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Abstract
In epidemiologic studies, high-chronic arsenic exposure has been associated with cardiovascular
disease, despite methodological limitations. At low-moderate arsenic levels, the evidence was
inconclusive. Here, we update a previous systematic review (Am J Epidemiol 2005;162: 1037–49)
examining the association between arsenic exposure and cardiovascular disease. Eighteen studies
published since 2005 were combined with 13 studies from the previous review. We calculated
pooled relative risks by comparing the highest versus the lowest exposure category across studies.
For high exposure (arsenic in drinking water > 50 μg/L), the pooled relative risks (95 %
confidence interval) for cardiovascular disease, coronary heart disease, stroke, and peripheral
arterial disease were 1.32 (95 % CI: 1.05–1.67), 1.89 (95 % CI: 1.33–2.69), 1.08 (95 % CI: 0.98–
1.19), and 2.17 (95 % CI: 1.47–3.20), respectively. At low-moderate arsenic levels, the evidence
was inconclusive. Our review strengthens the evidence for a causal association between high-
chronic arsenic exposure and clinical cardiovascular endpoints. Additional high quality studies are
needed at low-moderate arsenic levels.
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Introduction
Inorganic arsenic is a naturally occurring toxic metalloid found primarily in drinking water
and food [1–3], with an estimated 100 million people worldwide exposed to arsenic at levels
exceeding 50 μg/L [4, 5]. In epidemiologic studies, high-chronic arsenic exposure has been
linked to cardiovascular disease (CVD), including coronary heart disease (CHD), stroke, and
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peripheral arterial disease (PAD) [6, 7]. In particular, arsenic has been established as a cause
of blackfoot disease, a form of PAD endemic to areas of Taiwan with extremely high levels
of arsenic in drinking water [4, 8, 9]. Experimentally, arsenic exposure can induce
atherogenesis and endothelial dysfunction in animal models [10–17]. Proposed mechanisms
include up-regulation of inflammatory signals, enhanced oxidative stress, endothelial and
smooth muscle cell proliferation, vessel remodeling, and apoptosis [10–12, 16, 17].

In 2005, we summarized the existing evidence on the relationship between arsenic and CVD
in a systematic review [6]. We concluded that the evidence supported a role for chronic
high-dose arsenic exposure in CVD development, although the magnitude of the association
was uncertain, due to study heterogeneity and methodological limitations of the available
studies. Few studies had been performed at lower levels of exposure, and the cardiovascular
effects of chronic low-dose exposure to arsenic could not be established.

The association of arsenic exposure and CVD is an area of increasing research interest, and
several studies have been published since the publication of our systematic review. The
purpose of this paper was to update our previous systematic review of arsenic and CVD, and
to provide quantitative estimates of the pooled relative risks for CVD associated with arsenic
exposure.

Methods
Search Strategy, Study Selection, and Data Abstraction

We searched MEDLINE for epidemiological studies investigating the association between
arsenic and CVD with the following free text and Medical Subject Headings (MeSH):
“arsenic”, “arsenite”, “arsenate”, “arsenicals”, “arsenic poisoning”, “atherosclerosis”,
“carotid artery diseases”, coronary artery disease”, “cardiovascular disease”, “myocardial
infarction”, “stroke”, “cerebrovascular disorders”, “peripheral vascular diseases”,
“peripheral arterial disease”, “blackfoot disease” and “mortality” (Online Resource 1). We
included all studies assessing arsenic exposure either by environmental measures (e.g.,
water, air), biomarkers (e.g., urine, hair), or indirectly by residence in an arsenic-endemic
area. We limited the search to clinical CVD, defined a priori as CHD (including myocardial
infarction and ischemic heart disease), stroke (cerebrovascular disease, ischemic and
hemorrhagic stroke), and PAD (lower-extremity peripheral arterial disease, diseases of the
peripheral arteries, and blackfoot disease), as well as overall CVD. The search period was
limited to May 1, 2005 until July 23, 2012 in order to capture articles not included in the
previous systematic review [6]. The search had no language restrictions.

Two investigators (K.M. and A.N.A) reviewed all identified abstracts and excluded articles
that met any of the following criteria (Online Resource 2): (a) No original research (i.e.,
reviews, editorials, non-research letters); (b) Non-human study; (c) Case report or case
series; (d) No clinical cardiovascular outcomes (e.g., subclinical atherosclerosis); (e) No
chronic arsenic exposure levels in general population settings (e.g., occupational exposure,
acute arsenic poisoning, arsenic trioxide used as a chemotherapeutical agent, or lewisite).
We further excluded two studies for which the date of exposure cessation was unclear
[18,19], one study which reported arsenic as a percentage of total particulate composition
but not arsenic concentrations [20], one study in which case selection was not independent
of exposure status [21], and one study [22] that reported an analysis of CHD prevalence
from subjects already included in the previous review, but with a smaller sample size than
the previous reference [23]. One study [24] analyzed the same subjects as a study included
in the previous review [25], but presented a new analysis on a subset of subjects with urine
arsenic measurements, and therefore was considered a new study for the purposes of this
review. Any discrepancies were resolved by consensus. A native speaker reviewed the full-
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text of any non-English article that could not be included or excluded based on the initial
abstract review. An additional manual review of the reference lists from key original
research papers and review articles identified no additional studies. We assessed study
quality according to the criteria adapted from Longnecker and colleagues [26], consistent
with the previous systematic review [6].

Statistical Analysis
Available measures of association (e.g., odds ratios, prevalence ratios, hazard ratios, rate
ratios, standardized mortality ratios) and their standard errors or 95 % confidence intervals
(CI) were abstracted [8, 27–33] or derived [34–44] using the data reported in the
publications [45]. Results presented separately for males and females were combined within
each study. For studies with multiple exposure categories, we selected the comparison of the
highest to the lowest exposure category. In two studies that reported only mean arsenic
levels among cases and non-cases [35, 39, 40], we used the linear discriminant function
method [45] to estimate the odds ratios associated with a unit increase in arsenic exposure.
For these two studies, and for one study that reported the odds ratio per unit change in
arsenic [41], we estimated the odds ratio associated with the difference between the 75th and
the 25th percentiles of the arsenic distribution among non-cases, using the mean and
standard deviation of arsenic levels reported in non-cases and assuming a standard normal
distribution. For two studies that reported adjusted odds ratios and p-values but not 95 %
confidence intervals, we calculated the 95 % confidence intervals from the adjusted p-values
[36, 38]. For three cohort studies with external comparisons and multiple exposure
categories, we estimated the within-cohort relative risks by comparing the standardized
mortality ratios in high and low exposure groups [32•, 43, 44].

