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     Medication nonadherence in the United States 
is common, resulting in unnecessary health-care 

costs that have been estimated at $100 billion annu-
ally.  1,2   Given the high prevalence of prescription 
medication use among the elderly, cost-related medi-
cation nonadherence (CRN) in this population is of 
particular concern and has been shown to adversely 

impact health outcomes.  3-5   The implementation of 
Medicare Part D in 2006 expanded prescription drug 
coverage and improved access to medications; how-
ever, many seniors continue to incur high out-of-
pocket costs for prescription medications.  6   

 Although Medicare Part D has decreased the over-
all CRN rate,  7   little is known about disease-specifi c 
nonadherence patterns after the implementation of 
Medicare Part D. Previous work has demonstrated 
that chronic pulmonary diseases (CPDs), such as 
asthma and COPD, are associated with relatively 
high rates of overall nonadherence and cost-related 
nonadherence,  1,6,8   and a wealth of anecdotal data sug-
gests that some patients fi nd the out-of-pocket cost 
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adherence.  17,18   Comorbidity data were obtained by asking indi-
viduals if they had ever been told by a physician that they had 
certain common illnesses, such as high blood pressure, heart dis-
ease, diabetes, arthritis, cancer, depression, osteoporosis, asthma, 
or COPD. For some analyses, we used disease-specifi c comorbid-
ity information, and for other analyses we combined this infor-
mation into a single variable representing the total number of 
comorbidities (adjusting the count appropriately for conditions 
already included in a specifi c regression model). Presence or 
absence of prescription drug insurance coverage was represented 
by a binary variable. Monthly income level was represented by a 
seven-level categorical variable with the lowest category repre-
senting  ,  $800 per month and the highest category representing 
 .  $2,500 per month. To quantify out-of-pocket expenditures for 
inhalers we asked respondents how much money they had spent 
on inhalers over the previous 30 days. Data on physical function-
ing was obtained using the physical component score (PCS6), 
a six-item subset of the Medical Outcomes Study Short Form 
36-Item Survey. PCS6 score represents level of physical function, 
with lower values representing lower levels of physical function-
ing. The PCS6 score is normalized to general, noninstitutional-
ized adult US population values such that the mean score is 50 
with a standard deviation of 10.  19   

 We assessed medication nonadherence using seven previously 
validated survey questions based on a conceptual model of three 
types of medication nonadherence: CRN (three items), nonad-
herence due to experiences with medications such as side-effects 
(two items), and nonadherence because of a perceived lack of 
need for medication (two items).  20   All analyses described in this 
paper relate to CRN. For the purposes of our analysis, CRN was 
defi ned as the presence of any of three behaviors: not fi lling a 
prescription because of cost, skipping doses to make a prescrip-
tion last longer, or taking smaller-than-prescribed doses to make a 
prescription last longer. Adherence questions addressed behavior 
occurring over the past 12 months. 

 Group Defi nitions 

 Respondents were determined to have CPD if they reported a 
physician diagnosis of COPD or asthma. Inhaler use was deter-
mined by the question, “Do you take any prescription medications 
that are inhalers?” Because it is possible that patients might not have 
made a distinction between pulmonary and nasal inhalers, we clas-
sifi ed individuals into four categories: those with CPD using inhal-
ers (Inhaler 1 /CPD 1  group), those with CPD not using inhalers 
(Inhaler 2 /CPD 1 ), those without a diagnosis of CPD on inhalers 
(Inhaler 1 /CPD 2 ), and those without either CPD or inhaler use 
(Inhaler 2 /CPD 2 ). These four categories are collectively referred 
to as Inhaler/CPD status, and the principal contrast of interest was 
between the Inhaler 1 /CPD 1  and the Inhaler 2 /CPD 2  groups. 

