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Ionizing radiation can cause congenital mal-
formations, retardation of intrauterine
growth, and embryonic death (1). The type
of manifestation depends mainly on the tim-
ing of radiation exposure during pregnancy:
very early (before the blastocyst phase) loss
of pregnancy is the most likely adverse effect
because the embryonal cells are still totipo-
tent (i.e., able to differentiate into any type
of cell), whereas the period of organogenesis
is sensitive to multiple organ teratogenesis
and embryonic death. For radiation protec-
tion, the limit for radiation exposure to the
pregnant woman has been set as 2 mSv dur-
ing pregnancy (2).

Fallout from the Chernobyl accident in
1986 caused radiation doses up to 1 mSv
during the first year in the European coun-
tries (3). The health effects reported so far
include an increase in both induced (4) and
spontaneous abortions (5,6). Also, a tempo-
rary decline in birth rates has been reported
from some countries (7,8). The causes of
this decline have not been explored empiri-
cally. It has been assumed that psychological
effects are the cause, because the doses seem
too low to account for early pregnancy loss.

Our aim was to assess the effects of
Chernobyl fallout on birth rate, induced
abortions, and pregnancy loss in Finland.
Occurrence of congenital malformations as
well as perinatal mortality were outside the
scope of this study. 

Materials and Methods

We aimed to identify all possible outcomes
of pregnancy (induced abortion, loss of preg-
nancy, and birth) from central registries
available in Finland. The data were collected
at municipality level. There are 455 munici-
palities in Finland with populations from
500 to 500,000.

We obtained data on the number of
women in fertile ages (15–44 years) by 5-year
age group and municipality in 1986 from
Statistics Finland (Helsinki, Finland). We
obtained data on the rates of live births and
stillbirths by month and municipality from
Statistics Finland for the years 1977–1992.
Stillbirths were defined based on either
gestational age ≥ 22 weeks or weight ≥ 500 g
from January 1987. (An earlier definition
had been based on a gestational age of 28
weeks or more.) The monthly number of live
births in the whole country was on average
5,000–5,500 and the mean monthly number
of stillbirths was 20–30.

We obtained data on induced abortions
by months and municipality from the
National Research and Development Centre
for Welfare and Health (STAKES; Helsinki,
Finland) for the years 1983–1992. The
indications for abortion were classified in the
official statistics as medical indication for
fetal reasons, medical indication for maternal
reasons, and social indication (including
maternal age at conception < 17 or > 40

years; 4 or more previous children; stressful
life conditions; criminal conditions of con-
ception; or mother’s or father’s illness). For
induced abortions, the main end point was
induced abortions with medical indication
for fetal reasons, but induced abortions with
social or psychological indications were also
of interest. The total number of induced
abortions per month was approximately
1,000 for the whole country. Of these, more
than 95% were performed for social or
psychological indications and only approxi-
mately 1% for fetal indications (approxi-
mately 150 per year) (9).

Data on spontaneous abortions by
months and municipality were obtained from
the Hospital Discharge Registry (Helsinki,
Finland) for the years 1977–1992 (10).
Spontaneous abortion was defined as any of
the following diagnoses [as coded by the
International Classification of Disease, 9th
Revision (ICD9)]: spontaneous abortion
(ICD9 codes 6,340–6,349), ovum abortivum
(ICD9 code 6,310), or missed abortion
(ICD9 code 6,320). Mola hydatidosa (ICD9
code 6,300) and ectopic pregnancy (ICD9
codes 6,330–6,339) were excluded from the
study. The mean monthly number of sponta-
neous abortions in Finland was approximately
550–650.

The expected numbers of each type of
outcome were calculated for each municipal-
ity based on the number of women in fertile
ages and using the national rate from the
pre-Chernobyl period as the reference
(1977–1985 for live births and spontaneous
abortions, 1983–1985 for induced abor-
tions). We combined the data using the offi-
cial municipality numbers as identifiers. All
the unions of municipalities that had taken
place during the study period were dealt
with by pooling data for the united munici-
palities for all periods.

