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INTRODUCTION: GENERAL CONCEPTS

Physical, chemical and biological risks still account for a substantial proportion of work-related
diseases in Europe. Frequently, these risks are associated with chronic illnesses such as
musculoskeletal disorders, allergies, respiratory diseases and cancer. Causal multifactorial pathways
characterize these work-related diseases but the information are actually inadequate. (Montano,
2014). Dusts represent one of the most common exposure and occupational hazards factors. The
main sources of harmful dusts involved in work-related diseases are technological processes. The
toxic properties of the dust emitted in the working environment are strongly connected with the
properties of the toxic substances from which it is generated.

Wood dust represents one of the most important organic dusts to which humans are exposed.
Wood is used and processed primarily for its traditional use of fuel and construction material (Baran,

2009).

1.0CCUPATIONAL EXPOSURE

1.1 Wood dust:

Wood is one of the world's most important renewable resources and grows in forests over the
world. These last cover about one-third of the globe's total land area (IARC, 1995).

The Earth has an estimated 12.000 species of tree, each producing a characteristic type of wood.
Spermatophytes are subdivided into two classes based on seed type: gymnosperms, which have
exposed seeds, and angiosperms, with encapsulated seeds. The terms 'hardwood' and 'softwood'
refer to the species of tree and not necessarily to the hardness of the wood. While hardwoods are
generally denser than softwoods, the density varies considerably within each family and the
hardness of the two groups overlaps somewhat. Gymnosperms collect all trees that yield softwood

lumber (Table 1) (IARC,1995).



Genus and species Common name
Softwood
Abies Fir
Larix Larch
Picea Spruce
Pinus Pine
Pseudotsuga menziesii Douglas fir
Sequoia sempervirens Redwood
Hardwood
Acer Maple
Alnus Alder
Betula Birch
Carya Hickory
Carpinus Hornbeam, white beech
Castanea Chestnut
Fagus Beech
Populus Poplar
Quercus Oak tree
Junglas Walnut tree

Table 5: Nomenclature of some hardwood and softwood (IARC,1995).

The essential chemical constituents of wood are cellulose (40-50%), polyoses (hemicelluloses) and
lignin, which has a macromolecular structure. Although cellulose is the uniform structural element
of all woods, the proportions and chemical composition of lignin and polyoses differ between
softwood and hardwood. Wood generally also contains small amounts of polymeric compounds,
such as starch, pectic substances and proteins. A heterogeneous mixture of organic and inorganic
compounds is detectable in different amounts in different species. The organic matter called
“extractives” can be extracted with nonpolar or polar solvents; instead, the inorganic part is reduced
mainly to ash in the analysis of wood. Some of these compounds are protective, against injury or
fungi attack, and toxic.

Organic extracts can have aliphatic, alicyclic or aromatic structures. Non-polar extractives comprise

mainly terpenes, fatty acids, resin acids, waxes, alcohols, sterols, steryl esters and glycerides. The
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polar extracts of wood generally restrain aromatic (phenolic) compounds, i.e. tannins, flavonoids,
quinones and lignans. The common water-soluble extracts of wood are carbohydrates and their
derivatives, alkaloids, proteins and inorganic material. Hardwoods show a higher amount of polar
extractives than softwood. Extracts influence wood characteristics as specific weight,
hygroscopicity, flammability, permeability, color and odor. “Wood dust” is the name given to the
inhalable fraction of dust produced from solid wood, including bark during work activity. In this
definition both freshly cut and dried wood dusts are included, but not pulp (cellulose) and paper
dusts. Wood dust is frequently described using wood species or as hardwood or as softwood. Wood
dust is a complex substance; its composition varies considerably according to the species of tree
being processed and reflects the tree chemical compounds, as cellulose, lignin and low-relative-
molecular-mass components (IARC, 1995). These last, in particular terpenes and tannins, are useful

to distinguish between different species of wood (Table 2).

Woody Essence Chemical Classes Chemical Biomarkers
Conifers Monoterpenes a-pinene
Exotic wood Sesquiterpenes
Decidous trees (chestnut | Tannins Ellagic acid
and oak) Tannins Gallic acid
Tannins Total tannins
Cedar Poliphenols Plicatic acid

Table 6: Low-relative-molecular-mass components (translate from ISPEL 2008)

Tannins are complex polyphenols present as chemical defenses in most plant species. Wood species
differ in their tannin amount, both qualitatively and quantitatively; in particular, hardwoods contain
greater amounts of tannins. Tannins can be separated into hydrolysable and condensed types. The
hydrolysable are esters of gallic acid (GA) with its dimer (digallic acid), and of ellagic acid with
monosaccharides, mainly glucose. Tannins can precipitate proteins and influence cell metabolism.
However, although numerous authors are trying to deepen this topic, the cancerogenic mechanism
underlying the risk due to exposure to wood dust is not clear (Carrieri, 2016). The amount of GA, a

hydrolysable tannin, may be a useful tool to distinguish hardwood from softwood. In this regard, a



higher concentration of GA was found in oak trees than the other species. Its presence could be
associated with the carcinogenic activity of the dust. GA is toxic to animals, due to its reactions with
macromolecules, such as DNA or proteoglycans (Mamela, 2001).

In addition to composition, wood dusts differ from each other both in their quantity and in their
granulometry, according to the operations performed on the raw material. Namely, shattering wood
cells during sanding operations produces finer particle size than the ones (e.g.) produced by chipping
in sawing and milling industries. In general, harder is the wood more tightly bound are the cells and
the finer the dust will be. Similarly, the cells in dry wood are less plastic and more likely to be
shattered, leading to more dust formation (Wilbourn, 1995). There is evidence that workplace
exposure to wood dust may cause adverse health acute effects such as dermatitis, allergic and non-
allergic respiratory effects, and chronic effects as cancer (Bislimovska, 2009; Scarselli, 2007). The
International Agency for Research on Cancer (IARC) found sufficient evidence of carcinogenicity of
wood dust in humans and consequently, wood dust has been classified as a human carcinogen
(Group 1; IARC, 1995). Adenocarcinoma of the nasal cavities and paranasal sinuses is associated
with exposure to hardwood dust. The concentration of wood dust and the modalities of exposure
may represent important elements in the etiopathogenesis of that disease. Currently, exposure to
wood dust has an impact on occupational health, and the occupational prevalence ranges from 10%
to 15% (Alonso-Sardon et al., 2015; INAIL, 2016; INAIL, 2012). Odds ratio (OR) for sinonasal tumors
caused by moderate levels of dust (£ 1.0 mg/m?3) is around 3, and concentration =5 mg/m?3 cause
more dramatic effects (OR > 45) (Wultsch et al., 2015). Directive 2004/37/EC — “Carcinogens or
mutagens at work”- aim to protect the workers against health and safety risks including wood dusts

exposure. In Table 3 are shown limits for wood dust exposure.

Agency Concentration (mg/m3) Type of limit
SCOEL 1-1.5 mg/m3 OEL for inhalable fraction
Italy (D.Lgs. 81/08) |5 mg/m3 OEL
NIOSH 1 mg/m3 REL
ACGIH 0.5 mg/m3 TLV-TWA red cedar
ACGIH 1 mg/m3 TLV-TWA other essences without red cedar

Table 7: Regulations and Guidelines Applicable to Wood Dust. (SCOEL: Scientific Committee on
Occupational Exposure Limits; OEL: Occupation Exposure Level; NIOSH: National Institute for
Occupational Safety and Health; REL: Recommended Exposure Limit; TLV: threshold limit value;
TWA: time-weighted average).



Dusts from wooden boards and chemically treated wood are included in the group of “wood dusts”,
although these dusts may contain also other chemicals, such as surface coatings (solvents, resins,

pigments), glues (formaldehyde and phenols) and engine exhausts (Peteffi, 2015).

1.2 Formaldehyde:

Formaldehyde (FA) (CASRN: 50-00-0) is an important chemical, produced worldwide on a large scale
by catalytic, vapor-phase oxidation of methanol. It is also a byproduct of certain natural (e.g., forest
fires) and anthropogenic activities (e.g., smoking tobacco and residential wood burning) (IARC,
2012).

FA is one of the component of various types of resin. Phenolic, urea, and melamine resins have wide
uses as adhesives and binders in the wood-production, pulp-and-paper and in the production of
plastics and coatings. FA is used directly in aqueous solution (known as formalin) as a disinfectant
and preservative in many applications. Because of the widespread use of formaldehyde-containing
products, it is generally found in higher concentration into indoor environmental than outdoors.
The highest continuous exposures (2—5 ppm; 2.5-6.1 mg/m3) were measured in the past during
varnishing of furniture and wooden floors. Short-term exposures to high levels (3 ppm and higher;
> 3.7 mg/m3) have been reported for embalmers, pathologists, and paper workers. Very wide range
of exposure levels has been observed in the production of resins and plastic products. In the last
two decades, the development of resins with lower amount of FA and the implementation of the
ventilation resulted in lower exposure levels in many industrial settings (IARC,2006).

In 2006, the IARC reclassified FA from Group 2A (probably carcinogenic to humans) to Group 1
(carcinogenic to humans) (IARC,2006) (Table 4).



Agency Concentration (mg/ m®) Type of limit
ACGIH (0,37 mg/ m°) TLV-STEL
NIOSH (0,02 mg/ m?) TLV-TWA
(0,12 mg/ m3) TLV-Ceiling
OSHA (0,93 mg/ m?) TLV-TWA
(2,48 mg/ m°) TLV-STEL
EPA (0,9 mg/ m3) TLV
WHO (1 mg/ m®) IAQC: 30 min at lifelong
exposure

Table 8: Regulations and Guidelines Applicable to Formaldehyde (Kim, 2011). (TLV: threshold limit
value; TWA: time-weighted average; STEL: short-term exposure limit; Ceiling: the value that should
never be exceeded during any length of time; EPA: Environmental Protection Agency.)

Combined exposure to both FA and wood dust is common in the furniture industry, where FA is
released from particleboard. Formaldehyde-based glues have been used in the assembly of plywood
for over 30 years. Since both compounds are hazardous to the nose, it was considered of interest to
investigate whether exposure to a combination of FA and wood dust has an additive adverse effect.
Wood dust could act as a carrier of absorbed FA to the lower airways (Holmstrom, 1988; Jafari,
2015).

FA exposure can be via inhalation of its gaseous form and either via ingestion of the substances who
contain it but its intake can happen also via dermal absorption. FA is able to induce acute poisoning,
cause irritation and other immunotoxic effects. Long-term exposure to elevated level of FA is also
reported to be responsible for such serious and chronic health effects as inflammatory and
hyperplastic changes of the nasal mucosa. Many transmission routes—inhalation, oral
administration, topical application, and subcutaneous injections- has been tested in rodents to
study the role of FA as carcinogenic agent. Rodents, exposed to high concentration of airborne FA,
showed nasal tumors and it lead to think to FA’s carcinogenic effect in occupational exposed
workers (Kim, 2011).

There is sufficient evidence for a linkage between FA exposure and nasopharyngeal cancer, nasal

and paranasal cancer, and leukemia (Kim, 2011).



2.OXIDATIVE STRESS

Oxidative stress (OS) is considered an important phase of various diseases. OS, characterized by an
imbalance between oxidants and antioxidants in favor of oxidants, leads to disruption of redox
signaling and physiological function. These redox signaling modifications, performed by reactive
oxygen and nitrogen species (ROS and RNS), target protein activities within complex networks of
kinases, phosphatases, ion channels, and apoptotic cascades and can cause changes in
transcriptional activity (Lushchak,2014). ROS and RNS are known to damage all cellular biomolecules
(lipids, sugars, proteins, and polynucleotides). Many defense systems are involved to prevent
uncontrolled ROS increase; these systems include from one side nonenzymatic molecules
(glutathione, vitamins A, C, and E, and antioxidants present in foods), from the other side enzymatic
scavengers of ROS, with superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase

(GPX) (Marrocco, 2017).

2.1 Biomarkers of oxidative stress

Under physiological conditions, ROS and RNS generated by leukocytes have a role in the immune
response to infection. In the presence of oxidative stress, ROS generated in vivo can cause oxidative
damage to lipids, proteins and nucleic acids (Wu, 2004). Various markers of oxidative damage have
been identified. In the past, some markers were designed and used for lipid peroxidation, such as
malondialdehyde (MDA) and F2-isoprostane (Pisoschi, 2015).

ROS can induce lipid peroxidation of polyunsaturated fatty acids (PUFAs), which propagate via
peroxyl radicals (ROOe) within the membrane, as well as in the low-density lipoproteins (LDL). In
the context of metabolic syndrome and chronic inflammation, the oxidized LDL (oxLDL) activate
leukocytes and/or platelets to produce ROS. The direct quantification of ROS is a valuable and
promising biomarker that can reflect the disease process. However, given the short half-life of these
species, their measurement in biological systems is a complex task (Au, 2007).

e F,-isoprostanes: Fa-isoprostanes are synthesized during non-enzymatic oxidation of arachidonic
acid by different types of free radicals, including ROS (Roberts, 2000; Milne, 2015). Based 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 sterecisomers.
F2-isoprostanes can be measured in human biological fluids as human blood and urine (Basu,2008).
They have two important characteristics: 1) describe a lipid peroxidation not completely stopped by
the antioxidant defenses; this leads to an exponential increase in the isoprostane concentrations;
2) isoprostane quantification represent used as a sensitive expression of systemic oxidative stress
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status and inflammatory response (Breintenbach,2015). 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). GC/MS and LC-MS/MS techniques show as many advantages; one is
the great sensitivity of the method. The immunoenzymatic ELISA-based tests shows lower
performance compared to the chromatography-based techniques due to cross-reactivity. On the
other side, ELISA tests allow to measure faster many samples, preserving sensitivity and sensibility.
In the epidemiological studies, the 15-F2t-isoprostane is the most used biomarker of oxidative
stress. In the last two decades many epidemiological studies investigate, using ELISA technique, 15-
F2t-isoprostane as a possible biomarker of oxidative stress in chronic diseases. A positive correlation
was found between 15-F2t-isoprostane and asthma, BPCO, and cancer (Antus, 2016; Zinello, 2016).
Recent studies shown also a correlation between 15-F2t-isoprostane with tobacco smoking and
either exposure to FA (Bellisario, 2016; Romanazzi, 2013).

In addition to damage to lipids and proteins, ROS can interact with DNA and can lead to the
modification of the constituent 2-deoxyribonucleosides to yield oxidation products.

e 8-0x0-7,8-dihydro-2-deoxyguanosine (8-oxodG, also known as 8-OHdG): 8-oxodG is one of the
most commonly formed DNA lesions produced in response to oxidative stress and it is considered
as a cellular marker for both oxidative stress and oxidative damage to DNA (Brenner, 2014). Guanine
is the most easily oxidized nucleotide base, and its oxidation forms 8-oxodG. Measurement of 8-
oxodG in DNA is a marker of oxidation induced damage and, possibly, cancer risk. The quantification
of 8-oxodG measurement in cells is problematical due to post-sampling changes and artifact.
Measurement of 8-oxodG in urine is more straightforward. Extracellular 8-oxodG is excreted in urine
without further metabolism. This metabolite is stable in urine, and concentrations are not affected
directly by diet or cell death. The origin of 8-oxodG in urine is not clear, but it is believed to be from
sanitation of the nucleotide pool. This makes urine 8-oxodG a potentially specific and robust
biomarker of “whole body” oxidative stress (Lee, 2009).

In addition to mutagenic role, 8-oxodG may have other negative effects on cell function, including
promotion of microsatellite instability and acceleration of telomere shortening (Lam, 2012). The
analytical methods applied to measuring urinary 8-oxodG can be divided into two main types:
chromatographic and immunoassay. The former includes HPLC in conjunction with tandem mass
spectrometric or electro-chemical detection. However, increasingly the strengths of mass

spectrometry are being exploited; these include high sensitivity, specificity, and the ability to
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measure numerous lesions in a single run. The main disadvantages of massspectrometric techniques
are the high cost of equipment and the need for skilled staff for operation and maintenance. As
urine is a complex matrix, a cleanup step is often performed to facilitate detection and maximize
equipment lifetime. Solid-phase extraction (SPE) has been employed as a relatively fast and simple
way to extract and clean up 8-oxodG from urine before massspectrometric detection (Brenner,

2014).

2.2 Sources of oxidative stress

Oxidative stress plays a virtual role in every human disease and environmental exposure can be an
important source of contaminants. (Van’t Erve, 2017). Oxidative stress is the expression of an
imbalance occurring when endogenous or exogenous oxidants overtakes the level of antioxidant
defenses indicating a risky condition. The main exogenous sources are the environmental pollution,
in particular the atmospherically one, occupation exposure to several toxic chemicals, UV radiation,
diet, and cigarette smoke. All these factors may be directly or indirectly responsible of the
production of ROS. According to geographical area and socio-economic activities carried out, air
pollution may present physical, chemical, mutagenic and toxicological properties, able to induce the
production of ROS. The direct exposure to the air pollutants determines for the respiratory system
a risky condition for several diseases.