 Analyses 

 Baseline characteristics by Inhaler/CPD status were compared 
using the Rao-Scott  x  2  test for categorical variables and median 
regression for continuous variables, and we calculated unadjusted 
rates of CRN by Inhaler/CPD status. In the Inhaler 1 /CPD 1  
group, we calculated the rates of CRN stratifi ed by the monthly 
amount of out-of-pocket inhaler costs, and we tested for a linear 
trend using the Cochran-Armitage trend test. We also tested the 
association between the out-of-pocket costs of inhalers and CRN 
in this group using logistic regression. 

 To test our hypothesis that inhaler-specifi c costs are responsi-
ble for most of the CRN attributable to CPD, we examined the 
impact of various types of out-of-pocket costs on CRN by construct-
ing multivariate regression models with CRN as the dependent 
variable, Inhaler/CPD status as the independent variable, and the 

of inhaled medications to be burdensome.  9,10   Inhaled 
medications are the cornerstone of management of 
asthma and COPD, and long-term adherence to 
inhaled medications has been shown to improve out-
comes in both asthma and COPD.  11-13   However, there 
are few data regarding the potential link between 
inhaler costs and medication nonadherence. 

 We hypothesized that high out-of-pocket costs 
of inhaled medications are associated with particu-
larly high rates of CRN and that this may partially 
explain the high rates of CRN observed in patients 
with CPD. Using a nationwide probability sample of 
 .  16,000 seniors obtained in 2006 after implementa-
tion of the Medicare Part D benefi t, we tested this 
hypothesis by examining the impact of inhaler use 
and various types of out-of-pocket medication costs 
on CRN. 

 Materials and Methods 

 Data Source and Sample 

 The survey and sampling methods have been reported 
previously.  6,14   A 1% probability sample of noninstitutionalized 
Medicare benefi ciaries aged  �  65 years was provided by the Cen-
ters for Medicare and Medicaid Services for sampling in 2003. 
For each benefi ciary, the fi le included a Medicaid buy-in code 
indicating whether the individual was receiving full or partial 
Medicaid coverage. As detailed elsewhere,  6,15   a random starting 
sample (N  5  36,901) was drawn across the following three strata 
according to the following percentages: (1) benefi ciaries with 
full Medicaid benefi ts (25%), (2) benefi ciaries without Medicaid 
living in high-poverty neighborhoods (50%), and (3) benefi cia-
ries without Medicaid residing outside of high-poverty neigh-
borhoods (25%). 

 In 2006, Centers for Medicare and Medicaid Services provided 
updated information for all 2003 respondents, including vital 
 status, 2006 Medicaid buy-in codes and history, and Medicare 
Advantage enrollment status and dates. We approached all surviv-
ing respondents (n  5  15,274), along with 15,726 others in an aug-
mented longitudinal design. After accounting for benefi ciaries 
excluded because of death, institutionalization, relocation, non-
English/Spanish language, or severe cognitive or physical impair-
ment, the response rate was 56%, and the resulting sample size 
was 16,072. Nonresponse was moderately related to sociodemo-
graphic factors (eg, race, age). Out of the sample of 16,072 respon-
dents, we excluded respondents who did not take any prescription 
medications, leaving a sample of 13,891 respondents. The Tufts 
Medical Center Institutional Review Board approved all protocols. 

 Data Collection 

 The questionnaire was administered between October and 
December 2006 using a standard, fi ve-stage, mail and telephone 
survey protocol.  16   

 Variables 

 The questionnaire was composed of previously validated ques-
tions to collect data on sociodemographic characteristics, comor-
bidities, insurance status, income level, physical functioning, 
out-of-pocket expenditures for medications, and medication non-
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women, and 86% were white. Ninety-fi ve percent of 
the sample had prescription medication insurance, 
and the median monthly amount spent on out-of-
pocket medication costs was $63. The baseline char-
acteristics by Inhaler/CPD status are presented in 
 Table 1  . Compared with the Inhaler 2 /CPD 2  group, 
those in the Inhaler 1 /CPD 1  group spent signifi -
cantly more per month on prescription medications 
and had lower levels of physical health and higher 
rates of depression. The median monthly out-of-
pocket expenditure for prescriptions drugs was $45 
in the Inhaler 2 /CPD 2  group, $63 in the Inhaler 2 /
CPD 1  group, $73 in the Inhaler 1 /CPD 2  group, 
and $80 in the Inhaler 1 /CPD 1  group. 

