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Abstract

Background—Pharmacy refill adherence assesses medication-filling behaviors whereas self-

report adherence assesses medication-taking behaviors. We contrasted the association of pharmacy 

refill and self-reported antihypertensive medication adherence with cardiovascular disease (CVD) 

incidence.

Methods and Results—Adults (n=2075) from the prospective Cohort Study of Medication 

Adherence among Older Adults (CoSMO) recruited between August 2006 and September 2007 

were included. Antihypertensive medication adherence was determined using a pharmacy refill 

measure, Medication Possession Ratio-MPR (low, medium, high MPR: <0.5, 0.5 to <0.8, ≥0.8, 

respectively) and a self-reported measure, 8-item Morisky Medication Adherence Scale-MMAS-8 

(low, medium, high MMAS-8: <6, 6 to <8, and 8, respectively). Incident CVD events (stroke, 

myocardial infarction, congestive heart failure, or CVD death) through February 2011 were 

identified and adjudicated. The prevalence of low, medium and high adherence was 4.5 %, 23.7%, 

and 71.8% for MPR and 14.0%, 34.3%, and 51.8% for MMAS-8. During a median 3.8 years 

follow-up, 240 (11.5%) people had a CVD event. After multivariable adjustment and compared to 

those with high MPR, the hazard ratios (HR) for CVD associated with medium and low MPR 

were 1.17 (95% confidence interval [CI] 0.87, 1.56) and 1.87 (95% CI: 1.06, 3.30), respectively. 

Compared to those with high MMAS-8, the HRs (95% CI) for MMAS-8 for medium and low 

MMAS-8 were 1.04 (0.79–1.38) and 0.89 (0.58–1.35), respectively.

Conclusions—Pharmacy refill but not self-report antihypertensive medication adherence was 

associated with incident CVD. The differences in these associations may be due to distinctions in 

what each adherence measure assesses.
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INTRODUCTION

Hypertension is a common risk factor for cardiovascular disease (CVD) morbidity and 

mortality 1. Effective medical therapies exist to lower BP and reduce the risk for CVD; yet, 

suboptimal adherence persists as a major public health challenge with approximately 50% of 

patients not taking chronic medications as prescribed 2, 3. Poor adherence to 

antihypertensive therapy has been associated with worse BP control, increased 

hospitalization rates, higher health care costs and lower survival 3–9.

To address this public health challenge, it is important to consider that adherence to 

prescribed medications includes 2 key patient behaviors: 1) filling medications and 2) taking 

medications as prescribed after they are filled. Although these behaviors are related, they 

may reflect distinct activities which may differ among individual patients11–13. Pharmacy 

refill adherence assesses whether patients fill their medications over specified time intervals 

whereas self-reported adherence assesses whether patients take their medications after they 

are filled. Prior studies have demonstrated poor adherence measured by pharmacy refill in 

hypertensive patients to be associated with an increased risk for CVD4–8, 14. Few studies 
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have reported on the association of low adherence, assessed by a self-reported 

antihypertensive medication adherence scale, on increased risk for CVD events10. To our 

knowledge no large study has examined differences in the association between 

antihypertensive medication adherence and CVD events using both validated objective and 

multi-item self-reported adherence measures.

In this study, we sought to determine the prospective association of pharmacy refill and, 

separately, self-reported antihypertensive medication adherence, with CVD events in older 

adults. We used a well-established objective measure of pharmacy refill adherence, the 

Medication Possession Ratio (MPR) and a validated multi-item self-report measure widely 

used in national and international research settings3, 15, 16, the Morisky Medication 

Adherence Scale 8-item (MMAS-8).

METHODS

Study Population and Study Design

The Cohort Study of Medication Adherence in Older Adults (CoSMO) is a prospective 

cohort study of factors associated with antihypertensive medication adherence and CVD 

outcomes in elderly adults with established hypertension. The study design, response rates, 

and baseline characteristics have been published previously 3. In brief, women and men aged 

65 years or older with essential hypertension were randomly selected from the roster of a 

large managed care organization in southeastern Louisiana. From August 21, 2006 to 

September 30, 2007, 2,194 participants were recruited and completed the baseline survey 3. 

The participants were followed through February 2011 to identify CVD events and 

mortality. The current analyses were limited to participants who had no hospitalizations for 

stroke, myocardial infarction (MI), or congestive heart failure (CHF) in the year prior to the 

administration of the baseline survey (N=2,075). CoSMO was approved by the Ochsner 

Clinic Foundation’s Institutional Review Board and the privacy board of the managed care 

organization 3.