Inhalation of air pollutants and toxic promote the production of ROS, that may result in increased
airway inflammation and hyperactivity in response to environmental agents. Among air pollutants,
FA is an important chemical widely used in many working activities including construction, wood
processing, furniture, textiles, carpeting, hospitals and healthcare. FA represents a ubiquitous
pollutant, breathable in every living and working environment (Nielsen, 2017). Furthermore, wood
dust is another very important pollutant, present in several working contexts, who represents an
important risk factor for several chronic diseases (Baran, 2009). Overall, exposure to FA and wood
dust are associated to a wide range of adverse health effects, from mild to severe. Acute exposure
can cause irritation (on eyes, nose, throat, and skin), nasal congestion, sore throats, headaches,
coughs, conjunctivitis, fatigue, rashes, shortness of breath, nausea and nosebleeds. Both are
endowed with genotoxic and oxidant activity and are also known as human carcinogen and as an
inducer of chronic toxicity. Long-term exposures to wood dust, formaldehyde and cigarette smoke
have all been thought to be etiological factors of paranasal sinuses and nasal cavity cancer.

Interestingly, all these etiological factors have been proven capable of induce oxidative stress (Tan,
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2106). Therefore, the study of the relationship between exposure to these chemicals, their

biological effect and related diseases is crucial in several contexts, but rather complex.
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3. OBJECTIVES

The traditional epidemiological techniques have always been the hallmark approach to demonstrate
associations between exposure to hazardous substances and development of disease such as
cancer. The endpoints of traditional epidemiology for such investigations are usually mortality and
disease incidence. The new molecular approach, since several years, has flanked the classical
epidemiological techniques with the most current analytical methods of molecular type to elucidate
the biochemical or molecular basis of disease etiology.

The aim of the present research has been to investigate the role of occupational exposure to wood
dust in the induction of oxidative stress and to contribute to the interpretation about the
mechanism involved in diseases-wood dust correlated.

The following points were developed:

1. To evaluate wood dust exposure in different industrial scenario in Piedmont region.

2. To investigate oxidative stress because of occupational exposure of workers to wood dust.

3. To investigate the combined role of FA and wood dust in the induction of oxidative stress in the
same population of workers.

4. To quantify the DNA damage due to FA and wood dust occupational exposure.

11



4.MATERIAL & METHOD

4.1EPIDEMIOLOGICAL SAMPLE:

The four industries who joined the proposal to participate in the study have been contacted thanks
to the help of local Trade Associations. At first, manager and responsible for prevention and
protection (RSPP) of the chosen Industries have been informed about the study, then workers have
been called up for the information meeting. So far 245 volunteers (128 exposed) have joined and
participated in the study (165 male, 80 female). All the industries are in Piedmont region; three of

III

them located in province of Cuneo, one in province of Vercelli. In “Cuneo |I” the subjects were 68, of
which 22 non-exposed to wood dust, in “Cuneo II” 30, all exposed, and in “Cuneo IlI” 13. Finally, in
the Vercelly industry, 39 volunteers were recruited. The sampled industry in Vercelli produces
plywood for boat building and for furniture, like “Cuneo 11” and “Cuneo III”. “Cuneo |I” produces
doors.

Concerning types of wood, the industry that produce doors usually processes soft wood. The
industry in province of Vercelli works poplar, Okoumé, Cherry, Moabi, Mahogany and Teak. All these
types of wood are hardwood. Poplar is also used in Cuneo Il.

All subjects signed an informed consent form before starting the study. Afterwards, they filled in a
guestionnaire to provide personal and lifestyle data (smoking, alcohol and dietary intake), medical
status (taking medication), and work history information. Information was also requested on the
type of wood material usually used at work.

Each subject received a personal passive air-FA sampler and a personal active air sampler equipped
to sampling dust device. These two samplers were both positioned near the respiratory tract. At the

end of the working shift, the biological samplers (urine and nasal swab) were collected and then

transported to the laboratory, where they were stored at -20° C and the day after moved at -80°C.
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4.2 ENVIRONMENTAL ANALYSIS:

Personal dust:

The wood dust was collected on a SKC Button Aerosol sampler equipped with PVC fiber filters (0,5
um, @25 mm, Whatman) operating with a flow rate of 4 L/minute (Gilian 5000, Sensidyne, USA).
Wood dust concentrations were determined by gravimetric analysis (HSE, 2014). For the weighing
of the filters, an analytical scale with a sensitivity of 0.00001 ug was used. For the transfer of the
filters to the pan, tweezers with a flat tip, not knurled, was used to prevent abrasion or damage to
the filters. To dehydrate the filters, they were being treated keeping them in a desiccator for 48
hours before carrying out the weighing. This procedure had been conducted every time before and
after each sampling. Each group of filters (10 filters + 1 blank) was weighed included the control
filter; this allows a constant monitoring of uniformity of the cooling-weighing system. The formula
to quantify the wood dust is C=W/V, W = weight of dusty filter — weight prior to sampling filter [mg],

V = Air volume sampled [m?3].

Gallic acid:

The determination of GA on the wood dust is obtained through liquid chromatography combined with
mass spectrometry, in particular through a system of new generation, UPLC-MS/MS (Acquity UPLC
Waters) coupled to a mass detector triple quadrupole (Waters TQD). The wod Briefly, the PVC
membranes are extracted with 3 ml of methanol at 20% in water and of internal standard (30 ul PCA
100 pl); the sample is vortexed for 15 min. and centrifuged at 5000 rpm for 5 min; 200 ul of the
supernatant are extracted twice with 500 pl of ethyl acetate (liquid-liquid extraction). the sample is
vortexed for 15 min. and centrifuged at 5000 rpm for 5 min. The surnatant is dried with dry nitrogen
and recovered with 200uL of 1% acetic acid in water in injected into UPLC (3uL). The
chromatographic separation is achieved with a column Acquity UPLC HSS T3 1.7um (2.1 x 50 mm
DI) using a gradient characterized by variable percentages of formic acid and 0.1% methanol at a
flow rate of 0.5ml/min. The retention time of GA is 0.73 minutes. The method is linear in the range
of 5-400 ug/L and is characterized by a LOD equal to 0.5ug/L.

Personal FA:

FA air samples were collected for a working shift (8 hours) using passive, personal air samplers
working with radial symmetry (Radiello®). The sampler was clipped near the breathing zone of the
subject to quantify as accurately as possible air-FA during the work shift. Each sampler was

13



equipped with a specific sorbent tube containing florisii 35-50 mesh coated with 2,4-
dinitrophenylhydrazine (DNPH). DNPH react with FA and changes by derivatization to the specific
2,4-dinitrophenylhydrazone-FA. This analyte was quantified with a HPLC Perkin-Elmer equipped
with an UV detector regulated at 365 nm: NIOSH Method no. 2016. The instrument was set
according the following specifications: pump Perkin-Elmer series 200, detector UV Perkin-Elmer LC
295, dilutor model 401 Gilson, automatic sampler Gilson model 231, HPLC column(length 150 mm-
4,6 mm diameter), and cartridge 10 m LiChro CART 250-4. The instrumental conditions were as
follows: mobile phase, 45% acetonitrile and 55% water; flux in column, 1.9 mL/min; and injection
volume, 20 pL. The estimate limit of detection (LOD) was 0.05 pg/mL. The chemical desorption was
done as follows: elution with 10 mL of acetonitrile and sonication for 20 min. 200 puL of DNPH
solution and a drop of concentrated perchloric acid were added to 1 mL of bubbled sample to
promote derivatization to dinitrophenylhydrazone. The reaction proceeded for at least 30 min at
room temperature, and then, the samples were transferred in microvials (300 uL) for HPLC analysis.
The calibration curve was prepared using a calibration standard (the specific 2,4
dinitrophenilhydrazone formed as above) provided by the sampler manufacturer, Radiello, and had
a certificated concentration of 3.83 pg/mL, expressed as FA. The calibration curve was prepared
with a range of concentration between 0.05 and 3 pg/mL. The standard solutions and the blank

were treated as samples.

4.3 BIOLOGICAL ANALYSIS:

Urinary Isoprostane:

15-F2t-IsoP was measured in urine by ELISA method. A microplate kit specific for urinary 15-F2t-IsoP
(Oxford, MI, USA) was used following manufacturers' instructions. This kit is based on a competitive
ELISA test and microplates are directly coated with polyclonal antibody specific for F2-IsoPs. 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 is inversely
proportional to amount of unconjugated 15-F2t-IsoP in the samples or standards. To stop the
reaction, sulfuric acid (3M) was then added to each well 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
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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. Finally, 15-F2t-IsoP concentrations were normalized with

the CREA levels.

Urinary Cotinine:

Urinary cotinine was measured aiming to consider the 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 (Abnova, Taiwan). 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. The assay
sensitivity is 1 ng/ml; the kit has been chosen with the purpose of distinguishing the active smokers

from non-smokers, avoiding being based on a subjective quantification.

Urinary 8-oxodG:

The determination of 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG) in urine is obtained with
Acquity UPLC system coupled with a triple quadrupole Waters TQD mass spectrometer (Waters,
Milford, MA, USA). The method is validated according to EMEA bioanalytical method guideline
(EMEA 2011). Briefly, after thawing, internal standard ([15N5] 8-oxo-7,8-dihydro-2'-
deoxyguanosine) is spiked to urine samples (1.0 mL). After mixing and centrifugation, samples are
diluted in 100 mM formic acid solution (1:4), filtered using 0,2 um Acrodisc Syringe Filter and
injected onto UPLC system.

Chromatographic separation is performed on a UPLC BEH equipped with C18 column (2.1 x 100 mm,
1.7 um) maintained at 40°C and by gradient elution with a mixture containing variable proportions
of 20mM formic acid solution and methanol. Flow rate is delivered at 0.5 mL/min, retention time of
8-oxodGuo and its internal standard is 1.8 £ 0.01 minutes. Injection volume is 7.5 pL.

For the mass spectrometer detection, electrospray is operated in positive ion mode and the
acquisition is performed in MRM; in particular 8-oxodG: m/z 284.0 - 167.9 for quantification (CV
18, CE 15) and m/z 284.0 = 116.9 for confirmation (CV 18, CE 19); for °Ns 8-OHdG: m/z 289.0 »>
173.0 (CV 18, CE 15).
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The method is accurate and precise; it provides a broad linear concentration range of 3-100 nM

using Sigma synthetic urine LLOQ was 1.5 nM.

4.4 STATISTICAL ANALYSIS:

Statistical analysis were carried out with the statistical package “Stata” (version 12 SE for MS
Windows®64 bit) and SPSS (IBM) to test urinary 15-F2t-IsoP, 8-oxodG, cotinine, and environmental
samples. According to the Box—Cox regression, the variables had been transformed in logarithmic
form; to normalize distribution and reduce heteroscedasticity. A multiple linear regression (MLR)
was carried out to assess the effect of covariates on OS markers; using wood dust and FA as
independent variables and OS markers (15-Fx-IsoP e 8-oxodG) as dependent variables. For the final

regression model, only variables that proved to be significant at 5% level were retained.
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5.RESULTS

The characteristics of the population enrolled in the study are described in Table 5.

Subject exposed (n. 128) Subjects not exposed (n. 117)
Mean £ S.D. | Median (min, max) | Mean = S.D. | Median (min, max)
Age (years) 43,2+10,4 44 (20; 61) 40,0 £10,9 40 (23; 69)
BMI (kg/m2) 238+3,1 23,8 (18,4; 34,9) 23,3+0,3 23,0 (15,8; 34,5)
Dust (mg/m3) 0,37£0,33 0,29 (0,03; 2,43) 0,07 £ 0,05 0,04 (0,00; 1,19)
Formaldehyde 76,0 £ 63,2 57,8 (14,5;330,2) |195+173 15,1 (4,0; 106,5)
(Hg/m3)
15-F2t-I1soP (ng/mg | 3,04 £ 2,22 2,56 (0,24; 15,96) | 3,03 +1,96 2,51 (0,19; 12,35)
crea)
8-0x0dG 1,18 + 0,99 1,03 (0,32;11,32) | 1,17+0,55 1,10 (0,07; 3,21)
(umol/mol)
Cotinine  (ng/mg | 47,1 £ 90,1 13,7 (0,4; 616,5) 26,6 £ 60,0 5,8 (0,3; 404,0)
crea)

Table 5: Descriptive analysis of the 245 subjects enrolled (BMI: Body Mass Index; S.D.: Standard
Deviation)

According to the Box—Cox regression results, the values of 15-F2t-IsoP, 8-oxodG, formaldehyde and
exposure to wood were subjected to a logarithmic transformation prior to execute the multiple
linear regression (MLR) analysis, to stabilize the variance and normalize the distribution.

BMI has not been shown to be significantly different in the model (p>0.050) and, therefore, were
excluded from the computation of the final MLR regression model.

Findings of environmental analysis are shows in Table 6 as means for each industry and for not
exposed. Highest values of dust were found in the Vercelli industry and the lowest in Cuneo |, the
door industry. In addition, the dust proves to be significantly higher among the exposed subjects

(p<0,001).
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Dust n. Mean = S.D. (mg/m3) C.1. (95%) Min-max

VvC 39 0,457 + 0,327 0.351-0.534 0.9-1.95

CN1 46 0,182 + 0,222 0.137 - 0.492 0.00 -1.07
CN2 30 0,393 + 0,266 0.293 - 0.492 012-141
CN3 13 0,375+ 0,54 0.114 - 0.637 0.01-2.43
Not exposed 117 0,068 + 0.05 0.059 - 0.794 0.00-0.19
Total 245 0,225 + 0,282 0.189 - 0.261 0.00-2.43

Table 6: Wood dust values sampled in the workers of the four industries and values of subjects non-

exposed (S.D. Standard Deviation; C.I. Coefficient Interval)

In Table 7, FA concentration are summarized. As for wood dust, in Vercelli industry higher level of

FA were recorded, as in Cuneo Il. Lowest values of FA were found in Cuneo lll. Furthermore, the FA

levels recorded among the exposed subjects show a significant higher concentration (p<0,001).

Formaldehyde n. Mean + S.D. (mg/m®) C.1. (95%) Min-max
VC 39 110.3+ 714 87.1-1334 48.5—-330.2
CN1 46 35.1+11.8 32.2-37.9 11.6 - 62.7
CN2 30 114.0 +63.1 90.4-137.5 19.3-207.8
CN3 13 30.1+84 26.1-34.1 22.2-59.1
Not exposed 117 15.0+154 11.7-18.2 4.0 - 106.5
Total 245 49.0 +55.0 42.1-55.9 4.0 -330.2

Table 7: Formaldehyde values sampled in the four industries and non-exposed values (SD:Standard
Deviation; C.I. Coefficient Interval)

Higher levels of Gallic acid were found in Cuneo Il than lower values were found in Cuneo Il.

Gallic acid n. Mean = S.D. (mg/m3) C.1. (95%) Min-max

VC 39 0.006 + 0.010 0.003 - 0.010 0.000 - 0.061
CN1 46 0.032 £ 0.139 -0.002 - 0.066 0.000 — 1.140
CN2 30 0.000 + 0.000 0.000 - 0.010 0.000 - 0.002
CN3 13 0.060 £ 0.079 0.022 - 0.099 0.000 - 0.341
Not exposed 117 0.000 £ 0.001 0.000 - 0.001 0.000 - 0.050
Total 245 0.015 £ 0.079 0.005 - 0.025 0.000 - 1.140

Table 8: Gallic acid sampled in industries (SD: Standard Deviation; C.I. Coefficient Interval)
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Fondazione Salvatore Maugeri quantified in raw material the GA concentration (Figure 1).

Tree Gallic Acid Type
ng/mg sawdust

Elm 5804,0 hard
National walsnut 388.7 hard
Oak tree 237,7 hard
Mahogany 19,8 hard
Cherry tree 6,0 hard
Padouk 4,2 hard
Fir 1,8 soft
Poplar 1,6 hard
Olive 1,3 hard
Beech 1,2 hard
Bahia walnut 1,1 hard

Figure 1: Gallic acid concentration [ng/mg] in raw material samples
conducted by Fondazione Salvatore Maugeri.

The MLR of log GA shows a significant higher level of GA for all the industries if compared to
controls, except Cuneo Il. This is probably due to the non-use of woods contain this marker in this

industry.
Gallic acid Industries Mean Log (ng/mg) p C.1. (95%)
VC -2.37861 <0.05 -3.0676 — 1.689
CN1 -2.39804 <0.05 -2.9759 - 1.820
Non-exposed
CN2 -0.08782 N.S. -0.8453 — 0.669
CN3 -4.22454 <0.05 -5.1313 - 3.317

Table 9. MLR parameters, with 95% C.I. of Log GA.

Subsequently to the environmental analysis, the biological responses was carried out analyzed

guantifying them on all the subjects enrolled in the study. The Isoprostane, adjusted by age and

gender considered as confounder parameters, shows a positive and significant correlation with

wood dust (p = 0,002) (Table 10).

19



Log 15-F2t-1soP Coeff. (95% C.1.) p
Log wood dust 0.152 0.057 0.246 0.002
Wood dust exposed -0.955 -1.236 -0.673 0.000

Table 10. MLR parameters, with 95% C.I., of Log 15-F2t-IsoP.

Robust multiple linear regression analysis shows that 15-F2t-IsoP is positively correlated with the
cotinine (p=0,001), thus showing a role of the tobacco smoke exposure in the increase of oxidative
stress. This is also confirmed by the robust multiple linear regression analysis showing that the 15-
F2t-IsoP is positively correlated with the concentration of urinary cotinine (p = 0.001) (Figure 2). This
underlines that cigarette smoking increases the O.S. Conversely, the O.S. does not prove to be
influenced by exposure to dusts (p = NS), by the standardized BMI square (p = NS) and by exposure
to FA (p = NS). Furthermore, no significant correlation was found with either age (p = NS) or years

of work (p = NS).
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Figure 2. Plot of relationship between 15F2t-IsoP (Log) and cotinine (Log).

