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1. Introduction

Long-life exposure to metals — in particular, arsenic — has been
identified as a risk factor for a number of neoplastic and non-neo-
plastic diseases.

The global burden of people exposed to arsenic levels over the
threshold value of 10ug/L, determined by the US Environmental
Protection Agency in 2001, has been estimated to be around two
hundred and twenty six million people.! World regions with high-
er levels of this metalloid — with mean concentrations higher than
150pg/L and, therefore, significant human exposure — have been
identified in Bangladesh, India, Taiwan, China, Mexico, Argenti-
na, Chile, the USA and some European areas.”

Arsenic and its compounds have been demonstrated to be risk
factors in a number of chronic diseases: cancer, cardiovascular
diseases, peripheral neuropathy, Type 2 diabetes and skin lesions.?
Both incidence and prevalence of Type 2 diabetes (T2D) are rap-
idly increasing worldwide, also in emerging economies, character-
izing a true epidemic. Although much is already known about this
disease, classical theories on its pathogenesis don’t fully explain
the present situation. Current scientific research has focused on en-
vironmental factors in order to fill these knowledge gaps.

In Diabetes, chronic exposure to arsenic and its compounds
induces both B-cell dysfunction and insulin resistance, through
a mechanism of oxidative stress,* which provokes a progressive
B-cell failure, and a decrease in the nuclear receptor PPAR-u (Per-
oxisome proliferator-activated receptor gamma),’ involved in the
regulation of fatty acid storage and glucose metabolism, which
might reduce the sensitivity of insulin responsible for insulin ac-
tivation.’

At high doses, in case of acute intoxication, arsenic is even
able to interfere with ATP-dependent insulin secretion and with
glucose transporters (GLUTSs), due to its ability to be the shadow
element of phosphate.’

At the same time, studies evaluating the role of exposure in
the range of low to moderate levels of this metalloid — respective-
ly <50 pg/L and 50-150 pg/L, according to the National Research
Council definition® — still give inconclusive results, probably be-
cause of the poor robustness of most studies to date.

However, in recent years, the growing interest in metalloid pollu-
tion has addressed the implementation of a number of studies evalu-
ating the potential role of low-dose exposure. In 2008, the University
of Chicago coordinated a longitudinal study, the Health Effects of

Arsenic Longitudinal Study (HEALS), which evaluated arsenic tox-
icity in more than 20,000 people exposed to low-moderate levels of
Arsenic (0.1 to 864 pg/L, mean 99 ug/L) in Araihazar, Bangladesh.
The results of this study suggested an increased risk of skin lesions,
hypertension, neurological dysfunctions, and mortality for all caus-
es.? In addition to this, another study on low-moderate arsenic ex-
posure was carried out in 2013 under the supervision of the Johns
Hopkins Bloomberg School of Public Health on a cohort of near-
ly 4000 native Americans (The STRONG HEART STUDY). This
study demonstrated an association between chronic exposure to low
dose arsenic by the mean of drinking water and increased risk for
cardiovascular disease and lung, prostate, and pancreatic cancer.'

2. Materials and Methods

The authors referred to Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) guidelines to achieve
this systematic review.

2.1. Eligibility criteria:

2.1.1 Type of studies:

Only original researches (no reviews, editorials, or research let-
ters) concerning humans, published from 1* of January 2005 to
present, and investigating the existence of association between
low arsenic exposure and the developing of Type 2 Diabetes
(T2D), were included.

2.1.2 Type of participants:

Adults exposed to low levels of arsenic by the mean of drinking
water were considered. Low levels were defined as total (or in-
organic) arsenic mean concentration lower than 100ug/L or 300
ug/g creatinine. This cut off level was selected basing on the An-
dra group study, published in 2013."

2.1.3 Outcome measures:

Primary outcome was the developing of Type 2 Diabetes, measured
using American Diabetes Association (ADA) criteria. Researches
adding further criteria of diagnosis to ADA ones, were also included.

