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RESUMEN 

Antecedentes y objetivo. El accidente cerebrovascular es la principal causa 

de deterioro neurológico en la región andina de América del Sur. Sin 

embargo, la epidemiología del accidente cerebrovascular en la región no ha 

sido bien caracterizada. Métodos. Realizamos un estudio poblacional de tres 

fases por etapas aplicando una encuesta neurológica validada de ocho 

preguntas en 80 pueblos rurales de Tumbes, norte de Perú, luego 

confirmamos la presencia o ausencia de accidente cerebrovascular mediante 

un examen de un neurólogo para estimar la prevalencia del accidente 

cerebrovascular. Resultados. Nuestra encuesta abarcó el 90% de la 

población (22.278/24.854 individuos, edad media 30±21,28, 48,45% 

mujeres), y la prevalencia de ictus fue de 7,05/1.000 habitantes. Después de 

la estandarización directa a la población estándar mundial de la OMS, la 

prevalencia ajustada de accidente cerebrovascular fue de 6,94/1.000 

habitantes. Los participantes de ≥85 años tuvieron una mayor prevalencia 

de ictus (>50/1.000 habitantes) en comparación con otras edades 

estratificadas, y se encontraron algunos casos inusuales de ictus entre 

personas de 25 a 34 años. La edad más baja reportada para un primer 

accidente cerebrovascular fue 16,8 años. La presión arterial alta (aPR 4,2 

[2,7–6,4], p> 0,001) y el estilo de vida sedentario (aPR 1,6 [1,0–2,6], p = 

0,045) fueron más prevalentes en personas con accidente cerebrovascular. 

Conclusiones. La prevalencia estandarizada por edad de accidente 

cerebrovascular en esta población rural de la costa peruana fue ligeramente 

mayor que la informada anteriormente en estudios de entornos rurales 



 
 

circundantes de América del Sur, pero menor que en las regiones rurales de 

África y Asia. La tasa 

de mortalidad por accidente cerebrovascular era mucho más alta que en 

los países industrializados y de ingresos medios. 

PALABRAS CLAVES 

 

Prevalencia de Ictus, Sobrevivientes de Ictus, Ictus en el norte del Perú, 

Ictus en comunidades rurales. 



ABSTRACT 

Background and purpose: Stroke is the leading cause of neurological 

impairment in the South American Andean region. However, the 

epidemiology of stroke in the region has been poorly characterized. 

Methods: We conducted a staged three-phase population-based study 

applying a validated eight-question neurological survey in 80 rural villages 

in Tumbes, northern Peru, then confirmed presence or absence of stroke 

through a neurologist's examination to estimate the prevalence of stroke. 

Results: Our survey covered 90% of the population (22,278/24,854 

individuals, mean age 30±21.28, 48.45% females), and prevalence of stroke 

was 7.05/1,000 inhabitants. After direct standardization to WHO's world 

standard population, adjusted prevalence of stroke was 6.94/1,000 

inhabitants. Participants aged ≥85 years had higher stroke prevalence 

(>50/1000 inhabitants) compared to other stratified ages, and some unusual 

cases of stroke were found among individuals aged 25-34 years. The lowest 

age reported for a first stroke event was 16.8 years. High blood pressure 

(aPR 4.2 [2.7-6.4], p>0.001), and sedentary lifestyle (aPR 1.6 [1.0-2.6], p = 

0.045) were more prevalent in people with stroke. 

Conclusions: The age-standardized prevalence of stroke in this rural coastal 

Peruvian population was slightly higher than previously reported in studies 

from surrounding rural South American settings, but lower than in rural 

African and Asian regions. The death rate from stroke was much higher than 

in industrialized and middle-income countries. 
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Stroke in rural communities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

I. ARTICULO PUBLICADO 
 

RESEARCH ARTICLE 

Prevalence of stroke survival in rural                  communities living in northern 
Peru 

Luz M. Moyano 1☯¤a*, Silvia M. Montano2☯, Percy Vilchez Barreto1‡, Narcisa Reto 1, 

Luis Larrauri3, Nicanor Mori 4, Mario Cornejo-Olivas1,5, Erik Guevara-Silva3, 

Fernando Urizar1‡, Enrique Najar6, Ricardo Gamboa1, Cintya Azabache1, Raquel Herrer 

Ticse1, Lucia Bolivar-Herrada1, Alex Doud7‡, Peggy Martinez8, J. Jaime Miranda1,9☯, 

Joseph R. Zunt6☯, Hector H. Garcıa1☯¤b¤c, for the Cysticercosis Working Group for Peru¶ 

 
 

 

 
 

 
 

 
 OPEN ACCESS 

Citation: Moyano LM, Montano SM, Vilchez 

Barreto P, Reto N, Larrauri L, Mori N, et al. (2021) 

Prevalence of stroke survival in rural communities 

living in northern Peru. PLoS ONE 16(7): 

e0254440. https://doi.org/10.1371/journal. 

pone.0254440 

Editor: Adam Wiśniewski, Nicolaus Copernicus 

University in Torun: Uniwersytet Mikolaja 

Kopernika w Toruniu, POLAND 

Received: February 15, 2021 
 

Accepted: June 27, 2021 
 

Published: July 29, 2021 
 

Copyright: © 2021 Moyano et al. This is an open 

access article distributed under the terms of the 

Creative Commons Attribution License, which 

permits unrestricted use, distribution, and 

reproduction in any medium, provided the original 

author and source are credited. 

Data Availability Statement: All relevant data are 

within the manuscript and its Supporting 

Information files. 

Funding: This project was supported by NIH 

Research Training Grant # D43 TW009345, and by 

FIC-NIH Research Training Grant #D43 TW009137 

from the Fogarty International Center. LM, PV, FU 

and RG were partially supported by FIC-NIH 

training grant D43 TW001140. 