Comparison between medians shows that exposure to dust and FA is significantly greater in exposed
subjects than controls (p <0.001). On the contrary, the difference between the 15-F2t-IsoP and 8-
oxodG levels detected in the two groups is not significant; this shows overlapping levels in the two
subgroups. The concentrations of dust and FA are correlated with each other (p=0.041), as well as

the concentrations of 15-F2t-IsoP and 8-oxodG (p=0.002) (Figure 3).
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Figure 3. Plot of relationship between 15F2t-IsoP (Log) and 8-oxo-dG (Log).

By adjusting the values of 15-F2t-IsoP for age and years of work, considered as confounding factors,
we can observe a positive and significant correlation between 15-F2t-IsoP and dust (p = 0.002). By
dividing the measured concentration of dust into tertiles, a significant increase in the levels of 15-
F2t-IsoP between the first and second tertiles (p = 0.001) is evident. An increase that was not
detected, however, between the second and third (p = NS), as can be seen in Figure 4 for exposed

subjects.
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Log 15-F2t-Isop margins with 95% Cl

Log 15-F2t-IsoP

1 2 3
3 tertiles of wood dust

Figure 4. Wood dusts divided in tertiles and 15F2t-IsoP (Log).

The 8-oxo-dG proves positively correlated with the dust (p=0.014). On the contrary, it is not
influenced neither by exposure to FA (p = NS), nor by the concentration of urinary cotinine (p = NS).
As already for 15-F2t-IsoP, no significant correlation of 8-oxo-dG was found with either age and
years of work (p=NS).

The trend between 8-oxo-dG and wood dust is shown in Figure 5. After the division in tertiles of 8-
oxo-dG is possible to observe an increase of the biomarker passing from the first and the second

tertiles and, slightly, passing from second to the third (p=0,035) (Figure 6).
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Figure 6. Trend of wood dusts in tertiles and 8-oxo-dG
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6. DISCUSSION

The aim of this work was to investigate the wood dust occupational exposure of a group of workers
employed in the wood industries in Piedmont region, Italy. This with two main aims: 1) the
deepening of the role of environmental wood dust exposure in the development of the oxidative
stress and 2) the study of the mechanisms, among which oxidative stress, involved in diseases-wood
dust correlated. For the selection of the epidemiological sample, were enrolled a population of
exposed to wood dust workers and a population of workers not exposed as controls. The selected
exposed population, work in four industries sited in Cuneo and Vercelli area of Piedmont region in
Italy. The four industries show different type of use and manufacturing products of wood; from the
first step of production as raw material management to produce plywood, to the production of final
goods as the doors. The population studied was constituted primarily by men (165 men to 80
women). This is due to the type of manufacture that often sees male workers as protagonists. In
addition to exposure to wood dust, exposure to FA was also assessed. The oxidative stress level, as
response to these occupational exposures, was monitored through the quantification of urinary 15-
F2t-IsoP and 8-oxo-dG.

Occupational exposure to wood dust is known to be associated with a higher risk of many
respiratory and allergic diseases, over cancer phenomena (Kaupinnen, 2006). Wood dust has been
classified as human carcinogen by IARC, because a marked increase in the rate of sinonasal cancer
among workers exposed primarily to hardwood dust were demonstrated. Epidemiological data on
the carcinogenic effects of wood dust are weaker for softwoods than for hardwoods, making it very
difficult to establish standards for softwood dust exposure (Lovato, 2015).

The wood industry is made up of different stages of production. In the primary wood production
stage (sawmills, cutting and upgrading of cut timber), dust generated by mechanical wood working
processes is the main environmental hazards. Fine dust may be particularly dangerous when wood
particles become airborne and reach the lungs. In the chipboard production process, wood boards
are produced by gluing or bonding together laminates or wood particles. The cheapest and most
frequently used bonding is FA resin. Therefore, the emission of FA represents one of the main
pollutants of this production stage (De Marco, 2009).

Considering the industries studied and their manufactured goods, the main results of this research
confirm the different amount and types of dusts in manufacturing steps; Cuneo | shows the lowest
levels of wood dust because that industry production are characterized by the final step of

productive cycle: the construction of the doors. Instead, At Cuneo I, where raw material (tree
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trunks) is worked to produce the plywood sheets, higher amount of dusts, as in Vercelli, were
sampled. About the presence of personal airborne FA, the same trend of wood dust is confirmed:
the FA concentrations are significantly higher in Cuneo Il where, after the use of raw material, rough
plywood is packaged and send to furniture industry for the next steps. Plywood are processed in
Vercelli I, where a daily use of FA-resin was observed. This different intensity of worker exposure,
while respecting the legal levels in all cases, highlights how the different preventive approach to
exposure to industrial pollutants may highlight a different intensity of health risk. Environmenta
agents studied show higher level in the workers exposed than in non-exposed. Wood dusts and FA
concentrations, in all the industries, were measured with concentrations under the legislative limits.
The medium level of wood exposure is 0.37 mg/m3, lower than the D.Lgs 81/2008 limit of 5 mg/m3
and lower than the OEL (1.5 mg/m?3) by SCOEL.

FA shows a medium value of exposure as 76.0 ug/m3; the TLV-C by ACGIH is 370 pg/m3. A new FA
limit has been introduced in the last few months by ACGIH: TLV-TWA of 120 ug/m?3 and TLV-STEL di
370 pug/m3. The new limits have been introduced after the sampling period

To typify the wood dust exposure, in this study the GA amount in each environmental sample was
also investigated. Year to day the most serious health effects connected to wood exposure have
been observed predominantly among workers exposed to hardwood dusts, such as those from oak
and beech. The industries involved in this study used, during the sampling days, both hard and soft
woods, dependently on the commercial demand. Define correctly the amount of GA was been
important to correlate its presence in air to the “hard wood dust exposure” and the level of oxidative
stress investigated.

Carrieri et al. (Carrieri, 2016) considered GA as a good marker for oak dust and thus very useful for
estimating the true quantities of dust inhaled. Analyzing the concentration of gallic acid could be
useful to quantify the real exposure to oak dust, considered carcinogenic to humans, and to
differentiate exposure to oak from that of beech (the other wood considered human carcinogen by
ACGIH) or, again, to differentiate it from other types of woods that do not contain GA. Nevertheless,
the analysis in this study show a GA amount not only in the industries using oak but also in the ones
using other type of wood.

The Fondazione Salvatore Maugeri quantified the GA in raw material (Figure 1) finding his presence
not only in oak but also in elm and national walnut, two types of wood used in the industries
involved in the present study. Furthermore, GA had been quantified in fir, a soft wood, and use in

Cuneo lll.

25



We can hypothesize that carcinogenic potentials are present in the dusts of both hard and soft
woods. However, the toxic and carcinogenic potentials of the mixtures of compounds present in
wood dusts, as well as the mixtures of natural and synthetic compounds containing additives, paints,
glues, etc., remain to be evaluated (IARC, 1995).

In addition, the mechanisms underlying carcinogenesis progression are not yet well understood.
Two main hypotheses may been taken into consideration: inhalation of potential carcinogenic
agents in the wood dust (e.g. tannins, unsaturated aldehydes), and inhalation of wood dust particles
resulting in interference with normal mucociliary action, leading to increasing susceptibility to
carcinogens due to the alteration on balance between oxidants and antioxidants (Lushchak, 2014;
Naarala, 2003).

Oxidative stress is a complex phenomenon and it can involve many mechanisms. 15F2t-Isoprostane
and 8-oxodG are representative to different type of damage by ROS the first is produced by lipid
peroxidation; the second is formed because of DNA lesions. So far, no references have been
published on this item: these two biomarkers have not been used yet to evaluate oxidative stress in
workers employed in the wood industry and in furniture manufacturing. The correlation between
these biomarkers from different damage by ROS is positive; in the scientific literature is possible
found two conflicting ideas; Wu et al. seems confirm the result of the present study, instead Rossner
et al. show different data. (Wu, 2008: Rossner, 2009). The levels of environmental pollutants,
however, do not highlight a significant variation in the intensity of oxidative stress markers when
compared to controls. This condition can be the result of the coexistence of two factors: the
presence in the controls of oxidative stress induced by factors that have not been investigated in
my study and, secondly, lower levels of wood dust and FA than | expected.

Both biomarkers of oxidative stress do not show a positive correlation with FA measured on workers
exposed to wood dust. Other biomarkers, such as the blood viscosity reduction, better correlate
with FA, but only at higher level of exposure in wood workers (Jafari, 2015). In the present study the
FA exposure is under the legal limits and this may be a possible explanation of the lack of positive
correlation. The low exposure intensity concerning the cumulative exposure to FA, may result from
the confounding role of smoking, or from the exposures to other occupational hazards that have
not yet been satisfactorily investigated.

Sounding out the exposure detail, the levels of wood dust were divided in tertiles and MLR suggest
as the 8-oxodG level increase gradually from the first to the second tertiles (Fig.4) with the rising of

wood dust, instead 15F2t-Isoprostane increase only if this biomarker had been adjusted for age and
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chronic exposure (Fig.2). To support these results, Rossner et al. in 2008 explained that 8-oxodG is
a biomarker of immediate damage instead 15F2t-Isoprostane express a previous exposure (3-4
weeks before). This type of approach is particularly suitable to assess the response to environmental
and occupational exposures based on several environmental factors (about 20% in the case of DNA
oxidation) and on the genetic component (Broedbaek, 2011). The quantification of 15F2t-
Isoprostane could be explain with the interpretation of the lipid damage repair mechanism; this
damage will not be immediately after a damage.

The analysis of tertiles also shows as the trend of both biomarkers not change anymore from the
second to the third tertiles, lead to think to a threshold limits of wood dust exposure able to induce

oxidative stress.
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7. CONCLUSION:

The present study provides further evidence that workers in the wood industry are exposed to
substances such as dusts and FA, potentially able to induce an alteration of health status. Apart the
carcinogenic properties, these risk factors can determine an increase in levels of oxidative stress
and, consequently, an increase of an inflammatory harbinger of many chronic diseases. The choice
of the two biomarkers | have investigated was determined to obtain more information about wood
dust and a better understanding of how these chemical agents act. This is to promote the best
preventive strategies to combat oxidative stress and therefore many diseases related to it. The
present study also raises the issues of future quantitative individual risk assessment and the need
to explore all the potential factors involving in this phenomenon.

Will be useful planning the sampling twice time, to evaluate the seasonality for the two carcinogens
compound.

Finally, the results of this research highlight as working in accordance to the precautional principles
(D.Lgs 81/2008 and CE normative) can protect the workers from unhealthy situation. Further studies
are necessary to explore the different occupational situations (for example higher value of exposure
to wood dust and FA) to investigate the environmental exposure and genotoxic and mutagenic

effects of these two toxic agents.

28



BIBLIOGRAPHY:

1.

10.

11.

12.

13.

Alonso-Sarddn, M., Chamorro A. J., Hernandez-Garcia |., Iglesias-de-Sena H., Martin-Rodero
H., Herrera C., Marcos M., Mirdon-Canelo J. A. 2015. Association between occupational
exposure to wood dust and cancer: a systematic review and meta-analysis. PloS one, 10(7):
€0133024 doi: 10.1371/journal.pone.0133024.

Antus, B. 2016. Oxidative stress markers in sputum. Oxidative Medicine and Cellular
Longevity,vol. 2016,Article ID 2930434, 12 pages doi:10.1155/2016/293043.

Au, W. W. 2007. Usefulness of biomarkers in population studies: from exposure to
susceptibility and to prediction of cancer. International journal of hygiene and environmental
health, 210(3): 239-46 doi: 10.1016/j.ijjheh.2006.11.001.

Basu S. 2008. F2-isoprostanes in human health and diseases: from molecular mechanisms to
clinical implications. Antioxid Redox Signal. 10(8):1405-34. doi: 10.1089/ars.2007.1956.
Review.

Bellisario V., Mengozzi G., Grignani E., Bugiani M, Sapino A., Bussolati G., Bono R. 2016.
Towards a formalin-free hospital. Levels of 15-F2t-isoprostane and malondialdehyde to
monitor exposure to formaldehyde in nurses from operating theatres. Toxicology
ResearchVolume 5, Issue 4, 2016, Pages 1122-1129.

Bislimovska, D., Petrovska, S., & Minov J. 2015. Respiratory Symptoms and Lung Function in
Never-Smoking Male Workers Exposed to Hardwood Dust. Open Access Macedonian Journal
of Medical Sciences 3(3):500-5 doi: 10.3889/0amjms.2015.086.

Bono, R., Romanazzi V., Bellisario V., Tassinari R., Trucco G., Urbino A., Cassardo C., Siniscalco
C., Marchetti P., Marcon, A. 2016. Air pollution, aeroallergens and admissions to pediatric
emergency room for respiratory reasons in Turin, northwestern Italy. BMC public health,
16(1):722 doi: 10.1186/s12889-016-3376-3.

Bono, R., Romanazzi V., Munnia A., Piro S., Allione A., Ricceri F., Guarrera S., Pignata C.,
Matullo G., Wang P., Giese R. W., Peluso M. 2010. Malondialdehyde- Deoxyguanosine
Adduct Formation in Workers of Pathology Wards: The Role of Air Formaldehyde Exposure.
Chemical research in toxicology 23 (8):1342-48 doi: 10.1021/tx100083x.

Bono, R., Bellisario V., Romanazzi V., Pirro V., Piccioni P., Pazzi M., Bugiani M., Vincenti M.
2014. Oxidative stress in adolescent passive smokers living in urban and rural environments.
International  journal of hygiene and environmental health. 217 (2):287-93
do0i:10.1016/j.ijheh.2013.06.008.

Boysen G., Collins LB, Liao S, Luke AM, Pachkowski BF, Watters JL, Swenberg JA. 2010.
Analysis of 8-oxo-7,8-dihydro-2'-deoxyguanosine by ultra high pressure liquid
chromatography-heat assisted electrospray ionization-tandem mass spectrometry. J
Chromatogr B Analyt Technol Biomed Life Sci. ;878(3-4):375-80. doi: 10.1016/j.jchromb.
Breitenbach M, Eckl P. 2015. Introduction to Oxidative Stress in Biomedical and Biological
Research. Biomolecules. 5(2):1169-77.

Broedbaek, K., Ribel-Madsen R., Henriksen T., Weimann A., Petersen M., Andersen J. T., Afzal
S., Hjelvang B., Roberts J.,, Vaag A., Poulsen, P., Poulsen H. E. 2011. Genetic and
environmental influences on oxidative damage assessed in elderly Danish twins. Free Radical
Biology and Medicine. 50 (11):1488-91 do0i:10.1016/ j.freeradbiomed. 2011.02.017

Carrieri, M., Scapellato M. L., Salamon F., Gori G., Trevisan A., Bartolucci G. B. 2016.
Assessment of exposure to oak wood dust using gallic acid as a chemical marker.
International archives of occupational and environmental health. 89(1):115-121 doi:
10.1007/s00420-015-1056-8.

29


https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/18522490
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/18522490
https://www-scopus-com.offcampus.dam.unito.it/sourceid/21100241601?origin=recordpage
https://www-scopus-com.offcampus.dam.unito.it/sourceid/21100241601?origin=recordpage
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/20022307
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/20022307
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/26117854
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/26117854

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Darren R. Brenner, Dominique Scherer, Kenneth Muir, Joellen Schildkraut, Paolo Boffetta,
Margaret R. Spitz, Loic Le Marchand, Andrew T. Chan, Ellen L. Goode, Cornelia M. Ulrich, and
Rayjean J. Hung. A Review of the Application of Inflammatory Biomarkers in Epidemiologic
Cancer Research. Cancer Epidemiol Biomarkers Prev. Sep;23(9):1729-51. doi: 10.1158/1055-
9965.EPI-14-0064.

EMEA .2009. Guideline on bioanalytical method validation. 21 July 2011; Rev. 1 Corr. 2**;
Committee for Medicinal Products for Human Use (CHMP).

Holmstrom M, Wilhelmsson B, Hellquist H, Rosén G. 1989. Histological changes in the nasal
mucosa in persons occupationally exposed to formaldehyde alone and in combination with
wood dust. Acta Otolaryngol..107(1-2):120-9.

INAIL, 2012. Esposizione lavorativa a polveri di legno.

INAIL, 2016. Il Registro Nazionale dei Tumori Naso-Sinusali (ReNaTuNS). Evidenze
epidemiologiche, quadro di riferimento, risultati dell’attivita di sorveglianza. Primo rapporto.
International Agency for Research on Cancer (IARC) 1995. Wood dust and formaldehyde.
IARC Monogr Eval Carcinog Risks Hum 62: 1-405.

International Agency for Research on Cancer (IARC). 2006. Formaldehyde, 2-butoxyethanol
and 1-tert-butoxypropan-2-ol. IARC Monogr Eval Carcinog Risks Hum, 88: 1-478.
PMID:17366697.

International Agency for Research on Cancer (IARC) 2012 Formaldehyde. In: IARC
Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 100F. IARC, Lyon
2012.

Jafari M. J., Rahimi A., Omidi L., Behzadi M. H., Rajabi M. H. 2015. Occupational exposure
and health impairments of formaldehyde on employees of a wood industry. Health
promotion perspectives 5(4):296-303 doi: 10.15171/hpp.2015.035.

