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Abstract

Poor adherence to prescribed medication regimens remains an important challenge preventing 

successful treatment of cardiovascular diseases such as hypertension. While studies have 

documented differences in the time of day or weekday vs weekend on medication adherence, no 

study has examined whether having a medication-taking routine contributes to increased 

medication adherence. The purpose of this study was to: (1) identify patients’ sociodemographic 

factors associated with consistent medication-taking routine; (2) examine associations between 

medication-taking consistency, medication adherence, and blood pressure (BP) control. The study 

included black patients with hypertension (n = 190; 22 men and 168 women; age, mean±standard 

deviation 54 ± 12.08 years) who completed a practice-based randomized controlled trial. Findings 

showed that medication-taking consistency was significantly associated with better medication 

adherence (F = 9.54, P = .002). Associations with the consistency index were not statistically 

significant for diastolic BP control (odds ratio, 1.319; 95% confidence interval, 0.410–4.246; P = .

642) and systolic BP control (odds ratio, 0.621; 95% confidence interval, 0.195–1.974; P = .419).

Hypertension (HTN) affects 29% of the adult population and contributes to atherosclerosis 

and cardiovascular disease morbidity and mortality.1 Despite numerous effective treatments, 

only 53% of patients with HTN are at goal blood pressure (BP).1 Lowering of high BP 

reduces the risk of stroke by approximately 38%, congestive heart failure by 42%, and 

coronary heart disease by 28%.1,2 On average, patients with severe HTN (>200/120 mm Hg) 

live 2.7 years less than those with normal BP (<140/90 mm Hg).3 African Americans have a 

disproportionately large burden of cardiovascular disease (CVD) morbidity and mortality in 

the United States compared with white patients.3,4 Despite several studies demonstrating the 

impact of antihypertensive medications in achieving optimal BP control,5–8 nonadherence to 

prescribed antihypertensive medications has been identified as one of the main reasons for 

poorly controlled BP among African Americans.9–14 Nonadherence and poor BP control has 

been reported as a possible explanation for the disparity in CVD morbidity and mortality in 
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African American and white patients.15,16 Thus, there is a need for different strategies aimed 

at improving medication adherence and BP control among African Americans.

To enhance medication adherence and BP control, patients are often encouraged to establish 

a consistent medication routine based on their daily lives (eg, place medication next to their 

toothbrush) as a means to increase adherence behaviors. However, empirical evidence 

supporting this notion is lacking. More importantly, no study has examined whether 

consistency in medication-taking is associated with better BP control. Therefore, the purpose 

of this study was to: (1) identify patient sociodemographic factors that are associated with 

having a consistent medication-taking routine; (2) examine the association between 

medication-taking consistency and medication adherence over a 9-month monitoring period; 

and (3) examine the association between medication-taking consistency and BP control.

METHODS

Study Design and Population

This study was embedded within a larger clinical trial, designed to evaluate the effect of 

motivational interviewing on medication adherence among hypertensive African Americans 

receiving care from two primary-care facilities affiliated with New York Presbyterian 

Hospital’s Ambulatory Care Network (ACN). Details of the methods are described 

elsewhere.17 Eligible patients were identified and provided written informed consent 

approved by the institutional review board of Columbia University Medical Center. In brief, 

trained research assistants conducted baseline assessments and collected information on 

sociodemographic characteristics, number and doses of prescribed antihypertensive 

medications, medical comorbidity, and clinic BP readings obtained through medical records. 

After baseline assessments, patients were randomly assigned to either the usual care control 

group or motivational interviewing group. Those in the intervention group received standard 

care plus four sessions of behavioral counseling about medication adherence using 

motivational interviewing at 3-month intervals. The Medication Event Monitoring System 

(MEMS; AARDEX Group Ltd, Sion, Switzerland) is a pill bottle with an electronic chip in 

the cap that records a temporal history of the date, time, and interval between each dosing. 

