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ABSTRACT

Environmental degradation is an increasingly urgent issue caused by anthropogenic activities, such
as urbanization, industrialization and overpopulation growth, and natural disasters, such as flood,
typhoons, droughts and rising temperatures. The most common causes of environmental
degradation include air, noise and light pollution and climate change, also referred as global
warming, with extreme weather patterns. Available evidence undoubtedly supports that the
aforementioned environmental changes have been recognized as contributing to cardiovascular
morbidity and mortality. The aim of this review was to discuss the impact of various environmental
exposures, including air pollutants, noise and artificially light at night, and changes in ambient

temperature and humidity on blood pressure values and the burden of hypertension.
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INTRODUCTION

Human health and wellbeing are inextricably linked to environment. Evidence suggests that climate
change, ambient and household air quality and environmental parameters such as noise, light,
temperature and humidity impact human health. According to a World Health Organization (WHO)
report, it is estimated that approximately 12.6 million deaths every year are attributed to unhealthy
environments [1]. Exposure to environmental stressors has also been increasingly recognized as a
secondary causative factor of cardiovascular disease, including hypertension (HTN) [2].

HTN is considered an important risk factor for global disability and mortality despite
medical advances in treatment and prevention. Elevated blood pressure (BP) has been recognized
as contributor of cardiovascular disease including heart failure, coronary artery disease, atrial
fibrillation, heart valve diseases, aortic syndromes, stroke and chronic kidney disease [3].
Nowadays, 1.39 billion adults globally have HTN and this number is predicted to increase to 1.5
billion by 2025 [4]. The recently published guidelines on HTN by the European Society of
Cardiology acknowledged the role of environmental factors in the risk, progression and severity of
the disease in addition to established pathophysiologic processes [5]. Recognizing the urgent need
for measurements to reduce the harmful environmental exposures and create healthier
environments, the WHO developed a repository of systematic review on interventions in
environment, climate change and health [6, 7].

Unhealthy environments and climate change related HTN represents one of the biggest
challenges. Even though the exact impact of environmental stressors in BP is not fully established
yet, it is clear that they have negative effects on the risk, the development and the treatment of the
disease. The aim of this article is to review and summarize current evidence regarding the effect of
environment and specifically noise, air and light pollution, ambient temperature and outdoor
humidity on BP levels and the burden of HTN.

ENVIRONMENTAL FACTORS AND RISK OF HYPERTENSION

Noise pollution

Exposure to environmental noise has emerged as a serious public issue worldwide due to the rapid
increase in urbanization, industry and transportation. Available data supports that road traffic noise

is the most substantial source of annoyance, followed by neighbour and aircraft noise. Railway



noise, industrial noise and novel sources of noise, such as wind turbines, are enumerated less
frequently [8]. It is estimated that approximately 40% of European citizens is exposed to road
traffic noise levels >55 dB over a 24-hour period while 30% is exposed to noise levels >55 dB
during the night (between 11 P.M. and 7 A.M.) [9]. People in their mid-40s (peaking at the age of
44) report higher levels of annoyance from traffic noise highlighting an inverted U-shaped effect
of age [10]. The recommended levels for specific sources of noise are presented in Table 1 [11].

Nowadays, noise has been identified as an essential, though under-recognized, risk factor
of HTN with dose-response relationship. People living or working in environments with noise
exposure are significantly correlated with greater risk of HTN [12]. Patients with cardiovascular
disease and males are more prone to noise related development of HTN [13]. From
pathophysiologic point of view, stress caused by sound increases the sympathetic nervous activity
and the release of catecholamines (adrenalin and noradrenaline) from the adrenal medulla, resulting
in peripheral vasoconstriction and increased heart rate and BP. In parallel, sound promotes the
release of cortisol that further enhances the effect of catecholamines rising BP [14]. Exposure to
aircraft noise has been associated with an increase in arterial stiffness and carotid-femoral pulse
wave velocity and even short-term decline in sound, as caused during the COVID-19 lockdown,
might reserve this unfavorable effect (Table 2) [15, 16].

A meta-analysis of 26 studies conducted by the WHO showed that a rise in traffic noise
by 10 dB was correlated with a 1.05-fold greater risk of incident HTN [17]. In addition, chronic
exposure to aircraft noise has been associated with HTN among populations living near airports. A
French study of 1244 subjects, part of the DEBATS (Discussion on the health effect of aircraft
noise) research programme, showed that a 10 dB rise in aircraft noise levels increased the incidence
of HTN by 1.36 times [18].