Jaffe M. 1886. Ueber den Niederschlag welchen Pikrinsaure in normalen Harn erzeugt und
Uber eine neue reaction des Kreatinins. Zeitschrift fiir physiologische Chemie 10:391-400
doi: 10.1515/bchm1.1886.10.5.391.

Kim, K. H., Jahan S. A,, Lee J. T. 2011. Exposure to formaldehyde and its potential human
health hazards. Journal of Environmental Science and Health, Part C 29(4):277-99 doi:
10.1080/10590501.2011.629972.

Lam PM, Mistry V, Marczylo TH, Konje JC, Evans MD, Cooke MS. 2012. Rapid measurement
of 8-oxo-7,8-dihydro-2'-deoxyguanosine in human biological matrices using ultra-high-
performance liquid chromatography-tandem mass spectrometry. Free Radic Biol Med. 2012
May 15;52(10):2057-63. doi: 10.1016/].freeradbiomed.2012.03.004. Epub 2012 Apr 15.
Lovato A., Staffieri C., G. Ottaviano, Cappelesso R., Giacomelli L., Bartolucci G.B, Scapellato
ML., Marioni G..2016. Woodworkers and the inflammatory effects of softwood/hardwood
dust: evidence from nasal cytology. Eur Arch Otorhinolaryngol. 273:3195-3200 DOI
10.1007/s00405-016-3989-2.

Lushchak, V.I. 2014. Free radicals, reactive oxygen species, oxidative stress and its
classification. Chemico-Biological Interactions. 224:164-75 doi: 10.1016/j.cbi.2014.10.016
Marrocco |, Altieri F, Peluso I. 2017. Measurement and Clinical Significance of Biomarkers of
Oxidative Stress in Humans. Oxid Med Cell Longev. 2017:6501046. doi:
10.1155/2017/6501046.

Milne G. L., Dai Q., Roberts, L. J. 2015. The isoprostanes—25 years later. Biochimica et
Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids 1851(4):433-45 doi:
10.1016/j.bbalip.2014.10.007.

30


https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/2929309
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/2929309
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/2929309
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/22542794
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/22542794
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/22542794
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/28698768
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/28698768

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Naarala J., Kasanen J.P., Pasanen P., Pasanen A.L. 2003. The effects of wood dusts on the
redox status and cell death in mouse macrophages (RAW 264.7) and human leukocites in
vitro. Journal of Toxicology and Environmental Health, Part A, 66:1221-1235.

NielsenG. D., Larsen S. T., Wolkoff, P. 2017. Re-evaluation of the WHO (2010) formaldehyde
indoor air quality guideline for cancer risk assessment. Archives of toxicology. 91(1):35 doi:
10.1007/s00204-016-1733-8.

Peteffi GP, da Silva LB, Antunes MV, Wilhelm C, Valandro ET, Glaeser J, Kaefer D, Linden R. ;
2015. Evaluation of genotoxicity in workers exposed to low levels of formaldehyde in a
furniture  manufacturing  facility. Toxicol Ind Health. 32(10):1763-73. doi:
10.1177/0748233715584250.

Pisoschi, A.M., Pop A. 2015. The role of antioxidants in the chemistry of oxidative stress: A
review. European Journal of Medicinal Chemistry 97:55-74 doi:
10.1016/j.ejmech.2015.04.040

Poulsen HE, Nadal LL, Broedbaek K, Nielsen PE, Weimann A. 2013. Detection and
interpretation of 8-oxodG and 8-oxoGua in urine, plasma and cerebrospinal fluid. Biochim
Biophys Acta. 2014 Feb;1840(2):801-8. doi: 10.1016/j.bbagen.2013.06.009. Epub 2013 Jun
19. Review.

Roberts LJ, Morrow JD. 2000. Measurement of F(2)-isoprostanes as an index of oxidative
stress in vivo. Free Radic Biol Med.15;28(4):505-13. Review.

Romanazzi V, Pirro V, Bellisario V, Mengozzi G, Peluso M, Pazzi M, Bugiani M, Verlato G, Bono
R. 2013. 15-F,t isoprostane as biomarker of oxidative stress induced by tobacco smoke and
occupational exposure to formaldehyde in workers of plastic laminates. Sci Total Environ.
;442:20-5. doi: 10.1016/j.scitotenv.2012.10.057.

Rossner, P., Gammon M. D., Terry M. B., Agrawal M., Zhang F. F., Teitelbaum S. L., Eng S. M.,
Gaudet M. M., Neugut A. I., Santella, R. M. 2006. Relationship between urinary 15-F2t-
isoprostane and 8-oxodeoxyguanosine levels and breast cancer risk. Cancer Epidemiology
and PreventionBiomarkers 15 (4):639-44 doi:10.1158/1055-9965. EPI-05-0554.

Sie Sie Siew, Jan Ivar Martinsen, Kristina Kjaerheim, Par Sparen, Laufey Tryggvadottir,
Elisabete Weiderpass and Eero Pukkala; 2017; Occupational exposure to wood dust and risk
of nasal and nasopharyngeal cancer: A case-control study among men in four nordic
countries—With an emphasis on nasal adenocarcinoma. Int. J. Cancer. 141, 2430-2436.
Van der Vaart, H., Postma D.S., Timens W., Hacken N.H.T.T. 2004. Acute effects of cigarette
smoke on inflammation and oxidative stress: a review. Thorax. 59:713-21 doi:
10.1136/thx.2003.012468.

Zinellu, E., Zinellu A., Fois A.G., Carru C., Pirina P. 2016. Circulating biomarkers of oxidative
stress in chronic obstructive pulmonary disease: a systematic review. Respiratory Research
17(1):150 doi: 10.1186/s12931-016-0471-z.

Wilbourn J, Heseltine E, Mgller H. 1995. IARC evaluates wood dust and formaldehyde.
International Agency for Research on Cancer. Scand J Work Environ Health; 21(3):229-32.
Wu, H. C., Wang Q., YangH. I., Ahsan H., Tsai W. Y., Wang L. Y., Chen S. Y., Chen C. )., Santella,
R. M. 2008. Urinary 15-F 2t-isoprostane, aflatoxin B 1 exposure and hepatitis B virus infection
and hepatocellular carcinoma in  Taiwan. Carcinogenesis. 29 (5):971-76
doi:10.1093/carcin/bgn057.

Waultsch G, Nersesyan A, Kundi M, Wagner KH, Ferk F, Jakse R, Knasmueller S. 2015. Impact
of exposure to wood dust on genotoxicity and cytotoxicity in exfoliated buccal and nasal
cells. Mutagenesis. 30(5):701-9. doi: 10.1093/mutage/gev034.

31


https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Peteffi%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=da%20Silva%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Antunes%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Wilhelm%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Valandro%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Glaeser%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Kaefer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Linden%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/25971585
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/23791936
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/23791936
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/10719231
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/10719231
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/23178760
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/23178760
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Wilbourn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7481611
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Heseltine%20E%5BAuthor%5D&cauthor=true&cauthor_uid=7481611
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=M%C3%B8ller%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7481611
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/7481611
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Wultsch%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Nersesyan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Kundi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Wagner%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Ferk%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Jakse%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Knasmueller%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25958389
https://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/25958389

Bono ar ol BMC Public Health (2016) 16722
D 10.1186/51 288901533763

BMC Public Health

RESEARCH ARTICLE Open Access

Air pollution, aeroallergens and admissions L
to pediatric emergency room for respiratory
reasons in Turin, northwestern Italy

Roberto Ebm“, \aleria Romanazzi', Valeria Belisario’, Roberta Tassinari’, Giulia Trucoo', Antonio Llrl:uimz,
Claudio Cassardo®, Consolata Siniscaloo®, Pierpaclo Marchett and Alessandro Marcon®

Abstract

Background: Air pollution can cause respiratony Symptoms of exaderbate pre-exdsting respiratony diseates,
especially in children This study looked at the short-term association of air pollution concentrations with
Emergency Room (ER) admissions for respiratory reasons in pediatric age (0-18 years).

Methods: Daily number of ER admissions in a children’s Hospital, concentrations of urban-background PMzs, NO5,
05 and total aersallergens {Convlaceas, Cuphessacese, Gramineas, Uricaceae, Ambrosia, Betula) were collected in
Turin, northwestemn ttaly, for the period 1/08/2008 to 31/12/2010 (883 days). The associations between exposures
and ER admissions were estimated, at time lags between 0 and 5 days, wsing generalized linear Poisson regnession
moadels, adjusted for non-meteoralogical potential confounders.

Results: In the study period, 21 793 ER admissions were obsensed, mainly (81 %) for upper respiratory tract
infections. Median air pollution concentrations were 220, 425, 341 pg/m® for urban-background PMas, NOs, and
O, respectively, and 29 grains/m® for aercallergens. We found that ER admissions increased by 1.3 % (95 % Ct 0.3-
2295} five days after a 10 pgfm® increase in NOs, and by 0.7 % 95 % Ct 0.1-1.2 %) one day after a 10 graing/m®
increase in aenoallergens, while they wene not associated with PM, : conaentrations. ER admissions wene negatiely
associated with Oz and aeroallergen concentrations at sorme time lags, but these assodation shifted to the null
when metearological confounders were adjusted for in the models.

Conclusions: Overall, these findings confirn adwerse short-termn health effects of air pollution on the risk of

ER admission in children and encourage a careful management of the urban environment to health protection.

Keywords: Airbome pallutants, Pollens, Time-series analysis, Pediatric emengency room, Short-term respiratory effects

Background

Over the last decades, the prevalence of respiratory
diseases, and in particular of asthma and allergies, has
increased considerably, especially in industrialized coun-
tries [1, 2]. The eticlogy of respiratory diseases i multi-
factorial and includes, among others, interactions between
environmental dynamics, characterized by climate change,
qualitative and quantitative aspects of chemical air poll-
tion and airborne pollens, may partially explain the in-
creased incidence of respiratory symptoms and respiratory
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diseases during the last years [4]. The short-term
respiratory effects of air pollution include decreases in
pulmonary function [5], inmeases in inflammatory bio-
markers [6] and respiratory symptoms [7, 8], exacerba-
tions of chronic ohstructive pulmonary disease (COPDY),
infections [9, 10], school ahsenteeism [11] and respiratory
mortality [12, 13).

The respimtory system is a primary target of air pollu-
tion. In children, the small airway caliber allows for a
higher chance of being affected by inflammation resulting
from air pollution [14, 15). Due to their respiratory rates,
children hreathe a proportionately greater volume of air
than adults and ther oxygen demand is significantly
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higher, as well as their respiration rates. Young people ako
spend maore time engaged in intense activities than adults,
often outdoors and during midday when air pollution
levels tend to be higher. As a result, children inhale more
pollutants per kilogram of body weight. Irritation caused
by air pollutants that would produce only a slight response
in an adult can result in potentially significant obstrucion
in the airways of a young child [16].

The environmental risk factors that may have an impact
on children’s respimtory health, espedally in urban areas,
include chemical outdoor pollution, aercallergens, indoor
air pollution including environmental tobaoco smoke,
microorganisms such as virus and bacteria that infect the
airways. The latter can exacerbate or re-exacerbate their
manifestations in presence of other risk factors,

Several epidemiological studies have dooimented a
positive assodation between exposure to particulate air
pollution and respiratory symptoms of cough and
wheeze, especially among children [17, 18] In this
regard, the findings from two Swiss studies showed
that the reduction of exposure to particulate matter
(PM) <10 pm in aerodynamic diameter (PM;,) con-
tributes to improved respiratory health, observed
through fewer cases of chronic cough in children [19]
and through fewer cough, wheezing and breathlessness
in adults [20]. Exposure to ozone () at environmen-
tal concentrations is associated with lung function
decrease and respiratory symptoms including cough,
shortness of breath and pain on deep inspiration [21].
Mitrogen dioxdde (MO;) concentrations have also been
associated with cough, wheeze and breath shortmess in
children. Residential traffic-related air pollution exposure
is associated with reduced expiratory flows in schoolchil-
dren [7, 22 Variations in lung function that mirmor
changes in PM exposure have been reported in children
who move to areas with different air pollution levels [23].

Pollen is a well know trigger of allergies and asthma
aggravation, and acmally has a changing profile in fact
new pollen types have emerged following the cultivation
and spread of exotic ormamental plants in public and
private places [24]. Moreover, global dimate change has
been linked to an earlier onset and an extended duration
of the paollens season, to an increase in pollen produc-
tion, and a stronger allergenicity for some pollen types
[25]). Thunderstorm asthma epidemics may be triggered
by pollen grains rupture in the atmosphere and the
entrapment of respirable-size particles in the outflows of
air masses at ground level [24, 25]. Increasing pollution
is responsible for an increase in pollen-induced respira-
tory allergy, induding asthma, because of airway inflam-
matory reaction and the passage of pollen grains into
the lower respiratory tract [24].

The aim of this smdy was to analyze the short-term
relationships between hospital emergency room (ER)
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admissions for respiratory diseases in children and con-
centrations of NOi PM;s (5 and aeroallergens, in
Turin, Italy, between 2008 and 2010.

Methods

Turin, the capital of Piedmont region (MNorth-Western
Italy) has 900,000 inhabitants, is lomted at 200 m above sea
level and it is one of the most polluted Ialian dties [26-—249]
Additional file 1: Figure 1. Daily data for the period 01708/
008 to 317122010 (BB3 days) for the city of Turin were
mlected or derived as descibed below. The lomtions of
the data sources are shown in Additional file 1: Figure S1.

ER admissions for respimtory diseases

[raily data on ER admissions (date of admission, primary
diagnosis and diagnostic code) for 19 respiratory dis-
eases to “Kegina Margherita” Pediatric Hospital of Turin
were collected (age range 0-18 years). Diagnoses were
coded acoording to the International Classification of
Disease (ICDY) 9th edition (Table 1).

Meteomlogical data

Meteorological data derived from the station placed on
the roof of the Department of Physics of the University
of Turin, located at about 1 km from the city center.
The station is permanently active since 1989 in order to
collect and display in real time the weather data in the
urban surface layer of the city. The station & equipped
with the instruments reported in Additional file 1: Table
§1. Data are collected every 5 s by the acquisition sys-
tem, and subsequently averaged every 5 min and stored
in an electronic archive. Data aoquired in this way were
aggregated in a daily form for the subsequent analysis.

Chemical air pollution data

Daily concentrations of MOy, PM; s and Oy were derived
from hourly data collected at the urban badiground moni-
toring station “Lingottn” located in Turin (viale Augusto
Maonti, 21) by the Local Emvironmental Protection Agency
[ARPA Piemonte), coordinated by the regional air pallu-
tion service of Piedmont Region, according to the current
European legislation (DR 3008/50/ECX).

Aeroallergen data

Among the pollen taxa usnally considered in aerobio-
logical monitoring for being allergenic, Corylaceae,
Cupressaceae, (GGramineae, Urticaceae, Ambrosia, and
Betula were quantified in this study. Daiy data were
derived from a station located 12 m above the ground,
as required by the standard [30], on the flat roof of a
building located in a semi-central area of the city of
Turin. In this site, atmospheric circulation is local and
not affected by surrounding obstacles such as walls or
other types of protection. The station is equipped with
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Table 1 Distribution of daily ER admissions, for the diagnoses of the respiratory diseases considered in the analysis, during the study

penod (883 days)
Aegpimtony dhaxe diagnons el nof dlaily n. of admisgions
ST
Gasup et oo OO codle et rean & 50 medan  min-ma
U s i sty Aane ghino phanngits 460 17634 1al+a0 17 0-25
et indk i Aante pharyngits 67
Adne oanslites 63
Adne Bryngiis withou abstruction 45400
Adne Bryngiis with abstruction 45401
Adute upper respirdosy infechons 4658
Ly st firatery trat Adute bronchig AGE0 1983 30+32 2 0-20
niectin: Aate bronchicitis other infctious 613
agents
Flu with sspratony manilesaon 471
Baonchits 230
Deen hung inlection Vial prewmona 809 #2339 21+21 2 04
Baoedal pnaummonia 4829
Basnchoganeuwn onia 485
Prewmonia A5
Asthura Asthra, without fetud asfematics 43330 1281 15+16 1 a-7
Adthira wilh f3ud AEmalcg 23391
Tora 2178 M47+11.7 B 0-30

e athonal dassdoson of diseases, 8 editon, cinical mod Sason SID-E-CM) codes

a HIRST sampler, which consists of three main parts: a
swivel head, a suction pump and a deposition drum
(the sampling part), which rotates at 2 mm / h with
7 days of power reserve. Weekly, a specific adhesive
tape i fixed on the drum. This tape captures the aero-
allergens avoiding any loss for rebound or natural
detachment. The air pump provides a constant airflow
of 10 L / min inside the sampler, equivalent to 14.4 m*
each 24 h. Daily aeroallergen counts were carried out at
the Department of Life Science and System Biology,
University of Turin, and expressed as concentrations
[gra.ins.fmsj. For the statistical analysis, daily total aero-
allergen concentrations were obtained as the sum of
the concentrations of the single aeroallergen types.

Statistical Analysis
(Juantitative variables were summarized with means +
S}, medians with interquartile ranges (IQR), and mini-
mum and maxdmum values. The interquartile ratio
(IR /median ratio) was also computed in order to com-
pare variability across different air pollutants. Linear cor-
relations among exposure variables were evaluated using
Pearson's r coefficients.

