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Abstract 
The study aimed to evaluate the micronucleus (MN) frequency in exfoliated buccal cells (EBCs) of 
256 6-8-years-old schoolchildren living in an area of Salento peninsula (Southern Italy) with low 
anthropogenic pressure and with a normal rate of chronic diseases was carried out in order to 
determine the basal level of MN and identify which factors are able to influence it. Information about 
the personal data, lifestyles and dietary habits of the children were obtained by the administration of 
a questionnaire to their parents. The buccal micronucleus cytome assay was performed to evaluate 
the presence of early genotoxic effects. Individual and environmental conditions related to MN 
frequency were also assessed. In addition, the level of environmental exposure of the children was 
assessed by sampling atmospheric particulate fractions near the involved schools. The results showed 
that the children involved in the study had a mean MN frequency of 0.27 ± 0.43‰ with a 95% CI of 
0.22-0.33 MN‰. This frequency was positively associated with vehicular traffic (OR=2.99; 
95%CI=1.15-7.74) and negatively associated with a high educational level of the mother (OR=0.41; 
95%CI=0.18-0.95) and physical exercise (OR=0.56; 95%CI=0.32-0.57). Data on genotoxic effects 
in buccal cells found in this study could be considered as the MN level in a pediatric population not 
exposed to environmental pollution. 
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1. Introduction 

Micronuclei (MN) are additional small nuclei in the extranuclear vicinity, originating from aberrant 
mitosis, due to alterations of the chromosomal structure and oxidative stress [1]. MN can occur in 
several cells or tissues as a result of natural processes, such as aging, but they can be also induced by 
many environmental factors and unhealthy habits [2].  
In general, MN are associated with the development of some chronic diseases, such as cancer [3,4], 
cardiovascular diseases [5], auto-immune disease [6], diabetes [7-9], etc. Their formation could be 
the first step in the pathological process leading to the disease [10] and occur much earlier than the 
clinical signs. Therefore, MN are considered as early DNA damage indicators and their frequency at 
the population level can detect the effect of certain risk factors [11,12].The appearance of the 
molecular alterations  occur even in childhood or during pregnancy, highlighting a risk condition of 
developing chronic diseases in adulthood [13,14].  
The MN frequency was widely studied in populations exposed to environmental pollution and was 
used in molecular epidemiological studies for measuring a quantifiable biological response directly 
attributed to an exposure [15]. 
When studying the effect of air pollution, micronucleated cells can be investigated in oral mucosa, 
especially exfoliated buccal cells (EBCs) which are in direct contact with inhaled and ingested 
genotoxic agents [16,17]. Nowadays, the human buccal micronucleus cytome (BMCyt) assay [18] is 
one of the most widely used techniques to measure genetic damage in studies on human population 
exposed to airborne contaminants [19]. 
Higher frequency of MN was observed in populations living in industrialized [20,21] or in heavily 
trafficked areas [22,23]. Several individual and behavioral factors (i.e. diet, physical activity, smoking 
habit), should be considered when setting up a molecular epidemiology study that assesses the 
presence of MN in population exposed to environmental pollutants since they could influence the 
molecular alterations. 
MN are mainly studied in population living in highly polluted areas due to human activity with an 
elevated environmental impact and correlated with air pollutants, such as particulate matter (PM), 
benzene, ozone, polycyclic aromatic hydrocarbons, etc. [12,24,25], and in populations (or subgroups) 
characterized by a high incidence of chronic diseases [26,27]. Any risk condition is defined by 
comparing the frequency of MN in a population exposed to risk factors with a basal level. But 
currently doesn’t exist a recognized normal range of MN frequency or a cut-off value to be used to 
identify the risk to develop chronic diseases.  
Therefore, studies on MN frequency and related confounding factors should be conducted in 
populations not exposed to significant levels of air pollution in order to identify basal levels of MN 
which could be used as a reference range in studies on populations living in polluted areas. 
This paper reported the results of the “Early Biological Effects associated with Environmental 
Pollution and lifestyles in the Population of the Union of Municipalities of Terre d’Oriente” 
(EFFE.BI.P.) Study, a research project aimed to evaluate the frequency of MN in EBCs of children 
living in an area of Salento peninsula (Southern Italy) with low anthropogenic pressure and with a 
normal rate of chronic diseases to determine the basal level of MN and identify which factors are able 
to influence it.  
 

