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Abstract
Background Studies on low-level As exposure have not found an association with cancer, while increased risks were reported 
for skin lesions, respiratory and cardiovascular diseases and reproductive outcomes. Prospective observational studies with 
individual exposure measures are needed to study low-level As exposure effects. In a geothermal area in Southern Tuscany 
(Italy), characterized by a natural presence of As in drinking water (< 50 µg/l), As urinary concentrations were measured in 
a survey in 1998 and cohort members were followed to evaluate the effects on health.
Methods Around 900 subjects (20–55 years old) randomly sampled in 4 municipalities of the area (Monte Amiata), have 
been followed from 1999 to 2015, by hospitalisation and mortality registries. Standardized Hospitalisation Ratios (SHRs) 
were performed, compared to a reference area. Competing-risks regression models were performed to test the association 
between As urinary concentration and risk of first hospitalisation.
Results SHRs show various increased risks, more frequently among males. Internal analyses show a positive association 
between As and skin diseases in the general population, the Hazard Ratio (HR) for 1 µg/l increase of As urinary concentra-
tion is 1.06 (90%CI 1.01–1.11) and in males, HR 1.08 (90%CI 1.02–1.14), between As and circulatory system diseases in 
males, HR 1.03 (90%CI 1.01–1.05).
Conclusions The results suggest an effect on skin diseases and circulatory system diseases and, considering the relative 
young age of cohort members, they could be considered also as predictive of future severer diseases.
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Introduction

Inorganic Arsenic (As), a natural element found in foods 
and environment, is classified as a Class 1 human car-
cinogen by the International Agency for Research on 
Cancer (IARC 2012). For this reason the World Health 
Organization limits at 10 µg/l the allowable As presence 

in drinking water for human consumption. This limit had 
been adopted by Italy too, through the Legislative Decree 
No. 31 of 2 February 2001, implementing the European 
Union Council Directive 98/83/EC of 3 November 1998 
on the quality of water intended for human consumption. 
Epidemiologic studies on As exposure have shown carci-
nogenic effects on bladder, lung, skin, kidneys, prostate 
and liver, and non-carcinogenic effects on skin (Bates 
et al. 2004; Celik et al. 2008; Hopenhayn-Rich et al. 1998; 
Yuan et al. 2010; Lewis et al. 1999; Wadhwa et al. 2011), 
cardiovascular and respiratory diseases, diabetes and 
reproductive system diseases (Navas-Acien et al. 2006; 
Moon et al. 2012; Sanchez et al. 2016). This evidence 
has been observed in countries such as Bangladesh, Tai-
wan, Chile and Argentina with a high-level As concentra-
tion in drinking water (> 300 µg/l). Instead, other studies 
based on low/moderate-level exposure have not confirmed 
the association of As exposure with cancer of the skin, 
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bladder and lung and with diabetes (Baastrup et al. 2008; 
Mink et al. 2008; Maull et al. 2012). Increased risks were 
reported for skin lesions (Chen et al. 2009), respiratory 
diseases (Parvez et  al. 2010), cardiovascular diseases 
and reproductive outcomes (miscarriage and stillbirths) 
(Moon et  al. 2012; Myers et  al. 2010). In summary, 
effects of low/moderate-level As exposure are not well 
understood (Chen et al. 2009; Myers et al. 2010; Begum 
et al. 2015). This may depend on the aggregate rather 
than individual nature of measures used in these stud-
ies with a consequent non-differential misclassification 
of exposure that might introduce a bias toward the null 
hypothesis in relative risk estimates. Moreover, in many 
studies showing small risk increases results were affected 
by low statistical power (small sample size due to few 
expected cases). As a consequence, prospective obser-
vational studies with individual exposure measures are 
needed to effectively study the association between low/
moderate-level As exposure and risk for human health.

In the geothermal area of Monte Amiata in Southern 
Tuscany (Italy), (Fig. 1) characterized by a natural pres-
ence of As and other metals in drinking water and geo-
thermal fluids, As urinary concentrations were measured 
in a survey at the end of 1998. One of the aims of that 
survey was to evaluate the impacts of the exposure to As 
in drinking water.

In this study, cohort members were followed during 
the 17 years after the bio-monitoring survey to evaluate 
the effects of low-level As exposure (< 50 µg/l) on health.

Methods

Setting

In the volcanic area of Monte Amiata an extensive cinna-
bar mining activity for the production of mercury (Hg) was 
active for centuries. The mines were abandoned in the late 
1970s, causing an intense socio-economic collapse in the 
local population. Today in this area 5 geothermal plants are 
active in this area. They produce more than 25 percent of 
the electricity produced in Tuscany together with another 27 
plants situated in different Northern area of this region. Main 
air emissions from geothermal plants in the area include 
carbon dioxide (85%), hydrogen sulfide (1–2%) and methane 
(< 1%) (Environmental Protection Agency of Tuscany 2014) 
Other lesser emissions are composed of nitrogen, hydrogen, 
ammonia, boric acid, radon, rare gases and volatile forms of 
trace elements such as mercury, arsenic and antimony. As 
and other metals are also naturally present in springs used 
as drinking water supplies. After officially introducing the 
reduction of As limit in drinking water (lowered to 10 µg/l), 
many municipalities of this area did not succeed in conform-
ing to this and were obliged to derogate to levels greater 
than 10 µg/l. Only since 2010, thanks to the installation of 
As filters in water systems, As levels in drinking water have 
been respecting regulatory limits.