For descriptive purposes, we estimated pooled relative risks for CVD, CHD, stroke, and
PAD, combining the measures of association from all studies identified in our updated
search (Table 1) and in the previous systematic review (eight studies from high arsenic areas
in Taiwan and five studies from other countries—Online Resource 3) [6]. Pooled relative
risk estimates were calculated assuming an inverse variance-weighted random effects model
[46, 47] separately for populations exposed to high arsenic levels (mean arsenic in drinking
water > 50 g/L) and for populations exposed to low to moderate levels (mean < 50 g/L). We
evaluated heterogeneity between studies using the I2 statistic, which describes the total
variability across all studies due to heterogeneity [48]. For CHD, stroke, and PAD, we also
evaluated dose-response trends for each study with three or more exposure categories. Two
studies, one found in this updated review [42] and one in the original review [49], could not
be included in the pooled analyses, because they did not report enough data to calculate
confidence intervals. For studies that presented results for both urine and water arsenic, we
used urine arsenic for the pooled analysis and dose-response analysis [8, 25, 28••].
Similarly, for a study that reported results for both urine and hair arsenic, we used urine
arsenic [39, 40].

We performed several sensitivity analyses, limiting the pooled analysis to cohort studies
with internal comparisons, to cohort studies with external comparisons, to studies assessing
arsenic exposure using levels in drinking water, and to studies assessing arsenic exposure
using total arsenic levels in urine. Additionally, we tested for influential studies by omitting
each study sequentially. Statistical analysis was performed with Stata software Version 12
(StataCorp, College Station, TX, USA) [50] and figures were created using the statistical
package R (Version 2.13.1; R Foundation for Statistical Computing, Vienna, Austria) [51].
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Results
Study Characteristics

18 studies published since 2005 met the inclusion criteria (Table 1). Twelve studies were
conducted in high arsenic exposure areas of Taiwan (5), Bangladesh (3), Chile (1), Inner
Mongolia (2) and Pakistan (1), and six studies were conducted in low to moderate arsenic
exposure areas in the U.S. (3), Japan (1), Slovakia (1), and Spain (1). Of 12 cohort studies,
six used internal comparisons [27, 28••, 29•, 30, 31•, 33] and six used external comparisons
[32•, 34, 37, 42–44]. Of the cohort studies with internal comparisons, four were prospective
[27, 28••, 29•, 33] and two were retrospective [30, 31•]. The remaining six studies used case
control [35, 39, 40] or cross-sectional designs [24, 36, 38, 41].

Most studies assessed arsenic exposure using indirect measures (e.g., living in high arsenic
areas) [34, 37, 42, 44] or using environmental measures, such as arsenic in drinking water at
the region/county/zip code/municipal/village level [24, 27, 31•, 32•, 36], at the household/
individual level [28••, 29•, 30, 33, 38, 41], or in air [43]. Two of the studies measuring
arsenic in drinking water calculated an arsenic exposure index accounting for duration of
water consumption [24, 27]. Few studies measured biomarkers of arsenic exposure such as
urine [24, 28••, 35, 40] or hair [39].

The CVD outcomes and methods of ascertainment also varied across studies. The majority
of studies used mortality endpoints [27, 28••, 29•, 30, 32•, 33, 34, 37, 42–44], although
several ascertained prevalent cases [24, 35, 36, 38, 41], one study used hospitalizations
[31•], and one study identified incident cases [39, 40]. The studies with mortality endpoints
used death certificates [27, 32•, 33, 34, 37, 42–44], verbal autopsy and medical records
[28••, 30], and verbal autopsy alone [29•]. With respect to studies using prevalent endpoints,
CHD was assessed by self-report [41], PAD was assessed with standard clinical criteria [24,
36] or with unspecified methods [35], and the only study assessing prevalent cases of CVD
and stroke relied solely on self-report [38]. The only study with incident cases of CHD used
standard clinical criteria for case assessment [39, 40].

Overall, most of the studies published since May 2005 did not fulfill important study quality
criteria (Online Resource 4). Only nine studies measured arsenic at the individual or
household level [24, 28••, 29•, 30, 33, 35, 38–41] and only four studies used objective
diagnostic criteria [24, 31•, 36, 39, 40]. Only three studies, one for CHD [39, 40] and two
for PAD [24, 36], used standard diagnostic criteria. All but two studies [35, 42] collected
information on cardiovascular risk factors in addition to age, and all but five studies [34, 35,
37, 42, 43] adjusted for other cardiovascular risk factors in addition to age and sex. With
respect to case control and cross-sectional studies, all but one study [39, 40] were based on
prevalent cases, and only one indicated that interviewers were blinded to exposure status
[24]. Only two cross-sectional studies indicated their overall response rates of 70 % [24] and
63 % [36].

Studies in High Arsenic Exposure Areas
Arsenic was associated with CVD, CHD and PAD in all studies conducted in high arsenic
exposure areas, and it was associated with stroke in six of the seven studies (Table 1).
Combining the studies in Table 1 [24, 27, 28••, 29•, 30, 33–40] with the studies from
Taiwan summarized in the previous systematic review and in Online Resource 3 [23, 25,
52–58], the pooled relative risk estimates comparing the highest to lowest arsenic exposure
categories were 1.32 for CVD (95 % CI: 1.05–1.67; p-heterogeneity = 0.098; I2 = 43.9 %),
1.89 for CHD (95 % CI: 1.33–2.69; p-heterogeneity = 0.004; I2 = 70.7 %), 1.08 for stroke
(95 % CI: 0.98–1.19; p-heterogeneity = 0.001; I2 = 74.4 %) and 2.17 for PAD (95 % CI:
1.47–3.20; p-heterogeneity < 0.001; I2 = 87.7 %) (Table 2, Figure 1, Online Resource 5).
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One study was particularly influential for stroke [37]; after omitting it, the pooled relative
risk for stroke was 1.12 (95 % CI: 1.04–1.22). The relative risk estimates ranged from 1.22
[37] to 6.62 [40] for CHD (Figure 1), from 0.89 [37] to 2.69 [57] for stroke (Online
Resource 5), and from 1.03 [37] to 5.80 [36] for PAD (Online Resource 5).

Among nine studies (four in the updated search and five from the previous review)
conducted in high arsenic exposure areas that reported three or more exposure categories,
two of three found a consistent dose-response trend for CVD [29•, 30] (data not shown) and
all four found a consistent dose-response trend for CHD [23, 28••, 56, 58] (Figure 2). For
stroke, three of four studies in high exposure areas [30, 57, 58] found that risk of stroke
increased with increasing arsenic levels (Figure 2). For PAD, two of three studies in high
exposure areas found a dose-response trend [24, 55] (Figure 2).

