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Prospective Study of
Mesothelioma Mortality in
Turkish Villages With
Exposure to Fibrous Zeolite

Y. Izzettin Baris, Philippe Grandjean

Mesothelioma incidence is high in
certain villages on the Anatolian pla-
teau in Turkey, where environmental
exposure includes erionite, a form of
zeolite fibers, from the local volcanic
tuff. Previous studies of this exposure
were cross-sectional or with a follow-up
period of only a few years. A pro-
spective study of residents of two
exposed and one nearby control vil-
lage was initiated in 1979 and con-
tinued through December 31, 2003.
A total of 891 men and women, aged
20 years or older, were included, 230
of them residing in the village without
known exposure to erionite. Mortality
data were obtained from hospital re-
cords and death certificates. During
the 23-year follow-up, 372 deaths
occurred; 119 of these were from meso-
thelioma, which was the cause of
44.5% of all deaths in the exposed
villages. Seventeen patients had peri-
toneal mesothelioma; the rest had
pleural mesothelioma. Only two cases
of mesothelioma, one of each type,
occurred in the control village—both
in women born elsewhere. When stan-
dardized to the world population, the
pleural mesothelioma incidence was
approximately 700 and 200 cases per
100000 people annually in the two ex-
posed villages and about 10 cases per
100000 people in the control village.
When we used Danish data for com-
parison, the standardized pleural
mesothelioma mortality rate was 485
(95% confidence interval = 395 to
590). Our results emphasize the sever-
ity of the mesothelioma endemic in
erionite-exposed areas of Turkey and
call for intensified prevention of me-
sothelioma by limiting environmen-
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tal exposures to these fibers. [J Natl
Cancer Inst 2006;98:414-7]

An environmentally related cluster of
patients with mesothelioma has been de-
scribed from Cappadocia, Turkey (1—4).
This area has had a high mortality rate
that was previously attributed to lung
cancer and liver cirrhosis, but thorough
studies (7,4) concluded that this mortal-
ity was due instead to malignant mesothe-
lioma of the pleura and the peritoneum
and that the affected subjects lived in
areas with exposures to a fibrous zeolite
called erionite (5—7). This mineral oc-
curs in cavities of the local volcanic tuff.
In the past, the local population cut cold-
storage rooms into the tuff to store
produce and used blocks of tuff as con-
struction material (4,8,9).

The association between erionite ex-
posure and the development of mesothe-
lioma is supported by pathology findings
that parallel those of asbestos-exposed
populations—i.e., pleural thickening,
plaques, calcifications, parenchymal
pneumoconiosis, and benign pleural effu-
sion (1,4), as well as ferruginous bodies
containing erionite fibers (10,11). Village
dust samples and lung tissue from resi-
dents contained only traces of tremolite
and chrysotile asbestos, whereas most
fibers found had the elemental compo-
sition of erionite (2,/0). Erionite is asso-
ciated with a higher risk of developing
cancer in experimental animals than any
other fiber previously tested (12,13).

Initial mortality studies were limited
by the duration of follow-up and the lack
of data about villagers who had moved
away from the area (7,1/4), and com-
prehensive follow-up is now reported
from three comparable Cappadocian
settlements—one village, Karlik, with-
out known erionite exposure, and two
exposed villages, Karain and Sarthidir.
Inhabitants of the last two villages were
exposed to erionite in their living quar-
ters, barns, and the surrounding environ-
ment (8,9). Karain was one of the first
villages identified with a high mesothe-
lioma incidence (4). During recent
decades, the population has dwindled,
and more than 200 former residents of
Karainnow live in Sweden (75). Sarthidir
was founded on the south bank of
the Kizilirmak River, where erionite-
containing construction materials for
residential buildings were obtained from
alocal quarry (9). A move to the northern
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bank of this river was initiated in 1958
and was completed in the 1990s, with
building materials from the south bank
being used only for construction of
basements. In the new settlement, fewer
and smaller erionite fibers were found in
the dust of new houses than in houses in
the previous village (9). Karlik is located
in the same general area, with similar
demographic and occupational charac-
teristics, but it is thought not to be
affected by exposure to erionite or other
mineral fibers (9).