The association between daily ER admission counts
for all diagnoses in Table 1 combined (dependent vari-
able) and air pollution exposure variables were analyzed

using Generalized Linear Modeks (GLMs) fitting a non-
stationary Poisson process [30, 31). We used the follow-
ing model:

&
log(A,) =a + Y BX; +NS(Z)
=1

Where A, denotes the count of daily ER admissions at
day ¢, @ is a constant, § is the vector of estimated param-
eters, X;is the matrix of k¥ independent variables (expos-
ure and adjustment variables), and N%Z,) is a natural
spline smoothing function of calendar day £ with 14" of
freedom (df), [31] which was included to take the
medium/long term trend into account [30, 31]. The
number of df of the smoothing function was chosen by
minimizing the sum of the absolute values of the partial
autooorrelation function (PACE) of the residuals [11, 30,
31]. Day of the week was included when estimating the
smoothing function to remove the 7-day positive cor-
relation across PACF residuals. To avoid overfitting,
the maximum number of df allowed was 15 which
corresponds to about 6 df per calendar year (60-day
windows) [32].

The adjustment variables considered were a) day of the
week, b) influenza outhreaks, defined as days when influ-
enza incidence was greater than 2% [33], which were
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computed by the Regional Reference Service of Epidemi-
ology for the Surveilance, Frevention and Control of In-
fectious Diseases, ASL Alessandria, Italy Reference
Service Regional Epidemiology and Infectious [isease
(SeREMI), ¢} holidays (4-level variable coded as: Christ-
mas and Easter; 3 days around Christmas and Easter;
other holidays; other days), d} summer population de-
crease (from Saturday before Mid-August to the nect
Sunday for a total of 16 days/year; from 16 July to 31 Au-
gust, except for the aforementioned period; all other days)
[34], &) average daily temperature, f) average relative hu-
midity, and g) mmulative daily precipitations. The follow-
ing models were fit to the data:

A)One exposure variahle + medium/long trend
function + non meteorological variables (day of the
week, influenza outhreaks, holidays and summer
population decrease) (single-pollutant models);

B) Madel A + metearalogical variables (daily
temperature, daily relative humidity, cumulative
daily precipitations). Temperature and relative
hurmnidity were modeled using natural splines with 3
and ¥ of freedom, respectively. The number of df
was chosen using the PACF criterion as above. Daily
precipitations were binary coded (present if =1 mm;
absent otherwise);

C)One chemicl pollutant (FMzs, MOz or Og) +
aernallergens + medium/long trend fundion + non
metearological variables (two-pollutant models). To
avoid multicollinearity, two-pollutant models only
combined ane chemical pallutant per ime and aera-
allergens, because correlations across chemical
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pollutants were very strong (Pearson’s coefficients of
oorrelation in absolute value |r| =0.50).

Exposure variables were induded in the models at single
time lags, from the same day when ER admissions were
evaluated (Lag 0) to 5 days before (Lag 5). Associations
between exposure variables (10 pgfma increase in PM; =,
M(}, Oz concentrations; 10 grains/m® increase in aeroal-
lergen concentmtions) and ER admissions were reported
with rate ratics (RR) with 95 % confidence intervals (CI).

Results

in the study period, 21,793 pediatric ER admissions for
respiratory diseases were observed, mainly (81 %) for
infections of the upper airways (Table 1). Figure 1 shows
average daily ER admissions by month of the year. The
cold months showed the highest frequency of ER admis-
sions, probably due to the more frequent outhreaks of
colds. Tahle 2 shows a general description of the daily
concentrations of airborne pollutants during the study
perind. MY, concentration showed the highest mean
absolute levels and, overall, the air pollution concentra-
tions observed underline the poor air condition in Turin
as compared to the rest of Europe [26, 35].

Aerpallergen concentrations showed larger variability
than chemical air pollution concentrations: the inter-
quartile ratio for aeroallergens was 4 (0;) to B-fold
(M) the interguartile ratio of the chemical pollutants.
Both PM; s and MOy, (Fig. Za and b) showed a prevailing
maximum level during the coldest months, which & a
typical behavior of primary pollutants. An opposite trend

N i ER scmissians
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Fig. 1 Monthly distributon of daly B admssions for resparaiosy diseades dusing the 3 wudy period
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Table 2 Distribution of daily concentrations of air poliution and asroallengens at the Lingotto wrban badiground manitoring station

during the study peniod (883 days)

Eapodume vasaiia anvaiahle data jdays) median S0 e apuatie ralin N6 3 freean & S0 FU annual selrence vabue®
PM,., i) H33 220 {300) 1.4 4157 204262 5

MO :,..g.-"h‘] as51 425 (320) aa 741929 483250 40

oy :,..g.-"n‘] A58 341 {536) 1.6 181233 95+291

e mallenpens (g T - ¥ 29138 a7 a-279 161+ 296

Snciudes Corplaceas, Cupresaoeae, Gramineae, Uicaosas, Ambeosa, Betula

" Eumpean Union (EU0) Directive: Z00S/SOCEID it ec europaueaervimn ment aiv'qu ality/ieg slaton & irectiee him))

was shown by (35, with higher concentrations in sum-
mertime (Fig. 2c). The ooncentrations of aeroallergens
were high in the warm season, and virtually absent in
winter (Fig. 2d).

There was a strong positive linear correlaton be-
tween PMzs and MOz (r=0762 p<0001). The nega-
tive correlations of O with PM,: and NQ, were also
strong (r=-0591 and -0.695, respectively, all p«
0.001) (Fig. 3). The correlations between chemical pol-
lutantzs and aeroallergens were weaker (|r] between
0.257 and 0.459).

Table 3 shows the mean number of daily ER admissions,
air pollution and aerocallergen concentrations according to
the potential confounders considered. ER admissions were
more frequent during weekends, holidays, and during
influenza outhreaks than during the other days. They
were alko more likely in days with lower temperatures
and more extreme (low and high) relative humidity
levels. PM;z and N0y were positively associated with
temperature, whereas the opposite was true for Oy
and aeroallergens. As expeced, airborne pollution
was lower during rainy days.

The associations between exposure variables and ER
admissions for respiratory diseases, adjusted for non-
meteorological potential confounders [model A) &
desaibed in Fig. 4 There was no statistically significant
association of PM,s and ER admissions at any time lag
(Fig. 4a). Instead, an increase of 10 |.|g."m3 of N con-
centrations (Fig. 4b) was associated with a significant
L3 % (95 % Cl: 0.3-22 %) increase of ER admissions
after 5 days (lag 51 O3 concentrations were significantly
negatively associated with ER admissions for respiratory
diseases, starting from lag 4 (Fig. 4¢). Finally, a 0.7 %
95 % CI: 0.1-1.2 %) increase of ER admissions was
observed 1 day after (lag 1) an increase of 10 grains/m®
of sercallergens (Fig. 4d). When meteorological vari-
ables were ako included as adjustment variables in the
analyses, the results were consistent, with the exception
that the negative associations between Os (lags 4-5)
and aeroallergen (lag 4) concentrations and ER admis-
sions shifted to the null (Fig. 5). Joint models induding
individual chemical air pollutants and aeroallergens
confirmed the main models results  completely
(Additional file 1: Figure 5Z), suggesting that the
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ohserved associations of chemical pollutants and aero-
allergens with ER admissions were independent.

Discussion and conclusion

The main purpose of this study was to analyze in the se-
lected period the trend of ER admissions for respiratory
reasons in a Children's Hospital in Turin and the rela-
tionships of ER admissions with urban background
chemical air pollutants and aeroallergens.

Tao achieve this objective, we considered the monitor-
ing site of chemical air pollution where the data were
the most complete for the smdy period and which was
the dosest to the pediatric emergency room (Additional
file 1: Figure S1).

Among the 19 diseases diagnosed at the moment of
the access to pediatric emergency room, as expected the
upper respiratory tract infections was the most frequent
reason for access to the emergency room. These infec-
tious diseases of viral etiology are very common in
pediatric age alko becmuse children generally attend
kindergarten, nurseries and schools and they are

therefore more exposed both to the etiological agents and
to environmental risk factors such as poor air quality. Air
pollution in fact, as well as tobaoco smoke, can inhibit
defensive mechanisms against oxidative stress [7, 15] and
inflammation of the upper respiratory tract, which can
favor the development of respiratory virus infections.
Despite the fact that the concentration of FM, s ap-
pears quite high when compared to European levels
[29], this pollutant did not reveal any significant short-
term association with ER pediatric admission, as docu-
mented by other authors [36). Instead, MOy, showed a
positive significant association with ER admissions, but
only after 5 days (lag 5). Also Li et al. have shown a
positive association between MO, air pollution at g 5
and ER admission in children of Detroit (ML US.A) in
2011 [37). However, in contrast to what we observed,
they have also shown a positive and significant associ-
ation between PM, - concentrations and ER admissions.
This does not seem to depend primarily on the average
concentrations of PM, ;. which were much lower than in
our study area, and it may be due to a different
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Table 3 Distribution of the daily number of ER ad missions far respiratory dissases and daily concentrations of chemical air poliution
and aenoallengens during the study period, according to the potential confounders considened in the anahsis®
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composition of particulate, perhaps more toxc in the
City of Detroit than in Turin.

The adjusted estimates of relative risk for the effect of
(3 were significantly less than one, seemingly suggesting
a little protective effect In 2009, Jerrett et al. also
showed how relative risk for the effect of ozone on the
risk of death from cardiovascular causes were signifi-
cantly less than 1.0 [38].

Such beneficial influence of ozone, howewver, is our-
rently completely to exclude from toxicological point of
view. In experimental studies, (3; can increase airway
inflammation [39] and can worsen pulmonary function
and gas exchange [40]. In addition, exposure to elevated
concentrations of tropospheric (3 has been associated
with numerous adverse health dfects, including the
induction [26] and exacerbation [27, 28] of asthma, pul-
monary dysfunction [33, 34] and hospitalization for re-
spiratory reasons [31). In our study, the apparent

protective effect of (13 seems to be due to 3 confounding
v meteorology, or to the fact that O acts as a mediator
of the effect of temperature. In fact, when temperature,
relative humidity and precipitations were included in the
models a5 adjustment factors, the assodations between (s
and ER admissions shifted to the null Measurements of
FM,s and MNOx obtined using background monitoring
stations are probably more representative of population’s
exposure than measurements of (s, In fact, Oz concentra-
tions tend to vary within cities more than FM,; s, becanse
of the scavenging of (13 by MO near roadways and princi-
pally, for its photochemical origin [37]. Thus, in the pres-
ence of a high density of loml traffic the measurement
error is probably higher for exposure to (3 than for
exposure to PM; s The effedts of Oz could therefore be
confounded by the presence of FM;z s because of collinear-
ity between the measurements of the two pollutants and
the higher precision of measurements of PM, < [38].
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Finally, a 0.7 % (95 % CI: 0.1-12 %) increase of ER ad-
missions for every 10 grains/m® increase of aeroallergens
was observed at lag 1. This indicates a lower latency be-
tween the stimuhis and the effect. compared to chemical
pollutants. An apparent protective effect of aercallergens
at lag 4 shifted to the null when the models included
meteorological adjustment variables. Adverse short-term
effects of aeroallergens are supported by other studies
[41, 42], although the time lags when excesses of ER ad-
missions are observed vary according to a number of
reasons, including differences in study populations, air
pollutant mixtures, as well as exposure assessment and
statistical methodologies applied.

A limitation in our study is that we used only one
monitoring site to estimate air pollution concentrations.
However, both chemical pollution and aeroalergen

monitoring stations were located close to the children’s
hospital It & likely that children are referred to the clos-
est hospital, espedally in the case of acute health events
that are captured by ER admissions, and we can therefore
hypothesize that children lived at relative close distance to
the monitoring area. Any measurement error in eqposures
due to spatial heterogeneity in airborne air pollution con-
centrations is more likely to bias risk estimates toward the
null than in the opposite direction [43].

In conclusion, we ohserved consistent and positive as-
sodations of background N0y and seroallergen concer-
trations with ER admissions in children in a populated
and heavily polluted dty in western Italy, Our findings
add to the existing evidence and @ll for urgent public
health policies espedally in the Fo valley in northern
Italy, one of the most polluted areas in Europe because
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of high emissions but also poor ventilation and precipi-
tation especially in winter. Moreover, replacement of
agement (for example frequent grassland mowing which
limit the production of flowers and consequently of
pollens) can reduce the concentrations of allergenic pol-
lens in the air [#4]. Air pollution reduction policies are
public health, especially in children.
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The sex difference in breathlessness s explained by absolute FEVI ar FVC httpf ow by T Xo 30RDE O3

Cite this article as: Ekstiim M, Schitiler L, Granseth B, et al. Absolute values of ling function explain the
sex difference in breathlessness in the general population. Eur Respir | 2017; 49: 1602047 [https://dolorg!
101 1E3/13993003 0204 7-2016) .

ABSTRACT  Activity-related breathlesness s twice a5 common among females as males in the general
population and is assochied with adverse health ouicomes. We tested whether this sex difference s explained
by the lower absolute forced expiratory vohume in | s (FEV 1) or forced vital capacity (FWC) in females

This was a cross-sectional analysis of 3250 subjects (51% female ) aged 38—67 years across 13 countries in
the population-based third European Community Respiratory Health Survey. Activity-related breathlessness
was measured using the modified Medical Research Councll (mMRC) scale. Associations with mMRC were
amalysed using ordered logistic regression dustering on centre, adjusting for post-bronchodilator spirometry,
body mass index, pack-years smoking, cardiopulmonary diseases, depression and level of exerdse.

Activity-related breathlessness (mMRC =1) was twice a8 commaon in females (27%) as in males (14%)
(odds ratio (OR) 221, 95% CI 1.79-272). The sex difference was not reduced when controlling for FEWV
% predicted (OR 2.33), but disappeared when contmlling for absolute FEV: (OR 0.8%, 95% CI 0u6%—1.14).
Absolute FEVY expliined 98— 100% of the sex difference adjusting for confounders. The effect was domilar
within males and females, when usng FVC instead of FEV1 and in healthy never-amaokers.

The markedly more severe activity-related breathlessness among females in the geneml population is
explained by their smaller spirometric lung volumes

Copyright OERS 2017
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Introduction

Breathlessness related to daily activities is commaon, affecting 15—45% of middle-aged and older people in
the community [1-3]. More severe disability due to activity-related breathlessness measured on the
modified Medical Research Council (mMRC) scale [4] & associated with worse health statuss [1, 5] and
increased mortality [6, 7).

Females report significantly higher prevalence and severity of activity-related breathlesness than males,
with odds approscimately twice that of males for each level of bresthlesness, both in patlents with chronic
obstructive pulmonary disease (OOFD) [8-10] and in the general population [1, 2, 11-13].

The more severe activity-related breathlessness in females is not explined by age, body mass index (BMI),
smoking, socioeconomic status, heart disease, chronic airflow limitation (CAL) or ing function im pairment
[1-3, % 11,13, 14]. However, recent lahoratory data indicate that fernales have a lower maximal ventilatory
capacity and more ventilatory constraints during exercise [15, 16). Furthermare, for a given level of physical
activity, females have higher respiratory drive, use more of their maximal ventilatory capacity and are more
breathless than males [15-17). The sex disparity was attermated when controlling for differences in absohite
lung volume in the labomtory [15-17] and in patients with severe ODPD and emphysensa [10]. Taken
together, this suggests revisiting the relationship between dyspnoea, sex and lung function.

Mo population sudy has evaluated the asociation between absolute spirometric lung volumes and the sex
difference in breathlessness. Most previous studies have induded relative lung function, most often forced
expiratory volume in 1s (FEV1) or forced wvital capacity (FWO) expressed as % predicted when
investigating the link between sex and breathlessness [1-3, 9, 11, 13, 14]. Laboratory studies were small,
did not evaluate the interplay of multiple factors or the importance of the suggested mechanisms for
breathlessness related to activities of daly life [15-17). As lower spirometric lung volume might be
assodated with smoking and increased morbldity, analysis in healthy never-smokers would be informative
on a possible causal relationship between lung volumes and activity-related breathlessness.

We almed to test the hypothesis that the sex difference in activity-related breathlesmess is mediated
through the lower absolute spirometric lung volume (FEVY or FVC) in females due to their (on average)

soaller lungs, alrways and respletory musculature.

Material and methods

Study design and population

This was a cross-sectional analysis of the third multicentre European Community Bespiratory Health
Survey (ECRHS II). The ECRHS has been detalled elsewhere [18]. ECRHS I was a population-based
study of people aged 3867 vears conducted at 27 centres across 12 Buropean countries and Australia
between 2010 and 2014 [19]. The present analysis included people in the random population sample with
data on the mMRC breathlessness scale [4, 20). The exclusion criterion was inability to walk for reasons
other than cardiopulmonary disease.

Measurements

All participants had their height, weight and post-bronchodilator spirometry measured at local sudy
centres and completed written questionnaires on smoking habits, respiratory symptoms, exercise habits
and comaorbidities.

The oumcome sverity of activity-related breathlessness was measured vdng a mMRC scale [20] as
breathlessness during strenuous exercise (grade 0), when hurrying on the level or up slight hill (geade 1),
when walking on the level (grade 2), when walking for a few minutes (grade 3) and at rest or during
minimal activity (grade 4). Grades 3 and 4 were merged due to low numbers.