Radiation exposure. The cumulative dose
equivalent over 2 years after the accident
(April 1986–March 1988) was calculated
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taking into account both external and
internal radiation dose. To assess the effects
of radiation, we divided the population into
fifths (Q1–5) by radiation exposure. Also,
we calculated the dose rate for each month
for the first 12 months after the accident.

The dose estimates are based on a mobile
survey on fallout levels in Finland after the
Chernobyl accident (11). Continuous mea-
surements were made with a germanium
spectrometer while the vehicle was driven;
the results thus represent the average fallout
level of each section of the route. We mea-
sured 19,000 km between May 1986 and
August 1987. Calibration was carried out by
taking soil samples at calibration sites. The
passage of the Chernobyl plume over Finland
led to various fallout patterns for different
radionuclides. The survey results present fall-
out patterns of cesium-137, zirconium-95,
and ruthenium-106. Both the geographical
variations in rain intensity in different peri-
ods after the accident and the time variations
in radionuclide composition of atmospheric
releases affected the fallout patterns. The
population doses were caused overwhelm-
ingly by 137Cs and other volatile nuclides
strongly correlated to its activity distribution.
The effect of delay in measurement was cor-
rected by using a back-calculation technique
taking into account both radioactive decay
and washout effect.

For each municipality, we calculated the
mean dose rate based on spectrometric mea-
surements. We accounted for the shielding
effect of buildings by using a shielding factor
based on the proportion of blocks of flats in
each municipality. We subtracted the dose
rate from the fallout of atmospheric atomic
bomb testing, known from previous mea-
surements, from our results. We classified all
the municipalities on the basis of external
dose rate to form population fifths with
roughly similar population sizes. A more
detailed description of the methods has been
published elsewhere (11,12).

We assessed internal exposure as deliv-
ered effective dose, using whole-body count-
ing measurements performed on a random
sample of women of child-bearing age
(15–44 years). The subjects (n = 117) were
identified through stratified random
sampling from the Population Registry
(Helsinki, Finland), with stratification by
province and age. One or two whole-body
counting measurements were performed on
each between May 1986 and April 1988.
The internal doses were calculated by using
individual body contents of 134Cs and 137Cs
expressed as becquerels per body weight in
kilograms. The activity time integrals (bec-
querels per year per kilogram) were calculated
separately for each of the nuclides, taking into
account the variation in body contents over

time. The mean value of the whole-body
counting measurements was assigned to each
population fifth on the basis of whole-body
counting measurements of subjects with
municipality residence in each group. The
limited number of whole-body counting
measurements meant that municipality-spe-
cific values could not be derived; therefore,
the mean value for the population fifth was
assigned to each municipality within it.
More detailed description of the procedures
has been published previously (12–15).

Statistical methods. We calculated stan-
dardized rates of each outcome (live birth,
spontaneous abortion, and induced abor-
tion) by comparing their observed and
expected frequencies. The population at risk
was defined as women in fertile ages (15–44
years). We calculated the expected numbers
of each event for each municipality using the
number of women in fertile ages (15–44 by
5-year age groups) and the reference rates,
which were calculated from the national
rates. We calculated the reference rate for
each event by linear interpolation between
the pre-Chernobyl period (up to April 1986)
and the post-Chernobyl period (from May
1988 onward). The expected numbers were
month-specific, e.g., calculation of expected
numbers for January 1987 was based on
rates from January of both earlier and later
years. Thus, both underlying trend and sea-
sonal variation in fertility could be taken
into account. Lagging was performed by
assigning the dose rate from the time 9
months earlier to the date of birth (e.g., dose
rate in May 1986 to birth rate in February
1987). Analyses were conducted both with
and without lagging for stillbirths, and no
lagging was used in the analyses of induced
or spontaneous abortions.

In the analyses, we used the monthly
mean dose rate (microsieverts per month) in
each municipality as the explanatory variable,
and the ratio of expected and observed num-
ber of outcome events as the dependent vari-
able. We performed a longitudinal analysis of

the monthly rate of outcomes and monthly
dose rate by municipality dose-rate using
mixed-effects models (SAS PROC MIXED;
SAS Institute, Cary, NC, USA) that account
for the fact that monthly rates in the same
municipality are not independent. In the
model, the standardized incidence ratio (SIR)
of pregnancy outcome (y) was described in
terms of fixed effects of dose rate (x 1) and
municipality (x2) with an error term ε, i.e., 

y = β1x1 + β2x2 + ε, [1]

where both prevalence and dose rate were
measured repeatedly for the same set of
municipalities. No other covariates were
used. An identity link was used, so the
regression intercept β gives the absolute
change in SIR of outcome per unit change in
dose rate (microsieverts per month).
Statistical significance was assessed using a
Wald test.

