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Abstract
Objective—To develop and evaluate a short self-report tool to predict low pharmacy refill
adherence by using pharmacy refill data in older patients with uncontrolled hypertension.

Design—Cross-sectional analysis of survey and administrative data data from the Cohort Study
of Medication Adherence among Older Adults (CoSMO).

Participants—Three hundred ninety-four adults with uncontrolled blood pressure; mean ± SD
age was 76.6 ± 5.6 years, 33.0% were black, 66.0% were women, and 23.4% had a low
medication possession ratio (MPR).

Measurements and Main Results—We considered 164 self-reported candidate items for
development of a prediction rule for low (< 0.8) vs. high (≥ 0.8) MPR from pharmacy refill data.
Risk prediction models were evaluated by using best subsets analyses, and the final model was
chosen based on clinical relevance and model parsimony. Bootstrap simulations assessed internal
validity. The performance of the final 4-item model was compared to the 8-item Morisky
Medication Adherence Scale (MMAS-8) and the 9-item Hill-Bone Compliance Scale. The 4-item
self-report tool for predicting pharmacy refill adherence showed moderate discrimination (C
statistic 0.704, 95% CI 0.683–0.714) and good model fit (Hosmer-Lemeshow χ2 = 1.238,
p=0.743). Sensitivity and specificity were 67.4% and 67.8%, respectively. The C statistics for
MMAS-8 and the Hill-Bone Compliance Scale were lower at 0.665 (95% CI 0.632–0.683) and
0.660 (95% CI 0.622–0.674), respectively.

Conclusion—A 4-item self-report tool moderately discriminated low from high pharmacy refill
adherers, and its test performance was comparable to existing 8- and 9-item adherence scales.
Parsimonious self-report tools predicting low pharmacy refill in patients with uncontrolled blood
pressure could facilitate hypertension management in the elderly.

*Corresponding Author: Marie Krousel-Wood, Ochsner Clinic Foundation, 1514 Jefferson Highway, New Orleans, LA 70121, Phone:
504-842-3680, FAX: 504-842-3648, mawood@ochsner.org. Alternate corresponding author : Elizabeth Holt, eholt@ochsner.org.

NIH Public Access
Author Manuscript
Pharmacotherapy. Author manuscript; available in PMC 2014 August 01.

Published in final edited form as:
Pharmacotherapy. 2013 August ; 33(8): 798–811. doi:10.1002/phar.1275.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
hypertension; medication adherence; pharmacy refill; uncontrolled blood pressure; risk prediction

Hypertension persists as a major public health and clinical challenge; data from the National
Health and Nutrition Examination Survey 2005–2008 indicate that 33.5% of US adults
(76,400,000 individuals) have hypertension 1–3. Uncontrolled blood pressure is a major risk
factor for coronary heart disease, stroke, renal failure, all-cause mortality, and shortened life
expectancy 4. Effective medical therapies exist; yet, only 69% of US adults treated for
hypertension have controlled blood pressure 2. Given that medication adherence rates are
estimated at 50% for long-term medications 5, low adherence to prescribed medications has
been implicated as one of the key contributors to uncontrolled blood pressure 6–8. In a meta-
analysis, the odds ratio (OR) for hypertension control among patients adherent versus those
not adherent to antihypertensive medications was 3.44 (95% confidence interval (CI) 1.60–
7.37) 6.

The commonly used self-report antihypertensive medication adherence tools were developed
to identify barriers to adherence and predict blood pressure control in predominantly middle-
aged adult populations receiving outpatient care for hypertension 9–11. Yet, their
performance in different populations has varied 12. Given the high prevalence of
hypertension and the challenge of low adherence in the elderly, combined with limited
resources in clinical practice, there is a need to accurately identify low adherers among older
adults with uncontrolled blood pressure so they can be triaged for intervention. Use of
antihypertensive medication refills is an objective adherence measure associated with blood
pressure control and good clinical outcomes 13–15; however, refill data are not accessible in
most clinical practices. Thus, there is a need for a simple tool that can predict the occurrence
of low pharmacy refills in high-risk older patients with uncontrolled hypertension to
facilitate hypertensive management in clinical settings.

Results from prior research suggest that a risk prediction model based on healthcare
administrative data alone cannot accurately predict whether patients are adherent to
antihypertensive medications by using pharmacy refill data16. It is possible that
administrative data models have been unsuccessful in predicting adherence because they fail
to include major barriers that are typically collected through patient self-report (e.g.
medication-taking self-efficacy and quality of life). We previously described a conceptual
model outlining multiple risk factors and barriers associated with poor adherence and
uncontrolled hypertension 17. However, few datasets are available that include
comprehensive assessment of risk factors and barriers in addition to pharmacy refill data.

We hypothesized that more extensive assessment of risk factors and barriers to medication
adherence collected by using validated patient self-report tools may yield a risk prediction
tool for pharmacy refills with better discrimination than that reported by using
administrative databases alone. In addition, we hypothesized that the tool would perform as
well as the longer existing self-report adherence tools. To test these hypotheses, we
developed a self-report tool for predicting low adherence in refilling antihypertensive
medications from patients enrolled in the Cohort Study of Medication Adherence among
Older Adults (CoSMO)8 who had uncontrolled blood pressure and compared its
performance to the existing self-report Morisky Medication Adherence Scale (MMAS-8)
and the Hill-Bone Compliance Scale.
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Methods
Study Design and Population

