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Abstract. Background and aim of the work: Osteoporosis is a disease characterized by the chronic deteriora-
tion of bone tissue, leading to an increased risk of fractures, hospitalization and mortality. Recent studies
highlighted that exposure to air pollution may represent a risk factor for osteoporosis. This study aimed to
investigate the association between air pollution exposure and osteoporosis in a sample of 45,483 Italian
adults. Research design and Methods: Osteoporosis Data were extracted from a nationwide survey conducted by
the Italian National Institute of Statistics in 2019. A logistic regression model was employed to analyze the
association between osteoporosis and self-reported levels of air pollution in residential areas. The model was
adjusted by sociodemographic characteristics, comorbidities, and lifestyle factors. The Benjamini-Hochberg
procedure was applied to multiple comparisons occurring in multivariable analysis to control the false discov-
ery rate. Gender stratified analyses were also performed. Resu/zs: Higher odds of osteoporosis were found in
individuals living in areas reported as ‘very polluted’ (OR = 1.35,95%CI = 1.17-1.57, q <0.001), as ‘quite pol-
luted’ (OR =1.28,95%CI = 1.15-1.43, q <0.001), and as ‘scarcely polluted’ (OR = 1.10, 95%CI = 1.00-1.22,
q = 0.0872), compared to those living in areas reported as ‘not polluted’. The gender stratified analysis showed
that this association was present in females, but not in males. Conclusions: Due to the limitations of the
cross-sectional design of this study, further research is needed to confirm the results and fully understand the
explanatory mechanisms of the association between air pollution and osteoporosis. (www.actabiomedica.it)
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Introduction

Osteoporosis is a systemic disease characterized
by reduced Bone Mineral Density (BMD) and dete-
rioration of bone microarchitecture, with a consequent
increase in bone fragility and susceptibility to fracture
after low-level or low-energy trauma, typically affecting
the spine, hip, distal forearm and proximal humerus (1).
Osteoporotic fractures represent a major risk of hospi-
talization, long-term disability, loss of independence,

and overall impaired quality of life (QoL) increased
mortality (2—4). According to the World Health Or-
ganization, osteoporosis affects around 200 million
women worldwide, with a higher prevalence in North-
ern America and Europe (22.1% of women and 6.6%
of men over 50-years-old), being Italy the most affected
country (4,5). The worldwide economic burden of os-
teoporotic hip fractures is projected to reach $131.5
billion by 2050 (6), while the direct cost of osteoporo-
tic fractures in Italy was estimated to be €9.4 billion
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in 2019 (5). Several risk factors for the development
of osteoporosis have been identified, including family
history of osteoporosis; age; female gender; low so-
cioeconomic status (SES); smoking; excessive alcohol
consumption; lack of physical activity (PA); low cal-
cium ingestion (7,8); chronic diseases, i.e., chronic ob-
structive pulmonary disease (COPD), peptic ulcer and
diabetes; long-term treatment with corticosteroids or
chemotherapy (9-11); and, more recently, air pollution.
Specifically, a study performed in Taiwan demonstrated
a significant reduction of BMD in women with long-
term exposure to PM, 5 (12), while another study from
South Korea reported an increased risk of osteoporotic
fractures in elderly exposed to higher levels of sulfur
dioxide (SO,) (13). The pathogenetic mechanisms un-
derlying the association between air pollution and bone
damage are not fully understood (14,15). The aim of
this cross-sectional study was to analyze the association
between the exposure to air pollution and the develop-
ment of osteoporosis in a large representative sample of
Italian adults.

Methods
Data sources

Data were extracted from the 2019 survey ‘Aspects
of Daily Lif¢, part of an integrated system of social
surveys conducted by the Italian National Institute
of Statistics (Istat) named ‘Multi-Purpose Surveys
on Families’ (16), administered to 20,000 families
equally distributed in about 800 Italian municipalities
of different population sizes. Families are randomly
extracted by Istat using a sampling strategy aimed at
achieving a statistically representative sample of Italy’s
resident population. Individuals are interviewed us-
ing a sequential computer-assisted web-based inter-
view mixed with paper interviews every year between
March and May. The questionnaires investigate various
aspects of social and daily life to determine individual,
family and community health, wealth, interactions and
functioning in relation with public services, produc-
tive and leisure activities by assessing people behaviors,
motivations, and opinions. The study was designed fol-

lowing STROBE guidelines (17).

Study variables

Each study variable corresponded to a survey ques-
tion. The outcome binary variable was the diagnosis of
osteoporosis as reported by the patient (0 for ‘not af-
fected’ and 1 for ‘affected’). Exposure to air pollution was
assessed using self-reported residential air quality levels
codified as ‘very polluted’, quite polluted’, scarcely polluted’,
and ot polluted’. Covariates included in the analysis
were gender, age, educational level, citizenship, macro-
region area of residence, PA, body mass index (BMI),
vegetable consumption, smoking habit, and presence
of the following conditions: diabetes, heart diseases,
asthma, COPD, gastric/duodenal ulcer, and cancer. All
variables were self-reported by the study participants.
Age categories are derived by self-reported age and di-
vided in “Young” for individuals younger than 65 and
“Elderly” for individuals aged 65 or older. BMI catego-
ries are derived by self-reported height and body weight.

Statistical analysis

Baseline demographic and clinical characteristics
were described as mean * standard deviation, median
and interquartile range, or as absolute values and per-
centages, as appropriate. The normal distribution of nu-
merical variables was confirmed by the Shapiro-Wilk
test and Q—Q plot analysis. The association between
osteoporosis and each variable was investigated using
t-test for continuous variables, and chi-square test or
Fisher’s exact test for categorical variables. Logistic
regression analysis was employed to assess the associa-
tion between air pollution and osteoporosis. The first
model (Model 0) provided the unadjusted odds ratio
(OR) and 95% confidence interval (CI) for this asso-
ciation, while the second and final model (Model 1)
provided the adjusted OR and 95% CI by includ-
ing all confounding variables as covariates. The set of
confounding variables was determined based on the
statistical significance of crude associations and previ-
ous scientific evidence. Model 1 was also stratified by
gender in order to analyze gender differences in the
relationship between air pollution and osteoporosis.
The reference category for perceived air pollution was
set at the lowest level of exposure (‘not polluted’). Due
to the presence of missing data for various covariates,
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multiple imputation by chained equations (MICE)
was used to create and analyze 30 multiply imputed
datasets. Incomplete variables, including the outcome
variable, were imputed under fully conditional specifi-
cation (18). The parameters of interest were separately
estimated in each imputed dataset, then combined us-
ing Rubin’s rules (19) to obtain pooled results. A sen-
sitivity analysis performed using weighted regression
estimates to test for local departures from the missing-
at-random assumption gave results similar to those ob-
tained under missing-at-random multiple imputation
(data not shown) (20). Because such analysis could not
confirm the missing-completely-at-random assump-
tion, MICE was performed only on covariates with
<25% of missing data to avoid estimation bias (21,22).
Therefore, PA, with 36.3% of missing records, was not
included in the final list of covariates. However, since
PA is recognized as a major protective factor against
osteoporosis, a sensitivity analysis was conducted by
categorizing the variable into three levels (i.e., active,
sedentary, and missing) that were incorporated into
the logistic regression models to assess their robustness
and stability. All tests were two-sided. The significance
level was set as p < 0.05. The Benjamini-Hochberg
procedure was applied to multiple comparisons oc-
curring in multivariable analysis to control the false
discovery rate (23). As a consequence, the p-values re-
sulting from Model 1 were presented as g-values, i.e.,
adjusted p-values. All analyses were carried out using
R-Studio statistical software (RStudio, PBC, Boston,
MA, USA) (19).

