Association between rheumatic musculoskeletal
diseases and air pollution: myth or reality?
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ABSTRACT

This review discusses the impact of air pollution exposure on rheumatic musculoskeletal diseases, and also considers air
pollution assessment and its limitations. Rheumatic diseases are caused by dysregulation and excessive activation of the
immune system, leading to systemic inflammation and immune-mediated damage. Air pollution, particularly particulate
matter originating from fossil fuel combustion, increases the production of inflammatory cytokines and activates pathways
involved in the inflammatory response. Long-term and short-term exposure to air pollution can be evaluated using various
methodologies. Despite the limitations of exposure assessment, the review highlights the importance of monitoring air pol-
lution levels to mitigate their harmful effects on human health and the environment.
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Introduction

Rheumatic diseases is a term that embraces a broad range
of medical conditions that arise from dysregulation and exces-
sive activation of the immune system, leading to systemic in-
flammation and immune-mediated damage !'l. The prevalence
of these conditions has increased in recent years 1. Although
the exact cause of this increase remains unclear, it is widely
believed that genetic predisposition and environmental fac-
tors play a significant role in the development of these diseas-
es 2. Among various environmental factors, air pollution has
received considerable attention, partly due to the heightened
awareness of its impact on public health. The primary compo-
nents of air pollution are particulate matter (PM), a complex
combination of chemical elements mostly originating from
burning fossil fuels ). Many studies have shown that these
substances increase the production of inflammatory cytokines
(IL-1, IL-6, TNF) and activate various pathways involved in
the inflammatory response **!. Additionally, air pollution-in-
duced inflammation in the lungs can contribute to the devel-
opment of rheumatoid arthritis (RA) by directly citrullinating
proteins; this triggers the release of anti-citrullination peptide
antibodies *7,

In the present review we discuss the role of air pollution ex-
posure (both acute and chronic) on rheumatic musculoskeletal
diseases (RMDs). We also look at air pollution assessment and
its limitations.

Assessing exposure to air pollution

In order to keep track of air pollution levels, one commonly
used metric is PM ®l. PM is a complex mixture of solid parti-
cles suspended in the air; these particles, which have diame-
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ters ranging from < 0.1 microns to = 100 microns, can come
from a variety of sources, including fossil fuel combustion,
dust, pollen, and other biological materials. PM is typically
divided into two categories: coarse PM and fine PM. Coarse
PM, also known as PM, , is made up of particles with diame-
ters of between 2.5 and 10 microns. These particles are often
produced by mechanical processes such as crushing, grinding,
and road traffic. Fine PM, on the other hand, includes particles
with diameters smaller than 2.5 microns; for this reason, it is
also known as PM, .. Fine PM is primarily produced by com-
bustion sources such as motor vehicles and power plants, and
it is considered particularly hazardous because these smaller
particles can penetrate deep into the lungs and even enter the
bloodstream, causing a range of respiratory and cardiovascular
problems . By monitoring levels of both coarse and fine PM,
researchers can gain insight into the types of pollution present
in a given area and take steps to mitigate their harmful effects
on human health and the environment 1!,

Investigation of the connection between air pollution expo-
sure and health outcomes can be complicated by the numerous
biases that can impact both exposure assessment and popula-
tion selection in the research ",

One way to monitor air quality is by means of stations spread
across a particular area. Thousands of these air quality stations
can be found in both Europe and the United States, and they
are the most widely used approach for evaluating long-term
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and short-term exposure to air pollution. To link patient data to
air quality data, zip code centroids are used, which can vary in
size depending on the level of accuracy required. Nevertheless,
this method may result in incorrect classification and may not
accurately measure personal exposure ', Patients may change
their location and commute to work, and the measurement of
air quality may be affected by wet deposition, which refers to
the removal of coarse PM from the atmosphere by rainfall ['?!.

Geospatial models that use satellite data to estimate PM on
the Earth’s surface may also be imprecise ['*!*. However, vari-
ous strategies can be implemented to mitigate potential biases.
For instance, questionnaires gathering information on personal
exposure and commuting habits can be used to enhance expo-
sure data. In addition, some models can now account for weath-
er conditions, such as rainfall or wind.

