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Spatial analysis of hypertension in Peruvian adults, 2022
Akram Hernández-Vásquez 1,a, Brenda Noemí Carrillo Morote 2,b, Victoria del Carmen Azurin Gonzales 3,c, 
Efraín Y. Turpo Cayo 4,d, Diego Azañedo 5,e

Objective. To perform a spatial analysis of hypertension in the Peruvian adult population to identify 
geographic patterns with a higher concentration of cases. Materials and methods. A spatial analysis 
was conducted using data from the Demographic and Family Health Survey (ENDES) 2022. A sample 
of 29,422 adults was included, and the global Moran’s index and Getis-Ord Gi* analysis were used to 
evaluate spatial autocorrelation and cluster concentration. Results. The age-standardized prevalence 
of hypertension was 19.2%. Clusters with a high concentration of hypertension were observed in 
departments along the Peruvian coast such as Tumbes, Piura, Lambayeque, La Libertad, Ancash, and 
Lima, as well as in the northern regions of the Highlands. Clusters were also found in the regions 
of Loreto and Madre de Dios in the Peruvian jungle. Conclusions. This study revealed geographic 
patterns of hypertension in Peru, with a higher concentration of cases along the Peruvian coast and in 
certain regions of the Highlands and Jungle. These findings highlight the need to develop strategies for 
the prevention and control of the disease, especially in the areas identified as high-prevalence clusters.

Keywords: Spatial Analysis; Hypertension; Health Surveys; Peru (source: MeSH-NLM).

Introduction

Hypertension is a chronic disease of multifactorial nature and significant burden of illness, affecting 

approximately 1,280 million people worldwide (1,2). According to the World Health Organization (WHO) 

report of 2022, approximately 22% of the global population presented arterial hypertension. Furthermore, 

the prevalence in six Latin American countries (Argentina, Brazil, Chile, Colombia, Peru, and Uruguay) reached 

32.3% (3), with rates of 68% and 32% in urban and rural areas of these countries, respectively.

Excessive alcohol consumption, smoking, sedentary lifestyle, unhealthy diets, and chronic stress are some 

of the known risk factors for hypertension. Additionally, some reports indicate that age, gender, and area of 

residence (urban or rural) are related to the disease (2,4,5). A recent systematic review with meta-analysis revealed 

a higher prevalence of hypertension in urban areas (30.5%) compared to rural areas (27.9%) worldwide (6). These 

findings underscore the need for preventive and control measures, particularly in urban areas where habits 

and lifestyles may pose a higher risk of developing the condition (7). Moreover, the elevated prevalences of 

hypertension in rural areas, where awareness, treatment, and control levels remain significantly lower compared 

to urban areas, highlight the necessity of directing strategies towards this population group to prevent an 

increase in hypertension frequency (6). It is important to mention that inadequate disease control could lead to 

a higher incidence of cerebrovascular accidents, myocardial infarctions, chronic kidney disease, and even death 

among the population (8).

In 2022, a national report on non-communicable diseases (NCDs) conducted in Peru showed that 

approximately 5.5 million people over the age of 15 had hypertension, equivalent to 22.1% of this population 
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Census and VI Housing Census of 2017, as well as cartographic 

material prepared for the implementation of the ENDES 2022. 

The data collection method involved direct interviews in selected 

households conducted by trained interviewers by the INEI.

The present study included a subsample of respondents aged 

18 years or older who participated in the health questionnaire of 

the ENDES. In total, 29,422 adults were included after excluding 

those under 18 years old and records with incomplete data in the 

variable of interest.

Variables

The primary study variable was the presence of hypertension. The 

primary study variable was the presence of arterial hypertension. 

If the mean arterial pressure was found to be above 140 mmHg 

in systolic blood pressure (SBP) and/or 90 mmHg in diastolic 

blood pressure (DBP) (11), the variable was categorized as 1 

(presence of arterial hypertension); otherwise, it was coded as 

0 (no arterial hypertension). To determine the blood pressure 

value, two measurements of SBP and DBP were taken, and the 

average value of SBP and the average value of DBP were used (10). 

Blood pressure measurements were taken using an automatic 

sphygmomanometer of the OMRON brand, model HEM-7113, 

with a measurement range from 0 to 299 mmHg and an accuracy 

of ±3 mmHg (10). Two types of cuffs were used, one standard (220 

to 320 mm) and the other for larger arms (320 to 420 mm) (10).

