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Abstract

Fuel dispensing at fuel stations is performed manually by unprotected male gas
station attendants in Sri Lanka, who have long working hours. These workers are
exposed to hydrocarbon fuels associated with multiple health effects by modula-
tion of the autonomic nervous system. This study was performed to determine
cardiovascular autonomic functions among fuel pump attendants in Sri Lanka.
Fuel pump attendants (n=>50) aged between 19 and 65years were identified for
the study from seven fuel stations. They were compared with age- and gender-
matched controls (n=46) without occupational exposure to fuel. A physical
examination was performed before the autonomic function and heart rate vari-
ability (HRV) assessment. There were no significant differences in weight, height,
or BMI between the study and the control populations (p >0.05). Both the systolic
blood pressure (SBP) (Mann Whitney U (MWU)=743.5, p=0.003) and diastolic
blood pressure (DBP) (MWU = 686.5, p=0.001) were significantly higher among
the gas station attendants compared to controls. Valsalva ratio was significantly
higher among the study group (MW U =874.00, p=0.043) compared to controls.
The HRV analysis showed significantly higher SDNN and SD2 (MWU =842.00,
p=0.034, and MWU=843.50, p=0.035 respectively) among the gas station at-
tendants compared to controls. The changes to the cardiovascular autonomic pa-
rameters among those exposed to fuel vapor as a gas station attendant indicate an
increase in sympathetic outflow to the vessels. In the occupational setting as fuel
pump attendants need periodic monitoring.
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1 | INTRODUCTION

Exposure to air pollution is associated with numerous
health issues involving multiple organ systems in the
human body (Bandyopadhyay, 2016; Bolden et al., 2015;
Brook et al., 2004; Chuang et al., 2007; Kampa &
Castanas, 2008; Manisalidis et al., 2020). In Sri Lanka,
studies conducted so far have been focused on the respi-
ratory effects of those exposed to outdoor air pollution
(Nandasena et al., 2010; Senanayake et al., 2009; Thishan
Dharshana & Coowanitwong, 2008). Air pollution affects
the central and peripheral nervous systems (CNS and PNS)
(Bandyopadhyay, 2016; Brockmeyer & D'Angiulli, 2016;
Calderon-Garciduenias et al., 2002; Costa et al., 2020). The
neurological symptoms reported among the fuel handlers
exposed to volatile organic compounds (VOC) in the air
include neuro-psychosomatic symptoms, altered sleep
patterns, and memory loss (Mangotra & Kumar, 2024;
Thetkathuek et al., 2015).

It has been suggested that the autonomic nervous sys-
tem of fuel handlers is affected by exposure to air pollut-
ants (Chen et al., 2017; Huang et al., 2012). A few human
studies have been performed to assess the alterations in
autonomic nervous system functions in those chronically
exposed to aromatic hydrocarbons. Attenuated cardiovas-
cular autonomic nervous parameters, measured by heart
rate variability (HRV), have been reported in these studies
(Lee et al., 2011; Ma et al., 2010). Directly recorded muscle
sympathetic nerve activity at rest reported increased levels
with acute exposure to diesel exhausts in a recent study
(Rankin et al., 2021).

When the pathophysiological mechanisms of the
above are considered, direct effects of volatile gases or
particulate matter on pulmonary receptors are postu-
lated to activate neural reflexes resulting in alterations
of autonomic tone (Korner, 1989). Activation of inflam-
matory pathways and impaired vascular functions, addi-
tionally contribute to altered autonomic functions, and
these together are postulated to cause cardiovascular
morbidity and mortality to those exposed to air pollu-
tion (Brook et al., 2004).

In Sri Lanka, the fuel pump attendants dispense fuel
to individual vehicles using handheld nozzles while
using minimum protective equipment. Being located on
busy roads, long working hours, and residing at the sta-
tions mean that these mainly young males employed as
gas station attendants are exposed to many toxic chemi-
cals and particulate matter during their career. In a pre-
vious publication we reported that the fuel attendants in
the Gampaha District of Sri Lanka are exposed to higher
levels of benzene, toluene, and xylene (BTX) compared
to the control population (Scheepers et al., 2019) and
it has an effect on the spirometry parameters which

correlated to the BTX exposure not only in the fuel han-
dlers but also in controls in a distinctly different pattern
(Warnakulasuriya et al., 2023). In this background, we
hypothesized that the chronic exposure to fuel vapor
by fuel pump attendants would alter the parameters of
HRV and autonomic function assessment compared to
controls.

