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Background: The strategies patients use to organize medications (eg, pill dispenser) may be reflected in adherence measured at 
follow-up. We studied whether medication organization strategies patients use at home are associated with adherence measured using 
pharmacy-fills, self-report, and pill counts.
Design: Secondary analysis of data from a prospective randomized clinical trial.
Setting: Eleven US safety-net and community primary care clinics.
Patients: Of the 960 enrolled self-identified non-Hispanic Black and White patients prescribed antihypertensive medications, 731 
patients reported pill organization strategies and were included.
Variable: Patients were asked if they use any of the following medication organization strategies: finish previous refills first; use a pill 
dispenser; combine same prescriptions; or combine dissimilar prescriptions.
Outcomes: Adherence to antihypertensive medications using pill counts (range, 0.0–1.0% of the days covered), pharmacy-fill 
(proportion of days covered >90%), and self-report (adherent/non-adherent).
Results: Of the 731 participants, 38.3% were men, 51.7% were age ≥65, 52.9% self-identified as Black or African American. Of the 
strategies studied, 51.7% finished previous refills first, 46.5% used a pill dispenser, 38.2% combined same prescriptions and 6.0% 
combined dissimilar prescriptions. Median (IQR) pill count adherence was 0.65 (0.40–0.87), pharmacy-fill adherence was 75.7%, and 
self-reported adherence was 63.2%. Those who combined same prescriptions had significantly lower measured pill count adherence 
than those who did not (0.56 (0.26–0.82) vs 0.70 (0.46–0.90), p<0.01) with no significant difference in pharmacy-fill (78.1% vs 74%, 
p=0.22) or self-reported adherence (63.0% vs 63.3%, p=0.93).
Conclusion: Self-reported medication organization strategies were common. Combining same prescriptions was associated with 
lower adherence as measured using pill counts but not pharmacy-fills or self-report. Clinicians and researchers should identify the pill 
organization strategies used by their patients to understand how these strategies may influence measures of patient adherence.
Trial Registration: ClinicalTrials.gov NCT03028597; https://clinicaltrials.gov/ct2/show/NCT03028597 (Archived by WebCite at 
http://www.webcitation.org/72vcZMzAB).
Keywords: hypertension, medication adherence, management strategies, organization strategies, medication management behaviors, 
chronic disease, pill count, pharmacy-fill, self-reported adherence

Introduction
Medication adherence is measured in clinical practice and research studies to enhance clinicians’ and researchers’ under-
standing of a patient’s medication taking behavior. Poor medication adherence is associated with higher rates of adverse 
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clinical events.1–9 Patients managing chronic disease, such as hypertension, often take multiple medications and may receive 
new medication supplies before completing current supplies.10 To organize their multiple pills and bottles, patients may use 
pill organization strategies such as placing medications for the coming week into a pill dispenser or combining same 
prescriptions into one bottle when a new prescription arrives. How often patients use these different strategies or whether 
they are associated with commonly used measures of medication adherence is not well known.

Despite the importance of medication adherence, there is no agreed upon gold standard for measuring adherence in clinical 
practice or research. Common measures of adherence include 1) manual pill counts, whereby all pills in a patient’s medication 
bottle are counted and compared to the expected quantity of pills based on their most recent medication dispensing date, dose, 
and consumption frequency; 2) pharmacy refill data which measures medication supply obtained, typically over a longer 
period of observation, using the proportion of days covered (PDC); and 3) self-reported surveys of recent medication taking 
behavior.5 Importantly, none of these measures of adherence account for how patients organize their medications once they 
receive them. Patient organization strategies may produce variable effects on adherence measures; for instance, pill count 
adherence may be overestimated when doses are not ingested but moved to another container or may be underestimated due to 
combining same medications into the same container. Therefore, it is important to determine the frequency of organization 
strategies and how these organization strategies are associated with different medication adherence measures.