A positive dose-response relationship also exists between noise exposure in workplace
environments and HTN risk. A meta-analysis of 23 studies published between 1977 and 2019
showed that workers chronically exposed to noise levels 80-85 dB had a 1.77-fold significantly
higher risk of HTN relative to the comparison group (workers with average daily noise exposure
levels <80 dB), whereas the hazard was more than three times greater for those with a noise
exposure of >85 dB. Of note, employees with an occupational noise exposure of 90 dB for five
years, 85 dB for 15-20 years or 83 dB for 20-30 years had about twice risk of developing HTN.

The vast majority of participants were employees in noise-exposed factories, oil or minerals mining



industry or gas industry, air force pilots, power plant workers and shipyard workers. As it concerns
sex differences, HTN risk did not differ between men and women, but data is limited in this field
given that the aforementioned working populations are predominately male [19].

Nocturnal loud noise might be even more detrimental than daytime one. Noise at night
leads to sleep disturbances and release of stress hormones, that can activate the sympathetic
nervous system preventing dipping [9, 13]. The HYENA (HTN and Exposure to Noise near
Airport) study included 4861 patients surrounding at least 5 years near one of 6 major European
airports and found that a 10 dB increase in nighttime aircraft noise was correlated with a 1.14-fold
higher risk of HTN. However, there was no significant exposure—response relationship for daytime
noise. Men and those exposed to >65 dB level of sound were more susceptible to BP elevation [20].
The positive association between nighttime aircraft noise and HTN risk was also supported by 2
recently published nationwide prospective studies of female nurses free of HTN at study baseline.
Among 63 229 participants in the first study and 98 880 participants in the second one, 33 190 and
28 255 new HTN cases were recorded, respectively [21].

The correlation between environmental noise and BP has also been studied in pediatric
populations. A meta-analysis of 13 studies including approximately 8700 children found that a 5
dB increase in road traffic noise levels at kindergarten/school increased the systolic and diastolic
BP by 0.48 mm Hg and 0.22 mm Hg, respectively. However, there was high heterogeneity and
methodological issues in the primary studies that further flattened this association [22].

Road traffic noise seems to increase the risk of pre-eclampsia and hypertensive disorders
in pregnancy as well. A Danish study of about 73 000 pregnant women without a known history of
HTN showed that a 10 dB greater road traffic noise was correlated with a 10% higher risk of pre-
eclampsia and 8% higher risk of pregnancy-related hypertensive disorders [23]. Likewise, exposure
to noise levels 80-85 dB at workplace during pregnancy was associated with a 1.10-fold superior
risk of hypertensive disorders and a 1.11-fold greater risk of preeclampsia [24].

Data regarding the effect of antihypertensive treatment in noise induced HTN is limited.
An experimental study including mice that were receiving the beta blocker propranolol or the alpha
blocker phenoxybenzamine and exposed to loud noise during the last four days of the drug
administration showed that pharmacological interventions could prevent the noise induced
endothelial dysfunction and oxidative stress. However, no BP improvement was recorded [25].

Alpha and/or beta blockers antagonizing the o and 3 adrenergic receptors to which catecholamines



link might be promising drugs for the mitigation of the adverse noise effects, but further research

is required in this field.

Air pollution

Air pollution is now considered a key triggering factor for cardiovascular morbidity and mortality.
According to the WHO, ambient air contamination has been identified as the 13" leading cause of
mortality worldwide [13]. Ranked 9" among widely recognized modifiable risk factors, above low
physical activity, dyslipidemia, dietary factors and drug use, it accounts for 6% of all-cause and
all-age deaths every year [26]. In this context, the World Heart Federation, the American College
of Cardiology, the American Heart Association and the European Society of Cardiology released
official statements on the impact of air pollution on cardiovascular health [26, 27].

Air pollution is defined as the contamination of the ambient or indoor environment by any
biological, chemical or physical agent that changes the natural composition of the atmosphere. The
main outdoor air pollution sources include road traffic, emissions from industries, garbage, large
destructive fires that spread quickly and indoor sources of air pollution. Household air pollution is
generated by the burning of solid fuel sources, such as wood, crop waste, charcoal, coal and dung,
for cooking and heating, the chemicals and solvents contained in many cleaning products, the mold,
the air-conditioning systems and the second-hand smoke [13, 28].

