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Summary
Background The digitization of the primary care system provides an opportunity to evaluate the current use of statins
in secondary prevention populations (myocardial infarction or stroke).

Methods We conducted a cross-sectional study (ClinicalTrials.gov, NCT05285085), analysing anonymised data
routinely collected by community health workers (CHW) in Brazil between May 2016 and September 2021 to
assess the proportion of self-reported statins use and associated factors.

Findings From the 2,133,900 individuals on the database, 35,103 (1.6%), mean age 66.2 years (SD14.6), 49.5%
(17,382/35,103) male sex, 50.5% (17,721/35,103) female sex, and 29.6% (10,381/34,975) Caucasians, had a previous
myocardial infarction (MI) (n = 11,628; 33.1%) or stroke (n = 25,925; 73.9%). Approximately 50% (17,020/35,103)
were from the Northeast region, 78.7% (27,605) from urban zones, and 39.4% (13,845) with social development index
(SDI) >0.7. Overall, 6.7% (2346) and 0.6% (212) reported statins and high dose statins use, respectively. Age over 60
years old (OR 1.32 [95% CI 1.19–1.47), living in the Southern region (OR 4.53 [95% CI 3.66–5.60]), having a previous
diagnosis of MI (OR 4.53 [95% CI 3.66–5.60]), heart failure (OR 2.29 [95% CI 1.13–1.47]), diabetes (OR 1.50 [95% CI
1.37–1.64]), dyslipidaemia (OR 2.90 [95% CI 2.55–3.29]), chronic kidney disease (OR 1.27 [95% CI 1.08–1.48]) and use
of anti-hypertensives (OR 5.47 [95% CI 4.60–6.47]) were associated with statin use.

Interpretation The analysis of a real-world database from a digitized primary care system, allowed us to identify a very
low use of statins in secondary prevention Brazilian patients, mostly influenced by socio-demographic factors and
co-morbidities.
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Introduction
Ischemic heart disease and stroke are responsible for
more than a fifth of all deaths worldwide, especially in
low and middle-income countries (LMICs), where 80%
of these deaths occur.1 Considering their low cost, high
safety and efficacy in lowering pro-atherogenic lipopro-
teins, the use of statins is an important strategy for
health systems to reduce the population burden of
*Corresponding author. epHealth Primary Care Solutions, 3339 Dr. Antônio
E-mail address: julia@ephealth.com.br (M.J. Machline-Carrion).
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cardiovascular diseases.2 Indeed current guidelines
recommend the use of high-dose high-potency statins
with the aim of reducing LDL-cholesterol by at least
50%, targeting values <50–55 mg/dL, for those in-
dividuals with previous manifestations of atherosclerotic
cardiovascular disease.3–5 However, despite robust
evidence-based recommendations for cholesterol
lowering, most high and very high-risk individuals are
Luiz Moura Gonzaga Road, Rio Tavares, Florianópolis, SC, Brazil.
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Research in context

Evidence before this study
We searched PubMed on April 5, 2021, without language or
date restrictions using the search terms “statin use” and “low-
and middle-income countries”. We identified three large
important studies. The WHO study on Prevention of
REcurrences of Myocardial Infarction and StrokE (WHO-
PREMISE) was a cross-sectional study performed in ten LMICs
from 2002 to 2003, in which 20% of patients with a previous
history of cardiovascular disease reported using statins. The
Prospective Urban Rural Epidemiology (PURE) cohort study
was performed in 20 high-income, middle-income, and low-
income countries, in which the reported use of statins for
secondary prevention between 2003 and 2009 was 3.3% in
low- and middle-income countries. And the Marcus et al.
study carried out in 41 LMICs showed that statins were used
by about one in five eligible people for secondary prevention.

Added value of this study
To our knowledge, this is the first and largest study assessing
statins use from a populational routinely collected data
digitized system in LMICs. Our study adds value through
important findings. First, in a nationally representative cross-

sectional analysis from routinely collected data, we could
observe a very low use (6.7%) of statins. Second, in assessing
factors associated with statin use, we observed more statin
use in older individuals and with other previous cardiovascular
conditions and risk factors; and less statin use mostly
influenced by racial/ethnic, geographic, and behavioural
aspects.