In 1998 the Local Health Unit (LHA) and the Italian 
Istituto Superiore di Sanità (ISS) conducted a human bio-
monitoring campaign in 4 municipalities of the Amiata 
area, two of which in its geothermal area (Abbadia San 

Fig. 1  Study area and control 
area in Southern Tuscany, Italy
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Salvatore, Piancastagnaio) and two outside (Radicofani, 
Castiglione d’Orcia), chosen as controls.

As urinary concentrations were measured and a ques-
tionnaire about lifestyles and daily activities was devel-
oped to evaluate exposure determinants or potential 
confounders.

The institutional review committee approved the protocol 
and an informed consent by subjects was obtained in 1998.

Cohort

The original sample was composed by 906 subjects (approx-
imately 1 every 50 inhabitants), all between 20 and 55 years 
old in 1998, randomly sampled from the municipalities’ pop-
ulation registers. Children, elderly and people with a direct 
occupational exposure to metals were excluded.

The survey was conducted between June and December 
1998. The final study cohort includes 889 participants, after 
excluding 17 people with an incorrect personal identifier, 
necessary to link the cohort with regional health adminis-
trative data.

Measurements

Arsenic exposure

Urine was sampled by Local Health Authorities (LHA) 
nurses to measure As concentration. The technique used 
allows the determination of the levels of inorganic As and 
mono and dimethylated forms  (Asi+MMA + DMA) related 
to occupational or environmental exposure (Bavazzano et al. 
1996). Trimethylated forms, related to fish consumption, are 
not detectable.

Urine samples, acidified by hydrochloric acid and sub-
jected to reduction by potassium iodide, are extracted with 
toluene. After a re-extraction from organic phase by a 1% 
nitric acid solution, the sample was analyzed by electro-
thermal atomic absorption method (ETAAS) with Zeeman 
background correction. The parameter for the acceptability 
of the dilution is defined on the basis of creatinine. In this 
regard, the WHO criteria is used (creatinine > 0.3 g/l and 
< 3 g/l) (WHO 1996), samples out of this range have been 
eliminated from the case series.

All analyses were submitted to quality control by the Ger-
man Society for Occupational Medicine and Environmental 
Medicine.

BIO-RAD reference materials had been used for the 
measurement of As in urine, in which analytes concentra-
tion is not certified, but it comes from an analysis conducted 
by three laboratories with a great experience in this type of 
measurement.

Outcomes

First hospital admissions for natural and other specific 
causes were considered. The following ICD9CM codes 
were used to identify outcomes:

All natural causes (traumatic injury and poisoning 
excluded: 800–999)
Benign neoplasms (210–229)
Malignant neoplasms (140–209, 230–239)

• Lip, oral cavity, pharynx (140–149)
• Stomach (151)
• Colon rectum (153–154)
• Trachea, bronchus and lung (162)
• Skin (172–173)
• Breast (174)
• Uterus (179, 180, 182)
• Ovary (183)
• Prostate (185)
• Bladder (188)
• Kidneys (189)
• Lymphatic and hematopoietic tissue (200–208)

Endocrine, nutritional and metabolic diseases (240–
279)
Blood diseases (280–289)
Nervous system diseases (320–389)
Circulatory system diseases (390–459)

• Ischemic heart disease (410–414)
• Cerebrovascular disease (430–438)
• Heart failure (428)

Respiratory system diseases (460–519)
Digestive system diseases (520–579)
Urinary system diseases (580–599)
Skin and subcutaneous tissue diseases (680–709)
Musculoskeletal and connective tissue system diseases 
(710–739)

Cohort participants were linked to the health regional 
administrative data by an anonymous identifier code. Hospi-
talisation causes were extracted from the primary diagnosis 
code (ICD9CM code) reported in discharge forms.

Other covariates

Other covariates were collected by the questionnaire to 
investigate potential sources of metal exposure (chewing 
gum consumption, contact lenses, dental fillings, fish and 
local vegetables consume) and potential confounders.

In particular, the following potential confounders were 
used in our analyses:
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• High alcohol consumption (high consumer vs other), 
defined as > 40 g alcohol per day for men and > 20 g per 
day for women.

• Smoking habits (current smoker and ex-smoker since less 
than 1 year vs never smoker and ex-smoker since more 
than 1 year).

• Overweight (overweight or obese vs other), identi-
fied by body mass index value, based on self- reported 
height and weight. Overweight/obese have a body mass 
index ≥ 25.

All variables used in the analyses are referred to the base-
line time (1 January 1999).

Statistical analyses

Descriptive analyses were performed at baseline for age, 
gender, smokers, high alcohol consumers, overweight people 
and As urinary concentration level.

All participants were followed from the baseline (1 
January 1999) until death, emigration from Tuscany or 31 
December 2015, whichever came first. Standardized Hospi-
talisation Rates (SHRs) were performed, using all munici-
palities in a 50 km range from the geothermal area centre 
as reference area. SHRs were standardized for age, gender 
and calendar year.

Internal analyses were performed to test the association 
between exposure and outcomes by competing-risks regres-
sion models (Fine and Gray 1999). Death was considered a 

competing event. Two different adjusted models were per-
formed for each outcome: adjustment for age and gender 
only (Mod1), adjustment for age, gender, alcohol, smoking 
and overweight (Mod2). Exposure was tested as a continu-
ous variable. All internal analyses were stratified by gender.

