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M easuring the quality of care provided to patients 
by health plans and providers is an increasingly 
common element of evaluating and improving 

healthcare delivery. Efforts to increase value in health-
care often include incorporating measures of quality into 
provider compensation or plan ratings.1-3 This is reshap-
ing how health plans evaluate themselves, how employers 
choose plans, and how consumers decide who provides 
their care. At present, many healthcare organizations par-
ticipate in quality reporting, whether for internal quality 
improvement or for public reporting. New payment models 
are emerging that directly incorporate these quality data 
into coverage and reimbursement decisions. 

Many quality measures have been developed to evaluate 
the appropriateness of the prescribing, monitoring, and use 
of prescription medicines in the treatment of both acute and 
chronic conditions. Medication adherence is a natural can-
didate for quality measurement, as individuals with higher 
adherence consistently demonstrate better clinical outcomes 
as well as lower use of and spending on other medical ser-
vices.4-7 For example, a recent study found that poor adher-
ence can lead to higher costs of up to $702 per month for 
Medicare beneficiaries with diabetes and up to $840 for those 
with heart failure.8 This persistent empirical relationship was 
reflected recently in the decision by the Congressional Bud-
get Office to incorporate a reduction in spending on medical 
services to reflect the health benefits associated with medica-
tion use among Medicare beneficiaries.9 

However, there is little understanding of the ways in 
which explicitly measuring and tracking medication adher-
ence and outcomes at the plan level will incentivize health 
plans to implement measures that improve upon those 
process and outcome metrics. In particular, it is not known 
whether plans with higher average adherence exhibit better 
health outcomes or lower health spending. There is consider-
able research demonstrating that medication adherence is as-
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ABSTRACT

Objectives: Medication adherence is increasingly being consid-
ered as a measure for performance-based reimbursement con-
tracts in healthcare systems. However, the association between 
health outcomes and adherence at the plan level is unknown.

Study Design: Retrospective analysis of medical and pharmacy 
claims from a large private sector claims database from 2000 to 
2009.

Methods: We compared plan-level measures of medication 
adherence and health outcomes for patients with diabetes and 
congestive heart failure (CHF). Plan performance was based on 
average rates of disease complications. Medication adherence 
was calculated as the percent of patients having 80% of days 
covered for medications treating diabetes or CHF. Both adher-
ence and outcomes were adjusted for patient differences using 
multivariate regression. Plans were stratified into low, moderate, 
and high adherence, based on adherence in the bottom quartile, 
middle 2 quartiles, and top quartile, respectively.

Results: Average adherence varied significantly across plans. 
Plans with low adherence to diabetes medications had adjusted 
rates of uncontrolled diabetes admissions of 13.2 per 1000 pa-
tients, compared with 11.2 in moderate adherence plans and 8.3 
in high adherence plans (P <.001). The adjusted rate of CHF-relat-
ed hospitalization was 15.3% in low adherence plans, compared 
with 12.4% in moderate adherence plans and 12.2% in high 
adherence plans (P <.001). These patterns were consistent across 
different types of complications for both diabetes and CHF.

Conclusions: Private health plans vary considerably in average 
adherence to medications treating chronic diseases. Plans with 
higher average adherence had lower rates of disease complica-
tions, suggesting that medication adherence measures are poten-
tially useful tools for improving the performance of health plans.
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sociated with improved clinical outcomes 
and reduced spending for individuals,9 al-
though this does not necessarily mean that 
average medication adherence rates can 
provide useful signals of health plan per-
formance. There are many drivers of pa-
tient outcomes and plan performance, and 
it is possible that medication adherence 
does not vary enough across plans, or that 
the patient populations differ too much, to 
isolate a clear relationship between plan-
level adherence and outcomes. To better 
understand the implications and possible value of using 
medication adherence as a measure of health plan perfor-
mance, we need to understand the link between adher-
ence and outcomes at the plan level after controlling for 
patient differences across plans. 

We used a large database of claims from private sector 
health plans to compute commonly used measures of plan 
performance on outcomes and plan-level rates of medica-
tion adherence for patients with diabetes and congestive 
heart failure (CHF). We selected these 2 conditions be-
cause they are relatively common and lead to significant 
social costs, and also because there is ample evidence sup-
porting a relationship between adherence to guideline-rec-
ommended medications and improved clinical outcomes 
for these patients on an individual level.1,6,10-15 We tested 
the relationship between plan-level quality measures 
of medication adherence and health outcomes to assess 
whether better adherence was associated with lower dis-
ease complication rates and spending.

METHODS
We estimated the relationship between plan-level ad-

herence and outcomes according to a 2-step process. We 
first computed average rates of adherence and health com-
plications related to diabetes and CHF at the plan level. 
We computed unadjusted averages, and we also used mul-
tivariate regression to adjust for patient characteristics 
and to predict the adherence and complication rates that 
would result if every plan had patients with the same ob-
servable characteristics. In the second stage, we estimated 
the association between adherence and disease complica-
tion rates in order to test whether higher adherence was 
associated with better outcomes. Here we describe these 
procedures and the data used in greater detail. 

Data and Study Sample 
We used a database of medical and pharmacy claims 

data for individuals enrolled in health plans of large pri-
vate employers from 2000 to 2009. These data have been 
used extensively to study medication adherence and pa-
tient outcomes in past work.16-22 The database contained 
medical claims or encounter data from all available 
healthcare sites, including both inpatient and outpatient 
care. The billing data were broken down by payer (eg, out-
of-pocket or health plan) and provided information on 
up to 4 associated diagnosis codes and 1 associated proce-
dure code. The database also included pharmacy claims 
for all outpatient pharmaceutical purchases; each claim 
included unique drug identifiers, the number of days of 
medication supplied, and total payments by all payers. 
Enrollment records provided information on basic de-
mographics, including age, gender, and 3-digit zip code of 
residence. These claims data were rolled up to a patient 
level to identify individual diagnoses, characteristics, ad-
herence, and hospitalizations, and then aggregated at the 
plan level for analysis. 

