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a  b  s  t  r  a  c  t

Cardiovascular  disease  (CVD)  is  a leading  cause  of morbidity  and  mortality  worldwide.  Dioxins  can  cause
cardiovascular  toxicity  in  experimental  animals.  The  potential  role  of  dioxin  exposure  as  a preventable
risk  factor  has  attracted  the attention  of  public  health  services,  especially  because  dioxin  exposure  is
a ubiquitous  problem.  We  aimed  to investigate  and  clarify  the  effect  on CVD  risk  of  moderate-to-high
exposure  to  dioxins.  This  cross-sectional  study  investigated  914  residents  without  CVD  near  a deserted
pentachlorophenol  factory.  CVD-related  factors  were  measured  to  examine  their  associations  with  serum
dioxin. We  also  investigated  associations  between  serum  dioxins  and  the  Framingham  risk  score.  Serum
PCDD/F levels  were  significantly  positively  associated  with  CVD  risk  in  both  genders  (Men:  b  = 0.023,
ardiovascular disease P  <  0.001;  Women:  b =  0.005,  P <  0.001;  All:  b = 0.013,  P  <  0.001).  After  adjusting  for  confounding  fac-
tors,  participants  with  higher  serum  PCDD/F  levels  had  a higher  risk  for CVD  than  did  the reference
group  (serum  PCDD/levels  <  9.8 pg WHO98-TEQDF/g lipid)  (25th  to <50th  percentile,  adjusted  odds  ratio
(AOR)  =  2.96  [95%  confidence  interval  (CI)  = 1.13–7.75];  50th  to <  75th  percentile,  AOR  =  3.37  [1.32–8.59];
≥75th  percentile,  AOR  = 6.22  [2.47–15.63]).  We  hypothesize  that  accumulated  dioxins  heightens  the
cardiovascular  risk.
. Introduction

Polychlorinated dibenzo-p-dioxins and dibenzofurans
PCDD/Fs), a class of well-known environmental contaminants,
ave been shown to cause cardiovascular toxicity in animals
1–4]. However, epidemiologic evidence of an association between
igh-level dioxin exposure with cardiovascular disease (CVD)
orbidity and mortality in humans is inconsistent. Weakly or
odestly elevated rate ratios for mortality from ischemic heart
isease and all CVDs have been found in several cohorts, in which
here was occupational or accidental relatively brief exposure to
igh doses of several persistent organic pollutants (POPs) [5–8]. In

Abbreviations: CVD, Cardiovascular disease; CHD, Coronary heart disease; MetS,
etabolic syndrome; PCP, Pentachlorophenol; PCDD/Fs, Polychlorinated dibenzo-

-dioxins and dibenzofurans; TCDD, 2,3,7,8-Tetrachlorodibenzo-p-dioxin; POPs,
ersistent organic pollutants; FRS, Framingham Risk Score; TG, Triglycerides; HDL-
,  High-density lipoprotein cholesterol; NO, Nitric oxide; AhR, Aryl hydrocarbon
eceptor.
∗ Corresponding author at: Department of Environmental and Occupational
ealth, College of Medicine, National Cheng Kung University, 138 Sheng-Li Road,
ainan 704, Taiwan. Tel.: +886 6 274 4416; fax: +886 6 274 3748.

E-mail address: cclee@mail.ncku.edu.tw (C.-C. Lee).

304-3894/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.10.046
© 2011 Elsevier B.V. All rights reserved.

the large, worldwide burden of CVDs, the potential role of dioxin
exposure as a preventable risk factor has garnered the attention
of public health and clinical research services, especially because
exposure to dioxins is a ubiquitous problem [9].

