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A B S T R A C T   

Pollution from oil spills can seriously affect many ecosystem processes and human health. Many articles have 
evaluated the impact of oil spills on human health. However, most of these articles focus on occupational 
exposure. The effect on people living in the areas affected by oil pollution is rarely studied. Approximately 640 
million people worldwide live in areas at risk of oil pollution. Thus, studying the impact of this pollution on 
human health should be a priority. Here, we evaluate the presence of anemia in relation to crude oil exposure in 
men living in areas at risk of oil contamination in the Ecuadorian Amazon (Orellana and Napo). We evaluated the 
hematological and biochemical parameters of 135 participants. We divided the participants into three groups 
according to exposure: low, medium, and high. Our results showed a significant association between exposure 
risk and hemoglobin and hematocrit concentration. Groups with medium- and high- contamination exposure had 
levels below normal values in hemoglobin and hematocrit in more than 30% and 26% of the population, 
respectively. In conclusion, we found that crude oil affected human health, and the prevalence of the anemia in 
men was dependent of the level of contamination.   

1. Introduction 

The Ecuadorian Amazon is located in the northeast region of the 
country and is one of the most biodiverse areas worldwide with a wide 
variety of plants, insects, amphibians, birds, and mammals [26]. Un
derlying this landscape of extraordinary biological and cultural diversity 
are large oil and gas reserves. Around 80% of the national oil extraction 
is concentrated in four Amazonian cities: Lago Agrio, Shushufindi, 
Orellana, and La Joya de los Sachas [8,9]. 

Oil extraction has occurred in the Ecuadorian Amazon region since 
1967 when the first oil well was drilled. Two years later, the 
Shushufindi-Aguarico and Sacha fields were exploited. During its early 
years, oil exploration was conducted with a considerable lack of envi
ronmental consideration [32]. Today, after more than 50 years of 
operation, the Ecuadorian pipeline system (SOTE) transports crude from 
the Amazonian fields to Balao Terminal located on the Pacific coast. 
Pipeline damage has generated spills of several million gallons of crude 
oil contaminating the water and soil; 1169 spills have been officially 

reported between 2005 and 2015 of which 81% were in Amazonia. 
Therefore, in 2000, Ecuador reformed its laws on the exploitation 
and/or extraction of oil [1,33,4]. 

Health problems have been reported from exposure to crude oil 
(from exposure to spills, or from living near oil fields or commercial 
activities) including stress and depressive symptoms, psychiatric disor
ders, neurological symptoms, rheumatic diseases, lupus, respiratory 
symptoms, cardiovascular problems, liver damage, diarrhea, asthma, 
skin infection, bronchitis, immunodeficiency, infertility, and anemia 
[42,45]. Among the most common abnormalities associated with 
exposure to crude oil are hematological disorders [32,36]: White blood 
cells (WBCs) tend to increase while platelets and red blood cells (RBCs) 
decrease [10,2,21,31,35,39,44,46]. 

Many cases of anemia have been reported in areas affected by oil 
pollution in the last 10–20 years [48,50]. Studies carried out in 
vulnerable groups such as women and children in Ecuadorian oil 
exploitation areas found symptoms of toxicity caused by oil and a fre
quency of anemia in schoolchildren of 16.6% this is higher than the 
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national average (3.5%) [16,42,48]. The prevalence of anemia in the 
adult male population is generally associated with nutritional conditions 
[40]. However, studies in men exposed to different toxic substances 
including crude oil from spills/occupational exposure have linked these 
to an incidence of anemia [22,23,30,5,53]. 

Although these studies are useful in terms of population health, it is 
necessary to better understand the environmental, population, anthro
pometric and biochemical parameters that are related to liver and kid
ney function and health status usually [9]. Hematological, renal and 
hepatic functions have been shown to remain altered, over time 
following exposures to oil spills [12,41]. On the other hand it is also 
known that alterations in liver function are accompanied by hemato
logical alterations, and biomarkers such as aminotransferases have been 
observed to be increased in anemia, especially of the hemolytic type 
[17], which can be generated by crude oil exposure [20]. Exposure to 
crude oil and its derivatives also generates kidney damage [28], which 
can be measured in a general way by creatinine [41]. Therefore, we 
consider it important to perform biochemical, hematological and 
anthropometric parameters of men living in the Ecuadorian Amazon 
exposed to different levels of risks due to crude oil contamination. In 
addition, we established the percentage of men with anemia at three risk 
levels. Finally, we established the probability of anemia in men ac
cording to the risk levels for crude oil contamination. 