2 | MATERIALS AND METHODS
Male fuel station attendants (n=50) from seven fuel sta-
tions in the Gampaha District aged 19-65years were
recruited as the study group. A minimum period of em-
ployment of 12months was an inclusion criterion. Age-
and gender-matched controls (n=50) who were not
occupationally exposed to volatile hydrocarbons were
recruited from the office workers residing in the Ragama
Grama Niladhari (village officer) division. Four controls
were not able to complete autonomic function (ANF) as-
sessment adequately; hence 46 controls were selected for
the final analysis.

The recruitment of participants followed verbal and
written information, and signed consent. The individual
findings of the assessments were made available to each
of the participants.

A questionnaire was used to obtain details regarding
the age, ethnicity, housing, use of motorized vehicles, ex-
posure to environmental pollutants, and past medical his-
tory. A detailed and complete physical examination was
performed by a consultant physician in General Medicine
to evaluate the participants' general health. Weight
and height were measured using standard techniques
(Warnakulasuriya et al., 2017), and BMI was calculated.

2.1 | Assessment of autonomic functions
Autonomic functions were assessed using a standard and
validated method (Ewing et al., 1985; Low et al., 2013),
and the methodology adopted in this study is briefly dis-
cussed here. A detailed description of the method used is
provided in the Appendix S1 (Test procedures).

Subjects were advised to refrain from beverages con-
taining caffeine, nicotine, or alcohol for at least 8 h before
testing. Medications with adrenergic or cholinergic prop-
erties were discontinued for at least 48 h before the study,
which was not needed for any of the participants. The par-
ticipants attended testing at the autonomic function test-
ing lab of the Faculty of Medicine, University of Kelaniya
in the morning after 3 days of continuous shift work.

Testing was performed in thermo-neutral conditions
between 9.00AM and 11.00AM on all subjects. Subjects
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were allowed to acclimatize to the experimental and en-
vironmental conditions for 30 min. The testing was per-
formed and recorded by a single observer to eliminate
bias. Power lab 4/26 model number PL2604 (AD instru-
ment) digital data recorder and analyzed using LabChart
Pro software were used for testing.

The parasympathetic function was evaluated by
(Choudhary et al., 2017),

1. Immediate heart rate response to standing and tilt
test—The table was tilted to 70° head up position
within 30s while continuously recording the ECG
and BP recordings at 1, 2, 4, 7, and 10min.

2. Heart rate variation during deep breathing—
Breathing was modulated at six breaths per minute
for 1 min with continuous ECG recording to obtain
three consecutive artifact-free cycles of deep inspira-
tion and expiration.

3. Heart rate response to the Valsalva maneuver—
The subject was asked to exhale into a mouthpiece
connected to a mercury manometer and to main-
tain the expiratory pressure at 40 mmHg for 15s
while recording the ECG during and 45s after this
maneuver.

The sympathetic function was evaluated by (Carter
& Ray, 2009; Choudhary et al., 2017; Korhonen, 2006;
Yuenyongchaiwat, 2017),

1. Fall in systolic blood pressure in response to standing
and tilt test.

2. Blood pressure and heart rate response to hand-
grip—30% of maximum voluntary contraction up to
a maximum of 5min with blood pressure recorded at
each minute.

3. Blood pressure and heart rate response to cold. The
dominant hand was immersed in water at 4°C for 2min
with blood pressure recorded at each minute.

4. Blood pressure and heart rate response to mental arith-
metic. The subjects were asked to perform a subtraction
of 7 from 300 for 1 min. BP was measured at the end.

Classification of the abnormal cardiovagal au-
tonomic parameters is described in the list below.
(Carter & Ray, 2009; Choudhary et al.,, 2017; Ewing

et al.,, 1985; Korhonen, 2006; Low et al., 2013;
Yuenyongchaiwat, 2017)
Tachycardia HR >100/min
Hypertension SBP 2130 mmHg or DBP>80 mmHg
Abnormal 15:30 ratio <1.04
on LTS or HUT

