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Abstract

Background: Patients with coronary artery disease (CAD) are categorized by cardiovascular risk depending on associated
risk factors and events, requiring more rigorous treatment goals.

Objective: To investigate treatment adherence, using the Morisky—Green test, and achievement of metabolic goals at a
tertiary public hospital in Belém, Para, Brazil.

Methods: This observational, cross-sectional, and analytical study was conducted with a sample of 106 patients with
CAD at very high cardiovascular risk, treated in the outpatient clinic of a tertiary care hospital. The following data were
collected over a 4-month period: demographic information, medication adherence (Morisky-Green test), modifiable risk
factors, and laboratory parameters (lipids, blood glucose, blood pressure, heart rate, and abdominal circumference).
Associations were assessed using chi-square test or G test, and correlations were analyzed using Spearman’s test,
adopting a significance level of 5% (p < 0.05).

Results: Treatment adherence analysis showed an adherence rate of 16.0%. Low-density lipoprotein (LDL) -cholesterol
levels were above the target of 50 mg/dL in 72.6% of patients, and normal blood glucose was achieved in 75.5%.
Education level was the only epidemiological variable associated with therapeutic non-adherence (p = 0.0130).
Regarding financial aspects, only 9.4% reported persistent difficulty in purchasing medications; among those reporting
difficulty, high-potency statins were the most frequently cited (58.6%).

Conclusions: Education level was shown to be a determining factor in understanding treatment, impacting adherence.
Laboratory tests revealed significant deficiencies in lipid control, reinforcing the need for clinical optimization.
Difficulties in accessing statins and low medication adherence underscore the importance of educational interventions
and multidisciplinary approaches for better management of CAD.
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Introduction according to Cardiovascular Statistics — Brazil, coronary artery
Cardiovascular diseases are the leading cause of death disease (CAD) remained one of the leading causes of death in

in Brazil and worldwide. Although mortality has decreased ~ Brazil, with age-standardized estimates of approximately 67.1
in high-income countries over recent years, it has been deaths per 100,000 inhabitants in 2021.* According to the

increasing in individuals under 60 years of age in low- and ~ Brazilian Society of Cardiology, CAD was the leading cause of
middle-income countries.’? death in all Brazilian federative units, including the state of Para.
There are, however, fewer studies and less data available in Parg,

In Brazil, approximately 20% of deaths in individuals over . : . et ;
possibly associated with underreporting in a large territory.®

30 years of age are due to ischemic heart disease. In 2023,

Given the recognized severity of CAD, studies such as
Framingham and INTERHEART aimed to identify measurable
risk factors associated with changes in the prognosis of CAD
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Risk factors are classified as modifiable or non-modifiable.
The former include lipid levels, systemic arterial hypertension,
diabetes, smoking, physical activity, obesity, alcohol
consumption, and psychosocial factors. Non-modifiable risk
factors include heredity, sex (with higher prevalence in men
depending on the age group), and age (given the tendency for
the disease to appear in age groups above 45 years for men
and 55 years for women).'®"

In patients with CAD, proper care of modifiable risk factors
is fundamental to reducing major cardiovascular events such
as reinfarction, stenosis, stent thrombosis, and mortality
from cardiovascular causes.’ Evidence such as that from the
COURAGE trial has indicated comparable efficacy between
intensive medical strategies combined with lifestyle changes
and percutaneous intervention. Even so, a large proportion
of patients do not demonstrate good adherence to proposed
treatment.’™

Itis therefore necessary to investigate treatment adherence
and the achievement of goals established by national
guidelines, especially in areas where data on the situation
in the Brazilian state of Para are lacking. Accordingly, the
objective of the study was to investigate medication adherence
and control of metabolic goals in patients with very high-risk
CAD treated at a tertiary public referral hospital in Belém, Para.

Methods

This observational, cross-sectional, and analytical study
included patients diagnosed with CAD and followed up at
the CAD outpatient clinic of a tertiary care hospital in the
Brazilian state of Pard. Considering that approximately 36
patients were seen per week at the CAD outpatient clinic,
totaling 576 patients over a 4-month period, the sample size
was calculated using the finite population formula, as shown
in Figure 1, resulting in a final sample size of 106 patients.
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N-Z2-p-(1-p)
Zi-p-(1-p)+e’- (N-1)

Figure 1 - Finite population formula.