Data Collection Overview

Using an established conceptual framework of risk factors associated with antihypertensive 

medication adherence and clinical outcomes, we obtained data through participant surveys, 

medical records, administrative databases of the managed care organization, and vital 

records17 (details below). Surveys were administered via telephone by trained interviewers.

Primary Exposures—The primary exposure was antihypertensive medication 

adherence 3, 17. Medication adherence was measured objectively using pharmacy refill data 

to calculate the Medication Possession Ratio (MPR). For the main analyses, data were 

extracted for the year prior to the baseline survey from pharmacy utilization databases and 

included all antihypertensive prescriptions filled, date filled, drug class, and number of pills 

dispensed used to calculate days’ supply. The MPR is the sum of the days' supply obtained 

between the first pharmacy fill and the last refill, with the supply obtained in the last refill 

excluded, divided by the total number of days in this time period 18. In this population of 

patients with treated established hypertension, two pharmacy refills in a drug class in the one 
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year time period were required. MPR was calculated for each antihypertensive medication 

class and averaged across all classes to assign a single MPR to each participant for the 

year19; MPR values > 1 were truncated at 1.0. Low, medium and high MPR adherence were 

defined as <0.5, 0.5 to <0.8 and ≥0.8, respectively 20, 21.

Self-reported medication adherence was assessed using the eight-item Morisky Medication 

Adherence Scale (MMAS-8) 19, 22; MMAS-8 was captured at baseline and during annual 

follow up surveys. For the main analyses, MMAS-8 collected during the baseline survey 

was used. This adherence measure was designed to facilitate the identification of barriers to, 

and behaviors associated with, adherence to chronic medications. In prior studies, the scale 

has been determined to be reliable 22, significantly associated with blood pressure 

control 3, 22, and modestly associated with pharmacy refill 19. Overall, 99.4% of participants 

completed all 8 items of the scale in the baseline survey. The remaining 0.6% (n=12) of 

participants completed 6 or 7 of the 8 items on the MMAS-8 and the missing items were 

generated using the CoSMO sample median score for the item. Using previously published 

cut points, low, medium, and high MMAS-8 adherence were defined as scores of <6, 6 to 

<8, and 8, respectively 22.

Outcome variables

Composite CVD Outcome—The primary outcome was the composite CVD endpoint of 

stroke, MI, CHF or CVD death. All outcomes were ascertained through February 28, 2011. 

Data were collected on hospitalizations for CVD events and mortality. Hospitalizations for 

CVD events were determined by a combination of review of administrative records, medical 

record review and physician adjudication. A comprehensive search of primary and 

secondary International Classification of Diseases, Ninth Revision (ICD9) codes from 

administrative claims databases was used to identify hospitalizations for MI: codes 410.xx 

(except 410.x2); CHF: codes 402.x1, 428.xx, and stroke: codes 430.xx, 431.xx, 432.xx, 

433.xx, 434.xx that occurred over the follow-up period. Deaths occurring over the follow-up 

period were first identified via searches of the Social Security Death Index and cross-

checked against administrative claims databases and obituaries. For each identified death, 

death certificates were obtained from the respective health departments and cause of death 

(CVD or non-CVD) was recorded. When possible, supplemental data were abstracted from 

medical records to confirm cause of death. Then, trained research nurses abstracted 

information from medical records and death certificates for each CVD event onto 

standardized forms23. For hospitalizations occurring outside of the system, a patient release 

was obtained prior to requesting and reviewing the medical record. Medical information for 

each abstracted event was reviewed independently by two physician adjudicators (EDF, 

RNR) who were blinded to participant adherence status. If both adjudicators agreed on the 

outcome classification, it was binding. If there was a disagreement, they conferred, 

reconsidered their classification and could request consultation from a third independent and 

blinded adjudicator. In all cases, conflicting opinions among the adjudicators were resolved 

after conferment.