Implications of all the available evidence
Our study highlights both the role of multimorbidity in the
use of statins and the role of social, demographic, and
behavioural aspects in statins nonuse. Therefore, the need to
scale up statin therapy to prevent and control cardiovascular
disease by tailoring appropriate interventions is imperative.
Initiatives that build on digitized systems, particularly in
primary care, should be assessed. A potential approach to
increasing statin use in LMICs would build on embedding
health services research into clinical practice by evaluating the
effect of tailored interventions through adequate methods
while treating patients, thus creating a virtuous learning-
doing cycle.
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not treated accordingly in different regions of the
world.6–8 Recently, a cross-sectional analysis of pooled,
individual-level data from nationally representative
health surveys done in forty-one LMICs between 2013
and 2019 showed that only one in five eligible secondary
prevention patients were taking statins.9

Myocardial infarction and stroke consist of the
leading causes of death in Brazil.10–12 For the last two
decades, Brazilian prevention guidelines have recom-
mended statins and more recently high doses of these
medications with the aim of reducing the burden of
cardiovascular disease.3,13,14 Few studies with a relatively
small number of patients indicate; however, that LDL-
cholesterol levels are not adequately controlled in high-
risk Brazilian patients.6,15,16 So far there is no robust
and representative information on the use of statins in
patients undergoing secondary prevention due to pre-
vious myocardial infarction or stroke in Brazil.

Officially, Brazil provides healthcare through two
care systems: the public system, characterized by the
SUS (Unified Health System), which according to the
Constitution is the duty of the State; and the private
system, characterized by the Supplementary Health
System (comprising the health insurances) whose
freedom of action was guaranteed by the Constitution
and regulated by the creation of the Agência Nacional de
Saúde–ANS.17 In 2020, 22.4% of the Brazilian popula-
tion was assisted by the Supplementary Health Sys-
tem.18 Within the public system, primary care includes
the Family Health Strategy (Estratégia de Saúde da
Família, ESF),12 from the Brazilian Ministry of Health.
This consists of a program in which community health
workers (CHWs) perform home visits in primary care.
The ESF currently assists 62.6% (over 131 million peo-
ple) of the Brazilian population, covering 54.6% of the
population in the Southeast region, 60.1% in the Mid-
west, 62.2% in the North, 67.6% in the South and 73.3%
in the Northeast.19 Among the many health-promotion
routine activities performed, CHWs check medication
prescriptions and if patients are filling the latter.
Therefore, this brings an opportunity to investigate how
a representative part of the Brazilian population is using
statins. The primary objective of this study was to eval-
uate if statins and other lipid lowering therapies were
being used by patients that had a history of previous
myocardial infarction or stroke and are assisted by
CHW using a free application (ACS Lite®) for data
collection at the ESF. The use of high-dose high-potency
statins, or their equivalents (statins associated with
ezetimibe) and factors associated with their use were
investigated. In addition, we have accessed the use of
other preventive therapies, specifically antihypertensive
as well as antiplatelet medications.
Methods
Study design, procedures and participants
In our cross-sectional retrospective study, we analysed
individual-level anonymized data extracted from a real-
world database generated by a free application used by
registered CHW in the context of the ESF Program in
Brazil between May 2016 and September 2021. Through
www.thelancet.com Vol 23 July, 2023
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this application, CHWs can collect compulsory de-
mographic and health information required by the
Brazilian Ministry of Health (that is subsequently
transferred to its database) as well as additional infor-
mation, such as medications in use, during routine
home visits.20 The nature of the ESF program, the free
application, the data anonymization process as well data
extraction and transfer procedures are described in the
Supplementary Material.

Our study population consisted of adult individuals
(age >18 years old) from both sex categorized as sec-
ondary prevention by having a history of self-reported
established atherosclerotic cardiovascular disease
(ASCVD) including myocardial infarction (MI), and/or
stroke.

This study was approved by the Hospital Israelita Albert
Einstein Ethical Committee (CAAE 53194121.0.0000.0071)
and a waiver of individual consent was granted. The study
was also registered on ClinicalTrials.gov (NCT05285085).

Variables of interest and outcomes
The primary outcome consisted of the proportion of MI
and stroke individuals self-reporting using any statins in
any dose by the data extraction date. We defined statin
use based on the answer to the standard question: “Do
you use any medication?” asked by the CHWs during
the routine home visits. It was considered as “yes” for
statins use in the case of answering yes to any of the
following statins: lovastatin, simvastatin, pravastatin,
fluvastatin, pitavastatin, atorvastatin, rosuvastatin; or any
of the aforementioned statins and ezetimibe. Secondary
outcomes included: 1) the proportion of MI and stroke
patients using statins in high doses (we defined high
dose statins use based on the use of atorvastatin
40–80 mg or, rosuvastatin 20–40 mg, or any dose ator-
vastatin, rosuvastatin, simvastatin, lovastatin, pravasta-
tin, fluvastatin, pitavastatin associated with ezetimibe)
by the data extraction date and, 2) the proportion of
patients using protein convertase subtilisin kexin type 9
(PCSK9) inhibitors.