Data collection was carried out by trained undergraduate
students between March 2023 and June 2023, using a
structured four-part form. The first part covered basic patient
identification, including sex, age, and type of intervention
(coronary artery bypass grafting, percutaneous coronary
intervention, or medical treatment). Subsequently, a semi-
structured interview addressing medication adherence was
conducted, based on an adaptation of the Morisky—Green
test. This test was chosen because it has been validated
in Brazil, consists of four objective questions, and is
therefore easy to apply in high-demand outpatient settings
at a low cost. Patients were classified as non-adherent if
they answered “yes” to any of the four questions, which
addressed aspects such as potentially forgetting to take
medications, confusion in medication use, interruption
of treatment when feeling better or worse, or reporting
adverse effects. This interview was complemented by
a graded scale with a financial component. Financial
difficulties in purchasing medications were assessed by
means of a structured self-report question, with responses
categorized as never, sometimes, and always, aiming
to identify patients’ perception of economic barriers to
pharmacological treatment access. The third part of the form
addressed modifiable factors related to CAD, such as diet,
smoking cessation, and physical activity. Finally, laboratory and
clinical data obtained from medical records were analyzed to
verify whether the therapeutic goals stipulated in the guidelines
were being achieved.’>'® The established goals were as
follows: low-density lipoprotein (LDL)-cholesterol < 50 mg/dL,
blood pressure between 120/60 mmHg and 130/80 mmHg,
abdominal circumference < 102 ¢cm for men and < 88 cm
for women, fasting blood glucose between 70 and
136 mg/dL, random blood glucose < 200 mg/dL, heart rate
< 70 bpm, and complete smoking cessation.

The study included patients diagnosed with CAD, treated
at a cardiology outpatient clinic of a public referral hospital,
provided they were under active follow-up, were over 18
years of age, and demonstrated adequate clinical conditions
to understand the interview. Patients with cognitive deficits,
significant communication impairments, decompensated
comorbidities that would make care unfeasible, and patients
without updated laboratory tests in their medical records
were excluded.

The study followed the ethical principles of research
involving human participants and received approval
from the local Research Ethics Committee under opinion
number: 6.161.327. All participants were informed of
study objectives and procedures and signed a free and
informed consent form.
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Statistical analysis

Sample characteristics were entered into a Microsoft®
Excel® 2016 spreadsheet. Descriptive statistics were used to
present the results in tables and graphs. Categorical variables
were presented as absolute and relative frequencies.

Analytical statistics included the G test and chi-square
goodness-of-fit test to verify whether the frequency
distributions observed in the sample differed significantly from
expected distributions. Spearman’s correlation coefficient
was calculated to assess the association between treatment
adherence and epidemiological variables.

Descriptive and analytical statistics were obtained using
Bioestat 5.4 software. For hypothesis testing, a significance
level of a = 0.05 (or 5%) was adopted.

Results

The sample consisted of 106 patients with a statistically
significant predominance of male patients (73.6%; p <
0.0001). The most prevalent age ranges were 50 to 59 years
(31.1%) and 60 to 69 years (32.1%), also showing a significant
difference between groups. Regarding education level, a
wide variation was observed, ranging from illiterate patients
(5.7%) to patients with complete higher education (3.8%);
incomplete primary education was the most frequent category
(29.2%), as shown in Table 1. Regarding the type of CAD
treatment, the majority of patients underwent percutaneous
coronary intervention (57.5%), followed by coronary artery
bypass grafting (34.0%) and medical treatment (10.4%), with
a statistically significant difference between groups.

With respect to modifiable risk factors, a statistically
significant majority of the sample reported that they were not
current smokers (91.5%); it is important to note, however,
that a statistically significant proportion also stated that they
had been smokers in the past (61.3%). Among patients who
smoked, the majority reported consuming 20 to 29 pack-years
(23.1%), followed by the group consuming between 10 and
19 packs annually (21.5%), as shown in Table 2.

