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Abstract

Background—The Centers for Medicare and Medicaid Services (CMS) provide significant 

incentives to health plans that score well on Medicare STAR metrics for cardiovascular disease 

(CVD) risk factor medication adherence. Information on modifiable health system-level predictors 

of adherence can help clinicians and health plans develop strategies for improving Medicare 

STAR scores, and potentially improve CVD outcomes.

Objective—Examine the association of Medicare STAR adherence metrics with system-level 

factors.

Research Design—Cross-sectional study.

Subjects—129,040 diabetes patients age >= 65 in 2010 from three Kaiser Permanente regions.

Measures—Adherence to antihypertensive, antihyperlipidemic, and oral antihyperglycemic 

medications in 2010, defined by Medicare STAR as the Proportion of Days Covered >=80%.

Results—After controlling for individual-level factors, the strongest predictor of achieving 

STAR-defined medication adherence was a mean prescribed medication days’ supply of >90 days 

(RR=1.61for antihypertensives, oral antihyperglycemics, and statins; all p<.001). Using mail order 

pharmacy to fill medications more than 50% of the time was independently associated with better 

adherence with these medications (RR=1.07, 1.06, 1.07; p<.001); mail order use had an increased 

positive association among Black and Hispanic patients. Medication copayments <=$10 for 30 

days’ supply (RR=1.02, 1.02, 1.02; p<.01) and annual individual outof-pocket maximums <=

$2,000 (RR=1.02, 1.01, 1.02; p<.01) were also significantly associated with higher adherence for 

all three therapeutic groupings.

Conclusions—Greater medication days’ supply and mail order pharmacy use, and lower 

copayments and out-of-pocket maximums, are associated with better Medicare STAR adherence. 
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Initiatives to improve adherence should focus on modifiable health system-level barriers to 

obtaining evidence-based medications.
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Introduction

The Center for Medicare & Medicaid Services (CMS) uses its Medicare STAR program to 

monitor and reward the quality of care in health plans with Medicare Advantage enrollees, 

and provides substantial incentives to health plans that perform well on its Medicare STAR 

metrics. In 2012, CMS introduced 3 new Medicare STAR metrics to measure medication 

adherence for cardiovascular disease (CVD) risk factor medications: angiotensin converting 

enzyme inhibitors and angiotensin receptor blockers (ACEI/ARBs) to control hypertension; 

statins to control LDL-cholesterol (LDL-c); and oral antihyperglycemics to control 

glycosylated hemoglobin (HbA1c). The implementation of these new measures emphasizes 

the responsibility of health plans to monitor and improve medication adherence in their 

Medicare populations. 2,3

Overall performance on these Medicare STAR measures is highly dependent on the 

adherence of patients with diabetes, who account for almost all oral antihyperglycemic use 

and much antihypertensive and statin use. 4-6 Most research on medication adherence to 

these CVD risk factor medications has focused on younger populations; 7-11 and there is 

limited information on the correlates of adherence in diabetes patients age 65 and older.10 

Medication adherence research traditionally focuses on patient-level characteristics such as 

age and gender, 7-12 despite the fact that patient characteristics have limited ability to predict 

adherence. 13 In contrast, interventions focused on health care system-level characteristics 

may hold the most hope for improving appropriate CVD risk factor medication use at the 

population level 2,14-16, since these characteristics are modifiable through health care benefit 

and policy changes. Despite the potential for system-level interventions to improve 

adherence in high-risk patients, the system-level correlates of adherence to CVD risk factor 

medications in Medicare-aged diabetes patients, and their combined effect on adherence 

levels, are largely unknown.

The purpose of this study is to examine the relationship between Medicare STAR 

medication adherence metrics and modifiable health system-level characteristics in a cohort 

of Medicare-aged diabetes patients.

Methods

Study Setting and Population

The population and data for this study were derived from the Surveillance, Prevention, and 

Management of Diabetes Mellitus (SUPREME-DM) DataLink, a multi-site data resource for 

research that accesses electronic health record (EHR), clinical, and administrative data from 

2005-2011. 17-20 The current study drew data from three SUPREME-DM integrated, group-
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model health care delivery systems sites that collectively serve 4.1 million members: Kaiser 

Permanente Northern California (KPNC), Kaiser Permanente Colorado (KPCO), and Kaiser 