We addressed these gaps in knowledge by studying patient pill organization strategies among participants enrolled in the 
HYpertension and VALUEs (HYVALUE) pragmatic clinical trial. The HYVALUE trial enrolled patients with uncontrolled 
hypertension who were taking at least one antihypertensive.11,12 The primary objective of this sub-study of the larger trial was 
to determine the prevalence of selected patient strategies for organizing their pills, and to evaluate the association between 
these strategies and three common measures of adherence (pill counts, pharmacy-fills, and self-report). Understanding the 
different organization strategies patients use and how these strategies relate to adherence estimates in pragmatic clinical trials 
may inform treatment plans or study designs researchers and clinicians should consider when measuring patient adherence.

Methods
Trial Design, Setting, and Patient Population
Participants were selected as part of the HYpertension and VALUEs (HYVALUE) randomized controlled trial, which 
tested the utility of a values affirmation intervention to lessen the negative effect of stereotype threat on individuals with 
uncontrolled hypertension.11,12 The study enrolled self-identified African American or Black patients and White patients 
who sought healthcare in 1 of 11 safety-net or community primary care clinics in Colorado and Maryland. Patients were 
eligible for enrollment in the HYVALUE trial if they had uncontrolled blood pressure, defined as a systolic blood 
pressure ≥140 mm Hg and diastolic ≥90 mm Hg at least once during the preceding 12 months, and a primary or 
secondary ICD-10 diagnosis code for hypertension in the previous 24 months. Because adherence was the primary 
outcome of the trial, patients were eligible if they filled their medications within the participating health system 
pharmacies. A total of 960 patients were enrolled between February 2017 and December 2019.12

This sub-study is a secondary analysis of data from a prospective randomized clinical trial. We excluded 229 participants from 
the HYVALUE Trial who did not complete the survey measures. The characteristics of those excluded from this sub-study were 
similar except they were older and included a higher proportion who self-identified as Black or African American (Table S1).

Patient Medication Organization Strategy Survey
The survey included patient pill organization strategies based on common themes participants enrolled early in the trial 
self-reported for how they organize their pills at home. Based on this work, a survey was created asking all patients 
whether they did or did not 1) finish previous refills first; 2) use a pill dispenser; 3) combine same prescriptions; or 4) 
combine dissimilar prescriptions. To understand other factors that may influence adherence measures, patients were also 
asked if they: took pills as needed because of clinician instructions; took a different dose because of doctor orders; took 
a different dose chosen oneself; or shared pills with others. Response options for all questions were limited to either yes 
or no. The survey was first introduced in November 2017 (8 months into enrollment) and all participants enrolled after 
this date were asked to complete the survey.
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Outcomes: Adherence Measurements
We used three approaches to measure patient adherence to their medications. Pill count adherence was calculated as the proportion 
of the actual over the expected number of pills taken since the last recorded refill.13,14 Participants were asked to bring all of their 
pill bottles to the enrollment visit and pill counts were performed by research staff. Pharmacy-fill adherence used health system 
data to determine the medication supply obtained over 12 months before the index visit using the proportion of days covered 
(PDC) by medication.15,16 Pill count and pharmacy-fill adherence were averaged across all antihypertensives a patient was 
taking.16 Finally, self-reported adherence asked patients to identify their pill-taking behavior over the previous 7 days using 
a validated 3-item survey with any positive response (eg, “I missed or skipped at least 1 dose”) indicating non-adherence.11,14,17,18

Statistical Analysis
Analyses of demographics, patient pill organization strategies, and adherence used descriptive statistics: percentages for 
categorical variables, means and standard deviations for normally distributed continuous variables, and medians and 
interquartile ranges for non-normally distributed continuous variables. Among the larger HYVALUE trial population, we 
compared the characteristics of those included and excluded from this sub-study. (Table S1) Pharmacy-fill adherence was 
skewed and was dichotomized in our study as more than 90% PDC (adherent) or 90% or less PDC (nonadherent). 
Correlation between the three measures was assessed using Spearman correlation coefficients (ρ). Adherence between 
patients who used or did not use each medication organization strategy was compared using chi-square tests for the 
pharmacy-fill and self-report dichotomous adherence measures, and Wilcoxon-Mann–Whitney tests for the continuous pill 
count measure. The study was approved by the institutional review board. All statistical analysis used SAS version 9.4.

Results
Of the 731 participants included in our sub-study, 38.3% self-identified as male gender, 51.7% were aged 65 or older, and 
52.9% self-identified as Black or African American race (Table 1). 