These data allow for real-time tracking of adherence behaviors, which is not captured by 

more traditional methods such as the pill count, and enables an evaluation of the consistency 

of medication-taking behavior over a long period.18 Powerview (Aprex, a division of 

Aardex Corporation, Union City, CA) was the communication software used to download 

the adherence data downloaded from the MEMS cap. The daily pattern of medication 

ingestion was one antihypertensive medication taken once daily. In the event that patients 

were prescribed multiple antihypertensive medications, their providers were asked to choose 

one medication taken once daily to be placed in the bottle. Patients were given a MEMS 

with instructions on the general purpose of the device and how to use it and they were 

informed to bring the MEMS to all follow-up appointments. This was necessary to facilitate 

acquisition of adherence data using the Powerview communication software.
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Measures

Sociodemographic Characteristics—The baseline questionnaire included information 

on sociodemographic variables including patient sex, age, marital status, employment, 

education, and income.

Blood Pressure—Clinic BP readings were extracted from the patients’ medical records at 

baseline and at the 9-month visit. BP control was calculated as a mean BP <140/90 mm/Hg.

Medication Adherence—Medication adherence was assessed as the proportion of days in 

which patients took their antihypertensive medication as prescribed (range: 0%–100%) 

according to MEMS electronic monitoring devices over a 9-month monitoring period. To 

avoid erroneously penalizing patients for missing values for those days during the study 

when their MEMS was not in use (ie, “drug holidays”) as a result of medical emergencies, 

we kept detailed records of all patient hospitalizations and emergency room visits. Such 

days were then removed from the denominator of the adherence formula in estimating the 

adherence rates for those patients. The mean percentage adherence was calculated for the 

entire 9-month period.

Measure of Consistency—An index of the variation (inconsistency) in patient daily 

medication-taking was created by calculating a within-person standard deviation across each 

time-stamped MEMS cap opening. Lower values indicated more consistency in medication-

taking (eg, always taken the same time of day), whereas higher values indicated a more 

variable pattern.19

Statistical Analysis—Data analysis was performed with SPSS version 20.0 for windows 

(SPSS Inc, Chicago, IL) and SAS version 9.3 for windows (SAS Institute, Cary, NC). For all 

statistical analyses, the significance level was set at P < .05. Bivariate associations between 

sociodemographic factors (eg, age, sex, income level, marital status, insurance status, and 

employment) and index of medication-taking were analyzed using two sample t test and 

one-way analysis of variance. In addition, two-sample t test and chi-square test were also 

used in assessing the differences of baseline continuous and categorical characteristics 

between patients with two or fewer prescriptions and more than two prescriptions, 

respectively.

General linear regression models (analysis of covariance) were also used to evaluate the 

association between medication adherence and medication-taking consistency at the 9-

month period, controlling for age, sex, income, employment, insurance, and effect of the 

intervention. Logistic regression was used to evaluate the association between control of 

systolic BP (SBP) and diastolic BP (DBP) and medication-taking consistency over the 9-

month period, controlling for age, sex, income, employment, insurance, and effect of the 

intervention. The indicator variable for successful control of SBP (<140 mm Hg) was 

defined as 1 and 0 otherwise. In the same way, we defined an indicator variable for 

controlling DBP (<90 mm Hg).

To evaluate the association between number of medication prescriptions and BP, we 

conducted a stratified statistical analysis for patients receiving two or fewer prescriptions as 

Solomon et al. Page 3

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2015 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



well as for patients receiving more than two prescriptions. In logistic regression, we decided 

not to adjust covariates since the dataset was too small to produce valid results for stratified 

or nonstratified analysis.

RESULTS

A total of 190 African American patients with hypertension were eligible for the study. 

Table I describes the baseline characteristics of the study participants. A total of 88% of the 

patients were women, with a mean age of 54 years. Approximately three quarters of patients 

had Medicaid (74%), one quarter reported less than a high school education (23%), half 

were unemployed (54%), half reported being single (44%), and most reported a household 

income <$20,000. A total of 48% of the patients were adherent to the single MEMS 

antihypertensive medication at the 9-month monitoring period as determined by MEMS. 

The scores range from 0 (0% adherent) to 1.00 (100% adherent) and nonadherence was 

defined as mean adherence score <80%. Younger patients were significantly more likely to 

have a variable (inconsistent) medication-taking routine than older patients (F = 4.79, P = .

01). This relationship became stronger after adjusting for sex, income, employment, 

insurance, and intervention (F = 13.41, P < .0001).

Results of the regression analyses showed that medication adherence was significantly 

negatively associated with medication-taking inconsistency with higher inconsistency 

indicating lower medication adherence at the 9-month monitoring period (F = 4.93, P = .01). 

