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Association of Particulate Matter from Cooking Oil Fumes with Heart

Rate Variability and Oxidative
Chih-Hong Pan?, Chang-Chuan Chan?
YInstitute of Labor, Occupational Safety and Health, New Taipei City, Ministry of Labor, Taiwan

2Institute of Occupational Medicine and Industrial Hygiene, College of Public Health, National
Taiwan University, Taipei, Taiwan.

Descriptipon
Many studies have reported various cardiovascular autonomic responses to ambient particulate

matter (PM) pollution, but few have reported such responses to occupational PM exposures. Even
fewer have demonstrated a relationship between PM pollution and oxidative stress in humans.

Methods

This panel study evaluates the association between occupational exposure to PM in cooking oil
fumes (COFs), and changes in both heart rate variability (HRV) and oxidative stress responses in 54
male Chinese cooks. Linear mixed-effects regression models were adopted to estimate the strength
of the association between PM and HRV. Participants’ pre- and post-workshift urine samples were
analyzed for 8-hydroxy-2’-deoxyguanosine (8-OHdG) and malondialdehyde (MDA). Linear
mixed-effects regression models were then used to study the effect of particulate PAHs and PM on
urinary 8-OHdG and MDA levels.

Results

Exposures to PM in COFs from 15 minutes to 2 hours were associated with a decrease in HRV and
an increase in heart rate among cooks. The urinary 8-OHdG levels of cooks were significantly
elevated after workshift exposure to COFs. The levels of particulate benzo(a)pyrene in COFs were
positively correlated with cross-workshift urinary 8-OHdG levels. The effects of COFs on HRV
were independent of cross-workshift urinary 8-OHdG levels.

Conclusions

PM in COFs is associated with altered cardiovascular autonomic function and may increase the risk
of developing oxidative DNA injury following the exposure of Chinese cooks to high levels of
COFs.
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Table 1. Personal characteristics and environmental exposures of cooks (n=54)

Characteristics Mean = SD Median Range
Age (years) 33.6£10.5 34.5 15-56
Body mass index (kg/m?) 23.2+ 3.7 22.1 17.6 - 32.9
Years as a cook (years) 13.4+10.5 14.0 1-40
Obese subjects t 10 (20.8)* — —
Cigarette smokers 26 (48.1%)* — —
Heart rate (5-minute mean, beats/minute) 91.3+10.2 90.4 64 — 115
PMio (5-minute mean, ug/m®) 72.8+134.7 45.6 1.9 -2481.9
PM_s (5-minute mean, pg/m?®) 49.7 £ 56.2 35.9 1.5-1168.3
PMuo (5-minute mean, ug/m?3) 37.3+36.2 28.4 1.2 -532.3
pyrene (ng /m?) 45+89 3.8 ND — 58.7
Benzo(k)fluroranhene (ng/m?) 1730 14 ND-253
Benzo(a)pyrene (ng/m?) 114+ 20.1 6.9 0.1-1544
Benzo(ghi)perylene (ng/m?) 8.8+ 20.8 5.5 ND — 177.7
Dibenzo(a,e)pyrene (ng/m?) 9.3+24.6 6.1 ND —179.2
25.8+ 3.9 26.4 16.0 - 36.9

Ambient temperature (5-minute mean, °C)

SD: standard deviation ND: measurements of samples are below detection limit of the analytical
method for PAHs.ND was calculated as half of the detection limit of the analytical method. The
numbers (proportion) of ND samples for Pyrene, Benzo(k)fluoranthene, Benzo(ghi)perylene, and
Dibenzo(a,e)pyrene were 2 (3.7%), 1 (1.9%), 2 (3.7%), and 5 (9.3%), respectively. *N (%)
tObese subjects: BMI > 27 (a criteria adopted by Department of Health, Taiwan).
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Table 2. Estimated percentage change (95% Cls) in HR and time-domain HRV indices by an interquartile range (IQR) f increase in PM

exposure (n=54)

Outcome Mov;r;?i g(\j/erage PM 1o PMos PMyo
HR
15-min 0.71 (0.42 to 1.01)* 1.37 (0.91 to 1.82)* 1.26 (0.72 to 1.80)*
30-min 1.55 (0.80 to 1.51)* 2.39 (1.79 to 3.01)* 1.92 (1.26 to 2.59)*
1-hr 1.29 (0.91 to 1.67)* 2.70 (0.53 to 4.91)* 2.10 (1.41 to 2.81)*
2-hr 1.16 (0.41 to 1.92)* 2.17 (1.12 to 3.23)* 1.26 (0.17 to 2.36)*
SDNN