2. Materials and methods 

The present work is a causality study to evaluate the effect between 

the biochemical and hematological variables with respect to the risk of 
exposure to crude oil. 

2.1. Study areas 

The study included the mid basin region of the Napo River in 
Ecuador. This area is characterized by a large diversity of ecosystems 
ranging from the montane to Amazonian forests. 

This region has a high risk of oil contamination that can affect human 
health. According to Espinosa et al. [55], 64% of population centers 
have different levels of risk contamination with a higher percentage 
(39%) of those centers exposed to a high risk of contamination. We 
selected locations using the categorized contamination risk map pro
posed by Espinosa et al. (2021) to select sampling localities. The sam
pling localities were located in areas where crude oil pollution is not 
confounded with other sources of pollution such as large crop areas, 
localities downstream of large cities, and densely populated centers. 

The spatial risk model defined three levels of contamination risk: 
low, medium, and high risk. The proposal model evaluates the pattern of 
the distribution of contaminants across watercourses and land uses and 
produces distinct results from classic models based on the distance from 
contamination sources. The spatial risk of contamination was based on 
the calculation of a friction surface and the accessibility of possible oil 
contamination. The friction surface calculates the cost of moving the oil 
under surfaces with different coverage conditions and slopes. Accessi
bility is measured as the expected displacement pattern of seeps and 
potential oil spills from wells and pipelines based on friction values. The 

Fig. 1. Map of sampling points in the Orellana and Napo provinces in the Ecuadorian Amazon. (A) Location of Ecuador within South America. (B) Dark-green is low 
exposure, light green is medium exposure, and dark red is high exposure. 
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accessibility measure accumulates the cost of the mobility of pollutants 
along the friction surface. High accessibility values imply a high cost of 
mobility, and thus this variable inverted and normalized between zero 
and one and was defined as risk contamination (Espinosa et al., 2021). 
The risk contamination variable was categorized in three levels of risk 
oil contamination: high ≥ 0.7, medium > 0.3 & < 0.7, and low ≤ 0.3. 

We identified 26 population centers (Fig. 1) exposed exclusively to 
oil contamination. Of these, nine centers (El Triunfo, 11 de Julio, 
Cooperativa 30 de Mayo, Pre-Coopertativa Valladolid, La Primavera, 
Los Laureles, La Libertad, 12 de Febrero and Cooperativa 28 de Marzo) 
had a high risk of contamination. Eight centers (Pozo Ron, Pre- 
Cooperativa Huashito, Cooperativa 24 de Mayo, Pre-Cooperativa 
Nuevo Ecuador, Bella Unión del Napo, Agrupación Tanguila, 1 de 
Mayo, and Playayacu) had a medium contamination risk. Nine centers 
(Pre-Cooperativa Tierras Ecuatoriana, Tangay, Enokanki, Las Mercedes, 
Las Nieves, Conambo, Luz de America, 4 de Diciembre, and La Florida) 
had a low risk of contamination. 

2.2. Ethical consideration 

This study was approved by the Ethics Committee at University San 
Francisco – Ecuador, 2015–056E, and Ministerio de Salud of Ecuador, 
MSP-DIS-2015–0078-O. All subjects provided written informed consent 
prior to participating. 

2.3. Population characteristics 

The study was performed in 2014, and 135 otherwise healthy men 
average 45.15 ± 14.64 years old who were exposed to oil contamination 
volunteered. The inclusion criteria were that the volunteers were of 
legal age (18 years), that they were apparently healthy without any drug 
regimen, and actively working. The exclusion criteria were having a 
genetic disorder or presenting signs of a mental or catastrophic illness. 
All samples were collected at the volunteers’ place of residence. 

The participants were classified into three groups according to their 
area of residence: low exposure (n = 34), medium exposure (n = 49), 
and high exposure (n = 52) according to the contamination risk model. 
It was not possible to define a control group because most of the 
inhabited areas in this region are somewhat affected by hydrocarbon 
contamination. 