Results
Study population

The main characteristics of the 45,483 subjects in-
cluded in the Istat sample are summarized in Table 1.
A number of 23,527 (51.7%) individuals were females
and 21,956 (48.3%) were males. A total of 34,201
(75.2%) individuals were younger than 65 years, and
11,282 (24.8%) were 65 or older. A total of 5,938
(13.1%) had a university degree, 14,281 (31.4%) a high
school degree, 12,438 (27.3%) a middle school de-
gree, and 9,926 (21.8%) an elementary school degree.

Table 1. Population characteristics.

N %
Gender
Male (ref.) 21,956 483
Female 23,527 51.7
Age
Elderly (>65yo0) 11,282 24.8
Young (<65yo) (ref.) 34,201 75.2
Educational level
University degree (ref.) 5,938 13.1
High school degree 14,281 314
Middle school degree 12,438 27.3
Elementary school degree 9,926 21.8
Missing 2900 6.4
Citizenship
Ttalian (ref.) 42,792 94.1
Foreign 1,633 3.6
Missing 1,058 2.3
Region
North-west 9,940 21.9
North-east (ref.) 9,711 21.4
Center 8,238 18.1
South 12,912 28.4
Isles 4,648 10.2
Missing 34 0.1
Osteoporosis
No 39,003 85.8
Yes 3,998 8.8
Missing 2,482 5.5
Air quality
Very polluted 4,303 9.5
Quite Polluted 10,619 23.3
Scarcely polluted 17,151 37.7
Not polluted at all (ref.) 11,958 26.3
Missing 1,452 3.2
Physical Activity
Active (ref.) 6,437 14.2
Sedentary 22,547 49.6
Missing 16,499 36.3
BMI
Underweight 1,104 2.4
Normal weight (ref.) 19,317 42.5

Table 1 (Continued)
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N %
Overweight 13,676 30.1
Obese 4,281 9.4
Missing 7,105 15.6
Vegetables consumption
More than once a day 5,486 12.1
Once a day 13,619 29.9
A few times a week 19,769 43.5
Less than once a week 3,569 7.8
Never 1,155 2.5
Missing 1,885 4.1
Smoking habit
Smoker 7,201 15.8
Quitter 9,368 20.6
Non-smoker 24,319 53.5
Missing 4,595 10.1
Diabetes
no 40,350 88.7
yes 2,846 6.3
Missing 2,287 5.0
Heart disease
no 41,259 90.7
yes 1,535 3.4
Missing 2,689 5.9
COPD
no 41,034 90.2
yes 1,824 4.0
Missing 2,625 5.8
Asthma
no 41,016 90.2
yes 1,776 3.9
Missing 2,691 5.9
Ulcer
No 41,551 91.4
Yes 1,222 2.7
Missing 2,710 6.0
Cancer history
No 41,571 91.4
yes 1,259 2.8
Missing 2,653 5.8

Abbreviation: ref. = reference category.

The vast majority hold Italian citizenship (94.1%).
Air quality at residential places was reported as very
polluted by 4,303 (9.5%), quite polluted by 10,619
(23.3%), scarcely polluted by 17,151 (37.7%), and not
polluted by 11,958 (26.3%). A diagnosis of osteopo-
rosis was reported by 3,998 (8.8%) subjects. Overall,
13,488 (29.7%) records were incomplete. The percent-
age of missing values varied between 0.0% and 15.6%
across the 17 variables included in the regression mod-
els, except for PA that was burdened by 36.3% of miss-
ing data (see ‘Methods’ section).

Regression analysis

Complete results from logistic regression models
are reported in Table 2. The crude analysis showed a
significant association between air pollution and osteo-
porosis, with the prevalence of osteoporosis being sig-
nificantly higher in very polluted areas (OR = 1.26, 95%
CI = 1.12-1.42, p <0.001) than in not polluted areas.
This significant association was confirmed in the adjusted
model (OR =1.35,95% CI = 1.17-1.57, q <0.001), ac-
cording to which the rate of osteoporosis was also higher
among those living in quite polluted areas (OR = 1.28,
95% CI = 1.15-1.43, q <0.001), but not in scarcely pol-
luted areas (OR = 1.10,95% CI = 1.00-1.22, q = 0.0872),
as compared to those living in not polluted areas.

Female gender, older age, obesity, presence of co-
morbidities, lower educational level, foreign citizen-
ship, and living in central, southern or insular Italy
were also significantly associated with higher rates of
osteoporosis (Table 2).

As reported in Table 3, higher odds of osteo-
porosis were identified in females exposed to higher
levels of air pollution (OR = 1.37, 95% CI = 1.18-
1.60, q <0.001), but not in males (OR = 1.12, 95%
CI = 0.83-1.50, q = 0.210).

Lastly, the introduction of PA in the analy-
sis did not significantly change the model estimates

(Supplementary Table S1).

Discussion

This cross-sectional study performed on 45,483
subjects residing in Italy supports the hypothesis of air
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Table 2. Logistic regressions results.

