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Abstract
Purpose of Review Arsenic is associated with cancer, heart disease, diabetes, and other outcomes that are also related to obesity.
These similar effects raise the possibility that arsenic plays a role in obesity causation. They also raise the possibility that obesity
may be an important effect modifier of arsenic-caused disease. This review summarizes the complex relationship between arsenic
and obesity, with an emphasis on current research from human studies.
Recent Findings Experimental studies provide some evidence that arsenic could play a role in obesity pathogenesis. To date,
however, these associations have not been confirmed in human studies. In contrast, several epidemiologic studies have shown
that the risks of arsenic-caused disease are markedly higher in obese individuals, highlighting obesity as an important suscep-
tibility factor.
Summary Arsenic exposure and obesity are prevalent and widespread. Research identifying vulnerable populations, including
obese individuals, could lead to new interventions having broad public health effects.
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Introduction

Tens of millions of people worldwide have been exposed to
arsenic in drinking water, including an estimated 50 million in
Bangladesh, 30 million in India, 15 million in China, and tens
of millions more in Europe, South and Central America, and
elsewhere [1]. Most of these exposures are a result of naturally
occurring inorganic arsenic, although industrial contamination
can also occur. In the USA, an estimated 12% of public water
systems (5252 out of 43443 public water systems) have had
arsenic concentrations near 10 μg/L [2], the current World
Health Organization (WHO) recommended standard and US
regulatory standard for public water supplies. An estimated

2.1 million people are exposed to higher levels from private
wells [3], which are not regulated. Inorganic arsenic also oc-
curs in a variety of foods including apple juice, chicken, wine,
beer, and rice [4–7]. In 2012, the US Food and Drug
Administration (FDA) found arsenic in almost all of the 193
brands of rice, rice baby foods, and rice cereals it tested [8].
Overall, through food, water, and other sources, millions of
people, including young children, in the USA and worldwide
are exposed to elevated levels of arsenic [9].

Ingested inorganic arsenic has been linked to a myriad of
health effects, many of which have also been linked to obesity.
These included diabetes, cardiovascular disease, hyperten-
sion, respiratory effects, altered immune function, and cancer
(e.g., kidney, esophageal, and liver) [10]. Although the exact
mechanisms by which arsenic causes this panoply of diseases
in humans have not been fully elucidated, a number of the
pathological processes that have been linked to arsenic also
occur with obesity. For example, arsenic and obesity have
both been linked to inflammation, oxidative stress, adipokine
expression, and insulin resistance, and these pathologic pro-
cesses are thought to play a role in the diseases caused by each
[11]. Overall, the similar pathologic and mechanistic process-
es linked to arsenic and obesity as well as the similarity in
illnesses caused each highlight the potential relationship be-
tween these two important disease risk factors.
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In this paper, we review the current evidence suggesting that
arsenic could be a cause of obesity, as well as the evidence that
obesity or increased body mass index (BMI) may act as an
effect modifier of arsenic-related disease. The pharmacokinet-
ics and toxicity of inorganic arsenic varies greatly from species
to species [12, 13]. In addition, the major mechanism by which
inorganic arsenic causes most of its related diseases is un-
known. Because of these factors, our focus is on overt health
conditions and diseases seen in human studies. However, since
the hypothesis that arsenic may cause or interact with obesity is
somewhat novel and may not be completely intuitive, we also
present data that supports the biologic plausibility of these hy-
potheses. This includes some laboratory animal and in vitro
data, as well as information showing that arsenic and obesity
are strongly related to some of the same diseases. Citations for
comprehensive reviews of these experimental and other sup-
portive data are provided when available. Reviews of the po-
tential specific mechanisms of arsenic-related disease can also
be found elsewhere [14•, 15•].