Table 1 Characteristics of Study Population

Study Demographics* % (N)

Gender (self-report)

Male 38.3% (279)

Female 61.3% (447)

Transgender 0.3% (2)

Non-Binary 0.1% (1)

Age (years)

<45 7.3% (53)

45–54 12.3% (90)

55–64 28.7% (210)

65–74 32.4% (237)

75+ 19.3% (141)

Race (self-report)

White or Caucasian 47.1% (344)

Black or African American 52.9% (387)

(Continued)
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Table 1 (Continued). 

Study Demographics* % (N)

Highest Level of Education

Less than High School 4.4% (32)

High School Diploma or equivalent 22.3% (162)

Some College, no degree 25.5% (185)

College Degree 47.8% (347)

Employment Status

Employed 37.8% (275)

Unemployed 5.1% (37)

Retired 45.3% (329)

Disabled 11.8% (86)

Insurance Status

Medicaid 16.7% (121)

Medicare 34.3% (248)

Commercial (High-deductible, Self-funded) 36.9% (267)

Uninsured/Self-Pay 0.3% (2)

Other 5.4% (39)

Medicaid and Medicare 6.5% (47)

Marital Status

Married/Partnered 43.3% (311)

Unmarried 56.7% (407)

Living Status

Lives Alone 32.5% (235)

Lives with other(s) 67.5% (488)

Difficulty in Paying for Basic Necessities

Very Difficult 11.1% (77)

Somewhat Difficult 26.5% (184)

Not Difficult at All 62.4% (434)

Number of Blood Pressure Medications

One 54.0% (391)

Two 28.3% (205)

Three 11.7% (85)

Four or more 5.9% (43)

(Continued)
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The majority (82.5%) of participants reported using at least one of four medication organization strategies, and 48.3% 
reported using two or more strategies (Table 1). Of the strategies studied, 51.7% reported finishing previous refills first 
before opening a new bottle, 46.5% move pills into a pill dispenser, 38.2% combine same prescriptions and 6.0% 
combine dissimilar prescriptions. Patients rarely endorsed the other factors that may influence adherence with the most 
common being “taking a different dose than bottle instructs per doctor’s order” (9.3% of the participants) (Table 2).

Although not all participants had all three measures of adherence for analysis, all participants had at least one 
adherence measurement. Data for adherence measurement were available for 595 (81.4%) patients by pill counts, 674 
(92.2%) patients by pharmacy-fill, and 720 (98.5%) by self-report. Adherence levels at enrollment varied by measure-
ment: pill count adherence median 0.65 (IQR 0.45–0.87), pharmacy-fill 75.7% adherent, and self-report 63.2% adherent. 
The adherence measures were not strongly correlated with one another (All ρ < 0.15).

When assessing the association of pill organization strategies with adherence, patients who combined same prescrip-
tions had lower adherence by pill count compared to those who did not (Median [IQR] 0.56 [0.26–0.82], vs 0.70 [0.46– 

Table 2 Pill Organization Survey Questions and Response Frequency

Pill Organization Strategies Response Frequency* 
(N=731)

Finish previous refills first: “I get a new refill but continue taking leftover pills from a previous refill until they are 

used up before starting the new bottle”

51.7% (378)

Use a pill dispenser: “I move pills into a pill dispenser, sorter, or other container” 46.5% (340)

Combine same prescriptions: “I combine new pills with pills from a prior refill of the same medicine” 38.2% (279)

Combine dissimilar prescriptions: “I combine pills from multiple prescriptions/medicines” 6.0% (44)

Other Factors That May Influence Adherence Response Frequency* 
(N=731)

Took pills as needed because of clinician instructions: “My doctor told me to take my pills as needed, or to 

achieve a specific blood pressure target”

5.6% (41)

Shares pills: “I sometimes share my pills with others” 0.4% (3)

Takes different dose than bottle instructs, doctor’s order: “My doctor told me to take my pills differently 
than the prescription/pill bottle states (for example, they told me to double the pills or cut pills in half)”

9.3% (68)

Takes different dose than bottle instructs, self-choice: “I typically take a different dose (for example, 
a different number of pills) than what my doctor told me to take”

3.7% (27)

Notes: *Each participant could select multiple strategies and the frequencies will total over 100%.