Post-bronchodilator dynamic spirometry was performed wsing an EasyOne spirometer (NDD, Andover,
MA, USA) by certified technicans according to American Thoracde Soclety/European Respiratory Soclety
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standards [21). Absolute and relative lung volumes were defined as spirometric FEV1 and FVC in litres
and % pred, respectively. Predicted values were estimated using the Global Lung Function Initiative
reference values [22]. CAL was defined as FEVI/FVC below the 5th percentile (lower limit of nommal ) of
the reference population [21]. Exercise was reported as weekly hours of physical activity that led to
sweating. Pack-years of smoking was calculated as (mean mumber of cigarettes per day) = years smoking)
divided by 20. Occupational exposure was defined as work-related exposure to vapours, gs, dust or fumes.
Diagnoses incduded chronic bronchits, self-reported asthima, ischaemic heart disease (IHD), hypertension,
history of cancer and depression

Ethical consderations

Informed consent was obtained from each participant prior to indusion in ECRHS I1I. Each study centre
obtained approval for the study from their regional committee of medical research ethics according to
national legislation.

Statistical analyses

Stratified analysds and ordered loglstic regresslon weme used to explore assodations with the mMRC
The varance in mMRC scores explained by sex was measured wsing McKavey and Zavora's (23] B as
the difference in variance explined by the model with sex compared to the model without sex. The
meazure of primary interest was the reduction in the wvariance explained by sex by adding the FEV1 ar
FVC to the model as absolute volume and % pred, respectively.

Potential confounders of the assocation between lung function and mMREC score for the final model were
selected using a directed acydical graph (DAG) of the relaHonships between study varlables (online
supplementary fignre 51) [24). The DAG was based on the lteramre and input from co-anthors [25). In
addition, we evaluated prespecified modeks adjusting for diseases (agthima, chronic bronchitis, CAL, THD,
history of cancer and depresson), rsk factors [ pack-years of amaoking, exercise, occupational exposare, lung
infection before the age of 5 years and hypertension) and physaological variables (age, BMI and CAL) The
functional form of contimious covariates was investigated uang splines All models accounted for clustering
within countries usng robust variance estimation [26]. The analysis induded complete cases anly. Mo data
were imputed. Asochtions were expressed as odds ratios (OR) with 95% confidence intervals. For each
level of mMRBC, an OR of 2.0 for sex is interpreted as the odds of having a higher mMRC score being twice
as high in females & in males. The proportional odds asuwmption of omdinal logisic regresion was
evaluated by repeating the analses using a partial proportional odds model, with similar findings. Findings
were similar when analysing mMRC dichotomously (=1 versus () wing logistic regresion

Analyses were performed in the total study populition, females and males separately and in healthy
never-smokers, defined as pever-smokers without CAL, selfreported chronic bronchitis [HD, history of
cancer or depression. Statistical analyses were performed usdng Stta (version 12.1; StataCorp, College
Station, TX, USA).

Results

Participants

3250 participants (51% female) were induded in the amalysk. Included and exduded patients had
similar characterigtics (online supplementary table 511 The meantsp age of incuded participants was
54270 years (table 1) Compared with males, females had lower mean absolute FEVY (L7 wemus 3.7 1),
but similar FEV1 % pred, dightly lower BMI and less amoking exposure, but more asthma and prior
depression (table 1).

Sex difference of breathlessness

Activity-related breathlessness (mMBC =1) was twice as common in fernales [27%) as in males (14%;
table 1) (unadjusted QR 221, 95% (1 1.79-2.72) for more severe breathlessness. The s difference was
not reduced when controlling for age, BML chronic bronchitis, CAL, pack-years of smoking, exercise, [HD
and a history of depression (OR 263, 95% CI 2.12-3.25) in the final model (table 2.

Fredictors of breathlessness

In the final model, independent predictors of increased activity-related breathlessness were lower FEV1
(absolate or relative value), higher BMI, less exercise, chronic bronchitis (strong assocation), IHD and
history of depression (table 3). Smoking and CAL predicted breathlessness only when not adjusting for
absolute FEV1. The estimates for predictors were similar in males and females, except that females had
weaker assoclations for exercise and THD, and stronger associations for chronic bronchitis (table 3).

https:fdoi.org10.1 1831 399300302047 - 2016 3

45



LUNG FUNCTION | M. EKSTROM ET AL.

TABLE 1 Characteristics of 3250 subjects from the general population

Females Males AlL
Subjects 1673 [51] 1577 691 1250
Age years 53.7+T0 542710 54.0+70
mMRC breathlessmess soore
0 1226 173] 1347 |56l 2575 [79]
1 343 1A) 203 13 5as 117
2 ¥ 18l 22011 "7kl
3-4 F 1l 30 1210
FEW L 247446 36840, 66 3162078
FEW: % predicted F8.8+138 FR54145 F8. 72141
FYCL 3354058 4 Th40). 80 4 042058
FYC % predicted FE+129 F9.24135 FA132
FEWi/FWC 0.7540.06 0. 7810, 06 0.78+0.06
BMI kg -m— 263450 eI 26.Teh 8
<185 18 11l 5100 301l
18525 TT0 48] £80 [30] 1250 [38]
25-30 554 133] TT5 4% 132% l81]
»30 331 1) 3T G648 (20|
Smoking
Fack-years 1300192 7.0 10-30.5] 39 10-243)
Current smoker 283117 AR 581118
Newver-smoker 801 [48] 45 [41] 1644 [44]
Occupational exposure 5a% [34] F4T a0l 1514 la0]
Exercise hweek
= &85 [41] To3 48] 1451 |45]
0.5-1 £37 128) 366 (23 803 (25
None 548 133] 448 |28 F9e [31]
Asthma 248015] 1111 FARANE]
CAL FEWJ/FVEC <LLN T34 &7 8] 160 5]
Chronic bronchitis 148 (%] 160100 308 5]
IHD 20 4531 69121
Severe respiratory infection aged <5 years 148 (10 144 19] N4
History of cancer ¥ 4l 82151 177 5]
History of depression 301 118] 168111 L6914

Data are presented as m (%], meansso or median linterguartile range]. Percentages may not sum to 100,
due to reunding. mMRC: modified Medical Reseanch Council; FEVY: post-bronchodilatory forced expimtory
worlume in 1 5; FVC: post-bronchodilatory forced vital capacity; BMI: body mass index; CAL: chronic airflow
Linmitation; LLM: loweer Llimit of mormal; IHD: ischaemic heart disease.

Both a lower absolute and relative FEV1 were asociated with more severe activity-related breathlessness
(online supplementary figure 52). As shown in figuee 1, the assochtions remained when adjusting for
possble confounders and were similar in males and females (table 2) for both the absolute FEV1 [ p=0.69
for interaction) and % pred (p=04% for interaction ).

Spirometric lung volume and sex difference in breathlessness

Adjusting for FEV1 % pred did not reduce the sex difference in activity-related breathlessness (OB 266,
95% CI 2.13-3.34). In contrast, the sex difference disappeared when adjusting for absolute FEV: (OR (.89,
93% CI 069-1.14). This was consigent with stratified analysi (online supplementary table 52).
Differences in absolute FEV1 explined 98-100% of the difference (variance) in activity-related
breathlessness between males and females ( figure 2), which was consistent when controlling for age, BMI,
smoking, exercise level, diseases and other risk factors (table 3] Findings were similar when analysing
FWC instead of FEV1 (online supplementary figare 53 and table 53), which isalso shown in fignre 2.

The absolute FEV1 was closely correlated to height (r=0.72]. In a sensitivity amalysis adding height to the
final model, the asociation for FEV1 remained unchanged (OR 042 versws OR 048 in table 3) but the
association for height became nonsignificant (OR 102 95% CI LO0-1.04; p=0.065). Compared with
height, absolute FEV1 was a sronger predictor and exphined maore of the sex difference in breathlessnes
(98% wersus 55%). Findings were consigent when including welght instead of BMI and when not adjusting
for level of exercise in the final model.

hittpes:fded org/1001 183 1993003 02047- 2014 &
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Healthy never-smokers

Findings were consstent in healthy never-amokers (n=971 {30%); 455 males and 516 females). The more
severe adjusted activity-related breathlessness in females (OR 269, 95% CI 1.94-3.73) was not reduced by
FEV1 % pred (OR 271, %% CI 1.96-3.76), but by absalute FEV1 (OR 165, 95% CI 107-2.53; p=0.039 for
change). The absolute FEV1 exphined 96% of the sex difference in activity-related breathlessness among
healthy never-smokers.

Discussion

Main findings

In a middle-aged general population, we found the following. 1) Females reported approximately twice as
much activity-related breathlessness as maleg 2) the sex difference was eliminated when accounting for the
absolute FEV1 or FV(, whereas it was not reduced when controlling for the level of lung function
impairment (% pred); and 3) the assodation between lower splrometric hing volimes and increased
breathlessness was similar across males and females and in healthy never-smaokers.

Sex difference in activity-related breathle ssness

The finding of increased activity-related breathlessness in females is in line with previous population-based
studies [1-3, 14], including one foom five Latin American cities [1] and the Burden of Obstructive Lung
Diisease (BOLD) study of 15 countries, and thus seems to have high validity globally [2, 11].

The sex disparity increased from OR 221 to 263 when controlling for potential confounders, which was
also seen in the BOLD study [2]. This probably reflects that several determinants of more severe
breathlessness, such as overweight and THD were less common in fernales than males. Mo factor except
absolute splrometric lung volumes was found to decrease the sex difference in the final model, which was
unchanged in previous studies adjusting for education level and sodoeconomic status [2, 3, 14].

That absolite FEV1 and FVC explained the sex difference in activity-related bresthlessness is consistent
with a study of selected patients with severe emphysema [10). The effect of absolute spirometric hing
volume was robust across models controlling for potential confounders.

The impact of absolute spimvmetric lung volume was not mainly related to sex differences in body dze.
Although height and absolute FEV1 were closely correlated, height explained less of the sex difference
(55% wersus 98%) and did not predict breathlessness independent of the absolute FEVI.

The association between lower spirometric lung volumes and increased breathlessness was not explained
by concurrent lung volume impairment, as mos participants had pormal lung function and findings were
similar in healthy never-smaokers.

Mechanzms

The present findings are consistent with recent laboratory data that females have smaller absolute lung
volumes and experlence more dyspnoea fora given absolute work rate, ventilation or metabolic requiee ment
during laboratory-based cardiopulmonary exercise teting in young and older subjects [15-17, 27). In
addition to having smaller lungs, females have narrower airways than males, even when matched on lung
size (dysanapsis) [12, 28, 29). Narower airways could contribute to the incrzased exertional breathlessness
in females, probably at least partly mediated through reduced ventilstory capacity [30). In the laboratory,
the sex difference in breathlessness disappears when ventilation is expressed as a percentage of mainal
voluntary ventilation or when accounting for the reduced exercise capacity in femmales [15-17, 27]. In other
words, fermales breathe at a higher percentage of their ventlatory capacity, resulting in increased resigtive
wark of breathing and increased neural ventilatory drive [31] for any gven work mte or mimme ventilation,
and therefore experience more breathlessness [17, 32).

Implications

This study extends previous hboratory data and supports that absolute spirometnic lung volume has an
impaortant impact on the severity of breathlesness related to dally activities, and that it explains the
difference in severity between males and females in the general population. This highlights the importance
of evaluating both the relative and the absolute lung volume in research and clinical practice. By just
focusing on the relative values we may mis associations of which the causal pathway indudes the absolute
lung volime. Relative lung volume reflects the level of lung volume impairment compared to the predicted
normal value, and might reflect an active disease process (such as COPD) that influences the trajectory of
absolute lung volume over time, as well as systemic consequences of the disease, health status and
maortality [33]. However, the functional impact of a given impairment depends on the person's baseline
absolute hing volume, which reflects the remaining ventilatory capacity. Importantly, smaller absolate
splirometric long volime was assocated with more severe activity-related breathlessness both overall and

1]
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TABLE 2 Absolute forced expiratory volume in 1s [FEVi] and sex-related difference in breathlessness

Mol ‘Without absolute FEW: With absolute FEW Percentage of sex

variance in breat hlessness
explained by absolute FEV1

Females versus Wariance Females versus Variance
males OR [¥5% Cil explained by sex males OR [%% Cil explained by sex
Crude 21 N.re-273 48 08 10.69-1.14] 0 1100
Risk factors 252 [201-3.11] 52 1.18 088159 1R 8
Diseases 228 N S0-277 4.7 0% 10.78-1 28] 0 100
Physiology 256 [2.07-314] 52 1.13 10.7%-1.81] 0 100
Fimal 263 |212-3.25 51 1.2% 1089188 0.1 8

Sex difference im breathlessness expressed as odds raties [OR] of more sewere breathlessness for females compared with males in models
with or without the absolute walve of FEVY In=3250]. The sex estimates were crode and adjusted for risk factors |pack-years of smoking,
exercise, occupational exposure, lumg infection at age <5years and hypertension]; diseases |asthma, chronic bronchitis, chronic airflow
limitation |CAL], ischaemic heart disease IHD] and history of cancer or depression]; and physiology |age, body mass index [EMI] and CAL]. The
fimal model was controlled for age, BMI, chrenic bronchitis, CAL, pack-years smoking exercise, IHD and history of depressien. Analysis
performed wsing ordinal logistic regression clustering on country with 3250 participants in all models. The variance in modified Medical
Research Council scores explained by sex was measured as the difference in varance explained by the model with sex com pared to the model
without sex, using Mo Kevey and Zaoma's B [23].

within each sex; males with smaller lungs had more severe breathlessness than males with larger hangs,
with the same seen among females

Among females in the present study, a FEV1 of 50% pred corresponds to an average FEV1 of 1.34 L,
whereas the mean FEV1 in males with the same level of lung function impairment is 1.84 L, a difference of
500 ml or 37% higher compared with females. Although matched on relative lung volime, males and
fermales can therefore have markedly different absolute lung volume or ventilatory capacity, which may
exphlin the sex disparity in breathlessness seen in previous dinical studies matching on the FEV1 % pred
[8-11]. An important implication for future dinical studies is that matching on relative lung volume puts
fermales at a disadvantage in relation to beeathlessness due to their average lower absolute hing volume.
This sex bias can be overcome by accounting for absalute ung volume.

Clinically and in studies, absolute lung wolumes are rarely analysed or reported and its importance in
breathlessness has been largely overlooked. We propose that in both research and dinical care, relative and
absolute spirometric lung volumes provide complimentary information on the ling volume impairment
and remaining ventilatory reserve.

TABLE 2 Final model of absolute forced expiratory volume in 15 [FEV1] and sex difference in
bresthlessness in 3250 subjects from the genersl population

Overall Females Males
Subjects n 3250 161 1577
Females versus males 1.2% |0.8%-1.87
FEW per L 048 |0.33-006%] D48 10-33-0.6%] 0.48 |0.30-0.75]
Age per year 099 |0.97-1.01] 0.%% 10.98-1.01] 0.%8 10.95-1.02]
BMI per kg-m™ 1.10011.07-1.13 1.0 107-1.13] 1.1 [1.06-1.18]
Exercise =2 hweek™" FRef. FRef. Ref.
Exercise 0.5-1 haweek ™" 153 11.20-1.%8] 124 10%2-1.6%] 231 .n-3.11]
No exercise 2171 .66—2.84) 1.77 1 25-2.50] 316 |2.20-4555]
Smoking per pack-year® 100 [1.00-1.01] 1.00 |04%-1.101] 101 1.00-1.101]
CAL FEVI/FVC <LLN 1.40|0.83-237 1.44 |DAT-234] 1.33 I0.63-282]
Chronic bronch itis 2311 M-28% 2468 1 94-3.70] 1.45 [1.02-2.68]
IHD 1.60(1.01-253 1.34 |0.67-2.69] 201 [1.13-354]
History of depression 1371110171 1.53 1.17-2.00] 1.03 |0.64-1.68]

Data are presented as odds ratio |%53% Cl], unless otherwise stated. Adjusted associations with the severity of
exercise-related breathlessness on the modified Medical Research Council dyspnoea ImMRC] scale overall and
im males and females separately, estimated wsing ordered logistic regression clustering over 24 centres. The
mpdel explained 22.8% of the variation in mMRC scores. FEVY: foroed expiratory wolume in 1 5; BMI: body mass
imdest; CAL: chronic airflow Linnitation; PYC: forced wital capacity; LLM: lower limit of normal; IHD: ischaemic
heart disease; ref.: reference. ®: [mean cigarettes per day/20| « |number of years of s moking).
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Strengths and LUmitations

This was an intermational, multicentre study that induded a large general population sample with
standardised assessments across 13 countries [21). The analyses accounted for variability between study
centres and potential confounders induding BMI, detailed smoking exposure and the presence of
cardiopulmonary disease and rsk factors Sensitivity analyses showed consstent results supporting the
validity of the findings. Both FEV1 and FVC were amalysed, as they may contribute complimentary
information on alrway sze and respiratory mechanics which influence exertional breathlessnes.

Some potential limitations deserve mentioning. Firs, we excuded subjects with misdng study data
However, the representativeness of the sample for the general population is supported in that their
characteristics were similar to those of the excluded people and were similar to in previous population-based
studies [1, 2]. A previous analyss found no major effect of missing data in ECRHS on analyses of
symptoms [34]. The findings pertain to subjects aged 3867 years. Second, we lacked data on standardised
exercise tests. Exercise tests have limited feasibility in large population-based studies. The mMRC is a
discrimimative and wvalid measure that performs similar to other instruments of activity-related
breathlessness [4, 35, 36]. It is strongly related to health status [1, 4, 5] and maortality [6, 7], and is commanty
wsed, enabling comparisons between studies [1, 2, 4). Finally, we have not measured static hing
volumes, diffusion capacity or cardlopulmonary exerdse capacity, which should be evaluated to provide
more detailed information concerning both the nature and implication of reduced spirometnic lung volumes.

