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INTRODUCTION

There is a growing body of evidence about the po-
tential effects of environmental exposures on the
process of atherosclerosis. Air pollution and
secondhand smoke are the two most widespread
factors in this regard, and share common underly-
ing mechanisms of endothelial dysfunction, arterial
stiffness, oxidative stress, inflammation, heart rate
variability, platelet aggregation, energy
metabolism.[2]

and

Evidence on harmful effects of secondhand smoke
on atherosclerosis is rapidly accumulating.?4 Of
special concern in this context are the rapid and
substantial effects of passive smoking, which are
nearly as large as that of long-term active
smoking.!

Likewise, growing body of knowledge exists on the
association of air pollutants, notably particulate
matters, with the process of atherosclerosis.!'
Such evidence is not limited to adult population,

increasing number of reports exist in the pediatric
age group.[’8l

Endothelial dysfunction is a key event and an early
feature in the process of atherogenesis. As it
precedes clinical vascular events by many years,
examining endothelial function may have valuable
potential prognostic value for atherosclerotic
diseases. Flow-mediated dilation (FMD) of brachial
artery is used as a non-invasive measure of
endothelial dysfunction.[!

The association of passive smoking with impaired
FMD is well documented in experimental studies, "’
as well as human studies in adult population.l'*12
One of the strongest evidences on the association of
secondhand smoke with decreased FMD in young
age comes from a cohort of Finnish children, which
demonstrated that passive smoking is associated in
a dose-dependent manner with significant
endothelial dysfunction;¥ frequent exposure to
secondhand smoke was independently associated
with decreased FMD. 4]
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Current research highlights the effects of air pollutants
on surrogate biochemical markers of endothelial
dysfunction in healthy children and young adults.[517]
Various results exist on the association of ambient
particulate matters with FMD in general adult
population.[18-22]

To the best of our knowledge, no previous study has
assessed this association in the pediatric age group.
This study aimed to determine the association of
particulate matters with FMD in children with or
without exposure to secondhand smoke.

METHODS

Participants

This cross-sectional study was conducted from January
to March 2011 in Isfahan, which is the second large and
air-polluted city in Iran. The study was approved in
the Research Council and Ethics Committee of the
School of Medicine, Isfahan University of Medical
Sciences, Isfahan, Iran. It was conducted after obtain-
ing written informed consent from the parents and oral
assent from participants.

To prevent the confounding effects of gender and
puberty, the study was conducted among
prepubescent boys, aged 9 to 12 years. The other
eligibility criteria were living for at least 6 months in
areas of the city with the lowest and highest levels of
particulate matter (based on the official reports of the
Provincial Environmental Protection Agency), and
location of homes and schools in the same area and less
than 1 km far from these stations. Those individuals
who had a history of chronic disease, long-term
medication use, or a history of acute infectious diseases
in the past two weeks were not included in the study.
In each low- and high-polluted area, equal number of
children with or without exposure to daily tobacco
smoke in home was selected. By considering a power
of 80% and type 1 error (o) of 5%, the sample size was
calculated as 25 in each group, i.e. 100 in total.

Study Area

Isfahan is an industrial city with a population of near
1894382, located in the center of Iranian plateau, with
an average altitude of 1500 m from the sea level
bounded by NW-SE mountain range of 3000 m. The air
of this city is predominantly affected by industrial
emissions and motor traffic.[23.24

Study of Arterial Reactivity
The same cardiologist conducted the studies for mea-
surement of brachial arterial reactivity. This non-
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invasive endothelial function testing was first de-
scribed in 1992.1%1 It involved measuring the diameter
of an artery by non-invasive ultrasound before and
after increasing shear stress (provided by reactive
hyperemia), with the degree of dilatation reflecting (in
large part) arterial endothelial NO release. The diame-
ter of the brachial artery was measured from high-
resolution B-mode ultrasound images (Aloka, SSD-
2200a). It was conducted in 3 steps: first basal brachial
artery dimension was detected. In the second step, the
cuff was inflated with 200 mmHg in fore arm, and in
the third stage the cuff was deflated, and after 30-90 s,
the brachial artery dimension in response to reactive
hyperemia, endothelium-dependent dilation or flow
mediated dilation (FMD) was determined in the pre-
vious site. The percent change of FMD was expressed
as: (maximum artery diameter after release of a blood
pressure cuff inflated above systolic pressure-baseline
resting diameter - basal brachial dimension) / basal
brachial dimension. [Author: The highlighted text is
correct, if it needs reference, #25 can be cited.]