We conducted a cross-sectional analysis of survey and administrative data from participants
enrolled in the CoSMO study, a prospective cohort study assessing barriers to and
determinants of medication adherence in older adults.8 The CoSMO study design,
recruitment flowchart, response rates, and baseline characteristics of participants have been
previously described 8. The CoSMO study was approved by the Institutional Review Board
and the privacy board of the managed care organization. In brief, community-dwelling
adults aged 65 years and older with established and treated essential hypertension were
randomly selected by using a random number generator from the roster of a large managed
care organization in southeastern Louisiana; blacks and men were oversampled to ensure
adequate enrollment in the study population. Between August 2006 and September 2007,
2194 individuals completed a baseline survey. Participants were resurveyed one and two
years later. The recapture rate was 93.6% for the follow-up surveys. All data for study
measures included in this analysis (i.e., candidate items for risk prediction models and
pharmacy fill) came from the first follow-up survey (which included a broader data
collection for risk factors) and administrative database downloads. In an effort to identify
patients with established hypertension who should be assessed for adherence problems in the
outpatient setting, the study sample was limited to 394 participants with uncontrolled blood
pressure, using an established definition of systolic blood pressure ≥140 mm Hg or diastolic
blood pressure ≥90 mmHg 1. The prevalence of uncontrolled blood pressure among treated
adults with hypertension in the CoSMO population was 33.7% 8, a rate that is comparable to
the US estimate of 31% for uncontrolled hypertension among treated adults 2. Seated
systolic and diastolic blood pressure measurements taken at the clinic visit occurring prior to
the survey date were abstracted from medical records by trained research staff by using
standardized forms. Blood pressure levels were averaged when more than one measurement
was taken at the clinic visit (mean number of measurements per visit was 1.25 [range 1–4]).
Of note, the sample for the current analysis was comparable to the CoSMO population on
key characteristics. There were no significant differences in age, race, education, or duration
of hypertension (p>0.10 for all comparisons) between those included versus those not
included in the analytic sample. Participants included in the analytic sample of uncontrolled
blood pressure versus those not included were more likely to be women (66.0% versus
57.3%, p<0.01).

Pharmacy Refill Outcome Measure: Medication Possession Ratio
Data for the primary outcome measure, pharmacy refills, came from the data warehouse
system of the managed care organization in which all CoSMO patients were enrolled.
Pharmacy refill data included a listing of all prescriptions filled, the date filled, generic and
brand names of the drugs, and number of pills dispensed at each pharmacy fill. From these
data, the medication possession ratio (MPR) for antihypertensive medications was calculated
as the sum of the days’ supply obtained between the first pharmacy fill and the last fill (the
supply obtained in the last fill was excluded), divided by the total number of days over the
one year interval. For participants filling more than one class of antihypertensive
medication, the MPR was calculated for each class, and the data were averaged across all
classes to assign a single MPR for each participant. If a participant filled a combination
medication with 2 or more classes, the fill data were used to calculate each class-specific
MPR and then averaged across all classes as described above 18;19. In accordance with
previous studies, a cut point of less than 0.8 was used to define low MPR 20.

Krousel-Wood et al. Page 3

Pharmacotherapy. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Candidate Items for Explanatory Variables
We considered 164 candidate items for development of a prediction rule for low MPR. All
candidate items were selected based on an established conceptual model 17 and came from a
telephone survey that included validated questionnaires administered by trained
interviewers 8. The questionnaires included in this tool development were publically
available without copyright restrictions. An outline of the constructs and data sources used
to select candidate items is presented in Table 1. Survey questions included assessment of
sociodemographics (age, sex, race, education, and marital status) and patient risk factors
including clinical characteristics, smoking status, alcohol use, and use of the health care
system. Questions assessing presence of depressive symptoms, social support, quality of life,
and perceived stress came from the Center for Epidemiologic Studies Depression Scale 21,
the RAND Medical Outcomes Study Social Support Survey 22, the RAND Medical
Outcomes Study 36-item tool 23;24, and the Perceived Stress Scale 25, respectively.
Questions assessing patients’ medication adherence self-efficacy were assessed by using the
Medication Adherence Self-Efficacy Scale 26. Questions assessing the use of lifestyle
modifications (weight control, salt reduction, fruit and vegetable consumption) to lower
blood pressure came from the National Health and Nutrition Examination Survey
(NHANES) 27. Questions assessing complementary and alternative therapies (including
general use, health food and herbal supplements, and relaxation techniques) to help control
blood pressure came from a modified Complementary and Alternative Therapies
Survey 28;29. Finally, items assessing patients’ medication-taking behavior were measured
by using the 9-item medication-taking subscale from the Hill-Bone Compliance Scale9.

Existing Medication Adherence Scales
Data from two previously published medication adherence scales were collected as part of
the first follow-up survey in the CoSMO study: the MMAS-8 and the Hill-Bone Compliance
Scale. The 8-item MMAS-8 was designed to facilitate the identification of barriers to and
behaviors associated with adherence to long-term medications and has been determined to
be significantly associated with blood pressure control (p<0.05) in cross-sectional studies 10.
The MMAS-8 score can range from 0–8, with higher scores reflecting better adherence. The
9-item Hill-Bone Compliance scale was designed as a simple tool for clinicians to evaluate
patients’ self-reported adherence. Each item has a 4-point Likert response format, and total
score can range from 9–36, with lower scores reflecting better adherence 9;30.

