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Abstract Permmatal monality in Germany was investi-
gated with respect to a possibile relationship to the nuclear
accident in Chernobyl on April 20, 1986, Using annwal data
of perinatul mortality, a trend analysis based on an appro-
priately chosen statistical maodel was performed which
showed a sigmificant increase in 1987, In addition, we cul-
culated the cesiom concentration in women's bodies using
data of the cesium concentration i milk, We found twao
peaks of cesium concentration that were associated with
the observed two peaks of monthly perinatal mortalicy data
wilh o delay of 7 montbs

Introduction

The explosion of the nuclear reacter in Chernobyl on
April 26, 1986, was the most seriows accident in the is-
tory of civil use of nuclcar power. Large fermitaries in the
Ukraine, Belames, and Ruossia were highly contaminated by
the fallout. A varety of adverse health effects were ob-
served there following the accident [1]. In Belarus, an in-
creased frequency of abnormalities in 3= (o | 2-week-old
embryos from abomtions was reported after Chernobyl [2],
Inareview aricle | 3], studies from various European coun-
tries of the association belwesn the Chernoby | accident and
reproductive outeome, with paricular reference o congen-
ital anomalies, are summanzed, The authors conelude tha
there is no consistent evidence of a detrimental physical
ettect of the Chernobyl sccident on congenital anomalies,

A significant increase of eurly neonatal mortality ¢ficst
Tdays) after the Fallout was reported for southern Germany
[4]. The awthors had compared monthly mortalicy data for
LUaG and 1987 with the extrapolated trend from the years
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1975 o 1985, The methods were criticized | 5], which in
rern amotivated this work,

Schoctean et al. [6] compared the rates of abnormalities
and perinatal mortality in southern Bavaria with those in
northern Bavaria, where the cesium contamination was
less. They did not find a significant difference for the
2 years following the Chernobyl accident. However, the
populations are relatively small, so the power of the ap-
plicd statistical test did not allow them o detect small dif.
ferences.

W repor! a new evaluation of the German data also us-
mg o rend analysis, but with o statistical model different
from that in (4] and with data canging from 1980 o 19493,
Thus, a possible increase of the perinatal mortality rate in
1987, the vear after the Chernobyl accident, can mow be
checked by an appropriate statistical test substantially dif-
ferent from a pure trend extrapolation,

Wheraas in [4] only early necnatal monalivy dita wers
wsed, ouranalysis inclodes the data of stllbarn infants, e,
perinatal mortality data. Data from the former German
Democratic Republic ( East Germany are added o broaden
the datahase.

A possible association between radiation from cesiwm
and perinatal mortality rates was checked by evaluating the
monthly dati. In the first follow-up vear, the main radio-
active burden from Chernoby] came from ingestion, mainly
from cesiom in milk and dary products [7]. As the fetos
is considered o be most sensitive 10 radiation during the
period of major orgaegenssis in the first trimester afler
conception  [8], an increased  perinatal mostality rake
should. if anything. be ohserved 69 months after expo-
sure. We theretore inclode in our medel] the delaved ce-
siwrn concentration as o further covariate in addition 1o the
trend components,

Materials and methods

The statisdicel analyses ore based on onneal as well os on monthly
data of perinatal mertalivy in West Geomany {former FRG) and in
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East Germany (former GDRY, The daa were provided by the Stari-
stisches Bundesamt in Wiesbaden and Berlin, The perinatal moral-
ity rate is defined as the number ol stllbirths plus the number of in-

Fant deaths within 7 days of birth, divided 5y the wowal member of

births {live plas sillbihe,

The classification of “stillbhirth’ was changed in 1974 from ‘hody
lengeh greater than 25 cmd’ o “Buthweight greater than 1000 2"
Therefore, 1980 was chosen ps the staming poant for sur dala evalu-
ation, Darn were available until 1993, so the data eanged over
14 years, Since the same classiflicabon was used in the Former GDE
and e geveral trend of perinata] mestality is <imilac o e study pe
rioad, the two daiz w018 can be combanat for o jeint @ealuation even
Tor the wears before the reanificatien of East amd Wesl Germany in
1 G,

