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INTRODUCTION: GENERAL CONCEPTS

1. OXIDATIVE STRESS

The term oxidative stress indicates the whole of alterations
that occur in the biological tissues, cells and macromolecules
when they are exposed to an excess of oxidizing agents (1).
In all aerobic organisms, the balance among the oxidizing
substances, including the Reactive Oxygen Species (ROS),
and the antioxidant defenses, is called oxidative-reductive
balance. This last plays the role of preventing and/or repairing
any damage produced. Thus, all life forms conserve, within
their cells, a reducing environment protected by enzymes able
to maintain the reduced state through a constant supply of
metabolic energy. ROS and other reactive species are
continuously produced through numerous biochemical
processes (2). Therefore, a quantity of oxidizing substances
are necessary for maintaining the correct cellular functioning
and regulating the mechanisms of homeostasis (3). However,
during the reactions of oxygen reduction, the reactive species
generated can exceed the physiological threshold value; if
these molecules are not neutralized by the antioxidant
systems, can occur cellular damage able to conduct to
apoptosis (4). Thus, if an imbalance between the ROS
production and the effectiveness antioxidant system is
generated, a condition of oxidative stress is created (5).
Disorders of the normal redox state may cause toxic effects
through the over-production of reactive chemical species that
damage the cell components including proteins, lipids and
nucleic acids (6).



1.1. Reactive chemical species

The reactive chemical species (SCR) are simple and complex
ions which have tendency to react depending on their nature
and/or the environment in which they are located. On the
whole, they acts as oxidizing agents and this characteristic
gives them the ability to induce oxidative damage if produced
in excess (3). Oxygen has the ability to oxygenate other
molecules and it can break chemical bonds generating new
radical agents, by electron transfer, that can oxidize other
molecules. The role of SCRs in biological systems is twofold:
beneficial and harmful (7). Indeed, SCRs show a beneficial
effect when, for example, they are used by the immune
system as agents able to stop the pathogenic action of various
microorganisms, or when they are used as cellular
communicators by mediating the biochemical signals
transmission between cells. On the contrary, if the oxidizing
substances are present at high concentrations, and/or the
antioxidant system is not able to neutralize them, they can
react with all biological molecules, such as: proteins, lipids,
nucleic acids, and carbohydrates (1). In general, we can
distinguish two sources of SCR production: endogenous and
exogenous. Endogenous sources include mitochondria,
cytochrome-P450 metabolism, peroxisomes and the
activation of inflammatory cells. Exogenous processes
includes the environmental agents, which can directly or
indirectly generate ROS (7). At this concern, stress induction
and oxidative damage were observed after exposure to
different types of xenobiotics such as metals (reduced and not
reduced), ions, radiation (UV, gamma and X rays), drugs,
environmental contaminants and carcinogens (3). Depending
on atom responsible for their reactivity, SCR can be classified
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as reactive oxygen species (ROS), reactive nitrogen species
(RNS) and reactive carbon species (RCS). Moreover, these
can be distinguished in radical (FR) and non-radical forms
(RS), depending on the possession of unpaired electron in one
of the outermost orbitals at least (3). FR are inorganic or
organic chemical compounds with one or more unpaired
electron(s), highly reactive and short lived. Among FR, ROS
are of particular biological importance. They may act as a
physiological intracellular agent that, in excess, is considered
to be a risk factor for several diseases such as
neurodegenerative, cardiovascular and respiratory disease
(COPD, pulmonary fibrosis), arterial hypertension, cancer
(8), diabetes and in general aging (9). However, oxidative
stress is caused not only by an increased burden of oxidants
but also by a decrease of the antioxidant potential. Many
recent studies show that in inflammatory diseases such as
COPD, antioxidant mechanisms are not sufficiently adapted
as the increase of ROS expression is lacking, so that oxidants
subsequently may take over the leading role (10).

1.2. Mechanism of oxidative stress

Chemically, oxidative stress is associated with increased
production of oxidizing species or a significant decrease in
the effectiveness or numerousness of antioxidant defenses,
such as glutathione (11). The effects of oxidative stress
depend on the magnitude of these changes, with a cell being
able to overcome small perturbations and regain its original
state. However, more severe oxidative stress can cause cell
death and even moderate oxidation can trigger apoptosis,
while more intense stresses may cause necrosis. Varieties of
indices have been developed to assess FR-mediated injury or
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FR generation in vivo. Most of these measure tissue changes
that are consistent with an oxidative process but are not
always specific for free radicals. Most long-term effects are
caused by damage to DNA (12) such as mutations (13,14).
Among substrates for attack by FRs, polyunsaturated fatty
acids, particularly arachidonic acid and linoleic acid, are
primary targets for free radical and singlet oxygen oxidations.
The relationships between ROS and lipids have been the most
extensively studied because of the ready accessibility (15).
After synthesis, lipoproteins are susceptible to lipid
peroxidation triggered by ROS and RNS and this
peroxidation of lipoproteins might occur in vivo and play a
role in the pathogenesis of several diseases, including
neurodegenerative and cancer diseases (16,17). Lipid
peroxidation is considered the main sources of damage
induced by ROS. Lipid peroxidation is divided in 3 phases
(initiation, propagation, termination) and starts with an
initially destabilization of the phospholipid bilayer structures
and consequentially the formation of peroxide radicals.
Under normal conditions, this process is kept under control
by antioxidant defenses (enzymes and other substances)
minimizing the negative consequences and damages (18).
When oxidative imbalance occurs, the antioxidant efficiency
is greatly reduced. Several studies have demonstrated that
lipid peroxidation of lipoproteins is involved in mechanisms
of human disease associated with oxidative damage (19,20).
These study of the molecular mechanisms involved in lipid
peroxidation of lipoproteins has shown, for example, that
oxygen species (ROS) produced by the enzymes NADPH-
oxidase (NADPH-ox) and myeloperoxidase (MPO) in
activated polymorphonucleate leucocytes (PMN), may be


https://en.wikipedia.org/wiki/Polyunsaturated_fatty_acids
https://en.wikipedia.org/wiki/Polyunsaturated_fatty_acids
https://en.wikipedia.org/wiki/Arachidonic_acid
https://en.wikipedia.org/wiki/Linoleic_acid

potential candidates for generation of oxidized lipoproteins in
vivo (21).

1.3. Sources of oxidative stress

The most important endogenous sources are constituted by
internal processes of the cell under physiological condition
such as cellular respiration, the inflammatory response, the
catalytic cycle of cytochrome P450 and the reaction catalyzed
by xanthine oxidase (23). Exogenous sources are external to
the organism and frequently are determined by environmental
pollutants such as air pollutants, some types of food, toxic
substances, and UV radiation. All of these factors may be
directly or indirectly responsible for production of reactive
oxygen species (ROS) (24). Among exogenous sources, air
pollutants and cigarette smoke cover an important role in the
production of oxidative stress imbalance (24). The
respiratory system is the first apparatus of the human
organism able to come in contact with atmospheric pollution
and the first that can manifest the consequent pathological
effects. (25). Inhalation of air pollutants promotes the
production of ROS and an antioxidant deficiencies together
with appropriate genetic polymorphisms, may result in
increased airway inflammation and hyperactivity (26).
Nowadays, the oxidative imbalance is due not only to
environmental exposure but also to different life style habits;
thus, among exogenous sources also diet, physical activities
and BMI seem cover an important role in the production and
exposure to oxidant species. Therefore, some of the most
important pollutants are Endocrine disrupting chemicals
(EDCs), and among these must be counted the xenoestrogens
bisphenol A (BPA) and its substitute bisphenol S (BPS)
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having the greatest attention from the scientific community,
due to their effects on the human health. According to EFSA,
exposure to BPs can take place in 3 ways. 1) external (by diet,
drinking water, inhalation, and dermal contact to cosmetics
and thermal paper), 2) internal exposure (absorbed dose of
BPs, sum of conjugated and unconjugated BPs), and 3)
aggregated (from diet, dust, cosmetics and thermal paper),
expressed as oral human equivalent dose (HED) referring to
unconjugated BPs only (27). However, breast milk represents
the main vehicle of human intake of BPs which implies that
the youngest children show the highest urinary BPs levels.
(28). Upon ingestion, bisphenol molecules are metabolized in
the liver by the enzyme uridine diphosphonate glucuronosyl
transferase (UGT), which allows the conjugation of these
molecules with the glucuronic acid forming primarily BP -
monoglucuronate (BPs-G) and, to a lesser extent, BP-sulfate
(BPs-S) before being excreted with urine (29). On the
contrary, the non-conjugated form with glucuronic acid or
sulfate of these molecules, and so their free form , represent
the active estrogenic form (30) able to occur endocrine
alterations (31,32) and cytotoxic effects (33). Anyway, the
proportion of free (active) form comprises less than 1% of the
total BPA in blood and urine. Thus, when exposure to BPA
occurs orally, human studies have shown that BPA can be
metabolized to polar conjugates (>99%) and rapidly cleared
through urine (half — life of < 6h) (29, 30). In adult rats, BPA
is rapidly metabolized to BPA-glucuronide (BPA-GA) by
UGT2B1, UDP-glucuronosyl transferase (UGT) (34). In
humans, UGT2B7 mediates metabolism of BPA (35). BPA-
GA is a hydrophilic molecule, lacking the estrogenic activity
of BPA. Given the high activity of such hepatic UGTs in
adults, BPA is rapidly excreted in urine and feces. Therefore,
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the glucuronidation in the liver is a reaction of detoxification,
but is limited in the newborn because the expression of UGT
is very weak (36); so this impairment has been hypothesized
to slow clearance of these contaminants and increase serum
and urine concentrations of free BPs in neonates showing that
fetuses are more susceptible to these contaminants than adults
(37, 38).

HQ COOH

HOOC
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Figure 1. Reaction of conjugation of BPA with glucuronic acid
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Figure 2. Reaction of conjugation of BPS with glucuronic acid



1.3.1. Bisphenol A (BPA)
Bisphenol A (4, 4'-isopropylidenediphenol, CASRN: 80-05-
7), usually abbreviated as BPA, is a synthetic organic
compound that consist of two phenolic rings joined by a
bridging group formed by the reaction of phenol with acetone
(39).

HaCYCHa H+ H.C CHj
L »
I © B —\
H20
HO O HO OH

Figure 3. BPA synthesis

BPA is one of the most commonly produced and used
chemical in the world. The global production of BPA is about
8 million tons per year and this means that BPA is almost
everywhere found in everyday objects (40). At this concern,
approximately 90% of the general population had detectable
urinary BPA (i.e., > 0.2 or > 0.4 ng total BPA/mL) (41). BPA
is mainly (in 95%) used in the production of synthetic
polymers including epoxy resins and polycarbonates (42).
BPA has many properties that are mechanically useful for
many purposes: low adsorption of moisture and thermal
stability of synthetic polymers made with BPA. These last are
used in the production of various products including water
pipes, bottles, toys, teats, medical and healthcare equipment,
dental products, electronic devices and CD/DVD discs (43).
BPA is also employed as a stabilizer in the production of
vinyl chloride (44), and used in the production of thermal
paper. In particular, thermal paper is produced in massive
quantities because it is used in register receipts, books, faxes
and labels and it is also utilized (after recycling) to produce
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brochures, ticket, mailing envelopes, newspapers, kitchen
rolls, toilet paper and food cartons(44,45). Moreover, BPA is
widely used in the production of polyacrylates, polyester and
lacquers coating for tins, which after degradation may be
important sources of this compound in the environment and
food (46). Diet is currently regarded as the major human
exposure pathway to BPA (47-49), but the exposure to this
contaminant can also occur breathing indoor and outdoor air
(i.e. floor dust, paints) (45,50), as well as via transdermal
route (i.e. body lotion or perfumes) (51). Usually, BPA is
detectable in human urine, blood, breast milk, semen, cord
blood, fetal serum, placental tissue and animal fat (46,52,53).
Among all the matrix listed above, urine is considered one of
the most appropriate body fluid to assess exposure to this
contaminant (54); in fact in urine sampled from different
countries and areas, the detection frequencies of this
contaminant were in the range of 75-90% (55-57). BPA is
able to bind to several kinds of receptors including estrogen
and androgen receptors as well as aryl hydrocarbon receptor
and peroxisome proliferator-activated receptor that are
associated with hormones of the endocrine system and other
systems of the body (58-60). Therefore, due to endocrine-
disruption activity, oxidative and mutagenic potential as well
as hypo-methylation ability, BPA is able to exhibit
multidirectional toxic effects in animals and humans. BPA
disrupts function of wvarious hormones including sex
hormones, leptin, insulin and thyroxin. It may lead to adverse
effects, especially on reproductive abilities, such as female
infertility (61), male low sperm quality (62), low sperm count
(63), and sex hormone concentration changes (64).
Moreover, its involvement is known in a wide variety of
adverse health outcomes, such as: the increased susceptibility
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to cancerous alterations (40); neurotoxic (65), cardiovascular
and genotoxic effects (66); behavior change; metabolic
disease; obesity (67—70); respiratory diseases, in particular
asthma (71). Furthermore, prenatal and postnatal exposure to
BPA is neurotoxic to mice and lead to altered behaviors,
including depression, anxiety and hyperactivity because the
neuron system exists within a crucial window during early
development periods (72). The possible mechanisms of the
effect of BPA on changes in behavior include BPA exposure
disrupting the process of neurotransmissions (73), decreases
in the gene expression levels of neurotransmitters (74), the
influence of estrogen receptor B(ERP) and GABA(A)-02
receptors, as well as changes in the neuronal morphology in
the hippocampus (75). In addition to the prenatal and neonatal
periods, childhood is another important period for brain
development (76). Moreover, the exposure to high doses of
BPA (particularly during pregnancy and breast-feeding)
produces effects on animal development, among which a
reduction in survival (for concentration >500 mg / kg / day),
a decrease in growth (>300 mg / kg / day) and a delay on the
onset of puberty (>50 mg / kg / day) (77). Nevertheless, also
low levels of BPA can evidence human health effects (78).
However, the detailed mechanism of BPA influence remains
to be investigated. Among the various toxic effects of BPA, |
have to remember the contribution of this molecule provides
to lipid peroxidation (LPO) and hence to oxidative stress. The
intake of high levels of BPA results in increased generation
of reactive oxygen species (ROS), culminating in oxidative
imbalance (79). This is induced by a decrease of the activity
of antioxidant enzymes and the increase of LPO (80). BPA
induces oxidative stress and apoptosis in mice testes and,
again through the formation of ROS, it can produces injury in
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human tissues and organs such as liver, red blood cells,
reproductive organs, brain, especially during the embryos
phases (81-83).Currently, only few studies have examined
the association between urinary BPA levels and oxidative
stress (84,85). BPA intake is estimated to be highest in
newborns and children because they eat, drink and breathe
more per pound of their body weight and explore objects
orally (86). Furthermore, these categories are thought to be
sensitive and fragile to these contaminants because their
metabolism system and organs are undeveloped (87). In this
context, the assessment report surveyed from 2007 to 2009 in
Canada also showed that the urinary levels of BPA in children
were significantly higher than those in adults after creatinine
adjustment (47). For pregnant women and the developing
fetus, it is desirable to better understand the circulating
maternal and fetal blood concentrations of BPA and its
metabolites. Pregnancy represent a critical window of
exposure due to developmental process in the fetus. Fetal
biotransformation pathways are immature (25,41), and could
lead to different BPA metabolite patterns in both the fetus and
the mother. Moreover, animal studies have shown a slower
clearance of conjugated BPA from the fetus relative to
maternal serum (47,48). In fact BPA - glucuronide
administers to fetal sheep was not only cleared more slowly
but also interconverted to free BPA and led to a low but
sustained free BPA exposure in the fetus (half —life of > 100
hours) (48). Finally, studies report that higher levels of total
bisphenol in the urine are present in women and children of
low social status, while lower levels have been measured in
Hispanic women and children and this suggests that exposure
to BPs probably varies with race-ethnicity, gender and age
(88). Until now, BPA is authorized for use as a monomer in
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plastic food contact materials, in accordance with
Commission Regulation (EU) No 10/2011/EU on plastic
materials and articles intended to get in touch with foodstuffs.
Furthermore, based on the precautionary principle, in 2011
was introduced European Commission Implementing
Regulation (EU) N° 321/20118, which placed a restriction on
the use of BPA in the manufacture of PC infant feeding
bottles. In 2015 European Food Safety Authority (27)
reduced the temporary Tolerable Daily Intake (t-TDI) of BPA
from 50 to 4 pg/kg bw/day. Recently, Food and Drug
Administration banned the use of BPA in baby formula
packaging. Owing to increased scientific scrutiny of BPA,
existing bans and/or restrictions/regulations to limit its
applications in some consumer products and decreasing the
human health risks, BPA is being replaced with a number of
structural analogues speculatively considered safer (89).
These alternatives have similar molecular sizes and structures
compared to BPA and offer no obvious advantages in terms
of their endocrine-disrupting activities (90,91), aquatic
toxicity (29), persistence (30) or bioaccumulation potential
(29). In particular, bisphenol S (BPS) has been employed as
a major component of plastic substitutes for the productions
of many articles (92).
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1.3.2. Bisphenol S (BPS)

Bisphenol S, or BPS (bis-(4-hydroxyphenyl)sulfone
(CASRN: 80-09-1), with a much similar chemical structure
to that of BPA, contains a sulfone group with strong electron-
absorbing ability and two hydroxyl groups, so it is stronger
than other bisphenols in term of acidity, with more stability
than BPA. For example, BPS is more resistant to heat and

sunlight than BPA (93-95).
HO. : : OH

Figure 4. BPS molecule

w——=~0
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BPS was first synthesized as a dye in 1869 and is actually
used as the substitute of BPA introduced into consumer
products in the 2000s (96). The annual manufactured or
imported rate of BPS was as high as1000-10,000 tons in the
European Economic Area reported by European Chemicals
Agency (97). Therefore, humans are widely exposed to BPS,
a chemical largely similar to BPA, also for toxicological
reasons. Since the usage of BPS is not regulated, it is difficult
to specify the products containing and leaching BPS. It is
often used as an intermediate for the production of epoxy
resins and polycarbonate plastics and it is exists in several
consumer products. In particular, BPS is frequently found in
15
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some daily consumer products, such as plastics, food cans
linings and packaging, baby bottles and toys, dental
materials, personal care products (PCPs) (46), various papers
(98), to name a few. Moreover, BPS is the main substitute of
BPA as a color developer into thermal papers. In addition, the
recycling of paper and plastic, especially of the thermal
paper, is a special source of BPS in related consumer
products. As BPS is easy to phase-out in consumer products,
all products mentioned above might be the potential sources
for BPS in the environment. The “leached” BPS could enter
and degrade in air, particle/dust, soil, water, sediment, biota,
and foodstuffs, which causes the BPS pollution in the
environment, and finally induces human exposure (99). In the
same way of BPA, BPS can easily enter the human body by
ingestion (food or dust), inhalation (air or particle), and
dermal absorption (dust or PCPs). Therefore, humans are
widely exposed also to BPS and this BPA-alternative has
already been detected in 81% of urine samples from China,
United States, and in six other Asian countries (100). The
adsorption through thermal papers and clothes is relatively
special routes of human exposure to BPS (46, 51, 101) even
if, a very recent research indicates that food may be the
principal source for human exposure to BPS. In this purpose,
the study of Wang et al. (2015) emphasized that, for the
population in China and U.S., the EDIs of total bisphenol
analogues via diets accounted for 90% of the total EDIs when
considering both dust and diet (102). Furthermore, a recent
study found that textiles and baby clothing contained BPS,
and newborns can be affected by skin absorption. Dermal
BPS exposure doses from textiles ranged from 8.20
pg/kg_bw/d for 6— 12 months old infants to 10.1 pg/kg bw/d
for newborns (<1 month) (103). Compared to numerous
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studies on the toxicities of BPA, effects of BPS exposure are
in @ much smaller number and less conclusive about the
biological mechanisms that govern the toxic effects.
Although, in vitro and in vivo exposure studies indicate that
BPS is an endocrine disruptor and may have potential health
hazards, similar to that of BPA (104), no suggested daily
exposure dose or oral maximum allow able dose of BPS was
established for human exposure. However, considering the
much similar chemical structure considering BPS and BPA,
long-term exposure to BPS may have adverse effects on the
development of reproductive and nervous system. In
addition, as pregnancy is a particularly sensitive period in
terms of exposure to BPS, special attention must be paid to
avoid exposure to this dangerous chemical (e.g., reducing the
use of plastic products, PCPs, canned food, and dermal
contact with thermal receipt papers) (99). Several new studies
show also that exposure to BPS may cause oxidative stress.
In this purpose, a biomonitoring study conducted in Saudi
Arabia found a significant positive association between
concentrations of BPS and 8-OHdG in human urine. (85).
Moreover, BPS may disrupt the function of the endocrine
system, and then affect the reproductive system in mice
(105). Finally, recent studies also indicated that exposure to
BPS may induce obesity. In this purpose, Boucher incubated
human preadipocytes at a BPS concentration ranging from
0.1 nM to 25 uM. They found that the 25 pM BPS treatment
group increased the expression of several key adipogenic
markers (e.g., lipoprotein lipase and adipocyte protein 2),
both in mMRNA and protein levels, and induced lipid
accumulation. (106). Summarizing BPS, as a main substitute
of BPA, is until now considered a little bit safer than BPA,
partly for the lack of sufficient data to support risk
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assessment, especially its toxicity at low dose exposure
(104,105). Data are still limited and therefore it is necessary
to continue the studies and deepen its toxic properties. BPS
has the same qualitative effects on estrogen receptor and
androgen receptor activities in the range of BPA, but BPS
exhibit the greatest changes in efficacy on 17a-
hydroxyprogesterone in all tested bisphenol analogues (107).
Moreover, a Japanese study even indicated that BPS appear
to be more resistant to environmental degradation if
compared to BPA (94). Thus, these evidences suggest that the
use of other chemicals to surrogate BPA may not solve this
issue and, as long as a chemical structurally similar to BPA
is adopted, this is not a “safe substitution” (99). Finally, the
concentrations of BPS are generally lower than those of BPA,
but with the prohibition/limitation in the use of BPA, the
levels of BPS will constantly increase in the environment.
This is an aspect just recorded when in U.S. and China where
measured comparable concentrations of BPS and BPA in
water and sludge samples (108). Consequently, considering
the toxic potential of BPS, more studies are needed to
investigate the occurrence, fate, and effects of this compound
in the environment and in human populations.

1.3.3. Tobacco smoke
Oxidative stress could be influence also by tobacco smoke. In
the last few years many hypothesis about this were explored
and a lot of studies were focused on the biological response
to exposure (109). Cigarette smoke is constituted by more
than 4,500 components in its gaseous and particulate phases.
These compounds include direct carcinogens
(methylcholanthrene, FA, benzo-a-pyrenes, acrolein, etc.),
toxins (carbon monoxide, nicotine, ammonia, acetone,
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hydroquinone, etc.), reactive solids with chemically catalytic
surfaces, and oxidants (superoxide and nitrogen oxides)
(109). In addition, the immune system of a smoker is less
efficient in combating bacterial infection compared with that
of a non-smoker (110); also numerous studies have indicated
greater levels of oxidative stress in cigarette smokers (111),
which is most likely attributed to the high concentration of
ROS in cigarette smoke (112). Besides, a significant increase
of oxidative stress biomarkers level, such as 15F2t-IsoP, has
been recently demonstrated comparing different levels of
passive tobacco smoke in a population of adolescents
(113,114). Owverall, these findings strongly suggest that
passive smoke, as well as the active one, cause oxidative
stress and oxidative imbalance.

