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Abstract

Background: Effective interventions to improve medication adherence are usually complex and expensive.

Objective: To assess the impact of a low-cost intervention designed to improve medication adherence and clinical 
outcomes in post-discharge patients with CVD.

Method: A pilot RCT was conducted at a teaching hospital. Intervention was based on the four-item Morisky Medication 
Adherence Scale (MMAS-4). The primary outcome measure was medication adherence assessed using the eight-item 
MMAS at baseline, at 1 month post hospital discharge and re-assessed 1 year after hospital discharge. Other outcomes 
included readmission and mortality rates. 

Results: 61 patients were randomized to intervention (n = 30) and control (n = 31) groups. The mean age 
of the patients was 61 years (SD 12.73), 52.5% were males, and 57.4% were married or living with a partner. 
Mean number of prescribed medications per patient was 4.5 (SD 3.3). Medication adherence was correlated to 
intervention (p = 0.04) and after 1 month, 48.4% of patients in the control group and 83.3% in the intervention 
group were considered adherent. However, this difference decreased after 1 year, when adherence was 34.8% 
and 60.9%, respectively. Readmission and mortality rates were related to low adherence in both groups.

Conclusion: The intervention based on a validated patient self-report instrument for assessing adherence is a 
potentially effective method to improve adherent behavior and can be successfully used as a tool to guide adherence 
counseling in the clinical visit. However, a larger study is required to assess the real impact of intervention on these 
outcomes. (Arq Bras Cardiol. 2014; 103(6):502-512)

Keywords: Cardiovascular Diseases; Medication Adherence; Patient Discharge; Patient Discharge Summaries; 
Randomized Controlled Trial.

Trial registration: Registro Brasileiro de Ensaios Clínicos 
RBR-26ydc3.

Introduction
Medication adherence can be defined as the extent to 

which patients follow the instructions they are given for 
prescribed treatments1. Adherence is a determinant of 
high-quality outcomes, yet studies indicate that 20% to 
50% of patients - across gender, age, and ethnic cohorts 
and with various medical disorders - do not take their 

medications as prescribed2,3. This is a growing concern 
to clinicians and healthcare systems because of mounting 
evidence that non-adherence is prevalent and associated 
with adverse outcomes and higher costs of care4,5. In the 
setting of chronic medical conditions, such as hypertension 
and diabetes, medication non-adherence leads to worse 
medical treatment outcomes, higher hospitalization rates 
and increased health care costs6-8. Even after hospitalization, 
adherence problems may persist due to inadequate 
knowledge about the treatment, lack of understanding or 
excessive complexity9,10.

A variety of interventions have been tested with the goal of 
improving patient adherence. However, despite several types 
of interventions demonstrating effectiveness in improving 
medication adherence in chronic medical conditions, few 
significantly affected clinical outcomes11. A Cochrane Database 
review concluded that almost all of the interventions that 
were effective for long-term care were complex, including 
combinations of more convenient care, information, 
reminders, self-monitoring, reinforcement, counseling, family 
therapy, psychological therapy, crisis intervention, manual 
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telephone follow-up and supportive care. Even the most 
effective interventions did not lead to large improvements in 
adherence and treatment outcomes1.

We have developed our intervention based on patient 
responses to the questions of a self-reporting instrument 
for assessing adherence to medications12,13. Based on 
a previous study14, we hypothesized that this low-cost 
intervention would improve measured adherence and 
reduce exacerbations requiring emergency department 
visits or hospitalization. The present study assessed an 
intervention in post-discharge patients with CVD taking 
prescribed drugs with the aim of improving medication 
adherence and clinical outcomes.

Methods

Design
We performed a randomized controlled, single-center 

trial with patients allocated to intervention versus usual 
care between October 2010 and April 2011. A computer 
program randomized patients using minimization with a 
random element to ensure that the 2 trial arms are not 
significantly different on 5 key variables: age, gender, 
number of drugs per patient, surgical procedure during 
hospitalization and diagnosis. Figure 1 shows the flow of 
patients throughout the study. 

Setting
A 300-bed cardiovascular clinic of a private urban teaching 

hospital, in the city of Maceió, state of Alagoas, Northeast 
Brazil. The state of Alagoas has one of the worst human 
development indices (HDI) in Brazil.

Recruitment
We recruited and obtained consent from consecutive 

patients who were discharged from cardiovascular clinics and 
who were prescribed antihypertensive medication.