In the 1999–2002 National Health and Nutrition Examina-
tion Survey (NHANES), the US general population showed only in
women a positive association between background exposure to
persistent organic pollutants such as dioxin-like PCBs, nondioxin-
like PCBs, and OC pesticides and the prevalence of CVD [10].
Compared with those in the lowest quartile of serum concentra-
tion, the odds ratios (ORs) for CVD across increasing quartiles were
0.9, 2.0, and 5.0 for dioxin-like PCBs (Ptrend < 0.01), 1.2, 1.2, and 3.8
for nondioxin-like PCBs (Ptrend < 0.01), and 1.9, 1.7, and 4.0 for OC
pesticides (Ptrend = 0.03). In both genders, there was a positive asso-
ciation between PCDDs and the prevalence of CVD; adjusted odds
ratios (AORs) were 1.4, 1.7, and 1.9 (Ptrend = 0.07, men  and women
combined) [10]. In a follow-up study of workers highly exposed
to industrial dioxins, the standardized mortality ratio (SMR) for
heart disease showed a weak increasing trend with higher dioxin

exposure (SMR: 0.93, 1.00, 1.05, 0.97, 1.10, 1.20, and 1.28, P = 0.14)
[5].

CVD remains a leading cause of morbidity and mortality world-
wide [11], including in the United States [12]. The lifetime risk

dx.doi.org/10.1016/j.jhazmat.2011.10.046
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:cclee@mail.ncku.edu.tw
dx.doi.org/10.1016/j.jhazmat.2011.10.046
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f CVD is substantial [13], and the condition is often silent or
ay strike without warning, which underscores the importance

f prevention. Several CVD risk-assessment instruments have been
equentially developed, each seeking to address the limitations of
rior tools. The National Cholesterol Education Program (NCEP)
uidelines recommend using the Framingham risk score (FRS) to
dentify patients with an increased 10-year risk for CVD events.
or instance, the Framingham formulation for predicting coronary
eart disease (CHD) was incorporated into the Third Report of the
xpert Panel on Detection, Evaluation, and Treatment of High Blood
holesterol in Adults (Adult Treatment Panel III) [14]. Unrestricted
o predicting a specific atherosclerotic disease, the Framingham
eneral CVD risk profile [15] has progressed to predicting, in order
o prevent, all CVD events, such as atherosclerotic CVD (coronary
eart disease, stroke, transient ischemic attack, intermittent clau-
ication, and heart failure). In addition, the performance of this
eneral CVD risk profile also was good for predicting its individ-
al CVD events, allowing, with simple adjustments, an estimation
f the risks of each CVD component. The Framingham general CVD
isk profile increases risk communication, which translates the esti-
ated CVD risk into a notion of “vascular age,” comparing a given

ndividual with one who has an optimal CVD risk profile [15].
In our previous studies and environmental survey [16–18],

CDD/F-contaminated marine biota in the nearby sea reservoir
f a now-deserted pentachlorophenol (PCP) factory in the north-
est portion of Tainan City in southwestern Taiwan generated

 great deal of attention. Because the deserted factory was only
–2 km from major residential area, the residents have a high risk
f being exposed to PCDD/Fs from eating contaminated seafood
rom that reservoir. The association between insulin resistance,

etabolic syndrome, and exposure to PCDD/Fs has also recently
een reported [19,20].

Although several studies [1–5] have suggested that exposure
o dioxins is associated with mortality from CVD, it is necessary
o identify high-risk candidates for CVD, the levels of dioxins to
hich they have been exposed, and the duration of their expo-

ure. This type of analysis will facilitate the most efficient use of
ealthcare resources and, perhaps, reduce CVD risk. Our non-CVD
tudy population, which was exposed to moderate-to-high levels
f PCDD/Fs, provided a rare opportunity to examine the hypothesis
hat exposure to PCDD/Fs is associated with an increased risk of
VD (Framingham risk score) and to determine whether this effect
iffers by gender.