1.4. Oxidative stress and pregnancy
Pregnancy is a physiological condition with changed lipid
profile parameters (115) and increased susceptibility to
oxidative stress (116). This period is characterized by
dynamic changes in body systems resulting by the increased
in increased placental mitochondrial activity and a high
maternal metabolism. This higher oxygen demand may
stimulate the production of ROS. At the same time, the
number of mitochondria tends to increase through gestation,
leading to an oxidative environment too. However,
antioxidants like superoxide dismutase or catalase also
increase, probably to compensate the oxidative burden (117).
Although antioxidant activity during physiological
pregnancy is  genetically determined, antioxidant
concentration may be insufficient to balance high production
of free radicals. Therefore, during pregnancy increased
production of ROS exceeding the mother’s antioxidant
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potential leads to an oxidative imbalance, which can
negatively affect the health of both the mother and the fetus
and leading to complications in pregnancy (116). Numerous
pregnancy-related complications (fetal death, intrauterine
growth restriction, pre-eclampsia) are the result of
insufficient maternal antioxidant protection to balance high
production of free oxygen radicals and lipid peroxidation in
the placenta (118). Moreover, numerous studies have shown
a connection between the oxidative stress and different
etiopathology in pregnancy (119). Gestational diabetes and
hypothyroidism (120) are an example of a disease where
oxidative stress plays a key causative role in metabolic
disturbances and their consequences. Rajdl founds a
statistically significant difference in the oxidative stress
levels of diabetic mothers and their children in comparison to
healthy mothers, suggesting an exceptional free radical
activity expressed as increased lipid peroxidation (121). As
pregnancy is a period of increased metabolic demands,
insufficient supplies of essential vitamins and micronutrients
can lead to a state of biological competition between the
mother and fetus (122). In such a situation, an inadequate
nutrition and a reduced intake of anti-oxidants or an increased
exposure to pro-oxidants, may also disrupt the oxidative
equilibrium and contribute to oxidative stress. For example,
it is well known that smoking is followed by intense
oxidative stress (123) and, in this purpose, pregnancy
complications can arise due to the increased free radical
damage caused by smoking (118).
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1.4.1. Oxidative stress in pregnant

During pregnancy, increased production of ROS exceeding
the mother’s antioxidant potential leads to oxidative stress,
which can negatively affect the health of both the mother and
the fetus, leading to complications in pregnancy (116). Lipid
peroxidation through the free radical pathway is generally
described as unfavorable to mammalian health and often
related to pathological consequences. However, it is also
known that regulated free radical reactions in the body are
beneficial, specifically for cell signaling, cell generation and
degeneration, cellular homeostasis and defense against, for
example, microorganisms. (124).

At this concern, numerous longitudinal study conducted in
normal human pregnancies show that oxidative stress levels,
measured by urinary F-2-isoprostanes, increase progressively
throughout pregnancy. In particular, a significant increase in
oxidative stress from week 9 until week 40 was recorded,
while, thereafter, a significant decrease to basal levels at post-
partum weeks 9, followed by a further increase from weeks
10 post-partum onwards, is observed (115,116). This
suggests that free radical-mediated lipid peroxidation in mild
form might have a role in pregnancy. Moreover, a
longitudinal study has also shown that the antioxidative status
decreased significantly in the first trimester and then
increased throughout pregnancy to reach normal non-
pregnant values post-partum (125). In a cross-sectional study,
non-lipid-adjusted levels of vitamin E were found to be
significantly higher in late normal pregnancy compared to
non-pregnancy (126). These might be due to the higher levels
of circulating serum lipids (cholesterol and triglycerides)
found during pregnancy. Although the of oxidative stress
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increase during pregnancy is considered a physiological
process, the exposure to environmental pollution as well as
wrong lifestyle habits, including an inadequate diet, because
of the low in vitamins, and the exposure to tobacco smoke,
may lead a worsening of the oxidative imbalance with
serious consequences, mainly on the fetal development. In
this concern, it is well known that tobacco smoke may
invoke oxidative stress. In pregnant women, the nicotine
and carbon monoxide components of cigarette smoke may
cause damage to both the mother and the fetus, crossing the
placental barrier (123). A relationship between maternal
smoking and disturbances in postnatal growth and
development (127) has been demonstrated, and not only
intrauterine fetal growth retardation or low birth weight
(118).

1.4.2. Oxidative stress in newborns

Newborns are particularly prone to oxidative damage induced
by ROS. Oxidative stress affects various organs, mostly the
lung epithelium and retinal and brain blood vessels. In
particular, free oxygen radicals are produced in cell
membranes and structures such as  peroxisomes,
mitochondria, endoplasmic reticulum, protein cell
membranes and soluble enzymes (hemoglobin, xanthine
oxygenase). The sensitivity of these cells and tissues results
from their rapid growth and development, as well as weak
antioxidant protection (128). The antioxidant status of
newborns shows low concentrations of glutathione
peroxidase, superoxide dismutase, 3-carotene, riboflavin, a-
proteinase, vitamin E, selenium, copper, zinc, transferrin and
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other plasmatic factors (129). Oxidative stress during the fetal
period programs the metabolism of the neonate either
directly, through gene expression modulation, or indirectly,
through the influence of ROS on lipids and proteins in the
critical window of development (130).Oxidative stress may
last also after the birth (131). At this concern, numerous
studies revealed that oxidative stress levels measured in
various biological materials were significant higher in
healthy, term newborn immediately after birth, and continued
to grow and/or persist until the third day after birth (132).
Delivery is associated to a considerable oxidative stress, even
if the intensity of oxidative stress is independent of the mode
of delivery and maternal infections during pregnancy (128).
Defense against free radicals increases slightly before the
delivery but in the last 15% of the pregnancy time, a 150%
increase is observed (133). This defense depends on the
activity of the enzymes glutathione, superoxide dismutase
and catalases. Nevertheless, breast milk, especially after
preterm delivery, contains high concentration of antioxidant
defense factors, which might have a protective influence on
the breastfed infant (134). It is a further argument in favor of
breast milk for the nutrition of the infant.
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2. MONITORING OXIDATIVE STRESS

Reactive oxygen species (ROS) are constantly produced in
aerobic organisms by normal metabolic processes, such as
cellular respiration and antibacterial defense. Furthermore, as
previous mentioned, endogenous or exogenous exposures
(such as ionizing radiation, smoking, and toxins) also induce
production of ROS (135). Therefore, exposure to ROS is
almost ubiquitous, and a certain level of oxidative damage is
always present in any individual but, in order to contrast these
damaging effects, aerobic organisms have developed
multiple defense systems such as superoxide dismutase,
catalase, glutathione peroxidases and endogenous
antioxidants. Differences in both the intensity of ROS
generation and the effectiveness of the antioxidant defense,
produce variability in oxidative status between individuals
(136). Variability in oxidative status within an individual
between tissues as well as between individuals results from a
complex interaction of multiple factors, including genetic and
(137,138) epigenetic differences, endogenous promoters of
ROS, chronic inflammation and (139) or other chronic
conditions. On the whole, a “normal oxidative status” (non-
stress range) in opposition to a pathological condition has not
been yet defined. Therefore, it is not clear which levels should
be considered “normal” (non-stress) and which represent a
serious imbalance between ROS generation and antioxidant
defense (stress). Because ROS have short lifetimes and
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cannot be directly detected in humans (140), a very useful
alternative is the measurement of oxidative stress biomarkers.
Although the quantification of these oxidative biomarkers do
not measure the ROS levels per se, they are assumed to be
proportional to the ROS levels.

2.1. Biomarkers of oxidative stress

F2-isoprostanes: F2-isoprostanes are synthesized during
non-enzymatic oxidation of arachidonic acid by different
types of free radicals, including reactive oxygen species
(141). Depending on the position where the oxygen molecule
is added to arachidonic acid, four regioisomers are formed,
giving each of the four F2-isoprostane series. Furthermore,
each series comprises 16 stereoisomers (142). F»-
isoprostanes can be measured in detectable quantities in
biological fluids and in human blood and urine (143). They
have two important characteristics : 1) isoprostanes describe
a lipid peroxidation not completely stopped by the
antioxidant defenses that leads to an exponential increase in
the isoprostane concentrations (142); 2) isoprostane
quantification can be easily used as a sensitive expression of
systemic oxidative stress status and inflammatory response
(142,144). There are three main techniques used to assay F2-
isoprostanes: gas chromatography with mass spectrometry
detection (GC-MS), liquid chromatography with tandem
mass spectrometry detection (LC-MS/MS), and enzyme-
linked immunosorbent assay (ELISA). The advantages of
GC/MS and LC-MS/MS techniques are numerous, the main
of which is the great sensitivity of the method. The immuno-
enzymatic ELISA-based tests are inherently inferior as
compared to the chromatography-based techniques due to
cross-reactivity but they allow to measure faster a large
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number of samples, preserving sensitivity and sensibility
(145). In the epidemiological studies, the 15-F2t-isoprostane
Is the most used biomarker of oxidative stress. Through
ELISA quantification, it is able to express relationships
between ROS and chronic diseases (asthma, BPCO, cancer,
etc.)(136,146).

Cytokines: oxidative stress and ROS, especially those
derived from mitochondria, stimulate the activation of
mediator signaling molecules as the transcription factor
nuclear factor kappa-B (NF-«xB) (147), that up-regulates the
production of inflammatory cytokines, such as interleukin-1
(IL-1B), interleukin-6 (IL-6) and others mediators as tumor
necrosis factor-a (TNF-a) or chemokines. In physiological
circumstances, the deleterious effects caused by the highly
reactive nature of ROS are balanced by the presence of
antioxidants, including glutathione, carotenoids, and
antioxidant enzymes such as catalase and glutathione
peroxidase. Several chronic human diseases characterized by
excessive ROS production (148), or more in general,
uncontrolled inflammatory response results in extensive cell
and tissue damage, giving rise to normal cell and tissue
destruction (149). Therefore, the levels of multiple cytokines
collectively might appropriately reflect subtle status of a
deregulated immune response or a failure to contrast
adequately the ROS production due to endogenous or
exogenous exposures. Cytokines can be quantified at various
levels: intracellular proteins can be measured by
fluorescence-activated cell sorter staining of permeabilized
cells, and secreted cytokines can be quantified with
bioassays, enzyme-linked immune sorbent assays (ELISAS),
radioactive immunosorbent assays, and microarrays.
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Multiplex assays for detection of cytokines at the mRNA
(150) and cellular levels are commonly used. However, these
assays have one or more limitations, like the need for a large
sample volume or detection of precursor proteins rather than
native secreted proteins. In addition, these techniques are
time-consuming and laborious. At the same time, these assays
have proven to be very useful in the simultaneous detection
of cytokines in many body fluids (151).
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3. OXIDATIVE STRESS AND EPIDEMIOLOGICAL
APPROACH

The environment is a vehicle of many biological, chemical,
and physical risk factors capable to induce the onset of many
human diseases. A recent report from the World Health
Organization (WHO) showed that in 2012, an estimated 12.6
million global death (23% of all deaths) were attributable to
the environment. The environmental impacts on health
mostly affected children less than 5 years of age (152).
Therefore, indoor and outdoor air pollution are factors
possibly associated with environment-related health
outcomes, including respiratory cardiovascular diseases, and
cancer. Among all the environmental factors, hazardous
chemicals ubiquity, food and water contaminants and tobacco
smoke (153) have become a problem of growing international
interest (154-156). In particular, for their endocrine
disruptor’s properties and their widespread presence in the
human life environment, BPA and BPS are an important topic
in terms of Public Health. Since bisphenols are often used as
an intermediate for the production of epoxy resins and
polycarbonate plastics, they exists in a very big number of
consumer products, and for this reason humans are largely
exposed to these contaminants (99). According to EFSA,
exposure to BPs can take place in 3 ways. 1) external (by diet,
drinking water, inhalation, and dermal contact to cosmetics
and thermal paper), 2) internal exposure to total BPA
(absorbed dose of BPA, sum of conjugated and unconjugated
BPA), and 3) aggregated (from diet, dust, cosmetics and
thermal paper), expressed as oral human equivalent dose
(HED) referring to unconjugated BPA only (27). Mostly,
BPA and BPS are considered among the Food Contact
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Materials (FCMs), being key monomers used in the
production of the resins employed to prevent the direct
contact of food with metal cans and to ensure their thermal
and mechanical stability (40). There is a tendency to think
that plastics are stable compounds; instead, the chemical
bond between bisphenol molecules is highly unstable and,
therefore, there is a high risk that these substances will spread
in the water, in the drinks or in the food in contact with the
plastic materials in which they are contained. The main
factors influencing the migration of BPs from the surface of
cans or bottles, are the temperatures used in the
manufacturing process and, particularly, the prolonged usage
(44). Migration can also be induced by storage time and,
consequently, the accumulation of these molecules can be
observed in canned foods. Moreover, BPA migration ratio
from PC bottles to other solutions varied dependently on their
chemical properties. In ethanol-water mixture, faster release
of BPA from PC (in comparison to water) was noted, whereas
in oil from olives negligible release of BPA was observed
(157). Children are considered as vulnerable populations
when it comes to exposure of environmental chemicals for a
number of reasons. Due to the children’s continuing
development and behavioral activities (e.g. hand-to-mouth
touching, playing on the floor, etc.), exposure to
environmental chemicals could lead to increased incidences
of acute and/or chronic diseases in children such as asthma,
attention-deficit/hyperactivity disorders, obesity and diabetes
(158). Furthermore, given that dietary intake is the chief
sources of exposure to bisphenols and phthalates, children
and adolescents are uniquely vulnerable to these chemicals as
they have greater food consumption per unit body weight and
will have prolonged exposure over the course of the lifespan
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(159). Moreover, children have smaller body storage for
compounds due to their small body size and blood volume
capacity as well as less mature metabolic pathways, which
might lead to longer half-lives in the body (158,160). There
are also specific critical programming periods during
children’s in utero development, postnatal development and
puberty, when the body is particularly vulnerable to
disrupting effects, and exposure to environmental chemicals
might lead to persistent epigenetic changes, resulting in
adverse effects (161-163). Lastly, exposure to environmental
chemicals during early life results in longer life-times
exposure and higher risk of developing chronic diseases
(158). The resulting impact on human health may evolve with
different characteristics and intensity levels (153,164,165)
even if its mechanisms of action remains partially unclear
(166,167). Consequently there is a need to monitor the
exposure levels of environmental chemicals mostly in
vulnerable populations to ensure the risk of developing
adverse health effect or diseases attributable to environment
can be minimized as much as possible (168). Thus, the human
biomonitoring provides measures of internal exposure and/or
effects, integrating all sources and routes of uptakes by direct
measurements of biological specimens such as urine (169).
The indoor environments, particularly the sites where people
smoke or have smoked, and different life style habits are
often characterized by the highest levels of pollutants that
induce oxidative stress (170). Accordingly, oxidative stress
plays a crucial role in the inflammatory response to tobacco
smoke (171), frequently in co-exposure with airborne
ultrafine particles (172) and in many other environmental
factors.
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OBJECTIVES

4. GENERAL OBJECTIVES

To maintain the population healthy and safety, molecular
epidemiology represents a crucial tool for the impact analysis
of environmental exposure to the different risk factors.
Therefore, the deepening of the biological relationship
between humans and environment is crucial to build a
complete OXIDATIVE STRESS PROFILE of exposed
subjects.

The research work of last three years has been driven by the
idea of monitoring different environmental expositions
through a complete OXIDATIVE STRESS PROFILE
analysis. This intending to highlighting different conditions
of environmental and life-style risk and, consequently,
potential pre pathological conditions. The project, in its
broader meaning, has been structured on the main purpose of
investigating thoroughly and extensively some life-style
habits and consequently the mechanisms that can increase
oxidative stress imbalance in humans, in particular in
children and newborns, in order to better understand
responses and adaptations to this different risk conditions.

4.1. Oxidative stress in pediatric populations. The role of
passive smoking and the living environment.

In the fully aware, that OS originates from many endogenous
and exogenous factors, purpose of this first study-line was to
investigate the presence of BPA in the urine of a group of
adolescents, its role in the induction of OS, and to confirm
the same role of the tobacco smoke. Therefore, the purpose
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of this first study was to clarify the role that some
independent environmental, individual, and physiological
variables have on the oxidative stress status of a large
population of healthy adolescents. To achieve this goal, a
sample of urine provided by each of the 223 young healthy
volunteers (7-19 years old) attending three different schools
of a little town named Chivasso (close to Torino, Piedmont,
North-Western Italy) was analyzed to quantify BPA,
cotinine, and 15F2t-IsoP in urine. The first as the chemical
playing the role of internal dose marker, the second as a
nicotine metabolite to quantify exposure to smoking and the
third as a marker of OS.

4.2. Bisphenols as endocrine disruptors and the onset of
oxidative stress in newborns

The assessment of Endocrine Disrupting Chemicals (EDCs)
exposure is particularly important in case of infants who,
being in the early stages of development and therefore with
still underdeveloped metabolic mechanisms and organs,
appear to be more vulnerable and susceptible to the onset of
potentially stress and pathological conditions. UGT in the
liver of human fetuses is present at concentrations 5 times
lower than that of an adult liver; therefore, newborns may be
exposed to higher concentrations of free bisphenol if
compared to adults. In this contest, studies show that the
levels of unconjugated bisphenol in human adults' serum are
typically low, while higher levels have been reported among
newborns (173).

In addition, animal study demonstrate the passage of
bisphenol through the placenta, with subsequent passage in

32



the umbilical cord and amniotic fluid of the fetus. In
particular, the B-glucuronidase enzyme was found to be very
active in human placental tissues, increasing fetal exposure to
bisphenol in free form by the hydrolysis of the conjugated
form (174). Due to the prolonged exposure of the fetus to the
free form of bisphenol, the multiple negative effects of this
molecule on the endocrine system is observed during the
Moreover, the increasing concern about the late effects
consecutive to early exposures identifies sensitive
populations such as pregnant women and newborns as a
priority for biomonitoring studies (175). Then, breast milk as
mothers’ and babies’ urines appear as a relevant biological
materials for conducting such studies, giving access both to
an estimated internal exposure level of the mothers and their
babies and to an estimated food exposure level of the
breastfed newborn (176). Therefore, the first purpose of this
second study was to clarify if during pregnancy and the first
days of breast-feeding may occur oxidative alterations in
newborns, also in relation to a possible exposure to
bisphenols and in particular BPA and BPS. Furthermore, the
second aim of this Ph.D project was to evaluate if and how,
during pregnancy, the neo - mothers oxidative stress levels
may change depending on their health status and on active
and / or passive exposure to tobacco smoke, compared to the
control population considered.
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STUDY-LINE 1: OXIDATIVE STRESS IN
PEDIATRIC POPULATIONS. THE ROLE OF
PASSIVE SMOKING AND THE LIVING
ENVIRONMENT.

5. EXTENDED METHOD

e Epidemiological sampling:
The epidemiological sample was selected with the aim to
investigate the oxidative status in several range of age
measuring biological markers in a large population of healthy
children and adolescence, also in relation to the presence of
BPA. Schools were recruited on October 2015 and the
enrolment started on January 2016; the “Provveditore agli
Studi della Regione Piemonte” have facilitated the
relationship with the schools. Managers and teachers have
been informed about the project and the students have been
called up for the information meeting during school hours.
All the 223 students involved in the study were volunteers
who attended the same school district but in three different
school of Chivasso; in particular, a primary school, a
secondary school and a high school were selected. No other
selection criteria was adopted. Since the subjects were
underage, parents were informed on the objective of the study
and a written informed consent was signed and delivered
from any parent who allowed to his son to participate. Thus,
the participation of all subjects did not occur until informed
consent was obtained. Sampling was carried out from January
to March 2016, involving one class per day, on Wednesday
or Thursday, according to a pre-established timetable. For
each student, a short version of the questionnaire “SIDRIA”
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was prepared to acquire information on age, sex, place of
residence, hobbies, diet, therapies, and parent's smoking
habits (177). An interviewer administered the questionnaire
during school hours, the same day the urine sampling, some
anthropometrics parameters took place. The local Ethics
Committee of “San Luigi” Turin Hospital (11th March 2015,
practice n ° 27/2015) approved the study protocol.

Figure 5: Map of
the sampling site.
Chivasso is a
smaller and less
urbanized city
than Torino with
about 26,000
inhabitants
(Sources by
Piedmont Region,
2011).
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e Biological analysis:

Urinary cotinine: Cotinine measurement was carried out to
quantify the passive exposure to tobacco smoke, which
represents a possible factor of oxidative stress formation. A
specimen of the first morning urine was collected from each
volunteer and stored at —80 °C until analysis. Cotinine was
measured by gas chromatography—mass spectrometry
(GC/MS). A spot of fresh urine was collected in the morning
and approximately at the same time from each volunteer and
then stored at -80°C. 10 ml of urine was transferred into a
glass tube and 4 g of NaCl, 500 pl of NaOH (5M) and 10 pl
of cotinine-d® (internal standard) were added. Cotinine was
than extracted from urine repeating the following procedure
twice: addiction of 2 ml of CHCls, liquid-liquid extraction in
a shaking wheel for 15 min., centrifugation for 10 min at 1000
g. The two phases were collected together and evaporated
with nitrogen. The cotinine calibration curve was built with a
blank non-smoking subject’s urine pool extracted with the
same procedure, in order to measure a concentration range
from 10 to 100 ng/ml. The dry residue was dissolved in 200
pl of CHCI3 and transferred in conical vial. In collaboration
with Fondazione Salvatore Maugeri (FSM) of Pavia, GC/MS
analysis was performed using an Agilent Technologies 689
GC, interfaced to a 5973 MSD Inert Agilent MS. The
analytical procedure has been described in detail elsewhere
(178). Cotinine concentrations were normalized to the
urinary creatinine (CREA) levels, as usual for every urinary
measurement.

Urinary Isoprostane: 15-F2t-1soP was measured in urine by
ELISA technique. A microplate kit specific for urinary 15-

36




F2t-IsoP  (Oxford, MI, USA) was used following
manufacturers' instructions. This Kit is based on a competitive
ELISA so microplates are directly coated with polyclonal
antibody specific for F2-1soPs. Urine sample were mixed with
an enhancing reagent to limit interferences due to specific
binding. Both samples and standard compete with 15-F2t-
IsoP conjugated to horseradish peroxidase (HRP) for binding
a polyclonal antibody on the microplate surface. After the
addition of the substrate, the HRP activity resulting was
measurable in color development. The intensity of the color
iIs inversely proportional to amount of unconjugated F2IsoPs
in the samples or standards. Sulfuric acid (3N) was then
added to each well to stop the reaction and the microplate was
read at 450 nm using a microplate reader (Tecan). The
declared limit of detection is 0.2 ng/ml and the possible cross-
reactivity of this method is fixed below 3%. To achieve better
accuracy by the ELISA method, a dilution rate of 1:4 (v/v)
was adopted. 15-F2t-1soP concentrations were normalized to
the CREA levels.

Urinary BPA — glucuronide: To exclude contamination
from BPA, all urine samples were collected in BPA-free
plastic vessels (polypropylene) and stored at - 80°C until
analysis. All the laboratory glass material used were washed
with methanol and then kept in methanol for 12 hours, which
was subsequently analyzed to verify the possible
contamination of BPA. Each thawed urine was vortexed and
700 pl of acetonitrile, 750 ul of ethyl acetate and 10 pl of
BPA-d1s (1 ng/ul), used as internal standard, were added to
400 pl urine sample. To facilitate the liquid — liquid
extraction (LLE), samples were vortexed for 3 minutes,
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centrifuged at 4000 rpm for 15 min and the supernatants were
evaporated to dryness by a gentle stream of nitrogen. The
dried extract was dissolved with 125 pl of methanol/water
(1:1 v/v) and analyzed by HPLC — MS/MS to quantify GIcA-
BPA. GIcA-BPA was identified and quantified by liquid
chromatography equipped with a low-pH resistant reverse
phase column, Kinetex EVO C18 (2.6 um, 150 x 3.0 mm).
The binary solvent system was: a) acidified ultrapure water
with formic acid 0.1% v/v and b) acetonitrile (HPLC
ultrapure grade) acidified with formic acid 0.1% v/v. The
chromatographic separation was carried out at constant flow
rate (200 pl/min-1) and constant temperature (23°C + 1°C)
by a column thermostat. The solvent linear gradient was from
10% to 30% of B in 5 min, to 65% of B at 30 min, at 33 min
95% of B. The concentration of solvent B was maintained at
95% for 5 min. The initial mobile phase was re-established
for 10 min before the next injection. The injection volume
was 20 ul and quantification was performed by internal
standard method (BPA-dis). Quantitative analyses were
carried out by tandem mass spectrometry with a 6330 Series
lon Trap LC-MS system equipped with an Electrospray
lonization Source (ESI). The analytes were detected in
negative mode. The dry gas (Nitrogen) was at 325°C, 20.0 psi
and 10 | min-1; capillary voltage was at 2000V. Data
acquisition was made in Multiple Reaction Monitoring
(MRM) mode by monitoring the transitions of quasi-
molecular ions [M-H]: 227 for BPA, 242 for BPA-d1s, 307
for HO3S-BPA, 403 for GIcA-BPA and 419 for OH-GIcA-
BPA. Procedural blank samples with ultrapure water in place
of urine were collected, extracted and analyzed by HPLC-
MS/MS with the same samples protocol. In the processed
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blanks were not detected BPA contaminations above the limit
of detection (LOD, 0.065 ng mL-1).