T ) 3o0f11
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Reduced pressor
response to isometric

exercise

Rise in DBP <16 mmHg

Exaggerated pressor
response to isometric
exercise

Rise in SBP >30 mmHg if not
hypertensive; SBP >60 mmHg if
hypertensive

Reduced pressor Rise in SBP <10mmHg
response mental

arithmetic

Exaggerated pressor
response to mental

Rise in SBP >30 mmHg if not
hypertensive; SBP 260 mmHg in

arrhythmic hypertensive
Reduced E: I ratio <1.2
during deep breathing

Reduced Valsalva ratio <1.2

Reduced pressor
response to Cold
pressor test

Rise in SBP <10 mmHg

Exaggerated pressor Rise in SBP >30 mmHg if not
response to cold pressor  hypertensive and SBP >60 mmHg if
test hypertensive

One participant did not perform the handgrip test
adequately, one participant did not tolerate the cold
pressor test, and one participant did not adequately per-
form the mental arithmetic test, all among the controls.
Hyperventilation was not performed adequately by three
gas station attendants and two controls. We excluded them
for the analysis of each component.

2.2 | Heart rate variability

HRV measures the sympathovagal balance at the
sinoatrial level using a noninvasive technique. HRV meas-
urements can be broadly categorized into time-domain in-
dices, geometric measures, and frequency domain indices
(Malik, 1996; Sztajzel, 2004).

The patient was rested and allowed to acclimatize to
laboratory conditions for 30 min before recording a 5-min
lead II ECG recording using the PowerLab. The HRV pa-
rameters used for the study are SDNN, RMSSD, pNN50,
LF, HF, LF/HF ratio, and total power (Table S1). One par-
ticipant had ectopic beats; hence we excluded him from
HRV analysis, allowing us to analyze the HRV in only 49
gas station attendants. A detailed description of the HRV
parameters used is provided in the Appendix S1 (HRV pa-
rameters used in the analysis).

For the statistical analysis, nonparametric methods
were used to analyze data as the age and autonomic pa-
rameters were not normally distributed as seen by the
Kolmogorov-Smirnov test (p<0.002). Mann Whitney U
(MWU) was used to compare the medians of the two pop-
ulations. Nonparametric chi-square was used to analyze
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categorical variables between the two groups. Spearman
correlation was used to measure the association between
two continuous variables. Smoking was controlled for
using Quade Non parametric ANCOVA. All statisti-
cal analysis was done using SPSS/PC version 28.0.1.0
(SPSSInc., Chicago, IL), and p values <0.05 were consid-
ered significant.

3 | RESULTS

A detailed description of the distribution of demographic de-
tails is given in Table 1. There were no significant differences
in age, weight, height, BMI, or smoking status between the
gas station attendants and the control populations (p > 0.05).
The duration of employment for gas station attendants was
8years (2.3-14.5years). Among the gas station attendants
68% used jackets, 18% used boots, 17% used masks, and 2%
used gloves as protective wear during the shift.

The resting heart rate was not significantly different
among the study and control populations (MWU=952.0,
p=0.146). However, the resting SBP was significantly
higher among the fuel pump attendants (MWU=743.5,
p =0.003), as was the resting DBP (MWU =686.5, p=0.001).
(Figure 1 and Table 2). When controlled for smoking gas
station attendants had a higher DBP (p=0.002) and SD2
(p<0.001).

The autonomic parameters (Table 3) show that the
Valsalva ratio was significantly higher among the study
group (MWU=874.00, p=0.043). A rise in DBP with
sustained handgrip was significantly higher among the
controls (MWU =863.00, p =0.049), but the other pressor
responses were not significantly different between the two
groups. The Valsalva ratio was significantly higher in the
control group when controlled for smoking (p=0.047) as
was for DBP rise in sustained handgrip (0.048).

Persons with blood pressure meeting the BP criteria for
diagnosis of hypertension was significantly higher among
the gas station attendants compared to controls (p = 0.038).

Gas station attendants Controls

n=50 n=46
Age (Years) 38.0 (27.7-48.5) 38.5(27.0-43.7)
Weight (kg) 64.8 (58.8-77.2) 65.45 (59.8-72.8)
Height (m) 166.0 (162.0-170.0) 166.3 (162.5-170.0)
BMI (kg/m?) 24.2 (20.9-27.3) 24.1 (22.2-25.9)
Smokers (n) % 26 17

53.1% 37.8%
Pack years among 1.1 (0.4-1.9) 0.9 (0.4-1.6)

smokers years

Note: Median (IQR) is given above except for smokers.

