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Abstract

Background: In Switzerland from 1987 to 2022 after the Chernobyl accident in April 1986, the infant mortality proportion jumped relatively parallel to the prevailing
monotone secular downward trend from 1950 to 1986. The jump odds ratio (OR) in 1987 was 1.175 (1.102, 1.253). This report aims at studying whether the canton-
specific drops or jumps of the infant mortality in 1987 are associated with the average Chernobyl cesium-137 (Cs-137) fallout in the Swiss cantons.

Methods: Counts of annual live births and infant deaths under one year of age from 1969 to 2024 stratified by sex and the twenty-six Swiss cantons were obtained
from the Federal Statistical Office (FSO). The Swiss Federal Office of Public Health (FOPH) provided a map of Switzerland documenting Cs-137 Chernobyl fallout
(kBg/m?) in early May 1986. Possible dose-response associations of Chernobyl fallout with infant mortality were analyzed employing five parsimonious regression
techniques.

Results: The overall infant mortality proportion in the period 1969 - 2024 was 0.65%, i.e., 29,322 infant deaths in 4,524,021 live births. Restricted to the period 1987
- 2024 (with a total of 13,948 infant deaths), the jump OR in 1987 in the long-term infant mortality trend is 1.165 (1.095, 1.240), p-value < 0.0001 and translates to
1964 (1201, 2688) excess infant deaths from 1987 to 2024. The five regression techniques consistently suggest that infant mortality in Switzerland after Chernobyl
increased in the order of 1% to 3% per kBq/m2 Cs-137 fallout.

Conclusion: In Switzerland after the Chernobyl accident, the positive association of canton-specific jumps in infant mortality with canton-specific Chernobyl fallout
strengthens the evidence of a causal link of low dose ionizing radiation (IR) and detrimental effects on early human development.
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Introduction (particularly in agricultural land) [9].

The biological effects of IR have been systematically studied for
more than 100 years. Depending on the dose, IR leads to deterministic
or stochastic changes at the organism, tissue, cell, and subcellular
levels [10]. It has been shown that unborn babies, children and
women are especially sensitive to radiation [11-13]. It has also been

Infant mortality is an important global socio-medical health
indicator [1]. The dramatic decline in infant mortality in Europe
over the course of the last century is attributable to modern medicine
- particularly neonatology - as well as to improved hygienic and
social conditions. Whilst in Switzerland in the 1950s more than 30

per thousand newborns died in their first year of life, this figure now
stands at around 3 per thousand [2]. Infant mortality is linked, among
other things, to socio-economic status [3], the density of doctors [4],
unemployment [5], income [6], urbanization [7], nitrogen dioxide
concentrations in the air [8] and lead contamination in the soil
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demonstrated that IR causes cancer and impairs reproduction. In
the 1920s, Muller [14] landmark findings on the detrimental genetic
effects of IR in Drosophila caused a sensation. In the 1950s, Stewart et
al. [12] demonstrated a carcinogenic effect in children whose mothers
had been exposed to radiological examination of the pelvis during
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pregnancy. Even then, it was evident that exposure to low doses of IR
in the order of magnitude of natural background radiation [15] posed
a significant stochastic cancer risk. However, it was not until the turn
of the millennium that the scientifically based linear no-threshold
model [11] became generally accepted. It states that the radiation
risk is proportional to the dose and that there is no harmless dose of
radiation, no matter how low it may be. However, one implausible and
illogical dogma prevails, namely that detrimental genetic effects in
humans have not been demonstrated for radiological exposures below
1 gray (Gy; 1 Joule/kg) [11]. Contrary to this dogma it is reasonable to
assume that eggs, sperm, embryos, fetuses, and infants also experience
health detriment under elevated environmental radiation as Schmitz-
Feuerhake et al. [16] have aptly demonstrated.

A recent large metanalysis of epidemiological studies in varying
settings directly supports excess cancer risks from low-dose IR [17].
Wakeford and Bithell [18] confirmed the harmful effects of medical
x-ray examinations of the pregnant mother and pointed at the fact of
an almost uniformly raised relative risk for nearly all types of cancer
that are most frequent in children. Even a radiation dose of around
10 millisieverts (mSv) leads to a 50% increase in cancer risk up to the
age of 15. Interestingly, several recent studies have described natural
background radiation as a possible risk factor for childhood cancer [13].
Large-scale, census-based cohort studies are needed to obtain reliable
results in this complex area [19]. According to observations from
Switzerland [20, 21], natural background IR likely contributes to the
risk of leukemia and tumors of the central nervous system in children
with a population attributable fraction of about 30%. In addition, Little et
al. [22] stated in an extensive review that the large body of data relating to in
utero and childhood exposure provides support for the existence of excess
cancer and benign neoplasm risk associated with radiation doses < 0.1 Gy),
and for certain groups exposed to natural background radiation, to fallout
and medical X-rays in utero, at about 0.02 Gy.

Radiation-related reproductive disorders have been studied less
extensively than radio-induced carcinogenicity. Nevertheless, an
increase in stillbirths [23], perinatal mortality [24], infant mortality
[25], congenital malformations [26, 27], reduced birth weight [28],
increase in trisomy 21 (Down syndrome) [29] and a distorted sex
ratio at birth [30, 31] were observed after radiation exposure from
radioactive fallout, whether from atomic bomb explosions or civil
nuclear accidents. Causality in relation to radiation health effects is
known to be the subject of controversial debate, although Hill’s classic
criteria [32] are met, at least to a considerable extent. A broad variety
of these reproductive pathologies have enhanced exposure to low doses
of IR in common.

Recently an unusual ongoing increase in infant mortality in
Switzerland was reported [33]: After the Chernobyl accident in April
1986 the infant mortality proportion increased relative to the prevailing
monotone secular downward trend from 1950 to 1986. In this ecological
study, which covers more than 6’186’000 live births between 1950 and
2022, nearly 2°000 excess infant deaths were identified between 1987
and 2022. The jump OR in 1987 was 1.175 (1.102, 1.253). Given the
radioactive contamination of Switzerland from the Chernobyl accident,
which amounted to approximately 3’500 person-Sieverts and was
mainly due to Cs-137 [34, 35], we aimed at the evaluation of a possible
association of the increased radioactive exposure and the increase of
infant mortality after 1986. Therefore, an independent review by the
Swiss Tropical and Public Health Institute was commissioned. The
results were largely confirmed [36], and the authors recommended
a detailed analysis of a possible dose-response relationship to clarify
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arguments for a causal link. Additionally, the review raised some
uncertainty regarding the assumption of the specificity of the estimated
and tested change-point pointin 1986/1987. However, the specificity was
sufficiently demonstrated using three independent statistical methods
[36] that this point in time is most likely to capture the greatest jump
in infant mortality during the whole period from 1950 to 2022 under
discussion. We, therefore, investigated - using appropriate correlation
and regression methods - if we could demonstrate whether a low dose
or low exposure is associated with a slight increase in infant mortality
and whether a high dose or high exposure leads to an escalated infant
mortality in the 26 cantons of Switzerland experiencing considerably
different Chernobyl fallout.