The experiments were conducted in quiet environ-
ment, and no significant changes in their heart rate and
blood pressure were observed. The cardiologist con-
ducting the sonographic studies was not aware of the
group assignment of participants.

Air Pollution Data

Data from air pollution measurement stations were
recorded daily for the 7 days prior to blood sampling
from participants. Daily data pertaining to particulate
matters measuring up to 10 um (PMio) were recorded.
The existing instruments could not determine PM of
smaller size. According to the daily information pro-
vided by the Isfahan Provincial Directorate of Envi-
ronmental Protection, Laleh square was considered as
the low-polluted area, and Ahmad Abaad square as
the high-polluted area of Isfahan city. Similar to our
previous studies,!'>26] the mean values of seven 24-h
means of PMio were considered for statistical analysis.

Statistical Analysis

Student’s t- or the Mann-Whitney U tests were used
for comparing the PMio concentrations, when applica-
ble. Student’s t- test was used to compare mean FMD
levels of children according to living in low-and high-
polluted areas, and according to the passive smoking
status. Normality, a required assumption for linear
regression analyses, was assessed by Shapiro Wilk test.
Multiple linear regression analysis was conducted by
considering the passive smoking status and the living
area in terms of particulate air pollution as indepen-
dent variables, and brachial artery diameter as depen-
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dent variable. In another regression analysis, we consi-
dered PMio concentration as independent variable and
the FMD of non-passive smoker children as dependent
variable. Both regression analyses were adjusted for
children’s age and body mass index. Statistical analys-
es were performed using SPSS 18.0 (SPSS, Chicago, IL.,
USA) and differences were considered significant
when P <0.05.

RESULTS

Descriptive statistics of PMio concentrations are pre-
sented in Appendix 1. There were statistically signifi-
cant differences between two monitoring stations ac-
cording to PMio concentration (P < 0.001). Further as-
sessments demonstrated there was no statistically sig-
nificant difference in mean concentrations of PMio be-
tween different months of sampling. Based on separate
analysis for each of monitoring stations, the results
showed there were statistically significant differences
between two months of sampling only for the monitor-
ing station located in the high-polluted area (P < 0.05).

The basal brachial artery diameter was significantly
smaller in those living in high-polluted area and those
exposed to secondhand smoke [Table 1]. The lowest
mean FMD level was documented in passive smoker
children living in high-polluted area, whereas non-
passive smoker children living in low-polluted area
had the highest mean FMD level [Table 2].

Table 1: Basal brachial artery diameter (mm) according to parti-
culate air pollution and passive smoking

n Mean SD

Living area

High-polluted 50 7.65 2.79

Low-polluted 50 12.64 4.37

Total 100 10.14 4.43
Passive smoking

Positive 50 8.62 3.61

Negative 50 11.67 4.68

Total 100 10.14 4.43

Table 3: Regression analysis of particulate pollution and pas-
sive smoking with flow mediated dilation of the brachial artery
adjusted for age and body mass index

Standardized coeffi- t P-value
cients

PMy, concentra- -0.327 6.73 <0.0001
tion
Passive smoker -0.368 2.16 <0.0001
Body mass in- =111 -0.73 0.46
dex
Age 0.224 1.16 0.24

Table 2: Flow mediated dilation according to particulate air
pollution and passive smoking

Results of multiple linear regression analysis, adjusted
for age and body mass index, are presented in Table3.
Both passive smoking status and living area in terms of
particulate air pollution were effective determinants of
the brachial artery diameter. The standardized coeffi-
cient of passive smoking status was —0.36 (SD = 0.09, P-
value < 0.0001) showing negative association with per-
cent increase in brachial artery diameter. Likewise, the
percent increase in brachial artery diameter was lower
in passive smoker children. Similar relationship was
documented for PMi concentration with a regression
coefficient of —0.32 (SD = 0.04, P-value < 0.0001). Com-
parison between standardized regression coefficients
showed that the effect of passive smoking on percent
change in Brachial artery diameter was stronger than
that of PMuo.

The regression analysis that considered PMio concen-
tration as independent variable and the FMD of non-
passive smoker children as dependent variable showed
that increase in concentration of PMio was associated
with a decrease in FMD measures, the regression coef-
ficient was —0.34 (SD = 0.084, P-value < 0.0001). This
result shows that without considering passive smoking
variable, PMio concentration has significant indepen-
dent effect on FMD level.