 

1 Cysticercosis Elimination Program, Center for Global Health, Universidad Peruana Cayetano Heredia, 
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Abstract 
Background and purpose 

Stroke is the leading cause of neurological impairment in the South American Andean 

region. However, the epidemiology of stroke in the region has been poorly characterized. 

 

Methods 

We conducted a staged three-phase population-based study applying a validated eight- 

question neurological survey in 80 rural villages in Tumbes, northern Peru, then confirmed 

presence or absence of stroke through a neurologist’s examination to estimate the preva- 

lence of stroke. 

 

Results 

Our survey covered 90% of the population (22,278/24,854 individuals, mean age 30±21.28, 

48.45% females), and prevalence of stroke was 7.05/1,000 inhabitants. After direct stan- 

dardization to WHO’s world standard population, adjusted prevalence of stroke was 6.94/ 

1,000 inhabitants. Participants aged 85 years had higher stroke prevalence (>50/1
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inhabitants) compared to other stratified ages, and some unusual cases of stroke were 

found among individuals aged 25–34 years. The lowest age reported for a first stroke event 

was 16.8 years. High blood pressure (aPR 4.2 [2.7–6.4], p>0.001), and sedentary lifestyle 

(aPR 1.6 [1.0–2.6], p = 0.045) were more prevalent in people with stroke. 

 

Conclusions 

The age-standardized prevalence of stroke in this rural coastal Peruvian population was 

slightly higher than previously reported in studies from surrounding rural South American 

settings, but lower than in rural African and Asian regions. The death rate from stroke was 

much higher than in industrialized and middle-income countries. 
 

 
 
 

Introduction 

Stroke is the leading cause of neurological impairment in South America’s Andean region, 

which includes Bolivia, Colombia, Ecuador, Peru, and Venezuela [1]. Despite this significant 

cerebrovascular disease burden, there is little information regarding stroke rates, mortality, or 

associated risk factors in rural populations [2, 3]. 

The World Health Organization Monitoring Trends and Determinants in Cardiovascular 

Disease (MONICA) project does not include stroke registry information for any country in 

the Andean region [4]. In 1988, a population-based study conducted in Cuzco, Peru, showed 

an age-adjusted prevalence of 5.74 per 1,000, [5] similar to Colombia (5.6/1,000), [3] but 

slightly higher than Bolivia (3.22/1,000) [6]. Compared with other regions worldwide, Latin 

America has higher proportions of patients with hemorrhagic stroke [7], small vessel disease 

[2, 7, 8] and intracranial atherosclerotic lesions [9]. Additionally, the Andean sub-region pos- 

sesses unique infectious risk factors, including Chagas’ disease, neurocysticercosis, malaria, 

leptospirosis and viral hemorrhagic fevers, and non-infectious factors such as high altitude 

hypoxia and snake bites [2–5, 10, 11]. 

Taking advantage of a prior population-based epidemiologic survey from a cysticercosis 

elimination program in Tumbes, Peru, we applied a validated eight-question neurological sur- 

vey to estimate stroke symptom prevalence, confirm presence of stroke through a standardized 

neurologic examination, and evaluate stroke-associated risk factors in this region. 
 

Materials and methods 

Study population 

We cross-sectionally surveyed 24,854 individuals from 80 communities from the cysticercosis 

elimination program, living near sea-level along Peru’s Northern coast (Fig 1). The study area, 

covering 4,669.2 km2, contains a mostly Mestizo population. Life Expectance in Peru from 

2015–2020 was 76,26 years old. Most villages have electricity but lack sewage facilities or run- 

ning water. The area has 28 basic-level health centers; each staffed by a recently-graduated gen- 

eral practitioner (GP) performing a one-year rural service; one nurse and one health worker. 

Activities were performed in three phases. 
 

  Phase I–Stroke survey 

A baseline census was performed to obtain household-level information. After obtaining 

informed consent (IC), non-medical field workers (trained by a team of neurologists) 

 
 
 

 

PLOS ONE | https://doi.org/10.1371/journal.pone.0254440 July 29, 2021 2 / 14 
 

https://doi.org/10.1371/journal.pone.0254440


PLOS ONE Prevalence of stroke in Peru 

 

 
 

 
 

 

Fig 1. Map of 80 rural communities in Tumbes involved in the study. 
 

https://doi.org/10.1371/journal.pone.0254440.g001 
 

 

administered an eight-question face-to-face survey to identify stroke symptoms in all individu- 

als older than 15 years. Illiterate individuals were included through reading aloud the IC and 

survey to ensure understanding. This WHO stroke detection questionnaire was translated into 

Spanish, modified, and validated by Del Brutto et al. in the Atahualpa Project. [12] Most older 

individuals were living in a relative’s home. 
 

Phase II–General practitioner evaluation 

Participants reporting symptoms of stroke by responding yes to question 1 or 2, or a combina- 

tion of two positive responses between questions 3 to 8, were evaluated in a local health center 

by a GP trained by neurologists to recognize stroke and other conditions mimicking stroke. 

Care was taken to include the local dialect to describe stroke, such as “derrame”. The evalua- 

tion included anthropometric measures (weight, height, body mass index (BMI) calculated as 

weight (kg) divided by squared height (m2) [13], abdominal circumference, and brachial cir- 

cumference), as well as questions regarding history of high blood pressure, diabetes, dyslipide- 

mia, cardiac disease, smoking, alcohol or illicit drug use, and amount of exercise. All 

participants classified as “suspected stroke” were included in Phase III (neurological evaluation) 

to confirm diagnosis of stroke. 