Materials and Methods

The Infant mortality proportion is defined as the number of
resident newborns in a specific geographic area and/or period (e.g.,
country, state, county, year, and month) dying under one year of age
divided by the number of live births for the same period and area. The
FSO provides counts of annual live births and infant deaths under 1
year of age for Switzerland. Sex-specific and canton-specific live births
and infant mortality data for the 26 Swiss cantons for the period 1969
— 2024 only are available since mid-2025. Such spatially more detailed
canton-specific data is currently not available for the period 1950 -
1968. For comparison purposes, the 2024 analysis [33], which covers
the whole of Switzerland (1950 — 2022), was therefore adjusted to cover
the reduced period 1969 — 2024 as the starting point for this new study.

Radiological exposure data were based on information published
by the FOPH [34, 35]. The estimate of the Cs-137 fallout levels from
Chernobyl from early May 1986 in the 26 cantons is derived from a
contour map from 2006 [34] according to Department for the Safety of
Nuclear Facilities, calculations based on ambient dose measurements
[37]. The contour map from 2006 was reproduced by the FOPH in 2026
[35]. The contour plot [34] is presented in shades of blue, which are
assigned to the measured or calculated Cs-137 fallout values based on a
corresponding scale: white < 3 kBg/m? to dark blue 26 kBq/m* Image
processing was used to determine a color index (ci) as the average of the
corresponding red, green, and blue values of each pixel (n = 240,401).
The color index ci was transformed to kBq/m? by the following empirical
formula: kBq/m?= 2.5 + ¢i/1.57 x (26 - 2.5). The Statistical Analysis System
(SAS) procedure GINSIDE was employed to assign the pixels to the 26 Swiss
cantons and to finally calculate the mean fallout values for the cantons. This
study therefore evaluates the height of downward drops or upward jumps
in the canton-specific infant mortality trends in 1987 and the associations
of those long-term drops or jumps with the average Chernobyl Cs-137
fallout in the Swiss cantons from early May 1986.

Dose-response regression in epidemiology evaluates how varying
levels of an exposure (dose) impact health outcome risks (response)
using statistical key regression models:

. Ordinary linear least-squares regression assumes a steady,
straight-line or curved increase or decreases in risk as exposure grows.

. Nonlinear and spline models use flexible curves (like
restricted cubic splines) to capture complex, u-shaped, j-shaped, or
threshold effects without rigid assumptions.

. Logistic or probit models are applied when the health
outcome is binary (e.g., diseased vs. healthy, surviving vs. not surviving
the first year of life, etc.) to map exposure levels to event probabilities.

Core objectives of causality checks are a demonstration of a gradient
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in risk, which strongly supports a causal link. Trend estimation tests
statistical significance across ordered exposure categories or continuous
values. Meta-analysis pooling combines slope estimates across multiple
independent studies to establish a consensus curve. Therefore, we
analyzed possible dose-response associations of Chernobyl Cs-
137 fallout levels with canton-specific infant mortality trends and
1986/1987-jump heights by five straightforward, transparent, and
methodologically parsimonious regression techniques:

L. Unrestricted inverse variance weighted ordinary linear or
curved least squares regression of the canton-specific drops or jumps in
the infant mortality trends in 1987 on the average fallout in the cantons.

2. Intercept—restricted, ie., intercept = 0, inverse variance
weighed ordinary linear or curved least-squares regression of the
canton-specific drops or jumps in the infant mortality trends in 1987 on
the average fallout in the cantons. Whereby the restriction “intercept =
0” means that cantons with marginal or no fallout would not experience
any significant change (drop or jump) in their individual infant mortality
trends - effectively embedding the null hypothesis (no Chernobyl effects
before the accident and after 1986 at zero fallout) into cantons with zero
exposure and/or in the period before the Chernobyl accident.

3. Fixed effects spatial-temporal logistic regression [26, 28, 38]
of the direct infant mortality proportion (not only the jump heights as
above under 1 and 2) on time (1969 - 2024) and fallout. The potential
Chernobyl effect is modeled, estimated, and tested by the dummy
variable d1987, which is zero (0) before 1987 and one (1) from 1987
onward. This formalizes the null hypothesis of no effect on infant
mortality before the Chernobyl accident and a possible fallout effect on
infant mortality after the Chernobyl accident. This central main effect
d1987 together with its pertinent interactions, e.g., d1987 x kBq/m?” are
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estimated and tested.

4. Similarly, to point 3 above: Mixed effects spatial-temporal
logistic regression of the direct infant mortality proportion on time
and fallout. Here, random effects are the canton-specific intercepts
and the canton-specific fallout levels, fixed effects are time and time
squared. Random effects capture the heterogeneity of the 26 canton-
specific intercepts and 26 fallout levels, whereas the fixed effects time
and time squared are determined more precisely by 26 x 56 = 1456
spatial-temporal data points, or 2912 data points if sex is considered.

5. For a list of 22 pertinent co-variables (effect modifiers like
sex, confounders like age of the mother, etc.), the potential modulating
influence for each single co-variable on the dose-response relation
between fallout and infant mortality was estimated and tested. More
than one co-variable in the regression model was not analyzed for
two reasons: combinatorial diversity and the relatively small effective
sample size of only 26 cantons for most of the co-variables.

Unless otherwise noted, statistical significance is based on two-
tailed tests and refers to p-value < 0.05. The code, data-analysis, and
output for this paper were generated using SAS software: mainly SAS-
PROCs LOGISTIC, GINSIDE, GLIMMIX, GMAP, REG, and SGPLOT.
Copyright © 2021 SAS Institute Inc. Cary, NC, USA. All rights reserved
SAS on demand release 3.1.0. SAS and all other SAS Institute Inc.
products or service names are registered trademarks or trademarks of
SAS Institute Inc.