Adjusted model Unadjusted model

OR 95% CI p-value q-value OR 95% CI p-value
Air pollution
Not polluted — — — —
Scarcely polluted 1.1 1.00, 1.22 0.052 0.072 1.02 0.94,1.11 0.643
Quite Polluted 1.28 1.15,1.43 <0.001 <0.001 1.14 1.04,1.25 0.013
Very polluted 1.35 1.17,1.57 <0.001 <0.001 1.26 1.12,1.42 <0.001
Gender
Male — —
Female 7.73 6.93, 8.63 <0.001 <0.001
Age
Young — —
Elderly 8.01 7.31,8.77 <0.001 <0.001
Educational level
University degree — —
High school degree 1.27 1.09, 1.48 0.002 0.003
Middle school degree 1.41 1.21,1.64 <0.001 <0.001
Elementary school degree 1.55 1.34,1.80 <0.001 <0.001
Citizenship
Italian — —
Foreign 0.61 0.44,0.84 0.003 0.004
Macro-region
North-East — —
North-West 1.11 0.98,1.25 0.111 0.148
Center 1.38 1.22,1.57 <0.001 <0.001
South 1.67 1.49,1.88 <0.001 <0.001
Islands 1.95 1.68,2.26 <0.001 <0.001
BMI
Normal weight — —
Underweight 0.94 0.74,1.19 0.609 0.656
Overweight 1.10 1.01,1.20 0.038 0.056
Obesity 1.18 1.05,1.34 0.007 0.011
Vegetables Consumption
Never — —
Less than once a week 1.07 0.78,1.47 0.693 0.718
A few times a week 1.16 0.87,1.55 0.297 0.347
Once a day 1.20 0.90, 1.61 0.210 0.267
More than once a day 1.20 0.89,1.61 0.243 0.295

Table 2 (Continued)




Acta Biomed 2024; Vol. 95, N. 6: ¢2024076

Adjusted model Unadjusted model

OR 95% CI p-value q-value OR 95% CI p-value
Smoking history
Non-smoker — —
Quitter 1.03 0.93,1.14 0.599 0.656
Smoker 0.99 0.87,1.12 0.834 0.834
Diabetes
No — —
Yes 1.63 1.45,1.84 <0.001 <0.001
Heart Disease
No — —
Yes 2.20 1.88,2.57 <0.001 <0.001
COPD
No — —
Yes 2.59 2.24,3.00 <0.001 <0.001
Asthma
No — —
Yes 1.70 1.43,2.01 <0.001 <0.001
Gastric/duodenal ulcer
No — —
Yes 4.11 3.48,4.85 <0.001 <0.001
Cancer
No — —
Yes 2.65 2.25,3.12 <0.001 <0.001

Note: the q value is derived from the Benjamini & Hochberg correction for multiple testing.

pollution as a potential risk factor for osteoporosis.
Previous studies performed in large population-based
cohorts reported a significant decrease in BMD cou-
pled with a significant increase in osteoporosis in peo-
ple exposed to high levels of air pollutants, including
PM, 5, PM;, and NO, (24-26). Another study dem-
onstrated higher levels of urinary polycyclic aromatic
hydrocarbons (PAHs) in patients with osteoporosis
(27). Moreover, higher levels of exposure to PM, s
were associated with higher risk of osteoporotic frac-
tures (28,29). Although the exact pathogenesis re-
mains to be established, several mechanisms linking
chronic exposure to air pollution to osteoporosis have
been postulated. First, air pollution has been demon-
strated to trigger inflammatory pathways and oxidative
stress involved in pathogenesis of osteoporosis (30,31).
Pro-inflammatory cytokines and other inflammatory

mediators may contribute to the disruption of bone
tissue and reduce BMD (32,33). RANK-RANKL-
OPG pathway is primarily involved in the pathogen-
esis of osteoporosis. RANK binding to RANKL, a
member of the tumor-necrosis-factor family of ligands
placed on the surface of osteoclasts, activates their dif-
ferentiation, thus stimulating bone resorption (34).
Osteoprotegerin (OPG) binds to RANKL and pre-
vents its interaction with RANK, thus inhibiting os-
teoclastogenesis. The RANKL/OPG ratio has a crucial
role in maintaining bone homeostasis. In osteoporosis,
a relative increase in RANKL and decrease in OPG
results in the increase of osteoclastic activity (34). In-
flammation increases the production of RANKL, acti-
vating the RANK pathway, and, consequently,
stimulates osteoclast activation and bone resorption
(35,36), ultimately increasing the risk of osteoporotic
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Table 3. Gender stratified logistic regressions.

Males Females

OR 95% CI | p-value q-value | OR 95% CI p-value | g-value
Air pollution
Not polluted — — — —
Scarcely polluted 1.07 | 0.88,1.31 0.506 0.711 1.09 0.98,1.21 0.043 0.065
Quite Polluted 1.19 0.95,1.49 0.377 0.598 1.32 1.17,1.48 <0.001 <0.001
Very polluted 1.12 | 0.83,1.50 0.101 0.210 1.37 1.18,1.60 <0.001 <0.001
Age
Young — — — —
Elderly 4.86 | 4.02,5.87 <0.001 <0.001 9.08 8.24,10.0 <0.001 <0.001
Educational level
University degree — — — —
High school degree 1.11 0.81,1.54 0.656 0.768 1.29 1.10,1.53 0.002 0.003
Middle school degree 1.24 | 0.91,1.71 0.233 0.420 1.43 1.21,1.68 <0.001 <0.001
Elementary school degree 1.70 1.25,2.35 0.010 0.024 1.50 1.28,1.77 <0.001 <0.001
Citizenship
Italian — — — —
Foreign 0.88 | 0.38,1.74 0.230 0.42 0.55 0.39,0.77 0.004 0.006
Macro-region
North-East — — — —
North-West 0.99 0.75,1.31 0.366 0.598 1.10 0.96, 1.25 0.141 0.182
Center 1.42 1.08,1.87 0.010 0.024 1.33 1.16,1.53 <0.001 <0.001
South 2.05 1.61, 2.62 <0.001 <0.001 1.63 1.44,1.85 <0.001 <0.001
Islands 1.78 1.31,2.42 <0.001 <0.001 2.00 1.71,2.34 <0.001 <0.001
BMI
Normal weight — — — —
Underweight 0.93 0.33,2.24 0.427 0.640 0.87 | 0.68,1.10 0.741 0.741
Owerweight 1.09 0.84,1.39 0.067 0.150 1.08 0.98,1.19 0.061 0.086
Obesity 0.99 0.77,1.27 0.962 0.965 1.23 1.08,1.41 <0.001 <0.001
Vegetables Consumption
Never — — — —
Less than once a week 0.79 0.47,1.40 0.566 0.728 1.22 0.84,1.78 0.393 0.443
A few times a week 0.82 | 0.52,1.36 0.868 0.937 1.33 0.96, 1.88 0.211 0.248
Once a day 0.74 | 0.46,1.24 0.682 0.768 1.41 1.01, 2.00 0.096 0.129
More than once a day 0.81 0.48,1.39 0.965 0.965 1.38 0.98,1.97 0.149 0.182
Smoking history
Non-smoker — — — —
Quitter 1.14 | 0.95,1.36 0.628 0.768 1.06 0.95,1.19 0.506 0.546
Smoker 1.22 | 0.96,1.53 0.526 0.711 0.95 0.83,1.09 0.646 0.671

