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Objective   This study attempted to determine the level of chromosome aberrations in lymphocytes of victims of
the 1988 earthquake in Armenia.
Methods   Chromosome aberrations were measured in blood samples taken from 41 victims of the earthquake
that hit Armenia in 1988 and in samples of 47 reference blood donors. The victims suffered from severe
psychoemotional stress but were otherwise healthy. All the samples were taken 2 to 3 weeks after the
earthquake. All the subjects were lifetime nonsmokers. The cells were scored blind as to the exposure status.
Results   The subjects exposed to the earthquake had a higher proportion of cells with chromosome aberrations
[3.1 (SD 2.1)%] than the referents [1.7 (SD 1.3)%, P-value for the difference 0.0009]. The difference persisted
when the values were adjusted for age and gender [relative risk (RR) 1.9, 95% confidence interval (95% CI)
1.4—2.5]. The difference was present for double breaks (RR 4.1, 95% CI 2.6—6.4), but not for single breaks
(RR 1.1, 95% CI 0.8—1.7). The exposed subjects also had a lower percentage of cells with 46 chromosomes
(P=0.03) than the referents.
Conclusions   This study suggests an increase in chromosome aberrations in the lymphocytes of victims of a
severe earthquake as compared with the levels of referents. If not due to bias or confounding, the difference may
reflect the effect of either environmental exposures related to the earthquake or severe psychogenic stress. The
levels of chromosome aberrations found among the earthquake victims in this study are comparable with those
found in prospective studies of long-term cancer risk.

Key terms   psychogenic stress.

1 State University, Yerevan, Armenia.
2 International Agency for Research on Cancer, Lyon, France.
3 Cancer Research Centre, Yerevan, Armenia.

Correspondence to: Dr Paolo Boffetta, Chief, Unit of Environmental Cancer Epidemiology, International Agency for
Research on Cancer (IARC), 150 cours Albert-Thomas, 69008 Lyon, France. [E-mail: boffetta@iarc.fr]

Wild rodents living in seismic active regions have an
increased level of chromosome aberrations (CA) and
chromosome instability in somatic cells (1). An earth-
quake was shown to act as an immunodepressive agent
on (C57Bl/6xCBA)F1 mice in Tajikistan (2). It is un-
clear whether this effect, if real, can be explained by
psychogenic stress linked to the earthquake or by chem-
ical and physical characteristics of the seismic regions.
In favor of the first interpretation, a study has reported
that psychogenic stress increases chromosome aberra-
tions in rats (3). In favor of the second interpretation, a

study carried out in 1987, of the spontaneous mutation
level in bone marrow cells of rodents from Armenian
regions prone to expected severe earthquakes, also
showed an increased level of chromosome aberrations
(4).

To our knowledge, the possible influence of an
earthquake on the level of chromosome aberrations in
humans has not been studied previously. We aimed at
studying the level of chromosome aberrations in lym-
phocytes of victims of the 1988 earthquake in Arme-
nia.
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Subjects and methods

A devastating earthquake occurred in Armenia on 7
December 1988; it affected 40% of the entire territory
of the country. More than 25 000 people died, 32 500
were wounded, and 530 000 lost their homes.

Two to three weeks after the disaster, blood sam-
ples were collected from 41 earthquake victims from
Leninakan (now Giumry). All the participants were vol-
unteers and had no physical damage or other health
problems, except severe psychoemotional stress. Ten of
the subjects lost all members of their family, 18 lost at
least 1 family member, and 8 subjects, at the time of
the blood collection, had no information concerning the
fate of their relatives. As referents we used 47 healthy
volunteers from Yerevan who donated blood to the
earthquake victims. All the subjects included in this
study were lifetime nonsmokers; data on smoking have
been gathered via a personal questionnaire.

Chromosome specimens were prepared according to
a previously described protocol (5). All the blood sam-
ples were processed by the same technicians under
identical conditions. Blood was obtained by venipunc-
ture from the study participants and collected in tubes
with 50 IU/ml of heparin. Immediately after the collec-
tion, the blood samples were cultured and harvested us-
ing standard procedures (6). After 74 hours of incuba-
tion, colchicine (0.25 µg/ml) was added to the cultures.
After 2 hours, the cells were harvested, and the super-
natant was resuspended in a 0.55% potassium chloride
solution and fixed in methanol-acetic acid (3:1). The
slides were prepared after the harvesting by the air-dry-
ing technique. They were stained with Giemsa stain.
Only cells with 45—47 centromeres were analyzed. The
percentage of cells with aberrations, of either the chro-
matid or chromosome type (single and double breaks,
respectively), and exchanges was calculated, and the
total number of structural aberrations was scored. Gaps
were considered separately. At least 100 cells were an-
alyzed for each person. The slides were read and scored
blindly as to exposure status.