Urinary Creatinine: urinary creatinine was determined by
the kinetic Jaffe procedure (179) to normalize the excretion
rate of the all urinary markers described above.
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6. RESULTS

The characteristics of the students enrolled in the project are
reported in Table 1. Numerousness, mean, standard deviation
(s.d.) and percentage (%) for gender, age (years), height (m),
weight (kg) and smoking exposure (number of cigarettes per
day) are reported for the subjects grouped for educational
level. Among the 223 students, 18 reported being active
smokers (8%), all from the age group 14-19, 52 passive
(23.3%), and 153 non-smokers (68.7%). All these parameters
were proved not to be statistically different among
educational level (non-parametric test: p>0.05). Therefore,
these individual characteristics could be analyze as
homogeneous in the three different groups.

PRIMARY SECONDARY Sglh%%L
SCHOOL SCHOOL (15-19 TOTAL
(7-10 years) | (11-14 years) years)
N. 87 34 102 223
Male 48 Male 15 Male 57 Male 119
Ge'}(,d/sr N- (55.2%) (44.1%) (55.8%) (53.3%)
Female 38 Female 19 Female 45 Female 104
Age (years)
Mean + s.d. 8.87+1.0 11.7+0.8 16.6 £1.71 12.8+3.8
Height (m)
Mean + s.d. 1.39 £ 0.08 1.54+0.1 1.71 +0.08 1.56 +0.17
Weight (kg)
Mean +s.d. 35.6 +9.8 45.0+7.5 645+124 50.2+17.2
. . Active 18 Active 18
Smoking Active 0 Active 0 (17.6%) (8%)
) Passive 26 Passive 5 . .
habits Passive 21 Passive 52
(30%) (14.7%)
N. (20.5%) (23.3%)
No exp 61 No exp 29
(%) (70%) (85.3%) No exp 63 No exp 153
’ (61.9%) (68.7%)

Table 1. Gender, age, height, weight and number of active and passive smokers in the whole
population and in three groups sub grouped according to the three educational level

considered.
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In Table 2, cotinine, 15F2t-IsoP, and GIcA — BPA, all
expressed as nanogram per 1 milligram of creatinine, are
listed sub grouped per educational level as mean, standard
deviation, and minimum and maximum.

Cotinine 15F2t-IsoP Total BPA
[ng/mg [ng/mg inactivated
CREA] CREA] [ng/mg CREA]

Mean (+sd) Mean (£sd) Mean (£sd)

Min - Max Min - Max Min - Max

PRIMARY SCHOOL 73.7 (£ 109) 5.07 (£ 5.4) 7.5 (£ 7.8)

(7-10) 1.06 - 382.9 0.6—38.8 0.02 — 38.7
SECOIoARY 51.2 (+111.0) | 3.4 (x2.9) 6.9 (+5..3)
(11-14) 0.1-372.3 05-171 0.9-34.4

HIGH SCHOOL 179.0(x282.5) 5.76 (+ 5.4) 10.8 (+ 0.8)
(15-19) 0.1-1730.9 0.4-23.2 0.3-554

TOT(f'; d'\")ea” 107 (£200) | 4.8 (x4.8) 8.56 (+ 7.8)
Min - Max 0.03 -1730 0.41-38.8 0.02 -55.4

Table 2. Urinary cotinine, 15F2t-I1soP and total BPA inactivated values in the three groups
subgrouped according to the three educational level considered. Min = minimum value; Max
= maximum value. Units of biological markers are nanograms of every 1 mg of urinary
creatinine.

GIcA — BPA (inactivated BPA) show an increase of
concentration proportional with increasing age, even if the
intermediate age group (11-14 years) is slightly lower. The
same thing is observed also for 15F2t-I1soP and the exposure
to tobacco (mainly passively breathed) quantified by
cotinine. According to the Box-Cox regression results, the
values of urinary cotinine, 15F2t-1soP, and GIcA — BPA were
subjected to a logarithmic transformation before carrying out
the subsequent analysis, in order to stabilize the variance and
normalize the distribution. If inspecting the two way plot of
log (ng 15F2t-IsoP/mg CREA) versus log (ng GIcA BPA/mg
CREA) highlighted a non-linear relationship between these
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variables, suggesting a spline function to estimate the
relationship, we used piecewise linear or "hockey stick"
robust regression point (180). It presupposes that the effect of
predictive variables on dependents can be best fitted by two
straight lines, with different slopes, and calculating the two
slopes and the value of the dependent at which the slope
changes (the breakpoint or spline point). Therefore, the result
of piecewise linear robust regression shows a break point at
1.79 (95%CI: 1.56 - 2.02; p < 0.001) of the effect of log-
BPA on log-15F2t-IsoP (Figure 6 and Table 3). Thus,
concentration of 15F2t-IsoP increases exponentially (more
than threefold each one log unit of BPA), when log-BPA
concentration overcomes the break point identified at 1.79.

Figure 6: Piecewise linear robust regression of the relation of log (GIcA-BPA) on log (ng
15F2t-1soP/mg CREA) — (break point at BPA =6, 95% Cl = 4.5 - 7.5). Exp (1.79) =6
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MLR analysis shows a positive effect also of log-cotinine
concentration on log 15F2t-1soP (Table 3). This last effect is
evident also by observing figure 7 where an increase of 12%
of 15F2t-1soP is observed for each one-unit-increment of log-
cotinine.

7 IogkCotiﬁinelcrea)

Figure 7: Added Variable Plot of the relation between log 15F2t-IsoP and log — cotinine
given age.

Furthermore, the analysis of the relationship between
log(ngl5F2t-IsoP/mg CREA) and age shows a trend V-
shaped (figure 8); with a significant decrease (p = 0.026)
between infancy (7-10 year old) and the beginning of
adolescence (11 — 15 years old) and then a new increase
starting from 15 year of age (Figure 8 and Table 3).
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Figure 8: Margins-plot of the relation between log 15F2t —IsoP and age classes.
C.I. 95%
Means Lower limit — p<
Upper Limit
Total inactive BPA (ng/mg CREA) 1.79 156 2.02 <0.05
Urinary Cotinine (ng/mg CREA) 0.03 0.00 0.06 < 0.001
Age (years old): <10 1.19 1.02 1.36 NS
11-14 0.91 071 111 <0.05
215 1.37 137 1.18 NS

Table 3: Multiple linear regression parameters, with means and 95% confidence interval
(C.1.), of log 15F2t-1soP as dependent variable and log (total inactive BPA), log cotinine,

age as predictors.
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7. DISCUSSION AND CONCLUSION STUDY -LINE 1

The main objective of this work was to evaluate the
environmental diffusion and the consequent absorption of
BPA in a population of children and adolescents attending
primary, secondary and high school in a city located in
Piedmont region, in the northwestern part of Italy. At the
same time, the aim was to observe the role of this
environmental pollutant in the induction of oxidative stress,
taking into account as confounders, the role of passive and
active exposure to tobacco smoke and age, other predictors of
the same effect. These youth were enrolled as a population
suitable to investigate as accurately as possible, some
environmental conditions as predictors of oxidative status
development. This because their life habits leads them to be
more in contact with the outside environment and because
their lower body weight makes them more sensitive and
vulnerable. At this concern, young people are still in a phase
of development of the body and of their metabolic system and
therefore still fragile and hypersensitivity to environmental
stimuli. The oxidative stress level was monitored through the
quantification of urinary 15-F2t-IsoP concentration, a
biomarker unaffected by diet potentially confounding the
relationship we have investigated (141,181,182). Diet is very
similar among all the students. This information originates
from the answers to the questionnaire outlining a
homogeneous domestic diet and because they benefit from
the same school lunch prepared by the same company
according to the requirements imposed by nutritionists
working at the local health authority to minimize oxidant
food. Since the exposure to BPA can influence the oxidative
stress level, urinary GICA — BPA was measured to know the
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role of this contaminant in the onset of 15-F2t-1soP values.
Findings show that the effect of GICA — BPA on 15F2t-IsoP
has a threshold value around a break point of 1.79; this
suggest that values of GIcA — BPA lower than 4.5 ng/mg of
creatinine (exponential value of lower confidential limit)
have no measurable effect on isoprostane; conversely, above
the break point the 15F2t-1soP grows linearly (p < 0.005). To
explain this log-linear relationship characterized by a
threshold value, we must remember the higher commitment
of liver to contrast the higher concentrations of this
contaminant, or an insufficient sensitivity of analytical
technique to detect BPA at lower concentrations.
Nevertheless, this last hypothesis seems to be contradicted by
the log - linear relationship without threshold of the 15F2t-
IsoP versus cotinine. Indeed, the induction of oxidative stress
by passive and/or active smoking is confirmed in adolescent
subject independently from age also in our previous paper
(113). The age of the subject proved to be another factor that
can significantly influence the 15-F2t-1soP concentration.
The 15-F2t-IsoP levels in the 11-15 age group has been
studied in a previous work (178) where a slight decrease (6%)
was recorded passing from 11 to 15 years. In the present
study, the analysis of 15-F2t-1soP levels according to age (7-
19 years old) highlighted the V-shape previously illustrated.
This seems to show that the oxidative stress experiences a
lowering of intensity in the first years considered, and then
return to grow regularly. This may result in the establishment
and growth of a condition of chronical inflammation until
senescence (182-184). Finally, urine GIcA - BPA
concentrations were positively associated with BMI but not
in significant way. Due to its rapid metabolism (half — life
less than 6 h), BPA exposure estimates from first morning
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urine may just represent the exposure at the prior meal
(dinner), not daily or average exposure level. Given the food
indigestion as the main exposure route to BPA, should be
collect more urine samples throughout the day preceding the
sampling to avoid underestimation of exposure to this
contaminant. To conclude, the adolescent studied show an
increase in oxidative stress dependent from tobacco smoke
passively and/or actively breathed, and from GICA — BPA
higher than 4.8 ng/mg of crea. This last theme, not analyzed
in depth yet by the International Scientific Community, must
be taken care of by the Public Health Authorities in a careful
manner and without forgetting the other Bisphenols, now
present in the living environment. Thus, the evidence of these
risky conditions for public health may represent a platform
for designing new preventive strategies addressed to
promoting adolescent health in a sensitive period of growth,
sexual differentiation, and brain development. Thus it is
crucial to continue the study of new and safer materials
having the least impact on environment and human health.
The two main results obtained in this work are: BPA causes
an increase in oxidative stress in the adolescents selected for
the study, but only from 6 ng / mg of CREA up. In addition,
the tobacco smoke passively breathed is able to induce an
increase of the oxidative stress. The promotion of health must
therefore also consist of the preventive contrast to BPA still
present in the living environment.
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STUDY-LINE 2: BISPHENOLS AS ENDOCRINE
DISRUPTORS AND THE ONSET OF OXIDATIVE
STRESS IN NEWBORNS.

8. EXTENDED METHOD
e Epidemiological sampling:

The epidemiological sample was selected in order to
represent the population of mothers and their newborns
potentially and variously exposed to bisphenols and to
evaluate if their exposure to BPA and BPS, during pregnancy
and already the first 24 hours of breast-feeding may cause
oxidative alterations. The subjects were recruited by
consulting the register of subjects born during 2015-2017 at
the University Unit of Neonatology of the Sant'Anna
Gynecological Hospital of Turin. In particular, the enrollment
started on March 2016. First, the doctors and nurses staff have
been informed about the project in order to help in the
recruitment of hospitalized mothers and babies. Only term
pregnancies (> 37 EG-W) were included in the study; babies
were excluded from the project if they had an Apgar score of
less than 5 at 5 minutes of life, if they were admitted to the
neonatal intensive care unit or, more in general, if they had a
certain specific diagnosis certifying the danger of life. Every
recruited mom was informed on the objective of this study
and a written informed consent was signed and returned,
while for the participation of the baby was requested the
authorization of both parents. Thus, the participation of all the
subjects did not occur until informed consents were obtained.
Then the sensitive data of the women recruited, as well as
those of the newborns, have been replaced by an
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identification code to ensure full respect for privacy during
all subsequent stages of sampling and analysis of data. At the
end of the sampling, 100 mothers in physiological conditions
with their babies and 50 mothers in pre-delivery
circumstances potentially at risk (gestational diabetes,
hypertension, and hypothyroidism) with their babies were
enrolled. During the hospitalization mothers were asked to
fill in a short questionnaire in order to acquire information on
individual, clinical, smoking, diet and working mother’s
habits and on the baby's health status at birth time. Moreover,
before hospital discharge few milliliters of milk with manual
BPA/BPS-free breast pump and a pool of urine were
collected. Furthermore, a specific polypropylene bag
(Urinocol® Pediatric, BRAUN) was positioned inside the
diaper of each newborn enrolled to collect a few milliliters of
urine. Urine and milk samples were transported to the
laboratory within 3 hours of sample collection and were
stored at -80°C until laboratory analysis. In both cases, the
biological samples were gathered in special glass little jars
pretreated in methanol to reduce the risk of environmental
contamination. Moreover, to better evaluate the oxidative
trend, a control population constituted of 50 women, aged
between 25 and 35 years, healthy and far, at least of 2 years,
from any pregnancy was selected. To this sample has been
proposed the same protocol adopted for the neo-mothers,
with the aim to highlight if pregnancy may have any
influences on the oxidative status. The local Ethics
Committee of “A.0.U. Citta della Salute e della Scienza” of
Turin (22" October 2015, practice n ° CS/709) approved the
study protocol.
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e Biological analysis
Urine

Total (Free + Conjugate) BPA and BPS: 4 mL of fresh
urine was thawed and vortexed; 2 mL was used for the
determination of free bisphenols, while the other 2 were used
for the determination of bisphenol-glucuronides after 12
hours of incubation with 20 units of p-glucuronidase
/arylsulfatase. Briefly, for the determination of free BPA and
BPS: 2 ml of urine were transferred in a specially tube
pretreated with methanol, vortexed and acidified with HCI at
Ph 1. Subsequently NaCl was added (Salting Out process)
together with 30 pL of a standard solution containing BPS®
and BPA-dis with a concentration of 0.10 and 0.05 mg/L
respectively. At this point 750 pL of chloroform and 500 pL
of acetone for the liquid-liquid extraction (LLE) were added.
Each sample was vortexed and then sonicated for 1 minute.
Finally, the sample was centrifuged at 4000 rpm for 20 min,
and then the supernatant was collected and transferred to a
new pretreated vial. LLE was repeated adding only 800 ul of
chloroform and finally all the extracted supernatant was
brought to dryness under nitrogen and then was suspended in
100 pl of a solution composed of ammonium acetate 5 mM
in ultrapure water and acetonitrile 5mM. Concerning the
determination of conjugate BPA and BPS: after 12 hours of
incubation with the enzyme B-glucuronidase /arylsulfatase,
the same extraction procedure described in detail above was
performed.

Isoprostane: 15-FxIsoP was measured in urine by ELISA
technique. All the details have been previously described.
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Cotinine: Urinary cotinine was measured aiming to consider
the possible role played by tobacco smoke in the onset of an
oxidative stress status. Cotinine was measured in urine
sample with a solid phase competitive ELISA kit, according
to manufacturer’s instructions. The samples and Cotinine
enzyme conjugate were added to the wells coated with anti-
Cotinine antibody. Cotinine in the samples competed with a
Cotinine enzyme (HRP) conjugate for binding sites.
Unbound Cotinine and Cotinine enzyme conjugate was
washed off by washing step. Upon the addition of the
substrate, the intensity of color was inversely proportional to
the concentration of Cotinine in the samples. A standard
curve was prepared relating color intensity to the
concentration of the Cotinine.

Cytokine: the analysis of these parameters were carried out
in collaboration with prof.ssa Tiziana Musso of the
Microbiology Unit of the Dept. of Public Health and
Pediatrics of University of Turin. Briefly, urine samples were
aliquoted and immediately stored at —20°C until assayed. The
urinary concentration of IL-1p and IL-6 was determined by
an enzyme-linked immunosorbent assay human Duo-Set Kit
(ELISA) (R & D Systems, Minneapolis, MN, USA). This
method involves covering the bottom of the well with a
specific antibody for the antigen to be measured. A wash is
performed and the antigen is then introduced, which will bind
to the antibody. A further wash is performed to remove the
excess antigens. Finally, a specific antibody is introduced,
which will bind the antibody and antigen complex forming a
triple layer. At the last added antibody, a specific enzyme was
bound, and by adding its substrate a colored product is
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formed, which will highlight the well. The development of
color is indicative of the presence of the antigen researched
and the intensity of the color, measurable thanks to the
spectrophotometer, provides a quantitative indication. The
range of the I1-6 and IL-1p standard curves was 9.4 pg/ml and
3.9 pg/ml, respectively. All samples were measured in
duplicate. The intra- and inter-assay coefficients of variation
for 2 different proteins were < 10% and < 15%, respectively.

Creatinine: urinary creatinine was determined by the kinetic
Jaffe procedure (Bartels and Cikes, 1969) to normalize the
excretion rate of the all urinary markers described above.
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Milk

Free BPA and BPS: 1 mL of breast milk was thawed,
vortexed and subsequently diluted with 9 ml of a mixture of
Milli-Q water and methanol (8 ml of water + 1 ml of
methanol); later the sample was positivized with 30 uL of a
standard solution containing BPS — dg and BPA - dis with a
concentration of 0,10 and 0,05 mg/L respectively. In parallel,
a SPE C-18 cartridge (Strata C18-E 55 um, 70 A) was
conditioned with 5 ml of methanol and immediately
rebalanced with 5 ml of Milli-Q water. After loading the
sample in the C-18 column, a wash with 8 ml of Milli-Q water
and another one with 2 ml of a solution of methanol and water
(9:1) were carried out. Finally, the sample was eluted with 5
ml of methanol, brought to dryness under a gentle stream of
nitrogen and then re-suspended in 100 ul of a solution
composed of ammonium acetate 5 mM in ultrapure water
60%and acetonitrile 5 mM 40%.

e Set up of the instrumental method in urine and milk
for BPA/BPS

The accurate determination of BPs at ultra-low
concentrations is frequently hindered by many factors.
Organic solvents used in the laboratory may release BPs from
plastic labware, leading to contamination, and pure water has
also been found to contain detectable levels of BPs (185).
Therefore, in the present project, the urine and milk collection
tubes, other equipment used to handle and store samples, and
each step in the chemical analysis procedure were screened
to confirm the absence of BPA and BPS. All the solvents used
for sample preparation were proven to BPs free. Only
glassware was used to avoid BPs contamination by plastic
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goods; moreover, the glassware was baked for 4 h at 400°C
in a muffle furnace and then rinsed with methanol before use.
Procedural blanks, containing water in place of urine or milk,
were subjected to the same extraction protocol as the actual
samples and analyzed to evaluate the level of contamination
from the extraction procedure. No BPA and BPS were
detected in the procedural blanks above the limit of detection
for the biological matrices. As illustrated in the figure 9
below, BPA and BPS molecules contain in their structure
hydroxyl groups (-OH) and, therefore, is preferred to operate
in mass spectrometry by evaluating negative ions. The m/z
ratios for bisphenol A and S are respectively 227 and 249,
while for BPA-dis and BPA-d8 are 241 and 257 respectively.

CH3

| HO OH
Ho~©—§4®f OH \©\o/©/
o}

Figure 9. BPA and BPS chemical structures

The instrumental analysis was carried out with a UPLC
Shimadzu Nexera X2 System interfaced through an ESI
source (Turbo V™ Jon) to a mass spectrometer Sciex QTrap
5500 system. The transitions considered during this research
are shown in the table 5 below. The bold transitions are those
used to quantify the analytes because they are the most
sensitive.
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Molecular | Fragmented Reitention

ion ion Time

(m/2) (m/2) (min.)
BPA 227 212 2,6
BPA 227 133 2,6
BPS 249 108 1,0
BPS 249 92 1,0
BPA-d16 241 223 2,6
BPA-d1s 241 142 2,6
BPS-ds 257 112 1,0
BPS-ds 257 96 1,0

Table 5. The m/ z ratios of the analytes molecular ions and those of their fragments

Once set-up the spectrometric part and therefore find the
various m/z ratios to follow and optimize the values of the
various gas and collision energy, a standard mix was prepared
to set —up the chromatographic method and thus determine
the times of retention for each analyte. The standards were
dissolved in a 60% Acetic Acid (AA) 5mM / H20 40% AA
5mM/ Acetonitrile (ACN) solution corrected at pH 7.5 with
NHs. The chromatographic column used is a Phenomenex
Luna Omega C18 (1.6 pm, 100 mm x 2.1 mm). From the
chromatographic run, it can be observed that deuterated and
non-deuterated BPA is released around 2 minutes (figure 11),
while the BPS deuterated and not deuterated around the
minute 1.08 (figure 12). The best instrumental conditions to
ensure maximum analytical sensitivity in the separation and
determination of urine matrix analytes are reported in Table
6. Concerning to the milk samples, the chromatographic run
has been prolonged because this matrix is more complex than
urine. So the following instrumental conditions was
optimized to ensure the maximum analytical sensitivity
during the separation and determination of the matrix
analytes (Table 7).
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Volume: 20ul
INJECTION
SOURCE TEMPERATURE: 300 C°
FLOW 350 pl/min

Time AA AA
(min) 5mM/H20 | 5mM/acetonitrile

% %

CROMATOGRAPHIC 0 60 40

RUN

5 0 100

5,10 60 40

11,.00 60 40

Table. 6: The optimal chromatographic conditions applied to urine samples.

INJECTION Volume: 20ul
SOURCE TEMPERATURE: 300 C°
FLOW 350 pl/min
Time AA AA .
(min) 5ml\ﬁI/HzO 5mM/acetonitrile
% %
0 70 30
CROMATOGRAPHIC 2,00 70 30
RUN 12,00 0 100
15,00 0 100
15,10 70 30
20,00 70 30

Table.7: The optimal chromatographic conditions applied to milk samples.

In this study the use of the mobile phase solvents (60% AA
5mM / H20 40% AA 5mM / ACN) at pH = 7.5/ 8 was
decisive to ensure a greater presence of bisphenol A and S
molecules in deprotonate form. The optimal pH to obtain this
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type of situation has been selected at the pH value of 7.5/8
instead of 10, because at higher pH values the stationary
phase of the chromatographic column degrades. From the
graph (Figure 10), it can be observed that the species of
protonated bisphenol (blue line) decrease by increasing the
pH values. At pH = 10, deprotonation of all bisphenol
molecules occurs. Since the chromatographic column used
during this PhD project would degrade at this values, we try
to push the pH as close as possible to this value.

Microspecies distribution vs pH

Microspecies distribution

Figure 10: Graph showing the trend of protonated and deprotonated species at pH
variation
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Below are reported all together the chromatograms of the
analytes: BPA, BPS and their respective deuterated internal
standards (Figure 11); following are also reported the MRM
chromatogram for BPA and its deuterated form (Figure 12)
and the MRM chromatogram for BPS and its deuterated form
(Figure 13).

11111

1.0084 |
s000.00®

0.00

Time, min

Figure.11: MRM chromatogram of the analytes.
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Figure 13: MRM chromatogram of the two BPS and BPS —d8 transitions.
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e Validation of the instrumental method in urine and

milk for BPA/BPS

The methods were evaluated in terms of linearity, accuracy,
precision and sensitivity. Isotopic internal standards were
employed to compensate for the matrices effects and the loss
during the analysis. Linearity was verified by injecting the
standards for the two analytes, which exhibited satisfactory
linearity, with correlation coefficients (R?) greater than 0.99
(figure 14). Accuracy was evaluated by measuring the
recoveries of BPA and BPS in spiked, blank urine samples
The LOQ and LOD values are listed in table 8 and are
defined as the lowest spiked concentration in blank urine and

milk that can yield a signal to—noise (S/N).
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Figure 14: Calibration curves for each analyte considered and used for the quantification

of the sample

Analyte LOD (ug/L) LOQ (pg/L) LLOQ (pg/L)
BPA 9.16 30.52 0.5
BPA-d1s 0.63 2.10 0.5
BPS 15.44 51.46 0.1
BPS-ds 10.13 33.77 0.1

Table 8: LOD, LOQ and LLOQ expressed as pg/L for each analytes considered and their
corresponding internal standard.




9. RESULTS
The characteristics of the all mothers enrolled in this project
are reported in Table 9.

MOTHERS p
N. 172
e e 33.6 + 4.93
Moo 1.64 + 0.07
Mem s ogconeney @) 63.8+13.6
I\B/I'\égn +s.d 23.7+4.8 N.S.