To control for potential confounding factors, participants completed 
a questionnaire related to lifestyle (e.g., frequency of coffee and alcohol 
consumption, smoking habits). Trained personnel applied the ques
tionnaire and took anthropometric measurements. We produced an 
adjusted generalized linear model to evaluate the effects of confounding 
factors. 

2.4. Hematological and biochemical parameters 

The blood samples were collected between 8 and 11 AM; 4 mL of 
blood was added to Vacutainer tubes with EDTA and 4 mL into tubes 
without an anticoagulant (Becton Dickinson) under aseptic conditions. 
The samples were then stored on ice and protected from light during the 
sampling and laboratory processing procedures. All samples were 
handled similarly and processed in under 2 h. The hematological ana
lyses included quantifying WBCs, hemoglobin, hematocrit, and plate
lets. The determination of the different blood parameters was done using 
a Mindray BC-3200 Auto Hematology Analyzer (Shenzhen, China), 
which uses an electrical impedance method for cell counts and a 
cyanide-free method for hemoglobin. The biochemical parameters 
(aspartate aminotransferase, alanine aminotransferase, creatinine) were 
quantified using the semi-automatic Humalyzer 3000 analyzer (Wies
baden, Germany) according to each technical specification. This 
equipment has a photometric system in the UV–visible range with six 
preset wavelengths (340, 405, 505, 545, 580, 630 nm ± 2 nm). C- 
reactive protein (CRP) levels were evaluated using the CRP-latex test, a 

rapid agglutination assay was used for the direct detection and semi- 
quantification of CRP in serum (Wiener Lab 2000, Rosario - 
Argentina). The normal range values are in Table 1. 

2.5. Statistical analysis 

We adjusted a generalized linear model with a binomial family to 
evaluate the effect of contamination risk on the occurrence of altered 
biochemical and hematological parameters. We further calculated the 
odds ratio from the abnormalities using the low risk of contamination as 
a reference and then tested the results for statistical significance with 
Fisher’s exact test. Age and lifestyle factors (e.g., alcohol consumption, 
tobacco use) were used as adjustment variables. The analysis was 
implemented in R using the base [43] and epitools [3] packages. 

3. Results 

The sample population’s self-reported demographic and lifestyle 
characteristics are shown in Table 2 and are classified according to 
exposure risk. Overall, 59.3% of the general population self-identified as 
Mestizo, 18.5% as Caucasian, 17.8% as Native, and 2.2% as Afro- 
Ecuadorian. The questionnaire data also indicated that 36.8% were 
smokers, 72.3% frequent drinkers, 27.7% occasional drinkers, and 
64.4% drank coffee. From the physical examination, 14.1% were obese 
(BMI ≥ 30), and 28.9% had high blood pressure (SBP or DBP ≥ 140/ 
90 mmHg). 

Table 3 presents the mean plus standard deviation for the values 
obtained from hematological and biochemical assays. Creatinine levels 
were within the normal parameters in all three groups, and there was no 
difference between groups. Hepatic functioning was reflected by AST 
and ALT levels; no differences were observed between the exposure 
groups, but the values neared the upper normal limit. Inflammation was 
assessed using CRP levels, which were high in the medium- (12.8%) and 
high-exposure (14.3%) groups. 

There were no significant differences in the WBC, lymphocyte, 
monocyte, granulocyte, or platelet values between groups. However, 
monocyte levels in all cases exceeded the normal range and were the 
highest in the high-exposure group (Table 3). RBCs, hemoglobin, and 
hematocrit levels were within the established normal ranges for all 
groups. The low-exposure group had significantly higher values than the 
medium- and high-exposure groups (p < 0.05, in both cases). A signif
icant percentage of individuals had monocytes and granulocytes above 
normal values at all exposure levels (Fig. 2). 

The World Health Organization defines anemia in men as 

Table 1 
Normal range values for various indices.  