Socio-demographics, Clinical and Behavioral Variables—Based on an established 

conceptual model17, information was collected from participants’ surveys, the medical 
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record, and claims databases of the managed care organization. Sociodemographic and 

clinical characteristics obtained from the participant survey included marital status, age, sex, 

race, educational attainment, height and weight, depressive symptoms, and duration of 

hypertension. Body mass index was calculated as weight (kg)/height (m)2. Depressive 

symptoms were assessed using the 20-item Center for Epidemiologic Studies Depression 

Scale 24. Self-reported healthy lifestyle behaviors included nonsmoking status, less than 2 

alcoholic drinks per week, and use of lifestyle modifications (exercise, salt reduction, fruit 

and vegetable consumption)25 to lower blood pressure. Claims data were used to calculate 

the Charlson Comorbidity Index 26, 27 and to determine the number of classes of 

antihypertensive medication filled by each participant.

Blood Pressure (BP)—Using standardized forms, trained research staff (blinded to 

participant adherence category) recorded seated systolic and diastolic BP measurements 

from medical records for clinic visits occurring during the year before the baseline survey 

and after the baseline survey through February 2011 or a CVD event (follow-up), whichever 

came first. BP levels were averaged for visits when more than one measurement was taken. 

Then, the average BP level across all visits during baseline and, separately, during follow up 

was calculated 3. Uncontrolled BP was defined as mean systolic BP ≥140 mm Hg or 

diastolic BP ≥ 90 mm Hg28.

Statistical Analysis

Participant characteristics were calculated overall and by level of adherence on each 

measure (MPR and MMAS-8, separately). The statistical significance of trends across 

adherence levels was determined using Cochran-Armitage trend tests. The association of 

adherence (MPR and MMAS-8, separately) with uncontrolled BP during follow-up was 

determined using logistic regression models. Cumulative incidence of CVD events was 

calculated by level of adherence using the Kaplan-Meier method. Cox proportional hazards 

models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI) of CVD 

associated with low and medium versus high adherence. Separate models were used for 

MPR and MMAS-8. Initial models were adjusted for age, sex, race, marital status, and 

education, and subsequent models were further adjusted using the Charlson Comorbidity 

Index, number of classes of antihypertensive medication, body mass index, depressive 

symptoms, and healthy lifestyle behaviors. Differences in the association between 

antihypertensive medication adherence and the composite CVD outcome across subgroups 

defined by race and sex were evaluated by including an interaction term in final 

multivariable regression models (e.g. MPR * race). Analyses were performed using SAS 

version 9.2 (SAS Institute, Cary NC).

Sensitivity Analyses

In sensitivity analyses, the HRs for CVD associated with MMAS-8 and MPR each modeled 

using a single cut-point (MMAS-8 <8 versus 8 and MPR <0.8 versus ≥ 8) were calculated. 

Also, the HRs for CVD associated with MMAS-8 and MPR modeled as continuous variable 

(log transformed) were calculated. To investigate whether differences in CVD risk by 

adherence measure could be explained by differing definitions of low MMAS-8 adherence, 

we used alternate cut-points to define low, medium, and high MMAS-8 (<4.5, 4.5 to <7, and 
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≥7 to 8, respectively). This strategy resulted in a similar percentage of participants with low 

adherence by MMAS-8 and MPR. We also assessed the association with CVD incidence of 

two measures of MMAS-8 averaged over 1 year. For this analysis, we restricted the sample 

to participants who completed baseline and first follow up MMAS-8, had pharmacy refill 

data in the year prior to the first follow up survey, and did not have a CVD event in the time 

between the two surveys(n=1,690).

Lastly, prescription-based proportion of days covered (PDC) was calculated as an alternate 

measure of pharmacy refill29. For each antihypertensive medication class, we calculated 

PDC as the number of days with medication available divided by the number of days 

between the first and last pharmacy refill in the one year time period. An overall PDC for 

each participant was calculated as the average of the class-specific PDC.

Results

Of the 2,194 participants in the CoSMO cohort, 57 were hospitalized for a CVD event in the 

year prior to baseline and were not eligible for these analyses. There were 62 participants 

excluded from analyses because of missing pharmacy refill data (Figure 1). There were no 

differences in age, sex, race, education or duration of hypertension (p>0.05 for all 

comparisons) between those missing versus not missing pharmacy refill data. The mean age 

of the 2,075 participants included in the analyses was 75 years (standard deviation, 5.6), 

30.4% were black, 59.8% were women, and 57.0% were married. Also, 62.9% had been 

diagnosed with hypertension for 10 or more years, 48.3% had 2 or more comorbid 

conditions, and 34.1% had uncontrolled hypertension (Table 1). Over a median follow-up of 

3.8 years (maximum 4.8 years), 240 (11.6%) individuals had a CVD event (i.e., MI, stroke, 

CHF, or CVD death). Overall, 2.3% of the participants had a stroke event, 4.1% had a MI 

event, 6.2% had a CHF event, and 3.5% had a CVD death.