Important pollutants that are implicated in cardiovascular risk are particulate matters
(PM), ozone (O3), nitrogen dioxide (NO2), carbon monoxide (CO), sulfur dioxide (SO.) and
volatile organic compounds (including benzene). PM consists of particles that differ in size and
composition and are classified according to the molecular size in three groups: coarse PM (PM10,
diameter ranging from 2.5 to 10 um), fine PM (PM2.5, diameter ranging from 0.1 to 2.5 um) and
ultrafine PM (PMO0.1, diameter below 0.1 pum) [26]. In 2021 the WHO published specific
recommendations on the air quality guideline levels for the pollutants PM2.5, PM10, ozone,
nitrogen dioxide, sulfur dioxide and carbon monoxide [29] (Table 1).

There is mounting evidence supporting that exposure to PM2.5, black carbon and other
pollutants is capable of altering arterial BP [26]. A rise in outdoor PM2.5 by 10 mg/m? has been
correlated with an increase in BP by 1 to 3 mm Hg. Interestingly, longer-term exposure might
contribute to the development of chronic HTN per se [26, 30]. The three main pathophysiological

mechanisms of BP elevation due to air pollution are: (1) autonomic nervous system imbalance and



sympathetic overactivity, (2) oxidative stress and endothelial dysfunction, (3) release of pro-
inflammatory mediators and inflammation and (4) activation of prothrombotic pathways [31]
(Table 2).

A large meta-analysis of 100 studies including about 0.7 million participants from 16
countries showed the positive association between four ambient air pollutants (PM2.5, PM10, SO,
NO2) with HTN and BP levels and this correlation was stronger in Asians, North Americans, males
and regions with higher pollutant levels. Subgroup analysis by age showed that while the long-term
effects were greater in the elderly population, the short-term effects were larger in the young
population [32]. The PURE study, including data from 21 low-, middle- and high-income countries,
showed that 3-year outdoor PM2.5 exposure was somewhat associated with a greater incidence of
HTN and for every 10 pg/m® rise in PM2.5 the HTN hazard increased by 4%. Notably,
PM2.5 concentration >62 pg/m® was correlated with 36% greater HTN risk compared to PM2.5
concentration <14 pg/m? [33]. A prospective study in India supported the temporal nature of the
exposure-response relationship showing that 1-, 1.5- and 2-year exposure increased the risk of HTN
by 53%, 59%, and 16%, respectively. The observed effects were larger in subjects with waist-hip
ratio >0.95 [34]. The positive correlation between long-term exposure to outdoor PM2.5 and its
chemical components (sulfate, nitrate, ammonium, organic matter, black carbon) with HTN
incidence was also confirmed in a recent study of 8258 subjects from the WHO Study on Global
Ageing and Adult Health that were followed up for a mean period of 7.13 years. According to this
study, each increase in PM2.5 by 17.60 pug/m? was correlated with a 17% greater risk of HTN. This
association was stronger in hypertensives, males, rural dwellers, smokers and users of unclean
cooking fuel. Similarly, every rise in sulfate by 2.99 pg/m?®, nitrate by 4.23 pug/m?3, ammonium by
3.01 pg/m?®, organic matter by 3.62 pg/m? and black carbon by 0.77 ug/m?® further increased the
risk of HTN by 14%, 12%, 15%, 21% and 19%, respectively [35].

Available evidence suggests a link between exposure to increased ambient O3z levels and
BP values. A 10 ug/m?® increase in Os levels in short term has been correlated with increases in
diastolic and mean BP by 9.2 mm Hg and 7.2 mm Hg, respectively [36]. The Black Women’s Health
Study including 59 000 African American women showed that long-term exposure to higher O3
levels increased the incidence of HTN by 9% [37]. The Beijing-Tianjin-Hebei Medical
Examination-based Cohort demonstrated a non-linear correlation between Oz exposure and

incident HTN. Among 16 630 participants without a known history of HTN, about 10% developed



HTN during a follow-up period of 21 946 person-years. This correlation was stronger among males,
individuals aged >44 years and those with body mass index >25kg/m? [38].

It can be assumed that approximately three billion people are exposed to household air
pollution globally. A study that included subjects from the 2016 Albania Demographic Health and
Survey showed that those exposed to household polluting fuels (e.g., kerosene, charcoal, wood
etc.) were 17% more likely to develop HTN compared to those exposed to clean fuels (e.g.,
electricity, natural gas, biogas and liquid petroleum gas). Females, rural participants and those aged
>24 years were more prone to pollution induced HTN [39]. Likewise, another study published the
same year showed that household air pollution from cooking and heating with solid fuel (e.g., coal
and biomass) was correlated with higher systolic and diastolic BP values. Also, a rise in PM2.5
exposure further increased the intima—media thickness and the total area of plaques in the carotid
arteries underlining that air pollution might contribute to vascular damage as well. However, no
association with arterial stiffness was recorded [40].