Results

The live birth counts, the numbers of infant deaths in age category
zero (0), and the infant mortality proportion by year in Switzerland are
listed in table 1. The overall infant mortality proportion in the period

Table 1: Infant deaths (<1 year), live births, and infant mortality proportion in Switzerland 1969 to 2024.

Death at age <1 Infant mortality

Year year Live births proportion
1969 1,574 102,520 0.01535
1970 1,494 99,216 0.01506
1971 1,380 96,261 0.01434
1972 1,216 91,342 0.01331
1973 1,153 87,518 0.01317
1974 1,053 84,507 0.01246
1975 843 78,464 0.01074
1976 797 74,199 0.01074
1977 712 72,829 0.00978
1978 615 71,375 0.00862
1979 610 71,986 0.00847
1980 667 73,661 0.00905
1981 557 73,747 0.00755
1982 574 74,916 0.00766
1983 560 73,659 0.00760
1984 533 74,710 0.00713
1985 515 74,684 0.00690
1986 521 76,320 0.00683
1987 524 76,505 0.00685
1988 550 80,345 0.00685
1989 596 81,180 0.00734
1990 574 83,939 0.00684
1991 537 86,200 0.00623
1992 557 86,910 0.00641
1993 465 83,762 0.00555
1994 426 82,980 0.00513
1995 415 82,203 0.00505
1996 390 83,007 0.00470
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Death at age <1 Infant mortality

Year year Live births proportion
1997 387 80,584 0.00480
1998 377 78,949 0.00478
1999 361 78,408 0.00460
2000 386 78,458 0.00492
2001 365 72,295 0.00505
2002 326 72,372 0.00450
2003 309 71,848 0.00430
2004 311 73,082 0.00426
2005 310 72,903 0.00425
2006 324 73,371 0.00442
2007 296 74,494 0.00397
2008 308 76,691 0.00402
2009 338 78,286 0.00432
2010 305 80,290 0.00380
2011 303 80,808 0.00375
2012 300 82,164 0.00365
2013 319 82,731 0.00386
2014 336 85,287 0.00394
2015 339 86,559 0.00392
2016 306 87,883 0.00348
2017 310 87,381 0.00355
2018 287 87,851 0.00327
2019 283 86,172 0.00328
2020 313 85,914 0.00364
2021 280 89,644 0.00312
2022 311 82,371 0.00378
2023 265 80,024 0.00331
2024 259 78,256 0.00331
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1969 - 2024 was 0.65%, i.e., 29,322 infant deaths in 4,524,021 live births.
For the period 1969 - 2024, the jump from 1986 to 1987 in the long-
term infant mortality trend measures 1.165 (1.095, 1.240), p-value <
0.0001 and translates to 1964 (1201, 2688) excess infant deaths from
1987 to 2024 (Figure 1).

The canton names and codes, the overall canton-specific infant

deaths and live births (1969 - 2024) in Switzerland, canton-specific
Chernobyl Cs-137 fallout levels (kBq/m?), and canton-specific jump
heights 1986/1987 of the canton-specific linear-quadratic infant
mortality trends analogous to figure 1 and to the previously published
trend analysis for all of Switzerland [33] are given in table 2. Figure 2
depicts the information on cantonal average Chernobyl Cs-137 fallout-

a jump in 1987

Chernobyl 1938

Infant mortality in Switzerland 196%-2024, linear-quadratic logistic time trend allowing for

0.016

0.012

0.008

0.004

infant mortality proportion (infant deaths (= 1 year} ! live births)

0.000

OR for jump in 1887 = 1.165 (1.085. 1.240)
p-value < 00001
excess (1087-2024) = 1064 (1201, 2888)

T
1065 1075 1985

T
1605 2008 2015 2025

Figure 1: Infant mortality proportion in Switzerland and solid red linear logistic trend line allowing for a jump in 1987; the dotted line indicates the trend under the null hypothesis of no

trend change from 1986 onward.

Table 2: Switzerland: Canton-specific infant deaths and live births (1969 - 2024), Chernobyl Cs-137 fallout (kBq/m?), and canton-specific jump heights 1986/1987 in infant mortality trends.

Canton Deaths at age <1 year Live births CSE:{;ZJ::!;’ ut Jump OR Log OR Standard error Weig;;:aizzzrse
Aargau 2,051 349,475 4.72 1.294 0.258 0.113 78.45
Appenzell IR 97 10,916 8.50 1.415 0.347 0.476 4.42
Appenzell OR 224 33,286 10.31 1.642 0.496 0.288 12.06
Bern 3,641 571,382 2.70 1.120 0.114 0.091 121.83
Basel-country 935 149,601 2.51 0.957 -0.044 0.152 43.11
Basel-city 712 104,766 2.50 1.627 0.487 0.192 27.18
Fribourg 1,138 163,166 2.80 1.098 0.094 0.165 36.95
Geneva 1,467 253,315 5.01 1.201 0.183 0.141 50.44
Glarus 159 24,288 3.56 1.343 0.295 0.354 7.96
Grisons 784 111,220 4.63 1.218 0.197 0.154 42.28
Jura 310 44,404 4.73 1.004 0.004 0.271 13.67
Lucerne 1,422 231,316 2.93 1.196 0.179 0.122 67.63
Neuchatel 753 102,929 5.77 1.121 0.114 0.170 34.72
Nidwalden 170 23,549 2.50 1.082 0.079 0.330 9.21
Obwalden 130 21,329 2.50 1.667 0.511 0.429 5.44
St. Gallen 2,033 296,995 7.87 1.254 0.226 0.128 61.42
Schaffhausen 299 43,415 5.17 1.074 0.071 0.264 14.34
Solothurn 1,044 145,022 2.52 1.071 0.068 0.143 49.25
Schwyz 588 85,710 4.42 1.258 0.230 0.218 21.10
Thurgau 904 147,067 10.20 1.059 0.058 0.170 34.64
Ticino 1,148 158,132 10.14 1.334 0.288 0.163 37.87
Uri 197 23,905 2.75 0.614 -0.487 0.318 9.92
Vaud 2,416 405,762 4.65 1.090 0.086 0.115 75.61
Valais 1,353 177,047 2.51 1.034 0.034 0.138 52.74
Zug 378 64,011 5.19 1.666 0.511 0.255 15.34
Zurich 4,969 782,013 5.94 1.130 0.123 0.095 111.98
Switzerland 29,322 4,524,021 4.70 1.165 0.153 0.032 992.56