 The unadjusted rates of CRN by Inhaler/CPD sta-
tus are presented in  Figure 1  . Rates of CRN in the 
Inhaler 2 /CPD 2  and Inhaler 1 /CPD 1  groups were 
19% and 31%, respectively. The unadjusted relation-
ship between inhaler costs and CRN in the Inhaler 1 /
CPD 1  group is presented in  Figure 2  . The risk of 
CRN increases linearly with the out-of-pocket cost of 
inhalers ( P   ,  .0001). Even at monthly out-of-pocket 
costs  �  $20, this trend is evident. As shown in  Table 2  , 
there is a strong association between cost and CRN in 
a regression model relating CRN to out-of-pocket 
inhaler costs in the Inhaler 1 /CPD 1  group. This 
asso ciation remains signifi cant after adjustment for 
surrogate markers of disease severity. 

 In an analysis of the entire sample, multivariable 
regression models relating total and inhaler-specifi c 
out-of-pocket costs to CRN are shown in  Table 3  . 
In the base model, (model 1) membership in the 
Inhaler 1 /CPD 1  group was strongly associated with 
CRN (OR, 1.43; 95% CI, 1.21-1.69). This effect was 
larger than that seen for the Inhaler 2 /CPD 1  group, 
suggesting that the increased risk of CRN observed 
in the Inhaler 1 /CPD 1  group is at least partly due to 
inhaler-specifi c, rather than pulmonary disease-specifi c 
factors. After adjusting for total out-of-pocket costs 

following covariates: age, sex, race, income level, prescription drug 
insurance status, comorbidities, and level of physical functioning. 
Building from this base model (model 1), we generated three addi-
tional models that examined the impact of out-of-pocket costs on 
the association between CRN and Inhaler/CPD status by adding 
various types of out-of-pocket medication costs to the base model. 
The resulting models included the following types of out-of-pocket 
costs: overall medication costs (model 2), noninhaler costs (model 3), 
and both noninhaler costs and inhaler-specifi c costs (model 4). 

 In sensitivity analyses, we considered the possibility that the 
observed association between inhaler costs and CRN might be due 
to the fact that inhaler costs act as a surrogate for disease severity 
or for overall insurance generosity. To explore these scenarios, we 
fi rst examined the association between inhaler cost and CRN 
before and after adjusting for markers of disease severity, namely 
PCS6 score and comorbidities. To explore the impact of insurance 
generosity, we used per-pill out-of-pocket costs as a measure of 
insurance generosity (ie, out-of-pocket pill costs/the number of 
pills an individual reported taking, defi ned to be zero when a 
patient reported taking no pills). Because this variable was based 
only on pill costs, it could be used to adjust for insurance generos-
ity in models that included inhaler cost as a covariate. We entered 
this variable into the CRN models (models 1-4) described above 
to see if this substantially affected our results. In addition, we 
dichotomized this variable using the median value as a cutpoint 
to defi ne “more generous” and “less generous” prescription drug 
plans, and we calculated estimated CRN rates adjusted for gener-
osity of prescription drug coverage. 

 To place CPD in context with other common comorbidities, 
we examined the relationship between CRN and seven common 
medical conditions (CPD, hypertension, diabetes, osteoporosis, 
arthritis, heart disease, and depression) by constructing a logistic 
regression model with CRN as the dependent variable and the 
seven medical conditions as the independent variables. For each 
medical condition, the condition was coded as 1 if the patient 
reported taking medication for the specifi c condition and 0 other-
wise. The  b -coeffi cients obtained for each medical condition were 
compared using the Wald test. All analyses were appropriately 
weighted to account for the stratifi ed sampling design. 

