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Abstract

Background

Hypertension is the most prevalent cardiovascular condition and a leading contributor
to premature mortality in Latin America and the Caribbean (LAC). Despite its public
health relevance, few studies have examined long-term trends in hypertensive dis-
ease mortality across the region. The objective was to analyze trends in mortality due
to hypertensive diseases from 1997 to 2020 in LAC countries, disaggregated by sex
and type of hypertension, and to project mortality rates to 2035.

Methods

We conducted an ecological time-series study using age-standardized mortality rates
(ASMRs) extracted from the World Health Organization Mortality Database. Mor-
tality from hypertensive diseases was defined by ICD-10 codes 110-113 and further
stratified into primary hypertension (I110) and hypertension-mediated organ damage
(HMOD, 111-113). Trends were assessed using Joinpoint regression to estimate aver-
age annual percent change (AAPC) and 95% confidence intervals (95%Cl). Projec-
tions to 2035 were calculated using Norpred based on age — period — cohort analysis.

Results

Between 1997 and 2020, mortality from hypertensive diseases increased in
most LAC countries. Among men, significant increases were observed in Brazil
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(AAPC: 2.6%), EI Salvador (6.6%), and Panama (6.1%), while Trinidad and Tobago
was the only country showing a significant decline (AAPC: —5.7%). Among women,
the most marked increase was seen in El Salvador (7.6%). By 2035, the Dominican
Republic, Venezuela, and Paraguay are projected to have the highest ASMRs for
hypertensive diseases among men, while for women, the Dominican Republic and
Venezuela will remain among the most affected. Mortality from primary hypertension
represented the greatest burden across countries, while HMOD exhibited lower but
variable rates.

Conclusion

Hypertensive disease mortality is projected to rise in LAC, with notable disparities by
sex, country, and type of hypertension. These findings underscore the urgent need
for regionally tailored prevention, screening, and control strategies.

Introduction

Hypertension (HTN) is the most prevalent cardiovascular condition globally and rep-
resents a critical public health challenge [1,2]. According to the World Health Organization
(WHO), the number of adults with hypertension doubled from 650 million in 1990 to 1.3
billion in 2019 [3]. Though, the estimated age-standardized prevalence of hypertension
changed little between 1990 and 2019, increasing from 32% to 33%. In 2019, more

than half of cardiovascular deaths were attributable to systolic hypertension, and 62% of
deaths attributed to systolic hypertension occurred in adults aged 70 years and older [1].

Hypertension is a major risk factor for severe comorbidities, including kidney
failure, stroke, and cardiovascular disease [4-9]. This highlights the urgency of
implementing effective prevention, diagnosis, and control strategies. In 2019, in
Latin American countries (LAC), [10], the prevalence of hypertension ranged widely
between 18 and 62%, with the highest prevalence are Argentina, Brazil, Paraguay
and Uruguay [11]. Its close association with diabetes and dyslipidemia further
increases cardiovascular risk [12,13], as well as hypertension-mediated organ dam-
age (HMOD) [14-16].

Advances in health and education in Latin America, combined with population
aging, have contributed to an increasing burden of non-communicable diseases, with
hypertension emerging as the leading cardiovascular risk factor [17]. These dynamics
highlight the need to account for the region’s unique epidemiological characteristics
to optimize clinical management and reduce disease burden.

Despite the high burden of hypertension in LAC, studies on the evolution of
mortality due to hypertensive diseases in the region remain limited. Deficiencies in
knowledge, treatment, and disease control have contributed to high rates of prema-
ture mortality. In this context, the present study aims to analyze the trends in mortality
rates due to hypertensive diseases in LAC between 1997 and 2020, disaggregated
by sex and type of HTN. Furthermore, it provides mortality projections to the year
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2035, offering a comprehensive view of current patterns and future trajectories that can inform regional cardiovascular
health policy.

Materials and methods

An ecological time-series study was conducted using the complete dataset available in the WHO Mortality Database.

Mortality data were extracted from the WHO mortality database, based on each country’s official reporting systems. It
is important to note that these deaths have not been adjusted to correct for possible underreporting or misclassification of
deaths. Generally, these statistics are obtained using a mixed methodology, which integrates passive surveillance through
national registration systems and active surveillance for case detection and confirmation. Although the integrity of these meth-
ods can vary significantly by country and year, in general these data accurately reflect the information presented by national
health authorities. Therefore, the estimates used in this study seek to align closely with official statistics on mortality from HTN.
Furthermore, the methodology addressed in this study is based on that used in previous publications [18,19].

Mortality data were collected for the period between 1997 (or the first available year) and 2020 (or the most recent
available year) depending on data availability for each country. Deaths attributed to hypertensive diseases were identified
using ICD-10 codes 110-113. For analytical purposes, these were further classified into two subgroups: primary (essential)
hypertension (110) and hypertension-mediated organ damage (HMOD), which includes hypertensive heart disease (111),
hypertensive renal disease (112), and hypertensive heart and renal disease combined (113). This was done to differentiate
risk factors between the onset and progression of the disease. It also allowed for a more detailed assessment of trends
and differences in disease burden between subtypes, this distinction being critical for prevention and supported by evi-
dence of hypertension as a promoter of risky atherosclerotic plaques [20]. The mortality database was organized into 18
five-year age groups (0—4, 5-9, 10-14,..., 85 +years), which were then used to calculate mortality rates by year.

Statistical analysis

We estimated age-standardized mortality rates (ASMRs) per 100,000 person-years using the direct method, with the
SEGI world standard population as the reference [21]. Trends in mortality rates were analyzed using the Joinpoint Regres-
sion Program, version 4.9.0 [22,23], which fits a series of joined straight lines (segments) to the logarithm of the mortality
rates and identifies significant changes in trend (joinpoints) over time. The analysis employed the Monte Carlo permuta-
tion test with 4,999 permutations to determine the optimal number and location of joinpoints. An overall significance level
of 0.05 was used to assess model fit. The analysis identified joinpoints and calculated the annual percent change (APC)
along with corresponding 95% confidence intervals (95% ClI) for each country. In cases where the model identified two

or more segments, the average APC (AAPC) was computed as a weighted average of the APCs across those segments,
based on the length of each interval. AAPCs were considered statistically significant when the p-value was<0.05.