Patients were randomly allocated to brief intervention 
or usual care and we used an intent-to-treat approach and 
thus ignored subsequent changes to regimens, treatment 
interruptions, and treatment termination.

Data Collection
We had to strike a careful balance between early 

intervention and enough time for participants to demonstrate 
variance in medication adherence, thus our decision was 
to assess adherence at baseline and 1 month post-hospital 
discharge. Later, we re-assessed adherence 1 year after 
hospital discharge, as well as readmission and mortality rates; 
both clinical outcome measures were included to correlate 
adherence and effectiveness of intervention. Therefore, 
consenting participants were contacted by phone call by 
a trained lay interviewer at 2 moments: a) 1 month after 
their event, when they were asked to answer the Morisky 
Medication Adherence Scale (MMAS-8)15; b) 1 year after 
their event, when they were once again asked to complete 

MMAS-8 and to report the number of hospitalizations 
related to CVD during the study year. Patients that were 
randomized to the intervention group were contacted again 
by phone on the same day (+ 5 days) of the first application 
of MMAS-8, during this telephone contact. Questions 
about the medications were discussed with these patients 
by the research pharmacists. Deaths were confirmed via 
death certificate. The study was closed 12 months after the 
last patient had been discharged. Patients who had been 
readmitted to the study site hospital during the 12-month 
follow-up period did not receive the intervention again.

Inclusion criteria
Aiming maximum inclusiveness, we recruited all patients 

who had a discharge diagnosis of CVD and who were on 
antihypertensive medication.

Exclusion criteria
Patients were excluded if they reported they were already 

using any tool to improve adherence.

Ethical Approval
The Federal University of Alagoas institutional review board 

approved the study protocol and consent form.

Measuring Adherence
Medication adherence – the primary outcome measure 

in the evaluation of this trial was assessed by phone call 
through the MMAS-8, an 8-item self-report scale for 
measuring medication-taking behavior developed from 
a previously validated 4-item scale15 and supplemented 
with additional items to better assess barriers to adherence 
behavior (Chart 1 and 2). Each of the 8 items measures a 
specific medication-taking behavior and not a determinant 
of adherence behavior. The new scale has been determined 
to have higher reliability compared with the 4-item scale 
(a = .83 vs a = .61)15. The MMAS scores can range from 0 to 
8 and have been previously trichotomized into the following 
3 levels of adherence to facilitate use in clinical practice: 
high adherence (score = 8), medium adherence (score, 6 
to < 8), and low adherence (score, < 6)15. Prior research 
revealed that the new scale is significantly associated with 
blood pressure control in patients with hypertension15,16. 
In our study, we used a validated version in Portuguese of 
the MMAS-817. Patients were considered adherent if they 
had a score equal to 8 (high adherence)16.

Intervention
As the MMAS-4 measures non-adherence using 4 

items and identifies the 2 main types of non-adherence - 
unintentional non-adherence (which occurs when patients 
wish to adhere to medications, but are prevented from 
taking medications due to some reason; it is based on 
forgetfulness and clarification regarding the medical regimen) 
and intentional non-adherence (which occurs when patients 
deliberately do not take their medications; it is based on 
withdrawing medications when feeling better or worse)18,19, 
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Figure 1 – Flow diagram.

73 Assessed
for Eligibility

11 Patients declined

62 Randomized

31 Allocated
to intervention

31 Allocated
to control

1 Not found
after 1 month

0 Not found
after 1 month

30 Were analyzed 31 Were analyzed

4 Not found
after 1 year

3 Not found
after 1 year

26 Were
analyzed

28 Were
analyzed

we have developed our intervention based on MMAS-
4 questions, which has been shown to be predictive of 
adherence to cardiovascular medications and blood pressure 
control, aiming to prevent both intentional and unintentional 
non-adherence behavior, INAB and UNAB, respectively. 