First level: 23 (13.4%)
Second level: 69 (40.1%)

Scholarization level

N. (%)

Third level: 80 (46.5%)
Ethnic Group Caucasian 157 (91.3%)
N. (%) Non Caucasian 15 (8.7%)

Active 13 (7.5%)
Passive 26 (15.1%)
No Exp 133 (77.4%)

Smoking habits
N. (%)

Table 9. Age, height, weight pre-pregnancy, BMI, scholarization level, ethnicity and
number of active and passive smokers in the whole population considered.

Numerousness, mean and standard deviation (s.d.) for age,
height, weight at the beginning of the pregnancy and BMI are
reported. Moreover, in the bottom of the table are showed the
numerousness and the percentage of the sample depending on
ethnicity, scholarization level and exposure to tobacco
smoke. Among the 172 mothers, 13 reported being active
smokers (7.5 %), 26 passive (15.1%), and 133 non-smokers
(77.4%). All these parameters are proved not to be
statistically different (non-parametric test: p>0.05) and
consequently the sample should be considered as a

62



homogeneous population. In the following table, the urinary
levels of BPA and BPS, respectively free and conjugated
form, 15-F2t Isop, cotinine, 1L-6 and IL-1p, normalized for
creatinine levels, are listed as mean and standard deviation
(table 10).

MOTHERS
15-F2t o
BPA BPS Isop | COHMNe |y _qg | 1L-6
N. (ng/mg CREA) (ng/mg CREA) (ngimg (C”S’E’Zg (pg/mly (pg/ml)
Mean Mean CREA) Mear)l Mean Mean
(xs.d) (£s.d.) Mean +s.d. +s.d.
+s.d. +s.d.
free con free con
0.023 3.28 9.32 34.4
172 0.23 0.19 0.04
(* 0.42) (+ 0.35) (+ 0.15) 0(1i4) +4.18 +33.4 +92.3 +213.5

Table 10. Urinary free and conjugate BPA/ BPS, 15F2t-1soP, cotinine, IL— 1B and IL — 6
values in the whole population considered.

Subsequently, in order to better understand the exposure level
to bisphenols, mothers sample was sub-grouped according to
the presence or absence of some specific diseases. In
particular, we decided to include only those subjected
affected by diabetes (pre or during pregnancy), hypertension
and hypothyroidism. In fact, those pathologies probably
could be influenced by the exposure to high levels of
bisphenols. Therefore, table 11 shows the same
characteristics for the two categories previously mentioned as
reported in table 9. The analysis shows differences
statistically significant between the two groups for weight —
pre pregnancy, BMI and educational levels (p<0.005), while
the other parameters are proved not to be statistically
different among the two groups. The biological markers,
previously described, have been re-considered according to
these two sub-groups. Thus, in table 12, no statistically
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differences have been highlighted, even if, as showed in the
bar-graphs reported below, the tendency among pathological
mothers with higher oxidative-stress and inflammatory levels
are evident if compared to the healthy mothers (figure 14).

MOTHERS 0
Pathological Non Pathological

N 60 112 N.S.
Age (years) 33.9+5 33.4+4.9 N.S.
Mean * s.d.
Height (m) 1.65 + 0.06 1.63+0.07 N.S.
Mean + s.d.
Weight pre-pregnancy(kg) 70.9+17.1 60.1+9.4 <0.05
Mean +s.d.
BMI 25.9+6.1 225433 <0.05
Mean +s.d.
Scholarization level First level: 9 (15%) First level: 14 (12.6%)
N. (%) Second level: 34 (56.6%) Second level: 35 (31.5 %) | <0.05

) Third level: 17 (28.4%) Third level: 62 (55.9%)
Ethnic Group Caucasian: 53 (88.3%) Caucasian 104 (92.8%) NS
N. (%) Non Caucasian 7 (11.7%) Non Caucasian 8 (7.2%) -

. . Active 7 (11.6%) Active 6 (5.35)

ﬁm(‘j/("‘)'”g habits Passive 9 (15%) Passive 17 (14.2%) N.S.

) No Exp 44 (73.3%) No Exp 89 (79.5%)

Table 11. The two groups sub grouped according to the healthy condition considered. As
pathological were considered only mothers with pregnancy or not diabetes, hypertension
and hypothyroidism because these are the 3 diseases more probably associated with a high
exposure to bisphenols.
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MOTHERS
15-F2t o
BPA BPS Isop Cotinine IL-1B IL-6
(ng/mg CREA) (ng/mg CREA) (ng/mg (ng/mg CREA) (pg/ml) (pg/mi)
Mean Mean CREA) Mean Mean Mean
(xs.d.) (xs.d.) Mean +s.d. +s.d. +s.d.
+s.d.
free con free con 3.84 59 43.9 92.9
Pat. 0.24 0.2 0.04 0033 | o 102 10105 | +154.6
(+0.42) | (+0.41) | (x0.18) | (*0.19) | — - - e
Non 0.23 0.19 0.036 0.017 2.98 11.15 29.34 76.9
Pat. | (£0.43) | (#0.31) | (+0.12) | (¥0.11) | #4.10 +40.8 $92.99 | #239.6
p. N.S.

Table 12. Urinary free and conjugate BPA/ BPS, 15F2t-1soP, cotinine, IL— 1B and IL — 6
values in the in the two groups sub-grouped according to the healthy condition considered.
Path: Pathological women;

Non Path: Non pathological women;

15-F2tisop

0,24
0,25

0,2
0,15
0,1
0,05

BPA free
BPA con.

100
80
60
40
20

non pat.

Figure 14. Differences of
means in pathological (all)
mothers vs healthy mothers
for: A) isoprostane ng/mg
CREA ; B) interleukins values
pg/ml (IL-1B/IL-6); C) BPA
free e BPA conjugated ng/mg
CREA

W pat.




For the second topic of this project and in order to better
understand the relation between the level of oxidative stress
and the healthy condition of the sample considered, mothers
were sub-grouped again according to the presence of
diseases. Unlike the division previously described, we
decided to include in the pathological category all the
mothers who referred a general disease during pregnancy. In
particular, we selected also allergic, autoimmune or
respiratory disease, such as asthma. Therefore, table 13
shows the same characteristics already considered in Table 8,
but sub-grouped into two different categories.

MOTHERS D
Pathological Non Pathological
N 75 97 N.S.
Age (years) 33.7+4.9 335+4.9 N.S.
Mean *s.d.
Height (m) 1.65 +0.06 1.63+0.07 N.S.
Mean *s.d.
Weight
pre-pregnancy(kg) 68.3+16.5 60.5+9.6 < 0.005
Mean +s.d.
BMI 25.1+5.8 226+34 < 0.005
Mean *s.d )
Scholarization First level: 11 (14.6%) glrst Iec\‘/elzl: 1? (3102.3%)
level Second level: 39 (52%) (391%2;] evet: < 0.005
0,
N. (%) Third level: 25 (33.4%) Third level: 54 (56.7%)
Ethnic Group Caucasian 67 (89.3%) Caucasian 90 (93%) NS
N. (%) Non Caucasian 8 (10.7%) Non Caucasian 7 (7%) o
Smoking habits Active 10 (13.3%) Active 9 (9.27%)
N. (%) 9 Passive 16 (21.3%) Passive 22 (22.7%) N.S.
' No Exp 49 (65.3%) No Exp 66 (68%)

Table 13. The two groups according to the healthy condition considered. In particular. As
pathological were considered all mothers referred a pathological condition during

pregnancy.
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As reported in the table 13, all the parameters considered are
proved not to be statistically different among the two groups,
except for weight — pre pregnancy, BMI and educational
levels. In table 14 the urinary levels of 15-F2t-Isop, cotinine,
IL-6 and IL-1B, normalized for creatinine, are listed as mean
and standard deviation. Thus, it can be observed that no
statistically difference has been highlighted, even if, as
showed in the bar-graphs reported below, the tendency
among pathological mothers with higher oxidative-stress
levels are again evident if compared to the healthy (figure 15-
A). Otherwise, the comparison between pathological mothers
pathological mothers with higher inflammatory level and the
control group show difference statistically significant
(p<0,005) (figure 15-B)

MOTHERS

15-F2t Isop Cotinine IL-1B IL-6

(ng/mg CREA) (ng/mg CREA) (pg/ml) (pg/ml)

Mean Mean Mean Mean

+s.d. +s.d. +s.d. +s.d.
Pat. 39+538 7.3+138 48.4+118.5 119.3 £295.9
ggt” 2.73+1.93 10.8 £42.8 23.6+63.8 54.0 + 108.8

p. N.S.

Table 14. Urinary free and conjugate BPA/ BPS, 15F2t-1soP, cotinine, IL— 1B and IL — 6
values in the in the two groups sub-grouped according to the healthy condition considered
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Figure 15. (A): the bar-graph show that no statistically difference has been
highlighted, even if, there is the tendency among pathological mothers with higher
oxidative-stress levels are again evident if compared to the healthy group. (B): the
comparison between pathological mothers pathological mothers with higher with

higher inflammatory level and the control group show difference statistically
significant (p<0,005)
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15-F2t Isoprostane Regression coefficient p<
(95% C.1.)

BPA conjugated -2.9 0.004
(0.8-0.9)

Oxidative stress pathologies correlated +3.49 0.000
(2.9-48.4)
Ethnic group +0.39 > 0.05
(0.5-3.1)
Tobacco smoke:  Passive smokers +5.31 0.000
(4.1-21.2)
Active smokers +6.34
(4.9 - 20.6)
Age -5.94 >0.05
(0.8-0.9)
Scholarization level : High School +1.39 > 0.05
(0.8-3.9)
Degree, Ph.D, others -1.70
(0.1-12)

Table 15. GLM model with oxidative stress as dependent variable and BPA conjugated,
pathology during pregnancy, ethnic group, tobacco smoke exposure, age and scholarization
level as independent variables.

Proceeding with the statistical analysis, we analyzed a more
complex model (for mothers) that took into account all the
independent variables analyzed in relation to the dependent
variable of oxidative stress. Therefore, the GLM has
highlighted as statistically significant the relationships
between the 15-F2t -lsop dependent variable and the
following independent variables: conjugated BPA,
pathologies during pregnancy and tobacco smoke exposure.
In particular, the GLM showed an inversely proportional
correlation between the 15-F2t-1sop and the BPA- conjugated
values (p = 0.004), while the levels of oxidative stress are
directly related to the presence of pathologies during
pregnancy (p = 0.000) and with the increase of exposure to
tobacco smoke (passive and active p = 0.000) (table 15). The
other independent variables considered, such as ethnicity, age
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and scholarization level, have proved to be not statistically
significant, although the educational level shows an inversely
proportional trend with isoprostane levels.

Finally, we decided to evaluate and compare this results with
a control group of 50 healthy and not closed to pregnancy
(almost to 2 years) women. The characteristics of the control
group enrolled are reported in table 16.

CONTROL SAMPLE p

N. 50
Age (years)
Mean #+ s.d. 28.8+4.83
Height (m)
Mean * s.d. 1.65 +0.07 N.S.
Weight (kg)
Mean + s.d. 59+9.7
BMI
Mean + s.d. 21.5+3.24
Smoking habi Active: 6 (12%)
an(gﬂ,)mg abits Passive: 12 (24%)

No Exp: 32 (64%)

Table 16. Age, height, weight, BMI, and number of active and passive smokers in the
control group.

Moreover, in the bottom of the table 16 are showed the
numerousness and the percentage of the sample depending on
ethnicity, scholarization level and exposure to tobacco
smoke. All these parameters were not statistically different
(non-parametric test: p > 0.05) and consequently the sample
should be considered as homogeneous. In the table 17, the
urinary levels of BPA and BPS, respectively free and
conjugated form, 15-F2t-Isop, cotinine, IL-6 and IL-1p,
normalized for creatinine levels, are listed as mean and
standard deviation.
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CONTROL SAMPLE

15-F2t o
BPA BPS Isop Cotinine IL-1B8 IL-6
N. (ng/mg CREA) (ng/mg CREA) (ng/mg (ng/mg CREA) (pg/ml) (pg/mi)
Mean Mean CREA) Mean Mean Mean
(xs.d) (xs.d) Mean +s.d. +s.d. +s.d.
+s.d.
free con free con 11.7 27.24 3.8 9.3
50 1.02 1.00 0.07 0.07 +15.6 +68.3 +0 +0
(£1.38) (+1.37 (£ 0.14) (x0.14)

Table 17. Urinary free and conjugate BPA/ BPS, 15F2t-1soP, cotinine, IL— 1B and IL — 6
values in the in the two groups sub-grouped according to the healthy condition considered.

The comparison between the urinary mothers BPA-free,
oxidative and inflammatory levels and those of the control
group highlight differences statistically significant (p <
0.005). As illustrated in figure 16, this relationship is more
evident when the model correlate isoprostane and BPA free
levels. Moreover, subjects of the control show higher

exposure if compared to mothers (figure 17)

Log Isop (ng/mg CREA)

Log BPA-free (ng/mg CREA)

Figure 16. Correlation between Log Isop (ng/mg crea) and Log BPA free
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congrols mothers

Log Isop (ng/mg CREA)

10 5 0 5 10 5 0 5
Log BPA-free (ng/mg CREA)

Figure 17. Correlation between isoprostane and BPA
free level, subg-rouped for controls and mothers.

Another topic of this second Ph.D. project was to clarify if
during pregnancy and, in particular at the moment of
delivery, may occur oxidative alterations in newborns, also in
relation to a possible exposure to BPA and BPS. Therefore in
table 18 are reported the characteristics of the 172 babies
enrolled in the project. Numerousness, mean, standard
deviation (s.d.) and percentage (%) for babies exclusively
breast feed, breast and formula (as integration) feed and
presence/absence of pathologies at birth are reported for the
172 subjects grouped for sex. All the parameters considered
are proved not to be statistically different (non-parametric
test: p > 0.05) and consequently also the babies sample should
be considered as a homogeneous population. As mothers and
sample group, in the table 19, the urinary levels of BPA and
BPS, respectively free and conjugated form and 15-F2t-Isop,
normalized for creatinine levels, are listed as mean and
standard deviation.
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BABIES

BOYS GIRLS P
N 99 73
Length at birth (cm) 50.06 + 1.7 493+ 165
Mean * s.d.
Cranial Circumference
at birth (cm) 34.4+1.10 33.9+1.10
Mean * s.d.
Weight at birth (kg) 3.34£0.39 3.24 +0.41 N.S.
Mean * s.d.
Breast feeding YES: 81 (81.8%) YES: 60 (82.2%)
N. (%) NO: 18 (18.2%) NO: 13 (17.8%)
Breast feeding + YES: 69 (69.7%) YES: 54 (74%)
formula . .
N. (%) NO: 30 (30.3) NO: 19 (26%)

Pathologies at birth
N. (%)

YES: 19 (19.2%)

YES: 21 (28.7%)

NO: 80 (80.8%)

NO: 52 (71.3%)

Table 18. Length, cranial circumference and weight at birth as mean and standard deviation

in the babies groups sub grouped according to the sex. Moreover, for each category
considered, the type of breastfeeding and the presence/absence of pathologies at birth is
reported as numerousness and percentage.

BABIES
15-F2t
BPS Isop
(ng/mg CREA) (ng/mg CREA) (ng/mg
Mean Mean CREA)
(£s.d) (£s.d) Mean
+s.d.
free con free con
B(S)Y 0.24 0.063 0.017 0.15 +5"12215
(£ 0.69) (x 1.25) (+0.66) (£0.52) -
GIRL 0.26 0.031 0.024 0.15 5.83
S (£ 0.52) (£ 0.92) (£0.07) (£0.44) +9.8
ToT 0.25 0.49 0.020 0.15 5.47
' (£ 0.63) (x1.12) (£0.70) (£0.48) +7.1
N.S.

p.
Table 19. Urinary free and conjugate BPA/ BPS and 15F2t-IsoP in the in the babies group
sub-grouped according to the sex.
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The comparison between mothers BPA free levels and those
of their babies does not highlight a statistically significant
difference, but a little tendency among children with higher
levels of BPA free appears. Differently, the urinary BPA-
conjugate levels of the mothers show statistically differences
(p <0.005), as illustrated in figure 19, if compared with those
of their respective newborns. Finally, the analysis performed
between the 15-f2t-Isop levels of the mothers and their
newborns show a positive correlation between increased
maternal stress levels and the corrispective higher levels of
oxidative stress in their newborn (p < 0.005) (Figure 20).

0,25

0,25

0,2
0,15 MOTHERS
0,1 W BABIES

0,05

BPA free

BPA con.

Figure 19. In the left side of the bar-graph the comparison between mothers
and their babies BPA free level (ng/mg CREA) highlight only a tendency
among newborns to have higher level; in the right side the urinary BPA-
conjugate levels (ng/mg CREA) of the mothers if compared with those of
their newborn statistically significant higher.

74



15 Fy -1sop. Newborn & Mother

S0

80
70
60
50
40

30
20 & 4§

v
10 * . e +
0 M”? + : -
0,00 5,00 10,00 15,00 20,00 25,00 30,00

Figure 20. Correlation between 15 F2t -Isop (hg/mg CREA)
mothers and babies levels.

To conclude, further analysis were carried out in order to
assess if other characteristics of the population considered are
somehow able to influence the bisphenols metabolization.
The analysis showed an increase of 25% in the metabolic
efficiency in BPA conjugation, and therefore detoxification,
in the group of non-Caucasian (Asian, African and Afro-
American) mothers, although due to the low numerosity of

this group (5%) no statistical significance emerged.
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10. DISCUSSION AND CONCLUSION STUDY - LINE 2

One of the main objectives of this Ph.D. project was to
evaluate possible changes of oxidative stress during or in the
immediately post-partum. For this reason, a population of
172 neo-mothers hospitalized at the neonatology department
of the gynecological hospital S. Anna (Torino) were enrolled
in order to investigate their status health, eating habits, life-
style, eventual passive and/or active exposure to tobacco
smoke related to oxidative stress and inflammatory status.
Besides, the second aim of the project was to investigate the
possible exposition to some endocrine disruptors (BPA and
BPS), during pregnancy and the possible relationship with the
oxidative stress trend both in mothers and in their babies. To
best achieve these goals, the mothers sample was also related
to a control sample consisting of 50 young women healthy
and not closed to pregnancy almost to 2 years. A further
objective was to evaluate the level of BPA and BPS in
relation to diet, different lifestyles, and exposure to tobacco
smoke, especially in conjunction with a so delicate period of
life such as pregnancy.

The sample enrolled was proved to be homogenous for all the
anthropometric and life-style characteristics analyzed.
Among the 172 mothers, 97 were considered healthy while
75 had diseases such as asthma, allergies or autoimmune
pathologies; among these 75 pathological mothers, 60
presented pregnancy diseases potentially at higher risk and
influenced by an elevated exposure to endocrine disruptors:
gestational diabetes, hypertension and hypothyroidism.
Statistical analysis showed that women who started
pregnancy in condition of overweight or even obesity,
especially those with a lower educational level, are more

76



likely to develop diseases potentially dangerous for
themselves and their fetus, such as diabetes or hypertension.
This result leads to the hypothesis that overweight or obesity
as a pathological condition preceding pregnancy, together
with a lower educational level, seems to predispose to a
situation of greater risk, especially because they do not
effectively apply or more often underestimate the importance
of the suggested the preventive strategies concerning the
restraint and/or decrease of the body weight. The oxidative
stress and inflammatory levels were measured respectively
through urinary quantification of 15-F2t-1sop, IL-1p and IL-
6. The general oxidative stress trend in the mothers group
had significantly lower values, compared to the control
population. However, the oxidative stress levels were higher
in the pathological mothers group than those considered
healthy. As a possible explanation, numerous longitudinal
studies in normal human pregnancy show that oxidative stress
levels, measured by urinary F-2-isoprostanes increase
progressively throughout pregnancy. In particular, they found
a significant increasing in oxidative stress from week 9 until
week 40 while, thereafter, a significant decrease to basal
levels at post-partum weeks 9, followed by a further increase
at post-partum weeks 10 onwards, was observed (124,186).
We can suggest that free radical-mediated lipid peroxidation
in mild form might have a protective role in human right
term-labor and delivery. Unlike the level of oxidative stress,
the inflammation degree assessed through the urinary
quantification of IL-1p and IL-6, is significantly higher in neo
mothers if compared with the control population. In this
purpose, interleukins, and in this case IL-1p and IL-6, are key
molecules for triggering and promoting the cascade reaction
of inflammation and mediators of other inflammatory cells,
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but at the same time they also play a role in triggering term
labor and so in encouraging contractions which then lead to
the expulsion of the fetus (187). Therefore, as a possible
explanation of the results obtained, the 172 mothers if
compared with the control group showed physiologically and
significantly higher inflammatory levels as indication of a
recent birth and not of inflammation status due to a
pathological conditions and/or a higher exposition to
environmental pollutant.

Regarding the exposure to endocrine disruptors, the urinary
quantification of BPA and BPS in their free (active) and
conjugated (inactive) forms as well as the answers given to
the questionnaire investigating the life-style habits, did not
put in evidence significant differences. The exposure is
homogeneous among the mothers who have been
hospitalized for around 3 days. The hospitalization, and so the
impossibility of mothers to keep their personal and usual life
habits, as well as food, make-up and environmental
exposition, together with the short half-life (about 6h) of the
considered analytes, allowed to "photograph™ only the
exposure of the last hours before sampling. That condition
most likely does not coincide with their usual exposure
because the hospitalization interrupted and changed for some
days the usual life-habits and, probably also the exposure to
bisphenols. On the contrary, in the control group a typically
situation closer to a common lifestyle was recorded, even if
related to the last pre-sampling hours. The exposure appears
a little higher although characterized by an efficient hepatic
clearance since the levels of bisphenol (especially BPA)
conjugated and then metabolized exceeds the share of the free
and still active. GLM results highlight important relationships
between oxidative stress levels and the most relevant
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independent variables considered in this project. This type of
model allows to analyze these relationships in their complex,
evaluating all their contributions. In fact, GLM shows an
inversely proportional relationship between oxidative stress
levels and efficiency of metabolize and excrete BPA. This
suggests that at higher levels of oxidative status corresponds
a decreased capacity of hepatic clearance. Furthermore, GLM
highlighted directly proportional relationships between
higher isoprostane values and the presence of a pathological
state and/or the active or passive exposure to tobacco smoke
during pregnancy. This confirms how tobacco smoke and a
pathological ~ condition,  although  controlled by
pharmacological therapies, are highly predisposing factors to
an increase in the oxidative status of the subjects. Finally, a
trend between isoprostane levels and the scholarization level
was seen, as already confirmed by preliminary univariate
analyzes, although GLM has not shown significant
correlation. This suggests that a lower educational level
seems to predispose to incorrect lifestyles and therefore to a
possible redox balance alteration. In this study, newborns
proved not to be mostly and significantly exposed to free
BPA if compared to their mothers although the maternal
uterus, but especially the placenta, constitute a predisposing
environment to greater exposure given the passage, although
partially, through the umbilical cord (173). This
predisposition is also favored by the high and active presence
of the placental glucuronidase enzyme which determines the
continuous transition of BPA between its free (active) form,
and the conjugated one (174). The result obtained on this
newborns sample analyzed, can be explained considering the
environmental exposure to which fetus were subjected,
definitely lower than the values reported in literature and does
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not allow to highlight statistically significant differences.
However, the difference between the urinary BPA-conjugate
levels in mother compared to their babies is significant. In
fact, newborns, given their still underdeveloped enzymatic
system, are not able to metabolize toxic substances with the
same speed and efficiency of adults (175). To strengthen this
data, the oxidative stress levels in newborns, also assessed
through the urinary quantification of 15-F2t Isop, are
significantly higher than those of mothers, as confirmed by
several authors, and physiologically tent to decrease in the
following months (132). This result suggests and strengthens
the concept of a protective strategy for breastfeeding infants:
in fact, breast milk is very rich in antioxidants molecules that
help newborns to fight and to dispose toxic substances
accumulated during the intrauterine growth period (134).
Moreover, a greater BPA metabolic efficiency has been
highlighted in non-Caucasian mothers (188). Despite this,
due to the low numerosity of these women compared to the
total population enrolled, there were no highlighted
statistically significant differences.