No informed consent was needed,
because only aggregate data were used.

Results

Initially, the mean dose rate for the whole
country reached a value of 0.07 µSv/hr or 50
µSv/month in May 1986 and then declined
rapidly (Figure 1). For the municipalities
with the highest exposure, the external effec-
tive dose rate was initially above 200
µSv/month (0.27 µSv/hr), but did not exceed
50 µSv/month (0.07 µSv/hr) after December
1986 in any municipality. The mean dose
equivalent among women 15– 44 years of
age in May 1986 is shown in Table 1. The
cumulative dose during the first 2 years was
0.4 mSv for the whole population and 1.0
mSv for the population fifth with the highest
exposure. 

There was some underlying variation in
pregnancy outcome by geographical region
before the accident (Table 2). The area with
the lowest level of fallout had higher rates of
births, induced and spontaneous abortions,
and stillbirths. 
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Figure 1. External dose rate in Finland after the Chernobyl accident, April 1986–March 1988. 
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A temporary decline in the number of live
births had already begun before the accident
(Figure 2). Nine months after the accident, in
February 1987, the standardized birth rate
was at its lowest, 10% below the reference
level. However, this was not statistically sig-
nificant compared to the early months after
the accident, when it was approximately 5%
below the reference level.

A slight decrease in the number of still-
births was observed following the accident,
compared to the pre-1986 rates (Figure 3).
This pattern was comparable among all
exposure fifths. There was a slight decrease
in the number of spontaneous abortions in
1987 in the whole country, with no evidence
for an increase in the most heavily affected
areas (Figure 4). 

In the overall number of induced abor-
tions with fetal indications, an increasing
trend continued throughout the study
period without major changes around 1986
(Figure 5). We saw no clear decrease in the
population fifth with the highest dose rate
compared to other fifths. The numbers of
induced abortions with social or psycho-
logical indications were quite stable with no
apparent increase following the Chernobyl
accident (Figure 6). We observed a similar
pattern for the most heavily affected areas, as
for the rest of the country.

The longitudinal analysis using the
monthly municipality-specific rate for each
outcome in May 1986–April 1987 and dose
rate from Chernobyl fallout showed no asso-
ciation between live birth rate and higher
dose rate, using lagging of dose by 9 months
(Figure 7, Table 3). No association with
stillbirths was observed, whether using
lagged or nonlagged dose rate (Figure 8,
Table 3). The rate of spontaneous abortions
increased slightly with dose rate (Figure 9,
Table 3). For induced abortions with
psychosocial indications, no clear association
with the dose rate emerged (Figure 10, Table
3). No increase in abortions with fetal indi-
cations was associated with dose rate (Figure
11, Table 3).

Discussion

The radiation doses from the Chernobyl fall-
out in Finland were relatively low compared
to, for example, doses from radiologic exami-
nations, even though Finland was one of the
most heavily affected countries outside the
former USSR. Nevertheless, there was a dou-
bling of the normal dose rate from natural
background radiation in the early phases for
the whole country, and in the most heavily
affected areas the dose rate more than
tripled. We analyzed the relationship
between temporal changes in pregnancy out-
comes and dose rate from the accident
within each Finnish municipality following

the Chernobyl accident. In the whole coun-
try, the live birth rate had already been
decreasing before the accident, and postacci-
dents rates were not associated with the fall-
out. We observed no clear increase in
induced abortions with social or psychologi-
cal indications, nor in those with fetal indi-
cations. We did see some indication of an
increase in spontaneous abortions in the
areas with the highest level of fallout. 

However, our findings must be inter-
preted with caution because there is little sup-
port for effects of low doses and dose rates of
radiation on pregnancy outcome in the litera-
ture. No increase in spontaneous abortions
has been reported (e.g., in other countries
exposed to Chernobyl fallout or in areas with

high background radiation), even though
stratification by exposure level had not been
used in the studies published earlier.