Another way to assess exposure is through the use of per-
sonal monitors "', A range of devices is available, from expen-
sive research-grade to more affordable commercial instruments.
However, the majority of these monitors can only measure PM
and may not be entirely accurate or precise. Despite these lim-
itations, personal monitors are the most accurate approach for
assessing personal exposure and can quantify both indoor and
outdoor pollution . Nonetheless, obtaining compliance from
participants can be challenging, and studies might be limited
by small sample sizes. Additionally, there may be a Hawthorne
effect, where participants modify their behavior to reduce ex-
posure to pollutants when wearing personal devices '),

Assessing exposure to air pollution through direct meas-
urement of certain toxins in biological samples, such as blood
or urine, is the third and perhaps most complicated method.
Benzene or benzopyrene, for instance, can be conveniently
measured in frozen urine "®. Although this method could po-
tentially yield the most accurate estimate of personal exposure,
it is subject to several limitations. First, it can only reflect cu-
mulative exposure, and its duration is linked to the half-life of
the target end-product being tested. In addition, there are inher-
ent expenses, and conducting analyses requires research-grade
facilities and laboratories.

Investigating chronic or acute exposure

Assessing the impact of air pollution on health outcomes
can be complicated, as chronic and acute exposure need to be
studied separately. To study the long-term effects of air pollu-
tion, it is necessary to use a methodology that can measure air
quality over an extended period. The one most commonly used
is air sampling through air quality stations, which provides an
estimate of long-term exposure. However, the systematic meas-
urement of airborne pollutants only began in the *80s—"90s, and
estimating lifetime exposure to certain pollutants can be chal-
lenging. In most studies, long-term exposure is approximated
from a specific time window, which may result in misclassifi-
cation due to patient relocation or other factors. Acute exposure
to high levels of air pollution can also be explored through the
study of health-related events. Short-term exposures to air pol-
lution can, for example, cause temporary changes in the risk
of disease flares. A case-crossover study design is often used

96

to investigate the effects on acute-onset diseases of transient
exposure to a risk factor " This methodology differs from
traditional case-control studies as it compares two different
periods of time within the same group of patients, who are fol-
lowed longitudinally. This approach allows for better control
of both between-patient and within-patient time-invariant con-
founders. The commonly used statistical tool in case-crossover
studies is conditional logistic regression, which helps control
for time-varying confounders such as changes in medication
or infections 8.,

Air pollution and rheumatic
musculoskeletal diseases (RMDs)

In the last decade a variety of observational studies (both
cross-sectional and longitudinal) have provided empirical evi-
dence on the association between air pollution and autoimmune
diseases. This association was demonstrated in numerous con-
ditions, including RA, systemic lupus erythematosus, multiple
sclerosis, and other inflammatory and non-inflammatory dis-
eases %%, In a recent observational study, a small but signifi-
cant correlation was found between exposure to PM, | and the
risk of being diagnosed with an autoimmune disease *!. Spe-
cifically, for every 10 pg/m’ increase in PM, . concentration,
the risk of having any autoimmune disease increased by 7%.
The study also found that chronic exposure to both PM  (>30
pg/m?) and PM, | (>20 ug/m?) increases the risk of autoimmune
diseases. It is important to note that while the increase in risk
associated with PM10 exposure is small, it could have signifi-
cant public health implications given the widespread exposure
to air pollution in many parts of the world. The prevalence of
RA was nearly 50% higher in subjects exposed to high levels
of PM.

Recent studies have found a correlation between exposure
to PM and reactivations of RA, eventually leading to a change
in treatment 7?8, The findings of the studies indicated a higher
risk of altered C-reactive protein (CRP) levels with increased
exposure to PM, . Specifically, a 150% and 65% higher risk
of having CRP greater than 5 mg/L was observed in the pres-
ence of PM,  exposures of more than 50 pg/m’ and 40 pg/m?,
respectively. Even when the PM, exposure threshold was set
at 30 ug/m? (below the European Union health protection lim-
it), a 38% higher risk of altered CRP levels was observed. The
study also found that air pollutant concentrations were higher
before a drug switch or swap due to drug inefficacy. There-
fore, air pollution is a modifiable environmental factor linked
to the pathogenesis of chronic inflammatory arthritis. This is
especially true for RA, as the substances found in air pollut-
ants are largely the same toxic components present in cigarette
smoke. However, the biological rationale for the poor treatment
response observed in patients with RA makes this association
highly probable for other forms of chronic inflammatory arthri-
tis as well. Air pollutant concentrations were higher in the 1-2
months leading up to an arthritic flare. Exposure to air pollution
has indeed been suggested to be a pro-inflammatory stimulus,
which increases the risk of chronic inflammatory arthritides
and other pathologies.
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Consistent with this theory, the 60-day period may provide
a more accurate reflection of the cumulative exposure burden.