2.2. Exclusion criteria:

Studies with no available abstract, and those concerning occupa-
tional exposure to arsenic, were also excluded, although they met
the preview eligibility criteria.
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References identified (n = 671)
Pubmed: 99 (A.25; B.8; C.61; D.5)
Scopus: 499 (A.149; B.10; C.331; D.9)
Web of Science: 73 (A.7; B.0; C.65; D.1)

References exluded (n = 656)
No original studies on humans
No exposure by drinking watrer
No exposure to low As levels

Y

No available abstract

No T2D diagnosis using ADA criteria

Y

References meeting eligibility criteria (n = 15)
— Cross-sectional: 8

— Ecological: 1

— Case-control: 8

— Cohort: 2

A 4 ‘L

References included (n = 17)

Aditional references (n = 2)
Navas-Acien et al., 2009
DEP, 2014

Selection keywords: A. “arsenic*”AND “diabetes” as Mesh term AND “low”; B. “arsenic*”AND “T2D”

as Mesh term AND “low”; C. “arsenic*”AND “diabetes” as Mesh term NOT “low”; D. “arsenic*”AND

“T2D” as Mesh term NOT “low”.

2.3. Data sources:

A systematic review of articles, written in all languages, was
achieved on 22" of April 2016 using Pubmed, Scopus and Web
of Science.

Additionally, two further works — coming from institutional
publications and the examination of references of the previews
articles — were included.'> !

Two investigators (F.L. and S.M.) independently extracted
the articles that met the eligibility criteria. Study selection was
performed with the inclusion of all relevant available studies con-
taining the following terms: “arsenic”* AND “diabetes” as Mesh
term, both AND and without “low”; “arsenic”* AND “T2D”,
both AND and without “low”.

The preview searches were achieved within title and abstract
for Pubmed, within title, abstract and keywords for Scopus, and
only within title for Web of Science.

The disagreements were resolved by consensus.

The research, undertaken following the preview search crite-
ria, released an overall number of 671 studies. After the exclu-
sion of duplicates and of studies that didn’t meet the eligibility
criteria, 15 works were identified, as summarized in Figure n.1,
representing the study selection process. In addition to the fifteen
published articles eligible for this systematic review, two further
works — coming from institutional publications and the examina-
tion of references of the previews articles — were added, for an
overall number of 17 reviews analyzed for qualitative synthesis.

Quality assessment of the included studies was performed us-
ing the specific NHLBI Assessment Tools.'

2.4. Statistical methods:

Statistical measures of association (Odds ratio, Hazard ratio,
Standardized Mortality ratio) were used to synthesize results of
the included studies. In case of more than one model of adjust-
ment, the authors selected the one adjusted for the most number
of covariates.

Figure 1. Flow chart of epidemiologic study
selection process

3. Results

The search on Medline, Scopus and Web of Science provided
a total of 671 citations. After adjusting for duplicates and dis-
carding all the studies that did not meet the eligible criteria (see
Figure n. 1), a total of 15 studies were included.

All fifteen studies selected were original reviews, written in
any language, and published from 1% of January 2005 to pres-
ent. They all concerned human exposures at low doses of arsenic
— with mean concentrations <100pg/L or <300ug/g creatinine —
and development of Type 2 Diabetes (T2D), measured as primary
outcome. In addition to eligible articles, two additional studies
— coming from institutional publications and the examination
of references of the previews articles — were considered, for an
overall number of 17 reviews analyzed for qualitative synthesis.

Main characteristics of the included studies are summarized
in Table n. 1, 2 and 3.

The most part of them presented only one biomarker of ex-
posure: inorganic arsenic (iAs) or total arsenic (tAs) in urine was
investigated in almost 60% of reviews (N=10); while in three
studies exposure was measured using drinking water samples.
Only three studies out of seventeen examined more than one bio-
marker of exposure: arsenic concentration in urine and water?" 2
or arsenic in drinking water and in toenails."