Table 1 (Continued). 

Study Demographics* % (N)

Number of Pill Organization Strategies Used

0 17.5% (128)

1 34.2% (250)

2 37.4% (273)

3 10.3% (75)

4 0.7% (5)

Notes: *Less than 2% of the participants were missing data on gender, highest level 
of education, employment status, insurance status, marital status, living status, and 
number of blood pressure medications. “Difficulty paying for basic necessities” is 
missing for 5% of the participants.
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0.90], P<0.01). No association was seen between combining same prescriptions and pharmacy-fill adherence (78.1% 
adherence in those who used strategy vs 74.0% in others, p=0.22) or self-reported adherence (63.0% adherence in those 
who used strategy vs 63.3% in others, p = 0.93). No significant relationships were found between the other pill 
organization strategies and the three adherence measures (Table 3).

Among the other measured factors that may influence adherence, participants who endorsed taking a different dose 
than the bottle instructs per their choice had significantly lower pharmacy-fill adherence than those who did not report 

Table 3 Adherence by Pill Organization Strategy

Strategies to Organize Pills Survey 
Response

Pill Count 
Median*

Pharmacy- Fill % 
Adherent†

Self-Report % 
Adherent‡

Combine Same Prescriptions Yes 0.56 78.1% 63.0%

No 0.70 74.0% 63.3%

P = <0.01 P = 0.22 P = 0.93

Finish Previous Pills First Yes 0.64 74.7% 63.1%

No 0.67 76.7% 63.3%

P = 0.81 P = 0.54 P = 0.94

Combine Dissimilar Prescriptions Yes 0.66 69.8% 54.5%

No 0.65 76.1% 63.8%

P = 0.72 P = 0.35 P = 0.22

Move Pills into Pill Dispenser Yes 0.64 75.9% 65.2%

No 0.66 75.5% 61.5%

P = 0.21 P = 0.91 P = 0.30

Other Effects on Adherence Measurement Survey 
Response

Pill Count 
Median*

Pharmacy-Fill % 
Adherent†

Self-Report % 
Adherent‡

Shares Pills Yes 0.45 66.7% 50.0%

No 0.65 75.7% 63.2%

P = 0.46 P = 0.57 P = >0.99

Takes Pills as Needed, Doctor’s Order Yes 0.67 74.3% 61.5%

No 0.64 75.7% 63.3%

P = 0.68 P = 0.84 P = 0.83

Takes Different Dose Than Bottle 
Instructs, Doctor’s Order

Yes 0.68 73.4% 68.7%

No 0.64 75.9% 62.6%

P = 0.67 P = 0.66 P = 0.33

Takes Different Dose Than Bottle 
Instructs, Self-Choice

Yes 0.67 54.2% 48.1%

No 0.65 76.5% 63.8%

P = 0.45 P = 0.01 P = 0.10

Notes: *Median of group measured 0.0–1.0 calculated as ratio of pills present over predicted. †Dichotomous variable of proportion of days covered 
(PDC), Adherent = ≥90%, non-Adherent = <90%. ‡Self-report adherence: calculated based on 7-day average adherence to medication, self-reported by 
3-question adherence survey (VOILS).
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this behavior (54.2% versus 76.5%, P=0.01). Self-reported adherence tended to be lower in this group but was not 
statistically significant (48.1% vs 63.8%, p = 0.10). No difference in pill count adherence was associated with this or 
other behaviors (Table 3).

Discussion
In a trial examining medication adherence in patients with hypertension, our findings highlight that 1) patient pill organization 
strategies are common; 2) adherence varies according to the measure of adherence used; and 3) patient pill organization 
strategies are largely unrelated to adherence measures with a few important exceptions. The most common strategies of 
finishing a previous bottle before starting the next and moving pills to a pill dispenser were not associated with differences in 
adherence measures. Yet the third most common strategy, combining same prescriptions into a single bottle, was associated 
with significantly lower pill count adherence but not pharmacy or self-reported adherence. Finally, when examining other 
possible factors that may influence adherence, patients who reported taking a different dose than the bottle instructs per their 
choice (3.7% of the participants) had significantly lower pharmacy-fill adherence and tended to have lower self-reported 
adherence that was not statistically significant. Our findings highlight the importance of understanding how patients organize 
their medications at home as these strategies are associated with some adherence measures but not others.

