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Evaluation of the effects of air pollution on serum inflammatory markers in young adults

Hina Riaz"?, Binafsha Manzoor Syed?, Zulfigar Laghari®

ABSTRACT

Objective: To evaluate the effects of exposure of air pollution (traffic pollutants) on markers of inflammation in apparently healthy
vehicles drivers (high exposure) and compare it with (less exposed) students and to evaluate correlation with the duration of
exposure of traffic pollution.

Study Design: cross sectional (Descriptive) study.

Place and Duration: This study conducted in Physiology department of Liaquat University of Medical and Health Sciences (LUMHS)
from 3™ February to 5" December 2017.

Methodology: This study evaluated the effects of traffic pollution in markers of inflammation markers including C-reactive protein
(CRP), Leukocytes count, interleukin-6 (IL-6), tumor necrotic factor-a (TNF-a) and tumor necrotic factor-f (TNF-B) of apparently
healthy volunteers. One hundred seventy-four (174) non-smoking, apparently healthy automobile vehicle drivers (high exposed
group, n=87) and the same number of hostel resident students (less exposed group, n=87) were recruited for this study, their serum
inflammatory markers were compared. Further automobile vehicle drivers categorized into five groups according to their duration
of exposure by using 5-year cut-off.

Results: Levels of inflammatory markers including IL-6 (p < 0.001), TNF-B (p < 0.021), Leukocytes (p < 0.03), Neutrophils (p < 0.001),
Eosinophils (p < 0.001), Basophils (p < 0.001) and CRP (p < 0.001), were significantly higher among drivers group than student’s
groups. TNF-a, TNF-B, IL-6, CRP, neutrophils, lymphocytes, eosinophils, basophils and monocytes were positively correlated with
duration of driving exposure. While total leukocytes did not show any significant correlation.

Conclusion: Exposure to traffic pollutants causes rise in the circulatory markers of inflammation in healthy volunteers.
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INTRODUCTION matteras (PMzs), is the most common cause of mortality. As
revealed by world health organization (WHO) air quality
Several studies reported that particulates, especially particulate database Pakistan was ranked among the most polluted

countries for having the elevated concentration of PMa2s, while
Karachi ranked 2™ for the levels of PMiol. It is confirmed by
numerous studies that in Pakistan road transportation and rise
in urban population abolishing environmental quality and cause
the production of pollutants like Sulphur Dioxide (SO2) in the
atmosphere?. Giannadaki (2016), conducted study to evaluate
the relation of particulate matter (PM2s) with early demises;
results reported 105 thousand/ year early demises in Pakistan,
1.33 million/ year in China and 575 thousand/ year in India3.
Correspondence: Population residing in less privileged areas of the world
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with the greatest health implications are ones with a diameter
of ten microns or lesser, (< PM10), which can enter and stay
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inside the depths of the lungs. Long term contact with such
particles adds to the danger of contracting respiratory and
cardiovascular illnesses, and the cancer of the lungs>®.

The available literature suggests that the exposure to the
automobile fume produces deleterious effects on health. In
addition, long-term exposure also provokes inflammatory
response. However, the effect of the duration of exposure of
pollutants and level of exposure not answered yet. Thus, this
study is a preliminary study in Pakistan; aimed to evaluate the
effects of exposure of traffic exhaust and its effects on serum
inflammatory markers among high exposure group and the low
exposure group. Give that the concept that long the duration
causes more detrimental effects, this study also aimed to look
at the duration of exposure with the rise in the markers of
inflammation. Thus, this study hypothesized that daily
exposure of automobile exhaust fume causes rise in systemic
inflammatory markers of apparently healthy volunteers. This
stud aimed to assess the effects of exposure traffic pollutants
on markers of inflammation in apparently healthy vehicles
drivers and compare it with less exposed students and to
evaluate correlation with the duration of exposure of traffic
pollution.