Pharmacy Refill Adherence

The prevalence of low, medium and high antihypertensive medication adherence was 4.5%, 

23.7%, and 71.8%, respectively, for MPR. Participant characteristics by MPR are shown in 

the left panel of Table 1. Participants with worse medication adherence by MPR were more 

likely to be black and have fewer than 2 alcoholic drinks per week, depressive symptoms, 

and uncontrolled blood pressure at baseline. They were less likely to be married, have at 

least a high school education, be taking 3 or more classes of antihypertensive medications, 

have Charlson comorbidity ≥ 2, and have hypertension ≥ 10 years. Lower adherence by 

MPR at baseline was associated with higher odds ratio of uncontrolled blood pressure during 

follow-up: 1.55 (95% CI 1.23, 1.96) for medium versus high MPR and 2.06 (95% CI 1.26, 

3.36) for low versus high MPR.

The proportion of the sample with a CVD event was 16.1%, 13.4% and 10.7% among those 

with low, medium and high MPR (Figure 2a and Table 2). After multivariable adjustment 

and compared to those with high MPR, the HR (95% CI) for the composite CVD outcome 

associated with medium and low MPR were 1.17 (0.87, 1.56) and 1.87 (1.06, 3.30), 

respectively (Table 2). The associations between adherence by MPR and the composite 
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CVD outcome for MPR were consistent across race and sex groups (Supplemental Table 1; 

P-interaction for race = 0.801, for sex = 0.339).

Self-Reported Adherence-MMAS-8

The prevalence of low, medium and high antihypertensive medication adherence was 

14.0%, 34.3%, and 51.8% for MMAS-8. Participant characteristics by category of MMAS-8 

are shown in the right panel of Table 1. Participants with worse medication adherence by 

MMAS-8 were more likely to be black, and have a BMI ≥ 30 kg/m2, depressive symptoms, 

and uncontrolled blood pressure at baseline; they were less likely to be ≥ 75 years old and 

report reducing salt to control their blood pressure. Lower adherence by MMAS-8 at 

baseline was associated with uncontrolled blood pressure during follow-up with odds ratios 

(95% CI) of 1.15 (0.92, 1.45) for medium versus high MMAS-8, and 1.58 (1.17, 2.12) for 

low versus high MMAS-8.

In unadjusted analyses, there was no association between MMAS categories and CVD 

events (Figure 2b and Table 2). After multivariable adjustment and compared to those with 

high MMAS-8, the HRs (95% CI) for the composite CVD outcome associated with medium 

and low MMAS were 1.04 (0.79, 1.38) and 0.89 (0.58, 1.35), respectively. These results 

were consistent across race and sex subgroups (Supplemental Table 1; P-interaction for race 

= 0.093, for sex = 0.663).

Sensitivity Analyses

When adherence by MPR and MMAS-8 were separately evaluated for association with 

CVD events using a single cut-point, the results were qualitatively similar (adjusted HRs 

(95% CI) of 1.00 (0.78, 1.30) for MMAS-8 < 8 versus 8 and 1.32 (0.99, 1.75) for MPR <0.8 

versus ≥0.8. When MPR was modeled as a log-transformed continuous variable, a 25% 

decrease in MPR was associated with a HR (95% CI) for CVD events of 1.04 (1.00–1.09; p 

value = 0.073). When MMAS-8 was modeled as a log-transformed continuous variable, a 

25% decrease in MMAS-8 was associated with a HR (95% CI) of 1.21 (0.57-2.58; p value = 

0.623) for CVD events.

When alternate cut-points were used to define low, medium and high adherence on the 

MMAS-8 (<4.5, 4.5 to <7, and ≥7 to 8, respectively), no association was present between 

MMAS-8 and CVD events (adjusted HRs (95% CI) 1.04 (0.78, 1.38) for 4.5 to ≥7 versus >7 

and 1.57 (0.64, 3.86) for <4.5 versus >7). Averaging the two measures of MMAS-8 

collected at baseline and first follow-up, no association was present between MMAS-8 and 

subsequent CVD. The adjusted HRs (95% CI) for those with medium and low compared to 

high MMAS-8 were 0.90 (0.65, 1.37) and 0.98 (0.56, 1.73), respectively.