2. Materials and methods 
2.1.Study design 
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The EFFE.BI.P. (Early Biological Effects associated with Environmental Pollution and lifestyles in 
the Population of the Union of Municipalities of Terre d’Oriente) Study was a Local Research Project 
funded by the Interprovincial University Consortium of Salento (CUIS) aimed to evaluate the 
frequency of the DNA damage in the buccal mucosa of children living in five municipalities (Cursi, 
Giurdignano, Muro Leccese, Otranto and Uggiano La Chiesa) in the Province of Lecce. 
The study followed the MAPEC_LIFE (Monitoring Air Pollution Effects on Children for Supporting 
Public Health Policy) project protocol [28] which provided for: the recruitment of children attending 
primary school in a central-eastern area of Salento Peninsula; the administration of a questionnaire to 
the parents to obtain information about their children’s lifestyle; the sampling of children’s EBCs; 
the assessment of genotoxic damage in the cells by the BMCyt assay; the collection of PM samples 
near the selected schools; the analysis of data to identify any association between DNA damage and 
environmental or individual factors. The biological and atmospheric samplings were made in May 
2018 for minimizing the effect of seasonal variability and to compare the results with those of other 
studies conducted in the same period of different years in other areas of the Apulia region.  
 

2.2.Study area 
The children involved in the study lived in five small villages in the Province of Lecce: Cursi, 
Giurdignano, Muro Leccese, Otranto, and Uggiano la Chiesa (Figure 1), which in 2018 counted a 
total population of 21,177 inhabitants and a 6-8-year-old population of 518 children [29]. These 
villages are located in the central-eastern area of Salento Peninsula, bordering the Adriatic Sea, and 
are characterized by a predominantly agricultural economy. In this part of the Apulia Region 
agriculture is mainly extensive and is represented by many small farms. The prevalence of farms in 
these villages (26.7%) is higher than in the whole Province (14.1%), while the prevalence of 
manufacturing activities is lower (6.7% vs 8.9%) [30]. Overall, in this territory the utilized 
agricultural area (UAA) was 88.8% of the total agricultural area (TAA) and mostly cultivated with 
olive groves (66.7%). A smaller proportion (29.2%) is represented by arable land mainly used for the 
cultivation of vegetables [29]. Previous studies [31-33], conducted in this territory to evaluate a 
possible groundwater pollution, highlighted widespread microbiological contamination attributable 
to the disposal of domestic sewage but absence of toxic substances.  
Considering health data from these five villages between 2006 and 2009, the observed all-cause 
mortality resulted slightly lower than the expected mortality, showing a standardized mortality ratio 
(SMR) of 97.7; as far as all-cancer mortality, the observed rate is also lower than the expected one 
(SMR=98.1) [34]. 
Considering these factors and the absence of an industrial zone nearby the five villages involved in 
the study, this area can be considered with low anthropogenic pressure with particular reference to 
the release of toxic substances.  
 
[Figure 1 near here] 
 

2.3.Recruitment 
The recruitment of subjects was made among children attending the first, second, and third classes in 
the primary schools of the five villages in the school year 2017-2018. Preliminarily, the research team 
carried out a presentation meeting with children’s parents in each involved school to explain to them 
the study aims and methods and to promote their children’s participation. The parents who joined the 
study signed the Consent form, after verifying that their children did not fall into exclusion criteria 
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(age below 6 years or equal/above 9, residence in cities other than those involved in the study, 
presence of serious illness, exposure to radiotherapy or chemotherapy in the 12 months preceding the 
investigation, exposure to radiographic testing in the month preceding the investigation, use of dental 
braces). 
 

