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ABSTRACT

Objective. To determine the prevalence of arterial hypertension and cardiovascular risk factors (CRF) in a rural 
population exposed to arsenic (As) in drinking water in the province of Tucumán, Argentina. Materials and 
methods. A total of 352 adult inhabitants participated. Consumption of arsenic in drinking water was measured. 
Blood pressure, smoking, risk and harmful alcohol consumption, salt intake, physical activity, body mass index, 
glycemia and dyslipidemia were evaluated. Cardiovascular risk was calculated using the Framingham score. 
Results. The population was divided into Exposed Group (EG) n=90 and Non-Exposed Group (NEG) n=262. 
The prevalence of hypertension was 48.9 and 51.1% in each group, respectively; for smoking it was 31.1 and 
39.7%; for risky alcohol consumption, 22.2 and 17.9%; for harmful alcohol consumption, 36.6 and 36.6%; for salt 
intake, 100 and 100%; for physical activity, 16.7 and 18.7%; for being overweight, 43.3 and 43.9%; for obesity, 25.5 
and 25.6%; for diabetes, 24.4 and 32.8%; and for dyslipidemia, 58.9 and 66.4%. The scores for low, moderate, or 
high-risk were 50; 21.1; and 28.9% in the EG, and 54.6; 19.1 and 26.3% in the NEG, respectively. Conclusions. 
Exposure to As does not affect the prevalence of CRFs. We identified a rural population in a vulnerable condition 
with high CRFs. The National Risk Factor Survey does not reflect what happens in rural areas. The Framingham 
scale is consistent with the found CRFs. The implementation of health promotion policies is required to improve 
the prognosis of suffering cardiovascular events in the short and medium term..

Keywords: Arsenic, Cardiovascular Risk Factors, Rural Population, Argentina. (Source: MeSH NLM).

INTRODUCTION

According to the World Health Organization (WHO), cardiovascular disease (CVD) is one of the 
major public health concerns worldwide and is the leading cause of mortality (1). Cardiovascular 
risk factors (CRF) are conditions present in an individual that increase the probability of 
suffering a CVD, including arterial hypertension (HT), smoking, hypercholesterolemia, etc. 
In Argentina, one out of every three adults have HT, however, four out of ten are unaware of 
their condition, which makes it the main CRF. It is also the most important cause of stroke and 
the leading cause of death, disability and cognitive impairment, which causes high healthcare 
costs (2).

Arsenic (As) and other metals are considered to be among the ten chemicals of major public 
health concern by the WHO, and some authors have linked them to cardiovascular disease. As 
it is a natural contaminant found in air, soil and water (3). The Argentine Republic has natural 
waters with As contents exceeding 0.05 mg/L, as established by the Argentine Food Code 
(CAA), with an exposed population of approximately 1 million inhabitants living in rural 
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Motivation for the study: In Graneros (Tucumán, 
Argentina), chronic arsenicism and cardiovascular disease 
are a public health problem that affects poor communities 
without access to the healthcare system.

Main findings: In this study we determined that there 
is a high prevalence of arterial hypertension (HT) and 
other cardiovascular risk factors, that exposure to As 
consumption does not affect HT prevalence and that the 
National Survey of Risk Factors does not reflect what 
occurs in rural areas such as Graneros.

Implications: The implementation of health promotion 
strategies with a multidisciplinary approach is required 
to improve the quality and prognosis of life of these 
inhabitants.

KEY MESSAGES

areas (4). The toxic effects of As depend on exposure, sex, age, 
genetic factors, among others. In addition, socioeconomic 
conditions may increase the susceptibility of the population 
to environmental toxicants (5).

Several studies suggest that As exposure is associated 
with an increased risk of developing CVD  (6). Prolonged 
exposure to this metalloid may produce persistent and/or 
irreversible adverse cardiovascular effects. The main effects 
have been established in areas with high exposure; in contrast, 
the evidence for low-dose effects remains controversial 
regarding CVD. Also, pleiotropism of health effects has been 
reported, including hypertension, microcirculation damage, 
coronary and peripheral arterial disease, among others (7).