Knowledge concerning the effects of ion-
izing radiation on outcome of pregnancy is
largely based on studies of atomic bomb sur-
vivors and their offspring. Radiation expo-
sure in utero has been shown to cause
abnormalities such as mental retardation and
a range of morphologic abnormalities (1).
The most sensitive period for these is from
the 8th until the 15th week of gestation, and
the risk increases in a linear manner with
radiation dose. However, little is known
about the risk of miscarriage following expo-
sure to low-dose radiation. In principle,
there is a clone of equipotent cells in an
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Table 1. The mean dose equivalent in May 1986 (µSv) from the Chernobyl accident in Finland by population
fifth ranked by exposure.

Population fiftha External exposure Internal exposure Total

I (lowest) 6.4 0.2 6.6
II 12.8 0.2 13.0
III 30.8 0.2 31.0
IV 69.6 0.4 70.0
V (highest) 137.4 0.5 137.9
Whole country 51.4 0.3 51.7
aThe number of subjects (women 15–44 years of age) for whole-body counting measurements by population fifth (from I
to V) were 28, 22, 23, 20, and 24, respectively.

Table 2. The relative risk of birth, spontaneous abortion, induced abortion due to fetal indications, and
stillbirths (95% CI) by population fifth before the Chernobyl accident.

Population Spontaneous Induced abortions
fifth Birth ratea abortionsa (fetal indication)b Stillbirthsa

I (lowest) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
II 0.80 (0.78–0.82) 0.87 (0.81–0.92) 0.69 (0.50–0.96) 0.70 (0.60–0.80)
III 0.88 (0.86–0.91) 0.93 (0.87–0.99) 0.66 (0.47–0.91) 0.81 (0.70–0.94)
IV 0.91 (0.89–0.93) 0.97 (0.91–1.04) 0.66 (0.48–0.93) 0.83 (0.72–0.96)
V (highest) 0.89 (0.97–0.92) 0.93 (0.87–1.00) 0.68 (0.48–0.95) 0.74 (0.64–0.86)
a1977–1985. b1983–1985. 

Figure 2. Number of live births by exposure fifth in Finland 1977–1992. Q1: lowest, Q5: highest. 
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embryo, and compensatory mechanisms
such as accelerated division of surviving cells
ensures that a single cell death is unlikely to
cause any detriment to the fetus (1).
However, in a small organism such as the
embryo, the number of cell deaths required
for early miscarriage is probably smaller than
for other nonstochastic effects of radiation. 

Although it is somewhat controversial, an
association between occupational exposure to
radiation and antepartum fetal death has been
suggested (16,17), as well as between diag-
nostic abdominal irradiation and miscarriage
(18).

Methodological considerations. In our
study, we avoided the selection bias and
information bias inherent to interview stud-
ies of pregnancy outcome and environ-
mental exposure (19,20) by using actual
measurements of exposure and by obtaining
data on end points from registry-based infor-
mation systems. 

Both exposure and outcome were mea-
sured only at aggregate level. We assessed
exposure based on nationwide surveys of
external and internal radiation exposure.
However, because the exposure can be
regarded as ecological in nature—i.e., homo-
geneous within a given geographical area,
such as a municipality, and modified only to
some extent on personal characteristics such
as lifestyle or socioeconomic status—the
potential for ecological fallacy is small. In an
ecological study, misclassification—measure-
ment error due to incomplete assessment—
may lead to a bias away from null, causing a
false positive finding.

Finland was one of the most heavily con-
taminated countries outside the former
USSR and thus provides a favorable setting
for studies of the Chernobyl fallout’s effects
on health. We were able to use the munici-
pality-specific monthly dose rate as the expo-
sure indicator. There is good biological basis
for this approach because the major abnor-
mality in most miscarriages is chromosomal
nondisjunction. Radiation can cause nondis-
junction; to do so, a hit in the embryonal
DNA is required during a short sensitive
period in the early phases of development.
Thus, the probability that a hit in the
embryonal DNA will cause a nondisjunction
depends on dose rate at that time; cumula-
tive dose over a longer period is not relevant.
For other biological effects of radiation on
pregnancy, the dose rate (from both external
and internal exposure) is probably as good
an exposure indicator as is cumulative dose. 