The variables used for the spatial analysis were the latitude 

and longitude of the cluster where the respondent’s household 

was geolocated. These variables were collected using the Global 

Positioning System (GPS) included in a tablet, placed one meter 

from the main entrance of the household. Further information 

about the geolocation process measurement in the ENDES 2022 

can be found in the survey’s manual (12).

Finally, the following variables were included to characterize 

the study population: sex (male/female); age group (18-29/30-

59/60 or older); educational level (up to primary/secondary/

higher); ethnic self-identification (non-native, native, Afro-

Peruvian); married or cohabiting in the last 12 months (yes/no); 

nutritional status (up to normal/overweight/obese); previous 

diagnosis of diabetes (no/yes); current smoker (no/yes); current 

drinker (no/yes); wealth index (poorest/poor/middle/rich/

richest); region of residence (Metropolitan Lima, rest of the coast/

highlands/jungle), and area of residence (urban/rural).

Statistical analysis

Data were processed and analyzed using Stata version 17 

(StataCorp, College Station, TX, USA). First, a descriptive analysis 

was performed, and the prevalence of hypertension was estimated 

group (9). Regarding the country’s geographical distribution, the 

region with the greatest prevalence of hypertension was the 

coast (24.4%), followed by the highlands (18.7%), and the jungle 

(17.2%). However, the greatest prevalence was reported in urban 

areas of the country, with 17.2% compared to 11.9% in rural areas. 

In contrast, at the departmental level, the greatest prevalences 

were recorded in Lima (27.1%), Loreto (24.0%), and Tumbes 

(23.2%), whereas the departments with the lowest prevalence 

were Apurímac (12.9%) and Ucayali (9.4%) (10). In this sense, it 

can be mentioned that the results regarding the prevalence of 

hypertension depend significantly on the stage of urbanization 

at the country level and the socio-economic development. 

Therefore, a more detailed analysis of the spatial distribution 

of hypertension in Peru is required to target interventions and 

reduce the harmful effects of this disease, which is a modifiable 

risk factor for cardiovascular mortality (8). The aim of the present 

study was to perform a spatial analysis of arterial hypertension in 

the Peruvian population to identify geographical patterns with a 

higher concentration of cases. The results obtained will allow for a 

better understanding of the spatial distribution of hypertension, 

serving as a basis for the development of prevention strategies in 

the identified areas.

Materials and Methods

Design and study population

A spatial analysis was conducted using georeferenced data from 

the Demographic and Family Health Survey (ENDES – acronym 

in Spanish) 2022 in Peru. The National Institute of Statistics 

and Informatics of Peru (INEI) conducts this survey annually to 

collect data on households, women of reproductive age, and 

their children under five years old. Additionally, ENDES includes 

a health questionnaire for a household member aged 15 years 

or older and for all children under 12 years old, with the aim of 

providing information on modifiable risk factors, prevalence, and 

access to treatment of non-communicable diseases, as well as 

access to health services, among others (10).

Sampling and selection of participants

The sampling process of the ENDES 2022 was probabilistic, 

two-stage, stratified, and independent. The target population 

consisted of usual residents of private households, including 

those who were not residents but stayed in the household the 

night before the survey. The final report and technical sheet of 

the survey contain further methodological details about the 

ENDES 2022 (10). The sampling frame was based on statistical 

and cartographic information from the XI National Population 
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according to the characteristics of the included participants. 

Additionally, age-standardized prevalence of hypertension was 

estimated using the WHO population standard (13). The chi-square 

test was applied to assess differences between the variable of 

interest and the evaluated characteristics. Secondly, a spatial 

analysis was conducted following the methodology used in 

previous articles (14).

The spatial analysis included an assessment of spatial 

autocorrelation (global Moran’s index and Anselin Local Moran’s 

I) and a hotspot analysis (Getis-Ord Gi* statistic) at the district 

level (exploratory analysis) using ArcGIS Desktop version 10.5 

Geographic Information System software (ESRI Inc., Redlands, CA, 

USA). In the present study, the global Moran’s index evaluated 

the overall pattern and trend of hypertension cases to determine 

whether they were clustered, dispersed, or randomly distributed. 

The global Moran’s index ranges from -1 to +1, where a positive 

value indicates spatial clustering, a value of 0 indicates a randomly 

distributed pattern, and negative values indicate a dispersed 

pattern.

