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Complex contaminant mixtures and their
associations with intima-media thickness
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Abstract

Background: The burden of cardiovascular disease (CVD) morbidity and mortality is higher among Indigenous
persons, who also experience greater health disparities when compared to non-Indigenous Canadians, particularly
in remote regions of Canada. Assessment of carotid intima-media thickness (cIMT), a noninvasive screening tool and
can be used as biomarker to assess increased CVD risk. Few studies have examined environmental contaminant
body burden and its association with cIMT.

Methods: Data from the Environment-and-Health Study in the Eeyou Istchee territory of northern Québec, Canada
was used to assess complex body burden mixtures of POPs, metals and metalloids among (n = 535) Indigenous
people between 15 and 87 years of age with cIMT. First, Principal Component Analysis (PCA) was used to reduce
the complexity of the contaminant data. Second, based on the underlying PCA profiles from the biological data, we
examined each of the prominent principal component (PC) axes on cIMT using multivariable linear regression
models. Lastly, based on these PC axes, cIMT was also regressed on summed (Σ) organic compound concentrations,
polychlorinated biphenyl, perfluorinated compounds, respectively, ∑10 OCs, ∑13 PCBs, ∑3PFCs, and nickel.

Results: Most organochlorines and PFCs loaded primarily on PC-1 (53% variation). Nickel, selenium, and cadmium
were found to load on PC-5. Carotid-IMT was significantly associated with PC-1 β = 0.004 (95 % CI 0.001, 0.007), and
PC-5 β = 0.013 (95 % CI 0.002, 0.023). However, the association appears to be greater for PC-5, accounting for 3% of
the variation, and mostly represented by nickel. Results show that that both nickel, and ∑3PFCs were similarly
associated with cIMT β = 0.001 (95 % CI 0.0003, 0.003), and β = 0.001 (95 % CI 0.0004, 0.002), respectively. But ∑10OCs
was significantly associated with a slightly greater β = 0.004 (95 % CI 0.001, 0.007) cIMT change, though with less
precision. Lastly, ∑13PCBs also increased β = 0.002 (95 % CI 0.0004, 0.003) cIMT after fully adjusting for covariates.

Conclusion: Our results suggest that environmental contaminants are associated with cIMT. This is important for
the Cree from the Eeyou Istchee territory who may experience higher body burdens of contaminants than non-
Indigenous Canadians.
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Background
Cardiovascular disease (CVD) mortality has decreased
globally in many regions [1]. However, the burden of
CVD morbidity and mortality is higher among Indigen-
ous persons, who also experience greater health dispar-
ities when compared to non-Indigenous Canadians [2–
4]. While a variety of social, economic, and cultural fac-
tors may help explain why a decrease in CVD has not
been observed among Indigenous communities [5–7],

very little research has explored environmental contam-
inant exposures and the contribution to cardiovascular
outcomes.
Indigenous community residents from coastal and in-

land Cree communities from the eastern James Bay re-
gion of subarctic Quebec, Canada, experience higher
body burdens of environmental contaminants than non-
Indigenous Canadians [8, 9]. In remote Indigenous com-
munities, residents experience difficulties surrounding
medical access, which may further compound health in-
equities [6] leading to increased risk of CVD morbidity
and mortality. The use of carotid intima-media thickness
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(cIMT) measurements in remote locations can aid in
earlier identification of individuals with emerging cardio-
vascular diseases without the need to travel out of the
community to access a medical facility.
Carotid IMT is shown to be significantly correlated

with a variety of cardiovascular measures and risk factors
[10–13]. Therefore, assessing cIMT and its application
in remote regions may particularly be useful as a non-
invasive screening tool. In addition to the associations
between cIMT and cardiovascular risk, various studies
have examined the role of xenobiotics (e.g., air pollutant
components) and CVD (e.g., [14–18]). Additionally,
some studies have examined environmental contaminant
body burden and its association with cIMT. Carotid
IMT has been shown to be positively associated with
various individual contaminants, including metals [19–
22], persistent organic pollutants (POPs) [23], perfluori-
nated compounds (PFCs) [24–26], and bisphenol-A and
phthalates [28]. However, no studies have assessed the
effects of complex xenobiotic mixtures such as persistent
organic pollutants (POPs), metals, and metalloids [28].
Therefore, the aim of this study was to assess the associ-
ation between cIMT and complex body burden mixtures
of persistent organic pollutants, metals, and metalloids
using data from the Environment-and-Health Study in
the Eeyou Istchee territory of Quebec, Canada.