Individuals with a disease history at baseline were 
excluded from the corresponding analysis. Disease history 
was defined observing primary diagnosis in hospitalisation 
during the previous period, since 1996.

All analyses were performed using Stata software V.12.0 
(StataCorp).

Results

As urinary concentration has a log-normal distribution and 
the 5°–95° percentile range is 1.8–15.5 µg/l. Arithmetic 
average is 7.0 (standard deviation: 6.5), geometric average is 
5.8 (SD: 1.9). Around 43% of cohort members are smokers 
or stopped during last year, 12% are high alcohol consum-
ers and 38% are overweight. Males have worse lifestyles 
than females and As urinary concentration average is slightly 
higher among females than males (Table 1).

Among cohort participants, 9 (1%) left Tuscany before 
the end of 2015 and 41 (4.6%) died.

SHRs show a higher risk for natural causes, malignant 
neoplasms, lung cancer, stomach cancer, blood diseases, 
circulatory system diseases, digestive system diseases, uri-
nary system diseases, musculoskeletal diseases (Table 2). 

Table 1  Descriptive analyses at 
baseline

Total sample (n: 
889)

Men (n: 437) Women (n: 452) p value

N % N % N %

Age group (year)
 20–29 174 19.6 86 19.7 88 19.5 0.415
 30–39 270 30.4 124 28.4 146 32.3
 40–55 445 50.0 227 51.9 218 48.2

Lifestyles
 Smoking 379 42.6 225 51.5 154 34.1 < 0.001
 High alcohol consumer 103 11.6 88 20.1 15 3.3 < 0.001
 Overweight 337 37.9 212 48.5 123 27.2 < 0.001

Arsenic urinary concentration values (µg/l)
 AM (ASD) 7.0 (6.5) 6.4 (4.7) 7.6 (7.8) 0.006
 GM (GSD) 5.8 (1.9) 5.5 (1.8) 6.2 (1.9) 0.003
 1° pct 0.0 0.0 0.0
 5° pct 1.8 1.8 1.8
 25° pct 3.8 3.7 4.0
 50° pct 5.7 5.4 6.2
 75° pct 8.6 7.6 9.3
 95° pct 15.5 14.6 16.8
 99° pct 26 25.6 28.2
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Gender stratified analyses show a higher risk for all natural 
causes, malignant neoplasms, colon-rectum cancer, lung 
cancer, prostate cancer, stomach cancer, lip and oral cavity 
cancer, blood diseases, circulatory system diseases, diges-
tive system diseases, urinary system diseases, musculo-
skeletal diseases in males. All natural causes, circulatory 
system diseases, urinary system diseases and musculoskel-
etal diseases SHRs show increased risks in females.

Internal analyses show a positive association between 
As urinary concentration level and skin diseases in the 
general population (adjusted HR 1.06, 90% CI 1.01–1.11, p 
0.039) and in males (adjusted HR 1.08, 90% CI 1.02–1.14, 
p 0.030), between As urinary concentration and circula-
tory system diseases in males (adjusted HR 1.03, 90% CI 
1.01–1.05, p 0.041). An increased risk has been shown 
also in lip and oral cavity cancer (adjusted HR 1.10, 90% 
CI 1.05–1.14, p < 0.001) and in skin cancer among males 

(adjusted HR 1.05, 90% CI 1.10–1.10, p 0.059), but these 
results are based only on 3 events observed (Table 3).

Discussion

Arsenic measurements

This study is one of the few existing examples of prospec-
tive studies with an individual exposure measure in low-
level As exposure areas. Other studies have demonstrated 
that As urinary concentration levels do not fluctuate so 
much in time (Chen et al. 2009). The Sepias project, an 
Italian study on health effects of As exposure in four Ital-
ian areas carried out in 2010, collected 50 samples for As 
urinary determination in one of four municipalities of this 
study (Abbadia San Salvatore), obtaining a similar range 

Table 2  Cases observed, 
Standardized Hospitalisation 
Ratio (SHR) and 90% 
confidence interval, for each 
hospitalisation outcome, 
stratified for gender

* p value < 0.10, †p value < 0.05

Causes Total Men Women

N SHR (90% CI) N SHR (90% CI) N SHR (90% CI)

Natural causes (traumatic 
injury and poisoning 
excluded)

441 1.7 (1.6–1.9)† 201 1.6 (1.4–1.8)† 240 1.8 (1.7–2.1)†

Benign neoplasms 53 1.0 (0.8–1.3) 10 1.0 (0.6–1.6) 43 1.1 (0.8–1.4)
Malignant neoplasms 87 1.4 (1.2–1.7)† 47 2.0 (1.6–2.5)† 40 1.0 (0.8–1.3)
 Ovary 3 1.7 (0.7–4.5)
 Colon rectum 8 1.4 (0.8–2.6) 8 2.8 (1.6–5.1)† 0
 Trachea, bronchus, lung 8 2.3 (1.3–4.1)† 5 2.4 (1.2–5.1)† 3 2.0 (0.8–5.3)
 Uterus 1 0.4 (0.1–2.0)
 Breast 8 0.5 (0.3–1.0)
 Prostate 6 3.7 (1.9–7.3)†