Finally, I must remember that BPS levels were also measured
in all the sampled subjects, but it was not possible to carry out
a subsequent data analysis since the values obtained proved
to be too close to the limit of detectability and therefore
potentially misleading and negligible. Currently, we are
proceeding with the quantification of BPA/BPS levels in
breast milk. As previously and extensively described, the
analytical method is definitely set up; in fact, we have
reached a good level of sensitivity, accuracy and precision
that, as for urine samples, will allow us to highlight even the
lowest levels of exposure. However, the temporization is due
to the need to improve the purification of the sample at the
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time of its resuspension and loading in UPLC, in order to
minimize the clogging of the chromatographic columns and
thus facilitate the analysis of all 172 samples.
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FINAL CONCLUSION

The biomolecular epidemiology and the biological
monitoring can provide new information both for the
evaluation of individual and population risk. A completely
new optic is the connection between environmental
measurements of pollutants and the possible biological
alterations of the human body, in order to study not only the
exposition but also the mechanisms of adaptations. The final
purpose is to reduce and prevent the risk besides the evidence
of the biological damage.

Thus, the evidence of this risky condition for individual and
even more for public health, both for living and working
conditions may represent a platform for designing new
preventive strategies.
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Lung function changes from childhood to
adolescence: a seven-year follow-up study
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Badoground: As part of an investigation inéo the: respisatony health in dhildeen conducied i Tosing, northwesicm
Tk, dunr i) wwars 10 aiaiss chiwskopenent i g Tunction o childhood o sdolscenos, ad b assess Changes o
persksenae of asthma symipiomes on the change of g fundion parameiers Haiboemaons, the obsenied ling
Tumction dats were compared with the Global Lung Function inititie §L) referenos vake
Methods: We conducied a kongiludiral sthudy, which lesed 7 years, composed by fird saney of 4-5 yesr-old dhildren
i 00 ared a Follow-up in 010, Both surveys consisted in ooflecting information on haath by sandandied SIRA
queshiormaine and spiroemetny iesting with PC, FEV, BBV FW0% and FEF ., ., messarements.

Results 42 subjects suoressfully completed both sureeys:. In teems: of asthma sympioms (A5 - asthma attacks or
walwsare in e peevious 12 monthe), 1907242 wene asyptomalic, 13 seported AS only in the lird soreey jearky
arvient, 73 hard A5 only in the soonnd survey (e oreet], and 15 had A5 in both sureys (persisieni]. { amparing the
gy funcion pacarmeterns obeened with the predicled by GL onky sl difeences wese detecied, scepl fon PVC and
FEF =, o wabhich maore: than 5% of sulbjets had Z-soone values beyord the Z-soone nomial Bmics, Fumhenmose, i well
a afied not significanidy affect developmental changes in FYC and FEV,_ the deomase: in FEY VY0 ratio wes signiicantly
Fghwer iy Sulpects wall) A% at the e of follow-up fabe onsel and perssiont pherotype vk the e in
.=, wirs sigrilficantly smalier in sulbjorts with prrsisont &% ip < 0050

Condhchons: The Gl enuations anc salid in cvabiating ung funcion daring development, at inast in seme of lang
e messamements. Mindings abo suggest that the T s, - may be a wesdul ool for cirical snd epsdermiciogcal
sudfies of childhood asthma

Keywords: Longiudinal siucly, Lung funciion, Adolesoonts, Al pollution, Evronmenial fobacen smake

Backgroumnd mﬁmmmul’l}mmdmlm!hwmm
The prevalence of childhood pulmonary discases, e o g the bung, fumcti L

pecially bronchial asthma, is increasing worldwide

[Glokal Tniitisdive: for Asthma (GINA) 02, hipefwww.

ginasthma.org/}: lung disorders in chilldren [1,.2] are maost

Frespuently of shetructive type and wamlly Emited b0 the
airways [3].

Reliable information of ng fanction would greathy
Emerwelit, afnial assezssmenl amd potint Ellow-ug Stadie
on respiratory fanction tests in children and adolescents
have: been pulslished [4], and wpecific criteria have been

d for acceptable mazimal expiratory fow volume
I:MII'TI'] and other referemce values [#6]. Findings

* Crarapencienne mhern honoi nited

Tgamrens of Puble Henkh and Prktics, Uinsarvsiny of Torinn, Ya
Sarsiria s e, 1005 Towwn, Ry

Vel sl o s cmrmialion i avallabl: al U vl of the ariie

pudbghGnHlngI‘nmhﬂnuleU}[‘?ﬂl
ol the Furopssss Rispiralory Socidly. The (abal Leag
Project im 2002 (hitpe!fwww Jungfunctien ong tools%0
expations-ayl-tookml, The) published multi-ethnic rel-
erence equations for spirsenciry thal span all- ages. How-
ever, these equations are until today not emough tested
an thee ikl iapecially i childesn,

mmmm[m}.mmmm
forced expiratory wolumes imcrease during this period,
bul mol s i s esle [11]. Foroed vitsl capmcity
{F¥C) ks affecied by changes in muscular strength, by
the ghape and stiffness of the thore, and by the nember
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and size of abvesdi in the lungs, Airflow, ax messned for
cxample by the FEV,, i s affected by the caliber of
the airways, and by lung and airways dasticity. In child-
hesed, thae FV imerizases. s rapiclly thas the FEV,
leading 1o Glls in the FEV,/FVC ratio, but these trends
are \emporarily reversed im adol oe [11] befors con-
tinuing o decresse dusing adislt life. Messurement of
Iung, Function is important for the evbaation of physical
dhrvelopeninl amd the prisesa: of discse bul lnw sludies
evaluated the effects of respiratory symptoms and their
possble chanpes: over time on iransformation of hung
fancting parameiers.

In 20005, we studied a growp of chikiren, age 36 years,
sltending kindergarien im Toring, aly [5] Wi collected
data on respiratory fanction (by spirometry) and respira
tary health (by standardied questionnaine) |12, In 2000,
we cartied oul & follswup study of the same group of
children.

T saimss el (b prevssenil sy weeres 1) s asstabilish, il our
daia, drawn from a Northern allan population, conforms
with the GLT reference walwes; %) b assss changes in lung
fenction and i cvaleate the effecis of asthms spmptoms
(AS) on changes of heng function parameters. in children
dharimg U Irsrition b sclobescence,

Mustheds

Study population

As part of a research project funded by the Piedmont
Figjornl Comnel (marthwest lalyh cusing o the o
fects of environmental pollution in preschoolers, in 200
we shuhiod 960 children, aged 36 years, drawn from 18
kindergarten schooks bocsted in Torine (5700 inhabi-
tanis/km”, 240 m 2.1}, an wrbanized Malian city with al-
sl W00 imhabitanta This il cohorl was
whittled down io 766 children as some declined to par-
licipate or pErometry lestimg was deemed ealid,. To
update the databése in 30, we again contscted the in-
dividuals studied im 2003, The demegraphic information
o] by the parents, logethir with ik information
within the 2000 cossent forms, allowed s bo recon
st a dhatabase of 573 children, now drem fom 20
secomdiry schooks localed in Torimo., Each child was
given the mame the identification code in the 2003 and
M surveps o flitate dila comprison belwoen ser-
veys. Since the subjects were underage, during a public
meedimg in both ithe two oocasions, parents and lechers
were informed on the ebjective of this stady. A writien
informed consent was signed and delivered by each the
participants’ parents, Thus, the parlicipetion of all the
subjects did not occur until after informed consent was
obiimed. Howeses, the loal Ethics Commities “San
Luigi Gioeeaga Hospital” (previously named “ASL TOZ)
has: expressed a frvorable opinion with practice number
R26{ 1308,
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Fage Fod A

Cuetionnaine

Child health information was collected in the 2003 and
010 serveys wsing the same standardied SIDELA (Talian
Studivs om Rispiratory Disorders in Children and the En-

|presence ol Fespiralory symsplonks and related risk factors.

Spiwometry
Wiritten informed consent was obtained from the par-
wnls prior o both 303 and 200 swssurementa S
omeiry was carmied out in the moming daring schoal
activities, Height (meassred with 2 gadiameter), weight
and body mess index (BMI) (compuied & weight!
height”) of each child were also remrded. Palmonary
Tunciion was mwssuree using a Oerbine-bos] Masier-
scope Rolary Jacger spirometer with subjecis sanding
and wearing 3 nose-cip. In 2000, we organized the chil-
drem into snall groups and, with playful commusnication,
we explained how o camy out the test. All the tests were
{"blowing eut candles” software). Spirometry testing was
performed in 3 @milar manner in 2000, without (ke nse
aif “hlowing ol candles” software. In bath surveys, cach
child recorded 36 MIFY carves within a 10-15 min
inlerval. Suljocts wills onky ene secsplalli mssurement
were excluded from the analysis. The exchasion criteria
Mdm%nmﬁdmhmﬂrm

sidered not isble the with: g)
lnlb-mu.nlupinqdﬁu‘lmﬂlcirpﬂkﬂpn
lisey Bow (PEF) was mol cheary ditiermimid (e, in pros-
ence of fBat or rounded osrves), or with slow rise of PEF
{tap ol the curve to the right) [1415]; b) evidence of
enugh or glottis closure [6) ¢} an expiration time lesser
than 0.5 seconds: [L5]; ) an abrupt end of expiration of-
ot (prosence of 4 sharp drep o cosestion in Bow rom
a point in which the Sows where »25% of PEF) [14,15].
Furthermare, children with reporied skeletal anomalies
of lung diseses, other than asthma, were excluded [5].
Ini 2011, the exclusion oriteria adopted wene in accord-
anes: with the current guidiine [10]. For subjiocts wha
reporied actual acute symploms of taking drugs for re
after adequate wishout period (sl lest 24 hoswrs) or
Eymplom remission.

Statistical methods

Tusg Tumetion lisl resulls wire wied anly i valid in bolk
surveys. Descriptive statistics on both eccasions were
performed and reported for all subjects. All analysis
were perfermed by means of STATAT 12 siatistical pack-
age (SaCorp College Station, Texas 77845 USA) In
il analyses, ssthon spmploms (AS) where deflinnd a5
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referred presence of astheo abtacks or epissdes off
whiring in ihe previous 12 months

The subjects were categorized as following: anymptom-
atic if AS was sbeenl in both ssrveys, ey dnamisel
with A in the first but not In the second survey, late
onsrd with AS in the second surwey anly and persistent il
AS was presenis in both sarveys. Following the reasis
of Box-Cox regression, Linear transformations were ap-
il when indicated 1o cored Bor beleroscodasticty
and deviation from normal distribtion.

To assess how our data for FEV;, FVC, FEV,FVCR
and FEFy o conformed with the GLI reference vabaes,
by mmzane of the GGLI-M2 Desklop Sollwane e Data
fets v 134, available on the web site hitpewwne lung,
Fanction.orp tooks0-equations-and-tools! | M-obiain-
software bitml

The means of observed values im asymptomatic as
mwmsurid in each ervey sl values prodicied by GLI
were compared by meins of ¢ iest for paired data. The
Zﬂ!m:homwidiﬂlhﬁ“mdﬂ"w
centiles were reponiod.

To measure the effects of time, anthropometric vari-
aibibis amel Epmplon on canges in lusg lusction param-
elers over the time, anoual dhanges were computed as
the dilferenoe betwesn the parameters from the second
and the first survcy, divided by years of follow-up. An-
mmal changes were used in a set of multiple regressions

Fage 1of A

ax dependent vanable, and gender and time warping oo
wartabes (anthropemetric valucs: beight, weight, Bl
and AS in both oocasions as prediciors, using asymp-
tmlic subects group as edirenor, Margioal mmes
with confidence intervals (CL) at 95% were caloulated
ffrom predicticns ai mesn values of covariabes and aver-
aging over symploms ab the follows up.

esults

In 2000, we traced and contacted 573 of the 766 chil-
ﬂﬂlﬁdhmﬂmlﬂmmmﬁ-
jpaie in the second survey. Consequently, the follow. up
survey bad 599 paricipants, mean ape 118 years, drooem
from 20 primary and seeondary schools in Toriso, OF

these subjects were included in this anabysis. The deci
mwmml}umwnﬂ indluenced by

siables ar "
lhemmdnrmmdmﬂ
lung Burcticen Lesis im e D survigs,

Among the 242 ssbjects, 8 (11.6%) had A5 in the first
survey, 35 (17%) had AS in the second survey whenes
191 subjects did not have AS in either survey, Other
wise, from a lomgitudinal point of view, 13 children re-
provetiend A5 i the first bul neol in thee second sy (zcy
transient), 23 reporied AS only i the second survey

Table 1 Characteristics and findings of kung funchion test of the 242 subjects at the: first (29031 and second (200100

——y
FEMALE MALE TOTAL
Fu ] i Ay Fo i Ay F ] i Ay
Mizan ran Mran Mian Bras Muan Mian e Mean
] L] bl ] bl Ll el i} Ll
ACE i ns T i 1E ) A 1E o
[=Hi] el Ay By na mAw Ba L] ey
VFREHT prmm) RITE] L] 53 ms sy 55 n 11 55
(%] a5 [ ] B3 B [ B [:] (e
WEKGHT [Kgh (1] ALk A an HE EE] 105 419 EE]
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e 14 jiT o1 e L] L 1wy ] o
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Table 2 Distribution of aithma symploms (A5 = Aithma {late onset), and 15 kad AS a1 the time of boll surveys
of whisEing in the previeus 12 month) on Dee {persistent) | Tabhe ).

The Table 3 shows the results of comparison of ob-

Mo ympiome  Farly irandent  Late onoet Perckient  gereid with thee G0 prodicted wsbues e FEY,, FV,
K 13 7] 1% FEV,/F¥C % and FEFy, . in asympiomatic subjeds.
- A [T as I*] The FEV;, FVC chserved vahses were lower than pre-

dicted in both surveys while FEV,/FVYO% and FEFy,

were lower than predicied in the seoond oocasion onby
il dilfirenens wer: significant i 5% kevel, Hewvrver, e

Table 7 Mesns and changes by yrar of lung function p d and predicted froem GLI and their diffenenoes
for asymptomatic wbjects, companed with et Ton paired
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Tablhe 2 Distribution of axthma yymptoma (A5 - Sxthma
of whisring in the provisia 12 moeath) on e

Faged of A

(It onset), and 15 kad AS a1 the time of both surveys
{prersistent) { Table 7).
The Table 3 shows the results of comparison of ob-

Mo gympsome  Parly tandent  Late gnoet  Perckient  gerwid with the GLI predicted welues o FEV,, FVO,
W 13 B 1% FEV,JF¥C % amd FEF, o in asymplomatic subjects.
- A [T as I*] The FEV;, FVC chserved vahses were lower than pre-
dicted in both surveys whille FEV,/FVO% and FEFu, o,
were lower than predicied in the second oocasion onky;
il dilfirenens wer: significant i 5% kevel, Hewvrver, e
Tuble 1 Masn: snd changes by year of lung function p b d mnd predicied from GL snd their diffarenoes
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dhwring the first survey (adjusted For sex and height) were
oot sigmitesaitly different among symsplonks sialus giosgs.
However; anomal changes seemed to be affecied by AS.
Whien wolumes were takes indo sooount, AS of symplom-
ﬂd‘u&dmhﬁmﬂﬂmi—ghm
FEWy if 1 o mubjects, G i
the domatic subjecis i " the ones, the de-
mm&:lﬂﬂ“ﬂwﬂmﬂflﬁr-ﬂ-
jida with AS in the secomd surecy (Ble onsed and
persistent), but not in transient. Finally, FEFs o showed
a significantly higher desrease in subjects with persistent
AS (p=005)

Discuscion
I\:Lﬂurﬂlﬂmu!imﬂhndpumﬂu:hhm
sition from childk
hmdmmmqu
between age groups. The Global Lung Initiative (GLI)
tans for spirometry that span all ages and which seem
wmdﬂhmhmlﬁmu‘w

Fage 0 &

in lung function obsereed over e and adequately de-
seribe pulmonary function in growing subjests.

When we compared the valses observed in
atie: subjicts wilh the proficte) by e t:u,uhm.-u
were consisiently different oaly for FVC and FEFy, .
Although, for the most gart of pebjects these dilferences
wore within the rsge of normal variation of the GLI el
erences values, they may indicate that some regional dif-
lervnoes are possible, even smong U e ethnic

growp. Thus, at least for FEFs s we recommend the
-ul'rmnl daka; at hnwﬂ:mhm

inchading individusts who have completed their
Ilmpnlﬂh.

Fudirs bonvig, 3 negpalive impasd o e s ndatid
growth of pulmonary fienciion in children and adolescents
oy resnll in 2 lower mazimally abtaired kevel of pulmon-
ary fisnction and perbaps in s esrlier onset in dedine of
Mmmhmpﬂm
ervacer (bwr ridk off sl
and bl F ,diﬂnﬂl'l?l!].

mmmﬂiﬂhdﬂtmﬂl-hm

r&lﬂuequﬂmkl‘hﬂlkhﬂednnjm et

hawe y showm thal more severe respirsiony

smapshot of 2 of i at dif-
Hﬂ#h:h*d&mﬂumﬂhm
flect the individual changes over time [16-15]. However,
oo resulis sapged thal, ot leasd for the ape 2l Eme mnpe
caamised i this stedy, the predictioes of the GLI nefier-
ence equations are a good approximation of the changes:

predict reduced bang, function in
uﬂr-d.ul.hnnl[m]j I thee msesn lime, epidenio-
logical studies of childhood asthma are highlighting the
camsality between asthe and deficits o hisg, function, al-
theeggh the chamcionistics of growth in pulmsonsry fume-
tion from childhood 1o adulthood are not completely
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charifies] yet [22-26], Determining whether the los of Tung
feanction and asthma are, respectively, the cause o the of
fiect of one another is credal for the prevention of asthma
aml for our usehirsianding ol the ariging af Uhis img

Page: T ol B

varibility, the FEFx or can be 2 wseful ool to delect
mean differences between groups with different cindesl
d-mlnhmﬂthuﬂ:ul'
the i | physobogieal aensitivity of the FFFp,

diszase. The contradiciory resalts can be due o differ
enaen in the frequency of amsmsment, cohord relendion
iz, and the: wse of quantitative mexsurenents [27,28].

Ini the present study,; the longitudinal anabysis of a co-
lewrt, il childrin examind in B3 and B0 showsd thal
the presence of wheeding disorders (wheezing or asthma
attack) at the time of both messurements [perssent
plenolype) was assoctited with a smaller incresse in
forced Bows {partioslarly FIFz =) In contrast, changes
i e FEV,FV (and FEV, and FEV. although nol
statictically significant at 5% lkevel) was affected by the
presence of sympioms in the soond messurement,

“The FEV, find the FEV,/FVOR), which s considened
to be reproduchle and io represemt an appropriate
mesiure of siewsy chalruction, ofn shows normal
valwes even in children with symptoms of wncontrolied
asthena, Tn thiz repard, ssthenatic patients may have ven-
Mrd&mmlhpwdw}ﬂ.[nm

The FEFg; 5 is a meore sensitive marker of
aitherna Uhean U FEV, in ehildien [31] and in sdulis [12).
The middle volume Bow rates, messsred by the FEF o
i thearetically les effort-dependent than the FEV, alo
bermnse: FEFy o i @ measarement of the: “small sirways”
patency [3253] and does not include bigh fows in the
lumg wolumse, Oin the conirary, the guiddines of the
American Thoredc Sodety and the GLI do not suggest
that the sssssment of FEFp_ coold play 2 sgnificnt
r&hﬂuwdmmlm

and, consequently, the vales of FWC, making them no
longer comparable with one another.

O e antbser Danil, e FEFg o, mwssunad in chilinen
provides, compared to the FEV,, additional information
ahout chinical status and airway inflammation, Further-
mre, the FEFp o is well corrclated with bronchodilstor
m-maﬁmmmmu
aind this FEFs, os 8 —— i elalelismd
ldimlmuﬂfndm‘hﬂy[!ﬁ].

Miidhdle volumes Bows rales, particolady the FEF
seem Ao be o more sencitive indicstor of swall siresy
dismase, Despite concerns of best-io-test variability and
tha back of 3 desrdy difinnd sormal mage, our Gadings
suggest that the FEF,,, - is clinically relevanit in children
with asthrm and coukd distinguish between sabjects with
symiping that persist over time from subjecis with tran-
sient or late-onset symploms. However, in large and sta-
tistically oowrlul dtsdis thal cn miee for e

LEET

remain.

Study potential limitatiens

A prosiblie limitation of thix sudy oould sither be the e
vant loss of sdgects io follow.op bovssee we were not
able to trace them or became the mbjecs dedined o re-
it lungg Furetion Uesting or weere ool shie Uy purferm i,
A further limitation con be dise i impeeshiity to mes
ure FEVI in gome childrem 34 yeare |5] aped hecans:
thesir expiratery time wit ks than 1 second: this pro-
duced a boss of subjects for longitudinal comparison.

Dhuie i thae initisl iolionabee, (e sample sioe @0 O
symplomatic sraty oould be ton small to shw as static
ale the estimation and the reative confidence intervals
are quite informative to asess the direction of the
elfecis

Condushons
Uu:mhmnﬁmhﬂ:lxtfhﬂ.lu&m

funcison dwring growth, al
mumﬂemmmu
resulis highlight the usefalness of FITx o measurement
i 6 el B clisical snd epideniological simbin of
asthma in children.
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allergic rhinitis on all-cause hospitalizations and
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Albstract
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it miasal proibsenns; evabaate th wotal burden fuse of hospital senvices G leeen one BD visit andor one hospisl
adrmession] and numiber of days with seduced acinatics (lost woreng days and days wish limised, not work sclaied

o lmitie] dues o arry Fesalth prolsberre fapan bom socidents and inpusie=) in the pest e mootbel eealuale e
coniriteion of herathing problens i the 1ol bunden hospitalzzmions and numier of days with recuerd acivities
sperifically due 1o beesthing probleresl

Result Al ary age, the al-caee hospilalieation rek was aboul 8% among 1he subjects wilthout ary sespirstony
CONKTons, it ncreasen 10 noun 9-12% amaong the indivicuals with alergic minits o with asihma-ike smgrome’
dyspnocasother nasal peoblemns, and it praked at about 15-18% amang the asthmabios with chonic bronchits
aipend 20— arwd A5, nespeictivichy, The exprected rrmlies of diays wath riduced aoliviie du® e any lealth
probilkems increased from. 15 amang the subjocts with no respirssony conditions in bath the age dasses, 50 63 and
46 arnorg the asthmatics wath chronic bronchites aged 20-44 and 4564, respecirety. The conbribution of
brearhing prokdems v the ool busden wans thee ig hess amondg the asthmarics. with chepnic bronchinss {23-29% of
the: haspitaliztion risk and 39-50% of the days with reduond aciiaties, acoonding 1o agel.
Conclusions: The impact of asthima, chonic bronchats and allesgic thinitis on allcause hespitaliations and lmesions
i claily acTreilis: i subetantial, and i s kel dilleneni among aduls Bom The general population n Raly, The
coniriteion of herathing problems i the ol hurden also vanes aconnding 1o the espissony condision.