 

Phase III—Neurological examination, blood testing and brain computerized 
tomography (CT) scan 

A team of board-certified neurologists evaluated suspected stroke cases for case-confirmation 

and to rule out non-stroke events. Stroke was defined according to WHO criteria, as “rapid 

development of clinical signs of focal (or global) disturbance of cerebral functions, lasting >24 

hours, with no apparent cause other than vascular” [6, 12, 14–16]. Non-contrast brain CT scans 

were offered to all participants with a suspected diagnosis of stroke and performed using a heli- 

coid CT scan (Siemens AG, Germany) in the Center for Global Health facility. Reproductive- 

aged women had a urine pregnancy test performed prior to imaging, and pregnant women did 

not undergo brain CT. 
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Venous blood samples (8ml) were collected from stroke cases to assess: fasting blood glu- 

cose (FBG), glycosylated hemoglobin (HbA1c), serum lipid profiles including total cholesterol 

(TC), triglyceride (TG), The total cholesterol/HDL cholesterol ratio (American Heart Associa- 

tion [AHA] [17] target below 5 in males, and below 4.4 in females), the LDL cholesterol/HDL 

cholesterol ratios (AHA target below 3.5 in males, and below 3.2 in females) [17] and 

hematocrit. 

Hypertension was defined as mean systolic blood pressure (SBP) 140mmHg or mean dia- 

stolic blood pressure (DBP) 90mmHg [13], diabetes mellitus (DM) was diagnosed as FBG 

126 mg/dl or HbA1c 6.5% [18] and/or self-reported diagnosis during the GP evaluation. 

Heart disease history was self-reported during the GP evaluation. Participants were asked 

whether they regularly used tobacco (current smoking defined as 1 cigarette/day) [13], con- 

sumed alcohol (any alcoholic drink in the last week), sedentary lifestyle (office work, driving as 

a chauffeur, and sitting while watching television or low physical activities) [19]. 

 
Ethical considerations 

The study protocol and consent forms were approved by the institutional review boards of 

Universidad Peruana Cayetano Heredia, the University of Washington and the Regional 

Directorate of the Ministry of Health (DIRESA) in Tumbes. 

 
Statistical analysis 

Prevalence of stroke was defined as number of persons with confirmed stroke divided by num- 

ber of baseline survey respondents. Age-adjusted stroke prevalence was obtained by dividing 

the number of people with stroke in each age bracket by the number of individuals in the same 

age bracket as stratified in the World (WHO 2000–2025) standard population. Incidence was 

defined as number of persons who developed stroke in the year preceding the prevalence day 

(April 5, 2011), divided by total number of study participants. The world (WHO 2000–2025) 

standard population census was the reference population for prevalence age adjustments. Con- 

fidence intervals were estimated using exact binomial method. Prevalence ratios (PR) and 

adjusted PR (aPR) were estimated using Poisson family general linear models with logit link. 

All reported probability (p) values were two-sided with significance level set at 0.05. Variables 

significant at the level of p<0.25 were retained in the multivariable models from which 
adjusted odds ratios were estimated. All-cause mortality was defined as total number of deaths 

during the study period (between phase I and III; April 2011-May 2012), divided by partici- 

pant population. We used Stata version 14.2 for statistical analysis (Stata Corp., College Sta- 

tion, TX, USA). 

 
Results 

From a population of 34,825 people across 80 rural communities, 24,854 individuals older 

than 15 years were invited to participate; 22,278 (89.63%) individuals provided informed con- 

sent and completed the eight-question stroke survey. The participants most frequently lived in 

hand-constructed mud and cane houses, had public potable water service that was functional 

for a few hours each day, treated water with chlorine pills, and defecated in holes/silos; 

although a sizable proportion (24.2%) reported open field defecation. 

 
Comparison between participants and non-participants 

Compared to study participants, a larger proportion of non-participants were male (1,891/ 

2,577 [73.4%] vs 11,074/22,278 [49.7%]; p<0.0001); slightly younger (37.1 ± 17.2 vs 
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39.9 ± 17.9; p<0. 0001); and lived in multi-family households (564/2,577 [21.9%] versus 3,937/ 

22,278 [17.7%]; p<0.0001). There were no differences in urbanicity, housing material, water 
sources, drinking water, bathroom, and electricity between groups. 

 
Comparison between positive and negative survey respondents 

The proportion of positive respondents to the survey was 7.1% (1,586/22,278). Positive respon- 
dents were more frequently female (920/1,586 [58.0%] vs 10,284/20,692 [49.7%]; p<0,0001), 

older (mean age 47.9 ± 19.1 years vs. 39.3 ± 17.6 years; p<0,0001), and used latrines in a 

slightly higher proportion (1,270/1,586 [80.1%] vs 16,038/20,692 [77.5%], p = 0,019) than neg- 

ative respondents. The groups were similar in relation to housing material, household, water 

sources, drinking water and electricity (Table 1). 
 

Table 1. Demographic characteristics of respondent’s vs non-respondents and between negative and positive individuals surveyed for stroke. 

Demographic characteristics and categories Non-respondents 
(n = 2577) 

Respondents 
(n = 22,278) 

p-value Negative survey 
(n = 20,692) 

Positive survey 
(n = 1,586) 

p-value 

Number % Number % Number % Number % 

Sex           

Female 686 26.6 11,204 50.3 <0,0001 10,284 49.7 920 58.0 <0,0001 

Male 1,891 73.4 11,074 49.7  10,408 50.3 666 42.0  

Age a           

Mean + sd (IC) b 37,8 ± 17,2 37,1–38,5 39,9 ± 17,9 39,7–40,2 <0,0001 39,3 ± 17,6 39,1–39,6 47,9 ± 19,1 46,9–48,8 <0,0001 