Studies in Low to Moderate Arsenic Exposure Areas
Combining the studies conducted in low-moderate arsenic exposure areas in Table 1 [31•,
32•, 41, 43, 44] with the studies summarized in the previous systematic review and in Online
Resource 3 [59–62], the pooled relative risks comparing the highest to lowest arsenic
exposure categories were: 1.06 for CVD (95 % CI: 0.99–1.14; p-heterogeneity < 0.001; I2 =
93.4 %), 1.06 for CHD (95 % CI: 0.89–1.26; p-heterogeneity < 0.001; I2 = 97.3 %), 1.07 for
stroke (95 % CI: 0.96–1.20; p-heterogeneity < 0.001; I2 = 90.9 %) and 1.13 for PAD (95 %
CI: 0.77–1.66; p-heterogeneity < 0.001; I2 = 91.8 %) (Table 2, Figure 1, Online Resource 5),
with substantial between-study variability. The relative risk estimates ranged from 0.84 [62]
to 1.54 [59] for CHD (Figure 1), from 0.69 [60] to 2.47 [31•] for stroke (Online Resource 5),
and from 0.61 [60] to 1.58 [62] for PAD (Online Resource 5).

With respect to dose-response relationships, six studies (three in the updated search and
three from the previous review) reported three or more arsenic exposure categories in low-
moderate exposure areas. One of three studies found that increasing chronic arsenic
exposure was associated with increasing risk of CVD (data not shown) [32•]. For CHD,
stroke and PAD, only one study of four [59], one study of six [32•] and one study of two
[62], respectively, found a dose-response trend (Figure 2).

Discussion
High Arsenic Exposure

High-chronic exposure to inorganic arsenic from drinking water is a public health problem
affecting multiple countries around the world [4, 5, 63]. The recommended safety standard
for arsenic in drinking water by the World Health Organization (WHO), the US
Environmental Protection Agency (EPA), and the European Union is 10 μg/L. In other
countries, such as Bangladesh, the safety standard is 50 μg/L. Arsenic levels well above 50
μg/L affect many populations worldwide, especially in rural areas where groundwater is
contaminated with naturally occurring arsenic or with improperly disposed chemicals.
Inorganic arsenic is an established carcinogen [1, 3] that may also play a role in the
development of respiratory diseases [64], cardiometabolic diseases [65–67], and
developmental and reproductive abnormalities [65].

As shown in this systematic review, studies from multiple countries in populations with
different ethnic and sociodemographic backgrounds consistently found an association
between high-chronic arsenic exposure and CVD. While in our 2005 systematic review
evidence for high arsenic areas was limited to studies from Taiwan, in 2012 evidence was
also available from Bangladesh, Chile, Inner Mongolia, and Pakistan. The pooled relative
risk estimates comparing the highest to lowest arsenic exposure categories were at least
moderate for CHD and PAD (1.89 and 2.17, respectively). After excluding an influential
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study, the pooled relative risk for stroke was also statistically significant, but still relatively
modest.

While the evidence on the association of arsenic and CVD at high exposure levels is
compelling, several limitations in the evidence base need to be considered. Most early
studies did not adjust for key CVD risk factors, and could not establish the independent role
of arsenic. Adjustment for CVD risk factors has substantially improved in recent studies,
and most of them adjust for risk factors beyond age and sex. Although six studies adjusted
for measures of socioeconomic status, income, or education [28••, 29•, 30, 38–40],
socioeconomic status and access to care remain potential confounding factors, given that
contaminated water is more common in less affluent and underserved areas. Exposure
assessment remains a major limitation. Since 2005, only nine studies measured arsenic at the
individual or household level [24, 28••, 29•, 30, 33, 35, 38–41]. Lack of individual-level
data may result in measurement error with underestimation of the true effect of arsenic.
Environmental measures, however, may also be affected by ecologic biases and information
biases that may under or overestimate the associations. Furthermore, assessment of CVD
outcomes in most studies of arsenic in high exposure areas was also limited: CVD mortality
was ascertained from death certificates or verbal autopsies in most studies. As a
consequence, the burden of arsenic-induced CVD may have been substantially
underestimated.

The consistency of the associations across different populations, the availability of
prospective studies, the clear dose-response relationships, and the decrease in CVD
mortality following arsenic reduction [18, 19, 37] all support that the association between
high-dose arsenic exposure and CVD is causal. Experimental and mechanistic evidence,
including enhanced oxidant signaling and vessel remodeling, provide additional support for
a role of high-chronic arsenic exposure in CVD of atherosclerotic origin [10–12, 16, 17].
Overall, we conclude that current evidence is sufficient to infer a causal relationship
between high-chronic arsenic exposure and CVD, although future studies with improved
exposure and outcome assessment should provide a more complete picture of the burden of
arsenic-induced CVD in high exposure areas.

Low and Moderate Arsenic Exposure
Less is known about arsenic-related health effects at arsenic levels in drinking water below
the safety standards, which affect most populations worldwide. At those low-moderate
arsenic levels in water, moreover, there are other relevant sources of inorganic arsenic
including food and ambient air [2, 68]. Indeed, foods such as rice, grains and certain juices
are increasingly recognized sources of arsenic for general populations [2, 69, 70].

Some [31•, 32•, 41–44, 49, 62], but not all [60, 61], studies conducted at low-moderate
arsenic levels supported an association with increasing CVD risk. The studies were
conducted in diverse geographic areas, including Japan, Slovakia, Spain, Hungary, and the
United States. All studies published since 2005 reported positive associations, although the
magnitude of the associations was relatively modest in most studies, and the pooled relative
risks were all small and not statistically significant.

Non-statistically significant associations between low-moderate arsenic exposure and CVD
outcomes should be interpreted within the context of the methodological limitations of the
studies. Although eight cohort studies were available, only one had internal comparisons
[60]. The other seven cohorts were ecological studies that allowed internal comparisons
across high and low arsenic exposure categories [32•, 42–44, 49, 62]. Of the 11 studies with
low-moderate arsenic exposure, only six adjusted for CVD risk factors beyond age and sex
[31•, 32•, 41, 44, 59], and only three studies adjusted for income or education [31•, 32•, 41].
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Regarding exposure assessment, only three studies measured arsenic exposure at the
individual level (two studies used household drinking water arsenic [41, 59] and one used
total urine arsenic without accounting for seafood arsenicals [61]). Outcome assessment was
also limited. Mortality was based on death certificates in all cohort studies, and one cohort
study of stroke endpoints included stroke hospitalization data to confirm diagnosis [31•].
Prevalent cases of CVD were based on self-report [41, 59], or the ascertainment method was
not reported [61]. These limitations in exposure and outcome assessment may severely
underestimate the association of low-moderate arsenic exposure with CVD outcomes.

Overall, we conclude that the evidence is insufficient to establish a causal relationship
between low to moderate chronic arsenic exposure and clinical CVD. Given the high
prevalence of low-moderate arsenic exposure from drinking water, food, and ambient air
worldwide, prospective studies with high quality outcomes and arsenic assessment at the
individual level are needed.