Statistical Analysis
The distribution of responses for each candidate item was examined, and variables were
either coded as linear terms or indicator variables. Bivariate associations between low MPR
and the 164 individual items from these survey tools were examined, and 61 candidate items
associated with an MPR < 0.8 at the p ≤ 0.25 level were considered in the development of
candidate multivariable logistic regression models (Appendix 1). We used a best subset
logistic regression approach in developing the self-report tool to avoid having an excessive
number of predictors in any model. 31–33. To avoid overfitting our model, we restricted the
subset sizes to 9 or fewer independent variables (i.e., <1 per every 10 participants with low
MPR) in an a priori fashion. Among models with similar fit statistics and concordance
measures, a final model was chosen based on clinical relevance of the items and model
parsimony. Using previously established methods 34, we developed a risk prediction scoring
system from the intercept and beta coefficients of the 4-item logistic regression model. To
determine the points associated with each of the categories of the risk factors, each beta
coefficient was divided by a constant value, which was the log of the lowest OR from the 4-
item model (OR 1.23). One point was assigned for response options reflecting less than
perfect medication-taking behavior or limitations in health, yielding a possible range of 0
(highest adherence) to 4 (lowest adherence) points. Other scoring systems using alternate
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constant values were considered; however, because the simplified (0–4-point range) scoring
system was comparable to alternate systems, we chose to present the simplified scoring
results for ease of use 34. We then calculated the sensitivity and specificity of the 4-item tool
for predicting pharmacy refill adherence via MPR by using multiple cut points. Optimal
sensitivity and specificity were attained with the cut point of <1 (i.e. high adherence) vs ≥1
(i.e., low adherence). The concordance statistic (C statistic) was used to assess the model’s
discrimination of low versus not low adherers. Ranging from 0.5 to 1.0, higher values of the
C statistic correspond to better discrimination of low adherers from not low adherers. The
95% confidence interval of the C statistic was calculated from bootstrap simulations (using
10,000 replications) including a deflation factor for performance optimism to assess internal
validation of the predictive model 35. Goodness of fit of the model was assessed with the
Hosmer-Lemeshow χ2 statistic.

Comparison with Existing Adherence Tools
The prediction of low pharmacy refills using MPR was also determined by using the
MMAS-8 and the Hill-Bone Compliance Scale. The C statistics of these models were
compared to those of the 4-item tool predicting pharmacy refill adherence we developed in
the overall population and stratified by age, sex, race, and comorbidity. We assessed
whether the discriminatory properties of the 4-item tool were comparable to existing
medication adherence tools for prediction of low pharmacy refill using MPR by using area
under the curve (AUC) tests 36. Finally, by using previously published cut points (8 for
“high adherence” vs < 8 for “not high adherence” in the MMAS-810 and 9 for “perfect
adherence” vs > 9 for “imperfect adherence in the Hill-Bone Compliance Scale37), we
calculated the sensitivity and specificity of each existing self-reported adherence tool and
compared the results with the 4-item tool predicting pharmacy refill adherence by using
MPR. All analyses were conducted by using SAS software, version 9.2 (SAS Institute Inc.,
Cary, NC).

Results
The mean ± SD age of the 394 participants included in the sample was 76.6 ± 5.6 years,
33.0% were black, 66.0% were women, 48.0% were married, 64.5% had hypertension
duration ≥10 years, and 45.7% filled three or more classes of antihypertensive medications
in the prior year (Table 2). An MPR of <0.8 was present in 23.4% of participants. Black
patients and patients with higher comorbidity scores had a statistically significantly higher
prevalence of MPR <0.8 compared to white patients and those with lower comorbidity
scores (Table 2). Additionally, each candidate item selected for the final model (i.e.,
medication-taking behavior, medication-taking self-efficacy, and physical function) was
significantly associated with MPR <0.8.

The associations between each of the 61 candidate items and low MPR are shown in
Appendix 1. The multivariable-adjusted odds ratios for low pharmacy refill adherence using
MPR in the final predictive model are shown in Table 3. This final model includes 2 items
assessing medication nonadherence from the Hill-Bone Compliance Scale,9 one item
assessing concerns about medication-taking behavior from the Medication Adherence Self-
Efficacy Scale,26 and one item on functional status/quality of life from the RAND Medical
Outcomes Study 36-item tool.23 The 2 items with the strongest association with low MPR
are from the Hill-Bone Compliance Scale: missing taking medications when patient feels
better (OR 5.06, 95% CI 1.71–15.03) and forgetting to take medications (OR 3.18, 95% CI
1.81–5.61). The other 2 items, health limiting moderate activities a lot (OR 2.81, 95% CI
1.47–5.35) and unsure about taking medications all of the time when patient is worried
about taking them the rest of his or her life (OR 2.62, 95% CI 1.11–6.20) were also
significantly associated with low MPR. The final model showed moderate discrimination
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and had good model fit (Hosmer and Lemeshow goodness-of-fit χ2 = 1.238, p=0.743). In
the overall population, the 4-item tool had a C statistic of 0.704 (95% CI 0.683–0.714)
compared to 0.665 (95% CI 0.632–0.683) and 0.660 (95% CI 0.622–0.674) for the MMAS-8
and the Hill-Bone Scale, respectively.

The 4-item tool showed comparable discrimination when compared with existing longer
tools (p=0.110 for the difference in AUC of the Hill-Bone Compliance Scale vs the 4-item
tool, and p=0.201 for the difference in AUC of the MMAS-8 vs the 4 item tool; Figure 1). In
the stratified analyses, the C statistics were similar by sex, but differences were identified
for age, comorbidity, and race. The difference in C statistic by race was notable for the 4-
item tool; the C statistic was 0.760 (95% CI 0.687–0.832) for nonblacks and 0.663 (95% CI
0.558–0.768) for blacks. The differences in the C statistics by race for the MMAS-8 and the
Hill-Bone were not as large (Table 4), although the C statistics were less than 0.7 for each of
these scales for both blacks and nonblacks.