The province of Tucumán, located in northwestern 
Argentina, is one of the most affected by As contamination 
in drinking water. The Graneros department is located in 
the southeast of the province, 120 km from San Miguel de 
Tucumán, the provincial capital. In a previous study, it was 
reported that the concentration of As in drinking water 
in this province fluctuates between 0.05 and 0.97 mg/L, as 
minimum and maximum values, respectively (8). However, 
there is no information in our region on the relationship 
between As exposure and CRFs. The aim of this study was 
to determine the prevalence of arterial hypertension and 
cardiovascular risk factors (CRF) in a rural population 
exposed to As in drinking water in the province of Tucumán 
(Argentina).

MATERIALS AND METHODS

Study design and population
Descriptive, cross-sectional study that was conducted 
between February 2017 to December 2019. The calculated 
sample size was 322 considering a population of 1975 adults 
over 30 years old, according to the last Municipal Diagnosis 
of Graneros of 2015, with a confidence level of 95% a and 
a power of 90%. In order to take an effective sample, 352 
inhabitants of both sexes were included by simple random 
sampling.

We included people over 30 years of age, of both sexes, 
asymptomatic, who had been drinking water from wells for 
over 10 years, as long as the wells were dug by hand, since 
they generally have depths of less than 10 m (where arsenic 
is naturally present in shallow aquifers)  (9). We excluded 
individuals with preexisting cardiovascular disease such 
as coronary, cerebral, or peripheral atherosclerosis and 
pregnant women, in whom hypertensive disorders are 
multicausal. Individuals with partial residence in the area or 
who refused to sign the informed consent form were also 
excluded.

Study variables and procedure
The complete medical history of each participant was 
registered and a manual sphygmomanometer (Silfa, CABA, 
Argentina) was used to measure blood pressure (BP). HT 
was defined as BP values ≥ 140/90 mm Hg and/or when the 
participants were currently using antihypertensive drugs 
(values according to the cut-off points established in the 
latest National Consensus between the Argentine Society of 
Arterial Hypertension, the Argentine Society of Cardiology, 
and the Argentine Federation of Cardiology) (10).

Diabetes was registered by self-report or according to 
WHO diagnostic criteria. Physical activity was measured 
with a questionnaire following the WHO recommendations 
on healthy physical activity in adults aged 18 to 64 years.

Smoking was also registered, and individuals were 
categorized into nonsmokers and smokers. Alcohol 
consumption was classified according to regular daily 
consumption into: risky consumption: 20 to 40 g of alcohol 
per day in women, 40 to 60 g of alcohol per day in men; 
and harmful consumption: average regular consumption 
greater than 40 g of alcohol per day in women and more 
than 60 g per day in men (11). Salt consumption was assessed 
by questions that inquired about the number of salt packets 
used per month, how many people eat, and whether they use 
the salt shaker at the table to add salt to food.

The weight and height of the individuals were determined 
using a Health-o-Meter Professional (USA) scale-measuring 
device with a capacity of 180 kg. Each subject was evaluated 
standing upright, with ankles together, shoulders relaxed 
and both arms at the sides of the body. Using the weight 
and height measures we calculated the body mass index 
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(BMI), and the nutritional status was categorized according 
to WHO criteria as: normal weight (BMI ≥ 18.5 kg/m² < 25 
kg/m2); overweight (BMI ≥ 25 kg/m² < 30 kg/m2) and obese 
(BMI ≥ 30 kg/m2) (10).

Venous blood samples were collected after fasting for 10 
hrs. to obtain serum, which was stored at -20 ºC until its 
use for the determination of laboratory parameters. Glucose 
dosing was conducted using the optimized colorimetric 
method (Wiener Lab, Rosario, Argentina) following the 
manufacturer’s instructions. For total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C) and triglycerides (TG), 
we used the optimized colorimetric method (Wiener Lab, 
Rosario, Argentina). Normal fasting glycemia was considered 
at glucose concentrations ≤ 100 mg/ dL. Triglyceridemia was 
considered normal at values ≤ 150 mg/ dL regardless of sex. 
Cholesterolemia was considered normal at values ≤ 200 mg/
dL regardless of sex. Participants with values > 40 mg/dL 
in men and > 50 mg/dL in women were considered to have 
normal c-HDL.

Cardiovascular risk stratification was calculated using 
the Framingham score, which estimates the risk of ischemic 
heart disease in the next 10 years. This score takes into 
account seven variables: sex, age, BP, TC, LDL-C, smoking 
and diabetes. Three categories were considered: <10% low 
risk; between 10 and 20% moderate risk; and > 20% high 
risk (12).