Relationship to prevailing hypotheses

This sudy does not support the prevailing view that females report more activity-related breathlessness for
a given ling functon impaimment compared to males mainly because of hormonal affective or
sociocultural reasons [11, 12, 37, 38). Breathlessness is a complex experience that consists of qualitativeby
distinct sensations that arse through interplay of blochemical, mechanical, neurcbiclogical, affective and
socicultural factors [35). This i reflected in our final model, where only 22, 8% of the mMRC varince was
expliined in the population. However, accounting for differences in absolute lung volume eliminated the
difference in activity-related bresthleseaness between males and females. Fernales have been found to slect
maore unpleasant descriptors of breathlessnes at peak exercise, which might be due to females breathing
closer to their madmum ventilatory capacity [27]. In the same sudy, the intensity of breathlessness was
similar in males and females when expressing ventilition as a percentage of the individual’s macimum
ventilation [27]. The importance of the ventilatory capacity rather than sex for exertional breathlessness is
supported by lboratory findings that males and fenmales experience a similar increase in the intensity and
unpleasantness of breathlessness for a simiar change in ventilatory motor drive [ 16].

New hypothesis

The present findings support that the functional impact of a given lung volume impalrment depends on
the underlying absolute lung volime [11, 39]. We further hypothesizse that people with smaller abanhite
lung volumes are at increased sk of developing significant activity-related breathlessness in relation to
different disease processes of noddous exposures such s smoking which nesds to be validated in
lengitudinal sudies.

=

—i— Males
—m— Females

0.5
0.8
0.71
0.6
0.5
0.4
0.3
0.2
0.1

D T T T
1 2 3 4 5
Quintile of absolute FEVH Quintile of FEV1 % pred

Odds ratio of breathlaszness w
Odds ratio of breathkessness =

FIGURE 1 Adjusted association between absolute and relative forced expiratory wolume in 15 [FEV] and
activity-related breathlessness. Lower FEVY was associated with more severe activity-related breathlessness
im the general population [n=3250] for al the absolute FEVY and bl the relative FEVI % predicted. Higher
quintiles of FEV1 imply higher FEv1 values. Odds ratios are compared with the lowest guintile of FEVY [quintile 1],
and are adjusted for age, body mass index, hours of exercise per week, pack-years of smoking, chronic
bronchitis, chromic airflos limitation, ischaemic heart disease and history of depression. The adjusted
association with modified Medical Research Council scores was similar between males and females both for
absolute FEVY | p=0.4% for interaction] and FEVY % pred | p=0.4% for interaction].
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FIGURE 2 Percentage of the sex difference in activity-related breathlesspess explained by forced expiratory
wolume in 15 [FEV1] and forced wital capacity |FVC] expressed in absolute volume and % predicted in the
general population In=3250]. Sex difference was measured as the variance in the modified Medical Reseanch
Council breathlesspess score explained by Sex in ordinal legistic regression adjusted for age, body mass
imdest, chronic bronc hitis, chronic airflow Llimitation, pack-years smoking, exercise, ischaesmic heart disease
and a history of depression. The sex disparity disappeared when adjusting for differences in the absolute FEV
or PYC between males and females. In contrast, the sex difference was not reduced when adjusting for FEVY
or PVC im % pred.

Conclusion

The markedly more severe activity-related breathlessness in fermales was exphined by differences in
absolute FEV1 or FVC in the general populstion. The assocation between lower lung wolumes and
increased breathlessness was similar in males and fermles and among healthy never-smokers This
highlights the importance of both relative and absolute values of lung function to evaluate the level of ing
imipalrment and remaining ventlatory reserve.
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Abstract

Background

In epidemiclogical studies, confinuous measures of asthma severity should be used to
cakch the heterogeneity of phenotypes. This study aimed al developing and validating con-
tinuous measures of asthma severity in adult patients with ever asthma from the general
population, to be used in epidemiclogical studies.

Methods

Respiralory symptoms, anti-asthmatic treatment and lung functicn wene measured on 520
patients with ever asthma aged 20-64 years from the general Italian population (GEIRD
study; 2007/2010). The vardables that represent the same dimension of asthma severity

wene identified through an explomatory factor analysis and wene summarized through a multi-

ple factoranalysis.

Results

Only respiratory symptoms and anti-asthmatic treatment wene summanized in a continuous
scome (STS). STS ranges from O (no symplomstreatment) 1o 10 (madimum symptom fre-
quency and treatment inlensity). STS was positively cormelated with the Global Initiative for

Asthma classification of asthma severity computed on the 137 cases with a doctor's diagno-

sis (Speaman’s coefficient = 0,61, p-value<0.0001) (concurrent validity). Furthermaone,

using a cohort of 1,097 Eurapean asthmatics (ECRHS |l study, 19992002), increasing STS
levels at basaline (1991/1993) were positivaly asscciated with long-term cutcomes (hospi-
talization and lost workday s for breathing problems, asthma attack frequency and use of
asthma contralers) (predictve validity). Finally, the STS scomres computed from the GEIRD
and ECRHS || data wene comparable (Lin's coefficient =0.95, p-value=0.0001) (replication
analysis).
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Conclusions

STSisavalid and replicable measune of asthma sevenly in adults, which could be usedin
assodciation sudies.

Introeduction

Asthma represents a global health problem becanse of its high morbidity [1] and the heavy
socio-economic burden [2-5].

The identification of the level of asthma severity is arucial for treatment dedsions in clinical
practice and for patients’ characterization in epidemiological studies. In fact, asthma isnot a
single disease and its severity is characterized by different phenotypes that may result from dif-
ferent risk factors [6-8]. However, defining "asthma severity’ is notan easy task, mainly
becanse of its heterogeneity and the lack ofa worldwide consensus on its definition [4].
According to the 2002 and 2004 Global Initiative for Asthma (GINA) guidelines [10], a cate-
gorical classification of asthma severity, which is based on symptom frequency, lung function
and treatment intensity has been used in several epidemiological smdies [11-16]. The choice
of this composite measure is justified by the fact that no single measures could accurately
reflect heterogeneous phenotypes of asthma severity. However, continuous outcomes should
be used for epidemiological purposes becanse any categorical classification of disease severity
iz biologically unsatisfactory for the majority of chronic diseases [17]. Moreover, individual
pathophysiological characteristics of asthma severity are mainly measured on continuous or
ordinal scales [9]. In addition, recognizing the nature of asthma as a continuum increases the
power of a statistical analysis [18] and has the potential to reduce bias in the evaluation of risk
factors for asthma [19].

The present study is aimed at developing and validating continuous measures of asthma
severity that summarize the individual information on lung function, symptom frequency and
treatment intensity in adult patients with ever asthma from the general population, to be used
in epidemiological studies. To fulfill this purpose, the data from the Gene Environment Inter-
actions in Respiratory Diseases (GEIRD) study were used.

Methods
Design of the GEIRD study

GEIRD (www grird org) is an ongoing multicentre, (multijcase-control study on respiratory
health [20], which includes more than 20,000 subjects who were randomly selected from the
general population in seven ltalian centres (Ancona, Pavia, Salerno, Sassari, Terni, Turin and
Verona). The cases of asthma, chronic obstructive pulmonary disease (COFPD), chronic bron-
chitis and rhinitis, and the subjects without respiratory symptoms (controls) were identified
through a two-stage screening process. In the first stage (2007-2010), the participants were
administered a screening questionnaire on respiratory heath In the second stage (2008 -ongo-
ing),all the responders to the soreening questionnaire with symptoms suggestive of asthma,
COFD or chronic bronchitis, and a random sample of those with symptom s suggestive of rhi-
nitis or without respiratory sym ptoms, were invited to undergo a detailed dinical interview,
lung function and laboratory tests for accurate phenotyping. Ethics approval was obtained
from the appropriate ethics committee (" Comitato Etico perla Sperimentazione dell Azienda
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Ospedaliera Istituti Ospitalieri di Verona™). All participants were fully informed about all the
aspects of the research project and they gave written informed consent.

Cases of asthma

The subjects were defined as having asthma if they had reported atleast one of the two follow-
ing conditions at the clinical examination:

1. ever asthma;

2. asthma-like symptoms [wheezing, nodturnal tightness in the chest, shortness of breath
(508 following strenuous activity, SoB at rest, Sof at night time] or anti-asthmatic treat-
ment in the past 12 months at the clinical interview, and ifthey had fulfilled atleast one of
the following spirometric criteria:

4. being positive to the methacholine challenge test with a <1 mg dose producing a 20%
fall in FEV;

b. having a pre-bronchodilator airflow obstruction (FEV/(FVC <70% or = Lower Limit of
Mormal for FEV /FVC according to Cruanjer [21]] and a positive reversibility test
(increase in FEV, >12% and =200 m] with respect to pre-bronchodilator FEV, after 400
mcg of salbutamal);

¢. having pre- but not post-bronchodilator airflow obstruction, and a post-bronchodilator
FEV; =80% predicted [21].

At the time of the present analysis, only the data on the patients rearuited in the Pavia, Sas-
sari, Turin and Verona centres were available. The soeening questionnaire was mailed to
17,084 eligible subjects (GEIRD-stage 1; 2007-2010) in these centres. Among the respon ders
(response rate: 59 4%, 4,792 subjects were invited for further dinical investigations (GEIRD-
stage I; 2008-2010). Among the 1,640 subjects who were phenotyped, 577 subjects were dassi-
fied as cases of asthma (Eigl).

Computation of asthma severity scores

Asthma severity scores were devised through a two-step procedure, which was carried outon
the 520 cases of asthma (out of the 577 cases identified in the four centres) with complete
infor mation on disease severity (respiratory symptoms, lung function and anti-asthmatic
treatment).

Step 1. An exploratory factor analysis (EFA) [22] was performed on 11 variables (listed in
Table 1) in order to identify the subset of variables representing the same dimension (factor)
of disease severity. This modd is based on the assumption that the symptom, treatment and
lung function variables are correlated through some unobservable factors. The values of each
variable were ordered coherently with an increasing level of disease severity. EFA was based
on the mixed correlation matrix between each pair of variables [23], ie. the polychoric oorrela-
tion hetween two ordinal variables, the tetrachoric correlation between two dichotomous vari-
ables, the Pearson moment corrdation between two continuous variables, and the polyserial
correlation if one variable is categorical and the other one is contimuous.

Factors were retained at EFA if the eigenvalue was greater than the mean of eigenvalues and
by means of the break in the scree plot (eigenvalues vs, factors). The uniqueness (ie. propor-
tion of variance in a given variable that is notdue to the extracted common factor) was used to
identify the variables that were poorly correlated with the extracted factors. The Kaiser-Meyer-
Olkin (KMO) measure was used for assessing the adequacy of the fitted model The variables
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GEIRD stage 1

[ 17,084 aligible subjects for the scresning stage ]
[2007-2010)

SCREEMING QUESTIONNAIRE
10,151 responders [59.45%)

4,792 invited to atbend the clindcal stage
" random samiple of ";
subjecns without

{8l subjects with ™ { random sampls of |
| symptoms suggestive | | subjects with

! ofasthma, COPDor | | Symploms suggestive | respiratory
chronic bronchitis | - of rhinitis : spmptams !
[44.1%) L {12.7%) [43.2%)
GEIRD stage 2 FHENGTYRING
(2008-2010) {dlinical interview and lung function tests)
LG40 visited

I BT7 cases of asthma |

Fig 1. Flow chart of the GEIRD study in the Pavia, Sassan, Turin and Verona centres, and selection of
the cases of

TS

with a KMOvalues <0.7 were excluded from the later dimensionality reduction procedure
(MFA).

Step L A multiple factor analysis (MFA) [24] was performed on the subset of variables
representing each dimension of asthma severity (identified at EFA) in order to estimate the
weights to be used for computing the corresponding individual score. In MFA, the symptom,
treatment and lung function variables were grouped in three different sets. For each dimension
of asthma severity, the individual scor es were obtained as the weighted linear combination of
the variables induded in MFA (Methods section n 81 File). All variables were analyzed on the
quantitative scale. Any component that had the eigenvalue greater than the mean of the eigen-
values was retained. Moreover, the break in the scree plot was used to retain components. A
bootstrap procedure with 50,000 replications was used to obtain a stable solution for eigenval-

ues, weights and scores.

Concurrent validity

Spearman’s coefficients were computed to evaluate the concordance between the identified
scores and a categorical classification of asthma severity, which was defined according to the
GINA guidelines [25] on the 137 cases who had reported a doctor’s diagnosis of asthma and
complete information on the GINA classification of asthma severity.

Predictive validity

The data from the European Community Respiratory Health Survey (ECRHS), which isan
international, population based cohort study on respiratory health in subjects aged 20-44
years atthe time of recutment (ECRHS § 1991-1993) [26], were used to evaluate the ability
of the identified scores to predict future events. The predictive validity was verified on the
subjects with ever asthma from 26 centres, who were identified atthe BECRHS [and had
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Table 1. Coding and definiticn of the cand idae varables

Mame Deetin it om Coding®
Wheezing “How many timea have you had wheezing o whistling in the last 12 montha? 0 [ewver)
1 [sometimas)
2 (atheastonce a wesek)
Asthma attacks “How many attacks o asthma have you had in e last 12 months? 0 (mome)
1 {1-11 attacks)
2 =12 attacks)
Tightress inchest “Have you woken up with a feelng of tghtness in youwr cheatat any tme in e last 12 0 ()
monitha 7 1(yes)
S0E at rest “Have you had an attack of shorness of breath that came on during the day when you were at | 0 (no)
rest a any time in the last 12 months 7 1 {yes)
S0E after strenuous “Hawve you had an attack of shorness of breat that came on following s renwous activity at 0 ()
activity any tme in e last 12 months?” 1(yes)
S0E at night time “Have you been woken by an attack of shortness of breath at any time in e last 12 montha?™ | 0 (no)
1 (yes)
Chronic bronchitis Cough or phisgm on moat days for a minimum of three montha a year and for at least two 0 ()
SUCCEE e Years. 1 {yes)
Worsening of respiratory | “in thelast 12 months, have you had any eplsodes/tmes when your symptoms (cowgh, 0 (moy)
symptoms phiegm, shorness of breath) were a lotworse than usual? o ‘Inthe last12 monfis have you |4 jyes 10 at least one of the
vizted a hospital caswalty departm ent or emeangency room (for breathing problems )7 or “ln tivee questons)
e last 12 montha, have you spent a night in hospial (for breathing problems )
Treatmenit intanaity of anti-asthmate Teatmentin the past 12 montha. 0 (im0 meatment)
1 {GINA step 1- only
relievers )™
2 (GINA step 1—conirolisrs)
3 (GINA steps >3)***
FEV;%: predicted Pre-bronchodilator FEV % predicied (icontinuwous)
FEV./FVC Pre-bronchedilator FEV,/FVC {continuous)

 all variables were ordersd coharantly with an increasing level of astma asverity, Le. e higher e level of e observed varnables, the higher e value of

asthma severity.

* GIMNA step 1—only relievers: treatment with short-actng f2-agonists and/oranticholinengic andior ketotien witwout controliens in the past 12 months.
** GINA step 1—conirollers with/without taking relievers: discontinuous treatment with Inhaled glucocortcosienoids (ICS) or Cromones or Oral
Methybanthines or Leukotriense modifiers or ICS & Long-acting B2-agonists or 1G5 & Mathyboanthines or |GS & Leukotriene modifiers withAwithout taking
redievers in the past 12 monthe.
*** GINA steps >2: treatment with IS (daily) or Cromones (daily) or Oral Methybanthines (daily) or Leukoiriens modifiers (daily) or |1C8 & Long-acting
B2-agonists (daily) or 1ICS & Metfykantines (daily) or IG5 & Leukotmens modifiers (dadly) or Oral glucocorticostenids or ant-IgE or Injectie

Corticos ieroids with/without taking rdisvers in the paat 12 montha.

ittt i arg 101371 fpurnal pane: 017 7538 4001

participated in the ECRHS I1 (1999-2002), by evaluating the association between the scores
computed at the ECRHS | jusing the weights estimated from the GEIRD data) and the follow-
ing long-term outcomes measured at the ECRHS [I: (i) having at least one emer gency depart-
ment visit and/or hospital admission for breathing problems during the follow-up, (i) number
of asthma attacks in the past 12 months, (iii) use of asthma controllers in the past 12 months,
and (iv) having lost atleast one working day due to breathing problemsin the past 12 months,
The association between the ECRHS-scores and each outcome was evaluated by using two-
level regression models, with subjects (1st level units ) nested into centres (2nd level units). The
hospitalization Rate Ratios (RR) were computed by using two-level Poisson regression models
by setting the person-years equal to half the length of the follow-up in the @se of at least one
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hospitalization. The adjusted Ratios of Expected number of asthma attacks (RE) were com-
puted by using a two-level negative binomial regression model. We chose a negative binomial
model because of the over-dispersed distribution of the "number of asthma attadis” variable
(Pearson's moment coefficient of skewness = 8.7) and its better fit as compared to the Poisson
maodel (likelihood ratio test, p-value=0.0001). The association of the ECRHS-scores with the
remaining outcomes was measured through the adjusted Ratio of Expected values (RE)
obtained by means of a two-leve Poisson regression model All the regression modelshad a
random intercept term at the Znd level, and the ECRHS-score and potential confounders (gen-
der, age, BMI and smoking habits at basdine) as fixed effects. The 95% confidence intervals
(CLs) were obtained by using a robust variance estimator ( Huber-White sandwich estimator).

