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ication rates among eligible people based on the absolute cardiovascular risk approach. Following the
risk-based approach, we described the proportion of eligible people receiving antihypertensive medica-
tion in Peru.
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Methods: Analysis of six (2015-2020) national health surveys. Absolute cardiovascular risk was computed
with the 2019 WHO cardiovascular risk charts and based on local guidelines. Antihypertensive treatment
allocation based on the absolute cardiovascular risk was defined using the Package of essential noncom-
municable (PEN) disease interventions for primary health care in low-resource settings and the HEARTS
guidelines by the WHO; we also followed the recommendations by local guidelines.

Results: There were 120,059 people. Overall, according to the local guidelines the 17.9% of the popula-
tion would be eligible for antihypertensive medication while this estimate was 8.1% based on the WHO
guidelines. At the national level, depending on the guidelines, we observed a steady trend of eligible
people receiving antihypertension medication (e.g., men, local guidelines), a decreasing trend (e.g., men,
<60, local guidelines) or an increasing trend (e.g., men, >60, local guidelines). At the sub-national level,
seventeen regions showed an increasing antihypertensive treatment rate based on the local guidelines;
when based on the WHO guidelines, eleven regions showed a decreasing rate.

Conclusions: Peru needs to define a tool for surveillance of absolute cardiovascular risk and to monitor
antihypertensive treatment allocation among high-risk people.
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Research in context

America") AND ("antihypertensive treatment” OR "hyperten-
sive treatment") AND ("risk-based approach"). This search
Evidence before this study did not retrieve any results, which suggests that the abso-
lute cardiovascular risk approach to identify people eligible

We searched PubMed on June 5th, 2021 without restric- for antihypertensive treatment has been poorly studied in
tions. The search was: ("Peru” OR "Latin America" OR "South Latin America. Most of the evidence about antihypertensive
treatment rates have focused on the hypertension treatment
cascade: among people with hypertension, how many were
aware of their condition, how many were receiving treat-
ment and how many have reached blood pressure control.
Recently, a global work using STEPS surveys followed the ab-
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solute cardiovascular risk approach to study antihypertensive
treatment eligibility. Although this work opened the route to
study antihypertensive treatment rates among eligible people
based on their absolute cardiovascular risk, they did not in-
clude Peru, did not study time trends and did not provide
sub-national results.

Added value of this study

We analysed six national health surveys in Peru. We
defined eligibility for antihypertensive medication based on
the absolute cardiovascular risk following guidelines by the
World Health Organization (WHO) and those proposed by
local authorities. We computed the proportion of people
eligible for antihypertensive treatment, and how many of
these were receiving this medication. We informed about the
proportion of the population not eligible for antihypertensive
treatment who were receiving this medication. Our results
are at the national and sub-national levels, also by sex and
age.

Implications of all available evidence

The preliminary literature search suggested that in Latin
America, there are limited evidence about the allocation
of antihypertensive medication based on the risk-based ap-
proach. Our work complemented other global efforts focus-
ing on one country in Latin America, delivering results for six
years and at the sub-national level. The results are uniquely
positioned to spark the interest in the risk-based approach to
assess antihypertensive treatment allocation in Latin Amer-
ica. Furthermore, our results have the potential to inform the
monitoring of antihypertensive treatment rates in Peru ac-
cording to the WHO guidelines and indicators. Finally, our re-
sults invite authorities and practitioners in Peru to revise how
antihypertensive treatment rates are monitored and where
treatment rates remain poor.

1. Introduction

From a clinical perspective, someone with high blood pres-
sure (e.g., >160/100 mmHg) would undoubtedly need antihyper-
tensive medication regardless of their absolute cardiovascular risk
[1-5] however, the decision to initiate such medication when the
blood pressure is not high (e.g., 130-139/80-89 mmHg) may require
additional variables to take an appropriate decision. This is when
the absolute cardiovascular risk plays a relevant role in informing
antihypertensive treatment prescription. [1-8]

Antihypertensive treatment rates have been usually assessed as
the proportion of people with hypertension receiving antihyper-
tensive medication, and this has been often studied in the con-
text of the hypertension treatment cascade. [9-13] However, this
rate could hide people with mild high blood pressure and low ab-
solute cardiovascular risk who may not necessarily need antihy-
pertensive medication. [7],[8] Therefore, it is relevant to revisit the
prevalence of self-reported antihypertensive medication among eli-
gible subjects according to the risk-based approach. A recent global
work has delivered this evidence for forty-five low- and middle-
income countries. [14] Nonetheless, some low- and middle-income
countries were not included, time trends were not studied, and na-
tional estimates may hide sub-national inequalities which need to
be addressed by local authorities with the support of global part-
ners (e.g., the World Health Organization (WHO)).