J Womens Health Care Manage, Volume 7:4

Pages: 4-11


https://doi.org/10.47275/2692-0948-176
https://doi.org/10.47275/2692-0948-176

0948-176

Citation: Kniisli C, Walter M, Zehringer M, Scherb H (2026) Spatial-temporal Trend Analyses of Infant Mortality Versus Chernobyl Fallout in Switzerland (1969
- 2024): Analysis of a Dose Response Association at the Canton Level. ] Womens Health Care Manage, Volume 7:4. 176. DOI: https://doi.org/10.47275/2692-

Switzerland: canton-specific average Chernobyl fallout Cs-137 [kBg/m~2], May, 1936, retrieved from
contour plot by image data analysis, see https:/fwww.bag.admin.ch/deftschernobyl-unfall-1986, BAG 2006
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Figure 2: Map of Switzerland: canton-specific average Chernobyl fallout Cs-137 [kBg/m?] reportedly as of early May 1986, retrieved by image data analysis from the contour plot as

published by FOPH 2006.

Infant mortality in Switzerland (1969 - 2024) in the 26 cantons allowing for canton-specific
trends and jumps after 1986, sorted and colored by canton-specific Cs-137 fallout levels

[kBg/m*2] retrieved from BAG 2006 map
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Figure 3: Predicted linear-quadratic infant mortality trends in Switzerland 1969 - 2024 in the twenty-six (26) cantons allowing for canton-specific trends and canton-specific jumps after

1986, sorted and colored by canton-specific Cs-137 fallout levels.

levels in table 2 graphically, and figure 3 shows the canton-specific
predicted infant mortality trends with their jumps in 1986/1987,
whereby the color gradient of the trendlines is proportional to the
average canton-specific Chernobyl fallout.

Ordinary unrestricted inverse variance weighted regression of the
log odds of the canton-specific jump heights on canton-specific fallout
yields a jump OR of 1.0169 (0.9942, 1.0400), p-value 0.1581 per kBgq/
m? however, with an insignificant intercept at 0 kBq/m? p-value 0.2383.
Therefore, naturally restricting the regression to intercept = 0, i.e., jump

J Womens Health Care Manage, Volume 7:4

height zero at zero kBq/m? fallout, yields a significant dose-response
association of the infant mortality jump height OR with fallout: jump
OR of 1.0297 (1.0197, 1.0398) per kBq/m? p-value < 0.0001. Figure
4 shows the inverse variance weighted cantonal data points and the
according un-restricted and restricted regression lines.

Fixed effect logistic regression yields an OR of infant mortality
per kBq/m? of 1.0288 (1.0176, 1.0401), p-value < 0.0001. Employing
canton-specific intercepts and canton-specific fallout levels as random
effects and time and time squared as fixed effects, mixed effect logistic
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Unrestricted (black) and restricted (red) regressicn of the canton specific log odds ratio of
infant mortality jump heights 1986/1987 on Cs-137 fallout in the 26 Swiss cantons; p-
values for trend: un-restricted 0.1581, restricted < 0.0001
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Figure 4: Unrestricted (black) and restricted (red) inverse variance weighted ordinary regression of the canton specific log OR of infant mortality jump heights 1986/1987 on Cs-137 fallout

in the twenty-six Swiss cantons; p-values for trend: un-restricted 0.1581, restricted < 0.0001.

Table 3: Parameters, estimates, and pertinent statistics of the four regression techniques assessing a possible dose-response association between Chernobyl fallout and infant mortality in

Switzerland.
Method OR per kBq/m?
Inverse variance Unrestricted 1.0169
weighted ordinary . Lo2
regression Restricted .0297
time-linear-quadratic Fixed effects 1.0288
logistic regression Mixed effects 1.0288

regression yields the very same OR compared to ordinary logistic
regression with fixed effects, however with a slightly more precise
interval estimate: OR of infant mortality per kBq/m? of 1.0288 (1.0190,
1.0387), p-value < 0.0001.

Table 3 summarizes the pertinent outcome statistics of the four
regression methods applied and outlined above assessing a possible
dose-response association between Chernobyl Cs-137 fallout levels in
Switzerland and proportionally disturbed infant mortality trends form
1987 onward.

Altogether, 3 of those 4 applied regression techniques demonstrate
a highly significant (p < 0.0001) positive exposure response association
at the level of the 26 Swiss cantons of Chernobyl Cs-137 fallout-levels
with the jumps and long-term increases in the infant mortality trends
in Switzerland from 1987 onward.

An additional restricted analysis focusing on the six cantons in
Central Switzerland, to which considerably radioactively contaminated
milk from the canton of Ticino was shipped for food production from
May 1986 onwards [37, 39], shows statistically significant higher infant
mortality rates (p = 0.0408, if analyzed by one-sided test, which would be
adequate for this situation) from 1987 compared with the 20 remaining
cantons (Figure 5). This observation is consistent with the hypothesis
that the consumption of radioactive food made a biologically significant
contribution to the jump in infant mortality in Switzerland after 1986.

A fifth regression technique employed involves estimating and

J Womens Health Care Manage, Volume 7:4

Lower 95% limit Upper 95% limit p-value
0.9942 1.0400 0.1581
1.0197 1.0398 <0.0001
1.0176 1.0401 <0.0001
1.0190 1.0387 <0.0001

testing the potential influence of each covariate on the dose-response
relationship, based on a list of 22 possible covariates (effect modifiers,
confounders, etc.) (Table 4). The question arises to what extent the
associations (strength and significance) presented in table 3 are
modulated by possible co-variables, e.g., effect modifiers or confounders.
Ideally, effect modifiers are associated with the outcome but not with the
exposure, whereas confounders are associated with both the exposure
and the outcome. In our situation, time is a typical confounder. Time is
associated with the outcome of infant mortality since infant mortality
decreases with time. And time is also associated with the exposure:
different exposures before vs. after Chernobyl. On the other hand, sex
would be an effect modifier if the sex ratio would (ideally) be constant
over time but would be associated with the outcome: boys are subject
to a considerably higher infant mortality than girls. Table 4 lists the
investigated co-variables and their individual influence on the estimate
and on the significance (p-value) of the target variable (Cs-137) in the
ordinary logistic regression dose response model. In addition to the
gender of the deceased children and the mother’s age, the strongest
effects shown in table 4 include terrestrial and cosmic background
radiation. Both radiation components increase infant mortality by
approximately 0.3% per nanosievert (nSv)/h. As a main finding it turns
out that the dose response associations demonstrated in table 3 are
neither inverted, nor annulled by the inclusion of single pertinent co-
variables. The dose-response association remains significant whatever
co-variable in table 4 is included in the dose response model. This 5*
regression technique can thus be seen as a kind of sensitivity analysis.
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Restricted regression of the canton specific log odds ratio of infant mertality jump heights
1986/1987 on Cs-137 fallout in the 26 cantons: red 6 cantons of Central Switzerland with
contaminated milk imported from Ticino; one-sided p-value 0.0408 for the enhanced slope
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Figure 5: Inverse variance weighted ordinary restricted regression of the canton specific log OR of infant mortality jump heights 1986/1987 on Cs-137 fallout in the 26 Swiss cantons: red
6 cantons of Central Switzerland with radiologically considerably contaminated milk imported after Chernobyl; one-sided p-value 0.0408 for the enhanced slope (red line).