Using a cut point of ≥1 to identify low adherers (versus <1 for high adherers), the sensitivity
and specificity of the 4-item tool was 67.4% and 67.8%, respectively. The sensitivity and
specificity were also calculated for the MMAS-8 (sensitivity and specificity of 65.2% and
57.6% for a score < 8 [not high adherence] versus a score of 8 [high adherence],
respectively) and the Hill-Bone Compliance Scale (sensitivity and specificity of 54.3% and
74.8% for a score <9 [imperfect adherence] versus a score of 9 [perfect adherence],
respectively).

Discussion
Low adherence to antihypertensive medications is a barrier to controlled blood pressure in
elderly patients. Pharmacy refill is an objective and important measure of adherence.
However, pharmacy refill data are not routinely available in most outpatient medical
practices. Using comprehensive data collected from the CoSMO study, we developed and
internally validated a simple tool to identify individuals with uncontrolled blood pressure
who have a high likelihood of low pharmacy refill adherence. The responses to the items
composing the tool (i.e., missing taking medications when feeling better, forgetting to take
medications, unsure about taking medications all of the time when worried about taking
them for the rest of their life, and health limiting moderate activities a lot) may provide
important insights into known barriers to medication-taking in clinical settings. The 4-item
tool had moderate discrimination, indicated by a C statistic of 0.704 in the CoSMO study.
The performance of the 4-item tool in terms of C statistics, sensitivity, and specificity were
comparable with the existing 8-item MMAS and the 9-item Hill-Bone Scale. As
hypothesized, the 4-item tool based on self-reported items performed better (C statistic
0.704, multivariable odds ratios >2.5 for each item) than a previously published tool that
used sociodemographic and clinical characteristics from administrative datasets to predict
refill adherence in patients with hypertension (C statistic 0.606, multivariable odds ratios ≤
1.7 for each item)16.

Despite the performance of the 4-item tool, there is still opportunity for improvement in
predicting pharmacy refill adherence using self-reported items. The 4-item model performed
comparably to the MMAS-8 and Hill-Bone scales in the overall population. Some
differences were observed among the scales when stratified by age, race, and comorbidity.
Of particular interest is the analysis stratified by race where the difference in the C statistic
(0.760 in nonblacks and 0.663 in blacks) revealed suboptimal performance in blacks
compared to nonblacks. Although the C statistics stratified by race for the MMAS-8 and
Hill-Bone revealed slightly better performance in blacks than nonblacks, they were still <0.7
in both groups for each scale. It is important to note that the sample size for blacks in the
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current study was small and the finding of lower performance in blacks could be a chance
finding. Thus, further evaluation of the 4-item scale developed in the current study,
especially in blacks, is warranted. We used a structured approach and data from a
comprehensive database to produce a parsimonious and clinically relevant model of 4 items.
Each of these items was identified from constructs (medication-taking behavior, self-
efficacy, and physical functioning) that have been previously reported to be associated with
low pharmacy refill adherence 8;18;24;38. The present study extends prior reports by grouping
a small number of items into a screening tool that could be used to identify elderly patients
with low pharmacy refill adherence among those with uncontrolled hypertension. This may
be particularly useful in clinical practice when attempting to distinguish patients who have
resistant hypertension from those who are poor adherers to prescribed antihypertensive
medications. Tools such as these could also be used to identify elderly patients for follow-up
with their physician, other healthcare provider, health coach, or pharmacist for interventions
to improve medication adherence. Improved adherence may result in better disease control,
improved outcomes, and lower healthcare costs in these high-risk adults 39–41. Given that
the 4-item tool presented here had moderate discrimination and sensitivity and specificity
metrics, future studies should venture to identify screening tools with improved test
characteristics.

Limitations and Strengths
The items for the 4-item tool predicting pharmacy refill adherence were based on self-report
tools that are available in the public domain. It is possible that inclusion of other variables,
such as social determinants, financial barriers, access to care, and specific adverse effects of
medications, or use of copyrighted tools may result in a model with different and perhaps
better performance metrics. This study considered a large number of potential predictors
selected on the basis of established associations with medication adherence and a previously
published conceptual model among 394 individuals with uncontrolled hypertension of
whom 92 had poor adherence. We used a best subset logistic regression approach in
developing the self-report tool to avoid having an excessive number of predictors and over
fitting the models. However, given the limited sample size, this 4-item tool should be
validated in other larger studies. Of note, there is no gold standard for measuring medication
adherence, and each method has limitations 42;43. Although pharmacy fill data are becoming
increasingly available, less than 30% of US adults receive care in settings where pharmacy
fill data are readily available 44. The patients included with uncontrolled hypertension were
identified by using blood pressure data abstracted from medical records and not measured
using a study protocol. The current study was limited to English-speaking adults aged 65
years and older with health insurance in one region of the US, and generalizability may be
limited. However, almost all US citizens ≥ 65 years of age have health insurance and
pharmacy benefits through Medicare 45. The 4-item tool has not yet been validated using an
external dataset. Despite these limitations, strengths of this study include a diverse
population of community-dwelling older adults with uncontrolled blood pressure, extensive
collection of data regarding risk factors and barriers to medication adherence, availability of
pharmacy refill data, and availability of 2 existing self-report scales (MMAS-8 and Hill-
Bone Compliance Scale) for comparison with the 4-item tool. The restriction of our sample
to older adults in a managed care setting minimizes the confounding effects of health
insurance, access to medical care, and employment status in older adults.