. Experimental

.1. Study participants

This cross-sectional study was done from July 2005 to December
009 in a district health center near the deserted PCP factory. The
nly recruitment criterion was that the participant had to reside
ear the factory. Details of the study’s protocol and all testing
rocedures are available elsewhere [19,20]. The study protocol
as reviewed and approved by the Human Ethics Committee of
ational Cheng Kung University Hospital; additionally, informed
ritten consent was obtained from all participants before they

ook part in the study. The modified classic Framingham equation
15] was used to calculate the Framingham risk score, which has
een used for more than 50 years to predict the 10-year risk of
eveloping general cardiovascular disease in 30–74-year-old with-
ut CVD. The equation requires the input of weighted risk factors:

ge, sex, systolic blood pressure, total and high density lipopro-
ein cholesterol concentrations, smoking, and diabetes mellitus.
he estimated absolute CVD event rates can be used to quantify
isk and to guide preventive care [14]. Older age most likely implies
s Materials 198 (2011) 317– 322

the accumulation of persistent chemicals and modifies the effect
between serum PCDD/F levels and CVD risk. We  first excluded all
participants with a history of CVD, including myocardial infarc-
tion, stroke, peripheral arterial disease (intermittent claudication
or surgery for non-cardiac arterial disease) and then recruited
30–45-year-old adults to further reduce the potential confounding
effect of age. Participants were asked to fast overnight before 80 mL
of venous blood samples were drawn. Information obtained from
the questionnaire included personal characteristics (age, gender,
medical history of diabetes and cardiovascular disease, etc.), and
current lifestyle habits (alcohol intake, tobacco use, eating habits,
etc.). Information about the participants’ history of diabetes or CVD
included questions about prior diagnoses of CVD by a physician, and
their current use of related drugs. Participants were also considered
to have diabetes if their fasting plasma glucose was  ≥126 mg/dL or
they reported a history of physician-diagnosed type 1 or type 2
diabetes.

2.2. Laboratory procedures

Blood samples were drawn into Vacutainer tubes (BD Vacu-
tainer, Franklin Lakes, NJ) without anticoagulants, and serum
samples obtained after centrifugation were immediately trans-
ferred to Eppendorf tubes (Eppendorf, Hamburg, Germany) and
stored at −70 ◦C until they were analyzed (within 3 days). Controls
(blanks) were created to verify that dioxin contamination had not
occurred while preparing or storing the serum samples. Each ana-
lytic run consisted of a method blank, a quality control sample, and
10 unknown samples, according to the protocols defined in USEPA
Method 1613. The quality control sample in each run had to have
a recovery percentage rate between 77 and 122%. Quality assur-
ance/quality control protocols were followed to ensure positive
identification and the quality of the measurements. We  used iso-
tope dilution high-resolution gas chromatography/high-resolution
mass spectrometry (HRGC/HRMS), as previously described [19,20],
to measure seventeen 2,3,7,8-substituted PCDD/Fs in serum sam-
ples. All PCDD/Fs were adjusted to the lipid content analyzed
from the corresponding samples. Quality assurance/quality control
(QA/QC) protocols followed USEPA Method 1613 to ensure positive
identification and the quality of the measurements.

Blood biochemistry tests for fasting glucose (FG), high-density
lipoprotein (HDL) cholesterol, and triglycerides (TG) were analyzed
in the pathology laboratory of National Cheng Kung University
Hospital by technicians blinded to the participants’ characteristics
and their serum PCDD/F levels. Serum insulin was measured using
a radioimmunoassay (Coat-A-Count; Siemens Medical Solutions
Diagnostic, Los Angeles, CA, USA). Coefficients of variation for inter-
assay and intra-assay variability for insulin were all below 10%.
Fasting glucose was  determined with a modular system (Modular
DP system; Roche Diagnostics GmbH, Mannheim, Germany), which
used a glucose oxidase method with hexokinase and glucose 6-
phosphate dehydrogenase. In addition, serum TG, total cholesterol
(TC), and HDL-cholesterol (HDL-C) were measured using enzy-
matic colorimetric test kits (Roche Diagnostic GmbH, Mannheim,
Germany). The intra-assay precisions were 0.8, 1.5, and 0.95%,
respectively.