Study Sample 
We restricted the sample to individuals aged 18 to 64 

years who were diagnosed with either diabetes or CHF. 
We excluded individuals 65 years or older to focus on 
private health plans and to exclude patients covered by 
Medicare. Patients with diabetes were identified based 
on an International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) diagnosis code of 250.xx 
listed as the primary or secondary diagnosis in 1 inpatient 
claim, or at least 2 outpatient claims within a 30-day win-
dow over 1 calendar year. We required at least 2 outpa-
tient codes to eliminate cases where the ICD-9-CM code 
was listed on a claim as a possible diagnosis but was later 
ruled out. CHF was identified the same way, using ICD-9-
CM diagnosis codes of 428.xx. 

Using these inclusion criteria, we created separate co-
horts of individuals with diabetes and with CHF. Any 
individual diagnosed with both diseases in the same year 

Take-Away Points
This study examines the association between plan-level measures of health out-
comes and medication adherence to assess the viability of adherence as a measure 
of plan performance.

n	 	 We found that plan-level averages of medication adherence were associated with 
significantly lower rates of disease-related complications for both diabetes and con-
gestive heart failure.

n	 	 These findings suggest that medication adherence measures are potentially use-
ful tools for improving the performance of health plans.

n	 	 More needs to be done to understand how and why providers and plans can 
improve medication adherence.
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was included separately in both samples. Once identified as 
being in either or both samples, individuals were grouped 
into health plans according to their enrollment records. In-
dividuals were included from the year of initial observed di-
agnosis for as long as they remained enrolled. We required 
that individuals be continuously enrolled over a full cal-
endar year to ensure that we observed all their utilization 
throughout the year. When aggregating the information to 
the plan level, we also required that plans have at least 100 
patients to be included in the analysis. 

Plan Performance Measures 
Many quality measures have been developed to evalu-

ate plan performance, and a full accounting of the rela-
tionship between all quality measures tracking medication 
adherence and health outcomes is beyond the scope of 
this study. We evaluated a set of quality metrics specific 
to medication adherence and health outcomes that were 
endorsed by the National Quality Forum (NQF), relevant 
for diabetes or CHF, and observable in retrospective 
claims analysis.23 The NQF is a nonprofit organization 
whose mission is to build consensus around approved 
quality measures for health plan performance. The NQF 
measures are used by CMS in quality reporting programs 
for physicians, plans, and hospitals.

Medication adherence. We measured medication adher-
ence using the percentage of days covered (PDC) over a 
1-year period. PDC is an NQF-endorsed quality measure 
for adherence that is commonly used by researchers to 
evaluate patient adherence.23 Therapeutic classes were 
selected based on treatment guidelines for diabetes and 
CHF. Diabetes medications included beta-blockers, angio-
tensin-converting enzyme (ACE) inhibitors, angiotensin 
receptor blockers (ARBs), calcium channel blockers, oral 
diabetes medications, and statins. For CHF, we included 
beta-blockers, ACE inhibitors, ARBs, and diuretics. 
Within each health plan, we identified all patients who 
were prescribed each type of medication at least once and 
computed the PDC for the calendar year after the date 
of initiation. Patients who met the PDC threshold of 80% 
or greater over the year were considered to have “good” 
adherence. The 80% PDC threshold is often used as an 
NQF-endorsed measure of quality; for example, CMS 
uses it for certain drug classes in its performance measure-
ment system for Medicare Part D plans.24 

Patient outcomes. We measured patient outcomes us-
ing quality measures endorsed by NQF that reflect dis-
ease complications generally considered preventable for 
the 2 relevant diseases. For diabetes, this includes the 
rate of inpatient admissions for uncontrolled diabetes, 

emergent care for hypoglycemia or hyperglycemia, rates 
of short-term diabetes complications, and rates of long-
term diabetes complications. Given that some outcomes 
are relatively uncommon, we reported them in terms of 
rates per 1000 patients. CHF outcome measures included 
hospitalizations or emergent care visits for CHF or other 
comorbid conditions, including diabetes, coronary artery 
disease, or hypertension. As these were comparatively 
more common than the diabetes complications, they were 
computed in terms of percent of patients per year. We also 
computed the average annual total medical expenditures 
for patients in each sample, normalized to 2009 dollars us-
ing the Consumer Price Index. 

Statistical Analysis 
Regression adjustment. The goal of our analysis was to 

describe how variation in medication adherence across 
plans correlated with variation in plan-level patient out-
comes. However, this correlation could be confounded by 
the presence of differences across plans; for example, plans 
with sicker patients will on average tend to have patients 
using more medications and more medical services, regard-
less of their adherence patterns. To address for potential 
bias driven by systematic differences in patients across 
health plans, we adjusted for patient characteristics using 
multivariate regression. We then aggregated adjusted adher-
ence and outcome values up to the plan level to construct 
our key analytic plan-level quality measures of disease 
complications, spending, and adherence. In the eAppendix 
(available at www.ajmc.com), we expand on this and pro-
vide a more detailed discussion of our empirical strategy. 

We estimated separate regression models for each medi-
cation class and each health outcome. All regressions in-
cluded controls for patient age, gender, and number of 
comorbidities, as well as fixed effects for state of residence 
and year. Note that while our data identify plans consis-
tently within a year, the coding of plans is not fully con-
sistent within an employer over time. Thus, a plan in our 
analysis really refers to a plan-year, which is our primary 
unit of analysis, and we were unable to use plan-fixed ef-
fects. In the eAppendix, we discuss the results of a sensi-
tivity analysis in which we included employer fixed effects 
and found that our results were largely unchanged. Co-
morbidities were identified from the medical claims and 
included ulcer, depression, allergic rhinitis, migraine, os-
teoarthritis, chronic sinusitis, anxiety or tension disorder, 
epilepsy, gastric acid disorder, glaucoma, irritable bowel 
syndrome, malignancies, psychotic illness, thyroid disor-
der, rheumatoid arthritis, tuberculosis, HIV, anemia, and 
chronic obstructive pulmonary disease. Other common 
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conditions that were related to cardiovascular health (eg, 
acute myocardial infarction or hypertension) were ex-
cluded because the onset of claims could be endogenously 
related to individuals’ medication use or other healthcare 
related to their diabetes or CHF. 