Implications for Clinical Practice
Poor adherence to medications is a concern because of increasing evidence that it is
prevalent and associated with adverse events and higher medical costs 46. In addition, the
use of performance measures that reward quality based on the attainment of blood pressure
control reinforces the importance of continuous medication adherence 47. Nevertheless,
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medication adherence is not routinely assessed during outpatient visits, 48 possibly because
providers may not think of low adherence as the reason for uncontrolled blood pressure or
they are uncertain about how to feasibly measure adherence in clinical practice. Our study
results indicate that self-reported adherence tools may be able to identify older adults with
uncontrolled blood pressure who have low pharmacy fill rates. Although existing 8- and 9-
item scales appear to be useful in research settings and take 5–10 minutes to complete, these
may be too long for use in busy clinical practices. The simple 4-item tool developed in the
current study may be more practical and acceptable to clinicians seeking to identify high-
risk older adults for adherence interventions. This tool provides similar information to
existing tools, reflects pharmacy refill behavior, and takes less than 5 minutes to complete.
Further research is warranted to explore the added value and cost implications of collecting
self-report adherence in clinical practice.

Conclusion
Low adherence to antihypertensive medications is an important risk factor for cardiovascular
disease, mortality, and high healthcare costs. Despite the importance of medication
adherence to effective management of hypertension, it is not routinely assessed in clinical
practice. The 4-item self-report tool developed in the current study has moderate
discrimination in detecting low pharmacy refill adherence in elderly patients and performs
similarly to existing 8- and 9-item tools. Opportunities exist to improve screening tools for
antihypertensive medication adherence assessment. The availability of short screening tools
with strong test characteristics can increase awareness and detection of and counseling for
low antihypertensive medication adherence in clinical practice.
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Appendix 1. Association Between the 61 Candidate Items and Low
Pharmacy Refill Adherence

Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

9-item Hill-Bone Compliance Scale9

How often do you…

…forget to take your high BP medicine?

  None 79.4 17.9 82.1**

  Some, most, or all of the time 20.6 44.4 55.6

…decide not to take your high BP medicine?

  None 95.2 21.9 78.1**

  Some, most, or all of the time 4.8 52.6 47.4

…run out of high BP pills?

  None 91.1 21.2 78.8**

  Some, most, or all of the time 8.9 45.7 54.3

…skip your high BP medicine before you go to the doctor?

  None 91.9 20.4 79.6**

  Some, most, or all of the time 8.1 56.3 43.8

…miss taking your high BP pills when you feel better?

  None 95.4 21.3 78.7**

  Some, most, or all of the time 4.6 66.7 33.3

…miss taking your high BP pills when you feel sick?

  None 97.2 22.2 77.8**

  Some, most, or all of the time 2.8 63.6 36.4

… miss taking your high blood pressure pills when you are
careless?

  None 88.1 21.0 79.0**

  Some, most, or all of the time 11.9 40.4 59.6

… miss scheduled appointments?

  None 85.3 21.1 78.9*

  Some, most, or all of the time 14.7 36.2 63.8

… forget to get prescriptions filled?

  None 95.4 22.6 77.4

  Some, most, or all of the time 4.6 38.9 61.1

…eat fast food?

  None 31.0 17.2 82.8*

  Some, most, or all of the time 69.0 26.1 73.9

Medication Adherence Self-Efficacy Scale

How sure are you that you can take your blood pressure
medication all of the time…

… when the time to take them is between your meals?
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Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

  Very sure or not applicable 94.4 22.6 77.4

  Somewhat or not at all sure 5.6 36.4 63.6

… when you are busy at home?

  Very sure or not applicable 93.4 21.5 78.5**

  Somewhat or not at all sure 6.6 50.0 50.0

… when you are at work?

  Very sure or not applicable 99.0 23.1 76.9

  Somewhat or not at all sure 1.0 50.0 50.0

…when you are afraid of becoming dependent on them?

  Very sure or not applicable 89.6 22.4 77.6

  Somewhat or not at all sure 10.4 31.7 68.3

… if they sometimes make you feel dizzy?

  Very sure or not applicable 91.6 21.9 78.1*

  Somewhat or not at all sure 8.4 39.4 60.6

… when you feel well?

  Very sure or not applicable 94.2 21.6 78.4**

  Somewhat or not at all sure 5.8 52.2 47.8

…if they sometimes make you tired?

  Very sure or not applicable 92.9 21.3 78.7**

  Somewhat or not at all sure 7.1 50.0 50.0

… when you take them more than once a day?

  Very sure or not applicable 95.2 21.9 78.1**

  Somewhat or not at all sure 4.8 52.6 47.4

… when you feel you do not need them?

  Very sure or not applicable 91.6 21.3 78.7**

  Somewhat or not at all sure 8.4 45.5 54.6

… when you do not have any symptoms?

  Very sure or not applicable 93.7 22.2 77.8*

  Somewhat or not at all sure 6.3 40.0 60.0

… when you have other medications to take?

  Very sure or not applicable 94.9 22.2 77.8*

  Somewhat or not at all sure 5.1 45.0 55.0

… when there is no one to remind you?

  Very sure or not applicable 92.6 21.6 78.4**

  Somewhat or not at all sure 7.4 44.8 55.2

… when you are afraid they may affect your sexual
performance?

  Very sure or not applicable 92.9 21.6 78.4**

  Somewhat or not at all sure 7.1 46.4 53.6
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Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

… when they cause some side effects?

  Very sure or not applicable 88.6 22.4 77.7

  Somewhat or not at all sure 11.4 31.1 68.9

… when you are traveling?

