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SUMMARY

This pilot study was an approach to determine the health outcomes 
(nutritional status, cognitive status, mental health and educational sta-
tus), and the presence of health risk behaviors (aggressive behavior/
delinquency, hazardous/harmful drinking, substance use/abuse and 
tobacco use) of adolescents who have been exposed all their lives to 
lead. Besides, we could identify individual, familial and social factors, 
such as lead exposure, that were related to them. The sample included 
40 adolescents (25 females and 15 males), aged 12-19 years, who 
participated as children in the Childhood Lead Exposure Surveillance 
Program (CLESP), conducted in a metallurgical area of Mexico. The 
100% of the participants were reported neurologically healthy by 
medical clinical examination. The 15% were below 70 points of the 
Full Scale Intelligence Quotient, higher than the expected percentage 
in the general Mexican population. Moreover, we detected the pres-
ence of health risk behaviors. The protective factors identified were 
mean cell volume, adolescent education, father education and living 
in an apartment. Risk factors identified were: sleep hours, mono-pa-
rental family, positive family history of substance use/abuse, residents 
by household, having social security, tibia bone lead, and childhood 
blood lead (p<0.05). The gender and exercise variables were ac-
counted for both risk and protection. The health problems that we 
found were mostly related to individual factors, followed by familial 
and social factors. The lead exposure explained, in minor propor-
tions, the multivariate models; however, for every 1 μg lead/g bone 
mineral increased in the tibia and 1 μg/dL increase in blood lead 
during childhood; the Perceptual Organization/Perceptual Reason-
ing Index and Processing Speed Index are decreased by 1.21 and 
1.11~points, respectively. The detection of protective and risk fac-
tors enable the design of an intervention program as an extension of 
CLESP. The health of these adolescents can be improved by avoiding 
some risk factors and fostering protective factors at individual, family 
and community levels.

Key words: Adolescents, health outcomes, health risk behaviors, 
protective and risk factors, lead exposure.

RESUMEN

Este estudio piloto fue una aproximación para determinar el estado de 
salud (nutricional, cognitivo, salud mental y educacional) y las conduc-
tas de riesgo para la salud (agresión/delincuencia, consumo riesgo-
so/dañino de alcohol, uso/abuso de sustancias y consumo de tabaco) 
de adolescentes que han estado expuestos toda su vida al plomo. Se 
identificaron factores individuales, familiares y sociales; así como la 
exposición al plomo, que estuvieran relacionados con ellos. Se inclu-
yeron 40 adolescentes (25 mujeres y 15 hombres) de 12 a 19 años de 
edad, quienes participaron siendo niños en el Programa de Vigilancia 
Infantil de Exposición a Plomo (PVIEP), conducido en un área metalúr-
gica de México. El 100% estaba neurológicamente sano por examen 
médico. El 15% obtuvo menos de 70 puntos en la Escala Total del 
Coeficiente Intelectual, porcentaje mayor al esperado en la población 
general mexicana. Además se detectó la presencia de conductas de 
riesgo. Los factores protectores identificados fueron volumen corpuscu-
lar medio, educación del adolescente, educación del padre y vivir en 
departamento. Los factores de riesgo fueron horas de sueño, familia 
monoparental, familia con antecedentes de uso/abuso de sustancias, 
número de residentes en la vivienda, tener seguridad social, plomo 
en tibia y plomo en sangre durante la infancia (p<0.05). El género y 
el ejercicio fueron variables tanto de riesgo como de protección. Los 
problemas de salud encontrados estuvieron mayormente asociados a 
factores individuales, seguidos por factores familiares y sociales. La 
exposición a plomo explicó en menor proporción los modelos multiva-
riados, sin embargo, por cada 1 μg plomo/g de hueso mineral incre-
mentado en tibia y 1 μg/dL de plomo incrementado en sangre durante 
la infancia, el Índice de Organización Perceptual/Razonamiento Per-
ceptual e Índice de Velocidad de Procesamiento, disminuyeron 1.21 
y 1.11~puntos, respectivamente. La detección de factores de riesgo y 
protección permitirá el diseño de un programa de intervención como 
parte del PVIEP. La salud de estos adolescentes puede ser mejorada 
aminorando algunos factores de riesgo y fomentando factores de pro-
tección, desde el nivel individual, familiar y/o comunitario.

Palabras clave: Adolescentes, estado de salud, conductas de riesgo 
para la salud, factores de riesgo y protección, exposición a plomo.

1	 Environmental Toxicology Department, Medicine School, Autonomous University of San Luis Potosí. Mexico.
2	 Applied Research Center for Environment and Health, Autonomous University of San Luis Potosí. Mexico.
3	 Center for Population Health Research, National Institute of Public Health. Cuernavaca, Mexico.