Methods
Data sources
The Eeyou Istchee traditional territory consists of First
Nations communities from the Eastern James Bay re-
gion, Quebec, Canada who are represented by the Grand

Council of The Crees. These community members live
in varying degrees of isolation, with the furthermost only
being accessible by airplane or boat (Fig. 1). As part of
the Nituuchischaayihtitaau Aschii – Multi-Community
Environment-and-Health Study in Eeyou Istchee, partici-
pants answered personal and clinical questionnaires re-
lated to lifestyle, occupation, socio-demographic status,
as well as dietary habits. The questionnaire was devel-
oped for this study and details were previously published
by Nieboer et al. [32]. In total, there were 1730 partici-
pants representing all 9 communities who completed all,
or portions of, the questionnaires and provided blood
samples. Written informed consent was obtained from
all participants or their guardians in Cree, English, or
French. All work was approved by the research ethics
boards of McGill University and Laval University, in
partnership with the Cree Board of Health and Social
Services of James Bay and McMaster University.

Study population
Using the initial 1730 recruited participants from all 9
Indigenous communities, we excluded persons younger
than 14 years of age and those with any CVD diagnoses
from the analysis. Adolescents were included in the ana-
lysis because cIMT has been validated at younger ages
[33]. Participants with a complete set of observations
were retained and the final analytical sample included
535 participants (299 females and 236 males). As this
study took place in remote locations, we collected data
from each community beginning in 2002 and ended in
2009. Of the nine communities, two were sampled be-
tween 2002 to 2005, one in 2005, two in 2007, two in

Fig. 1 Location of the Eeyou Istchee Territory in Quebec, Canada. (Image generated using R [41] with GADM and mapdata packages [9, 16])
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2008, and the remaining two in 2009. At the request of
the participants and the Cree Board of Health and Social
Services James Bay we have not presented disaggregated
information regarding the individual communities.

Main outcomes
Ultrasound evaluation of the carotid artery
cIMT measurements of the carotid arteries were per-
formed by two experienced sonographers on a high-
resolution B-mode ultrasound machine (LogiqBook, GE
Medical Systems, Milwaukee, WI) equipped with a linear
4–10MHz probe (10LB-Rs). Plaque was identified and
excluded from analysis by a transverse scan prior to
cIMT scanning. A dozen 1-cm segments were scanned
at the near and far walls of the carotid arteries and
assessed using a dedicated image-analysis system (Ca-
rotid Analyzer for Research version 5.5.6, Medical Im-
aging Application, Coralville, IA). The average of the
segmental means of the near and far walls of both left
and right common carotid arteries was reported as the
cIMT value for each individual as recommended by the
American Society of Echocardiography [34].

Exposure variables
Organics analysis
The analytical method for the organic pollutant analysis
has been fully reported by Liberda et al. [8]. Briefly, the
concentration of 15 polychlorinated biphenyl congeners
(PCB; 28, 52, 99, 101, 105, 118, 128, 138, 153, 156, 163,
170, 180, 183, and 187), 13 chlorinated pesticides and
their metabolites (Aldrin, ß-Hexachlorocyclohexane
[HCH], α-Chlordane, γ-Chlordane, oxy-Chlordane,
trans-Nonachlor, cis-Nonachlor, diphenyltrichloroethane
[p,p′-DDT], dichlorodiphenyldichloroethylene [p,p
′-DDE], Hexachlorobenzene [HCB], Mirex, Toxaphene
26, and Toxaphene 50), and 5 brominated organic com-
pounds (polybrominated biphenyl-153; PBB 153, and
four polybrominated diphenyl ethers; PBDE 47, PBDE
99, PBDE 100, PBDE 153) were determined. All samples
were assessed on a gas chromatography–mass spectrom-
eter (GC-MS) at the Institut National de Santé Publique
du Québec (INSPQ), the reference laboratory for the
Arctic Monitoring and Assessment Program (Agilent
6890 gas chromatograph equipped with an Agilent
G2397A ECD and an Agilent 5973 network mass de-
tector). Three PFCs, perfluorooctanoic acid (PFOA), per-
fluorooctane sulfonic acid (PFOS), and perfluorohexane
sulfonic acid (PFHxS) were also measured at the INSPQ
by using an alkaline extraction method with methyl-tert
butyl ether and tetrabutylammonium hydrogen-sulfate
before being assessed using Ultra Performance Liquid
Chromatography (UPLC Waters Acquity) with a tandem
mass spectrometer (MS/MS Waters Xevo TQ-S) (Wa-
ters; Milford, MA, USA) in the Multiple Reaction