Statistical analysis
Quantitative variables were reported as a function of
descriptive statistics such as: minimum, maximum, 1st
and 3rd quartiles, median, mean, and standard devia-
tion. Qualitative variables were presented in tables of
crude frequencies and percentages. Missing data were
counted in percentages. We performed a logistic
regression model to investigate factors associated with
the use of statins. The factors assessed included self-
reported data on age, sex, race, or ethnicity (yellow,
white, indigenous, black—as per definitions in the na-
tional CENSO), geographic region, household location
(rural zone or urban zone), physical activity, smoking
habit, alcohol, consumption, use of illicit drugs, use of
PCSK9 inhibitors, hypertension, diabetes, dyslipidae-
mia, MI, stroke, use of antihypertensives, chronic
www.thelancet.com Vol 23 July, 2023
kidney disease (CKD), cancer, respiratory diseases. The
social development index-SDI (Índice de Desenvolvimento
Humano Municipal, IDHM) was obtained from the
municipal SDI available at the Instituto Brasileiro de
Geografia e Estatística (IBGE) website.21 The variance
inflation factor (VIF) was assessed to verify multi-
collinearity. Because of the high multicollinearity
observed in the pre-specified model, which could have
been producing parameter estimates of the “incorrect
sign” we have chosen to combine two independent
variables into a single index.22 Thus, “SDI” and “race or
ethnicity” were combined based on the high VIF values
observed (see Supplementary Material). Following this
adjustment, all values for the VIF were satisfactory.
Variables describing body mass index (BMI), literacy
and family income were not included in the models due
to the very high rate of missing values. Nevertheless,
SDI represents an index that also considers the afore-
mentioned factors. For the verification of the quality of
the model, we assessed the ROC Curve. We presented
the logistic regression results as odds ratios (OR) with
their respective Wald 95% confidence interval (CI) and
p-values (a two-sided p-value of <0.05 was considered
statistically significant). All analyses and summaries
were performed using R software, version 4.1.1
(R Foundation).

Role of the funding source
Members of the sponsors’ medical affairs department
have contributed to the study design, results interpre-
tation, and manuscript review.
Results
Tables 1 and 2 show the sociodemographic and clinical
characteristics of MI and stroke individuals. Of the
2,133,900 individuals on the database, 35,103 (1.64%–

mean age 66 years [SD 14.6], 49.5% (17,382/35,103)
male sex, 50.5% (17,721/35,103) female sex, and 29.6%
(10,381/34,975) Caucasians, were considered as being at
secondary prevention with 11,628/35,103 (33.1%) and
25,925/35,103 (73.9%) describing a previous MI and/or
stroke, respectively. Of importance, almost 50%
(17,020/35,103) were from the Northeast region, 78.7%
(27,605/35,103) from urban zones, with 39.4% (13,845/
35,103) with social development index >0.7, 60.8%
(21,343/35,103) literate and only 3.6% (1157/32,076)
with income ≥4 salaries. Overall, 95.7% (33,598/35,103)
reported being sedentary, 12.3% (4304/35,103) smoked,
77.3% (27,133/35,103) had hypertension, 29.2%
(10,245/35,103) diabetes, 6.3% (2228/35,103) chronic
kidney disease, 6.2% (2179/35,103) dyslipidaemia, 3.4%
(975/35,103) neoplasms and 5.8% (2020/35,103) respi-
ratory diseases.