Occupational Studies
In addition to general populations, occupational studies can also provide useful evidence on
the CVD effects of arsenic exposure. In 2005, we systematically reviewed the occupational
evidence and concluded that methodological limitations precluded reaching conclusions in
favor or against an association [6]. Since then, results from three cohorts of tin and copper
workers exposed to inhaled arsenic and CVD mortality endpoints have been published [71–
73]. All three studies found a consistently increased risk of stroke mortality among exposed
workers compared to external reference populations, but results were inconsistent for CVD
and CHD mortality [71–73]. The use of external comparisons, the healthy worker effect,
uncertainties in exposure assessment and outcome assessment, and likely exposures to
multiple toxicants limit the interpretability of these studies.

Other CVD Endpoints
In addition to clinical cardiovascular outcomes, chronic exposure to arsenic has also been
associated with sub-clinical CVD markers and with CVD risk factors. In Southwestern
Taiwan, cumulative arsenic exposure was associated with increased prevalence of carotid
plaque and with increased intima media thickness [74], and in a small study in Bangladesh,
the adjusted odds ratios for carotid intima media thickness > 0.75 mm were 2.1 (95 % CI
0.4–10.5) and 6.0 (95 % CI 0.5–80.7), comparing the highest to the lowest tertiles of well
water and urine arsenic concentrations, respectively [75].

Increasing evidence also supports that arsenic may play a role in the development of a
number of traditional CVD risk factors, including diabetes [67, 76] and hypertension [66],
that could mediate at least in part the cardiovascular effects of arsenic. Arsenic exposure has
also been related to markers of endothelial dysfunction and vascular inflammation. In
Bangladesh, arsenic exposure was cross-sectionally and prospectively associated with
plasma levels of soluble intercellular adhesion molecule-1 (sICAM-1) and soluble vascular
adhesion molecule-1 (sVCAM-1) [77, 78].

An important recent development is the identification of an increase in the
electrocardiographic QT duration associated with environmental levels of arsenic [79, 80].
Prolongation of the QT interval predisposes to malignant ventricular arrhythmias and is a
risk factor for sudden cardiac death [81]. The association between arsenic and QT interval
duration has been identified in general population studies from Bangladesh, Taiwan, Inner
Mongolia, and the U.S. [79, 80, 82, 83]. In Southwestern Taiwan, chronic exposure to
arsenic was associated with QT duration in a dose-dependent manner [84]. Importantly, the
association of arsenic exposure with QT duration has also been established in areas of low
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arsenic exposure. Indeed, in the Normative Aging Study, an interquartile range increase in
toenail arsenic, a biomarker of long-term exposure to arsenic, was associated with a 3.8
millisecond increase in QT interval (95 % CI: 0.82–6.8) and a 2.5 millisecond increase in
QTc (heart rate-corrected QT) interval (95 % CI: 0.11–4.9) [79]. No population study has
evaluated the association of arsenic with the incidence of arrhythmias or with sudden cardiac
death.

Emerging Research Questions
The evaluation of factors that influence individual susceptibility to arsenic-related CVD is
an emerging research question. Arsenic methylation patterns [24, 85, 86], genetic
polymorphisms [41, 87–89], and cigarette smoking [28••] could modify CVD risk in the
presence of arsenic, but a systematic evaluation of these factors is needed. Differences by
sex could also be important [90], although the studies that have evaluated sex differences in
arsenic-related CVD showed similar patterns in men and women [34, 37, 39, 40, 44, 49, 53,
58, 60, 62].

Recently, epigenetic modifications have been proposed as potential mechanisms to explain
health effects related to arsenic exposure [17, 91, 92]. High quality experimental and
epidemiologic studies are needed to evaluate the contribution of arsenic exposure to
epigenetic modifications such as DNA methylation and histone modifications and their
potential mediation to CVD development.

Conclusions
This updated systematic review and meta-analysis strengthens the evidence for a causal
association between high-chronic arsenic exposure and CVD, most clearly for CHD and
PAD, and less strongly for stroke. At low-moderate arsenic levels, affecting most general
populations, the evidence remains inconclusive due to methodological limitations of
available studies. Given widespread low-to moderate arsenic exposure and the high burden
of CVD worldwide, even a small risk is important. From a public health perspective, urgent
measures are needed to protect millions of people worldwide from high-arsenic levels in
drinking water. Arsenic mitigation interventions could substantially contribute to reducing
CVD burden [18, 19, 37]. At low-moderate arsenic levels, high quality prospective studies
including individual-level exposure assessment and standardized CVD outcomes are needed
to understand the role of arsenic as a CVD risk factor.
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Acknowledgments
This research is supported by grants from the US National Heart Lung and Blood Institute (R01HL090863) and the
US National Institute of Environmental Health Sciences (R01ES021367).

Abbreviations

CI Confidence Interval

CHD Coronary Heart Disease

CVD Cardiovascular Disease

PAD Peripheral Arterial Disease

Moon et al. Page 8

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
Papers of particular interest, published since 2009, have been highlighted as:

• of importance

•• of outstanding importance

1. National Research Council. Arsenic in Drinking Water. Washington, D.C: National Academy Press;
1999.

2. Scientific Opinion on Arsenic in Food. EFSA (European Food Safety Authority) Panel on
Contaminants in the Food Chain. EFSA Journal. 2009; 7(10):1351.

3. International Agency for Research on Cancer Working Group on the Evaluation of Carcinogenic
Risks to Humans. Some Drinking-Water Disinfectants and Contaminants, Including Arsenic: IARC
Working Group on the Evaluation of Carcinogenic Risks to Humans [Internet]. Lyon, France: IARC
Press; 2004. Available from: http://monographs.iarc.fr/ENG/Monographs/vol84/mono84.pdf

4. World Health Organization (WHO). United Nations synthesis report on arsenic in drinking water
[Internet]. Geneva: World Health Organization; 2001. Available from: http://www.who.int/
water_sanitation_health/dwq/arsenic3/en/

5. Alaerts, GJ.; Khouri, N.; Kabir, B. Arsenic in Drinking Water United Nations Synthesis Report on
Arsenic in Drinking Water [Internet]. Washington, DC, USA: The World Bank; Strategies to
mitigate arsenic contamination of water supply. Available from: http://www.who.int/
water_sanitation_health/dwq/arsenicun8.pdf

6. Navas-Acien A, Sharrett AR, Silbergeld EK, Schwartz BS, Nachman KE, Burke TA, et al. Arsenic
exposure and cardiovascular disease: a systematic review of the epidemiologic evidence. Am J
Epidemiol. 2005; 162(11):1037–49. [PubMed: 16269585]

7. Wang C-H, Hsiao CK, Chen C-L, Hsu L-I, Chiou H-Y, Chen S-Y, et al. A review of the
epidemiologic literature on the role of environmental arsenic exposure and cardiovascular diseases.
Toxicol Appl Pharmacol. 2007; 222(3):315–26. [PubMed: 17433393]