Table 3 (Continued)
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Males

Females

OR 95% CI

p-value

q-value | OR 95% CI p-value | q-value

Diabetes

No — —

Yes 2.19 1.81,2.64

<0.001

<0.001 1.43 1.26, 1.64 <0.001 <0.001

Heart Disease

No — —

Yes 2.05 1.64,2.56

<0.001

<0.001 2.34 1.96, 2.80 <0.001 <0.001

COPD

No — —

Yes 2.44 | 1.93,3.06

<0.001

<0.001 2.48 | 2.09,2.95 <0.001 <0.001

Asthma

No — —

Yes 2.36 1.83,3.04

<0.001

<0.001 1.40 1.15,1.68 <0.001 <0.001

Gastric/duodenal ulcer

No — —

Yes 3.51 2.76,4.44

<0.001

<0.001 4.46 3.65,5.44 <0.001 <0.001

Cancer

No — —

Yes 2.54 1.98,3.25

<0.001

<0.001 2.95 2.44,3.55 <0.001 <0.001

Note: the q value is derived from the Benjamini & Hochberg correction for multiple testing.

fractures (37). High levels of air pollution may also in-
directly promote osteoporosis by significantly reducing
PA, lowering the willingness to practice outdoor phys-
ical exercise in individuals living in highly polluted
areas (38). In addition, air pollution has been linked to
decreased lung function and increased rates of respira-
tory symptoms, which may reduce the ability to en-
gage in PA and participate in activities requiring high
levels of aerobic fitness (39,40). Furthermore, air pol-
lution may contribute to reducing vitamin D levels by
lowering the amount of solar UVB radiation, especially
in people living in highly polluted areas (41,42), which
represents a primary risk factor for osteoporosis. Spe-
cifically, particulate matter absorbs UVB radiation and
reduces the amount that reaches the earth’s surface (43),
while other pollutants like ozone and sulfur dioxide
could scatter UVB radiation (44). A 2019 cohort study
found an association between air pollution exposure
and vitamin D deficiency in pregnant women (45).
Finally, some components of particulate matter may act
as endocrine-disruptors and negatively impact on bone

health (46) by interfering with estrogen activity
directly (i.e., PAHs and polychlorinated biphenyls
(PCBs) (47-49)), and indirectly via RANK-RANKL
pathway (50), disrupting the function of the
hypothalamic-pituitary-adrenal (HPA) axis, a key en-
docrine system involved in the regulation of stress and
metabolism (51,52), with consequent decrease in BMD
and increased risk of osteoporosis (53-55). Our gen-
der-stratified analysis suggests the existence of gender
differences in the association between air pollution and
osteoporosis. The underlying mechanisms explaining
these gender differences are not fully understood yet.
However, the endocrine effects of pollutants, as well as
lifestyle and environmental exposure pathway differ-
ences between men and women, may play a role in ex-
plaining these results (56). Moreover, the prevalence of
osteoporosis is lower in males, resulting in a decreased
statistical power in this sub-sample. Further research is
needed to confirm these results. This study also con-
firms the significant increase of osteoporosis in elderly
and females (49), as well as in subjects with an obesity
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condition, in agreement with the most recent research
(57-59). Indeed, as suggested by previous studies (60),
fat mass could exert protective effects on bone health,
but this may not be sufficient to counteract the negative
effects of obesity secondary, for example, to chronic
low-grade systemic inflammation, which increases
bone marrow adipogenesis and bone resorption, and
reduces bone formation (61). Moreover, all comorbidi-
ties included in the adjusted model resulted associated
stud-
ies (7,10,62). The most important underlying patho-

with osteoporosis, confirming previous
genic mechanism appears to be chronic inflammation,
typical of diabetes, cardiovascular diseases, but also
COPD and cancer, leading also to the increase of os-
teoporotic fractures (10, 11, 62—-64). The results of this
study also found an association between higher risk of
osteoporosis and lower education. This association may
be the result of a multifactorial mechanism, with edu-
cation also acting as a proxy variable for socioeconomic
status. Low education and deprived socioeconomic sta-
tus may represent barriers to the access to health infor-
mation, and to the adoption of healthy lifestyle (i.e.,
buy healthy food and practice physical activity) (65-70).
Moreover, socioeconomic status may influence the ac-
cess to healthcare interventions aimed at preventing
osteoporosis and associated comorbidities (71,72). The
higher osteoporosis rates in people living in southern
regions and islands could be a direct consequence of a
lower availability of health services (73,74). Moreover,
higher prevalence of osteoporosis in southern and insu-
lar regions may be related to the higher prevalence of
vitamin D deficiency since childhood reported in the
literature (75). This study findings are coherent with
the 2019 geographical distribution of the use of osteo-
porosis treatments in Italy (76). Smoking habit and low
vegetable consumption were not associated with an in-
creased risk of osteoporosis, although they are generally
considered known risk factors (77—80). These results
may depend on selection bias, reverse causality, or self-
report bias affecting studies with a cross-sectional de-
sign (81). The results also showed that individuals with
foreign citizenship had a lower likelihood of reporting
a diagnosis of osteoporosis compared to those with
Italian citizenship. The underlying reasons are multi-
factorial and may be difficult to fully understand. One

of the potential explanatory mechanisms may be that

the prevalence of many pathologies, including osteopo-
rosis, in the foreign population is underestimated due
to difficulties accessing healthcare (82). Migrants and
non-native speakers may face language and cultural
barriers in accessing the health system, which may pre-
vent these individuals from seeking medical attention
and getting an accurate diagnosis (83). In addition, a
nationwide study in Sweden showed that foreigners
had lower risk of osteoporotic fractures compared to
Swedish citizens (84), suggesting that explanations on
this association may be linked also to shared individu-
als’ characteristics, and not only to societal determi-
nants. The main strength of this study is the large
sample size, which provides sufficient statistical power
to assess the association between perceived air pollu-
tion and osteoporosis, and to assess the impact of other
endogenous and exogenous factors. On the other hand,
some limitations should be acknowledged. First, the
cross-sectional design limits causal inferences. Moreo-
ver, residual confounding can not be excluded. Second,
osteoporosis, air pollution and all the other determi-
nants included in the analysis were self-reported. While
self-assessment can be a useful tool for collecting data,
it is subject to biases and errors that may affect the ac-
curacy and reliability of the results. For example, par-
ticipants may not accurately remember or report their
behavior or attitudes or may be influenced by social
desirability biases. Additionally, self-assessment relies
on the assumption that participants are capable of ac-
curately evaluating their own characteristics, which
may not always be the case. Although it is not the ideal
choice of diagnosis assessment method, self-reported
prevalence of osteoporosis was reported as acceptable
in terms of accuracy (85). On the other hand, self-re-
ported levels of exposure to air pollution were found to
be associated with objectively measured exposure levels
to air pollutants (86). Third, the self-reported diagnosis
of osteoporosis was the only outcome variable analyzed
in this study. Hence, associations between air pollution
and osteoporosis severity or staging, or clinical compli-
cations, such as fractures, remain to be investigated.
Fourth, data were collected at supra-regional level,
which means that it is not possible to analyze and draw
conclusions on the association between osteoporosis
and air pollution for smaller geographical areas or spe-
cific municipalities within each region, which could,
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instead, present significant differences in terms of air
pollution. To conclude, this study found an association
between self-reported osteoporosis and higher per-
ceived air pollution at the participants” area of resi-
dence. It was also found that people living in the
central, southern and insular regions of Italy had a
higher probability of having osteoporosis. Age, gender,
educational level, body weight and specific comorbidi-
ties also resulted as determinants of osteoporosis.
However, these findings are not conclusive and further
studies are needed to confirm and expand upon them.
Because of the complexity of osteoporosis pathogene-
sis, large prospective harmonized cohorts of patients
living in different countries and evaluated with stand-
ardized tools are strongly required to assess the impact
of air pollution and other environmental and social de-
terminants. Understanding the underlying mechanisms
by which environmental exposures and demographic
factors may contribute to osteoporosis could lead to the
development of targeted prevention and treatment
strategies. Overall, this study adds to the growing body
of research on osteoporosis and highlights the need for
continued investigation in this important area of bio-
medical research.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