Monitoring mode with an electrospray ion source in the
negative mode. The detection limits for the PFCs were
0.1 μg/L.

Metals and metalloid analysis
As with the organic contaminants, we have previously
reported the methods, limits of detections, and other
QA/QC data related to metals and metalloids [9, 35].
Briefly, whole blood samples were thawed and assessed
for lead, cadmium, mercury, selenium, cobalt, copper,
molybdenum, nickel, and zinc. Inorganic arsenic was
assessed in urine and all contaminants were measured
using a Perkin Elmer Sciex Elan 6000 inductively
coupled plasma mass spectrometer (ICP-MS).

Risk factor assessment
Demographic information (i.e., age, sex), and behavioral
risk factors such as smoking habits were obtained via
self-report through interviewer administered health
questionnaires. Fasting blood samples were drawn to
measure cardiometabolic variables during a physical
examination by trained registered nurses. Anthropomet-
ric measures, included standing height and weight for
body mass index (BMI) values. Blood pressure measure-
ments (measured in millimeters of mercury, mm Hg)
were examined according to a standardized protocol,
where three separate measures were taken and the mean
blood pressure value was calculated using the two last
measurements. All participants rested for 5 min prior to
measurements and had not smoked for at least 30 min.

Inflammatory and blood lipid marker measurements
Whole blood was collected for laboratory analysis of in-
flammatory and lipid markers. Tumor necrosis factor
(TNF-α), high sensitivity c-reactive protein (hs-CRP), ox-
idized low-density lipoprotein (ox-LDL), Low-density li-
poproteins (LDL), apolipoprotein-B (apo-B), and
triglycerides were selected based on their biological roles
in CVD.
TNF-α (R&D Systems, Minneapolis, MN), hs-CRP

(BN-100 nephelmometer, Dade Behring, Deerfield, IN),
and ox-LDL (Mercodia AB, Uppsala, Sweden) were
assessed in blood plasma by ELISA following their re-
spective manufacturers’ directions. Triglycerides, total
cholesterol, and high-density lipoproteins (HDL)
were measured on the Vitro 950 Chemistry Station
(Ortho-Clinical Diagnostics, Raritan, NJ) as per the
manufacturer’s directions. LDL was calculated based
on the subtraction of HDL from the total cholesterol
measurements. Apo-B was assessed on a protein
analyzer as per the manufacturer (BN ProSpec Sys-
tem, Dade Behring).
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Statistical methods
Principal component analysis
Due to the high number of contaminants under assess-
ment (43 in total), we performed a scaled and centered
principal component analysis (PCA) to reduce the vari-
ables into a smaller number of uncorrelated predictor
variables. Individual participant PC scores were gener-
ated from their contaminant loadings and used to create
a PCA of the 43 contaminants which was then centered
and scaled. Prior to principal component generation, the
contaminant concentrations were transformed as log10
(1 + [μg/kg]) to improve the normality of the data distri-
bution and remove negative values [36, 37]. PCs were se-
lected based on eigenvalues greater than one. Non-
detections in the contaminant data were input as half of
the detection limit. A description on the use and merits
of PCAs in environment and health projects can be
found in Liberda et al. [8] and Wainman et al. [38].