In our study, the validity of exposure
assessment was enhanced by taking into
account washout effect and radioactive decay.
Furthermore, the contribution of fallout from
atmospheric atomic bomb testing, known
from previous surveys, was subtracted from

the measurements. A municipality-specific
shielding factor was used, based on the pro-
portion of blocks of flats of all residencies (12).

Data on outcomes were also obtained at
municipality level, so maternal migration dur-
ing the pregnancy could not be considered.
However, the overall migration rate between
municipalities among women at fertile ages in
1986 was relatively small, at 6.2% (21).
Migration between provinces accounted for
only one-fourth of all migration (21). Because
the differences in exposure between nearby
municipalities were small, the possible effect
of misclassification is bound to be small.

Expected numbers of each outcome were
calculated based on rates in the corresponding

month, thus taking into account the strong
seasonal variation in fertility (22,23). This
was especially important because the radia-
tion exposure due to the accident was con-
fined to a short period and then rapidly
diminished, inducing potential confounding
by season. Also, the underlying trend was
taken into account by calculating the
expected numbers of each outcome by inter-
polation between the pre-Chernobyl and the
post-Chernobyl periods. 

To control for geographical differences in
pregnancy outcomes before the accident, we
used longitudinal analysis, which accounts for
repeated observations within municipality.
We were able to classify induced abortions by
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Figure 3. Number of stillbirths by exposure fifth in Finland 1977–1992. Q1: lowest, Q5: highest.
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Figure 4. Number of spontaneous abortions by exposure fifth in Finland 1977–1992. Q1: lowest, Q5: highest.
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indication and thus had a more specific indi-
cator of outcome than in the previous studies.
Induced abortions with fetal indication repre-
sent biological effects of radiation, whereas
those with social or psychological indication
reflect fear and anxiety that can be caused by
radiation exposure and may be unrelated to
the radiation dose (24,25). 

The information on the Hospital
Discharge Registry has been validated by
comparison with hospital records (26). There
was a 98% concordance in the obstetric diag-
noses at the three-digit level in ICD codes.

Birth rate. There was a minor decrease
in birth rate following the accident reaching
10% 9 months after the accident. In the

longitudinal analysis, we observed no associ-
ation between dose rate and live birth rate.
However, there remains a possibility of early
abortion in “subclinical” pregnancy—before
the woman is even aware of it—but it is not
possible to study empirically without measur-
ing human chorionic gonadotropin (hCG). 

In the heavily exposed areas surrounding
Chernobyl, there is a much higher probability
of radiation-induced effects; other biological
effects (e.g., due to nutritional factors) as
well as social and psychological distress (e.g.,
due to evacuations) could also be more
prominent (27,28).

No clear decrease in birth rate was
reported for all of Belarus nor for Ukraine

following the accident (29). However, a
decline by approximately 15–30% in 1987
was observed in the most heavily affected
Gomel region in Belarus and for Polesskoe
and Narodichi in Ukraine (7,29). Either a
decrease in the number of planned pregnan-
cies or an increased number of induced abor-
tions could account for this. 

A reduction in birth rate following the
Chernobyl accident also has been reported in
Norway, Sweden, Italy, and Switzerland
(5,8,30,31). These observations have been
attributed primarily to a decreased concep-
tion rate. In Greece, the number of live
births decreased by 10% in January–March
1987 compared with the years 1981–1986
(4); the authors attributed the reduction to
induced abortions, but considered no other
explanations. 

A previous report from Finland (32)
suggested a smaller decrease in birth rate
(0.5%) for January–March 1987. The differ-
ence is due mainly to the fact that they did
not report monthly rates. Also, the expected
numbers were calculated differently. 

Stillbirths. In the whole country, stillbirths
decreased in proportion to live births, but we
observed a nonsignificant increase in
December 1986–January 1987. There was
some indication of increasing trend of still-
births with a high dose rate in the longitudinal
analysis. However, a change in the definition
of stillbirths introduced in 1987 complicated
evaluation of temporal trends; the adoption of
a broader definition could have introduced an
artefactual increase in 1987.