This protocol consisted of 2 distinct parts: patient-
centered verbal instructions (to prevent INAB and UNAB) 
and written material about prescribed medications (to 
prevent UNAB). Interventions to enhance medication 
adherence in chronic medical conditions may be grouped 
by type10,20,21, as follows: (I) informational interventions 
describe cognitive strategies designed primarily to educate 
and motivate patients by instructional means, based on 
the concept that patients who understand their condition 
and its treatment will be more informed, empowered, and 
likely to comply (e.g.: face-to-face oral, telephone, written, 
or audiovisual education; didactic group class; and mailed 
instructional material - not including reminders or prompts 
to comply); (II) behavioral interventions are strategies 

designed to influence behavior through shaping, reminding 
(cues), or rewarding desired behavior (reinforcement), 
examples include skill building by a health care professional, 
pillboxes, calendars, a change in packaging, or other 
steps intended to remind the patient; changes in dosage 
schedule to simplify the regimen or tailor the regimen 
to the patient’s daily routine (i.e., reduce its behavioral 
demands); and rewards and reinforcement (e.g., assessment 
of adherence with feedback to the patient); (III) family 
and social interventions involve social support strategies, 
whether provided by family or another group (e.g. support 
groups and family counseling)10. Our combined intervention 
included features of I and II of the preceding categories.

The main elements of the discharge counseling were as 
follows: a) information about disease process/prognosis; b) 
information about discharge medications (e.g., therapeutic 
goals; how to monitor drug treatment, especially the 
consequences of abrupt cessation of antihypertensive 
treatments and adverse drug reactions that may be causes of 
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withdrawal; and how to handle inaccurate dosing systems or 
unusual dosage forms). Subjects considered critical to success 
of treatment were discussed with the patient (Chart 3 – please 
see additional File 2). Additional information (e.g., dosage 
schedule) was written on a drug treatment card adapted as 
a refrigerator magnet.

The research pharmacists were previously trained in 
discharge counseling approach for 6 months at the study 
setting. The enhanced medication review provided by 
pharmacists to patients in the intervention group on the day 
of discharge consisted of 9 steps with mean total duration 
of 32 minutes:

1. The doctor confirms the patient's hospital discharge 
and sends the outpatient prescription for analysis by 
the pharmacist.

2. The pharmacist transcribes data from medical records and 
prescription to a form specifically designed for this study.

3. The pharmacist reviews the following data for each drug: 
indication, dosage and schedule, treatment duration, 
method of use, adverse reactions, main drug-drug and 
drug-food interactions. Current drug-drug interactions or 
other drug-related problems are communicated to the 
prescriber before discharge. The communicated problems 
did lead to an adaptation/correction of the prescription. 

4. The pharmacist reviews the following data for each 
patient: diagnosis, age, sex and drugs used before 
hospitalization.

5. After reviewing patient data, the pharmacist highlights 
critical points to the success of treatment after hospital 
discharge. (Chart 3)

6. Main advice and schedules are written on a drug 
treatment card adapted as a refrigerator magnet.

7. Subjects considered critical to successful treatment and 
schedules are discussed with the patient. In this step, the 
health-disease process is also discussed, as well as measures 
to be taken in case of a forgotten dose. (Chart 3)

8. The instructions about drug treatment are checked with 
the patient.

9. The drug treatment card is given to the patient as well 
as a phone number for contact.

The research pharmacists were also encouraged to minimize 
regimen complexity for their patients by identifying potential 
simplifications during discharge prescription reviews and 
discussing these changes with hospital doctors and patients.

The intervention pertained to all discharge medications. 
However, medication adherence was ascertained just for the 
anti-hypertensive medications.

Control condition
Participants in the control group received hospital's usual 

care and answered the same questions (from the MMAS-8 and 
about readmission events) by phone at the same moments as 
the intervention group. Moreover, they were visited before 
discharge by a research-team member in order to disguise the 
lack of testing intervention.

Sample Size
We estimated that a sample size of at least 19 patients in each 

group would provide 80% power to detect a 40% difference, 
based on baseline adherence and results from a previously 
performed pilot investigation in medication adherence by using 
a t-test with a 2-sided α level of 0.0522. Unlike this, difference 
in adherence between groups is generally small in randomized 
clinical trials1,10,21. However, we did not find any study that 

Chart 1 – The 4-Item Morisky Medication Adherence Scale (MMAS-4)

1. Do you ever forget to take your (name of health condition) medicine? Yes / No

2. Do you ever have problems remembering to take your (name of health condition) medicine? Yes / No

3. When you feel better, do you sometimes stop taking your (name of health condition) medicine? Yes / No

4. Sometimes if you feel worse when you take your (name of health condition) medicine, do you stop taking it? Yes / No

Chart 2 – The 8-Item Morisky Medication Adherence Scale (MMAS-8)