We aimed to describe the rates of antihypertensive medica-
tion among eligible and non-eligible subjects based on the abso-
lute cardiovascular risk approach. The eligibility criteria were based
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on high cardiovascular risk according to the ten-year 2019 WHO
cardiovascular risk charts and the local official guidelines in Peru.
[2],[15] We used six (2015-2020) national health surveys and de-
livered estimates at the national and sub-national levels, stratified
by sex and age.

2. Methods
Data sources

This is an analysis of six consecutive national health surveys
in Peru. We analysed the Demographic and Health Survey (DHS
or ENDES for its name in Spanish) between 2015 and 2020. Dur-
ing the study period, the ENDES included a national and regional
representative sample of men and women. The ENDES included
a health questionnaire (e.g., self-reported diagnosis) and measure-
ments of weight, height, waist circumference and two blood pres-
sure measurements. The ENDES follows standard methods as in
other DHS surveys. The ENDES follows a probability sampling ap-
proach. This is done utilizing two-stage cluster sampling, where
the clusters are defined according to rural and urban settings. The
two-stage cluster sampling involves selection of a limited number
of villages in each stratum. In a second step, a limited and fixed
number of households within each cluster is selected.

Even though the WHO HEARTS Technical Package for Cardio-
vascular Disease Management in Primary Health Care suggests that
our outcome of interest should be assessed every five years, [6] in
here we used all six national surveys to also study geographic and
time trends.

Study population

We studied men and women aged between 30 and 80 years
(inclusive). Although the 2019 ten-year WHO cardiovascular risk
charts were developed for people aged 40-80, [15] consistent with
recommendations by the Package of essential noncommunicable
(PEN) disease interventions for primary health care in low-resource
settings, [16] for people younger than 40 years we assumed they
were 40 years old for the absolute cardiovascular risk estimation
as done in a recent global work. [14]

Variables

Original variables

The ENDES survey applies a standard protocol and question-
naire from which we extracted: sex, age and region (there are 25
regions in Peru). These variables were used to stratify the main
outcomes.

We defined smoker based on one question which was coded as
no versus yes: do you smoke every day? Self-reported information
about antihypertensive treatment was gathered from one question
also coded as no (including “does not know”) versus yes (Sup-
plementary Table 1): in the last twelve months, have you received
and/or bought medicines to control your blood pressure? Informa-
tion was also available for self-reported diabetes diagnosis: have
you ever been diagnosed by a physician with diabetes or high blood
sugar? This variable was coded as no (including “does not know”)
versus yes (Supplementary Table 1).

The ENDES survey also collects anthropometrics and two blood
pressure measurements; these are taken by trained fieldworkers
following a standard protocol. Measured weight (kg) and height
(m) were used to compute the body mass index (BMI). BMI records
outside the range 10-80 kg/m? were discarded. We only used
the second blood pressure measurement. Systolic blood pressure
records outside the range 70-270 mmHg were discarded, and so
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were diastolic blood pressure records outside the 30-150 mmHg
range (Supplementary Table 2).

Consistent with the PEN protocol and with a previous global
work, [14],[16] for people with self-reported antihypertensive
treatment we used the pre-treatment blood pressure. In other
words, for people who self-reported being under antihypertensive
treatment, we calculated the pre-treatment blood pressure; con-
versely, for those who were not taking antihypertensive medicines,
we used the recorded blood pressure as was. Pre-treatment sys-
tolic blood pressure was computed as: pre-treatment systolic blood
pressure = (current systolic blood pressure-6.3)/0.9. [17] Simi-
larly, pre-treatment diastolic blood pressure was computed as:
pre-treatment diastolic blood pressure = (current diastolic blood
pressure-5.17)/0.89. [17]