W Tirst performed o rend analyss of the annwal perinoco] mor-
tality rate. where the possible increase in 1987 was modeled by an
additional term. For the mombly datzs, we applied o regression op-
proach with the delayed rudicactive exposurc as an addittonal ex
planatory variable. When deriving the modal for the monhly data,
woe bk Bk aceound that inabe fiest vear following the accident, the
main contribstion w the mdicactive exposure of the German popu.
lation came from cestum i foesl [7], mainly milk and dairy prod-
ucls, The cesium concentragion i milk resched several hundred Bga
immediately after the accident. but it dropped quickly 1o negligible
values due i the eapid gross growth. Docasg tee winter feeding pe-
Ticnd. however, Lhe concemtration level increased again, asthe cows
were fed contaminated grass harvesied (he preceding summer. After
the winter lfeeding periad, in April 1987, the cesium concentration
in milk dropped v about | Byl Thas, the main doss received from
ingestion was limited 10 the first follow-up vear. YWe osed cesiom
conceninalion data measured in milk from g farm pear Muosich and
assumed o bintogical balf-life of cesium in the human female hody
of 56 days and constant daify milk consumption 1o calculue the
course of cesium concentration in the mathers. Two penks are found,
onbe 13 ond- 1984, the ather ai the end of April 1987, 1 year after the
acgident (Fig. 11, & similar caleulation Tor the cesium concemiration
after beef consumption shows a first peak in Aoguest 1986 and o sec-
nd in April 1987, but beef plays 0 mings robe compared with melk.
Therefore, we focused our investigation on cesium in milk. The con-
centratiom in the mathers is anly Enown op oo constant Gclor as it
was Calenlated wsing milk data froam just ane test farm near Muniche

Asmentinned abowe, o standasd rechivigque Tor analysing such daia
condisls an conducting a trend analvsis, Thuas, the first step of our
analysis concerns the model fic v e annual daia, The dutn suggest
a nomlinear regression maodel with an exponential irened and a con
StOnE term as Tollows:

E{¥{n =q+ expifi, + 5 1} . i1y

where E{ 125 t= the expected perinaial momality rate in vear ¢ with
franging from [oo 14, 0= 1 representing 19800, Denoting the nom-
ber of births in year 5 by A7), the mndom vanable FOn* Ao is b
mominlly disiribured with

Var (8 {00 = EqFin (1 < ECFamiisin

Model ¢ 1 uhove is justificd as fellows. On the one hand, il reflects
the tremd apparent in the dota, which displays a decsease in the peri-
natal mertaliny gate from T9HG Lo 1993 by abot w factor of 2. This
trenml, given by 1 4 is essentally due 1o better medical care. The ex-
poncntial werm, however, yields on expected peribatal mortality rate
af zero for time ¢ tending 1w infinity. This effect is compensated, on
ihe uther hanc, by intradecing the additional parametse & which
allows for a matwral lhmat of perigatal morality for ressons aher
than medical care, 1 s also worth mentsoning that foc practical pur
poses, the exponential term of the made] is identicu] o a logistic one
which is typically applicd in sueh Delds of mvessigation.

Wi further allow For ransdam devintions from the cxect trend by
inrreducing an unknown candoem effect o {6 to madel {1, 20 the cx-
pecied mortality mie conditioned on w0 15 cxpressed as Follows

E(Yintwing = a+expifh, ¢ B 1 eirh {lad

Following [9]. we assume £ (@00 = 0 and Var (v (5 = o E{F{0)
(1 =Ei¥ s for the random affect, where @ iz an unknown con-

stant, These assumplions mean that @ () does nod vield & systematic
deviation from the trend and that its variance s essentially propor-
ticamal 10 £{ Firdl. This implies that the uncenditional expected -
tality is il the some as in madel (1) Mating that the somple sizes
in cach Year dre nearly the same in our dati the vacanes of ¥id)can
be caleulnred as

Yart (R0 = O EOFons o - BV (s IV G 1)

where OB is the se-calbed averdispersion factor whicl depends on
A" anal has to be esimated Trom the data (Tor o dedailed derivation
dee W] p 19260 Overdispersion resulis i an observed variance of
the responss variable Y (el preater thin it should be under tee assumed
hineminl madel, Since overdispersion is a common problem in peoc-
fhal siluations, Sil seems wise to-be coutieus and toassume that over
dispersion is present 10 seme extent unless and until it is shown 1o
b absent” Csee [10] p 1250 Ignoring the effect of overdispersion
can lend 1o seriously misleading results, becanse in thot case, among
uthers, the calculated standard eerors of the poinl estimators of the
mede] paramietess will he e small,