1. Do you sometimes forget to take your high blood pressure pills? Yes / No

2. Over the past two weeks, were there any days when you did not take your high blood pressure medicine? Yes / No

3. Have you ever cut back or stopped taking your medication without telling your doctor because you felt worse when you took it? Yes / No

4. When you travel or leave home, do you sometimes forget to bring along your medications? Yes / No

5. Did you take your high blood pressure medicine yesterday? No / Yes

6. When you feel that your blood pressure is under control, do you sometimes stop taking your medicine? Yes / No

7. Do you ever feel hassled about sticking to your blood pressure treatment plan? Yes / No

8. How often do you have difficulty remembering to take all your blood pressure medication? Never-Rarely/Once in a while/
Sometimes/Usually/All the time
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Chart 3 – Points to discuss with patients and suggested recommendations

MMAS-4 question
Do you ever 

forget to take your 
medicine?

Do you ever have 
problems remembering to 

take your medicine?

 When you feel better do you 
sometimes stop taking your 

medicine?

When you sometimes feel 
worse when you take the 

medicine, do you stop 
taking it?

Specific goal To improve memory 
for medication taking

To adapt the regimen to the 
patient's daily schedule to 

address carelessness

To avoid stopping the treatment 
when feeling better

To avoid stopping the 
treatment when feeling worse

Procedure 1 Procedure 2 Procedure 3

Provide an easy reminder and identify a daily activity 
or cue that the patient does regularly at about the time 
he or she should take medications and explain to the 

patient to take medications at this time

Explain fundamentals 
of hypertension and its 

management to patient in terms 
he or she can understand. 
Explain how the medication 

works in a simple way and what 
are the specific consequences 
or effects if the patient stops 

taking it.

Teach patient how to monitor 
the most common side 

effects of his or her treatment 
(withdrawal rates due to side 
effects must be investigated). 

Support and encourage 
patient to report the problem 

to the physician.

Therapeutic class information

Agents acting on the renin-
angiotensin system, Beta blocking 
agents and Calcium channel blockers

This medicines act by dilating the blood vessels (and, in some cases*, reducing heart muscles contractility).
Therefore amlodipine and losartan may take a few weeks to show noticeable effects.

Linking medication taking to patient's daily 
schedule31 Withdrawal symptoms Potential causes of 

withdrawal

Amlodipine

Optimal dosing time: in the morning, around breakfast 
time

(there is little evidence of what is the optimal time 
to take once-daily amlodipine, however the optimal 

dosing time may be morning).
May be taken with food.

Abrupt withdrawal of this 
agent can precipitate coronary 

vasospasm, which may result in 
myocardial infarction.

Peripheral edema, fatigue, 
palpitation, headache, 

dyspepsia, nausea.

Atenolol
Optimal dosing time: uncertain.

May be taken with food (although the presence of food 
may reduce the bioavailability of atenolol by 20%).

Tachycardia, palpitation, 
excessive sweating, chest pain, 

heart attack, death.

Hypotension, bradycardia, 
bronchospasm, cold 

extremities.

Captopril

Optimal dosing time: uncertain (although there is 
fair evidence that bedtime dosing may constitute an 

effective option to reduce cardiovascular risk)
May be taken without food.

Abrupt withdrawal of these 
agents can precipitate 

hypertensive rebound in diabetic 
patients with chronic renal failure

Dry cough, hyperkalemia 
(especially if used with 
spironolactone; main 

symptoms: palpitations and 
muscle weakness), postural 

hypotension.

Carvedilol Optimal dosing time: evening.
May be taken with food.

Tachycardia, palpitation, 
excessive sweating, chest pain, 

heart attack, death.

Fatigue, hypotension, 
diarrhea, asthenia, 

bradycardia, dizziness, 
edema.

Enalapril Optimal dosing time: evening.
May be taken with food.

Abrupt withdrawal of these 
agents can precipitate 

hypertensive rebound in diabetic 
patients with chronic renal failure

Hypotension, dry cough.

Losartan

Optimal dosing time: administration time-dependent 
effects of losartan have not been documented.

May be taken with food (concurrent use of losartan 
and grapefruit juice may result in increased half-life 
and decreased area under the concentration time 

curve of losartan's active metabolite).

There is little evidence of 
rebound effect after abrupt 

withdrawal of losartan therapy.
Dizziness, diarrhea, tiredness.
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Continuation
Therapeutic class information

Diuretics These medications increase water loss by inhibiting sodium and chloride resorption in the kidneys.
When taking these antihypertensives, one will urinate a lot because of the increased water loss.