Arsenic as a Potential Cause of Obesity

Evidence From Animal Studies

The results of a number of studies in laboratory animals sup-
port the hypothesis that inorganic arsenic may cause or con-
tribute to obesity or increased body weight. With regard to
post-natal exposure, an experimental study of male mice ob-
served a synergistic effect between arsenic and a high-fat diet
(58% fat) on body weight [16]. In that study, mice exposed to
both a high-fat diet and 25 or 50 ppm arsenic had higher body
weights at 5 months relative to mice who were either fed a
low-fat diet and exposed to arsenic and control mice that were
fed a low fat diet and not exposed to arsenic [16]. A study
exposed 5–6-week-old mice to 100 μg/L of As(III) via drink-
ing water for 5 weeks. Relative to those not exposed to arse-
nic, mice exposed to arsenic experienced adipocyte hypertro-
phy, decreased adipose tissue expression of perilipin, and in-
creased perivascular ectopic fat deposition in skeletal muscle
[17]. Similarly, in a separate study, mice exposed to 100 μg/L
of As(III) had increased perivascular ectopic fat deposition in
skeletal muscle and marginally increased muscle weight after
5 weeks relative to unexposed control mice [17, 18].
Associations between in utero arsenic exposure and obesity
in offspring have also been observed. For example, in male
mice fed a Western-style diet (consisting of 15.5% protein,
40.1% fat, 44.4% carbohydrate by kilocalorie), 100 ppb of
trivalent arsenic (NaAsO2) in drinking water administered in
utero and continuously after birth was associated with in-
creased liver weight as a proportion of body weight, elevated
cholesterol, and increased body weight compared to control
mice not exposed to arsenic [19].

Other experimental studies have provided evidence that
inorganic arsenic may not be a causative agent for obesity.
For example, an experimental study exposed C57BL6/J mice
to sodium arsenite (NaAsO2) and either a purified normal
(17% fat) or high-fat diet (60% fat). In that study, no changes
were observed between the two dietary groups and inorganic
arsenic exposure was associated with decreased adiposity
among those fed a high-fat diet [20]. Similarly, arsenite expo-
sure suppressed adipogenesis in brown adipose tissue [21].

Overall, although several studies in experimental animals
have linked inorganic arsenic to increases in body weight,
changes in fat metabolism and deposition, or other related
outcomes, the evidence from laboratory animal studies that
arsenic is a cause of obesity is mixed. Importantly though,
arsenic toxicity, metabolism, and other pharmacokinetic fac-
tors vary greatly between humans and other species [12, 13],
highlighting the importance of confirming findings from ani-
mal studies in human populations whenever possible.

Evidence From Human Studies

Human epidemiologic studies have not provided consistent
evidence linking inorganic arsenic to increases in body weight
or BMI, although most of these studies are cross-sectional and
several did not distinguish inorganic and organic arsenic
forms. Among 107 women of childbearing age in Santiago,
Chile, the median total urinary arsenic level (combined organ-
ic and inorganic arsenic) was higher in overweight women
than in normal weight women but this difference was small
(mean levels of 12.3 μg/g creatinine (95% confidence interval
(CI) = 6.9, 16.5) vs. 11.9 (95% CI = 6.2, 16.1), respectively)
[22]. A study conducted among 74 welders in Massachusetts
found that increasing toenail arsenic concentrations were as-
sociated with decreases in BMI [23]. These associations
persisted after adjusting for dietary factors [23]. Similarly, a
cross-sectional study of 150 blood samples obtained from 30
study sites in Ghana, South Africa, Seychelles, Jamaica, and
the USA observed that the geometric mean of total arsenic in
blood (μg/L) was lower among obese (geometric mean =
6.77, 95%CI = 5.66, 8.10) compared to non-obese individuals
(geometric mean = 8.92, 95% CI = 8.03, 9.90) [24]. In that
study, high arsenic (dichotomized at the median level) was
not associated with increased odds of obesity after controlling
for covariates, including age, sex, and fish intake [24]. An
inverse association between inorganic arsenic and BMI was
observed among Taiwanese adolescents, where urinary inor-
ganic arsenic concentrations (defined as the sum of urinary
inorganic arsenic and its major metabolites) were lower
among obese compared to non-obese individuals [25, 26].
Study authors suggested that these associations might be due
to obese children retaining higher levels of inorganic arsenic
in their bodies as compared to normal weight children [26].
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Other studies have observed no association between in-
creasing arsenic exposure and obesity. Bulka et al. used data
from the National Health and Nutrition Examination Survey
(NHANES), years 2009 to 2012, to examine the association
between urinary arsenic exposure and BMI. They found that
urinary inorganic arsenic exposure (estimated by subtracting
several organic arsenic species from levels of total arsenic)
was not associated with obesity after adjusting or standardiz-
ing for urinary flow or other covariates [27]. Additionally, pre-
pregnancy BMI was not associated with total arsenic or inor-
ganic arsenic in the National Birth Defects Prevention Study
[28]. Here, study participants completed a food frequency
questionnaire (FFQ) and total and inorganic arsenic intakes
were assessed by linking arsenic concentrations to each FFQ
item. In other studies, urinary markers of arsenic exposure
were not associated with BMI among adults in Korea [29],
rural India [30], or children in Mexico City [31].