Iy the next siep, the moded kas o be slightly madified 10 tke into
account a passible change in the perinotal mortalicy rate in 1957, This
is done by introducing an additional bemm in medel 10

LiYiry s od expify, + 3 0+ 3 Fage (00 (3]

with Sy (0h = I for = B, e, in 1987, and zero ofberwise. Our by
prdhesis of an increased pernatal mosiality rabe in 1957 can thus be
checked by o sintisticn] test (one-gided oesth ol B, e, the null by-
potbesis of f 20 hosho be tested versus the aliemative 5§ = 0.

Lising mow the monthly data on perinatal morality ns the responss
variahle, we consider the fidlowing mosdel:

ETF = o expd B+ B 0+ By oos{ 2020 — B+ B dedr - B
{4

where ¢ represents the time measured in years. As the data supgest a
siasomid] effect with 2 period of hall a yedr. a periedac werm with pa
rameters G oand B 05 aroduced in msdel ¢33, To model the influ-
ence of radiation on perinatal mortaliny, the term & 000 = 8,00 is
addidedd. The variable cff — £ dennies the cesium coscentrlioe in
the human body ot tme ¢ - f. Parameter &, represents the time-lag
Lix be estimated from ihe doro.

W are pow concerned with adegquate methods for the statistical
inference. Maodel (3 with {23 and model 1) with {20, respectively,
e quasi-liketihood models (see eg, [ 12)) The disriburion
of ¥iddean be well approximated by o nosmal distribagion, hecouss
the pogalation sires N (0 ane very large. Estimadcs of the parameters
are obtained by the nethod of iteratively weighted least squares, In
miobel (4], it is also necessary o minimize (e poolile likelohood de-
pending on the parameter &, by 2 grid seanch, The factor O0 can be
esfimated by the standasdized sum of weighted Jeast sjuangs,

Stadistical besis for the influence of certain parameters in each
| can b pertformeed by the F-lest using

(SSE, —SSE, 1/ p
S5E 1 |"[ r- i 1

where 55E, und 55E; denote the weighied sum of sguares umder the
full model and under the null hypathesis, respectively. Here g is e
nuwmber of parometcrs to o ested, Tis the number of observed maor-
Lality rates (7= 14 for the annual dorg and ¥ = 168 for e monthly
abatn). g the pumiber of pirameters in the foll meodel, ond 7oy the de-
prees of freedom, The expression in the denomanacos is the gstima-
or of 00, Based on (his best statistic, confidence intervals can be
construcied forsingle porameders using the relatonslip between besis
and conlidence sutervals, For this purposes, the so-called profile sum
of seuares (55E; a5 0 function of the parumeter of interese} has o be
calculated, An aliernative for testing a single pardmeter consiats in
caleulating the Wald confldence infervals (f-test), Mote that these two
test procedures differ since our model i3 nonlinear, The F-iest has
e acdvantage of being less sensitive to nonlinearity ([12]. p. PSS,
while ihe r-est can be conducted one-sided. Finally, ©00 5 tesiel,
wilth 55E, being approximately f:T—pJ-dibr:imltfd unider the null
hypehesis QD = 1.



Resulis
Annual data

In Fig, 2. the observed snnoal perinatal moreality rates and
the estimated repression curve (with 3, = () are plotted. Tt
can be seen that the estimated curve 1= very close to the ob-
served values. The data poant with the greatest deviation
from the curve is the ohserved mortality rate in 1987, which
reflects the significance of the paramerer f1 as shown by
the cormesponding f-test mentioned below,