  Very sure or not applicable 95.4 22.3 77.7*

  Somewhat or not at all sure 5.6 44.4 55.6

… when you are with family?

  Very sure or not applicable 94.7 22.5 77.5

  Somewhat or not at all sure 5.3 38.1 61.9

… when they make you urinate while away from home?

  Very sure or not applicable 88.6 22.1 77.9

  Somewhat or not at all sure 11.4 33.3 66.7

… take your blood pressure medications for the rest of
your life?

  Very sure or not applicable 92.9 21.6 78.4**

  Somewhat or not at all sure 7.1 46.4 53.6

How sure are you that you can…

… make taking your medications part of your routine?

  Very sure or not applicable 96.5 22.4 77.6*

  Somewhat/not at all sure 3.5 50.0 50.0

… fill your prescriptions whatever they cost?

  Very sure or not applicable 74.4 21.8 78.2

  Somewhat or not at all sure 25.6 27.7 72.3

… always remember to take your blood pressure
medications?

  Very sure or not applicable 89.3 22.2 77.8

  Somewhat or not at all sure 10.7 33.3 66.7

Smoking Status8

Have you smoked 100 or more cigarettes in your life?

  Yes 51.9 19.3 80.8*

  No 48.1 27.7 72.3

Medication Adherence and Cost

In the last year, have you ended up taking less high blood
pressure medication than was prescribed for you because
of the cost?

  Yes 3.3 46.2 53.9

  No 96.7 22.4 77.6

Depression Questionnaire21

I did not feel like eating; my appetite was poor
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Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

  Rarely or none of the time 84.5 22.9 77.1

  Some, a little, or most of the time 6.4 40.0 60.0

I felt that people disliked me

  Rarely or none of the time 93.6 22.4 77.6

  Some, a little, or most of the time 6.4 40.0 60.0

I felt that everything I did was an effort

  Rarely or none of the time 76.4 21.3 78.7

  Some, a little, or most of the time 23.6 30.1 69.9

I enjoyed life

  Rarely or none of the time 87.8 21.1 78.9*

  Some, a little, or most of the time 12.2 37.5 62.5

I felt fearful

  Rarely or none of the time 86.7 23.2 76.8

  Some, a little, or most of the time 13.3 23.1 72.9

I felt lonely

  Rarely or none of the time 79.3 21.5 78.5*

  Some, a little, or most of the time 20.7 30.9 69.1

I was happy

  Rarely or none of the time 80.5 22.7 77.3

  Some, a little, or most of the time 19.5 26.0 74.0

RAND Medical Outcomes Study 36-item tool 23

During the past 4 weeks have you had any of the following
problems with your work as a result of your physical
health:

 Have you accomplished less than you would like?

  Yes 47.6 26.7 73.3

  No 52.4 20.4 79.6

 Have you cut down the amount of time you spent on
work or other activities?

  Yes 32.8 29.5 70.5*

  No 67.2 20.4 79.6

During the past 4 weeks have you had any of the following
problems with your work as a result of any emotional
problems (such as feeling anxious or depressed) …

 Have you accomplished less than you would like?

  Yes 22.7 30.3 69.7

  No 77.3 21.5 78.6

 Have you cut down the amount of time you spent on
work or other activities?

  Yes 16.1 30.2 69.8

  No 83.9 21.7 78.4
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Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

 Have you had difficulty performing the work or other
activities (for example, it took extra effort)?

  Yes 47.4 26.9 73.1

  No 52.6 20.0 80.0

During the past 4 weeks, how much of the time has your
physical health or emotion problems interfered with your
social activities (like visiting with friends, relatives, etc.)?

  All, most, or some of the time 13.2 40.4 59.6*

  A little of the time 23.7 23.7 76.3

  None of the time 63.1 19.8 80.2

Does your health now limit you in moderate activities,
such as moving a table, pushing a vacuum cleaner,
bowling, or playing golf?

  Not limit you at all 51.2 18.9 81.1*

  Limit you a little 31.5 24.2 75.8

  Limit you a lot 17.5 34.8 65.2

Does your health now limit you in bathing or dressing
yourself?

  Not limit you at all 86.8 21.4 78.7*

  Limit you a little 10.7 40.5 59.5

  Limit you a lot 2.5 20.0 80.0

Does your health now limit you in climbing one flight of
stairs?

  Not limit you at all 55.0 18.2 81.8*

  Limit you a little 28.8 25.9 74.1

  Limit you a lot 16.2 34.9 65.1

Does your health now limit you in climbing several flights
of stairs?

  Not limit you at all 27.6 15.9 84.1

  Limit you a little 35.6 22.5 77.5

  Limit you a lot 36.9 28.7 71.3

Does your health now limit you in lifting or carrying
groceries?

  Not limit you at all 56.5 18.0 82.0*

  Limit you a little 29.8 30.8 69.2

  Limit you a lot 13.7 29.6 70.4

Does your health now limit you in walking more than a
mile?

  Not limit you at all 33.6 20.0 80.0

  Limit you a little 27.1 19.1 80.9

  Limit you a lot 39.5 29.6 70.4

Does your health now limit you in walking one blocks?

  Not limit you at all 67.2 18.9 81.1*
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Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

  Limit you a little 21.9 33.7 66.3

  Limit you a lot 10.9 30.2 69.8

Does your health now limit you in walking several blocks?

  Not limit you at all 46.8 18.0 82.0

  Limit you a little 25.1 24.5 75.5

  Limit you a lot 28.1 30.9 69.1

How much bodily pain have you had during the past 4
weeks?