Predictions through 2035

Mortality projections through 2035 were generated using the Nordpred package in R version 4.3.1. Nordpred is based on
an age—period—cohort (APC) [24]. To prevent overestimation of long-term trends, attenuation of the linear drift component
was applied, as recommended by the model’'s guidelines: 0% for the first projected period (2021-2025), 25% for the second
period (2026—2030), and 50% for the third period (2031-2035) [24]. These projections were stratified by sex and type of
hypertension, providing detailed insights into the expected burden of hypertensive disease mortality under current epidemi-
ological patterns. In addition to estimating absolute numbers and age-standardized mortality rates (ASRs). The total change
in projected deaths was decomposed into two components: (1) changes due to population structure (age and size), and (2)
changes due to risk, defined here as the variation in disease incidence, case fatality, and health system performance, inde-
pendent of demographic trends [25].
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Ethical Consideration

This study is based exclusively on freely available secondary data from the WHO Mortality Database. Since the dataset
does not contain any personal identifiers, it was not necessary to obtain ethical approval for its use.

Results

Among men in 2020, the highest mortality rates were observed in Nicaragua (47.1 per 100,000), Venezuela (35.3),
and Ecuador (30.8). By 2035, the Dominican Republic (56.2), Venezuela (44.0), and Paraguay (34.8) are projected
to have the highest rates (Fig 1A). Regarding primary hypertension, projections for 2035 indicate that the Dominican
Republic (70.4), Paraguay (19.4), and Brazil (12.9) will experience the highest mortality rates (Fig 1B). In the case
of HMOD, the highest projected mortality rates by 2035 will be reported in Nicaragua (52.4), Venezuela (36.4), and
Panama (35.9) (Fig 1C). Among women, the highest age-standardized mortality rates from hypertensive diseases in
2020 were reported in the Dominican Republic (32.7 per 100,000), Nicaragua (23.0), and Venezuela (22.7). By 2035,
the Dominican Republic (40.8) and Venezuela (27.4) are projected to continue having the highest mortality rates in
the region (Fig 1D). In terms of primary hypertension, the Dominican Republic recorded the highest mortality rate

in 2020 (27.2), and it is expected to remain the country with the highest burden by 2035 (52.3) (Fig 1E). Lastly, for
HMOD, the highest projected mortality rates for 2035 are observed in Nicaragua (20.2), Cuba (18.4), and Panama

(14.7) (Fig 1F).
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Fig 1. Age-adjusted mortality rates by type of hypertension and sex for 2020 and their prediction for 2035.

https://doi.org/10.1371/journal.pone.0342267.9001
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Trends for hypertensive diseases

Among men of all ages, eight countries exhibited significant increases in hypertensive disease mortality: Brazil (2.6%),
Cuba (5.1%), El Salvador (6.6%), Mexico (3.4%), Nicaragua (2.5%), Panama (6.1%), Paraguay (4.6%), and Venezuela
(1.4%) exhibited significant increasing trends in mortality from hypertensive diseases. In contrast, Trinidad and Tobago
experienced a significant decline of 5.7% between 1999 and 2012 (Fig 2A and S1Table). Among women, five countries
experienced significant increases: Brazil (1.2%), Cuba (3.8%), Dominican Republic (2.6%), El Salvador (7.6%), and
Paraguay (3.7%) also showed significant upward trends, while no country demonstrated a statistically significant decrease
over the study period (Fig 2D and S2 Table).

Trends for primary hypertension

For primary hypertensive mortality (110), among men, Brazil (4.8%), Chile (3.2%), Colombia (2.9%), Costa Rica (7.2%),
Cuba (2.5%), El Salvador (8.2%), Mexico (3.2%), Panama (7.8%), Paraguay (9.1%), and Trinidad and Tobago (4.0%)
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Fig 2. Average annual percentage change in mortality rates from hypertensive diseases, primary hypertension, and organ damage-mediated
hypertension, 1997-2020.

https://doi.org/10.1371/journal.pone.0342267.9002
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(Fig 2B and S3 Table) Among women, Brazil (3.4%), Chile (3.9%), Costa Rica (4.9%), Dominican Republic (4.7%), El
Salvador (7.7%), Mexico (1.4%), Panama (6.4%), Paraguay (7.6%), Uruguay (2.4%), and Trinidad and Tobago (4.0%). In
contrast, Argentina (-2.0%), Guatemala (-6.4%), and Venezuela (-1.3%) experienced significant decreases (Fig 2E and
S4 Table).

Trends for hypertension-mediated organ damage (HMOD)

Among men, mortality from HMOD exhibited heterogeneous patterns across Latin American and Caribbean countries.
Significant increases were observed in Cuba (4.8%), Ecuador (4.8%), Guatemala (6.6%), Mexico (2.8%), Nicaragua
(3.3%), and Paraguay (2.2%). In contrast, the Dominican Republic (-2.3%), Surinam (-4.3%), and Trinidad and Tobago
(—3.4%) showed significant decreasing trends in HMOD-related mortality (Fig 2C and S5 Table). Among women, Cuba
(4.4%), Ecuador (4.1%), Guatemala (6.1%), Mexico (1.0%), and Peru (5.4%). On the other hand, the Dominican Republic
(=2.9%), Surinam (-5.2%), Trinidad and Tobago (-5.3%) showed significant decreasing trends (Fig 2F and S6 Table).
Tables 1 and 2 show the estimated number of deaths from HTN, age-standardized mortality rates, and the percentage
change in cases due to population growth and risk in Latin America and the Caribbean, 2020 and projected for 2035.
Among men, notable disparities were observed in the projected changes in hypertensive disease mortality between 2020
and 2035 across Latin America and the Caribbean. The Dominican Republic showed one of the most alarming trends,
with a 206.6% increase in the number of deaths and a sharp rise in the age-standardized mortality rate (ASMR), driven
primarily by a 140.8% increase in risk-related mortality. Similarly, Cuba and EIl Salvador experienced substantial increases
in ASMR and in the risk component (+108% and +172.4%, respectively), suggesting a worsening in disease control
or growing exposure to key risk factors. In contrast, countries such as Peru and Puerto Rico demonstrated favorable

Table 1. Number of hypertensive disease deaths, age-standardized mortality rates, and percentage change in cases due to population growth
and risk among men in Latin America and the Caribbean, 2020 and predicted 2035.