Exposure to air pollution before and during pregnancy also increases the risk of
hypertensive disorders in pregnancy. A study of 130470 singleton pregnancies in Rome during
2014-2019 showed that exposure to PM2.5, PM10 and NO was associated with a greater risk of
preeclampsia [41]. A recent meta-analysis of 12 studies found that a 10 pg/m?3 rise in PM2.5 during
pregnancy increased the risk of preeclampsia by 7% [42].

It seems that keeping well-controlled BP status and receiving angiotensin receptor blocker
(ARB) treatment might attenuate the adverse impact of air pollution on BP. A study of 277
hypertensives at intermediate-to-high cardiovascular risk from China showed that for each 43.78
pg/m? increase in PM2.5 levels systolic BP increased by 0.85 mm Hg among those with
uncontrolled HTN whereas no correlation was recorded in the group of subjects with controlled
HTN. In addition, for every 43.78 pg/m? increase in PM2.5 levels systolic BP increased by 0.32
among those taking ARB and 1.53 among those not taking ARB [43].

However, given that air pollution increases the risk of dementia, antihypertensive
medication adherence might be affected [44, 45]. A systematic review and meta-analysis of 15
studies showed that air pollution was correlated with a 13% greater hazard of dementia. This
association was most robust after exposure to specific air pollutants, such as PM10, PM2.5, NO2,
CO and nitrogen oxides, but not Oz [44].



Light pollution

Replacing traditional lighting by light-emitting diode (LED) lighting significantly reduced energy
consumption, carbon emissions and energy costs. However, the outdoor artificially light at night
(ALAN) increased, altering the night sky and contributing to light pollution. Light pollution
increased by 49% from 1992 to 2017 and has been currently recognized as a key environmental
problem. Almost 85% of global population lives under light-polluted environments [46]. Very
common sources include the excessive or inappropriate outdoor lighting that impacts the naturally
occurring darkness and results in extreme brightness and the light emitted from smartphones,
monitors/laptops and TV screens [47].

From pathophysiologic point of view, nocturnal light exposure impairs the production of
melatonin, a sleep-inducing hormone, disrupting the circadian rhythm and, thus, increasing the risk
of HTN [48]. Moreover, the nighttime artificial light activates the sympathetic nervous system,
leading to vasoconstriction, increased peripheral vascular resistance and high BP [49] (Table 2).

The first study that evaluated the connection between nighttime light exposure and HTN
was published in 2014 and showed that nocturnal light exposure in home settings was associated
with 3.3-4.7 mm Hg higher nighttime systolic BP and 2.3—-2.9 mm Hg higher nighttime diastolic
BP [50]. Likewise, a nationwide cross-sectional study from China found that ALAN intensity levels
and HTN risk followed a non-linear pattern, resembling a reverse “L” shape. Indeed, participants
exposed to the highest quartile of outdoor ALAN were correlated with a 1.31-fold greater risk of
HTN. Moreover, after adjusting for potential confounding factors, greater outdoor ALAN intensity
levels were correlated with a rise in systolic, diastolic and mean BP by 0.6 mm Hg, 0.9 mm Hg and
0.8 mm Hg, respectively [51]. Exercise seems to alleviates the negative effects of indoor nocturnal
light exposure on BP and HTN and moderate to vigorous physical activity could prevent HTN risk
in night shift workers [52]. Nonetheless, available evidence is limited and further research is needed
in this field to establish the potential correlation of ALAN exposure with BP values and HTN

incidence.

Environment and extreme weather conditions
Temperature. Extreme weather and events, such as heat waves, storms, hurricanes, blizzards,
cyclones and floods, are an expression of climate change. The major characteristic of climate

change is the variations in ambient temperature. BP shows a seasonal variation with higher levels



at lower environmental temperatures and lower levels at higher temperatures [53, 54].
Pathophysiologically, exposure to low temperatures rises sympathetic nervous activity resulting in
vasoconstriction and endothelial dysfunction that increases BP values (Table 2) [55]. Acute change
in weather conditions seems also to affect the hospital admissions due to hypertensive disease. A
reduction in outdoor temperature by 5°C can increase the HTN risk by 3% and vice versa [56].