  None 22.4 25.0 75.0

  Very mild 20.9 17.1 82.9

  Mild 23.2 20.9 79.1

  Moderate 21.4 22.6 77.4

  Severe or very severe 12.2 37.5 62.5

In the past 4 weeks, how much did pain interfere with your
normal work (including both work outside the home and
housework)?

  Not at all 44.8 20.5 79.6

  A little bit 28.2 23.4 76.6

  Moderately 15.3 20.0 80.0

  Quite a bit or extremely 11.7 39.1 60.9

How much of the time during the past 4 weeks have you
been a very nervous person?

  A good bit, most, or all of the time 4.1 50.0 50.0

  Some of the time 10.2 22.5 77.5

  A little of the time 23.4 19.6 80.4

  None of the time 62.3 22.9 77.1

How much of the time during the past 4 weeks have you
felt so down in the dumps that nothing could cheer you
up?

  Some, a good bit, most, or all of the time 7.4 24.1 75.9

  A little of the time 16.0 31.8 68.3

  None of the time 76.7 21.5 78.5

How much of the time during the past 4 weeks did you feel
worn out?

  A good bit, most, or all of the time 15.7 30.0 70.0

  Some of the time 31.7 26.4 73.6

  A little of the time 24.6 16.5 83.5

  None of the time 27.9 22.7 77.3

How much of the time during the past 4 weeks did you feel
tired?

  A good bit, most, or all of the time 20.7 28.4 71.6

  Some of the time 35.2 23.2 76.8

Krousel-Wood et al. Page 16

Pharmacotherapy. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Candidate Item

Overall (n=394)a

% with Low
Pharmacy

Refill
Adherence
Using MPR

% with Not
Low

Pharmacy
Refill

Adherence
Using MPR

  A little of the time 30.9 22.3 77.7

  None of the time 13.3 19.2 80.8

How true is this statement for you: I seem to get sick a
little easier than other people.

  Definitely true 2.8 36.4 63.6

  Mostly true 7.4 27.6 72.4

  Don’t know 10.9 34.9 65.1

  Mostly false 37.2 20.6 79.5

  Definitely false 41.7 21.3 78.7

Data are percentages of participants. Low pharmacy refill adherence = medication possession ratio (MPR) <0.80; not low
pharmacy refill adherence = MPR ≥0.80.
*
P<0.05,

**
P<0.01.

a
To be eligible for inclusion in the derivation sample, participants must have completed the first follow-up of the Cohort

Study of Medication Adherence among Older Adults (CoSMO) survey and had uncontrolled blood pressure (mean systolic
blood pressure or diastolic blood pressure ≥140/90) in the year prior to the follow-up survey and had no missing data on all
MMAS-8 and Hill-Bone Compliance Scale questions.
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Figure 1.
Receiver operating characteristic curve comparison of the 4-item tool, the 8-item Morisky
Medication Adherence Scale (MMAS-8), and the 9-item Hill-Bone Compliance Scale.
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Table 1

Constructs and Data Sources for Developing an Adherence Risk Prediction Tool

Construct Source Description of Candidate Items

Sociodemographics and other risk
factors CoSMO survey 8

13 questions assessing sociodemographics (age, sex, race,
education, and marital status) and patient risk factors including
clinical characteristics, smoking status, alcohol use, and use of
the health care system.

Social Support
RAND Medical Outcomes
Study (MOS) Social Support
Survey 22

19 questions assessing various functional dimensions of social
support including emotional/informational, tangible,
affectionate, and positive interaction.

Functional Status and Quality of Life
RAND Medical Outcomes
Study 36-item (MOS SF-36) 23

36 questions assessing eight health concepts: physical
functioning, role limitations due to physical health problems,
role limitations due to mental health problems, bodily pain,
general health perception, vitality, social

Lifestyle Modifications
National Health and Nutrition
Examination Survey
(NHANES) 27.

4 questions assessing specific actions patients take to lower their
blood pressure such as weight control, salt reduction, and fruit
and vegetable consumption.

Patients’ use of complementary and
alternative therapies

Use of Complementary and
Alternative Therapies
Survey 29

4 multipart questions assessing the use of complementary or
alternative therapies including general use, health food and
herbal supplements, and relaxation techniques to help control
blood pressure.

Depressive symptoms

National Institute of Mental
Health Center for
Epidemiologic Studies
Depression Scale (CES-D) 21

20 questions assessing depressive affect, somatic symptoms,
positive affect, and interpersonal relations.

Perceived stress
Perceived Stress Scale
(PSS-4) 25

4 questions assessing how often patients have felt psychological
stress in the last month.

Medication adherence self-efficacy
Medication Adherence Self-
Efficacy Scale 26

12 questions for patients to rate how sure they are that they can
take their blood pressure medication all of the time in certain
situations.