Assessment of arsenic exposure
The participants attended with a water sample from the 
household well. Prior to collection, they were asked to wash 
a small plastic bottle with water three times, taking care not 
to expose the bottle to heat or sunlight. The As concentration 
was determined by the silver diethyldithiocarbamate method 
(AQAssay, GT Lab, Rosario Santa Fe, Argentina) (13). The 
exposed group (EG) participants were considered as those 
with levels in drinking water higher than 0.05 mg/L, and those 
in the unexposed group (UEG) when the levels were lower 
than 0.05 mg/L (4). These cut-off values are those established by 
the FAC, based on the fact that there are other regions in the 
world where arsenic concentrations in water are high (above 
the reference value of 10 ug/L recommended by the WHO), 
but are lower than 50 ug/L, and in these cases, the incidence of 
cancer attributed to arsenic consumption is difficult to detect 
in epidemiological studies (14).

Statistical analysis
The analysis was conducted using SPSS ver. 23.0 (IBM Co., 
Armonk, NY, USA) for Windows. The Kolmogorov-Smirnov 
test was used to determine the distribution of quantitative 

variables. Qualitative variables were presented as relative 
frequencies with their respective 95% confidence intervals; 
the chi-square test was used to compare proportions. 
Quantitative variables were expressed as mean ± standard 
deviation. Student’s t-test was used to establish comparisons 
between two variables. A statistically significant association 
was established for a value of p<0.05.

Ethical considerations
The study was endorsed by the Research Ethics Committee 
of the National University of Tucumán and the National 
Council for Scientific and Technical Research Scientific 
and Technological Center CONICET-TUCUMAN 
(Resol. 7/2017). All participants signed the informed 
consent in which the details concerning the study and the 
procedures were explained, guaranteeing the anonymity and 
voluntariness of their participation.

RESULTS

The population was invited to the Primary Health Care Center 
of Graneros (Tucumán, Argentina). According to the levels 
of As in drinking water, they were divided into two groups: 
EG (n=90, 37 females and 53 males) and UEG (n=262, 103 
females and 159 males). The average As level measured in 
water was 0.180+0.36 mg/L (range: 0.05-3.16 mg/L).

The demographic and social characteristics of the 
studied rural population are shown in Table 1. The age 
distribution in both groups was similar; approximately 
two thirds of the participants were over 50 years of age. 
The level of education was similar for both the EG and the 
UEG; approximately half of the participants were illiterate 
and almost half had only basic education. Informal work 
in primary activities (agriculture, livestock) was the main 
economic activity. These data show that the subjects are in a 
vulnerable situation.

Table 2 shows the analysis of the prevalence of risk 
factors for cardiovascular disease in the EG and UEG. The 
percentage of subjects with HT was high in both groups 
and no significant differences were found according to As 
exposure. Approximately one third of the surveyed subjects 
reported smoking habits in both EG and UEG. Regarding 
alcohol consumption, our results showed that half of 
the entire studied population ingested alcohol at levels 
corresponding to risky and harmful consumption, regardless 
of As exposure in drinking water. In addition, 100% of all 
participants claimed to consume table salt in excess. The 
analysis of metabolic variables showed a high prevalence 
of overweight and obesity (according to the BMI values 
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established by the WHO), both in the group that ingested As 
in levels above those allowed by the FAC, and in the group 
that did so within acceptable values. On the other hand, no 
differences were found in the prevalence of physical activity 
among the groups studied. The prevalence of diabetes in 
the EG was similar to that reported by the UEG, and no 
significant differences were found. After the dyslipidemia 
analysis, we found that around 60% of the subjects in the 
EG and UEG presented some type of alteration of the lipid 
profile. The levels found were: TC 213.5 ± 46.8 mg/dL, 
LDL-C 143.0 ± 33.0 mg/dL, HDL-C 54.5 ± 10.5 mg/dL and 
TG 185.6 ± 56.2 mg/dL in the EG; and TC 207.2 ± 39.9 mg/
dL, LDL-C 145.4 ± 32.4 mg/dL, HDL-C 49.9 ± 11.9 mg/dL, 
TG 206.4 ± 83.8 mg/dL for the UEG.

The results presented in Figure 1 show the percentages 
of the groups that had low, moderate or high risk according 
to the Framingham score: 50% (95% CI: 39.7-60.3), 21.1% 
(95% CI: 12.7-29.5) and 28.9% (95% CI: 19.5-38.2) of the EG 
and 54.6% (95% CI: 48.6-60.6), 19.1% (95% CI: 14.3-23.9) 
and 26.3% (95% CI: 21-31.6) of the UEG, respectively. No 
statistically significant differences were found between the 
two groups.