Among previous studies, an increase in
perinatal mortality (stillbirths and deaths
within 7 days of birth) was reported in
Germany in 1987 (33). However, a more
detailed analysis did not find differences
according to fallout level in Bavaria, the
most heavily contaminated part of the for-
mer Federal Republic of Germany (34).

Spontaneous abortions. In our study, we
observed no statistically significant increase in
spontaneous abortions in the whole country.
However, there was a nonsignificant increase
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Figure 5. Number of induced abortions due to fetal indications by exposure fifth in Finland 1983–1992. Q1:
lowest, Q5: highest.
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Figure 6. Number of induced abortions due to social and psychological indications by exposure fifth in Finland
1983–1992. Q1: lowest, Q5: highest.
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Figure 7. Dose rate and SIR of live births in Finland,
May 1986–April 1987.
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in July–December 1986. In the longitudinal
analysis, a small yet statistically significant
increase in spontaneous abortions with dose
rate was observed. The estimated magnitude
of increase was 1% per microsievert per hour
[95% confidence interval (CI), 0.7–1.2].
Given the mean dose rate of 18 µSv/month
for the whole in 1986, it would correspond to
an 18% excess, i.e., approximately 1,300
excess losses of pregnancy against a back-
ground of 7,200. However, no such excess
was observed in 1986, but the number of
spontaneous abortions was comparable to
previous years. Therefore, this could also be
due to a simultaneous decreasing trend in
spontaneous abortions during 1986–1988
that parallels the decline in dose rate. Such
decrease was indeed observed with unusually
low rates in 1987 and 1988, rather than an
increase in 1986. Therefore, even if the obser-
vation is compatible with an effect of the

Chernobyl fallout, due to either biological or
psychosocial mechanisms, alternative explana-
tions such as bias and confounding must also
be considered when interpreting this finding.

Approximately two-thirds of sponta-
neous abortions are clinically unrecognized
(35). Thus, they cannot be assessed except
by using determination of urinary concen-
tration of hCG. This is not feasible in a large
population-based study.

Pregnancy loss is the major effect of
radiation exposure occurring in the preim-
plantation stage of pregnancy. Later, during
the fetal period, sensitivity to lethal effects is
reduced. It has been suggested that there is a
threshold of approximately 0.25 Gy below
which no effects are expected (1). However,
embryonic death has been observed at lower
doses in experimental studies (36). Therefore,
alternatives to a simple threshold model have
been suggested to assess the effects of

radiation in utero (37,38). Also, a psychosocial
background for the increased rate of sponta-
neous abortions—fear and anxiety caused by
the fallout—is conceivable (24,25).

No information on the gestational stage of
pregnancy loss was available, so we were not
able to analyze the risk of miscarriage by dura-
tion of pregnancy at the time of the accident.
However, the period with the nonsignificant
increase in spontaneous abortions would cor-
respond to 3–6 months of gestational age
given conception at the time of the accident.

No changes in occurrence of miscarriages
were reported from Ukraine and Belarus for
the areas with the highest level of radioactive
contamination, with the possible exception
of the Narodichi region (29,39).

Ulstein et al. (6), in a study of Norway,
assessed the occurrence of spontaneous abor-
tions in one county in the most heavily
exposed area. Higher incidence of sponta-
neous abortions was found for the 3 years after
the Chernobyl accident compared with the 3
years before it. When stratified by month of
conception, the increase was observed most
clearly for August–November 1986. When
the analysis was performed by time of miscar-
riage, an increasing trend following the acci-
dent was observed. The increase over time in
spontaneous abortions in Norway was con-
firmed in a nationwide study, but no associa-
tion with the fallout was observed (30). 

In Sweden, there was no clear increase in
miscarriages in relation to the radiation
exposure among pregnancies at 1–17 weeks
at the time of the accident, nor among
pregnancies with conception following the
accident (8). The reference rate was based on
pregnancies of at least 17 weeks at the time
of the accident. Thus, there is a possibility of
bias because early abortions were already
excluded from the reference rate.

No increase in spontaneous abortions
has been reported in the high background
area in China, where the radiation dose rate
is similar to that encountered in Finland
after the accident (40).