Keywonds: Busden of aliesgc rhinits, Burden of asthems, Busden of chronc bronchti, Determinants

*Craraponinne S TR

Ml of Fpieamankongy sl Mol Sesietics, Diespastirant of Pubilc boalrh
Wi, Uity of ‘o, Vi, Raly

Vel bl o s sl b avallabh: ai L vl of the ale

- Lk Wﬂﬁwmtmlhpaﬂ\mmmmmmmﬁﬂq&k

( )ﬂnmc.em'i Lomewe, Aastan L A, webich e, e o, i, arch
mhnmmmmmamm The Comatir {rarwmire: Al Drwsan
e ) i sesabic i the i,
e, hevesss e
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Bachgraumd
Asthima, chronic bronchitis snd allengic rhinitis are com-
mon bealth problems is indwstrislieed countries [1-3]
il sy oflin conaial [4-6). Furibermsare, dwonic bron-
chitis ks assoclated with both a more severe forma of the
diswase and poosr control of sympioms in eehjects with
wcthana [78], snd it mey indicste the prosence of the
iyl sy 9,10
Asthma generates o high socio econemic  burden
when cheonde bronchitis is alss peesent [11,12]. Mare-
el oof U alliergy-rodabod muorbidity associled with the
respinatory sysiem [13]. Therefore, real world evalua
tione af the impac of these disesses @ the peneral popu-
It are fund dal b0 moet the widespread need for
updated estimates, which should be wsed as a valid sup-
st by pabilic: hezmlih diecidans,
In recent pears, the sode sconomibc impact of scthen,
inveestigatid [11,12,14-16]. Howeves, In many studic, the
bulib-im{l;lhkhdndrwmg}uﬂlpnﬂu-}
i raki wilh U i [ A
Mhﬂmdrmﬂ.nﬂmhu'bﬂm
considensd, Mareover, the total burden should be com-
pared between paticnts with o corsin disease and un-
affected subjects from the peneral population. Indeed, 2
hmdmhmimw
ithe i of their tntal impact on
hhed&mdmcﬂm
Mhﬁhmwhhmd—uh—
and limi in daily sctivities among adult
MﬂmMMn#m
mﬂm&mﬂmﬂ“&mﬁeﬁuﬂwﬂﬂ,
anel to s the al o the
NMLTQMMMMMMI}:
sreening. stage of the Gene Cnvironment. Interactions. in
Raspiralory Diss (GEIRD) study [17] wine usid

Mathads

Design of the shady

The screening, stage of GEIKDY was a cross-sectional sar-
iy i mapEratary huzlih, which e carrivd sl bt
2007 and 2010 i Ialy [17]. A total sample of 9739 sub
jects aped 3044 and of TABD subjects aped 4564
[rcn/women ratio = 1) wis randomly scheoied from the
general population in four centres (Pavia, Sassari, Turin
sl Visresna) lay wsing U ol hesiliby stbority rogisiont
A screening questionnalre was malled to cach individisal
up 1 three timses: and then adminisiersd by telephone in
case af i Overall, the responders were 5,162
(SR0%) in the 2044 age group amd L167 (GLTE) in the
4564 agge group (Table 1),

Fage T of 3
Table 1 Dutribution of the design variables
IAsyn  ASSEyn  powshe
M i rlirpbe sbgrrin® W W
B o espaniens SIF LA FUS ST onddn
{Pespos G
S al W i
of nagurwar, B gug F s ) LL LY B
wmmer 157 [
Fastumn 130 ms
Wner 66 &0
Tokeplaa: wilirvaw, % s k] ooz
Frmades, % b %21 s

LT R P e pep—" e E——

Ishicy statement
Ethics apgarorasl was obasined in esch contre Bram e ap-

"METH;'ME&FHM
deil Ariendla COspelaiiors ftitu Ospitalion df Veroms™).
Mm“hﬁmhﬂwi

ithe: ch peoject and it L plete: and re-
i the questionnaine.
mmﬂ

(arwaidabile 3t . Jis

lwmdhmﬂhhm
Mmhhnn!’nq“[lulmﬂ
apuizltinnng (sresindy taloen froms the: Furopessn Comemn-
ﬂflﬂmﬂﬂj]hﬁh‘qulgﬂ on
astheny (sdf-report of the dewase during lifime with or
withesst & physiclan’s digeeds, fropesncy of ahime
attacks, and wse of anti-asthmatic &upm lupu
1z iha), aslberne-like
mm&mumamdm:
might tEne = the st 12 montbe), cheonic cough and
phbegri, and smcel problems, e well e quetions o oom-
{Trgquency of busrey bralfic nisar home and Feing mear in-
dustrial plants).
%hhmﬂhmhhmm*—
scribeed abweee, the ders 1o the i
maire were classified as subjects withe

= astfm (Lo sclfl peport of the dissase during betime
wilh or wilhoul 2 physician’s diagnosis or at. lest
ane asthma sttack in the past 12 months or e of
anti-asthmatic drugs in the past 12 months) o
chimwic bravechitis (i cough and phibig on sl
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daye for 3 mindnum of three months a year and for
ot bt e suocessive pearsk;

& chromic Bromchilis wilioul astima:

a  astheu wilnoud chranic bmnckit
& allargic rivduitis {Le. any nasal allergies, including kay
Fever) withos! authma aad chromic rowchits

w arsbhea - Jike sywapioms or dyspecsd oF obher el
adlergic rhinili;

= o respinaiery conditions (Le none of the conditions
diemcribaed abores).

In addition, the T WETE Ok n
th‘ih-dd—uh-rplm#u-ruw
a continmous: passage of tnecks near bome and/or Bving
e iindstrial plants.

The soreening questionnaine abay inchades questioss on
the: wsr of hespital services: [at least one Cmergency Depart-
of lnst working days and the number of days with limited,
mod work nebated sctivities (mach = looking, after childre,
vk or studying) duc o any health probl [apart

Fage 1of 9

The prevalence of each respamatory condition was: esti-
mated by using & logestic model, which included age dkss,
cenire and the potential confounders reporied above, as
cumariabes, Thir all-cassr hospilaliction risk [Le. e pro-
portion of sebjects with at lesst one ED wisit andfor one
hawspital ademission due (o any helth problems: (apan fom
accidenis snd injuries) in the past three months] snd the
expected mumber of days with redwoed activities due to
anvy hazalth probiere in th s poriod wine linciod by
using bogistic and negative binomdal models [21], respect
iy, whichs inchuded the respi y condition crossed by
the age dass, contre and the potential confounders re-
puﬂahm-mﬁnmhnlpﬁrmmd
inilia comri, o i al ik

were used. The estimabes were compated in each age dass
and for sxch respiratory condition by setting: the distriba-
tiovin aof gemder, seasom ab the time of response o the qees-

hrﬂnﬂruﬂ'ﬂsnm‘rﬂmﬂuﬂiﬁxl}u
i il the: fostal brardien (L all-

from accident= and injuries) in the past three monthe. I
Tumgsitad mervinas lowe lavn ward, e msguudirs, suahl
specify if this has been due o bresthing problemes. If lost
working, chys and/or dhye with Ermited, ol work: rebated ac-
tivities: havee: been peporied, the subjects sheadd specify the
musnbeer of the immpaired days because of breathing problems.
Thee Lokl Desrilion it readucden] @l an indivichsl bireid 00
the basis of the use of hospital services and the number of
doryr with reduced activities (Le. the ember of kot working
s plus the mesober of days with limsited, not werk relsted
activities) due o any health problems: {apart from aocidents
srd et i thae [masd Ehvew: et Tha chrps witls limsitel,
not work redaied acivities reporied by fall time house
prrsine. were considered ae ksl working dre, The bospital
services ulilivation amd the number of days with reduced s
tvities. specifically due to respiratory disonders in the past
e el war ol Lo evadeibe U conbrilmition of

breathing peoblems to the tobal buarden.

Statistical anabysis
The: cumulative: response rabe, the season at the time of
ruzaponsar b Uhee quesstiosnnsine, th Uypee of contac (postal
waves vs lelephone interview]), and gender were consid-
ered ag potential confounders becapse of dilferences in
their distribustion between the two age clisses (2044
and 4564 (Table 1L In particular; the cumulative re-
wmm.mummuhhﬁ-
widual o respond o the was
vﬁMwMﬂwwﬁdhm-ﬂmdﬂn
secording to the dete of response o the qeestiannaire,
and then he/she was attributed the ratio between bis'her
rank and the sumber of digible suljioci M),

camse hospitali md. ¥ m&i;m
with thar rosy gennlee,
mmm.mhﬂﬂmum
Laygistic: and negative bimamial models were competesd
separately in each age cass and the estinaies were ad-
alwrvr, Clusterid sanchwich extimaton of T varance: wir:
m:d.'lhmlh:n!'ﬁemhmllmﬂdsm
hjusted  Ratiom of Expecied
In each age class and for each respiratory conditicn,
thar prercentage contrbution of beathing probless o
all cause hospitalizations and b in daily activ
itiem in the past three manths was obitained by dividing
lhtmlnumlﬂﬂﬂmwmdhp

saftware, relesse 13 (StataCorp, College: Station, TXL

Results

mm-ﬂmmm
axfivaties ding 1o the: respi
ﬂtmdnﬂmhhw‘yw
condition was 57.7% (95%01: 574 to S8R} in the 2044
g chiis amd SLRK (9590 SAD 1o S56%) i ihe 4564
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ape e, with differenom in the dismse distribmtion ac- (e REDIYC THY TR ¥ ditions)  ranged
coirding b sge (Fgure 1) i 14 b0 E7 in the 3034 age cass and e 105 1o

The risk of having at least one [T visit andior one hos-
il scdmissin dest 1a anmy hislih prolbdems (apn from ac-
cidents and injaries) in the past three months was S.6%
(P 83 w 95%) and 5% (958CE &1 10 llﬁj

433 in the 4564 yrar-old group, respectively (Table 31

Lr al bl

among the subjects aged 20-44 and 4564,
quﬂ!rﬂu{lnmnm

andl In dally sctivities
Bemibing problems acoounted for bes than S0€ of all-
Freoy lndhi.lﬂm:l.ndllrm

B3 anoeg U aebjects wilh o @
mmmnnm‘;ﬂumm
allerpic rhinitis or stheo-lke epmphomudyeprseoiher
el problemes, and it peaked st about 15-13% among the
B, mepectively (Figuie 2L The sane (] wie aleerwd
after adjusting for the cfect of the other potential determd.
naniz the odds raio (OF; rdference calepony; no nespica-
tory conditioes) renged from 162 o 236 in the 3044 age
chass and from 209 to 424 in the 4564 year-old groep,
risgeectivedy (Tabile 2).

The expected namber of days with reduced activithes
e i mny health problems (apad from socidents and
injuries) in the past thres months wes 24 (95%0C1: 23 1o
m:ﬂlﬂmilwm“mghmw
M4 wnd 4564, g
from. 1.5 days among the § i 'Mnﬂ- T ¥

uli'llrpn e of b

n-ul-h—u-n-ﬂmhw;—ﬁ-
Mhbﬂﬁ&#hmnhmh
highest ol dleme 1o the total
burden was obsereed among the ssthmaiics with chrooic
Tronchitis (23-29% of the hospitalization risk and 35-500%
al the deys with nelucel sctivitis, sceonding 1o s,
wheress the lowest figure was observed among the mdi
vidvmils with ssthreo-like el
problams (45% of the wisk and 10-11% of

ket deberminants of all-cause hoapilalicalions and
Emitations in daily activities
Amﬁghﬂwnﬂmmmm

conditions: in both the age dasses, 0 &3 and £6 days
amuay the asthmaiies with chronie bronchitis aged 30—

4 andl 4564, respectively (Tigare 2). The sabjects aged
wympbomsidpspsoenolher naal

the effect of the other potential determinants: the RIKD

3 i e e e,
FE ) wcm bemchi, wled il
0 g e e b

04
oMy ey
Figues 1 Provaborece® of mach respirslory condion. i ateeari
TR ks niersh. “The sdensie. weer aipniind o e
i wr aegure s, Be wwen o the e ol e o Be
s, e by of ok ], gereke and ool

situliwathon rid (R 145) and &n in-
mmﬂhﬂhmmm
1.73) i the populstien agid 44, wheres thy hed
4564, ax compared o males in the @me age cles
mzﬂnmmmmm

age dasses (OF: 160 and 139, respecttvely), as found for
hdue collaes (OR: 1L31) @ ihe 2048 ape class moreover,
o cnllirs showed Beesvier Ensdtations in daily activities in
Tboth the age growps (RENID: 173 and 217, respectively).
Ag gnsapririd e fied aeliers g 4564, pasl smelier
hiad| an incressed hospitaliztion risk (OR: 1204 and an in-
armsed nemmber of days with rechud activities [RENTY
1.0}, whesress cerent smokers showed lissser limitaiboes
i daily activities [REHIE (u6). In the same age cass, the
iinndivichols reporting & bigh hevd of cotdone air pellution
showed an ncreased hospitalieation: risk (08 147), &
anngrared i the ssbgects. reporiing 2 low exposure.

Zensithity analysts

The siabiity of the results was evaluaied by repeating
ihar anabysia sk sdjusting for smoking habiis or without
iy i the ¢ bz, the s=ason at
ithe tme of response 1o ikhe guestioneoire sl Bhe bype
af enntect. The estimates obtained under these rwo oon-
ditions were comparable with the Ggeres computed i
il sreiien anskpis fdals not dws),
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il <zaiaeh hang b loakan fiek [
H]

APl marbaro! days win educed
ol wilien dus s ary Peal® Eroh e

ol e w0 berd o D) weti ko o Bospital afevesion.
e 0y Py b by o aockdenes and i inthe
e e prenahe, sh estimenes we adpesed ko the cumukaiae

e A, e oo o the e of responae 10 T QucTRT TG,
thee: wpe off conid, gender s o

Discussion
The maiin results of the present stady are the ollowing:

= the subjects with asthma, chronic bronchitis or
allerpsc rhinitis hove 2 fwo- i foar-fold incressed
riak o all e hospitalieations and limdalions
daily activities, as ¢ d {0 wraffected individual
Trusems U sl pegusbation;

= among the subjects with asthma, dhrondc
bronchitis or allergic rhinilis, breathing problems
sccount for less than 50% of sll-cause hespitalioa-
comnbribmatizn of brestbing prabl Lir thae Lartal

basrden varies according to: the resplratory

candilian;

= lemale pendes, & bow corspational Setus and a bigh
lewel of ouldoor air pollution contribute to the
teital burdicn,

Fage: 508 9

The presence of asthenas, chronic bronchitis o allergic
whinits i assocsted with am mcrease in all ciuse
hospitalizations and limitatons. in daily activities.

Oiur chata show that the risk of hospitalization asd the
number of days with impaired activities dus 1o any
hemlth problems {apart from socdeste and injuries) are
impressively higher smong adulis with asthma, dranic
branchitis or allergic rhimitis, 3 compared to unaffected
inlividuzbs T the grieeral pygasbition in k. This ne
sult is in agreement with the Sndings in other sudies,
which show thal respiratory symplomes are among The
mer causes of cosgultation at primary health care con-
itres in different coundries [34], and that these diseases
impmin wenrk performande, sl lile amd physical gquality
of life |25.77].

In mch age chss, the hevied burden i= asociated
with the cossistence of asthma and chronic bromchinis.
In particular, the risk of all-cause hospitalization pealks
amang U 45— prmr-cld ssbjercis with Tath Uz son-
ditions, whereas this risk is not so masch higher than the
apirabory conditions in the 20848 age diss. A possible e
bresnchiis may be an sy caprssdan of OOPFD in the
older age group 28], whereas & may be an expression of
ot nasal dirip ammcng; the individuals aped 2044 9],

hmangﬂtl&—ﬂpﬂl—cﬂ.nﬂﬂghupnﬂhl

asthma-like fother nasal probl
Mthuvrh-hmrﬂmmﬂhnph_ﬂ.h,
ithe age- relaied increase in the inddence of poeumonia,
hung camcen, OO or other disemses thal cse dys-
[prua o Pespiratory sympions, which aften require ED

wisits: or hospital admissions.

The: it of breathing pr to all-case
o pitali and limi in diaily sctivities waries
mhnmm

T oor stuady, breathing, problems acoount for less than 500
ithes. This ks net surprigeg becouse Druss and collesgues
130] regecarted wha bt oo fmrth of the costs dus 1o Fwe
chranic conditions (moeod disonders, dishetes, hoart disese,
asthena amd bhypertension) in the United States were in-
currenl i Uresling e comditions (heimsdes, whensa U
remalining, oosts were due i coexisting illnesses.
mmﬁmdmmw&nmm
dhen varics ding i the resg even
lh:nnlt:'pﬂhmqw h-ﬁ—ﬁl*ch:dwilbe
inlerpreln] with castion becase of Uhe bage conlide
lintervals, which ks due o the smaller sanple sive of that
group, ax compared with the dimension of the 2044 ape
cliss. In partbeular, the bighest weight of bresthing peob-
lems is found among, the subjects with coexsting asthma
aned chrmic Tieohitis, which st Ul e burden foe
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Page 608 9

Table 2 Potential d = af allcause hospitalizats in the past Ehres meonitha
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Fage T ol 9

I beeanhing pechbmes

044y

PR A GO T
o b o rek

s rugs conarbatan 1
thr parried saeberof fmn

with red sced scthvit s due i

Figues 3

[ cthir heakh prodems

i g

s ExEd Eakqk

BERENERENS]

mmwmmm msmmﬁmmuumummnmmmmm
o il swcbevisdo, chie i any b, probderme: bpam from accidends and inforiesd b the past Saee monibe, she extimone. wene adessed lor
the cumiktive respores cee, the srasnn 3 e time of reponss in the questionioie, she ype of ooniac, gender and oo

i by Iy e e e

hmimﬂrmﬂhhmﬂtrﬂ

indirectly comfirms that chronic bronchitis s
ulhh&ummhndﬂtnﬂpwm
treld of symy

cressed discase-relaied costs in Faropesn sdelis with
asthena [12]. On the contrary, the contribation of beeath-
ingg proflims B particulssdy ke smong (ke subjocts with
allergic rhinitis only, whereas it is at an inbermediate level
which saggesds & progressive increase in the leved of im-
pairment due bo these respirabony discases,

Rewsithing probdim ko e ksl weight in determin-
ing all cause beepitalizations and limitstions in daily activ
other mesal probless. Different Goors may contribeie e
explain this finding. Smoking is asscaled with respimiory
eyl and @ B dmongly sssocsted with candise and

By ¥

A it wefluce, v in the case off comaor-
bidities such as disbets b o Lachy-
candia, the decision o admit a patient can be bassd not
anly on Ectors tal are diccetly ebabid Lo Uh Fegiralony
diseae, but aleo on the difficalty I managing an owt
patient, Tn Bct, thes patiends are likdy o require more
hesldth serviers and more complex beslth managensent
strabegies.

Dty determinants of all ciuse heopitalizations amd
rmitations in daily achrities
Fienscalizt aggnd 2034 ripont 2 besvier burdhen as compasd
o males in the same age dass, regandless of their discase
status, In Ect, females are probably more concerned about
ithasir heslihs than males [31), a5 peeviously found ansong
young adulis with asthma in baly [32]. On the contrary,
s ik el bcosguitalcation i lowser amang lismakes
aged 45 &4, im acoordance with official Halian stasistics for
ither marme periad |33 A henver burden i reported by sub-
mm.hwmumuﬂﬂ

iduals], in accordance with prev-
mmﬂuh#m—lﬁmmuﬂh

143



Ancordind of of B Pulmanany Medicios 015 1510

due i Bctors that aflect hemlth and are more fregquent in
liewer social classes, such &= residentisl and workplace pel-
lutant exposures [34], or it could reflect a cumulative e
course dissdvantage [35]. Sel-reporid bigh lovds of oul-
door air pollution are associated with an incressed ik of
which suggests that the cxposure to s polluion bas &
long-term effect on health [36.57). Finally, the pattern of
could be due to the “healthy smoker effect” blas, since the
subjects with the mosl severe wnderlying disesse are the
least likely b sk [38].

Strengths and wessknisoan of The uudy
The main strength of the present anakysis is that the data
i protocnl

Fage B of 9

Huowever, pariicipation bizs cosld have inflated our -
timates of the hospitalizstion risk bo seme cxtent.

Condusions

The: imnpact of asthma, dhonic bronchitss and allengic chin-
in o all-cmamer haspitaliestions sed limilations in deiy -
tivities is substantial, and it ks markedly different among
adult sbjecte Fom the peneral pogmlbation in Raly, The
ennizibutien of breathing probsess o the total burden akso
waries acoording bo- the: respirabory condition. Gender, ooon-
jativoncal stabec aned omlchone air pollution contribate b the
intal burden.

desira, CEMRLE vt
frm—y
R i o L Hurriber of Dy with secharrd srsvities;
T Imbrlt € Ul ek

sddition, the dats were enllected fram patients whe bad
been identified in the general population, rather than
frm clinically sifectid groups, which sheuld guarastos
M&mﬂﬂdmﬂemlnﬂ:mﬂ
rempirabory conditioes, Finally, a p

Cranpoling islerst
Thee s, i e Bt e B v tcomging i

Mamboer’ conrbarion
A el R oo el esigresd dhe sy, S8, WG BB, IC, AF P AT,
G ] i cowimatind b h ian colocia 54 kol e Salel
st S, AL arch el chalt e s sigl. ARl st sevised e

sppeareal o thee wesion in b paabliched.

crror [39 could heve infleenced our celimates of the
burden only o a minor extent, becawse our study did
sl v ehilisrly etivnts s the fecall period consid-
ered in the questionnaire (three months) was short.

A few coveats should be ken inlo acoount when
inferpreting our resulis. Caly four conires panticipating
in GEIRDY collected the information on the subjects aged
A5 sl s U could b 3 potentisl linsitstion in U
generalizability of the results. Moreover, the participa-
Bon rate was quite low (S0 among young, adulis, as
observed in other epidemiological studics over the pest
decades [#0], and this may hawe biased owr estimabes for
this age clags. Howswer, il has bosn suggested that de-
creasing participation rates are not likely to have a sub-
stamtial influence on the point esti of al

The L BB prcgect: wan lsncieed by e Carivrsons: | canclslion, the kel
Wanisiny o Firalih, { hired [ mmacraticl, and e lalan Mrdcine, Ageney
CABAL The: Basters B s sl oy chesign, i the: coliscrion, b,
webirpmalatnony of s Wy e wedweg of P rusraogt; s oy e diamams

Uity o Sy,
St Ry,
Recebast M) Sepiermbe 014 Ancepesd 79 lraoy 015
Pulsledad eoilbne: 12 Febnoary 2615

imterest [40]. Finally, it was not possible to drectly
mhnbelhrlnpldul’muwbldﬂnn.ﬂ:emﬂbw
deeny Dz i imp i bead
mmm&mmmmﬂu
Wmuhﬁhnﬂmml}um
spanse rate [18]. In sdditian, the i
mdmmlﬂurhmmmnf
ther risk of having st bl osee ED visil amd of the risk
of having at least oae hospital admission in the past
three momths, Therelore, the p
nfbn:ﬂulmuulwmhﬂm
through the comparison with EI¥ visit rates and hos-
pital in-patient admission rales from olber s
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The impact of asthma, chronic bronchitis and
allergic rhinitis on all-cause hospitalizations and
limitations in daily activities: a population-based
observational study

Simane Accoedin', Angoln Guidn Corson”, Lucia Calciano!, Robertn Bona?, b Corvert’, Mlessandro Fois”,
Piten Pirira”, Roberta Tassinan”, Gluseppe Yerlato! and Robero de Marco”

Abstract

Backgrounsd: Chronic: pegpstony dessses se a significant caee of morbidity and mortably worldwade. We sought
1o exaluate The impact of asthima, chionic biondhits and allengic tinitis on dl-caise haspitaliztions and Bmitatons
i clahy activiies im adulis.

Methods in the Gene Environmient Inieraciions in Resprabony Discases study (000200, @ screcning
questionnaee wis maled 10 9739 sobgeots aged 204 eporse ke 53000 and o 3480 subiecls aged 45-64
(nespuanes rmbes 67396}, wha wene rndamily sekecied from the gonesl popiation in ke The questionnain wes used
fx: ifeendify ther resgronders wiho had asthma, dworss brorchite, dlenge dinils or asthma ke symploreddepnoea’
cither nasal prodenns; evabuane th 1ol burden huse of hospital senvioes (an ieasn one B visit andfon one hospicl
admission) and number of days with seduced actvitics (lnst workeng days and days with limied, not veork sclaied
acimyilies] o o arry Peesalthy ool fapan Beom accickents. and injuries) in e pest theee moniek esshoake e
ronisbution of bmathing probkens io the ol burden (hospitalimsions and nember of days with reducnd actiities
specifically due (o beeathing protsenms)

Resultss AL ary age, the all-cawse hospilalisstion risk was aboul 6% among 1he subjects withoul any sespiratory
coraditions, it increased 10 ahoit 9-17% among the individiuaks wirh aliergic thinitis o with asthma-lile syagtons’
dyspnocafother nasl probliems, and it peaked at about 15-18% amang the asthmatics with dhonic bronchitis
aipen] 2044 el A5, respitivedy. The expeciod rmber of days willy secuced activities doe b any' leealih
prckikems increased from 15 amandg the subjocts with no rospisenny conditicns in both the age dasses, 1o 63 and
46 amorg the asthmatics wath chronic bronchits sged 204 and 4584, respecively. The contnbution of
Evieathing prodskenms oo the total bunden wee the highest amondg the asthmatics with cheones beonchins (23-29% of
the haspitaliztion risk and 39-50% of the days with reduced acivibies, acoonding 1o agel.
Conchesions The impact of asthma, chronic bronchitis and allesgic fnitis on albcase hospetalirations and lmitaions
iny claily apeilies is sulxtantal, and i s mareecdhy dillerent amoreg achulis bom e general population in kaly, The
comninibuion of herathing probiems i ihe inial buden abo vanies acoording o the respimsony ooncdision

Keyweonds: Bupden of aliege thinites, Burden of asthma, Burden of chonic bronchite, Determinants
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Bachground

Agihuma, chronic bronchitis and allergie rhnitis are com-
mon bealth problems in indwstrialized countries [1-3]
anal ibsry oflin okl [4-6). Furibermare, cwonic bron-
chitis s assoclated with both 3 more severe form of the
disease and pour conkrol of sympioms in sebjects with
asthana [7.8], .u-d Itm.iyl.ﬂul.eﬂtpﬂ:uﬂdh

hlﬂdmﬂ:hu'ﬂmﬂkh:hnpmﬂhl,ﬂ]ﬂw
over, asthma amd allergic rhinitis together account for
el ool U alliergy-rokate] musrbidily asscihtnd with the
respiratory system [13]. Therefore, real world evalus
tiong of the impac of thes dismses i the peneral popu-
latien are Fund aad b0 macet the widespread need for
updated estimates, which should be used as a valid sup-
et by prailic: izalth discisgans,

In recent years, the socio-economic impact of asthema,
inveestigatid [11,12,14-15]. Howeves, In many studics, the
total basrden (Le. the burden due to any health problem:s)
i patiemls wilh (e respiralory illsesis hid ool been
estimated berause only disease reluied costs bave been
considened, Maoreower, the total burden should be oom-
pared betwesn patients with a consin disease and un-
affected subjects from the general population. Indeed, 2
Ietter mraderstandiong of the burden of thes repicalony
disegoes requires the asmccment of their total impact on
the huzalth and social systems.

