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Evaluación de biomarcadores de riesgo cardiovascular en población 

expuesta a arsénico (As) y plomo (Pb) 

 

Resumen 

Las enfermedades cardiovasculares (ECV), son un grupo de trastornos que 

afectan al corazón y a los vasos sanguíneos, representan la principal causa de 

mortalidad y morbilidad, tanto a nivel mundial como en nuestro país. La condición 

patológica que los inicia es un proceso conocido como disfunción endotelial. En 

este contexto, se ha demostrado que existen factores de riesgo asociados al 

desarrollo de ECV, como el tabaquismo, la diabetes, la hipertensión arterial, la 

obesidad; y recientemente se ha confirmado que la exposición a compuestos 

tóxicos ambientales, como el arsénico y el plomo, representan un factor importante 

que puede desencadenar el inicio de este proceso patológico,  dada su capacidad 

de generar especies reactivas de oxígeno. Por otro lado, los determinantes 

genéticos han sido reconocidos como factores de riesgo críticos en el inicio, 

desarrollo y establecimiento de enfermedades cardiovasculares, un ejemplo son 

los polimorfismos de un solo nucleótido (SNP), por ejemplo, diversas 

investigaciones han demostrado una asociación entre el polimorfismo del factor de 

crecimiento transformante β1 (TGF-β1) (C509T; rs1800469) y un mayor riesgo de 

ECV. Aunado a lo anterior,  también se ha demostrado que tanto el  arsénico 

como el  plomo, inducen  alteraciones a nivel epigenético (cambios en la 

estructura química del ADN), siendo la modificación de la expresión de ciertos 

ARN no codificantes (microARN) uno de ellos, debido a evidencias recientes 

sugieren que es capaz de influir en la expresión de microRNA (miRNA) lo que 



afecta la función celular e influye en el riesgo de desarrollar ciertas enfermedades; 

además de que los miRNA responden a numerosos agentes tóxicos ambientales, 

lo que indica su utilidad como posibles biomarcadores de exposición. Entre los 

miRNA que se han asociado a la exposición a metales pesados se encuentran 

miR-126 y miR-155, los cuales aumentan o disminuyen su expresión con la 

exposición al plomo. Debido al gran impacto que generan las ECV la identificación 

adecuada de personas con alto riesgo de desarrollarlas  es un gran desafío para 

su prevención. En este sentido, varias investigaciones científicas han propuesto 

numerosos biomarcadores no invasivos y de bajo coste para detectar poblaciones 

vulnerables; sin embargo, su utilidad en individuos expuestos a contaminantes 

ambientales y con predisposición genética (polimorfismo), no ha sido 

completamente investigada. Por tanto, el objetivo de este trabajo doctoral fue 

evaluar la concentración de biomarcadores de riesgo cardiovascular en población 

adulta expuesta a arsénico (As) y plomo (Pb). 

 

Metodología 

Se realizó un estudio transversal, de conveniencia, no probabilístico. La población 

de estudio fueron habitantes mayores de edad, ambos sexos,  residentes de la 

comunidad Las Palmas,  municipio de Tamuín, SLP. Esta  localidad es 

considerada zona de riesgo debido a la cercanía de la comunidad  con dos 

termoeléctricas y una planta cementera. La aceptación para participar en la 

investigación se obtuvo mediante la firma del consentimiento informado de la 

población de estudio. Se registraron las medidas antropométricas de cada 

individuo, así como se colectaron dos muestras de sangre y una  de orina, las 



cuales se resguardaron a -80°C y -20°C, respectivamente hasta su uso. Se 

midieron los parámetros bioquímicos (glucosa, triglicéridos, colesterol, HDL), 

empleando un método enzimático colorimétrico y un espectrofotómetro UV/Vis. 