Ethical aspects

The study did not require the approval from an ethics committee 

due to its nature as a secondary data analysis, utilizing publicly 

available data that does not permit identification of the included 

participants.

Results

A total of 29,422 Peruvian adults were included. A higher 
frequency of participants were female (52.1%), aged between 
30 and 59 years (54.5%), self-identified as non-native (58.7%), 
married or cohabiting in the last 12 months (65.7%), living in 
Metropolitan Lima (37.4%) and in urban areas (81.8%) (Table 1).

The age-standardized prevalence of hypertension was 19.2% (95% 

CI: 18.3-20.1). A higher prevalence of hypertension was found in 

men (21.6%), adults aged 60 years or older (35.3%), individuals 

with educational level up to primary school (21.4%), non-native 

individuals (18.0%), individuals with obesity (27.2%), or a previous 

diagnosis of diabetes (33.7%), in the wealthiest quintile (21.7%), 

residents of Metropolitan Lima (22.1%), and in urban areas (18.2%) 

(Table 2). The lowest prevalences were found in adults aged 18 to 

29 years (5.3%), with a nutritional status up to normal (11.9%), and 

residents in the jungle region (12.1%) (Table 2).

The spatial autocorrelation analysis identified clusters of 

participants with hypertension (global Moran’s index 0.099587, 

p < 0.001, and z-score 19.44). Clusters with a high concentration 

of respondents with arterial hypertension were identified in the 

coastal departments of Peru, such as Tumbes, Piura, Lambayeque, 

La Libertad, Ancash, and Lima, as well as in the northern 

highland regions of Cajamarca and Amazonas (Figure 1A and 

1B). The district-level Moran analysis found clusters with a high 

concentration of participants with hypertension surrounded 

by clusters with similar characteristics (high-high clusters) in 

the aforementioned coastal regions, including Moquegua and 

Tacna. High-high clusters were also found in the Peruvian jungle 

departments of Loreto and Madre de Dios (Figure 1C and 

1D). Overall, clusters with a low frequency of respondents with 

hypertension surrounded by clusters of similar characteristics 

(low-low clusters) were located in the Peruvian highland 

departments (Figure 1).

Discussion

The aim of this study was to perform a spatial analysis of arterial 

hypertension in the Peruvian population to identify geographical 

patterns with a higher concentration of cases. The study revealed 

a national prevalence of arterial hypertension of 19.2%, which 

is similar to the findings reported by the WHO, indicating a 

prevalence of hypertension in Peru of 18% in women and 23% 

in men (15). However, a meta-analysis on the prevalence and 

incidence of hypertension determined that the frequency of 

this condition ranged from 20% to 25% (16). Peru is one of the 10 

countries with the lowest prevalence of hypertension compared 

to countries such as Paraguay (51%), Tuvalu (51%), Dominican 

Republic (49%), Jamaica (48%) (15), among others. In Mexico, 

approximately one-third of the population is reported to have 

hypertension (17), whereas Algeria has a prevalence of 31.6% (18), 

and the Middle East reports a prevalence of 24.4% (19).

According to our findings, the highest number of high-

high clusters of hypertension is concentrated in Metropolitan 

Lima and the coastal region of Peru. This could be attributed 

to the fact that the Peruvian coast is predominantly urban (20), 

where a higher number of hypertensive individuals is observed 

compared to the rural areas. This concentration of hypertension 

in urban areas may be associated with less physical activity and 

higher rates of smoking and alcohol consumption among the 

population (21). Understanding the actual spatial distribution of 

one of the most prevalent non-communicable diseases, such as 

arterial hypertension, is valuable in identifying strategic points to 

target immediate preventive strategies.

The greatest number of hypertensive respondents were 

concentrated in departments along the Peruvian coast, such 

as Tumbes, Piura, Lambayeque, La Libertad, Ancash, and Lima. 

This could be attributed to the greater availability of healthcare 
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resources in the coastal region, making it more feasible to conduct 

more screenings and thus capture a larger number of hypertensive 

individuals. In contrast, in the Peruvian highlands, particularly in 

rural settings, the population is less likely to visit health centers 

or receive visits from healthcare personnel in their homes (16). 