Derived variables

First, we computed the absolute cardiovascular risk based on
the 2019 ten-year WHO cardiovascular risk charts. [15] Because we
did not have information on total cholesterol we used the office-
based WHO cardiovascular risk charts. [15] The office-based ten-
year WHO cardiovascular risk charts include age, sex, smoking sta-
tus, systolic blood pressure (pre-treatment) and BMI. We used the
whocvdrisk command in STATA by the authors of the 2019 ten-year
WHO cardiovascular risk charts. [18] Based on the WHO HEARTS
protocol for risk-based cardiovascular prevention, [5] we consid-
ered the following people as eligible for antihypertensive treat-
ment: i) absolute cardiovascular risk between 10%-19% and blood
pressure >140 (systolic) or >90 (diastolic) mmHg; ii) absolute car-
diovascular risk >20% and blood pressure >130 or >80 mmHg;
and iii) all individuals with blood pressure >160 or >100 mmHg.
[5] Observations which did not fell into any of these groups were
not considered eligible for antihypertensive treatment.

Second, we followed the local hypertension diagnostic, treat-
ment and control guidelines issued in 2015 by the Peruvian Min-
istry of Health. [2] This document defines hypertension as >140
or 90 mmHg and suggests to initiate antihypertensive treatment
in: i) people with hypertension and low cardiovascular risk who
have failed to achieve blood pressure targets after 3-6 months of
lifestyle changes; ii) blood pressure >160 (systolic) or >100 (dias-
tolic) regardless of other variables; and iii) people with hyperten-
sion with moderate or high cardiovascular risk. We used the sec-
ond and third criteria to define people eligible for antihyperten-
sive treatment because we did not have information on whether
the participants had tried lifestyle changes for 3-6 months. Ob-
servations which did not fell into any of those two groups were
not considered eligible for antihypertensive treatment. The Peru-
vian guidelines defined cardiovascular risk based on the presence
of risk factors. [19] According to the available data we used five
risk factors: [2],[20] i) overweight (BMI >25 kg/m?2); ii) male sex;
iii) men aged >55 or women aged >65; iv) smoker; and v) self-
reported diabetes.

Outcomes

The fifth indicator in the monitoring plan of the WHO HEARTS
Technical Package for Cardiovascular Disease Management in Pri-
mary Health Care refers to the proportion of eligible persons receiv-
ing drug therapy and counselling to prevent heart attacks and strokes.
6 The numerator refers to the number of eligible people receiving
drug therapy and counselling. [6] The denominator refers to the to-
tal number of eligible participants. [6] In this study, the numerator
was the self-reported antihypertensive treatment variable, whereas
the denominator was the eligible or non-eligible population ac-
cording to the 2019 ten-year WHO cardiovascular risk charts or the
Peruvian guidelines (defined in the previous section). [2],[15] The
proportion of people receiving antihypertensive treatment among
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those who were eligible or non-eligible for treatment was summa-
rized at the national and regional level, and also stratified by age
(<60 and >60) and sex when possible.

Analysis

The datasets we used and the analysis code in R (version 3.6.1)
and STATA (version 16.1, College Station, Texas 77845, USA) are
available as supplementary materials. We summarized the out-
come of interest along with the 95% confidence interval (95% CI)
accounting for the complex survey design of the ENDES. The out-
come was summarised at the national level, stratified by sex and
age group (<60 and >60). The results were also summarised at the
macro-region level; that is, the 25 regions in Peru were grouped
according to their geographic location: Coast, Highlands and Ama-
zon. The results were summarised for each of the 25 regions in
Peru as well. The absolute cardiovascular risk computed from the
2019 ten-year WHO cardiovascular risk charts was categorised and
the proportion in each stratum multiplied by the number of peo-
ple in Peru aged >30 years according to the 2017 national census
(15,098,012 people). [21]

Ethics

We did not seek approval by an Institutional Review Board. This
was an analysis of open-access surveys which do not include any
personal identifiers.

Role of the funding source

The funder of the study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report.
RMC-L and WCG-V had full access to the data in the study and
vouch for the data accuracy. All authors collectively had final re-
sponsibility for the decision to submit for publication. The authors
alone are responsible for the opinions in the manuscript, which do
not necessarily represent those of their institutions.