Los niveles de As urinario y Pb en sangre se determinaron mediante la técnica de 

espectrofotometría de absorción atómica. Los biomarcadores de riesgo 

cardiovascular: ADMA y FABP4 se evaluaron mediante inmunoensayo enzimático 

tipo sándwich (ELISA), la expresión de miRNA-126 y miRNA-155 en plasma se 

determinaron mediante RT-qPCR y finalmente se analizó la presencia del 

polimorfismo TGF-β C509T (rs1800469), en las muestras de sangre y empleando 

la técnica de RT - PCR y usando sondas TaqMan. Las pruebas estadísticas 

empleadas fueron prueba de kolmogorov-smirnov, Shapiro wilk como pruebas 

para determinar la normalidad de los datos, y posteriormente se realizó una 

clasificación de la población en dos grupos (baja y alta exposición) utilizando como 

referencia las NOM-047-SSA1-2011 y NOM-199-SSA1-2000, se utilizó la prueba 

T-Student y prueba U de Mann-Whitney para la comparación de los grupos. 

Finalmente se empleó la prueba de Kruskal Wallis para la comparación de los 

grupos expuestos al contaminante ambiental con o sin presencia del polimorfismo. 

El análisis de datos se realizó utilizando GraphPad Prism 5.01 (GraphPad 

Software Inc. La Jolla, CA, EE. UU.). 

 

Resultados  

La población de estudio estuvo conformada por 53 adultos, con un intervalo de 

edad  de 18 a 87 años, de éstos, el 64%  son mujeres.  Con una media de peso 

corporal de 68.9 kg y más del 70% de los individuos presentó un IMC por encima 



del valor de referencia. Respecto a los parámetros bioquímicos la población 

presentó niveles medios ± desviación estándar de triglicéridos y colesterol LDL de 

125.6 ± 70.04 mg/dL y 94.3 ± 14.01mg/dL, respectivamente. Los niveles urinarios 

de As oscilaron entre 11.5 y 175 µg/g de creatinina, con una media de 43.9 µg/g 

creatinina y los niveles de Pb en sangre tuvieron una media ± desviación estándar 

de 7.6 ± 5.8 µg/dL. La frecuencia alélica para el polimorfismo TGF-β C509T fue de 

0.37 y 0.63 para los alelos C y T, respectivamente, por lo que más del 80% de los 

participantes tiene la presencia del polimorfismo analizado. Los niveles séricos 

medios de ADMA y FABP4 fueron 1.35 ± 0,35 µmol/l y 26.9 ± 19.40 ng/ml, 

respectivamente. Por su parte, los niveles séricos circulantes de miR-126 

presentaron niveles de 1,28 ± 0,7; mientras que miR-155 presentó niveles de 1,68 

± 1,2. Se detectaron asociaciones estadísticamente significativas (p< 0,05) entre 

los biomarcadores de exposición (As y Pb) y los biomarcadores de riesgo 

cardiovascular (ADMA y FABP4), así como  asociaciones significativas entre miR-

126 y los niveles de plomo en sangre y entre miR-155 y los niveles de plomo y 

triglicéridos en sangre.  

 

Conclusiones  

Se detectó una asociación positiva entre los niveles séricos de biomarcadores 

predictivos de ECV (ADMA, FABP4 y AIP) y los altos niveles de exposición al 

arsénico y plomo (factor ambiental) y el polimorfismo TGF-β C509T (factor 

genético). Además, nuestros hallazgos sugieren una interacción gen-ambiente 

sobre los niveles de los biomarcadores de ECV evaluados en esta investigación. 

En consecuencia, la población evaluada podría presentar riesgo de desarrollar 



eventos cardiovasculares. Sin embargo, se necesita investigación adicional para 

aclarar mejor estas asociaciones, particularmente  con estudios epidemiológicos 

en población abierta. 



 



 



 



 



 



 



 



 



 



 



 



 



Evaluation of the expression levels of circulating miRNAs (miR-

126, miR-155) in a population exposed to lead (Pb) in San Luis 

Potosi. 