2.3. Data management and statistical analysis

PCDD/F concentration is expressed in picograms (pg = 10−12 g)
WHO98-TEQDF/g lipid. JMP  5.0 (SAS Institute, Cary, NC) was used
for statistical analysis, and the Kruskal–Wallis and Wilcoxon rank-

sum tests to evaluate serum PCDD/Fs among different demographic
characteristics.

To assess the association between CVD risk and serum
PCDD/F levels by gender, a multiple linear regression was
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rst used. The explanatory variables included gender (categori-
al); obesity (BMI > 30 kg/m2) (categorical); drinking (categorical);
igher seafood consumption (quantity of seafood consumption
10 kg/month); physical activity (categorical); and a family history
f hypertension (categorical), stroke (categorical), and diabetes
categorical). Multiple logistic regressions were used to assess the
ssociation between serum PCDD/F levels and the Framingham
VD risk. The response variable of interest, measured as a dichoto-
ous variable, was high and low CVD risk (≤ and >10%) based on the

alculated Framingham risk scores. The main exposure variables of
nterest, serum PCDD/Fs, were divided into quartiles (cut off levels
f quartiles of PCDD/Fs were 9.8, 13.8, and 21.2 pg WHO98-TEQDF/g
ipid), and adjusted odd ratios were calculated using the lowest
uartile as the referent group.

. Results

.1. Demographic characteristics and quantitative aspects of the
VD of study participants

Of the initial 2714 study participants enrolled, we excluded
3 CVD patients, and 1737 who were out of the 30–45-year-
ld age range, which finally left us with 914 participants (491
en, 423 women; 58 with diabetes; mean age: 37.5 years)

Table 1). The mean serum PCDD/F level was  18.3 pg WHO98-
EQDF/g lipid (range: 3.5–281.0 pg WHO98-TEQDF/g lipid). In
eneral, men  had higher Framingham risk scores than women did
Men: 5.8 ± 4.0; Women: 1.5 ± 3.7, P < 0.001). People who  were
bese (BMI ≥ 30 kg/m2) had higher cholesterol and blood pressure
nd lower HDL levels than normal-weight participants. The per-
entage of participants with diabetes was significantly higher in
he fourth quartile of serum PCDD/F levels than in the other three
roups (P < 0.001). In addition, the percentage of smokers was  sig-
ificantly lower in the ≥75th quartile (30.4%) than in the <25th
uartile (49.6%) of serum PCDD/F levels (P < 0.001). Participants
ith higher serum PCDD/F levels had significantly higher Framing-
am risk scores by quartile (<25th = 3.2, 25th to <50th = 3.4, 50th to

 75th = 4.4, and ≥75th = 4.4; P = 0.016).

.2. Multiple regression model

CVD risk was significantly higher with higher serum PCDD/F lev-
ls in both genders (Men: b = 0.023, P < 0.001; Women: b = 0.005,

 < 0.001; All: b = 0.013, P < 0.001) (Table 2). We  found that par-
icipants with higher serum PCDD/F levels had a higher risk
or CVD than did the reference group (serum PCDD/F levels <
.8 pg WHO98-TEQDF/g lipid) after adjusting for confounding fac-
ors (25th to < 50th quartile: adjusted odds ratio (AOR) = 2.96, 95%
I = 1.13–7.75; 50th to <75th: AOR = 3.37, 95% CI = 1.32–8.59; and
75th: AOR = 6.22, 95% CI = 2.47–15.63) (Table 3). These data show

hat serum PCDD/Fs affected the association with cardiovascular
isk in participants without CVD.

. Discussion

We found that participants without CVD but with higher serum
CDD/F levels were at a significant risk of having a higher CVD risk
n both genders, which supports the hypothesis that serum PCDD/Fs
re involved in the etiology before full-blown CVD.