3. Results
Study population

In total, there were 120,059 people and each year contributed
equally to the pooled analysis database (except the 2020 survey
which represented 12% of the pooled dataset). Overall, there were
discretely more women (51.2%) and the mean age was 48.6 years.
The mean systolic blood pressure was 123.1 mmHg, and the mean
pre-treatment systolic blood pressure was 123.8 mmHg. The mean
BMI was 27.8 kg.m?, and 2.0% of the population were smokers.

Absolute cardiovascular risk according to the 2019 WHO
cardiovascular risk charts

Overall, the mean absolute cardiovascular risk based on the
2019 ten-year WHO cardiovascular risk charts was 3.6% (95% CI:
3.5%-3.6%). There were no substantial differences between study
years, where the minimum absolute risk was 3.5% (95% CI: 3.4%-
3.6%) in 2015 and the maximum absolute risk was 3.7% (95% Cl:
3.6%-3.7%) in 2018 (Supplementary Table 3). The absolute cardio-
vascular risk was higher in men (4.1% (95% Cl: 4.1%-4.2%)) than in
women (3.1% (95% CI: 3.0%-3.1%)). The absolute cardiovascular risk
was higher among people aged >60 years (9.0 (95% CI: 8.9%-9.1%))
than in their younger peers (2.0% (95% CI: 2.0%-2.0%)).

In general, 78.6% (95% CI: 78.2%-79.0%) of the population had an
absolute cardiovascular risk <5%; which is equivalent to 11,867,037
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Figure 1. Absolute cardiovascular risk in categories by sex and region in 2019. Exact numeric estimates, and results for all study years, are available in Supplementary

Table 5.

people (i.e., 78% of total population in Peru aged >30 years
[21] The proportion of the population with an absolute cardiovas-
cular risk between 5%-9% was 13.8% (95% Cl: 13.5%-14.1%); equiva-
lent to 2,083,526 people. The frequency of absolute cardiovascular
risk between 10%-19% was 7.0% (95% ClI: 6.7%-7.2%) or 1,056,860
people. The 0.6% (95% CI: 0.5%-0.7%) of the population had an ab-
solute risk of 20%-29%; equivalent to 90,588 people. Finally, 0.04%
of the population had an absolute risk of >30%; equivalent to 6,039
people.

In 2020, the largest proportion of men with an absolute cardio-
vascular risk <5% was observed in Cusco (83.2%), and the smallest
in Callao (69.9%); for women these numbers were 93.2% (Madre de
Dios) and 73.5% (Puno) (Figure 1; Supplementary Table 5).

~

—

Eligible population for antihypertensive treatment

According to the local guidelines and across the observation pe-
riod, the 17.9% (95% Cl: 17.5%-18.3%) of the population would be
eligible for antihypertensive treatment (Supplementary Table 4
Conversely, according to the WHO guidelines and across the study
period, the 8.1% (95% ClI: 7.9%-8.4%) of the population would be el-
igible for antihypertensive treatment (Supplementary Table 4).

~

National results of eligible people receiving antihypertensive
treatment

In men, and according to the WHO guidelines, we observed a U-
shaped time trend whereby the largest proportion of eligible peo-

ple receiving antihypertensive treatment was seen in 2015 (2016
for men aged <60 years) and in 2019, though the smallest pro-
portion was found in 2017 yet also in 2020 (Figure 2; Supple-
mentary Table 6). The same profile was observed according to the
local guidelines, yet with a smaller magnitude (Figure 2; Supple-
mentary Table 6). On the other hand, the proportion of not eli-
gible men aged <60 years receiving antihypertensive medication
has remained stable regardless of the guidelines; in men aged >60
years the proportion of not eligible men receiving antihyperten-
sive medication has increased by 4 (WHO guidelines) and 5 (local
guidelines) percentage points between 2015 and 2019; a smaller
proportion was registered in 2020 (Supplementary Figure 1; Sup-
plementary Table 6).

In women aged <60 years and regardless of the selected
guidelines, a U-shaped time trend was also observed; in 2020
we observed smallest proportions (Figure 2; Supplementary Ta-
ble 6). In women aged >60 according to the WHO guidelines
there was a marginal increase in the proportion of eligible
women receiving antihypertensive medication: 55% in 2015 and
56% in 2019; the smallest proportions were observed in 2020
Figure 2; Supplementary Table 6). On the other hand, the pro-
portion of not eligible women aged <60 years receiving antihy-
pertensive medication remained stable; the proportion of not eligi-
ble women aged >60 years receiving antihypertensive medication
marginally increased by 4 (WHO guidelines) and 5 (local guide-
lines) percentage points (Supplementary Figure 1; Supplementary
Table 6).

