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Abstract

Objectives—To investigate the effects of the urinary metabolite profiles of background exposure
to the atmospheric pollutants polycyclic aromatic hydrocarbons (PAHS), and Framingham risk
score (FRS), which assesses an individual’s cardiovascular disease risk, on heart rate variability
(HRV).

Methods—The study, conducted from April to May 2011 in Wuhan, China, included 1,978 adult
residents with completed questionnaires, physical examinations, blood and urine samples, and 5-
min HRYV indices [including standard deviation of NN intervals (SDNN), root mean square
successive difference (rMSSD), low frequency (LF), high frequency (HF) and their ratio (LF/HF),
and total power (TP)] obtained from 3-channel Holter monitor. 12 urinary PAH metabolites were
measured by gas chromatography—mass spectrometry. FRS was calculated based on age, sex, lipid
profiles, blood pressure, diabetes, and smoking status. Linear regression models were constructed
after adjusting for potential confounders.

Results—Elevated >OHNa was significantly associated, in a dose-responsive manner, with
decreased SDNN and LF/HF (Pyeng = 0.014 and 0.007, respectively); elevated OHFIu was
significantly associated with reduced SDNN, LF, and LF/HF (Pyeng = 0.027, 0.003, and < 0.0001,
respectively); and elevated YOH-PAHSs was associated with decreased LF and LF/HF (Pgreng =
0.005 and < 0.0001, respectively). Moreover, increasing quartiles of FRS were significantly
associated with decreased HRV indices, except LF/HF (Pyeng <0.001). Interestingly, individuals
in low-risk subgroups had greater decreases in SDNN, LF, and LF/HF in relation to XOH-PAHS,
Y OHNa, and XOHFlu than those in high-risk subgroups (all P <0.05).
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Conclusions—Environmental PAHs exposure may differentially affect HRV based on
individual coronary risk profiles.

Keywords
Framingham risk score; heart rate variability; PAH

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHSs) are ubiquitous air pollutants generated mainly
from incomplete combustion of organic material, as in automobile exhaust, tobacco
smoking, coal burning, home cooking, and industrial production; they represent an
important public health concern.1=2 Humans are exposed to PAHSs by inhalation, ingestion,
and dermal contact.3 PAHs absorbed into the human body are metabolized as
monohydroxylated PAH (OH-PAH) and excreted through urine. The half-life of urinary 1-
hydroxypyrene (1-OHP) excretion ranges from 4 to 35 h.# Information on the half-lives of
the other OH-PAHS is scarce; however, because the similar metabolites are formed under
similar biological pathways, other OH-PAHS are assumed to have similar half-lives.> Due to
the short half-lives of PAHSs, the information provided by biomonitoring of urinary OH-
PAHSs is limited to recent exposure.*—® Recent studies, including those from our lab,5-7
found that occupational exposure to PAHSs is associated with decreased cardiac autonomic
function, as assessed by heart rate variability (HRV), which is one of the major mechanistic
pathways for adverse cardiac events. However, very little is known about adverse effects of
background, enduring environmental exposure to PAH on HRV in the general population.

Individuals with cardiovascular risk factors are more vulnerable to the autonomic effects of
pollution, particularly older individuals® and those with diabetes,? obesity,10 heart and
pulmonary disease,!! and elevated systemic inflammation.12 However, most studies have
focused on the effect modification of a single risk factor. To date, only one study has
reported that individual coronary artery disease (CAD) risk profiles modify autonomic
nervous system responses to occupational metal particulate exposure.13 Global cardiac risk
and prediction of CAD development can be calculated using the Framingham Risk Score
(FRS), which incorporates seven cardiovascular risk factors,14 but little evidence is available
about the relationship between FRS and HRV,8 and no prior studies have examined the
differential autonomic cardiac response to PAHSs in low- versus high-FRS individuals. In the
present study, we sought to investigate the association of environmental PAH exposure and
FRS with HRV, as well as the potential effect of urinary OH-PAH on HRV in adults.