METHODOLOGY

This study evaluated the markers of inflammation in high
automobile pollution exposed group and less exposed group of
apparently healthy volunteers. One hundred seventy-four
(174), non-smoking, apparently healthy (not suffering from any
systemic diseases) volunteers included, while persons having
BMI > 30, suffering from any systemic or autoimmune
disorders excluded from study. Exposed group consist of
eighty-seven (87), apparently healthy, non-smoking automobile
vehicle drivers (must be having daily contact of traffic exhaust
for at least six hours), aged between 18-40 years. Based on
duration of exposure this group was divided into five
categories: first who have been driving for at least five years (<
5), second who have been driving experience for ten years
(210), third who have been driving experience for fifteen years
(215), fourth who have been driving experience for twenty
years (220) and fifth who have been driving experience for
twenty-five years (25). The sample of the drivers was taken
from the areas of heavy traffic intersections of the Jamshoro
and Hyderabad city. While less exposed group comprised of
hostel resident students (aged 18-25 years) of LUMHS, as
hostel are located comparatively less polluted vicinity and
surrounded by so many trees. Non-probability purposive
sampling techniques was used.

Serum Inflammatory markers: This study evaluated the effects
of traffic pollutants on markers of inflammation including C-
reactive protein (CRP), Leukocytes count (i.e., neutrophils,
lymphocytes, eosinophils, monocytes and basophils)
interleukin-6 (IL-6), tumor necrotic factor-a (TNF-a) and tumor
necrotic factor-B (TNF-B). CRP analyzed by "C-reactive protein
Hitachi 902 turbidimetry "and total leukocytes count by
"Automated Analyazer"(sysmex)". While IL-6, TNF-a and TNF-B
were analyzed by "human instant ELISA (enzyme linked
immunosorbent assay) kits" (Koma Biotech). For analysis of

markers, 200 ul of washing solution added to each well. Wells
were aspired and excessive liquid removed 100 ul of standard
(sample) then incubated at room temperature for 2 hours. Well
aspirated and washed. 100 ul of diluted detection antibody (0.4
ug/ml for TNF-a, 0.1ug/ml for TNF-B and for IL-6 0.25ug/ml) to
each well covered with the plate sealer then incubated for 2
hours then diluted Color Development Enzyme (1:20 dilute)
each well was added. Incubated at room temperature until the
appropriate color development at least for 17-27 min, plate
read at 450 nm wavelength.

Statistical Analysis: Data analyzed by using IBM statistical
program for social sciences (SPSS), (IBM Corp. Released 2012.
IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY:
IBM Corp. version) Mann-Whitney-U test applied to determine
the difference of markers of inflammation in both groups.
Spearman rank correlation used to determine the correlation
of duration of driving exposure with inflammatory markers in
drivers group. The results of all analyses evaluated for
statistical significance using p-value < 0.05 and the 95 %
confidence intervals (Cl).
RESULTS

During study period, one hundred seventy-four (N=174)
apparently healthy subjects included, that consisted of eighty-
seven students and the same number of drivers. Base line
features of volunteers described in Table-l. Mean age of
students was 23 (+2.2) years and drivers were 31(+7.3) years.
While mean height and mean weight of students and drivers
were 171cm (%4.5), 174cm (+4.8) and 70 kg (£3.6), 75 kg (16.3)
respectively. Mean Body mass index (BMI) of students and
drivers were 22.1 (+2.6), 24.3 (+2.4).

Table-I: Level of markers of Inflammation between students
and drivers group (N=174)

Markers of Students Drivers
inflammation (Median) (Median) p-Value
TNF-a pg/ml 6.7 7.7 0.75

IL-6 pg/ml 27.1 29.0 <0.001
TNF-B pg/ml 26.9 27.7 0.021

CRP mg/dI 0.28 0.50 <0.001

Leukocytes 7.1 9.3 0.03
Neutrophils% 48.6 66 <0.001
Eosinophils % 0.32 5.0 <0.001

Basophils% 0.03 2.1 <0.001

Lymphocytes% 24 33 <0.001
Monocytes % 6.1 10.1 0.33

Comparison of serum markers of inflammation: Mann
Whitney-U test, (Table-l) Shows that levels of markers of
inflammation  such as IL-6 (p < 0.001), TNF- (p < 0.021),
Leukocytes (p < 0.027), Neutrophils (p < 0.04), Eosinophils (p

< 0.001), Basophils (p < 0.03) and CRP (p < 0.001) were
significantly higher among drivers. Whereas TNF-a (p > 0.75),
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Lymphocytes (p > 0.73) and Monocytes (p > 0.33) did not differ
significantly were same and lower among the both groups.