Linking medication taking to patient's daily 
schedule Withdrawal symptoms Potential causes of 

withdrawal

Hydrochlorothiazide
Optimal dosing time: before 6 pm and preferably in 

the morning.
May be taken with food.

If diuretics are withdrawn 
suddenly in patients with a 

normal sodium intake, there 
will be rebound retention 
of sodium and water (with 

consequent edema), because 
compensatory mechanisms that 
maintain sodium balance in the 
face of diuretics continue to act 
for several days after diuresis 

has worn off.

Hypokalemia (symptoms 
include muscular weakness, 

myalgia, and muscle cramps), 
weakness.

Furosemide

Optimal dosing time: no significant difference related 
to dosing time was observed between morning and 

evening trials.
May be taken with food.

Hypokalemia (symptoms 
include muscular weakness, 

myalgia, and muscle cramps), 
hyperglycemia, hyponatremia 

(symptoms include nausea 
and vomiting, headache, 

fatigue, appetite loss).

Spironolactone
Optimal dosing time: administration time-dependent 

effects of spironolactone have not been documented.
May be taken with food.

There is no apparent rebound 
effect after abrupt withdrawal of 

spironolactone therapy.

Hyperkalemia (main 
symptoms: palpitations and 

muscle weakness).

Therapeutic class information

Platelet aggregation inhibitors Treatment with blood thinners prevents blood clots from forming in blood vessels. It may be used to prevent or treat heart 
attacks and stroke.

Linking medication taking to patient's daily 
schedule Withdrawal symptoms Potential causes of 

withdrawal

Acetylsalicylic acid

Optimal dosing time: in the morning and/or in the 
evening with food

(bedtime administration of aspirin decreases morning 
surge of platelet aggregation while kept same 

antiplatelet efficacy during other time of the day 
compared to taking these drugs at day-time).

The withdrawal of acetylsalicylic 
acid may be associated with 
traditional cardiovascular risk 

factors and thrombosis.

Gastrointestinal side effects 
(pain, heartburn, indigestion), 

bleeding.

Clopidogrel

Optimal dosing time: in the morning and/or in the 
evening with food

(bedtime administration of clopidogrel decreases 
morning surge of platelet aggregation while kept 

same antiplatelet efficacy during other time of the day 
compared to taking these drugs at day-time).

Clopidogrel withdrawal is 
associated with a rebound 

prothrombotic and/ or 
proinflammatory response. 

Premature cessation of 
clopidogrel in patients receiving 
drug-eluting stents is a clear risk 

factor for stent thrombosis.

Bleeding, Gastrointestinal 
side effects (pain, heartburn, 
indigestion, diarrhea), rash.

Therapeutic class information

Lipid modifying agent These agents are used along with a proper diet to help lower "bad" cholesterol and fats and raise "good" cholesterol in 
the blood

Linking medication taking to patient's daily 
schedule Withdrawal symptoms Potential causes of 

withdrawal

Rosuvastatin

Optimal dosing time: in the morning or in the evening 
(there are sufficient data to support evening 

administration of simvastatin to achieve optimal 
effect, however the elimination half-life of 

rosuvastatin is significantly longer and this is 
probably significant in the ability to take it in the 

morning with non-significant changes in lipid lowering 
compared to evening administration).

May be taken without food.

Statin withdrawal abrogates 
this beneficial effect in patients 

initially responsive to this 
therapy and may cause rebound 

inflammatory effect.

Muscle pain, fatigue and 
weakness, myalgia, cognitive 

loss.
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included concurrent post-discharge patients with CVD and 
MMAS as the adherence measure, or even studies with an 
intervention based on its own assessment tool. We believe 
that this shared mechanism leads to higher adherence scores 
in intervention group and consequently increases effect size.

Statistical Analysis
Bivariate comparisons between groups were performed 

using chi-square test for equal proportions (or Fisher's exact 
tests where numbers are small) and reported as numbers 
and percentages. Continuous normally distributed variables 
(determined by Kolmogorov-Smirnov test) were compared 
using ANOVA and reported as means (standard error). 
Backward stepwise logistic regression analysis was conducted 
to determine independent correlates of medication adherence. 
These statistical analyses were performed using the statistical 
program package SPSS version 16.0 (SPSS Inc., Chicago, 
Illinois). The researcher (S.F.N.) responsible for analyzing 
readmission and adherence data was blinded regarding the 
group to which the patients had been randomized.

