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Abstract: Urban traffic officers in many low- and middle-income countries are exposed to high
levels of traffic-related air pollutants (TRAP) while working vehicle control on heavily congested
streets. The impact of chronic TRAP exposure on the cardiovascular health, including the carotid
intima-media thickness (CIMT), of this outdoor occupational group remains unclear. This cross-
sectional study compared the average mean and maximum CIMT measurements of two groups of
relatively young, healthy traffic police (32 ± 7 years; 77% male) in Quito, Ecuador, who were without
clinical evidence of serious cardiovascular or other disease. Previously published background data
on PM10 (a TRAP surrogate) indicated that street levels of the pollutant were several orders of
magnitude higher at the street intersections worked by traffic police compared to those working
only in an office. Accordingly, officers permanently assigned to daily traffic control duties requiring
them to stand 0–3 m from heavily trafficked street intersections were assigned to the high exposure
group (n = 61). The control group (n = 54) consisted of officers from the same organization who
were permanently assigned to office duties inside an administration building. Mean and maximum
CIMT were measured with ultrasound. General linear models were used to compare the CIMT
measurements of the high exposure and control groups, adjusting for covariates. The adjusted
average mean and maximum CIMT measures of the high exposure group were increased by 11.5%
and 10.3%, respectively, compared to the control group (p = 0.0001). These findings suggest that
chronic occupational exposure to TRAP is associated with increased CIMT in traffic police. This is
important since even small increases in arterial thickening over time may promote earlier progression
to clinical disease and increased premature mortality risk.

Keywords: traffic-related air pollution (TRAP) exposure; carotid intima-media thickness (CIMT);
traffic police; Ecuador

1. Introduction

Traffic-related air pollution (TRAP), a major global public health and ecological con-
cern, consists of a complex mixture of pollutant gases (e.g., CO, nitrogen oxides (NOx)),
volatile organic (VOCs) and polyaromatic hydrocarbon compounds emitted by motor
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vehicles from tailpipes, secondary pollutants formed in the atmosphere including partic-
ulate matter (e.g., UFP, PM2.5, PM10), ozone (O3), evaporative emissions from vehicles,
and non-tailpipe exhaust (road dust resuspension, brake pad and tire wear, road surface
abrasion) [1,2]. TRAP is a significant contributor to poor air quality in many urban airsheds,
where it accounts for an estimated 5–61% of ambient particulate matter [3], 45% of NOx,
and 10% or less of VOCs [4].

Exposure to TRAP is associated with the triggering and/or worsening of hypertension,
ischemic heart disease, myocardial infarction, and stroke, as well as increasing all-cause
and circulatory system mortality risk [1,5,6]. Chronic exposure to TRAP also has been
linked to atherosclerosis, a major underlying cause of cardiovascular disease (CVD) [7–9].
Atherosclerosis is a low-grade systemic inflammatory disease [10] characterized by endothe-
lial injury and dysfunction, and the accumulation of lipids and fibrous material leading to
the thickening of arterial walls over time [11–13].

Carotid intima-media thickness (CIMT) is an indicator of arterial injury (arteriopathy)
that is often used to identify and track the progression of atherosclerosis [7,14]. A number
of published studies have suggested that chronic exposure to TRAP, TRAP pollutant
constituents [15–22], and/or close residential distance to traffic [22,23] is associated with
greater CIMT in healthy adults, although others reported finding only a marginal or null
association [24–27].

Traffic police are an outdoor occupational group that have high chronic exposure to
TRAP. Prior studies investigating the health effects of TRAP exposure have focused on the res-
piratory effects [28–34], mutagenic and carcinogenic effects [35–39], cytotoxic effects [40–44],
chromosomal damage [45], lipid metabolism [46,47], inflammatory effects [48,49], cardiovas-
cular effects [50,51], nephrotoxicity [52], exposure to toxic metals [53–55], and physical and
psychological hazards [56]. However, published studies of traffic police are lacking that
examine the effects of chronic TRAP exposure on CVD biomarkers such as CIMT. This is an
important limitation in the literature since even small increases in arterial thickening over
time can potentially increase the risk for developing CVD and premature mortality.

We conducted an analysis of secondary data to examine the association of chronic
TRAP exposure on CIMT in working traffic police in a large urban center (Quito, Ecuador).
We hypothesized that traffic officers permanently assigned to street-level traffic control du-
ties (a proxy for high TRAP exposure) would show evidence of greater carotid intima-media
thickness compared to officers assigned to indoor office work due to the pro-inflammatory
effects of chronic exposure to high TRAP levels that promotes endothelial injury, leading to
thicker arterial walls.