As a result, a smaller number of hypertensive respondents are 

identified, explaining the presence of low-low clusters in the 

highland regions, except for the northern highlands where the 

departments of Cajamarca and Amazonas are located, which have 

high population density (22), as well as the Loreto region, where 

high clusters have also been found. High-high clusters were also 

identified in Madre de Dios, which is probably due to the rapid 

urban development of that region after the construction of the 

interoceanic highway. This development contributes to sedentary 

lifestyles, poor dietary habits, and obesity, which are known risk 

factors for hypertension. Additionally, other theories attribute the 

presence of this disease to mercury contamination resulting from 

informal mining activities (23,24), although no prospective studies 

have confirmed these hypotheses.

The present study provides a general approach to 

understanding the spatial distribution dynamics of hypertension 

in Peru. In this regard, it is crucial for existing hypertension 

policies to incorporate comprehensive guidelines for effective 

prevention, treatment, and epidemiological surveillance. These 

guidelines should place special emphasis on the most vulnerable 

populations. It is imperative to emphasize that policies should not 

only address the recognition and intervention of hypertension 

risk factors but also require the State to develop programs that 

provide social support, alongside education, to ensure the 

effectiveness of these policies.

Among the limitations of the study, first, the cross-sectional 

design prevents the establishment of causality. Second, there is a 

possibility of bias due to potential problems in the measurement 

technique or information bias related to errors or omissions by the 

interviewers, as well as social desirability bias, where respondents 

may alter their responses to conform to socially accepted norms, 

such as denying tobacco and alcohol consumption due to 

being perceived as negative habits. Additionally, the district-

level hotspot analysis is exploratory, considering the lack of 

representativeness of the ENDES at the district level. Regarding 

the diagnosis of arterial hypertension, it is recommended to 

consider the possibility of differences between the first and second 

blood pressure measurements and to have a third measurement 

in the ENDES, following the recommendations applied for 

hypertension diagnosis in a clinical setting (25). Although blood 

pressure measurements were taken using equipment not listed as 

validated automatic devices for blood pressure measurement (25), 

Characteristics n   %*

Sex

Male 12,707 47.9

Female 16,715 52.1

Age group (in years)

18-29 8,378 26.9

30-59 16,825 54.5

60 or older 4,219 18.6

Educational level

Up to primary 7,946 22.9

Secondary 12,665 43.3

Higher 8,811 33.8

Ethnic self-identification**

Non-native 13,895 58.7

Native 11,048 29.3

Afro-Peruvian 3,055 12.0

Married or cohabiting in the last 12 months **

Yes 20,782 65.7

No 8,638 34.3

Nutritional status

Up to normal 10,717 34.7

Overweight 11,394 38.6

Obesity 7,311 26.6

Previous diagnosis of diabetes

No 28,283 94.6

Yes 1,139 5.4

Current smoker

No 26,617 90.0

Yes 2,805 10.0

Current drinker

No 19,330 61.9

Sí 10,092 38.1

Wealth index

Poorest 9,498 18.5

Poor 7,554 20.3

Middle 5,498 21.3

Rich 3,982 20.5

Richest 2,890 19.5

Region of residence

Metropolitan Lima 3,426 37.4

Rest of the Coast 8,246 25.9

Highlands 10,660 24.2

Jungle 7,090 12.5

Area of residence

Urban 18,998 81.8

Rural 10,424 18.2

Table 1. Description of characteristics of included res-
pondents (n=29,422).

* Estimation included the weighting factor and the sampling design of 
the Demographic and Family Health Survey 2022.
** The variable contains missing values.
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Características
Hypertension

No (n=25,821) 
% (95% CI)

Yes (n=3,601) 
% (95% CI) p value *

Overall 82.8 (82.0-83.6)   17.2 (16.4-18.0)    

Age-standardized overall ** 80.8 (79.9-81.7) 19.2 (18.3-20.1)

Sex

   Male 78.4 (77.2-79.7) 21.6 (20.3-22.8) <0.001

   Female 86.8 (85.8-87.8) 13.2 (12.2-14.2)

Age group (in years)

   18-29 94.7 (93.7-95.5) 5.3 (4.5-6.3) <0.001

   30-59 83.1 (82.0-84.2) 16.9 (15.8-18.0)

   60 or older 64.7 (62.3-67.1) 35.3 (32.9-37.7)

Educational level

   Up to primary 78.6 (77.0-80.2) 21.4 (19.8-23.0) <0.001

   Secondary 83.5 (82.2-84.7) 16.5 (15.3-17.8)