METHODS
Study population

The cross-sectional survey covering two communities was conducted in the general
population from April to May 2011 in Wuhan, the capital of Hubei Province in Central
China. Approximately 6 million people live in the center city within an area of 201 km?
where air pollution levels are higher and pollution ranges are wider than in the majority of
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cities described in the literature. The major sources of air pollution in the city are motor
vehicles and the use of coal for domestic cooking, heating, and industrial processes.15-16

Individuals >18 years of age were invited to participate in the survey. Recruitment
encompassed 3,092 volunteers, 18 to 90 years of age. Medical histories and physical
examinations were performed on all participants. Structured questionnaires were used by
trained interviewers to collect information on demographic variables, occupational history,
medications, history of disease, and lifestyle habits including smoking, passive smoking,
alcohol consumption, physical activity, and diet. Smoking was defined as having at least one
cigarette per day over the previous 6 months (never smoker, current smoker, and ever
smoker); alcohol consumption was considered as consuming a drink containing alcohol at
least once a week over the previous 6 months (never, past, and current); physical activity
was defined as regularly doing at least 20 minutes of physical activity during leisure time
over the previous 6 months (yes or no). A fasting blood sample was drawn for examination
of cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), and blood glucose. One morning urine sample (20 mL) was
collected from each subject into sterile conical tubes, and all urine samples were divided into
4 aliquots and stored at —20 °C until laboratory analysis. The study was approved by the
Institutional Review Board of Tongji Medical College and informed written consent was
obtained from each subject.

Participants were excluded if they were unable to attend clinic visits, had not lived in the
city for at least 5 years, and had serious medical conditions such as cancer, life-threatening
arrhythmias, cardiomyopathy, heart failure, angina, myocardial infarction, and other non-
classified heart problems, severe asthma, stoke, renal failure, medication use such as beta
blockers, ACE inhibitors, ARBs affecting HRV, and those with missing data on FRS. After
exclusion, 1,978 participants who were 20 to 74 years of age remained eligible.

Framingham Risk Score and other covariates

Sex-specific FRS values were calculated on the basis of age, sex, LDL, HDL, blood
pressure, diabetes, and smoking status, as described previously.14 Blood pressure was
measured twice on the left upper arm while participants were seated and the average of the
two measures was taken. Diabetes was defined as fasting blood glucose of = 7.0 mmol/L, or
taking insulin or oral hypoglycemic agents. Body height and weight were measured to
compute body mass index (BMI). Other covariates—passive smoking, physical activity,
alcohol consumption, diet, and heart rate—that potentially acted as confounders were
carefully selected based on evidence from literature.

Determination of urinary PAH metabolites

We measured 12 urinary PAH metabolites [pyrene metabolite: 1-OHP; naphthalene
metabolites: 1-hydroxynaphthalene (1-OHNa), 2-OHNa; fluorene metabolites: 2-
hydroxyfluorene (2-OHFIlu), 9-OHFIlu; phenanthrene metabolites: 1-hydroxyphenanthrene
(1-OHPh), 2-OHPh, 3-OHPh, 4-OHPh, 9-OHPh; chrysene metabolite: 6-hydroxychrysene
(6-OHChr); and benzo[a]pyrene metabolite: 3-hydroxybenzo[a]pyrene (3-OHBaP)] by gas
chromatography-mass spectrometry (GC/MS, Agilent 6890N+5975B, Agilent Technologies
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Inc., Santa Clara, CA, USA) as previously described.” Briefly, each 3.0 mL of urine were
extracted with 20 pL B-Glucuronidase/sulphatase (type H-2 from Helix pomatia; -
glucuronidase activity =85,000 units/mL and sulphatase activity 2400 U/mL, aqueous
solution type, Sigma-Aldrich, Milan, Italy), 20 uL pure deuterated compounds as internal
standards (IS) solution containing 1-OHPYRd9 (Toronto Research Chemicals, Toronto,
Canada) and 1-OHNAPd7 (C/D/N isotopes inc., Beijing, China) at a concentration of 5
mg/L and 50 mg/L in acetonitrile. The set of the standard curve was operated about every
100 samples, and about 10% of the total samples were used as quality control. The
identification and quantification of urinary PAH metabolites were based on retention time,
mass-to-charge ratio, and peak area using a linear regression curve obtained from separate
internal standard solutions. The limits of detection (LOD) for urinary PAH metabolites were
in the range 0.1-0.9 ug/L; default values were replaced with 50% of the LOD. Valid urinary
PAH metabolite concentrations were calibrated by levels of urinary creatinine and calculated
as nmol/mmol creatinine. Because 6-OHChr and 3-OHBaP were below the limits of
quantification, we only analyzed 10 metabolites of PAH.