Countries Male population (annual | Number of deaths in men | Age-standardized Change Change due to | Change due
million) mortality rates total (%) population (%) | to risk (%)
2020 2035 2020 2035 2020 2035
Argentina 22 24.9 16987 25425 10.65 11.25 49.7 44 5.7
Brazil 103.3 111 129439 285510 27.63 24.16 120.6 125.1 -4.5
Chile 9.3 9.8 12843 26166 17.42 17.29 103.7 86.9 16.8
Colombia 243 26.8 22849 57283 21.94 19.08 150.7 163.5 -12.8
Costa Rica 2.5 2.8 2218 6321 16.83 16.83 185 140.4 44.6
Cuba 5.6 5.4 12014 31114 25.25 34.52 159 51 108
Dominican 5.4 6 8689 26637 30.07 56.2 206.6 65.8 140.8
Republic
Ecuador 8.5 10.4 9146 9450 30.75 9.48 3.3 120.5 -117.2
El Salvador 2.9 3.2 2036 6641 13.57 31.04 226.2 53.9 172.4
Guatemala 8.3 11.3 3238 7101 15.83 12.89 119.3 91.2 28.2
Mexico 60.6 71.2 20988 54932 22.59 10.02 161.7 63 98.7
Nicaragua 3.2 3.8 1200 3069 4713 13.79 155.8 157.7 -1.9
Panama 20.5 26 939 4997 21.2 18.55 432.2 124.8 307.4
Paraguay 3.2 4.2 3702 9795 30.69 34.82 164.6 11.3 53.3
Peru 15.9 18.5 6383 3312 11.54 1.72 -48.1 94.5 -142.6
Puerto Rico 1.6 1.3 3018 2521 14.89 9.24 -16.5 25.6 -42
Uruguay 1.7 1.8 1041 2114 9.93 9.66 103.1 35.9 67.2
Venezuela 15.2 17.1 19995 53765 35.27 44.02 168.9 115.5 53.4

https://doi.org/10.1371/journal.pone.0342267.t001
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Table 2. Number of hypertensive disease deaths, age-standardized mortality rates, and percentage change in cases due to population growth
and risk among women in Latin America and the Caribbean, 2020 and predicted 2035.

Countries Female population Number of deaths in men | Age-standardized Change Change due to | Change due
(annual million) mortality rates total (%) population (%) | to risk (%)
2020 2035 2020 2035 2020 2035
Argentina 224 25.9 22365 32681 6.91 7.91 46.1 33.6 12.5
Brazil 106.7 116.1 144839 307563 20.53 16.73 112.3 136.4 -24.1
Chile 9.4 10 18364 34142 14.96 14.88 85.9 70.1 15.8
Colombia 24.9 27.8 24331 53889 15.71 12.88 121.5 155.4 -33.9
Costa Rica 2.5 2.8 2224 4709 11.36 9.23 111.8 139.7 -28
Cuba 5.6 5.5 11696 29756 18.58 24.39 154.4 59.1 95.3
Dominican 54 6 8160 26632 32.73 40.75 226.4 76.1 150.3
Republic
Ecuador 8.5 10.4 9480 10282 20.38 7.71 8.5 110.7 -102.3
El Salvador 3.3 3.7 2246 7277 9.4 19.5 224.0 75.6 148.4
Guatemala 8.5 11.5 3759 8888 11.92 121 136.5 104.7 31.7
Mexico 63.2 74.5 28495 61262 18.69 7.94 115 76.8 38.2
Nicaragua 3.3 4 1345 3474 22.99 9.69 158.3 164.8 -6.5
Panama 2.1 2.6 884 3844 12.81 10.99 334.9 133.1 201.8
Paraguay 3.2 4.1 3684 8229 22.64 23.05 123.4 99.8 23.6
Peru 16.2 18.7 7086 5133 9.78 1.96 -27.6 111.2 -138.8
Puerto Rico 1.8 1.5 3397 4080 9.99 6.82 201 57.3 -37.2
Uruguay 1.7 1.8 1543 2748 7 6.54 78.1 20.2 58
Venezuela 15.4 17.7 19180 49291 22.74 27.36 157 122.6 34.4

https://doi.org/10.1371/journal.pone.0342267.t002

trends. Peru showed a 48.1% reduction in total deaths and a dramatic decline in ASMR (from 11.5 to 1.7), driven by a
142.6% reduction in risk, despite an increase in population size. Puerto Rico also reported a moderate decrease in deaths
(-16.5%) and a 42% reduction in risk-related mortality (Table 1). Among women, projections reveal substantial variation
across countries in hypertensive disease mortality by 2035. While most countries are expected to experience an increase
in the total number of deaths due to demographic expansion, several show diverging trends in age-standardized mortality
rates (ASMRs), highlighting underlying changes in risk. The Dominican Republic presents one of the most concerning
profiles, with a 226.4% increase in deaths and a notable rise in ASMR (from 32.7 to 40.8), largely driven by a 150.3%
increase in the risk component, signaling a worsening in disease control and exposure. Similarly, Cuba and EI Salvador
show high increases in both total deaths and ASMRs, with large risk-related components (+95.3% and +148.4%, respec-
tively). In contrast, countries such as Peru, Puerto Rico, and Colombia demonstrate encouraging trends. Peru stands out
with a 27.6% reduction in total deaths and a steep drop in ASMR (from 9.8 to 2.0), reflecting a 138.8% reduction in risk,
despite population growth. Puerto Rico also shows a reduction in ASMR and a risk decrease of —-37.2%. Colombia, while
experiencing a rise in total deaths due to demographics, shows a substantial risk reduction (-33.9%), suggesting improve-
ments in hypertension control (Table 2).

Finally, the projections for deaths, age-standardized mortality rates (ASMRs), and contributions of population growth
and disease risk to the change in burden from primary hypertension (I110) and hypertension-mediated organ damage
(HMOD, 111-113) among men and women in Latin America and the Caribbean by 2035 (S7 Table to S10 table). Notably,
countries like the Dominican Republic, Paraguay, and Cuba are projected to experience substantial increases in deaths
from primary hypertension, particularly among men, with increases primarily driven by rising risk rather than demographic
changes. In contrast, countries such as Peru, Ecuador, and Nicaragua are expected to see dramatic reductions in both
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deaths and ASMRs, reflecting possible improvements in risk factor control or data inconsistencies (S7 Table and S8
Table). For HMOD, the projections suggest alarming increases in countries like Nicaragua, Panama, and Peru, espe-
cially among women, where risk-related change explains most of the predicted burden. Meanwhile, countries such as the
Dominican Republic, Ecuador, and Venezuela show projected reductions in HMOD mortality, but often with unclear or
potentially misleading underlying trends (S9 Table and S10 Table).

Across all categories of hypertensive disease, primary hypertension (110), and hypertension-mediated organ damage
(HMOD, 111-113), mortality was consistently higher among men than women in Latin America and the Caribbean. This sex
disparity was evident throughout the study period and across most countries, highlighting a persistent and disproportion-
ate burden of hypertensive mortality in male populations.

Discussion

This study provides an updated and comprehensive assessment of mortality trends from hypertensive diseases in 19
countries across LAC between 1997 and 2020, along with projections to 2035. Overall, the persistent or rising mortality
rates observed in several countries, despite advances in hypertension awareness and treatment globally, underscore

the limited effectiveness of current prevention and control strategies in LAC. The observed sex-based disparities further
highlight the need to integrate gender-sensitive approaches into cardiovascular prevention programs. Moreover, the diver-
gence between trends in primary hypertension and HMOD suggests variations in diagnostic coding, comorbidity burden,
and healthcare quality across settings.