2. Methods
2.1. Study Site

The study was conducted in the Quito Metropolitan District (QMD), the capital city of
Ecuador. The densely populated urban center with a population of more than 2 million
residents is located in a long (80 km), narrow (5 km), high-altitude valley (average elevation:
2850 m) between the eastern and western slopes of the Andes mountains [57,58]. The moun-
tainous terrain restricts wind flow and promotes temperature inversions, trapping airshed
pollutants [59]. Data collected by the QMD central air monitoring (CAM) network over the
past two decades suggest that annual levels of PM10, PM2.5, and other criteria pollutants
frequently exceed World Health Organization and Ecuadorian national standards [59,60].

The QMD’s high-altitude location reduces combustion efficiency and increases the
amount of TRAP emitted by the 415,000 cars, trucks, and buses estimated as circulating
daily in the city at the time of the study [61,62]. Many of these were fueled by diesel, an
even “dirtier” fossil fuel than gasoline, i.e., 95% of trucks, 100% of buses, 8% of cars [63].
In addition, both the diesel (500 ppm) and gasoline motor fuels (2000 ppm) produced
and sold in Ecuador have the highest sulfur content of any LAC-region country [63–65].
Furthermore, driving on hilly and mountainous roads in heavy urban traffic necessitates
frequent braking and the fast wearing of brake pads and tires, resulting in even more TRAP
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release into the airshed [60,64]. Mobile sources are reported as responsible for more than
one-half (52%) of the QMD’s greenhouse gas emissions and 46% of PM species [63–66].

2.2. Study Design and Participants

The present study analyzed secondary data from a larger study conducted from
October 2009 to December 2010 investigating the cardiovascular health of QMD traffic
police control officers. A convenience sample of traffic control officers from the QMD Traffic
Control and Road Safety Operative Group (Grupo Operativo de Control de Tránsito y Seguridad
Vial del DMQ) were recruited by the original study as prospective participants. These were
officers who were permanently and exclusively assigned to either road traffic control duty or
administrative office duty. To be considered for inclusion in the present study, prospective
participants were required to be an active-duty officer who had continuously worked in
the organization for at least four years. The other inclusion criteria included a negative
medical history for chronic conditions (e.g., hypertension, other cardiovascular disease,
diabetes, kidney disease, asthma, cancer) or infectious diseases (e.g., TB or other respiratory
infections, HIV-AIDS, hepatitis) as determined by the internal medicine physician on the
study team who interviewed them, reviewed their medical history charts from the police
hospital, and performed a comprehensive physical examination on each. Prospective
participants were informed that their participation was voluntary and they were provided
with verbal and written explanations of the study objectives and its potential risks and
benefits by the study team.

A total of 300 participants were recruited for the main study. Ten were excluded
from participation because their clinical examinations identified them as having an acute
respiratory infection. The other 290 met the study criteria and were enrolled in the study. A
subset of these (n = 115), or 35% of the enrolled participants, also underwent ultrasound
evaluation of their carotid intima-media thickness (CIMT). Of these, 61 had permanent
assignments to roadway traffic control (high exposure group) and 54 to the central admin-
istration office (control group). Both verbal and written informed consent were obtained
from all participants prior to data collection. The study was carried out in accordance with
the World Medical Association code of ethics (Declaration of Helsinki). The original study
protocol was approved by the Universidad Central del Ecuador Biomedical Ethics Committee
(protocol FA-05-0608; date: 6 October 2008). The findings reported in the current study
were based on a secondary analysis of fully de-identified data used for dissertation research
(AOB) performed at Indiana University (IU). The IU Institutional Review Board classifies
studies based on de-identified secondary data as “research not subject to human subject
regulations”.

2.3. Exposure

High exposure group. Road traffic police on the morning shift worked from 6:00
a.m. to 2:00 p.m., while those on the afternoon shift worked from 1:00 p.m. to 9:00 p.m.
Regardless of what shift rotation they were randomly assigned to during a particular
week, all road traffic police officers worked a period of three consecutive days at the same
intersection until rotating to another for the next three days, then to another for three days,
and so forth. The officers all stood in close proximity (0–3 m) to roadways while directing
traffic but did not wear personal protective devices such as respirators.

The major street intersections where they worked were characterized by a high mixed
traffic volume that included commercial buses and trucks, taxis, and private cars, trucks,
and motorcycles [67]. Traffic studies conducted at the same sites during the 4-year period
(2007–2010) showed that traffic volumes ranged from 2110–11,352 vehicles/hour and
from 2396 to 12,913 vehicles/hour during peak traffic hours in the same location [62,67].
Published background data from a 2008 ground-level air quality assessment campaign
conducted by the QMD were used to estimate average PM10 levels (a TRAP surrogate)
on heavily trafficked QMD roadways. These data were collected in and around many of
the same streets in south, central, and north Quito where the traffic control police worked,
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including those transited by the ECOVIA public municipal transportation system and
private and commercial vehicles (Figure 1). The published data indicated that the median
PM10 levels measured at these traffic intersections was 1500 µg/m3 at the north and center
ECOVIA sites, and 2100 µg/m3 at both the La Marin and Necochea sites, located in the center
and south of Quito, respectively. However, after the installation of catalytic converters
by the QMD on 42 municipal buses (April–December 2009), median PM10 concentrations
decreased by more than half to 700 µg/m3 at the ECOVIA sites [60].
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that is approximately 22 km long, extended at the north from United Nations Ave. (white circle
1) to Rodrigo de Chavez Ave. at the south (white circle 2). ECOVIA (green circles 3), La Marin,
and Necochea (yellow circles 4 and 5, respectively). Map by R. X. Armijos (Adapted from Google,
SNAZZY MAPS, Roadie, by anonymous).