DISCUSSION

The findings of this study, which to the best of our
knowledge, is the first of its kind in the pediatric age
group, revealed significant association of environmen-
tal factors on endothelium-dependent brachial artery
dilation in young children. Both passive smoking and
particulate pollution were associated with attenuated
endothelial function and impaired FMD. Those child-

Passive smoking Total P-value ren facing outdoor and indoor pollution had the lowest
Living area - + FMD. Although the effect of passive smoking on FMD
High-polluted 8.51 6.78 7.65 0.02 was greater than that of particulate pollution, PMio had
area (2.68) (2.68) (2.79) an independent inverse association with FMD.
Low-polluted 14.83 10.46 12.64 <0.0001
area (4.09) (3:51) (4.37) Atherogenesis starts from the fetal life through interre-
lations of various factors including vascular dysfunc-
tion and endothelial biomarkers.?” The blood vessel
| April 2012 | Journal of Research in Medical Sciences 319
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endothelium is a sensitive target for environmental
factors as air pollutants and secondhand smoke. Study-
ing the associations of environmental factors with early
stages of atherosclerosis in childhood can help identify
the underlying mechanisms. The relationship of air
pollutants with endothelial dysfunction and pro-
coagulant state can be an important factor in the devel-
opment of atherosclerosis from early life.[16152¢]

The findings of the current study on the association of
secondhand smoke with reduced endothelial function
and impaired FMD are consistent with previous stu-
dies on healthy adults.'12] Our findings are also in
line with a longitudinal study, which showed the effect
of passive smoking on decreased FMD of 11-year-old
Finnish children.[314]

The effects of passive smoking on FMD occur shortly
after exposure.l Trials on healthy volunteers revealed
that shortly after exposure, passive smoking impaired
FMD in healthy never smoker adults.[.32

Nicotine is a pleiotropic agent causing autonomic im-
balance and endothelial dysfunction. Nicotinic recep-
tor is stimulated in the autonomic nervous system, and
nicotine may promote the oxidative and inflammatory
stress to the endothelium. However, nicotine increases
myocardial work without impairment of coronary va-
sodilatation. Therefore, it is proposed that the acute
endothelial toxicity of secondhand smoke cannot solely
be attributed to a nicotine-dependent mechanism.334
The synergistic effects of air pollution may be one of
the factors involved in this regard.

Direct action and independent association of ambient
particulates with the vascular endothelium is sug-
gested by various types of study. Comparison of endo-
thelium-dependent brachial artery diameter among 39
healthy volunteers before and after 2 h sitting in bus
stops demonstrated that 30 p/m? increase in PMzs ex-
posure corresponded to a 0.48% decrease in FMD,
showing a 5% relative change in the maximum ability
to dilate. It is noteworthy to mention that FMD has not
been associated with other pollutants and traffic densi-
ty.2 Another study among adults with low exposure
to secondhand smoke demonstrated a negative asso-
ciation of exposure to ambient PMz5 with FMD. In this
study, brief raises in ambient particulates during usual
daily activity were associated with endothelial dys-
function within 2 h of exposure. It is suggested that
this rapid effect may be a reflection of acute PM-
induced autonomic imbalance. '8!
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The acute effects of fine PM on FMD are also docu-
mented in double-blind, crossover, controlled exposure
studies conducted on adults.[1%22] Likewise, direct ac-
tion of fine particulates on FMD is reported from a
study on sixteen young athletes, 30 min after exercise
while inhaling high PM levels, but not after exposure
to low levels of PM.[21I

Most studies on healthy adults have addressed the ef-
fects of ambient PM25 on FMD; our findings on the as-
sociation of larger particulates, i.e. PMi, on FMD of
young children are consistent with a study conducted
among diabetic adults.[?!

Given the favorable effects of physical activityl®! and
healthy foodsl®l on FMD of children and adolescents,
encouraging healthy lifestyle may be effective in reduc-
ing the harmful effects of outdoor and indoor air pollu-
tion.

CONCLUSION

Our findings provide evidence on the association of
environmental factors on endothelial dysfunction from
early life. Studying such associations among healthy
children may help identify the underlying mechan-
isms. Controlling environmental factors should be con-
sidered as an emerging medical and public health
problem; as one of the most vulnerable groups, child-
ren should be protected against the health hazards of
air pollution and secondhand smoke. The clinical im-
plications of environmental factors on early stages of
atherosclerosis should be confirmed in longitudinal
studies.
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