DISCUSSION

In Graneros (Tucumán, Argentina), chronic arsenicism 
and cardiovascular disease are a public health problem 

that affects poor communities without access to the health 
system. In this study we determined that in this population 
of northwestern Argentina there is high prevalence of arterial 
hypertension and other cardiovascular risk factors, and that 
exposure to consumption of water contaminated with As 
does not affect the prevalence. However, the National Survey 
of Risk Factors (ENFR) conducted by the National Institute 
of Statistics and Census of the National Secretariat of Health 
does not reflect what happens in vulnerable rural areas.

The sociodemographic indicators for the town of 
Graneros showed that approximately 50% of the population 
is poor and has low-skilled jobs. Other countries with 
impoverished rural populations showed similar indicators 
(15). Water contaminated with As represents an important 
public health problem at the international level, especially 
in poor areas, with Argentina being one of the most affected 
countries (4). Our results showed a high concentration of As 
in drinking water, which reveals that the population studied 
is susceptible to the toxic effects of chronic consumption 
of this metalloid, a situation that coincides with previous 
studies carried out in the area (10).

One of the most interesting findings of this study was 
to demonstrate that the population presents high prevalence 
of CRF regardless of the exposure to elevated As levels. The 
prevalence of HT was similar in the EG and UEG and higher 
than what was found by the fourth ENFR published in 2019 
in Argentina (16) and what was found in countries such as 
Mexico and Colombia (2,17,18).

Variables
EG (n=90) UEG (n=262)

p-value
Absolute frequency % (95% CI) Absolute 

frequency % (95% CI)

Sex
Male 53 58.9 (48.7-69.1) 159 60.7 (54.8-66.6)

0.764
Female 37 41.1 (30.9-51.3) 103 39.3 (33.4-45.2)
Age (years)* 90 56.0 ± 13.58 262 57.67 ± 9.26 0.302***
Marital status
Single 40 44.9 (34.6-55.2) 137 52.3 (46.3-58.3)

0.230**
Married 50 55.1 (44.8-65.4) 125 47.7 (41.7-53.7)
Educational level
None 40 44.7 (34.4-55.0) 107 40.8 (34.8-46.8)
Primary school 41 45.9 (35.6-56.2) 120 46.0 (40.0-52.0) 0.723**
Secondar school / Higher 8 9.4 (3.4-15.4) 35 13.2 (9.1-17.3)
Employment
Laborer 46 51.2 (40.9-61.5) 87 33.3 (27.6-39.0)
Retired/Pensioner 23 25.6 (16.6-34.6) 77 29.3 (23.8-34.8)

0.002**
Unemployed 10 11.8 (5.1-18.5) 19 7.3 (4.2-10.4)
Several 11 12.2 (5.4-19.0) 79 30.1 (24.5-35.7)

Table 1. Sociodemographic characteristics of the study population.

EG: exposed group, UEG: unexposed group. * Mean ± standard deviation. ** Chi-square test. *** Student’s t test.
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In the literature, the association between As exposure and 
HT is not conclusive, due to the limited number of studies 
and because the dose-response relationship between the two 
variables is not clear. In a study conducted in Bangladesh 
with 1004 participants living in a rural area, with inclusion 
criteria similar to those of this study, no association was 
found between As consumption in drinking water and HT 
(19). In contrast to these findings, there is empirical research 
that supports a relationship between As consumption and 
HT (20).

Smoking and salt consumption are important CRFs for 
cardiovascular disease and HT. The prevalence of tobacco 
use in this population was greater than 30%, exceeding 
what was published in the ENFR (22%); salt consumption 
was highly prevalent. These findings are similar to those 
from a study on rural populations in northern India where 
higher tobacco consumption was found in association with 
low educational level and low family income (21). As for salt 
consumption, although there was an intake decrease at the 
national level, when comparing the ENFR conducted in 
2005 and the one published in 2019, it was not evident in the 
rural population studied (22).

Uruguay and Argentina are the countries with the 
highest alcohol consumption in the region and projections 
indicate that it will continue to increase. The high percentage 
of individuals in both groups who consumed both risky and 
harmful levels of alcohol was noteworthy. Doval et al. in a 

study on slum dwellers in Buenos Aires, reported that the 
alcohol problem was ten times higher than that published 
by the ENFR (8.4%), reaching values similar to those found 
in our study (23). Other rural populations with similar 
characteristics also showed higher tobacco and alcohol 
consumption, related to a low socioeconomic status (21).

