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ABSTRACT: One recognized cause of cardiorespiratory diseases is air pollution. Older adults (OA) are one of the most vulnerable groups that
suffer from its adverse effects. The objective of the study was to analyze the association between exposure to air pollution and changes in cardio-
respiratory variables in OA. Observational prospective cohort study. Health questionnaires, blood pressure (BP) measurements, lung functions,
respiratory symptoms, physical activity levels, and physical fitness in high and low exposure to air pollution were all methods used in evaluating
OAs in communes with high contamination rates. Linear and logistic models were created to adjust for variables of interest. A total of 92 OA par-
ticipated in this study. 73.9% of the subjects were women with 72.3 + 5.6 years. 46.7% were obese, while 12.1% consumed tobacco. The most
prevalent diseases found were hypertension, diabetes, and cardiovascular disease. Adjusted linear models maintained an increase for systolic
BP of 6.77 mmHg (95% CI: 1.04-12.51), and diastolic of 3.51mmHg (95% CI: 0.72-6.29), during the period of high exposure to air pollution. The
adjusted logistic regression model indicated that, during the period of high exposure to air pollution increase the respiratory symptoms 4 times
more (OR: 4.43, 95% Cl: 2.07-10.04) in the OA. The results are consistent with an adverse effect on cardiorespiratory variables in periods of high

exposure to air pollution in the OA population.
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Introduction

Air pollution is a public health problem that occurs in the
main cities of Chile, including Santiago. Progress in busi-
ness development, dense population, and geography favors
increased emissions and accumulation of pollutants such
as particulate matter (PM) and nitrogen dioxide (NO,) in
this city.

Massive amounts of PM in the atmosphere are associated
with chronic health problems. Inhaled particles between 2.5
and 10pm in diameter travel to the respiratory system and,
depending on their diameter; they can be deposited in the
upper respiratory tract or even reach the alveoli, causing inflam-
mation, irritation, and remodeling.! Systemic inflammatory
effects can then take place causing cardiovascular, respiratory,
and pulmonary diseases in the exposed population.? The World
Health Organization (WHO)? reported that in 2016 chronic
exposure to air pollution contributed to more than 4million
deaths worldwide. The recent update for the air quality guide-
lines from the WHO suggest that event a higher amount of
people are exposed to prejudicial levels,> meaning that

attributable risk it would be greater in larger population
exposed at even lower levels.* In Chile, statistics indicate that
environmental pollution causes more than 3500 premature
deaths per year due to cardiopulmonary diseases.” The primary
air quality standard for particulate matter with an aerodynamic
of less than 2.5 pm (PM, ;) is 20 pg/m?3 as the annual concen-
tration, and 50 pg/m3, as a concentration of 24 hours; while for
particulate matter with an aerodynamic of less than 10um
(PM,,) it is 50 and 150 pg/m3 respectively,”® values that exceed
the recommendations of the WHO.3

The Metropolitan Region has more than 7 million inhabit-
ants. Santiago, specifically, is one of the most polluted cities in
the Metropolitan Region in South America.®8 PM levels vary
dramatically according to seasonality. During the winter
months that occur from March until August, there are days in
which PM concentrations exceed the national limits. Decreases
in air currents make it difficult for PM contaminants to spread
in the Metropolitan basin (communes of the province of
Santiago), affecting the health of the entire population, espe-
cially children and older people.®?
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Currently, Chile has the second highest life expectancy
rate in Latin America, having one of the highest rates in the
world. Consequently, this poses a significant challenge at
the public health in an aging population. Developing a social
system that supports the health of the aging of the popula-
tion is paramount.’® Older people typically have several
comorbidities, making them more susceptible to the harm-
tul effects that high levels of environmental pollution can
bring.! Addressing this problem involves evaluating strate-
gies and promoting factors that protect the environment
and lifestyle in one of the most polluted cities in South
America.