 Bladder 3 1.0 (0.4–2.7) 1 0.5 (0.1–2.4) 2 2.8 (0.9–9.0)
 Stomach 4 2.7 (1.2–6.2)† 3 3.4 (1.3–8.8)† 1 1.7 (0.3–8.9)
 Kidneys 4 1.4 (0.6–3.3) 3 1.6 (0.6–4.1) 1 1.2 (0.2-6.0)
 Skin 6 1.8 (0.9–3.5) 3 1.7 (0.7–4.5) 3 1.8 (0.7–4.7)
 Lip, oral cavity, pharynx 3 1.8 (0.7–4.7) 3 2.7 (1.1–7.0)* 0
 Lymphohematopoietic 5 1.3 (0.6–2.6) 4 1.9 (0.8–4.3) 1 0.5 (0.1–2.8)

Endocrine 32 1.2 (0.9–1.6) 9 1.0 (0.6–1.7) 23 1.3 (0.9–1.8)
Blood 14 1.6 (1.0–2.4)* 7 2.6 (1.4–4.9)† 7 1.1 (0.6–2.1)
Nervous system 60 1.1 (0.9–1.4) 24 1.0 (0.7–1.5) 36 1.2 (0.9–1.6)
Circulatory system 135 1.4 (1.2–1.6)† 71 1.3 (1.1–1.6)† 64 1.5 (1.2–1.9)†

 Ischemic heart 24 1.0 (0.7–1.4) 21 1.1 (0.8–1.6) 3 0.6 (0.2–1.4)
 Cerebrovascular 18 1.2 (0.8–1.8) 9 1.1 (0.6–1.9) 9 1.4 (0.8–2.5)
 Heart failure 7 1.8 (1.0–3.4) 4 1.5 (0.6–3.4) 3 2.6 (1.0–6.7)

Respiratory system 55 1.1 (0.9–1.4) 31 1.1 (0.8–1.4) 24 1.2 (0.8–1.6)
Digestive system 152 1.3 (1.1–1.4)† 92 1.4 (1.1–1.6)† 60 1.1 (0.9–1.4)
Urinary system 45 1.8 (1.4–2.3)† 24 1.6 (1.1–2.2)† 21 2.0 (1.4–2.9)†

Skin and subcutaneous 18 1.2 (0.8–1.7) 12 1.6 (1.0–2.5) 6 0.8 (0.4–1.5)
Musculoskeletal, connective 142 1.3 (1.1–1.5)† 75 1.4 (1.1–1.6)† 67 1.3 (1.0–1.6)†
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value (Bustaffa et al. 2014). The same study reported as 
principal exposure sources to be considered in the area, 
excluding direct work exposure, public drinking water sup-
ply and local food. Past mining activities and increased soil 
exploitation by geothermal plants might have increased the 
As level in local water. As urinary concentration levels in 
our cohort members are close to the reference values pub-
lished by the Italian Society of Reference Values (SIVR) 
in 2011, that assesses 5°–95° percentile reference values 
for urinary concentration of arsenic, elemental and soluble 
inorganic compounds, between 2 and 15 µg/l.

A limit of this measurement procedure can be repre-
sented by the lack of As speciation to distinguish inorganic 
As (in arsenite or arsenate forms), MMA and DMA con-
tributes to the total urinary concentration value.

Inorganic As mainly derives from contaminated drink-
ing water exposure. In general, inorganic As are more toxi-
cologically relevant than organic species (arsenobetaine or 
arsenocholine), that mainly derive from seafood consump-
tion. Inorganic As methylation was described for a long 
time as a detoxification process by human metabolism, 
but recent studies showed that methylated metabolites are 
of greater toxicity in various systems (Agency for Toxic 
Substances and Disease Registry 2007; Hartwig and MAK 
Commission 2016). The measurement techniques used in 
this study did not allow us to obtain detailed values of dif-
ferent As species, we can only suppose that DMA is the 
prevalent form contained in urine, relying on data showed 
by Sepias project about Amiata cohort members sampled, 

Table 3  Hazard Ratio (HR) of first hospitalisation and 90% confidence interval for continuous exposure, adjusted by  Mod2a, stratified for gender

NC not calculable, *p value < 0.10, †p value < 0.05
a Model adjusted for age, gender, smoking, alcohol, overweight

Causes HR (90% CI) for 1 µg/l increase of 
As urinary concentration

HR (90% CI) for 1 µg/l increase of 
As urinary concentration

HR (90% CI) for 1 µg/l 
increase of As urinary con-
centration

Total Total Total

Natural causes (traumatic injury 
and poisoning excluded)

0.99 (0.98–1.01) 1.00 (0.98–1.02) 0.99 (0.97-1.00)

Benign neoplasms 0.99 (0.95–1.04) 0.92 (0.79–1.06) 1.00 (0.95–1.05)
Malignant neoplasms 0.96 (0.92–1.01) 0.98 (0.93–1.04) 0.94 (0.88-1.00)
 Ovary 1.06 (0.97–1.16)
 Colon rectum 0.94 (0.81–1.08) 0.94 (0.81–1.08) NC
 Trachea, bronchus, lung 0.89 (0.74–1.07) 0.89 (0.71–1.11) 0.90 (0.70–1.16)
 Uterus NC
 Breast 0.97 (0.87–1.08)
 Prostate 0.93 (0.80–1.09)
 Bladder 0.85 (0.72–1.00) NC NC
 Stomach 1.00 (0.89–1.12) 1.02 (0.93–1.12) NC
 Kidneys 0.96 (0.84–1.10) 0.95 (0.78–1.15) NC
 Skin 0.97 (0.84–1.13) 1.05 (1.01–1.10)* 0.73 (0.53–1.02)
 Lip, oral cavity, pharynx 1.10 (1.05–1.14)† 1.10 (1.05–1.14)† NC
 Lymphohematopoietic 0.87 (0.68–1.12) 0.93 (0.75–1.17) NC