Among the seventeen studies examined, one out of three
(N=11) had a cross sectional or ecological design, these ones us-
ing T2D mortality ratio as primary outcome.

The most recent publication aimed at identifying associa-
tions between T2D and chronic arsenic exposure was achieved
by Mendez et al*! on a sample of 1,160 men and women, aged >
18 and living in the Chihuahua county, Mexico. This cross-sec-
tional study pointed out that chronic exposure to high arsenic
concentrations was associated with increased odds of diabetes in
case of urinary exposure >55.8 ug/L. Otherwise, exposure by the
mean of drinking water didn’t show any statistically significant
associations with T2D.
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Table 1. Characteristics of cohort studies included.

Main Study design, Matrix Case definition Results Adjustment Quality
author, sample investigated variables score
year of size and and As mean

publication population concentration
James et al, Case-cohort Drinking water ~ Fasting glucose test, HR=1.55 [95%Cl: Age, ethnicity, BMI, 8 out of 14
2013 (N=548) (39 ug/L) 75-g oral glucose 1.00-2.51] for IV and physical activity
[15] Colorado (US) tolerance test, a self- quartile (220 pg/L-
aged 20-74 reported physician  yr) vs. I quartile
diagnosis (<4 pg/L-yr)
Kuo et al, Cohort Urine FPG, OGTT, self- HR=0.96 [95%  Gender, educational 10 out of 14
2015 (N=1,694) (10,2 pg/L) reported diabetes Cl:0.85-1.8] for level, smoking
[16] American history, or medication  tAs exposure; status, alcohol
Indians, aged use HR=0.98 [95%C1: drinking status,
45-75 0.90-1.06] for iAs BMI, and creatinine
exposure concentration
Table 2. Characteristics of case-control studies included.

Main Study design, Matrix Case definition Results Adjustment Quality
author, sample investigated variables score
year of size and and As mean

publication population concentration
Pan et al, Case control Drinking water HbAlc a/ DRINKING Age, gender, BMI, 7 out of 12
2013 [N=933 (849 (71.5 ug/L in T2D WATER: OR=3.07 cigarette smoking,
[17] cases + 84 patients vs. 13.9 [95%CIl: 1.38-6.85] skin lesions, arsenic
controls)] pg/L in not T2D) for III quartile in drinking water,
Bangladesh and toenails (3.2 (15.6-170.0 pg/L) and toenails arsenic.
vs. 2,0 ug/g) vs. I quartile (<1.7
ug/L);
b/ TOENAILS:
OR=6.22 [95%Cl:
2.63-14.69] for
IV quartile (>6.18
pg/L) vs. I quartile
(<0.93 ng/L)
Rhee et al, Case control Urine Fasting glucose test, OR=1.56 [95%ClI: Age, gender, 5 out of 12
2013 (N =3,602) (117.7 pglg 75-g oral glucose  1.03-2.36] for IV residence area,
[18] Korea, aged 220 creatinine) tolerance test, a self- quartile (2193.4 smoking status,
reported physician pg/g creatinine) vs.  alcohol drinking
diagnosis, taking I quartile (<70.7  status, occupation,
insulin or oral ug/g creatinine)  and serum mercury
hypoglucaemic drugs level.
Kim et al, Case control ~ Urine (22.1 ug/lL  75-g oral glucose ~ OR=1.11[95%Cl: Age, gender, BMI, 7 out of 12
2013 [N=300 (150  among cases and tolerance test 0.79-1.57] urinary creatinine
[19] cases +150 20.7 pg/L among concentration
controls) controls)
American
Indians from
Arizona (US),
aged 225
Coronado—  Case control ~ Urine (112.7 ug/g Fasting glucose test, OR=2.45 [95%Cl: NA 6 out of 12
Gonzédlezet  [N=400 (200 creatinine) taking insulin or oral 1.27-4.73] for III
al., 2007 cases and 200 hypoglucaemic drugs tertile (>100 pg/g)
[20] controls)], vs. I tertile (<35
Mexico, aged pg/g)
230
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Contrary from Mendez, although sampling a
similar population — Mexican men and women,
with similar exposure to arsenic, both in urine
and in drinking water — another group of authors?
found increased risk of developing diabetes only if
biomarker of exposure was measured in drinking
water {OR =1.13 [95% CI: 1.05 1.22]}, and not in
urine {OR=1.12 [95% CI: 0.78 1.62]}.