We calculated adjusted plan-level adherence and 
health outcomes as follows. For medication adherence, 
we regressed the percent of individuals with PDC greater 
than 80% on these covariates using a linear probability 
model to obtain predicted PDC values for each individ-
ual. We then generated predicted values for adjusted ad-
herence holding other factors fixed at their mean values, 
so that the remaining variation would come from fixed 
differences across plan-years and not from differences in 
observable patient characteristics. We replicated this pro-
cedure for health outcomes and spending, leaving us with 
a set of adjusted, plan-level averages for medication ad-
herence and outcomes. The same process was conducted 
separately for CHF and diabetes. 

This regression adjustment eliminates observed hetero-
geneity in the patient population across plans but does not 
necessarily address unobserved heterogeneity across plans 
that could be correlated with both medication adherence 
and health outcomes. For example, significant changes in 
the plan population in a given year (if, say, the plan ben-
efits changed in such a way as to attract sicker patients with 
poorer adherence) could drive a correlation between adher-
ence and outcomes. Thus, the association between plan-
level adherence and outcomes are not necessarily causal, 
and the findings should be interpreted accordingly. 

An index of medication adherence. We computed the 
average level of medication adherence across plans sepa-
rately for beta-blockers, ACE inhibitors, ARBs, calcium 
channel blockers, oral diabetes medications, and statins 
in the diabetes sample, and beta-blockers, ACE inhibi-
tors, ARBs, and diuretics in the CHF sample. We then 
combined the PDC measures into a single index of medi-
cation adherence for each condition. Based on the value 
of the index, we grouped health plans into categories of 
high, moderate, and low levels of adherence. 

Specifically, to construct the index we applied the fol-
lowing procedure separately in both disease cohorts. First, 
for each health plan we computed the average share of 
patients with at least an 80% PDC separately for each 
medication class. Then, for each plan, we calculated the 
weighted average of adherence across drugs for each plan-
year, where adherence was weighted by the number of pa-
tients in the plan taking each drug. Using this weighted 
average, we identified the upper and lower quartile values 

of adherence across plans (ie, the values of adherence that 
25% of plans were above and below, respectively). Finally, 
we stratified plans into 3 categories of adherence—high, 
moderate, or low—based on whether their weighted aver-
age was above the 75th percentile, between the 75th and 
25th percentile, or below the 25th percentile across plans, 
respectively. We focused our analysis on the top and bot-
tom quartiles of plans because we wanted to emphasize 
the impact of plans that did particularly well or particu-
larly poorly—the “outlier” plans. 

We used the same process to categorize plans into 
different adherence categories using both the adjusted 
and unadjusted values of the PDC, and in both disease 
cohorts. For our main analysis, we regressed the adjus 
ted health outcomes against the medication adherence 
variables as the independent variables using ordinary 
least squares regression. Note that in a 2-step estimation 
procedure, where we use regression to adjust for health 
plan characteristics in the first step and regress adjusted 
outcomes against adjusted adherence in the second step, 
the variance estimates are biased in the second step.25 To 
statistically compare differences across the low, moderate, 
and high adherence plans, we used a bootstrap procedure. 
Specifically, we resampled individuals with replacement 
and computed P values for differences across low, moder-
ate, and high adherence plans using bootstrap variance 
estimates based on 200 draws.

RESULTS 
Table 1 presents the share of individuals within plans 

who show evidence of good adherence, as identified by a 
PDC of 80% or better. Only adherence to medications used 
in plan quality measures (as specified above) are computed 
for each sample; for example, we do not report adherence to 
antidiabetes medications in the CHF sample, even though 
CHF patients with diabetes may take them. For patients 
with diabetes, 54% to 56% of patients within a plan exhibit 
good adherence to therapy, on average, except in the case 
of statin medications, for which just 45.2% exhibit good ad-
herence. Adherence to ACE inhibitors and ARBs is gener-
ally lower for CHF patients within a plan, while adherence 
to diuretics is particularly low, at 37%. Individuals taking 
diuretics have been shown in past research to exhibit lower 
adherence levels than other agents for treating cardiovas-
cular disease.26,27 As a result, the weighted average of plan-
level adherence across therapies is significantly lower for 
the CHF sample (46.8%, compared with 52.9% for diabetes). 

We report plan-level characteristics in Table 2. The 
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table reports the mean values of adherence and other 
characteristics, including health outcomes, plan size, 
and average total medical expenditures, for different 
plan years. The table shows that medication adherence 
is slightly higher in the diabetes sample (approximately 
53% compared with 47%). Also, as we would expect, there 
are many more diabetes patients per plan, while patients 
with CHF are sicker on average, demonstrated by their 
higher rates of complications and higher total healthcare 
expenditures. Note that because we required at least 100 
patients in a plan to be included in the analysis, the num-
ber of plans included is much smaller in the CHF sample 
than the diabetes sample (195 vs 919). 

The thresholds below and above which plans are de-
fined as having low or moderate adherence, respectively, 
were defined using the 25th and 75th percentiles of the 
adherence across plans. We classified plans with adher-
ence below the 25th percentile as having low adherence, 
those above the 75th percentile as having high adherence, 
and those with adherence between these levels as having 
moderate adherence. We found that there was substantial 
variability in average medication adherence across plans. 
In the diabetes sample, the threshold for low plan-level 
adherence is 48.3%, meaning that less than half of plan 
enrollees with diabetes are considered to have good ad-
herence. The threshold for high plan-level adherence, the 
75th percentile, is 58.6%. The significant differences in 
adherence across plans are important, because they sug-
gest that there is heterogeneity in adherence across plans 
that can potentially be targeted for intervention by policy 
makers. For CHF patients, adherence ranges from 43.5% 
at the 25th percentile to 50.9% at the 75th percentile. In 
the eAppendix, we provide some additional detail on the 
sample and the variation in key variables across plans. 

In Table 3, we compare the variation in plan-level 

health outcomes to plan-level adherence in the diabe-
tes sample. Specifically, we report the average health 
outcomes for patients in the low, moderate, and high 
adherence plans. The top panel reports the association 
between unadjusted outcomes and unadjusted adherence, 
while the bottom panel reports the association between 
adjusted outcomes and adjusted adherence. P values are 
reported in parentheses reflecting statistically significant 
differences between the moderate and high adherence 
plans and the poor adherence plans. 