By including long-term projections, this study provides valuable foresight into the potential trajectory of hypertension-
related mortality, emphasizing the urgency of strengthening primary prevention, improving detection and adherence to
therapy, and addressing social determinants of cardiovascular health. These findings should inform national and regional
policies aimed at reversing the growing burden of hypertension in the region.

Our findings are broadly consistent with estimates from the Global Burden of Disease (GBD), which identify cardiovas-
cular disease (CVD) as the leading cause of death worldwide and hypertension as one of the main modifiable risk factors
contributing to premature mortality [2,26,27]. Globally, the age-standardized prevalence of hypertension increased slightly
between 1990 and 2019. While high-income countries and the WHO European Region saw a decline in prevalence, other
regions, including the WHO Western Pacific Region (from 24% to 28%) and the WHO South-East Asia Region, experienced
modest increases. Nevertheless, the absolute number of adults aged 30—79 with elevated blood pressure continues to rise,
largely due to population aging and demographic expansion [1]. In the Americas, the age-standardized prevalence of CVD
in 2021 was estimated at 7.7%, lower than in the Eastern Mediterranean Region (10.1%). However, the absolute number of
CVD cases has increased, driven by demographic shifts, despite declining age-standardized rates. In 2021, CVD accounted
for 11% of all cardiovascular deaths globally. Although the Americas represent a relatively smaller share of global CVD
deaths, cardiovascular disease is responsible for one-third of all deaths in the region [28]. In recent decades, the region has
undergone rapid and complex epidemiological transitions, characterized by a rising burden of non-communicable diseases
(NCDs). Population aging, urbanization, and lifestyle change are the primary drivers of the growing impact of NCDs across
Latin America and the Caribbean. In fact, the population of Latin America and the Caribbean tripled between 1950 and 2010,
rising from 167 million to 588 million, representing 8.5% of the global population [29].

In LAC, the analyses by sex revealed significant differences. Among men, increases were recorded in eight coun-
tries, whereas Trinidad and Tobago showed a decrease by 5.7% annually. In contrast, among women, significant
upward trends were recorded in five countries, and no country exhibited a significant decline. This can be explained
by biological causes, such as the female protective factor before menopause; however, afterwards, both men and
women would have similar patterns of risk [30]. For this reason, we consider that the main cause must be differ-
ent, such as treatment adherence, which is crucial to reducing mortality [31,32]. A study carried out in four South
American cities reveals that women have a higher association of their disease with hypertension (36.1% of men and
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62.1% of women among patients with hypertension) and are also more likely to be treated (38.1% of men and 46.5%
of women) [33]. The social determinants of health are crucial to understanding this, since in Latin America there
remains a certain form of gender discrimination that prevents the acceptance of iliness; thus, various social determi-
nants of health can be considered in this context [34,35].

When analyzing by subtype, countries such as Paraguay, Panama, El Salvador, Brazil, Trinidad and Tobago, Chile,
and Mexico exhibited increasing mortality from primary hypertension. Notably, Brazil experienced a sharp rise in mortality
between 1997 and 2008, followed by a significant decline until 2018, and then a renewed increase from 2018 to 2020.
This recent reversal if not partly due to changes in certifications, may reflect disruptions in the health system and the
indirect impact of crises such as the COVID-19 pandemic (26). Countries like Costa Rica also exhibited abrupt reversals
in mortality trends, possibly associated with fluctuations in health system performance, data quality, demographic shifts, or
broader epidemiological transition (24).

Regarding HMOD, countries such as Cuba, Ecuador, Guatemala, Mexico, and Peru showed increasing mortality trends in
both men and women, suggesting a progression toward more advanced or poorly controlled stages of hypertension. These
trends are particularly concerning given that HMOD is a strong predictor of cardiovascular mortality and adverse clinical
outcomes (27). The observed increases may be attributed not only to the rising prevalence of hypertension but also to poor
disease control and structural deficiencies in healthcare systems. For example, in Cuba, high average systolic blood pressure
combined with the coexistence of obesity and diabetes has been reported to accelerate progression to organ damage [36]. In
Guatemala, significant infrastructure limitations have been documented, including an inconsistent supply of antihypertensive
medications [37]. In Ecuador, only 49% of individuals with hypertension were aware of their condition, 40% received treat-
ment, and just 19% had controlled blood pressure [38]. Similarly in Mexico, disease control remained low between 2000 and
2019, with only half of the patients adhering to prescribed therapy [39]. In Peru, awareness and control of hypertension have
been alarmingly low, with only around 5% of hypertensive patients achieving adequate blood pressure control, and a decline
in awareness reported in recent years [40]. Taken together, these findings suggest that the increasing burden of HMOD in the
region is not only a consequence of the rising prevalence of hypertension, but also of persistent barriers to access, low treat-
ment adherence, and structural inequalities that hinder effective and timely management.

By 2035, global and primary hypertension mortality trends are projected to decline, contrasting with the APCs observed
in some Latin American countries. However, in the case of HMOD, a sustained increase is expected. This can be
explained by the fact that, although the diagnosis and treatment of hypertension have improved, problems persist in ade-
quately controlling blood pressure, with almost all regions in LAC reporting that less than half of their hypertensive popula-
tion has their blood pressure under control [41]. In addition, population aging [42] and the high prevalence of factors such
as obesity (62%) [43] or diabetes [44] maintain a high risk of organ damage, even in treated patients. Thus, while mortality
from uncomplicated hypertension may stabilize or decline, mortality associated with HMOD will continue to increase due
to the cumulative weight of risk factors.

In Peru, the downward trend in mortality due to high blood pressure, is supported by previous studies, where an
appreciated decrease in the mortality rate due to hypertension was found, especially in the coastal region, where there
is greater health system coverage and population concentration [45]. In addition a comparison made in 2022 of the
causes of deaths between 2010 and 2018 with MINSA data, exhibit a decrease in the percentage of cause of death for
hypertensive diseases (110-115) from 3.9% in 2010 to 1.8% in 2018 [46]. However, both studies present the similar limita-
tions regarding the quality of the database employed. Notably, a marked increase in hypertension-related mortality was
observed in the Peruvian population during the 2018—2020 period, a pattern that has also been reported in other coun-
tries. This abrupt rise coincides with the onset of the COVID-19 pandemic and may reflect its substantial impact on health
systems, which led to reduced access to medical care, disruptions in the management of chronic conditions, and delays
in cardiovascular disease control. [47] Therefore, it is likely that the observed increase is largely attributable to the indirect
effects of the pandemic on health service delivery and hypertension management.
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Mortality from primary hypertension represented the greatest burden across countries, with marked projected increases
in nations such as the Dominican Republic. Although deaths attributed to secondary hypertension were less frequent, this
may partly reflect the ICD-10 coding system used in mortality databases, where some cases of hypertension-mediated
organ damage (HMOD) such as hypertensive heart or renal disease can be classified under secondary hypertension. This
overlap could explain part of the variation observed among countries.