2.4.Questionnaire administration 
Before the biological and environmental sampling, the parents who accepted their children 
participating in the study filled in a questionnaire, developed by Zani et al. [35], to collect 
demographic, socio-economic, and lifestyle information on children. All the questionnaires were 
checked to exclude those incomplete or reporting positive answers for the exclusion criteria. An 
alphanumeric code was assigned to each valid questionnaire, which also unequivocally identified the 
biological samples. 
The questionnaire included questions about children’s demographic data (age, sex), health status, 
exposures to outdoor (perceived vehicular traffic) and indoor (wood fireplaces and stoves, cooking 
fumes, second-hand smoke) air pollution, and behavioral features such as physical activity and dietary 
habits, including the consumption of food known to contain genotoxic compounds (foods cooked on 
the griddle, barbecued and smoked foods, red/processed meat) [36,37] which could contribute to the 
MN formation. In order to make the perceived traffic level as uniform as possible, the following 
definitions were included in the questionnaire: a “low-traffic road” was classified as a secondary road, 
with low traffic consisting mainly of cars of resident people and rarely travelled by heavy vehicles. 
On the contrary, a “heavy-traffic road” was classified as a main road, with continuous traffic at peak 
times, with the possibility of queues at crossroads, often traveled by heavy vehicles. Also, some 
parent’s characteristics (nation of birth, education level, occupational status) were included in the 
questionnaire.  
The dietary section was based on the ARCA questionnaire [38], modified with the addition of some 
questions regarding breakfast and weekly fast food-frequency. It contained a total of 109 items on 
the frequency of food consumption. This section was used to determine the level of adherence to the 
Mediterranean Diet (MD) of children, using the “Mediterranean Diet Quality Index for children and 
adolescents” (KIDMED) [39]. It is based on 16 questions: those indicating a negative connotation for 
the MD were assigned a value of -1 (going more than once a week to a fast-food restaurant, skipping 
breakfast, having commercially baked goods or pastries for breakfast, taking sweets and candy 
several times every day); those with a positive aspect were assigned a value of +1 (taking a fruit or 
fruit juice every day, having a second fruit every day, having fresh or cooked vegetables regularly 
once a day, having fresh or cooked vegetables more than once a day, consuming fish at least 2-3 times 
per week, eating pulses more than once a week, consuming pasta or rice 5 or more times per week, 
having cereals or grains for breakfast, consuming nuts at least 2-3 times per week, using olive oil at 
home, having a dairy product for breakfast, taking two yogurts and/or some cheese daily). The total 
score ranges from -4 to 12 and there are three levels of adherence to the MD: ≥8, high adherence; 4-
7, moderate adherence; ≤3, low adherence. The dietary habits of this cohort were previously reported 
in Grassi et al. [40].  
 

2.5.Anthropometric Measurements and Biological Sampling  
Anthropometric measurements (weight and height) and biological sampling were performed at 
schools during the morning hours before the break time. Weight and height were taken according to 
WHO recommendations [41] and used to calculate the children’s body mass index (BMI) (weight 
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[kg]/height [m] squared). This was used in turn to assess whether the child was underweight (UW), 
of normal weight (NW), overweight (OW), or obese (OB), according to the cut-off points established 
by World Obesity Federation (WOF) [42].  
The biological sampling of EBCs from children was performed by gently scraping the inner surface 
of both cheeks with a small-headed toothbrush as described in Idolo et al. [27]. The cells were stored 
at 4 °C in Saccomanno’s fixative (50% ethanol, 2% polyethylene glycol, v/v; solution diluted in 
water) and processed in 7 days.  
 

2.6.Buccal Micronucleus Cytome (BMCyt) Assay 
The BMCyt assay was performed according to the procedure described by Thomas and Fenech [44]. 
The EBCs in Saccomanno’s fixative were centrifuged, washed twice with PBS (Invitrogen Srl, Milan, 
Italy), filtered through a 100 μm nylon filter (Merck Spa, Milan, Italy), and centrifuged again. The 
cells were then fixed with ice-cold Carnoy’s fixative (methanol and glacial acetic acid 3:1), stored at 
-20 °C, and processed one month later. For each subject, two slides were prepared by smearing 100 
μL of cell suspension onto pre-cleaned slides. The slides were fixed in ethanol (Carlo Erba, Milan, 
Italy), washed with distilled water, and treated in 5M HCl (Carlo Erba, Milan, Italy). After washing, 
the slides were stained with Schiff’s reagent (Sigma-Aldrich, Milan, Italy), further washed, and then 
counterstained with 0.2% Light Green reagent (Sigma-Aldrich, Steinheim, Germany). The slides 
were air-dried and finally mounted with DePex mounting medium (VWR International PBI Srl, 
Milan, Italy). 
Overall, two thousand differentiated cells were scored for each subject (one thousand for each slide) 
by two trained scorers (each scorer read one slide from each subject) using fluorescence microscopy 
(Eclipse 50i, Nikon, Tokyo, Japan) following the scoring scheme proposed by Thomas and Fenech 
[44]. Cell types were classified according to Bolognesi et al. [44]: cells with micronuclei (MN) and 
nuclear buds (NBUD), as markers of nuclear damage, basal cells (BC) and binucleated cells (BNC), 
as cell proliferation markers, condensed chromatin cells (CCC), karyorrhectic (KHC), pyknotic 
(PYK) and karyolytic (KYL), as cell death markers, were scored and their frequency was reported as 
mean of MN in 1000 differentiated cells (‰). 
 