Statistical analysis
Descriptive statistics of variables are reported, and where
appropriate, means ± standard deviations (SD) are pre-
sented, otherwise frequencies and percentages are shown
for categorical variables. Geometric means are also pre-
sented for skewed distributions.
Multivariable linear regression modeled the outcome,

carotid IMT, on PCA environmental contaminants,
adjusting for the a priori covariates. Three models are
presented that explain the observed variation in cIMT
by PCA contaminants. Model 1 represents a minimally
adjusted linear regression of 5 PC axes on cIMT with
age and sex as covariates. Model 2 represents the mod-
erately adjusted regression with the same covariates as
Model 1, but also including smoking status, BMI, and
systolic blood pressure. Model 3 represents the fully ad-
justed model, which includes the following covariates:
age, sex, smoking status, BMI, systolic blood pressure,
LDL, Apo-B, triglycerides, TNF-α, hs-CRP, and ox-LDL.
All covariates were assessed for multicollinearity, and re-
sidual plots were used to validate assumptions of linear-
ity, normality and homoscedasticity.
Based on the multivariable linear regression findings

between PCA contaminants and cIMT, we further per-
formed analysis on nickel and the sum (∑) of the
following compounds: organochlorines (∑10 OCs), poly-
chlorinated biphenyls (∑13 PCBs), and perfluorinated
compounds (∑3PFCs). These contaminants were se-
lected based on significant associations between PC axes
loadings and cIMT.
The significant associations between PC axes loadings

and cIMT were observed and we performed further ana-
lysis on the sum (∑) of following organic compound
concentrations (∑10 OCs), polychlorinated biphenyl
compounds (∑13 PCBs), perfluorinated compounds

(∑3PFCs) and nickel. Lastly, as additional sensitivity ana-
lysis, we restricted to adults > 30 years of age to examine
the contribution of complex body burden mixtures on
cIMT and found no differences between the group (data
not shown).
All significance values were adjusted for multiple com-

parisons using the Holm method [39]. Associations were
considered significant when the adjusted p < 0.05. All
statistical analyses were conducted using R (version
3.5.0; Vienna, Austria).

Results
Descriptive results
Summary statistics of all risk factors and contaminants
are presented in Table 1.
The mean age of participants was 38.5 (± 15.7 years),

and just over half (55%) were female. The average cIMT
measurement was 0.673 mm (± 0.193 mm). As is com-
mon with environmental contaminants, the range of
concentrations varied greatly.

Contaminant PCA loadings
The contaminant PC (principal component) loadings
scores, which were generated from the individual PC
scores are presented in Fig. 2. PC-1 (52.93% of the ori-
ginal variation explained) resulted in relatively high load-
ings for most organochlorines and PCBs. PC-2 (7.10% of
the variation explained) was highly (negatively) loaded
for the PBDEs. PC-3 (5.07% of the variation explained)
was loaded for the PFCs (negatively), and PC-4 (3.71% of
the variation explained) and PC-5 (3.10% of the variation
explained) were loaded for various metals including
nickel, selenium, and cadmium.

cIMT and PCA
Results from the multivariable linear regression are
shown in Table 2. Carotid IMT was significantly associ-
ated with PC-1 and PC-5 in all three models. PC-1,
which represents mostly organochlorine contaminants
increased cIMT by β = 0.004 (95 % CI 0.001, 0.007).
However, the association appears to be greater for PC-5
β = 0.013 (95 %CI 0.002, 0.023), which accounts for 3%
of the variation, and is mostly represented by nickel.
Carotid IMT was significantly and negatively associ-

ated with PC-3 (i.e., represented primarily by the PFCs)
in the model 1 and model 2, β = − 0.010 (95 %CI −
0.019, −0.001), but after fully adjusting for confounders
the association was no longer significant. Important for
interpretation, PFCs are negatively loaded within PC-3
and negatively associated with cIMT and therefore,
should be interpreted positively. No models were signifi-
cant for PC-2 or PC-4 with cIMT. PFCs are also moder-
ately represented in PC-1.
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Table 1 Baseline descriptive parameters of participant cardiometabolic risk factors and contaminant body burdens from the
Nituuchischaayihtitaau Aschii – Multi-Community Environment-and-Health Study

Characteristics Population total (N)

535

Demographic data

Sex (% males) 236 (44%)