Permanente Northwest (KPNW; Northwest Oregon and Southwest Washington). Patients 

were eligible for the current study if they had diabetes in 2010, and were >=65 years of age 

as of January 1, 2010. Patients were defined as having diabetes if they had two or more 

outpatient diabetes ICD-9 diagnosis codes (250.xx) within a two year window since the start 

of 2000. 21-23

Medicare STAR Medication Adherence

We calculated the Medicare STAR adherence metrics following CMS specifications to 

obtain the Proportion of Days Covered (PDC) measure in 2010 for all patients for each of 

the three therapeutic groupings covered by the measures: ACEI/ARBs, statins, and oral 

diabetes medications.3,24 PDC is defined as the percent of days in the measurement period 

“covered” by prescription fills for the same medication or medications in the same 

therapeutic category.25 Per CMS specifications, the measurement period began with 

patients’ first fill in 2010 through 12/31/2010, and applies only to patients with two or more 

fills in the therapeutic grouping within that period; also per CMS specifications, the PDC 

calculation for oral diabetes medications excludes patients taking insulin.3 The PDC ranges 

from 0-1; the Medicare STAR adherence measure considers patients to be ‘adherent’ if their 

PDC is >=0.8.

Health System-Level Independent Variables

This study focused on four health system-level predictors of Medicare STAR medication 

adherence: mean days’ supply of medications; annual individual out of pocket maximum 

costs; generic drug co-payment; and percent of medications delivered via mail order 

pharmacy. These variables are considered ‘system-level’ because they are directly 

influenced by the benefit and pharmacy delivery structures of a patient's health plan that are 

potentially modifiable. Days’ supply was derived from the pharmacy electronic medication 

dispensing record. Annual individual out-of pocket cost maximum and generic drug 

copayments per 30 days of medication supply was obtained from membership files. The rate 

of mail order pharmacy use to fill a specific medication in 2010 was calculated as the 

percent of time a patient used the mail order service (vs. a KP ‘brick and mortar’ pharmacy) 

to fill a medication in the 12 month period; details on the KP mail order pharmacy system 

have been published elsewhere.14,15

Statistical Analyses

To examine the relationship between adherence and health system-level characteristics and 

patient characteristics, we obtained relative risks using three Poisson regression models, one 

for each of the three therapeutic groupings, using PDC >= 0.8 (vs. < 0.8) as the dichotomous 

dependent variable; this method is appropriate for determine risk in cross-sectional data 

where the outcome is relatively common 26. Each model was adjusted for the four health 

system-level independent variables defined above, and also adjusted for patient age, gender, 

race/ethnicity, Census-block-level median household income and education, delivery system 

region, and total number of medications the patient was concurrently taking in 2010. To test 
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the combined effect of all four health system-level variables on adherence, we obtained 

predicted percentages27 of patients achieving “good” (i.e. PDC >=0.8) Medicare STAR 

adherence in each of the therapeutic groupings when all four system level variables were at 

the specified values ‘optimized’ at the cut-points used in the regression models (days’ 

supply >90; 30 day copayment <=$10; out-of-pocket maximum <=$2000; >50% of fills 

delivered via mail order pharmacy) , vs. when all four system level variables were at the 

least-optimized specified values (days’ supply <31; copay >$10; out-of-pocket maximum >

$2000; no fills via mail order pharmacy) after adjusting for patient demographic, clinical, 

and socioeconomic characteristics. To further our understanding of the role of the health 

system-level variables that may affect potential disparities in adherence, we tested whether 

any of our health system-level variables had a statistically significant (p<.01) interaction 

with race/ethnicity; significant interaction terms were included in the final models. All 

analyses were performed using Stata v10.1.

This study was approved by the KPNC Institutional Review Board; KPCO and KPNW 

ceded IRB oversight to KPNC.

Results

Table 1 presents the demographic and clinical characteristics of the patients in the sample by 

each CVD risk factor medication therapeutic grouping. Based on the Medicare STAR metric 

definition, 81%, 82%, and 79% of patients were considered adherent to medications in the 

therapeutic groupings for ACEI/ARBs, oral diabetes medications, and statins, respectively.