8. Tseng C-H. Blackfoot disease and arsenic: a never-ending story. J Environ Sci Health C Environ
Carcinog Ecotoxicol Rev. 2005; 23(1):55–74. [PubMed: 16291522]

9. Tseng C-H. Cardiovascular disease in arsenic-exposed subjects living in the arseniasis-
hyperendemic areas in Taiwan. Atherosclerosis. 2008; 199(1):12–8. [PubMed: 18367191]

10. Alissa EM, Ferns GA. Heavy metal poisoning and cardiovascular disease. J Toxicol. 2011;
2011:870125. [PubMed: 21912545]

11. Balakumar P, Kaur J. Arsenic exposure and cardiovascular disorders: an overview. Cardiovasc
Toxicol. 2009; 9(4):169–76. [PubMed: 19787300]

12. Jomova K, Valko M. Advances in metal-induced oxidative stress and human disease. Toxicology.
2011; 283(2–3):65–87. [PubMed: 21414382]

13. Cheng T-J, Chuu J-J, Chang C-Y, Tsai W-C, Chen K-J, Guo H-R. Atherosclerosis induced by
arsenic in drinking water in rats through altering lipid metabolism. Toxicol Appl Pharmacol. 2011;
256(2):146–53. [PubMed: 21851829]

14. Tsou T-C, Yeh SC, Tsai E-M, Tsai F-Y, Chao H-R, Chang LW. Arsenite enhances tumor necrosis
factor-alpha-induced expression of vascular cell adhesion molecule-1. Toxicol Appl Pharmacol.
2005; 209(1):10–8. [PubMed: 16271621]

15. Chen S-C, Tsai M-H, Wang H-J, Yu H-S, Chang LW. Involvement of substance P and neurogenic
inflammation in arsenic-induced early vascular dysfunction. Toxicol Sci. 2007; 95(1):82–8.
[PubMed: 17056641]

16. States JC, Srivastava S, Chen Y, Barchowsky A. Arsenic and cardiovascular disease. Toxicol Sci.
2009; 107(2):312–23. [PubMed: 19015167]

17. States JC, Barchowsky A, Cartwright IL, Reichard JF, Futscher BW, Lantz RC. Arsenic
toxicology: translating between experimental models and human pathology. Environ Health
Perspect. 2011; 119(10):1356–63. [PubMed: 21684831]

Moon et al. Page 9

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://monographs.iarc.fr/ENG/Monographs/vol84/mono84.pdf
http://www.who.int/water_sanitation_health/dwq/arsenic3/en/
http://www.who.int/water_sanitation_health/dwq/arsenic3/en/
http://www.who.int/water_sanitation_health/dwq/arsenicun8.pdf
http://www.who.int/water_sanitation_health/dwq/arsenicun8.pdf


18. Chiu H-F, Lin M-C, Yang C-Y. Primary intracerebral hemorrhage mortality reduction after
installation of a tap-water supply system in an arseniasis-endemic area in southwestern Taiwan. J
Toxicol Environ Health Part A. 2007; 70(6):539–46. [PubMed: 17365607]

19. Yang C-Y. Does arsenic exposure increase the risk of development of peripheral vascular diseases
in humans? J Toxicol Environ Health Part A. 2006; 69(19):1797–804. [PubMed: 16905509]

20. Franklin M, Koutrakis P, Schwartz P. The role of particle composition on the association between
PM2. and mortality Epidemiology. 2008; 19(5):680–9.

21. Tsai J-L, Horng P-H, Hwang T-J, Hsu JW, Horng C-J. Determination of urinary trace elements
(arsenic, copper, cadmium, manganese, lead, zinc, selenium) in patients with Blackfoot disease.
Arch Environ Health. 2004; 59(12):686–92. [PubMed: 16789478]

22. Wang C-H, Chen C-L, Hsiao CK, Chiang F-T, Hsu L-I, Chiou H-Y, et al. Arsenic-induced QT
dispersion is associated with atherosclerotic diseases and predicts long-term cardiovascular
mortality in subjects with previous exposure to arsenic: A 17-Year follow-up study. Cardiovasc
Toxicol. 2010; 10(1):17–26. [PubMed: 19957052]

23. Tseng C-H, Chong C-K, Tseng C-P, Hsueh Y-M, Chiou H-Y, Tseng C-C, et al. Long-term arsenic
exposure and ischemic heart disease in arseniasis-hyperendemic villages in Taiwan. Toxicol Lett.
2003; 137(1–2):15–21. [PubMed: 12505429]

24. Tseng C-H, Huang Y-K, Huang Y-L, Chung C-J, Yang M-H, Chen C-J, et al. Arsenic exposure,
urinary arsenic speciation, and peripheral vascular disease in blackfoot disease-hyperendemic
villages in Taiwan. Toxicol Appl Pharmacol. 2005; 206(3):299–308. [PubMed: 16039941]

25. Tseng CH, Chong CK, Chen CJ, Tai TY. Dose-response relationship between peripheral vascular
disease and ingested inorganic arsenic among residents in blackfoot disease endemic villages in
Taiwan. Atherosclerosis. 1996; 120(1–2):125–33. [PubMed: 8645353]

26. Longnecker MP, Berlin JA, Orza MJ, Chalmers TC. A meta-analysis of alcohol consumption in
relation to risk of breast cancer. JAMA. 1988; 260(5):652–6. [PubMed: 3392790]

27. Liao, Y-T.; Chen, C-J.; Li, W-F.; Hsu, L-I.; Tsai, L-Y.; Huang, Y-L., et al. Elevated lactate
dehydrogenase activity and increased cardiovascular mortality in the arsenic-endemic areas of
southwestern Taiwan. Toxicology and applied pharmacology [Internet]. 2012 May 1. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/22569360

28••. Chen Y, Graziano JH, Parvez F, Liu M, Slavkovich V, Kalra T, et al. Arsenic exposure from
drinking water and mortality from cardiovascular disease in Bangladesh: prospective cohort
study. BMJ. 2011; 342:d2431. In this large prospective cohort study in Bangladesh, exposure to
arsenic was assessed using both individual drinking water and urine total arsenic levels. Arsenic
was associated with increased cardiovascular disease, coronary heart disease, and stroke
mortality. A synergistic effect between cigarette smoking and arsenic exposure on heart disease
mortality was found. [PubMed: 21546419]

29•. Sohel N, Persson LA, Rahman M, Streatfield PK, Yunus M, Ekström E-C, et al. Arsenic in
drinking water and adult mortality: a population-based cohort study in rural Bangladesh.
Epidemiology. 2009; 20(6):824–30. In this large prospective cohort study from rural Bangladesh,
arsenic levels in household drinking water were associated with an increased risk of
cardiovascular disease mortality. There was a clear dose-response relationship, with an increased
risk of mortality from cardiovascular disease even at relatively low levels of arsenic exposure
(10–49 μg/L). [PubMed: 19797964]