There is a positive association between poor adherence 
and adverse outcomes for diabetes patients. In the top “un-
adjusted” panel, low adherence plans exhibit significantly 
more uncontrolled diabetes, emergent care for glycemic 
events, and long-term complications, compared with the 
high adherence plans. The patterns for diabetes complica-
tions are less clear, but adjusting for differences in patient 
characteristics across plans clarifies the associations. 

After adjusting for the characteristics of individual 
patients, patients in low adherence plans exhibit statisti-
cally worse outcomes compared either with those in high 
adherence plans, or with those in moderate adherence 
plans. Significance is achieved at the 1% level for all the 
high adherence comparisons, and at the 5% or 10% level 
for the moderate adherence comparisons. 

Table 4 reports the associations between plan adher-
ence measures and outcome measures for CHF patients. 
As with the previous table, the top panel reports unad-
justed values and the bottom panel reports adjusted out-
comes, with bootstrap P values in parentheses. 

For the unadjusted values, low adherence plans have 
statistically higher (P <.001) rates of hospitalizations and 
emergency department (ED) visits for CHF itself and all 
the co-morbidities considered in quality measurement, 
compared with high adherence plans. The same is true 

n Table 1. Summary of Average Plan-Level Adherence Overall and by Therapy Type

Therapy Type Diabetes Patients CHF Patients 

ACE inhibitors/ARBs 55.6% 51.2% 

Beta-blockers 54.2% 50.6% 

Oral antidiabetes medications 56.0% 

Statins 45.2% 

Calcium channel blockers 52.4% 

Diuretics 37.0% 

Overall 52.9% 46.8%

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CHF, congestive heart failure; PDC, percentage of days covered. 
Data report average share of patients with 80% PDC or better in a year for each therapy. Overall adherence represents the weighted average of 
adherence using the number of patients in the plan taking each therapy as the weights. 
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when comparing low adherence plans to moderate adher-
ence plans, where the highest P value is .01. These find-
ings are largely unchanged by the regression adjustment, 
as shown in the bottom panel. Low adherence plans per-
form significantly worse than those with moderate or high 
adherence. For example, rates of CHF hospitalization are 
3.1 percentage points higher in low versus high adherence 
plans, a 25% difference. Rates of CHF ED visits for low 
adherence plans are 3.9 percentage points higher, nearly 
double those for plans with moderate or high adherence. 
The adjusted comparison of adherence and coronary ar-
tery disease hospitalizations are not significantly different 
for high adherence versus low adherence plans. 

In addition to directly assessing the relationship be-
tween quality measures for adherence and health out-
comes, we also explored the implications for healthcare 
spending on patients with diabetes and CHF. Accord-
ingly, we compared adjusted average annual non-drug 
medical expenditures (defined as the sum of inpatient and 
outpatient expenditures) by diabetes and CHF patients 
according to plan adherence (Figure). Results demonstrat-

ed that better adherence is associated with substantially 
lower average spending per year among both the diabetes 
and CHF samples. For example, average annual expen-
ditures for CHF patients in plans that had low average 
adherence were approximately $31,500, compared with 
$20,407 for patients in high adherence plans (P <.001). 
Similarly, annual expenditures for patients with diabetes 
in low adherence plans were $8784, compared with $6766 
in high adherence plans (P <.001). 

We used the relative differences in predicted expenditure 
values to simulate potential cost savings associated with 
improving performance among plans with low adherence. 
Our estimates suggest that moving all low adherence plans 
to the moderate category would, on average, reduce aggre-
gate spending among patients with diabetes by 1.6% and 
among patients with CHF by 6.3%. Similarly, moving all 
the low and moderate adherence plans to high adherence 
would reduce spending among diabetes patients by 14.1% 
and among CHF patients by 13.7%. Note that because 
there is overlap between the diabetes and CHF samples, 
some of the improvement in diabetes patients could be due 

n Table 2. Summary of Average Plan-Level Characteristics

Diabetes Patients 

Percent of patients with PDC of 80% or better 52.9% 

Rate per 1000 patients 

  Uncontrolled diabetes 11.3 

  Emergent care for hypo/hyperglycemia 2.4 

  Short-term diabetes complication 10.8 

  Long-term diabetes complication 2.6 

  Number of diabetes patients in plan 2952 

  Total medical expenditures per patient, $ $8231 

CHF Patients 

Percent of patients with PDC of 80% or better 46.8% 

Hospitalization rates 

  CHF 13.7% 

  Diabetes 9.2% 

  CAD 7.7% 

  Hypertension 11.5% 

Emergency department visit rates 

  CHF 6.1% 

  Diabetes 5.0% 

  CAD 1.7% 

  Hypertension 6.6% 

  Number of CHF patients in plan 959 

  Total medical expenditures per patient, $ $24,424 

CAD indicates coronary artery disease; CHF, congestive heart failure; PDC, percentage of days covered. 
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to improved treatment of CHF and vice versa. Thus, these 
differences in spending are not additive in terms of the im-
plications for total spending at the plan level.

DISCUSSION 
We used a large database of private sector health claims 

to estimate the association between quality metrics of 
medication adherence and health outcomes at the health 
plan level for patients with diabetes and CHF. Our results 
demonstrated that there was significant systematic varia-
tion in medication adherence across plans. Moreover, we 
found a consistently positive correlation between high 
plan-level adherence and good health outcomes. Patients 
with CHF or with diabetes in health plans with low and 
moderate levels of adherence are significantly more likely 
to experience disease-related complications than patients 
in plans with high adherence. These findings suggest that 
medication adherence can provide a useful marker for 
good health plan performance. 

The positive association we find between adherence 
and outcomes at the plan level could be due to a constel-
lation of factors, including the positive health benefits 
of adherence itself, along with other quality-improving 
strategies that may promote both good adherence and 

good outcomes. For example, plans that reward and re-
tain physicians that promote good medication adherence 
might end up exhibiting both good adherence and good 
outcomes. Nevertheless, our results support the use of ad-
herence metrics as a potentially important way to separate 
better-performing plans from their peers. 

