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Scherb and Voigt (2011a) examine the sex ratio, also called
sex odds, defined as the ratio of live births of boys and girls in
the period 1950 to 2007. They observe its annual values for
different regions and countries and examine their year-to-year
variation with regard to two major radiological events: the
Partial Nuclear Test Ban Treaty (PNTBT) and the Chernobyl
accident. It also presents results of a non-peer-reviewed study
(Kusmierz et al. 2010) on the sex ratio at different distances
from Swiss and German nuclear power plants (NPPs). The
main conclusion Scherb and Voigt draw from their results is
that the international consensus on the health effects of ioniz-
ing radiations is underestimated by several orders of magni-
tude. The authors also wrote the editorial in the same issue of
the journal (Scherb and Voigt 2011b) and took this point
further by announcing that there are “one million missing
children across Europe and parts of Asia after Chernobyl till
to date.”

These extraordinary claims, if true, would require a dras-
tic change in our use of ionizing radiations. Such claims
cannot be accepted unless they are backed by extraordinary
evidence. The purpose of this letter is not to counter the
potential consequences of these assertions but to set out the

reasons why we are not convinced by the arguments put
forward by Scherb and Voigt.

Scherb and Voigt begin with the temporal variation of the
sex ratios in Europe and the USA in two different figures
(one around the time of the ratification of the PNTBT and
one around 1986). It would have been fairer to plot them
together in one figure (see Fig. 1). In the period in which
European data overlap (23 and 39 countries were taken into
account, respectively), the difference between the two sets
of data is typically about 0.002. Globally, the spread of the
data points along the authors' fits is 0.005 between the
highest and the lowest values, and along the whole period
of time considered by the authors, the European values
fluctuate between a minimum of 1.055 and maximum of
1.065. Therefore, we would have expected that the authors
state that (1) there are some uncertainties, (2) a rough
estimate is about 0.005, and (3) they did not perform such
an analysis. In particular, we could have expected to see a
comparison with a stable behavior of the sex ratio as well as
an increase at any year. A much lower p value for a specific
increase in year 1963 or 1986 would have been more com-
pelling than a nice-looking fit performed only in these two
specific years. For the American data, the increase identified
by the authors during the 1960–1975 period should have
been put in relation with another study that showed that this
was mainly attributable to the African–American population
and is not yet understood (Davis et al. 2007).

Based on their assumption that an effect on the European
sex ratio has been shown in 1987, the Scherb and Voigt
paper presents the Russian sex ratio between 1980 and
2000, where an increase is clearly visible. The authors
attribute this observation solely to the year 1986, and the
curve is fitted by a step function. No statistical test is
performed for any other year, and no regional analysis is
performed to search for a potential difference between the
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18 most affected regions that received an average effective
dose from the Chernobyl accident higher than 0.7 mSv
during the 1986–2005 period (population about 30 million)
and the rest of the country (population about 117 million)
(UNSCEAR 2011). In support of their claim that there is a
causal relationship between the dose and the observed var-
iations of the sex ratio in Russia, the authors show that the
increase in the German data is smaller and that an even
smaller increase is seen in the French data in 1986. Figure 2
has been plotted with the data recommended by the authors
(HFADB1) for Russia, Italy, and France. We chose to show
the data for Italy, because its population is comparable to
France and Germany, but it received a higher mean effective
dose than Germany (UNSCEAR 2011, page 141). We rec-
ommend the reader hide the horizontal scale and try to
define where a step function should be placed in order to
fit the data. Once this qualitative exercise is performed, any
skeptical reader would expect to see the results of the fits
performed for an increase at each year of the considered
period and not only in 1987.

The hypothesis that a general, slow increase of sex ratios
was occurring in Russia during the 1980–2000 period has not
been tested by the authors. This is unfortunate because sex
ratio increases have been observed in many Asian countries
throughout this period (Zhu et al. 2009). The main reason for
this increase is that selective-gender abortions have become
common since prenatal ultrasound examinations became
widely available in the 1980s and have led to sex ratios up
to 1.15 or more (Hesketh and Zhu 2006). We understand that
this social behavior seems not to have been reported in Russia.
However, this potential simple explanation would have neces-
sitated a much lower amplitude than the one observed in
neighboring countries.

Scherb and Voigt then assume that a cause–effect relation-
ship was established and so search for deficits in the number
of births in 34 European countries in the year following the
Chernobyl accident. However, the only country they find a
deficit in is Denmark. They look at the absolute number of live
births in the time period 1984–1990, in which an increasing

trend can be seen. The authors conclude that a deviation from
this trend is observable for the year 1987. In the results section
of their paper, the authors rightly caution about the signifi-
cance of this observable departure from a straight line. How-
ever, further down in the text, they use this observation and
another of their previous publications in order to extrapolate it
to the whole of Europe and the USA and to estimate a “gender
gap” of twomillion people, which they then use as a proof that
the risk estimate of low-dose ionizing radiation has been
greatly underestimated by the international scientific commu-
nity. Figure 3 presents the same data but over a longer time
scale. The “trend” observed by the authors (and shown as a
continuously increasing line) now completely disappears.
With the approach of picking up only the data that confirm
their prior beliefs, the authors were almost certain to find an
increase in 1987. By discarding 33 countries, the authors kept
only 3% of the data in order to show an effect. Basic statistical
courses usually teach students that we should leave less than
5% chance to the null hypothesis before starting to think that
an effect is statistically significant. Interestingly, Scherb and
Voigt propose to do the exact opposite.