Our research group has been performing studies on the
health effects of arsenic in Northern Chile, an area with a wide
range of historical arsenic exposure levels resulting from nat-
urally contaminated drinking water supplies. Here, we found
no significant differences in the concentrations of total urinary
inorganic arsenic or the individual inorganic arsenic metabo-
lites between people with higher versus lower BMIs [32]. This
finding remained when findings were adjusted for age, gen-
der, diet, and the presence of chronic disease. We also found
no relationship between past levels of inorganic arsenic in
drinking water, including levels up to 860 μg/L, and being

either overweight or obese (Table 1). Again, these findings
were adjusted or otherwise controlled for age, gender, socio-
economic status, and chronic disease.

Overall, consistent associations between exposure to inor-
ganic arsenic and increasing BMI have not been seen in the
current research in humans. Importantly, a number of these
studies have only assessed total arsenic and did not distinguish
inorganic arsenic from the generally less toxic organic arsenic
forms. The addition of organic arsenic and its major sources,
primarily seafood, in these studies could mask or confound
any potential effects caused by inorganic arsenic. In addition,
the large majority of these studies have involved cross-
sectional designs, where the potential for reverse causality
can complicate their interpretation. Cross-sectional studies
could also miss real effects if latency periods are long, infor-
mation that is currently unknown. In summary, more research
is needed to determine if arsenic exposure is on the causal
pathway to obesity, and the use of prospective or retrospective
designs could help rule out reverse causality and help identify
appropriate latency periods.

Arsenic as a Cause of Obesity-Related Disease

Type 2 Diabetes

Although the human epidemiologic evidence linking arsenic
directly to obesity is weak and inconsistent, there is

Table 1 Odds ratios and 95% confidence intervals indicating the association between tertiles of arsenic exposure metrics and obesity in participants
enrolled in Northern Chile studies of arsenic and health effects [30, 33]. Excludes participants with cancer and other chronic conditions.

Arsenic Healthy (BMI
18–24.9
kg/m2)

Overweight (BMI 25–29.9 kg/m2) Obese (BMI ≥ 30.0 kg/m2)

Metric Level N N Crude OR
(95% CI)

Adjusted OR
(95% CI)

N Crude OR
(95% CI)

Adjusted OR
(95% CI)

At birth (μg/L) < 60 112 176 1.00 (Ref) 1.00 (Ref) 76 1.00 (Ref) 1.00 (Ref)

60–859 81 146 1.15 (0.80–1.64) 1.14 (0.78–1.69) 60 1.09 (0.70–1.70) 1.07 (0.66–1.72)

≥ 860 52 98 1.20 (0.79–1.81) 1.16 (0.72–1.87) 47 1.33 (0.82–2.17) 1.08 (0.61–1.89)

p trend 0.483 0.861 0.265 0.805

Highest single year
exposure (μg/L)

< 60 72 142 1.00 (Ref) 1.00 (Ref) 56 1.00 (Ref) 1.00 (Ref)

60–859 98 140 0.72 (0.49–1.06) 0.71 (0.47–1.09) 73 0.96 (0.60–1.52) 0.99 (0.60–1.62)