 Results 

 The total sample consisted of 13,891 individuals. 
After weighting for sampling design scheme, the 
median age was 75 years, 60% of the sample was 

Table 1—Participant Characteristics by Inhaler/Chronic Pulmonary Disease Status

Characteristics
Inhaler2/CPD2 

(n 5 10,275)
Inhaler2/CPD1 

(n 5 632)
Inhaler1/CPD2 

(n 5 811)
Inhaler1/CPD1 

(n 5 1,726) P Valuea

Age, y, median (IQR) 74 (69-80) 74 (69-80) 74 (70-80) 74 (69-79) NS
Women, % 60 61 60 63 NS
Race, %
 White 86 88 83 88 .04
 Nonwhite 14 12 17 12
Chronic conditions, median (IQR)b 2 (1-3) 2 (2-3) 2 (1-3) 2 (1-3) NS
Prescription drug insurance, % 94 94 96 96 , .005
Monthly prescription medication cost, 

dollars, median (IQR)
45 (20-98) 63 (10-123) 73 (35-186) 80 (35-210) , .001

Depression, % 16 29 24 25 , .001
PCS6 score, median (IQR) 43 (32-52) 35 (25-45) 38 (29-47) 32 (24-43) , .001

CPD 5 chronic pulmonary disease; IQR 5 interquartile range; NS 5 not signifi cant (ie, P value . 0.05); PCS6 5 physical component score.
aP values are obtained using quantile regression for continuous variables and the Rao Scott x2 test for categorical variables.
bThe chronic condition number excludes CPD and depression.
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prescription pill. We entered this variable into the 
analysis above, and, although this variable was signifi -
cantly associated with CRN, the association between 
inhaler costs and CRN remained signifi cant. We esti-
mated the impact of insurance generosity on CRN 
rates by using a logistic regression model to relate 
CRN to Inhaler/CPD status and dichotomized insur-
ance generosity (more generous/less generous). If 
insurance was more generous in covering medication 
copayments, predicted CRN rates were 21% for the 
Inhaler 2 /CPD 2  group and 26% for the Inhaler 1 /
CPD 1  group. If insurance was less generous, predicted 
CRN rates increased to 30% and 36%, respectively. 

 The multivariable relationship between selected 
chronic conditions and CRN is shown in  Table 4 .  The 
odds of CRN conferred by CPD are signifi cantly higher 
than those conferred by hypertension ( P   ,  .001) and 
diabetes ( P   ,  .01). Although the point estimate for 
association between depression and CRN is higher 
than that of CPD, this difference is not statistically 
signifi cant ( P   5  .44). 

 Discussion 

 Our study demonstrates that Medicare benefi ciaries 
with CPD who use inhalers are at increased risk of 
CRN. This increased risk is apparent even at relatively 
modest levels of out-of-pocket cost. In regression mod-
els, the strong association between CRN and inhaler 
use in the setting of CPD persists despite adjustment 
for factors such as income level, presence of prescrip-
tion drug coverage, and level of physical function. 
However, the inclusion of out-of-pocket inhaler costs 
attenuates this association, suggesting that inhaler cost 
may be a key link between CPD and CRN. 

 It is clear from previous research that out-of-
pocket costs are a major factor in medication non-
adherence,  3,4,21,22   and there are similarly strong data 

(model 2), this association remained statistically sig-
nifi cant (OR, 1.25; 95% CI, 1.06-1.47). Similar results 
were obtained after adjusting for noninhaler out-of-
pocket costs (model 3). However, as is seen in model 4, 
adjustment for out-of-pocket inhaler costs com-
pletely attenuates the association between Inhaler 1 /
CPD 1  status and CRN (OR, 0.95; 95% CI, 0.71-1.28), 
suggesting that inhaler cost is an important link 
between CPD and risk of CRN. Out-of-pocket inhaler 
cost categories of $21 to $50, $51 to $75, and  .  $75 
had ORs for CRN of 1.82 (95% CI, 1.20-2.76), 2.06 
(95% CI, 1.82-2.76), and 2.33 (95% CI, 1.46-3.71), 
respectively, compared with the reference group of $0. 
Not surprisingly, noninhaler out-of-pocket costs are 
also signifi cantly associated with CRN (OR, 1.29; 
95% CI, 1.23-1.35). 