Authors Contribution Statement: A.B., E.A., M.F. and F.S.
contributed to the conceptualization, design, processing, and
the writing of the original draft. A.B., F.S., and J.L. contributed
to the data curation and the formal analysis. D.G., F.G,, J.L,,
and F.S. reviewed the manuscript and supervised the entire pro-
cess. All authors have read and agreed to the final version of the
manuscript.

References

1. Consensus Development Conference Diagnosis, prophy-
laxis, and treatment of osteoporosis. Am ] Med. 1993;
94:646—650. doi: 10.1016/0002-9343(93)90218-E

2.Shen Y, Huang X, Wu J, et al. The Global Burden of
Osteoporosis, Low Bone Mass, and Its Related Fracture in
204 Countries and Territories, 1990-2019. Front Endocrinol
(Lausanne). 2022;13:882241. doi:10.3389/fend0.2022.88224.

3. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity
after hip fractures. BMJ 1993;307:1248-50. doi: 10.1136
/bm;j.307.6914.1248.

4. Epidemiology | International Osteoporosis Foundation
https://www.osteoporosis.foundation/health-professionals/
about-osteoporosis/epidemiology (accessed February 12,
2024).

5.Kanis JA, Norton N, Harvey NC, et al. SCOPE 2021: a
new scorecard for osteoporosis in Europe. Arch Osteoporos
2021;16:82. doi: 10.1007/511657-020-00871-9

6. Harvey N, Dennison E, Cooper C. Osteoporosis: impact on
health and economics. Nat Rev Rheumatol 2010;6:99-105.
doi: 10.1038/nrrheum.2009.260.

7. Pouresmaeili F, Kamalidehghan B, Kamarehei M, Goh YM.
A comprehensive overview on osteoporosis and its risk fac-
tors. Ther Clin Risk Manag 2018;14:2029-49. doi: 10.2147
/TCRM.S138000.

8.Ibrahim NA, Nabil N, Ghaleb S. Pathophysiology of the
Risk Factors Associated with Osteoporosis and their Cor-
relation to the T-score Value in Patients with Osteopenia
and Osteoporosis in the United Arab Emirates. ] Pharm
Bioallied Sci. 2019;11(4):364-372. https://doi:10.4103
/jpbs.JPBS_4_19.

9. Tanski W, Kosiorowska J, Szymanska-Chabowska A.
Osteoporosis - risk factors, pharmaceutical and non-
pharmaceutical treatment. Eur Rev Med Pharmacol Sci.
2021;25(9):3557-3566. https://doi:10.26355/eurrev_202105
_25838.

10. Chen Y-W, Ramsook AH, Coxson HO, Bon ], Reid WD.
Prevalence and Risk Factors for Osteoporosis in Indi-
viduals With COPD: A Systematic Review and Meta-
analysis. Chest 2019;156:1092-110. doi: 10.1016/j.chest
.2019.06.036.

11. Teresa Selvin S, Thomas S, Bikeyeva V, et al. Establishing
the Association Between Osteoporosis and Peptic Ulcer
Disease: A Systematic Review. Cureus 2022;14:27188.
doi: 10.7759/cureus.27188.

12. Chiu Y-C, Lin Y-T, Hsia Y-F, et al. Long-term exposure to
fine particulate matter and osteoporotic fracture: A case—
control study in Taiwan. Environ Res 2021;196:110888.
doi: 10.1016/j.envres.2021.110888.

13.Heo S, Kim H, Kim S, et al. Associations between Long-
Term Air Pollution Exposure and Risk of Osteoporosis-
Related Fracture in a Nationwide Cohort Study in South
Korea. Int J Environ Res Public Health 2022;19:2404.
doi: 10.3390/ijerph19042404.

14. Pang K-L, Ekeuku SO, Chin K-Y. Particulate Air Pollution
and Osteoporosis: A Systematic Review. Risk Manag Healthc
Policy 2021;14:2715-32. doi: 10.2147/RMHP.S316429.

15. Mousavi SE, Amini H, Heydarpour P, Amini Chermahini F,
Godderis L. Air pollution, environmental chemicals, and
smoking may trigger vitamin D deficiency: Evidence and
potential mechanisms. Environ Int 2019;122:67-90. doi:
10.1016/j.envint.2018.11.052.

16. Multipurpose survey on households: aspects of daily life -
microdata for research purposes 2023. https://www.istat.it
/en/archivio/129934 (accessed February 12, 2024).



Acta Biomed 2024; Vol. 95, N. 6: ¢2024076

11

17. Elm E von, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. ] Clin Epi-
demiol 2008;61:344-9. doi: 10.1016/}.jclinepi.2007.11.008.

18.Liu Y, De A. Multiple Imputation by Fully Conditional
Specification for Dealing with Missing Data in a Large
Epidemiologic Study. Int J Stat Med Res 2015;4:287-95.
doi: 10.6000/1929-6029.2015.04.03.7.

19.Rubin DB. Multiple Imputation for Nonresponse in
Surveys. John Wiley & Sons; 2004.

20. Héraud-Bousquet V, Larsen C, Carpenter ], Desenclos J-C,
Le Strat Y. Practical considerations for sensitivity analy-
sis after multiple imputation applied to epidemiological
studies with incomplete data. BMC Med Res Methodol
2012;12:73. doi: 10.1186/1471-2288-12-73.

21. Clark TG, Altman DG. Developing a prognostic model in
the presence of missing data: an ovarian cancer case study.
J Clin Epidemiol 2003;56:28-37. doi: 10.1016/S0895
-4356(02)00539-5.