The magnitude of the intervention effect (Cohen’s d) was 
calculated by subtracting the MMAS-8 mean score of the control 
group from the MMAS-8 mean score of the intervention group 
and dividing the result by the pooled standard deviation23.  
A Cohen’s d of 0.5 thus indicates that the mean of the 
intervention group is half a standard deviation larger than the 
mean of the control group. Values of d from 0.56 to 1.2 can 
be assumed to be large, 0.33 to 0.55 are moderate, and 0 to 
0.32 are small23. This measure is independent from the method 
of adherence measurement used, thus permitting comparison 
of different interventions across studies. In this way, it provides 
more information than a simple test of significance comparing 
outcomes in intervention and control groups10.

Results
Of 73 patients invited to participate in the study, 11 declined. 

Of 62 randomized patients (31 intervention and 31 control), 
1 patient was not found after 1 month and was excluded from 
further analyses. This left 61 eligible patients. Figure 1 shows 
the flow of patients throughout the study. The groups were 
well balanced with respect to baseline characteristics (Table 1). 
The mean age of the patients was 61 years (SD 12.73), 52.5% 
were males, and 57.4% were married or living with a partner. 
Mean number of prescribed medications per patient was 4.5 
(SD 3.3). Most prescribed drugs were: aspirin (63.9%), atenolol 
(57.4), losartan (55.7), rosuvastatin (39.3), clopidogrel (32.8), 
amlodipine (21.3), carvedilol (19.7), spironolactone (18.0), 
furosemide (14.8), hydrochlorothiazide (11.5), enalapril (8.2), 
captopril (6.6), digoxin (5.2), atorvastatin (3.3), and others (29.5). 
Among the most commonly prescribed drugs (used by more 
than 10% of patients), only carvedilol and hydrochlorothiazide 
were not statistically significantly associated with adherence 
(p = 0.489 and p = 0.179 respectively).

Medication Adherence at baseline
Medication adherence was 41.9% and 58.1% in the usual 

care and intervention groups at baseline (p = 0.710).

Medication Adherence after 1 Month
Medication adherence improved between the baseline 

and follow-up surveys in both groups, 48.4% and 83.3% 
in the usual care and intervention groups, respectively, but 
was significantly greater (p = 0.004) in the intervention 
group (Cohen's d = 0.741). Potential factors that may affect 
medication adherence (e.g. gender, age, marital status, 
number of prescribed medications, undergoing surgery 
during hospitalization and main diagnosis) were not related 
to medication adherence after 1 month. In the logistic 
regression, having received the intervention was the only 
significant risk factor for medication adherence.

Medication Adherence after 1 Year
The effects of the intervention decreased (p = 0.203) 

during the 12-month post intervention follow-up period, 
in which medication adherence was 34.8% and 60.9% 
for the control group and intervention group, respectively 
(Cohen's d = 0.643).

Readmission and Mortality rate
The numbers of hospitalizations and deaths during 

the study are summarized in Table 2. Of 61 patients 
analyzed after 1 month, 7 were lost to follow-up after 
1 year (4 intervention and 3 control). Of the 54 patients, 
9 ([3 intervention and 6 control]; p = 0.27, Fisher exact 
test) died before the end of the 12-month follow-up 
period; 8 patients died of their underlying disease and 
1 of septicemia (intervention group). 20/54 patients 
(7/26 intervention and 13/28 control]; p = 0.20, Fisher 
exact test) were re-hospitalized during the course of 
the study. Main cause of re-hospitalization was CVD 
(25 events), followed by respiratory problems (2) and 
cancer (1). As for the intervention group, there was a 
19.5% reduction in re-hospitalization, although this 
was not significant at the .05 level. Adherent patients in 
both groups had significantly lower rates of readmission 
and mortality (p = 0.03 and p = 0.02 respectively). 
The mortality rate was also influenced by diagnosis and 
presence of comorbidities.

