
  Correspondence: V. Rafnsson, Department of Preventive Medicine, University of Iceland, 101 Reykjavik, Iceland. E-mail: vilraf@hi.is  

 (Received   26   February   2014  ; accepted   28   April   2014  ) 

                        ORIGINAL ARTICLE    

 Cancer mortality and other causes of death in users of geothermal 
hot water      

    ADALBJORG     KRISTBJORNSDOTTIR  1     &         VILHJALMUR     RAFNSSON  2    

  1 The Centre of Public Health Sciences, Faculty of Medicine, University of Iceland, Reykjavik, Iceland and 
 2  Department of Preventive Medicine, Faculty of Medicine, University of Iceland, Reykjavik, Iceland                             

  ABSTRACT 

 Background. Residents of geothermal areas have increased incidence of non-Hodgkin ’ s lymphoma, breast, prostate, 
and kidney cancers. The aim was to study whether this is also refl ected in cancer mortality among the population using 
geothermal hot water for space heating, washing, and showering.  
 Methods. The follow-up was from 1981 to 2009. Personal identifi er of those 5 – 64 years of age was used in record 
linkage with nationwide death registry. Thus, vital and emigration status was ascertained. The exposed population was 
defi ned as inhabitants of communities with district heating generated from geothermal wells since 1972. Reference 
populations were inhabitants of other areas with different degrees of volcanic/geothermal activity. Hazard ratio (HR) 
and 95% confi dence intervals (CI) were adjusted for age, gender, education, housing, reproductive factors and smoking 
habits. 
 Results. Among those using geothermal water, the HR for all causes of death was 0.98 (95% CI 0.91 – 1.05) as com-
pared with cold reference area. The HR for breast cancer was 1.53 (1.04 – 2.24), prostate cancer 1.74 (1.21 – 2.52), kidney 
cancer 1.78 (1.03 – 3.07), and for non-Hodgkin ’ s lymphoma 2.01 (1.05 – 3.38). HR for infl uenza was 3.36 (1.32 – 8.58) 
and for suicide 1.49 (1.03 – 2.17). 
    Conclusion. The signifi cant excess mortality risk of breast and prostate cancers, and non-Hodgkin ’ s lymphoma con-
fi rmed the results of similarly designed studies in Iceland on cancer incidence among populations from high-temperature 
geothermal areas and users of geothermal hot water. The risk is not confi ned to cancers with good prognosis, but also 
concerns fatal cancers. Further studies are needed on the chemical and physical content of the water and the environment 
emissions in geothermal areas. 

 Air pollution and its impact on human health have 
been considered a serious problem in active volcanic 
areas. Millions of people globally live within volcanic-
geothermal areas [1]. Toxic emissions from volcanic 
and geothermal areas include carbon dioxide (CO 2 ), 
sulphur dioxide (SO 2 ), hydrogen chloride (HCl), 
hydrogen fl uoride (HF), hydrogen sulphide (H 2 S), 
carbon monoxide (CO), radon (Rn) and various 
trace elements [2 – 6]. Unlike emissions of hazardous 
air pollutants during eruptions, ground gas emissions 
from geothermal fi elds are continuous and commu-
nities in these areas may be chronically exposed to 
elevated gas concentrations. 

 The main components of the gas emissions from 
the geothermal fi elds and fumaroles in Iceland are CO 2 , 
H 2 S, SO 2 , and hydrogen (H 2 ) and the information 
available from Icelandic settings indicate the presence 

of traces of hazardous elements in the geothermal water 
including arsenic (As) (1 – 2 ppb), mercury (Hg) 
(0.05 ppb), and Rn (3 – 100 Bq/l), i.e. in low quantities, 
but in varying concentrations [7 – 10]. The geothermal 
hot water, from deep drilled wells (down to 800 m), 
has been piped into power plants, industries, green 
houses and domestic houses and used for heating, laun-
dry, bathing, showering and washing dishes [11]. The 
faint rotten egg odour of H 2 S breaking out from show-
ers, spas and swimming pools are frequently perceived 
by foreign visitors, while the local population seem to 
have acclimatised the smell. Approximately 90% of all 
houses and swimming pools are at present heated 
with geothermal water and 12% of the electricity is 
generated from geothermal power plants in Iceland 
[11]. The geothermal water is not used for drinking 
water because it is bad tasting and foul smelling. 