The seasonal variation of BP might increase the incidence of HTN and reduce the control
of the disease, potentially further increasing the cardiovascular risk [57]. An analysis of data from
the Kadoorie Biobank study including 23 000 subjects from 10 diverse regions in China with a
prior history of cardiovascular disease showed that mean systolic BP was 9 mm Hg greater in
winter versus summer. In addition, at outdoor temperature >5°C every 10°C rise in environmental
temperature was correlated with a 6.2 mm Hg higher systolic BP and every 10 mm Hg rise in
systolic BP was correlated with 21% higher cardiovascular mortality. Interestingly, cardiovascular
mortality followed the seasonal variation of BP, with 41% greater risk in winter [58]. The HOMED-
BP (HTN Objective Treatment Based on Measurement by Electrical Devices of BP) trial
demonstrated that among 1649 hypertensives the highest home BP measurements were recorded
in mid-to-late January and the lower home BP measurements in mid-to-late July. Males, elderly
and lightweight patients were more susceptible to large seasonal differences to home BP [59]. A
retrospective cross-sectional study from Brazil showed a stronger inverse correlation between
outdoor temperature and home BP measurements compared to office measurements. Moreover,
regions with greater mean ambient temperature were characterized by higher incidence of
normotension and white-coat HTN while regions with lower mean air temperature presented higher
incidence of masked and sustained HTN [60].

A meta-analysis of 23 studies showed that a 1°C decrease in outdoor temperature might
increase systolic and diastolic BP by 0.26 mm Hg and 0.13 mm Hg, respectively. These changes in
BP were more apparent in patients with cardiovascular disease [61]. In addition, hypertensives, and
particularly those with higher BP values, seem to be more likely to BP alterations following
ambient temperature changes compared to non-hypertensive counterparts. Interestingly, patients
with a known history of HTN tend to respond more acutely to environmental temperature changes
than subjects without HTN [62].

Even hourly and daily temperature variability is inversely correlated with BP [63]. A study

of about 1900 patients from an outpatient unit in China showed that each 10°C reduction in outdoor
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temperature increased systolic BP by 0.84 mm Hg, diastolic BP by 0.56 mm Hg, mean BP by 1.38
mm Hg and pulse pressure by 0.66 mm Hg. These correlations were more apparent in women,
individuals with higher body mass index, less education or aged 18-65 years, hypertensives and
those with coronary artery disease [64].

BP can also be affected by weather patterns characterized by day-to-day or week-to-week
changes in temperature, irrespective of seasonal changes. A study of approximately 16 000 patients
with a known history of HTN from the Glasgow Blood Pressure Clinic in Scotland demonstrated
that stable temperature was correlated with a 2% drop in BP while an extreme reduction in ambient
temperature was correlated with 2.1% and 1.6% increase in systolic BP and diastolic BP,
respectively [65].

Also, an increase in air temperature decreases the mean daytime BP and the morning surge
in BP, but increases the nighttime BP. A study of almost 900 patients found that nocturnal BP was
2.4% greater in summer and 1.8% lower in winter whereas morning surge was 1.7 mm Hg lower
in summer and 1.1 mm Hg greater in winter [66]. Likewise, the Nagahama study showed that the
nocturnal BP dipping was greater in winter compared to summer (summer: —5.8 = 7.8%, winter:
—11.0 £ 7.7%) resulting in more risers (summer: 19.9%, winter: 7.8%) and non-dippers (summer:
51.4%, winter: 37.0%) in summer and more dippers (summer: 26.3%, winter: 43.1%) and extreme-
dippers (summer: 2.4%, winter: 12.1%) in winter [67].

Temperature variability during preconception and in early pregnancy might affect BP
levels and impair the incidence of severe hypertensive disorders in this sensitive subgroup of
population [68, 69]. A large cohort of approximately 2 million pregnant women from China showed
that very cold exposure before conception was correlated with a 1.22-fold greater risk of
preeclampsia or eclampsia. Nonetheless, in the first half of pregnancy very cold exposure seemed
to have the opposite effect [68]. Similarly, a study of almost 8000 pregnant women from
Johannesburg in South Africa found that increased temperature in early pregnancy (gestational age:
2-5 week) heightened the risk of pre-eclampsia, eclampsia and HELLP (hemolysis, elevated liver
enzymes, low platelets) while increased temperature in mid-late pregnancy tended to protect
against severe hypertensive disorders. This alternative pattern in the early pregnancy might be due
to several mechanisms including vascular disruption and placental insufficiency [69].