The present study shows substantial increases in the absolute number of deaths attributed to hypertension projected
for 2035, in both men and women. However, age-standardized mortality rates present a more complex picture: while
countries such as Peru, Ecuador, Nicaragua, Puerto Rico, and Mexico show a significant decrease in mortality, other
countries, such as Venezuela, the Dominican Republic, Paraguay, Cuba, and El Salvador, show a significant increase,
suggesting a greater risk at the population level, beyond population growth. This is consistent with global and regional
reports highlighting the combined impact of aging, urbanization, dietary changes, and inequalities in health systems
[48,49]. In light of these findings, there is an urgent need for sustained, regionally tailored hypertension control strategies
that include robust primary prevention, universal access to early detection and effective treatment, and targeted inter-
ventions for high-risk groups. Strengthening health system resilience is essential to avoid care disruptions during crises,
while improving epidemiological surveillance, standardizing diagnostic criteria, and enhancing mortality data quality will be
critical for guiding evidence-based policy. Without such comprehensive efforts, the projected rise in hypertension-related
mortality could reverse public health gains achieved in the region over recent decades.

Limitations

This study has some limitations. First, the accuracy of mortality data depends on the quality of death certification

and cause-of-death coding, which may vary across countries and over time. Misclassification of causes, particularly
between primary hypertension, HMOD, and related cardiovascular conditions may have led to under or overestimation
in several settings and biased trends over time. Second, the ecological study design does not allow for causal inference
or individual-level analysis of risk factors, treatments, or access to care. Lastly, while Nordpred projections are based
on rigorous modeling, they assume that past trends will continue, and may not fully capture the impact of future inter-
ventions, policy changes, or unforeseen events such as pandemics. In contrast, the study also has several strengths.
It is the first analysis in Latin America and the Caribbean to examine long-term trends and projections of mortality from
hypertensive diseases, disaggregated by sex and by type of hypertension. The use of high-quality, publicly available
WHO mortality data and standardized analytical methods enhances the comparability and robustness of the findings.
Moreover, the inclusion of risk—population decomposition provides a more comprehensive understanding of the drivers
behind mortality changes in the region.

Conclusions

This study reveals a persistent and rising burden of hypertensive disease mortality in Latin America and the Caribbean,
with considerable variation by sex, country, and hypertension subtype. The projected increases in mortality rates and
absolute number of deaths by 2035 underscore the urgency of implementing regionally tailored prevention and control
strategies. Strengthening health systems, expanding access to care, and improving epidemiological data quality will be
key to mitigating the impact of HTN and preserving the gains made in cardiovascular health across the region.

Supporting information

S1 Fig. Trends of mortality rates from hypertension diseases in Latin American and the Caribbean population,
1997-2020.

(TIFF)

PLOS One | https://doi.org/10.137 1/journal.pone.0342267 March 2, 2026 10/14



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s001

PLO\Sﬁ\\.- One

S2 Fig. Trends of mortality rates from primary hypertension in Latin American and the Caribbean population,
1997-2020.
(TIFF)

S3 Fig. Trends of mortality rates from organ damage-mediated hypertension in Latin American and the Caribbean
population, 1997-2020.
(TIFF)

S1 Table. Annual percentage change in mortality trends from hypertensive diseases (110-113) for men in twenty
countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S2 Table. Annual percentage change in mortality trends from hypertensive diseases (110-113) for women in twenty
countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S3 Table. Average annual percent change and 95% confidence intervals for primary hypertension (110) for men in
twenty countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S4 Table. Average annual percent change and 95% confidence intervals for primary hypertension (110) for women
in twenty countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S5 Table. Average annual percent change and 95% confidence intervals for hypertension-mediated organ damage
(111-113) for men in twenty countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S6 Table. Average annual percent change and 95% confidence intervals for hypertension-mediated organ damage
(111-113) for women in twenty countries in Latin America and the Caribbean, 1997-2020.
(DOCX)

S7 Table. Number of primary hypertension (110) deaths, age-standardized mortality rates, and percentage change
in cases due to population growth and risk among men in Latin America and the Caribbean, 2020 and predicted
2035.

(DOCX)

S8 Table. Number of primary hypertension (110) deaths, age-standardized mortality rates, and percentage change in
cases due to population growth and risk among women in Latin America and the Caribbean, 2020 and predicted 2035.
(DOCX)

S9 Table. Number of hypertension-mediated organ damage (HMOD) (111-113) deaths, age-standardized mortality
rates, and percentage change in cases due to population growth and risk among men in Latin America and the
Caribbean, 2020 and predicted 2035.

(DOCX)

$10 Table. Number of hypertension-mediated organ damage (HMOD) (111-113) deaths, age-standardized mortality
rates, and percentage change in cases due to population growth and risk among women in Latin America and the
Caribbean, 2020 and predicted 2035.

(DOCX)

PLOS One | https://doi.org/10.1371/journal.pone.0342267 March 2, 2026 11/14



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s006
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s007
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s008
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s009
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s010
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s011
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s012
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s013

PLO\Sﬁ\\.- One

S1 File. STROBE Statement—checklist of items that should be included in reports of observational studies.
(PDF)

Acknowledgments

The authors thank the Universidad Cientifica del Sur for their support in the publication of this research.

Author contributions

Conceptualization: J Smith Torres-Roman.

Data curation: J Smith Torres-Roman, Luis M. Tasayco-Marquez.

Formal analysis: Carlos Quispe-Vicufa.

Methodology: J Smith Torres-Roman, Carlos Quispe-Vicufa.

Supervision: Carito Zumaeta-Cabrera, Abdier Vizcarra-Tellez, Carlo La Vecchia.
Validation: J Smith Torres-Roman.

Visualization: Luis M. Tasayco-Marquez.

Writing — original draft: J Smith Torres-Roman, Romina Barrera-Quispe, Carlos Quispe-Vicufia, Wagner Rios-Garcia,
Bryan Rudas-Sulca, Yenko Damjanovic-Burga, lvan Alegre-Cordero, Carito Zumaeta-Cabrera, Abdier Vizcarra-Tellez,
Luis M. Tasayco-Marquez, Milward Ubillus, Carlo La Vecchia.