Acta Oncologica, 2014; Early Online: 1–9

ISSN 0284-186X print/ISSN 1651-226X online © 2014 Informa Healthcare
DOI: 10.3109/0284186X.2014.923113

A
ct

a 
O

nc
ol

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

L
an

ds
bo

ka
sa

fn
 I

sl
an

ds
 -

 H
as

ko
la

bo
ka

sa
fn

 o
n 

06
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2 A. Kristbjornsdottir & V. Rafnsson 

 Long-term mortality studies on populations living 
on geothermal fi elds or in volcanic areas are rare. A 
mortality study in New Zealand ’ s Rotorua geothermal 
area showed an elevated ratio for diseases of the respi-
ratory system; however, that fi nding was possibly con-
founded by ethnicity [12]. The study in Rotorua did 
not include mortality from cancer [12]. An ecological 
study of the population in geothermal areas of Tuscany, 
Italy [13] showed excess mortality among males for 
respiratory diseases, in particular due to pneumoconio-
sis, including silicosis, and an excess of tuberculosis 
was also found, thus possibly indicating signifi cant 
industrial exposure, besides geothermal emissions. 

 Previous studies on the incidence of cancer among 
populations in geothermal or volcanic areas have 
been inconsistent [14 – 16], however a pattern has 
emerged from two Icelandic studies showing 
increased incidence of non-Hodgkin ’ s lymphoma, 
breast, and prostate cancers, and basal cell carci-
noma of the skin [17,18]. 

 Many of the tumours found in excess in the inci-
dence studies [14,16 – 18] have good prognosis, and 
are possibly subject to detection bias. Mammography 
screening and prostate-specifi c antigen testing may 
produce overdiagnosis [19,20] of these cancers. 
Moreover, risk factors for advanced or lethal breast 
and prostate cancers may be different from those for 
indolent cancers [21,22]. These debatable questions 
call for assessment of the risk of cancer mortality 
among populations in geothermal areas. 

 The aim was to study cause-specifi c mortality, 
with special focus on cancer mortality, in geothermal 
areas where the population has been using geother-
mal hot water for space heating, bathing and washing 
for decades.  

 Methods 

 Iceland is located in the middle of the North 
Atlantic Ocean on the Mid-Atlantic Ridge where the 
North American and Eurasian tectonic plates move 
apart. These movements can be observed in Iceland, 
which gets 2 cm longer from east to west each year, 
and Iceland has great volcanic activity and several 
geothermal fi elds [23,24]. 

 The source of data for this cohort study was the 
1981 National Census in Iceland. The material has 
been described in previous studies, so a short outline 
will be given here [17,18]. 

 The census included information on personal 
identifi cation number, gender, age, residency, educa-
tion, and type of housing. The cohort included people 
aged 5 – 64 years. Personal identifi cation numbers 
were used in record linkage with the National 
Registry to obtain information, where applicable, on 
the date of emigration and with the National Cause-
of-Death Registry to obtain information on vital 
status and, where applicable, the date and the cause 
of death according to death certifi cates. These 
registries are kept at Statistics Iceland. Through this 
procedure it was possible to ascertain the vital and 
emigration status for the entire cohort. 

 The European shortlist [25] was used to defi ne 
the causes of death and to standardise these to 
ICD-10 [25], except for the cancers, where the same 
categories were used as in previous studies also com-
plying with ICD-10 [17,18]. 