Self-reported adherence behavior Hill-Bone Compliance Scale 9
9 questions assessing patients’ medication-taking behavior for
high blood pressure therapy.
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Table 2

Characteristics of the Participants with Uncontrolled Blood Pressure Overall, and % with Low and Not Low
Pharmacy Refill Adherence

Characteristic Overall (n=394)a
% with Low Pharmacy
Refill Adherence Using

MPR (n=92)

% with Not Low
Pharmacy Refill

Adherence Using MPR
(n=302)

Age (yrs)

 < 75 41.2 24.1 75.9

 ≥ 75 58.8 22.8 77.2

Sex

 Female 66.0 25.0 75.0

 Male 34.0 20.1 79.9

Race-ethnicity

 Black 33.0 32.3 67.7*

 Nonblack 67.0 18.9 81.1

Education

< High school education 23.1 28.6 71.4

≥ High school education 76.9 21.8 78.2

Marital Status

 Married 48.0 22.2 77.8

 Not married 52.0 24.4 75.6

Hypertension duration at baseline (yrs)

 <10 35.5 20.7 79.3

 ≥ 10 64.5 24.8 75.2

Charlson Comorbidity Index score

 < 2 43.2 17.1 82.9

 ≥ 2 56.9 28.1 71.9*

Body mass index (kg/m2)b

 < 30 63.9 23.3 76.7

 ≥ 30 36.2 24.1 75.9

No. of antihypertensive drug classes

 < 3 54.3 20.6 79.4

 ≥ 3 45.7 26.7 73.3

Select Candidate Itemsc

How often do you forget to take your high BP medicine? 9

  None 79.4 17.9 82.1**

  Some, most, or all of the time 20.6 44.4 55.6

How often do you miss taking your high BP pills when you
feel better? 9

  None 95.4 21.3 78.7**

  Some, most, or all of the time 4.6 66.7 33.3
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Characteristic Overall (n=394)a
% with Low Pharmacy
Refill Adherence Using

MPR (n=92)

% with Not Low
Pharmacy Refill

Adherence Using MPR
(n=302)

How sure are you that you can take your blood pressure
medication all of the time when you worry about taking
them for the rest of your life? 26

  Very sure or not applicable 92.9 21.6 78.4**

  Somewhat/not at all sure 7.1 46.4 53.6

Does your health now limit you in moderate activities, such
as moving a table, pushing a vacuum cleaner, bowling, or
playing golf? 23

  Not limit you at all 51.0 18.9 81.1*

  Limit you a little 31.5 24.2 75.8

  Limit you a lot 17.5 34.8 65.2

Data are percentages of participants. Low pharmacy refill adherence = medication possession ratio (MPR) <0.80; not low pharmacy refill
adherence = MPR ≥0.80.

*
P<0.05,

**
P<0.01.

a
To be eligible for inclusion in the derivation sample, participants must have completed the first follow-up of the Cohort Study of Medication

Adherence among Older Adults (CoSMO) survey and had uncontrolled blood pressure (mean systolic blood pressure or diastolic blood pressure
≥140/90) in the year prior to the follow-up survey and had no missing data on all MMAS-8 and Hill-Bone Compliance Scale questions.

b
Due to missing data on 4 patients, 390 had data to calculate BMI

c
A full list of candidate items is included in Appendix 1.
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Table 3

Multivariable-Adjusted Odds Ratios for Low Pharmacy Refill Adherence in the Final Predictive Model for the
394 Participants

Variable

No. (%) of
Participants with

Low Pharmacy Refill
Adherence Using

MPR

Adjusted Odds Ratioa
(95% CI)

P value

How often do you forget to take your high BP medicine? 9

 None (n=313) 56 (17.9) 1 (reference)

 Some, most, or all of the time (n=81) 36 (44.4) 3.18 (1.81–5.61) <0.001

How often do you miss taking your high BP pills when you feel better? 9

 None (n=376) 80 (21.3) 1 (reference)

 Some, most, or all of the time (n=18) 12 (66.7) 5.06 (1.71–15.03) 0.003

How sure are you that you can take your blood pressure medication all of the
time when you worry about taking them for the rest of your life? 26

 Very sure or not applicable (n=366) 79 (21.6) 1 (reference)

 Somewhat or not at all sure (n=28) 13 (46.4) 2.62 (1.11–6.20) 0.027

Does your health now limit you in moderate activities, such as moving a table,
pushing a vacuum cleaner, bowling, or playing golf? 23

 Not limit you at all (n=201) 38 (18.9) 1 (reference)

 Limit you a little (n=124) 30 (24.2) 1.23 (0.69–2.21) 0.277

 Limit you a lot (n=69) 24 (34.8) 2.81 (1.47–5.35) 0.002

Low pharmacy refill adherence = medication possession ratio (MPR) <0.80.

a
Each odds ratio is adjusted for all other variables shown in this table.
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Table 4

C statistics for the 4-Item Tool, the 8-Item MMAS-8, and the 9-Item Hill-Bone Compliance Scale

C Statistic (95% confidence interval)

Characteristic 4-Item Tool Predicting
Pharmacy Refill Adherence

8-Item Morisky Medication
Adherence Scale (MMAS-8)

9-Item Hill-Bone Compliance
Scale

Age (yrs)

 ≥ 75 (n=232) 0.684 (0.593–0.775) 0.663 (0.577–0.750) 0.710 (0.633–0.786)

 <75 (n=162) 0.742 (0.649–0.834) 0.706 (0.608–0.803) 0.640 (0.548–0.733)

Sex

 Male (n=134) 0.716 (0.606–0.827) 0.642 (0.514–0.770) 0.623 (0.505–0.741)

 Female (n=260) 0.719 (0.642–0.795) 0.698 (0.621–0.776) 0.690 (0.618–0.761)

Race-ethnicity

 Black (n=130) 0.663 (0.558–0.768) 0.673 (0.590–0.774) 0.684 (0.590–0.778)

 Nonblack (n=264) 0.760 (0.687–0.832) 0.652 (0.562–0.742) 0.655 (0.573–0.737)

Charlson Comorbidity Index
score

 ≥ 2 (n=224) 0.698 (0.622–0.774) 0.660 (0.579–0.741) 0.655 (0.577–0.733)

 < 2 (n=170) 0.742 (0.637–0.846) 0.746 (0.649–0.843) 0.685 (0.579–0.792)
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