We  also found that men  were significantly more often at a
igher risk for CVD than women were. Another epidemiologic

tudy [21] showed a greater prevalence and earlier development
f CVDs (hypertension, atherosclerosis, and heart failure) in men
han in premenopausal women. Findings in several studies [22–24]
lso indicate that estrogen induces the regulation of cardiovascular Ta
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Table 2
Multiple regression models using serum PCDD/F levels as independent variables to assess their association to cardiovascular disease (CVD) risk as dependent variables in
non-CVD participants.

Dependent variable CVD risk

Men  (n = 491) Women (n = 423) All (N = 914)

Independent variable b (SE) P b (SE) P b (SE) P

Gender (Men/Women) – – – – −0.033 (0.002) <0.001
Physical activitya (Yes) −0.002 (0.004) 0.651 0.001 (0.002) 0.790 −0.001 (0.002) 0.570
Drinking (Yes) 0.024 (0.004) <0.001 0.001 (0.004) 0.871 0.022 (0.003) <0.001
Higher seafood consumptionb (Yes) −0.005 (0.004) 0.250 0.001 (0.002) 0.862 −0.003 (0.002) 0.202
Family history of hypertension (Yes) 0.004 (0.005) 0.452 0.003 (0.002) 0.093 0.003 (0.003) 0.213
Family history of stroke (Yes) 0.008 (0.010) 0.395 −0.005 (0.003) 0.155 0.003 (0.005) 0.597
Family history of diabetes (Yes) 0.002 (0.005) 0.618 0.001 (0.002) 0.875 0.001 (0.003) 0.714
BMI  (kg/m2) 0.001 (0.001) 0.005 0.002 (0.001) <0.001 0.002 (0.001) <0.001
PCDD/Fsc (pg WHO98-TEQDF/g lipid) 0.023 (0.003) <0.001 0.005 (0.001) <0.001 0.013 (0.002) <0.001

Abbreviation: SE, standard error.
a Self-report of a brisk daily 30-min walk or even a 15-min run.
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in the modest increase in blood pressure, triglycerides, and low-
density lipoproteins in a mouse model, while another [2] reported
that chronically exposing rats to TCDD induced a dose-dependent

Table 3
Multiple logistic regression models, including serum PCDD/F level as an independent
variable, to assess its association with the risk of general cardiovascular disease as
a  dependent variable in participants.

Independent variables CVD risk >10% n (%) OR  (95% CI)

Gender
Male 59 (12.0) 1.0
Female 4 (1.0) 0.08 (0.03–0.23)

Obesitya

No 45 (5.5) 1.0
Yes 17 (17.7) 3.39 (1.71–6.69)

Family history of following disease
Hypertensionb

No 48 (6.6) 1.0
Yes 15 (7.9) 1.1 (0.54–2.19)

Strokec

No 62 (7.1) 1.0
Yes 1 (2.6) 0.32 (0.04–2.91)

Diabetesd

No 50 (6.6) 1.0
Yes 13 (8.6) 1.50 (0.73–3.07)

Drinking
No 31 (4.2) 1.0
Yes 32 (19.2) 2.52 (1.40–4.51)

PCDD/F quartilese

<25th 7 (3.1) 1.0
25th to <50th 14 (6.2) 2.96 (1.13–7.75)
50th to <75th 17 (7.4) 3.37 (1.32–8.59)
≥75th 25 (10.9) 6.22 (2.47–15.63)

Abbreviations:CVD, cardiovascular disease; OR, odds ratio; CI, confidence interval.
a Body mass index ≥30 kg/m2.
b Self-report of quantities of seafood consumption was  higher than 10 kg per mo
c PCDD/F levels were log-transformed. All tests were 2-sided.

unction via genomic and nongenomic mechanisms, and that its
ffects are triggered by estrogen receptor (ER)-dependent and
R-independent mechanisms. It is well known that there are gen-
er differences in many aspects of vulnerability to environmental
enobiotics.