22.Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and
how should multiple imputation be used for handling miss-
ing data in randomised clinical trials — a practical guide
with flowcharts. BMC Med Res Methodol 2017;17:162.
doi: 10.1186/512874-017-0442-1.

23. Benjamini Y, Hochberg Y. Controlling the False Discov-
ery Rate: A Practical and Powerful Approach to Multiple
Testing. ] R Stat Soc Ser B Methodol 1995;57:289-300.
doi: 10.1111/§.2517-6161.1995.tb02031 x.

24. Shin J, Kweon HJ, Kwon KJ, Han S-H. Incidence of os-
teoporosis and ambient air pollution in South Korea: a
population-based retrospective cohort study. BMC Public
Health 2021;21:1794. doi: 10.1186/s12889-021-11866-7.

25.Yang Y, Li R, Cai M, et al. Ambient air pollution, bone
mineral density and osteoporosis: Results from a na-
tional population-based cohort study. Chemosphere
2023;310:136871. doi: 10.1016/j.chemosphere.2022.136871.

26. Adami G, Cattani G, Rossini M, et al. Association between
exposure to fine particulate matter and osteoporosis: a
population-based cohort study. Osteoporos Int J Establ Re-
sult Coop Eur Found Osteoporos Natl Osteoporos Found
USA 2022;33:169-76. doi: 10.1007/500198-021-06060-9.

27.Guo J, Huang Y, Bian S, et al. Associations of urinary
polycyclic aromatic hydrocarbons with bone mass density
and osteoporosis in U.S. adults, NHANES 2005-2010.
Environ Pollut Barking Essex 1987 2018;240:209-18.
doi: 10.1016/j.envpol.2018.04.108.

28. Prada D, Zhong ], Colicino E, et al. Association of air par-
ticulate pollution with bone loss over time and bone frac-
ture risk: analysis of data from two independent studies.
Lancet Planet Health 2017;1:e337-47. doi: 10.1016/S2542
-5196(17)30136-5.

29. Mazzucchelli R, Crespi Villarias N, Perez Fernandez E,
et al. Short-term association between outdoor air pollution
and osteoporotic hip fracture. Osteoporos Int J Establ Re-
sult Coop Eur Found Osteoporos Natl Osteoporos Found
USA 2018;29:2231-41. doi: 10.1007/s00198-018-4605-7.

30.Risom L, Mpgller P, Loft S. Oxidative stress-induced
DNA damage by particulate air pollution. Mutat Res
2005;592:119-37. doi: 10.1016/j.mrfmmm.2005.06.012.

31. Manolagas SC. From estrogen-centric to aging and oxi-
dative stress: a revised perspective of the pathogenesis of
osteoporosis. Endocr Rev 2010;31:266-300. doi: 10.1210/
er.2009-0024.

32.McLean RR. Proinflammatory cytokines and osteopo-
rosis. Curr Osteoporos Rep 2009;7:134-9. doi: 10.1007
/s11914-009-0023-2.

33. Riggs BL. The mechanisms of estrogen regulation of bone
resorption. J Clin Invest 2000;106:1203—4. doi: 10.1172
/JCI11468

34. Jones DH, Kong Y-Y, Penninger JM. Role of RANKL and
RANK in bone loss and arthritis. Ann Rheum Dis 2002;61
Suppl 2:ii32-39. doi: 10.1136/ard.61.suppl_2.ii32.

35.Mundy GR. Osteoporosis and inflammation. Nutr Rev
2007;65:5147-151. doi: 10.1111/.1753-4887.2007.tb00353 .x.

36. Schett G. Effects of inflammatory and anti-inflammatory
cytokines on the bone. Eur J Clin Invest 2011;41:1361-6.
doi: 10.1111/5.1365-2362.2011.02545 x.

37.D’Amelio P, Roato I, D’Amico L, et al. Bone and bone mar-
row pro-osteoclastogenic cytokines are up-regulated in os-
teoporosis fragility fractures. Osteoporos Int J Establ Result
Coop Eur Found Osteoporos Natl Osteoporos Found USA
2011;22:2869-77. doi: 10.1007/s00198-010-1496-7.

38.An R, Zhang S, Ji M, Guan C. Impact of ambient air pol-
lution on physical activity among adults: a systematic re-
view and meta-analysis. Perspect Public Health 2018;138:
111-21. doi: 10.1177/1757913917726567.

39. Cakmak S, Dales R, Leech ], Liu L. The influence of air
pollution on cardiovascular and pulmonary function and
exercise capacity: Canadian Health Measures Survey
(CHMS). Environ Res 2011;111:1309-12. doi: 10.1016
/j.envres.2011.09.016.

40. Giles LV, Koehle MS. The health effects of exercising in
air pollution. Sports Med Auckl NZ 2014;44:223-49.
doi: 10.1007/540279-013-0108-z.

41.Hoseinzadeh E, Taha P, Wei C, et al. The impact of air
pollutants, UV exposure and geographic location on vita-
min D deficiency. Food Chem Toxicol Int J Publ Br Ind
Biol Res Assoc 2018;113:241-54. doi: 10.1016/j.fct.2018
.01.052.

42. Mousavi SE, Amini H, Heydarpour P, Amini Chermahini F,
Godderis L. Air pollution, environmental chemicals,
and smoking may trigger vitamin D deficiency: Evidence
and potential mechanisms. Environ Int 2019;122:67-90.
doi: 10.1016/j.envint.2018.11.052.

43.Rahman A, Elmi A. Air pollutants are negatively associ-
ated with vitamin D-synthesizing UVB radiation inten-
sity on the ground. Sci Rep 2021;11:21480. doi: 10.1038
/s41598-021-00980-6.

44. Engelsen O, Brustad M, Aksnes L, Lund E. Daily duration
of vitamin D synthesis in human skin with relation to lati-
tude, total ozone, altitude, ground cover, aerosols and cloud
thickness. Photochem. Photobiol. 2005;81:1287-1290.
doi: 10.1562/2004-11-19-RN-375.



12

Acta Biomed 2024; Vol. 95, N. 6: ¢2024076

45.Zhao 'Y, Wang L, Liu H, et al. Particulate Air Pollution Ex-
posure and Plasma Vitamin D Levels in Pregnant Women:
A Longitudinal Cohort Study. J Clin Endocrinol Metab
2019;104:3320-6. doi: 10.1210/jc.2018-02713.

46.Prada D, Lopez G, Solleiro-Villavicencio H, Garcia-
Cuellar C, Baccarelli AA. Molecular and cellular mecha-
nisms linking air pollution and bone damage. Environ Res
2020;185:109465. doi: 10.1016/j.envres.2020.109465.