We compared the chromosome aberration scores in
the 2 groups using the t-test and nonparametric (Wil-
coxon and Kruskal-Wallis) tests. The analyses were re-
peated after log transformation of the chromosome ab-
erration scores. In addition, we conducted a multivari-
ate Poisson regression analysis, using the level of total
chromosome aberrations, the level of single and double
breaks, and the proportion of cells with alterations as
dependent variables (7). Age, gender, and exposure to
the earthquake were the explanatory variables. Age was
added to the models as a continuous variable and also
in 4 categories. Since this choice did not influence the
results for the other variables, we have presented the
results of the models including the categorical variable.

Results

The selected characteristics of the study population are
presented in table 1. A total of 51 women and 37 men
was studied. Their mean age was 37.7 (range 10—71,
SD 14.2) years.

The mean total aberrant cell score was 2.4 (standard
deviation 1.9) for the total population. The mean score
of aberrant cells was higher in the earthquake-exposed
group than in the reference group (table 2). The P-val-
ue of the t-test for the difference between the means was
0.0002; that of the Wilcoxon test was 0.0009. The re-
sults of the Poisson regression analysis confirmed the
presence of a difference (table 3). The relative risk (RR)
for exposure was 1.9 [95% confidence interval (95% CI)
1.4—2.5].

The average level of single chromosome breaks was
1.3 (SD 1.4); it was similar for the exposed subjects and
the referents (table 2). The lack of a difference was con-
firmed in the multivariate Poisson regression analysis
(RR 1.1, 95% CI 0.8—1.7). With respect to double
breaks, the average level was 1.3 (SD 1.4), and it was
higher for the exposed subjects than the referents (table
2). The relative risk was 4.1 (95% CI 2.6—6.4). The
number of chromosome aberrations per studied cell was
higher in the exposed subjects [3.3 (SD 0.29)%] than in
the referents [1.9% (SD 0.15)%]. The relative risk was
2.1 (95% CI 1.6—2.8).

After adjustment for the other variables, there was a
small, nonsignificant increase in the chromosome

Table 1. Age and gender distribution of the subjects by exposure
to an earthquake.

Group Exposed subjects      Referents Total

Age
10—25 years 10   8 18
26—34 years 9 17 26
35—49 years 12   9 21
50—71 years 10 13 23

Gender
Male 15 22 37
Female 26 25 51

Total 41 47 88

Table 2. Results of the univariate analysis with exposure to the
earthquake and level of chromosome aberrations (% of cells).

All aberrations Single breaks Double breaks

Group Mean  SD  Range Mean  SD  Range Mean  SD  Range

Exposed  3.1   2.1   0—8  1.3   1.8   0—8    2.2   0.5  0—5.5
Reference  1.7   1.3   0—7  1.2   1.0   0—5    0.5   0.6  0—2

P-valuea      0.0009          0.3     < 0.0001

a Wilcoxon rank-sum test.
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aberration level with increasing age. The women had a
lower aberrant cell score (mean 2.1, SD 1.8) than the
men (mean 2.7, SD 1.9). This difference was confirmed
in the Poisson regression analysis (RR 0.7, 95% CI
0.5—1.0).

When we restricted the analysis to the women, the
results, shown in table 2, were similar and, therefore,
confirmed that gender did not play a confounding role.
The relative risk for exposure to the earthquake was 2.5
(95% CI 1.6—3.8).

The mean number of gaps was 1.1 per 100 cells
among the exposed and 1.0 per 100 cells among the
referents (P-value of the difference = 0.5).

Discussion

The main result of our study was a higher level of chro-
mosome aberrations in the white blood cells of persons
exposed to the earthquake in Armenia in 1988 as com-
pared with the levels of referents. After control for po-
tential confounders, the exposed subjects had 90% high-
er levels of chromosome aberrations than the referents.
The difference was due to a higher level of double
breaks among the exposed subjects. No difference was
found in the proportion of cells with gaps. When these
results are interpreted, it is important to consider sever-
al possible sources of bias.

Several environmental exposures are known to in-
duce chromosome aberrations in humans. We were able
to control for smoking since all our subjects were life-
long nonsmokers. It is unlikely that exposure to other
known clastogens, such as chemotherapy agents and
occupational carcinogens, explains our findings, which
held also when the analysis was restricted to women.
We did not collect information on diet at the time of the
blood collection. However, it is unlikely that diet played

a role. The diets in Yerevan and Leninakan were simi-
lar before the earthquake (8); during the first week af-
ter the earthquake only local food was available. The
same questionnaire was applied to the exposed and ref-
erence subjects to assess their smoking history to reduce
the likelihood of confounding by smoking. Only life-
long never smokers were retained in the study.

Blood was obtained 2 to 3 weeks after the earth-
quake, while access to food was reduced only during
the first days after the disaster. It is possible that volun-
teers moving to the earthquake area, who comprised the
reference group, were healthier than the Armenian pop-
ulation at large. The difference we observed would
therefore be due to a lower chromosome aberration lev-
el in the reference group rather than to a higher level in
the exposed subjects. We have no blood samples from
the exposed subjects before the earthquake; however, a
survey conducted during 1975—1983 among Armeni-
an subjects not exposed to known clastogens revealed a
chromosome aberration level that was comparable with
the level found among the referents in this study (9).
This result speaks against a strong health selection for
the referents when they volunteered to help the earth-
quake victims.