All the cross-sectional studies investigating
arsenic concentration in urine as biomarker of ex-
posure?>2323.27.28.30 eyidenced a significant associ-
ation with diabetes, with odds of disease swinging
between 1.28 [95%CI:1.14-1.44] of Gribble et
al., 2012 and 3.58 [95%CI:1.18-10.83] of Navas-
Acien et al., 2008.

Navas Acien’s group published two
cross-sectional studies,?®* both achieved inside
the National Health and Nutrition Examination
Survey (NHANES), a program begun in the early
1960s, thanks to a collaboration between the Cen-
ter for Disease Control and Prevention (CDC) and
the National Center for Health Statistics (NCHS).
This, program-aimed at assessing the health and
nutritional status of adults and children in the
United States, combined interviews and physical
examinations.

From 2003 to 2006 Navas-Acien group fol-
lowed two cohort of US men and women, respec-
tively of 788 and 1,279 people, aged more than 20,
exposed to mean inorganic arsenic concentrations
slightly higher than 7 pg/L.

The first study showed increased odds of T2D
of 258% [OR=3.58 (with 95%CI: 1.18-10.83)];
in the second study the odds risk fluctuated from
OR=2.60 [95% CI: 1.12 - 6.03], without correc-
tion for arsenobetaine, to OR=4.26 [95% CI: 0.83
- 21.8], after correction for arsenobetaine. The
model proposed to adjust for arsenobetaine has
been largely debated during the successive years.
In 2009 Steinmaus et al. published a reanalysis of
Navas-Acien group’s study, with different adjust-
ment models. Comparing 80th vs 20th percentile
of inorganic arsenic concentrations in urine, they
found no statistically significant odds of diabe-
tes: OR=1.15 [95% CI: 0.53-2.50], suggesting no
identifiable association between T2D and urinary
inorganic arsenic using NHANES data.

The NHANES study is just one of the number
of scientific studies carried out on low to moderate
levels of arsenic exposure (<150 pg/L) worldwide.

In 2015 Kuo et al, published a cohort study
with 1,694 people, coming from the STRONG
HEART STUDY (SHS) cohort, meanly exposed
to arsenic concentrations slightly greater than
law levels (with a median concentration of 10.2
ug/L).'s The SHS is the largest epidemiologic
study ever undertaken on American Indians, with
the support of the National Heart, Lung, and Blood
Institute (NHLBI). Since 1998, it has examined
cardiovascular diseases and their main risk factors
among American Indians, both men and women.
From 1989 to 1999 Kuo and his group followed
a cohort of 1,694 American Indians, aged 45-75.

Quality
score
6 out of
14
8 out of
14
5 out of
14
6 out of

1
7 out of
14

Adjustment variables
Age, gender, ethnicity, education,
BMI, serum cotinine, current use
of hypertension medications, and

arsenobetaine.

Age, gender, race and ethnicity, urine
creatinine, education, BMI, serum
creatinine, use of antihypertensive

medications, and blood mercury levels.
Age, race.

Age, socioreconomic status, radon
indoor exposure, exposure to ceramic
factory pollution.

Age, gender, race and ethnicity, urine
creatinine, education, BMI, serum
cotinine, use of antihypertensive
medications, blood mercury,
arsenobetaine, and arsenocholine.