Moreover, if the estimated associations were causal 
in nature, our findings would demonstrate the possible 
value of improving plan-level adherence as a potentially 
significant source of cost savings. To understand the mag-
nitude of potential savings, consider that excess medical 
costs associated with diabetes and CHF were estimated to 
be $116 billion and $25 billion, respectively, in 2007 (the 
most recent year available).15,28 Applying our estimated as-
sociation between cost reductions and improved adher-
ence nationwide, plans with low adherence metrics could 
save $2.1 billion annually on patients with diabetes and 
$1.9 billion annually on patients with CHF by improv-
ing the adherence of their enrollees to a moderate level 
in 2012 dollars. Similarly, plans could save $19.3 billion 
annually on patients with diabetes and $4.1 billion annu-
ally on patients with CHF if all plans achieved high ad-
herence. These figures are rough estimates, as our findings 
are based only on the commercial sector while the burden 
estimates are for the entire population. There also could 

n Table 3. Association Between Plan-Level Measures of Adherence and Health Outcomes, Diabetes Patients

Rate Per 1000 Patients

Uncontrolled diabetes Emergent Care for:
Hypoglycemia                  Hyperglycemia 

Short-Term Diabetes 
Complications 

Long-Term Diabetes 
Complications 

Unadjusted

Average adherence in plan: 

Low 11.1 2.9 9.1 3.6 

Moderate 12.5 2.5 11.6 2.7 

   P (.036) (.007) (<.001) (.003) 

High 9.0 1.9 10.2 1.6 

   P (.007) (<.001) (<.001) (.184) 

Adjusted

Average adherence in plan: 

Low 13.2 2.8 11.5 4.1 

Moderate 11.2 2.6 10.8 2.2 

   P (<.001) (.118) (.046) (<.001) 

High 8.3 2.0 8.9 1.6 

   P (<.001) (<.001) (.001) (<.001) 

Table reports unadjusted and adjusted rates of adverse events for diabetes patients at the health plan level. Adjusted rates are the predicted values 
from multivariate regressions holding the patient characteristics at their mean values across plans. Adherence is measured as the weighted average 
of adherence across plans to beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, calcium channel blockers, oral 
antidiabetes medications, and statins, with the weights defined as the number of patients using the drug in the plan in the year. Adherence is defined 
as a proportion of days covered for each medication of 80% or better. Values in parentheses are P values for the difference between moderate or high 
adherence categories relative to the low adherence category. Adjusted P values were calculated using bootstrapping with 200 bootstrap replications. 
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also be overlap in savings between the 2 disease states, so 
the total savings are not additive across the 2 populations. 
Nevertheless, the potential for savings is significant. 

Implications
Our findings have several policy implications. For exam-

ple, providing incentives for plans to improve adherence by 
tying measures of medication adherence to reimbursement 
could be an effective lever to improve the overall quality of 

care while reducing unnecessary expenditures. This could 
be done by expanding the use of performance measures 
based on medication adherence in public schemes, such as 
Medicare Part D or the health insurance exchanges. Under 
current Medicare policy, Part D plans are required to report 
on quality measures for use of and adherence to medica-
tions used to treat diabetes, hypertension, and high cho-
lesterol, and use them to evaluate Part D plan performance 
in publicly reported Star ratings. Our findings suggest this 

n Table 4. Association Between Plan-Level Measures of Adherence and Health Outcomes, CHF Patients 

                                                                                           Percent of Patients in Plan With Hospitalization or Emergent Care for:

CHF Diabetes CAD Hypertension 

Unadjusted

Average adherence in plan, % (P): 

Hospitalizations

Low 16.9% 10.9% 8.8% 15.0% 

Moderate 13.3% 9.4% 7.4% 11.4% 

   P  (<.001) (.010) (<.001) (<.001) 

High 11.1% 6.6% 7.1% 8.2% 

   P (<.001) (<.001) (<.001) (<.001) 

ED visits

Low 8.9% 7.3% 2.7% 10.5% 

Moderate 5.8% 5.0% 1.5% 6.2% 

   P (<.001) (<.001) (<.001) (<.001) 

High 3.9% 2.8% 1.1% 3.7% 

   P (<.001) (<.001) (<.001) (<.001) 

Adjusted

Average adherence in plan, % (P):

Hospitalizations

Low 15.3% 9.9% 8.3% 13.1% 

Moderate 12.4% 8.8% 7.2% 10.7% 

   P (<.001) (.009) (.012) (<.001) 

High 12.2% 7.1% 7.3% 9.3% 

   P (<.001) (<.001) (.104) (<.001) 

ED visits

Low 7.9% 6.5% 2.5% 9.0% 

Moderate 5.5% 4.6% 1.6% 6.0% 

   P (<.001) (.001) (.002) (<.001) 

High 4.0% 3.1% 1.0% 4.0% 

   P (<.001) (<.001) (.002) (<.001) 

ACE indicates angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CHF, congestive heart failure; ED, emergency department. 
Table reports unadjusted and adjusted rates of adverse events for diabetes patients at the health plan level. Adjusted rates are the predicted values 
from multivariate regressions holding the patient characteristics at their mean values across plans. Adherence is measured as the weighted average 
of adherence across plans to beta-blockers, ACE inhibitors, ARBs, and diuretics, with the weights defined as the number of patients using the drug 
in the plan in the year. Adherence is defined as a proportion of days covered for each medication of 80% or better. The values in parentheses are P 
values for the difference between moderate or high adherence categories relative to the low adherence category. Adjusted P values were calculated 
using bootstrapping with 200 bootstrap replications. 
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n Figure. Average Plan-Level Medical Expenditures by Plan Adherence

CHF indicates congestive heart failure. 
Figure reports the adjusted average expenditures for CHF and diabetes patients in low, moderate and high adherence plans. Adjusted rates are the 
predicted values from multivariate regressions holding the patient characteristics at their mean values across plans. For the diabetes sample, adherence 
is measured as the weighted average of adherence across beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, cal-
cium channel blockers, oral antidiabetes medications, and statins. For the CHF sample, adherence is measured as the weighted average of adherence 
across plans to beta-blockers, angiotensin-converting enzyme inhibitors, and fiuretics. In both samples, the weights defined as the number of patients 
using the drug in the plan in the year. Adherence is defined as a proportion of days covered for each medication of 80% or better. Differences across 
groups are statistically significant in all cases (P <.001).
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could provide significant value for health plans and pa-
tients, along with providing support for consideration of a 
more comprehensive set of measures. 