Humidity. The tropospheric specific humidity has raised since 1976 and this increase is

due to human-induced climate change and global warming. It is expected that for each 1°C of
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warming, the amount of water vapor in the saturated air increases by 7% [70]. Available evidence
suggests that humidity has a detrimental effect on health, but data regarding cardiovascular system
and particularly BP is limited.

A cohort study of almost 40 000 Chinese aged >65 years (51.3% being hypertensives)
showed a non-linear inverse association between the average annual relative humidity and HTN.
In particular, an increase in humidity in the past year by 1% decreased the likelihood of HTN by
0.4%, but these effects were more apparent in higher humidity levels (>70%) [71]. On the other
hand, data from Project Viva, a prebirth cohort in Boston, showed that exposure to relative humidity
in the early second trimester (weeks: 14-20) was correlated with a considerably greater risk of
preeclampsia [72].

Figure 1 illustrates the main environmental factors which existing evidence supports that

have a direct or an indirect effect on BP levels impairing the burden of HTN.

INTERVENTIONS STRATEGIES

The implementation of efficient mitigation strategies to control several environmental stressors and
reduce their impact on BP is of paramount importance. It is supported that reducing air pollution
exposure could prevent increases in BP levels. A large longitudinal study of approximately 134 000
Taiwanese adults found that every 5 pg/m?® decline in PM2.5 was correlated with a lower hazard of
HTN by 16% [73]. Arandomized crossover study of 77 participants living close to major roadways
showed that decreasing traffic air pollution exposure by using stand-alone high-efficiency
particulate arrestance filtration was effective in reducing increases in systolic BP [74]. Moreover,
an experimental study demonstrated that acute aircraft noise induced elevated BP was somewhat
corrected within a 4-day period of noise cessation underlining the reversibility of noise induced
effects during a noise-off period [75]. Hence, it is essential each individual adopts a friendlier
environmental behavior, such as using public transports as much as possible and/or shift to active
transport (walking and cycling). In addition, using renewable energy sources for cooking and
heating, indoor portable air cleaners, air-conditioners with aeration system and ventilation systems
would reduce air pollution in indoor spaces [76]. Also, minimizing nighttime artificial light

exposure might help lower BP [77].

CONCLUSION
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Environmental degradation is a modern, yet often under-recognized, risk factor of HTN increasing
the incidence of the disease and complicating its treatment. Exposure to air, noise or light pollution
is linked to a greater incidence of HTN while extreme weather patterns characterized by high
temperature and/or high humidity are correlated with lower BP values. In light of this evidence,
strategies to reduce exposure to environmental factors and prevent environmental degradation are

required.
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45 pg/m? (24-hour exposure)

O3 60 pg/m? (peak season?)
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100 pg/m?® (8-hour exposure)
NO> 10 pg/m? (12-month exposure)
25 pg/m?3 (24-hour exposure)
200 pg/m? (1-hour exposure)
SO 40 pg/m? (24-hour exposure)
500 pg/m?® (10-minute exposure)
co 4 mg/m?® (24-hour exposure)
10 mg/m? (8-hour exposure)
35 mg/m? (1-hour exposure)

100 mg/m? (15-minute exposure)

Noise

Aircraft noise <45 dB L gen”
<40 dB Lignt®

Road traffic noise <53 dB Lgen
<45 dB Lnight

Railway noise <54 dB Lgen
<44 dB Lnight

Wind turbine noise <45 dB Lgen

aThe six consecutive months per year with the greatest 6-month running-average O3z concentration. Away
from the equator, this period corresponds to the warm season in a calendar year (northern hemisphere) or
two calendar years (southern hemisphere). Close to the equator, peak season is usually identified by existing

monitoring or modelling data. "Average day-evening-night sound level. ‘Average night sound level

Table 2. A summary of mechanisms behind hypertensive effects of environmental stressors

Noise pollution

¢ Increased sympathetic nervous activity and catecholamines levels
e Release of cortisol further enhances the effect of catecholamines

e Increased arterial stiffness and carotid-femoral pulse wave velocity

Air pollution

e Autonomic nervous system imbalance and sympathetic overactivity

22



e Oxidative stress and endothelial dysfunction
e Release of pro-inflammatory mediators and inflammation

e Activation of prothrombotic pathways

Light pollution

e Decreased deficiency levels and disrupted circadian rhythm

e Increased sympathetic nervous activity

High temperature

e Sympathetic overactivity

¢ Endothelial dysfunction

1 Air pollutants J Temperature

1 Blood

pressure

™ Noise J, Humidity

1 Artificial light at night

Figure 1. The main environmental stressors that might impair the burden of hypertension
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