This association also became stronger after adjusting for age, sex, income, employment, 

insurance, and intervention (F = 9.54, P = .002).

For a stratified analysis, the relationship between age difference in various medication 

inconsistency categories was statistically significantly different, with older patients having a 

lower inconsistency index for patients with two or fewer prescriptions (F = 4.02, P = .021). 

The relationship between higher age and lower inconsistency index remained, but it was not 

statistically significant for patients with more than two prescriptions (F = 1.33, P = .278). A 

similar relationship was observed for medication adherence and medication-taking 

inconsistency. The significant association remained for patients with one or two 

prescriptions (F = 4.86, P = .009) and disappeared for patients with more than two 

prescriptions (F = 0.27, P = .766).

To evaluate BP control in association with medication-taking consistency, we conducted 

logistic regression with the indicator variables for SBP and DBP control. For DBP control, 

we found that the odds of successful control was higher in the more consistent medication-

taking group vs the less consistent group, although the results were not statistically 

significant (odds ratio [OR], 1.319; 95% confidence interval [CI], 0.410–4.246; P = .642). 

For systolic pressure control, the association was reversed, but again the results were not 

statistically significant (OR, 0.621; 95% CI, 0.195–1.974; P = .419). However, if the 

stratified variable with two or fewer prescriptions was used as a covariate, we found that 

probability of successful SBP control was significantly higher in favor of more prescriptions 

(OR, 3.992; 95% CI, 1.523–10.464; P = .005). This observation remained when more 

covariates were adjusted (OR, 6.325; 95% CI, 1.920–20.838; P = .002). We did not observe 
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a similar pattern for DBP on the number of prescriptions (OR, 1.386; 95% CI, 0.548–3.504; 

P = .490). The details are presented in Table II.

DISCUSSION

The goal of this study was to investigate the associations between medication-taking 

consistency, medication adherence, and BP control. The results show that patients with 

consistent medication-taking routines were more likely to be adherent to their medications 

over time compared with patients with variable (inconsistent) medication routines. The 

results suggest that younger patients were significantly more likely to have a variable 

medication-taking routine than older patients and with lower rate of medication adherence. 

These results confirm the findings of previous studies7,20,21 that examined the association 

between increasing age and higher patient medication adherence, suggested that older 

patients made fewer adherence errors and were more consistent in taking their prescribed 

medications as a result of having more regular daily routines. Furthermore, the study found 

statistically significant results for older patients with two or fewer antihypertensive 

prescriptions to be more consistent and adherent in taking their medication. The relationship 

of higher age with lower inconsistency index was not statistically significant for patients 

with more than two prescriptions.

With respect to the association between medication-taking consistency and BP control, the 

study results suggest that patients with consistent medication-taking routines are more likely 

to have DBP control compared with patients with variable medication routines, although the 

results were not statistically significant. For SBP, we observed a reverse finding, but also not 

statistically significant. However, SBP control seemed strongly positively associated with 

the number of prescriptions. This finding was statistically significant, suggesting that the 

probability of successful SBP control was significantly higher in favor of more 

prescriptions. We did not observe a similar pattern for DBP on the number of prescriptions. 

These findings confirm the reports of previous studies that examined patient adherence and 

medication intensification.22,23 However; more research is needed on the number and type 

of antihypertensive prescriptions per patient and optimal BP control.

In line with other studies, our findings show that most sociodemographic characteristics 

were not associated with adherence and better BP control.24,25 The findings of this study 

attest to the multifactorial nature of BP control.

This study used MEMS, an objective measure of adherence, which makes it possible to 

observe each single intake and missed dose from the prescribed regimen.26,27 Examining the 

impact of consistency in medication taking on adherence and BP control provides some 

insight on how behavior can affect patient outcomes. Thus, this study should shed light on 

the importance of helping younger patients to establish daily medication-taking routines for 

better medication adherence and BP control.

Study Limitations

The findings of this study should be interpreted with caution because of several limitations. 