When PDC was used as the measure of pharmacy refill adherence to assess the association 

with CVD outcome, the results were qualitatively similar to MPR (Supplemental Table 2).

Discussion

In the current study conducted in a real world setting of older insured patients with 

established hypertension, low adherence to antihypertensive medications identified using a 
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pharmacy refill measure and self-report was significantly associated with uncontrolled blood 

pressure at baseline and during follow-up for both measures. Compared to their counterparts 

with high adherence, those with low adherence to antihypertensive medication, defined as an 

MPR <0.5, had a nearly 2-fold higher risk of a CVD event over a median follow up of 3.8 

years. In contrast, there was no association between adherence measured by MMAS-8 and 

CVD. The results were consistent in sensitivity analyses. For pharmacy refill adherence, 

these findings are similar to prior studies revealing that pharmacy refill adherence is 

associated with lower risk of long-term adverse clinical outcomes in patients treated for 

hypertension 4–8, 14. However, fewer studies have contrasted pharmacy refill versus self-

reported antihypertensive medication adherence on CVD outcomes.

Prior investigations exploring associations between self-reported adherence and CVD 

outcomes in older adults have yielded inconsistent results 30, 31. In outpatients treated for 

stable coronary artery disease, a single self-reported medication adherence question was 

associated with a greater than 2-fold increase in CVD events 30. In the Second Australian 

National Blood Pressure Study trial, participants reporting good adherence using a 4-item 

scale were marginally less likely to experience some types of cardiovascular events10. In 

contrast, Wu and colleagues found that self-report adherence using a similar single item was 

not associated with outcomes in patients treated for heart failure31, and discussed issues 

regarding reliability32, 33 and the potential for recall and social desirability biases34 with 

self-reported measures. Previous research has demonstrated reliability and validity of the 

MMAS-8 in its association with blood pressure 22, 35 and modest association between 

pharmacy refill and MMAS-8 19. An explanation for the differences in association between 

adherence and long-term outcomes using the 2 measures may reflect that MPR and 

MMAS-8 measure different aspects of adherence behavior which may vary within the same 

patient and differentially impact associations with long-term outcomes. MPR assesses 

medication filling behavior whereas MMAS-8 assesses medication-taking behavior 

(presumably after medications are obtained via pharmacy refill or via office samples) and 

provides information on reasons why patients may not be taking their medications. Thus, 

MMAS-8 reflects medication-taking determinants further down the chain of linked 

adherence behaviors (linked behaviors such as going to the doctor’s office for diagnosis and 

prescription, then filling prescriptions, and then taking the medications) 12, 36. In addition, 

although blacks and those with depressive symptoms were identified as low adherers by 

both measures, low adherers by MPR in this study were less likely to be married, to have 

higher education and to be taking three or more medications. These differences may be 

markers of poor health outcomes and contribute to CVD events. For example, marital status 

has been shown to confer health advantages in the general population and in those 

undergoing CVD procedures37. Differences in what each measure assesses and the 

characteristics of those identified as low adherers may have important implications when 

determining associations with long-term outcomes. Finally, our prior work revealed low 

incidence of declining adherence using MMAS-8 in older patients with established 

hypertension over 2 years of follow up (4.3% annual rate of decline in adherence)35. 

Pharmacy refill is calculated using monthly data points over twelve months and may be 

more reflective of adherence behavior over time.
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Healthcare providers may benefit from having information on both self-report and pharmacy 

refill adherence behavior. During medical encounters, MMAS-8 is a quick way to identify 

which patients are adhering to prescribed therapies, to obtain important information on 

barriers to adherence that can be targeted for interventions to improve medication adherence 

and blood pressure control in the short-term, and to monitor change in adherence35. MPR 

can be used to identify those not filling prescriptions over time and assess risk of adverse 

outcomes in the long-term. Unlike MMAS-8, MPR does not provide information on barriers 

to adherence. Together, the objective and self-reported adherence measures provide 

complementary information that can guide appropriate engagement of patients and providers 

in the management of high blood pressure and other chronic conditions. Pharmacy refill 

measures may be particularly important for research studies and population management 

projects given the association between this measure and CVD events.