—
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Figure 2. Percentage of people receiving antihypertensive medication among eligible subjects by sex and age at the national level. Exact numeric estimates are available in

Supplementary Table 6.

Sub-national results of eligible people receiving antihypertensive
treatment

At the macro-region level in men and regardless of the guide-
lines, we observed a U-shaped curve in the Coast whereby the pro-
portion of eligible men receiving antihypertensive treatment im-
proved in 2018 and 2019, yet there was a marginal decrease in
2020 (Supplementary Figure 1). In men in the Amazon and regard-
less of the guidelines, we observed a decreasing trend since 2016
(Supplementary Figure 1). In the Highlands there was a discrete
increase since 2015 (Supplementary Figure 1).

At the macro-region level in women and regardless of the
guidelines, in the Coast we observed a decreasing trend (Supple-
mentary Figure 1). In women in the Amazon there was a U-shaped
curve based on the WHO guidelines and an increasing trend based
on the local guidelines; regardless of the guidelines, smaller pro-
portions were found in 2020 (Supplementary Figure 1). In the
Highlands there was an increasing trend until 2019, and smaller
proportions in 2020 (Supplementary Figure 1).

No region showed a substantial improvement in allocation of
antihypertensive treatment among eligible subjects (Supplemen-
tary Figure 4). Similarly, no region showed a large improvement
in reducing antihypertensive mediation among not eligible people
(Supplementary Figure 5). It was not possible to further stratify
these sub-national estimates by sex and age because of few ob-
servations in some groups which led to unstable estimates.

Following the local guidelines between 2015 and 2019, we ob-
served that seventeen regions slightly increased the antihyper-
tensive treatment rate among eligible subjects; we observed a
marginal decrease in seven regions (Supplementary Figure 4; Sup-
plementary Table 7). In eight regions in 2020 we observed the
smallest proportions (Supplementary Figure 4; Supplementary Ta-
ble 7). Conversely, the variation of antihypertensive treatment al-
location among not eligible people was minimal during the study
period (Supplementary Figure 5; Supplementary Table 7).

Following the WHO guidelines between 2015 and 2019, the an-
tihypertensive treatment rate among eligible individuals increased
in twelve regions; in eleven regions this treatment rate decreased

(Supplementary Figure 4; Supplementary Table 7). In seven regions
in 2020 we observed the smallest proportions (Supplementary Fig-
ure 4; Supplementary Table 7). The variation of antihypertensive
treatment allocation among not eligible people was minimal across
the study period (Supplementary Figure 5; Supplementary Table 5).

Discussion
Main findings

Elaborating on six national health surveys in Peru, the mean
absolute cardiovascular risk based on the 2019 ten-year WHO car-
diovascular risk charts was 3.5%-3.7% with higher absolute risk in
people aged >60 years. Over three quarters of the population have
an absolute cardiovascular risk <5%, and less than one in a hun-
dred people had an absolute cardiovascular risk >20%. The propor-
tion of people eligible for antihypertensive treatment was higher
with the local guidelines than with the WHO guidelines: a 2-fold
difference. The proportion of eligible people receiving antihyper-
tensive medication would consistently be higher with the WHO
guidelines than with the local guidelines. At the national level in
men of any age and regardless of the guidelines, the proportion
of eligible men receiving antihypertensive treatment has slightly
improved in the last years with a marginal decrease in 2020. In
women aged >60 according to the WHO guidelines the propor-
tion of eligible women receiving antihypertensive treatment has
marginally decreased. Also, at the national level, the proportion
of not eligible people aged >60 years receiving antihypertensive
medication marginally increased in both men and women and re-
gardless of the guidelines. At the sub-national level, we observed
a heterogeneous profile. Following the local guidelines there were
seventeen regions with a discrete increase in the proportion of el-
igible people receiving treatment; conversely, following the WHO
guidelines there were sixteen regions with a marginal decrease in
the proportion of eligible people receiving antihypertensive treat-
ment. The variation in the proportion of not eligible people receiv-
ing antihypertensive medication was minimal. Together with the
available evidence of antihypertensive treatment rate among peo-
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ple with hypertension, both local and global, our results suggest
that antihypertensive treatment coverage needs to improve in Peru
(as it the case in other low- and middle-income countries).