 The age of the bedrock played a pivotal role in 
the defi nition of the populations studied (Figure 1). 
The four-digit community code in the census was 
used to identify the populations living in communities 

  Figure 1.     Map of Iceland showing the age of the bedrock, dark area: age of bedrock less than 0.8 million years, grey area: age of bedrock 
0.8 – 3.3 million years, light grey area: age of bedrock 3.3 – 15 million years, and white area: glaciers. Modifi ed with permission from Iceland 
GeoSurvey  –   Í SOR.  
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  Geothermal water and mortality   3

with geothermal heating since 1972 or earlier, accord-
ing to an overview of geothermal primary energy 
production [11,26]. In these communities the hot 
water was used for domestic heating, laundry, bath-
ing, showering, and washing dishes, and in spas and 
swimming pools, but not as drinking water. These are 
the communities dealt with in previous studies 
[17,18], here called geothermal heating areas. They 
included three small towns, two of these were inland, 
Selfoss (8100), Hveragerdi (8716), and one was 
coastal, Husavik (6100), and six rural districts 
Reykjahreppur (6610), Skutustadahreppur (6607), 
Laugardalshreppur (8712), Biskupstungnahreppur 
(8711), Hrunamannahreppur (8710), and Skeidah-
reppur (8708) (Figure 2), and they are all located 
within the volcanic zone in the middle of the country, 
where the bedrock is less than 3.3 million years old 
(Figure 1) [23,24]. 

 The two comparison populations were identifi ed 
by the community codes in the census [26] according 
to the age of the bedrock [23,24] and without geo-
thermal heating system as old as 1972 [11]. The 
main reference area, the cold area, was located in the 
west and east parts of the country where the bedrock 
is more than 3.3 million years old, and the warm 

reference area was located in the middle of the coun-
try, where the age of the bedrock is 0.8 – 3.3 million 
years old. These reference areas are the same as in a 
previous study [18] (Figure 2). 

 The populations in the capital Reykjavik and in 
the south-west peninsula of Reykjanes were excluded 
from the study, as the population of the capital area 
and its adjacent south-west peninsula has had higher 
cancer incidence than the rest of the country in the 
Cancer Registry since the beginning of the registry 
[27], a well-known phenomenon in cancer registries, 
sometimes called the capital effect. 

 The follow-up started on the day of the census, 
31 January 1981, and continued to the date of emi-
gration, or date of death, or 31 December 2009 (the 
end of the follow-up period), whichever occurred 
fi rst. 

 Survival for the event-free proportion was shown 
for the exposed group and the two reference groups 
combined by Kaplan-Meier curves for breast, and 
prostate cancer mortality, non-Hodgkin ’ s lymphoma, 
and suicides [28]. 

 The Cox proportional hazard model was used to 
estimate hazard ratio (HR) and 95% confi dence 
intervals (95% CI) for all causes of death and selected 

  Figure 2.     Map of Iceland showing the study areas: 1) Geothermal heating area, two enlarged parts with community codes, 2) Cold reference 
area, 3) Warm reference area, 4) Capital and South West area, and 5) Uninhabited area. Modifi ed with permission from National Land 
Survey of Iceland.  
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4 A. Kristbjornsdottir & V. Rafnsson 

causes of death [29]. Gender was introduced as a 
dichotomous variable, and age as a continuous vari-
able in years. Educational level (basic, medium and 
academic education), was introduced as a categorical 
variable according to the previous classifi cation in a 
census study [30] with two additional categories: 
one, unclassifi ed for people under 20 years of age, 
who had not yet attained their full education level, 
and another missing educational information to 
include individuals who did not indicate their educa-
tion in the census. Type of residence, single-family 
house or other type of residence, was introduced as 
a dichotomous variable. 

 The exposed population living in the geothermal 
heating area was compared with the other popula-
tions (warm reference area and cold reference area) 
in separate analyses. Several calculations were done 
in the model: crude comparison without any adjust-
ments, comparison with adjustment for age and gen-
der only, and with adjustment for age, gender, 
educational level, housing, and smoking. These mod-
els had nearly identical results. Only the results with 
all these adjustments are presented here. Further 
adjustment for urban/rural region did not change the 
results and were omitted from the model. Separate 
analyses were done after dividing the material by 
gender, and then the cold and warm reference popu-
lations were combined into one comparison popula-
tion, and into groups of individuals who were 
20 years of age or older at the time of the census, 
and those who were under 20 years of age. 