2.7.Collection of particulate matter samples 
Child exposure to air pollution was evaluated by collecting PM through a high-volume air sampler 
equipped with a multistage cascade impactor (AirFlow PM10 HVS sampler, AMS Analitica Srl, 
Pesaro, Italy). The sampler was placed in the courtyard of each involved school, in an open and paved 
point, away from relevant obstacles (walls, trees, etc.) and punctual sources of atmospheric pollution 
(chimneys, vent pipes, etc.). The particle size fractions, collected on fiberglass filters for 72 
consecutive hours (three 24h periods), were of 10.0-7.2, 7.2-3.0, 3.0-1.5, 1.5-0.95, 0.95-0.49, and 
<0.49 μm (PM0.5). All filters were pre- and post-conditioned and singularly weighed at controlled 
temperature and humidity. 
 

2.8.Data analysis 
All the information obtained from the biological and environmental surveys as well as the 
questionnaire administration were entered into a Microsoft Excel database (Microsoft Corporation, 
Redmond, Washington, USA) and statistically processed using MedCalc Software ver. 12.3 
(MedCalc Software BVBA, Ostend, Belgium). 
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A descriptive statistical analysis was performed for both quantitative and qualitative variables. 
Approximation to the normal distribution of continuous variables was evaluated using the 
Kolmogorov-Smirnov test. Frequencies of MN showed significant departures from the normal 
distribution, even after logarithmic transformation. Therefore, the differences among groups were 
analyzed using the nonparametric Kruskal-Wallis H test. For the other continuous variables, one-way 
ANOVA test was used. The comparison among proportions was performed using Pearson’s chi-
squared test. Differences were considered significant at p<0.05. 
In order to examine the possible association between individual, socio-economic, behavioral, and 
environmental factors (independent variables) and positivity for the BMCyt assay (dependent 
variable), a multivariate logistic regression analysis, with the corresponding odds ratio (OR) and 95% 
confidence interval (CI), was performed. 
 

2.9.Ethical aspects 
The study was approved by the Ethical Committee of the Lecce Local Health Authority (ASL/LE) 
on February 5, 2018, with deliberation n° 15. Participation in this study was voluntary. All parents of 
children received oral and written information about the project and expressed their approval by 
signing the informed consent form. Even the children expressed their approval to participate in the 
study through an assent form prepared ad hoc. All data were collected and analyzed confidentially in 
accordance with Italian laws (Legislative Decree n. 196 of 30/6/2003, and subsequent additions), only 
for research purposes. 
 

3. Results 
3.1.Recruitment 

Overall, the parents of 455 children living in the selected villages were invited to participate in the 
study. Three hundred and ten (68.1%) parents provided their agreement by signing the consent form 
and, subsequently, filled in the questionnaire. The final sample, excluding the subjects falling into 
the exclusion criteria or the incomplete questionnaire (9.0%), was of 282 children, corresponding to 
54.3% of the population aged 6-8 years living in the five villages involved in the study. Of these, 256 
were sampled because 26 children were not at school during the biological monitoring (Table 1).  
 

Villages 
Invited 
children 

(n) 

Consents 
(n) 

Excluded 
children 

(n) 

Valid 
questionnaires 

(n) 

Absent 
from 

school (n) 

Sampled 
children 

(n) 
Cursi 102 80 15 65 7 58 
Muro Leccese 83 54 5 49 1 48 
Giurdignano 62 36 4 32 1 31 
Otranto 106 69 2 67 14 53 
Uggiano La Chiesa 102 71 2 69 3 66 
Total 455 310 28 282 26 256 

Table 1. Results of recruitment and questionnaire administration activities. 
 

3.2.Study population 
The characteristics of the study population were summarized in Table 2. All children were born in 
Italy, and 55.9% were males. The mean age was of 7.60±0.81 years, the mean weight was 28.2±7.0 
kg, the mean height of 128.0±7.20 cm, and the mean BMI of 17.0±3.0 kg/m2. According to the WOF 
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cut-offs, 60.9% of the children were of normal weight, 20.3% were overweight, 10.2% were obese, 
while 8.6% were underweight. Regarding the children’s health status, 20.3% of children suffered 
from respiratory diseases beyond the common cold. As for physical activity, 53.1% of children played 
sports regularly at least 3 times a week.  
According to the KIDMED score, 29.3% of children showed a high adherence to the MD, 41.4% a 
moderate adherence, and 29.3% a low adherence.  
 