≥ 860 75 138 0.93 (0.63–1.39) 1.02 (0.63–1.65) 54 0.93 (0.56–1.52) 0.88 (0.50–1.55)

p trend 0.680 0.699 0.791 0.912

Cumulative exposure
(μg/L-years)

< 2187 90 156 1.00 (Ref) 1.00 (Ref) 58 1.00 (Ref) 1.00 (Ref)

2187–5927 88 132 0.87 (0.60–1.26) 0.75 (0.50–1.13) 80 1.41 (0.90–2.21) 1.36 (0.83–2.21)

> 5927 67 132 1.14 (0.77–1.68) 1.18 (0.75–1.87) 45 1.04 (0.63–1.72) 1.20 (0.67–2.15)

p trend 0.401 0.179 0.891 0.556

Adjusted models are adjusted for age (< 45, 45–65, > 65 years), sex, smoking (ever vs. never), race (Hispanic or not), SES (above and below median
score), and drinking water intake (L/day continuous)

BMI body mass index, OR odds ratio, CI confidence interval, Ref reference
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convincing evidence that arsenic is a cause of several diseases
that are also strongly linked to obesity. Perhaps the clearest
example of this is type 2 diabetes, a major downstream con-
sequence of obesity. As reviewed by Farkhondeh et al., arse-
nic, obesity, and type 2 diabetes may share several common
mechanisms or pathological processes, such as apoptosis, el-
evated inflammation, and oxidative stress [15•]. In our
Northern Chile study, we found that the highest tertile of cu-
mulative arsenic exposure in drinking water (> 8665 μg/L-
year) was associated with a 50% increase in the odds of type
2 diabetes compared to those in the lowest tertile (<
2416 μg/L-year; OR = 1.50, 95% CI = 1.03, 2.19) [34••].
We also found that this association was strongest among in-
dividuals of lower, compared to higher, socioeconomic status
[35]. Most of those in the highest tertile of cumulative expo-
sure were drinking water with fairly high arsenic concentra-
tions (e.g., > 500 μg/L). A study in Bangladesh also observed
that increasing concentrations of drinking water arsenic, as
well as toenail arsenic, were associated with increased odds
of type 2 diabetes [36]. This study also involved fairly high
exposures, with median drinking water arsenic concentrations
of 71.5 μg/L in those with diabetes. In the Zimapán and
Lagunera regions of Mexico, researchers reported that a 10
ppb increase in inorganic arsenic concentration was associated
with increased odds of type 2 diabetes [37]. Additionally,
positive associations between arsenic exposure and type 2
diabetes have been observed in arseniasis-hyperendemic vil-
lages in Taiwan [38] and other areas with relatively high ex-
posure levels [36]. Overall, the studies mentioned above are a
sample of the wealth of human evidence that arsenic is a likely
cause of type 2 diabetes. A meta-analysis on arsenic and dia-
betes that included 38 human studies reported an overall sum-
mary relative risk of 1.57 (95%CI = 1.27, 1.93), with 32 of the
38 studies reporting statistically significant positive associa-
tions [39]. Additional comprehensive reviews of the evidence
linking arsenic to diabetes have been published [15•, 39–41].
There is also a wealth of in vivo and in vitro evidence linking
arsenic to glucose intolerance, insulin resistance, and other
pathologic or mechanistic features of diabetes, and compre-
hensive reviews of this evidence have also been previously
published [15•, 39–41].

Gestational Diabetes

Arsenic exposure has also been linked to an increased risk of
developing gestational diabetes mellitus (GDM), which may
be a risk factor for type 2 diabetes after pregnancy. Among
1151 women without pre-existing diabetes in the New
Hampshire Birth Cohort, a 100% increase in toenail arsenic
and each 5 μg/L increase in tap water arsenic concentrations
were associated with a 1.1 (95% CI = 1.0, 1.2) and 4.5 (95%
CI = 1.2, 16.6) increase in odds of GDM, respectively [42].
Similar results were observed in a Canadian cohort, where