Results
20th percentile;
20th percentile;

20th percentile;
F HR:2.12 (for [As] <20 pg/L);
HR:2.08 (for [As] 220 ug/L);

F SMR=1.27 [99%Cl: 1.19-1.35]

OR=1.15 [95%Cl: 0.53- 2.50], comparing 80th vs
M SMR=1.28 [99%CI: 1.18- 1.37];

OR=3.58 [95%Cl: 1.18- 10.83], comparing 80th vs.
OR=1.04 [95%Cl: 0.30- 3.59], comparing 80th vs

Case definition
FPG, self-report
FPG, self-report
Death certificate
Death certificate
FPG, self-reported physician
diagnosis

Matrix
investigated

and As mean

publication population concentration
urine (16.7
ug/L)

drinking water
(11.00 pg/L)

drinking water
(19.3 ug/L)

795), US

region
Navas-Asien Cross sectional urine (6.0 pg/L)

sample
size and
citizens,
aged >20
citizens,
aged >20
Ecological
(N=NA), US,
Michigan
Ecological
(N=165,609),
Italy, Viterbo
citizens,
aged >20

(N=788), US

Study design,

Cross sectional
(N

(N=1,268), US

Table 3. Characteristics of cross sectional and ecological studies included. (continuazione)
Main
author,
year of
Steinmaus
at al.,
2009
[27]
Navas-Asien Cross sectional urine (7.1 pg/L)
at al.,
2008
[28]
Meliker at
al.,
2007 [29]
DEP, 2014
[12]
at al.,
2009
[30]
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Evaluating exposure to total arsenic in urine, he identified no
association with a higher diabetes incidence, with an HR= 0.96
[95%CT: 0.85-1.08].

Among the seventeen included reviews, only another cohort
study met our eligible criteria, the one achieved by James et al.
on a sample of 548 adults living in Colorado, US. They had a
mean exposure to 39 ug/L of inorganic arsenic in drinking water
is statistically associated to T2D, with a risk of developing the
disease of 55% higher than standard, defined as exposure to iAs
in drinking water <4ug/L-yr {HR=1.55 [95%CI: 1.00-2.51]}.

Similarly to the studies undertaken by Kuo and James, also
the case-control studies undertaken on the issue!”- '8 2 show an
extreme heterogeneity of results. In 2013 Rhee et al. achieved a
study based on the Korea National Health and Nutrition Exam-
ination Survey (KNHANES) population. Similarly to the Amer-
ican NHANES, this is a national program designed to assess the
health related behavior, health condition, and nutritional state of
Koreans. Rhee and his group evidenced that a mean exposure to
total arsenic concentration of 117.7 ug/g creatinine in urine is as-
sociated with T2D, with odds of disease increased of 56% {OR =
1.56 [95%CI: 1.03-2.36]}, considering the IV quartile (exposure
to tAs> 193.4 ng/g creatinine) vs. I quartile (exposure to tAs <
70.7ug/g creatinine).

The same trend of Rhee’s work is followed by one further
study, achieved by Pan et al in 2013. Pan and his group examined
a sample of 933 men and women — 849 cases and 84 controls
— selected from general population in Bangladesh. Investigating
total arsenic levels as biomarkers of exposure, assessed that also
exposure to arsenic mean concentrations <100 pg/L in drinking
water and toenails increase odds of diabetes: OR= 3.07 [95%CI:
1.38-6.85] for water exposure and OR= 6.22 [95%CI: 2.63-
14.69] for toenails.

Some years earlier, in 2007, also Coronado-Gonzdlez and
his group® reached similar conclusions, finding an OR=2.45
[95%CI: 1.27-4.73] for exposures to urinary arsenic concentra-
tions higher than 100ug/g creatinine, if compared with the refer-
ence group, exposed to tAs levels <35 ug/g creatinine.

Differently from results by Rhee, Pan and Corona-
do-Gonzilez, Kim and his group’s study'® pointed out there was
no significant difference among case and control groups in case
of exposure to arsenic low concentrations, slightly higher than 20
pg/L both in case and controls.