Correspondence: Patricia Cossío-Torres. PhD in Environmental Sciences. Environmental Toxicology Department, Medicine School, Autonomous University of San 
Luis Potosí. Av. Venustiano Carranza 2405, 78210, San Luis Potosí, SLP, Mexico. Telephone and fax: (52-444) 826-2354. E-mail: patricia.cossio@sip.uaslp.mx

Recibido primera versión: 14 de septiembre de 2011. Segunda versión: 14 de mayo de 2012. Aceptado: 31 de agosto de 2012.



Cossío-Torres et al.

Vol. 36, No. 1, enero-febrero 201374

INTRODUCTION

One of every five people in the world, and in Mexico as well, is 
an adolescent; a healthy development in this group is a key po-
int to progress of nations. Specifically in Mexico, the programs 
for adolescent attention have been functioning for almost four 
decades. However, investment has not been enough. Whereas 
the Mexican government targets 30 dollars per adolescent per 
year in health programs, 1,500 dollars are invested for every 
child under the age of nine.1 Therefore, services are limited for 
adolescent health services in terms of prevention, opportune 
detection, treatment and continuous rehabilitation.

In addition, more than 75 percent of all adolescent 
mortality is related mainly to social and behavioral factors.2 
Moreover, some diseases occur during adolescence; and 
diseases that were latent during childhood might appear 
during this stage.3 Adolescents face new situations, and in 
order to prevent health risks, they frequently do not have 
enough elements in terms of knowledge, attitude and be-
havior. Adolescents’ scant attendance to medical checkups, 
their inadequate diet, and use or abuse of tobacco, alcohol 
and illegal drugs; their early sexual debut, aggressive/de-
linquent behavior, and a context of poverty and marginali-
zation, blended with exposure to environmental pollutants, 
such as lead and endocrine disruptors, trigger a synergy of 
effects that shape their health outcome and current well-be-
ing. This scenario hinders their transition to the adult stage, 
leaving sequels for the rest of their lives.

In relation to environmental pollutants, it is well known 
that lead is a neurotoxic, which can trigger dysfunction at 
mitochondria, excitotoxicity, influences on neurotransmitter, 
second messengers, astroglia and oligodendroglia.4 Cognitive 
functions and neurobehavior are affected by exposure to this 
metal, even at blood lead concentrations below 5.0 μg/dl.4-6 
The effects of lead exposure during childhood are present until 
adolescence and the young adult stage, or even 50 years after 
lead poisoning.6-13 In Mexico, lead exposure is still a problem, 
and the major sources of lead are the smelting and refining 
activities, and lead-glazed pottery.14-17

The studies in adolescents are focused mainly on sexual, 
psychosocial, and mental health aspects. In addition, the reach 
of the research that evaluates the effects of environmental po-
llutants, such as lead, in adolescent population is limited, and 
none of them have done integral assessments, they only have 
taken some social factors as covariates without demonstrating 
the contribution that each of them has (individual, familial, 
social and lead exposure) in the development of the adoles-
cents.6,9-13 Therefore, it is essential to conduct research where 
lead exposure should be seen with other factors of individual, 
familial and social contexts affecting normal development.18 
Besides, the research should recognize which factors are pro-
tective or risky in specific contexts; because they may be spe-
cific for certain adolescent health endpoints, as some of them 
may be relevant only during specific risk processes, and/or 

only at some windows of vulnerability (developmental sta-
ges). Moreover, the level of protection for some factors may 
depend on the individual’s attributes. As for risk factors, they 
also operate in different ways at different age periods.19 In 
conclusion, adolescents are placed in a dynamic vulnerable-
protective state; so for intervention, it is important to foster 
protective processes by developing protective factors, and/or 
decreasing the influence of risk factors through their elimina-
tion or by intercepting their mechanisms of action.20,21 Further-
more, adolescent behavior could become a risk or protection 
factor by itself and influence their future development.2,22

Therefore, the first purpose of this work was to determi-
ne the health outcomes (nutritional status, cognitive status, 
mental health and educational status), and health risk be-
haviors (aggressive behavior/delinquency, hazardous/har-
mful drinking, substance use/abuse and tobacco use) of ado-
lescents who have been exposed all their lives to lead. The 
second purpose was to identify individual, familial and so-
cial factors, such as lead exposure, that were related to them.

METHODS AND MATERIAL

Study area

Morales is an urban area in San Luis Potosi, Mexico, where 
a smelter complex has been working since 1890. The histo-
rical accumulation of lead, cadmium and arsenic, mainly in 
soil and dust, represents a risk to children who live in this 
area.23,24 This evidence was detected through the Childho-
od Lead Exposure Surveillance Program (CLESP) that our 
research group has been operating in this site since 1993. 
Currently, nearly 30 500 inhabitants live in this site, 50.3% 
of whom are 24 years of age or younger. Considering these 
antecedents, we decided to extend the surveillance program 
to the adolescent population. This group is not only exposed 
to lead, they also live in a context of poverty and violence.