Replicability
The robustness of the identified scores was verified by testing whether the MEA weights
change when estimated from another, similar population [27]. The data from the subjects with
ever asthma, who were identified at the ECRHS [ and had partidipated in the ECRHS II, were
used. The scores obtained by using the weights from the GEIRD data were compared to the
scores of the same dimension, which were computed by using the weights from a new MFA on
the ECRHS Il data. The Lin's concordance corrdation coefficient was used (a value = 0,80
indicates a good replicability ).

The statistical analyses were carried out using STATA, version 13.0, and B version 3.1.0.

Results
Main characteristics of patients

In our sample, the percentage of females was 51.9%, the mean age was 43 0 years (5D, standard
deviation; S = 9.4) and the median BMI was 244 (IQR, interquartile range; IQR = 21.7-27.0)
(Table 2. Ever smokers were predominant (51 .4%). About two out of three patients reported
at least one attadk of asthma, the presence of at least one asthma-like symptom, the use of anti-
asthmatic treatment, the worsening of symptoms or the use of hospital services in the past 12
maonths. In addition, 32.5% of these subjects had used anti-asthmatic treatment in the past 12
maonths, and 15.0% of the 314 asthmatics with available information had reported a notwell
controlled disease {ie 5-item Asthma Control Questionnaire (ACQ) score [28] less than 20).
Finally, pre-bronchodilator FEV % predicted and FEV /FVC were 102.2 (5D = 14.3) and 78.6
(5D = 7.8) on average, respectively.

Dimensionality reduction procedure

The mixed corrdation matrix suggested that there was redundant information in the data and
that the two lung function variables were weakly correlated with the variables regarding respi-
ratory symptoms and anti-asthmatic treatment (Table A in 51 File). Moreover, the EFA identi-
fied one factor that explined 84% of the total variance, whereas this factor explained 5% and
£% of the variance of pre-bronchodilator FEV % predicted and FEV /FVC, respectively. In
addition, the model adequacy checking indicates that the lung function varishles may not
belong to the extracted factor (Table B and Figure A in 51 File). Therefore, only the 9 variables
regarding symptom frequency and anti-asthmatic treatment intensity represent the same
dimension of asthma severity and were considered in the dimensionality reduction prooedure.
The MFA extracted two components that acoounted for 41% and 19% of the total variance,
respectively. Only the first MEA component was considered as a score of asthma severity
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Table 2. Main characteri sticsof the 520 ceses of asthma (dentified in the GEIRD study.

Main characteri stic Sub-character stic Summary statistics | Mumerical value
Females ) 51.9
Age (years) mean +ad 43.049.4
Smaoking habits Never smoker % 48.6
Fastamoker 26.0
Cument smoker 25.4
BMI meedian (Inerguartile range) 24.4(21.7-27.0)
Wheezing* Wever ) 60.0
Sometimes 27
At least onos 8 wesk 7.3
Asthma attacks ® None % 80.0
1-11 attacks 15.6
= 12 attacks 4.4
Tighttness inchest™ % 21.0
508 at reat” T 121
S0B after strenuwous actiity™ % 233
08 at night tme* % 16.0
Chironic bronchitis % 17.7
‘Worseningof respiratony symptoms ™ £ 15.8
Treatment™ None % 6.4
GINA 318p 1—only relievers 14.0
GINA 318p 1 —controlisrs 127
GINA steps = 2 8.9
Pre-oronchodilator FEV, %% predicted mean +ad 1022 £14.3
Pre-bronchodilator FEV, (FYC mean +ad TEBGEXT.8
ACOS*™ % 31
ACD 18 % 15.0
2024 382
25 46.8

508, shoriness of breath; ACOS, Asthma-COPD Ovearlap Syndrome; ACQ, Asthma Confrol Ouestionnaine.

* in e past 12 mantha.

** post-bronchoditator FEWV, /PWC <Lower Limit of Nomal acconding to Ouwanger (21).

bkl o org 101371 fpurnal pane 017 7538 4002

becanse all the weights had the positive sign, as expected for a measure of disease severity

(Table C and Figure A in 51 File).

Symptom frequency and anti-asthmatic Treatment intensity Score (STS)
According to the coding of the variables as reported in Table 1, the equation used to compute
individual 5TS is the following:
ST5 = 1.03 (Wheezing) + 0.85 (Asthma attacks) + (.48 ( Tightness in chest)
+ 01.32 (S0P at rest) + (.46 (S0B after strenuous activities)
+ (.38 (30B at night time) + 0.27 { Chronic bronchitis)
+ 0134 (Worsening of respiratory symptoms) + 1.53 (Treatment).

5T ranges from 0 (no respiratory symptoms and no anti-asthmatic treatment) to 10 (maxdi-
mum level of symptom frequency and treatment intensity) ona continuous scale, and it hasa
skewed distribution towards low values (Fig 2), which can be approximated to some common
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50

30

20

10

SST

Fig 2. Distribution of the Symptom frequency and anti-asthmatic Treatment intensity Score (STS). Datz from e GEIRD study.

10
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parametric distribution, such asa Zero-inflated Gamma. In our sample, ST5 ranged from O to
935 (median = 1.20, IQR = 0-3.53) and 33.5% of the 520 patients had a score equal to 0,
becanse they had reported ever asthma without the presence of respiratory symptoms and

without the use of asthma medications in the past 12 months.

Table 3. Median of the Symptom frequency and anthasthmatic Treatmant intensity Score(5T5) according to the GINA classlfication of ssthma

severty. Dat from the GEIRD study.

GINA ¢lagsification N Medi an (1GR) p-value
Intermitient 72 3.61 (258—4.48) <0000 *
mild peraistant 17 5.17 (4.07—653)

moderate persistent 17 5.66 (395-6.13)

SEVEers persstent 3l 590 (5.02-7.70)

IOR, interguartile ramge.

" GINA cessfication was calculated on patients with a doctor's dagnosis of ssthma.
¥ Spearman’s comaation costficent, which was compuisd 1o evaluate the concordance between STS and the GINA dassification of asthma severty.

it =i oong10.1371 fournal pone (17 7538 4003
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Concurrent validity of STS

Among the 137 GEIRD cases with an asthma diagnosis, the individuak who had received daily
controller medications had a significantly lower 5T5 (median = 0.46, [QR = 0-1.86) as com-
pared to both the subjects treated with non-daily controller medications (median = 447,

IR = 3.48-5.47) and the subjects not treated with controller medications (median = 5.87,
IR = 4.45-7.47) in the past 1 2 months. Moreover, 5TS was positively corrdated with the
GINA dassification of asthma severity (Spearman’s coefficient = 061, p-vahie-<0.0001)

(Table 3.

Predictive validity of STS

In the ECRHS cohort, 1,097 subjects with ever asthma had provided complete information on
STSat the ECRHS [ and on at least one long-term outcome (Table Din 51 File). We found
that the long-term outcomes were predicted by increased values of STS (Table 4). In particular,
for one-unit increase in TS, the risk of hospitalization for breathing problems during the
9-year follow-up (between the ECRHS [ and IT) raised by 31% and the ecpected number of
asthma attacks in the past 12 months at ECRHS 11 raised by 46%. Furthermore, at ECRHS 11,
the expected number of subjects with at least one working day lost due to breathing problems
in the past 12 months increased by 25%:; the same figure was observed for the use of controller
medications.

Replicability of STS
In the ECRHS cohort, 1,327 subjects with ever asthma had provided complete information on 5T5
at the ECHRHS 11 (Table [¥in 51 File). The STS scores computed from the GEIRD and ECRHS 11
data were comparable (Fig 2), the Lin's coefficient being equal to 095 (p-value-<0.0001), which
indicates an excellent replicahility.

Discussion
The main results of the present study are the following:
Tabled. Association between the Symptom frequency and antasthmatic Treatment intensity Score

(5T5)at baseline {1931—1993) and |ong-term outcomes at the end of follow-up (1998-2001). Data from
the ECRHS atudy.

Lo g-term outcomes: Estimate ~ [95%C1] p-value
(measure of association)

Hospitalzaton®* (RR)" 1.31 [1.24, 1.39) <0001
. of agthma attacks® (REF® 1,46 [1.30, 1.63) <0001
Use of controler drugs® (RE)* 1.251.21, 1.29] <0001
At least one working day let* (RE)* 1.25(1.18, 1.35] <0001

RR, adjusted rate rato; RE, adusted ratio of expecisd vales.

* for one-unt increase in STS.

** at least oneemengency department visit andior hospital admission for breathing problems during he Sy
follow-up (between the ECRHS | and Il).

¥ adjusted for gender, age, BMI| and smoking habits at ECRHS 1.

# i the past 12 montha at ECRHS 1L

% adjusted for gender, age, BMI and smoking hakbits at baseline, and length of the follow-up.

Jidoi org10.13 T Sournal.pon a0 1775 38,4104
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u
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ECRHS I

T T T ! ! T

0 2 4 6 8 10
GEIRD

Fig 3. Relatonship between the Symptom frequency and anthasthmatic Treatment intensity Score (STS) computed by using the weights
from the GEIRD data (horizontal axis) and STS computed by using the weights from the ECRHS 11 d ata (vertical axis).
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1. Lung function variables were weakly oorrelated with respiratory symptoms and anti-asth-
matic treatment in adults. Therefore, lung function, symptom and treatment variables
should not be summarized in one dimensional score of asthma severity.

. A continuous measure of asthma severity has been devised, which summarizes the fre-
quency of respiratory symptoms and the intensity of anti-asthmatic treatment. This score
hasheen proved to be a valid measure of asthma severity in adults and it seems to be repli-
cable in adult population s from different European countries. Moreover, a parametric
moddling approach can be adopted in analyzing this score.

It

Different dimensions of asthma severity

We investigated which scores could summarize the different dimensions of asthma severity

in adult patients, i.e. the frequency of respiratory symptoms, the intensity of anti-asthmatic
treatment and lung function. Since the list of symptoms described in the GINA guiddines is
claimed to be incomplete [29], alarger set of respiratory symptoms was considered in the pres-
ent analyses.
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In order to create summary measures of asthma severity, the redundancy of information in
the considered variables is essential. A correlation between respiratory symptoms and hing
function is expected because wheezing, tightness in the chest and cough are most likely to be
ohstructive symptoms. However, other respiratory symptoms, such as shortness of breath, prob-
ably reflect non-obstructive dyspnea [22]. We found a weak corrdation between our setof
symptom and anti-asthmatic treatment variables, and the two lung function measures This fact
is in agreement with the results from other studies, which have shown a modest association
between lung function decline and increased respiratory symptoms [30-31]. In addition, only
5% and 8% of the variance of FEV % predicted and FEV/FVC, respectively, is explained by a
comman, unobhsrved factor found in the EFA analysis. When EFA was repeated without the
lung fundion measures, the inobserved factor explains more than 84% of the common varianoe
of the symptom and treatment variables. Therefore, combining respiratory symptoms and lung
function variables into a single score is not supported by our data, as found in another study in
which ung function had only a small impact on the categorization of asthma severity [32].

MFA helps to remove the redundant information in symptom and treatment variables. We
identified two components that ecplain a high proportion of the total variance (Table Cand
Figure A in 51 Fle). The first component can be interpreted as a measure of asthma severity in
adult subjects hecanse all weights connected to the frequency of respiratory symptoms and the
intensity of anti-asthmatic treatment have a positive sign. The second component separates
the patients with the maximum intensity of treatment but no symptoms, from the individuals
with no treatment but the maximum frequency of symptoms, becanse the weights of the treat-
ment and symptom variables have an opposite sign. Therefore, the second component should
be a measure of asthma control. In fact, recent guidelines report that asthma control refers to
the extent to which the disease manifestations have been reduced or removed by treatment
[33]. Despite being different clinical constructs, asthma severity and asthma control are re-
lated. In fact, we found a weak negative correlation between 5T5 and the 5-item ACT score
(Pearson's cocfficient = -0.47, p-value < 0.0001).

STSand asthma severity

In several epidemiological smdies, measures of asthma severity are computed as the sum of
symptoms (Le. equal weights are assigned to each component variable) [34-35]. 5T5 makes it
possible to weight the contribution to asthma severity of each symptom and anti-asthmatic
treatment in resped to these simple scores. The self-reported intensity of anti-asthmatic treat-
ment has the highest weight in 5T5. Asthma medications reflect the physidan assessmentof a
patient’s underlying severity. In fact, the utilization of a categorical classification of treatment
intensity as an approximate index ofasthma severity is suggested in population studies where
clinical data on disease severity are lacking [36]. Among respiratory symptoms, wheezing has
the highest weight in the STS equation, followed by asthma attacks. In fact, different smdies
have shown that wheezing (alone or in combination with other symptoms) is the most com-
maon physial finding in adult asthma [37-39].

The use of continuous scores is recommended in epidemiological studies [1E]. In fact,
asthma symptoms exist as a continuum ina population [19], and data supporting the existence
of one (or more) cut-off points that discriminate subjects into severe (or differentlevels of
severity ) and not-severe asthma, are somewhat arbitrary. Furthermore, continuous measures
make it possible to in ease the power in association analyses, and this fact is particularly
important when the sample size is small [19]. Moreover, the power of an association analysis
further increases by using a parametric modelling approach for STS, since it is possible to
assume a known theoretical distribution of the score [40].
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5T% is a useful measure of asthma severity in population studies becanse its validity and rep-
licahility, which are two fundamental characteristics of any measurement procedure [41], were
demonstrated. Concurrent validity was proved by evaluating the rdation between 5TS and an
alternative classification of asthma severity, based on the GINA guidelines. However, the pre-
dictive validity is a stronger criterion for validating a measuring instrument [42], as compared
to the concurrent validity, becanse a gold standard for asthma severity does not corrently exist.
Accordingly, strong positive rdationships were ohserved between an inareasing leve of STS
and the worsening of different long-term outcomes. Moreover, we found a very small variation
in the 8T5 weights, when they were computed by using the data from geographicaly and cul-
turally different Enropean populations (ECRHS). This variation in 5TS weights (Eig3) can be
attributed to a combination of differences between the clinical questionnaires used in the
GEIRD and ECRHS 1 studies (see “Strengths and wealmess of the study™ paragraph) and
hetween the characteristics of the GEIRD and ECRHS populations (Table [ in 51 File).

Lung function and asthma severity

Prebronchodilator FEV % predicted and FEV,/FVC are used as objective measures of respi-
ratory health. The use of FEV, is recommended to determine the sever ity of airflow obstruc-
tion, and FEV /FV'C to confirm an obstructive defect [43]. Lung function measurements are
important because patients, especialy those who have frequent exacerbations, could have a
poor perception of the severity of their symptoms [44]. In addition, people who have a seden-
tary lifestyle might not experience bothersome symptoms even if they have low lung function
[33]. However, lung function tests alone are not sufficient, and the understanding of patient’s
symptom severity is equally important.

Strengths and weakness of the study

The main strength of the present analysis is that our cases of asthma underwent an accurate
phenotyping by means of an extended clinical interview and lung function tests [20]. More-
over, the data were collected in patients who had been identified from the general population,
rather than from clinically sdected groups, which should gnarantee that our sample encom-
passes a wide spectrum of disease severity.

A few caveats should be taken into account when interpreting our results, Although our
patients were identified from large samples of subjects from the general population, the num-
ber of asthma cases was relatively small. However, our estimates do not change when com-
puted from a larger number of patients selected from the Enropean population. There are
some differences between the clinical questionnaires used in the GEIRD and ECRHS 11 stud-
ies. In particular, in the ECRHS 11 questionnaire, "wherzing” and *worsening of respiratory
symptoms’ varisbles refer to the “presence of wheezing or whistling in the past 12 mon ths”
and “having atleast one emergency department visit or hospital admission for breathing prob-
lems in the past 12 months”, respectively. Finally, the age range of the GEIRD (20-64 yrs) and
ECHHS (28-57 yrs) cases of asthma are not perfectly overlayable

Conclusions

Lung function, symptom and treatment variables seem to represent different dimensions of
asthma severity in adults with ever asthma. Therefore, we propose 5T5 as a continuous mea-
sure of the frequency of respiratory symptoms and the intensity of anti-asthmatic treatment,
to be used in epidemiological stdies. This score has been proved to be a valid and replicable
m easure of asthma severity and its distribution can be approximated to some known paramet-
ric distribution, such asa Zero-inflated Gamma.
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51 File. Table A—Mixed correlation matrix of the candidate variables. Table B—Factor
wieights, uniqueness and the Kaiser-Meyer-Olldn (EMO) measure for the first factor at EFA,
with and without the lun g function variables. Table C—Mean, 95% confidence interval and
coefficient of variation (CV) ** of the maximum eigenvalue, proportion of variance acoounted
for by each component and weights. Table D—Main characteristics of the cases of asthma
from the ECRHS study. Fignre A—Scree plot of eigenvahies from (a) Exploratory Factor Anal-
ysis (EFA) and (b) Multiple Factor Analbysis (MFA).
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