 

 

Alejandra González-Bravoa,b, Myrna Lizbeth López-Ramíreza,b, Ángeles C. Ochoa-

Martíneza, Carlos Gabriel de la Trinidad Chacona,b, Leticia Carrizales-Yáñeza,b and 

Iván N. Pérez-Maldonadoa,b 

 

 

a. Laboratory of Molecular Toxicology, Center for Applied Research in 

Environment and Health, Coordination for Innovation and Application of Science 

and Technology, Universidad Autónoma de San Luis Potosí, San Luis Potosí, 

Mexico. 

 

b. Facultad de Medicina, Universidad Autónoma de San Luis Potosí, San Luis 

Potosí, México. 

 

 

 

*Corresponding author address: Avenida Sierra Leona. No. 550, Colonia Lomas Segunda 

Sección, San Luis Potosí, San Luis Potosí, México. CP. 78210. Tel. and Fax: 52-444-

8262300/8460. E-mail: ivan.perez@uaslp.mx. 

mailto:ivan.perez@uaslp.mx


Abstract 

Objective. Cardiovascular diseases (CVD) are the leading cause of death 

worldwide. Therefore, this research aimed to evaluate the expression of circulating 

miRNA (miR-1265, miR-155) levels in a lead-exposed population. Methods. Then, 

a cross-sectional study was completed, including 55 adults. Blood lead levels were 

analyzed as a biomarker of exposure and were determined by atomic absorption 

spectrophotometry. The expression levels of miRNAs were carried out using the 

polymerase chain reaction (qRT-PCR) technique.   Results: Blood lead levels had 

a mean ± standard deviation of 7.6 ± 5.8 μg/dL. For its part, circulating serum 

levels of miR-126 presented levels of 1.28 ± 0.7; while miR-155 presented levels of 

1.68 ± 1.2. In addition, significant associations were found between miR-126 and 

blood lead levels; as well as between miR-155 and blood lead levels and 

triglyceride levels. Conclusion. The results obtained in this research demonstrate 

the epigenetic alteration of the expression levels of both miRNAs and its possible 

relationship with exposure to high levels of lead in the Mexican population. 
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Introduction 

Exposure to environmental contaminants, including contamination by heavy metals 

as lead (Pb), has been increasing, due to the development and increase in mining, 

industrial and agricultural activities that have favored a wide distribution in the 

environment (1,2,3); which represents a serious global public health problem (3), 

according to data from the World Health Organization (WHO), exposure to 

environmental pollution causes 7 million premature deaths, mainly due to non-

communicable diseases (4). For decades it has been seen that prolonged 

exposure and accumulation of heavy metals, particularly lead, cause serious 

consequences for human health such as abnormalities in growth and development, 

carcinogenesis, neuromuscular defects, mental illnesses and failures in the 

metabolic activities (5,6,7); however, recent studies suggest that lead, among other 

heavy metals, are also capable of affecting the organism, causing alterations at the 

epigenetic level, (8, 9) which are defined as changes in the chemical structure of 

DNA that do not alter its DNA sequence coding (10,11), with respect to epigenetics 

three common alterations have been studied, including DNA methylation, histone 

modifications and non-coding RNA expression (microRNA, long non-coding RNAs, 

small RNAs, circular RNAs) (12, 13). Regarding microRNAs, they are a single-

stranded structure of 18 to 22 nucleotides and play a key regulatory role in gene 

expression and therefore in various human diseases (14, 15). In recent years, 

various studies aim to apply miRNAs for diagnostic and therapeutic applications in 

diseases, including those caused by exposure to heavy metals, such as 

cardiovascular and pulmonary diseases, due to recent evidence suggests that it is 

capable of influencing the expression of microRNA (miRNA) which affects cell 



function and influences the risk of developing certain diseases (16,17,18); in 

addition to the fact that miRNAs respond to numerous environmental toxic agents, 

which indicates their usefulness as possible biomarkers of exposure (19). Among 

the miRNAs that have been associated with exposure to heavy metals are miR-126 

and miR-155, which increase or decrease their expression with exposure to lead. 