Parameter Normal Range value (male) 

White blood Cells (×103 per mL)a 4.5–11.5 
Lymphocytes (%)a 20–40 
Granulocytes (%)a 40–60 
Monocytes (%)a 2–8 
Hemoglobin (g per dL)b 14.0–17.0 
Hematocrit (%)b 40–50 
Platelet (×103 per mL)a 150–450 
RBC (×106 per μL)a 4.5–6 
AST (IU/L)c 10–37 
ALT (IU/L)c 10–42 
Creatinine (mg per L) 0.4–1 
CRP (mg per L)d < 5.9 

RBC = red blood cells, AST = alanine aminotransferase, ALT = aspartate 
aminotransferase, CRP = C-reactive protein. 

a Reference values according to Indiana University Medical Center Health 
Partners, Indianapolis, IN. 

b Reference values according to National Heart, Lung and Blood Institute. 
c Reference values according to the technique used. 
d Semi-quantitative method values less than 6 considered negative. 
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hemoglobin levels below 13.0 g/dL [54] while this criterion in the 
literature is as high as 14.2 g/dL [7]. Here, anemia was defined by a 
hemoglobin concentration under 14.0 g/dL as recommended by the 
National Heart, Lung, and Blood Institute (Institute National Heart Lung 
and Blood 2011). By this definition, men in the medium- and 
high-exposure to oil exploration groups were more likely to have anemia 
(38% and 30%, respectively) than their low-exposure counterparts 
(10%). Similarly, more individuals in the medium- and high-exposure 
groups (36%, and 22%, respectively) had hematocrit values below the 
normal limit than in the low-exposure group (10%) (Fig. 2). 

Generalized linear models did not show effects on monocytes, 
granulocytes, lymphocytes, or red blood cells. However, hemoglobin 
and hematocrit levels had obvious and significant effects. The medium 
and high contamination risk groups showed an increase in abnormal 
hemoglobin and hematocrit levels (Table 4). 

The risk of hematological parameters being affected by the level of 
risk to exposure to crude oil was estimated and adjusted for age, 
smoking, and drinking. The increased risk of anemia occurrence in the 
medium- (OR of 5.57, 95% CI: 1.12–55.00) and high-exposure (OR of 
3.8, 95% CI: 0.73–39, 32) groups approached the limit of statistical 
significance. The ORs for hematocrit were 5.58 (95% CI: 1.12–55.00) 
and 3.0162 (0.55–31.25 CI) for the medium and high-exposure level 
groups, respectively (Fig. 3). 

4. Discussion and conclusions 

Aminotransferase levels were close to the upper limit of the normal 
range for the three exposure groups, which may be due to the higher 
incidence of hepatitis in this region. This could also be related to the 
metabolic syndrome (considering the high percentage of overweight and 
obesity found in the population). This reaches a frequency between 18% 
and 25% in men living in urban and rural areas of the Ecuadorian 

Amazon [16,51]. 
Exposure to oil crude affects the hematological system in humans 

and is especially seen in increased incidence of nonlymphocytic leuke
mia, acute lymphocytic leukemia, chronic myelocytic leukemia, and 
chronic lymphocytic leukemia [11,29,45,49]. In this study population, 
we found no individuals with WBC increases related to leukemic pro
cesses probably due to the size of the sample. However, we did see an 
increase in the percentage of monocytosis at all three exposure levels. 
Monocytosis is extremely nonspecific and is indicative of several con
ditions including acute and chronic inflammation as well as parasitic 
and bacterial infections [47,52]. A large increase in granulocytes (not 
significant) was observed in the population especially in men in the 
medium-exposure group, also had a higher percentage of smokers 
(around 50%); this would suggest that the granulocyte increase in this 
population was likely due to smoking and was in response to the in
flammatory process induced by smoking [15,19]. 

The anemia prevalence found in this study (24.4%) is higher than 
reported for the entire Ecuadorian male population, which is 4.1% for 
men between 40 and 59 years according to the National Health and 
Nutrition Survey ENSANUT-ECU 2012 [16]. The anemia increase is 

Table 2 
Characteristics and habits of the study population.   