However, this discussion rests on the important assump-
tion that plans have the ability to drive medication adher-
ence. Our study demonstrates that plans differ substantially 
in terms of the medication adherence of their beneficiaries, 
and those plans with patients who have better adherence also 
have better outcomes. But we do not demonstrate why some 
plans have better adherence than others, or to what extent 
plans can actively influence enrollee medication-taking be-
havior. There are many reasons why medication adherence 
might systematically differ across plans, and which could 
provide potential levers for plans to improve. For example, 
formulary design and cost sharing can both influence patient 
use of medicines and other medical services, as well as adher-
ence.11,13,23-25,29-33 In addition, synchronizing multiple medi-
cation refills to take place on a single monthly pickup date, 
improving care coordination, adopting health information 
technology, and providing plan incentives are promising in-
terventions, though questions about effectiveness, scalability, 
and generalizability persist.34 It will be important to provide 
health plans with a strong evidence base for cost-effective in-
terventions, as simply tying reimbursement to adherence will 
not necessarily improve outcomes if plans or providers lack 
the knowledge or ability to change patient behavior. 

Limitations
Our study had several limitations. While our data are 

national and cover a large and diverse set of patients, 
they do not comprise a nationally representative random 
sample. This lack of geographic representativeness could 
compromise the generalizability of our findings; however, 
these same data have been shown to provide accurate and 
generalizable measures of patient behavior and spending 
levels in numerous past studies.16-19 We were also limited 
in the range of quality measures we could evaluate given 
data availability, and further work should extend these 
analyses using quality measures that require additional 
data elements unavailable in medical claims (eg, labora-
tory and/or chart records). Our analysis was based on 
claims data and lacked more direct measures of disease 
severity, such as glycated hemoglobin levels for diabetic 
patients or ejection fraction for CHF patients. Also, while 
we defined good adherence as above 80% PDC to make 
it consistent with quality measures, further study could 
evaluate whether the relationship between adherence and 
outcomes varies across other levels of adherence. 

As we have noted throughout, a potentially important 
limitation of this study is that we do not estimate a causal 

relationship between plan-level adherence and health 
outcomes. There is a clear association between adherence 
and plan outcomes, but understanding whether that is 
driven causally by the effects of adhering to a medication 
regimen or by unobserved heterogeneity among patients 
or plans is crucial for interpreting the study findings. More 
work is needed to understand the causal mechanisms that 
drive plan differences in medication adherence and the 
implications for patient outcomes. 

CONCLUSIONS
Despite these limitations, our study provides a prom-

ising first step toward demonstrating that adherence is a 
promising marker for good performance in a health plan. 
The constellation of activities that high adherence plans 
undertake to improve quality seems to produce gains in 
health outcomes for patients. Gaining more insight into 
these specific activities emerges as a critical question for 
research that can help inform policy development.

Author Affiliations: University of Southern California (SAS, DNL, 
DPG), Los Angeles; Pharmaceuticals Research and Manufacturers of 
America (JSD), Washington, DC; Precision Health Economics (JS), Bos-
ton, MA. 

Source of Funding: Financial support for this research was provided 
by Pharmaceutical Research and Manufacturers of America (PhRMA).

Author Disclosures: Mr Sullivan is an employee of Precision Health 
Economics (PHE), which provides consulting services to life science firms. 
Dr Lakdawalla is the chief strategy officer and owns equity in PHE, Dr 
Goldman is a partner at PHE, and Dr Seabury is a consultant for PHE. Dr 
Dougherty is an employee of Pharmaceutical Research and Manufactur-
ers of America, which sponsored the study. 

Authorship Information: Concept and design (DNL, JSD, JS, DPG, 
SAS); acquisition of data (DPG); analysis and interpretation of data 
(DNL, JSD, JS, SAS); drafting of the manuscript (DNL, JSD, SAS); criti-
cal revision of the manuscript for important intellectual content (DNL, 
JSD, SAS); statistical analysis (DNL, JS, SAS); obtaining funding (DPG); 
administrative, technical, or logistic support (DNL, JS); and supervision 
(DNL, DPG, SAS). 

Address correspondence to: Seth A. Seabury, PhD, University of 
Southern California, 3335 South Figueroa St, Unit A, Los Angeles, CA 
90089-7273. E-mail: seabury@usc.edu. 

REFERENCES
1. Murphy KM, Topel RH. Estimation and inference in 2-step economet-
ric models. J Business Econ Statistics. 2002;20(1):88-97. 
2. Rosenthal MB, Fernandopulle R, Song HR, Landon B. Paying for 
quality: providers’ incentives for quality improvement. Health Aff 
(Millwood). 2004;23(2):127-141. 
3. Werner RM, Kolstad JT, Stuart EA, Polsky D. The effect of pay-for-
performance in hospitals: lessons for quality improvement. Health Aff 
(Millwood). 2011;30(4):690-698. 
4. Viswanathan M, Golin CE, Jones CD, et al. Interventions to improve  
adherence to self-administered medications for chronic diseases in the  
United States: a systematic review. Ann Intern Med. 2012;157(11):785-
795. Review.
5. Lee JK, Grace KA, Taylor AJ. Effect of a pharmacy care program on  
medication adherence and persistence, blood pressure, and low-density  
lipoprotein cholesterol. JAMA. 2006;296(21):2563-2571.