Control group. The traffic police assigned to office duties worked exclusively inside
the central administration building during 8 h shifts that began at 8:00 a.m. and ended
at 4:00 p.m. This administration building with natural ventilation was located on a one-
way street in a residential neighborhood (see photo in Figure 2). We used published data
to approximate the PM10 exposure of the control group who worked inside the central
administration office. These background data were obtained from a prior study published
on indoor PM10 values for administrative offices and classrooms in three QMD public
elementary schools using a Harvard 5 LPM cascade impactor [63]. These ranged from
19.6 ± 13.6 µg/m3, to 20.4 ± 16 µg/m3, to 26.7 ± 15.9 µg/m3 [63]. The average indoor
PM10 levels in these indoor spaces were several orders of magnitude lower than what
the published data showed for the QMD street intersections worked by the traffic control
officers [60,62].
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2.4. Primary Outcome

Carotid intima-media thickness (CIMT): An experienced certified cardiologist with
specialized training on ultrasound equipment and techniques conducted all CIMT ultra-
sound measurements at the AMCOR Center using the MicroMaxx 3.4.1 high-resolution
M-mode digital ultrasound portable system linked to a 5–10 MHz multifrequency high-
resolution linear transducer (Sonosite, Bothwell, WA, USA). The cardiologist was blind to
the status of each participant as either traffic duty police personnel or control.

Participants were placed in a supine position with the head extended and slightly
rotated to the opposite side using a 45-degree head block [68]. The CIMT measurements
were performed after the participant had rested quietly for 10–15 min. Semiautomatic
measurements of mean and maximum CIMT were obtained using SonoCalc version 4.1
automated edge detection software (Sonosite, Bothwell, WA, USA). Thickness was assessed
as both the mean and maximum of three predefined angles (anterior, lateral, and posterior)
capturing the media-adventitia interface of the near and far arterial walls, 1 cm proximal to
the bulb from both right and left carotid arteries. These mean and maximum values were
recorded. The average mean CIMT for each participant was calculated using the following
formula: (mean right CIMT + mean left CIMT)/2. The average maximum CIMT value was
calculated as (maximum left CIMT + maximum right CIMT)/2.

2.5. Covariates

Blood lipids. Participants donated a fasting 8 mL venous blood sample for the blood
lipid profile and other studies. The blood sample was analyzed in the Biomedical Research
Center laboratory at the Universidad Central del Ecuador (UCE). Total cholesterol and
triglycerides were analyzed using colorimetric enzymatic tests with lipid lightening factor
(LCF) (CHOD-PAP and GPO-PAP, respectively). HDL cholesterol was measured using
the precipitant technique. Measurements were conducted using an Eppendorf PCP 6121
Spectrophotometer (Eppendorf AG, Hamburg, Germany). LDL and VLDL cholesterol
were calculated using Friedewald’s formula: LDL-C (mg/dL) = TC − HDL-C and TG/5,
respectively [69].
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C-reactive protein. A portion of the blood sample obtained from the participants was
also used to measure high-sensitivity C-reactive protein (hs-CRP), a systemic inflammatory
marker, at the UCE Biomedical Research Center laboratory. These analyses were performed
using ultra-sensitivity immunoturbidimetric assay [70].

Body mass index. Participant body weight and height were measured by trained
study technicians. Weight was obtained by weighing participants to the nearest kilogram
without shoes or heavy clothing on a calibrated electronic balance at the police hospital. A
stadiometer was used to measure participant standing heights to the nearest centimeter
subsequent to removing any shoes, helmets, hats, or other headwear. The weight and
height measurements were used to calculate body mass index (BMI), defined as weight
(kg)/height (m2) [71]. The BMI measurements of <18.5, 18.5–24.9, 25–29.9, and ≥30 were
classified, respectively, with underweight, normal weight, overweight, and obesity [71].

Blood pressure measurement. Blood pressure measurements were made with a
calibrated manual sphygmomanometer following a published protocol [72]. Participants
rested quietly for ten minutes in a seated position before three blood pressure readings
were taken at one-minute intervals. The three systolic (SBP) and diastolic blood pressure
(DBP) measurements were averaged and recorded.