A significantly higher number of controls could not evoke
an adequate diastolic pressor response to isometric hand-
grip (p =0.003). An abnormal 30:15 ratio on lying to stand-
ing (LTS) was not observed in gas station attendants; one
person among the controls had a 30:15 ratio below 1.04 on
the head-up tilt (HUT) (Table 4).

Orthostatic hypotension was reported in similar
percentages among gas station attendants (36.5%) and
the controls (37.5%). Postural Orthostatic Tachycardia
Syndrome (POTS) was seen among two controls, but it
was not seen among gas station attendants (Table S2).

The HRV parameters using SDNN and SD2 (Table 5)
were found to be significantly higher among the gas station
attendants compared to controls (SDNN MWU =842.00,
p=0.034; SD2 MWU =843.50, p=0.035). HRV parameters
were controlled for smoking gas station attendants had a
higher SDNN (p=0.044) and SD2 (p=0.045).

Age correlated positively with the SBP and DBP but
correlated negatively with A HR during deep breathing
(DB), E:I ratio, and Valsalva ratio in both the gas station
attendants and the control groups. Age correlated with
30:15 ratios among the controls in both LTS and HUT.
Among the gas station attendants, hours of employ-
ment per week correlated negatively with the resting
DBP (r=-0.293, p=0.039) and positively with the AHR
during DB (r=0.399, p=0.016). None of the cardiovascu-
lar autonomic parameters correlated with the duration of
employment as a gas station attendant (Table S3).

BMI did not correlate with the resting HR (correlation
coefficient (r)=0.233, p=0.104) but the BMI correlated pos-
itively with the SBP (r=0.299, p=0.035) and DBP (r=0.324,
p=0.022) among the gas station attendants and in the total
study population. Among the controls, BMI correlated
positively with the resting HR (r=0.309, p=0.037), SBP
(r=0.508, p<0.001), and DBP (r=0.370, p=0.011).

The LF/HF ratio correlated positively at a significant
level with the hours of work per week among the gas sta-
tion attendants (r=0.358, p=0.011), although not very
strongly (Figure 2, Table S3).

.. TABLE 1 Demographic details of the

Significance .
study population.

p

0.452

0.705

0.985

0.692

0.137

0.822
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4 | DISCUSSION

This is the first study to our knowledge reporting HRV and
ANF assessments in gas station attendants in Sri Lanka.
A higher resting SBP and DBP among workers exposed
to VOC than controls (the body weight and BMI were
well matched for the subjects and controls) was observed.
Among the cardio-vagal autonomic functions assessed in
this study, the Valsalva ratio, a parasympathetic measure,
was significantly higher among the gas station attendants
than the controls. DBP rise during handgrip, a sympa-
thetic parameter, was significantly higher among the con-
trols than the gas station attendants (p =0.049) (Table 3).
During the handgrip test, a higher number (n =23, 24%) of
gas station attendants were unable to evoke an adequate
pressor response (>16 mmHg) compared to only eight per-
sons (8.3%) in the control group (p=0.003, Table 4). The
above results point toward an increase in sympathetic
outflow to the vessels and a predominance of vagal par-
asympathetic influence to the control of the heart rate.
HRV parameters confirm our ideation as SDNN is more

0.003
200

150

bpm/mmHg
2
1

3,

0 T | T
Resting HR Resting SBP Resting DBP

n
=
1

FIGURE 1 The baseline cardiovascular parameters (DBP,
diastolic blood pressure; HR, heart rate; SBP, systolic blood
pressure) among gas station attendants (clear box) and controls
(patterned box). Lower and upper box boundaries are the 25th and
75th percentiles, respectively, with the median in between. Bars
represent the 10th and 90th percentiles.

TABLE 2 Baseline cardiac parameters
of the study population.

Resting HR
bpm

Supine SBP*
mmHg
Supine DBP*
mmHg
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influenced by the parasympathetic influence of RSA in
short-term recordings as we report here. An increase in
SDNN among gas station attendants (p =0.034, Table 5)
indicates a vagal predominance as seen by the higher
Valsalva ratio. SD2, (a predictor of baroreflex sensitivity)
and LF power of HRV, is also higher in the gas station at-
tendants, pointing toward a higher vagal response to pres-
sure related changes via the baro-reflex.