HRV measurement

HRV measurement methods have been described previously.” Briefly, after at least a 5-min
rest, each participant was seated comfortably on a chair and fitted with a 3-channel digital
Holter monitor (Lifecard CF; Del Mar Reynolds Medical, Inc., Whitney, Irvine, USA) with
a 1024 samples/second sampling rate for 10 minutes. The scanner collected data
automatically, and all of the HRV indices were calculated on 5-min epoch in the entire
recording. Only heart rates between 40 and 100 beats per minute were submitted to HRV
analyses. We selected 5 consecutive minutes of ECG reading in the statistical analysis
without atria and ventricular premature beats and flutter. The HRV spectrum was computed
with a fast Fourier transform method. The HRV was analyzed in both time and frequency
domains. The measured time domain parameters included standard deviation of NN
intervals (SDNN) and root mean square successive difference (rMSSD). The frequency-
domain variables included low-frequency (LF), high-frequency (HF), and their ratio (LF/
HF), and total power (TP).

Statistical analyses

Baseline characteristics are presented as means (SD) for continuous variables and as
percentages for categorical data. Because urinary PAH metabolites and HRV indices were
not normally distributed, they are expressed as medians and interquartile ranges and data
were natural logarithmic transformation before linear regression analysis. To assess
exposure from each kind of PAH, we summed metabolites from the same parent PAH to
give total concentration for that PAH, including total concentrations of hydroxynaphthalene
(2OHNa) = 1-OHNa + 2-OHNa; total concentrations of hydroxy fluorine (XOHFIu) = 2-
OHFIlu + 9-OHFlu; total concentrations of hydroxyphenanthrene (XOHPh) = 1-OHPh + 2-
OHPh + 3-OHPh + 4-OHPh + 9-OHPh; and total concentrations of hydroxypyrene = 1-OHP
since 1-OHP is the only monohydroxylated pyrene metabolite measured. Spearman
correlation coefficients were computed to examine the associations among PAH metabolites.
Linear regression models were used to assess the relationship between PAH metabolites and
HRYV indices, with appropriate adjustments including BMI, passive smoking, physical
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activity, alcohol consumption, diet, and FRS; the effects of FRS on HRV were also analyzed
using linear regression models, adjusted for BMI, passive smoking, physical activity,
alcohol consumption, and diet. Moreover, to analyze the potential interactions between PAH
metabolites and FRS, an interaction product term of PAH metabolites-FRS was included in
the models. We also conducted sensitivity analysis by additionally adjusting for heart rate in
the models. All P values presented are 2-tailed, and P values < 0.05 are considered
statistically significant. Analyses were performed using SPSS 12.0 software (SPSS Inc.).

Characteristics of study population

General characteristics of the study population are presented in Table 1. Mean age was 50.4
+ 12.2 years, and the majority was female (64.5%). Of the 1,978 participants, 7.8% had
diabetes and 21.7% were smokers. Mean FRS value was 7.3 + 6.8%, which is considered
intermediate risk (FRS 6% to 19%) by the third report of the Adult Treatment Panel of the
National Cholesterol Education Program (ATP 111).17

Distributions and correlations of PAH metabolites

The number of participants who were tested for 10 urinary PAH metabolites ranged from
1,962 to 1,978, and the percentage of detectable values was over 99% for these PAH
metabolites. Among the 4 main categories of PAH metabolites, the most abundant was

Y OHNa: 1-OHNa (median 4.28 nmol/mmol creatinine) and 2-OHNa (median 8.71 nmol/
mmol creatinine) accounted for 12.7% and 27.0%, respectively, of >OH-PAHS, for a sum of
39.7%. >OHFIlu and XOHPh contributed less, about 25% each, while 1-OHP contributed the
lowest percentage (9.8%) (Table 2). All correlations between PAH metabolites were
significant, with correlation coefficients ranging from 0.32 to 0.92, but “OHNa, ~OHFlu,
and X OHPh were more strongly correlated with >OH-PAHSs (r=0.84, 0.78 and 0.81,
respectively) than was 1-OHP (r=0.63) (Supplementary Table 1).