30. Wade TJ, Xia Y, Wu K, Li Y, Ning Z, Le XC, et al. Increased mortality associated with well-water
arsenic exposure in Inner Mongolia, China. Int J Environ Res Public Health. 2009; 6(3):1107–23.
[PubMed: 19440436]

31•. Lisabeth LD, Ahn HJ, Chen JJ, Sealy-Jefferson S, Burke JF, Meliker JR. Arsenic in drinking
water and stroke hospitalizations in Michigan. Stroke. 2010; 41(11):2499–504. An ecological
study of 83 counties in Michigan, U.S., including a sub-analysis of 27 zip codes in Genesee
County. Using population-weighted average levels of arsenic in drinking water, this study found
a significant increased risk of ischemic stroke hospitalizations in Genesee county, comparing zip
codes with average levels of arsenic of 22.3 μg/L versus 4.5 μg/L. [PubMed: 20947858]

32•. Medrano MAJ, Boix R, Pastor–Barriuso R, Palau M, Damián J, Ramis R, et al. Arsenic in public
water supplies and cardiovascular mortality in Spain. Environ Res. 2010; 110(5):448–54. This
ecological study from Spain used municipal drinking water levels of arsenic and found an

Moon et al. Page 10

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/22569360


increased risk of cardiovascular, coronary heart disease, and stroke mortality in municipalities
with average levels of arsenic of 1–10 μg/L and <10 μg/L, compared to < 10 μg/L. The authors
were able to adjust for many cardiovascular disease risk factors at the municipal or provincial
level. [PubMed: 19880104]

33. Wu M-M, Chiou H-Y, Chen C-L, Wang Y-H, Hsieh Y-C, Lien L-M, et al. GT-repeat
polymorphism in the heme oxygenase-1 gene promoter is associated with cardiovascular mortality
risk in an arsenic-exposed population in northeastern Taiwan. Toxicol Appl Pharmacol. 2010;
248(3):226–33. [PubMed: 20708634]

34. Cheng T-J, Ke D-S, Guo H-R. The association between arsenic exposure from drinking water and
cerebrovascular disease mortality in Taiwan. Water Res. 2010; 44(19):5770–6. [PubMed:
20561663]

35. Horng C-J, Lin S-R. Determination of urinary trace elements (As, Hg, Zn, Pb, Se) in patients with
Blackfoot disease. Talanta. 1997; 45(1):75–83. [PubMed: 18966982]

36. Khan MH, Sarkar S, Khan N, Sarwar AFM, Ahmad SA. Assessment of low ABSPI among arsenic
exposed and non-exposed populations: a pilot study. Bangladesh Med Res Counc Bull. 2010;
36(1):23–6. [PubMed: 21280555]

37. Yuan Y, Marshall G, Ferreccio C, Steinmaus C, Selvin S, Liaw J, et al. Acute myocardial
infarction mortality in comparison with lung and bladder cancer mortality in arsenic-exposed
region II of Chile from 1950 to 2000. Am J Epidemiol. 2007; 166(12):1381–91. [PubMed:
17875584]

38. Xia Y, Wade TJ, Wu K, Li Y, Ning Z, Le XC, et al. Well water arsenic exposure, arsenic induced
skin-lesions and self-reported morbidity in Inner Mongolia. Int J Environ Res Public Health. 2009;
6(3):1010–25. [PubMed: 19440430]

39. Afridi HI, Kazi TG, Kazi N, Kandhro GA, Baig JA, Shah AQ, et al. Evaluation of toxic elements
in scalp hair samples of myocardial infarction patients at different stages as related to controls.
Biol Trace Elem Res. 2010; 134(1):1–12. [PubMed: 19588078]

40. Afridi HI, Kazi TG, Kazi N, Kandhro GA, Baig JA, Jamali MK, et al. Association of
environmental toxic elements in biological samples of myocardial infarction patients at different
stages. Biol Trace Elem Res. 2011; 141(1–3):26–40. [PubMed: 20480400]

41. Gong G, O’Bryant SE. Low-level arsenic exposure, AS3MT gene polymorphism and
cardiovascular diseases in rural Texas counties. Environ Res. 2012; 113:52–7. [PubMed:
22341486]

42. Rapant S, Cvecková V, Dietzová Z, Khun M, Letkovicová M. Medical geochemistry research in
Spissko-Gemerské rudohorie Mts. Slovakia Environ Geochem Health. 2009; 31(1):11–25.

43. Yoshikawa M, Aoki K, Ebine N, Kusunoki M, Okamoto A. Correlation between the arsenic
concentrations in the air and the SMR of lung cancer. Environ Health Prev Med. 2008; 13(4):207–
18. [PubMed: 19568907]

44. Meliker JR, Wahl RL, Cameron LL, Nriagu JO. Arsenic in drinking water and cerebrovascular
disease, diabetes mellitus, and kidney disease in Michigan: a standardized mortality ratio analysis.
Environ Health. 2007; 6:4. [PubMed: 17274811]

45. Greenland S. Quantitative methods in the review of epidemiologic literature. Epidemiol Rev. 1987;
9:1–30. [PubMed: 3678409]

46. Harris, Ross J.; Bradburn, Michael J.; Deeks, Jonathan J.; Harbord, Roger M.; Altman, Douglas G.;
Sterne, Jonathan AC. metan: fixed- and random-effects meta-analysis. Stata Journal. 2008; 8(1):3–
28.

47. Deeks, JJ.; Altman, DG.; Bradburn, MJ. Systematic Reviews in Health Care [Internet]. BMJ
Publishing Group; 2001. Statistical Methods for Examining Heterogeneity and Combining Results
from Several Studies in Meta-Analysis; p. 285-312.Available from: http://dx.doi.org/
10.1002/9780470693926.ch15

48. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002;
21(11):1539–58. [PubMed: 12111919]

49. Varsányi I, Fodré Z, Bartha A. Arsenic in drinking water and mortality in the Southern Great Plain,
Hungary. Environmental Geochemistry and Health. 1991; 13(1):14–22.