 Information on smoking was not collected in the 
census and thus not available on an individual level. 
Since 1985, the Public Health Institute of Iceland 
has collected results from annual surveys on smoking 
habits among random samples of the population 
according to gender and postal codes [31]. Raw data 
on smoking surveys during 1991 to 1995 were 
obtained from the institute for the purpose of this 
study. The postal codes were translated to 22 com-
munity areas to fi t into the community codes in the 
census and rates for never-smokers were calculated 
for each community and gender. These estimated 
never-smoker rates were assumed for inhabitants of 
the study areas, and allocated to the individuals of 
the respective communities regardless of age, but 
broken down by gender, and introduced as a con-
tinuous variable in the Cox model. 

 Information on reproductive factors was not 
available from the census. The most important repro-
ductive factor, age at fi rst birth [32], was estimated 
according to information from Statistics Iceland [26] 
with calculation of codes on age at fi rst birth ( �    25 
and 25 � ) by a method described in the previous 
publication [18]. In order to adjust for possible con-
founding, these community codes were introduced 

as a continuous variable in the Cox model in a 
separate analysis for breast cancer mortality. 

 The statistical analyses were performed using the 
PASW (SPSS) software version 18, and Microsoft 
Excel 2007. 

 The National Bioethics Committee (VSNb201
0060005/03.1) and the Data Protection Commission 
(2010060524 Þ PJ/--) approved the study.   

 Results 

 The national census in 1981 used in the study cov-
ered, according to the National Registry, 99.2% of 
the population aged 5 – 64 years [18,26]. During the 
follow-up, a total of 10 102 persons had died, 6132 
men and 3970 women. 

 The baseline characteristics in the three study 
populations: Geothermal heating area and the refer-
ence areas (warm area, and cold area) are shown in 
Table I. The proportion of never-smokers in the geo-
thermal heating area was 43.8, it was 46.9 in the 
warm reference area, and 44.7 in the cold reference 
area. 

 Figure 3 shows the results of the Kaplan-Meier 
analyses; these demonstrate the time until deaths 
occur due to breast and prostate cancer, non-
Hodgkin ’ s lymphoma, and suicide in the geothermal 
heating area and the combined reference areas. 

 The number of all causes of death, and selected 
causes of death for the genders combined in the three 
areas, the HR, and 95% CI, adjusted for age, gender, 
education, type of housing, and smoking habits are 
shown in Supplementary Table I (available online at 
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.923113). During the follow-up, 
996 deaths were among men and women in the geo-
thermal heating area and the HRs for all causes of 
death were 1.01 (95% CI 0.94 – 1.08) compared with 
the warm reference area, and 0.98 (95% CI 0.91 –
 1.05) compared with the cold reference area. The 
HRs for all cancers were 1.05 (95% CI 0.94 – 1.18), 
and 1.03 (95% CI 0.92 – 1.17) compared with the 
reference areas. The HRs for breast cancer were 1.48 
(95% CI 1.03 – 2.12), and 1.53 (95% CI 1.04 – 2.24). 
The HRs for prostate cancer were 1.88 (95% CI 
1.33 – 2.66), and 1.74 (95% CI 1.21 – 2.52). The HRs 
for kidney cancer were 1.39 (95% CI 0.85 – 2.28), 
and 1.78 (95% CI 1.03 – 3.07). The HRs for lym-
phoid and haematopoietic tissue cancer were 1.29 
(95% CI 0.90 – 1.86), and 1.25 (95% CI 0.85 – 1.84), 
and for non-Hodgkin ’ s lymphoma 1.96 (95% CI 
1.09 – 3.55), and 2.01 (95% CI 1.05 – 3.84). 