Within lifestyle variables, physical activity is a protective
factor. Maintaining adequate levels assists in the prevention of
cardiovascular disease, as well as 34 chronic non-communica-
ble diseases (NCD) and premature mortality.'? In older people,
the WHO recommended dose of physical activity is 150 min-
utes of moderate-vigorous activity per week, with the dose-
response linked to health benefits.’® On the other hand,
prolonged exposure to pollutants such as PM, 5, PM,,, NO,,
and sulfur dioxide (SO,) is associated with an increased risk of
dying or becoming ill due to cardiovascular and respiratory
causes.”!* Furthermore, PM, <, PM,,, and NO have been asso-
ciated with increased systolic blood pressure and hospitaliza-
tions due to exacerbation of symptoms of pulmonary disease
symptoms.’> There is limited evidence on the role of physical
activity in people chronically exposed to air pollution in Chile.
In the central zone of the country, where the urban population
is concentrated, an exposure scenario with high levels of air
pollution, high rates of social inequity, and high prevalence of
cardiovascular diseases.1®

In 2018, the Metropolitan Region had 35days of high air
pollution episodes.”> Applying the precautionary principle
measures against the possible adverse health effects of exposure
during these episodes, all vulnerable populations were recom-
mended to avoid physical activities. However, the elderly popu-
lation is characterized by low levels of physical activity and
poor physical condition, contributing to an environment con-
ducive to other adverse health-related consequences during
aging.”»lg

Both self-reported physical activity and physical fitness
based on performance are highly predictive measures of mor-
bidity, hospitalization, institutionalization, and mortality.1>-?2
Regular physical activity improves insulin sensitivity, increases
muscle mass, basal metabolic rate, decreases fat deposits, favors
bone mineral density, improves autoimmune function, increases
musculoskeletal, cardiac, and cerebral vascularization, among
other adaptations.?*> On the other hand, not meeting the rec-
ommended dose of physical activity is one of the main risk
factors for NCDs such as cardiovascular disease, cancer, and
diabetes, which are attributed to approximately 1.6 million
deaths worldwide.3?* People who are not physically active are
considered to have a 20% to 30% higher risk of mortality than

those who meet the minimum recommended levels of moder-
ate physical activity.?

There is little scientific evidence to explore the association
between exposure to ambient air pollution, considering the
level of activity and physical fitness in the elderly population.

The objective of this study was to analyze the association
between air pollution and cardiorespiratory variables, consider-
ing as covariables the level of physical activity and physical fit-
ness, in OA that live in communes with high levels of air
pollution in the Metropolitan Region of Chile.

We hypothesize that exposure to high levels of air pollution
increases blood pressure, decreases lung function, and exacer-
bates respiratory symptoms in the elderly population.

Material and Method
Study design and participants

The selected study design was an observational prospective
cohort study. Individuals over 60years of age, residents of Cerro
Navia and Pudahuel communes registered in the Family Health
Centers of the respective communes in the Metropolitan
Region of Santiago, were invited to participate. The communes
are the minor and basic unit of administrative division in Chile
in a specified territory (Figure 1).26 Cerro Navia and Pudahuel
communes were selected due to the high density of inhabitants,
levels of air pollution, and the high rates of poverty.?’

The evaluation of the selected participants occurred during
2 different periods of exposure to air pollutants; a period of
high exposure that occurred during the winter season of 2017
and a period of low exposure corresponding to the summer sea-
son of 2018.

Data were collected using a self-report health survey, res-
piratory symptoms, a physical activity questionnaire, and a
battery of physical health exams to measure the physical con-
dition of the participants. Evaluations were carried out in the
facilities of the corresponding public health center of each
participant. The health professionals trained for this study
administered these evaluations. The inclusion criteria used
were voluntary participation, stay in health control in public
family health center, ability to walk on their own or stand
without assistance, understanding the instructions, and agree-
ment that they would not change places of residence during
the development of the study. The exclusion criteria were:
having undergone surgery or having suffered a myocardial
infarction in the last 3 months, having terminal disease, neu-
romuscular disease, or severe dementia.

Each participant received detailed information on the scope
of the investigation. All questions and concerns were addressed
before the signed informed consent forms were taken and
admission into the study was granted.

The Institutional Ethics Committee of the University (No.
160914001) and the Metropolitan Health Service approved
this study according to the Declaration of Helsinki.
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Figure 1. Characterization of the study area.