Sociodemographic, smoking and family cardiovascular disease history characteris-
tics. Data on participant age, gender, family history of cardiovascular disease, any current
smoking or alcohol use, and years of employment were collected from participants and
cross-checked in the personnel medical records of the QMD traffic police.

2.6. Data Analysis

The data were analyzed with IBM-SPSS (Released 2020. IBM SPSS Statistics for
Windows, Version 28.0. Armonk, NY, USA: IBM Corp). All statistical tests were 2-tailed and
the significance level was set at p < 0.05. The summary statistics are presented as number (%)
or mean ± SD. We used Student’s independent t-tests or 2 × 2 contingency table analysis
with X2, as appropriate, to compare between-group differences in means or proportions for
the sociodemographic, lifestyle, clinical, and laboratory health indicators. We used general
linear models (GLMs) to compare mean differences in the ultrasound-measured CIMT of
the outdoor street traffic control officers (high traffic pollutant exposure group) with the
indoor administrative office officers (control group). The model findings are presented
as unadjusted and adjusted means with their respective 95% confidence intervals (CI).
Covariates were considered for potential inclusion in the models based on their previously
reported associations with CIMT in the literature. These included participant age (years),
sex (male, female), current smoking (yes, no), family history of cardiovascular disease (yes,
no), and measured systolic blood pressure, LDLc, and CRP. In this study, chronological age
also served as a rough indicator of years of exposure, since the officers typically enter into
the traffic control force after graduating from high school at age 18.

3. Results

Table 1 compares the sociodemographic, anthropometric, clinical, and lifestyle at-
tributes of the relatively young and healthy officers from the high TRAP exposure (street
traffic control duty) and control groups (office work duty). As it indicates, the character-
istics of the two groups were similar except for SBP, which was marginally higher in the
administrative office group.
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Table 1. Participant sociodemographic and health characteristics stratified by exposure status.

Total Sample
(n = 115)

Mean ± SD or
No. (%)

High Exposure Group
Road Traffic-Police

Personnel
(n= 61)

Mean ± SD or
No. (%)

Control Group
Administrative-Duty Police

Personnel
(n= 54)

Mean ± SD or
No. (%)

Age (years) 31.6 ± 7.3 30.9 ± 8.4 32.4 ± 5.7

Sex/gender (male) 89 (77.4) 51 (83.6) 38 (70.4)

Body mass index 25.9 ± 3.5 25.9 ± 3.3 25.9 ± 3.7

Overweight 57 (49.6) 29 (47.6) 28 (51.9)

Obesity 13 (11.3) 8 (13.1) 5 (9.3)

Blood pressure

Systolic BP (mmHg) 112 ± 12 110 ± 13 114 ± 10 *

Diastolic BP (mmHg) 73 ± 8 73 ± 9 74 ± 7

Blood lipid profile

Total cholesterol (mg/dL) 210 ± 39 208 ± 39 212 ± 39

Triglycerides(mg/dL) 171 ± 103 178 ± 108 164 ± 98

HDLc (mg/dL) 49 ± 14 48 ± 11 51 ± 16

LDLc (mg/dL) 122 ± 29 124 ± 29 121 ± 29

VLDLc (mg/dL) 34 ± 21 36 ± 21 33 ± 20

C-reactive protein (mg/dL) 2.3 ± 3.2 1.9 ± 2.3 2.7 ± 4

Any current smoking 22 (19.1) 16 (26.2) 6 (11.1)

Any current alcohol consumption 35 (30.4) 20 (32.8) 15 (27.8)

Positive family history for
cardiovascular disease 11 (9.6) 7 (11.5) 4 (7.4)

* p = 0.045.

Table 2 displays the findings from the unadjusted and adjusted GLMs comparing
the mean and maximum CIMT measurements of the relatively young and healthy traffic
police from the high exposure and control groups. As it shows, the high exposure group
had significantly higher unadjusted and adjusted mean and maximum right and left
CIMT measurements compared to those identified for the control group. In addition, the
overall unadjusted mean CIMT (average of the mean right + mean left side) of the high
exposure group was significantly thicker, i.e., 0.065 mm, than that of the control group.
After adjusting for model covariates, the average thickness was 0.061 mm higher, i.e., was
increased by 11.5% compared to that of the control group. The high exposure group also
had a significantly higher unadjusted maximum CIMT (average of the maximum right
+ maximum left side) compared to the control group, i.e., a 0.075 mm increase. After
adjustment, the difference was 0.071 mm, a 10.3% difference.
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Table 2. Comparison of carotid intima-media thickness (CIMT) measurements by participant expo-
sure status (n = 115).

