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BERTOLLINIR, DI LALLO D, MASTROIACOVO P, PERUCCI CA. Reductionof births in Italy after
the Chernobyl accident. Scand J Work Environ Health 1990;16:96-101. After the Chernobyl accident
seriousconcern spread throughout Italy about the possibleeffectsof the consequent exposure to radioac­
tivity on fetuses. A reduction of births in the first three months of 1987, and particularly in February
(7.2070 reduction in the birth rate), was observed throughout Italy. In April-June 1987 a 4.8 % increase
in the number of births was observed. The magnitude of both phenomena varied in different areas of
the country. The total number of births in the first six months of 1987 was very similar to the expected
(264241 versus 263 659). Induced abortions increased in Lombardia (northern Italy) in June (+ 1.6 %)
and July of 1986 (+3.4 %) and in Campania (southern Italy) in June (+ 12.7 %) and August (+4.3 %).
No increase in legalabortions wasdetectedin Lazio(centralItaly). Italiandata suggest a voluntarydecrease
in the number of planned pregnanciesand the termination of some of them in the first weeks after the
accident as a consequence of postdisaster stress.
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After the Chernobyl accident the radioactive cloud
produced by the explosion of the Soviet nuclear plant
spread over Europe and virtually the whole northern
hemisphere from the end of April to the beginning of
May 1986.

The cloud reached Italy on April 30th. An increase
in environmental radioactivity was detected through­
out the country, the highestobserved levels occurring
in northern Italy. The Italian government introduced
countermeasures to limit exposure to radiation; these
measures included a prohibition of the marketing and
consumption of fresh milk, milk products, and leafy
vegetables. The ban was introduced on the third of
May and lasted until May 12th for leafy vegetables,
and until May 24th for milk and milk products.

The additional radioactivity was low throughout the
country. Estimates of the radioactive exposure of in­
dividuals in the following months showed that the aver­
age effective dose of adults in Italy in the first year
after the accident was 0.6 mSv (60 mRem); exposure
was higher in the north (0.7 mSv = 70 mRem) than
in central (0.6 mSv = 60 mRem) and in southern
(0.5 mSv = 50 mRem) Italy (1). In comparison, the
average natural background radiation is about 2 mSv/
year (200 mRem) (1). Therefore the additional ex­
posure due to the accident was between 25 and 35 0/0
of the yearly dose of the natural background.

The consequences of the accident on the environ­
ment and on health were extensively covered by the
media. In figure 1 the number of articles about the ex-
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plosion and its effects on health in the three major na­
tional Italian newspapers (La Repubblica, Corriere del­
Ia Sera, La Stampa) is shown by week after the explo­
sion. Several articles dealt with the risk of cancer and
with that of fetal abnormalities. For instance, titles
such as "Fetal Abnormalities after Chernobyl" and
"Anxiety of Future Mother" appeared in Carriere
della Sera on May 9th and May 21th, respectively.

Conflicting information and false rumors spread
considerable alarm among the public in general and
among pregnant women in particular. The Interna­
tional Atomic Energy Agency predicted an increase in
the number of induced abortions in Western Europe
as a result of the fear of adverse fetal outcomes in preg­
nancies of women exposed to the radiation following
Chernobyl (2). A reduction in the number of births
in the cohort of conceptions taking place around the
time of the accident has been reported for Greece and
Sweden (3, 4).

We studied figures on induced abortions and births
regarding embryos at early gestational ages during the
period of acute radioactive contamination (May 1986)
and in the immediately following months. The aim of
the study was to evaluate whether the number of births
and that of induced abortions changed in the months
following the Chernobyl accident as a consequence of
postdisaster stress (5).

Subjects and methods

Births

Babies conceived in May 1986 could be expected to be
born in the last weeks of January and in February
1987. Data on births from January to June 1987 were
analyzed for the entire country and the three main



geographic areas (northern, central and southern Italy)
(6). A separate analysis was performed for each month
and geographic area. In order that the expected births
in 1987 could be calculated, data by month from 1977
to 1986 were studied for time trends (figure 2).

The data showed a consistent decrease in the num­
ber of births over the 10 years studied with a change
in the slope of the curve (particularly for January,
February, and March), which occurred in 1980-1981.
Linear regression models, with and without data trans­
formations, were applied to each data set, either for
the entire time period or for the last five or six years
of observation. The model which best fit the data was
chosen for the prediction of expected births in 1987.
The statistics R square was used to measure the
goodness-of-fit of the model. Similar time trends were
observed for the country as a whole and for the three
geographic areas studied.

The standard error of the 1987 prediction was used
to calculate the 95 070 confidence intervals of the ex­
pected numbers of births. Statistical testing of the
difference between the observed and expected num-

bers of births was performed with the use of the t dis­
tribution with n-2 degrees of freedom where "n" was
the number of years in each regression model (7).