Characteristics n (%) 
Born in Italy 256 (100) 
Males 143 (55.9) 
6 years old 71 (27.7) 
7 years old 89 (34.8) 
8 years old 96 (37.5) 
Underweight 22 (8.6) 
Normal weight 156 (60.9) 
Overweight (without obese) 52 (20.3) 
Obese 26 (10.2) 
Respiratory problems1 52 (20.3) 
Sport (≥3 times/week) 136 (53.1) 
High adherence to MD 75 (29.3) 
Moderate adherence to MD 106 (41.4) 
Low adherence to MD 75 (29.3) 

Table 2. Individual characteristics of the recruited children. 
1 beyond the common cold. 

 
3.3.Characteristics of parents 

In Table 3 were reported the characteristics of children’s parents. Most of them were born in Italy 
(86.7% of mothers and 90.2% of fathers); only 19.2% of mothers and 9.4% of fathers were graduated; 
almost half of the mothers (47.8%) and the majority of fathers (86.6%) were employed, and 13.7% 
of mothers and 31.5% of fathers were habitual smokers.  
 

Characteristics n (%) 
Mother born in Italy 221 (86.7) 
Father born in Italy 229 (90.2) 
Graduated mother 49 (19.2) 
Graduated father 24 (9.4) 
Employed mother 122 (47.8) 
Employed father 220 (86.6) 
Smoking mother 35 (13.7) 
Smoking father 80 (31.5) 

Table 3. Characteristics of the children’s parents. 
 

3.4.Risk factors related to household environment and children lifestyle  
Table 4 shows the risk factors investigated among recruited children and related to household 
environment and lifestyle. Twenty-two (8.6%) children lived in area perceived from their parents as 
highly trafficked. Considering the different kind of heating that may be possible sources of indoor 
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pollution, in the month preceding the survey, fireplaces were used in 35.0% of children’s homes (with 
an average use of 4.9 days per month per family) and wood or pellet stoves in 6.3% (with an average 
use of 1.1 days per month per family). Fifty children (19.5%) stayed often in the kitchen during the 
food preparation and thirteen (5.1%) stayed frequently close to smokers in an indoor environment.  
In the month preceding the survey, the children often consumed food potentially containing genotoxic 
compounds: 55.5% barbecued foods, 52.0% food cooked on the griddle, 18.8% smoked foods, and 
27.7% red/processed meat. 
 

Risk factors n (%) 
Living in a high-traffic area 22 (8.6) 
Use of fireplaces or wood/pellet stoves1 68 (26.6) 
Frequent presence in the kitchen during food cooking 50 (19.5) 
Staying close to smokers in an indoor environment 13 (5.1) 
Consumption of barbecued foods (wood/charcoal)2 142 (55.5) 
Consumption of foods cooked on the griddle2 133 (52.0) 
Consumption of smoked foods2 48 (18.8) 
Consumption of red/processed meat3 71 (27.7) 

Table 4. Risk factors investigated among recruited children and related to household environment and 
lifestyle. 1more than 10 days in the month preceding the survey; 2in the month preceding the survey; 3more 

than once a day. 
 

3.5.Air quality 
Table 5 shows the concentrations of PM fractions detected using an air sampler placed in the schools’ 
courtyards. Data were reported as the mean value of three samples collected in each school. The mean 
values ranged from 9.80 ± 2.57 µg/m3 to 15.40 ± 0.51 µg/m3 for PM10 and from 2.28 ± 0.87 µg/m3 to 
4.61 ± 1.82 µg/m3 for PM0.5 with a total average of 11.6 ± 3.9 µg/m3 and 3.16 ± 1.40 µg/m3 
respectively.  No significant differences were found among the villages. 
 

Villages Samples (n) PM10 (µg/m3) PM0.5 (µg/m3) 
Cursi 3 9.80 ± 2.57 4.61 ± 1.82 
Giurdignano 3 15.40 ± 0.51 2.28 ± 0.87 
Muro Leccese 3 10.07 ± 6.16 2.73 ± 1.21 
Otranto 3 9.94 ± 4.18 3.67 ± 1.36 
Uggiano La Chiesa 3 12.73 ± 3.13 2.51 ± 0.88 
Total 15 11.6 ± 3.93 3.16 ± 1.40 
p-value*  0.35021 0.22328 

Table 5. Mean concentrations (± SD) of PM fractions in the study area. * one-way ANOVA 
 