High Exposure Group
Traffic-Duty Police Personnel

(n = 61)

Control Group
Administrative-Duty Police Personnel

(n = 54)

Unadjusted
Mean

(95% CI)

Adjusted mean
(95% CI) 1

Unadjusted
Mean

(95% CI)

Adjusted
mean

(95% CI) 1

Mean CIMT (mm) 0.537
(0.513, 0.561)

0.535
(0.513, 0.557)

0.472
(0.446, 0.497) *

0.474
(0.450, 0.497) *

Mean Right CIMT (mm) 0.546
(0.516, 0.575)

0.538
(0.510, 0.566)

0.459
(0.428, 0.490) *

0.467
(0.438, 0.497) **

Mean Left CIMT (mm) 0.528
(0.497, 0.559)

0.532
(0.501, 0.563)

0.484
(0.451, 0.517)

0.480
(0.447, 0.512) #

Maximum CIMT (mm) 0.695
(0.669, 0.721)

0.693
(0.668, 0.718)

0.620
(0.592, 0.647) *

0.622
(0.595, 0.649) *

Maximum Right CIMT (mm) 0.705
(0.674,0.737)

0.696
(0.666, 0.727)

0.628
(0.594, 0.661) **

0.638
(0.605, 0.671) ##

Maximum Left CIMT (mm) 0.685
(0.652, 0.719)

0.690
(0.656, 0.724)

0.612
(0.576, 0.647) ˆ

0.606
(0.570, 0.642) **

1 Analyses adjusted for participant age, sex, BMI, cLDL, positive family history for cardiovascular disease, systolic
blood pressure, CRP, any current smoking, any current alcohol use; * p = 0.0001; ** p = 0.001; # p = 0.03; ## p = 0.02;
ˆ p = 0.004.

4. Discussion

This study compared differences in measured CIMT among relatively young, healthy
police officers permanently assigned to street-level traffic control whose duties chronically
exposed them to high levels of traffic pollution (high exposure group) with police officers
from the same organization who were permanently assigned to indoor office work only
(control group). Consistent with our a priori hypothesis, the high exposure group had
significantly greater CIMT measurements compared to the control group. Specifically,
we found that the adjusted mean and maximum CIMT measurements were respectively
increased by 11.5% and 10.3% among the high exposure compared to the control group
traffic police officers. This finding adds to the growing body of evidence documenting the
proatherogenic effects of chronic exposure to ambient pollution in diverse populations.

The lack of similar studies examining CIMT in traffic police precludes direct com-
parisons with our findings. However, they are consistent with prior reports investigating
the association of chronic exposure to TRAP or individual TRAP pollutants such as PM10,
PM2.5, black carbon, or NOx [14,15,17–19], or residential distance to traffic or heavy traffic
in adult [16,19,20,23] and child [61] populations with increased CIMT in non-occupational
population settings worldwide. Prospective cohort studies are needed to confirm and
expand upon our findings. These future studies should include traffic control officers with
cardiovascular and cardiometabolic conditions, as the adverse effects of TRAP exposure on
CIMT may be even greater.

The findings from our study have high public health and clinical importance since
even small increases in CIMT over time can accelerate faster clinical progression to car-
diovascular disease. However, occupational exposure to TRAP is potentially modifiable
through policy changes and interventions at the organizational level, e.g., mandating the
use of personal protective devices, changes in work schedules. In addition, changes in
urban planning policy, the strengthening and enforcement of clean air laws, use of cleaner
technology, and other interventions can potentially reduce occupational exposures through
the improvement of street-level TRAP levels and overall airshed quality [73,74].
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The QMD has already adopted and/or is in the process of adopting environmental
policies and interventions including motor vehicle mobility restrictions, installation of
catalytic converters on existing buses, replacing the public transport fleet with clean mass
transportation (metro system, electric buses), creation of low emission zones, growth and
promotion of the bicycle lane network, technical rules for installing battery recharging
infrastructure in public and private parking lots, creating Quito’s Climate Action Plan,
natural areas conservation and reforestation projects, continuous improvement of Quito’s
air quality monitoring network [65,74,75]. Because of the inflammatory nature of air pollu-
tants from fossil fuel combustion sources, improving air quality will also have a positive
effect on preventing other chronic conditions including COPD [76], asthma [77], chronic
rhinosinusitis [78], chronic kidney disease [79], arrythmias [80], metabolic syndrome [81],
type 2 diabetes [82], and cancer, among others [83].