Table 4: Simultaneous effects of single co-variables and the target variable in the ordinary most parsimonious linear logistic regression model: infant deaths/live births = co-variables +
target variable + t + t2.

Co-variable: effect modifier or confounder Target variable: Cs-137 [kBq/m’]
Co-variable Eﬁec:;;: [s:]mple Estimate SE Chi-square p-value Estimate SE Chi-square p-value
None, i.e., not adjusted, i.e., the } } } ) } 0.0124 0.0038 10.962 0.0009
reference
Sex (female = 0, male = 1) 2912 0.2396 0.0135 315.102 <0.0001 0.0124 0.0036 12.089 0.0005
Age of mother [year] 1092 -0.0944 0.0174 29.497 <0.0001 0.0129 0.0037 11.989 0.0005
Proportion of births to foreign 1430 -0.0019 0.0007 6.517 0.0107 0.0147 0.0038 14.619 0.0001
mothers [%]
Unemployment rate [%] 1456 0.0082 0.0103 0.633 0.4261 0.0123 0.0038 10.658 0.0011
Physician per 1000 live births 156 -0.0003 0.0002 1.966 0.1608 0.0123 0.0038 10.746 0.0010
Income [Swiss Francs 1000/ 26 -0.0385 0.0208 3.408 0.0649 0.0105 0.0039 7.343 0.0067
month]
GDP [SWISSyFez?“ 100,000/ 26 -0.0152 0.0259 0.345 0.5571 0.0125 0.0038 11.136 0.0008
Urbanity [%] 26 -0.0040 0.0048 0.687 0.4073 0.0127 0.0038 11.423 0.0007
Population density [1000/km?] 26 -0.0064 0.0082 0.599 0.4389 0.0123 0.0038 10.717 0.0011
Terrestrial b‘;ﬁgjﬁ;‘“d radiation 26 0.0033 0.0006 25.743 <0.0001 0.0090 0.0038 5.657 0.0174
Cosmic bac[lr‘lgrv"/‘;‘]‘d radiation 26 0.0034 0.0006 28.596 <0.0001 0.0141 0.0037 14.289 0.0002
Sea level [100 m] 26 0.0072 0.0016 19.857 <0.0001 0.0098 0.0038 6.762 0.0093
Radon [Bg/m’] 26 -0.0004 0.0002 3.022 0.0821 0.0126 0.0038 11.198 0.0008
Inverse distance from Beznau 26 -0.0202 0.0051 15.751 <0.0001 0.0124 0.0037 11.019 0.0009
[1/100 km]
Inverse distance from Gosgen 26 -0.0180 0.0044 16.432 <0.0001 0.0103 0.0038 7.497 0.0062
[1/100 km]
Inverse distance from Leibstadt 26 -0.0249 0.0063 15.637 <0.0001 0.0122 0.0037 10.639 0.0011
[1/100 km]
Inverse distance from
Mithleberg [1/100 k] 26 0.0066 0.0098 0.451 0.5021 0.0134 0.0040 11.130 0.0008
Nitrate in groundwater [mg/I] 26 -0.0059 0.0011 28.704 <0.0001 0.0132 0.0037 12.501 0.0004
Nitrogen dioxide [pg/m’] 26 -0.0033 0.0009 14.502 0.0001 0.0129 0.0037 11.837 0.0006
Lead in soil [mg/kg] 26 0.0007 0.0006 1.299 0.2544 0.0120 0.0038 10.028 0.0015
Cadmium in soil [mg/kg] 26 0.0095 0.0474 0.040 0.8419 0.0124 0.0038 10.963 0.0009
Mercury in soil [mg/kg] 26 0.4352 0.4366 0.9936 03189 0.0122 0.00376 10.516 0.0012
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It shows, whatever single co-variable is included in the powerful fixed
effect logistic regression model does not in principle change the dose-
response association between fallout and infant mortality: Therefore,
this dose response association is established at an order of magnitude of
1% to 3% mortality increase per kBq/m? Cs-fallout in Switzerland after
the Chernobyl accident.

Discussion

Based on the observation that infant mortality in Switzerland
increased by 10 to 25% after 1986 corresponding to an OR for jump
in 1987 of 1.175 (1.102, 1.253) p-value < 0.0001 [33] and considering
specific cantonal trends and their changes over time, we were able to
demonstrate a dose-response relationship between radiation exposure
and infant mortality of approximately 1% to 3% mortality increase
per kBq/m? of Cs-137 fallout. The individual cantonal jumps in infant
mortality play a central role here: in 24 out of 26 cantons, there exists a
positive jump ranging from approximately 0.04% to nearly 70%, which
corresponds to a Swiss-wide average jump of approximately 16.5%
(Figure 1 and figure 3). This confirms previous findings [33, 36]. On the
other hand, five different weighted regression methods demonstrated
that the individual cantonal increases in infant mortality correlate
highly significantly with the average radiation exposure caused by Cs-
137 fallout in the individual Swiss cantons (Table 3 and table 4). The
study’s objective of establishing a dose-response relationship at the
ecological level has thus been achieved. Given the extensive previous
findings [23-31] the existence of a dose-response relationship was to
be expected, although the extent of the specific response on infant
mortality was surprising.

Before we address the observed dose-response relation, we first
consider the details regarding radiation dose and the aspects of causality.