A statistically significant majority of patients (73.6%) did
not receive nutritional follow-up. Regarding physical activity,
there was a significant difference in weekly frequency, with
the largest proportion reporting that they never engaged in
physical activity (36.8%).

In adherence analysis, 42.5% of patients reported that
they sometimes (37.7%) or most of the time (4.7%) forgot to
take their daily medications. Confusion regarding medication
use was less frequent (19.8%). When asked about perceived
effectiveness, a statistically significant majority of patients
reported that the medications worked well (84.9%), followed
by those reporting fair effectiveness (13.2%). A small proportion
reported medication-related discomfort (10.4%); among these,
enalapril was the most cited (45.5%), as shown in Table 3.

An adherence rate of 16.0% was observed in the sample,
with a statistically significant non-adherence rate of 84.0%,
as shown in the Central lllustration.

Most participants responded never or sometimes, when
asked if they faced difficulties in purchasing their monthly
medications. The most frequent response was sometimes
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(35.8%), followed by never (34.0%). Among those who
reported difficulty, the most frequently reported medication
was high-potency statins (58.6%), as shown in Figure 2.

Laboratory analysis revealed a statistically significant
proportion of patients with abnormal LDL-cholesterol (72.6%).
Fasting blood glucose showed normal levels in 75.5% of
patients, also statistically significant. On the other hand, no
statistically significant differences were observed in HDL-
cholesterol, triglycerides, blood pressure, heart rate, and
abdominal circumference, as shown in Table 4.

Table 1 - Profile of patients included in the sample, HCGV, 2023

Variables N % p value
Male* 78 73.6%
Sex <0.0001*
Female 28  26.4%
<50 8 7.5%
50 to 59* 33 31.1%
60 to 69* 34 32.1%
L T <0.0001*
(vears)  70to79 22 20.8%
>80 7  6.6%
Not reported 2 1.9%
llliterate 6 5.7%
Incomplete primary 0
education 31 29.2%
Complete primary 20 18.9%
education o
Incomplete
secondary 15 14.2%
Education education
<0.0001%
level Complete
secondary 21 19.8%
education
Incomplete higher 4 38%
education
Complgte higher 4 38%
education
Not reported 5 47%
Percutaneous
coronary 61 57.5%
intervention
Treatment Coronary artery 36 34.0% <0.0001*
bypass grafting ’
Clinical treatment 11 10.4%
Not reported 1 0.9%

Source: Study protocol. *Chi-square goodness-of-fit test;
'G test for goodness-of-fit.

Correlations between treatment adherence and
epidemiological variables were investigated. As shown in
Table 5, a statistically significant association was only found
for education level.

Discussion

This study confirms a predominance of male patients in the
rates of individuals affected by CAD, reaching approximately
70% of the total study population. This fact is consistent with
national research, such as Cardiovascular Statistics — Brazil
2023, where the prevalence of CAD per 100,000 inhabitants
was twice as high among men than women."’

This discrepancy is complex and multifactorial. Risk factors
for traditional cardiovascular diseases are more prevalent
among men, reflecting sociocultural conditions that reinforce
behaviors in this group.” This generates a vicious cycle,
wherein early exposure to certain habits, such as smoking,
physical inactivity, and excessive alcohol consumption,
promotes the development of conditions such as obesity,
systemic arterial hypertension, and hypercholesterolemia;

Table 2 - Patient profile according to modifiable risk factors,
HCGV, 2023

Variables N % p value
Smoking
Yes 9 85%
Do you smoke? <0.0001*
No* 97  91.5%
Have you ever Yes® 65 61.3% 0.0197*
smoked? No 4 387%
<10 10 15.4%
10 to 19 14 21.5%
If yes, how many 20to 29 15 23.1% 03262
pack-years? 30039 11 16.9%
40 to 49 5 77%
> 50 10 15.4%
Nutritional follow-up
Do you receive Yes 25 23.6%
nutritional <0.0001*
follow-up? No* 78  73.6%
Physical exercise
Never 39  36.8%
How often do you )
engage in Sometimes 21 19.8% 0.0086*
physical exercise Usually 30 28.3%
per week?
Always 16 15.1%

Source: Study protocol. *Chi-square goodness-of-fit test.
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Table 3 - Patient profile according to the adapted Morisky-

Green criteria for medication adherence, HCGV, 2023

Variables

Do you ever
forget to take
your daily
medication?