Effects of PAH metabolites on HRV

For each urinary PAH metabolite, only 2-OHNa had a predominant contribution to the
reductions in SDNN, LF, and LF/HF. Increasing quartiles of 2-OHNa were significantly
associated with decreased SDNN, LF, and LF/HF (Pyeng <0.05); no significant association
between other PAH metabolites and HRV indices was found (data not shown). But when
PAH metabolites were analyzed jointly, an individual’s XOHFIu, >OHNa, and XOH-PAHSs
measures had a consistent effect on HRV measures (Supplementary Table 2). As shown in
Figure 1, after adjustment for BMI, passive smoking, physical activity, alcohol
consumption, diet, and FRS, increasing quartiles of “OHNa were significantly associated, in
a dose-responsive manner, with decreased SDNN and LF/HF (Pieng = 0.014 and 0.007,
respectively); increasing quartiles of XOHFIu were significantly associated with reduced
SDNN, LF, and LF/HF (Pyeng = 0.027, 0.003, and < 0.0001, respectively); and increasing
quartiles of OH-PAHSs were significantly associated with decreased LF and LF/HF (Pireng
= 0.005 and < 0.0001, respectively). No significant associations were found between 1-OHP
or XOHPh and HRV indices. In addition, further adjustment for heart rate did not
appreciably change the results (data not shown).
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Effects of FRS on HRV

After adjustment for potential confounders (BMI, passive smoking, physical activity,
alcohol consumption, and diet), increasing quartiles of FRS were significantly associated
with decreases in five HRV indices (SDNN, RMSSD, TP, LF, and HF), but not the 6th
(LF/HF) (all Pgreng < 0.001). Compared to those in the lowest quartile, individuals in the
highest quartile of FRS had significant associations, with a 0.24-0.95 reduction for those
five HRV indices (Table 3). Sensitivity analysis by adding heart rate did not change the
results.

Effects of PAH metabolites on HRV by FRS

Individuals were divided into two subgroups (low vs. high risk) based on the FRS values
(Table 4). The low-risk subgroup demonstrated a greater effect on SDNN, LF, and LF/HF in
response to XOH-PAHSs, XOHNa, and XOHFIu than the high-risk subgroup (all P < 0.05).
For instance, each quartile increase in OHFIu was associated with 0.030 reduction in
SDNN, 0.087 reduction in LF, and 0.102 reduction in LF/HF among low-risk individuals,
whereas the corresponding responses were 0.009, 0.058, and 0.058 for high-risk subjects.
After further adjustment for heart rate, the results did not change (data not shown).

DISCUSSION

To date, evidence demonstrating an association between environmental PAH exposure and
HRYV based on an individual’s CAD risk profile remains scarce. The present study
demonstrates, first, that increased PAH metabolites and elevated FRS were independently
related, in a dose-responsive manner, to decreased HRV in community-resident adults aged
20 years and older. More specifically, individuals in the low-risk FRS subgroup had a
greater reduction in HRV response to PAH metabolites than those in the high-risk FRS
subgroup.

Our results agree with epidemiological evidence from previous occupational studies, which
found that occupational PAH exposure was linked to a significant dose-dependent decrease
in HRV indices.” However, our finds showing significantly stronger and consistent pattern
for SDNN, LF and LF/HF relative to PAH metabolites suggested that the 3 HRV indices
might be a better indicator to capture the cardiac effects of PAH metabolites in general
population. SDNN is thought to reflect sympathetic influence, while interpreting LF and
LF/HF is controversial. LF refers to vagal and sympathetic influences, but LF may to some
extent reflect sympathetic influence, whereas LF/HF reflects sympathovagal balance with
higher ratios indicating more sympathetic than vagal modulation of heart rhythm.18 We may
speculate that the sympathetic influence on SDNN, LF and LF/HF was more important as a
predictor of PAH metabolites than vagal modulation as reflected by RMSSD and HF.