Table 2 shows predictors of whether a patient achieved Medicare STAR adherence target of 

PDC >=0.8 in each therapeutic grouping. After controlling for individual-level predictors of 

adherence, the strongest predictor of achieving STAR-defined medication adherence was a 

median prescribed days’ supply of > 90 days of medication in each therapeutic group 

(RR=1.61 for each; all p<.001). Using mail order pharmacy to fill medications more than 

50% of the time was independently associated with better adherence with these therapeutic 

groupings (RR=1.07, 1.06, 1.07 for antihypertensives, oral diabetes medications, and statins, 

respectively; p<.001). Medication copays <=$10 (RR=1.02, 1.02, 1.02; p<.001) and annual 

out-of-pocket maximums <=$2,000 (RR=1.02, 1.01, 1.02; p<.001) were also significantly 

associated with higher adherence for all three therapeutic groups. Hispanic and Black 

patients were significantly less adherent across each therapeutic grouping. In addition, there 

were also a significant, positive interactions between mail order pharmacy use and Black 

race/ethnicity (RR=1.05, p<.05; 1.05, p<.01 for oral diabetes medications and statins, 

respectively), and a significant positive interaction between mail order pharmacy use and 

Hispanic race/ethnicity for ACEI/ARBS and statins (RR=1.03, 1.04 respectively, both p<.

001).

Figure 1 shows that the predicted percentage of patients who achieved medication adherence 

with optimized values for each of these system-level predictors was 91%, 90%, and 90% for 

antihypertensives, oral diabetes medications, and statins respectively, compared with 51%, 

51%, and 50% respectively in patients with the least optimized values for these factors.
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Discussion

We found that the strongest predictor of greater Medicare STAR adherence in three large 

Medicare Advantage providers was a greater days’ supply of medications. System-level 

interventions that focus on increasing the standard days’ supply of medications, especially 

low-cost generic medications, may be an important lever for increasing access to 

medications for patients at risk for low adherence. 2,28-31 Having lower co-pays and lower 

annual individual out -of-pocket maximums were also associated with higher levels of 

medication adherence, consistent with prior work showing that diabetes patients may be 

vulnerable to cost-related non-adherence.33 This suggests that ‘value-based’ insurance 

designs that are sensitive to the out-of-pocket costs of diabetes care may improve medication 

adherence for patients,32 and subsequently improve Medicare STAR adherence scores for 

the health plans that offer such benefit designs.

We found that medication adherence was higher among individuals with greater use of mail 

order pharmacy to deliver medications. While this relationship has been demonstrated in 

previous research in younger patients;14-16,34 our study is the first to indicate that mail order 

pharmacy use is related to better adherence in Medicare-aged diabetes patients as well.

To our knowledge, this study is the first to examine the cumulative effect of these four 

system-level factors on medication adherence. The predicted percentage of patients who 

achieved Medicare Star adherence on these medications was approximately 90% in patients 

with all four system level factors optimized: a level of adherence at the population level that 

exceeds what is required to achieve a five-star Medicare STAR rating on these measures,24 

and is almost twice the level of patients predicted to have good adherence when these health 

system-level factors were at the last optimized level. This suggests that multi-factorial 

efforts to lower system-level barriers to obtaining medications can profoundly impact health 

plan Medicare STAR scores for CVD risk factor medication adherence. Within our study 

cohort, <15% of patients (data not shown) had the defined maximized values for all four 

system-level variables, suggesting that close to 90% of patients with diabetes could 

potentially benefit if health system-level barriers to optimizing their use of these chronic 

illness medications were addressed.

In this study Black and Hispanic patients derived an even greater adherence benefit from 

mail order pharmacy use than White patients, as demonstrated by the positive interaction 

between mail order pharmacy use and race/ethnicity. Mail order pharmacy use may mitigate 

disparities in adherence16: since mail order use eliminates the need for travel to a local 

pharmacy, it may have a stronger benefit for patients with transportation issues, time 

constraints, or other barriers to access that may particularly effect minority patients 35. 

However, despite this potential for increased benefit of mail order use by Black and 

Hispanic patients compared with non-Hispanic whites, previous research suggests that non-

White patients with diabetes are the least likely to use the mail order pharmacy.14 

Understanding the reasons for these disparities in the use of mail order pharmacy, and 

developing effective interventions to encourage the use of mail order pharmacy among 

Medicare-aged patients, particularly among non-White patients, are important areas of 

future research.
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Limitations

Our study included only diabetes patients; Medicare STAR metrics are also applied to 

hypertension or hyperlipidemia patients without diabetes. Adherence based on Medicare 

STAR measures in this study setting was generally high, which is consistent with this 

system's high scores on other STAR metrics;3 the relationship between adherence and 

system-level factors may be different in other settings. It is possible that the Medicare-aged 

diabetes patients our study may have characteristics that differ from those in other settings, 

which could impact the generalizability of our findings. These findings are based on cross-

sectional data: while the relationship between system-level factors and adherence suggest 

approaches for a trial intervention, we are unable to establish whether change in these same 

factors would in fact improve STAR ratings.