Discussion
In 2001, Cooper et al. showed in a review of 12 meta-

analyses that educational interventions were generally poorly 
described, and failed to adhere to theoretical models24. 
Subsequent reviews have found few consistent associations 
between the characteristics and effectiveness of interventions 
to improve adherence1,10,20,21,25. Kripalani et al11 observed 
that behavioral interventions that reduced dosing demands 
of individual therapies consistently improved adherence10; 
other successful interventions usually contained multiple 
elements delivered over time. However, none of these 
reviews focused on medication adherence after hospital 
discharge. In a Cochrane Database review1, no evidence of 
difference in adherence to medication was observed after 
two pharmacy discharge plans.
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In contrast to these findings, our intervention based 
on MMAS-4 improved medication adherence score after 
1 month. In addition, control of potential confounding 
factors (e.g. age, gender, marital status, number of prescribed 
medications, undergoing surgery during hospitalization and 
main diagnosis) did not influence the results. This effect 
may be due to several causes. First, we used a measure of 
medication-taking behavior based on the same pattern of 
intervention; although the eight-item scale has shown better 
psychometric properties than the original 4-item scale15, 
some questions are identical.

Second, although 12 different classes of drugs were used by 
the patients' physicians, a narrow variety of drugs inside theses 
classes were prescribed (mostly aspirin, enalapril, losartan, 
clopidogrel and rosuvastatin). Such rigid adherence to medical 
guidelines, although leading to excessive costs, permitted us to 
focus our efforts on a restricted number of therapies.

Third, our intervention was centered on subjects 
considered critical to treatment success and it may be 
related to a MMAS-8 question commonly answered 
incorrectly among non-adherent patients: "Have you ever 
cut back or stopped taking your medication without telling 
your doctor because you felt worse when you took it?" 
Burnier26 states that it appears that an effective, convenient 
drug regimen that is relatively free of side effects, combined 

Table 2 – Summary of Outcomes at 12-Months Follow Up

Value (%)

Variable Intervention Group (n = 30) Control Group (n = 31) p values

Readmissions 6 (20%) 15 (48%) 0.20

Deaths 3 (10%) 6 (19%) 0.43

Table 1 – Baseline Characteristics of Patients by Group

Characteristic Intervention Group (n = 30) Control Group (n = 31) p values

Sex, Nº. (%)

Male 16 (53.3) 16 (51.6)
0.90a

Female 14 (46.7) 15 (48.4)

Age, mean (SD) 60.93 (12.69) 61.07 (12.99) 0.96b

Married or living with partner, Nº. (%) 18 (60.0) 17 (54.8) 0.36a

Nº. of prescribed medications at discharge, mean (SD) 4.46 (1.72) 4.5 (1.93) 0.94b

Underwent surgery during hospitalization, Nº (%) 10 (33.3) 9 (29.0) 0.93a

Main diagnosis, Nº. (%)

Hypertension 16 (53.3) 15 (48.4)

0.70a

Heart failure 6 (20.0) 8 (25.8)

Coronary artery disease 5 (16.7) 7 (22.6)

Diabetes mellitus 7 (23.3) 5 (16.1)

Other 2 (6.7) 0
aChi-square test bANOVA

with a positive and supportive approach to treatment, 
will therefore yield the best results in terms of facilitating 
adherence and persistence with antihypertensive therapy26. 
In our study, physicians reported that some patients came 
back or contacted them by phone after an adverse drug 
event for which they were warned during a counseling 
session, instead of stop taking their medication.

Fourth, the presence of a Hawthorne effect was 
considered and must not be ignored; however, patients in 
the control group were visited by a research-team member in 
order to disguise the lack of testing intervention. A systematic 
review performed by Schlenk et al21 observed that, because 
of the nature of the interventions, the investigators were not 
able to blind the participants and interventionists to group 
assignment, which could produce Hawthorne, novelty, and 
experimenter effects in the intervention group subjects.  
For all practical purposes, our patients were blinded about 
the treatment that was used.

Fifth, in the pilot study we observed that longer counseling 
sessions (e.g. 20 to 40 minutes) led to a few patients’ refusal 
of continuation of intervention. Thus, we believe that a 
shorter intervention tends to be more comprehensive and 
effective. It is also noted that acceptability of intervention 
among patients was high.
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However, the positive effect of the intervention decreased 
significantly (p = 0.203) after 1 year, which may be due to 
the fact that this study did not have sufficient power to detect 
a 26% reduction in adherence (Cohen's d = 0.643) as a 
meaningful difference. Kripalani et al11 state that many similar 
studies were relatively small and not sufficiently powered to 
detect differences in clinical outcomes. On the other side, 
a high effect size - as foreseen in this pilot study - does not 
require a large sample and both probability of detecting a 
difference and the power are both high as well. A sample size 
of at least 30 patients in each group would provide 80% power 
to detect a 33.5% increase in medication adherence; and we 
observed a 35% difference after 1 month. However, as a pilot 
study, our study was in fact underpowered for more nuanced 
differences in long-term adherence and other outcomes.