Do you ever
confuse the
medications
you are
supposed to
take daily?

How well

do your
treatment
medications
work for you?

Do any
medications
cause

you any
discomfort?

If yes, which
medications?

Most of the time

Sometimes
Never*

Always

Most of the time

Sometimes
Never*

Well*

Fair

Not reported
Yes

No*

Not reported
Enalapril
Captopril
Ezetimibe
Glifage XR
Metformin

Rosuvastatin

N
5
40
61

—

19
85
90
14

11
91

1
1

% p value

4.7%
37.7%
57.5%

0.9%

0.9%
17.9%
80.2%
84.9%

<0.0001%

13.2%
1.9%

10.4%

85.8%
3.8%

45.5%
9.1%

9.1% Not
significant

9.1%
9.1%
9.1%

<0.0001*

<0.0001%

<0.0001%

Source: Study protocol. *Chi-square goodness-of-fit test;

1G test for goodness-of-fit.

finally, the sum of these new factors and their accumulation
over the years promotes CAD."

Regarding education level, the most predominant group
consists of patients with incomplete primary education.
This finding is consistent with other national studies, where
education levels are related to socioeconomic conditions,
interfering with understanding of the importance of preventive
measures for cardiovascular diseases and the ability to perform
recommended lifestyle change tasks and the acquisition of
resources to carry them out.?0*'

Nonetheless, Brazilian studies have assessed the presence
of risk factors in professors at private universities, since they
theoretically have a higher level of understanding of the health—
disease process. A study in the state of Bahia demonstrated
that up to 70% of professors had elevated body mass index,
and more than half had abnormal LDL-cholesterol.?? They also
had increased levels of physical and emotional stress, which
were assessed as indirect factors, such as excessive workload,
number of jobs, and leisure time/physical exercise; therefore,
it is likely that lifestyle habits and socioeconomic conditions
explain the observed results.?

In assessment of modifiable risk factors, smoking has
been strongly associated with worse clinical outcomes in
patients with CAD. In this study, the majority of participants
(approximately 60%) were former smokers. Studies have
shown that smokers have a 70% greater chance of developing
CAD compared to non-smokers.?* Nonetheless, former
smokers remain at an increased risk of developing CAD
compared to those who have never smoked.

Regarding other modifiable risk factors, both nutritional
follow-up and physical activity presented alarming results, with
73% of patients reporting that they did not receive nutritional
follow-up and only 43% engaging in regular physical exercise.
This low adherence is consistent with other studies, for
instance, a Brazilian registry highlighting that 90.8% of patients
with heart problems remain inactive, notwithstanding trends

Ivabradine
ARNI
a Trimetazidine
S a
25 ACEI
=]
" 'g ARB
23 Beta-blocker
= E Lo
SGLT2 inhibitor
Ezetimibe
High-potency statin**
o *
o2 g Never
85 Sometimes*
558 .
£ 25 Most of the time
53¢
= Always

20% 40% 60% 80% 100%

Figure 2 - Frequency of difficulties in purchasing medication and associated drug classes, HCGV, 2023. Source: Study protocol.
*p = 0.0002, Chi-square goodness-of-fit test; 'p < 0.0001, G test for goodness-of-fit. ACEI: angiotensin converting enzyme inhibitor;
ARB: angiotensin receptor blocker; ARNI: angiotensin receptor-neprilysin inhibitor; SGLT2: sodium-glucose cotransporter 2.
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toward increased hours of physical activity in recent years.?>2
Regarding dietary adherence, a literature review revealed that
only 54.2% of people follow dietary guidance. However, those
who adhere to these recommendations demonstrate better
control of blood glucose, weight, and lipid profile.?”