Writing — review & editing: J Smith Torres-Roman, Romina Barrera-Quispe, Carlos Quispe-Vicufia, Wagner Rios-Garcia,
Bryan Rudas-Sulca, Yenko Damjanovic-Burga, lvan Alegre-Cordero, Carito Zumaeta-Cabrera, Luis M. Tasayco-
Marquez, Milward Ubillus, Carlo La Vecchia.

References

1.  World Health Organization. Global report on hypertension: the race against a silent killer. World Health Organization. 2021. https://www.who.int/
publications/i/item/9789240081062

2. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev Nephrol. 2020;16(4):223-37. https://doi.org/10.1038/s41581-019-
0244-2 PMID: 32024986

3. World Health Organization. Global report on hypertension: the race against a silent killer. World Health Organization. https://www.who.int/
publications/i/item/9789240081062

4. Silva BV, Sousa C, Caldeira D, Abreu A, Pinto FJ. Management of arterial hypertension: Challenges and opportunities. Clin Cardiol.
2022;45(11):1094-9. https://doi.org/10.1002/clc.23938 PMID: 36423356

5. Nawata K. Risk factors for heart, cerebrovascular, and kidney diseases: evaluation of potential side effects of medications to control hypertension,
hyperglycemia, and hypercholesterolemia. Front Cardiovasc Med. 2023;10:1103250. https://doi.org/10.3389/fcvm.2023.1103250 PMID: 37332577

6. Noels H, Jankowski J. Increased Risk of Cardiovascular Complications in Chronic Kidney Disease: Introduction to a Compendium. Circ Res.
2023;132(8):899-901. https://doi.org/10.1161/CIRCRESAHA.123.322806 PMID: 37053281

7. Wandile PM. Hypertension and comorbidities: a silent threat to global health. Hypertension and Comorbidities. 2024;1(1):1-7. https://doi.
0rg/10.46439/hypertension.1.001

8. Fuchs FD, Whelton PK. High blood pressure and cardiovascular disease. Hypertension. 2020;75(2):285-92. https://doi.org/10.1161/HYPERTEN-
SIONAHA.119.14240 PMID: 31865786

9. Boehme AK, Esenwa C, Elkind MSV. Stroke risk factors, genetics, and prevention. Circ Res. 2017;120(3):472-95. https://doi.org/10.1161/CIRCRE-
SAHA.116.308398 PMID: 28154098

10. Pinyol R, Torrecilla S, Wang H, Montironi C, Piqué-Gili M, Torres-Martin M, et al. Molecular characterisation of hepatocellular carcinoma in patients
with non-alcoholic steatohepatitis. J Hepatol. 2021;75(4):865-78. https://doi.org/10.1016/j.jhep.2021.04.049 PMID: 33992698

11. Sanchez R, Coca A, de Salazar DIM, Alcocer L, Aristizabal D, Barbosa E, et al. 2024 Latin American Society of Hypertension guidelines on
the management of arterial hypertension and related comorbidities in Latin America. J Hypertens. 2025;43(1):1-34. https://doi.org/10.1097/
HJH.0000000000003899 PMID: 39466069

PLOS One | https://doi.org/10.137 1/journal.pone.0342267 March 2, 2026 12/14



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342267.s014
https://www.who.int/publications/i/item/9789240081062
https://www.who.int/publications/i/item/9789240081062
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.1038/s41581-019-0244-2
http://www.ncbi.nlm.nih.gov/pubmed/32024986
https://www.who.int/publications/i/item/9789240081062
https://www.who.int/publications/i/item/9789240081062
https://doi.org/10.1002/clc.23938
http://www.ncbi.nlm.nih.gov/pubmed/36423356
https://doi.org/10.3389/fcvm.2023.1103250
http://www.ncbi.nlm.nih.gov/pubmed/37332577
https://doi.org/10.1161/CIRCRESAHA.123.322806
http://www.ncbi.nlm.nih.gov/pubmed/37053281
https://doi.org/10.46439/hypertension.1.001
https://doi.org/10.46439/hypertension.1.001
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
http://www.ncbi.nlm.nih.gov/pubmed/31865786
https://doi.org/10.1161/CIRCRESAHA.116.308398
https://doi.org/10.1161/CIRCRESAHA.116.308398
http://www.ncbi.nlm.nih.gov/pubmed/28154098
https://doi.org/10.1016/j.jhep.2021.04.049
http://www.ncbi.nlm.nih.gov/pubmed/33992698
https://doi.org/10.1097/HJH.0000000000003899
https://doi.org/10.1097/HJH.0000000000003899
http://www.ncbi.nlm.nih.gov/pubmed/39466069

PLO\Sﬁ\\.- One

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Petrie JR, Guzik TJ, Touyz RM. Diabetes, Hypertension, and Cardiovascular Disease: Clinical Insights and Vascular Mechanisms. Can J Cardiol.
2018;34(5):575-84. https://doi.org/10.1016/j.cjca.2017.12.005 PMID: 29459239

Lou H, Jiang Y, Xu C, Dong Z-M, Liu D, Qiao C, et al. Effects of a combination of dyslipidemia and hypertension on the glycemic con-
trol of patients with type 2 diabetes mellitus: a cross-sectional study. SAGE Open Med. 2024;12:20503121241265066. https://doi.
0rg/10.1177/20503121241265066 PMID: 39494163

Vallelonga F, Cesareo M, Menon L, Airale L, Leone D, Astarita A, et al. Cardiovascular hypertension-mediated organ damage in hypertensive
urgencies and hypertensive outpatients. Front Cardiovasc Med. 2022;9:889554. https://doi.org/10.3389/fcvm.2022.889554 PMID: 35651902

Vasan RS, Song RJ, Xanthakis V, Beiser A, DeCarli C, Mitchell GF, et al. Hypertension-Mediated Organ Damage: Prevalence, Correlates, and
Prognosis in the Community. Hypertension. 2022;79(3):505—15. https://doi.org/10.1161/HYPERTENSIONAHA.121.18502 PMID: 35138872

Lembo M, Pacella D, Manzi MV, Morisco C, La Mura L, Mancusi C, et al. Hypertension-mediated organ damage involving multiple sites is an inde-
pendent risk factor for cardiovascular events. Eur Heart J Open. 2023;3(5):0ead102. https://doi.org/10.1093/ehjopen/oead102 PMID: 37881599

Hambleton IR, Caixeta R, Jeyaseelan SM, Luciani S, Hennis AJM. The rising burden of non-communicable diseases in the Americas and
the impact of population aging: a secondary analysis of available data. Lancet Reg Health Am. 2023;21:100483. https://doi.org/10.1016/j.
lana.2023.100483 PMID: 37065858