Fig. 1 shows the frequency of lipid-lowering, blood
pressure and antiplatelet drugs in the study population.
Overall, 6.7% (2346/35,103) and 0.6% (212/35,103)
3
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Secondary prevention (N = 35,103) Complete data base (N = 2,133,900)

Age (years)

Mean (SD) 66.2 (14.6) 43.9 (17.8)

Median (Q1, Q3) 67 (57, 77) 42 (29, 57)

Min–Max 18–115 18–121

Age group

18–35 years 1064 (3.0%) 807,751 (37.9%)

36–50 years 3903 (11.1%) 592,793 (27.8%)

51–65 years 10,863 (30.9%) 438,328 (20.5%)

66–80 years 13,528 (38.5%) 228,851 (10.7%)

>80 years 5745 (16.4%) 66,177 (3.1%)

Missing 0 0

Ethnicity

Yellow 243 (0.7%) 15,167 (0.7%)

Caucasian 10,381 (29.6%) 531,949 (24.9%)

Indigenous 81 (0.2%) 4360 (0.2%)

Brown 20,673 (58.9%) 1,405,199 (65.9%)

Black 3597 (10.2%) 164,331 (7.7%)

No information 128 (0.4%) 12,894 (0.6%)

Sex

Female 17,721 (50.5%) 1,168,247 (54.7%)

Male 17,382 (49.5%) 965,653 (45.3%)

Body Mass Index (BMI) (kg/m2)

Mean (SD) 27.2 (5.2) 26.2 (5.1)

Median (Q1, Q3) 26.5 (23.7, 30.0) 25.4 (22.8, 29.0)

Min–Max 13.2–62.6 7.4–68.9

Missing 29,751 1,826,502

Body Mass Index (BMI) (kg/m2)

<18.5 119/5352 (2.2%) 9125/307,398 (3.0%)

18.5–24.9 1889/5352 (35.3%) 133,979/307,398 (43.6%)

25–29.9 2014/5352 (37.6%) 103,219/307,398 (33.6%)

30–34.9 939/5352 (17.5%) 43,056/307,398 (14.0%)

35–39.9 273/5352 (5.1%) 12,967/307,398 (4.2%)

>40 118/5352 (2.2%) 5052/307,398 (1.6%)

Missing 29,751 1,826,502

Table 1: Baseline characteristics of secondary prevention individuals.
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reported the use of statins and high dose statins,
respectively. Only 0.4% (133/35,103) referred to use
ezetimibe in association with statins and none PCSK9
inhibitors. Of those taking statins, simvastatin was the
most reported (1830/2346–78%).

Of those with a previous MI diagnosis (n = 11,628),
9.8% (n = 1140) and 1.2% (n = 140) were in use of
statins and high dose statins, respectively. For those
with a previous stroke diagnosis (n = 25,925), 5.5%
(1434/25,925) were in use of statins and 0.36% (94/
25,925) of high doses of the latter. The use of antihy-
pertensive and antiplatelet medications was reported by
2.3% (801/35,103) and 7.5% (2619/35,103) of these in-
dividuals with previous MI and/or stroke, respectively.

Table 3 shows the multivariable associations with
statin use in the study population. Age over 60 years old
(OR 1.32 [95% CI 1.19–1.47), not living in the North
region of Brazil (especially in the South region (OR 4.53
[95% CI 3.66–5.60])), having a previous diagnosis of
myocardial infarction (OR 4.53 [95% CI 3.66–5.60]),
heart failure (OR 2.29 [95% CI 1.13–1.47]), diabetes (OR
1.50 [95% CI 1.37–1.64]), dyslipidaemia (OR 2.90 [95%
CI 2.55–3.29]), chronic kidney disease (OR 1.27 [95% CI
1.08–1.48]) and use of anti-hypertensive medications
(OR 5.47 [95% CI 4.60–6.47]) were independently
associated with statin use. On the other hand, being
non-Caucasian independently of living in high or not-
high social development index regions (OR 0.78 [95%
CI 0.69–0.88), living in urban areas (OR 0.85 [95% CI
0.77–0.95), sedentary lifestyle (OR 0.64 [95% CI
0.54–0.78) and smoking (OR 0.86 [95% CI 0.75–0.99)
were independently associated with non-use of statins.
No associations were encountered for sex or previous
stroke.
www.thelancet.com Vol 23 July, 2023
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Secondary prevention individuals (N = 35,103) Complete data base (N = 2,133,900)

Geographic region

North 7122/35,102 (20.3%) 486,435/2,133,893 (22.8%)

South 2162/35,102 (6.2%) 94,609/2,133,893 (4.4%)

Northeast 17,020/35,102 (48.5%) 1,046,003/2,133,893 (49.0%)

Southeast 7700/35,102 (21.9%) 421,535/2,133,893 (19.8%)

Midwest 1098/35,102 (3.1%) 85,311/2,133,893 (4.0%)

Missing 1 7

Household location

Rural zone 7458/35,063 (21.3%) 526,360/2,131,460 (24.7%)