(20, 21, 22, 23). 

Therefore, this research aimed to evaluate the expression of circulating levels of 

miRNA (miR-1265, miR-155) in a population exposed to lead. 

 

Results and discussion 

 

Anthropometric measurements, clinical characteristics, and biochemical 

profiles 

Table 1 describes the anthropometric measurements, clinical characteristics, and 

biochemical profiles obtained from the enrolled participants. Approximately 64% of 

participants were women, and the range for age was 18 to 87 years (mean = 50.6 

± 20.1). Overweight and obesity were detected in 70 % of the enrolled population 

(mean BMI = 28.05 kg/m2). Also, 80 % of participants had a waist/hip index greater 

than 0.8, and both parameters (BMI and waist/hip) are considered important risk 

factors in the development of cardiometabolic diseases (23, 24). For blood 

pressure (SBP and DBP), measurements ranged from 100.0 mmHg to 142.0 

mmHg; and from 55.0 to 90.0 mmHg for SBP and DBP, respectively. Regarding 

the biochemical analyses, 32% of the participants had triglyceride levels above 150 



mg/dL, while 25% had serum cholesterol concentrations above 200 mg/dL. 

Besides, HDL-C levels ranged from 17.7 – 201.4 mg/dL (25, 26, 27). 

 

Blood lead determination 

Regarding the blood lead concentrations of the participants (Table 1), a mean ± 

standard deviation of 7.6 ± 5.8 μg/dL (range 34.5 – 1.5 μg/dL) was found, with 

these results it was detected that more than 50% of the population presented blood 

lead levels above the reference value in Mexico (≥5 μg/dL) (NORMA  OFICIAL 

MEXICANA NOM-199-SSA1-2000) (30). According to this guide, the population 

evaluated was classified into two groups, low exposure (<5μg/g creatinine) and 

high exposure (≥5 μg/g creatinine). The low exposure group presented a mean ± 

standard deviation of 3.22 ± 1.19 μg/dL; on the other hand, in the group classified 

as high exposure, a mean ± standard deviation of 10.59 ± 5.84 μg/dL was found. 

The results were compared with values from guides and international 

organizations; the exposure limit value established by the World Health 

Organization (WHO) (36) and the Centers for Disease Control and Prevention in 

the United States (37) is ≥5 µg/dL; therefore, when compared with our results, 58% 

of the population is above this reference value. In the 2015-2016 National Health 

and Nutrition Examination Survey (NHANES) in the USA, an average blood lead 

value of 0.92 µg/dL was reported in adults (38), that is, in our study was found a 

concentration of lead 6 times. For its part, in Mexico various studies have been 

carried out on blood lead levels in different populations, one of them is the one 

presented by Hernández-Ochoa, et al., in 2005, they carried out a cross-sectional 

study in the Lagunera Region, northwest of Mexico to evaluate the impact of 



exposure to environmental lead, finding mean blood lead levels of 9.3 µg/dL. (39); 

another study is the one presented by Guerra-Tamayo, et al., in 2003, to a group of 

women residing in Mexico City, reporting blood lead levels of 9.4 – 9.6 µg/dL; 

compared to these studies 28% of our population is above the reported values 

(40). In conclusion, high exposure levels to lead were detected in this research. 