Characterization of the study site

The communes of Cerro Navia and Pudahuel lie in the
northwest of Santiago, Metropolitan Region, approximately
5km from each other. When observing their levels of PM, 5,
PM,;, NO,, humidity, temperature, and wind speed, during
the last 5 years of registration, both communes reported high
levels of air pollution compared to other communes located
east of the region. The geomorphological characteristics of
the basin of the Metropolitan Region favor the confinement
of air masses, the presence of morning mist, and an increase
in the concentration of atmospheric pollutants in these com-
munes. Also, socioeconomic indicators such as multidimen-
sional poverty level (29% vs 16%) and schooling (6.4 years vs
7.0years) in these communes are above or below the national
value respectively.?

Cerro Navia and Pudahuel have a shortage of green areas in
accordance with the sustainability indicator. Pudahuel’s potable
water consumption is higher than the reference. This is also the
case for electricity use where both communes exceed the refer-
ence value. Overcrowding and child poverty are also high in
both communes (Table 1).

Variables

Cardiorespiratory health. The cardiorespiratory health indica-
tors used were blood pressure (BP), peak expiratory flow and
respiratory symptoms.

The diastolic and systolic BP measured with the Omro dig-
ital sphygmomanometer model HEM 7200 was recorded 3
times in the right arm of the participant and distributed at dif-
ferent times during the development of the health survey.?’

Before physical evaluation, peak expiratory flow using a
flowmeter, the Adult Mini-Wright model CE-0120. After
recording 3 different measurements, the analysis of the
maximum registered value began, according to other national
studies.30:31

A validated self-reported respiratory health questionnaire
was used to assess respiratory symptoms.3>3? The question-
naire focused on the presence of 3 specific symptoms: cough
without having a cold, phlegm without having a cold, and
wheezing (Supplemental Material, questionnaire). From these
parameters, the variable “respiratory symptoms” constructed
with the favorable report of one of the 3 defined symptoms
was generated.
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Table 1. Sociodemographic characteristics in Cerro Navia and Pudahuel.

DIMENSION INDICATOR (01=1312(0) PUDAHUEL SUSTAINABILITY
NAVIA REFERENCE

Green areas Supply of green areas in relation to the size ~ m?2/room 41 2.3 >11

of the population.
Drinking water Volume of drinking water that each L/day 136 162.5 100-150
consumption inhabitant uses for direct consumption, food

preparation, household cleaning, personal

care, irrigation of gardens inside their

home.
Electrical consumption Energy consumed per dwelling/month. kWh/month/living 196 207 <150
Generation of household  Kilograms of household solid waste kg/day/inhab 1.41 1 <05
solid waste generated per person per day.
Overcrowding Population inhabited by 2.5 or more people Percentage (%) 14.8 9 <1

per bedroom in the dwelling.
Child poverty Children <14years of age, living in poverty. ~ Percentage (%) 13 15.8 <25
Access to green areas Population residing within a 5-min walk of a  Percentage (%) 60 44 >75.0

green area with a surface area =5000m? or

up to 10min away from a green area
=20000m?

Source: Observatory CEDEUS.

All measurements were performed in both high and low
exposure periods. Also, the team that performed the tests was
the same in both periods.

Physical activity and physical fitness. The Global Physical
Activity Questionnaire-GPAQ, which was prepared by the
WHO for the monitoring of physical activity, was a tool used
to evaluate the physical activity of the participant. The level of
compliance with the physical activity were also noted.3*

The physical fitness evaluation occurred by analyzing the
following 5 physical performance capacities linked to physical
health:

a. Manual grip strength, evaluated with dynamometry
(TKK 5401, Japan). Three measurements were made
in the dominant hand, using the average of the 3 for
analysis.®

b. Balance, participants were evaluated while standing in 3
following positions and conditions maintained for
10seconds each (support of feet side by side, semi-tan-
dem, and tandem).

¢. Running speed, the number of seconds recorded that
each participant took to walk 4m.3¢ Each participant
began standing in a standing position behind a line; at
the signal, they began to walk as fast as possible to the
indicated 4m line. Time stopped after crossing the line.
Two meters were used more as deceleration area.

d. Agility, evaluated by the “Up and Go” test, counted
the time an individual took to get up from a desig-
nated chair, walk in a straight line 3m, and sit down
again. It was done twice, leaving the best evaluation to
be included in the analysis.3738

e. Cardiovascular health was evaluated using the 6-min-
ute walk test (6MW'T) according to the protocol es-
tablished by the American Thoracic Society.’$%

The category of results obtained in each of the physical health
tests was evaluated either not (0 points), average (1 point), good
(2 points), and optimal (3 points) according to the reference val-
ues available in the scientific literature. Definition of the general
physical condition of each participant occurred by calculating
the sum of the scores obtained in the 5 tests. The placement of
the result was in 1 of the 3 levels of physical condition: low (1-7
points), regular (8-14 points), and optimal (15 points).