3.6.BMCyt Assay 
The BMCyt assay was performed on the EBCs of 256 children participating in the study. All samples 
were suitable for cell counting as the number of cells was sufficient in each slide. The mean frequency 
of chromosomal and DNA damage markers (MN, and NBUD), cell proliferation markers (BC and 
BNC) and cell death/apoptosis markers (CCC, KHC, PYK, and KYL) in the scored samples was 
reported in Table 6. 
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Biomarkers* Frequency (‰ ± SD) 

MN 0.27 ± 0.43 

NBUD 0.04 ± 0.16 

BC 2.28 ±0.65 

BNC 2.83 ± 0.67 

CCC 21.67 ± 2.22 

KHC 7.77 ± 1.62 

PYK 2.02 ±0.58 

KYL 4.78 ± 1.04 

Table 6. Frequency (‰ ± SD) of chromosome damage markers (MN and NBUD), cell proliferation markers 
(BC and BNC), and cell death markers (CCC, KHC, PYK and KYL) in exfoliated buccal cells (EBC) of 

children involved in the EFFE.BI.P. study. (*MN, micronuclei; NBUD, nuclear buds; BC, basal cells; BNC, 
binucleated cells; CCC, condensed chromatin cells; KHC, karyorrhectic cells; PYK, pyknotic cells; KYL, 

karyolytic cells). 
 
 
Overall, 37.1% of samples had at least one MN and the mean MN frequency in the EBC cells of 
studied population was 0.27 ± 0.43 MN‰ with a 95% CI of 0.22-0.33 MN‰. No significant 
differences were found among the children living in different villages (Table 7). 
 

Villages Sampled children 
n 

Samples with MN  
n (%) 

MN frequency  
MN‰ ± SD 

Cursi 58 22 (37.9) 0.29 ± 0.43 
Giurdignano 31 12 (38.7) 0.32 ± 0.50 
Muro Leccese 48 24 (50.0) 0.40 ± 0.50 
Otranto 53 13 (24.5) 0.17 ± 0.31 
Uggiano La Chiesa 66 24 (36.4) 0.23 ± 0.36 
Total 256 95 (37.1) 0.27 ± 0.43 
p-value  0.1318* 0.1000** 

Table 7. Micronuclei positive samples and mean frequency in EBCs (exfoliated buccal 
cells) of children (* chi-square test; ** Kruskal Wallis test). 

 
A multivariate logistic regression analysis was carried out considering individual, socio-economic, 
lifestyle, and environmental exposure factors, in order to identify their possible effect on MN 
frequency (Table 8). Living in a high-traffic area (OR=2.99; 95%CI=1.15-7.74) was the only variable 
positively associated with MN frequency (p<0.05); while practicing sport activity (OR=0.56; 
95%CI=0.32-0.57) and having a graduated mother (OR=0.41; 95%CI=0.18-0.95) were negatively 
associated (p<0.05). Considering the odds ratios, other variables can be of note: staying close to 
smokers in an indoor environment and consuming red/processed meat had respectively OR=1.60 
(95%CI=0.48-5.30) and OR=1.51 (95%CI=0.62-3.65), while the high adherence to Mediterranean 
Diet had OR=0.50 (95%CI=0.20-1.26). 
 

Variables Odds Ratio 95%CI p-value 
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Normal weight 0.94 0.54-1.64 0.8264 
Respiratory problems1 1.23 0.63-2.39 0.5513 
Living in a high-traffic area 2.99 1.15-7.74 0.0243 
High adherence to Mediterranean Diet2 0.50 0.20-1.26 0.1438 
Sport activity 0.56 0.32-0.57 0.0398 
Staying close to smokers in an indoor environment 1.60 0.48-5.30 0.4420 
Use of fireplaces or wood/pellet stoves3 1.14 0.62-2.11 0.6756 
Frequent presence in the kitchen during food cooking 1.36 0.69-2.68 0.3774 
Consumption of barbecued foods (wood/charcoal)4 1.22 0.70-2.13 0.4855 
Consumption of foods cooked on the griddle4 1.12 0.64-1.97 0.6905 
Consumption of smoked food4 1.15 0.96-1.39 0.1379 
Consumption of red/processed meat5 1.51 0.62-3.65 0.3613 
Graduated mother 0.41 0.18-0.95 0.0383 
Graduated father 1.22 0.44-3.36 0.6964 
Employed mother 1.36 0.76-2.42 0.3003 
Employed father 1.02 0.46-2.27 0.9589 

Table 8. Multivariate logistic regression analyses, with the corresponding odds ratio (OR) and 95% 
confidence interval (CI) of MN frequency associated with individual and environmental factors. 