 The HRs for all diseases of the respiratory system 
were 1.04 (95% CI 0.80 – 1.35), and 1.08 (95% CI 
0.82 – 1.42), and for infl uenza 3.77 (95% CI 1.58 –
 8.99), and 3.36 (95% CI 1.32 – 8.58). The HRs for 
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  Geothermal water and mortality   5

  Table I. Baseline characteristics in the geothermal heating area and the two reference areas according to 
census 1981.  

Geothermal heating   area
N (%)

Warm reference   area
N (%)

Cold reference   area
N (%)

Number of people 7511 (100) 44 864 (100) 22 431 (100)
Gender

Men 3893 (51.8) 23 305 (51.9) 11 929 (53.2)
Woman 3618 (48.2) 21 559 (48.1) 10 502 (46.8)

Age, year
Mean �    SD 28.30    �    16.35 28.14    �    16.30 28.06    �    16.20
Median, IQR (0.25; 0.75) 26 (15; 40) 25 (15; 40) 25 (15; 39)

Education
Basic education 1829 (24.3) 12 370 (27.6) 6565 (29.3)
Medium education 2088 (27.8) 11 754 (26.2) 5665 (25.3)
Academic education 622 (8.3) 3171 (7.1) 1428 (6.4)
Unclassifi ed 2878 (38.3) 17 061 (38.0) 8481 (37.7)
Missing 94 (1.3) 508 (1.1) 292 (1.3)

Housing
Single family home 5730 (76.3) 29 236 (65.2) 17 343 (77.3)
Other type of house 1781 (23.7) 15 628 (34.8) 5088 (22.7)

Region
Urban regions    �    500 individuals 5793 (77.1) 30 554 (68.1) 12 839 (57.2)
Rural regions    �    500 individuals 1718 (22.9) 14 310 (31.9) 9592 (42.8)

    IQR, interquartile range; SD, standard deviation.   

  Figure 3.     Kaplan-Meier estimates of event-free proportion for death since the census 1981, dashed line indicate population in geothermal 
water area, and black line population in the combined reference areas, (A) breast cancer death (Log-rank test: p    �    0.006), (B) prostate 
cancer death (Log-rank test: p    �    0.000), (C) non-Hodgkin ’ s lymphoma death (Log-rank test: p    �    0.011), and (D) suicide (Log-rank test: 
p    �    0.004).  
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deaths in the geothermal heating area. In this older 
part of the cohort, comparison of the geothermal 
heating area with the combined reference areas gives 
similar HRs as in the total exposed cohort and HR 
for all causes of death was 0.99 (95% CI 0.93 – 1.06). 
The HRs for all cancers were 1.05 (95% CI 0.93 –
 1.17), for breast cancer 1.40 (95% CI 0.99 – 2.00), 
for prostate cancer 1.88 (95% CI 1.36 – 2.59), for 
kidney cancer 1.57 (95% 0.98 – 2.51). The HRs for 
lymphoid and haematopoietic tissue cancer were 
1.33 (95% CI 0.94 – 1.89), and for non-Hodgkin ’ s 
lymphoma 2.01 (95% CI 1.16 – 3.49). The HRs for 
all diseases of the respiratory system were 1.05 (95% 
CI 0.82 – 1.35), and for infl uenza 3.22 (95% CI 1.48 –
 7.02). The HRs for all external causes were 1.09 
(95% CI 0.83 – 1.75), and suicide and intentional 
self-harm 1.80 (95% CI 1.21 – 2.68), adjusted for 
age, gender, education, type of housing, and smoking 
habits. HRs for other causes of death did not 
signifi cantly deviate from unity. 

 Restricting the analysis to those under 20 years 
of age at the time of the census, there were 47 deaths 
in the geothermal heating area. The HRs for all 
causes of death, all cancer deaths, and suicide and 
intentional self-harm were higher in the geothermal 
heating area compared to the combined reference 
areas, but not to a statistically signifi cant degree. The 

suicide and intentional self-harm were 1.72 (95% 
CI 1.20 – 2.48), and 1.49 (95% CI 1.03 – 2.17). 