Endocrine 1.00 (0.97–1.04) 1.05 (0.99–1.11) 0.98 (0.94–1.03)
Blood 1.01 (0.93–1.09) 0.89 (0.69–1.15) 1.06 (1.00–1.12)
Nervous system 0.97 (0.94–1.01) 0.93 (0.85–1.01) 0.99 (0.96–1.03)
Circulatory system 1.02 (1.00–1.04) 1.03 (1.01–1.05)† 1.00 (0.97–1.04)
 Ischemic heart 0.97 (0.91–1.03) 0.97 (0.90–1.04) 0.98 (0.90–1.05)
 Cerebrovascular 0.97 (0.92–1.03) 0.98 (0.89–1.08) 0.97 (0.88–1.06)
 Heart failure 0.92 (0.82–1.03) 0.87 (0.69–1.09) 0.94 (0.86–1.03)

Respiratory system 1.02 (0.98–1.06) 1.02 (0.98–1.07) 1.00 (0.93–1.08)
Digestive system 0.98 (0.94–1.01) 0.99 (0.96–1.03) 0.95 (0.90–1.00)
Urinary system 0.97 (0.92–1.02) 0.99 (0.91–1.09) 0.95 (0.91–0.99)
Skin and subcutaneous 1.06 (1.01–1.11)† 1.08 (1.02–1.14)† 1.03 (0.96–1.11)
Musculoskeletal, connective 0.99 (0.97–1.01) 1.00 (0.97–1.04) 0.97 (0.94–1.01)
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among which 51% of total  Asi+DMA + MMA was DMA, 
27% MMA, 22% inorganic As (Bustaffa et al. 2014).

Main results

SHRs show known excesses, also showed in other studies 
on this area (Minichilli et al. 2012). Observed excesses are 
coherent, considering the age range of cohort members too, 
with another epidemiological observational study conducted 
on the population resident in this area in 2012, that had 
showed increased mortality and hospitalisation risks with 
respect to the same reference area (Minichilli et al. 2012).

Internal analyses show an effect of As urinary concentra-
tion on circulatory system diseases in males, and on skin 
diseases in males and in both gender.

The exclusion of people aged over 55 years from the sur-
vey might have limited cancer events observation during the 
follow-up period. At the same time we could hypothesize a 
relative recent exposure for these people and there may be 
more opportunities to implement chronic long-term events 
prevention actions, especially in the increased circulatory 
and skin diseases observed.

Cancer

Although limited by the small number of hospitalisations 
observed, SHRs showed an excess for malignant neoplasms, 
particularly in males, for all malignant neoplasms and some 
specific sites (colon-rectum, lung, prostate and stomach). 
In internal analyses with continuous exposure, associations 
were observed with lips and oral cave cancer (+ 10% for 
increase of 1 µg/l of As urinary concentration) and skin can-
cer (+ 5% for increase of 1 µg/l of As urinary concentration) 
in males, but these results should be cautiously interpreted, 
because they are based on only 3 observed events for each 
outcome. It is likely that a longer follow-up period is neces-
sary to increase statistical power to measure these events. 
The number of cancers observed could be low due to the rel-
atively young age of this cohort and to latency of malignant 
events. The evidence of the association between low-level 
As exposure and cancer present in literature mainly derives 
from observational or case-control studies, frequently with-
out individual exposure measurements. Although several 
studies have found an association with skin cancer (Leonardi 
et al. 2012), bladder cancer (Bates et al. 2004; Hopenhayn-
Rich et al. 1996; Kurttio et al. 1999), and respiratory sys-
tem cancer (Ferreccio et al. 2000), many other studies did 
not show any association or, in some cases, they observed a 
protective effect of these cancer sites (Baastrup et al. 2008; 
Chen et al. 2010; Han et al. 2009). In conclusion, the current 
evidence is insufficient to affirm that an association between 
these cancer sites and low-level As exposure exists.

Non‑cancerous diseases

Hospitalisation excesses were observed for blood, diges-
tive system and urinary system diseases only in males, 
while excesses for all natural causes, circulatory system, 
urinary system and musculoskeletal/connective system 
diseases were observed in both gender. Internal compari-
sons confirm in males a positive association between As 
urinary concentration and circulatory system diseases and 
skin diseases. Other studies report the association between 
long term low-level As exposure and skin diseases (Guha 
Mazumder et al. 1998; McDonald et al. 2007; Xia et al. 
2009; Ahsan et al. 2006; Argos et al. 2011), mainly hyper-
keratosis, hyper- or hypopigmentation, more frequently in 
males (Rahman et al. 2006), and suggest that skin diseases 
might be considered as a predictive factor of future malig-
nant skin diseases. The results of this study are coherent 
with this hypothesis, also considering the young age of 
the cohort and the relative short period of follow-up to 
develop malignant diseases. Among the 18 cases observed 
in our cohort, no pigmentation cases were observed. Dif-
ferent skin inflammations and infections had occurred, but 
few cases for specific subgroups do not allow us to analyse 
each one separately.