Differential reading of the slides is an unlikely ex-
planation for our findings, since the reading was done
blind as to the exposure status. There were no differ-
ences in the processing of the blood samples or the cul-
tivation of the leukocytes between the exposed and ref-
erence subjects. All the slides were scored by 3 experts
without knowledge of the source. The interrater agree-
ment was not formally assessed. However, slides with
extreme results (ie, 0, 7 or 8 chromosome aberrations)
were rescored by a second expert, and the results were
confirmed. Similarly, good agreement was found in the
rescoring by the same experts of slides used in another
study (10).

If the difference in the chromosome aberration lev-
els between the exposed and reference subjects is real,
it may have various explanations. Russian investigators
had proposed that the increased level of chromosome
aberrations in somatic cells of rodents trapped in regions
with high seismic activity is due to an increased level
of radiation from the contamination of water by radon
and salts of heavy metals (1, 3). However, the survey
on spontaneous chromosome aberration in Armenian
people conducted in 1975—1983 showed similar levels
in the various regions of the country, including Leni-
nakan (9). These levels were similar to those found in
our reference group. Environmental exposure to radia-
tion or carcinogenic compounds may have been en-
hanced by the earthquake itself.

An alternative explanation is psychogenic stress. All
the earthquake victims suffered from severe psycho-
emotional stress. Russian investigators have shown an

Table 3. Results of the Poisson regression analysis. (RR = rela-
tive risk, adjusted for the variables in the table, 95% CI = confi-
dence interval)

All aberrations Singe breaks Double breaks

RR  95% CI RR  95% CI RR  95% CI

Female gendera 0.7 0.5—1.0 0.6 0.4—0.8 1.0 0.7—1.5
Ageb

26—34 years 0.9 0.6—1.4 0.8 0.4—1.3 1.1 0.6—1.9
35—49 years 1.1 0.7—1.6 0.8 0.4—1.4 1.4 0.8—2.3
50—71 years 1.0 0.7—1.5 0.9 0.6—1.5 1.3 0.7—2.2

Exposure to
earthquakec 1.9 1.4—2.5 1.1 0.8—1.7 4.1 2.6—6.4

a Reference category: male gender.
b Reference category: age < 26 years.
c Reference category: unexposed to earthquake (reference group)
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increased level of genetic instability, including chromo-
some aberrations, in cells of stressed animals (11, 12).
In addition, stress can significantly increase the activity
of chemical mutagens in rodents (12). The possible rea-
sons for the mutagenic activity of stress are a genotoxic
action of endogenous factors (13, 14) and an increased
level of lipid peroxidation (15, 16). The latter explana-
tion is supported by data from Armenia showing an in-
creased level of lipid peroxidation in victims of the same
earthquake (17).

An increased level of chromosome aberrations has
been shown to be associated with an increased risk of
cancer in 2 cohort studies from the Nordic countries and
Italy (18—20). These cohorts included readings of chro-
mosome aberrations from several laboratories, and the
definition of an elevated level of chromosome aberra-
tions varied according to laboratory. However, a score
of 3.1 for cells with chromosome aberrations, the mean
value of the exposed subjects in this study, would be
included in the “high” category of all the laboratories
of the Nordic study, and an aberrant cell score of 1.7,
the mean value of the referents in this study, would be
included in the “intermediate” category in most of the
laboratories (18). In other words, the magnitude of the
difference found in this study between the exposed and
reference subjects is comparable with that reported to
predict an increased cancer risk in prospective studies.
It is unclear, however, whether the increase in chromo-
some aberrations among the exposed subjects in our
study is transient or represents a long-term phenome-
non that may increase cancer risk.

This is the first study to assess the chromosome ab-
erration levels of victims of an earthquake. The results
suggest an increased level of chromosome aberrations
in this group of people. Our results may be due to spu-
rious factors and require confirmation. If real, they
would not completely distinguish between a clastogen-
ic effect of the experience of the earthquake, possibly
mediated by psychogenic stress, and an effect of envi-
ronmental conditions either present in seismic areas or
released after the earthquake itself. The increase in the
frequency of double breaks, in particular, speaks in fa-
vor of a possible role of radon or other sources of ion-
izing radiation.

No evidence is available for an increased risk of can-
cer following exposure to an earthquake, and the avail-
able evidence of an increased risk of cancer following
severe psychogenic stress is inconsistent (21, 22). Fur-
ther studies might clarify whether an increase in chro-
mosome aberrations occurs after exposure to an earth-
quake or other sources of severe psychoemotional stress.
Furthermore, such studies would help to clarify wheth-
er our results are due either to bias or to confounding
by tobacco smoking, diet, or other factors. They would
also contribute to clarifying whether such an increase,

if real, is transient and insufficient to represent a carci-
nogenic hazard or, conversely, whether it may contrib-
ute to an increase in the long-term risk of cancer of ex-
posed persons.
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