“Thee s af the present paper & io comnpare all cause bes-
pitaltzations and limitations in daily activities among adult
sulsjicts with astls, chrosic bronciti or allirgic rhinis,
] b ey the ihutioen of breathi ik i the
mmrnmmmummn
sreening stage of the Gene Cnvironment. Interactions. in
Respiralery D (GEIRD) sludy [17] wine wsid

Matheds

Design of the shady

The screening, stage of GEIRDY was a cross-sectional sar-
wary o espralary heslih, which wid carvied oul bestween
2007 and 2010 in Baly [17]. A total sample of 9,739 sub
jects aped -4t and of L4R0 subjects aped 45-64
[men/wamen ratio = 1) wis randomly sclecied from the
aml Wircma] by wsing te hwsl lezlil sutbarily noggon.
A screening questionnaire was mailed io esch individual
up b three times and then sdministered by belephone in
case af i Overall, the responders were 5,162
(55,00 in the 2044 age group and 3167 (GLFE) in the
2564 s roup (Table 1),

Page 3ol 9

Table 1 Dtribution of the design variables
Ay ARy powshes

B rif pligihle sibgeri w1 W
B ol e SR S TN R e
e e,
S al the: liee:
of ngamr, % [ T «man
ammer T na
Fasumn 320 ms
W &6 &0
Tokephuan: wilirvaw, % s k] e
Fumade, % ers e s

bbb = b b - (o o rem ey b e g acal.

Eshics statement
Ethies apprereal was obisined in ssch cenboe ram e ap-

TUWE dil Torisme™; "Cimilads Flice per ko Sperimentasion:
deil Arienda COspelaliors fstitutf Ospitalion df Veroms™).
Mmiﬁpuﬂsmhﬁmhﬂwﬂ
ithe ch project and i b eompldete and re-
turm the questionnaine.

mmﬂﬂm

(availabie at - yis
l.nuﬂdmdmdhmﬂhﬂtuh
Study on Asthoa in Young Adults [18]. Bt contains vali-
chaton] apuasions (oaindy taloen from th: Furopasn Comemn-
nity Respiratory |lalth Servey questionmaives [19)) o
asthma {self-report of the deease during lifetime with or
withenst @ physician’s disgoeis, frogpency of asthma
iﬂ:h.-ﬂued'm&wmltpﬂ
12 dha), sastburna-like
Wmﬁmﬂmdméhﬂl
might e im the past 12 montbs), cheonic cough and
phlegm, and sasal problems, as well & quetions on oom-
pational states, smoking babits and outdoor air pollution
{rigquency of higrey brallic nisar home and Fwing near in-
dustrial planis).
Onlhhnﬂhmhhmrh-
seribued above, the respomders to the g,
maire were classified a= subjects withe

= actim (Le selfl report of the dissase during Ietime
with or withoul 3 physcian’s diagnosis or 3t st
ane asthma sttack in the past 12 months or e of
anti-asthmatic drugs in the past 12 months) aad
chrevwiz hronchiti (i, eough and phlagim on mast
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daryx for 3 minanum of three months a year and for
il el Pwi Suivessive years);

. ic b it wich

# aabbma wilimud crrunie brnckiliy

= aifergic rivinitis (Le. any nasal allergies, including hay
fever) withoned authma wnd chrowéc browchi

= itk dike sywpioms or dyspeccd o ather sl
atlerpic riinila;

= Fo resErniery comditions (Le. none of the conditions
demcribaxd abowe),

In addition, the responders were considered exposed 1
a bigh bl ol ouldaor air pollution if try had reportsd
i contineous passage of tnecks near home andior Bring
near indwsirial plants,

The screning questionnaire sl includes questions on
the we of hospital services [at kst one Cmergency Depart-
menl, {FXY) vl amclior e havipital scdmiesion], the sumber
of lost werking days and the number of days with limited,
nol, work rebated activitios (mach s looking after childnem,
hsewark or studying) due to any health peotdems (apart

Fagge 10 3

The prevalence of sach respiratory comdilion was esti-
mabod by using & logistic mode, which induded sge dess,
centre and the potential confoundens reporied above, as
camvariabes, The all-casse hospitaliction risk [Le the pro-
portion of sshjects with at kast one ED visit andfor one
hasspital ademizsion due 1o any health problems (apart from
accidents aned injuries) in the past three months] snd the
experied mumber of days with redsced activities doe to
anry hazalth profiden in the g pariod wons it by
using logistic and negative binomdal models [21], respect
iwely, which inchuded the respirabory condition crossed by
the age class, contre and the polential confounders ne-
puﬂivm-mﬁnmhn]pﬁrmnﬂbd
il cumiris, o i al ik
were used. The estimates were compaied in cach age diss
and for each nespiraory condition by seiting the destribu-
i of gemder, season af the time of response to the qees-
tinnmaire, type of contact and centre equal o the average
dlistribulion, amd by slling the camulbslive negpons: il
equal 1o the overall mean [£2].

A mulivariable anabyis was carried ol 10 evaleie the
af each bl the: sotal burden (Le all-

from accidents and injuries) in the past three monthe. If

lssippitad sorvicast love buven psaed, the rspondirs shoudd
M!ﬁkhﬁhﬂhhh‘dﬂpﬂhfhﬂ
working days andior daye with Eites], not work nedated ac-
thvities. have: been peponicd, the subjects shesdd spevify the
mumber of the impaired days because of breathing problems.
Thee okl bsrhen wos ovahusten] st an idivicusd levd on
the basks of the use of hospital services and the number of
daryn with pedduced] activities (Le, the member of lost working
dirys plus the msber of days with lnsited, not work rolsted
activities) due to any health problems {apart. from accidents
s o) in the [rast. Whrvw: et Th cbrys withs limsiliel,
persone. wery considered 2 bost woding doye, The hospital
services ulilization and the number of days with reduced ac-
tvities. specifically due bo respiratory disorders in the past
thee oot were sl lo evabeile the oontribation of

breathing peobllems to the total burden.

Statistical anabysis
The: cumulative: response rate, the season at the time of
russpanse Lo U aquestinnsine, thee Uppee of comlact (postal
waves vs ielephone interview]), and gender were consid
wred ae potential confounders becamse of dilferences in
their distribution between the two age desses (2044
and 45-64) (Table 1. In particular, the cumulative e-
syt pasrcnnilile rank, Mdmmﬂhhﬁ-
widual p to respond o the
mewwmhmﬂmﬁn
scrarding to the date of response it the questionnaire,
and then he/she was attributed the ratio between bis/her
rank and the sumber of digible subjocis (2],

_rhmpn:hﬂn-md.imnlﬂfm
wilh Ul o geniluer,
mmm.mmn{m-m
Lawgistic and negative binomial models wene comguted
separalely in each age dass and the estimales were ad-
justed for centre and the potential confanders reporied
alwpve, Clusterid sanchwich extimaton of U vartancs: wir:
used. The results of the negative bimomial mededs were
summarized am mstually adiusied Ratios of Expeciesd]
Mamber of Days with reduced acthvities (RENIs)

In each age class and for each respimtory condition,
the perceniage conbribmiion of brathing problesd o
all cause hospitalizations and b in daily activ
iz i the past fhreee monthe was obitained by dividing
uwummwmu@

of the expeciod numiber of days with reduced activitios

saiftwore, poleise 13 (StataConp, College Station, TX)L

Resuaits
mm-dummm

At " -
ﬂtmdm-ﬁw‘rw
condition was 57.7% (95%C1: 574 to SBIRK) in the 20-4+4
ape chiis amd SR (F5CE 540 1o S5.6%) i the 45-64
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age chass, with differenos in the dismse distribmtion ac- |l mgory: mo respirsiory conditions) ranged
carding i sge (Figure 1) frosm 164 b0 367 in the 2044 age e and frem 205 @0

The risk of having at least one CT¥ visit and/or one hoe-
pital mclmisainnn e 1oy sy Tuzalih proodvms, (agsan T e
cidents and injuries) in the past three months was S.4%
(5% B3 w 95%) and 25% (955CL &1 w 10.0%)

453 in the 4564 year-old group, respectively (Table 31

[ ——

ol bewathing prabi o all-carse
i and Il In dally activities

among the subjects aged 2044 and 4564, respectively
quﬂ!rﬂu‘lnlﬁqﬂ‘mniﬂm

Beeathing problems: acosunbed for ke than 506 af all-
ey i and limitstions in daily sciivities,

B8, ey, D sasbijerts with e nsgasilory

sl probless, and it pealed st shout 15-18% among the
B4, respuctively (Figure ) Thi same lrend wis abervd
after adjusting for the effect of the other potential determd
nanks the odds rbio ({OR; ndereno: cabepony: no nespire-
tory conditioes) riged from 162 to 236 in the 2044 age
chazz and from 209 to 424 in the 4564 year-old growp,
rusguectively (Table 2).

The expeted namber of dayes with reduced activities
dwe i any health problems (apard from socidents and
injuries) in the past three months wes 24 (95%0C1: 23 i
m-ﬂumxlmmmmmw
4 sl 4564, g
fromn 1.5 days among the i irvid 'wl‘hnn - ¥

mi'llrpmmimn{huhqpmﬁmw
il 1okl Brarcen wasival s b U nosysirloe i
mnbﬁ&#hmnhmh
highest hast i bleme o the total
mmmmhmmm
Tromchitis (23-29% of the hospitalization risk and 39-50%
al the dep with rshocnl activities, soconding 1o ),
whereas the lowest figure was observed among the indi
vithmls with astheo-like pymphomsftyspnomiother meal
problens (5% of the hospitalization risk and 10-11% of
the days with redwced activities, in the two age groups).

Db disterminants of allcause hesgpitalications and
Emitations in daily acthities
.ﬁmﬁhhnﬂumuﬂrm&mﬁdwnd

condiions in bolk the ape cluses, o 63 and 46 daye
amoag the asthmaties with chronie bronchits aged 20—
4 and 4564, respectively (Tigare 2). The sabjects aged
A5 with asthimalike sypmptomsgidpgmeiother ol

probdems were charerterised by a particularly high Sgare
(32 doay). The increasing, tresed in the number of days
with reduced sctivities was confirmed afier sdjusting for
the effect of the other polential determinants: the REND

2 szhy e e rna
| W Lok, el
b e cheve by

ol
oMy By

Figurs 1 Provalorcs™ of ech repretory condion. bar apreard

PR i nkorvsh, “The cdemaie. wie alpnind ke b

amrrdad e g s, B stsnen ol e e o sy o e

b, the fgrof ook |, e snd omie

an i iitalivation sk (R 1.456) and &n in-
mﬂmhﬂ'o{hlﬂhndmdmbsm
173) i the population aged 34, wdenas tey had
less hospitaliations (08 070§ in the population aged
4564, ax compared lo males in the mme ape class
(Tabdes 2 amd 3} As compared to white eollarshouse-
perons/students of the mme age; unemployed.retived
suliperts hoe an incressnd hospitaliziion sk in both the
age dasses (OR: 160 and 139, respectively), as found for
e colbrs (OF: L31) = the 2044 ape dass moseover,
it collirs shovwed besvier limiiations in daily activities in
Iothi the age groups (REND: 173 and 217, respectively)
A cnmoarned o e smckiors sl 4564, ool sk
hiad an incressed hospitalmtion ride (OR: 12200 and an in
areased nmmber of days with reduosd activities (RERT:
180}, wheress csreent smokers showed lsser limitaihes
in daily activities (RERI: (u56). In the same age class, the
inulivickeabs reyorting 2 bigghs hisd of catdine air pllulion
showed an increased hospitalvation risk (OR: 1L47), &
wxmgrare A the pebgects reporting 3 low exposure,

Semithiry
e aralysin ks scljusting for smoking habils or wilhoul
adjusting for the csmulative response rate, the season at
ithe time of response o (ke guestioneaire sl the bype
af contect. The eetimates obtsined under these rwo con-
ditions. were comparable with the Sgares computed in
ther e anabpsis {ilata ol sbiam).
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Dizcussion
The main results of the present stady are the following:

« the subjects with asthma, chronic bronchitis or
alllerpic: rhiniti have 2 two- (o four-fok] incresed
risk o all-csere hospitalizations and limiatioes
dailly activities, as companed (o waffecied individuals
Trveem e gererald peguaaliong

= umang the subjets with asthma, dhronse
branchitis or allergic chinilis, breathing problems
seeounit for kess than 5% of sl canse hespiialie-
conlrilsiian of boesibing prabloms o the toial
busrden varies according to the resplratory
candilian;

= lemale pendes, & bow conspational Setus and a bigh
lewel of outdons air pollution contribute to the
testal brdien,

Page: 5.of 3

The presence of asthena, chronic bronchitis or allengic
i B asocated with an Borease in all-Gise
hospitaltzabors and limitations in daily sctivities.

Ohur dais show that the risk of hogpitalizstion sed the
number of days with impaired activities due to any
helth problems {apart from socdents and injuries) are
bronchitis or allergic rthimitis, 2= compared to unaffecied
inilividuzbs S the greeral pyasbition in k. This ne
sult is in agreement with the Sndings in other studies,
which show thal respicalory symploms are among fhe
majr camses of cossultation at. primery health cire cen-
itres im different countries [M4], and that these diseases
impmir wenrk performmands, sl e and physical quality
of life [25-27].

In mch age ches, the hevied burden iz asociated
with the cosxistence of astha and chronic bromchics,
Ini particular; the risk of all-cuse hospitalimtion pealks
armsng Ui 4564 prar-oled sasbjects with both U -
ditioms, wheness this risk is not so msch higher than the
spiratery comditinns in the 2094 sge chiss. & possible ex-
phination for this could be that the presemoe of chronic
ekl sy b an varly exprssian af COPD i th
alder age group [28), wheress & may be an expresdon of

mhﬁ—ﬂpﬂ-ﬂnﬂﬂghm
asthma-like symp Mdysg fother nasal probl
M-r.mrh.hm.munwhuph_ah,
the age- related increase in the ncdence of preumaonia,
hung, camcer, COPD ar other diseases that cose dys-
proes of Fespiratory symptoms, which ofien require ED

visits or hospital admissions.

The: it of breathing pr to all-csse
thanpitali arl limi in dlaily activities varies
mﬂhnmm

Ini oour studdy; breathing problems account for less than 50%
ol all-szmce lwspilalication: and limilations in daily acie-
ities. This is not surprising beramse Druss and oolleagues
130] regeortien] that abowt ome forth of the costs due 1o fe
chionic conditions (moosd disorders, diabetes, hoan disease,
asthena and bypertension) in the United States were in-
currml in iresling e comcditions (hemsdws, whenes e

remaining oocts were due i corsting lnsmss
ﬂnm—hlbmd'hﬂm'pmﬁmuhhldihm
den varies g i the Fespiral even i

lherm:lt:'pﬂ'hmqto H‘w-‘ﬁ—ﬁl*chdnilbe
inlerpreie] with castion becuse of the lange conlidin:
imtervals, which is due to the smaller sanaple s of that
group, as compared with the dimension of the 204 age
chiss. In partbeular, the bighest weight of bresthing peob-
lems i found among, the subjects with coexsting asthma
and chrinic heanhitis, which suggpests that e Burden G

150



Acrarding of of BT Pulmanary Mediciee OIR 150 Fage éof 3
Table 2 Potential d = of allcause hoopitalizations in the pasl Ehres month
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Figees 2

mmwmmm msmwﬂummumwnmmmﬂm
e gl s chie iy bl penibderme oy P socidens el ingurke] b he paet e monihe; the estimones. wen sdaessd lon
thee curmkbiie repores oee, the sraenn 3t e fime o reponsn in the questionioie, the ipe of oone, gender and amie

these patients is mainly cmsed by the disease. This result
indirectly comfirme that chronic bronchite s ssocibed
uﬁhﬁimmhdh“ﬂpﬁum
trol of symy im asthenafic subjects [78], or it may be
uwﬂhmﬂmdu&-ﬂm
[#.10]. Accordingly, poor control of sympboms and mex.
cressed discase-related costs in Emropean sdulis with
asthem [12]. On the contrary, the contribation of breath-
g proddema i particulardy ke smong (ke subjncs with
allergic rhinitis only, wheress it is at an intermediate lesel
among, those wilh asthem or cheonic bronchitis only,
which saggrsds & pregeessive increase in the levd of in-
pairment due to these respiratony diseases.

ing all cause buspitalirations and limitations in daily activ
other namal probles. Different Gctors may contribssie o
explain this finding. Smoking is asocated with respiratory
symplons and @ B drongly sssocsbad with candise and
cenchoovisrular dismases, and with disbetic complications.
Dhyspnoem anel. mon-specific nespislony sympioms: ooy be
wiiributable iy ofher lnesses, such a5 heart Ssiluec,

cardia, the decsion io admit a patient can be bassd not
anly on Bactars that ar: dirveily rebatad 1o the regisioery
disease, bat aloo on the difficalty i managing an ot
patient. Ini Bct, these patients are likey o require more
heslih services and more comples beslth managensent
Erategies.

Dttt determinants of all-cause hogpitalizations amd
Bmitations in daily actrites
Ferrnealizi ] W44 rogurt @ bewvier burden 25 compaed
i mtles in the same age chess, regardless of their diseace
wtatug, In B, females are probably more concemmed about
iheir healib than males [31), & previously found smeong
young adults with asthma in kaly [52]. On the contrary,
tha: vk eof allszme: beegitaiocation is lweer amng lmabs
aged 45 &4, i accordanoe with official Halian statistics for
ther sarme periodd [33]. A hemnder burden i reported by sub-
jerts with & bow occupstionsl stetus (Le blee collars and
unemployed netined individual), in acoordance with presi-
aned. risanlls oo sulull scathere in Mady [32). This coubd b
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e By Baciors: thal afect. hemlth and are more: Bregquent in
livwer social chasses, such &5 residential and workplace pol-
Iutant exposures [34], or it could reflect a oumulative ke
door air pollution are assocated with an incressed nisk of
which suggesis that the exposure to sir pollution has a
long-term effect on health [3637). Finally, the patiern of
sesociation betwers smoking babits and th: totsl basrden
coubd be due to the “healthy smoker effect” blas, since the
hzast Meely bo snmode [38).

Strengths and weaknesis of U study
Thee main strength of the present analysis is that the data
were oollecied throngh 2 highly standandoosd proboo]
[17], which enssres the ihility of the: Enformaat

Fage Bof 9

However, pariicipation bizs cowld have inflated oor es-
timates of the hospitalizstion sk to seme cobent.

Condusions

The impact of asthoa, chronic bronchitss and allergic chin-
it oo all-ramar haospitadication smd limitations in deily so-
tivides bs substantial, and it & markedly different smong
addult mubjects from the peneral pogeltion in Raly, The
cuniribrution of becatbiog probless (o the total burden alsa
waries: acoording bo the respiratony condition. Gender, oom-
jraliisricl statect and anddioor air pollulian contrbule b
Aokl burden.

il CEMRLE G
[rom———y
R Rt o ] Hurrber o Dy with sechard sesvisies;
TR Imdernt (R Ol o

mhmmhm_n
It o sl pizprisriion] soymm which won:

wmmmmm
and are le= mfluenced by diagnostic procedures, In
sddition, the dats were eollocted from patients wh bad

hhmﬂdmﬂ:mlﬁmd

Cuwrpriing el
T o i e Bl B B v ccomgng i,

Mupdaet’ crrvrhanion
S e Al nnansd e s the sy, A, NG FEL IC AF_ PR AT

rempirabory conditions, Finally, a p
crror |39 oould heve infleemeed our ctintes of the
barden only 1o a minor extent, becamse our shedy did
il vt ey it sl the rocall period consid-
ered in the questionnaire (three months) was short.

A few cveats should be taken inle acoount when
inderpreting our resslis Oaly four contres panticipating
in GEIRDY collected the information om the subjects aged
4564 mnd ma there coubd be 3 polentisl limilstion in e
pencralimbility of the nesults. Moreover, the participa-
Bon rale was quite low [530%) among young adulis, ax
observed in other epidemiological studics over the pest
decades [40], and this may have biased our estimabes for
this apge class, Howsver, il has boen suggestod thal de-
creasing participation rates are not likely to have a sub
santal influence on the poink et of al
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maire does mot allow to compute separate

the ridk of having 5 lissl oae ED vigil asd of the sk
nfllnq_lthutn-ehuq)ﬂ.llldmlﬂmllﬂrpﬂt
three momths, Therelone, the p

of hospital services uull:udlm cannol be detected
through the comparizson with ED visit rates and hos-
pEtal in-patient admission raes from olber somros
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Purgoss of this study was o Invastigats the presence of bisphenal & (SPA) and s role In
the Induction of cezative stress (035) In 3 group of adolescents and te condlm the same
role of the lobaces smovs.

Methods 223 young heaitny voluntasrs (7-19 years oid) were recrultad amiong stussnts
allending ree diérent schools of Chivassa, dose o Taring, Pledmant, Morth-Waslem
Ealy. A £pat of urne provided by aach subject was analyzed to quanily SPA, cotining, and
15F2-s0prostane (155 21-160°).

Besulis, SPA shows 3 sight erease of concentration properiiznal with ncreasing ags,
even I {he Intermediate age groug (11-14 years) Is slightly lower, Induding 3 w-shape. The
sama trend and v-ghaped sppearancs war2 cbserved far 15F2HIs0R and cotning. After 3
logaritrmic frarstormation, the result of plecewlse INear robus: regrassion SNOWs 3 braak
paint of the effect of log-BPA on log-1572t-Isof at 1.79 (6 ng'mg CREA) (p = DUD01). Al
migher lewsls than this, 157201502 underings an Increases exponentialy mars than
trirzefid 2ach ane-log unlt of BRA

Concluslons, The twa maln resuls abiained in s wark consist of an Increase of OF due
o BRA In the adokscents selected for the study, bul only from & ng / mg of CREA up.
Zacondy, e passiely brealned 1oDaco0 smoke 15 3bie B Induce an Increass of e 0.5,
The prevenfve action agalns! SPA stll presant In the Mving ervirenment represeris an
Impartant ol to promate highast healih sangard I the lng envirenment In general, and
In urtkan ane In particular.

Keywards:
Cuatve siress, agolescents, passie IODAC00 EMOKE, Age, DIEpNEns A, pubic heamn

L]
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For It5 engocnng msruptor's properies and I widespraad presenca i the puman Iz
enviranment, bisphenol "A" (BPA) 15 an Impartant toplc i1 terms of Puslic Healih. BRA,
whose IUPAC mame & 2, 2-bis (d-hydroxmyphenyl) propane (CASAM: 30-057), 5 3
gynihetic organic compound wiEn 3 relalively short 1#2. 1t conglsts of two phenaliz rings
Joinzd By a bridging group formed by the reaction of phenol with acstone [1]. Over 3.6
balin Elograms of BRA are produced annually 35 a companent of polycarbanate plastc
and eposy resins. SPA I authorzad for use 38 3 monomer In piasiic food contact
maierials, In accordance with Commission Regulation (EU) Mo 11201 UEU on plastic
maerials and articies nlenged o gel in fouch with Toodsiufs. Furthemore, Dased on the
pracautionary prnciple, In 2011 was Intoduced Eurapean Commission Impiementing
Requlation (EU) ko 321/20113, which placed a restriction on the use of 5PA In he
manufachure of PG Infan? fee@ing Doties.