pregnant women in the highest (> 1.3 μg/L) compared to low-
est quartile of arsenic exposure (< 0.5 μg/L) in 1st trimester
blood samples also had increased odds of GDM (OR = 3.7,
95% CI = 1.4, 9.6) with evidence of a dose-response relation-
ship (p trend < 0.01) [43]. However, arsenic exposure was not
associated with glucose intolerance in either study [42, 43].
Lastly, a prospective pregnancy cohort in China measured
serum arsenic levels during each trimester and found that the
highest compared to lowest quartile of arsenic was associated
increased odds of GDMwhen measured during the 1st (OR =
1.71, 95% CI = 1.23, 2.38) and 3rd (OR = 1.39, 95% CI =
0.99, 1.93) trimesters only [44]. Overall, arsenic exposure in
early pregnancy appears to be a risk factor for GDM.

Cardiovascular Disease

In addition to diabetes, arsenic has also been clearly linked to
an increased risk of other obesity-related diseases, including
several cardiovascular diseases. These associations have been
seen in multiple countries and in regions with varying arsenic
exposure levels. For example, a population-based study of
11,746 individuals in Bangladesh found that a one standard
deviation increase (115 μg/L) in well water arsenic concentra-
tions was associated with an increased hazard of death from
ischemic and other forms of heart disease with evidence of
trend (hazard ratio [HR] = 1.92, 95% CI = 1.07, 3.43; p trend
< 0.01) [45]. Increasing urinary arsenic exposure levels were
also associated with death from ischemic and other forms of
heart disease in that study [45]. Exposure to arsenic via con-
taminated well water was also associated with ischemic heart
disease in among individuals in Taiwan [46]. Overall, the
evidence linking inorganic arsenic to cardiovascular disease
is fairly strong and several comprehensive reviews discussing
this evidence have been published [47–49].

In addition to heart disease, arsenic has also been linked to
hypertension. For example, increased odds of hypertension in
relation to multiple drinking water arsenic exposure metrics
have been observed among individuals in Northern Chile [50].
These findings are supported by a study conducted in villages
in Taiwan where arseniasis is hyperendemic [51]. In that
study, a dose-response relationship was observed and increas-
ing cumulative arsenic exposure was associated with in-
creased prevalence of hypertension [51]. Importantly, not all
studies of arsenic and hypertension have reported positive
associations [52], and a comprehensive review of this partic-
ular issue can be found elsewhere [53].

Obesity as an Effect Modifier

Overall, the similar diseases and similar pathologic or toxico-
logical mechanisms linked to both arsenic and obesity in some
studies have led our research group and others to hypothesize
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that while arsenic may not be a direct cause of obesity or
increased body weight, arsenic and obesity might interact to
increase the risks of their common adverse effects. Evidence
for this type of synergy has been seen for other environmental
exposures. For example, a number of studies suggest that the
impacts of air pollution on cardiovascular disease and lung
function are markedly worse in people who are obese or over-
weight compared to those with healthier weights [33, 54, 55].
A number of studies in laboratory animals support the hypoth-
esis that elevated body weight could worsen arsenic-related
toxicity. In wild-type mice, exposure to inorganic arsenic in
drinking water resulted in insulin resistance only when com-
bined with a high-fat diet and low folate intake [56•].
Similarly, mice doubly exposed to inorganic arsenic in drink-
ing and high-fat diet were more likely to develop glucose
intolerance compared to control mice, which may indicate that
arsenic exposure acts synergistically with diet to influence
obesity [57]. Arsenic exposure also significantly increased
liver damage caused by a high fat diet in a mouse model of
non-alcoholic fatty liver disease [58]. Arsenic exposure did
not influence liver damage among those fed a low-fat diet in
that study [58]. Lastly, arsenic exposure also increased oxida-
tive stress, glomerular area expansion, mesangial matrix accu-
mulation, and fibrosis among mice fed a high-fat diet relative

to controls who received a low-fat diet [59]. Overall, these
animal studies highlight the potential for interactions between
arsenic and excess body adiposity. As we review below, sev-
eral studies in humans have shown similar effects.