As further evidence of a possible relationship between
radiation and sex ratio, Scherb and Voigt then turn their
attention to the distance between inhabited locations and
German and Swiss NPPs. It is difficult to fully assess their
results, because the methodology used was not published in
a peer-reviewed study (Kusmierz et al. 2010), no confounding
factors were taken into account, and no alternative explana-
tions were tested. The fact that the study identified a sex ratio
peak at 14.3 km and not within 0 to 5 km from the NPP is
difficult to understand in a cause–effect framework. Another
shortcoming in their reasoning is the absence of a documented
relationship between the distance to the NPP and the dose
delivered to the inhabitants. Finally, the last section of the
Kusmierz et al. paper (2010) demonstrates the author's own
doubts when they mention that “[e]xtended investigations are
required to support or refute the findings of this paper.” We
think that these doubts should have been quoted in the Scherb
and Voigt paper in order to help the reader to better understand
the speculative nature of the study they are referring to.

Before concluding this letter, we would like to mention
two fundamental biological aspects that are important for

Fig. 1 European and American
sex ratios from 1950 to 2007
(Figures 1 and 2 of Scherb and
Voigt combined)

1 Health For All Data Base managed within the WHO framework
http://data.euro.who.int/hfadb
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understanding the sex ratio variations described by Scherb
and Voigt: (1) the sex ratio varies significantly in the period
between conception and birth and (2) the effect of radiations
on the sex ratio has been addressed in the literature.

The sex of a human being is primarily determined at the time
of conception and depends on whether the fertilizing sperm
bears an X or a Y chromosome. As X- and Y-bearing sperms
are produced in equal numbers during spermatogenesis, theo-
retically, a sex ratio at conception (primary sex ratio) close to
unity should be expected. In humans, it has been found that the
primary sex ratio or the sex ratio in the first days of embryo-
genesis differ remarkably from this theoretically expected ratio
of 1:1, and may be as high as 170 males to 100 females
(Hassold et al. 1983; Pergament et al. 2002). Because the
secondary sex ratio (i.e., at birth) is in the range of 1.04 to
1.07, it is obvious that pre- and postimplantation embryonic as
well as prenatal fetal mortality affects male and female embryos
and fetuses differently. During gestation, a continuous decline
of the sex ratio has been observed in mammals in general
(Jongbloet 2004) as well as in humans (Kukharenko 1970).
However, it should be noticed that fewer than 25% of natural
human fertilizations survive to term, even with healthy parents
(Boklage 2005). The highest embryonic loss, in the range of
two thirds of fertilized oocytes, takes place between conception
and the time of implantation or immediately thereafter, i.e.,
before clinical recognition of the pregnancy. Major sex ratio

determining factors are operating at or around the time
of conception among which the hormonal status of the
mother (James 2011) and maternal diet (Grant and
Chamley 2010) seem to be significant ones. Later during
pregnancy, natural selection is further putting pressure mainly
on less viable male fetuses. This mechanism was extensively
described by Trivers and Willard (1973) and more recently
reviewed by Wells (2000). In special circumstances, this
mechanism may select against female fetuses, however, on a
much lower level (Catalano et al. 2009). The “gender gap”
claimed by Scherb and Voigt can therefore also be interpreted
as a reduction in male embryonic loss during embryogenesis
instead of a reduction of female births.

In their editorial, Scherb and Voigt (2011b) refer to the
publication of Schull and Neel (1958) in which, based on
preliminary data, an effect of ionizing radiation on sex ratio
was described. However, the same authors reported some
years later (Schull et al. 1966) that based on an extended data
set and a longer follow-up, their earlier preliminary results
were not confirmed. This later publication is ignored by the
authors. Furthermore, two more recent studies (Winther et al.
2003; Reulen et al. 2007) showed that the sex ratio among the
children of parents treated by radiation therapy was not sig-
nificantly different to the rest of the population. Therefore,
when Scherb and Voigt contend that this phenomenon has not
been investigated at all by national or international
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Fig. 2 Sex ratios of Russia,
Italy, and France (HFADB
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plotted on this graph as they
were only available for the
period since 1990
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institutions, nor by the scientific community, their criticism is
an empty one. From empirical data on exposed human pop-
ulations, there is to date no established effect of ionizing
radiation on the sex ratio of newborn infants.

Conclusion

The sex ratio could be affected by ionizing radiation, but the
potential confounding factors are so numerous that its use as
an indicator for radiation-induced health effects is not likely to
be of any value. We fully admit the value and the power of
sound epidemiological studies. However, understanding the
biological effects of ionizing radiations will continue to re-
quire the rigorous approach of radiobiology, which has the
advantage of providing explanations and not just correlations.

Even if we put this aspect aside, the arguments provided
by Scherb and Voigt are not convincing and do not provide
reasons of concern for public health. Most of the trends iden-
tified by their study disappear when larger periods of time are
considered, and their dose–effect estimation is based on one
observation in one country not reproduced in any of the other
33 European countries. The only clear and progressive in-
crease of sex ratios shown in this study is that in Russia
between 1980 and 2000. However, Scherb and Voigt do not
provide any scientific proof of a stepwise increase in 1987,
and they did not attempt to compare this with similar trends
observed in the same period of time in many Asian countries
albeit with much higher amplitude.

Using this scant evidence, Scherb and Voigt go far beyond
a sole effect on the sex ratio at birth. They make the extraor-
dinary claim that “the internationally established radiation risk
concept based on average absorbed dose is in error at three to
four orders of magnitude or, more likely, it is conceptually
wrong” and that there are at least “one million missing chil-
dren.” If this were true, there would be dramatic consequen-
ces. For example, the use of ionizing radiations in diagnostic
and therapeutic medicine would need to be immediately ex-
amined and probably drastically reduced. If the authors' claim
was correct, many effects should already be observable in
patients. Therefore, continuing the generally accepted practice
of applying the precautionary principle and radiation protec-
tion policies recommended by the ICRP is still reasonable and
coherent with the current state of good science.
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