Study Limitations and Strengths

The current study was limited to English-speaking adults 65 years of age and older with 

health insurance in one region of the US and relatively high adherence rates, and thus, may 

not be generalizable to all persons with hypertension. Higher adherence in older versus 

younger adults have been reported15, 38–41. We report a similar prevalence of high 

adherence rates as a recent meta-analysis including 11 studies of patients taking 

antihypertensive medications (good adherence rates were 59% (95% CI 42% – 77%)14. 

Neither pharmacy refill nor self- reported adherence measures provide evidence that 

medications are actually taken correctly by patients, and primary nonadherence was not 

assessed. There is no gold standard for measuring medication adherence, and each method 

has strengths and limitations 42, 43. Although pharmacy refill data are becoming increasingly 

available, a low proportion of adults receive care in settings where pharmacy refill data are 

readily available 44. All pharmacy claims captured through the managed care organization 

were included in the analyses; however, it is possible that some participants filled 

prescriptions outside of the system and these claims were not included. Furthermore, the 

diverse nature of the MMAS-8 questions – while an important feature for identification of 

the varied barriers to adherence –may impede the scale’s ability to predict future events. 

Self-report tools are subject to recall and social desirability biases resulting in 

misclassification of participants and overestimation of adherence behavior. Although one 

prior study found no social desirability in responses provided on the MMAS-8, future 

investigation is warranted22. Although we confirmed CVD events against medical records to 

increase reporting accuracy, use of ICD-9 codes to identify CVD events may be subject to 

misclassification bias. The potential misclassification, however, is unlikely to be differential 

among the adherence groups.

This study has many strengths, including its prospective design, relatively large sample size, 

broad range of data collected (survey, administrative, and clinical data), availability of both 

pharmacy refill and self-reported adherence data, diversity of the sample with respect to 

sociodemographic characteristics and the presence of risk factors, and ability to perform 

sensitivity analyses. Because the CoSMO study is limited to community-dwelling older 

adults in a managed care organization, confounding by access to care and health insurance is 

reduced. Finally, because hypertension is a prevalent disease in older adults, the results of 
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this study may be useful in the evaluation and management of a substantial segment of the 

population.

Conclusion

Poor antihypertensive medication adherence assessed using pharmacy refill data was 

associated with uncontrolled BP and increased risk for CVD events in community-dwelling 

patients with established hypertension. In contrast, while associated with BP control, self-

report antihypertensive medication adherence using MMAS-8 was not associated with CVD 

incidence. The differences in the association of pharmacy refill versus self-report with CVD 

may be due to traits in the behaviors each adherence measure assesses. Self-report tools may 

provide important information to clinicians regarding barriers to adherence that can be 

targeted for intervention; pharmacy refill measures may provide medication filling patterns 

and enable assessment of barriers to refilling medications and of adverse event risk in 

clinical, population-based, and research settings. Identification of patients with poor 

medication adherence in outpatient settings may be important in facilitating patients 

achieving controlled blood pressure and ultimately improved cardiovascular health.
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Figure 1. Recruitment and Follow up Flowchart for the Cohort Study of Medication Adherence 
among Older Adults (CoSMO)
Adapted from Krousel-Wood et al. Med Clin N Am 93:753–769, 2009

*Ineligible during the recruitment phase due to no confirmed diagnosis of hypertension 

(22.9%), hard of hearing (16.4%), too ill to complete survey (12.6%), deceased (11.5%), 

cognitive screen failure (11.1%), not currently prescribed antihypertensive medication 

(8.4%), no longer enrolled in managed care organization (6.9%), non-English speaker 

(5.8%), confined to a nursing home (1.9%), moved out of state (1.1%), current treatment for 

cancer (1%), or miscellaneous reason (<1%).

^ Ineligible in the follow up phase due to hospitalization for CVD outcome in the year prior 

to the baseline survey

†Reason for exclusion: missing Medication Possession Ratio (MPR) data in the year prior to 

the baseline survey

CVD-cardiovascular disease
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Figure 2. Cumulative incidence of Cardiovascular Disease Outcome by Level of 
Antihypertensive Medication Adherence at Baseline
Figure 2a: Medication Possession Ratio (MPR)

Figure 2b: Morisky Medication Adherence Scale (MMAS-8)

*P-value for Log-Rank test

CVD-Cardiovascular Disease

MPR—Medication Possession Ratio

MMAS-8—Morisky Medication Adherence Scale 8-item

Composite CVD outcome-myocardial infarction, congestive heart failure, stroke, or 

cardiovascular death
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