Like prior studies, we found that adherence estimates are dependent on the method used and each has limitations.5,19 

As our findings highlight, pill counts can be underestimated when patients combine same prescriptions into a single 
bottle. Pill counts also rely on patients bringing their bottles to appointments and was missing in 19% of our participants. 
Pharmacy-fill information is another objective way to measure adherence but is affected by structural influences of the 
health care system (eg, refill reminders, automated refills, access to care) and cannot account for medication which was 
refilled but not ingested.5,20–22 Self-reported adherence relies on a 7-day recall for behavior and may be significantly 
influenced by social desirability and recall biases.23 Similar to other studies, we found no strong association between our 
three measures of adherence.24 Studies have shown that prescription fill records and electronic medication bottle lids 
(records each opening of the bottle) were in higher agreement compared to self-reported adherence.14 Yet, a review of 31 
different studies evaluating medication adherence in hypertension found most studies had used self-reported adherence.25 

Taken together, our findings and others highlight the importance of considering the advantages and disadvantages of 
different medication adherence estimates.5,26

To our knowledge, our study is one of the first to evaluate patient pill organization strategies and their associations 
with common adherence measures used in clinical practice and pragmatic research studies. We demonstrated that 
common pill organization strategies are not associated with most measures of adherence with a few important 
exceptions. Combining same prescriptions was associated with significantly lower adherence measured by pill 
count but was not significantly associated with pharmacy-fill or self-reported adherence. This finding is not unex-
pected as combining prescriptions results in an artificially inflated pill count (ie, extra pills added to new bottle 
resulting in more pills than expected) despite a patient still taking the correct dose each day. Combining prescriptions 
would not be expected to influence pharmacy refill estimates of adherence given the longer duration (eg, 30- to 90-day 
window) of observed behavior for typical pharmacy refills. Further, self-report would not be influenced by combining 
prescriptions into a single bottle as in the end, the patient would still report taking the same number of pills over that 
7-day window. It is harder to speculate why taking a different dose per patient choice was only significantly associated 
with lower pharmacy-fill adherence and no other measures, possibly secondary to different periods of observation 
(pharmacy-fill being longer). This same behavior was associated with lower self-report adherence, although not 
significantly. Overall, this behavior was not common (3.7% of the participants), and we are likely underpowered to 
find significant differences. Notably, we found no significant association with any of the medication organization 
strategies and self-reported adherence, one of the most common measures of medication adherence.27,28 Our findings 
highlight the possibility that self-reported adherence may be impervious to certain pill organizing strategies because 
the patient takes this into account in their report, indicating a possible advantage of self-reported adherence over other 
measures.
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Limitations
The strengths of this study include an assessment of the interplay between patient pill organization strategies and different 
adherence measurements; however, its limitations should be noted. The study was observational and cross-sectional, with 
the assessment of pill organization strategies and medication adherence occurring at the same time, disallowing causal 
conclusions. While this study examined four common strategies and other factors thought to influence adherence, other less 
common yet important strategies may be missed. We did not include other common measures of adherence, such as 
electronic medication monitors. Lastly, while we highlight the association of patient pill organization strategies with 
adherence, the significance of patient pill organization strategies on other clinical outcomes was not assessed.

Conclusion
In summary, among participants in a clinical trial, over 80% used at least one pill organization strategy. Pill organization 
strategies were not associated with most measures of adherence with a few important exceptions. Combining same 
prescriptions was associated with significantly lower pill count measured adherence. Taking a different dose than 
prescribed, per patient choice was significantly associated with lower pharmacy-fill adherence. No pill organization 
strategy was significantly associated with self-reported adherence suggesting this measure may have certain advantages 
over pill count and pharmacy fill measured adherence. Our study highlights the importance of considering the ways in 
which patients organize their medications at home when estimating patient adherence to treatment. Future studies are 
needed to assess whether medication organization strategies have clinically significant effects on treatment outcomes of 
chronic disease.

Data Sharing Statement
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