Induced abortions

Monthly data on induced abortion were available to
us for the following three large regions: Lombardia
(in the north), Lazio (in the central part of the coun­
try), and Campania (in the south). These three regions
were representative of the main geographic areas of
the country. For the analysis of induced abortions,
pregnancies at risk were defined as follows: pregnan­
cies begun in May 1986 and those not past the 10th
week of gestation on 1 May 1986. Italian law allows
for legal abortion within the first 12 weeks without
special restrictions except that 7 d must pass between
the request for the abortion and the actual operation.
In many medical services providing abortions, there
is a long waiting list for these operations.

Because it was impossible to select the exposed co­
hort of conceptions according to the date of the last
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Figure 1. Number of articles about the
Chernobyl accident in three national Italian
newspapers by subject and by week after
the accident.
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Figure 2. Number of births by year for
1977-1986 and by month of birth (Janu­
ary-June) in Italy.
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menstrual period (this information not being available
at the time) and because of the delay between the
request for an induced abortion and the actual opera­
tion, the time period to be examined included the sec­
ond half of May and all of June and July.

The abortion rates for 100 known pregnancies were
obtained by dividing the number of induced abortions
occurring in a given month by the sum of the births
occurring six months later and the induced abortions.
This approach, suggested by Tietze (8), allowed for a
better evaluation of the frequency of induced abortions
among the defined cohorts of pregnancies continuing
to termination (ie, with the exclusion of spontaneous
abortions and fetal deaths) when the date of the last
menstrual period was unknown, ie, with the assump­
tion that most of the induced abortions took place in
the third month of pregnancy. The registered frequency
of induced abortions in Italy sharply increased after
legalization (1978) and reached a plateau in 1982. In
figure 3 the abortion rates for 1982-1985 are shown
for the entire country, and for the three studied regions
as well (9).

Since no clear-cut time trend was observed, the ex­
pected abortion rates were obtained by summing the
figures for births and induced abortions in the 1982­
1985 time period for each region and each month.
Statistical testing of the difference between the ob­
served and expected rates was carried out using the ap­
proximation of the binomial proportion to the normal
distribution (10). The 95 % confidence intervals were
obtained with the use of the quadratic equation sug­
gested by Fleiss (11).

Results

In table 1 data on the observed and expected numbers
of births in the time period January-June 1987are sum­
marized for the country as a whole and for the three
main geographic areas. A decline in the number of
births was observed in January-March 1987, the de­
crease being the most marked in February. In Febru-

ary the birth reduction was statistically significant at
the 5 % level for Lombardia and Lazio but not for
Campania. Overall, in February, the birth rate declined
by 7.2 % (ie, by 2934 births), the decrease being 11.2 %
for Lombardia, 5.3 % for Lazio, and 4.8 % for Cam­
pania. When the figures for the first three months of
1987 were added, 125517 births were observed versus
131 309 expected (for a difference of 5792 births). In
the period April-June 1987 the number of births in­
creased (by 6374 births). The increase was marked in
Lombardia and Lazio and was statistically significant
for Lazio in June. Overall in the first six months of
1987 the number of expected and observed births was
nearly identical (263 659 expected versus 264 241 ob­
served).

In table 2 the abortion rates are compared by month
and by region for May-August 1986. An increase was
observed in June (P = NS) and July (P < 0.05) in Lom­
bardia, and in June (P < 0.0001) and August (P = NS)
in Campania. In the other months the abortion rates
were lower than expected. In six out of eight months
the decrease was statistically significant.

Discussion

The Chernobyl accident was a major environmental
disaster whose medical and psychological consequences
involved most European countries. The radiation fall­
out was unevenly distributed in Europe, but the radi­
ation doses were in general relatively low (12). The
long-term effects of low exposure to radiation on the
general population are still controversial (13). Ex­
perimental investigations have shown that ionizing
radiation can lead to miscarriages, congenital malfor­
mations, and growth and mental retardation (14).
However there is no observational evidence of adverse
fetal outcomes in humans due to exposure during preg­
nancy to levels of radioactivity such as those observed
in Italy after the Chernobyl accident (15-17).
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Figure 3. Induced abortion rates by 100
known pregnancies for Italy (ltalia) and
three selected regions in 1982-1985.
(Lombardia =northern Italy, Lazio =central
Italy, Campania = southern Italy)
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Valid estimates of exposure were available only event was covered by the media, including inconsisten-

several weeks after the accident. Uncertainties about cies in reporting the radioactivity measurements, did
the duration and intensity of the exposure in the first not help to clarify the extent of the risk and often in-
days and weeks spread alarm and panic throughout creased public alarm. Anxiety and fear are difficult to
the population. In addition the manner in which the measure, but, as far as reproduction is concerned, they