Urbanity           

Marginal Urban 235 9.1 2,034 9.1 = 0,985 1,907 9.2 127 8.0 = 0,107 

Rural 2,342 90.9 20,244 90.9  18,785 90.8 1,459 92.0  

Material of Housing           

Brick and others 435 16.9 4,066 18.2 = 0,087 3,803 18.4 263 16.6 = 0,074 

mud and cane 2,142 83.1 18,212 81.8  16,889 81.6 1,323 83.4  

Housing condition           

Own home 2,488 96.5 21,191 95.1 = 0,005 19,666 95.0 1,525 96.2 = 0,137 

Rent 46 1.8 537 2.4  506 2.5 31 1.9  

Other 43 1.7 550 2.5  520 2.5 30 1.9  

Household           

Singlefamily 2,013 78.1 18,341 82.3 <0,0001 17,052 82.4 1,289 81.3 = 0,253 

Multifamily 564 21.9 3,937 17.7  3,640 17.6 297 18.7  

Source of water           

Public service 2,131 82.7 18,752 84.2 = 0,052 17,438 84.3 1,314 82.8 = 0,134 

Non public service 446 17.3 3,526 15.8  3,254 15.7 272 17.2  

Drinking Water           

Artesanal Treatment 2,066 80.2 17,672 79.3 = 0,315 16,425 79.4 1,247 78.4 = 0.046 

Untreated 511 19.8 4,606 20.7  4,267 20.6 339 21.6  

Bathroom           

Bath 472 18.3 3,759 16.9 = 0,079 3,467 16.8 292 18.4 = 0,031 

Latrine 1,568 60.9 13,549 60.8  12,571 60.7 978 61.7  

Did not have 537 20.8 4,970 22.3  4,654 22.5 316 19.9  

Electricity           

On electric grid 2,388 92.7 20,643 92.7 = 0,993 19,193 92.8 1,450 91.4 = 0,050 

no electricity 189 7.3 1,635 7.3  1,499 7.2 136 8.6  

 
a mean and standard deviation 
b p- value were calculated using Student’s t test 

https://doi.org/10.1371/journal.pone.0254440.t001 
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Fig 2. Study flowchart. 
 

https://doi.org/10.1371/journal.pone.0254440.g002 
 

 

Prevalence of stroke survival 

A total of 1,420 individuals were evaluated by a study physician (including two negative survey 

respondents self-referred by study physicians due to symptoms compatible with stroke). We 

classified these 318/1,420 (2.2%) as “suspected of stroke”, and 1,102 had a diagnosis other than 

stroke (Fig 2). 

Of the 318 participants with suspected stroke, 24 (7.5%) declined the neurologist evaluation, 

137 had a diagnosis other than stroke, and 157 individuals were confirmed as having had a 

stroke event. Stroke survival prevalence was 7.05/1,000 (157/22,278) inhabitants. After direct 

standardization to WHO’s world standard population, the adjusted prevalence of stroke was 

6.94/1,000 inhabitants. Participants aged 85 years and older had much higher prevalence 

(>50/1,000 inhabitants) compared with other stratified ages, and some unusual cases were 

found in individuals aged 25–34 years (Fig 3). Crude prevalence was similar for men and 

women (81/11,204, 7.23 per 1,000 men vs 76/11,074, 6.86 per 1,000 women; p = 0.636) 

(Table 2). 

The youngest age reported for first-stroke event was 16.8 years; mean age at first event was 

58.9 ± 16.5 years (mean ± SD), median 63 years, and interquartile range [IQR] 47.5–78.5 

years. In age groups, first-stroke events were between 15 and 25 in 5 (3.9%), between 26 and 35 

years in 10 (6.5%), between 36 and 45 years in 18 (11.6%), between 46 and 55 years in 30 

(19.4%), between 56 and 65 years in 28 (18.1%), between 66 and 75 years in 39 (25.2%), 

between 76 and 85 years in 21 (13.5%), and after 85 years in 3 (1.9%). Two people with stroke 

(PWS) did not remember the date of their stroke event. Fifteen PWS (9.8%) had a history of 

second stroke event and three (2.0%) had a history of third event. 

 
All-cause mortality 

Ninety-five study participants died between phases I and III (426.42 /100,000 population per 

year). Of these 95 deaths, 25 were people classified as “suspected stroke” (25/1586, [1.6%]); 4 in 

positive survey respondents, but not suspected of stroke (4/1266, [0.3%]), and 66 in negative 
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Fig 3. Prevalence of stroke and confidence interval stratified by age in 80 rural communities. 
 

https://doi.org/10.1371/journal.pone.0254440.g003 
 

 

survey respondents (66/20,692, [0.3%]). The corresponding death rates were 1,576/100,000 
population per year in people suspected of stroke and 316/100,000 population per year in the 

other two groups (p< 0.0001). 

Other neurological conditions 

Other relevant neurological diagnoses in non-stroke cases included epilepsy in 84 participants, 

Bell’s palsy in 152 participants, transient ischemic attack (TIA) in 37 participants, 2 cases with 

sequelae of Guillain-Barre, and 2 cases of amyotrophic lateral sclerosis. 

 

Retrospective stroke incidence 

Eighteen stroke events occurred in the year before the survey, for a crude annual incidence 

rate of 80.80 per 100,000 person/years. The incidence rate adjusted to 2007 census age distribu- 

tion [20] was 129.72 per 100,000 person/years. 

 

Clinical sub-types of stroke and brain CT findings 

From the 157 PWS, clinical history of ischemic stroke was found in 139 (88.5%; 66 females 

and 73 males, mean age 66, median age 68, range of time-lapse of event between 0–49 years, 

average 7.10 years) and hemorrhagic stroke in 21 (11.6%; 12 females and 9 males, mean age 63, 

median age 61, range of time-lapse of event between 1–25 years, average 9.33 years). Three 

(1.9%) individuals with ischemic stroke later developed hemorrhagic stroke. 

Non-contrast brain CT scan [21] was obtained in 132 PWS, 116 (87%) of whom had a 

ischemic stroke diagnosis and 16 (23%) hemorrhagic stroke. Encephalomalacia was found in 

59 (44.4%; [50/59 individuals with ischemic stroke]), atrophy with associated leukoencephalo- 

pathy [22] in 28 (21.1%; [24/28 individuals with ischemic stroke]) and normal findings in 18 

(13.5%; all with ischemic stroke). 