5. Limitations

This study has some potential limitations which should be considered when interpret-
ing its findings. One is that although the cross-sectional study design allows for inference
about the association of chronic TRAP exposure with CIMT, it cannot prove causation.
Another is that exposure misclassification could be a potential source of error. For technical
reasons, our preliminary study had to rely upon previously published data on street-level
and indoor office PM10 levels to assign group rather than individual-level exposures, the
latter of which would have been preferable. Street-level monitoring is more realistic than
neighborhood CAM, which tends to underestimate the exposures of officers standing
0–3 m from street traffic. However, even with roadway exposure data, there is likely some
variation in the amount of traffic air pollutants between the different locations where
police personnel were deployed. Personal air monitors would be a more accurate way of
more precisely measuring individual exposure to pollutants, since this allows more precise
determination of the dose–response relationship between pollutant exposure and CIMT.
However, the deployment of personal air monitors for measuring particulate matter and
toxic gases for each study participant was not practical at the time of the study (2009–2010)
due to their high cost, bulkiness, and weight. Another potential limitation was the use
of surrogate administrative office estimates for indoor PM10 exposures of police office
workers. We had planned to use cascade monitoring equipment to collect measurements in
the administration office building but the equipment experienced a technical failure, so we
had to use a surrogate taken at the same time in another study.

Another potential limitation is the possibility of unmeasured residual confounding
from both traditional and non-traditional drivers of arterial damage and atherosclerosis
such as that due to residential air pollution or noise exposures, sleep disturbances, physical
inactivity, the microbiome, other stressors [26,56,84,85].

6. Conclusions

Police officers working street-level traffic control in the large urban centers of low- and
middle-income countries are a high-risk occupational group due to their chronic exposure
to high levels of TRAP pollution. Our study findings suggest that chronic occupational
exposure to TRAP is associated with increased CIMT in even relatively young and healthy
traffic police. This is important since even small increases in arterial thickening over
time may promote their earlier progression to clinical disease and increase their risk for
premature mortality. Our findings underscore the importance of enacting policy and
interventions to mitigate the TRAP exposures of this occupational group. Prospective
cohort studies should be conducted to confirm and expand upon our findings.
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53. Pala, K.; Akiş, N.; İzgi, B.; Gücer, Ş.; Aydin, N.; Aytekin, H. Blood lead levels of traffic policemen in Bursa, Turkey. Int. J. Hyg.
Environ. Health 2002, 205, 361–365. [CrossRef]

54. Liu, X.; Liang, Y.; Guo, J. Heavy metal pollution in Nanchang City and its health implication on traffic policemen. Environ. Sci.
Pollut. Res. Int. 2019, 26, 17885–17890. [CrossRef] [PubMed]

55. Jazani, R.K.; Saremi, M.; Rezapour, T.; Kavousi, A.; Shirzad, H. Influence of traffic-related noise and air pollution on self-reported
fatigue. Int. J. Occup. Saf. Ergon. 2015, 21, 193–200. [CrossRef] [PubMed]

56. Mohamad Jamil, P.A.S.; Karuppiah, K.; Rasdi, I.; How, V.; Mohd Tamrin, S.B.; Mani, K.K.C.; Sambasivam, S.; Naeini, H.S.;
Mohammad Yusof, N.A.D.; Hashim, N.M. Occupational hazard in Malaysian traffic police: Special focus on air pollutants. Rev.
Environ. Health 2021, 36, 167–176. [CrossRef] [PubMed]

57. United Nations Educational, Scientific and Cultural Organization (UNESCO). World Heritage Convention. City of Quito.
UNESCO, 1992–2023. City of Quito–UNESCO World Heritage Centre. Available online: https://whc.unesco.org/en/list/2/
(accessed on 16 March 2023).

58. Bravo Alvarez, H.; Sosa Echeverria, R.; Sanchez Alvarez, P.; Krupa, S. Air quality standards for particulate matter (PM) at high
altitude cities. Environ. Pollut. 2013, 173, 255–256. [CrossRef]

59. World Health Organization. Air Quality Guidelines for Europe, 2nd ed.; 2000. Available online: https://www.who.int/publications/
i/item/9789289013581 (accessed on 16 March 2023).

60. CORPAIRE. Informe Anual 2009, la Calidad del Aire en Quito; CORPAIRE: Quito, Ecuador, 2010.
61. Armijos, R.X.; Weigel, M.M.; Myers, O.; Li, W.W.; Racines, M.; Berwick, M. Residential exposure to urban traffic is associated with

increased carotid intima-media thickness in children. J. Environ. Public Health 2015, 2015, 713540. [CrossRef]
62. EPMMOP-Q Gerencia de Planificacion de la Mobilidad, 2007–2010; Municipio Metropolitano de Quito: Quito, Ecuador, 2011.
63. Raysoni, A.U.; Armijos, R.X.; Weigel, M.M.; Montoya, T.; Eschanique, P.; Racines, M.; Li, W.W. Assessment of indoor and outdoor

PM species at sch 8ools and residences in a high-altitude Ecuadorian urban center. Environ. Pollut. 2016, 214, 668–679. [CrossRef]
64. United Nations Environmental Programme (UNEP). Environment Climate Change Outlook: ECCO Metropolitan District of Quito,

Regional Office for Latin America and the Caribbean, Division of Early Warning and Assessment; United Nations Environmental
Programme (UNEP): Nairobi, Kenya, 2011.