Health behaviors

Smoking status current smoker 278 (52%)

Cardiometabolic Risk Factors Mean Geometric Mean SD Minimum value Maximum value

Age (years) 38.5 35.3 15.7 15.0 87.0

IMT (mm) 0.7 0.6 0.2 0.4 2.0

BMI (kg/m2) 32.6 32.0 6.5 16.9 58.9

Apo B (g/L) 0.9 0.8 0.3 0.3 2.3

Triglycerides (mmol/L) 1.5 1.3 0.8 0.4 6.0

LDL (mmol/L) 2.7 2.6 0.8 0.9 5.5

Systolic BP (mm Hg) 120.7 119.8 15.1 80.0 198.0

hs-CRP (mg/L) 4.9 2.7 6.3 0.1 86.9

TNF- α (pg/mL) 3.6 2.8 3.6 0.5 42.0

Ox-LDL (U/I) 50.3 48.2 14.9 19.3 129.1

Contaminants

Arsenic (Inorganic; μmol/L) 0.07 0.06 0.08 <DL 0.98

β-HCH (μg/L) 0.02 0.01 0.02 <DL 0.13

Cadmium (nmol/L) 14.18 8.06 14.22 <DL 73.00

cis-Nonachlor (μg/L) 0.04 0.01 0.07 <DL 0.56

Cobalt (nmol/L) 4.28 3.38 10.05 0.465 230.00

Copper (μmol/L) 15.27 15.10 2.42 10 27.00

HCB (μg/L) 0.10 0.06 0.14 <DL 1.30

Lead (μmol/L) 0.23 0.15 0.25 0.016 2.50

Mercury (nmol/L) 34.15 12.42 62.25 <DL 650.00

Mirex (μg/L) 0.26 0.05 0.51 <DL 4.10

Molybdenum (nmol/L) 6.15 5.56 3.12 <DL 26.00

Nickel (nmol/L) 21.84 19.56 10.03 <DL 110.00

Oxychlordane (μg/L) 0.07 0.03 0.11 <DL 0.97

PBB-153 (μg/L) 0.02 0.01 0.03 <DL 0.25

PBDE-100 (μg/L) 0.02 0.01 0.02 <DL 0.13

PBDE-153 (μg/L) 0.04 0.02 0.04 <DL 0.33

PBDE-47 (μg/L) 0.06 0.04 0.08 <DL 0.96

PBDE-99 (μg/L) 0.02 0.01 0.02 <DL 0.20

PCB-101 (μg/L) 0.02 0.02 0.00 <DL 0.04

PCB-105 (μg/L) 0.04 0.01 0.09 <DL 1.10

PCB-118 (μg/L) 0.23 0.06 0.53 <DL 7.30

PCB-128 (μg/L) 0.01 0.01 0.01 <DL 0.08

PCB-138 (μg/L) 0.57 0.16 1.02 <DL 9.60

PCB-153 (μg/L) 1.35 0.36 2.40 <DL 20.00

PCB-156 (μg/L) 0.16 0.04 0.30 <DL 2.40

PCB-163 (μg/L) 0.23 0.06 0.44 <DL 3.80
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Table 1 Baseline descriptive parameters of participant cardiometabolic risk factors and contaminant body burdens from the
Nituuchischaayihtitaau Aschii – Multi-Community Environment-and-Health Study (Continued)

Characteristics Population total (N)

PCB-170 (μg/L) 0.32 0.08 0.56 <DL 4.10

PCB-180 (μg/L) 1.16 0.28 2.09 <DL 15.00

PCB-183 (μg/L) 0.11 0.03 0.18 <DL 1.60

PCB-187 (μg/L) 0.43 0.10 0.77 <DL 5.90

PCB-99 (μg/L) 0.10 0.04 0.19 <DL 1.90

PFHDxS (μg/L) 2.44 1.51 2.81 0.1 26.00

PFOA (μg/L) 3.31 2.55 2.53 <DL 17.00

PFOS (μg/L) 12.19 7.53 14.09 0.15 110.00

p’p’-DDE (μg/L) 2.39 1.09 3.71 0.045 39.00

p’p’-DDT (μg/L) 0.03 0.03 0.02 0.025 0.14

Selenium (μmol/L) 2.19 2.17 0.32 <DL 4.90

Toxaphene-26 (μg/L) 0.01 0.01 0.02 <DL 0.15

Toxaphene-50 (μg/L) 0.01 0.01 0.02 <DL 0.15

trans-Nonachlor (μg/L) 0.14 0.05 0.23 <DL 2.10

Zinc (μmol/L) 96.99 96.22 12.24 63 150.00

Standard deviation (SD)