 

Morbidity and characteristics of PWS 

Differences in self-reported cardiovascular information between PWS (n = 157) and people 

without stroke (PWOS, n = 1,102) included non-modifiable factors such as gender and age, 
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Table 2. Age-adjusted and sex specific prevalence of 80 rural communities in the northern coast of Peru. 
 

Age— 
Group 

Population Men Women Prevalence / 
1000 

habitants 

Population Prevalence adjusted / 1000 a 

Number % People 
With 

Stroke 

Number People 
With 

Stroke- 
Men 

Prevalence / 
1000 

Number People 
With 

Stroke- 
Women 

Prevalence / 
1000 

Number % INEI 
2017 

% 
WHO 

WHO Tumbes Men Female 

15–24 5121 22,99 0 2666 0 0,00 2455 0 0,00 0,00 35799 22,52 22,50 0,00 0,00 0,00 0,00 

25–34 4905 22,02 6 2631 2 0,76 2274 4 1,76 1,22 35096 22,08 21,35 1,19 1,23 0,75 2,14 

35–44 4245 19,05 10 2137 3 1,40 2108 7 3,32 2,36 31253 19,66 18,52 2,29 2,43 1,43 3,44 

45–54 3327 14,93 22 1619 9 5,56 1708 13 7,61 6,61 24698 15,54 15,38 6,81 6,88 5,41 6,47 

55–64 2157 9,68 35 1043 18 17,26 1114 17 15,26 16,23 17550 11,04 11,15 18,68 18,50 13,85 10,51 

65–74 1406 6,31 25 655 13 19,85 751 12 15,98 17,78 8732 5,49 6,97 19,64 15,48 14,34 9,57 

75–84 882 3,96 46 349 29 83,09 533 17 31,89 52,15 4284 2,70 3,28 43,15 35,51 61,18 13,68 

85a+ 235 1,05 13 104 7 67,31 131 6 45,80 55,32 1535 0,97 0,85 44,54 50,65 51,07 29,48 

Total 22278 100 157 11204 81 7,23 11074 76 6,86 7,05 158947 100,00 100,00 6,94 6,47 5,74 4,80 
 

a Information from censuses of 2017 (National Institute of Statistic and informatics (INEI) 

https://doi.org/10.1371/journal.pone.0254440.t002 
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Table 3. Self reported information about cardiovascular health between stroke cases and non-stroke cases. 

Demographic characteristics and categories Non-stroke 
(n = 1102) 

Stroke 
(n = 157) 

Crude model Adjusted model b 

Prevalence Ratio p-value a Adjusted Prevalence Ratio p-value a 

Sex         

Female 678 61.52 76 48.41 Ref. Ref. Ref. Ref 

Male 424 38.48 81 51.59 1,591 (1,188–2,131) = 0,002 1,429 (0,972–2,101) = 0,070 

Age b         

Mean + standard deviation 45,0 ± 18,2 65,5 ± 15,7 1,046 (1,039–1,053) <0,0001 1,028 (1,017–1,039) <0,0001 

Self-reporting information         

Hypertension         

Absent 867 78.7 38 24.2 Ref. Ref. Ref. Ref 

Present 235 21.3 119 75.8 8,006 (5,676–11,292) <0,0001 4,221 (2,775–6,421) <0,0001 

Body mass index         

Normal 433 39.3 53 33.8 Ref. Ref. Ref. Ref 

Underweight 17 1.5 5 3.2 2,084 (0,926–4,691) = 0,076 1,512 (0,596–3,845) = 0,383 

Overweight 434 39.4 69 43.9 1,258 (0,899–1,759) = 0,180 1,161 (0,805–1,674) = 0,424 

Obese 218 19.8 30 19.1 1,109 (0,728–1,690) = 0,629 1,115 (0,691–1,801) = 0,655 

Diabetes Mellitus         

Absent 1,035 93.9 138 87.9 Ref. Ref.   

Present 67 6.1 19 12.1 1,878 (1,226–2,877) = 0,004 1,126 (0,679–1,866) = 0,646 

Dislipidemia         

Absent 907 82.3 102 65.0 Ref. Ref.   

Present 195 17.7 55 35.0 2,176 (1,617–2,929) <0,0001 1,210 (0,844–1,735) = 0,300 

Heart Disease         

Absent 1,080 98.0 148 94.3 Ref. Ref.   

Present 22 2.0 9 5.7 2,409 (1,361–4,263) = 0,003 1,096 (0,550–2,185) = 0,795 

Tobacco use         

None 710 64.4 82 52.2 Ref. Ref.   

Yes 392 35.6 75 47.8 1,551 (1,159–2,076) = 0,003 1,221 (0,825–1,807) = 0,318 

Alcohol consumption         

None 244 22.1 34 21.7 Ref. Ref.   

Yes 858 77.9 123 78.3 1,025 (0,718–1,463) = 0,891 0,836 (0,544–1,285) = 0,414 

Consumption of drugs         

None 1,082 98.2 152 96.8 Ref. Ref.   

Yes 20 1.8 5 3.2 1,624 (0,731–3,606) = 0,234 1,055 (0,425–2,616) = 0,908 

Regular exercise         

Yes 304 28.3 19 12.1 Ref. Ref.   