Conclusions

We found that system-level factors had a consistent relationship with medication adherence 

in Medicare-aged patients, and that optimizing these factors almost doubled the level of 

‘good adherence in this population. Interventions that focus on improving adherence and 

reduce medication adherence disparities by providing behavioral “nudges” to large 

populations 36 should focus modifying these types of system-level barriers to obtaining 

evidence-based medications.
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Table 1

Patient Characteristics

Characteristic Medication Adherence Patient Group

ACEI/ARB Oral Diabetes Drugs Statins

N 86,120 56,629 93,276

Adherent to Drugs in Therapeutic Category (PDC≥80%) 81% 82% 79%

Age

    65-69 31% 32% 31%

    70-74 27% 27% 27%

    75-79 21% 20% 21%

    80-84 13% 13% 14%

    85+ 8% 8% 8%

Race/Ethnicity

    American Indian/Alaska Native <1% <1% <1%

    Asian 10% 12% 10%

    Black 8% 7% 7%

    Hispanic 13% 13% 13%

    Native Hawaiian/Pacific Islander <1% <1% <1%

    Race Missing/Unknown 10% 12% 9%

    White 59% 55% 59%

Female 50% 48% 49%

Enrolled for 12 months 97% 96% 97%

Mean No. of Medications at Study Start (SD) 5.91 (3.25) 5.65 (3.13) 5.93 (3.29)

Mean Days Supply of Drugs in Therapeutic Category (SD) 91.27 (17.92) 90.36 (18.39) 89.14 (17.23)
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Table 2

Estimated Risk Ratios of Being Adherent (PDC≥80%) to Medications in Therapeutic Category.

ACEI/ARB (n=83,044) ORAL DM (n=54,488) STATINS (n=90,020)

Age (ref: 65-69)

    70-74 0.99 1.00 1.01

    75-79
0.99

*
0.98

** 1.01

    80-84
0.97

***
0.97

*** 1.01

    85+
0.97

***
0.95

*** 1.00

Female 1.00
0.98

***
0.96

***

Race/Ethnicity (ref: White)

    Hispanic
0.97

***
0.98

**
0.95

***

    American Indian/Alaska Native 0.99 0.96 0.95

    Asian 1.00
1.01

* 1.00

    Native Hawaiian/Pacific Islander
0.92

** 0.98
0.93

*

    Black
0.96

***
0.93

***
0.91

***

    Missing Race
1.02

***
1.02

** 1.01

Census Block Group Median Household Income (ref: <
$30,000)

    $30,000-$49,999 1.00 1.00 1.01

    $50,000-$69,999 1.00 1.00 1.01

    $70,000-$89,999 1.00 1.01
1.02

*

    $90,000+ 1.00 1.00
1.02

*

Census Block Group Percentage of Adults with a Bachelor's 
Degree or Higher Degree (ref: <15%)

    15-24% 1.00 1.00 1.00

    25-49% 1.01 1.01 1.01

    50%+ 1.00 1.00 1.00

Number of Medications at Study Start
1.01

***
1.02

***
1.02

***

Mean Days Supply of Drugs in Therapeutic Category in 2010 
(ref: <31)

    31-60
1.12

***
1.23

***
1.11

***

    61-90
1.35

***
1.48

***
1.47

***

    >90
1.61

***
1.61

***
1.61

***

Percentage of Drugs in Therapeutic Category Refilled Via Mail 
Order Pharmacy in 2010 (ref: 0%)

    1%-50% 1.01 1.01 1.01

    51%-100%
1.07

***
1.06

***
1.07

***

Generic Drug Co-Payment for 30 Day Supply in 2010 (ref: >
$10)
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ACEI/ARB (n=83,044) ORAL DM (n=54,488) STATINS (n=90,020)

    $0-$10
1.02

**
1.02

**
1.02

**

Annual Individual Out-of-Pocket Maximum in January 2010 
(ref: >$2,000)

    $0-$2,000
1.02

***
1.01

**
1.02

***

Interaction of: Percentage Refilled via Mail Order Pharmacy × 
Race

    51%-100% × Black 1.02
1.05

*
1.05

**

    51%-100% × Hispanic
1.03

** 1.01
1.04

**

Notes: (1) Models adjusted for HMO site and whether patient was enrolled in health plan for all 12 months of 2010; (2) 3,076, 2,141, and 3,256 
observations with missing values for census block group variables and generic drug co-payment excluded from ACEI/ARB, ORAL DM, and 
STATINS regressions, respectively.

*
Statistically significant at p<0.05

**
p<0.01

***
p<0.001

Med Care. Author manuscript; available in PMC 2016 April 01.