When assessing the outcome of medication adherence
using the adapted Morisky—Creen test criteria, only 16%
of participants were adherent to medication therapy. This
situation is also reflected in international studies, which have
shown that approximately 30% of patients with prior acute
myocardial infarction do not maintain medication adherence
after hospital discharge for a period exceeding 6 months, and
this number may reach 50% within the first year.26

A study conducted in Brazil with a sample of 35,000
patients who had a previous event (acute myocardial
infarction or stroke), with an indication for the use of high-
potency statins, found that only 6.7% were using statins, and
only 0.6% were using high-potency statins.” Similar to the
literature, our study found that high-potency statins were the

Table 4 - Patient profile according to laboratory and clinical
tests, HCGV, 2023.

Variables N % p value
Normal 47  44.3%
HDL-
Abnormal 54 50.9% 0.4861
cholesterol
Not reported 5 47%
Normal 24 22.6%
LDL- o *
Abnormal 77 726% <0.0001
cholesterol
Not reported 5 47%
Normal 56 52.8%
Triglycerides Abnormal 43  40.6%  0.1914
Not reported 7  6.6%
Normal* 80 75.5%
Fasting Abnormal 20 18.9% <0.0001*
blood glucose
Not reported 6 57%
Blood Normal 55 51.9% 06076
pressure Abnormal 51 481%
Normal 50 47.2%
Heart rate 0.5600
Abnormal 56 52.8%
Normal 60 56.6%
Abdominal Abnormal 44 415%  0.1167

circumference
Not reported 2 1.9%

Source: Study protocol. *Chi-square goodness-of-fit test.
HDL: high-density lipoprotein; LDL: low-density lipoprotein.

most frequently mentioned medication among patients with
financial difficulties, indicating a significant economic barrier
to treatment adherence.

Although the Morisky—Creen test is the most widely used in
Brazil, there are limits to its application. One intrinsic limitation
is the fact that it is based on self-report, running the risk of
underestimating behavioral, socioeconomic, and structural
components of treatment adherence. Complementary
methods, such as pill counting, pharmaceutical dispensing
records, or more comprehensive scales, could provide a
more accurate and comprehensive assessment of medication
adherence, especially for more vulnerable populations.*

Even though 65.8% of patients reported not having financial
difficulties in purchasing monthly medications, among those
who mentioned budgetary limitations, approximately 58%
reported difficulty in obtaining high-potency statins. This
finding is corroborated by national data from Brazil. A 2022
study by Boing, published in Cadernos de Satde Piblica found
that 44% of users of the Brazilian Unified Health System were
unable to obtain medications, representing an 8% increase
in recent years.”' It is estimated that approximately 60% of
patients are unable to obtain specific medications due to lack
of availability within the public system. This context is even
more severe in low-income populations, where medication
expenses can account for up to 80% of family income, twice
the national average.*

Given the high rate of non-adherence to treatment observed
due to socioeconomic barriers to accessing medication, the
present study evaluated the achievement of clinical goals
present in current guidelines. The results showed a low
proportion of patients with LDL-cholesterol within the target
range (< 50 mg/dL), achieved by only 27.4 % of participants.
This is similar to the value found by Bernardi et al.>? in
patients after acute myocardial infarction. Underestimation of
cardiovascular risk, lack of knowledge about treatment goals,
and overemphasis on non-pharmacological interventions,

Table 5 - Association between medication adherence and
epidemiological variables, 2023

Variable Correlation coefficient p value
Dependent: Treatment adherence

Independent:

Sex rs =0.0869 or 8.69%  0.3756

Age rs =-0.0639 or -6.39%  0.5151

Smoking rs =0.05130r 5.13%  0.6012

Education level rs = 0.2405 or 24.05% 0.0130*
Physical exercise rs =0.0294 or 2.94%  0.7648
Nutritional follow-up rs =0.18110or 18.11%  0.0631

Medication-related rs =-0.0644 or -6.44%  0.5118

discomfort

Source: Study protocol. * Spearman’s correlation test.