None 798 71.7 138 87.9 2,506 (1,578–3,981) <0,0001 1,647 (1,010–2,685) = 0,045 
 

a p- value were calculated using glm link(log) fam(Poisson) 
b adjusted model by sex and age 

https://doi.org/10.1371/journal.pone.0254440.t003 
 

 

 

with PWS more frequently male (81/157[52.3%] vs 424/1,102 [38.5%], p = 0.002), and older 

(65.5±15.7 vs 45.6±18.1 years, p = 0.0001). Modifiable factors such as high blood pressure, dia- 

betes, dyslipidemia, history of heart disease, tobacco use, and sedentary lifestyle differed signif- 

icantly between PWS and PWOS (Table 3): in an age- and sex-adjusted model, both high 

blood pressure (aPR 4.2 [2.7–6.4], p>0.001), and sedentary lifestyle (aPR 1.6 [1.0–2.6], 

p = 0.045), were significantly more prevalent in PWS (Table 3). 
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Laboratory results in PWS 

Blood samples were obtained from 122 PWS to measure cholesterol, VLDL, HDL, triglycer- 

ides, glycosylated hemoglobin (HbA1c), fasting glucose and hematocrit. Of these, 

HbA1c > 6% was detected in 28 (22.9%), intermediate cholesterol levels (between 200–239 

mg/dl) were found in 40 (32.8%), and high cholesterol levels (> 240mg/dl) were found in 35 

(28.7%). Borderline high triglycerides (150–199 mg/dl) were present in 29 (23.8%), a high level 
(200–499 mg/dl) in 15 (12.3%) and very high level (>500 mg/dl) in 2 (1.6%). Total cholesterol/ 

HDL cholesterol ratios were outside of normal ranges in 25 males (20.5%) and 32 females 

(26.2%); LDL cholesterol/HDL cholesterol ratios were outside of normal ranges in 47 males 

(38.5%) and 35 females (28.7%). Fasting glucose levels were > 126 mg/dl in 12/122 (9.4%), and 

low hematocrit levels (below 38%) were present in 20/122 individuals (16.4%). 

 
Discussion 

Although stroke is preventable, and international efforts, such as MONICA [23] and INTER- 
STROKE [24], were performed to reduce stroke risk factors, in the past 3 decades our study is 

only the second wide-scale neuroepidemiological study of stroke in a rural setting (Tumbes, 

Peru) and the first involving >20,000 inhabitants [3]. In this population-based study, the 

crude prevalence of stroke survival was 7.05/1,000 in rural Peru—higher than in other commu- 

nity-based studies in South America (Bolivia 1.74/1,000 [6], Ecuador 3.6/1,000 [3], Colombia 

4.7/1,000 [25]), Central America (Honduras 3.6/1,000 [26]) and África (Southern Nigeria 1.63/ 

1,000 [27]); slightly higher than in Cusco (Peru, Highland) 6.2/1,000 [5] and lower than in 

Asia (China 66.90/1,000 [13] and 15.96/1000 [28]) and other African studies (Nigeria, Delta 

Region 13.31/1,000 [29] and 8.51/1,000 [30]). We also detected a worrisome high prevalence 

of stroke in people younger than 44 years (3.58/1,000 inhabitants). 

Stroke incidence rates were higher than those reported in previous studies in Peru (13/ 

100,000 person/year) and Bolivia (35/100,000 person/year), slightly lower than in Colombia 

(89/100,000 person/year) [3], and lower than developing countries in Central/Eastern Europe 

(276.2/100,000 person/year) [31] and rural China (298/100,000 person/year)—a region with 

one of the highest burdens of stroke [28]. Higher incidence rates have been related to low edu- 

cation and socioeconomic status [28]. 

If we added the 25 premature stroke deaths to the 157 PWS in our study (182 total PWS), the 

real prevalence of stroke would have been 8/1000 inhabitants—higher than reported in other 

prior studies. Limited access to health care, low educational levels, ethnic factors, among other 

underreported or unidentified factors, may all play a role in Peru’s high prevalence of stroke in 

rural areas. In terms of numbers, 251,520 inhabitants in Peru reported a stroke event (All 

Tumbes Region), higher than reported in a previous epidemiological study in Peru (186,000 

inhabitants). Other factors specific to different rural areas may also increase stroke risk. 

Hypertension (119/157, 75.8%) and sedentary lifestyle (138/157, 87.9%) were associated 

with stroke in our study; prevalence of hypertension in PWS was similar to that reported in 

studies in Latin America [3, 6, 7, 32] and Sub-Saharan Africa [33] but lower compared to Nige- 

ria (92.5%) [29]. Hypertension prevalence in our population was 16%, lower compared to 

Indonesia [34] and European countries (30–45%) [35]. Seventy percent of PWS who had 

hypertension were poorly compliant with antihypertensive therapy, consistent with informa- 

tion from other Peruvian regions [36]. Sedentary lifestyle is a public health problem worldwide 

[37]; Every hour of sedentary behavior increases systolic and diastolic blood pressure by 0.06 

mmHg and 0.2mmHg, respectively [38]; including a dynamic educational component in 

regional non-communicable disease programs to promote healthier lifestyles in elementary 

schools, popular-dining places (comedores Populares), and rural households could be a 
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strategy for encouraging physical activity and help decrease high blood pressure. Improving 

the patient-health center relationship is essential for empowering the patient on the impor- 

tance of effective treatment compliance and lifestyle changes to control hypertension and 

avoid a stroke event. 

Twenty-five of 95 deaths reported in our study were due to post-stroke complications. 

Although our study was not designed to evaluate mortality, our crude mortality rate (1,576/ 

100,000 deaths per year) in people suspected of stroke was extremely high compared to mortal - 

ity rates from stroke in China (159/100,000 deaths per year) [28] or the US (37.6/100,000 deaths 

per year) [39]. Low socioeconomic and educational levels and social inequality have been asso- 

ciated with higher mortality rates in other poor regions of Latin America and the Caribbean [2]. 

This study supported Saposnik and Del Brutto’s hypothesis that a high incidence of stroke 

is associated with a high risk of mortality during the acute stroke phase [3]. Although a signifi- 

cant proportion of the rural population had access to free health care through the Peruvian 

government’s SIS (Sistema Integral de Salud) program, many PWS sought initial evaluation 

through "sobadores" (people who massage the part of the body affected by a stroke) and only 

later sought traditional care at the hospital outpatient clinic. This particular behavior has been 

found in other neurological research in this area [40]. This and other cultural idiosyncrasies 

may delay seeking medical treatment, and future research should examine how improving the 

patient-health-care provider interaction could reduce such delay. A comprehensive primary- 

care training campaign to improve education for patients regarding stroke symptoms, preven- 

tion, and treatment, as well as optimal cardiovascular health measures, might encourage future 

stroke patients to seek their first care through hospitals. 