Environmental conditions. The categorization of air quality
and meteorological conditions was carried out according to the
records of the monitoring stations of each commune and the
data was collected from the National Air Quality Information
System (SINCA).% For air quality, PM levels were considered
2.5 and 10 and nitrogen dioxide. For exposure assessment, con-
sidering timing of occurrence of respiratory symptoms, an
average of the 3 before the day of evaluation was assigned for
each participant as dose of exposure to PM, 5, PM,, and NO,.
Prior studies using air quality data from SINCA indicate
representative concentration of areas with largest potential
impact on human health within the Metropolitan Region of
Santiago.*! According to the environmental authority of Chile,
a monitoring station with population representation, considers
a representative area of the exposed population around of a cir-
cle with a radius of 2km, counted from the location of the sta-
tion. In the study area (Figure 1), we collected public databases
for Pudahuel and Cerro Navia.
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For meteorological conditions, humidity, temperature, and
wind speed were included using the same criterion of dose
assignment for each participant, corresponding to the average
of the last 3 previous days.

The high exposure period was correlated with the period
between July and September 2017 and PM,, levels ranged
from 14.3 to 294.6 ug/m® while PM, ; varied between 9.9 and
111.1 pg/m?3. Temperatures ranged from 4.4°C to 23.1°C. Low
exposure period correlated the period between January and March
2018. This season presented PM, levels that ranged from 11.8 to
109.8 pg/m?® and PM, 5 levels between 4.7 and 31.6 ug/m3. The
temperatures ranged from 15.2°C in winter to 33.1°C in summer.

Statistical analyses

The characteristics of the general sample were described using
means and percentages for the variables of the health

questionnaire differentiated according to sex. We compared the
indicators of cardiorespiratory health, physical activity level,
physical fitness, and the variables of environmental conditions
between the periods. According to each type of variable, Chi-
square tests or 7 tests were the statistical measures used for the
analysis.

We analyze the change in cardiorespiratory variables in
both periods of exposure. The analysis considered the level of
physical condition as a covariable when performing logistic
(for respiratory symptoms) and linear regression models (for
blood pressure). For the logistic and linear regression models,
odds ratio (OR) and beta coefficient () were obtained respec-
tively, 95% confidence interval were calculated for each of
them. We adjusted for the respective variables of interest,
including physical condition. The proposed multivariate mod-
els are the following:

SBP, = B, + B, Period, + B, Age, + B,Sex, + B,Smok, + BObes, + B HTA, + B, PCond, +¢,
DBP, = B, + B, Period; + B, Age, + BySex, + B,Smok, + B;Obes, + B HTA, + B, PCond, + ¢,
logit(Resp) = B, + B, Period + B, Age + B,Sex + B, PCond + B;Comorb + B Smok+ [3,0besi

Where SBP is systolic blood pressure (mmHg), DBP is dias-
tolic blood pressure (mmHg), Resp is the presence of adverse
respiratory symptoms, Period is the exposure period (High
exposure and Low exposure), Smok is smoking habits (Never,
Former smoker, current), Obes is obesity (BMI > 30, kg/m?),
HTA is self-reported hyperthension, Comorb is the presence
of comorbidities (by medical diagnosis, as obesity, hyperten-
sion), and PCond is the level of physical fitness (Low, regular,
optimal). The B’s in the equation correspond to unknown
parameters that must be estimated and are different for each of
the 3 equations.

Supplemental Figures S1 and S2 presents the distribution
of variables of Systolic blood pressure, Diastolic blood pressure
and maximum concentration air pollutants. A correlation
matrixis presented for the air pollutants variables (Supplemental
Figure S3).