The interpretation of the delta BP changes with evoked
responses should be done with caution as these findings
could also be attributed to the exaggerated resting sym-
pathetic stimulation (Rankin et al., 2021) to the vessels,
resulting in higher resting SBP and DBP among the gas
station attendants. The higher sympathetic tone would
impair the response to additional sympathetic stimula-
tion during isometric exercise testing (Shah et al., 2019).
Resulting in more persons among the fuel attendants
being unable to evoke an adequate pressor response for
the hand grip test and had a higher maximum SBP and
DBP rise for the cold pressor test and mental arithmetic
(Table S4). These results indicate altered sympathetic
stimulation via neural mechanisms among the gas station
attendants exposed to inhaled fuel emissions.

We reported that the gas station attendants in Sri
Lanka were exposed to significantly higher levels of BTX
than controls (p<0.01) who were office workers. The
pre-shift-post-shift difference in BTX levels was also sig-
nificantly higher among gas station attendants (p <0.01)
(Scheepers et al., 2019). Neurological dysfunctions have
been published among those exposed to VOC. Chronic ex-
posure to toluene was noted to cause irreversible cerebel-
lar, brainstem, and pyramidal tract dysfunction (Svensson
et al., 1992). Low dose is chronic exposure to toluene is as-
sociated with CNS activation, while higher exposures are
associated with CNS depression (Davidson et al., 2021; Guo
et al., 2022; Ritchie et al., 2001; Rooseboom et al., 2023).
Low dose, chronic xylene exposure in humans is asso-
ciated with dizziness, reduced short-term memory, and
increased reaction time, while accidental, high dose expo-
sure causes epileptic seizures, amnesia, cerebral hemor-
rhages, and loss of consciousness (Geraldino et al., 2021).

Study

participants n=50 Controls n=46 Total n=96

66.0 (60.0-74.0) 70.0 (64.0-75.2) 69.0 (60.2-74.7)

130.0 (120.0-142.5)  119.5(112.7-129.2)  124.0 (115.2-136.7)

83.5 (76.0-93.2) 74.5 (70.0-80.0) 80.0 (71.0-90.0)

“Statistically significant different parameters between the study and the control populations. Median
(IQR) is given in the above table.
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TABLE 3 Autonomic function parameters among the two populations.

Parameter

15:30 ratio on LTS

15:30 ratio on HUT

Delta heart rate during deep breathing

E:I ratio

Valsalva ratio

Rise in HR in sustained handgrip (BPM)
Rise in SBP in sustained hand grip (mmHg)
Rise in DBP in sustained hand grip (mmHg)
Rise in SBP in cold pressor test (mmHg)
Rise in DBP in cold pressor test

Rise in HR in mental arithmetic (BPM)
Rise in SBP in mental arithmetic (mmHg)
Rise in DBP in mental arithmetic (mmHg)

Rise in HR in hyperventilation (BPM)

Note: Median (IQR) is given in the above table.

Other reported effects include increased dopamine and
noradrenaline secretion in the hypothalamus and me-
dian eminence (Ritchie et al., 2001). With all these CNS
involvement it is inevitable that the ANS is also affected
by these toxic exposures.

Autonomic nervous system dysfunction is suggested
to cause cardiovascular disturbances (Bont et al., 2022;
Huang et al., 2012; Riggs et al., 2022). Cardiac morbid-
ity and mortality have been associated with air pollution
(Brook et al., 2004; Zaky et al., 2015) A rise in oxidative
stress and coagulation factors has also been postulated as
other mechanisms increasing cardiovascular risk on expo-
sure to air pollution (Chuang et al., 2007). In a previous
study, an increase in SBP (but not DBP or HR) on exposure
to diesel fuel has been reported (Cosselman et al., 2012).
These authors suggested that an increase in sympathetic
tone to vessels. This was directly shown by an increase to

WARNAKULASURIYA ET AL.
Gas station attendants Controls Significance MWU p
1.62 (1.43-2.04) 1.62 (1.40-1.85) 1069.50
0.555
1.44 (1.31-1.71) 1.47 (1.35-1.88) 1013.50
0.317
17.66 (13.75-24.37) 18.33 (14.20-24.95) 1105.00
0.741
1.34 (1.21-1.43) 1.32 (1.23-1.47) 1100.00
0.714
1.62 (1.34-1.76) 1.32 (1.20-1.66) 874.00
0.043
10.00 (4.50-15.00) 32.50 (20.00-43.00) 1123.50
0.979
30.00 (17.50-40.00) 32.50 (20.00-43.00) 990.50
0.309
20.00 (10.00-30.50) 24.5 (16.00-40.25) 863.00
0.049
11.00 (3.00-20.00) 11.00 (3.75-24.25) 1053.50
0.584
57.00 (50.00-63.00) 57.50 (50.50-68.00) 1037.50
0.505
4.00 (—0.50-10.50) 3.5 (—3.00-7.25) 997.00
0.332
10.00 (1.00-20.00) 10.00 (5.75-16.25) 1122.00
0.970
10.00 (3.00-15.00) 10.00 (6.00-18.00) 1027.00
0.567
22.00 (13.00-35.00) 19.00 (8.50-27.50) 817.50
0.085

muscle SNA with acute diesel exhaust exposure (Rankin
etal., 2021).