65. Secretaria del Ambiente. NORMA ECUATORIANA DE CALIDAD DEL AIRE 2011.El Martes 7 de Junio de 2011, se Publicó en el
Registro Oficial, la Reformar a la Norma de Calidad del Aire Ambiente o Nivel de Inmisión, Constante en el Anexo 4 del Libro VI
del Texto Unificado de Legislación Secundaria del Ministerio del Ambiente, y que Forma Parte del Conjunto de Normas Técnicas
Ambientales para la Prevención y Control de la Contaminación, Citadas en la Disposición General Primera del Título IV del Libro
VI del Texto Unificado de Legislación Secundaria del Ministerio del Ambiente. Available online: www.quitoambiente.gob.ec
(accessed on 8 June 2021).

66. Romero Quinchuela, G.I.; Zambrano Arciniega, J.M. Estudio y Alternativas de Solución al Tráfico en las Avenidas Ladrón de
Guevara, Patria, Pérez Guerrero y América, en el Tramo Comprendido Desde el Coliseo Rumiñahui Hasta la Intersección de la
Avenida América con la Avenida La Gasca, en la Ciudad de Quito. Quito: Universidad Central del Ecuador. 2022. Available
online: www.uce.edu.ec (accessed on 20 April 2023).

67. Vega, D.; Parra, R. Characterization the average daily intensity and the vehicular traffic profiles in Distrito Metropolitano de
Quito Caracterización de la intensidad media diaria y de los perfiles horarios del tráfico vehicular del Distrito Metropolitano de
Quito. Av. Cienc. E Ing. 2014, 6, C40–C45.

68. Touboul, P.-J.; Hennerici, M.G.; Meairs, S.; Adams, H.; Amarenco, H.; Desvarieux, M.; Ebrahim, S.; Fatar, M.; Hernandez
Hernandez, R.; Kownator, S.; et al. Mannheim intima-media thickness consensus. Cerebrovasc. Dis. 2004, 18, 346–349. [CrossRef]

69. Krishnaveni, P.; Gowda, V.M.N. Assessing the Validity of Friedewald’s Formula for Serum LDL-Cholesterol Calculation. J. Clin.
Diagn. Res. 2015, 9, BC01–BC04. [CrossRef]

https://doi.org/10.5144/0256-4947.2002.287
https://doi.org/10.1016/j.etap.2018.01.002
https://www.ncbi.nlm.nih.gov/pubmed/29346078
https://doi.org/10.1136/oemed-2012-100864
https://www.ncbi.nlm.nih.gov/pubmed/23322918
https://doi.org/10.3390/ijerph16030377
https://www.ncbi.nlm.nih.gov/pubmed/30699969
https://doi.org/10.1080/08958370701495238
https://doi.org/10.1016/j.jth.2016.12.003
https://doi.org/10.1159/000046261
https://doi.org/10.1016/0048-9697(91)90339-G
https://doi.org/10.1078/1438-4639-00169
https://doi.org/10.1007/s11356-017-0289-3
https://www.ncbi.nlm.nih.gov/pubmed/28956264
https://doi.org/10.1080/10803548.2015.1029288
https://www.ncbi.nlm.nih.gov/pubmed/26323778
https://doi.org/10.1515/reveh-2020-0107
https://www.ncbi.nlm.nih.gov/pubmed/33594842
https://whc.unesco.org/en/list/2/
https://doi.org/10.1016/j.envpol.2012.09.025
https://www.who.int/publications/i/item/9789289013581
https://www.who.int/publications/i/item/9789289013581
https://doi.org/10.1155/2015/713540
https://doi.org/10.1016/j.envpol.2016.04.085
www.quitoambiente.gob.ec
www.uce.edu.ec
https://doi.org/10.1159/000081812
https://doi.org/10.7860/JCDR/2015/16850.6870


Int. J. Environ. Res. Public Health 2023, 20, 6701 13 of 13

70. Dupuy, A.M.; Badiou, S.; Descomps, B.; Criltol, J.P. Immunoturbidimetric determination of C-reactive protein (CRP) and
high-sensitivity CRP on heparin plasma. Comparison with serum determination. Clin. Chem. Lab. Med. 2003, 41, 948–949.
[CrossRef]

71. World Health Organization. Obesity and Overweight. 2020. Available online: www.who.int (accessed on 22 September 2021).
72. Pickering, T.G.; Hall, J.E.; Appel, L.J.; Falkner, B.E.; Graves, J.W.; Hill, M.N.; Jones, D.H.; Kurtz, T.; Sheps, S.G.; Rocella, E.J.

Recommendations for blood pressure measurement in humans: An AHA scientific statement from the Council on High Blood
Pressure Research Professional and Public Education Subcommittee. J. Clin. Hypertens. 2005, 7, 102–109. [CrossRef]

73. Nicolas, J.P. Analyzing road traffic influences on air pollution: How to achieve sustainable urban development. Transp. Rev. 2000,
20, 219–232. [CrossRef]

74. United Nations Environment Program. Quito, Ecuador Is Taking Strong Actions to Improve Air Quality. Available online:
www.cleanairblueskies.org (accessed on 9 June 2020).