Urban area 27,605/35,063 (78.7%) 1,605,100/2,131,460 (75.3%)

Missing 40 2440

Social Development Index (SDI)

0–0.29 0/35,103 (0%) 0/2,133,816 (0%)

0.3–0.49 263/35,103 (0.7%) 22,632/2,133,816 (1.1%)

0.5–0.69 20,995/35,103 (59.8%) 1,349,538/2,133,816 (63.2%)

0.7–1.0 13,845/35,103 (39.4%) 761,646/2,133,816 (35.7%)

Missing 0 84

Literate

Yes 21,343/35,103 (60.8%) 1,530,590/2,133,900 (71.7%)

No 8064/35,103 (23.0%) 235,184/2,133,900 (11.0%)

Family income

≤01 salary 14,178/32,076 (44.2%) 1,016,644/1,931,567 (52.6%)

02–03 salaries 12,698/32,076 (39.6%) 574,177/1,931,567 (29.7%)

≥04 salaries 1157/32,076 (3.6%) 56,070/1,931,567 (2.9%)

Not informed 4043/32,076 (12.6%) 284,676/1,931,567 (14.7%)

Missing 3027 20,2333

Lifestyle habits

Sedentarism 33,598/35,103 (95.7%) 2,045,885/2,133,900 (95.9%)

Smoking 4304/35,103 (12.3%) 166,329/2,133,900 (7.8%)

Alcohol use 2552/35,103 (7.3%) 186,085/2,133,900 (8.7%)

Illicit drugs use 287/35,103 (0.8%) 13,943/2,133,900 (0.7%)

Table 2: Demographic characteristics of secondary prevention individuals.

0%

2.5%

5%

7.5%

Secondary Prevention Individuals
(N=35,103)

Complete Data Base
(N=2,133,900)

Lipid Lowering Drugs

Antihypertensives

Antiplatelet Agents

Fig. 1: Lipid lowering agents and cardiovascular prevention drugs in secondary prevention individuals.
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Secondary prevention individuals
using statins (N = 2332)a

Secondary prevention individuals
not using statins (N = 32,602)a

OR (95% CI) p-value

Age group (vs. <60 years)

≥60 years 1793 (76.9%) 22,645 (69.5%) 1.32 [1.19–1.47] <0.0001

Ethnicity/SDI (vs. Caucasian and Not High)

Caucasian*high 430 (18.4%) 4877 (15.0%) 1.00 [0.86–1.16] >0.95

Non-caucasianb,* not high 995 (42.7%) 15,147 (46.5%) 0.78 [0.69–0.88] <0.001

Non-caucasianb,* high 434 (18.6%) 7989 (24.5%) 0.85 [0.73–0.98] 0.031

Gender (vs. Female)

Male 1200 (51.5%) 16,103 (49.4%) 1.08 [0.99–1.18] 0.091

Geographic region (vs. North)

South 275 (11.8%) 1878 (5.8%) 4.53 [3.66–5.60] <0.001

Northeast 1359 (58.3%) 15,616 (47.9%) 3.13 [2.66–3.71] <0.001

Southeast 453 (19.4%) 7155 (21.9%) 2.29 [1.91–2.76] <0.001

Midwest 70 (3.0%) 1025 (3.1%) 2.48 [1.84–3.30] <0.001

Household location (vs. Rural Zone)

Urban area 1749 (75.0%) 25,738 (78.9%) 0.85 [0.77–0.95] 0.0003

Sedentary lifestyle (vs. No)

Yes 2181 (93.5%) 31,256 (95.9%) 0.64 [0.54–0.78] <0.0001

Smoking (vs. No)

Yes 252 (10.8%) 4023 (12.3%) 0.86 [0.75–0.99] 0.042

Use of antihypertensives (vs. No)

Yes 220 (9.4%) 577 (1.8%) 5.47 [4.60–6.47] <0.001

Stroke (vs. No)

Yes 1429 (61.3%) 24,394 (74.8%) 0.91 [0.78–1.07] 0.30

Myocardial infarction (vs. No)

Yes 1130 (48.5%) 10,420 (32.0%) 1.58 [1.35–1.85] <0.0001

Heart failure (vs. No)

Yes 337 (14.5%) 2664 (8.2%) 1.29 [1.13–1.47] <0.0001

Diabetes (vs. No)

Yes 946 (40.6%) 9241 (28.3%) 1.50 [1.37–1.64] <0.0001

Dyslipidaemia

Yes 371 (15.9%) 1800 (5.5%) 2.90 [2.55–3.29] <0.0001

Respiratory diseases (vs. No)

Yes 144 (6.2%) 1761 (5.4%) 0.95 [0.79–1.14] 0.60

Chronic kidney disease (vs. No)

Yes 214 (9.2%) 2004 (6.1%) 1.27 [1.08–1.48] 0.0003

Acronyms and Abbreviations: OR, Odds ratio; CI, Confidence interval. Area under the curve for the model (95% CI): 0.72 [0.71–0.73]. aReflects the actual sample size with
complete data for the included variables. bNon-Caucasian includes people from Brown, Black and Yellow Ethnicity.