The prevalence of physical activity was lower than 
that found by the ENFR (44.2%). On the other hand, the 
prevalence of overweight and obesity in this community was 
notably high with no differences in prevalence between the 
EG and UEG. Numerous studies document an increase of 
HT prevalence in overweight and obese individuals (24).

Patients with diabetes may have multisystemic, 
microvascular and macrovascular complications. In 
addition, between 20-60% of people with diabetes have 
concomitant HT. The prevalence of diabetes in both groups 
was double of what published in the ENFR (12.7%), and 
was similar in the groups with or without arsenic exposure. 
The results are consistent with papers that document high 
prevalence of diabetes in populations with low education 
levels and low income (23).

It is known that dyslipidemias are associated with an 
increased risk of cardiovascular events and that hypertensive 
patients with dyslipidemias tend to present greater arterial 
stiffness. Abnormal lipid profiles were detected in this 
population, being similar in the EG and UEG. The prevalence 
was approximately 60%, similar to what was found in 

Variables (%)
EG (n=90) UEG (n=262)

Absolute 
frequency % (95% CI) Absolute 

frequency % (95% CI) p-value*

Arterial hypertension 44 48.9 (38.6-59.2) 134 51.1 (45.0-57.2) 0.712

Smoking 28 31.1 (21.5-40.7) 104 39.7 (33.8-45.6) 0.147

Risky alcohol consumption 20 22.2 (13.6-30.8) 47 17.9 (13.3-22.5) 0.336

Harmful alcohol consumption 33 36.6 (26.6-46.6) 96 36.6 (30.8-42.4) 0.716

Salt consumption 90 100 262 100

Physical activity 15 16.7 (9.0-24.4) 49 18.7 (14.0-23.4) 0.666

Body mass index

Overweight 39 43.3 (33.1-53.5) 115 43.9 (37.9-49.9) 0.913

Obesity 23 25.5 (16.5-34.5) 67 25.6 (20.3-30.9) 0.953

Diabetes 22 24.4 (15.5-33.3) 86 32.8 (27.1-38.5) 0.137

Dyslipidemias 53 58.9 (48.7-69.1) 174 66.4 (60.7-72.1) 0.198

Total cholesterol 41 45.5 (35.2-55.8) 126 48.1 (42.0-54.2) 0.678

Low density lipoproteins 84 93.3 (88.1-98.5) 230 87.8 (83.8-91.8) 0.143

High density lipoproteins 82 91.1 (85.2-97.0) 230 87.8 (83.8-91.8) 0.391

Triglycerides 63 70.0 (60.5-79.5) 193 73.7 (68.4-79.0) 0.501

Table 2. Prevalence of cardiovascular risk factors in a rural population exposed to arsenic in northwestern Argentina.

EG: exposed group, UEG: unexposed group. *Chi-square test.
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Figure 1. Percentages of subjects with low, moderate or high risk according to 
the Framingham score in the exposed (EG) and unexposed (UEG) groups. The 
numbers above the bars indicate the frequency for each one.
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improve both, the quality of life of these inhabitants and the 
prognosis of suffering cardiovascular events in the short and 
medium term.

Author contributions: SAG participated in the conception and 
design of the article. SAG, GRS, TLM, AFF, RCJ, TRV, SNG and AMN 
participated in data collection and analysis, review of drafts and the 
final version of the article. SAG, GRS and AMN participated in the 
statistical analysis and writing of the article.

Funding: This work was funded by the Secretaría de Ciencia y Técnica 
de la Universidad Nacional de Tucumán (SCAIT). Code D633.

Conflicts of interest: The authors declare that they have no conflicts 
of interest.

1. WHO (World Health Organ) [Internet]. 2021. Cardiovascular diseases 
(CVDs). WHO. [cited on November 27, 2021]. Available at: https://
www.who.int/news-room/fact-sheets/detail/cardiovascular-disea-
ses-(cvds).

2. Delucchi A, Majul C, Vicario A, Cerezo G, Fábregues G. National 
Registry of Hypertension. Epidemiological Characteristics of Hyper-
tension in Argentina. The RENATA 2 study. Rev Argent Cardiol 
[Internet]. 2017 [cited on December 27, 2021];85:354-360. Available 
at: https://dialnet.unirioja.es/servlet/articulo?codigo=6259882.