Study population

The adolescent sample was obtained from our CLESP data-
bases (1993 to 2004). During 2007, there were only 85 indi-
viduals between 12 and 20 years of age, and only 40 met the 
inclusion criteria: adolescents, history of living in the stu-
dy area since birth and having a written informed consent. 
Adolescents that were pregnant at the time of the study or 
occupationally exposed to lead were excluded. The study 
was approved by the Bioethics Committee of the School of 
Medicine, Autonomous University of San Luis Potosí.

Measurements

1.	 Nutritional assessment. Blood samples were taken for he-
moglobin (Hb) and mean cell volume (MCV) as indicators 
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of iron status. The cutoff points for iron deficiency were 
from the National Health and Nutrition Examination Sur-
vey (NHANES II), and from Dallman.25 Their weight and 
height were obtained to calculate body mass index (BMI) 
and height-for-age Z-scores (HAZ), which were calcula-
ted with Epi Info, version 3.4.3. One person took all the 
weight and height measurements, for which the adoles-
cents removed their shoes and wore casual clothing.

2.	 Questionnaire application. Four questionnaires were 
applied to each individual. 1. One was to obtain infor-
mation about individual, familial and social factors such 
as: exercise (any type of cardiovascular exercise at least 
three times per week), sleep hours (average sleep hours 
at night), age, gender, occupation (student, worker and 
unemployed), social security (with social security, or 
without social security), type of family (monoparental 
or biparental family), adolescent’s education (number 
of school years), parents’ education (number of school 
years), type of housing (detached home or apartment), 
number of residents by household and family history 
of substance use/abuse. 2. The Alcohol Use Disorders 
Identification Test (AUDIT) to identify hazardous and 
harmful drinking,26 validated in Mexican population. 
3. The Fargeström Test for Nicotine Dependence, vali-
dated in Mexican population.27 4. The Problem Orien-
ted Screening Instrument for Teenagers (POSIT) that 
provided information about substance use/abuse, men-
tal health status, family relationships, peer relations, 
educational status, employment status and aggressive 
behavior/delinquency.28 The POSIT was standardized 
and validated in adolescent Mexican population.29,30

3.	 Clinical neurological examination. In order to determine 
the current health status of the participants and iden-
tify symptoms of neurological impairment, a comple-
te clinical history and neurological examination were 
performed by pediatric neurologists, including cranial 
nerve, motor reflexes, coordination and gait, and a sen-
sory exam. The physicians were “blinded” regarding 
any information on the adolescents’ status.

4.	 Cognitive assessment. The cognitive status included the 
Full Scale Intelligence Quotient (FSIQ) and the four 
composed scores known as indexes: Verbal Compre-
hension (VCI), Perceptual Organizational Index (POI) 
or Perceptual Reasoning Index (PRI), Working Me-
mory Index (WMI) and Processing Speed Index (PSI). 
The Wechsler Intelligence Scale for Children (WISC-
IV) and the Wechsler Adult Intelligence Scale (WAIS-
III),31,32 both standardized and validated in Mexican 
population, were administered to subjects under 17 
and over 17 years of age, respectively. In order to be 
able to analyze all the data from both tests, the compa-
tible indexes were taken into account: the FSIQ and the 
four composite scores: VCI, POI in the case of WISC-IV 
and PRI in the case of WAIS-III; WMI and PSI. Besides, 

there were not any statistical differences between these 
two tests. The psychologists were “blinded” regarding 
any information on the adolescents’ status.

5.	 Lead exposure
	 5.1. Lead in Blood. Lead in blood was measured once 

during childhood (CBL), and once during adolescence 
(ABL). CBL and ABL were measured in the same labo-
ratory with the same methodology. Blood samples were 
obtained by venipuncture using lead-free “Vacutainer” 
tubes containing EDTA as an anticoagulant. Lead in 
blood was analyzed with a matrix modifier of diammo-
nium hydrogenphosphate-Triton X-100 in the presence 
of 0.2% nitric acid.33 The samples were analyzed with 
a Perkin-Elmer 3110 atomic absorption spectrophotom-
eter, using a graphite furnace. ClinChek whole blood 
controls were used for internal quality assurance.