Table 3: Multivariable associations with statin use in secondary prevention individual (n = 34,934).
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Table 4 shows that male sex (OR 1.59 [95% CI
1.20–2.12), not living in the Southern region (OR 6.71
[95% CI 3.05–16.4), those with previous myocardial
infarction (OR 2.38 [95% CI 1.42–3.84), diabetes (OR
1.51 [95% CI 1.13–2.01), dyslipidaemia (OR 2.87 [95%
CI 1.97–4.08) and using antihypertensives (OR 5.39
[95% CI 3.43–8.16) were more likely to use high-dose
statins. On the contrary, a sedentary lifestyle (OR 0.53
[95% CI 0.33–0.90) and smoking (OR 0.51 [95% CI
0.29–0.84) were associated with lower odds of using
high dose statins. No associations were encountered
with sex, ethnicity, social development index, living or
not in urban zones and previous stroke.
Discussion
This study shows a very low use of either statins or high
doses of these medications as well as other lipid
lowering combination therapies in very high ASCVD
risk Brazilian patients followed in primary care. Socio-
demographic factors as well as previous co-morbidities
were associated with statin use. In addition to that, se-
vere deficiencies were seen in the use of antiplatelet and
blood pressure medications despite previous diagnoses
of myocardial infarction and stroke as well as an
elevated frequency of hypertension.

Statins are recommended by guidelines to inten-
sively reduce LDL-cholesterol in people with previous
www.thelancet.com Vol 23 July, 2023
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Secondary prevention
individuals using high-dose
statins (N = 210)a

Secondary prevention
individuals not using high-dose
statins (N = 34,724)a

OR (95% CI) p-value

Age group (vs. <60 years)

≥60 years 159 (75.7%) 24,279 (69.9%) 1.17 [0.85–1.63] 0.30

Ethnicity/SDI (vs. Caucasian and Not High)

Caucasian*high 47 (22.4%) 5260 (15.1%) 1.29 [0.82–2.05] 0.30

-Not caucasianb,* not high 90 (42.9%) 16,052 (46.2%) 0.91 [0.62–1.36] 0.60

Not caucasianb,* high 32 (15.2%) 8391 (24.2%) 0.85 [0.52–1.39] 0.50

Gender (vs. Female)

Male 131 (62.4%) 17,172 (49.5%) 1.59 [1.20–2.12] 0.0001

Geographic region (vs. North)

South 26 (12.4%) 2127 (6.1%) 6.71 [3.05–16.4] <0.0001

Northeast 126 (60.0%) 16,849 (48.5%) 5.29 [2.72–11.9] <0.0001

Southeast 49 (23.3%) 7559 (21.8%) 4.59 [2.26–10.6] <0.0001

Midwest 1 (0.5%) 1094 (3.2%) 0.64 [0.03–3.51] 0.70

Household location (vs. Rural Zone)

Urban area 153 (72.9%) 27,334 (78.7%) 0.76 [0.55–1.06] 0.10

Sedentary lifestyle (vs. No)

Yes 192 (91.4%) 33,245 (95.7%) 0.53 [0.33–0.90] 0.012

Smoking (vs. No)

Yes 15 (7.1%) 4260 (12.3%) 0.51 [0.29–0.84] 0.014

Use of antihypertensives (vs. No)

Yes 26 (12.4%) 771 (2.2%) 5.39 [3.43–8.16] <0.0001

Stroke (vs. No)

Yes 94 (44.8%) 25,729 (74.1%) 0.72 [0.44–1.12] 0.20

Myocardial infarction (vs. No)

Yes 138 (65.7%) 11,412 (32.9%) 2.38 [1.42–3.84] <0.0001

Heart failure (vs. No)

Yes 41 (19.5%) 2960 (8.5%) 1.40 [0.96–1.99] 0.073

Diabetes (vs. No)