50. StataCorp. Stata Statistical Software: Release 12. College Station, TX: StataCorp, LP; 2011.

Moon et al. Page 11

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://dx.doi.org/10.1002/9780470693926.ch15
http://dx.doi.org/10.1002/9780470693926.ch15


51. R Foundation for Statistical Computing. R: A Language and Environment for Statistical
Computing [Internet]. Vienna, Austria: 2012. Available from: http://www.R-project.org/

52. Wang CT, Chang WT. Arterial tissue of arsenic, selenium and iron in Blackfoot disease patients.
Clin Chem Lab Med. 2001; 39(7):645–8. [PubMed: 11522114]

53. Tsai SM, Wang TN, Ko YC. Mortality for certain diseases in areas with high levels of arsenic in
drinking water. Arch Environ Health. 1999; 54(3):186–93. [PubMed: 10444040]

54. Lin SM, Yang MH. Arsenic, selenium, and zinc in patients with Blackfoot disease. Biol Trace
Elem Res. 1988 Apr.15:213–21. [PubMed: 2484518]

55. Chen CJ, Wu MM, Lee SS, Wang JD, Cheng SH, Wu HY. Atherogenicity and carcinogenicity of
high-arsenic artesian well water. Multiple risk factors and related malignant neoplasms of
blackfoot disease. Arteriosclerosis. 1988; 8(5):452–60. [PubMed: 3190552]

56. Chen CJ, Chiou HY, Chiang MH, Lin LJ, Tai TY. Dose-response relationship between ischemic
heart disease mortality and long-term arsenic exposure. Arterioscler Thromb Vasc Biol. 1996;
16(4):504–10. [PubMed: 8624771]

57. Chiou HY, Huang WI, Su CL, Chang SF, Hsu YH, Chen CJ. Dose-response relationship between
prevalence of cerebrovascular disease and ingested inorganic arsenic. Stroke. 1997; 28(9):1717–
23. [PubMed: 9303014]

58. Wu MM, Kuo TL, Hwang YH, Chen CJ. Dose-response relation between arsenic concentration in
well water and mortality from cancers and vascular diseases. Am J Epidemiol. 1989; 130(6):1123–
32. [PubMed: 2589305]

59. Zierold KM, Knobeloch L, Anderson H. Prevalence of chronic diseases in adults exposed to
arsenic-contaminated drinking water. Am J Public Health. 2004; 94(11):1936–7. [PubMed:
15514231]

60. Lewis DR, Southwick JW, Ouellet-Hellstrom R, Rench J, Calderon RL. Drinking water arsenic in
Utah: A cohort mortality study. Environ Health Perspect. 1999; 107(5):359–65. [PubMed:
10210691]

61. Ruiz-Navarro ML, Navarro-Alarcón M, Lopez González-de la Serrana H, Pérez-Valero V, López-
Martinez MC. Urine arsenic concentrations in healthy adults as indicators of environmental
contamination: relation with some pathologies. Sci Total Environ. 1998; 216(1–2):55–61.
[PubMed: 9618928]

62. Engel RR, Smith AH. Arsenic in drinking water and mortality from vascular disease: an ecologic
analysis in 30 counties in the United States. Arch Environ Health. 1994; 49(5):418–27. [PubMed:
7944575]

63. Smith AH, Lingas EO, Rahman M. Contamination of drinking-water by arsenic in Bangladesh: a
public health emergency. Bull World Health Organ. 2000; 78(9):1093–103. [PubMed: 11019458]

64. Soto–Martinez M, Sly PD. Relationship between environmental exposures in children and adult
lung disease: the case for outdoor exposures. Chron Respir Dis. 2010; 7(3):173–86. [PubMed:
19819910]

65. Smith AH, Steinmaus CM. Health effects of arsenic and chromium in drinking water: recent
human findings. Annu Rev Public Health. 2009; 30:107–22. [PubMed: 19012537]

66. Abhyankar LN, Jones MR, Guallar E, Navas-Acien A. Arsenic Exposure and Hypertension: A
Systematic Review. Environmental Health Perspectives. 2011; 120(4):494–500. [PubMed:
22138666]

67. Navas-Acien A, Silbergeld EK, Streeter RA, Clark JM, Burke TA, Guallar E. Arsenic exposure
and type 2 diabetes: a systematic review of the experimental and epidemiological evidence.
Environ Health Perspect. 2006; 114(5):641–8. [PubMed: 16675414]

68. IPCS (International Programme on Chemical Safety). Environmental Health Criteria Document
224: Arsenic and Arsenic Compounds. 2. Geneva: World Health Organization; 2001.

69. Jackson BP, Taylor VF, Karagas MR, Punshon T, Cottingham KL. Arsenic, organic foods, and
brown rice syrup. Environ Health Perspect. 2012; 120(5):623–6. [PubMed: 22336149]

70. Gilbert-Diamond D, Cottingham KL, Gruber JF, Punshon T, Sayarath V, Gandolfi AJ, et al. Rice
consumption contributes to arsenic exposure in US women. Proc Natl Acad Sci US A. 2011;
108(51):20656–60.

Moon et al. Page 12

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.R-project.org/


71. Binks K, Doll R, Gillies M, Holroyd C, Jones SR, McGeoghegan D, et al. Mortality experience of
male workers at a UK tin smelter. Occup Med (Lond). 2005; 55(3):215–26. [PubMed: 15757978]

72. Chen W, Yang J, Chen J, Bruch J. Exposures to silica mixed dust and cohort mortality study in tin
mines: exposure-response analysis and risk assessment of lung cancer. Am J Ind Med. 2006;
49(2):67–76. [PubMed: 16362950]

73. Marsh GM, Esmen NA, Buchanich JM, Youk AO. Mortality patterns among workers exposed to
arsenic, cadmium, and other substances in a copper smelter. Am J Ind Med. 2009; 52(8):633–44.
[PubMed: 19533624]

74. Wang C-H, Jeng J-S, Yip P-K, Chen C-L, Hsu L-I, Hsueh Y-M, et al. Biological gradient between
long-term arsenic exposure and carotid atherosclerosis. Circulation. 2002; 105(15):1804–9.
[PubMed: 11956123]

75. Chen Y, Hakim ME, Parvez F, Islam T, Rahman AM, Ahsan H. Arsenic exposure from drinking-
water and carotid artery intima-medial thickness in healthy young adults in Bangladesh. J Health
Popul Nutr. 2006; 24(2):253–7. [PubMed: 17195567]

76. Navas-Acien A, Silbergeld EK, Pastor-Barriuso R, Guallar E. Arsenic exposure and prevalence of
type 2 diabetes in US adults. JAMA. 2008; 300(7):814–22. [PubMed: 18714061]

77. Chen Y, Santella RM, Kibriya MG, Wang Q, Kappil M, Verret WJ, et al. Association between
arsenic exposure from drinking water and plasma levels of soluble cell adhesion molecules.
Environ Health Perspect. 2007; 115(10):1415–20. [PubMed: 17938729]

78. Wu F, Jasmine F, Kibriya MG, Liu M, Wójcik O, Parvez F, et al. Association between arsenic
exposure from drinking water and plasma levels of cardiovascular markers. Am J Epidemiol. 2012
Jun 15; 175(12):1252–61. [PubMed: 22534204]

79. Mordukhovich I, Wright RO, Amarasiriwardena C, Baja E, Baccarelli A, Suh H, et al. Association
between low-level environmental arsenic exposure and QT interval duration in a general
population study. Am J Epidemiol. 2009; 170(6):739–46. [PubMed: 19700500]