1beyond the common cold; 2according to KIDMED score; 3more than 10 days in the month preceding the 
survey; 4in the month preceding the survey; 5more than 4 times a week. 

 
4. Discussion 

In this study, the frequency of MN in EBCs of 256 schoolchildren living in five villages of Salento 
Peninsula was assessed.  
This area is characterized by the absence of an industrial zone, a predominantly agricultural economy, 
a previously recognized absence of toxic substances in groundwater, and an all-cancer SMR <1, so it 
could be considered with low anthropogenic pressure.  
The data relating to the air pollution levels in the villages involved in the study confirmed this 
hypothesis. The PM concentration detected using an air sampler in the schools’ courtyards was lower 
than that observed in towns with high anthropogenic pressure [45-47]. Moreover, during the study 
period, the PM level was always under either the daily limit of 50 µg/m3 indicated in the European 
Directive 2008/50/EC on air quality and the threshold concentration of 20 µg/m3 proposed by the 
WHO.  
The results of the biological survey showed that the children living in this area had a mean MN 
frequency of 0.27 ± 0.43‰ with a 95%CI of 0.22-0.33 MN‰.  
A frequency of this magnitude would seem to be low when compared with that of other studies 
conducted on the EBCs of children of the same age. As we know, MN can occur as a result of natural 
processes, but their frequency can be increased by many environmental factors such as living in high 
impacted areas [48].  
Previous studies investigated the presence of MN in EBCs of 6-8-years-old children living in other 
areas of the Salento peninsula in the same period of the year (month of May) in which the present 
research was carried out. In the children living in Lecce, a city with low anthropogenic pressure, the 
mean MN frequency was 0.24 ± 0.32 MN‰ [49]; in the children living in a central area of Salento 
with moderate industrial activities and high lung cancer SMR, it was 0.49 ± 0.65 MN‰ [26]; in the 
children living near an important industrial area, it was 0.66 ± 0.61 MN‰ [21]. 
Other studies performed in polluted areas showed higher frequencies of this biomarker: 0.67 ± 1.44 
MN‰ in children of about 7 years old living close to highly trafficked areas in Oakland, California 
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[50]; 1.20 ± 0.90 MN‰ in 9-year-old children [20] and 0.53 ± 0.61 MN‰ in 6-8-year-old children 
[49] living in two different towns of the Po Valley, a known highly polluted area in northern Italy. 
Conversely, data similar to ours were reported for two groups of Brazilian children aged ≤7 years and 
8-9 years living in a rural nonpolluted area, with a mean frequency of 0.19 ± 0.31 MN‰ and 0.29 ± 
0.46 MN‰, respectively [25].  
Therefore, the MN frequency found in this study could be used as a reference in studies performed 
with similar conditions (i.e., sampling and analysis methods, period of the year) on populations with 
comparable characteristics (i.e., age, socio-economic factors) but with different environmental 
exposures. 
Despite the low MN frequency, the statistical analysis conducted in this study had identified some 
factors responsible for its variability. Vehicular traffic probably wasn’t comparable to what can be 
found in a large city, but nevertheless, it was associated with an increase in the MN frequency 
showing to be a possible sensitive indicator of this environmental stress. This finding is consistent 
with previous research that observed a high MN frequency in a population living in heavily trafficked 
areas [22,23]. Presumably, even if the total amount of vehicular traffic was not high, in the sites with 
more intense traffic (i.e. crossroads, main roads, queues at traffic lights), the level of airborne 
pollutants could vary significantly compared to the less trafficked sites. However, more accurate 
studies could be conducted in order to verify the chemical content of PM in these areas. 
Also, individual or behavioral factors could influence the MN formation [2]. In the present study, the 
physical activity and educational level of the mother seemed to be protective against MN formation.  
Other studies reported a reduction of MN frequency in EBCs associated with moderate exercise [21], 
while an increase of MN was observed when practicing exhaustive physical activity [51]. 
Parental education was recognized to be associated with MN frequency with a significant decrease 
when the parents were graduated [12]. A high level of parental education could ensure healthier 
choices regarding the education and care of the children during all the childhood as well as the 
adoption of correct behaviors and lifestyles [52-54]. In addition, it is often correlated with a greater 
level of socio-economic well-being, which entails access to goods and services able to create a 
protective environment against many risk factors [55] including those that affect the formation of 
MN. The results of the present study confirm the evidence regarding the decisive role of maternal 
education in building such a protective environment towards the children [56,57].  