Peru has not adopted the WHO cardiovascular guidelines for
risk-based primary cardiovascular prevention; to the best of our
knowledge, Peru is not planning to adopt these guidelines soon.
This work was not designed to support or advocate for one ap-
proach over the other (e.g., whether local guidelines should be re-
placed by the WHO guidelines). This work was a description of the
current antihypertension treatment coverage according to two def-
initions. This comparison is relevant to advance and move beyond
the usual hypertension care cascade (i.e., proportion of people with
hypertension receiving antihypertensive medication); furthermore,
these estimates could inform discussions about the antihyperten-
sive treatment rate by advancing the available evidence with a new
analytical approach (i.e., based on the absolute cardiovascular risk).
If Peru decides to revisit its guidelines for primary cardiovascular
prevention and incorporate the absolute risk approach, our esti-
mates could anticipate what the treatment coverage may look like,
so that policymakers can plan accordingly and set realistic targets.
A further elaboration on the reasons why Peru has opted for one
approach and has not decided to change that strategy (yet), is be-
yond the scope of this work.

Interpretation of results

A global work with forty-five low- and middle-income coun-
tries using the office-based 2019 WHO cardiovascular risk charts
showed that the median ten-year absolute cardiovascular risk was
2.7% in men and 1.6% in women; [14] the absolute ten-year car-
diovascular risk in Latin America ranged from 1.2% (women in
Costa Rica/Ecuador) to 4.4% (men in Chile). [14] The GLOBORISK
[22] office-based model for fatal and non-fatal cardiovascular out-
comes in Mexico showed that the mean ten-year cardiovascular
risk was 6.6% in men and 4.2% in women. [23] Overall, our es-
timates are similar yet our results for women are slightly higher
than those reported in the global work. [14] Our study also ad-
vanced this evidence by studying two age groups and finding
higher absolute risk in older people. This last observation has two
implications. First, older people need primary and secondary care
to reduce their absolute cardiovascular risk. Second, primary pre-
vention interventions should not wait until they are 60 years old,
they should start in adulthood to avoid people reaching the age of
60 with high cardiovascular risk.

The proportion of people receiving antihypertensive medication
among those eligible was higher when using the WHO guidelines
versus the local guidelines. In other words, the health system per-
formance seems better when based on the WHO guidelines. This
could be owed to the different methodology to assess cardiovascu-
lar risk. The 2019 ten-year WHO cardiovascular risk charts adopted
an absolute risk approach whereby risk factors are combined in a
formula, and each risk factor has its own coefficient (i.e., weights).
Conversely, the local guidelines suggested to count the number of
risk factors and to combine this with blood pressure levels. This
approach would assume each risk factor weights the same and
there are no variations within risk factor levels; for example, with
the local guidelines anyone with overweight would be assigned
one point (i.e., presence of a risk factor) regardless of whether
his/her BMI was 25.1 kg/m? or 29.9 kg/m2. In addition to this
methodological difference, we must acknowledge that differences
between the local and international guidelines could be explained
by the fact that we used the office-based model of the 2019 ten-
year WHO cardiovascular risk charts and not the laboratory-based
model. [15] The laboratory-based model could have identified more
eligible subjects, diluting the proportion of eligible subjects re-
ceiving antihypertensive medication, thus reducing the gap be-
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tween the local and international guidelines regarding treatment
allocation. Our results, although relevant because they provide the
first estimates of antihypertensive treatment allocation in Peru fol-
lowing a risk-based approach, deserve further verification using
the laboratory-based model before public health interventions and
policies are implemented based on these findings.

Implications for clinical management

The absolute cardiovascular risk-based prevention approach, en-
dorsed by the WHO, [5],[6] is also suggested by several clinical
guidelines. [1],[3],[4],/6] Moreover, the use of cardiovascular risk
scores may reduce risk factor levels and may increase preventive
medication allocation among high-risk people. [24] Possibly, the
absolute risk-based approach would be better than the one cur-
rently suggested in Peru for clinical management of people with
hypertension, and could therefore be adopted by the next version
of the local recommendations following the example from sev-
eral global guidelines. [1],[3],[4],[6] This hypothesis warrants solid
research, including cost-effectiveness analyses, to make informed
changes in local guidelines.