Also results for circulatory system diseases find con-
firmations in other studies. Systematic reviews report that 
some studies have limits in exposure and outcome meas-
urements, and often conclude hoping for future prospec-
tive studies with an individual exposure measurement to 
obtain more solid evidence (Moon et al. 2012). The lack of 
association between low-level As exposure and cardiovas-
cular endpoints, such as stroke or myocardial infarction, 
suggests that increased risk might regard less severe circu-
latory system diseases, in line with other studies that had 
showed effects on hypertension, atherosclerosis, and in 
general on risk factors and initial steps along a history of 
cardiovascular disease (Moon et al. 2012; Stea et al. 2016; 
Engel and Smith 1994; Lisabeth et al. 2010; Medrano et al. 
2010; Islam et al. 2012). An internal subgroup analysis is 
not even possible for circulatory diseases, because many 
different diseases were observed, with a few cases for each 
one. Among the 71 cases observed in males, excluding 
21 ischemic heart diseases, 9 strokes and 4 heart failures, 
arrhythmia and arteries and veins diseases were mainly 
observed.

Internal analyses showed significant increased risks only 
among males, but our data can hardly explain these dif-
ferences between the two gender. We could only consider 
the possible presence of a residual bias due to other not 
measured lifestyles, such as diet or physical activity habits, 
assuming that males have worse habits than females, more 
frequently in people with high As urinary concentration 
levels.
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Limitations and strengths of the study

The exclusive use in this study of administrative data from 
hospital discharges to measure outcomes may have under-
estimated the number of events, because only diseases that 
need a hospital admission have been considered. In addi-
tion, the estimate of hospitalisation rates and ratios, which 
implies the inclusion in the numerator only of new events 
and the exclusion of prevalent conditions, may have been 
incomplete since the registry of hospitalisations was avail-
able only since 1996, therefore, a retrospective assessment 
of previous diseases based on the hospitalisation registry 
was limited to 3 years (1996–1998). Furthermore, upon 
enrolment no questions were asked to the subject about 
specific diagnoses he/she may have received previously. 
Another limitation could be due to the lack of As specia-
tion which may have indicated the origin of As (whether 
from water, rice or seafood) and the lack of new exposure 
measurements and other covariates during the follow-up 
period.

On the other hand, individual exposure measurements 
represent a strong point of this study, and the linkage with 
administrative data will allow us to increase the follow-
up period in the future, to investigate cancer diseases and 
mortality with more statistical power.

Conclusions

In this study, we found an association between low-level 
As exposure and hospitalisation for circulatory system 
diseases in males (+ 3% for 1 µg/l increase of As urinary 
concentration). There was also an association with skin 
diseases in males (+ 8% for 1 µg/l increase of As uri-
nary concentration) and in the general population (+ 6% 
for 1 µg/l increase of As urinary concentration). These 
results suggest a low-level As exposure effect on these 
diseases and, considering the relative young age of cohort 
members, they could be considered also as predictive 
of future severer diseases. To confirm these hypotheses 
and to repeat these analyses considering a longer latency 
period for cancer diseases, an update of follow-up is 
recommended.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

References

Agency for Toxic Substances and Disease Registry (ATSDR) (2007) 
Toxicological profile for Arsenic. US Department of Health and 
Human Services, Public Health Service, Atlanta

Ahsan H, Chen Y, Parvez F, Zablotska L, Argos M, Hussain I et al 
(2006) Arsenic exposure from drinking water and risk of pre-
malignant skin lesions in Bangladesh: baseline results from the 
Health Effects of Arsenic Longitudinal Study. Am J Epidemiol 
163:1138–1148

Argos M, Kalra T, Pierce BL, Chen Y, Parvez F, Islam T et al (2011) 
A prospective study of arsenic exposure from drinking water 
and incidence of skin lesions in Bangladesh. Am J Epidemiol 
174(2):185–194

Baastrup R, Sørensen M, Balstrøm T, Frederiksen K, Larsen CL, Tjøn-
neland A et al (2008) Arsenic in drinking-water and risk for can-
cer in Denmark. Environ Health Perspect 116(2):231–237. https 
://doi.org/10.1289/ehp.10623 

Bates MN, Rey OA, Biggs ML, Hopenhayn C, Moore LE, Kalman D 
et al (2004) Case-control study of bladder cancer and exposure to 
arsenic in Argentina. Am J Epidemiol 159(4):381–389

Bavazzano P, Perico A, Rosendahl H, Apostoli P (1996) Determination 
of urinary arsenic by solvent extraction and electrothermal atomic 
absorption spectrometry. A comparison with directly coupled high 
performance liquid chromatography-indiclively coupled plasma 
mass spectrometry. J Anal At Spectrom 11:521–524. https ://doi.
org/10.1039/JA996 11005 21

Begum M, Horowitz J, Hossain MI (2015) Low-dose risk assessment 
for arsenic: a meta-analysis approach. Asia Pac J Public Health 
27(2):NP20–N35. https ://doi.org/10.1177/10105 39512 46656 8

Bustaffa E, Minichilli F, Andreassi MG, Carone S, Coi A, Cori L et al 
(2014) Studies on markers of exposure and early effect in areas 
with arsenic pollution: methods and results of the project SEpiAs. 
Epidemiological surveillance in areas with environmental pollu-
tion by natural or anthropogenic arsenic. Epidemiol Prev 38(3–4 
Suppl 1):27–94

Celik I, Gallicchio L, Boyd K, Lam TK, Matanoski G, Tao X et al 
(2008) Arsenic in drinking water and lung cancer: a systematic 
review. Environ Res 108(1):48–55. https ://doi.org/10.1016/j.envre 
s.2008.04.001