	 5.2. Lead in Bone. Tibia Bone Lead levels (TBL) and Pa-
tella Bone Lead concentrations (PBL) were measured at 
the mid-shaft of the tibia and patella with in vivo X-ray 
fluorescence. Concentrations were expressed as μg Pb/
g bone mineral. Both legs were measured by one hour. 
Each leg measurement took 30 minutes and tibia and 
patella were evaluated simultaneously. A set of bone 
lead phantoms (lead-doped plaster of Paris) furnished 
by the National Institute of Standards and Technology 
(NIST) was used to recalibrate and validate the spec-
trum analysis. The technique is non-invasive and re-
quires radiation to the subject during measurement.34 
When the X-ray signal is low, the masking effect of the 
Poisson-distributed background frequently produces 
negative bone lead concentrations. These were expect-
ed and observed. To deal with this in our analysis, we 
dichotomized our bone lead concentrations above and 
below the median. Measurements were performed in 
the Centro de Investigación y Capacitación BRIMEX-III, 
American British Cowdray Medical Center, located in 
Mexico City (280 miles from the studio area) by trained 
personnel from the National Institute of Public Health. 
Therefore, the adolescent and one parent were taken to 
Mexico City, only for bone lead measure.

Statistical analysis

A descriptive analysis was conducted, followed by bivariate 
analysis to compare individual, familial, social factors and 
lead exposure, with health outcomes and health risk beha-
viors. Because of the results of the bivariate analysis, the nu-
tritional status and substance use/abuse were not conside-
red in the multiple analysis. In the case of nutritional status 
some indicators were considered like independent variables 
for cognitive status, because it is well known that nutrition 
is related with cognitive status.35,36 The Chi-Square test in ca-
tegorical variables and Pearson’s correlation in continuous 
variables were used. From the variables that had significant 
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association in the bivariate analysis (p<0.05) or approached 
significance (p>0.05 and p<0.1) and with statistical normali-
ty, the construction of multiple logistic and linear regression 
models were realized according to the type of variable, to 
find which variables explained the health risk behavior and 
health outcome in adolescents. In the cognitive status, we 
included the adolescent education variable, because we had 
heterogeneous participants from junior high school to colle-
ge. The Statistical Package for the Social Science version 10.0 
(SPSS) was used for statistical analysis. Variables included 
in the final models are shown in figure 1.

RESULTS

1. Factors

1.1 Individual factors

The sample included 25 females (62.5%) and 15 males 
(37.5%), aged 12 to 19 years, and all were unmarried. The 
75% were students (70% of this group was in high school or 
more); 15% were workers, and 10% were unemployed. The 
62.5% did not exercise regularly (3 times per week), and the 
67.5% had a suitable sleep pattern (7 to 9 hours per day).

1.2 Familial factors

Seventy-five percent of the adolescents had a bi-parental fami-
ly. The percentage of mothers and fathers with high school or 
more (>12 years of education) was 30% and 40%, respectively. 
More than 50% of the participants had a family relationship 
risk and positive family history of substance use/abuse.

1.3 Social factors

In relation to social factors, 57.5% had social security, 62.5% 
were living in a detached home and the rest in an apartment. 
All the participants had the same socioeconomic status. 
More than 50% of the adolescents had a risk peer relation 
and risk employment status. The mean value of the number 
of residents by household was 5.1 (SD=1.8).

1.4 Lead exposure

Regarding historical exposure to lead (Childhood Blood Lead), 
66.7% of them had blood lead levels (M=13.1, SD=5.8 μg/dL) 
above the Centers for Disease Control (CDC) reference va-
lue of 10 μg/dL; whereas after analyzing current exposure 
(M=5.3, SD=1.9 μg/dL), only 5.0% were above this referen-
ce value. However, it is important to note that 55% of the 
adolescents had blood lead levels above 5μg/dL. Conside-
ring Tibia Bone Lead, the 2.5% of the adolescents had levels 
above the reference value of 10μg lead/g bone mineral, ac-
cording to the Centro de Investigación y Capacitación BRI-
MEX-III, American British Cowdray Medical Center; while 
measuring Patella Bone Lead, again 2.5% had concentrations 
above the reference value (15μg lead/g bone mineral).

2. Health Outcomes

All adolescents in the study were reported neurologically 
healthy by medical clinical examination. Table 1 shows 
that 7.5% of the adolescents had an iron deficiency by MCV 
(M=85.58, SD=3.80 fL), but not by Hb (M=15.18, SD=1.50 g/dL). 
Besides, the 62.5% had an appropriate body mass index. In 
addition, the 27.5% ate less than three times per day.