47. Misaki K, Tue NM, Takamura-Enya T, et al. Antiandrogenic
and Estrogenic Activity Evaluation of Oxygenated and Ni-
trated Polycyclic Aromatic Hydrocarbons Using Chemically
Activated Luciferase Expression Assays. Int ] Environ Res
Public Health. 2022;20(1):80. https://d0i:10.3390/ijerph
20010080.

48. Connor K, Ramamoorthy K, Moore M, et al. Hydroxylated
polychlorinated biphenyls (PCBs) as estrogens and anties-
trogens: structure-activity relationships. Toxicol Appl Phar-
macol 1997;145:111-23. doi: 10.1006/taap.1997.8169.

49.Sozen T, Ozgik L, Basaran NC. An overview and man-
agement of osteoporosis. Eur ] Rheumatol 2017;4:46-56.
doi: 10.5152/eurjrheum.2016.048.

50. Khosla S. Minireview: the OPG/RANKL/RANK system.
Endocrinology 2001;142:5050-5. doi: 10.1210/endo.142
.12.8536.

51. Miller JG, Gillette JS, Kircanski K, LeMoult J, Gotlib TH.
Air pollution is associated with elevated HPA-Axis re-
sponse to stress in anxious adolescent girls. Compr Psycho-
neuroendocrinology 2020;4:100015. doi: 10.1016/j.cpnec
.2020.100015.

52.Hajat A, Hazlehurst MF, Golden SH, et al. The cross-
sectional and longitudinal association between air pollu-
tion and salivary cortisol: Evidence from the Multi-Ethnic
Study of Atherosclerosis. Environ Int 2019;131:105062.
doi: 10.1016/j.envint.2019.105062.

53. Silverman MN, Sternberg EM. Glucocorticoid regulation
of inflammation and its functional correlates: from HPA axis
to glucocorticoid receptor dysfunction. Ann N'Y Acad Sci
2012;1261:55-63. doi: 10.1111/}.1749-6632.2012.06633 x.

54. Dennison E, Hindmarsh P, Fall C, et al. Profiles of en-
dogenous circulating cortisol and bone mineral density in
healthy elderly men. J Clin Endocrinol Metab. 1999;84(9):
3058-3063. https://doi:10.1210/jcem.84.9.5964.

55. Chiodini I, Scillitani A. Attuali conoscenze sulla patogenesi
dell’osteoporosi: il ruolo dell'increzione di cortisolo [Role of
cortisol hypersecretion in the pathogenesis of osteoporosis].
Recenti Prog Med. 2008;99(6):309-313.

56. Clougherty JE. A growing role for gender analysis in air
pollution epidemiology. Environ Health Perspect 2010;
118:167-76. doi: 10.1289/ehp.0900994.

57. Asomaning K, Bertone-Johnson ER, Nasca PC, Hooven F,
Pekow PS. The association between body mass index and
osteoporosis in patients referred for a bone mineral density
examination. ] Womens Health 2002 2006;15:1028-34.
doi: 10.1089/jwh.2006.15.1028.

58.Coin A, Sergi G, Beninca P, et al. Bone mineral density
and body composition in underweight and normal elderly

subjects. Osteoporos Int J Establ Result Coop Eur Found
Osteoporos Natl Osteoporos Found USA 2000;11:1043—
50. doi: 10.1007/5001980070026.

59. Gkastaris K, Goulis DG, Potoupnis M, Anastasilakis AD,
Kapetanos G. Obesity, osteoporosis and bone metabolism.
J Musculoskelet Neuronal Interact 2020;20:372-81.

60. Albala C, Yafez M, Devoto E, Sostin C, Zeballos L,
Santos JL. Obesity as a protective factor for postmenopausal
osteoporosis. Int J Obes Relat Metab Disord J Int Assoc
Study Obes 1996;20:1027-32.

61. Cao JJ. Effects of obesity on bone metabolism. ] Orthop
Surg 2011;6:30. doi: 10.1186/1749-799X-6-30.

62. Dam T-T, Harrison S, Fink HA, Ramsdell ], Barrett-Connor E.
Osteoporotic Fractures in Men (MrOS) Research Group. Bone
mineral density and fractures in older men with chronic ob-
structive pulmonary disease or asthma. Osteoporos Int ] Establ
Result Coop Eur Found Osteoporos Natl Osteoporos Found
USA 2010;21:1341-9. doi: 10.1007/500198-009-1076-x.

63. Zhao S, Ding L, Xie Q, et al. I's there an association between
peptic ulcer disease and osteoporosis: a systematic review
and cumulative analysis. Eur ] Gastroenterol Hepatol
2021;33:9-16. doi: 10.1097/MEG.0000000000001981.

64. Pfeilschifter ], Diel IJ. Osteoporosis due to cancer treat-
ment: pathogenesis and management. J Clin Oncol Off ]
Am Soc Clin Oncol 2000;18:1570-93. doi: 10.1200/JCO
.2000.18.7.1570.

65.Ho SC, Chen Y, Woo JLF. Educational level and osteopo-
rosis risk in postmenopausal Chinese women. Am J Epide-
miol 2005;161:680-90. doi: 10.1093/aje/kwi047.

66. Allali F, Rostom S, Bennani L, Abouqal R, Hajjaj-Hassouni N.
Educational level and osteoporosis risk in postmenopausal
Moroccan women: a classification tree analysis. Clin Rheu-
matol 2010;29:1269-75. doi: 10.1007/s10067-010-1535-y.

67. Maddah, M, Sharami, S, Karandish, M. Educational differ-
ence in the prevalence of osteoporosis in postmenopausal
women: a study in northern Iran. BMC Public Health 11,
845 (2011). doi: 10.1186/1471-2458-11-845.

68. Adler NE, Ostrove JM. Socioeconomic status and health:
what we know and what we don’t. Ann N Y Acad Sci
1999;896:3-15. doi: 10.1111/1.1749-6632.1999.tb08101 x.

69. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socio-
economic status and health: how education, income, and
occupation contribute to risk factors for cardiovascular dis-
ease. Am ] Public Health 1992;82:816—-20. doi: 10.2105
/ajph.82.6.816.

70. Droomers M, Schrijvers CTM, Mackenbach JP. Educa-
tional level and decreases in leisure time physical activity:
predictors from the longitudinal GLOBE study. ] Epide-
miol Community Health 2001;55:562-8. doi: 10.1136/jech
.55.8.562.

71. McMaughan DJ, Oloruntoba O, Smith ML. Socioeco-
nomic Status and Access to Healthcare: Interrelated Driv-
ers for Healthy Aging. Front Public Health 2020;8:231.
doi: 10.3389/fpubh.2020.00231.