First, it should be noted that our findings may not be generalizable to a broader population 
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because of the predominantly low-income African American women in the study. This study 

used adherence data from the MEMS electronic monitoring devices, which makes it possible 

to observe medication adherence; however, electronic monitoring devices are still limited in 

that they do not provide confirmation that a dose is actually taken.28

BP control is a multifactorial challenge. Thus, the better SBP control noted in favor of more 

prescriptions for patients may be attributed to other factors such as type of medications, 

lifestyle factors, and greater treatment intensity, which is often noted among hypertensive 

African Americans.29,30

Clinical Implications

Health professionals, especially clinicians who are involved in patient care, should discuss 

with their patients potential problems associated with interruptions in their daily routines 

and develop alternate medication-dosing plans such as using cues to remind patients to take 

their medications and pillboxes to organize daily doses to promote medication adherence. It 

has been shown that providing individualized recommendations via cues helps patients 

remember to take their medication and consequently improve adherence.31–33 Since 

individualized medication plans may be difficult to develop within time-constrained office 

visits with providers, innovative strategies that utilize clinic support staff or technology will 

need to be developed for practical use in health care settings.

CONCLUSIONS

African American hypertensive patients with consistent medication-taking routines are more 

likely to be adherent to their medications over time and have better SBP control. These 

findings support intervention efforts to help patients establish consistent medication routines 

that fit within their daily lives in order to improve adherence behaviors. Future interventions 

should use this approach among younger patients.
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TABLE I

Characteristics of Study Participants on Medication-Taking Consistency in Hypertensive African Americans 

(N = 190)

Characteristics Total Two or More Medications More than Two Medications P Value or χ2

Age, mean (SD), y 54 (12.08) 52 (11.92) 59 (11.16) .001

Sex, No. (%)

 Female 168 (88) 131 (69) 37 (19) .158

 Male 22 (12) 19 (10) 3 (2)

Marital status, No. (%)

 Single 84 (44) 72 (38) 12 (6) .009

 Married 33 (17) 29 (15) 4 (2)

 Separated 58 (31) 42 (22) 16 (8)

 Widower 15 (8) 8 (4) 7 (4)

Education, No. (%)

 Elementary 44 (23) 33 (17) 11 (6) .698

 High school/GED 85 (45) 69 (36) 16 (8)

 Some college 61 (32) 49 (26) 12 (6)

Employment, No. (%)

 Full-time 29 (15) 26 (14) 3 (2) .412

 Part-time 13 (7) 11 (6) 2 (1)

 Retired 20 (11) 14 (7) 6 (3)

 Not working 103 (54) 79 (42) 24 (13)

 On disability 25 (13) 21 (11) 4 (2)

Type of insurance, No. (%)

 HMO 13 (7) 11 (6) 2 (1) .061

 Medicare 22 (12) 13 (7) 9 (5)

 Medicaid 140 (74) 112 (59) 28 (15)

 Self 15 (8) 15 (8) 0 (0)

Annual income, No. (%)

 Unknown 29 (15) 25 (13) 4 (2) .177

 <$20,000 122 (64) 92 (48) 30 (16)

 ≥20$20,000 39 (21) 34 (18) 5 (3)

BP at baseline, mean (SD)

 Diastolic BP 86.6 (11.4) 86.2 (10.88) 88.4 (13.19) .289

 Systolic BP 144.4 (19.1) 141.9 (17.85) 154.2 (20.77) .001

BP at 9 months, mean (SD)

 Diastolic BP 82.9 (10.4) 82.2 (10.15) 85.8 (11.03) .116

 Systolic BP 136.4 (15.8) 134.3 (15.19) 144.4 (15.99) .004

Abbreviations: BP, blood pressure; HMO, health maintenance organization; SD, standard deviation
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TABLE II

Blood Pressure Control <140/90 mm Hg by Inconsistency Index

Inconsistent Index Number of Prescriptions

Controlled SBP <140 mm Hg

 Unadjusted 0.621 (0.195–1.974) 3.992 (1.523–10.464)

 Adjusted 0.774 (0.210–2.843)a 6.325 (1.920–20.838)b

Controlled DBP <90 mm Hg

 Unadjusted 1.319 (0.410– 4.246) 1.386 (0.548–3.504)

 Adjusted 3.135 (0.762–12.906)a 1.691 (0.470–6.078)b

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure. Values are expressed as odds ratios (95% confidence intervals).

a
Adjusted for age, sex, income, education, marital status, employment status, educational status, and effect of intervention.

b
Adjusted for inconsistency, age, sex, income, education, marital status, employment status, and effect of intervention.
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