 

MiRNA’s expression 

Table 2 shows the circulating serum levels of miRNAs; miR-126 presented levels 

of 1.28 ± 0.7; while miR-155 presented levels of 1.68 ± 1.2. As mentioned above, 

participants were classified according to their blood lead concentrations (low 

exposure group and high exposure group). Figure 3 shows the expression levels of 

miR-126 found in each group, significantly lower miR-126 values (p<0.05) were 

found in the high exposure group compared to participants in the low exposure 

group. Regarding the expression levels of miR-155, significantly higher expression 

levels (p<0.05) were found in the high exposure group (Figure 4). Next, simple 

linear correlation analyzes were performed to evaluate the relationships between 

the evaluated variables and the quantified miRNAs (miR-126, miR-155), a 

significant negative association was detected between the expression levels of 

miR-126 and the levels of lead in blood (r= -0.33, p<0.05). miR-155 expression 

levels, significant positive associations were found between triglyceride levels (r= 

0.347, p<0.05) and blood lead levels (r= 0.39, p<0.05). 

Since recent years, different research has shown that epigenetic alterations play 

an important role in the appearance and development of non-communicable 

diseases (41, 42); in particular, it has been suggested that miRNAs represent a 



crucial mechanism of epigenetic modification that can affect the cellular function 

both locally and at a distance and that are related to the development of various 

diseases, including CVD (43, 44), which is why their use as predictive biomarkers 

of these diseases has been increasing. Various investigations have explored an 

increasing number of circulating miRNAs as new candidate biomarkers for 

potential use in the diagnosis and prognosis of CVD, thanks to their specific 

expression pattern, their rapid release in body fluids, their remarkable stability in 

plasma , and the fact that cardiovascular diseases can cause significant changes 

in the expression level of specific miRNAs in the body (45, 46, 47); in addition, 

there is increasing evidence that shows that epigenetic markers, such as the 

expression of miRNAs, are influenced by environmental pollution, such as 

exposure to heavy metals such as lead, because it has been proven that lead 

induces cellular necrosis and produces oxygen free radicals, the latter being the 

main activators of signaling pathways that induce inflammation and promote the 

production of large amounts of inflammatory cytokines, such as tumor necrosis 

factor-α (TNF-α), interleukin (IL)-1β and IL-6 (48, 49, 50). In this context, the 

miRNAs evaluated (miR-126, miR-155) have been related to cardiovascular events 

and have been suggested as prognostic biomarkers in the initiation and 

development of atherosclerosis processes (51, 52, 53). miRNA-126 is a short non-

coding RNA that is derived from the gene Like Domain Multiple 7 (EGFL7), is 

highly expressed in the heart, liver and lungs, and plays an important role in 

atherosclerosis pathways by regulating function of endothelial cells and improve 

endothelial regeneration; therefore, low levels have been observed in patients with 

cardiac ischemia and hypertension (54, 55, 56). Several articles have linked 



decreased expression of this miRNA to the development of atherosclerosis, as well 

as increased risk adverse cardiac and cerebrovascular events. 

Furthermore, lower miR-126 expression may indicate greater disease complexity 

(57, 58, 59). Regarding the relationship between mir-126 expression and lead 

exposure, there is not much research; our working group in 2021 carried out 

previous research, in which a lower level of expression can be associated with 

higher levels of exposure to lead, which could lead to establishing a significant 

relationship between a low level of expression of miR-126, high levels of lead 

exposure and the development of CVD (60). On the other hand, miR-155 is a non-

coding RNA, encoded by the host gene, MIRHG155, and is highly expressed in 

activated B and T cells, as well as in macrophages; this molecule represents a 

multifunctional miRNA and a transcriptional regulator, because there is increasing 

evidence indicating that it is involved in numerous biological processes, including 

hematopoiesis, inflammation and immunity, which could open new avenues to 

attenuate progression of cardiovascular diseases (61, 62, 63). Various 

investigations have linked high levels of miRNA-155 expression to both high levels 

of exposure to heavy metals, including lead; a study by Mitra, P., et. al., 2020, 

found a statistically significant increase in miR-155 expression levels in people 

exposed to high levels of lead (64), on the other hand, the relationship of this 

miRNA with the onset and development of CVD has also been demonstrated; in 

2017, Faccini, et. al., presented a study in which they evaluated the expression of 

several miRNAs, including miR-155, highlighting its importance as a biomarker of 

CVD, in their study, statistically significant levels were reported in the patient group 

compared to the control group, on the other hand, Qiu, et. al., in 2018 presented a 



study where statistically increased expression levels of miR-155 were also 

observed in people with cardiovascular conditions compared to healthy subjects 

(65, 66). Finally, in our study we observed that the expression levels of miR-155 

and miR-126 in association with risk factors for atherosclerotic lesions may be 

useful as a new biomarker to evaluate the risk of developing atherosclerosis and 

other cardiovascular diseases. 