Findings From Northern Chile

In our studies from Northern Chile, we found that people with
elevated BMIs were at greater risks of several arsenic diseases
compared to people with more healthy BMIs. For example,
while we found that high exposures to arsenic (> 5280 cumu-
lative arsenic water concentration [μg/L] lagged 40 years)
were associated with about a 50% increase in the risk of type
2 diabetes in all participants combined, this increase in risk
was over 200% in people who were obese [34••] (Fig. 1). In
addition, arsenic is an established cause of lung and bladder
cancer, and we found that the odds of developing arsenic-
related lung and bladder cancer were substantially elevated
among individuals with high BMIs compared to those with
lower BMIs [32]. Rothman synergy index values were 4.08
(95% CI = 1.01, 16.46) and 4.06 (95% CI = 1.23, 13.41) for
the combined effect of high arsenic exposure and high BMI on
the odds of lung and bladder cancer, respectively [32]. Finally,
a number of studies have shown that arsenic causes non-
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Fig. 1 Summary of findings from Northern Chile illustrating the
combined effect of arsenic and obesity on disease risk. Note: Numbers
below error bars indicate number of cases/non-cases in each group.
Information on how wheeze, cough, and shortness of breath were
defined is provided in Nardone et al. [60]. Information on how diabetes
was defined is provided in Castriota et al. [34••]. Information on how lung
and bladder cancer cases were ascertained is provided in Steinmaus et al.
[32]. High BMI was defined as > 30 kg/m2 for diabetes, > 90th percentile

(33.9 kg/m2) for wheeze, cough, and shortness of breath, and > 90th

percentile at age 20 (27.7 kg/m2 in men and 28.6 kg/m2) for lung
cancer and bladder cancer. High arsenic defined as the single year
lifetime highest drinking water arsenic concentration ≥ 11 μg/L for
wheeze, cough, and shortness of breath, cumulative arsenic water
concentration lagged 40 years > 5280 μg/L for diabetes, and high
arsenic exposure defined as water arsenic concentration > 800 μg/L for
lung cancer and bladder cancer
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malignant lung disease, and we found that individuals with an
elevated BMI had increased odds of arsenic-related respirato-
ry symptoms, including cough (OR = 10.7, 95% CI = 3.03,
50.1), shortness of breath (OR = 14.2, 95% CI 4.79, 52.4),
and wheeze (OR = 14.4, 95% CI = 4.80, 53.7) [60]. ORs for
these arsenic-related symptoms in people who had healthy
BMIs were approximately 2–5 times lower.

Findings From Other Studies

Diabetes

Few other studies have examined the role of elevated BMI or
obesity on the risks of arsenic-caused disease, and most of
these have examined diabetes or insulin resistance. In a study
of 933 individuals in a region of Bangladesh with high drink-
ing water arsenic concentrations, the odds of arsenic-related
diabetes were markedly increased among individuals with
BMIs > 25 kg/m2 (OR = 14.4, 95% CI = 6.07, 34.1) [36]. In
comparison, the odds of arsenic-related diabetes was 1.89
(95% CI = 1.07, 3.35) among individuals with BMI < 25 kg/
m2. In the New Hampshire Birth Cohort, the role of arsenic on
gestational diabetes was examined in 1151 pregnant women
[42]. Here, arsenic exposure was assessed using measure-
ments in home well water as well as urine and toenails. In
all participants combined, each 5 μg/L increase in arsenic
concentration in home well water was associated with about
a 10% increased odds of GDM (OR = 1.1, 95% CI = 1.0, 1.2).
Clear associations were not seen for urinary arsenic. In anal-
yses stratified by BMI, the association between water arsenic
levels and GDM was found to be primarily limited to obese
women, with ORs of 0.9 (95% CI = 0.8, 1.2), 1.0 (95% CI =
0.8, 1.2), and 1.7, (95% CI = 1.0, 2.8) in normal weight (<
25 kg/m2), overweight (25–29.9 kg/m2), and obese women (>
30 kg/m2), respectively.