Participants not evaluated in the second exposure period, as
well as those with the presence of respiratory disease for the
lung function model, were excluded from the analysis. The
significance value was P<<.05, using SPSS v20 and Rstudio
v1.4.1717 software.

Results

Sociodemaographic and health characteristics

Ninety-two older adults living in communes with high levels of
air pollution were evaluated. 73.9% were women (this is a pilot
study, where generally female participation is always higher
than male participation.), averaging 72.3 = 5.6 years of age.

Of all the people evaluated, 46.7% had obesity and 12.1%
were current smokers. The most prevalent chronic diseases

were hypertension (71.7%), followed by diabetes (32.6%), and
then cardiovascular disease (23.9%). Women had two-thirds
more prevalence of respiratory disease than men; however,
there was no significant difference between the sexes. Only
20.7% of the participants did not present any of the indicated
chronic diseases (Table 2).

Table 3 shows the characterization of the sample according
to the cardiorespiratory variables, condition, and physical activ-
ity evaluated, comparing both periods of exposure. The results
indicate that cardiovascular health assessed by BP between the
period of high and low exposure to air pollution had a decrease
of 6mmHg (P=.034) for systolic BP and 4 mmHg for diastolic
BP between the evaluated periods (P=.013).

Regarding PEF, there was a tendency to increase slightly by
13L/min during the period of low exposure to air pollution
(P=.421), when performing the analysis excluding participants
with respiratory disease, there were no differences in the results
for this variable.

For the adverse respiratory symptoms evaluated (cough and
cough without having a cold and presence of wheezing), a sig-
nificant decrease of 32% occurred during the low exposure
period with respect to the high exposure period (P<.001).

Regarding the amount of physical activity performed,
there were no differences between the 2 periods evaluated.
Fifty nine percent of older adults met the WHO’s recom-
mendation for physical activity. Men and women showed no
difference in this regard. During periods of low exposure to
air pollution, low physical fitness increased by 3%. However,
optimal physical fitness showed an increase of 14% during

that period (Table 3).
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Table 2. Demographic and health characteristics of older adults, Metropolitan Region of Santiago, Chile.

Sex, %
Age, years, mean, SD 723+56
Weight, kg, mean, SD 721+131
Height, cm, mean, SD 153.8+7.8
Obesity, =30 BMI (kg/m2), % 46.7
Waist, cm, mean, SD 102.6 +12.6
Smoking

Never, % 51.6

Former smoker, % 36.3

Current, % 12.1

Diabetes, % 32.6

Hypertension, % 7

Respiratory diseases, % 10.9

Cardiovascular diseases, % 23.9
Multi-morbidity

0 chronic disease, % 20.7

1 chronic disease, % 47.8

=2 chronic diseases, % 31.5
Respiratory query last months, % 5.4
Cardiovascular query last months, % 6.6
Hospitalization, least 3months, % 3.3

Abbreviations: BMI, Body mass index; SD, standard deviation.
*Statistically significant values, P <.05.

Environmental conditions

When comparing air pollution during periods of high exposure
with that of low exposure, the recordings show that the values
of PM,,, PM, 5, and NO, decreased by 46.1, 30.5, and 20 ug/
m3 respectively. Wind speed and temperature were lower dur-

ing the period of high exposure (Table 4).

Multivariate analysis

We excluded 14% (n=13) participants who did not attend
the second evaluation during the low exposure period
(Supplemental Table S7). Linear regression models were per-
formed to analyze changes in systolic BP and diastolic BP
considering exposure to periods of high and low contamina-
tion. Different combinations of adjustment variables were

73.9 26.0
721+57 72.9+52 -530
70.3+12.8 77.2+13.0 -029*

150.5+5.7 162.9+5.3 <.001*
51.5 33.3 126

103.0+13.6 105.4+11.0 -399
55.2 4.7 259
31.3 50.0
13.4 8.3
33.8 29.2 676
70.6 75.0 680
13.2 4.2 220
21.9 29.2 475
22.1 16.7 487
441 58.3
33.8 25.0

5.9 4.2 750
7.5 4.2 576
2.9 4.2 771

evaluated for each outcome (Supplemental Figures S4-S6).
Moreover, physical activity levels were included in the analy-
sis as a categorical variable through the variable level of phys-
ical fitness (Low, regular, optimal). Age, sex, smoking, obesity,
hypertension, and were adjusted, respectively. Assumptions of
normality, homoscedasticity, and independence were vali-
dated. During the high-exposure period to air pollution, the
data showed an increase of 6.77 mmHg (95% CI: 1.04-12.51)
for systolic BP and 3.51 mmHg (95% CI: 0.72-6.29) for dias-
tolic BP (Figure 2).