Torres-Roman JS, Quispe-Vicufia C, Benavente-Casas A, Julca-Marin D, Rios-Garcia W, Challapa-Mamani MR, et al. Trends in stroke mortality in
Latin America and the Caribbean from 1997 to 2020 and predictions to 2035: An analysis of gender, and geographical disparities. J Stroke Cere-
brovasc Dis. 2025;34(6):108286. https://doi.org/10.1016/j.jstrokecerebrovasdis.2025.108286 PMID: 40089216

Quiroz-Acuiia L, Rios-Garcia W, Quispe-Vicufia C, Ybaseta-Medina J, Fuentes-Mendoza JM, Torres-Roman JS. Trends in maternal mortality in
Latin America and the caribbean: a joinpoint analysis. BMC Womens Health. 2025;25(1):364. https://doi.org/10.1186/s12905-025-03919-5 PMID:
40713582

lannaccone M, Quadri G, Taha S, D’Ascenzo F, Montefusco A, Omede’ P, et al. Prevalence and predictors of culprit plaque rupture at OCT in
patients with coronary artery disease: a meta-analysis. Eur Heart J Cardiovasc Imaging. 2016;17(10):1128-37. https://doi.org/10.1093/ehjci/jev283
PMID: 26508517

Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age Standardization of Rates: A new WHO Standard. https://www.who.int/
healthinfo/paper31.pdf

National Cancer Institute. https://surveillance.cancer.gov/help/joinpoint. Accessed 2025 January 30.

Kim H-J, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to cancer rates. Statist Med.
2000;19(3):335-51. https://doi.org/10.1002/(sici) 1097-0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z

Mgller B, Fekjaer H, Hakulinen T, Sigvaldason H, Storm HH, Talback M, et al. Prediction of cancer incidence in the Nordic countries: empirical
comparison of different approaches. Stat Med. 2003;22(17):2751-66. https://doi.org/10.1002/sim.1481 PMID: 12939784

Moller B, Fekjeer H, Hakulinen T, Tryggvadéttir L, Storm HH, Talback M, et al. Prediction of cancer incidence in the Nordic countries up to the year
2020. Eur J Cancer Prev. 2002;11.

GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the
global burden of disease study 2019. Lancet. 2020;396(10258):1223—49. https://doi.org/10.1016/S0140-6736(20)30752-2 PMID: 33069327

Naghavi M, Ong KL, Aali A, Ababneh HS, Abate YH, Abbafati C, et al. Global burden of 288 causes of death and life expectancy decomposition

in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. The
Lancet. 2024;403(10440):2100-32.

Joseph P, Lanas F, Roth G, Lopez-Jaramillo P, Lonn E, Miller V, et al. Cardiovascular disease in the Americas: the epidemiology of cardiovascular
disease and its risk factors. Lancet Reg Health Am. 2025;42:100960. https://doi.org/10.1016/j.lana.2024.100960 PMID: 40034110

Barreto SM, Miranda JJ, Figueroa JP, Schmidt MI, Munoz S, Kuri-Morales PP, et al. Epidemiology in Latin America and the Caribbean: current
situation and challenges. Int J Epidemiol. 2012;41(2):557—-71. https://doi.org/10.1093/ije/dys017 PMID: 22407860

Ghazi L, Annabathula RV, Bello NA, Zhou L, Stacey RB, Upadhya B. Hypertension Across a Woman'’s Life Cycle. Curr Hypertens Rep.
2022;24(12):723-33. https://doi.org/10.1007/s11906-022-01230-4 PMID: 36350493

Gonzalez A, Pechére-Bertschi A, Burnier M, Schneider M. Medication adherence : the weakest link in blood pressure control. Rev Med Suisse.
2019;15(662):1608—13. PMID: 31508912

Kim HJ, Kim BS, Kim H, Lee J, Shin JH, Sung KC. Impact of blood pressure and medication adherence on clinical outcomes in patients with hyper-
tension. Frontiers in Medicine. 2025;12:1564791.

Rubinstein AL, Irazola VE, Calandrelli M, Chen C-S, Gutierrez L, Lanas F, et al. Prevalence, awareness, treatment, and control of hypertension in
the Southern Cone of Latin America. Am J Hypertens. 2016;29(12):1343-52. https://doi.org/10.1093/ajh/hpw092 PMID: 27543330

de Keijzer B, Cuellar AC, Valenzuela Mayorga A, Hommes C, Caffe S, Mendoza F. Masculinidades y salud de los hombres en la regién de las
Américas. Rev Panam Salud Publica. 2023;46:€93.

Coelho DM, de Souza Andrade AC, Silva UM, Lazo M, Slesinski SC, Quistberg A, et al. Gender differences in the association of individual and con-
textual socioeconomic status with hypertension in 230 Latin American cities from the SALURBAL study: a multilevel analysis. BMC Public Health.
2023;23(1):1532. https://doi.org/10.1186/s12889-023-16480-3 PMID: 37568082

PLOS One | https://doi.org/10.1371/journal.pone.0342267 March 2, 2026 13/14



https://doi.org/10.1016/j.cjca.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29459239
https://doi.org/10.1177/20503121241265066
https://doi.org/10.1177/20503121241265066
http://www.ncbi.nlm.nih.gov/pubmed/39494163
https://doi.org/10.3389/fcvm.2022.889554
http://www.ncbi.nlm.nih.gov/pubmed/35651902
https://doi.org/10.1161/HYPERTENSIONAHA.121.18502
http://www.ncbi.nlm.nih.gov/pubmed/35138872
https://doi.org/10.1093/ehjopen/oead102
http://www.ncbi.nlm.nih.gov/pubmed/37881599
https://doi.org/10.1016/j.lana.2023.100483
https://doi.org/10.1016/j.lana.2023.100483
http://www.ncbi.nlm.nih.gov/pubmed/37065858
https://doi.org/10.1016/j.jstrokecerebrovasdis.2025.108286
http://www.ncbi.nlm.nih.gov/pubmed/40089216
https://doi.org/10.1186/s12905-025-03919-5
http://www.ncbi.nlm.nih.gov/pubmed/40713582
https://doi.org/10.1093/ehjci/jev283
http://www.ncbi.nlm.nih.gov/pubmed/26508517
https://www.who.int/healthinfo/paper31.pdf
https://www.who.int/healthinfo/paper31.pdf
https://surveillance.cancer.gov/help/joinpoint
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
https://doi.org/10.1002/sim.1481
http://www.ncbi.nlm.nih.gov/pubmed/12939784
https://doi.org/10.1016/S0140-6736(20)30752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1016/j.lana.2024.100960
http://www.ncbi.nlm.nih.gov/pubmed/40034110
https://doi.org/10.1093/ije/dys017
http://www.ncbi.nlm.nih.gov/pubmed/22407860
https://doi.org/10.1007/s11906-022-01230-4
http://www.ncbi.nlm.nih.gov/pubmed/36350493
http://www.ncbi.nlm.nih.gov/pubmed/31508912
https://doi.org/10.1093/ajh/hpw092
http://www.ncbi.nlm.nih.gov/pubmed/27543330
https://doi.org/10.1186/s12889-023-16480-3
http://www.ncbi.nlm.nih.gov/pubmed/37568082