The majority of studies performed outside of standardized na-
tional protocols also showed a somehow significant association
between arsenic exposure and risk of T2D. An ecological study —
carried out by Meliker® in Michigan, US, in 2007 demonstrated
a higher standardized mortality ratio for mean exposure of 11.00
ug/L, both in men and in women: SMR 1.28 (99% CI: 1.18-1.37)
in men and SMR 1.27 [99% CI:1.19-1.35] in women.

Seven years later, a second ecological study, undertaken by
the Italian Department of epidemiology — Lazio Region (DEP)
analyzed data from 1990 to 2010, and published the only study
carried out on this issue in Italy.'? The risk of developing chronic
diseases in a large population (N=165,609) of residents in cen-
tral Italy, chronically exposed to arsenic at higher concentrations
than legal limits was investigated. Data from mortality records
was matched with total arsenic exposure, estimating combined
geocoded past and present residential addresses of cohort par-
ticipants. Hazard ratio, adjusted for the main confounders such
as age, gender, socioeconomic status, but also radon indoor ex-
posure and exposure to ceramic factory pollution was higher
than normal, but just in women. The risk of T2D fluctuated from
108% to 112% higher in the two different groups of exposure

considered: HR 2.12 for [As]<20 pg/L exposure and HR 2.08 for
[As]=20 pg/L exposure.

The existence of a statistically significant association between
T2D and exposure to low to moderate arsenic concentrations was
confirmed by Wang et al., who published in the same year a wide
meta- analysis,® evaluating articles published between 1990
and 2013, with a cumulative sample size of 2,243,745 for iAs
in drinking water and 21,083 participants for total arsenic (tAs)
in urine. Although not specifically targeted to low to moderate
arsenic levels (<150 pg/L) of exposure, the meta-analysis showed
an increased in the relative risk for T2D both for iAs and total As
exposure. The analysis pointed out a relative risk of 1.75 (95%CI
1.20 to 2.54) of developing Type 2 Diabetes for the highest ver-
sus the lowest category of inorganic Arsenic exposure level in
drinking water. According to the dose-response analysis, risk of
diabetes was 13% (CI 95% 1.00-1.27) higher for every 100 mg/L
raise of inorganic arsenic. A statistically significant association
with T2D was also found with total Arsenic in urine as a bio-
marker of exposure, with an increase in 28% of risk of develop-
ing the disease [RR 1.28 (95%CI 1.14-1.44)].

4. Discussion

In the last decades, many studies focused on the relationship be-
tween low arsenic exposure and development of Type 2 Diabe-
tes in general population, but always with inconsistent results.
The only systematic review achieved on this issue, undertaken
by Navas-Acien group®? and published in 2006, found no evi-
dence of association, although mainly due to the limited quality
of available evidences.

From 2005 to 2016, as evidenced by our review, the number
of original studies assessing the association between T2D and ar-
senic exposure <100 pg/L deeply increased, although with weak
consistency results. Indeed, most part of studies focusing on low
exposure were cross sectional or ecological. Focusing on a large
sample of general population, they evidenced a slightly increased
risk of developing Type 2 Diabetes, both if biomarker of expo-
sure was measured in urine and in drinking water, with risk mea-
sures fluctuating from 1.28% and 3.58% for urine, and from 1.13%
and 1.22** for drinking water.

It should be pointed out that odds of disease higher than 258%
in people exposed to arsenic in Navas-Acien study reflect the in-
clusion of arsenobetaine in adjustment model that, as suggest-
ed by Steinmaus et al., might condition the result. Furthermore,
the wide confidence interval of the risk measure [95%CI: 1.18-
10.83], comparing 80th vs 20th percentile, might be explained
by the unrecognized existence of different subpopulations with
diverse peculiarities that could act as possible confounders.

