratio and 
outcomes) reduce emergency hospital care. We found that pa-
tients who used combination inhalers versus single inhaled 
corticosteroid controllers and leukotriene receptor antagonist 
versus single inhaled corticosteroid were more likely to have 
high ratios. Using this information, interventions to improve 
patients’ ratios could be developed. For example, patients with 
poor control who are receiving single inhaled corticosteroids 
could switch to combination inhalers, and patients with poor 
adherence to single inhaled corticosteroids could switch to 

leukotriene receptor antagonists.22 Patients who received spe-
cialty care were more likely to have high ratios; therefore, it 
may be beneficial to refer patients with evidence of prior im-
pairment or risk to asthma specialists. Studies to evaluate the 
effectiveness of these interventions should be considered.

CoNClUsioNs
The ratio of controller to total asthma medications may 

be useful as a measure of the quality of asthma care. The mea-
sure can be easily calculated using existing administrative 
data, and patients with higher ratios have improved asthma 
outcomes. Higher ratios are seen among patients with greater 
adherence to therapy and among patients treated with medi-
cations other than single inhaled corticosteroids. Ratios are 
stable; interventions focused on patients with low ratios based 
on 1 or 2 quarters of data may reduce asthma-related exacer-
bations. The ratio of controller to total asthma medications 
may be useful as a quality measure and as a tool for targeted 
intervention to improve asthma outcomes.
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n eAppendix. Selection of Patients With Persistent Asthma in the Premeasurement and Measurement Years

150,903 Patients with
persistent asthma

 in premeasurement year

81,710 Patients with persistent asthma in the
premeasurement and measurement years

18,485 Age <5 or >57 years

21,134 Not continuously enrolled 
in the premeasurement and 

measurement years

3114 Evidence of
emphysema or COPD 

439 Patients with undefined ratio
(no use of controllers or relievers

in the measurement year) 

63,225

42,091

38,977

38,538

156,649 Patients with
persistent asthma

in measurement year

COPD indicates chronic obstructive pulmonary disease.