72. Wastesson JW, Ringbick Weitoft G, Parker MG, Johnell K.

Educational level and use of osteoporosis drugs in elderly



Acta Biomed 2024; Vol. 95, N. 6: ¢2024076

13

men and women: a Swedish nationwide register-based
study. Osteoporos Int J Establ Result Coop Eur Found Os-
teoporos Natl Osteoporos Found USA 2013;24:433-42.
doi: 10.1007/s00198-012-1945-6.

73. Annuario statistico italiano 2021 2022. https://www.istat.it
/it/archivio/264305 (accessed February 12, 2024).

74. Toth F. How health care regionalisation in Italy is widen-
ing the North—-South gap. Health Econ Policy Law 2014;9:
231-49. doi: 10.1017/51744133114000012.

75. Rutigliano I, De Filippo G, De Giovanni D, Campanozzi A.
Is sunlight enough for sufficient vitamin D status in children
and adolescents? A survey in a sunny region of southern
Italy. Nutrition. 2021 Apr;84:111101. doi: 10.1016/j.nut
.2020.111101.

76. Rapporto Nazionale OsMed 2020 sull'uso dei farmaci in
Italia https://www.aifa.gov.it/-/rapporto-nazionale-osmed
-2020-sull-uso-dei-farmaci-in-italia (accessed February 12,
2024).

77.Brondani JE, Comim FV, Flores LM, Martini LA, Premaor
MO. Fruit and vegetable intake and bones: A systematic
review and meta-analysis. PLoS ONE 2019;14:¢0217223.
doi: 10.1371/journal.pone.0217223.

78.Qiu R, Cao W, Tian H, He ], Chen G, Chen Y. Greater
Intake of Fruit and Vegetables Is Associated with
Greater Bone Mineral Density and Lower Osteoporosis
Risk in Middle-Aged and Elderly Adults. PLoS ONE
2017;12:¢0168906. doi: 10.1371/journal.pone.0168906.

79. Al-Bashairech AM, Haddad LG, Weaver M, Chengguo X,
Kelly DL, Yoon S. The Effect of Tobacco Smoking on Bone
Mass: An Overview of Pathophysiologic Mechanisms.
J Osteoporos 2018;2018:1206235. doi: 10.1155/2018
/1206235.

80. Yoon V, Maalouf NM, Sakhaee K. The effects of smok-
ing on bone metabolism. Osteoporos Int ] Establ Result

Coop Eur Found Osteoporos Natl Osteoporos Found USA
2012;23:2081-92. doi: 10.1007/s00198-012-1940-y.

81. Pannucci CJ, Wilkins EG. Identifying and Avoiding
Bias in Research. Plast Reconstr Surg 2010;126:619-25.
doi: 10.1097/PRS.0b013e3181de24bc.

82. Gil-Salmerén A, Katsas K, Riza E, Karnaki P, Linos A. Ac-
cess to Healthcare for Migrant Patients in Europe: Healthcare
Discrimination and Translation Services. Int ] Environ Res
Public Health 2021;18:7901. doi: 10.3390/ijerph18157901.

83. Overcoming migrants’ barriers to health. Bull World Health
Organ 2008;86:583—4. doi: 10.2471/BLT.08.020808.

84. Wiindell P, Li X, Carlsson AC, Sundquist J, Sundquist K.
Osteoporotic fractures among foreign-born individuals: a
national Swedish study. Osteoporos Int. 2021 Feb;32(2):
343-352. doi: 10.1007/5s00198-020-05597-5.

85. Peeters GMEE, Tett SE, Dobson AJ, et al. Validity of self-
reported osteoporosis in mid-age and older women. Osteo-
poros Int. 2013;24:917-27. doi: 10.1007/s00198-012-2033-7.

86. Piro FN, Madsen C, Nass J, et al. A comparison of self-
reported air pollution problems and GIS-modeled levels of
air pollution in people with and without chronic diseases.
Environ Health. 2008;7:9. doi: 10.1186/1476-069X-7-9.

Correspondence:

Received: 2 January 2024

Accepted: 16 February 2024

Davide Gori, MD, PhD

Alma Mater Studiorum - Universita di Bologna
Via San Giacomo 12, 40126, Bologna, Italy
E-mail: davide.gori4@unibo.it

ORCID: 0000-0003-4954-9419



14 Acta Biomed 2024; Vol. 95, N. 6: 2024076

ANNEX

Table S1. Sensitivity analysis.

Adjusted model

OR 95% CI p-value q-value
Air pollution
Not polluted — —
Scarcely polluted 1.11 1.01,1.23 0.037 0.056
Quite Polluted 1.29 1.16,1.44 <0.001 <0.001
Very polluted 1.36 1.17,1.58 <0.001 <0.001
Gender
Male — —
Female 7.43 6.65,8.30 <0.001 <0.001
Age
Young — —
Elderly 7.24 6.59,7.96 <0.001 <0.001
Educational level
University degree — —
High school degree 1.21 1.04,1.41 0.014 0.022
Middle school degree 1.29 1.11,1.51 0.001 0.002
Elementary school degree 1.42 1.22,1.66 <0.001 <0.001
Citizenship
Italian — —
Foreign 0.57 0.41,0.79 <0.001 0.001
Macro-region
North-East — —
North-West 1.08 0.95,1.22 0.251 0.302
Center 1.32 1.16,1.50 <0.001 <0.001
South 1.53 1.36,1.72 <0.001 <0.001
Islands 1.8 1.55,2.09 <0.001 <0.001
BMI
Normal weight — —
Underweight 1.33 0.73,1.18 0.540 0.578
Owerweight 1.07 0.98,1.17 0.128 0.175
Obesity 1.13 1.00, 1.27 0.057 0.082
Vegetables Consumption
Never — —
Less than once a week 1.06 0.77,1.46 0.711 0.711
A few times a week 1.16 0.87,1.55 0.299 0.345
Once a day 1.22 0.91,1.63 0.181 0.226
More than once a day 1.23 0.91, 1.66 0.176 0.226
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Smoking history

Non-smoker

Quitter

1.04

0.94,1.15

0.467

0.519

Smoker

1.37

0.86,1.10

0.674

0.697

Diabetes

No

Yes

1.61

1.43,1.81

<0.001

<0.001

Heart Disease

No

Yes

2.19

1.87,2.56

<0.001

<0.001

COPD

No

Yes

2.54

2.20,2.94

<0.001

<0.001

Asthma

No

Yes

1.71

1.44,2.02

<0.001

<0.001

Gastric/duodenal ulcer

No

Yes

4.03

3.42,4.76

<0.001

<0.001

Cancer

No

Yes

2.66

2.26,3.13

<0.001

<0.001

Physical activity

Active

Sedentary

1.21

1.08,1.35

<0.001

0.002

Missing

1.02

0.71,7.38

0.761

0.819

Note: the q value is derived from the Benjamini & Hochberg correction for multiple testing.