There was a small increase in the proportion of not eligible peo-
ple aged >60 years receiving antihypertensive medication (partic-
ularly in women). From a clinical management perspective, careful
consideration should be warranted when starting pharmacological
treatment in the elderly, amongst whom polypharmacy is frequent.
This decision should be made based on all available evidence, both
theorical (e.g., guidelines) and clinical (e.g., unique profile of the
patient), and in consultation with the patient’s preferences (i.e.,
shared decision). Furthermore, multidisciplinary care including all
relevant specialists (e.g., diabetologist and nephrologist) would be
ideal.

Implications for epidemiological research

Public health experts, [8] epidemiologists and cardiologists
could argue that the lack of a local cardiovascular risk score or
chart would rest value to instituting the absolute risk-based ap-
proach in Peru. This has pragmatic implications for health research
in Peru and other similar countries. Prospective studies are war-
ranted to validate, re-calibrate or develop a Peruvian cardiovascular
risk score. In this line, (electronic) health records, surveillance and
summary data could be used as a preliminary step. There are some
successful experiences in Colombia and Chile, [25],[26] and soon
will there be a cardiovascular risk score for Latin America [27] to
overcome the limitations of other studies in Latin America which
aimed to validate cardiovascular risk scores. [28] Until then, global
efforts could be adopted including the 2019 WHO cardiovascular
risk charts and the GLOBORISK. [15],[22]

Implications for public health

We are not aware of any efforts to quantify the risk-based anti-
hypertensive treatment allocation among eligible people according
to local and international guidelines in Peru; thus, we do not have
empirical evidence to contrast our results. Our work, interpreted
along with its limitations, is uniquely positioned to inform public
health interventions to improve the epidemiology of hypertension
in Peru.

Our results inform about the antihypertensive treatment alloca-
tion following the absolute risk-based approach advancing the evi-
dence from the hypertension treatment cascade. [13] Results from
the hypertension treatment cascade in 2018 showed that ~23% of
men and ~44% of women with hypertension were receiving an-
tihypertensive drugs in Peru. [13] Our results are not far apart
from these estimates. Antihypertensive drugs are in the WHO list
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of essential medicines, yet often these are not available or afford-
able. [29] The public health system should identify the barriers
to have antihypertensive medication in all public pharmacies, and
work with local authorities to secure treatment availability to all
patients. If the risk-based approach were to be followed, patients
would need access to adequate laboratory facilities for a full abso-
lute cardiovascular risk assessment. Novel interventions that could
be tested include self-monitoring blood pressure, which appears to
improve antihypertensive medication adherence. [30]

Even though antihypertensive drugs are considered essential
and should be available to all patients with hypertension, another
problem is adherence which becomes more problematic when
multiple drugs are prescribed. The polypill approach could be a
solution, and this has been recommended by the Latin American
Consensus in Hypertension. [31] Future cost-effectiveness studies
could assess whether polypills would render better health effects
to the patients along with more efficient allocation and purchases
from the health system perspective.

Our results pinpoint population groups (e.g., older women and
some regions) in which interventions may be needed to im-
prove antihypertensive treatment allocation amongst eligible peo-
ple. In this line, the sub-national results showed large inequali-
ties amongst regions; this urgently calls for joint efforts between
national and regional health authorities. For example, they could
secure that there are cardiologists and other health professionals
with proper training to manage hypertension in all regions. They
could also work to plan the purchase and distribution of antihyper-
tensive drugs so that these are never unavailable in public health
facilities.

Our results could spark interest and advocacy for the revision
of local guidelines to consider the absolute risk-based approach.
The latest version of the local guidelines was published in 2015.
Arguably, it is about time for them to be revisited in a joint ef-
fort including health authorities, practitioners, researchers and also
patients. Our work, international clinical guidelines, [1],[3-6] and
novel tools for cardiovascular risk stratification could be discussed
and incorporated in local guidelines.