Correlation of serum markers of inflammation with duration of
driving: Duration of driving exposure showed positive
correlation with almost all markers of inflammation, i.e. TNF-a
(rs=0.61, p = 0.005), TNF-B (rs = 0.39, p = 0.001), CRP (rs = 0.20,
p = 0.04), neutrophils (rs = 0.31, p-value = 0.04), lymphocytes (rs
=0.28, p-value = 0.007), eosinophils (rs = 0.76, p-value = 0.001),
monocytes (rs = 0.19, p-value = 0.07), basophils (rs = 0.21, p-
value = 0.06). While no association found with total leukocytes
count (rs = 0.09, p-value = 0.36), as shown in Table-II.

Table-ll: Spearman Correlation among markers of
inflammation and driving duration of traffic pollutant (N= 87)
Duration of traffic exposure
Inflammatory markers
rs p —Value
TNF-a pg/ml 0.61 0.005
IL-6 pg/ml 0.13 0.23
TNF-B pg/ml 0.39 0.001
CRP mg/dl 0.20 0.04
Leukocytes 0.09 0.36
Neutrophils% 0.31 0.04
Eosinophils % 0.76 0.002
Basophils% 0.21 0.06
Lymphocytes% 0.28 0.007
Monocytes % 0.19 0.78
DISCUSSION

In regard of effects of traffic pollution on human health
susceptible population (suffering from systemic diseases)
always have been a ground of interest for researchers thus,
limited literature is available concerning effects of pollution on
health status apparently healthy population. Our study results
showed positive association with prolong duration of driving
exposure; altered level of markers of inflammation at
subclinical level are worrisome indication of health issues in
future. In our study monocytes are positively correlated with
duration of driving consistent findings are reported by another
study’. Our study findings are similar with findings of Lee et.al,
who reported that long term exposure of pollutants causes
alteration in leukocytes count and fibrinogen®.

According to results of our study, markers of inflammation
were raised in exposed group, Similarly, Karoly reported rise in
proinflammatory markers and amplification of IL-6 gene in
pulmonary vessels due to exposure of PM°. consistent findings
observed by Hajat A, who reported indication of relationship
between pollutant exposure and IL-6'°. Likewise, prolong
exposure of traffic pollutants and rise in IL-6, found in former
study!" Similarly, black carbon exposure causes increase in
serum concentration of cytokines like IL-6, IL-8 and TNF-a and
potentiate the phagocytic ability of monocytes 2. However,
another study suggested no relation of neutrophils and allergic

cells (eosinophils, basophils) with traffic exhaust!3.

In addition, few studies have shown particulate issues of
instance exposure and have positively mentioned an
association with CRP levels'®. Even though exposure intensity of
pollutants is over all reduced with time duration, over long
periods (10 years and longer) have been stayed stable®.

On contrary, traffic pollutant with markers of inflammation
(leukocytes, CRP, TNF-a) and red blood cells showed
inconsistent relationship in another study, while dissimilar
findings observed in our study'®. Studies also reported prolong
exposure of traffic pollutants is associated with rise in CRP
concentration and cardiovascular disorders and exacerbation if
inflammatory cascade!”8, Similarly, traffic generated NOx and
CO showed positive association with TNF-a, IL-6 and CRP 20,

CONCLUSION

The findings of our study suggest that prolong exposure of
traffic pollutants causes increase in the distribution of
inflammatory blood cells in apparently healthy subjects.

Recommendation: In such an alarming situation when the
automobile pollution is at rise, there is dire need to conduct
large scale research projects to look into details long term
effects of the automobile pollution. Such a data will help to
constitute policies regarding health status of peoples who have
been exposed to traffic exhaust fumes on daily basis.
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