At the initiation of the study (1979
in Karain and Karlik; early 1980 in
Sarthidir), villagers aged 20 years or
older were interviewed and then given
aclinical examination. Oral informed
consent was obtained, and resident code
number, year of birth, name, and sex
were recorded. The 23-year follow-up
was continued through December 31,
2003, by Y. I. Baris, who regularly vis-
ited the villages, made contact with local
informers in each village, and checked
death certificates from the village health
centers in Karain and Karlik and from
the health center in Avanos for residents
of Sarthidir. Records from the district
population office in Urgiip were also
used. The vital status of subjects who
had moved was ascertained from the dis-
trict of their new residence, and the vital
status of emigrants was obtained from
interviews with relatives and former
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Table 1. Vital status of subjects aged 20 years or older who lived in three villages in Cappadocia, Turkey, in 1979

No. alive in 2003 and residing in:

No. alive Median age No. dying before
Village in 1979 in 1979,y end of 2003 Same village Turkey Other country Unknown
Karain 325 46 179 61 68 13 4
Sarthidir 336 38 109 163 58 5 1
Karlik 230 49 84 119 24 0
Total 891 45 372 343 150 21 5

neighbors. For patients who died sud-
denly or at home, the cause of death was
determined by health center personnel.
For some deaths from nonmalignant dis-
eases, the death certificate did not state
a cause of death, and so further infor-
mation was sought from relatives. Lung
cancer may have been misdiagnosed in
men only, because women are virtually
all nonsmokers. By religious tradition,
deceased emigrants were buried in
sacred soil at their home village, and so
the cause of death was obtained from the
death certificate issued abroad. The five
subjects lost to follow-up during the study
were assumed to be alive at the end of
the follow-up period.

Age-adjusted mortality rates were
calculated by use of world population
standardization (/6). Comparison data
from a nonexposed population are not
available from Turkey, and so standard-
ized mortality rates were calculated
from incidence data from Denmark, a
country without environmental exposure
to native mineral fibers and in which
80%—-85% of all mesothelioma cases
are attributed to industrial asbestos ex-
posure (17). We used the person-years
method and Danish cancer mortality
data to calculate relative mortality rates
standardized according to age, sex, and

the control village of Karlik occurred in
women born elsewhere in Cappadocia,
one of them in Karain. The age at death
from malignant pleural and peritoneal
mesotheliomas varied from 30 to 80
years and from 46 to 90 years, with
medians of 55 and 69 years, respectively.
Most mesothelioma deaths (87%) oc-
curred in subjects younger than 70 years,
and 23 (19%) occurred in subjects youn-
ger than 40 years. The age distribution
for mesothelioma deaths was similar in
men and women and similar in the two
exposed villages. Four Karain women
with pleural mesothelioma had been
born elsewhere (between 5 and 20 km
away) and had moved to this village after
marriage to a Karain resident. Their ages
at death were 48, 56, 69, and 71 years.
There was only one case of confirmed
lung cancer in a male from Sarithidir. Other
cancer types diagnosed included 13 can-
cers of the gastrointestinal system, 10 can-
cers of the genitourinary system, nine
other known cancers, and two malignan-
cies of unknown type. Other known causes
of death included infectious disease

(16 cases, of which were two were tuber-
culosis and one was hepatitis). Of nine
cases of chronic obstructive pulmonary
disease, six occurred in Karain (three
men and three women), one occurred in
men from Sarthidir, and two occurred
in men from Karlik. There were 14 violent
deaths, including two suicides; four deaths
had no known cause and were assumed
not to be caused by mesothelioma.

When standardized to the world pop-
ulation, the pleural mesothelioma inci-
dence was approximately 700 and 200
cases per 100000 people annually in the
two exposed villages and about 10 cases
per 100000 people annually in the con-
trol village (Table 3). The standardized
pleural mesothelioma mortality rate for
men and women from Karain and
Sarthidir combined was 485 (95% confi-
dence interval [CI] = 395 to 590). The
risk of peritoneal mesothelioma ap-
peared similarly increased, but the
smaller number of cases does not allow
detailed comparisons to be made.

Initial reports on mortality of Karain
and Sarithidir residents in the 1970s

Table 2. Major causes of death of subjects residing in three Cappadocian villages in Turkey

in 1979, who died before 2003 *

Cause of death
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calendar year. and age at death Karain Sarthidir Karlik Total

‘ The 89.1 adult residents in the three MM, pleura 75 (42) 26 (24) L) 102 27)
villages alive on January 1, 1979, were 2039y 9 0 0 9
born between 1895 and 1959. The 40-59y 38 16 1 55
median ages in 1979 were 46, 38, and 260y 28 10 0 38
49 years in Karain, Sarithidir, and Karlik, M];/{)’gegn;oneum g ) g ®) (; M lg )
respectively. A total of 420 (47%) of the 40-59y 1 2 0 3
891 village residents were men, and 471 >60y 6 7 1 14
(53%) were women. A total of 230 of the Otggr ggncers 1(1) ©) 1(1) (10) 111 13) 3; ©)
891 people lived in Karlik, the village 40:59§ 5 ) ) 5
without erionite exposure. By the end of >60y 4 9 8 21
follow-up in 2003, a total of 372 subjects | Other deaths 87 (49) 63 (58) 71 (85) 221 (59)
had died, and a total of 519 were still igjgy 12 1‘7‘ (7) 43
alive (Table 1). Of the 151 cancer deaths, >60 y Y 67 40 64 173
119 were attributed to mesotheliomas | All causes 179 (100) 109 (100) 84 (100) 372 (100)
(Table 2). All but two deaths from meso- 2039y 14 4 1 19
thelioma occurred in the exposed 4059y 60 37 10 107

p >60'y 105 68 73 246

villages, constituting 44.5% of all deaths
in the exposed villages. The two deaths in