General 
Population 
n = 135 

Low Level 
n = 34 

Medium 
Level n = 49 

High Level 
n = 52 

Age 45.15 ± 14.64 46.74 
± 16.09 

44.24 
± 13.63 

44.96 
± 14.79 

BMI 26.04 ± 3.59 25.98 
± 3.50 

26.16 
± 3.67 

25.97 
± 3.63 

Normal weight 
(%) 

43.0 44.1 40.8 44.2 

Overweight (%) 43.0 44.1 42.9 42.3 
Obesity (%) 14.1 11.8 16.3 13.5 
SBP (mmHg) 131.95 ± 21.75 137.26 

± 26.29 
125.84 
± 16.28 

134.23 
± 22.05 

DPB (mmHg) 72.44 ± 10.60 76.50 
± 10.99 

69.94 
± 9.48 * 

72.15 
± 10.72 

Hypertension 
(%) 

28.9 41.2 22.4 26.9 

Frequent drinker 
(%) 

72.3 58.82 78.52 74.07 

Occasional 
drinker (%) 

27.7 41.18 21.48 25.95 

Smoker (%) 36.8 21.2 44.9 39.2 
Not Smoker (%) 63.2 78.8 55.1 60.8 
Drink coffee (%) 64.4 52.9 65.3 71.2 
Not drink coffee 

(%) 
35.6 47.1 34.7 28.8 

Afro-Ecuadorian 
(%) 

2.2 5.9 – 1.9 

Caucasian (%) 18.5 23.5 4.1 28.8 
Native (%) 17.8 – 49 – 
Mestizo (%) 59.3 70.6 44.9 65.4 

Values represent mean ± SD or percentage. 
BMI = Body mass index, DBP = Diastolic blood pressure, SBP = Systolic blood 
pressure * P < 0.05. between low and medium levels, analyzed using the 
ANOVA test. 

Table 3 
Mean of hematologic and biochemical parameters according to exposure groups.   

Exposure levels  

Total Low Medium High 
Level 

p 
-value  

WBC (×103 

per μL)        
Mean 6.91 

± 1.63 
6.92 
± 1.90 

6.67 
± 1.57 

7.08 
± 1.57  

0.7053  

Lymphocytes 
(%)        

Mean 32.64 
± 7.92 

32.19 
± 6.59 

31.34 
± 7.63 

34.35 
± 8.69  

0.3292  

Granulocytes 
(%)        

Mean 57.57 
± 8.14 

58.43 
± 6.28 

59.06 
± 7.88 

55.43 
± 8.94  

0.4014  

Monocytes (%)        
Mean 9.82 

± 2.23 
9.52 
± 1.96 

9.60 
± 1.97 

10.32 
± 2.60  

0.5125  

Platelet (×109 

per μL)        
Mean 219.56 

± 52.16 
221.14 
± 52.24 

222.40 
± 51.62 

215.52 
± 53.71  

0.7427  

RBC        
Mean 4.99 

± 0.46 
5.31 
± 0.49 

4.86 
± 0.44 

4.97 
± 0.41  

0.003 ** 

Hemoglobin (g 
per dL)        

Mean 14.62 
± 1.33 

15.40 
± 1.62 

14.41 
± 1.12 

14.46 
± 1.26  

0.0328 * 

Hematocrit 
(%)        

Mean 41.86 
± 3.65 

44.15 
± 4.43 

41.09 
± 3.09 

41.60 
± 3.43  

0.0176 * 

AST (IU/L)        
Mean 38.74 

± 18.71 
37.75 
± 16.72 

36.53 
± 16.40 

41.71 
± 21.85  

0.9385  

ALT (IU/L)        
Mean 37.81 

± 18.24 
42.14 
± 18.09 

34.64 
± 14.24 

39.19 
± 21.77  

0.9556  

Creatinine 
(mg/dL)         

0.83 
± 0.12 

0.82 
± 0.14 

0.83 
± 0.11 

0.85 
± 0.14  

0.3640  

CRP (mg/dL)        
High (%) 10.9 0 12.8 14.3  0.4007  

Values represent mean ± SD and percentages. RBC = red blood cells, WBC =
white blood cells, ALP = alkaline phosphatase; ALT = alanine amino transferase; 
AST = aspartate amino transferase; CRP = C-reactive protein. Analysis used an 
ordinary ANOVA test. 
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5.9-fold higher considering the criteria for the diagnosis of anemia ac
cording to the National Heart, Lung, and Blood Institute (hemoglobin <
14 g/dL) [25] and 2.1-fold higher than the criteria established by the 
WHO (hemoglobin <13 g/dL) with which the ENSANUT-ECU 2012 was 
performed [16]. The highest percentage of anemia was found (38% and 
31%, respectively) in the medium- and high-exposure groups. A signif
icant association was observed with increased risk of developing the 
disease in response to crude oil exposure. While it is difficult to find 
studies that directly link anemia and oil exposure in humans, this is not 
the case in animal species. Contact with crude oil can be hemotoxic in 
seabirds and other avian species [27,34,38,39]. 