Fig. 2 PCA loadings
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Table 2 Multivariable linear regression models for the association between Carotid IMT and PCA of contaminant among participants
from the Nituuchischaayihtitaau Aschii – Multi-Community Environment-and-Health Study

Table 3 Multivariable linear regression models for the association between Carotid IMT and sum (Σ) of contaminant among
participants from the Nituuchischaayihtitaau Aschii – Multi-Community Environment-and-Health Study
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cIMT and contaminants
Sum of organic compound concentrations are presented
in Table 3. Both nickel, and ∑3 PFCs were significantly
and consistently associated with cIMT, (β = 0.001) across
all three linear regression models. The sum of ∑10 OCs
was significantly associated with a slightly greater β =
0.004 (95 %CI 0.001, 0.007) change in cIMT, though
with less precision. Lastly, ∑13 PCBs also increased β =
0.002 (95 %CI 0.0004, 0.003) cIMT after fully adjusted
for covariates.

Discussion
Using the Nituuchischaayihtitaau Aschii – Multi-
Community Environment-and-Health Study dataset, our
findings show that nickel, organochlorines and PFCs are
correlated with carotid IMT.
Carotid IMT was regressed on PCA, which illustrated

that organochlorines and nickel contaminants may be
important risk contributors to CVD. Organochlorine
containments found mainly on PC-1 increased cIMT by
0.02 mm per 5-unit PC score change. While this increase
may not appear to be clinically relevant, it is important
to remember two factors. First, the observed increase in
cIMT is solely due to the contaminant loadings on PC-1
after adjustment for multiple covariates. Second, flow
rate varies to the 4th power of the lumen diameter, and
therefore a reduction in lumen diameter from 4mm to
3.98 mm represents a flow rate change of 256 mL/min to
250.9 mL/min [40]; hence, slight increases in cIMT have
large decreases on blood flow.
Principal component 5, represented mostly by nickel,

was shown to have more influence on cIMT than PC-1.
Since PC-5 represents 3.1% of the variation within the
PCA, other contaminants other than nickel were not
assessed in isolation. Nickel was significantly associated
with cIMT in all three models. In both human and mur-
ine exposures, nickel in air has been shown to be associ-
ated with adverse cardiovascular events [41]. Similarly,
nickel nanoparticles have been shown to progress ath-
erosclerosis [42]. Though, a cross-sectional analysis of
the Prospective Investigation of the Vasculature in Upp-
sala Seniors (PIVUS) study in Sweden by Lind et al. [21]
reported that quintile nickel levels were not associated
with cIMT.
Exposure to metals such as cadmium, arsenic, and lead

have been shown to increase cardiovascular disease rela-
tive risk [43], and in some cases cIMT [44–46]. How-
ever, these metals were not highly loaded on our PCA
and thus their contribution to the observed variation
was low. Similarly, others have investigated the associ-
ation of cIMT with mercury body burden [20, 22, 47],
however, our analysis did not implicate this metal as an
important contributor to cIMT. This may be due to the
relative importance of the contributions from the other

contaminants in the PCA or because other studies
assessed contaminants in isolation.
Previous research has found that POPs and PFCs to be