Conducting the represzion analvsis bused on model (2)
yields an estimated value of o of 000340 which (urns oot Lo
be significantly different from zero at the 1% level (F-test).
The parameters B, and J, are estimated as —4.7 and =0, [0,
respectively. The OD resulting from the data is 1.6, Thowgh
this value is not siznificantly differeat from 1, we use it
for the analyses, e, the covariance matrix of the estimated
parameters is inflated by 1.6 before investigating the null
hypothesis of no increase in T9ET. Taking this overdisper-
sion into account, the results obtained from the calculated
statistical tests are mone conservative, Le., the P values are
larger than they would if we ignored the overdispersion.
Mow, the null hypothesis of no increase in 1987 can be
checked by testing the hypothesis of 8, <0 versus the
alernative of @ = 0. Estimating I, results in 0,36 per
thousand (f value = 2.8). which is significantly greater than
zero (P (L0, r-tesr), This merease translates to 317 ad-
ditional perinatal deaths in 1987 with a 93% confidence
region ranging from 65 o 569,

Monthly data

The parameter estimates fpr the trend  parameters
e (D030, B, (—4.7). and @, (—0.10% are equal 1o thoze ob-
taimed from estimating model (2] with the annoal data, The
torn parameters of the seasonel component B and §; ane
estimated as 000030 and 086, with [ being siznificantly
different from 2ero (F-test, P < 0.001). The importance of
the seasonal component can also be seen from the weighted
sum of sguares, which is 226.3 with the seazonal compao-
nent amd 298 4 without it Figure 3 displays the monthly
perinatal momality data from 1980 1o 1993 and the result
of the fit to the moathly daga,

The main result of fitting model (3}, however, is the
highly significant effece of the delayved cesium concentra-
tion on perinatal mortality. Including the cesium term in
the model leads to a reduction of the weighted sum of
squares. from 222.6 to HMLD, The comesponding F-test is
highly significant (P = 0000). The regression vields
A, = 3.5 (5% confidence interval: 1.5-7.5), Thus, the ex-
cess perinatal mortality 15 w strongly nonlinear fupction of
the cesium concentration at very small dose rates,

In Fig, 4, the profile sum of squares as a function of the
time-lag (parameter 3;) is plotied, The minimum of the
sum of squares is obtained for a time-lag of 7 months, The
broken line gives an estimate of the 95% confidence inter-
vl from 6 to § months based on the F-test.
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Fig. 3 Observed monthly perinatal mortality races in Geemany and
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In Fig. 5, the residuals resulting from the regression,
i.e, the deviations between obscrved and expected
monthly perinatal mortality rates, are presented for the
miedels with and without the delayed cesiom term in units
of standard deviations, Without the cesium teem, the mov-
ing average exhibits tovo peaks, one in the beginning and
omne at the end of 1987, which ar¢ no longer present when
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The broken line vields the 95% confidence interval which ranges
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Fig. 5 Residusals from negressions b monthly perinatal mosialicy
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cediwm term. The solid line is the moving average of the residuals,
fhe broken lines indicate the range of 1wo standard deviztions
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the model is adjusted for cesium, The greatest monthly de-
viation from the model without cesium is found in Novem-
ber 1987, wherne perinatal mortality is increased by 1.5 per
thousand, which means a relative increase of 20%,

O0 is now estimated as 125, indicating that the madel
fits remarkably well,

Discussion

Summarizing the above results, we find a significant in-
crease of German perinatal mortalicy in 1987, the year fol-

lowing the Chernobyl accident. The model which was used
for the data analysis fit the data very well (of. Fig, 17, We
furthermore analvzed the monthly data and noticed a
highly sigmficant association between cosium concentri-
tion and excess pennatal morality rates. Although we
know that in general, such an obiervational study cannot
prove o ceusal relationship, we feel that the results deserve
further atlention.

Thus, for instance, their biological plansibility has tohe
discussed. The dose rales received by the embryvo from
intermal cesium radiation were of the order of the back-
ground radiation. The doses were 2 ta 3 orders of magni-
tude smaller than in animal experiments [13. 14]. The con-
sequence of adopling the radiation explunation would be
that there is either no threshold dose for radiation damage
to the human embryvo or the thresheld is smaller than the
additional exposure in Germany after Chernobyl.