Interestingly, Bellinato et al. conducted a retrospective
study and discovered that air pollution is associated with ex-
acerbations not only of rheumatological diseases, but also der-
matological conditions *'*?. The authors found that all types of
pollutants were significantly more concentrated in the 60 days
before a psoriasis flare than in the 60 days before the control
visit. Exposure to mean PM,  levels of over 20 ug/m’ and mean
PM, . levels of over 15 pg/m? in the 60 days prior to assessment
was associated with a higher risk of a 5-point or greater wors-
ening of the Psoriasis Area and Severity Index. This association
was also found in patients with atopic dermatitis.

Studies have shown that exposure to PM can have a neg-
ative impact on bone health by promoting the secretion of
RANKL and, therefore, altering the RANKL to osteopro-
tegerin ratio P34, This effect appears to be mediated by in-
creased secretion of RANKL induced by inflammatory cy-
tokines. RANKL is a cytokine that plays a key role in bone
remodeling, and its overproduction can lead to bone loss and
osteoporosis. Furthermore, exposure to high concentrations of
PM in the lower atmosphere can also have a negative impact
on vitamin D production 3. This is because high levels of PM
can reduce the amount of UVB radiation — necessary for the
skin to produce vitamin D — that reaches the Earth’s surface.
Vitamin D is essential for maintaining bone health, as it helps
the body absorb calcium and phosphorus. A deficiency in vita-
min D can increase the risk of bone diseases such as osteopo-
rosis and fractures. In turn, there is a strong rationale for the
association between air pollution and osteoporosis, which has
indeed been demonstrated in clinical studies ***¥. Accord-
ing to several population-based cohort studies, exposure to air
pollution can lead to a reduction in bone mineral density levels
(2938411 Tnterestingly, cortical sites were more vulnerable to the
harmful effects of PM exposure than trabecular sites. Addition-
ally, t-scores were more negatively impacted by PM, , than by
PM,, exposure. Overall, prolonged exposure to high levels of
atmospheric pollutants may increase the risk of developing os-
teoporosis by as much as 15%.

Due to the known association between air pollution and os-
teoporosis, researchers have also looked into a potential link
between acute exposure to atmospheric pollutants and the risk
of hip fractures ***!. An intriguing case-crossover study found
that exposure to air pollution was higher in the 30 and 60 days
leading up to a fracture as compared to a control period before
the hazard period. The study showed that the risk of fracture
increased as the concentration of PM  did, with an incremental
risk of 7.7% for every 10 pg/m’ increase in PM, . Individuals
over the age of 85 were found to be at higher risk, with an
11.6% increase in fracture risk for the same increase in PM, |
concentration. Similarly, individuals over the age of 80 had a
10.5% increase in risk, while those under 85 years of age had a
6.2% and those under 80 years a 1.0%. To summarize, it can be
concluded that the elderly population is more vulnerable to the
adverse impacts of short-term exposure to air pollution.

In general, it can be said that components of air pollution
(both gaseous and particulate) can exert negative effects on the
immune system, and that these effects can seemingly be either
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permanent or transitory 2.

Even though there is no clear and defined association be-
tween specific air pollution components and their effects, it
is interesting to note that high NO, exposure was more del-
eterious than PM,  exposure 72, It has been observed that
exposure to high ambient air pollutants, including PM,_,
NO,, and NOx, was significantly associated with an increase in
osteoporosis risk “Y. The effects of single air pollutants, such
as NO, and PM_,

ed. However, given that humans are exposed to a mixture of air

on health have been widely demonstrat-

pollutants, it is important to try and use a mixture of pollutant
exposure estimation methods . These considerations suggest
that certain pollutants might be more specifically involved in
the alterations mentioned. Additional studies comparing the
different components of air pollution and their effects would
be useful.

Conclusions

Air pollution and climate change are significant challenges
that pose health and societal risks . The World Health Or-
ganization reports that over 7 million deaths occur each year
due to the effects of air pollution, and that most of these fatal-
ities could have been prevented by reducing fossil combustion
emissions 1. The environment has a crucial role in the patho-
genesis of RMDs 2. Studies have shown that exposure to air
pollution increases the risk of autoimmune diseases, including
RMDs. Short-term exposure to high levels of airborne pollut-
ants can also lead to flares in RMDs. While the mechanisms by
which air pollution contributes to the development of autoim-
mune diseases are not entirely understood, it is believed that
pro-inflammatory cytokines, oxidative stress, and changes in
immune cell function play a role.

Although recent research has made strides in understanding
the link between air pollution and autoimmune diseases, much
work remains to be done. Future studies should focus on char-
acterizing the effects of specific air pollutants and their mix-
tures on the immune system, identifying individual and envi-
ronmental factors that influence susceptibility, and examining
the effectiveness of interventions such as air pollution control
measures and lifestyle changes in reducing the risk of autoim-
mune diseases in people exposed to air pollution.
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