*Number (percentage) of subjects. MM = malignant mesothelioma.
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Table 3. Age-adjusted mortality (No. of deaths per 100000 people per year) for each village 1979-2003*

Mortality from
pleural mesothelioma (95% CI)

Mortality from
peritoneal mesothelioma (95% CI)*

Village Men Women Both sexes Both sexes
Karain 775 (491 to 1162) 658 (465 t0 902) 697 (531 to 900) 42 (1510 92)
Sarthidir 284 (165 to 455) 124 (57 to 235) 197 (129 to 288) 74 (34 to 140)
Karlik 0(—) 18 (0.47 to 103) 11 (0.27 to 59) 5.7 (0.15 to 32)

*The world population was used for age adjustment. CI = confidence interval.

suggested that 52% and 36%, respec-
tively, of all deaths were from mesothe-
liomas (1,4,14). Among villagers who
emigrated, substantial numbers of con-
firmed mesothelioma diagnoses have
been reported [e.g., from Belgium (78)
and Sweden (79,20)], some of which
were included in this study.

The age at death of mesothelioma
patients in this study is slightly higher
than in earlier studies. Mesothelioma
patients previously diagnosed in Tuzkdy
were as young as 26 years, with mean
ages of about 50 years (4). This study
prospectively monitored residents aged
19 years or older and used records on
subjects who later moved away from the
exposure, thereby possibly including
more cases diagnosed at older ages. A
previous study had noted that none of the
subjects moving to Karain as adults
developed mesothelioma (7). The issue
of age-related exposure could not be
examined in this study, because few of
the 1979 residents had not been born
there.

Our data were also insufficient to
determine whether the mesothelioma
mortality rate decreased during the ob-
servation period. Most of the Sarthidir
villagers were born on the southern river
bank but later moved across the river to
a location with less exposure to erionite.
If we assume that the latency period for
domestic exposures is approximately 50
years (5,21), this study has insufficient
power to detect a decreased risk associ-
ated with the move.

Experimental animal studies (22,23)
indicated that erionite exposure also led
to the development of cancers other than
malignant mesothelioma. Mortality data
from Karain, Sarthidir, and Tuzkdy be-
fore 1994 supported a possible excess
of abdominal carcinomas (74). However,
we identified only 32 additional cases of
cancer that accounted for 9% of all
deaths and, therefore, cannot further elu-
cidate this possibility. Although the sin-
gle case of lung cancer in this study is
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surprising, more cases may have oc-
curred, e.g., among the nine patients with
chronic obstructive pulmonary disease
listed as the cause of death. Otherwise,
the overall mortality pattern is fairly
close to expectation, apart from the
dramatic numbers of mesothelioma
cases.

Residents of the villages known for a
high incidence of cancer may have a lim-
ited choice of partners. Family pedigrees
from this region show a linkage of six
families into one large six-generation
extended pedigree with a particularly
high risk of disease (24). The cause of
the high incidence of malignant meso-
thelioma has been attributed to hypothet-
ical autosomal dominant inheritance
(25); however, the significance of such
a genetic predisposition is difficult to
judge, because all relatives also shared
the hazardous environmental factors
since birth. Also, cases of mesothelioma
have occurred in subjects, whose parents
had apparently died from other causes,
and vice versa. The possible impact of
heritable disease factors is therefore dif-
ficult to determine.

Our results emphasize the severity of
the mesothelioma endemic in erionite-
exposed areas of Turkey. From the
comprehensive  evidence  available,
government authorities have declared
the affected villages an emergency area.
Because erionite-containing materials
were originally used for house construc-
tion, new houses are now being erected
in two of the affected villages with safe
materials. With the likely decrease in
mesothelioma rates due to past occupa-
tional uses of asbestos (26), the relative
impact of environmental exposures to
carcinogenic fibers should increase. In
the rural part of central Anatolia, Turkey,
millions of inhabitants are likely exposed
to hazardous amounts of mineral fibers
from the environment. Resources should
therefore be directed to preventing these
environmental exposures and additional
study of the association between envi-
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ronmental exposure to nonasbestos fibers
and the risk of cancer.
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