Petroleum is a complex mixture of different elements and chemical 
compounds including heavy metals such as Cd, Pb, Zn, Cr, As, and Hg 
[29,37,45]. Of these, at least Pb, As, Cd, and Hg have been related to 
anemia incidence [22–24,53]. In the Ecuadorian Amazon, studies on 
heavy metal contamination—specifically in the provinces of Orellana 
and Sucumbíos—show concentrations within the permitted limit except 
for Ba in soil, which exceeded the Ecuadorian limit of 200 mg/kg. The 

concentration of Mo was higher than urban areas of Ecuador [6,33]. The 
presence of barium and molybdenum could be related to the extraction 
of crude oil in the area [6,33]. Paradoxically, the molybdenum-iron 
complex increases hemoglobin [13,18]. Another focus of heavy metal 
contamination could come from consumption of foods such as cocoa and 
cassava, which revealed the presence of metals (Cd, Pb) in studies of the 
area that exceeded the limits recommended by FAO/WHO [6,33]. 

One of the limitations of this study is that there is a high incidence of 
hepatitis [14] and exposure to wood or coal burning in this area. These 
can be risk factors for the development of anemia. It would be important 
in later studies to relate the effect of chronic infections and consider 
more variables as other possible pollutants in the area generated by both 
anthropogenic activity and from natural sources. 

In conclusion, our results showed that men residing in areas with 
medium and high levels of exposure to crude oil had lower levels of 
hemoglobin and hematocrit and an increased risk of developing anemia 
versus men in low-level exposed areas. However, more studies are 
needed to fully understand the causes and effects with extrapolation to 

Fig. 2. Percentage of individual with normal, low or high hematological parameters according to exposure group. (A) White blood cells (WBCs), (B) monocytes, (C) 
granulocytes, (D) lymphocytes, (E) red blood cells (RBCs), (F) hemoglobin, (G) hematocrit, and (H) platelets. 

Table 4 
Generalized linear models with binomial adjustment of the occurrence of abnormal cases in relation to contamination risk levels.   

Monocytes  Granulocytes  
Estimate SE Z-value p-value   Estimate SE Z-value p-value  

(Intercept) 1.4469 0.5557 2.6037 0.0092  (Intercept) -0.6931 0.4629 -1.4974 0.1343  
Medium level -0.3483 0.648 -0.5375 0.5909  Medium level 0.6098 0.5457 1.1174 0.2638  
High level 0.1335 0.6936 0.1925 0.8473  High level 0.1542 0.5722 0.2694 0.7876   

Lymphocytes      
Estimate SE Z-value p-value        

(Intercept) -2.2513 0.7433 -3.0288 0.0025        
Medium level 0.3054 0.862 0.3543 0.7231        
High level 1.1199 0.8275 1.3534 0.1759         

RBC (Red blood cells)  Hemoglobin  
Estimate SE Z-value p-value   Estimate SE Z-value p-value  

(Intercept) -2.9957 1.0246 -2.9238 0.0035  (Intercept) -2.2513 0.7433 -3.0288 0.0025  
Medium level 1.2281 1.1032 1.1132 0.2656  Medium level 1.7405 0.8009 2.1733 0.0298 * 
High level 1.0217 1.1303 0.9039 0.3661  High level 1.3689 0.8187 1.672 0.0945   

Hematocrit  Platelet  
Estimate SE Z-value p-value   Estimate SE Z-value p-value  

(Intercept) -2.2513 0.7433 -3.0288 0.0025  (Intercept)) -2,2513 0,7434 -3,0284 0,0025  
Medium level 1.7405 0.8009 2.1733 0.0298 * Medium level -0,4568 0,953 -0,4793 0,6317  
High level 1.1199 0.8275 1.3534 0.1759  High level -0,2877 0,9551 -0,3012 0,7633   

* P < 0.05. Age and lifestyle metrics like smoking and drinking were used as adjusting variables. 
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other people living in the area. 
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