For general populations, air pollutants, cigarette smoke, diet, and some occupational settings
are the main sources of PAH exposures, thus urinary PAH metabolites can be good
biomarkers for assessing multiple routes of external exposure. The concentrations of
individual OH-PAHSs and XOH-PAHSs determined in our study were higher than the
reference levels established for the U.S. general adult population,1® control subjects in
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Central Europe,2° and the general population in seven Asian countries including China
(these levels should be interpreted with caution because of the small sample size available
for each country).2! Importantly, reported concentrations were not creatinine-adjusted for
the seven Asian countries, thus the comparison between our results and results described for
those countries is not direct. Studies have shown that the concentrations of OH-PAHSs in
urine are influenced by people’s lifestyles as well as environmental factors and sampling
time. It was not possible to directly analyze PAH exposure routes in this study because we
did not measure PAH in air or food. However, PAH exposure through food intake is thought
to be consistent within the same geographic area.?2 Also, we found no significant
associations between PAH metabolites and the consumption of tea, coffee, or meat and fish
based on the dietary questionnaire. Overall, as mentioned by Li et al.,1® exposure to one
PAH generally leads to the formation and excretion of multiple OH-PAH metabolites.
Therefore, total PAH exposure can be better reflected by studying the total concentration of
the same analogue metabolites rather than individual OH-PAHS.

In the present study, we found no significant association between urinary 1-OHP and HRV,
even though urinary 1-OHP has been widely used as a representative biomarker of
occupational PAH exposures. Lee et al.® reported a negative association between PAH
exposure as measured by urinary 1-OHP and HRV in boilermakers, but 1-OHP was at least
100-fold higher in occupational workers than in non-occupationally exposed subjects.23
Further, 1-OHP is the hydroxylated metabolite for pyrene, and it is not a good biomarker to
comprehensively assess total PAH exposure. Using 1-OHP as the sole biomarker for PAH
exposure could lead to uncertainties for assessing human exposure and the loss of other
important information on PAH exposure. In this study, 1-OHP was in the lowest
concentration among the 4 kinds of PAH metabolites, which was similar to those reported
for the U.S. population and Asian populations,192124 and the correlation between 1-OHP and
> OH-PAHSs was lower in magnitude than between >OHNa, >OHFIlu, and >OHPh and

3 OH-PAHSs. The lowest concentration and the lower correlation with OH-PAHs may be
the reason why 1-OHP does not show significant association with HRV. Hence, especially
for non-occupationally exposed populations, the measurement of all PAH metabolites will
provide better overall assessment of PAH exposure and reduce the bias associated with the
traditional measurement of urinary1-OHP as the single biomarker. Our data support the
previously reported observations that, at low levels of exposure, 1-OHP does not represent
total PAH concentration.2>

Naphthalene is the most volatile PAH and, in addition to its emission by all sorts of
incomplete combustion processes, it is also widespread as a basic substance in the chemical
industry and in consumer products.2® Airborne naphthalene has been reported to be 3- to 5-
fold higher than fluorene and phenanthrene and 8-fold higher than pyrene.2” Urinary 2-
OHNa was the major metabolite detected in the urine samples and has been shown to be a
sensitive low-level marker of PAH exposures such as smoking and environmental
exposure,28-29 and the sum of both urinary 1- and 2-OHNa was a useful measure of
naphthalene exposure in volunteer office employees who were not exposed occupationally
to PAH.30 Consistent with the published values in both occupational and ambient
settings,1931 we found that 2-OHNa was the most abundant metabolite, followed by
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3OHFIu, OHPh, and 1-OHP. Moreover, only 2-OHNa contributes to the reduction in HRV
at environmental PAH exposure when calculating the association of each PAH metabolite
with HRV. Importantly, naphthalene has neurotoxicity, which may directly cause damage to
the autonomic nervous system, leading to an imbalance in cardiac autonomic control,32 and
most PAHSs and their metabolites can be detected in rat brain tissue exposed to PAHs.33
Therefore, it is not wholly surprising to find a significant association between urinary
»OHNa and HRV in this study.