 Among men, 596 deaths occurred in the geother-
mal heating area, and the HR for all causes of death 
was 1.00 (95% CI 0.91 – 1.08), adjusted for age, 
education, housing, and smoking in comparison with 
the combined reference areas (Table II). The HRs 
for all cancers were 1.06 (95% CI 0.91 – 1.23), for 
prostate cancer 1.88 (95% CI 1.37 – 2.60), and for 
non-Hodgkin ’ s lymphoma 2.31 (95% CI 1.21 – 4.41). 
The HR for infl uenza was 3.10 (95% CI 1.09 – 8.84). 
The HR for suicide and intentional self-harm was 
1.46 (95% CI 1.00 – 2.13). 

 Among women, 400 deaths occurred in the geo-
thermal heating area, and the HR for all causes of 
death was 1.00 (95% CI 0.90 – 1.11), adjusted for 
age, education, housing, and smoking in comparison 
with the combined reference areas (Table II). The 
HRs for all cancers were 1.04 (95% CI 0.89 – 1.23), 
and for breast cancers 1.49 (95% CI 1.06 – 2.09). The 
HR for immunoproliferative diseases was 8.39 (95% 
CI 1.15 – 61.42) based on two death cases. The HR 
for infl uenza was 3.99 (95% CI 1.21 – 13.18). The 
HR for suicide and intentional self-harm was 2.05 
(95% CI 1.02 – 4.15). 

 Restricting the analysis to those 20 years of age 
and older at the time of the census, there were 949 

  Table II. Number of all causes of death and selected causes of death among men and women separately in the geothermal heating area, 
hazard ratio (HR), 95% confi dence intervals (CI) according to comparison with the reference areas combined, adjusted for age, education, 
type of housing, and smoking habits. Statistically signifi cant HRs are in bold.  

Geothermal 
heating   area

Cold and warm   reference areas 
combined

p-yr 96 294 p-yr 882 022

Causes of death (ICD-10) No. of deaths No. of deaths HR 95% CI

Men
All causes (A00 – Y98) 596 5536 1.00 0.91 – 1.08
All Neoplasms (C00 – C97 and D45 – D47) 193 1687 1.06 0.91 – 1.23

Prostate (C61) 47 239  1.88  1.37 – 2.60 
Lymphoid and haematopoietic tissue   (C81 – C96 and D45 – D47) 20 162 1.20 0.75 – 1.93
Non-Hodgkin ’ s lymphoma (C82 – C85) 12 45  2.31  1.21 – 4.41 
Immunoproliferative diseases (C88) 1 6 1.35 0.16 – 11.57

Diseases of the respiratory system (J00 – J99) 32 344 0.92 0.64 – 1.32
Infl uenza (J10 – J11) 5 17  3.10  1.09 – 8.84 

All external causes   (V01 – Y98) 74 656 1.04 0.82 – 1.33

Suicide and intentional self-harm   (X60 – X84) 31 190  1.46  1.00 – 2.13 

p-yr 91 896 p-yr 822 346
Women

All causes ICD-10 400 3570 1.00 0.90 – 1.11
All Neoplasms (C00 – C97 and D45 – D47) 167 1386 1.04 0.89 – 1.23

Breast (C50) 40 230  1.49  1.06 – 2.09 
Lymphoid and haematopoietic tissue   (C81 – C96 and D45 – D47) 18 104 1.49 0.89 – 2.47
Non-Hodgkin ’ s lymphoma (C82 – C85) 4 28 1.53 0.52 – 4.46
Immunoproliferative diseases (C88) 2 2  8.39  1.15 – 61.42 

Diseases of the respiratory system (J00 – J99) 38 289 1.20 0.85 – 1.70
Infl uenza (J10 – J11) 4 11  3.99  1.21 – 13.18 

All external causes   (V01 – Y98) 29 184 1.41 0.95 – 2.10
Suicide and intentional self-harm    (X60 – X84) 10 39  2.05  1.02 – 4.15 

    p-yr, person years.   
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  Geothermal water and mortality   7

HR for breast cancer deaths in this younger part of 
the cohort, based on four cases, was signifi cantly 
elevated 4.65 (95% CI 1.33 – 16.21). 