 We considered the possibility that the association 
of inhaler costs with CRN might be explained by 
an underlying association between inhaler costs and 
overall insurance generosity. In order to examine this 
further, we created an insurance generosity variable 
that represented the out-of-pocket amount spent per 

Figure 1. Proportion of cost-related nonadherence presented in 
the four study groups. Only adjustment is a sample weight correc-
tion. CPD 5 chronic pulmonary disease.

Figure 2. Rates of cost-related nonadherence (black bars) by 
monthly out-of-pocket inhaler costs in the Inhaler1/CPD1 
group. There is a roughly linear increase in cost-related nonad-
herence as the out-of-pocket costs of inhalers increases (test for 
trend, P , .0001). Error bars represent SEM. See Figure 1 for 
expansion of abbreviation.

Table 2—Association Between Inhaler Cost and Cost-
Related Nonadherence in Inhaler1/CPD1 Individuals

Variable Unadjusted
Adjusted for Indicators 

of Disease Severity

Inhaler cost 
(No. of subjects)

… …

 $0 (431) Reference Reference
 $0.50-$20 (507) 1.31 (0.89-1.91) 1.28 (0.87-1.87)
 $21-$50 (305) 1.72 (1.14-2.62) 1.86 (1.23-2.82)
 $51-$75 (116) 2.14 (1.20-3.81) 2.34 (1.29-4.23)
 . $75 (221) 2.98 (1.94-4.59) 3.15 (2.02-4.90)
PCS6 … 0.97 (0.96-0.99)
Number of 

comorbidities
… 0.99 (0.89-1.11)

Results are OR (CI) from logistic regression models. The only covariates 
are those specifi ed in the table. CRN 5 cost-related nonadherence; 
OR 5 odds ratio. See Table 1 for expansion of other abbreviation.
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 From a policy perspective, the data from this study 
are of particular interest because they refl ect patient 
experiences in 2006 after the implementation of 
Medicare Part D. Overall, Part D has been successful 
in reducing CRN rates.  7   However, although Part D 
has extended prescription drug coverage to a number 
of previously uninsured seniors, it has been less ben-
efi cial in terms of reducing out-of-pocket costs, and it 
is not clear that the reduction in CRN extends to the 
sickest and most vulnerable segments of the Medi-
care population.  6,7   As a consequence, CRN remains a 
signifi cant problem among Medicare seniors, and our 
study demonstrates that for inhaled medications, 
which are of clear benefi t, out-of-pocket costs remain 
an important cause of medication nonadherence after 
the implementation of Part D. 

 Many health-care providers and patients are well 
aware that inhalers are more expensive than many 
other commonly prescribed medications. This is due, 
in part, to unique patent and approval considerations 
arising from the method of delivery of inhaled medi-
cations. The federally mandated switch from chloro-
fl uorocarbon inhalers to hydrofl uoroalkane inhalers 
in 2008 served as an opportunity for pharmaceutical 
companies to reapply for patent protections for 
inhaled medications based on use of a new delivery 
system. Although a single albuterol inhaler typically 
costs approximately $40, long-acting  b -agonists and 
steroid inhalers, which are crucial for long-term symp-
tom control, typically cost between $100 and $200 per 
inhaler.  23   In the tiered copayment systems currently 
used by most major insurers, long-acting  b -agonists 
and inhaled steroids typically incur large copayments. 
In our sample, patients with CPD using inhalers 
spent on average $35 more in out-of-pocket monthly 
medication expenditures than their counterparts 

demonstrating that nonadherence rates vary by dis-
ease condition.  1,8,22   In the 2004 study of condition-
specifi c rates of CRN by Piette et al,  8   asthma and 
COPD were among the conditions associated with 
the highest rates of condition-specifi c and general 
CRN. Our work extends these fi ndings by demon-
strating a strong association between the out-of-
pocket costs of inhalers and CRN in patients with 
CPD. These fi ndings are clinically important since 
inhaled medications (bronchodilators and corticos-
teroids) are a mainstay of outpatient management for 
asthma and COPD. Bronchodilators provide imme-
diate symptomatic relief, and inhaled corticosteroids 
contribute to better long-term outcomes in asthma 
(FEV 1  level, steroid dependence)  11,12   and COPD 
(exacerbations, mortality).  13   