Health risk behaviors and Health outcomes
in adolescence (Dependent variable)

Risk and protective factors (Independent variable)

Multiple Linear Regression Models

1. Full Scale Intelligence Quotient

2. Verbal Comprehension Index

3. Perceptual Organization/Perceptual Rea-
soning Index

4. Working Memory Index

5. Processing Speed Index

INDIVIDUAL Sleep (hours) Adolescent’s education 
(years)

Mean cell volume (fL)

FAMILIAL Type of family
Bi-parental
Mono-parental*

Father’s education (years) Mother’s education (years)

SOCIAL Number of residents by home

LEAD EXPOSURE Childhood Blood 
Lead (μg/dL)

Adolescent Blood 
Lead (μg/dL)

Tibia Bone Lead (μg 
Pb/g)

Patella Bone Lead 
(μg Pb/g)

Multiple Logistic Regression Models

1. Agressive behavior/delinquency

2. Hazardous and harmful drinking

3. Tobacco use

4. Educational status

5. Mental health status	

INDIVIDUAL Gender
        Female                          Male*

Exercise
        Yes                                  No*

FAMILIAL Type of family
     Bi-parental           Mono-parental*

Family history of substance use/abuse
         No                                 Yes*

SOCIAL Type of housing
     Detached home
     Apartment*	

Social Security
      Yes                  No*

Employment Status
     Not risk            Risk*

LEAD EXPOSURE Childhood
Blood Lead
<10μg/dL
>10μg/dL*

Adolescent
Blood Lead
<5 μg/dL

  >5 μg/dL*

Tibia Bone
Lead

< 0.98 μg Pb/g)
> 0.98 μg Pb/g*

Patella Bone
Lead

< 0.16 μg Pb/g
> 0.16 μg Pb/g*

Figure 1. Variables including Multiple Linear Regression and Multiple Logistic Regression Models.

*Category of comparison
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According to POSIT cut-off points, more than 50% of 
the sample showed risk educational status and risk mental 
health status (table 1). In the cognitive status, we found that 
15.8% of the adolescents were below 70 FSIQ, higher than 
the expected percentage of 6.7% in the general Mexican po-
pulation, according to test results.

3. Health risk behaviors

We found that 57.5% of the participants (table 2) showed 
aggressive behavior/delinquency. One of four participants 
had positive tobacco use, and the 30% had hazardous and 
harmful drinking. According to the self-report, none of the 
participants had used illegal drugs; however, according to 
the POSIT the 17.5% had risk of substance use/abuse.

4. Factors related to health outcomes
and health risk behaviors

Even though the different indexes composed by the FSIQ 
are highly associated amongst themselves, we found diffe-
rent factors that explain these areas (table 3). For every 1 

Table 1. Health outcomes in adolescents

		  Mean	 S.D.
Factors	 Characteristics	 or N	 or %

Nutritional
	 Hemoglobin	 Normal	 40.0	 100.0
	 Mean cell volume	 Normal	 37.0	 92.5
	 (fL)	 Iron deficiency	 3.0	 7.5
	 Height-for-age	 Appropriate	 37.0	 92.5
	 (z score)	 Slightly taller than average	 1.0	 2.5
		  Shorter than average	 2.0	 5.0
	 Body mass index	 Appropriate	 25.0	 62.5
	 (kg/m2)	 Underweight	 7.0	 17.5
		  At risk of being overweight	 7.0	 17.5
		  Overweight	 1.0	 2.5
	 Number of meals	 3 at day	 29.0	 72.5
		  Less than 3 at day	 11.0	 27.5

Cognitive status
	 Full Scale Intelligence Quotient	 85.1	 11.2
	 Verbal Comprehension	 90.9	 12.0
	 Perceptual Organizational/Perceptual Reasoning	 96.0	 15.3
	 Working Memory		  97.1	 11.1
	 Processing Speed		  103.3	 17.5

Mental health status
	 Riska		  20.0	 50.0
	 No risk		  20.0	 50.0

Educational status
	 Riskb		  21.0	 52.5
	 No risk		  19.0	 47.5
a Presence of symptoms of depression, anxiety and impulsiveness. 
b School performance with absence of academic achievement and lack of in-
terest in school activities.

Table 2. Health risk behaviors in adolescents

Health risk behaviors	 N	 %  

Aggressive behavior/delinquency
	 Riska	 23	 57.5
	 No risk	 17	 42.5

Hazardous and harmful drinking
	 No risk	 28	 70.0
	 Hazardous Alcohol Use	 8	 20.0
	 Dependence Symptoms	 2	 5.0
	 Harmful Alcohol Use	 2	 5.0

Substance use/abuse
	 Riskb	 7	 17.5
	 No risk	 33	 82.5

Tobacco use
	 Yes	 10	 25.0
	 Has tried	 11	 27.5
	 Never	 19	 47.5
a Involvement in fights, robberies, threats with a weapon, damage to other 
people’s property.
b Tendency to use/abuse and dependency of alcohol and illegal drugs that 
jeopardize their development.

