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A B S T R A C T

Cadmium has been proposed to be the one of the factors of atherosclerosis development, although the existing
data are still controversial. The primary objective of the present study is the review and the meta-analysis of
studies demonstrating the association between Cd exposure and atherosclerosis as well as review of the potential
mechanisms of such association. We performed a systematic search in the PubMed-Medline database using the
MeSH terms cadmium, cardiovascular disease, atherosclerosis, coronary artery disease, myocardial infarction,
stroke, mortality and humans up through December 20, 2017. Elevated urinary Cd levels were associated with
increased mortality for cardiovascular disease (HR = 1.34, 95% CI: 1.07–1.67) as well as elevated blood Cd
levels (HR = 1.78, 95% CI: 1.24–2.56). Analysis restricted to never smokers showed similar, though more
imprecise, results. Consistently, we also observed an association between Cd exposure markers (blood and urine)
and coronary heart disease, stroke, and peripheral artery disease. Moreover, Cd exposure was associated with
atherogenic changes in lipid profile. High Cd exposure was associated with higher TC levels (OR= 1.48, 95% CI:
1.10–2.01), higher LDL-C levels (OR = 1.31, 95% CI 0.99–1.73) and lower HDL-C levels (OR = 1.96, 95% CI:
1.09–3.55). The mechanisms of atherogenic effect of cadmium may involve oxidative stress, inflammation,
endothelial dysfunction, enhanced lipid synthesis, up-regulation of adhesion molecules, prostanoid dysbalance,
as well as altered glycosaminoglycan synthesis.

1. Introduction

Cardiovascular diseases (CVD) are the leading cause of death in the
US (Benjamin et al., 2017) and European countries (Wilkins et al.,
2017) accounting for 31% of all world-wide deaths or 17.7 million in
2016 (WHO, 2017) and 45% of all deaths or 3.9 million in Europe
(Wilkins et al., 2017). Of these, about 50% were attributed to coronary

heart disease (CHD), followed closely by stroke (Feigin et al., 2017),
while peripheral vascular disease (PVD) contributed only 1–2% (Criqui
and Aboyans, 2015). At the same time, the trends have been different
between high-income countries and low-, medium-income countries. In
particular, Western Europe, USA, and Australia show a dramatic decline
in both CHD and stroke. Studies from Eastern Europe and Asia also
report a decline in stroke mortality, whereas CHD mortality remains

https://doi.org/10.1016/j.envres.2018.01.008
Received 22 December 2017; Received in revised form 5 January 2018; Accepted 10 January 2018

⁎ Corresponding author at: Yaroslavl State University, Yaroslavl, Russia.

1 These authors contributed equally to the research.
E-mail address: tinkov.a.a@gmail.com (A.A. Tinkov).

Environmental Research 162 (2018) 240–260

0013-9351/ © 2018 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00139351
https://www.elsevier.com/locate/envres
https://doi.org/10.1016/j.envres.2018.01.008
https://doi.org/10.1016/j.envres.2018.01.008
mailto:tinkov.a.a@gmail.com
https://doi.org/10.1016/j.envres.2018.01.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envres.2018.01.008&domain=pdf


variable (Kelly and Fuster, 2010). In addition, American Heart Asso-
ciation reported that 92.1 million adults in USA have CVD. It was
proposed that approximately 43.9% of the US people will have CVD by
2030 (Benjamin et al., 2017). Prevalence of CVD from European Social
Survey 2014–2015 in for all European countries was 9.2% (ESS, 2015).
According to WHO Mortality Database for global burden of disease
estimates 2000–2011, the number of deaths from CVD vary from 40%
for men (with 19% of CHD, 9% of stroke and 12% of the other CVD) to
49% (with 20% of CHD, 14% of stroke and 15% of the other CVD) for
women (WHO, 2013).

Recent studies have demonstrated that environmental pollution
plays a significant role in CVD (Pope et al., 2004) and atherosclerosis in
particular (Lawal, 2017). Moreover, it has been shown that an inter-
action between genetic and environmental factors may significantly
contribute to atherosclerosis (Org et al., 2015). The mechanisms linking
environmental pollution and atherosclerosis include oxidative stress,
inflammation (Araujo, 2011), platelet activation (Poursafa and
Kelishadi, 2010), and other pathways (Campen et al., 2012). Of organic
pollutants, the most significant association with atherosclerosis was
revealed for bisphenol A, phthalates (Lind and Lind, 2011), poly-
chlorinated biphenyls, pesticides, dioxin (Lind et al., 2012a, 2012b). In
turn, heavy metal ions as the major inorganic pollutants are also known
to promote CVD and atherosclerosis (Prozialeck et al., 2007). In parti-
cular, an association between the incidence and mechanisms of ather-
osclerosis was demonstrated for arsenic (Simeonova and Luster, 2004).
Cadmium was also proposed to be the one of the potential factors of
atherosclerosis development (Messner et al., 2009). However, the ex-
isting data are still controversial (Santos-Gallego and Jialal, 2016).