Additionally, we found a significant association between urinary YOHFIu and HRV, but not
between XOHPh and HRV. Both fluorine and phenanthrene are commonly used to make
dyes, plastics, pesticides, etc. The general population is generally exposed to them through
breathing contaminated air and skin contact.34-3% Li et al.1® postulated that 2-OHFIlu was a
better surrogate of total environmental PAH exposure than the other OH-PAH metabolites
when a multi-analyte method was unavailable. However, evidence on the health effects of
fluorine and phenanthrene monohydroxy metabolite is very limited. Xu et al.136 found that
the metabolites of fluorine and phenanthrene were more likely associated with self-reported
cardiovascular diseases and peripheral arterial disease using NHANES, but it is far from
clear what role “OHFlu and >OHPh play in contributing to reduction in HRV. The direct
neurocardiac toxicity of PAH on cardiac ion channels, blood and lung receptors, and indirect
effects mediated through oxidative stress or inflammation may be other potential
mechanisms.37-39

The FRS is useful for assessing global cardiac risks,14 and HRV can help predict the risk of
cardiovascular disease development,*0 but little evidence is available about the relationship
between FRS and HRV. Yoo et al. first reported that FRS in Korean men (n=55) was
inversely correlated with HRV indices including SDNN, RMSSD, LF, and HF, but no
significant relationship was identified between FRS and HRV in women (n=30).8 More
recently, Jelinek et al.*% only observed a significant relationship between FRS and SDNN
using time and frequency domain analysis in 170 patients. Because small sample sizes may
reduce statistical power, the relationship between FRS and HRV has not been documented
clearly. Our study, conducted on a large sample, found that increasing quartiles of FRS were
associated with significant dose-dependent decreases in five HRV indices, which confirmed
and extended these previous results. Our findings indicate a good agreement between the
FRS and HRV indices, but the causal pathway between FRS and HRV cannot be determined
using these data. It is likely that reduced HRV may be a simple marker similar to the FRS.%
However, determination of FRS requires blood sampling, which is an invasive procedure;
thus the non-invasive HRV measurement, which is significantly associated with FRS, may
provide an alternative for identifying cardiovascular risk.

Chen et al.13 first illustrated the use of the FRS as a multiple-risk-factor equation for risk
stratification of autonomic nervous system responses to air pollution. They found that, in
subjects with an increased CAD risk (FRS of 5-6), PM, 5 exposure was associated with
reductions in HRYV that were several folds greater than the responses observed among
individuals with a low risk profile (FRS of 1-3). However, external validity or
generalization of their results may be limited by the small sample size of 10 male
boilermakers. In contrast, we found that individuals in the low-risk FRS subgroups (n=989)
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had a greater reduction in HRV in response to PAH metabolites than in the high-risk FRS
(n=989) subgroup. These findings indicate that a clustering of CAD risk factors or severe
comorbid conditions might mask the effect of PAH metabolites on HRV in high-risk
individuals, and PAH metabolites only had obvious effects on HRV in relatively healthy
subjects (low-risk). Our study did not support previous evidence that high CAD risk profiles
may confer susceptibility to metal particle-induced autonomic dysfunction.13 However, we
could not directly compare our results with those of Chen et al.13 because of inherent
differences in population characteristics, exposure composition and levels, and sample size.
When subpopulations susceptible to HRV responses to air pollution have been identified,
most previous epidemiologic studies only considered a single CAD risk factor, such as
smoking, age, obesity, diabetes, and hypertension, and the results were varied.8-10
Meanwhile, when Chen et al.13 analyzed component risk factors of FRS independently, no
single risk factor had a consistent pattern of associations with different HRV measures, but
when the overall risk profile was analyzed, individual FRS showed a consistent effect on
HRV measures. Therefore, the use of FRS to assess susceptibility is appealing: individual
physiopathological characteristics more likely jointly, rather than independently, define the
degree of susceptibility contributed by differential cardiovascular effect responses to PAH
exposure with different CAD risk profiles. However, the precise molecular mechanisms
underlying the observed effects are unclear.

The present study did have several limitations. First, this is a cross-sectional study, which
limits the ability to demonstrate a causal relationship between exposure and outcome.
Second, we restricted the analysis to participants with complete data, which may lead to bias
if the missing values are not completely random. However, baseline characteristics were
similar among subjects included in the analysis and those excluded. Third, we did not adjust
for multiple testing because of a high correlation between multiple PAH parameters and
multiple HRV measures. Over-adjustment for multiple comparisons may increase the type Il
error and reduce power to detect significant differences. Furthermore, monitoring of the 5-
min HRV represents only short-term cardiac autonomic nerve modulation and the definitive
clinical significance should be elucidated. Finally, although we have considered some
important confounders in our analysis, other unmeasured or unselected covariates such as
genetic factors and home cooking exposures were not included in our study.