Table 3—Association of Inhaler/CPD Status and Out-of-Pocket Inhaler Costs With Cost-Related Nonadherence After 
Multivariate Adjustment

Variable
Base Model (Model 1) 

(n 5 12,216)
Model With Total OOP Costs 

(Model 2) (n 5 12,088)

Model With Noninhaler 
OOP Costs (Model 3) 

(n 5 12,088)

Model With Inhaler and 
Noninhaler OOP Costs 
(Model 4) (n 5 12,088)

Inhaler/CPD status
 Inhaler2/CPD2 Reference Reference Reference Reference
 Inhaler2/CPD1 1.22 (0.92-1.61) 1.19 (0.90-1.57) 1.22 (0.92-1.61) 1.14 (0.86-1.52)
 Inhaler1/CPD2 1.21 (0.96-1.52) 1.12 (0.89-1.34) 1.12 (0.89-1.40) 1.12 (0.89-1.40)
 Inhaler1/CPD1 1.43 (1.21-1.69) 1.25 (1.06-1.47) 1.40 (1.19-1.65) 0.95 (0.71-1.28)
Total OOP medication costsa … 1.29 (1.23-1.34) … …
All noninhaler OOP costsa … … 1.29 (1.23-1.35) 1.27 (1.21-1.33)
Inhaler cost … … …
 $0 Reference
 $0.50-$20 … … 1.16 (0.79-1.70)
 $21-$50 … … … 1.82 (1.20-2.76)
 $51-$75 … … … 2.06 (1.82-2.76)
 . $75 … … … 2.33 (1.46-3.71)

All models adjusted for age, sex, race, income level, depression, other comorbidities, prescription drug coverage status, and PCS score. Results are 
given as OR (CI). OOP 5 out-of-pocket. See Tables 1 and 2 for expansion of other abbreviations.
aUnits for total OOP medication cost and noninhaler OOP cost, 1 unit 5 $100/mo.

Table 4. Comparison of Strength of Association With 
Cost-Related Nonadherence for Selected Diseases

Diseasea CRN, OR (CI)
Comparison With 
CPD OR,b P Value

CPD 1.37 (1.15-1.63) …
Hypertension 0.85 (0.74-0.98) , .0001
Heart diseasec 1.19 (1.04-1.37) .22
Osteoporosis 1.22 (1.03-1.44) .34
Depression 1.51 (1.28-1.78) .44
Arthritis 1.19 (1.03-1.38) .23
Diabetes 1.00 (0.86-1.15) .005

Logistic regression model adjusted for age, sex, race, income level, other 
comorbidities, prescription drug insurance status, and PCS6 score. 
See Tables 1 and 2 for expansion of abbreviations.
aDisease groups defi ned by diagnosis plus disease-specifi c medication 
use.
bWald test of coeffi cients for each medical condition in comparison 
with CPD.
cMyocardial infarction or heart failure.
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Medicare seniors, even after the implementation of 
Medicare Part D. Policy makers should be aware that 
high inhaler co-pays for persons with asthma and 
COPD may be a strong driver of medication nonad-
herence, and they may want to consider reducing 
co-pays, particularly given strong evidence of adverse 
and costly outcomes of nonadherence, such as fre-
quent hospitalization for respiratory reasons. Clini-
cians may want to question their patients who use 
inhalers about trouble paying for them, particularly 
when there is evidence of possible nonadherence, 
such as poor disease control. 
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without CPD who did not use inhalers. Our study, in 
line with previous work in diabetes, demonstrates 
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levels  ,  $20. 

 An important strength of our study is that our survey 
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