In another study, the impact of weight and arsenic on
insulin resistance was assessed in Taiwanese school chil-
dren [25]. Insulin resistance was assessed using the ho-
meostasis model assessment of insulin resistance
(HOMA-IR). Children with BMIs above and below nor-
mal levels were combined into one group (defined as “ab-
normal weight”) although the large majority in this group
were overweight or obese. Compared to children with
“normal” weight and urinary inorganic arsenic levels ≤
19.54 μg/L, the increases in HOMA-IR values in children
with abnormal weight and higher urinary arsenic levels,
children with abnormal weight and arsenic concentrations
≤ 19.54 μg/L, and children with both abnormal weight
and higher urinary arsenic concentrations were 0.366
(95% CI = −0.631, 1.326), 1.605 (95% CI = 0.674,
2.536), and 2.146 (95% CI = 1.192, 3.100), respectively,
suggesting at least an additive effect.

Other Outcomes

A cross-sectional study conducted within the Health Effects of
Arsenic Longitudinal Study (HEALS) cohort in Bangladesh
examined the combined effect of arsenic exposure and BMI
on cardiovascular disease markers [61]. In that study, individ-
uals with urinary inorganic arsenic concentrations >
275.64 μg/g creatinine and well water arsenic concentrations
> 73.5 μg/L had slightly elevated levels of soluble vascular
cell adhesion molecule-1 (VCAM-1), a biomarker of inflam-
matory processes, relative to lower exposure groups. When
stratifying by BMI (dichotomized at 19.1 kg/m2), the positive
relationship between urinary and well water arsenic exposure
and soluble VCAM-1 persisted only in the high BMI group
[61]. Finally, in the New England Bladder Cancer Study,
overweight individuals had an odds ratio of arsenic-related
bladder cancer that was higher than that reported for normal
weight individuals (ORs of 1.3 (95% CI = 0.89, 2.0) and 1.6
(95% CI = 1.1, 2.4) in normal weight and overweight partici-
pants, respectively, for cumulative arsenic intakes >
77.04 mg) [62]. No association between arsenic exposure
and bladder cancer was observed in obese participants; how-
ever, the elevated relative risks for increased drinking water
intake alone and other features of this study limit its
interpretability.

Overall, although not entirely consistent across all studies,
a variety of data suggests that arsenic-related disease risks
may be higher in people with higher body weights or BMIs.
To date, most of this evidence relates to diabetes. Evidence
exists for other outcomes such as cancer or cardiovascular
disease risk factors, but most of this has yet to be confirmed,
highlighting the need for new research in this area.

Conclusions and Future Directions

Overall, our review of the current literature provides little con-
clusive evidence that arsenic directly causes increased BMI or
obesity in humans. However, we identified a number of human
and animal studies that showed that obesity or increased BMI
could be important susceptibility factors for diseases caused by
arsenic. Currently however, the role of obesity as an effect
modifier of arsenic-induced disease remains understudied and
is an important area of future research. Currently, the US reg-
ulatory andWHO recommended standards for arsenic in drink-
ing water are 10 μg/L [63, 64]. These standards are primarily
based on epidemiologic studies from highly exposed areas in
Taiwan, which involvedmostly healthy adults [63]. In addition,
they are based only on the risks of cancer and not the other
adverse outcomes like diabetes or cardiovascular that are likely
caused by arsenic. Because these standards do not specifically
incorporate data from potentially susceptible subpopulations,
such as those who are obese, and do not include all relevant
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outcomes, they may be based on analyses that underestimate
the true risks in many people.

The WHO estimated that in 2016, more than 1.9 billion
adults worldwide were overweight, and of these over 650
million were obese [65]. In the USA, it has been estimated
that by 2030, nearly 1 in 2 adults in the USA will be obese
[66]. Overall, these large numbers, combined with the large
numbers of people who are also exposed to arsenic, highlight
the important role that a synergistic relationship between ar-
senic and obesity could play in public health. Clearly the best
approach to improving public health is to focus on interven-
tions aimed at decreasing exposure to arsenic as well as obe-
sity. However, given that obesity rates are increasing world-
wide, our review suggests that further research and further
consideration of obesity in arsenic regulation might have a
major impact in reducing arsenic-related disease.
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