CONCLUSIONS

In this study, we observed that environmental PAH metabolites and FRS adversely and
independently affect HRV. In particular, a prominent effect of PAH exposure on HRV was
found in the low-risk FRS subgroup, while the effect was not obvious in the high-risk
subgroup. This provides new insight into the mechanism of the health effects caused by
exposure to PAH based on an individual’s CAD risk profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

BMI body mass index

CAD coronary artery disease

FRS Framingham risk score

HDL high-density lipoprotein

HF high frequency

HRV heart rate variability

LDL low-density lipoprotein

LF low frequency

LF/HF LF to HF ratio

LOD limits of detection

3-OHBaP 3-hydroxybenzo[a]pyrene

6-OHChr 6-hydroxychrysene

2-OHFlu 2-hydroxyfluorene

9-OHFlu 9-hydroxyfluorene

2 OHFlu total concentration of hydroxyfluorene
1-OHNa 1-hydroxynaphthalene

2-OHNa 2-hydroxynaphthalene

YOHNa total concentration of hydroxynaphthalene
2OH-PAHs total concentration of all PAHs metabolites
1-OHPh 1-hydroxyphenanthrene

2-OHPh 2-hydroxyphenanthrene

3-OHPh 3-hydroxyphenanthrene

4-OHPh 4-hydroxyphenanthrene

9-OHPh 9-hydroxyphenanthrene

2 OHPHh total concentration of hydroxyphenanthrene
OH-PAH monohydroxylated PAH
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PAH polycyclic aromatic hydrocarbons
rMSSD root mean square of successive differences in adjacent NN intervals
SDNN standard deviation of NN intervals
TP total power.
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Figure 1.

Effects of “OHFIu (A and C), XOHNa (B), and XOH-PAHSs (D) on HRV. Values calculated
from the regression models, adjusting for BMI, passive smoking, physical activity, alcohol
consumption, diet, and FRS. LF, low frequency; LF/HF, LF to HF ratio; >OHFlu, total
concentration of hydroxyfluorene; YOHNa, total concentration of hydroxynaphthalene;

Y. OH-PAHs, total concentration of all PAH metabolites; SDNN, standard deviation of NN
intervals.
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Table 1

Characteristics of the Study Population™

Characteristics

Total population (n=1,978)

Age (years)

Sex (female, %)

Current smoker (%)

Current alcohol drinker (%)
Physical activity (yes, %)

BMI (kg/m?)

Waist circumference (mm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting glucose (mmol/L)

Total cholesterol (mmol/L)
Triglycerides (mmol/L)

HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Diabetes (%)

FRS, 10-year %

Y OH-PAHSs (nmol/mmol creatinine)

HRV indices
SDNN (msec)
RMSSD (msec)
TP (msec?)

LF (msec?)
HF (msec?)
LF/HF

50.4 (12.2)
64.5
21.7
17.6
41
24.0(3.4)
816.2 (97.0)
128.8(19.7)
78.3 (11.2)
5.1 (1.4)
50(L.1)
15(13)
1.6 (0.4)
33(0.9)
7.8
7.3(6.8)
36.5 (25.9, 54.0)

35.2 (27.6, 44.6)
22.8(17.7,29.2)
863.4 (498.5, 1470.0)
242.1 (119.5, 456.0)
131.2 (63.6, 264.6)
1.8(1.0,3.1)

Page 16

Abbreviations: BMI, body mass index; FRS, Framingham risk score; HDL, high-density lipoprotein; HF, high frequency; LDL, low-density
lipoprotein; LF, low frequency; LF/HF, LF to HF ratio; “OH-PAHs, total concentration of all PAH metabolites; rMSSD, root mean square of

successive differences in adjacent NN intervals; SD, standard deviation; SDNN, standard deviation of NN intervals; TP, total power.

*
Variables are presented as mean (SD), percentage, or median (25th, 75th quartile).
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