Our study’s strengths included the support of 20 GPs from local health centers to recruit 
and enroll patients, and 8 neurologists to confirm stroke diagnoses. We demonstrated that it is 

possible to apply the WHO’s suggestions and accomplish stroke detection at the primary-care 

level, where the main health response is primary-care and prevention [41]. This strategy could 

be replicable by chronic disease programs inside other ministries of health. 

Our study had some limitations. Neuroimaging was limited to CT, which is less sensitive 

than MRI for detecting stroke. Also, we did not perform EKG to assess for cardiac pathology. 

It is possible that stroke was under-represented as a cause of death, as “sudden deaths” caused 

by cardiovascular or cerebrovascular disease, are not verified by pathologic evaluation and are 

often reported as “cardiorespiratory arrest” on death certificates [42]. Epidemiological research 

with standardized methodology to identify factors associated with high mortality rates in 

stroke is urgently needed for a more accurate assessment of the burden and characteristics of 

stroke mortality in Peru. 

 
Conclusion 

Stroke prevalence at sea level in Peru was higher than prior epidemiological studies from 

South America, but lower than in industrialized countries where the decrease in mortality of 

stroke has increased survival. High mortality in PWS compared to other rural settings could 

be due to a lack of care-seeking at primary care levels. Although stroke is the main cause for 

disability, it will remain a neglected chronic disease, especially in rural settings, until health 

programs increase services for cardiovascular health, stroke prevention, treatment, disability, 

and post-stroke rehabilitation. 
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9. Touboul PJ, Hernández-Hernández R, Kü çü kog  ̌ lu S, Woo KS, Vicaut E, Labreuche J, et al. Carotid 

artery intima media thickness, plaque and framingham cardiovascular score in Asia, Africa/Middle East 

and Latin America: The PARC-AALA Study. Int J Cardiovasc Imaging. 2007; 23: 557–567. https://doi. 
org/10.1007/s10554-006-9197-1 PMID: 17186134 

  

10. Johnston SC, Mendis S, Mathers CD. Global variation in stroke burden and mortality: estimates from 
monitoring, surveillance, and modelling. Lancet Neurol. Elsevier Ltd; 2009; 8: 345–54. https://doi.org/ 

10.1016/S1474-4422(09)70023-7 PMID: 19233730 
  

11. Feigin VL. Stroke epidemiology in the developing world. Lancet. 2005; 365: 2160–1. https://doi.org/10. 

1016/S0140-6736(05)66755-4 PMID: 15978910 
  

12. Brutto OH Del, Idrovo L, Mosquera A, Dı́az-calderón E, Santibáñez R, Navas C, et al. Validación de un 
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II. DISCUSIONES. 

Aunque el accidente cerebrovascular se puede prevenir y se realizaron 

esfuerzos internacionales, como MONICA [23] e INTERSTROKE [24], 

para reducir los factores de riesgo de accidente cerebrovascular, en las 

últimas tres décadas nuestro estudio es sólo el segundo estudio 

neuroepidemiológico a gran escala sobre el accidente cerebrovascular en 

una zona rural. entorno (Tumbes, Perú) y el primero con >20.000 habitantes 

[3]. En este estudio poblacional, la prevalencia bruta de supervivencia al 

accidente cerebrovascular fue de 7,05/1000 en las zonas rurales del Perú, 

mayor que en otros estudios comunitarios en América del Sur (Bolivia 

1,74/1000 [6], Ecuador 3,6/1000 [3] , Colombia 4,7/1.000 [25]), 

Centroamérica (Honduras 3,6/1.000 [26]) y África (Sur de Nigeria 

1,63/1.000 [27]); ligeramente superior que en Cusco (Perú, Tierras Altas) 

6,2/1000 [5] y menor que en Asia (China 66,90/1000 [13] y 15,96/1000 

[28]) y otros estudios africanos (Nigeria, Región del Delta 13,31/1000 [29] 

y 8,51/1.000 [30]). También detectamos una preocupante alta prevalencia 

de ictus en personas menores de 44 años (3,58/1.000 habitantes). 

 
 

Las tasas de incidencia de accidentes cerebrovasculares fueron más altas que 

las informadas en estudios previos en Perú (13/100.000 personas/año) y 

Bolivia (35/100.000 personas/año), ligeramente más bajas que en Colombia 

(89/100.000 personas/año) [3] , y más bajo que los países en desarrollo de 

Europa central y oriental (276,2/100.000 personas/año) [31] y la China rural 

(298/100.000 personas/año), una región con una de las mayores cargas 
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de accidentes cerebrovasculares [28]. Las tasas de incidencia más altas se 

han relacionado con un nivel educativo y socioeconómico bajo [28]. 

 
 

Si sumamos las 25 muertes prematuras por ictus a las 157 PWS de nuestro 

estudio (182 PWS en total), la prevalencia real de ictus habría sido de 8/1.000 

habitantes, superior a la informada en otros estudios anteriores. El acceso 

limitado a la atención médica, los bajos niveles educativos y los factores 

étnicos, entre otros factores no reportados o no identificados, pueden 

desempeñar un papel en la alta prevalencia de accidentes cerebrovasculares 

en las zonas rurales del Perú. En términos de cifras, 

251.520 habitantes en Perú reportaron algún evento de ictus (Toda la Región 

de Tumbes), cifra superior a lo reportado en un estudio epidemiológico 

previo en Perú (186.000 habitantes). Otros factores específicos de diferentes 

zonas rurales también pueden aumentar el riesgo de accidente 

cerebrovascular. 