The results of the model assessed the presence of adverse
respiratory symptoms considering the high and low exposure
to pollutants. We adjusted for age, sex, level of physical activity,
comorbidity, smoking habit, and obesity. During the period of
high exposure, the prevalence of respiratory symptoms was 4
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Table 3. Cardiorespiratory and health characteristic variables by high and low exposure, Metropolitan Region of Santiago, Chile.

HIGH EXPOSURE (N=92) LOW EXPOSURE (N=79) P-VALUE

Blood pressure

Systolic blood pressure, mmHg, mean, SD 132.4+18.6 126.2 +18.9 .034*

Diastolic blood pressure, mmHg, mean, SD 69.5+10.2 65.8+8 .011*
Respiratory function

PEF. L/min. mean, SD 334.2+104.8 392.5+409.3 233

Respiratory symptoms, % 48.9 17.0 <0.001*

Cough without cold, % 23.9 10.2 .015*

Phlegm without cold, % 26.1 6.8 .001*

Wheezing, % 16.3 2.3 .001*
Physical activity. GPAQ
Moderate intensity, minutes, mean, SD 367.4+754.9 203.3+229.4 .054
=150 min of moderate intensity, % 59.6 58.7 909
Level physical fitness .028*

Low, % 13.0 19.3

Regular, % 63.0 43.2

Optimal, % 23.9 375

Abbreviations: PEF, peak expiratory flow; SD, standard deviation.
*Statistically significant values, P <.05.

Table 4. Air pollution and environmental variables by high and low exposure, Metropolitan Region of Santiago, Chile.

HIGH EXPOSURE LOW EXPOSURE P-VALUE
MEDIAN + SD 95% Cil MEDIAN + SD 95% CiI
Pollutants (pg/m3) Lower Upper Lower Upper
PM;, 98.7 +30.7 92.4 105.0 52.6+5.8 514 53.8 <.001
PM; 5 46.4+13.4 43.7 49.0 15.9+2.2 15.4 16.3 <.001
NO, 35.4+6.8 34.0 37.0 154+2.4 15.0 15.9 <.001
Air velocity
Max 35+0.5 3.4 3.6 5.0+0.6 4.9 5.2 <.001
Min 01=0 0.1 0.1 0.2+0.1 0.2 0.2 <.001

Temperature (°C)
Max 231+22 22.6 24.0 331+24 32.6 33.6 <.001
Min 44+24 3.9 5.0 15.2+2.8 14.6 15.8 <.001
Humidity (%)
Max 96.1+3.2 95.5 97.0 86.2+4.7 85.2 87.2 <.001
Min 291+6.6 27.8 31.0 21.9+73 20.4 23.4 <.001

Abbreviations: Cl, confidence interval; SD, standard deviation.
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Figure 2. Associations between exposures, cardiovascular, and respiratory outcomes in multivariate models. Beta estimates for change in DBP and SBP,
and self-reported respiratory symptoms are compared with the reference category low exposure (summer) and physical condition (low) for categorical
variables. Multivariate models for blood pressure were adjusted for age, sex, smoking habits, obesity, and hypertension, for respiratory symptoms we add

comorbidities on the adjusted model.

times higher (OR: 4.43, 95% CI: 2.07-10.04) than during the
period of low air pollution. Eleven percent of the participants
(n=10) were excluded from the analysis for declaring having
any of the respiratory diseases evaluated.

We found no differences in lung function measured by
the PEF between both periods and considering adjustment
variables.

For more details of the adjusted models, see Supplemental

Tables S1-S6.