75. Khreis, H.; Sanchez, K.A.; Foster, M.; Burns, J.; Nieuwenhuijsen, M.J.; Jaikumar, R.; Ramani, T.; Zietsman, J. Urban policy
interventions to reduce traffic-related emissions and air pollution: A systematic evidence map. Environ. Int. 2023, 172, 107805.
[CrossRef] [PubMed]

76. Xie, W.L.; Tian, H.Y. Air pollution and risk of chronic obstructed pulmonary disease: The modifying effect of genetic susceptibility
and lifestyle. E BioMedicine 2022, 79, 103994. [CrossRef]

77. Gehring, U.; Wiiga, A.H.; Koppelman, G.H.; Vonk, J.M.; Smit, H.A.; Brunekreef, B. Air pollution and the development of asthma
from birth until young adulthood. Eur. Respir. J. 2020, 56, 2000147. [CrossRef] [PubMed]

78. Peeters, S.; Wang, C.; Bijnens, E.M.; Bullens, D.M.A.; Fokkens, W.J.; Bachert, C.; Hellings, P.W.; Nawrot, T.S.; Seys, S.F. Association
between outdoor air pollution and chronic rhinosinusitis patient reported outcomes. Environ. Health 2022, 21, 134. [CrossRef]

79. Chen, Y.; Cao, F.; Xiao, J.P.; Fang, X.Y.; Wang, X.R.; Ding, L.H.; Wang, D.G.; Pan, H.F. Emerging role of air pollution in chronic
kidney disease. Environ. Sci. Pollut. Res. Int. 2021, 28, 52610–52624. [CrossRef]

80. Raju, S.; Woo, H.; Koehler, K.; Fawzy, A.; Liu, C.; Putcha, N.; Balasubramanian, A.; Peng, R.D.; Lin, C.T.; Lemoine, C.; et al. Indoor
Air Pollution and Impaired Cardiac Autonomic Function in Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med.
2023, 207, 721–730. [CrossRef]

81. Poursafa, P.; Kamali, Z.; Fraszczyk, E.; Boezen, H.M.; Vaez, A.; Snieder, H. DNA methylation: A potential mediator between air
pollution and metabolic syndrome. Clin. Epigenetics 2022, 14, 82. [CrossRef]

82. GBD 2019 Diabetes and Air Pollution Collaborators. Estimates, trends, and drivers of the global burden of type 2 diabetes
attributable to PM2·5 air pollution, 1990–2019: An analysis of data from the Global Burden of Disease. Lancet Planet Health 2022, 6,
e586–e600. [CrossRef]

83. Colao, A.; Muscogiuri, G.; Piscitelli, P. Environment and Health: Not Only Cancer. Int. J. Environ. Res. Public Health 2016, 13, 724.
[CrossRef] [PubMed]

84. Münzel, T.; Sørensen, M.; Daiber, A. Transportation noise pollution and cardiovascular disease. Nat. Rev. Cardiol. 2021, 18,
619–636. [CrossRef] [PubMed]

85. Feng, J.; Cavallero, S.; Hsiai, T.; Li, R. Impact of air pollution on intestinal redox lipidome and microbiome. Free Radic. Biol. Med.
2020, 151, 99–110. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1515/CCLM.2003.144
www.who.int
https://doi.org/10.1111/j.1524-6175.2005.04377.x
https://doi.org/10.1080/014416400295266
www.cleanairblueskies.org
https://doi.org/10.1016/j.envint.2023.107805
https://www.ncbi.nlm.nih.gov/pubmed/36780750
https://doi.org/10.1016/j.ebiom.2022.103994
https://doi.org/10.1183/13993003.00147-2020
https://www.ncbi.nlm.nih.gov/pubmed/32299858
https://doi.org/10.1186/s12940-022-00948-7
https://doi.org/10.1007/s11356-021-16031-6
https://doi.org/10.1164/rccm.202203-0523OC
https://doi.org/10.1186/s13148-022-01301-y
https://doi.org/10.1016/S2542-5196(22)00122-X
https://doi.org/10.3390/ijerph13070724
https://www.ncbi.nlm.nih.gov/pubmed/27447654
https://doi.org/10.1038/s41569-021-00532-5
https://www.ncbi.nlm.nih.gov/pubmed/33790462
https://doi.org/10.1016/j.freeradbiomed.2019.12.044
https://www.ncbi.nlm.nih.gov/pubmed/31904545

	Introduction 
	Methods 
	Study Site 
	Study Design and Participants 
	Exposure 
	Primary Outcome 
	Covariates 
	Data Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