Table 3. Multiple Linear Regression Models of health outcomes (cognitive status)

	 Coefficient (β)

Dependent variable	 Independent variable	 Unstandardized	 Standardized	 SE	 P Value	 R2

Full Scale Intelligence	 Mean cell volume	 0.97	 0.30	 0.48	 0.05	 0.34
Quotient	 Father’s education	 1.08	 0.36	 0.44	 <0.05
	 Patella bone lead	 -0.40	 -0.26	 0.22	     0.08

Verbal Comprehension	 Adolescent‘s education	 2.76	 0.45	 0.78	 <0.05	 0.42
Index	 Residents by household	 -2.38	 -0.35	 0.85	 <0.05
	 Adolescent blood lead	 -0.88	 -0.14	 0.78	     0.26

Perceptual Organizational 	 Adolescent’s education	 3.46	 0.44	 1.11	 <0.05	 0.38
Index / Perceptual	 Father’s education	 1.40	 0.36	 0.55	 <0.05
Reasoning Index	 Tibia bone lead	 -1.21	 -0.30	 0.58	 <0.05

Working Memory Index	 Mother’s education	 1.08	 0.27	 0.62	 0.09	 0.17
	 Sleep hours	 -2.33	 -0.29	 1.24	 0.06
	 Patella bone lead	 -0.35	 -0.22	 0.24	 0.15

Processing Speed Index	 Sleep hours	 -5.46	 -0.45	 1.76	 <0.05	 0.36
	 Type of family	 -17.84	 -0.43	 6.22	 <0.05
	 Childhood blood lead	 -1.11	 -0.37	 0.45	 <0.05

Note: Perceptual Organizational Index in the case of WISC-IV, and Perceptual Reasoning Index in the case of WAIS-III.
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fL increase in MCV concentration, a 0.97~point increase in 
FSIQ was found; and for every 1 year increase in the pa-
rents’ education, an increase of 1.08~points and 1.40~points 
in FSIQ and POI/PRI was obtained, respectively. The VCI 
and POI/PRI were associated to a 2.76 and 3.46~point in-
crease, respectively, for every 1-year increase in adolescent 
education. Whereas, every resident increased in the house-
hold and an increase of one hour of sleep were associated to 
a 2.38 and 5.46 ~point decrease in VCI and PSI, respectively. 
Adolescents with bi-parental families had a 17.8% higher 
score in PSI than adolescents with mono-parental families. 
As for lead exposure, for every 1 μg lead/g bone mineral 
increased in the tibia and 1 μg/dL increase in blood lead 
during childhood, the POI/PRI and PSI score decreased by 
1.21 and 1.11~points, respectively.

The lack of exercise increases the risk of education status 
by a factor of 10.78. Risk of mental health status decreases by a 
factor of 0.08 by being male, and increases by a factor of 8.90 for 
having a mono-parental family (table 4). The odds of having 
aggressive behavior/delinquency are decreased by a factor 
of 0.18 by living in an apartment. For hazardous and harmful 
drinking, the odds decreased by a factor of 0.08 by not doing 
exercise; and increased by a factor of 7.17 by having positive 
family history of substance use/abuse. Finally, the odds of to-
bacco use is increased by a factor of 12.79 by being male, and 
decreased by a factor of 0.06 by not having social security.

DISCUSSION

Through this pilot study, we could determine the health 
status of adolescents that are living in a lead-polluted site. 

Besides, we could identify a cluster of protective and risk 
factors that were related to the health status. Five individual 
variables (exercise, gender, mean cell volume, adolescent’s 
education, and sleep); three familial variables (family history 
of substance use/abuse, type of family, and father’s educa-
tion); and three social variables (type of housing, number of 
residents by home and social security) were associated with 
health outcomes and health risk behaviors. In addition, the 
childhood blood lead and tibia bone lead (chronic exposure) 
were risk factors to cognitive status.

Although the clinical neurological examination did not 
show any problem, the adolescents had issues in other health 
outcomes, like nutritional status. It was found that 20% of 
the adolescents had problems with overweight and obesity. 
This percentage is less than the national prevalence found 
by the National Survey of Health and Nutrition (ENSANut 
2006),37 in the 12 to 19 years of age group, where they re-
ported 32.5% and 31.2 %, in women and men respectively. 
Also in our sample, we found that 7.5% of the participants 
had iron deficiencies; this percentage is less than reported 
(11.5%) by ENSANut in 2006.

We could detect adolescents who were red flags in the 
cognitive status, since they probably did not have sufficient 
or efficient cognitive processes for decision-making, which 
may involve risk behaviors. Even though cognitive status is 
related to how behavior is produced, and not why it hap-
pens (affective and connotative aspects), it has been shown 
that resilient teenagers have a higher IQ.38 Sleep deprival 
has been negatively associated to cognitive functions, such 
as attention span, working memory and executive func-
tion,39 and in our results, sleep hours were associated to a 
5.46 ~point decrease in PSI.