   Higher 84.8 (83.5-86.0) 15.2 (14.0-16.5)

Ethnic self-identification

   Non-native 82.0 (80.9-83.1) 18.0 (16.9-19.1) 0.001

   Native 85.2 (83.9-86.4) 14.8 (13.6-16.1)

   Afro-Peruvian 82.8 (80.6-84.9) 17.2 (15.1-19.4)

Married or cohabiting in the last 12 months

   Yes 84.0 (83.0-84.9) 16.0 (15.1-17.0) <0.001

   No 80.6 (79.0-82.0) 19.4 (18.0-21.0)

Nutritional status

   Up to normal 88.1 (86.9-89.2) 11.9 (10.8-13.1) <0.001

   Overweight 84.9 (83.7-86.1) 15.1 (13.9-16.3)

   Obesity 72.8 (71.1-74.4) 27.2 (25.6-28.9)

Previous diagnosis of diabetes

   No 83.8 (83.0-84.5) 16.2 (15.5-17.0) <0.001

   Yes 66.3 (61.6-70.7) 33.7 (29.3-38.4)

Current smoker

   No 83.0 (82.2-83.9) 17.0 (16.1-17.8) 0.097

   Yes 80.9 (78.3-83.3) 19.1 (16.7-21.7)

Current drinker

   No 82.4 (81.4-83.4) 17.6 (16.6-18.6) 0.205

   Sí 83.4 (82.1-84.6) 16.6 (15.4-17.9)

Wealth index

   Poorest 87.3 (86.2-88.4) 12.7 (11.6-13.8) <0.001

   Poor 85.5 (84.1-86.8) 14.5 (13.2-15.9)

   Middle 82.2 (80.4-83.8) 17.8 (16.2-19.6)

   Rich 81.0 (79.1-82.8) 19.0 (17.2-20.9)

   Richest 78.3 (76.0-80.4) 21.7 (19.6-24.0)

Region of residence

   Metropolitan Lima 77.9 (76.1-79.6) 22.1 (20.4-23.9) <0.001

   Rest of the Coast 83.7 (82.5-84.8) 16.3 (15.2-17.5)

   Highlands 86.9 (85.9-87.8) 13.1 (12.2-14.1)

   Jungle 87.9 (86.7-89.0) 12.1 (11.0-13.3)

Area of residence

   Urban 81.8 (80.9-82.8) 18.2 (17.2-19.1) <0.001

   Rural 87.2 (86.2-88.1)   12.8 (11.9-13.8)    

Table 2. Prevalence of hypertension according to characteristics of the Peruvian adult population.

Data are shown as row-weighted % unless otherwise indicated.
All estimates included the weighting factor and the sampling design of the Demographic and Family Health Survey 2022.
* p-value estimated using the Rao-Scott adjusted chi-square test.
** World Health Organization population-standardized prevalence.
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it is important to note that the validation of device accuracy is not 

mandatory before distribution in the market, and validation results 

are specific to the analyzed population. Therefore, these devices 

may not always provide accurate measurements in individuals 

from such a heterogeneous population as the Peruvian population. 

However, the ENDES collects a large amount of national and 

departmental information based on the information gathered from 

the household and individual questionnaires, which is very useful 

because of the wide variety of variables it contains. In addition, 

these types of spatial studies are not very common; most of them 

are conducted in local or departmental health facilities. Therefore, 

the information from the ENDES, being more general, allows 

for better extrapolation of national realities and can be useful in 

developing strategies for hypertension prevention and control. 

Finally, these studies are influenced by geographic extensions and 

event densities under study.

In conclusion, the departments of the northern coast, 

northern highlands, such as Cajamarca and Amazonas, and the 

jungle region, such as Loreto and Madre de Dios, are the ones that 

present high-high clusters of hypertensive individuals. Therefore, 

it is imperative to conduct research to identify the factors 

contributing to the high prevalence of hypertension in these 

departments, with the aim of developing policies that benefit the 

population.

Figure 1. Analysis of arterial hypertension in Peruvian adults based on the Demogra-
phic and Family Health Survey 2022. A. Cluster analysis and outliers by Morán analysis.  
B. Hotspot analysis based on Getis-Ord’s Gi* statistic. C. District-level cluster and outlier 
analysis by Moran’s local index. D. District-level hotspot analysis based on Getis-Ord 
Gi* statistic.
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