Also the two selected ecological works evidenced, for mean
exposure to arsenic concentrations <20 ug/L, an increased risk of
mortality for diabetes, both for men and women in Meliker study
{MSMR=1.28 [99% CI: 1.18-1.37]; F SMR=1.27 [99% CI:1.19-
1.35]}, and only for women in the Italian study, DEP 2014 {F
HR:2.12 (for [As]<20 pg/L); HR: 2.08 (for [As]>20 pg/L)}.

Within the five incidence case-control studies that met our
eligibility criteria only the one with the smallest sample size'
demonstrated no evidence of association. All the other stud-
ies, in particular the two with larger sample size,'®!” showed an
increased risk of T2D. In their study based on a population of
3,602 adults, resident in Korea, Rhee and his group, evidenced
an increased odds of developing diabetes, if arsenic was mea-
sured in urine, equal to 56%: OR = 1.56 [95%CI:1.03-2.36] for
IV quartile (> 193.4 pg/g creatinine) vs. I quartile (< 70.7pug/g
creatinine).
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In 2013 Pan and his group, thanks to their studies analyzing
arsenic in drinking water and toenails samples, demonstrated an
increased risk of T2D also in case of exposure to low arsenic
concentrations in household water, with an OR= 3.07 [95%CI:
1.38-6.85] for III quartile (As: 15.6—

170.0 pg/L) compared with I quartile (As<1.7 ug/L).

In addition to the studies cited above, only two prospective
cohort studies'>'® met our selection criteria. These works, con-
ducted on different populations — American Indians aged 45-75,
and general population, resident in Colorado (US) and aged 20-
74 — and using diverse biomarkers of effect (urine, drinking wa-
ter), gave different results: a statistically significant association
between total Arsenic exposure and Type 2 Diabetes at exposures
<100ug/L was identified in the study with smaller sample.'
At mean arsenic exposure of 39 ug/L, the 548 people enrolled
showed an increased risk of developing T2D equal to 55% after
adjustment for Age, ethnicity, BMI, and physical activity. On the
contrary, Kuo and his group, measuring the total arsenic levels in
urine samples of 1,694 American Indians, found no significant
association between diabetes and low arsenic exposure.

5. Conclusions

Exposure to arsenic and its compounds by means of drinking
water has been largely demonstrated to be an important risk fac-
tor for Type 2 Diabetes at high levels of chronic exposure (>150
pg/l). The effects of exposure to low/moderate concentrations of
this metalloid remain substantially controversial, in spite of the
plethora of scientific studies that have been produced in the last
decades. This might depend on different contemporary reasons:

the poor robustness and the extreme heterogeneity of the avail-
able study designs, as well as the existence of complex interac-
tions that could modify the effect of exposure to arsenic and its
compounds. We could hypothesize that different factors — genet-
ics, environmental, nutritional, lifestyle — might play an import-
ant role, competing with the arsenic mode of action and changing
its effects on human health. These contradictory results could be
also explained by the existence of an overlap of different sub-
populations, not considered separately in some of these studies.
This hypothesis might particularly contribute to explain the sub-
stantial increase in risk measures, combined with a wide range of
confidence intervals, recorded in some of the largest studies, as
Navas-Acien’s.

Therefore, further investigation is still necessary. More pro-
spective studies should be conducted, in particular considering
different subpopulations, in order to minimize possible con-
founders. For example, immigrants coming from countries with
higher arsenic environmental levels might be selected as specific
subgroups for investigation.

Irrespective of the reasons why results had no consistency,
understanding the effects of low to moderate arsenic exposure is
extremely urgent because of the worldwide environmental dif-
fusion of this metalloid and the absence of effective treatment
against acute and chronic intoxications. If arsenic toxicity at low
to moderate levels of exposure was confirmed, this would expand
the population at risk to two hundred and twenty six million peo-
ple worldwide, including arsenic exposures coming both from
geological and anthropogenic sources in water and food, with
increased public health worldwide, both in terms of morbidity/
mortality and economic expenditures.
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