Chen Y, Parvez F, Gamble M, Islam T, Ahmed A, Argos M et al (2009) 
Arsenic exposure at low-to-moderate levels and skin lesions, arse-
nic metabolism, neurological functions, and biomarkers for res-
piratory and cardiovascular diseases: review of recent findings 
from the Health Effects of Arsenic Longitudinal Study (HEALS) 
in Bangladesh. Toxicol Appl Pharmacol 239(2):184–192. https ://
doi.org/10.1016/j.taap.2009.01.010 (Epub 2009 Jan 27)

Chen CL, Chiou HY, Hsu LI, Hsueh YM, Wu MM, Wang YH et al 
(2010) Arsenic in drinking water and risk of urinary tract cancer: 
a follow-up study from northeastern Taiwan. Cancer Epidemiol 
Biomarkers Prev 19(1):101–110. https ://doi.org/10.1158/1055-
9965.EPI-09-0333

Engel RR, Smith AH (1994) Arsenic in drinking water and mortality 
from vascular disease: an ecologic analysis in 30 countries in the 
United States. Arch Environ Health 49(5):418–427

Ferreccio C, Gonzales C, Milosavjlevic V, Marshall G, Sancha AM, 
Smith AH (2000) Lung cancer and arsenic concentrations in 
drinking water in Chile. Epidemiology 11:673–679

Fine JP, Gray RJ (1999) A proportional hazards model for the subdis-
tribution of a competing risk. J Am Stat Assoc 94(446):496–509. 
https ://doi.org/10.1080/01621 459.1999.10474 144

Guha Mazumder DN, Haque R, Ghosh N, De BH, Santra A, 
Chakraborty D et al (1998) Arsenic levels in drinking water and 
the prevalence of skin lesions in West Bengal, India. Int J Epide-
miol 27(5):871–877

8

https://doi.org/10.1289/ehp.10623
https://doi.org/10.1289/ehp.10623
https://doi.org/10.1039/JA9961100521
https://doi.org/10.1039/JA9961100521
https://doi.org/10.1177/1010539512466568
https://doi.org/10.1016/j.envres.2008.04.001
https://doi.org/10.1016/j.envres.2008.04.001
https://doi.org/10.1016/j.taap.2009.01.010
https://doi.org/10.1016/j.taap.2009.01.010
https://doi.org/10.1158/1055-9965.EPI-09-0333
https://doi.org/10.1158/1055-9965.EPI-09-0333
https://doi.org/10.1080/01621459.1999.10474144


979International Archives of Occupational and Environmental Health (2018) 91:971–979 

1 3

Han YY, Weissfeld JL, Davis DL, Talbott EO (2009) Arsenic levels in 
ground water and cancer incidence in Idaho: an ecologic study. 
Int Arch Occup Environ Health 82(7):843–849

Hartwig A, MAK Commission (2016) Arsenic and its inorganic com-
pounds (with the Exception of Arsine), vol. 1. The Mak-Collection 
for Occupational Health and Safety: annual thresholds and clas-
sifications for the workplace. https ://doi.org/10.1002/35276 00418 
.mb744 038ve re571 6

Hopenhayn-Rich C, Biggs ML, Fuchs A, Bergoglio R, Tello EE, Nicolli 
H et al (1996) Bladder cancer mortality associated with arsenic in 
drinking water in Argentina. Epidemiology 7(2):117–124

Hopenhayn-Rich C, Biggs ML, Smith AH (1998) Lung and kidney 
cancer mortality associated with arsenic in drinking water in Cór-
doba, Argentina. Int J Epidemiol 27(4):561–569

IARC (2012) Arsenic and arsenic compounds. IARC Monogr Eval 
Carcinog Risks Hum 100C:41–93

Islam MR, Khan I, Attia J, Hassan SM, McEvoy M, D’Este C et al 
(2012) Association between hypertension and chronic arsenic 
exposure in drinking water: a cross-sectional study in Bangladesh. 
Int J Environ Res Public Health 9(12):4522–4536

Kurttio P, Pukkala E, Kahelin A, Auvinen A, Pekkanen J (1999) Arse-
nic concentrations in well water and risk of bladder and kidney 
cancer in Finland. Environ Health Perspect 107:705–710

Leonardi G, Vahter M, Clemens F, Goessler W, Gurzau E, Hemminki 
K et al (2012) Inorganic arsenic and basal cell carcinoma in areas 
of Hungary, Romania, and Slovakia: a case-control study. Envi-
ron Health Perspect 120(5):721–726. https ://doi.org/10.1289/
ehp.11035 34 (Epub 2012 Jan 31)

Lewis DR, Southwick JW, Ouellet-Hellstrom R, Rench J, Calderon RL 
(1999) Drinking water arsenic in Utah: a cohort mortality study. 
Environ Health Perspect 107(5):359–365

Lisabeth LD, Ahn HJ, Chen JJ, Sealy-Jefferson S, Burke JF, Meliker 
JR (2010) Arsenic in drinking water and stroke hospitalisations 
in Michigan. Stroke 41(11):2499–2504

Maull EA, Ahsan H, Edwards J, Longnecker MP, Navas-Acien A, Pi 
J et al (2012) Evaluation of the association between arsenic and 
diabetes: a National Toxicology Program workshop review. Envi-
ron Health Perspect 120(12):1658–1670. https ://doi.org/10.1289/
ehp.11045 79 (Epub 2012 Aug 10)