 

Limitations of the study 

This study has several limitations, one of the most notable is the low 

representativeness (a limited number of samples), in addition the type of study 

(cross-sectional) of this research may cause biases regarding the temporal 

variation between lead exposure and the levels of the evaluated variables. 

Additionally, it is possible that other environmental chemical compounds that were 

not evaluated in this study may have a significant effect on the variables evaluated 

and quantification of additional chemical compounds associated with CVD events 

may be necessary. However, the data found in this study are worrying for people 

who live in scenarios similar to the one studied in this research, because the 

miRNAs evaluated have been suggested as specific and useful biomarkers to 

detect populations at high risk of developing diseases cardiovascular. Therefore, 

the data found in this study must be confirmed in large epidemiological studies. 

 

 

 

 



Materials and methods 

Population 

A cross-sectional study was developed including 55 adults from the community of 

"Las Palmas" in the municipality of Tamuin, San Luis Potosi, Mexico (Figure 1). 

The sampling site was selected according to previous research conducted by our 

working group, where arsenic and lead levels were evaluated in environmental 

matrices (unpublished data). Before obtaining blood samples, a conference was 

held with the population to explain the objectives and goals of the research; 

voluntary participation and the signing of informed consent were required. 

Subsequently, a survey was applied to the enrolled population. In addition, 

anthropometric and clinical measures [weight, height, waist circumference (WC), 

hip circumference (CP), systolic blood pressure (SBP), and diastolic blood 

pressure (DBP)] were obtained. Body mass indexes (BMI) and waist/hip ratio were 

estimated using anthropometric measurements. The bioethics committee of the 

Secretary of Health of the State of San Luis Potosi analyzed and approved the 

execution of this research. 

 

Blood sampling 

Both blood samples were obtained from the ulnar artery, as described previously 

by our research group. The blood samples were acquired from all enrolled 

participants after overnight fasting (24, 25). The first sample was stored in a plastic 

container doped with EDTA (ethylenediaminetetraacetic acid) as an anticoagulant 

and was used to quantify blood lead and miRNAs expression levels. The second 



sample was stored in a container without anticoagulant and used for the 

determination of clinical parameters. 

 

Biochemical profile  

Serum levels of glucose, triglycerides (TG), total cholesterol (TC), and high-density 

lipoprotein (HDL) cholesterol fraction were quantified using commercially available 

kits, as already explained by our research team (24, 25). Serum concentrations of 

the low-density (LDL) cholesterol fraction were estimated using the Friedewald 

equation (1). 

𝐿𝐷𝐿 = 𝑇𝐶 (𝐻𝐷𝐿 + 𝑇𝐺)    (1) 

The Lyphochek Assayed Chemistry Control (Bio-Rad, Hercules, CA, USA) was 

analyzed as external quality control. An accuracy of approximately 90-110% was 

achieved for all analytes evaluated (glucose, TG, CT, and HDL). 

 

Lead determination 

Blood lead (BLL) levels were quantified according to an analytical method validated 

by our research team (26). Briefly, 1:1 dilution of blood samples was performed 

with a matrix modifier (diammonium hydrogen phosphate–Triton X-100 and 0.2% 

nitric acid; JT-Baker; Center Valley, PA, USA) and mixed vigorously with a 

mechanical mixer. Next, the BLL determination was performed in a Perkin-Elmer 

3110 atomic absorption spectrophotometer coupled to a graphite furnace 

(Waltham, MA, USA). Certified material obtained from the Centers for Disease 

Control and Prevention, USA (CDC.WS2H proficiency testing blood; Madison WI, 



USA 53707-7996) was tested as external quality control and found a 95% recovery 

± 5%. The detection limit of the method was 1.0 μg/dL. 