VOL. 21, NO. 6 n THE AMERICAN JOURNAL OF MANAGED CARE n	 e389

Medication Adherence and Health Plan Quality

6. Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of 
medication adherence on hospitalization risk and healthcare cost. Med 
Care. 2005;43(6):521-530. 
7. Cutler DM, Everett W. Thinking outside the pillbox—medication  
adherence as a priority for health care reform. N Engl J Med. 
2010;362(17):1553-1555. 
8. Stuart B, Loh FE, Roberto P, Miller LM. Increasing Medicare Part D  
enrollment in medication therapy management could improve health  
and lower costs. Health Aff (Millwood). 2013;32(7):1212-1220. 
9. Offsetting effects of prescription drug use on Medicare’s spending for  
medical services. Congressional Budget Office website. http://www 
.cbo.gov/sites/default/files/cbofiles/attachments/43741-MedicalOffsets 
-11-29-12.pdf. Published November 2012. Accessed June 12, 2013. 
10. Roebuck MC, Liberman JN, Gemmill-Toyama M, Brennan TA. 
Medication adherence leads to lower health care use and costs despite 
increased drug spending. Health Aff (Millwood). 2011;30(1):91-99. 
11. Lee WC, Balu S, Cobden D, Joshi AV, Pashos CL. Medication adher-
ence and the associated health-economic impact among patients with 
type 2 diabetes mellitus converting to insulin pen therapy: an analysis 
of third-party managed care claims data. Clin Ther. 2006;28(10):1712-
1725; discussion 1710-1711. 
12. Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its impor-
tance in cardiovascular outcomes. Circulation. 2009;119(23):3028-3035. 
13. Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of medication 
nonadherence on hospitalization and mortality among patients with 
diabetes mellitus. Arch Intern Med. 2006;166(17):1836-1841. 
14. Lau DT, Nau DP. Oral antihyperglycemic medication nonadherence 
and subsequent hospitalization among individuals with type 2 diabe-
tes. Diabetes Care. 2004;27(9):2149-2153. 
15. Dall TM, Zhang Y, Chen YJ, Quick WW, Yang WG, Fogli J. The eco-
nomic burden of diabetes. Health Aff (Millwood). 2010;29(2):297-303. 
16. Goldman DP, Joyce GF, Lawless G, Crown WH, Willey V. 
Benefit design and specialty drug use. Health Aff (Millwood). 
2006;25(5):1319-1331. 
17. Joyce GF, Escarce JJ, Solomon MD, Goldman DP. Employer drug  
benefit plans and spending on prescription drugs. JAMA. 2002; 
288(14):1733-1739. 
18. Goldman DP, Joyce GF, Escarce JJ, et al. Pharmacy benefits and the 
use of drugs by the chronically ill. JAMA. 2004;291(19):2344-2350.
19. Goldman DP, Joyce GF, Karaca-Mandic P. Varying pharmacy benefits  
with clinical status: the case of cholesterol-lowering therapy. Am J 
Manag Care. 2006;12(1):21-28. 
20. Goldman DP, Jena AB, Lakdawalla DN, Malin JL, Malkin JD, Sun E.  
The value of specialty oncology drugs. Health Serv Res. 
2010;45(1):115-132. 
21. Romley J, Goldman D, Eber M, Dastani H, Kim E, Raparla S. 
Cost-sharing and initiation of disease-modifying therapy for multiple 
sclerosis. Am J Manag Care. 2012;18(8):460-464. 

22. Seabury SA, Goldman DP, Maclean JR, Penrod JR, Lakdawalla 
DN. Patients value metastatic cancer therapy more highly than is 
typically shown through traditional estimates. Health Aff (Millwood). 
2012;31(4):691-699. 
23. Yeaw J, Benner JS, Walt JG, Sian S, Smith DB. Comparing adher-
ence and persistence across 6 chronic medication classes. J Manag 
Care Pharm. 2009;15(9):728-740. 
24. Medicare health & drug plan quality and performance ratings 2013 
Part C & Part D technical notes [draft] 2012. CMS website. https://www.
cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCov-
GenIn/Downloads/Technical-Notes-2013-.pdf. Updated August 9, 2012. 
Accessed May 26, 2015.
25. Murphy KM, Topel RH. Estimation and inference in 2-step econo-
metric models. J Bus Econ Stat. 2002;20(1):88-97. doi:10.1198/0735001
02753410417. 
26. Lachaine J, Petrella RJ, Merikle E, Ali F. Choices, persistence and 
adherence to antihypertensive agents: evidence from RAMQ data. Can 
J Cardiol. 2008;24(4):269-273. 
27. Kronish IM, Woodward M, Sergie Z, Ogedegbe G, Falzon L, Mann 
DM. Meta-analysis: impact of drug class on adherence to antihyperten-
sives. Circulation. 2011;123(15):1611-1621. 
28. Heart failure disease management improves outcomes and reduces  
costs. 2012. Agency for Healthcare Research and Quality website. 
http://www.innovations.ahrq.gov/content.aspx?id=275. Published April 
24, 2008. Accessed February 12, 2013.
29. Goldman DP, Joyce GF, Zheng Y. Prescription drug cost sharing: 
associations with medication and medical utilization and spending and 
health. JAMA. 2007;298(1):61-69. Review.
30. Volpp KG, Loewenstein G, Troxel AB, et al. A test of financial 
incentives to improve warfarin adherence. BMC Health Serv Res. 
2008;8:272. 
31. Chernew ME, Shah M, Wegh A, et al. Impact of decreasing copay-
ments on medication adherence within a disease management envi-
ronment. Health Aff (Millwood). 2008;27(1):103-112. 
32. Chernew ME, Rosen AB, Fendrick AM. Value-based insurance 
design. Health Aff (Millwood). 2007;26(2):w195-w203. 
33. Chernew ME, Juster IA, Shah M, et al. Evidence that value-based 
insurance can be effective. Health Aff (Millwood). 2010;29(3):530-536. 
34. Seabury SA, Gupta C, Philipson TJ, Henkhaus LE, PhRMA Medication  
Adherence Advisory Council. Understanding and overcoming barriers to  
medication adherence: a review of research priorities. J Manag Care 
Spec Pharm. 2014;20(8):775-783. n

 www.ajmc.com  Full text and PDF 



eAppendix 
 
 
 This appendix provides additional information about the data and methods used in the 
manuscript “Medication Adherence and Measures of Health Plan Quality.” We first describe in 
detail the regression adjustment used to control for patient differences across plans and predict 
plan-level measures of adherence and plan quality, as well as the construction of the index of 
medication adherence. Then we offer additional descriptive statistics on the individuals in the 
sample as well as the plan-level averages. 
 
Regression Adjustment 

Conceptually, our ideal experiment would be to randomize medication adherence across 
plans and observe changes in their quality outcomes. In this case, we could simply take the 
average unadjusted quality outcomes and adherence for plans, denoted as  and , 
respectively, and compare. However, since we cannot literally randomize adherence, it is 
possible that differences across plans in either adherence or plan quality could be driven by 
differences in the patient population. We address this with the following 2-step process.   