There is no doubt that estimating radiation exposure across entire
regions, let alone for individual people, is a highly complex task [34,
35, 37, 38, 40]. Dose calculations consider both external and internal
exposure (primarily through food) to a wide variety of radioisotopes,
chiefly Cs-137 and cesium-134, but also iodine-131 and strontium-90.
By focusing primarily on Cs-137, international and national radiation
protection authorities highlight the crucial importance of this specific
radioisotope in terms of biological effects. Nevertheless, it should be
borne in mind that, due to the varying properties of radioisotopes
(such as physical and biological half-life, radiation spectrum, and
tissue affinity), their biological effects must be regarded as highly
heterogeneous. Cs-137 can therefore only be considered a practical,
but crude, tracer isotope for total radiation exposure resulting from
the Chernobyl fallout. Earlier Cs-137 fallout from atmospheric nuclear
bomb testing in the 1950ies and 1960ies [25] complicates matters to
some degree.

Food contamination and its significance for the food chain can be
illustrated using the example of milk. According to the Swiss Farmers'
Union [41], around 3 million tons of milk were produced in Switzerland
in 1986. From Ticino, the canton with the highest Chernobyl-fallout
levels, 120’000 liters of contaminated milk were transported to Central
Switzerland for dilution. This course of action was chosen with the idea
of protecting the public in accordance with the official regulations in
force at the time [37, 39]. This milk was then processed into cream,
cheese and butter. Most of the Cs-137 remained in the whey. Unlike
in Germany, contaminated whey was not disposed of in Switzerland.
Therefore, whilst this entire procedure allowed to reduce the intake of
short-lived radioisotopes such as iodine-131, isotopes with longer half-
lives, such as Cs-137 and strontium-90, remained in the food chain and
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thus contributed to the collective radiation exposure in Switzerland to
a largely undiminished extent. According to data from the Department
for the Safety of Nuclear Facilities [42] - the predecessor of the Swiss
Federal Nuclear Safety Inspectorate ENSI - the average individual
whole-body effective doses for children aged one year, children up to
the age of ten, and adults range from 0.6 to 1.6, 1.0, and 1.1 mSv for
the year 1986, respectively. According to Department for the Safety of
Nuclear Facilities, however, these dose estimates apply only to the most
heavily affected individuals in the hardest-hit regions. Consequently,
when calculating the collective radiation dose for 1986, Department for
the Safety of Nuclear Facilities used only one-tenth of these calculated
radiation doses, resulting in a total of 970 person-Sieverts. By contrast,
the FOPH [34, 35] estimates the collective radiation dose resulting from
the Chernobyl disaster over the first 20 years at around 3’500 person-
Sieverts. The FOPH therefore concludes that the average radiation
dose for the Swiss population was approximately 0.5 mSv per person.
Furthermore, according to the FOPH, the average radiation dose for
the Swiss population in the first year following the accident was 0.2 mSv
per person. The personal dose estimates provided by Department for
the Safety of Nuclear Facilities and FOPH therefore differ by a factor of
approximately 2 for the first 8 and 12 months respectively following 26
April 1986. Surprisingly, this difference is even more pronounced when
one considers that Department for the Safety of Nuclear Facilities took
all major foodstuffs into account, whereas the FOPH only included
the food categories of milk, vegetables and meat, but not, for example,
cereals or strontium-90 data for milk.

In the debate on causality, we hypothesize that infant deaths linked
to low-dose IR (LDIR, defined by the International Commission
on Radiological Protection as doses of IR as below about 100 mSy,
and low dose rates as below 5 mSv/h [43]) should be interpreted as
stochastic events. Just as it is impossible to attribute individual cases
of - e.g. — cancer to LDIR, it is impossible to attribute individual cases
of infant deaths to such exposure. The Hill criteria [32] enable a reliable
assessment of causality in this classic epidemiological setting.

U The criterion of strength (effect size) is clearly met in the
present study: the fact that there has been a sustained increase in infant
mortality of around one-sixth in Switzerland since 1986 is highly
striking.

° Secondly, consistency (reproducibility) is demonstrated
both by the report already cited [36] and by a publication by Korblein
[44], which show an increase in infant mortality in Switzerland after
1986. Additionally, a significant increase after 1986 in infant mortality
was found in the Ukraine, Belarus, Russia, Finland, Germany, Poland,
Sweden [45]. Furthermore, the higher infant mortality rate observed in
this study from 1987 onwards in the 6 cantons of Central Switzerland,
into which radioactively contaminated milk from the canton of Ticino
was imported, is consistent with the hypothesis that the consumption of
radioactive food made a biologically significant contribution to the rise
in infant mortality in Switzerland after 1986.

o However, the criterion of specificity is only partially met:
although a clearly defined age group is identified, this study deals with
a non-specific (however most pertinent) condition such as infant death.

o The condition of temporality is sufficiently met: the observed
effect (an increase in infant mortality) follows the potential trigger -
namely the radioactive fallout - at the estimated and tested turning point
in 1986/1987. The fact that a statistically significant effect can be detected
as early as 1983 may seem puzzling [36]. A likely explanation for this is
provided by the fact that, according to the International Atomic Energy
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Agency, a partial core meltdown noticed only by selected personnel
had already taken place at the Chernobyl nuclear power station in 1982
[46 - 48]. This accident, classified as category 5 on the International
Nuclear and Radiological Event scale, was also associated with massive
environmental radiation. Nevertheless, the most pronounced effect
with the highest statistical significance can undoubtedly be observed at
the 1986/1987 change-point (corresponding to the Chernobyl accident
on 26 April 1986) [36].

. The demonstration of a dose-response relationship meets
the most stringent Bradford-Hill criterion - this was established in
the present study. Additionally, an observation of a dose response was
published already by Mangano et al. [49]: He reported that subsequent
to the shutdown of 8 US nuclear power plants after 1987 strontium-90
levels in local milk declined sharply as did deaths among infants -
especially in the context of birth defects - who had lived downwind of
each plant. Similarly, cancer incidence in children younger than 5 yr of
age fell significantly after the shutdowns.