Int ] Cardiovasc Sci. 2026; 39:e20250291
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such as diet and aerobic/anaerobic exercise, may be among
the factors that explain this unsatisfactory result.?*3*

In contrast, fasting blood glucose showed a more favorable
profile. Approximately 75% of patients presented adequate
levels, similar to the literature, which points to the possibility
of preventing type 2 diabetes in patients with controlled risk,
even after cardiovascular events.*> This finding should be
interpreted with caution, however. Fasting blood glucose is
only a momentary assessment of glucose metabolism, which
may not adequately reflect chronic glycemic control, especially
in patients with CAD at extremely high cardiovascular risk.
Current guidelines recommend glycated hemoglobin (HbA1c)
as the gold standard for assessment of long-term metabolic
control, due to its greater stability and correlation with
cardiovascular outcomes. The lack of HbATc in this study,
due to the systematic unavailability of this test in the analyzed
medical records, constitutes an important methodological
limitation and may lead to an underestimation of actual
glycemic control. Therefore, future studies should prioritize
the inclusion of HbATc as a central parameter for monitoring
this group’s metabolic status.

The association between treatment adherence and
epidemiological variables, such as education level, has
been widely debated in the literature. A study by Soares et
al.** found that, among elderly patients, those with higher
education levels understand their health more clearly, which
is associated with greater treatment adherence, even with
a greater number of medications, corroborating the results
found in this study (p = 0.0130). The results thus reinforce
the value of education and indicate the need to investigate
other socioeconomic and cultural determinants associated
with treatment.

This study has certain methodological limitations and
limitations arising from the data, which warrant discussion.
Firstly, the observational and cross-sectional design does
not allow for the establishment of causal relationships, only
associative inferences, thus limiting the interpretation of
specific results from the perspective of causality. Furthermore,
the interviewed population came from a single center, which is
a reference center in the cardiology sector. This may introduce
selection bias, and the results may not be extrapolated to
similar populations assisted by other health services.

Assessment of financial barriers was based on self-reporting,
without the aid of standardized economic instruments,
which may introduce individual perception bias and limit the
objective quantification of the financial impact. Nevertheless,
this approach obtained the patients’ direct experience
in situations of social vulnerability, which are frequently
experienced in highly complex public services. Future studies
can use standardized tools to assess the effects of the financial
burden of treatment, such as economic burden scales or
catastrophic health expenditure indicators, which ensure
more rigorous and comparable analyses across different
socioeconomic contexts.

With respect to data collection, the use of the Morisky—
Green test may represent a limitation, as it depends on
subjective responses from patients, which may be influenced
by desire to please the researcher, embarrassment, or memory

Int J Cardiovasc Sci. 2026; 39:e20250291

lapses. Finally, assessment of financial burden was equally
subjective, thus limiting complete assessment of its impact
on this population.

Conclusion

This study found low treatment adherence among patients
at a cardiology referral center in the Brazilian Amazon region,
according to the Morisky—Green test, representing a significant
obstacle to achieving national therapeutic goals, especially
in LDL-cholesterol control. The difficulty in reaching this
parameter directly impacts cardiovascular morbidity and
mortality. Among the associated factors, low educational
level was statistically associated with non-adherence, in the
context of a predominantly male and vulnerable population.
Although the majority of participants did not report financial
difficulties, patients with lower income encountered difficulties
in accessing high-potency statins, possibly due to prolonged
titration and high cost. This study supported the creation of
the pharmacy outpatient clinic, which allowed for systematic
monitoring of medication regimens previously performed
only at the physician’s office. This is currently reinforced by
a multidisciplinary team, aiming to promote understanding
of the importance of these medications and improve long-
term adherence. Associated with this are patient-centered
educational interventions, such as simplified monitoring
and treatment goal-setting tools, which could facilitate
understanding of the health—disease process and encourage a
more active role in self-care, allowing for monitoring of relevant
clinical and laboratory parameters. The combination of these
strategies with nutritional follow-up and encouragement
of regular physical activity is a promising proposal for a
multidisciplinary approach to controlling modifiable risk
factors and reducing future cardiovascular events.
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