Although cadmium levels in the environment have been decreasing
for the last 50 years due to improved emission control for fossil fuel
combustion and improved technology for the production, use and dis-
posal of cadmium and cadmium-containing products (Crea et al., 2013),
the rate of Cd exposure is still high. In non-smoking and non-occupa-
tionally exposed population, the main source of Cd exposure is diet,
with additional relevant contribution from air pollution (Vilavert et al.,
2012; Filippini et al., 2016; Coudon et al., 2017). In particular, a more
restrictive dietary intake guideline for Cd have been suggested in order
to enhance the health protection (Satarug et al., 2017). Nevertheless,
the estimated mean weekly intake of Cd in European population ranges
from 1.9 to 3.0 µg/kg, in such cases exceeding the limit of 2.5 µg/kg
suggested by the European Food Safety Authority (Nawrot et al., 2010;
EFSA, 2012). Moreover, even low-dose Cd exposure is associated with
increased mortality, as demonstrated in the recent meta-analysis
(Larsson and Wolk, 2016). Therefore, the assessment of the tox-
icological effects of Cd exposure in general (Tinkov et al., 2017), in-
cluding its role in atherosclerosis development, is of particular interest.

The primary objective of the present study is to review the epide-
miologic studies examining the association between Cd exposure and
atherosclerosis, also addressing the biological plausibility of this pos-
sible association.

2. Materials and methods

We performed a systematic search in the PubMed-Medline database
using the MeSH terms cadmium, cardiovascular disease, athero-
sclerosis, coronary artery disease, myocardial infarction, stroke, mor-
tality and humans up through 20 December 2017. We performed a
meta-analysis of retrieved observational studies assessing the incidence
or mortality (cohort studies) or prevalence (cross-sectional studies) of
cardiovascular outcome (i.e. cardiovascular diseases, coronary heart
disease, and stroke) or cardiovascular risk factors (i.e. peripheral ar-
terial disease and abnormalities in lipid profile) (Fig. 1). Generally, we
compared the higher versus the lowest categories of Cd exposure using
a methodology already specified in detail (Vinceti et al., 2016). The
extracted data for meta-analysis included study design (i.e. cross-sec-
tional or cohort), number, sex and country of participants, type of Cd

exposure assessment (blood, urine or intake), the covariates adjusted
for in the multivariable analysis, and eventually the odds ratios (OR),
risk ratios (RR) or hazard ratios (HR) estimates and their 95% CI for the
most adjusted model reported (Table 1 and 2). We used a random-effect
model to account for heterogeneity (I2) in study-specific results. We
performed stratified analysis according to Cd assessment methods and
restricting to never smoker participants.

In order to review the Cd-induced mechanisms of atherosclerosis we
performed a search in PubMed-Medline database using the MeSH terms
cadmium, atherosclerosis, lipid profile, lipoprotein, adhesion mole-
cules, endothelial dysfunction, vascular inflammation. The latest search
was dated as 20 December 2017.

3. Cadmium, cardiovascular diseases and coronary heart disease

3.1. Cross sectional studies

Examination of 948 men and 960 women (NHANES 2005) demon-
strated that increased blood Cd levels were associated with a nearly 2-
fold higher prevalence of ischemic heart disease in a general cohort.
The observed association was especially tight in women (OR = 2.28,
95% CI: 1.26–4.15) than in men (OR = 1.88, 95% CI: 0.96–3.69) (Lee
et al., 2011). Correspondingly, a 50% increase in urine and especially
blood Cd levels is associated with elevated prevalence of myocardial
infarction and heart failure. After adjustment for smoking status (never
smokers only) the association between heart failure and blood (OR =
1.10, 95% CI: 0.96–1.27) and urinary (OR = 1.02, 95% CI: 0.88–1.18)
Cd concentration was found to be weaker (Peters et al., 2010). Higher
urinary and blood Cd levels was also associated with increased pre-
valence rate (PR) of myocardial infarction in NHANES 2003–2012

Fig. 1. Flow-chart of online search and selection.
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