 

miRNAs analysis 

To determine the expression levels of the miRNAs evaluated (miR-126 and miR-

155), an analytical procedure previously validated (27). Briefly, a TRIzol-based 

RNA extraction method was used to obtain serum RNA following the 

manufacturer's instructions (Invitrogen, Thermo Fisher Scientific, Waltham, MA, 

USA). Then RNA concentration of all samples was determined using an Eon 

microplate spectrophotometer (BioTek, Vermont, USA) (λ = 260 nm). RNA-

containing samples were then treated with 5 nmol/L cel-miR-39 (Caenorhabditis 

Elegans miR-39) (Applied Biosystems, Foster City, CA, USA) as a normalization 

control in the normalization procedures miRNA determination. Expression levels of 

the miRNAs tested were determined using TaqMan miRNA qRT-PCR primers and 

reagents (Applied Biosystems, Foster City, CA, USA). First, RNA samples were 

reverse transcribed using the TaqMan miRNA Reverse Transcription L Kit and 

miRNA-specific stem-loop primers (Applied Biosystems, Foster City, CA, USA) to 

obtain samples of cDNA. Subsequently, cDNA samples (100 ng/μL, 4.5 μL), 

TaqMan Universal PCR Master Mix L (5 μL), and TaqMan miRNA Assay primers L 

(0.5 μL) (Applied Biosystems, Foster City, CA, USA) were used in the amplification 

procedure carried out under the following conditions: 1) denaturation phase (95 ◦C, 

10 min); 2) 40 cycles of PCR amplification (95 ◦C, 15 s; and 60 ◦C, 60 s). Finally, 

the relative expression levels of the miRNAs studied were normalized (cel-miR-39) 

and expressed as 2− (CT [microRNA] – CT [cel− miR− 39]). 



 

Statistical analysis 

Data normality was determined using a Shapiro-Wilk test. Subsequently, a 

descriptive analysis was developed for all the assessed variables in the study. 

Participants were categorized into two categories (low and high exposure) 

according blood lead level guidelines in Mexico (NOM-199-SSA1-2000) (36). Then, 

the Mann-Whitney U test was used to compare the expression levels of miRNA-

126 and miRNA-155 between exposure groups (low and high exposure) 

respectively. To assess the relationship between miR-126 and miR- 155 with the 

parameter clinics and anthropometrics, Spearman correlation tests were applied to 

the dataset of participants. For all analyses, p<0.05 was considered statistically 

significant. Data analysis was performed using GraphPad Prism 5.01 (GraphPad 

Software Inc. La Jolla, CA, USA). 

 

Conclusion 

The results obtained in this research demonstrate the epigenetic alteration of the 

expression levels of both miRNAs and its possible relationship with exposure to 

high levels of lead in the Mexican population and the development of CVD. Despite 

the limitations of the study, the data obtained regarding significant associations 

may be useful for large-scale epidemiological studies, as well as for the 

identification of new mechanisms related to cardiovascular damage. 

 

 

 



Figure legends  

Figure 1. Geographical location of the Ejido "Las Palmas", Tamuin municipality, 

SLP. Geographic information source: INEGI 

Figure 2. Serum expression levels of miR-126 divided into low and high lead 

exposure groups. Values were normalized to cel-miR-39. *p<0.05. 