3. Khan KM, Chakraborty R, Bundschuh J, Bhattacharya P, Parvez F. 
Health effects of arsenic exposure in Latin America: An overview of 
the past eight years of research. Sci Total Environ. 2020;710:136071. 
doi:10.1016/j.scitotenv.2019.136071.

4. Código Alimentario Argentino, 2012. Bebidas hídricas, aguas y aguas 
gasificadas. Capítulo XII. Available at: http://www.anmat.gov.ar/
alimentos/codigoa/CAPITULO_XII.pdf.

5. Litter MI, Ingallinella AM, Olmos V, SavioM, Difeo G, Botto L, etal. 
Arsenic in Argentina: Occurrence, human health, legislation and 
determination. Sci Total Environ. 2019;676:756-766. doi:10.1016/j.
scitotenv.2019.04.262.

6. Navoni JA, De Pietri D, Garcia S, VillaamilLepori EC. Riesgo sanitario 
de la población vulnerable expuesta al arsénico en la provincia de 
Buenos Aires, Argentina [Health risk for the vulnerable population 
exposed to arsenic in the province of Buenos Aires, Argentina]. 
Rev Panam Salud Publica. 2012;31(1):1-8. doi:10.1590/s1020-
49892012000100001.

7. James KA, Byers T, Hokanson JE, Meliker JR, Zerbe GO, Marshall JA. 
Association between lifetime exposure to inorganic arsenic in drinking 
water and coronary heart disease in Colorado residents. Environ 
Health Perspect. 2015;123(2):128-134. doi:10.1289/ehp.1307839.

8. Wang CH, Hsiao CK, Chen CL, Hsu LI, Chiou HY, Chen SY, et al. A 
review of the epidemiologic literature on the role of environmental 
arsenic exposure and cardiovascular diseases. Toxicol Appl Pharmacol. 
2007;222(3):315-326. doi: 10.1016/j.taap.2006.12.022.

9. Guber RS, Tefaha L, Arias N, Sandoval N, Toledo R, Fernández M, et 
al. Contenido de arsénico en el agua de consumo en Leales y Graneros 
(Provincia de Tucumán - Argentina). Acta bioquím clín latinoam. 
[Internet]. 2009 Jun [cited on November 27, 2021] ; 43( 2 ): 201-207. 
Available at: http://www.scielo.org.ar/scielo.php?script=sci_arttex-
t&pi- d=S0325-29572009000200004&lng=es.

https://doi.org/10.17843/rpmesp.2021.384.9402


Soria AG et al.Rev Peru Med Exp Salud Publica. 2021;38(4):530-6. 

https://doi.org/10.17843/rpmesp.2021.384.9402 493

10. Delucchi A, Marín M, Páez O, Bendersky M, Rodríguez P. En repre-
sentación de los participantes designados por la Sociedad Argentina 
de Cardiología, Federación Argentina de Cardiología y Sociedad 
Argentina de Hipertensión Arterial. Principales conclusiones del 
Consenso Argentino de Hipertensión Arterial. Hipertens Riesgo Vasc. 
2019;36(2):96-109. doi: 10.1016/j.hipert.2019.01.001.

11. Rehm J, Klotsche J, Patra J. Comparative quantification of alcohol 
exposure as risk factor for global burden of disease. Int J Methods 
Psychiatr Res. 2007;16(2):66-76. doi: 10.1002/mpr.204.

12. D’Agostino RB, Wolf PA, Belanger AJ, Kannel WB. Stroke risk profile: 
adjustment for antihypertensive medication. The Framingham Study. 
Stroke. 1994;25(1):40-43. doi: 10.1161/01.str.25.1.40.

13. Dhara RK, Zhenga Y, Rubenstonec J, van Geen A. A rapid colorime-
tric method for measuring arsenic concentrations in groundwater. 
Anal. Chim. Acta. 2004;526:203–9.R.K. https://doi.org/10.1016/j.
aca.2004.09.045.

14. Legislación y Avisos Oficiales. Secretaría de Calidad en Salud y Sec-
retaría de Alimentos, Bioeconomía y Desarrollo Regional. Resolución 
Conjunta 2/2021 [cited on November 27, 2021]. Available at: https://
www.boletinoficial.gob.ar/detalleAviso/primera/240117/20210127.