positively associated with cIMT [23–25]. Over a 10-year
longitudinal study of older adults (70-years and older),
the Prospective Investigation of the Vasculature in Upp-
sala Seniors (PIVUS-study) found that multiple-adjusted
PFOS and PFOA corresponded to a 0.011 mm and
0.021 mm change in cIMT, respectively [25]. However,
using the same data, a separate cross-sectional analysis
by the same group, found no significant association be-
tween PFCs and cIMT [26]. Among young adults (12–
30 years of age), cIMT significantly increased across
PFOS quartiles (0.434 mm, 0.446 mm, 0.458 mm, 0.451
mm) [24]. Several circulating POPs have been shown to
be associated with cIMT among seniors, but Lind et al.
[23] report that the sum of PCBs concentrations was not
associated with cIMT β = 0.001, (95% -0.00004, 0.0033).
Though, sum of PCBs concentrations were shown to be
significantly inversely associated with grey scale median
of the carotid artery intima-media complex (a measure
of echogenicity). Our study showed significant and posi-
tive associations with nickel, ∑10 OCs, and ∑3 PFCs in
all three models, and significant positive associations
with the ∑13 PCBs after adjusting for covariates beyond
age and sex. These associations were stronger for ∑10
OCs, followed by ∑13 PCBs, ∑3 PFCs, and nickel.
This study has several strengths. Most important, this

is the first study to assess the association of a complex
mixture of organic, metal, and metalloids on cIMT. The
use of PCA allowed us to simultaneously assess all con-
taminants while narrowing our final examination to the
individual contribution of each contaminant of interest
to the cIMT. Additionally, the Nituuchischaayihtitaau
Aschii – Multi-Community Environment-and-Health
Study is a comprehensive health survey with a diverse
set of quantitative measurements, which aided to reduce
the possibility of measurement error. However, several
key limitations are also acknowledged. First, this is a
cross-sectional analysis with a single assessment of the
exposures and outcome, and therefore, temporality and
causal relationships cannot be confirmed. Second, smok-
ing has been shown to be associated with persistent or-
ganic pollutants such as PCBs and OCPs [48]. Though
we adjusted for smoking status, there is still the possibil-
ity of residual confounding, as pack-years of cigarettes
was not available; and lastly, cIMT increases with age,
though we found no appreciable difference in the results
when we restricted our sample to include only partici-
pates 30 years of age or older. However, stronger associ-
ations may be present in aging adults who have longer
exposure to body burdens of contaminants.
The role organic and metal contaminants play in CVD

has been an area of growing research. Carotid IMT has
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been shown to be associated with CVD [10], however,
the mechanisms by which environmental contaminants
exacerbate CVD, and the extent of their contribution,
has yet to be fully elucidated. It has been suggested that
contaminants such as POPs could influence the patho-
genesis of CVDs such as atherosclerosis [23]. With re-
spect to metals, it is possible that the generation of free
radicals and subsequent inflammation could also exacer-
bate CVD, as shown in a murine model of nickel nano-
particle exposure [42]. In the case of metals that do not
generate free radicals, such as cadmium, it is possible
these metals play an indirect role in reactive oxygen and
nitrogen species generation [49], although the under-
lying mechanism remains unclear [45].
Associations of human body burdens of contaminants

with cIMT has been performed on individual contami-
nants or groups of similar contaminants (e.g., ∑PFCs and
∑PCBs), but this examination has not been performed on
complex mixtures of organic and metal/metalloids simul-
taneously. We used PCA to first determine which compo-
nents are highly correlated with cIMT, followed by a
secondary analysis assessing the individual or groups of
components on those identified PCA axes. The work
herein is especially important for the Cree from the Eeyou
Istchee territory, who may have higher body burdens of
contaminants than non-Indigenous Canadians. Further-
more, as cIMT was found to be the highest in remote
Indigenous Australians when compared to urban Indigen-
ous and non-Indigenous Australians [50], and since Indi-
genous Canadians have greater health disparities that
non-Indigenous Canadians [1, 4], assessing this marker of
CVD risk combined with potential environmental contri-
butions is especially important for this region.

Conclusion
The assessment of complex environmental mixtures and
their association to biological outcomes is complicated
given the varying possible interactions between the many
contaminants that may be present. We have shown that
a variety of environmental contaminants are associated
with a sub-clinical cardiovascular disease marker carotid
IMT, which could possibly contribute to the observed
health disparity that exists in Indigenous Canadians.
This article also presents a significant step towards
assessing complex mixtures and sub-clinical biomarkers,
as well as identifying specific contaminants that may ul-
timately play a role in CVD.
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