PCDDs (but not PCDFs) and self-reported CVD have been associ-
ted in a nationwide American study [10]. The adjusted odd ratios
AORs), by PCDD exposure quartile, in both genders combined
ere 1.0 (reference category), 1.4, 1.7, and 1.9 (Ptrend = 0.07) after

djustment for age, race, BMI, smoking, alcohol consumption, exer-
ise, cholesterol, hypertension, and C-reactive protein. Sergeev and
arpenter [25,26] conducted a population-based semi-ecological
tudy of hospitalizations in relation to presumed environmen-
al exposure to POPs and found that residential proximity to
ources of POPs is associated with an increase in either the RR
f ischemic stroke with comorbid diabetes mellitus (IS-DM) or
etabolic syndrome (MetS)-related hospitalization, which sup-

orts the growing body of evidence that POPs are an important
isk factor for atherosclerosis-related diseases. In our large-scale
tudy with a moderate-to-high level of exposure to PCDD/Fs, we
ound that PCDD/Fs monotonically and positively affected the risk
f CVD. When we compared the differences in CVD risk with the
ame serum PCDD/F levels in the 30–45- and 45–74-year-old age
roups and evaluated the association between serum PCDD/F levels
nd CVD risk in these two age groups with the same adjustments
n the present study, we found a consistent positive relation-
hip in the 30–45-year-old age group (b = 0.031, P < 0.001) (Fig. 1).
he individual contributions from these two risk factors, long-
erm accumulation of PCDD/Fs and advancing age, could not be
asily clarified in the current study design. Although cardiovas-
ular changes are very common among the elderly, they are not
art of the normal aging process [27]. Indeed, the aging process
oes not necessarily imply CVD [28], and it has been shown [27]
hat healthy elderly people have normal cardiovascular function,
lthough their cardiovascular system does experience important
ge-related changes that may  determine how they respond to exer-
ise and other types of stress.

In our previous studies [19,20], we found associations between
nsulin resistance, MetS-related factors, especially for blood pres-
ure, and exposure to PCDD/Fs in the same population. Although the
echanisms responsible for the relationship between PCDD/Fs and

VD in this cross-sectional study have not been clearly elucidated,

e have summarized several possibilities from our recent studies

nd those of others. Reaven [29] has proposed that the majority of
nsulin-resistant individuals continue to secrete enough insulin to

aintain normal or near-normal glucose tolerance and were more
likely to have some degree of glucose intolerance, a high plasma
triglyceride and low HDL cholesterol concentration, and elevated
blood pressure. In addition, several studies [30–33] showed that
these changes will increase the risk of cardiovascular disease (CVD).
Wilson et al. [34] also provides clear evidence that insulin resistance
and its cluster of associated abnormalities (MetS) increases the risk
of type 2 diabetes and CVD. In addition, MetS increases the risk of
myocardial infarction (heart attack) and stroke; it is also associated
with increased CVD mortality and all-cause mortality [35,36].

One study [1] found that an acute high dose of TCDD resulted
b Self-reports of living or deceased parents, siblings, or both, with hypertension.
c Self-reports of living or deceased parents, siblings, or both, with stroke.
d Self-reports of living or deceased parents, siblings, or both, with diabetes.
e Quartiles of serum PCDD/F levels: (1)<25th,<9.8; (2) 25th to <50th, 9.8–13.8; (3)

50th to <75th, 13.8 to <21.2; (4) ≥75th, ≥21.2 pg WHO98-TEQDF/g lipid.
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and sprayers, Environ. Health Perspect. 106 (1998) 645–653.
2)  25th to < 50th, 9.86–13.8; (3) 50th to < 75th, 13.8 to < 21.2; (4) ≥ 75th, ≥ 21.2. pg
HO98-TEQDF/g lipid.