Table 4. Multiple Logistic Regression Models of health risk behaviors and health outcomes in adolescence

	 Independent	 Estimate	 P	 Odds	 95% CI	 R
Dependent variable	 variable	 (β)	 SE	 Value	 Ratio	 Lower	 Upper	 Square

Aggressive behavior/delinquency 	 Type of housing	 -1.69	 0.74	 <0.050	 0.18	 0.040	 -	 0.79	 0.27
	 Employment status	 1.33	 0.75	        0.070	 3.81	 0.870	 -	16.65	
	 Tibia bone lead	 -0.38	 0.73	        0.600	 0.68	 0.160	 -	 2.90	
						       	  	
Hazardous and harmful drinking	 Exercise	 -2.44	 0.90	 <0.050	 0.08	 0.010	 -	 0.50	 0.46
	 Family history of	 1.97	 1.02	 0.05	 7.17	 0.950	 -	53.80
	 substance use/abuse
	 Patella bone lead	 1.11	 0.90	        0.210	 3.05	 0.520	 -	17.90	
							        	
Educational status	 Type of family	 1.59	 1.01	        0.110	 4.93	 0.670	 -	36.00	 0.44
	 Exercise	 2.37	 0.87	 <0.050	 10.78	 1.950	 -	59.38	
	 Tibia bone lead	 1.36	 0.82	        0.090	 3.92	 0.780	 -	19.69	
								      
Mental health status	 Gender	 -2.49	 0.93	 <0.050	 0.08	 0.010	 -	 0.50	 0.40
	 Type of family	 2.18	 1.04	 <0.050	 8.90	 1.150	 -	69.01	
 	 Patella bone lead	 0.50	 0.80	        0.530	 1.65	 0.340	 -	 8.04	  
								      
Tobacco use	 Gender	 2.54	 1.04	 <0.050	 12.79	 1.650	 -	99.08	 0.55
	 Sleep	 1.56	 1.03	 0.128	 4.79	 0.630	 -	36.05	
	 Social Security	 -2.70	 1.30	 <0.050	 0.06	 0.005	 -	 0.85	
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Several studies have reported an association between 
blood lead and cognitive issues.5-10,18,40 A previous study in the 
community of Morales41 found a significant association bet-
ween blood lead and the sequential factor (p<0.05), an indica-
tor of attention in 41 children (M=7.6, SD=0.8 years); and we 
found that the chronic lead exposure (TBL) and lead exposure 
during childhood (CBL) were inversely associated to POI/PRI 
and PSI, respectively. Therefore, the lead exposure is having 
influence until adolescence, specifically in this context.

In relation to educational status, physical activity has 
been positively related to scholastic contentment and aca-
demic achievement;42 these findings are consistent with our 
results. However, other study in Mexico43 found a relation 
between lead exposure and school failure; in our results, we 
did not found this association, probably because we studied 
adolescents (differences between ages) and our blood lead 
concentrations were lower. Being a student is seen to be a 
protective factor because school is an important context, 
which provides experiences for the construction of positive 
attitudes.44 Furthermore, adolescent education is a predictor 
of economic status as an adult. Nevertheless, the reality in 
Mexico is that 15.5% of the adolescents between 10 and 17 
years old do not attend school; and 52% of this group stated 
not having an aptitude for school and had no interest in it.45

Although in our study being male was a protective fac-
tor (OR=0.08) for mental health, in other studies being male 
is a risk factor for risk behaviors like delinquency and expo-
sure to violent acts.19,46

Concerning health risk behaviors, our results show a 
major prevalence of disorders for consumption of alcohol 
(30%), compared to the findings of another study, where 
they used the same instrument (AUDIT). They reported a 
prevalence of 16.8% in university students between 17 to 
19 years of age. On the other hand, also in our sample we 
found more prevalence for consumption of tobacco (25%) 
and to have once tried tobacco (27.5%), compared to the fin-
dings of the National Survey of Addictions in 2008, which 
were 8.8% and 14.9% respectively.47,48

Living in an apartment was a protective factor (OR=0.18) 
for the presence of aggressive behavior/delinquency; proba-
bly in this context, due to the existing violence in this zone, 
living in an apartment generates more safety and reduces 
the exposure to delinquent criminal acts.

The odds of having hazardous and harmful drinking 
(OR= 7.17) is increased by having a positive family history 
of substance use/abuse; these results coincide with other 
studies.49,50 In addition, the hazardous and harmful drin-
king is decreased by not exercising (OR=0.08). However, in 
the educational status, the lack of exercise was a risk factor 
(OR=10.78); this is a clear example that one protective factor 
may function for one risk process but not for another.

Being a male was a risk factor (OR=12.79) for the con-
sumption of tobacco in the adolescents of this study. These 
results coincide with the findings of the National Survey of 

Addictions in 2008, where 48.8% of those polled (27 million 
Mexicans) were men who had once tried cigarettes, compa-
red with 23.4% of women.48 Finally, not having social secu-
rity was a protective factor for the consumption of tobacco 
(OR=0.06), from what we can deduce that there does not 
exist a difference between those adolescents who have acce-
ss to a free health care and those that do not have it, in rela-
tion to the prevention of addictions, as this one is the case.