The genaral popuation can be exposad 10 BRA via food, Semal contact, dinking watsr,
by EWIMMING, anaar breatning saos and cutdoor Al Accarding to EFSA, exposLre o
BPA £an fake place In 3 ways. 1) extemal (by diet, drinking water, Inhalabion, and dermal
contact 1o casmalics and thermal paper), 2) Internal expasLre to total BRA (absomed 0052
of BRA, sum of corjugated and unconjugated SPA). and 3) aggragated (fram oles, ust
cosmatics and ihammal paper), expressen a5 oral numan equivalent dose (HED) refermng
t uncon|ugated BRA only [2]. Howewar, braast mik rapresants ihe main vahicle of human
Intake of BRA emphaslzing that fhe voungest calidren have the Righast urnary SPA levels
[

Amough BRA 15 not dangemus In palymeanc form, It ks unstshlz n asidic or bash: solutions
and when exposed to UV light These condiions can convert BRA from poiymeric 1o
monamens fam and, dus 1o ks leng-term release from faod containers fo oo, Deverages
or envinonment, 1 prasance can rapresant a nealin risk for 3 lange part of numans [4]. In

particular, the negathve effects of BPA can be evident for children and adokescents,

3
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pregnant wamen and thalr emioryos, a8 confirmed by numerous b2t on animal i vive and
i vt [5,€]. Meverneless, only Tree unconjugated) SPA 15 3 weak esiragen [7] and ks
presence In the diferent bislogleal malrices s subsiantially negligible. This & dus ta an
efficient mesabolization of BPA together with & biological hall - Ife In humans of less than
& hours [3.2].

BRA and ather bisphenals, In addiion io the role of endocrine disruplor, are also able to
contioute or Induce fo several ofhers negalive  eMecls obesly,  Attenbon-
Defcit/Hyperactvily Disarder [ADHD), and diabetes, refated to Its possible nteraction win
the eslrogen raceplor. Possblz adverse efects folowing the assumption of low dose of
B2A may be subsequant to endocrine disruption and o ne possbilz presence of @ non-
monatanic dose-response retalionship (MMOR) [10.11).

Usually, B2A s detectable In human urng, blood, breast milk, semen, cord biood, fetal
serum, placental 1s5Ue and animal fat [12,13], but In urne Il desection freguency |5 about
T5-20% [14,13]. Glucuronic acld of BPA (GleA-BPA) 16 @ metaboillte of BPA, also urinary,
with a half-ife of & hours. It ks currently consldered the major residue of SPA, both i wio
and in vivo [18].

Amang ihe varlous toxis eects of BRA. we have 1o rememiber the coninbution hat this
mpiele provides ba Ipkd peraaddation (L) and nence i oxdallve stress (0.5.). 05 s
tne sxpression of 3 biological IMbalaNce QCoUITINg when ENCDgencus andor SXogenous
oxidants overiakes the level of anfloxidant defenses Indicatng a risky condition for healin
[17.18]. The Inake of nigh Ievels of BRA rasuls In Increased generaion of reactive axygen
specles [ROS), culminating In cxidative 57265 [18]. ThS 15 dus (o 3 decrease of the actity
of anfizeidant enmymes and the Increase of LPO [20). BPA Mduces OF and apoplosls In
t26les of mice ang, agalm for the Tomation of ROES, It can produces Injury In human fissues
and organs sLch 3s lver, r2d blood cels, reproductve organs, braln, especlaly during the

emiryos phasss [21-23]. The urnary B2A In children |5 significanty mare concenlraizd
L]
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than Ir adulis becauss they 2at, dink, and brealhe In greater quanties per Wlogram of
body welght [13,24]. Furhermare, chlidren are more sensitve and fragle because thelr
meiabaliEm system and argans are not et ully developed [25]. In paticular, Infants up 1o
2 or 3 meaths of age might have higer free-BRA levels In uing since detoxiying
enzymes, guch a5 UDP-glucuronosyiransterase are not yet fully developed [26,27) Asa
regult of the widespread exposuns to BPA and consequant potential nealih risk 2 humans,
resirictions and dedicated regulaions for the use of this towic chemical have been
sugoested word widely. In 2015 Swopean Food Safety Autorty [2] reduced the
temporary Tolersble Daly Intake 1T} of BRA from 50 to 4 pgiig beiday. Consequenty,
B4 I baing rapiaced wiih & number of altematives, such 35 Slsphenal 5, which Rawsver
presents similar genotoee and estrogenic acthity o fhat of BPA [28] bui which, 1o date,
&5 not presents reguiatory Imis.

Cumenily, only few studles on human have explored the exposure 1o 5PA In relation to the
Induction of Inflammatian, LPO and OF [29,30] despie ness processes fo be very
Important a5 medlairs of numetus healn efects, noludng  alherosclercels,
cardigvascular disease, cancer and pregnancy outcomss [31). In the fuly aware, that 03
orignates from many endogenous and exogencus Taciors, many of which not hese
coNEineran; pUrposs of Me [ressn? 2oy was been 1o Mvestgats the pragence of 5RA In
the urne of 3 group of adolescents, s role Inthe Induclion of O3, and o corfm the 5ame
role of ihe tobaccs Emoke. T achisve his goal, 3 sampls of unne provided by 2very ong
of Ihe 233 young heakhy volunisers (7-13 years old) aflending three diferent schoals of
Chivasse jcinse io Torng, Pledmon, Modh-Westsm Italy) was analyzed to quantity BRA,
coflnine, and 15F2t-150@. The first a6 3 compound dirsclly detectable In urne, the s2cond

5 @ nicotine mezaballie to quantify exposure 10 smaking and the third as a marker of 0.5
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METHODS

Al 223 sludents who voluniarly paricpated to this study attznded three diferent schooks
gt Chivasso, a meglum wbanized town with abou? 27,000 Inhabfiants (522
Ir'h:d‘:lnarﬂs-lirn=:| located at 180 m asl. close 0 Torno (the Mefropolian CRy of the
Fladmont Reglon, &y - 350,500 InhabRants). Mo other selection crierla have besn
adapbed to recrull volunbesrs. Because Tie subjechs were unoerage, parenls and feachers
WEE [Mormed during & pubilc mesting on Mg oljective of this study and, consequently, 3
witten Informad consent was signsd and dellvered by each pamicipants’ parents.
Moreaver, participation of all subjects took place anly after abtalning e assent of the losal
Ethics Commitiee of “Zan Lulgl® Turln hospital (sesskon on 14% March 2145 aub number
27/2015). Samplings were camed out fram January fo March 2016, Invalving one class per
day, on Wednssgay or Thursday. according fo 3 pre-ssfabllshed tmefabie. A&
questiannare was administersd and & Uring sample was collzcten fom 2ach student. In
partizular

a)  Toeach subject one Intendewsr administered 3 guestionralre durng Tie school
fime. The answers proviced Information on Indlvidual and clinical *zaiures, such a3 age.
welght and height, gender, resioence, diet (dinner he day betore), hobbies, eraples and
hgam condans. The questionnale used was manly 3 synihesls of the most exlenshe
quesiionnalre “SIDRIA", descrbed In detall elsewherne [32].

by A Gpal of urng was coliscted o e3ch valundesr durng the morming sampling o
mMeasUre e falowng paramessrs:

b1} BPA. To exclude contaminalion from E2A, all urine samples wene coliectad In BRA-
frez plastic vessels (polypropyiens) and stored &t - 0°C unfl analysis. All the laboratary
glass matenal used were washad whh methano! and Men kept In mathanal for 12 haurs,

which wag sLUbsegquenty analyzed to verty the possible conamination of BRA.
§
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Each thawed urine wae voriexed and 70D pl of acetonitrile, 750 | of elhyl acetate and 10
pl of BP&-dye {1 ngiul), used 35 Intemal standars, were addzd 0 400 i urine sample. To
faclitate the Niquid - liquid extraction (LLE), samples were wonexed for 3 minutes,
cenfrifuged at 2000 rpm for 15 min and the supematanis were evaporated 1o dnness by 3
gentle siream aof nitrogen. The drisd exiract was dissolved win 1235 yl of methanolwater
{121 wiw) and analyzed oy HPLC — ME/MS o quaniify GlcA-3PA. GleA-BPA was ldentied
and quanitizd by Iquid chromatography equipped wen a low-pH reelstant reverse phase
column, Kinglex EVD C18 (2.8 pm, 150 % 3.0 mm). The binary solvent sysiem was: a)
acidmed ultrapure water with formic acid 0.1% wv and b) acetonlife [(HPLC ultrapure
grade) ackdMed wiih formiz acld 0.1% wy. The chromatgraphic s2paralion was carmed out
at constant flow rate (200 pimin™') and constant t2mperature (23°C £ 1°C) by a column
Mmermaostat. The solvent lInear graslent was from 10% o 30% of B In 5 min, 0 65% of B at
30 min, at 33 min 95% of B. The concentration of salvent 5 was maintained at =5% for 5
min. The initial moblle phase was re-estEblisned for 10 min before the next Injection. The
Injection volime Wag 20 ul and quansication was pesformed by Intemal stancard method
{BRA-dyy). Zuaniitaiive analysss were camled out by fandem mass spectromelry with 3
£330 Seres lon Trap LC-M3 system equipped with &n Elzcirospray lonlzation Source
(ES1). The analytes were deszctan In n2galive mode. The ory gas (Miinogen) was a1 325°C,
20.0 psl and 10 | min; capliary voltage was at 2000V, Data acquisition was made In
Multipie Reachion Morkorng (MRM) mode by monitarng the iransions of quasl-malecular
lgns [M-H]: 227 for BPA, 242 for BPA-dwm, 307 for HOE-BPA, 403 for GICA-BPA and 419
for OH-GlcA-BPA

Procedural blank samples with ulrapure water In place of urine were collscten, sxiracted
and anayzed by HPLCAMSMS with fhe same samplas protocel. In the processsd blanks

were not detected BOA contaminations above the Ims of detection (LOO, 0.055 ng mL™')
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hi] Cotining. Urdns EH'HFIEE Were preparenl for EI'IHT'EIE a5 follows: 10 md of urine were
foriimed wiih 10 i of cofnine-dy & ImMemal standard, & g NaCl and 500 |8 NaOH [5 M)
Then. 2 ml CHEL were added bwo Tmes fo exiract ihe colining by means of LLE for 15
min. Each S-EI'I'IF|E was then I:Eﬂl]'rl]gEﬂ for 10 min at 1000 x g and the I'EEIJmI'l; u'garln;
FIHEEE was collecizd n & glass tuge and ‘E'.IEFIZIIE1Ed 1o lﬂl}'I"IEG-‘E» Ina I'IZIEI}' e-.'apcral:u:lr at
Foam 1EI'I1PET3|J.II'E. The ﬂ']l' resldue was reconsibuied In 200 ul of CHCILy and frans'smed
It a conical vial for GC-MS determination [33].

b3} 15Fa-lsoprostans [15F450F). 157 x-150F was measured w0 quaniy OF by ELISA
tachnlgue camled out Wi 3 specklc micropiale KA (Codord, M), USA) and accordingly io
manufacturer Insirictions. To achleve Ihe beber accuraty n the M'HPEUH'.IE ZLIGA
meTied 2acn sample was diuled 1:4, Sur pravicus paper reports 3l e detalls of this
procedure [34].

b4} Creatinine. In order o normaliza e axereton rate of oolining, 15F>-is0P and GlcA-
ERA, and an H|I}.ID’. of fresh urine was usad o l:.'.lﬂ"lmj‘ the conceniration of creatining
{CREA) by the kineflz Jafe procedure.

Siafighical analyls. The analyels was perfomed by means of Stals 12 Stafistieal Package
{Stala Corp L, Lakeway Drive, T, USA) Appropriate Ingar ransformation wes appled
on dala whenever suggesed by distioutional diagnostic plots (symmesry piol. quantiis
pial) ang gescriptive sabistic Inspection (looking & varlance stablity among categories).
To alleviaie multivanats hE'.EH:EGEﬂEﬁ'.m[}'. & Box-Cox Doer fransformalion on the
leFEl‘ﬂEﬂt varlable was HlF‘"Ed o ihe data I:j' means of maximum Ikelhood esimates of
e parametars. If nspesting e two way plol of 10 [ng 15F x-I80Rimg CREA) varsue g
{Glea-BFA) hignlighied & nan-ingar relafionship between Ihese varlables, suggesang &
EP'I'IE Tunclion to esiimaie the I'E|Eul:ﬂEI'||:l. we used F|EGE'!|15-E lin2ar or "I"H}EHE'\' i
robust ragression point [35) 1T presupposss tat the efect of preoichve varlabizs or

dependents can be best ited by two sralght Ines, with aifferent slopss, and caloulsing
B
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the twa siopes and the value of e dependent a1 which the slope changes (Mie breakpoint
ar spling paint). In ihe madsl log (ng cofinaimg CREA) BMI Iinear effect, gensser and
eflect of age classes were aso f=sbed and used 3s covarate N reached the 5%
glgnifizance =fect or changed signficantly the esiimai=s. A mulipie Inear ragression
(MI_F.) was camled out 1o asse85 the sfect on covanaies on 15F x-Is0P and BPA exposure
respectively, using log ing 15Fx-is0Pimg CREA), log (BicA-BRA) as dependent varlabl,
and age, height, weignt, gender [fzmale 3s reference valug) and urinary coining as
Independent varlables. A p walue of = 0LOS (bwo—talked) was conslgered significant for all
tests. All he variables that proved non—significant at 5% were excluded with a stepwise

backward remaval procedure.

RESULTS

In table 1, characterstics of students enrclizd for te study are reported. NUMSroUSNEss,
mean, standard seviation (6.0.) and percentage (%) for gender, age (years). height (mj,
welgnt (k) and smoking exposuna (MUMDEr of cigarsties per day) are reparzd far e
slibjects grouped for educational level Amang Mie 223 students, 13 raparisd being achve
Emokars (8%, 3l from e age group 14-19, 52 passive (23.3%), and 153 non-smoRers
{E66.7% . Intable Z, colinine, 15F ;50P, and GlcA-SPA, al expressed 3 nanogram per 1
miflgram of creatining, ars lissed subgrouped per educational level as mean, sandam
devlation, and minimum and masmum.

FcA-BRA SNOWE an Increase of CoNcentratan propaortional with incrzasng age, euen If
e intermediate age group (11-14 yaars) Is Bighy lawer. The same Hing ks absarved also
far 15Fy-I50° and e eposure to tobacca imalnly passively breatned) guanitied by
cotinine. Accoming fo the BoE-Cox regression resulls, the valuse of biological maners
analyzed werz subject=d fo 3 logatihmic transformation befors camying out the

subsequent analysls. The resull of plecewlse Inear robust regression sNoWs 3 bread paint
a
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at 1.7% (23%CI 1.56 - 2.02; p < 0.001) of the efedt of 103- GlcA-SPA on 0g-15F4-I60P
{figure 1 and fable 3). Thus, concentration of 15F»-1602 Increases exponantialy (more
fhan thresfold each one log unit of GlcA-BPA) when log-GicA—BPA conceniration
overcomes the break polnt Identiied at 1.7%. MLF analysks shows 3 posliive efedt akso of
logcolinine conceniradon an log 15Fa-ls0P (table 3). This last efect s svident even
consigenng at a 12% Increase of 12F2-Is0F Is cbserved for eacn Increment of a log-
colinirz unit Furthermaore, the analysls of the relabonship befween loging15F ;Is0Pimg
CREA) ard age shows 3 frend V-shaped (figure 2); wiih 3 significant decrease (p = DU128)
betwesn infancy (7 -10 wear oid) and e beginning of adolescance (11 — 13 years olg) and

then @ new Increase staring fram 15 year of age (figure 2 and tabia 3).

DISCUSSI0ON AND CONCLUSHON

The main ocojgctve of this work was to evaluziz fne environmental difusion and the
consequent sbsorpiion of BPA I @ population of chidren ard adolescents attending
primary, secondary and migh school o 3 oty lozated In Pledmant region. In e
Morthrwestern part of e FRaly, At e same time, we wanled io obssree the role of this
pollutant i e incuction of OF, IEUng Infe account @ confoungers, the roke of passhve
and aclve eXpOSUNE 1o tobacco smoks and age, other predictors of te Bame effzct These
youlh were enrolled 35 & population useful to Investigate as accuraiely 3s posshle, some
envronmental condiions 36 prediciors of OF status development. This because el Mg
habks kads them 10 be more In contacd with the oulsloe environment and Decause helr
lower body welght makes them more sensiive and vulnerable. At tis concern, 1 1s also
kmawn that young pecple are sl In @ phase of develspment of the body and of thelr
mezabalic system and tharefore sl fragle and nypersansiivity b enviranmental stimull.
The OF level was monilared nrough the quantfication of urinary 15F»-1s0P concentration,

a biomarker unatscied by disl potenialy confoundng ihe relatonshlp we nave
10
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Inwestigated [3§,37]. Furtharmars, diet Is very simiar among &l e swwdens. This was
known fram the reples to the guestionnalre they ouiined & homogensous domestc dist
and because thay benet from the sams school lunch preparzd by the same company
according to e reguiremanss Imposed by nutdtiznisis working a1 the local healin aushority
2 minimize oedant food.

Zinze the exposure io BRA can Imlluence the OF level, urinary Gici-52A4 was measurad
ta know the role of this contaminant in the anset of 15F -lsoP values. Findngs show that
e effzct of log GILA-5PA on 15Fy-1s0F has 3 threshold walle around 3 break point of
1.79. This sugges: inat valuss of GA-BRA lower than 4.5 ngimg of creatnine
{expanentlal valug of lower confidznilal imit) have no measurable &fect on Isoprostans:
canyersely, above the braas poirt (8 ngimy cr2a) e 15F 3-150P grows Inzany (p < 0.005).
To 2xplaln fis logHinear relaionsnip characterzed by & threshoid valus, we have 1o
remember e nigher commibment of Bver b3 conlrast e higher concentrations of this
cantaminant, or an Insufficient sensinity of analytical lechnique io datect SPA &1 lower
concenlrations. Wevertheless, this last nypoihesls Gesms fo be confradicied by the log -
linear relatianship without thresnold of the 13F x-Is0F wersus cotinine. Indeed, the inouction
of axidative Stress by paseive andior active smaking 15 confmad In adolescant subjgct
Independenty from age als0 In Qur previous paper [38).

The age of Me susject proved 13 b2 another factor iat can significantly Imfuence e
15F z-Is0F concentration. In a previous work [3E] the 15Fy-Is0R levels has baen shudied In
the 11-15 age group. A slignt decrease (5% was recorded passing fram 11 to 15 years. In
the pregent shudy, the analysls of 13Fa-1soP levels accordng Lo age (7-19 year o)
highlighted the \-shape previously Nustrated. This seems to confimm that the 0.5
experiences A lowering of Intensiy in the first years considered, and then rewum o grow
reguiary. This may result In the establishment and growsn of @ condiion of chronic

Inflammation untll senescence [37,39,40]
ii
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Finally, we found that urine GleA-BPA concanirailens were posifively but not signmcantly
assoclaed wih BMI. Due o Itz rapid meiabolism (half — (e less than & h), BPA exXpasure
estimates from first moming udne may Just represent the exposure at e prior meal
{drner), ot dally or averags exposurs level. Glven the food Indigeslion as the man
EXDOEUNE NOULE 10 BPA, perhaps enould be coliect more uring samples througnout the day
praceding the sampiing to avald undersstimation of SxposUre i tis contamirant.

We can concludz thal the adolescent studied show an Increase In OF dependsn? from
Flca-BRA higher than 4.8 ngimg crea and fram obacco smoke passively anovor aclively
breathed. The Induction of cxddative siress by GICA—SPA = 3 theme not yet analyzed In
depin by the Intemational Sclenlific Community. it must be E2n Inte consleeration by the
Pubdlc: Health Authariies In 3 careful manner and without forgetiing the other Blsphenals,
now present i the Iving environment. Thus, the ewidence of mese risky condiions far
pubic health may represent a plaform for designing new preventive sirategles addressed
b prometing adolescent heallh In 3 senshilve perod of growlh, sexual differeniiation, and
brain develapment. Furingr slumies on new and safer malenals, on e least Impact on
envlranment and human health are thensfore cruzial.

The maln rasuits obialned in s work are” GIcA-BPA causes an Increase In O In e
adolErents s2leci=d for the study, but only siarling fram & ng ¢ mg of CREA. In addrian,
e passively breathed 10Dacto smoke IE able to Induce an Increase of the 3.0. The
pramation of heakh must theretore alsa consis of the preventive conlrast o BRA and al

e bisghanals hll presant in the lving envirnment:
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PRIMARY SECONDARY HIGH

SCHOOL SCHOOL SCHOOL TOTAL

{7-10 y=ars} (11-14 ymars| {15-19 pears)
H. 87 M 102 223
Gender Male 45 (53.2%) | Male 15 (44.1%) | Mala 57 (55.8%) |Mala 118 [32.3%)
N %) Female 35 Female 15 Femala 45 Femala 104
'!"Qa ':‘!‘EE'-EI 210 a8 247 kl
WEan & 5.0 BET=11 11.7z048 1662171 128+ 38
Halght (m} - 3 " 3
Wean 54 1.39 = DUDE 1540 1.71 20006 156047
Wizlght (ko) Lan 7= r 7
Mean Lz 5625948 430275 Bd.5=z 124 2172
Emoking Active 0 Actlve D Actlve 18 (17.8%) Active 18 %)
hahlts Passlve 26 zo%) | Passlve 5 (wa7%) | Paselve 21 205%) |Passlve 52 (23 3%)
M. %) Ho axp 81 (7o%) | No axp 23 (8s3%) | MO exp 3 (1.5%) |M0 &xp 153 (55.7%)

Tabla 1. Sender, age, Feaight welght and number of achve and passhie smokers In e whole
populabon and In three growgs subgroupsd acoording to the tree sducational lewel consldened.

Caotining 16Fx-leo® [ny'mg | Tofal BPA Ingctivated
[rgimg CREA] CREA] [Pgimg CREA]

Mian jszd) Mian jszd) Maan =)

i - fulace Al - Fukace Wi -
PRIMARY SCHOOL 73T iz 103 507 (=54 T5&78
{7-10} 105-2828 05332 a02-387
SECONDARY SCHOOL 51.2 1110 34iz28 B.925.3
[11-1£) 0.4-3723 05— 171 0.3 3.4
HIGH SCHOOL 1730 = 2228 STE =54 10,8z 0.8)
[15-13) 19-17308 04333 q3-5E4
TOTAL Maan 107 i= 200 48 =23 B.56 (= 7.8
{2 5.0.) N - May 0.03 1730 0.4 =338 102554

Tabla 2. Urnary cotning, 1S5Fy-lsof and iotal BPA Inactiahed vales im the thres grouss
subgrouped acconding fo the theee sducational level comsidersd. Min = minkmum vakee; Max =
maximum yales. Unhs of Diologlcal markers ane renograms of every 1 mg of winary crealnine,
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Tl 5%
MEICE | Lowerime - Lpperuime | P
Toial ractie BPA rgmgoees) 173 126 20 “0.0%
Urnany Cooning jspimg chss) 0.03 (i0i(x] 0.06 < 0.0
Age ears ol <10 1.18 102 1.36 N3
11=14 0.81 iy | .11 <0.0%
18 1.37 1.57 1.1 hed

Takie 3. Mabipie irear regressizn parametsrs wih means and $5% corfisence ntera (3.0,
of log 15FpisafF ax dependent worbsbie and log (iofal nacthe BFAL kg coirine, age 25
Erediciar

-
~ -

B L p—

> s

o4 =

- pPA L6 Agimg CREA S— 3PA > & ng/rmg CREA
d

~ 2 5 : H
1og-3PA

Figure 1. Plecewtse Inear robust fegression of he relation of 10g (GIA-BPA) on 10g (ng
15F50Pimg CREA) - (oreak peint 31 BPA = 6 gmg CREA, S5% Ci 4.5-7.5) EXp (1.79)
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