ncrease in cardiomyopathy and chronic active arteritis. In a third
tudy [37] of mice with constitutively active aryl hydrocarbon
eceptor (CA-AhR), heart weights and the cellular expression of
YP1A1 in CA-AhR mice corresponded well with observations in
CDD-exposed mice older than 58 days. These data suggest that
ontinuous AhR activation causes CVD. Subchronic TCDD exposure
ncreases systemic arterial blood pressure, left ventricle weight
nd wall thickness, and cardiovascular superoxide, and induces
ndothelial dysfunction, which is characterized by a reduction in
itric oxide (NO)-dependent vasorelaxation [3].  One study [38]

ound that serum concentrations of PCBs, especially those con-
eners with multiple ortho chlorines, were strongly associated
ith both systolic and diastolic blood pressure. Moreover, reac-

ive oxygen species (ROS) are commonly elevated in CVD, including
ypertension [39], and TCDD-induced AhR activation has been

inked to oxidative stress in mice [40]. However, ROS production
nd its elimination by antioxidant systems are balanced under
ormal conditions [41]. Mitochondrial dysfunction will increase
OS generation and then cause cardiovascular disease, particu-

arly atherosclerosis and hypertension [42], and AhR-dependent
itochondrial production of ROS has been shown to rise in mice
hose livers had been exposed to TCDD [43]. Additionally, pesticide
roduction workers exposed to TCDD showed impaired microvas-
ular reactivity, which was negatively correlated with superoxide
ismutase activity [44], an indicator of vascular superoxide and
ndothelial dysfunction. Thus, the activation of AhR appears to
ncrease ROS in multiple organ systems. In an apolipoprotein E
ApoE)/mouse model [45], the results suggest that CXCR2, which
s a G protein-coupled receptor mediating chemotaxis in immune
esponses, mediates the atherogenic activity of dioxins, and con-
ributes to the development of atherosclerosis by inducing a
ascular inflammatory response caused by activating the AhR-
ignaling pathway. All these similar findings in different models
rovide biological evidence for the association observed in epi-
emiologic studies between exposure to dioxins and CVD toxicity.

The present study has several limitations. It is critical to note
hat the absolute CVD risk is likely influenced by several factors
hat are not part of the Framingham general CVD risk profile. Other
isk factors are not included in the general risk profile must be taken

nto account in evaluating risk and selecting the most efficacious
reatment. Several factors have been highlighted in the contempo-
ary literature [46]. They include socioeconomic position and newer
s Materials 198 (2011) 317– 322 321

risk factors (genetic, circulating, and imaging biomarkers). More-
over, people with insulin resistance or diabetes are more likely to
develop CVD. We  previously [19] found that non-diabetic persons
with higher serum PCDD/F levels were at a significant risk of hav-
ing insulin resistance, which supports the hypothesis that PCDD/Fs
are involved in the etiology before full-blown CVD. Therefore, if
PCDD/Fs are correlated with diabetes, which seems likely based on
our data and the literature, an adjustment for diabetes would be
mechanistic rather than confounding.

To prevent first coronary event, it is necessary to identify
high-risk individuals who are candidates for intensive medi-
cal intervention. Framingham CVD risk estimates are influenced
strongly by chronological age; however, the atherosclerotic bur-
dens of individuals with the same chronological age and similar
risk profiles can differ substantially [47].

Although we were unable to verify at what age our participants
began to be exposed to PCDD/Fs, and the duration of their exposure,
or to establish a cause-effect association between PCDD/Fs and CVD,
we did identify the non-negligible role of exposure to PCDD/Fs and
cardiovascular risk. Our findings have important ramifications for
public policy.

5. Conclusion

We  found a significant association between serum PCDD/Fs and
cardiovascular risk even in persons without CVD. An accumulated
body burden of dioxins, rather than individual exposures, may
heighten the risk of developing CVD. Additional study is needed
to confirm these findings in other persons exposed to high lev-
els of PCDD/Fs. In addition, properly reducing the CVD risk factors
through, for example, blood pressure control, diabetes manage-
ment, and measuring and managing serum lipids, can also help
prevent the development of clinical CVD. Information about the
long-term health implications of CVD should be promptly deliv-
ered to those with high Framingham risk levels, and to those with
a history of exposure to PCDD/Fs because of the extra risk they may
incur.
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