Yes 89 (42.4%) 10,098 (29.1%) 1.51 [1.13–2.01] 0.005

Dyslipidaemia (vs. No)

Yes 39 (18.6%) 2132 (6.1%) 2.87 [1.97–4.08] <0.0001

Respiratory diseases (vs. No)

Yes 11 (5.2%) 1894 (5.5%) 0.78 [0.40–1.39] 0.40

Chronic kidney disease (vs. No)

Yes 19 (9.0%) 2199 (6.3%) 1.08 [0.64–1.72] 0.80

Acronyms and Abbreviations: OR =Odds ratio; CI = Confidence interval. Area under the curve for the model (95% CI): 0.81 [0.78, 0.83]. aReflects the actual sample size with
complete data on the included variables. bNon-Caucasian includes people from Brown, Black and Yellow Ethnicity.

Table 4: Multivariable associations with use of high dose statins in secondary prevention individuals (n = 34,934).

Articles
manifestations of ASCVD however previous studies had
shown that recommended LDL-cholesterol goals were
seldom attained by Brazilian patients.6,15,16,23,24 The find-
ings of this study performed in a broad sample of pa-
tients from different Brazilian regions visited by CHW
in both rural and urban areas, indicate that absence or
inadequate statin use may explain the latter. In addition,
subjects reported low use of combination therapy with
ezetimibe and no use of PCSK9 inhibitors, medications
that reduce not only LDL-cholesterol but prevent
ASCVD events.25 Important previous studies assessing
the use of statins in multiple LMICs include the WHO
www.thelancet.com Vol 23 July, 2023
study on Prevention of REcurrences of Myocardial
Infarction and StrokE (WHO-PREMISE) and the Pro-
spective Urban Rural Epidemiology (PURE) study.26–28

WHO-PREMISE results from ten LMICs show that
20% of patients with a previous history of cardiovascular
disease reported using statins.29 PURE results show that
statin use for secondary prevention was reported by
3.3% of individuals in low-income countries, 4.3% in
lower-middle-income countries, 17.6% in upper-middle-
income countries, and 66.5% in high-income coun-
tries.26 The socioeconomic position was associated with
variations in statin use.27 Even though this study aimed
7
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at evaluating the use of lipid-lowering therapies, an
alarming low use of antiplatelet and anti-hypertensive
medications was also encountered in this population.
This was more shocking when almost 8 in 10 in-
dividuals reported having hypertension. Similarly to
PURE,26 this study suggests an overall low use of pre-
ventive therapies for this population.

As previously shown for primary care populations in
upper-middle-income countries including Brazil, statin
use was associated with older age, presence of co-
morbidities, and use of medications for blood pres-
sure.26 Indeed, a previous diagnosis of myocardial
infarction was independently associated with statin use
while the one of stroke was not. This finding is also in
accordance with the results from the REACT registry
developed in both tertiary and primary care settings.30 In
our study, the greater frequency of previous stroke
(approximately three-quarters of the population), its
greater association with hypertension rather than dysli-
pidaemia, and a possible misperception of lack of statin
benefit for stroke and consequently lower use in this
situation (in this study comprising only in 5.5% of study
subjects) might have influenced our findings. Indeed,
previous evidence shows a low use of statins in patients
with previous stroke despite proven benefits of the latter
in reducing ASCVD events in these subjects.26,31 How-
ever, it is important to emphasize that, even in those
with a previous diagnosis of myocardial infarction, in
this study, less than one in ten and one in 100 received
statins and high dose statins, respectively.

Brazil is a continental country with several social
inequalities that are extended to health systems in
different regions. More than 70% of participants were of
non-Caucasian ethnicity and came from less resourceful
country regions (Northeast, North and Midwest).
Moreover, 96.4% of study subjects received less than 4
minimum wages a situation that may put them in line
of poverty. Even in this context, socio-demographic or
social factors indicating less privileged individuals and
less adequate care were independently associated with
lower use of statins. Being of non-Caucasian ethnicity
independently of the SDI and living in the North region
of Brazil were negatively associated with statin use.
Results are in accordance with previous evidence, indi-
cating that Black individuals and those with other social
deprivations have higher morbidity, hospital admissions
and mortality in Brazil.32 On the other hand, a positive
association was encountered for those living in rural
rather than urban zones. These results differed from the
PURE study, where approximately 6000 individuals
from Brazil were included and a higher use of statins
was seen in those living in urban rather than rural
zones.26 However, the current study enrolled a six-fold
greater number of subjects than PURE, and this
might explain these differences. The unique approach of
the Brazilian Family Health Strategy, where the poorest
municipalities in Brazil have particularly benefited from
the program,12 and a possible greater activity of CHW33