Discussion
The findings of our study indicate that older people had an
increase in BP, together with a higher prevalence of adverse

respiratory symptoms during the period of high exposure to
PM, 5 and NO,. Our results agree with extensive scientific evi-
dence that points to air pollution as a factor that negatively
affects cardiorespiratory variables, even at low exposure levels
and that negatively affects health in the most vulnerable popu-
lation such as the elderly.#>-#

This is the first study conducted in Chile that collects
information on the change in cardiorespiratory variables with
respect to air pollution levels evaluated in 2 exposure periods
(a period of high exposure that occurred during the winter
season and a period of low exposure corresponding to the
summer season), including OA. The Metropolitan Region is
characterized by high levels of air pollution, and specifically
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Cerro Navia and Pudahuel are 2 of the communes that reach
the highest concentrations in the region, during the months
of the year when the problem becomes more evident, it also
has an impact on the demand for health care services.?’

The records obtained from the air quality and meteorology
monitoring stations showed that the period of high exposure
had higher levels of air pollutants, higher humidity, and lower
wind speed and temperatures than in the period of low expo-
sure. The environmental conditions together with the geo-
graphical characteristics, the abundant vehicular traffic and the
economic activity favor the accumulation of particles and gases
in the air of both communes, chronically exposing their inhab-
itants. In addition, scientific studies provide evidence about
ambient PM, 5 concentration as a proxy of population personal
exposure on air pollution, evidence show highly correlated out-
door concentrations with personal exposure, indicating that
PM is an appropriate surrogate for air pollution exposure.*

According to CENSO 2017, more than 12% of the popula-
tion of both communes are people older than 60 or more.?” In
Chile, 87.9% of the population over 60years of age is in the
National Health Fund, corresponding to 95.2% of the lowest-
income population.*®

The III National Health Survey indicates that in the elderly
population 14% have <5 comorbidities, 37% obesity, and 94%
perform physical activity less than 3 times a week,* a combina-
tion of factors that, added to a low socioeconomic level, signifi-
cantly increase health risks due to chronic exposure to pollutants
such as PM and NO,,.

The data analyzed showed that a combination of high expo-
sure given by high levels of air pollutants, humidity, and low tem-
peratures were associated with increases in blood pressure. Such
results have also been found in research conducted in the United
States, Germany, Taiwan, and Canada.’0->3 A longitudinal study
that analyzed chronic exposure to PM, s in 12665 participants
over 50years of age indicates an increase of 1.04mmHg (95%
CI: 0.31-1.78) for diastolic BP and 1.30mmHg (95% CI), 0.04
to 3.56 for systolic BP for each increase of 10 pg/m3 in PM,, ;.
Even, the risk attributable to the increase in the prevalence of
hypertension by PM, s over 25pg/m3 has been reported in
11.6% (95% CI: 5.82%-18.53%).3* Our preliminary results
show an association between cardiorespiratory variables and
exposure to air pollution that occurs throughout the year in the
metropolitan region. Air pollution is a modifiable factor that
similarly affects respiratory symptoms and BP, the latter being a
risk factor for chronic diseases such as hypertension, which rep-
resents a high burden for the health system, especially in
deranged communities.

Odur results regarding the role of physical activity and physical
condition is not conclusive. The lower the exposure, the better the
physical condition and the lower the occurrence of respiratory
symptoms; the same occurs with systolic blood pressure but for
systolic blood pressure no clear association is observed. It is strik-
ing that the recommendation of the national authority during

periods of high contamination is usually no physical activity.>
The objective is to avoid an excessive increase in pulmonary ven-
tilation when performing physical exercise, which causes a greater
inhalation of harmful substances and consequently more signifi-
cant damage in some systems. However, some studies indicate
that the practice does not harm the long-term benefits of regular
physical activity in the population.'”

This recommendation does not discriminate between out-
door or indoor sessions, such as family health centers, which
entails a barrier to the practice of physical activity, at the risk of
reaching the recommended levels as a protective factor for the
health of the population. In this context, this recommendation
favors sedentary activities in the elderly by reducing the oppor-
tunity to practice physical activity and increasing the risk of
suffering a cardiovascular event.

In the sample analyzed, we found moderate compliance
with the recommendation for physical activity (59%) despite
being participants in physical activity programs within the
Family Health Center and showed a slightly positive direction
to be a protective effect for OA. However, the cardiorespiratory
variables of interest were not significant, possibly because
although they stimulate the participation of the elderly during
a period of 8 to 9 months of the year, this type of activity is not
offered during the months of better air quality, producing an
effect contrary to the expected behavior of the variable. Based
on these results, recommendations were provided to review the
public programs of physical activity in older people, through-
out the year. A better geographic characterization and access to
urban infrastructure is needed that encourages physical activity
in areas with high levels of air pollution and poverty, through
international collaboration and incentives for better public
funds to investigate these problems in other similar cities in
Latin America.