Figure 3. Serum expression levels of miR-126 divided into low and high lead 

exposure groups. Values were normalized to cel-miR-39. *p<0.05.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. General characteristics of the population 

 

Data are represented as arithmetic mean with standard deviation (SD) and median with 
range from minimum to maximum. #Reference value. Waist/hip index = 0.8, Systolic blood 
pressure = 130 mmHg. (James et al. 2013). Diastolic blood pressure = 90 mmHg (James 
et al. 2013). Glucose = 110 mg/dL. (Iii et al. 2001). Triglycerides = 150 mg/dL. (Iii et al. 
2001). Total cholesterol = 200 mg/dL. (Iii et al. 2001). HDL cholesterol = 45 mg/dL. (Iii et 
al. 2001). LDL cholesterol = 100 mg/dL. (Iii et al. 2001). Blood lead = 5µg/dL - variables 
without reference values. 

 

 

Variables Mean (SD*) Median Range %> reference 

value
# 

Age (years) 50.6 (20.1) 53 18.0-87.0 - 

Weight (Kg) 68.3 (14.8) 67.0 43.0-100.0 - 

Height (cm 155.8 (9.3) 155.0 139.0-183.0 - 

Waist/hip index 0.94 (0.06) 0.91 0.78-1.07 90.9 

Body mass index  (kg/m
2
) 38.13 (5.27) 27.7 19.3-40.20 - 

(Z SCORE) Normal  (18.5- 24.9) 22.2 (1.80) 22.2 19.3-24.9 29.4 

Overweight (25.0-29.9) 27.5 (1.54) 27.5 25.0-29.8 39.2 

Obesity (>30) 34.4 (3.13) 34.3 30.2-40.2 31.4 

Diastolic blood pressure (mmHg) 72.71 (1.46) 76.0 55.0-90.0 10.9 

Systolic blood pressure (mmHg) 119.4 (1.37) 118.0 100.0-142.0 20.0 

Glucose (mg/dL) 94.3 (37.1) 86.9 58.5-222.1 14.5 

Triglycerides (mg/dL) 135.5 (71.7) 126.6 87.0-261.0 32.7 

Total cholesterol (mg/dL) 167.6 (44.0) 172.3 87.0-261.0 25.4 

HDL cholesterol (mg/dL) 41.39(34.3) 32.9 17.7-201.4 14.6 

LDL  cholesterol (mg/dL) 27.1 (14.3) 25.3 5.05- 78.0 0.0 

Blood lead (µg/dL) 7.60 (5.8) 5.93 1.5 - 34.5 
 



Table 2. Serum expression levels of assessed miRNAs in the study population. 

Data are represented as arithmetic mean with standard deviation (SD*) and median with 

range from minimum to maximum.  

 

Table 3. Simple regression analyses between independent assessed variables and 

evaluated miRNA´s 

* Significant correlations (p<0.05) 

 

 

 

MiRNAs Mean (SD*) Median Range 

miR-126 (2-ΔCt) 1.28 (0.72) 1.460 0.082 - 2.57 

miR-155 (2-ΔCt) 1.68 (1.2) 1.491 0.028 - 4.73 

Molecular marker Variables r 95% CI p 

 
Age -0.040 -0.33 - 0.25 0.77 

miR-126 (2-ΔCt) Waist circumference  0.108 -0.19 - 0.38 0.99 

 Body mass index  -0.002 -0.29 - 0.29 0.46 

 Triglycerides -0.008 -0.29 – 0.28 0.95 

 HDL cholesterol 0.021 -0.26 - 0.31 0.88 

 Blood lead -0.330 -0.56 -0.04 0.02* 

 Age 0.138 -0.15 - 0.41 0.34 

 Waist circumference -0.150 -0.42 - 0.15 0.31 

 Body mass index -0.085 -0.37 - 0.21 0.56 

miR-155 (2-ΔCt) Triglycerides 0.347 0.097 - 0.58 0.03* 

 HDL cholesterol 0.028 -0.26 - 0.31 0.85 

 Blood lead 0.390 0.11- 0.61 0.006* 



Figure 1 

 

 

Figure 2 
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Figure 3  
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