Induced abortions. We observed no over-
all increase in induced abortions in Finland
following the Chernobyl accident. Strati-
fication by exposure category did not reveal
any clear differences among the areas. In the
longitudinal analysis, we found no clear asso-
ciation between dose rate and induced
abortions for either fetal or psychosocial indi-
cations. Finland has fairly liberal laws con-
cerning abortion, with abortion on social
indication relatively easily available until 12
weeks of pregnancy, and illegal abortions are
rare. Our finding indicates that there was no
major panic among pregnant mothers,
because such induced abortions are readily
available if the indications are fulfilled (e.g.,
number of children, maternal age).
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Table 3. Longitudinal analysis of dose rate (µSv/hr) and change in standardized incidence ratio of preg-
nancy outcomes (%).

Outcome Effect per µSv/hr, % (95% CI) Significance

Live birth 0.1 (–0.3, +0.5) 0.76
Spontaneous abortion 1.0 (0.7, 1.2) 0.0001
Stillbirth 0.02 (0.00, 0.04) 0.11
All induced abortions –0.03 (–0.3, +0.3) 0.86
Induced abortions with fetal indications –0.02 (–0.04, 0.00) 0.11
Induced abortions with psychosocial indications –0.02 (–0.2, +0.1) 0.89

CI, confidence interval.

Figure 8. Dose rate and SIR of stillbirths in Finland,
May 1986–April 1987.

Figure 9. Dose rate and SIR of spontaneous abor-
tions in Finland, May 1986–April 1987.
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Figure 10. Dose rate and SIR of induced abortions
with social and psychological indications in
Finland, May 1986–April 1987
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Figure 11. Dose rate and SIR of induced abortions
with fetal indications in Finland, May 1986–April
1987.
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The effects of the Chernobyl fallout on
induced abortions have not previously been
reported by indication. In such cases, the
induced abortions with social indications
dominate in most countries, whereas abor-
tions with fetal indication are a minority, so
an effect on the fetus could easily be missed.

An increased rate of induced abortions
was reported in Greece, based on decrease in
live births following the accident (4). 

In a Swedish study, an increase in all
induced abortions was reported among moth-
ers below 30 years of age in 1986 and 1987
compared to 1985 (8). This was observed in
the whole country and not associated with the
level of fallout. One should, however, note
that a statistically significant increase was
already detected for the period from January
to April (i.e., before the accident), and the
rates of induced abortions did not increase
above that level before fall 1987. The highest
rates were reported for the end of 1987. An
earlier report had concluded that the changes
in induced abortions were not confined to the
time following the accident, but had begun
earlier and continued through later years (41).

In Italy, a minor increase (3%) was
reported in Lombardy, northern Italy, for
July 1986, but not for May, June, or August
(31). No such increase was observed in the
central or southern part of the country
(Lazio and Campania). For the whole coun-
try, some increases in induced abortions
were observed mainly in June, July, and
September 1986 compared to previous years
(42). An earlier report suggested a slight
increase in induced abortions, but concen-
trated in June (43).

A clear increase by more than 50% in the
number of induced abortions was observed in
the canton of Ticino in Switzerland in June
1986, but not for other months (5).

A study conducted in Denmark reported
an increase in induced abortions following the
Chernobyl accident (44). However, the overall
number of abortions in 1986 was not clearly
above that for 1985. Also, the highest rates
were reported for December and April 1986.

No changes in the rate of induced abor-
tions have been reported for Norway,
Hungary, or Austria (6,30,45,46).

Previously, Harjulehto et al. (47)
reported no changes in overall number of
legal abortions in Finland. They only
reported national rates, not those stratified by
region. Furthermore, indication of induced
abortion was not available for their study.

In summary, the most notable change in
pregnancy outcome following the Chernobyl
fallout in Finland was a transient decrease in
birth rate that was not related to level of fall-
out. Also, our data suggest a slight increase in
spontaneous abortions in the areas with the
highest level of Chernobyl fallout. However,

the effect was small and should be interpreted
with caution, because earlier epidemiologic
studies do not support a biologic effect at
low-dose levels, and potential sources of error
could account for the finding.
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