o Biological plausibility is supported by the fact that IR hinders
reproduction. Formally, radiation exposure associated with infant
deaths can occur before conception, in utero, or during the first year of
life, or as a combination of exposures at these stages. Thus, as mentioned
by International Physicians for the Prevention of Nuclear War in 2006,
a wide range of resulting medical conditions may contribute to an
elevated infant mortality [50]. According to Yablokov et al. [45] main
causes of infant deaths in the Ukraine after the Chernobyl accident
were antenatal pathologies, congenital malformations, respiratory
diseases, and infections. Transgenerational radiation impacts [51]
may explain pathologies such as congenital anomalies associated with
early life impairment. Significant changes in all parameters of cellular
immunity were observed in children born to liquidators in 1987 [52].
Stepanova [53] stated that in the Ukraine in the first 2 years following
the disaster, significant immune deficiency was observed in children
exposed to radiation in utero. Immunosuppression is a well-known
consequence of exposure to IR. Studies from the Ukraine, Belarus and
Russia showed suppressed immunity both after high and low doses of IR
due to Chernobyl fallout [45]. Based on a review of some 150 scientific
publications, Savyna and Khoptynskaya [54] concluded that impaired
thymus function plays the primary role in post-irradiation pathology of
the immune system. Petrova et al. [55] report that antibody production
and neutrophil activity were significantly lower in newborns during
the first year of their lives in areas where levels of Cs-137 exceeded 5
Ci/km?. Furthermore, Busby [56] documented an increase in cases of
leukemia among infants born in Europe following exposure to very low
doses of IR due to the Chernobyl accident, which may have contributed
to the rise in ID after 1986. Of particular interest is the finding by R66sli
et al. [36], according to which the highest rise in infant mortality in
Switzerland after 1986 is observed during the post-neonatal period
(deaths occurring between the 2™ and 12" month). Death during this
very period may be linked to impaired immune function, leading to an
increased susceptibility to fatal infections.

. Furthermore, arguments in favor of coherence and analogy
are supported for decades by further significant dose-response
observations of the harmful effects caused by low-dose IR on
reproductive capacity [23 - 31].

o Finally, the criterion of experimental evidence is not
applicable for stochastic events in this context.

How do our findings compare, in terms of magnitude, with the levels
of natural radiation, and how do they align with existing knowledge of

J Womens Health Care Manage, Volume 7:4

Citation: Kniisli C, Walter M, Zehringer M, Scherb H (2026) Spatial-temporal Trend Analyses of Infant Mortality Versus Chernobyl Fallout in Switzerland (1969
- 2024): Analysis of a Dose Response Association at the Canton Level. ] Womens Health Care Manage, Volume 7:4. 176. DOI: https://doi.org/10.47275/2692-

dose-response relationships - particularly the patterns of cancer risk -
associated with low-level IR? According to the Swiss Federal Nuclear
Safety Inspectorate ENSI [57] the average annual natural radiation dose
amounts to around 4.3 mSv, with most of the exposure caused by cosmic
and terrestrial radiation. A nearly identical figure of 4.4 mSv annually
is given by the FOPH [58]. The natural background radiation dose in
Switzerland over a 20-year period is therefore approximately 88 mSv
per person which is more than two orders of magnitude higher than the
already mentioned average individual dose of 0.5 mSv in Switzerland
resulting from the Chernobyl fallout. This finding documents that even
very low additional doses of IR - far below natural radiation doses -
significantly increase the risk of infant mortality. At the same time, we
must not overlook the possibility that official estimates of exposure and
radiation dose following Chernobyl could be too low due to conflicts
of interest among the relevant authorities [59]. A parallel finding is
well known in oncology: according to the now-accepted linear no-
threshold model [11], radiation is considered harmful to health at any
dose, with no assumption of a threshold dose below which no adverse
health effects are expected. Interestingly, ongoing research by a group
of scientists at the Institute of Social Medicine in Bern, Switzerland
(20, 21] in the field of pediatric oncology has confirmed the highly
probable causal role of natural radiation in spontaneous childhood
malignancies: Around one third of leukemias and brain tumors can
be attributed to background radiation. These new scientifically based
findings fundamentally contradict the nowadays outdated dogma that
the “dose from the Chernobyl accident, with a range from 0.2 to 5mSv,
is insignificant and the same can be said for its implications for public
health in Switzerland” [37].

As regards the extent of the biological effects, this study suggests,
based on the absolute number of deaths, that the risk of radiation-
induced infant mortality is significantly higher than the lifetime risk of
radiation-induced cancer mortality. Based on Swiss population figures
for 1986 and recommendations by the International Commission
of Radioprotection, the FOPH calculated that around 200 radiation-
related cancer deaths are to be expected due to the Chernobyl fallout
[34, 35]. However, as far as case numbers are concerned, we have
identified statistically almost 2’000 additional radiation-related deaths
among infants between 1986 and 2024. Even if a more appropriate —
that is, higher - risk factor for cancer mortality is used, as suggested by
the World Health Organization [60], the number of Chernobyl-related
infant deaths in Switzerland is five times higher than the number of
Chernobyl-related cancer deaths at any age. This circumstance must
serve as a reason to fundamentally review and amend the current
radiation protection guidelines — particularly about contamination of
food by IR. In particular, Swiss governmental regulations aimed in the
past at removing most limit values for radionuclides in non-emergency
situations and at introducing specific limit values in the event of a crisis.
The reasons for these changes are not comprehensible. In contrast, the
lack of limits hinders the enforcement of the radiation law [40].

Conclusion

The results indicate that the increase in infant mortality observed
in Switzerland after 1986 correlates with the canton specific exposure
to Cs-137 fallout by the Chernobyl nuclear power plant disaster. The
demonstration of a dose response at the ecological level fulfils one of
the most important criteria for causality. This finding is consistent with
the harmful effects of low doses of IR on reproduction, which have been
recognized for decades. The extent of the risk of radiation-related infant
mortality far exceeds that of the officially reported risk of cancer caused
by IR. Radiation protection legislation should take these findings
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into account in future, particularly in the food sector. Furthermore, a
nation-wide census-based individual-level cohort study could provide
more precise further insights.

Acknowledgments

None.

Conflict of Interest

None.

References

1.