Most other studies investigating autonomic nervous
system function among those exposed to fuel or other VOC
have relied upon the HRV (Ji et al., 2023; Ma et al., 2010;
Pope et al.,, 2004; Rankin et al., 2021; Weichenthal
et al., 2012). Higher HRV is considered to be protective
as it reflects the ability of the heart to respond to chang-
ing environmental conditions (Perez et al., 2015). Factors
that influence the HRV physiologically include age, gen-
der, circadian rhythm, and body position. Reduced HRV
when these factors are accounted for suggests an increase
in sympathetic tone and is associated with increased
mortality among those with cardiac disease (Hillebrand
et al., 2013).

In our study, we found that the global HRV mea-
sured by SDNN was significantly higher among the
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TABLE 4 Autonomic function abnormalities among the two populations.

Hypertension SBP>130 mmHg or DBP>80 mmHg [N (%)]

Reduced pressor response to Isometric exercise DBP <16 mmHg [N (%)]

Exaggerated pressor response to Isometric exercise SBP>30 mmHg if not

hypertensive and SBP>60 mmHg in hypertensive [N (%)]

Reduced pressor response Mental Arrhythmic A SBP<10mmHg [N (%)]

Exaggerated pressor response to Mental Arrhythmic [N (%)]
Abnormal Deep breathing E:I ratio <1.2 [N (%)]
Abnormal Valsalva ratio<1.2 [N (%)]

Reduced pressor response to Cold pressor test A SBP <10mmHg [N (%)]

Exaggerated pressor response to cold pressor test [N (%)]

TABLE 5 Heart rate variability

I t the stud lation.
parameters among the study population TR i g

SDNN
ms

RMSSD
ms

PNN50%

Total power

IIlS2

LF power

IIlS2

HF power

ms®

LF/HF ratio

HIS2

SD1

SD2

Gas station

attendants n=50 Controls n=46 Significance p
22 (44.0) 11(23.9) 0.038
23 (46.0) 8(17.4) 0.003
16 (32.0) 19 (41.3) 0.34
20 (40.0) 19 (41.3) 0.961
16 (32.0) 19 (41.3) 0.34
11 (22.0) 5(10.9) 0.218
11 (22.0) 5(10.9) 0.68
14 (28.0) 13 (28.2) 0.97
16 (32.0) 19 (41.3) 0.34
Gas station attendants
n=49 Controls n=46 MWU p
57.67 (42.14-74.84) 47.05 (35.31-55.82) 842.00
0.034
36.39 (25.62-53.51) 33.43 (20.16-47.57) 941.50
0.167
16.10 (4.05-31.37) 9.69 (1.23-17.19) 906.00
0.100
2479.00 (1355.50-5137.50) 1773.50 (996.37-2859.75) 900.00
0.091
711.40 (308.65-1187.50) 501.00 (271.22-871.32) 902.50
0.095
602.00 (240.00-1201.00) 532.30 (157.95-786.00) 1025.00
0.447
1.41 (0.79-1.88) 1.32(0.64-1.61) 1029.00
0.466
25.77 (18.14-37.87) 23.66 (14.29-33.65) 943.00
0.171
75.75 (54.71-98.56) 62.63 (44.97-76.72) 843.50
0.035

Note: Median (IQR) is given in the above table.