It is not yet clear what level of exposure to particulate matter
is safe for health during physical activity. It is also unclear at
which intensity and duration the practice of physical activity
can become harmful to health. Physical activity did not appear
to be a significant variable in the model. However, we main-
tained that the trend was in the expected direction. It is essen-
tial to establish the optimal threshold for physical activity and
its effect on exposure to particulate material regarding the risks
or benefits to the health of the population.”>*® According to
the results presented, looking for mechanisms to improve the
levels of air pollution through necessary control actions, the
short- and long-term cardiorespiratory health of the most vul-
nerable population will be better. Moreover, improvement in
the exposure assignment to air pollution concentrations, will
need to consider approaches that take advantage of geographic
information system and geocoding study participants.’’

In this study, public air pollution data were used, routinely
collected by the environmental authority. It is estimated that
there could be an error in the assignment of the exposure since
these data could not always capture the local variability in the
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proximity of the residence of the elderly. In addition, the lack of
information on daily patterns of activities of the elderly and the
potential exposure due to proximity to streets and avenues with
high vehicular traffic; According to the health teams, the peo-
ple cared for in these health centers tend to have limited move-
ment. Land use regression models (LUR), has been prove that
can accomplish a more refined assignment of the exposure,
decreasing the measurement error and improving underestima-
tion and attenuation effect in the assessment of long-term
exposure to air pollutants, and. LUR models.’”* In addition,
despite that elderly have a more restricted movement, air pol-
lution can vary across time and space,*>*? built environment
and environmental factors can play a role in the air basin of
Santiago creating microenvironments of exposures, this needs
to take into account in future research,%%¢! and the quantifica-
tion of the impact of the daily mobility activity patterns in air
pollution exposure estimation.®?

Regarding the statistical analysis and lower simple size,
complete case analysis utilizes only cases in the study popula-
tion which no missing values on any variable, this result in a
significant amount of loss information that reduce statistical
power and in consequence reduces the chance of detecting of
the true effect size.3 A multiple imputation approach will be
consider to future analysis, this methods has proven an increase
in statistical power, where sample size is reduce due to missing
observations on the study participants.®46

The strengths of this study are the longitudinal design and
the possibility of continuing to advance the subject of study.
Evaluating how the health of a vulnerable population responds
to different levels of exposure to contamination during 2 differ-
ent periods of the year allows one to observe significant health
patterns in a region characterized as one of the most contami-
nated in Chile.

The weaknesses are the selection bias in the participants,
low sample size, and reduced study time to perform more com-
plex analyzes with the assignment of exposure doses to evaluate
the impact on cardiorespiratory variables. Given the prelimi-
nary nature of these results, a potential bias due to sex is evi-
dent, given the predominance of people of the female sex. In
addition the mixture between different exposure could contrib-
ute to the observed differences in the outcomes evaluated,
however due to the limitations on the design and the lack of a
more refined assessment of the exposure in this study, it is not
possible to evaluate the individual impact of each of these
exposure factors. Studies in development will allow us to
improve these limitations.

Conclusions

Our study expands on existing scientific evidence that air pol-
lutant is a risk factor for the health of older adults, affecting
negative blood pressure and increasing adverse respiratory
symptoms. These results were obtained from 2 highly polluted

communities, in a deprived social context, which could affect,
the life expectancy and quality of life of OA. Future studies
could apply complementary exposure assessment methods to
better capture the spatial heterogeneity of PM, s and PM,; in
small units and increase the number of people evaluated.
Furthermore, environmental health authorities could work to
mitigate exposures in residential neighborhoods to reduce the
negative impact on health and stimulate physical activity in the
aged population. More efforts should also be made to reduce
the current national air quality standards to protect the health
of the elderly population in this community. Additionally, it is
necessary to review public programs of physical activity in older
people and promote actions that allow evaluating and improv-
ing access to healthy urban infrastructure
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