 
 

La hipertensión (119/157, 75,8%) y el sedentarismo (138/157, 87,9%) se 

asociaron con el ictus en nuestro estudio; La prevalencia de hipertensión en 

SPW fue similar a la reportada en estudios en América Latina [3,6,7, 32] y 

África subsahariana [33] pero menor en comparación con Nigeria (92,5%) 

[29]. La prevalencia de hipertensión en nuestra población fue del 16%, 

menor en comparación con Indonesia [34] y los países europeos (30-45%) 

[35]. El setenta por ciento de las personas con SPW que tenían hipertensión 

cumplían mal el tratamiento antihipertensivo, lo que coincide con la 
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información de otras regiones peruanas [36]. El estilo de vida sedentario es 

un problema de salud pública en todo el mundo [37]; Cada hora de 

comportamiento sedentario aumenta la presión arterial sistólica y diastólica 

en 0,06 mmHg y 0,2 mmHg, respectivamente [38]; Incluir un componente 

educativo dinámico en los programas regionales de enfermedades no 

transmisibles para promover estilos de vida más saludables en las escuelas 

primarias, los comedores populares y los hogares rurales podría ser una 

estrategia para fomentar la actividad física y ayudar a disminuir la presión 

arterial alta. Mejorar la relación paciente-centro de salud es esencial para 

empoderar al paciente sobre la importancia del cumplimiento eficaz del 

tratamiento y los cambios en el estilo de vida para controlar la hipertensión 

y evitar un accidente cerebrovascular. 

 
 

Veinticinco de las 95 muertes reportadas en nuestro estudio se debieron a 

complicaciones posteriores a un accidente cerebrovascular. Aunque nuestro 

estudio no fue diseñado para evaluar la mortalidad, nuestra tasa bruta de 

mortalidad (1.576/100.000 muertes por año) en personas con sospecha de 

accidente cerebrovascular fue extremadamente alta en comparación con las 

tasas de mortalidad por accidente cerebrovascular en China (159/100.000 

muertes por año) 

[28] o Estados Unidos (37,6/100.000 muertes por año) [39]. Los bajos 

niveles socioeconómicos y educativos y la desigualdad social se han 

asociado con mayores tasas de mortalidad en otras regiones pobres de 

América Latina y el Caribe [2]. 
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Este estudio apoyó la hipótesis de Saposnik y Del Brutto de que una alta 

incidencia de accidente cerebrovascular se asocia con un alto riesgo de 

mortalidad durante la fase aguda de accidente cerebrovascular [3]. Aunque 

una proporción significativa de la población rural tenía acceso a atención 

médica gratuita a través del programa SIS (Sistema Integral de Salud) del 

gobierno peruano, muchas PWS buscaron una evaluación inicial a través de 

"sobadores" (personas que masajean la parte del cuerpo afectada por un 

derrame cerebral). y sólo más tarde buscó atención tradicional en la clínica 

ambulatoria del hospital. Este comportamiento particular se ha encontrado 

en otras investigaciones neurológicas en esta área [40]. Esta y otras 

idiosincrasias culturales pueden retrasar la búsqueda de tratamiento 

médico, y las investigaciones futuras deberían examinar cómo mejorar la 

interacción entre el paciente y el proveedor de atención médica podría 

reducir ese retraso. Una campaña integral de capacitación en atención 

primaria para mejorar la educación de los pacientes sobre los síntomas, la 

prevención y el tratamiento del accidente cerebrovascular, así como las 

medidas óptimas de salud cardiovascular, podría alentar a los futuros 

pacientes con accidente cerebrovascular a buscar su primera atención en los 

hospitales. 

 
 

Los puntos fuertes de nuestro estudio incluyeron el apoyo de 20 médicos de 

cabecera de los centros de salud locales para reclutar e inscribir pacientes, y 

de 8 neurólogos para confirmar los diagnósticos de accidente 
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cerebrovascular. Demostramos que es posible aplicar las sugerencias de la 

OMS y lograr la detección de accidentes cerebrovasculares en el nivel de 

atención primaria, donde la principal respuesta de salud es la atención 

primaria y la prevención [41]. Esta estrategia podría replicarse mediante 

programas de enfermedades crónicas dentro de otros ministerios de salud. 

 
 

Nuestro estudio tiene algunas limitaciones. Las neuroimágenes se limitaron 

a la tomografía computarizada, que es menos sensible que la resonancia 

magnética para detectar accidentes cerebrovasculares. Además, no 

realizamos electrocardiogramas para evaluar patología cardíaca. Es posible 

que el accidente cerebrovascular estuviera subrepresentado como causa de 

muerte, ya que las " muertes súbitas" causadas por enfermedades 

cardiovasculares o cerebrovasculares no se verifican mediante evaluación 

patológica y a menudo se informan como "paro cardiorrespiratorio" en los 

certificados de defunción [42]. Se necesita urgentemente investigación 

epidemiológica con metodología estandarizada para identificar factores 

asociados con altas tasas de mortalidad por accidentes cerebrovasculares 

para una evaluación más precisa de la carga y las características de la 

mortalidad por accidentes cerebrovasculares en el Perú. 

 
 

Conclusión 

 

La prevalencia de accidentes cerebrovasculares a nivel del mar en Perú fue 

mayor que la de estudios epidemiológicos anteriores de América del Sur, 

pero menor que en los países industrializados donde la disminución de la 
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mortalidad por accidentes cerebrovasculares ha aumentado la supervivencia. 

La alta mortalidad en SPW en comparación con otros entornos rurales 

podría deberse a una falta de búsqueda de atención en los niveles de atención 

primaria. Aunque el accidente cerebrovascular es la principal causa de 

discapacidad, seguirá siendo una enfermedad crónica desatendida, 

especialmente en entornos rurales, hasta que los programas de salud 

aumenten los servicios de salud cardiovascular, prevención, tratamiento, 

discapacidad y rehabilitación posterior al accidente cerebrovascular. 
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