Finally, we observed that the proportion of eligible subjects re-
ceiving antihypertensive medication slightly decreased in 2020 in
relation to the previous years. The COVID-19 pandemic affected
the Peruvian health system above and beyond the limited re-
sources available for COVID-19 patients. Although speculative, we
hypothesize that the eligible patients did not have frequent con-
tact with their healthcare provider limiting their access to medica-
tions. This lack of contact could be because primary care facilities
were closed, hospitals prioritized care for COVID-19 patients, lo-
cal restrictions (e.g., quarantines), or people were afraid of going
to healthcare facilities where there were COVID-19 patients. While
Peru improves their capacity to look after COVID-19 patients, other
programs (e.g., non-communicable diseases) need to catch up with
their goals and services.

Strengths and limitations

We studied six national health surveys with measured risk fac-
tors, and these are representative at the national and regional
level; in addition, we included most of the adult population (i.e.,
>30 years). Notwithstanding, there are limitations we acknowl-
edge. First, the ENDES survey measures blood pressure twice, not
three times like an ideal epidemiological study. In here, we only
used the second measurement. We would expect this approach
to give slightly higher blood pressure records than those from an
ideal epidemiological study. If so, then the absolute cardiovascular
risk could be minimally overestimated. However, because we pre-
sented aggregated summaries (e.g., at the national level), we would
not expect this to have substantially biased our results. Second, the
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ENDES does not ask about history of cardiovascular events and we
therefore assumed all participants were free of cardiovascular dis-
eases to use the 2019 WHO cardiovascular risk charts. [15] Peo-
ple who have already had a cardiovascular event (e.g., myocardial
infarction) are at higher risk of another cardiovascular event. As-
suming everyone was free of cardiovascular diseases could have
underestimated the overall cardiovascular risk in our population.
Third, high cardiovascular risk according to the local guidelines
was based on the presence of some risk factors according to data
availability; in other words, we could not include all possible risk
factors. This limitation could have also underestimated the risk
based on the local guidelines. Fourth, Peru has cities at sea level
and at high altitude above the sea level (e.g., Puno at >3,800 me-
ters above sea level). It is worth remembering this feature when
interpreting and comparing results, particularly between regions at
different altitude above the sea level because high altitude above
the sea level could influence blood pressure.

Other potential limitation with relevant ramifications is that
we used the office-based cardiovascular risk charts and not the
laboratory-based cardiovascular risk charts, [15] because the EN-
DES does not collect biomarkers (e.g., total cholesterol). This limi-
tation rests on the fact that the laboratory- and office-based mod-
els do not consistently identify the same individuals. The authors
of the 2019 WHO cardiovascular risk charts described that, when
the laboratory-based model was set at >20% cardiovascular risk
and the office-based model was set at >10%, they identified ~97%
of the same individuals; conversely, when the laboratory-based
model was set at >20% cardiovascular risk and the office-based
model was set at >20%, they identified ~65% and ~35% of the same
men and women, respectively. [15] Had we used the laboratory-
based model, the pool of eligible subjects would have increased
(denominator), and at a fixed number of people receiving antihy-
pertensive medication (numerator), the proportion of eligible sub-
ject receiving antihypertensive treatment would have decreased
hence the differences between the local and international guide-
lines would have shortened. Even though our work benefited from
large datasets and from the office-based cardiovascular risk charts
currently endorsed by the WHO, [15] our results deservers further
verification using the laboratory-based model. Peru needs a na-
tional survey with measured biomarkers not only to better quan-
tify this treatment gap, but also to update means and prevalences
of cardio-metabolic risk factors. With the last national survey with
measured biomarkers conducted in 2005, [32] Peru does not have
recent robust evidence to characterize the cardio-metabolic profile
of its population.

Conclusion

At the population level, between 2015 and 2020, the absolute
cardiovascular risk was below 5% and less than one in a hun-
dred people would have an absolute cardiovascular risk above
20% in Peru. At the national level there was a mild improvement
in antihypertensive treatment allocation among eligible individu-
als, though in older women this rate has decreased. At the sub-
national level, depending on whether local or WHO guidelines
were followed, some regions showed improving rates of antihy-
pertensive treatment allocation yet other showed decreasing rates.
Peru needs to define a tool for surveillance of absolute cardio-
vascular risk and to monitor antihypertensive treatment allocation
among high-risk people.
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