McDonald C, Hoque R, Huda N, Cherry N (2007) Risk of arsenic-
related skin lesions in Bangladeshi villages at relatively low expo-
sure: a report from Gonoshasthaya Kendra. Bull World Health 
Organ 85(9):668–673

Medrano MAJ, Boix R, Pastor-Barriuso R, Palau M, Damián J, Ramis 
R et al (2010) Arsenic in public water supplies and cardiovascular 
mortality in Spain. Environ Res 110:448–454

Minichilli F, Nuvolone D, Bustaffa E, Cipriani F, Vigotti MA, Bianchi 
F (2012) State of health of populations residing in geothermal 
areas of Tuscany. Epidemiol Prev 36(5 Suppl 1):1–104

Mink PJ, Alexander DD, Barraj LM, Kelsh MA, Tsuji JS (2008) Low-
level arsenic exposure in drinking water and bladder cancer: a 
review and meta-analysis. Regul Toxicol Pharmacol 52(3):299–
310. https ://doi.org/10.1016/j.yrtph .2008.08.010 (Epub 2008 Aug 
26)

Moon K, Guallar E, Navas-Acien A (2012) Arsenic exposure and cardi-
ovascular disease: an updated systematic review. Curr Atheroscler 
Rep 14(6):542–555. https ://doi.org/10.1007/s1188 3-012-0280-x

Myers SL, Lobdell DT, Liu Z, Xia Y, Ren H, Li Y et al (2010) Maternal 
drinking water arsenic exposure and perinatal outcomes in inner 
Mongolia, China. J Epidemiol Community Health 64(4):325–329. 
https ://doi.org/10.1136/jech.2008.08439 2 (Epub 2009 Aug 19)

Navas-Acien A, Silbergeld EK, Streeter RA, Clark JM, Burke TA, 
Guallar E (2006) Arsenic exposure and type 2 diabetes: a sys-
tematic review of the experimental and epidemiological evidence. 
Environ Health Perspect 114(5):641–648

Parvez F, Chen Y, Brandt-Rauf PW, Slavkovich V, Islam T, Ahmed A 
et al (2010) A prospective study of respiratory symptoms associ-
ated with chronic arsenic exposure in Bangladesh: findings from 
the Health Effects of Arsenic Longitudinal Study (HEALS). Tho-
rax 65(6):528–533. https ://doi.org/10.1136/thx.2009.11934 7

Rahman M, Vahter M, Sohel N, Yunus M, Wahed MA, Streatfield PK 
et al (2006) Arsenic exposure and age and sex-specific risk for 
skin lesions: a population-based case-referent study in Bangla-
desh. Environ Health Perspect 114(12):1847–1852

Sanchez TR, Perzanowski M, Graziano JH (2016) Inorganic arsenic 
and respiratory health, from early life exposure to sex-specific 
effects: a systematic review. Environ Res 147:537–555. https ://
doi.org/10.1016/j.envre s.2016.02.009

Stea F, Faita F, Borghini A, Faita F, Bianchi F, Bustaffa E et al (2016) 
Arsenic and subclinical vascular damage in a sample of Italian 
young adults: a cross-sectional analysis. Environ Sci Pollut Res 
Int 23(20):20307–20314 (Epub 2016 Jul 23)

Wadhwa SK, Kazi TG, Chandio AA, Afridi HI, Kolachi NF, Khan S 
et al (2011) Comparative study of liver cancer patients in arsenic 
exposed and non-exposed areas of Pakistan. Biol Trace Elem Res 
144(1–3):86–96. https ://doi.org/10.1007/s1201 1-011-9036-7

WHO (1996) Biological monitoring of chemical exposure in the work-
place, vol 1. World Health Organization, Geneva

Xia Y, Wade TJ, Wu K, Li Y, Ning Z, Le XC et al (2009) Well water 
arsenic exposure, arsenic induced skin-lesions and self-reported 
morbidity in Inner Mongolia. Int J Environ Res Public Health 
6(3):1010–1025

Yuan Y, Marshall G, Ferreccio C, Steinmaus C, Liaw J, Bates M et al 
(2010) Kidney cancer mortality: fifty-year latency patterns related 
to arsenic exposure. Epidemiology 21(1):103–108. https ://doi.
org/10.1097/EDE.0b013 e3181 c21e4 6

9

https://doi.org/10.1002/3527600418.mb744038vere5716
https://doi.org/10.1002/3527600418.mb744038vere5716
https://doi.org/10.1289/ehp.1103534
https://doi.org/10.1289/ehp.1103534
https://doi.org/10.1289/ehp.1104579
https://doi.org/10.1289/ehp.1104579
https://doi.org/10.1016/j.yrtph.2008.08.010
https://doi.org/10.1007/s11883-012-0280-x
https://doi.org/10.1136/jech.2008.084392
https://doi.org/10.1136/thx.2009.119347
https://doi.org/10.1016/j.envres.2016.02.009
https://doi.org/10.1016/j.envres.2016.02.009
https://doi.org/10.1007/s12011-011-9036-7
https://doi.org/10.1097/EDE.0b013e3181c21e46
https://doi.org/10.1097/EDE.0b013e3181c21e46

	Health effects among a cohort exposed to low-level arsenic in a geothermal area of Tuscany, Italy
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Setting
	Cohort
	Measurements
	Arsenic exposure
	Outcomes
	Other covariates

	Statistical analyses

	Results
	Discussion
	Arsenic measurements
	Main results
	Cancer
	Non-cancerous diseases
	Limitations and strengths of the study

	Conclusions
	References