After the atmospheric bomb testing in the 1960s, an in-
creased first-day neonatal mortality was observed in 1154
and in England and Wales [15]. Then millions of individ-
uals over many years were exposed 10 jonizing radiation,
mainly from strontium in the food that accumulates in the
human bones. With the fallout from Chernobyl, & similar
amaount of fission products contaminated Germany within
just a few days. However, in Germany, in contrast to the
atmaospheric fests, sironium played & minor role in the
Chernoby] fallout compared with cesium, While the bi-
logical half-life of strontium in humans is many yvears, for
cesiwm if 15 only some months. This is why the develop-
ment of the cesium concentration in the human body after
Chernohy] shows two marked peaks which could both be
corretated with the observed two peaks of perinatal mor-
tality in the beginning and at the end of 1987,

Further confirmation of our findings could come from
evaluating monthly perinatal data from countries nearer to
Chemobyl such as Poland, Belaros, and Ukraine which, to
our knowledae, has not yvet heen done,
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Ao scientific journal depends on the quality of its authors,
but no less on the guality of its editws and their often
demanding efforts. When a large part of the editerial board
ends an extended period of duty, it is an occasion to thank
them for their important work., [t 5 also a chance to
urge their continued support, as contnbutors snd 1s onti-
val referees. The consent of the mew members 10 serve on
the editorial board is equally appreciated, and it s partic-
ubarly welcome that Ulrich Hagen — who has guided the
Journal with unbounded enthusiosm — will continue o pro-
vide his experience and judgement as a member of the
board.

The changes in the editorial board are accompanied by
@ minor, but thoroughly considered, alieration of the
journal’s content. Beginning with this issue, there will be
an added category of contributions, stulements, or com-
ments under the label “Controversial Issees”. Primarily,
this 1 an effort to narrow the gap hetween the public per-
ception of scientific ssues and the consensus of the ex-
perts, When a contnbulion to a scientific journal is re-
viewed, fwo different levels of judgement need to be con-
spdered. The one is correctness of the methodolozy, be it
experimental or theoretical, Conflicis i this level arise
frequently, but they are usually decided without lasting dis-
agreement, The other level 1s far more difficalt, a5 it con-
cerns the plausibility of a finding or an interpretation and
its scientific merit. This is the level where discordancies
arize and can persist; it is also the level where — as 1= of-
ten claimed - extranecus considerations can bias the se-
lection of publications,

A publication in a refereed journal is commonly seen
o carry the seal of approval by representatives of the sci-
entific community. A referee will, this, find it diffeslt (o
recommend & paper that he Fails w agree with, The new
category in the journal may facilitate his decision; it per-
mits him tosuppon pullication of preliminary or hypo-
thetical material that — in his judgement — may be suitable
to accelerate or focus an on-going discussion, or even to
vate for publishing o thesis that may he ervomeons, bul

needs 1 be stated in print becanse it has already - without
printed documentation — entered (he public and the politi-
cil arena. The ensuing scientific discussions, too, can Find
their platform in the new cateaory of “controversial issues”,
If controversies are conducted in a fuir but lively manner,
they will contribure equally 1o science and to the attrac-
tiveness of this journal,

In this issue, Kdrblein and KitchenhofT reconsider per-
inatal mortality in Germany after the Chernoby] reactor ae-
cident. Their study was motivated by recognized deficien-
cies in an earlier siwdy, bul they come 10 the conclusion
that there was, indeed, atemporary deviation from the sec-
ular trend of decreasing rates in the immediate period fol-
lowimg the accident. Knowing that more than temporal as-
sociation 1s needed to infer causality, the authors invoke a
dose dependenge, However, it is difficult to argue that this
dependence adds plansibility. If, contrary 1o commaon ra-
diclogical evidence. small radiation doses of Tractions of
I mSv were o produce observable increases of perinatal
maortality, the other ambient radiation would do so as well,
i-e., the backgroumd radiation contribution to perinatal
maortality would have (o be well in excess of the 5% that
Karblein znd Kikchenhoff aszign te Chemebyl in the year
after the accident. Their dose model — & siriking propor-
ticnality o the power 3.5 of dose — excludes the possihil-
ity that this contribution and its regional variations could
have been overlooked, With such a steep dependence. per-
inatal mortality rates inany ares with a dose rale 3 mes
higher than the average would have to be & multiple of the
standard rates. But even if “natural” radiation was some-
how exemyped, the differences between unegually contam-
imated areas would have been signal. The model must have
missed some of the facts,

But any judgement necds to be cautiows, If adation has
nof been cauzalive, the wider impact of the Chermoby] dis.
aster might well have been. There is room for continued
discussion

AL M. Kellerer