Our study had other limitations. For example, the 
intervention was delivered by 2 pharmacists, which limits 
the generalizability of our findings. Because of multiple 
components of intervention (e.g. verbal counseling based 
on INAB and UNAB and written materials) we could not 
attribute intervention effects to any single component. 
Although patients, prescribers and the researcher 
responsible for analyzing study data were blinded to the 
group, the pharmacists who performed data collection 
were not. We also had limited information about other 
medications used during the follow-up year. Intervention 
itself was limited by lack of ongoing contact. Carter et al27 
suggest that continued interventions may be necessary 
to maintain high rates of BP control, especially in those 
patients who lose BP control. And this may be why the 
intervention did not led to better clinical outcomes after 
1 year. At this time point, adherent patients in both groups 
had significantly lower rates of readmission and mortality, 
and once the effect of intervention on adherence dissipated, 
we believe that the same intervention involving ongoing 
contact may positively influence these clinical outcomes. 
Murray et al28, for instance, provided a 9-month multilevel 
intervention to support medication management in 
outpatients with heart failure who had low health literacy 
and limited resources, with a 3-month post-study phase, 
improving adherence to cardiovascular medications and 
decreasing health care use and costs28. Finally, 8 (11%) 
patients declined to participate. While one patient refused 
to participate because of the possibility of being assigned 
to the placebo condition, five patients claimed not having 
time to participate and two declared themselves anxious 
to go home. Although this occurred at pre-randomization 
and does not affect internal validity, it may affect the 
generalizability of our study.

While non-adherence to medications is common 
for patients with CVD, who might be less likely to take 
their medication as prescribed because hypertension is 
asymptomatic, many studies have described the association 
between medication adherence and clinical outcomes7.  
A meta-analysis revealed that the odds of good blood pressure 
control among patients adherent to anti-hypertensive 
medications, compared to those who were non-adherent 
was 3.44 [95% confidence interval 1.6-7.37]25 . Although 
we did not measure blood pressure as part of the study and 

cannot determine the association between self-reported 
medication adherence and blood pressure control, previous 
studies demonstrated a significant association between the 
MMAS-8 score and blood pressure control15-17.

Nair et al29 state that medication adherence appears to 
be a patterned behavior established through the creation of 
a routine and a reminder system for taking the medication. 
In addition, control of hypertension - as one of the most 
important interventions to prevent coronary heart disease, 
stroke, heart failure and end stage renal disease – may be 
achieved by continued efforts on development of simple 
and feasible interventions to improve medication adherence. 
Gehi et al30 findings suggest that self-reported adherence may 
be a simple and straightforward method to identify patients 
at risk for adverse cardiovascular outcomes in patients with 
Coronary Heart Disease. Similarly, it seems plausible that 
interventions designed to improve self-reported adherence can 
positively affect clinical outcomes. Our findings suggest that 
self-report methods of measuring medication-taking behavior, 
such as MMAS-4, may be integrated into the clinical visit in 
which the health care provider interacts with the patients 
in assessing adherence behavior and provides immediate 
feedback and counseling as to how barriers - such as forgetting, 
misunderstandings - can be addressed, as well as provide 
reinforcement for good adherence behavior31.

Despite the encouraging results, we need to examine 
other behavioral determinants that may influence medication 
adherence and clinical outcomes. These results need to be 
replicated using a multicenter, randomized strategy, and such a 
study is already being carried out in patients with chronic CVD.

Conclusion
Based on these findings, we conclude that a brief 

intervention based on a patient self-report instrument for 
assessing medication adherence is a potentially effective 
method to improve adherent behavior – which was correlated, 
in our investigation, to readmissions and mortality rate – in 
post-discharge patients with CVD taking prescribed drugs. 
However, a larger study is required to assess the real impact 
of intervention on these outcomes. Although updated by 
MMAS-8 as a research method for assessing adherence to 
medications, MMAS-4 can still be used as a guide for an 
educational intervention in the clinical setting, whereby the 
health care provider asks the intentional and unintentional 
adherence questions to the patient and provides guidance 
and counseling to the patient based on the response.
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