15. Sacoor C, Payne B, Augusto O, Vilanculo F, Nhacolo A, Vidler M, 
et al. Health and socio-demographicprofile of women of reproduc-
tive age in rural communities of southern Mozambique. PLoSOne. 
2018;13(2):e0184249. doi: 10.1371/journal.pone.0184249 .

16. Instituto Nacional de Estadística y Censos (INDEC). 4° Encuesta 
Nacional de Factores de Riesgo Resultados definitivos, 2019 [Internet]. 
Argentina: Secretaría de Gobierno de Salud de la Nación; 2019 [cited 
on November 27, 2021]. Available at: https://www.indec.gob.ar/ftp/
cuadros/ publicaciones/enfr_2018_resultados_definitivos.pdf.

17. Barquera S, Campos-Nonato I, Hernández-Barrera L, Villalpando 
S, Rodríguez-Gilabert C, Durazo-Arvizú R, et al. Hypertension in 
Mexican adults: results from the National Health and Nutrition Sur-
vey 2006 [published correction appears in Salud Publica Mex. 2012 
Nov- Dec;54(6):566-7]. Salud Publica Mex. 2010;52 Suppl1:S63-S71. 
doi: 10.1590/s0036-36342010000700010.

18. Bautista LE, Vera-Cala LM, Villamil L, Silva SM, Peña IM, Luna LV. 
Factores de riesgo asociados con la prevalencia de hipertensión arterial 

en adultos de Bucaramanga, Colombia [Risk factors associated with 
the prevalence of arterial hypertension in adults in Bucaramanga, 
Colombia]. Salud Publica Mex. 2002;44(5):399-405.

19. Islam MR, KhanI, Attia J, Hassan SM, McEvoy M, D’Este, et al. Associ-
ation between hypertension and chronic arsenic exposure in drinking 
water: a cross-sectional study in Bangladesh. Int J Environ Res Public 
Health. 2012;9(12):4522-4536. doi: 10.3390/ijerph9124522.

20. Hossain K, Suzuki T, Hasibuzzaman MM, Islam MS, Rahman A, Paul 
S, et al. Chronic exposure to arsenic, LINE-1 hypomethylation, and 
blood pressure: a cross-sectional study in Bangladesh. Environ Health. 
2017;16(1):20. doi: 10.1186/s12940-017-0231-7.

21. Agarwal A, Jindal D, Ajay VS, Kondal D, Mandal S, Ghosh S, et al. 
Association between socioeconomic position and cardiovascular 
disease risk factors in rural north India: The Solan Surveillance Study. 
PLoS One. 2019;14(7):e0217834. doi: 10.1371/journal.pone.0217834.

22. Sousa Junior AE, Macêdo GA, Schwade D, Sócrates J, Alves JW, 
Farias-Junior LF, et al. Physical Activity Counseling for Adults with 
Hypertension: A Randomized Controlled Pilot Trial. Int J Environ 
Res Public Health. 2020;17(17):6076. doi: 10.3390/ijerph17176076.

23. Doval HC, Mariani J, Gómez GC, Vulcano L, Parlanti L, Gavranovic 
MA, et al. Cardiovascular and other risk factors among people who live 
in slums in Buenos Aires, Argentina. Public Health. 2019;170:38-44. 
doi: 10.1016/j.puhe.2019.02.014.

24. Mendoza MF, Kachur SM, Lavie CJ. Hypertension in Obesity: Novel 
Insights. CurrHypertens Rev. 2020;16(1):30-36. doi: 10.2174/157340
2115666190415154603.

25. Dung PT, Hung NT, Do Van Vuong PNK, Chinh PTK, Duong PH, 
Nhung NT. Prevalence of Dyslipidemia and Associated Factors 
among Adults in Rural Vietnam. Systematic Reviews in Pharmacy. 
2020;11(1):185-191. doi: 10.5530/srp.2020.1.25.

26. Camacho PA, Otero J, Pérez M, Arcos E, García H, Narvaez C, et al. 
The spectrum of the dyslipidemia in Colombia: The PURE study. Int 
J Cardiol. 2019;284:111-117. doi: 10.1016/j.ijcard.2018.10.090.

27. Bhakat BC, Madhavi KV. Cardiovascular Disease Risk among Rural 
Population of South India. Int Healthc Res J. 2019;3(1):32-34. doi: 
10.26440/ IHRJ/0301.04.521071.

https://doi.org/10.17843/rpmesp.2021.384.9402