As for the factors of pollution exposure, a decrease of 
the proportion of individuals with concentrations of lead in 
their blood greater than 10µg/dL; from 66.7% in infancy to 
5% in adolescence was observed; and only 5% of the popu-
lation sample had concentrations of lead in tibia and patella 
over the value of reference. As mentioned earlier, probably 
the first instance was due to the changes of recreational ha-
bits that a child has, in comparison to an adolescent. Besides, 
interventions started in this site in 1990 (streets were paved, 
contaminated soil in some areas was removed and the smel-
ter introduced control devices to decrease emissions). Fur-
thermore, a Risk Communication Program in the area was 
implemented by our group. However, with these concentra-
tions, TBL are having an influence on the cognitive status.

If we compare our concentrations of tibia bone lead 
with the findings of a study done in adolescents of Mexi-
co City in 1998,51 they found a M=4.8µg Pb/g mineral bone 
(<1-44.82µg Pb/g); and we found minor concentrations, a 
M=1.05 µg Pb/g mineral bone (<1-15.47 µg Pb/g). Never-
theless, these numbers should be taken carefully, since there 
exists a period of 10 years between each study; also in the 
other study the principal source of contamination was the 
exposure to vehicular traffic and the consumption of food 
prepared in lead-glazed pottery.

Even though other studies found an association bet-
ween lead exposure and aggressive behavior, mental health 
status and school performance,18,20,22,43 in our results did not 
find these relations. It is probably due to the fact that the 
lead concentrations in our sample correspond to the concen-
trations of the control groups of the other studies. Besides, 
these associations have been seen in the social contexts of 
developed countries. Finally, there are differences in parti-
cipants’ ages, instruments used, and sample size.

The next challenge since this follow up pilot study was 
done is to focus research on a specific protective process that 
operates in this polluted marginal community, and then, to 
foster this mechanism, as well as a resilience process through 
an Integral Program that includes: i) improvement of family 
cohesion, parents’ education, connection to school and edu-
cational attainment in the adolescent; ii) promotion of healthy 
behavior through diet, exercise and sleep patterns; iii) to crea-
te a protective mechanism for 60% of the adolescents with a 
positive family history of substance use/abuse, to transform 
it into a resilience factor and iv) continue with Preventive and 
Risk Communication Programs to control lead exposure, es-
pecially in children because they will soon be adolescents.
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In this way, we could create opportunities to support 
the adolescent environment, mainly through the family, 
peers and social institutions. If we do not resolve the current 
negative outcomes in this population, these adversities in 
adult life would represent a continuation of their physical 
and psychosocial problems; and these problems could crea-
te a range of risk experiences that generate other negative 
outcomes.52,53 In addition, there are many places around the 
world, and Mexico is not an exception, where lead exposure 
is still a public health problem.14-17

Research to evaluate the protective and risk mechanisms 
and total burden of adolescent vulnerability is complex, but 
necessary, including exposure to environmental pollutants. 
Research is often focused on a single problem behavior or 
risk factor, encouraging sweeping generalizations and sim-
plistic solutions. In addition, there are differences between 
adolescents’ concerns regarding adult perceptions on ado-
lescent health. Thus, it is necessary to know of another pro-
cess, such as adolescent competence in identifying risks.2

It is essential that multidisciplinary experts in adoles-
cent and environmental (pollutants) fields work together to 
ensure that information generated from research is transla-
ted into programs, and for these programs to be implemen-
ted and evaluated, and disseminate the findings widely as a 
result of the aforementioned.

These results should be interpreted cautiously due to 
various study limitations. Firstly, the sample size was small; 
however, the complexity and diversity of the interventions 
make it necessary to study small groups in order to ensure 
successful results. Secondly, the study design did not allow 
us to obtain retrospective information on individual, fami-
lial and social factors. Thirdly, all written instruments can 
be used as screening information only.

In conclusion, this follow-up pilot study was an appro-
ach to attend adolescents at risk in pollution sites. The results 
provide information to know where the parents, professors 
and service providers should focus their efforts in this spe-
cific population, through multidisciplinary and integral 
health programs, which involve the community, family and 
adolescent. To accept the challenge means working with 
small samples and simultaneous consideration of all possi-
ble multiple factors due to the diversity of the contexts and 
their complexity. However, there are factors, such as lead 
exposure, which concern not only adolescents or their fami-
lies, but political and government policy as well. Finally, it 
is important to mention that these results are valid only for 
this specific site, not in other populations. Therefore, it is 
necessary to validate these results in other contexts.
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