 Analysing the breast cancer mortality with addi-
tional adjustment for age at fi rst birth, the HR was 
1.44 (95% CI 0.94 – 2.19), when restricted to those 
20 years of age and older the HR was 1.29 (95% CI 
0.83 – 2.02), and for those under 20 years of age the 
HR was 5.91 (95% CI 1.52 – 22.90).   

 Discussion 

 This population-based study on nearly a thousand 
deaths in areas supplied with geothermal hot water 
used for heating, bathing and washing for decades, 
which shows increased mortality for breast and pros-
tate cancer, and non-Hodgkin ’ s lymphoma, confi rms 
results from similarly designed incidence studies on 
increased risk for these cancers [17,18]. It is thus 
unlikely that these previous studies on cancer inci-
dence were skewed by detection bias and overdiag-
nosis [17,18]. The increased mortality for breast 
cancer in the present study is consistent with the 
increased incidence of breast cancer among the 
population in the Furnas village, located in geother-
mal area of the volcanic island Sao Miguel, in 
Azores [14]. There was increased mortality for 
kidney cancer corresponding to the increased kidney 
cancer incidence in the previous study [18]. In this 
mortality study it was possible to adjust for social 
variables such as education and type of housing, and 
for estimates of age at fi rst birth (reproductive factor) 
and smoking habits. Contrary to the previous cancer 
incidence studies, no clear evidence of exposure-
response relation were observed between breast and 
prostate cancers, or non-Hodgkin ’ s lymphoma and 
the degree of volcanic/geothermal activity of the 
reference areas in the present study. 

 Most of the remaining causes of death were in 
line with averages, and the HRs for diseases of the 
nervous and circulatory system were close to unity. 
An exception was an excess for infl uenza, based on 
nine cases, but mortality for other diseases of the 
respiratory system was not increased. In the Rotorua 
geothermal area study, an increased standardised 
mortality ratio was found due to all diseases of the 
respiratory system, confi ned to female and particu-
larly Maori female, and concerned the subcategories: 
pneumonia and infl uenza combined, and chronic 
obstructive respiratory diseases [12]. In the Tuscan 
geothermal area study, there seemed also to be an 
excess mortality for all diseases of the respiratory 
system among males, mainly due to an excess of 
pneumoconiosis [13]. The three- to four-fold increase 
in mortality for infl uenza was fairly consistent com-
pared to the two reference areas and among both 

genders in the present study. The signifi cance of 
these fi ndings is uncertain; however, in the light of 
previous studies [17,18] one may speculate whether 
this is an indication of an immunosupression. 

 Mortality for all external causes of death was not 
signifi cantly increased; however, suicides were 
increased for both males and females. This was not 
hypothesised and came unexpected, as suicide risk is 
not mentioned in previous mortality studies from 
geothermal areas [12,13] and is here without expla-
nation. In this connection it is worth pointing out 
that the proportion of individual living in rural 
regions was lowest in the geothermal heating area, 
thus not indicating an overrepresentation of farmers 
in that population, compared to the reference 
populations. Further, possible social differences 
were adjusted for with two variables form the census, 
educational level and type of housing.  

 Strength 

 Strength of the study is the long follow-up time of 
the cohort. Furthermore, the use of the comprehen-
sive population registries and the personal identifi ca-
tion number, which enabled easy and accurate record 
linkage, strengthen the study. Thus, vital and emigra-
tion status were ascertained through the National 
Registry and the National Cause-of-Death Registry 
for all individuals in the exposed cohort and the two 
reference populations. No information was missing 
from death certifi cates, and only 0.2% of the causes 
of death among the exposed cohort were reported on 
the death certifi cates as due to unknown and unspec-
ifi ed causes. This low proportion is indicative of the 
quality of the information. 