Table 1. Observed (0) and expected (E) numbers of births in Italy in 1987 by geographic area and by month of birth. (95 % CI = 95 %
confidence interval)

Births O-E
Time period Predicted (E)Region in the reg res- R' Deviation 2-tailed
sion model 0 Standard (%) P-valueN error 95 % CI

Italy
January 1982-1986 0.97 43905 45178 505.2 43570-46785 -2.82 0.05< P<0.10
February 1982-1986 0.93 37712 40646 1049.3 37307-43985 -7.22 0.05< P<0.10
March 1981-1986 0.85 43900 45485 1601.4 41040-49931 -3.49 NS
April 1977-1986 0.84 43068 41997 2888.7 36496-47498 2.55 NS
May 1977-1986 0.86 47817 46751 2987.9 41061-52441 2.28 NS
June 1977-1986 0.93 47839 43602 2211.3 39391-47813 9.72 0.05< P<0.10
Lombardia
(northern Italy)

January 1982-1986 0.63 15530 16922 467.7 15434-18410 -8.23 0.05<P<0.10
February 1982-1986 0.96 13106 14754 232.2 14015-15493 -11.17 0.005< P<O.Ol
March 1981-1986 0.99 14798 15547 185.9 15031-16063 -4.82 0.01 < P<0.5
April 1977-1986 0.89 14483 14110 1151.5 11917-16303 2.64 NS
May 1977-1986 0.84 17176 15908 1530.5 12994-18822 7.97 NS
June 1977-1986 0.85 16777 14623 1474.3 11816-17430 14.73 NS

Lazio
(central Italy)

January 1982-1986 0.63 7406 7201 482.9 5664-8738 2.85 NS
February 1982-1986 0.99 6300 6655 74.2 6419-6891 -5.33 0.01 <P<0.025
March 1981-1986 0.92 7094 7512 201.5 6952-8071 -5.56 NS
April 1977-1986 0.91 7008 6716 446.0 5867-7565 4.35 NS
May 1977-1986 0.90 8066 7601 516.9 6617-8585 6.12 NS
June 1977-1986 0.95 8064 6983 392.5 6236-7730 15.48 P=0.025
Campania
(southern Italy)

January 1982-1986 0.93 20969 21054 411.9 19743-22365 -0.40 NS
February 1982-1986 0.84 18306 19237 939.0 16249-22225 --4.84 NS
March 1982-1986 0.84 22008 22427 1503.0 18255-26599 -1.87 NS
April 1977-1986 0.72 21577 21170 1344.2 18610-23730 1.92 NS
May 1977-1986 0.86 22575 23241 1116.8 21114-25368 -2.87 NS
June 1977-1986 0.95 22998 21995 636.0 20784-23206 4.56 NS

Table 2. Induced abortion rates for 100 known pregnancies by month in three selected regions of Italy in 1986. (E = expected,
0= observed, 95 % CI = 95 % confidence interval)

Induced Induced abortion rates 2-tailedRegion abortions Z P-value(N) E 0 95 % CI
-------
Lombardia (northern Italy)

May 2811 34.12 30.23 29.30-31.18 -7.92 <0.0001
June 2662 31.15 31.64 30.65-32.65 0.96 NS
July 2736 31.81 32.88 31.87 -33.90 2.09 0.01 <P<0.05
August 1770 28.52 26.54 25.49-27.62 -3.59 <0.0005
Lazio (central Italy)

May 2027 35.95 31.91 31.07-33.40 -6.17 <0.0001
June 1940 34.85 34.32 33.33-35.84 ·-0.45 NS
July 1994 36.30 33.84 32.46-34.89 -4.23 <0.0001
August 1399 32.03 28.88 27.55-30.12 -4.81 <0.0001

Campania (southern Italy)

May 1328 16.23 16.17 15.38-16.99 -0.17 NS
June 1279 11.76 13.25 12.58-13.94 4.52 <0.0001
July 1215 17.97 16.00 15.18-16.84 -4.56 <0.0001
August 898 13.49 14.07 13.23-14.95 1.33 NS

99



may show up in extreme circumstances as a higher rate
of induced abortion and a lower rate of birth (18).
Studies in Sweden on the level of concern following
Chernobyl showed that the level of concern mirrored
the level of radioactivity reported by the media (4).

Several investigations on the outcomes of pregnan­
cies exposed to the radiation following Chernobyl were
carried out in the European countries reached by the
radioactive cloud. In Greece the number of births in
the first three months of 1987 was 22 637 versus
25 201 expected (for a decrease in the birth rate of
10.2070) (3). Data on induced abortions were not avail­
able in Greece; nevertheless the authors attributed the
reduction in births entirely to an increase in termina­
tions of pregnancy. In Sweden the conception rate went
down in June-August 1986 and a slight increase in the
number of induced abortions was observed in the same
cohort of conceptions (4). No increase in the number
of spontaneous abortions, congenital malformations,
or preterm births was detected. The author attributed
his finding to the effect of public scare, which
produced a decrease in the number of planned preg­
nancies and a termination of some of them. In Fin­
land a slight decrease in the birth rate was observed
(-0.5 %) in January-March 1987 (19). The incidence
of congenital malformations was not increased even
though a higher occurrence of premature births was
detected among malformed children. The latter find­
ing was considered to be unexplainable by the authors.