Considering the odds ratios, other variables, although not statistically significant, could be considered 
noteworthy: the high adherence to Mediterranean Diet, with a potential protective role against MN 
formation, staying close to smokers in an indoor environment, and consuming red or processed meat, 
with a potential promoting role. 
In general, a diet with a balanced intake of nutrients, vitamins, and antioxidants, such as MD, is 
correlated with a low level of MN [3]. Moreover, studies investigating the direct role of MD also 
showed a negative association between the frequency of MN and the high adherence to MD [12]. 
Overall, the studied population showed a level of adherence to the MD higher than that observed in 
previous Italian surveys [35,58-60]. Further studies should be performed considering populations 
with different dietary patterns in order to determine their actual contribution to MN formation. 
Regarding the smoking habits of children’s parents, the fathers smoked slightly more (31.5%) than 
Italian men overall (29.9%); while the mothers smoked less (13.7%) compared to Italian women 
(21.6%) [61]. Many studies demonstrated the direct association of MN frequency with second-hand 
smoking [62,63]. 
Lastly, previous observational studies on the genotoxic effect of a diet rich in meat demonstrated a 
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significant positive relationship between meat consumption and MN formation [26,64]. 
Cobanoglu et al. [65] suggested that other factors could be involved in the formation of micronuclei 
in EBCs, including direct exposure to pesticides used in agriculture. In our study, however, this factor 
may have had little significant effects on the MN frequency of children. Firstly, the analyzed subjects 
did not have direct exposure to these toxic substances. Furthermore, in this area, as well as in the 
whole province of Lecce, agriculture is extensive and mainly represented by the cultivation of olive 
trees which use fewer pesticides than other crops. This is confirmed by the data on the consumption 
of pesticides which in 2018 in the Province of Lecce was equal to 6.68 kg/ha UAA, while in the 
whole region it was 9.36 kg/ha UAA and Italy it was 8.82 kg/ha UAA [29]. In addition, the surveys 
conducted from 2016 to 2018 by the Regional Agency for the Environmental Protection (ARPA) of 
the Apulia Region demonstrated the absence of pesticide residues in the groundwater circulating in 
the study area [33]. 
The present study has several strengths. Firstly, a consolidated method was used to detect MN in 
EBCs and this allows for the comparison with other molecular epidemiological studies. In addition, 
this study involved a large number of 6-8-years old children (n=256) and provided an indication 
regarding a reference basal range of MN that could be used as a comparison in studies involving 
populations of the same age exposed to environmental contaminants. Finally, identification of the 
variables related to lifestyle able to influence MN frequency in a population living in a low 
anthropogenic pressure area was provided.  
However, this study is not without its limitations. First of all, the recruitment was conducted on a 
voluntary basis, therefore, a selection bias due to motivational factors cannot be excluded. Then, data 
related to personal, residential, and behavioral factors may have been underestimated or 
overestimated depending on the subjective perception of the participants. In particular, the level of 
traffic was considered on the basis of personal perception although the definition of the different 
traffic level was given in the questionnaire. However, since the villages involved in the study had a 
similar number of inhabitants, they had also a presumably no different traffic amount. Therefore, the 
perception of the various traffic levels by the inhabitants of different villages can be considered 
comparable. Lastly, other factors (i.e. electromagnetic waves, drinking water, other environmental 
factors), not considered in this study, may have had some effect on the MN frequency. 
 

5. Conclusions 
Children of 6-8 years living in a rural area of Salento peninsula showed a MN frequency of 0.27 ± 
0.43‰. Since this area was characterized by non-significant anthropogenic pressures, the MN 
frequency found in the EBCs of children could be considered as MN level in pediatric populations 
not exposed to environmental pollution.  
In these conditions, the variables that influence the base-line MN frequency would seem to be 
vehicular traffic (positively associated) as well as on the high educational level of mother and regular 
physical activity of children (negatively associated). 
Buccal micronucleus cytome assay could be a sensitive method to detect early biological effects due 
to environmental exposures but it should be used taking into consideration other variables such as 
characteristics and behaviors of the population (socio-economic features, lifestyle, eating habits, 
indoor exposures, etc.). Further and deeper studies should be performed in order to individually 
investigate the role of each factor involved in MN occurrence, including chemical composition of 
PM.  
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