 All death certifi cates are issued by a physician, 
and if the deceased person ’ s physician is not able to 
attest the cause of death or when the circumstances 
of the death are unexplained, unusual, suspicious, 
due to intoxication, or following an accident, the 
death is reported to the police and the medical exam-
iner, who carry out an autopsy and forensic investiga-
tions before the death certifi cate is issued [33]. 
An in-depth study on the quality of the recording of 
the cause of death on death certifi cates in Iceland is 
not available. However, when evaluating death regis-
tration at a global level, the quality of registration 
data from Iceland was categorised as high overall 
and ranked in the same category as data from 23 
developed countries including the US and the 
UK [34]. 

 As said previously, the results of this study oppose 
the possibility of detection bias concerning breast 
cancer and prostate cancer. Mammography screen-
ing has been offered to the female population, aged 
49 – 69 years, since 1987, and the participation rate 
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since then has been around 70%, with no indication 
of geographical disproportional distribution [27]. No 
systematic screening for prostate cancer has been 
carried out in the study populations; however, spo-
radic prostate-specifi c antigen testing might have 
occurred in these populations as elsewhere. In the 
general population in Iceland the incidence of breast 
and prostate cancer has been steadily increasing from 
1959 to 2010, while mortality for breast cancer has 
decreased and mortality for prostate cancer has been 
constant over the period 1995 – 2010 [27].   

 Limitation 

 More than 50 calculations of HR for all causes of 
death and selected causes of death were performed 
in the present study. The HRs for the rare causes of 
death are shown for descriptive purposes; however, 
the main interest was in relation to cancers, which 
had been in excess in previous incidence studies 
[17,18]. The many calculations performed in the 
study may give rise to concern; however, it has been 
argued that no adjustment is needed for these [35]. 

 A limitation here is the lack of exact information 
on the physical and chemical content of the geother-
mal water used for space heating system since 1972 
in the target communities. The components of gas 
emissions have been documented in other geother-
mal areas [3,4,6,7]; however, the content of the geo-
thermal hot water has not been investigated for the 
purpose of this study. 

 Information of occupation from the census was 
not available for this study; however, the results were 
adjusted for social variables, such as education, and 
type of housing. 

 Future studies should use length of residency in 
areas with the geothermal hot water systems as a 
surrogate for the exposure among these populations. 
To that information, one should link measurements 
on physical, chemical and biological components of 
the geothermal water [36]. In the present study 
adjustment was made for the levels of individual 
exposure in terms of social-related variables, and also 
for smoking habits and reproductive factors on the 
community level, and these factors do not seem to 
be associated with cancer mortality. Moreover, the 
focus should be on factors of concern in previous 
studies in volcanic areas. A recent study showed evi-
dence of DNA damage among individuals from the 
volcanically active area in Furnas, Azores [37]. This 
fi nding was attributed to degassing in the volcanic 
environment in general, and particular to the Rn 
emission [37]. The settings may be different in 
Iceland; nevertheless the use of geothermal hot water 
for showering and in spas has analogies with studies 
on the release of Rn and its decay products from 

shower water, which leads to transient increase in 
airborne Rn concentration [38,39]. The decreased 
lung cancer mortality in the present study, although 
is not statistically signifi cant, does not indicate seri-
ous indoor Rn exposure of the population with the 
long-term usage of geothermal water.    

 Conclusion 

 The signifi cant excess mortality risk of breast and 
prostate cancers, and non-Hodgkin ’ s lymphoma con-
fi rmed the results of similarly designed studies 
on cancer incidence among populations from high-
temperature geothermal areas and users of geother-
mal hot water. The cancer risk is thus not confi ned to 
cancers with good prognosis, but also concerns fatal 
cancers. Adjustment was made for individual social-
related variables, as well as for reproductive factors 
and smoking habits on the community level. Further 
studies are needed on the chemical and physical con-
tent of the environmental emissions in geothermal 
areas, and the exposure and the dermal contamination 
resulting from the use of the geothermal water.                 
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