15-min -0.90 (-1.78 to -0.02)* -2.19 (-3.52 t0 -0.85)* -1.78 (-3.36 t0 -0.16)*
30-min -1.41 (-2.46 to0 -0.35)* -4.27 (-5.99 to -2.51)* -3.20 (-5.10 to -1.27)*
1-hr -1.63 (-2.83 to -0.49)* -4.51 (-6.53 to -2.45)* -3.44 (-5.63 to -1.20)*
2-hr -0.14 (-2.85 t0 2.63) -3.85 (-7.41 t0 -0.15)* -3.92 (-7.52 t0 -0.18)*

r-mMSSD
15-min -0.80 (-1.42 to -0.18)* -0.76 (-1.29 to -0.23)* -0.72 (-1.18 to -0.26)*
30-min -1.24 (-1.85 to -0.63)* -2.33 (-3.60 to -1.05)* -1.72 (-3.01 to -0.43)*
1-hr -1.37 (-2.21 t0 -0.53)* -2.91 (-4.34 t0 -1.46)* -1.89 (-3.45 to -0.31)*
2-hr -0.61 (-2.53 t0 1.34) -3.26 (-5.34 t0 -1.13)* -3.45 (-6.04 to -0.79)*

fThe IQRs of moving average for 15-min, 30-min, 1-hr, 2-hr in PM1o were 64.39, 60.83, 60.70, and 62.60 pg/md, respectively. The IQRs of moving average for 15-min, 30-min,
1-hr, and 2-hr in PM25 were 43.03, 46.71, 46.64, and 41.07 pug/m?, respectively. The IQRs of moving average for 15-min, 30-min, 1-hr, 2-hr in PMy were 33.29, 33.58, 33.75,

and 29.54 pg/md, respectively.
T Models were adjusted for age, BMI, smoking, years as a cook and ambient temperature.

* p<0.05
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Table 3. Estimated percentage changes (95% CIs) in LF and HF of frequency domain HRV indices by an interquartile range (IQR)*

increase in PM exposure (n=54)

Outcome

Moving average
period

PMjio

PMss

PMa1o

LF

HF

15-min
30-min
1-hr
2-hr

15-min
30-min
1-hr
2-hr

-0.27 (-1.63 t0 1.12)
-0.45 (-2.27 to 1.41)
-0.56 (-2.48 t0 1.40 )
-1.45 (-5.64 to 2.94)

-0.49 (-1.56 to 0.60)
-0.62 (-2.21 to 1.00)
-0.81 (-2.63 to 1.05)
-1.20 (-5.27 to 3.03)

-0.71 (-0.98 to -0.44)*
-2.66 (-4.86 to -0.41)*
-3.69 (-6.92 t0 -0.34 )*
-6.51 (-11.94 to -0.74)*

-1.31 (-2.30 to -0.31)*
-3.00 (-5.35 to -0.58)*
-4.28 (-7.34 t0 -1.17)*
-6.86 (-12.09 to -1.33)*

-1.58 (-2.84 to -0.30)*
-2.73 (-4.87 to -0.54)*
-3.34 (-6.25 t0 -0.34)*
-6.05 (-11.58 to -0.18)*

-1.47 (-2.69 to -0.23)*
-2.77 (-5.04 to -0.44)*
-3.84 (-7.13 to -0.43)*
-6.64 (-11.22 to -1.82)*

t The IQRs of moving average for 15-min, 30-min, 1-hr, and 2-hr in PMzo were 64.39, 60.83, 60.70, and 62.60ug/m?, respectively. The IQRs of
moving average for 15-min, 30-min, 1-hr, 2-hr in PM2s were 43.03, 46.71, 46.64, and 41.07 ug/m?, respectively. The IQRs of moving average for

15-min, 30-min, 1-hr, 2-hr in PM1o were 33.29, 33.58, 33.75, and 29.54 ug/m?3, respectively.
t*Models were adjusted for age, BMI, smoking, years as a cook and ambient temperature.

* p<0.05
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Figure 1. Comparison of effects of 1-hr moving average PM exposure on heart rate variability (HRV)
and heart rate (HR) among 54 workers with (solid circles) and without (open circles) adjustment of
urinary 8-OHdG levels as estimated using linear mixed effects models. Models were adjusted for age,
BMI, smoking, years as a cook and ambient temperature.
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Figure 2. Comparison of urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) and
malondialdehyde (MDA) levels (Mean  SD (ug/g creatinine)) pre-workshift and post-workshift
among 54 cooks in Chinese restaurants.

*Statistical significance of paired t-test for comparing pre and post-workshift

levels after log-transformation at p<0.05.
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Table 4. Predictors of changes of cross-shift in urinary 8-OHdG and MDA levels in 54 cooks

by multiple linear regression analysis.

Logio 8-OHAG (ug/g creatinine) Logio MDA (ug/g creatinine)

Regression coefficient Regression coefficient
Predictors
(95% Confidence interval) (95% Confidence interval)

Log PMio 2.842 (-2.672 to 8.356) 0.539 (-5.581 to 6.658)
Log PMss 4.011 (-7.585 to 15.607) 2.305 (-10.565 to 15.175)
Log P10 1.341 (-5.293 to 7.976) 1.114 (-6.249 to 8.477)

0.168 (-0.107 to 0.442) 0.138 (-0.167 to 0.443)
Logio Pyrene
Logso Benzo(K)fluoranthene 1.480 (0.245 to0 2.715) 0.403 (-0.968 to 1.774)

* -

Logso Benzo(a)pyrene 2.080 (0.869 to 3.291) 0.786 (-0.558 to 2.131)
Logso Benzo(ghi)perylene 0.077 (-0.816 to 0.970) 0.057 (-0.934 to 1.048)

0.089 (-0.025 to 0.203) 0.111 (-0.016 to 0.237)

Logio Dibenzo(a,e)pyrene

" Models adjusted for age, BMI, cigarette smoking and years as a cook.

*P<0.00625 (Bonferronic correction)
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