In the first step, we estimate the regression model:  
  (1) 
The variable  is some outcome measure for patient  in plan .  Separate models are run using 
the individual outcomes that in aggregate make up the plan quality measures (eg, a 
hospitalization for hyperglycemia) and medication adherence.  The parameter  is a plan-level 
fixed effect. The vector  contains individual-level covariates including age, gender, and health 
status.   

The estimated fixed effect  measure the variation in observed quality outcomes and 
adherence across plans that is unrelated to individual heterogeneity. Suppose we let  denote 
adherence and  denote quality. We estimate the adjusted plan-level adherence and quality 
using the following prediction values from the regression models: 
  

 

(2) 
(3) 

In this formulation, the effect of the individual heterogeneity is captured by  and , which 
is fixed across plans.  Thus, the only plan level variation in predicted adherence or predicted 
quality is the plan fixed effects  and .  Thus, our empirical test of the relationship between 
medication adherence and quality at plan level essentially boil down to a test of 

. 
 
Index of Medication Adherence 

To interpret our findings, we stratify plans into groups of low, moderate or high adherence 
plans. We did this based on both unadjusted (  and adjusted ( ) adherence. However, since 
we measure adherence across multiple classes of drugs for each disease space, we first need to 
combine the adherence to the drugs into a single index, and then stratify into groups. To 
accomplish this, we proceeded accordingly: 

1. We first compute the average unadjusted (  and adjusted ( ) adherence separately for 
each drug  at the plan level. 



2 
 

 
2. Compute weights , where  is the number of patients taking the drug in plan . 

Note that because some patient take more than one drug,  will be greater than the total 
number of people in the plan (necessary for the weights to sum to 1). 

 
3. Construct the weighted average of medication adherence across drugs at the plan level: 

 and . 
 
4. Summarize  and  and identify the upper and lower quartiles of unadjusted and adjusted, 

respectively, adherence across plans 
 
5. Stratify plans into high, moderate or low adherence based on whether their weighted average 

is above the 75th percentile, between the 75th and 25th percentile, or below the 25th 
percentile across plans, respectively. Again, note that plans will be stratified differently 
according to the distribution of unadjusted or adjusted adherence (though, in practice, the 
stratification is similar). 

 
Once the plans are stratified into these groups, we compare the values of  and  across groups 
to see if the observed quality outcomes differ systematically across health plans according to 
their medication adherence. 
 
Data and Sample 

We used a comprehensive database of medical and pharmacy claims data for individuals 
enrolled in health plans of large, private employers from 2000 to 2009. The database contains 
information from three sources: medical claims or encounter data, pharmacy claims records and 
enrollment record. Using the inclusion criteria presented in the methods section of the main text, 
we created separate cohorts of individuals with diabetes and congestive heart failure (CHF), 
however they are not mutually exclusive.  

eAppendix Table 1 presents summary statistics of the individuals included in the 
diabetes and CHF cohorts.  The diabetes sample included 1,059,638 patients while the CHF 
sample included 86,854 patients.  Patient characteristics differed between the two samples.  
Compared with CHF patients, diabetes patients were younger (aged 53 vs 56 years), and 
healthier, with fewer co-morbidities (7 vs 13) and lower health care costs ($8596 vs $26,037).   

We report additional plan-level characteristics in eAppendix Table 2. In addition to 
mean values that are reported in Table 2 in the text, the table reports the interquartile ranges of 
adherence and the quality outcomes, as well as plan size and average total medical expenditures, 
for different plan years.  In the case of medication adherence, these values are reported in the text 
because they represent the thresholds below and above which plans are defined as having low or 
high adherence, respectively.  

There is also significant variation across plans in average health outcomes. For example, 
the admission rate for uncontrolled diabetes ranges from 6.0 patients per 1000 at the 25th 
percentile to 14.4 patients per 1,000 at the 75th percentile. For CHF patients, the 25th percentile 
of CHF hospitalization rate is 10.8% versus 16.5%, for the 25th and 75th percentile plans.  
Corresponding to differences in outcomes, spending also varies significantly (with spending at 
the 75th percentile about twice that at the 25th percentile in both samples). The number of 
patients per plan also ranges significantly.   
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eAppendix Table 1. Summary Characteristics of Patients in the Sample 
  Diabetes CHF 
Female, % 46.7% 45.7% 
Age, mean 52.6 56.2 
Number of comorbid conditions, # 6.9 13.1 
Any hospitalization, % 13.8% 35.6% 
Hospitalization for primary condition, % 4.8% 14.2% 
Medical spending, $ 7667 23,870 
Pharmacy spending, $ 929 2167 
   
Number of patients 1,059,638 86,854 
CHF indicates congestive heart failure. 
Table reports average characteristics of patients in the diabetes and CHF 
sample.   
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eAppendix Table 2. Variation in Characteristics Across Health Plans 

 Mean 
Interquartile Range 

 
25th 

Percentile 
75th 

Percentile 
Diabetes Patients 

   Percent of patients with PDC of 
80% or better 52.9% 48.3% 58.6% 

Rate per 1000 patients    Uncontrolled diabetes 11.3 6.0 14.4 
Emergent care for 
hypo/hyperglycemia  2.4 1.3 3.1 

Short-term diabetes complication 10.8 5.5 14.7 
Long-term diabetes complication 2.6 0.4 3.6 

    Number of diabetes patients in 
plan 2952 587 4,077 

    Total medical per patient 
expenditures, $ 8231 5066 10,194 

    CHF Patients 
   Percent of patients with PDC of 

80% or better 46.8% 43.5% 50.9% 

Hospitalization rates    CHF 13.7% 10.8% 16.5% 
Diabetes 9.2% 6.5% 11.3% 
CAD 7.7% 6.1% 8.9% 
Hypertension 11.5% 7.6% 14.6% 
Emergency room visit rates    CHF 6.1% 3.3% 8.4% 
Diabetes 5.0% 2.0% 7.3% 
CAD 1.7% 0.4% 2.4% 
Hypertension 6.6% 2.1% 9.4% 

    Number of CHF patients in plan 959 294 1653 

    Total medical per patient 
expenditures, $ 24,424 14,698 33,402 

 
CAD indicates coronary artery disease; CHF, congestive heart failure; PDC, percentage of days covered. 
 

 