80. Mumford JL, Wu K, Xia Y, Kwok R, Yang Z, Foster J, et al. Chronic arsenic exposure and cardiac
repolarization abnormalities with QT interval prolongation in a population-based study. Environ
Health Perspect. 2007; 115(5):690–4. [PubMed: 17520054]

81. Zhang Y, Post WS, Dalal D, Blasco-Colmenares E, Tomaselli GF, Guallar E. QT-interval duration
and mortality rate: results from the Third National Health and Nutrition Examination Survey. Arch
Intern Med. 2011; 171(19):1727–33. [PubMed: 22025428]

82. Ahmad SA, Khatun F, Sayed MHSU, Khan MH, Aziz R, Hossain MZ, et al. Electrocardiographic
abnormalities among arsenic-exposed persons through groundwater in Bangladesh. J Health Popul
Nutr. 2006; 24(2):221–7. [PubMed: 17195563]

83. Liao Y-T, Li W-F, Chen C-J, Prineas RJ, Chen WJ, Zhang Z-M, et al. Synergistic effect of
polymorphisms of paraoxonase gene cluster and arsenic exposure on electrocardiogram
abnormality. Toxicol Appl Pharmacol. 2009; 239(2):178–83. [PubMed: 19152805]

84. Wang C-H, Chen C-L, Hsiao CK, Chiang F-T, Hsu L-I, Chiou H-Y, et al. Increased risk of QT
prolongation associated with atherosclerotic diseases in arseniasis-endemic area in southwestern
coast of Taiwan. Toxicol Appl Pharmacol. 2009; 239(3):320–4. [PubMed: 19573547]

85. Wu M-M, Chiou H-Y, Hsueh Y-M, Hong C-T, Su C-L, Chang S-F, et al. Effect of plasma
homocysteine level and urinary monomethylarsonic acid on the risk of arsenic-associated carotid
atherosclerosis. Toxicol Appl Pharmacol. 2006; 216(1):168–75. [PubMed: 16806340]

86. Huang Y-L, Hsueh Y-M, Huang Y-K, Yip P-K, Yang M-H, Chen C-J. Urinary arsenic methylation
capability and carotid atherosclerosis risk in subjects living in arsenicosis-hyperendemic areas in
southwestern Taiwan. Sci Total Environ. 2009; 407(8):2608–14. [PubMed: 19187952]

87. Hsieh Y-C, Hsieh F-I, Lien L-M, Chou Y-L, Chiou H-Y, Chen C-J. Risk of carotid atherosclerosis
associated with genetic polymorphisms of apolipoprotein E and inflammatory genes among
arsenic exposed residents in Taiwan. Toxicol Appl Pharmacol. 2008; 227(1):1–7. [PubMed:
18022660]

88. Li W-F, Sun C-W, Cheng T-J, Chang K-H, Chen C-J, Wang S-L. Risk of carotid atherosclerosis is
associated with low serum paraoxonase (PON1) activity among arsenic exposed residents in
Southwestern Taiwan. Toxicol Appl Pharmacol. 2009; 236(2):246–53. [PubMed: 19371607]

Moon et al. Page 13

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



89. Hsieh Y-C, Lien L-M, Chung W-T, Hsieh F-I, Hsieh P-F, Wu M-M, et al. Significantly increased
risk of carotid atherosclerosis with arsenic exposure and polymorphisms in arsenic metabolism
genes. Environ Res. 2011; 111(6):804–10. [PubMed: 21605854]

90. Vahter M, Akesson A, Lidén C, Ceccatelli S, Berglund M. Gender differences in the disposition
and toxicity of metals. Environ Res. 2007; 104(1):85–95. [PubMed: 16996054]

91. Ren X, McHale CM, Skibola CF, Smith AH, Smith MT, Zhang L. An emerging role for epigenetic
dysregulation in arsenic toxicity and carcinogenesis. Environ Health Perspect. 2011; 119(1):11–9.
[PubMed: 20682481]

92. Smeester L, Rager JE, Bailey KA, Guan X, Smith N, García-Vargas G, et al. Epigenetic changes in
individuals with arsenicosis. Chem Res Toxicol. 2011; 24(2):165–7. [PubMed: 21291286]

Moon et al. Page 14

Curr Atheroscler Rep. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1. Relative risks (RR) for coronary heart disease (CHD) comparing the highest to lowest
arsenic exposure categories
The area of each black square (individual study) is proportional to the inverse of the
variance of the estimated log relative risk. Horizontal lines represent 95 % confidence
intervals.
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Fig. 2. Dose-response relationship of arsenic exposure and coronary heart disease (CHD), stroke,
and peripheral arterial disease (PAD)
Solid lines represent studies conducted in high exposure areas (Taiwan, Bangladesh, Chile,
Inner Mongolia, and Pakistan) and dashed lines represent studies conducted in low to
moderate exposure areas (U.S., Spain, Slovakia, Hungary, and Japan). Studies of CHD:
Chen et al. 2011 [28••] (red); Tseng et al. 2003 [23] (light brown); Chen et al. 1996 [56]
(light pink); Wu et al. 1989 [58] (light green); Medrano et al. 2010 [32•] (gray); Zierold et
al. 2004 [59] (black); Lewis et al. 1999 [60] (gold); Engel & Smith 1994 [62] (dark green).
Studies of stroke: Chen et al. 2011 [28] (red); Wade et al. 2009 [30] (blue); Chiou et al. 1997
[57] (orange); Wu et al. 1989 [58] (light green); Lisabeth et al. 2010 [31•] (pink); Medrano
et al. 2010 [32•] (gray); Yoshikawa et al. 2008 [43] (turquoise); Zierold et al. 2004 [59]
(black); Lewis et al. 1999 [60] (gold); Engel & Smith 1994 [62] (dark green). Studies of
PAD: Tseng et al. 2005 [24] (purple); Wu et al. 1989 [58] (light green); Chen et al. 1988
[55] (light blue); Lewis et al. 1999 [60] (gold); Engel & Smith 1994 [62] (dark green). The
reference categories were as follows: Chen et al. 2011 [28••]: 6.6–105.9 μg/g creatinine
(urine); Wade et al. 2009 [30]: 0–5 μg/L; Tseng et al. 2005 [24]: 0 CAE (cumulative arsenic
exposure) mg/L × year; Tseng et al. 2003 [23]: 0 mg/L-years; Chiou et al. 1997 [57]: <0.1
mg/L - year; Chen et al. 1996 [56]: 0 mg/L - years; Wu et al. 1989 [58]: <0.3 mg/L; Chen et
al. 1988 [55]: 0 years; Lisabeth et al. 2010 [31•]: 0.3–4.5 μg/L; Medrano et al. 2010 [32•]:
<1 μg/L; Yoshikawa et al. 2008 [43]: <0.77 ng/m3; Zierold et al. 2004 [59]: <2 μg/L; Lewis
et al. 1999 [60]: < 1 mg/L-year; Engel & Smith 1994 [62]: 5–10 μg/L.
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