A decrease in the birth rate and a slight increase in
the number of induced abortions were observed in Italy
in the first months following the Chernobyl accident.
The data on induced abortions must be interpreted with
caution. The abortion rates in 1986 were in general low­
er than those observed in 1985: - 2.30 % for the coun­
try as a whole (-1.33 % in Lombardia, -4.66 % in
Lazio, +0.10 % in Campania) (Spinelli A, unpub­
lished data, 1988). The 1986data confirmed a tendency
first observed when 1984 and 1985 data were com­
pared. Therefore the expected rates, as calculated,
could have involved an overestimation of the expect­
ed figures for 1986 and could therefore account for
the statistically significant lower than expected rates
reported for several months. Nevertheless the increase
in the number of induced abortions observed in Lom­
bardia in June and July is interesting even though not
statistically significant. It was observed in the "at risk
months" despite an overall tendency towards a de-

Table 3. Preterm births « 37 weeks) in the Lazio region (cen­
tral Italy) in October-December (1985-1986).

1985 1986 Chi-
Months Births Births square

Preterm Total Preterm Total P-value

October 302 4200 265 3869 NS
November 258 3490 254 3553 NS
December 274 3496 251 3505 NS
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crease in the number of induced abortions. The data
from Campania are more difficult to interpret. The
base-line rates have probably been underestimated, and
a large use of illegal abortion in that region cannot be
ruled out. In Lazio no increase in the abortion rate
was detected. In general, Italian data do not support
the hypothesis of a large increase in the number of in­
duced abortions after the Chernobyl accident.

There are several possible explanations of the reduc­
tion of births observed in January-March 1987. First
of all, a decrease in the number of "planned pregnan­
cies" could have occurred. This hypothesis is supported
by the increase in the number of births in April-June
1987, which could mean a postponement of planned
pregnancies to "safer" times, mainly in the north and
center of the country. Well-known differences between
north-central Italy and the south in socioeconomic sta­
tus, access to health services, and prevalence of con­
traception (20), in addition to the perceived radiation
risk due to the higher level of radioactive contamina­
tion in the north and in the center of the country, could
have played a role in determining the heterogeneity of
the data on births in the three areas.

Another possibility is that radiation increased the
number of spontaneous abortions, and this phenome­
non could have been followed by an increase in the
number of replacement pregnancies soon afterwards.
This hypothesis cannot be excluded because data on
subclinical, early spontaneous abortions and reliable
figures on clinical spontaneous abortions were not
available. However data from Sweden (where radia­
tion exposure was higher than in Italy) do not show
any increase in spontaneous abortions in the months
following the accident (3).

A decrease in the number of births in January-March
1987 could also have been due to an increase in the
number of preterm births in the last months of 1986
among babies conceived around the time of the acci­
dent. Data on gestational age with respect to all Ital­
ian births were not available. However it was possible
to check figures on the gestational age for births in
the Lazio region (central Italy) (Bertollini R, unpub­
lished data, 1989). The data were collected for the
Medical Birth Registry established for that area (21)
(table 3). Preterm births (< 37 weeks of gestational age)
were not increased in October-December 1986 as com­
pared with the corresponding rate during the same
months of 1985.

Finally the decrease in births could be simply the ef­
fect of natural variation in the monthly number of
births. This possibility seems unlikely, at least for those
differences which reached statistical significance.

In conclusion, Italian data show a decrease in the
number of births and a slight increase in the number
of induced abortions in the months following the Cher­
nobyl accident. These data are consistent with those
coming from other European countries (3, 4) and are
most likely attributable to a decrease in the number
of planned pregnancies and the termination of some



of them, although other hypotheses cannot be totally
ruled out. The Italian data suggest a high perceived
radiation risk in the population more in association
with the impact, quality, and timing of information
spread by the media and public health authorities than
with the actual level of radiation exposure. The change
in the frequency of births and the number of induced
abortions was limited to the first period of contami­
nation, even though the radioactivity due to Chernobyl
continued to persist in the environment and increased
in body fluids for several months after the accident
(22) as a consequence of the accumulation of the longer
lived radioisotopes of caesium (CS134 and Cs 137

) .

However, considering the uncertainties related to ex­
posure levels and the controversies about the long-term
effects of low-dose radiation exposure in humans (13),
the reaction of the population seems to have been the
"best possible" adjustment to a sudden unknown risk.
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