PLO\S\% One

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Armas Rojas NB, Lacey B, Soni M, Charles S, Carter J, Varona-Pérez P, et al. Body-mass index, blood pressure, diabetes and cardiovascular mor-
tality in Cuba: prospective study of 146,556 participants. BMC Public Health. 2021;21(1):963. https://doi.org/10.1186/s12889-021-10911-9 PMID:
34039286

Fort MP, Mundo W, Paniagua-Avila A, Cardona S, Figueroa JC, Hernandez-Galdamez D, et al. Hypertension in guatemala’s public primary care
system: a needs assessment using the health system building blocks framework. BMC Health Serv Res. 2021;21(1):908. https://doi.org/10.1186/
$12913-021-06889-0 PMID: 34479559

Felix C, Baldeon ME, Zertuche F, Fornasini M, Paucar MJ, Ponce L, et al. Low levels of awareness, treatment, and control of hypertension in
Andean communities of Ecuador. J Clin Hypertens (Greenwich). 2020;22(9):1530-7. https://doi.org/10.1111/jch.13982 PMID: 33245617

Morales-Villegas EC, Yarleque C, Almeida ML. Management of hypertension and dyslipidemia in Mexico: Evidence, gaps, and approach. Arch
Cardiol Mex. 2023;93(1):077-87. https://doi.org/10.24875/ACM.21000330 PMID: 35359036

Villarreal-Zegarra D, Carrillo-Larco RM, Bernabe-Ortiz A. Short-term trends in the prevalence, awareness, treatment, and control of arterial hyper-
tension in Peru. J Hum Hypertens. 2021;35(5):462—71. https://doi.org/10.1038/s41371-020-0361-1 PMID: 32518303

Abreu AP de. Hypertension in Latin America and the Caribbean: an analysis of recent progress and remaining challenges. J Bras Nefrol.
2025;47(3):20240245. https://doi.org/10.1590/2175-8239-JBN-2024-0245en PMID: 40614112

Jayawardhana T, Jayathilaka R, Karadanaarachchi R, Nimnadi T, Anuththara S. Ageing affecting the Americas?: exploring the growth direction:
the relationship between the elderly population and economic growth in the American context. BMC Geriatr. 2025;25(1):96. https://doi.org/10.1186/
$12877-025-05756-5 PMID: 39948472

Vera-Ponce VJ, Loayza-Castro JA, Zuzunaga-Montoya FE, Vasquez-Romero LEM, Sanchez-Tamay NM, Bustamante-Rodriguez JC, et al. Abdom-
inal obesity prevalence in Latin America: a systematic review and meta-analysis comparing ATP Ill and IDF criteria. Front Endocrinol (Lausanne).
2025;16:1562060. https://doi.org/10.3389/fendo.2025.1562060 PMID: 40600008

llic 1, llic M. The burden of type 2 diabetes mellitus in Latin America, 1990-2019: findings from the Global Burden of Disease study. Public Health.
2024;233:74-82.

Herrera-Anazco P, Atamari-Anahui N, Ccorahua-Rios MS, Amaya E. National trends in age-standardized mortality attributable to hypertension in
Peru. J Bras Nefrol. 2021;43(3):417-21. https://doi.org/10.1590/2175-8239-JBN-2020-0009 PMID: 33460426

Guillén-Lopez OB, Casas Castafieda JA. Mortalidad en el Perd. Cambios entre los afios 2010 y 2018. Revista Medica Herediana.
2022;33(3):221-4.

Quezada-Pinedo HG, Ahanchi NS, Cajachagua-Torres KN, Obeso-Manrique JA, Huicho L, Grani C, et al. A comprehensive analysis of cardiovas-
cular mortality trends in Peru from 2017 to 2022: Insights from 183,386 deaths of the national death registry. Am Heart J Plus. 2023;35:100335.
https://doi.org/10.1016/j.ahjo.2023.100335 PMID: 38511183

Cacciatore S, Mao S, Nufiez MV, Massaro C, Spadafora L, Bernardi M, et al. Urban health inequities and healthy longevity: traditional and emerg-
ing risk factors across the cities and policy implications. Aging Clin Exp Res. 2025;37(1):143. https://doi.org/10.1007/s40520-025-03052-1 PMID:
40332678

World Health Organization. World report on ageing and health. 2015. Available in: https://iris.who.int/bitstream/handle/10665/186468/WWHO_FWC _
ALC_15.01_eng.pdf?sequence=1

PLOS One | https://doi.org/10.1371/journal.pone.0342267 March 2, 2026 14714



https://doi.org/10.1186/s12889-021-10911-9
http://www.ncbi.nlm.nih.gov/pubmed/34039286
https://doi.org/10.1186/s12913-021-06889-0
https://doi.org/10.1186/s12913-021-06889-0
http://www.ncbi.nlm.nih.gov/pubmed/34479559
https://doi.org/10.1111/jch.13982
http://www.ncbi.nlm.nih.gov/pubmed/33245617
https://doi.org/10.24875/ACM.21000330
http://www.ncbi.nlm.nih.gov/pubmed/35359036
https://doi.org/10.1038/s41371-020-0361-1
http://www.ncbi.nlm.nih.gov/pubmed/32518303
https://doi.org/10.1590/2175-8239-JBN-2024-0245en
http://www.ncbi.nlm.nih.gov/pubmed/40614112
https://doi.org/10.1186/s12877-025-05756-5
https://doi.org/10.1186/s12877-025-05756-5
http://www.ncbi.nlm.nih.gov/pubmed/39948472
https://doi.org/10.3389/fendo.2025.1562060
http://www.ncbi.nlm.nih.gov/pubmed/40600008
https://doi.org/10.1590/2175-8239-JBN-2020-0009
http://www.ncbi.nlm.nih.gov/pubmed/33460426
https://doi.org/10.1016/j.ahjo.2023.100335
http://www.ncbi.nlm.nih.gov/pubmed/38511183
https://doi.org/10.1007/s40520-025-03052-1
http://www.ncbi.nlm.nih.gov/pubmed/40332678
https://iris.who.int/bitstream/handle/10665/186468/WHO_FWC_ALC_15.01_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/186468/WHO_FWC_ALC_15.01_eng.pdf?sequence=1