gas station attendants than the controls (p =0.034) as
was the SD2 (p=0.035). All the other HRV parameters
were comparable between the two groups in our study.
HRYV alteration points toward a vagal predominance to
the heart. This could suggest either that the high blood
pressure in the gas station attendants is causing a shift
toward vagal stimulation via baro reflex mechanisms
causing a parasympathetic predominance to the heart
compared to the controls and it has been nominated
as a mechanism by Rankin et al. where they recorded
HRV with acute exposure to diesel exhausts (Rankin
et al., 2021), The point of contention here in a setting

of occupational exposure would be that the baroreflex
mechanism resets at the higher blood pressure with
chronic hypertension (Korner, 1989) The other possibil-
ity is that the central activation of the autonomic control
centers (both sympathetic and parasympathetic) (Bont
et al., 2022). The sympathetic nervous system which is
differentially controlled (Pagani et al., 1974) is seen to
be stimulatory to the vessels; increasing peripheral vas-
cular resistance with fuel vapor exposure. Interestingly
parasympathetic efferents to the heart may also be
stimulatory (with out the baro-receptor reflex being
involved). Parallel activation of both of these systems
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FIGURE 2 The correlation matrix shows the correlation of the
age, duration of employment, and hours of exposure per week to
the HRV parameters. The HRV parameters correlated negatively
with age, except the LF/HF. Except for LF:HF ratio, all the other
HRYV parameters strongly correlated positively with each other,
LF:HF ratio correlated negatively.

have been reported previously in different experimental
studies in both physiological and pathological condi-
tions (Bont et al., 2022; Cerati & Schwartz, 1991; Pagani
et al., 1974). We hope future studies would unravel the
mechanisms through central nervous system examina-
tion in animal models or in humans via advances imag-
ing modalities.

In an animal model, rats exposed to diesel exhausts
compared with those exposed to filtered air had increased
HRV parameters (triangular index and pNN15) (Carll
et al., 2013). The opposite effect on HRV parameters were
reported by Pope et al. in humans (Pope et al., 2004).
These differences in HRV may at least partly be accounted
for by the complex mixture of vehicle emissions as some
components are associated with a reduction in these HRV
parameters (Weichenthal et al., 2012) a single VOC expo-
sure may cause erroneous conclusions as each component
may contribute differently when inhaled in a mixture.

Much of the literature on VOC exposure has concen-
trated on the effects of a single component of hydrocar-
bon fuels (Katukam et al., 2012; Su et al., 2014; Svensson
et al., 1992). Still, the complex mixture of at least 150
chemical components that constitute a single type of fuel
and their additive, antagonistic and synergistic actions
have not been considered. The current study we think ad-
dresses this as well.

Smoking is an important coexposure that affects
the cardiovascular system and autonomic functions

(Dimitriadis et al., 2022), and we controlled for smoking
statistically and found the relationships to be maintained.
This could have resulted from gas station attendants not
smoking during the working hours and the two popula-
tions not being statistically different in the smoking status
or the pack years.

In conclusion, there are significant changes to the car-
diovascular autonomic parameters among those exposed
to fuel vapor in the occupational setting as gas station at-
tendants. The changes to the cardiovascular autonomic
parameters among gas station attendant indicate an in-
crease in sympathetic outflow to the vessels and the chro-
notropic control of the heart. Periodic health assessment
of gas station attendants should be made mandatory until
self service centers can be implemented eliminating the
occupational exposure while pumping fuel. But petro-
leum refineries continue to expose persons to these fumes.
Thus, we would like to advocate for more sustainable
sources of energy to power locomotives.

4.1 | Limitations

We have focused on the exposure to hydrocarbons via
inhalation but it's possible that they may have had skin
exposures causing a higher level expose to hydrocarbons.
In a preliminary analysis, we reported an increase in the
exposures with spills on some days and not on others
(Scheepers et al., 2019). This is possibly due to the vari-
ability in exposure intensity and behavioral factors that
may be associated with dermal exposures.

Smoking status was not matched between the two
groups, we recommend matching for smoking in future
studies. The higher prevalence of orthostatic hypotension
in both groups (36.5% and 37.5% among gas station atten-
dants and the controls, respectively) could be attributed to
lower hydration levels among the participants on the day
of testing. They were advised to fast overnight until a stan-
dard meal was given as breakfast at the laboratory. The
level of hydration may have been affected by the fasting
status, although they were advised to continue clear lig-
uid intake. Hydration plays an essential role in orthostatic
intolerance, and this should be given attention in future
studies.

The exposure values of individual VOC components
were not compared in the current publication due to the
limited number of samples available. Particulate matter
exposure and exposure to other harmful gasses such as
NO, were not assessed in this study due to restrictions in
expertise and funding. For future studies, we propose that
physical activity levels be assessed by objective methods
(e.g., 6-min walk test/Harvard stool test). We hope to in-
clude the assessment in future studies.
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