in those rural areas vs. urban that needs to be ascer-
tained, could also contribute to explaining this finding.
Additionally, there is a need for further research on the
impact of the ESF program coverage by region. While
there is evidence of decreased hospitalizations for con-
ditions such as heart failure and stroke in regions with
broader ESF coverage,34 there is also a considerable
opportunity for improvement in the dispensation of
medications for non-communicable diseases (including
cardiovascular diseases) as per regional ESF coverage.35

A severe deficiency was seen not only in the overall
use of statins but also high dose or combination thera-
pies aimed at reducing LDL cholesterol by at least 50%,
as recommended by more recent Brazilian guidelines.3

Associate factors for high dose statins or combination
dose use were similar to those for overall statin use.
However, this may reflect a lack of prescription by
attending physicians but also a lack or low availability of
atorvastatin or rosuvastatin as well as ezetimibe and
PCSK9 inhibitors in the Brazilian public health
system.36

More recently, in a geographically and economically
diverse sample of nationally representative surveys from
low-income and middle-income countries, statins were
used by approximately one in ten eligible people for the
primary prevention of cardiovascular disease and one in
five eligible people for the secondary prevention of car-
diovascular disease.9 The WHO target of at least 50% of
eligible individuals receiving statin therapy to prevent
cardiovascular disease was achieved by only one country
(and just for secondary prevention patients), and this
target was not achieved by entire regions nor income
groups in this set of LMICs. At the individual level,
there was generally lower statin use among men (pri-
mary prevention only) and individuals who were
younger, less educated or lived in rural areas.9

Our study adds to the evidence previously provided
by WHO-Premise,29 PURE26 and Marcus et al.9 to sub-
stantially advance the understanding of statin use in a
real-world setting of one of the most unequal upper-
middle-income countries. First, to our knowledge, this
is the first and largest study assessing cardiovascular
secondary prevention from a nationally representative
population. This study provides a unique observation of
the reality of the majority Brazilian population which
consists of the ones relying solely on the public health
care system. Second, the present study provides a
unique approach by generating evidence from data ob-
tained from CHWs. This approach support not only the
transition of workflow from a paper-based system to a
digitized system,37 improving workflow and quality of
services,38 but also generate insights on possible quality
improvement strategies that could take advantage of this
approach. This strategy strengthens the potential of
CHW-derived data as an important contributing data
source to be encouraged and improved.
www.thelancet.com Vol 23 July, 2023
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Our study also has limitations. First, we rely on self-
reported measures of a previous history of cardiovas-
cular disease and statin use. We justify using these self-
reported measures as they are the recommended
methodology in the WHO non-communicable disease
Monitoring Framework,39 they were considered reliable
with 89% accuracy in the PURE study26 and, as they
represent a more generalisable finding. Additionally,
although further research is still needed to investigate
agreement between self-reported conditions in multi-
morbidity patients and physician-reported data, previous
studies demonstrated good and moderate agreement for
cardiovascular conditions such as the ones assessed in
the present study (i.e., diabetes, stroke, dyslipidaemia,
coronary disease).40 Self-reports for cardiovascular dis-
ease medications have also been found to be highly ac-
curate in previous studies.41,42 Second, we observed a
lower prevalence of myocardial infarction than expected.
This could be related to the need for improvements in
disease awareness and identification in the primary care
system. Third, we are not assessing data from higher-
income levels of assistance in Brazil where most of
the primary care attention is provided by the private
system, thus extrapolations to this scenario should be
cautious. Finally, we did not assess statin use by target
lipid concentrations because low-density lipoprotein
cholesterol data are not collected by the CHW.

In conclusion, our results emphasise the urgent
need to scale up statin use in LMICs, where most of the
global cardiovascular risk burden occurs. Enabling
tailored quality improvement and care pathway in-
terventions that suit local needs is key not only to in-
crease the usage of evidence-based treatments but also
to prevent care delivery discontinuation, especially be-
tween multiple settings. Policies and programmes that
allow for the integrated assessment of statins use from
prescription to actual use, therefore facilitating the
successful implementation of strategies comprising the
primary health care systems, must be investigated in
future research and advocacy.
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