Loveth DN, Alaa S, Nuha I (2023) Factors associated with infant mortality in Nigeria: a
scoping review. PLoS One 18(11): 1-29. https://doi.org/10.1371/journal.pone.0294434

United Nations Children’s Fund. (2026) Switzerland (CHE) - demographics, health
& infant mortality. [https://data.unicef.org/country/che/] [Accessed October 15, 2026]

Oakley L, Maconochie N, Doyle P, Dattani N, Moser K (2009) Multivariate analysis of
infant death in England and Wales in 2005-06, with focus on socio-economic status and
deprivation. Health Stat Q 42: 22-39. https://doi.org/10.1057/hsq.2009.15

Yan W, Qin C, Tao L, Guo X, Liu Q, et al. (2023) Association between inequalities in
human resources for health and all cause and cause specific mortality in 172 countries
and territories, 1990-2019: observational study. BMJ 381: 1-16. https://doi.org/10.1136/
bmj-2022-073043

Tukiendorf A, Lasocha M, Krasowski G, Orska E, Porebska A (2007) Infant mortality-
gynaecological and unemployment aspects in Opole Province, Poland. Cent Eur J
Public Health 15: 7-12. https://doi.org/10.21101/cejph.a3395

Buitrago G, Guarnizo-Herrefio C, Eslava-Schmalbach J (2025) Socioeconomic
inequalities in infant mortality in Colombia: a nationwide cohort study during 10 years.
BMJ Glob Health 10: 1-10. https://doi.org/10.1136/bmjgh-2024-018526

Fegersten S (1979) Crude death rate and infant mortality (1840-1900) in Norway,
Sweden, Denmark, England and Wales with particular attention to the relationship
between mortality and population density-urbanisation. Scand Popul Stud 5: 83-97.

Kihal-Talantikite W, Marchetta PG, Deguen S (2020) Infant mortality related to NO2
and PM exposure: systematic review and meta-analysis. Int J Environ Res Public
Health 17: 2623. https://doi.org/10.3390/ijerph17082623

UNICEF (2020) The toxic truth: children’s exposure to lead pollution undermines a
generation of future potential. [https://www.unicef.org/media/73246/file/The-toxic-
truth-children’s-exposure-to-lead-pollution-2020.pdf] [Accessed October 15, 2026]

. World Health Organization (2023) Ionizing radiation and health effects. [https:/www.

who.int/news-room/fact-sheets/detail/ionizing-radiation-and-health-effects] [Accessed
October 15, 2026]

. National Research Council (2006) Health risks from exposure to low levels of ionizing

radiation: BEIR VII Phase 2. National Academies Press. [https://nap.nationalacademies.
org/resource/11340/beir_vii_final.pdf] [Accessed October 15, 2026]

. Stewart A, Webb J, Giles D, Hewitt D (1956) Malignant disease in childhood

and diagnostic irradiation in utero. Lancet 2: 447. https://doi.org/10.1016/S0140-
6736(56)91923-7

. Kendall GM, Little MP, Wakeford R (2021) A review of studies of childhood cancer

and natural background radiation. Int J Radiat Biol 97: 769-781. https://doi.org/10.108
0/09553002.2020.1867926

. Muller HJ (1927) Artificial transmutation of the gene. Science 66: 84-87. https://doi.

org/10.1126/science.66.1699.84

. International Atomic Energy Agency (2007) IAEA safety glossary: terminology used in

nuclear safety and radiation protection. International Atomic Energy Agency. [https://
www-pub.iaea.org/MTCD/Publications/PDF/Pub1290_ web.pdf] [Accessed October
15,2026]

. Schmitz-Feuerhake I, Busby C, Pflugbeil S (2016) Genetic radiation risks: a neglected

topic in the low dose debate. Environ Health Toxicol 31: 1-13. https://doi.org/10.5620/
eht.e2016001

. Hauptmann M, Daniels RD, Cardis E, Cullings HM, Kendall G, et al. (2020)

Epidemiological studies of low-dose ionizing radiation and cancer: summary bias
assessment and meta-analysis. J Natl Cancer Inst Monogr 56: 188-200. https://doi.
org/10.1093/jncimonographs/1gaa010

. Wakeford R, Bithell JF (2021) A review of the types of childhood cancer associated

J Womens Health Care Manage, Volume 7:4

20.

2

22.

23.

24.

25.

26.

217.

28.

29.

30.

3

32.

33.

34,

35.

36.

37.

38.

with a medical X-ray examination of the pregnant mother. Int J Radiat Biol 97: 571-
592. https://doi.org/10.1080/09553002.2021.1906463

. Mazzei-AbbaA, Folly CL, Coste A, Wakeford R, Little MP, et al. (2020) Epidemiological

studies of natural sources of radiation and childhood cancer: current challenges and
future perspectives. J Radiol Prot 40: 1-23. https://doi.org/10.1088/1361-6498/ab5a38

Spycher BD, Lupatsch JE, Zwahlen M, Ro6sli M, Niggli F, et al. (2015) Background
ionizing radiation and the risk of childhood cancer: a census-based nationwide cohort
study. Environ Health Perspect 123: 622-628. https://doi.org/10.1289/ehp.1408548

. Mazzei-Abba A, Folly CL, Kreis C, Ammann RA, Adam C, et al. (2021) External

background ionizing radiation and childhood cancer: update of a nationwide
cohort analysis. J Environ Radioact 238-239: 106734. https:/doi.org/10.1016/j.
jenvrad.2021.106734

Little MP, Wakeford R, Bouffler SD, Abalo K, Hauptmann M, et al. (2022) Review
of the risk of cancer following low and moderate doses of sparsely ionising radiation
received in early life in groups with individually estimated doses. Environ Int 159:
106983. https://doi.org/10.1016/j.envint.2021.106983

Scherb H, Weigelt E, Briiske-Hohlfeld I (1999) European stillbirth proportions before
and after the Chernobyl accident. Int J Epidemiol 28: 932-940. https://doi.org/10.1093/
ije/28.5.932

Korblein A, Kiichenhoff H (1997) Perinatal mortality in Germany following the
Chernobyl accident. Radiat Environ Biophys 36: 3-7. https://doi.org/10.1007/
5004110050048

Korblein A (2023) Statistical modeling of trends in infant mortality after atmospheric
nuclear weapons testing. PLoS One 18: 1-19. https://doi.org/10.1371/journal.
pone.0284482

Scherb H, Weigelt E (2003) Congenital malformation and stillbirth in Germany and
Europe before and after the Chernobyl nuclear power plant accident. Environ Sci Pollut
Res Int 10: 117-125.

Scherb H, Weigelt E (2004) Cleft lip and cleft palate birth rate in Bavaria before and
after the Chernobyl nuclear power plant accident. Mund Kiefer Gesichtschir 8: 106-
110. https://doi.org/10.1007/s10006-004-0524-1

Scherb H, Hayashi K (2020) Spatiotemporal association of low birth weight with
Cs-137 deposition at the prefecture level in Japan after the Fukushima nuclear power
plant accidents: an analytical-ecologic epidemiological study. Environ Health 19: 1-15.
https://doi.org/10.1186/s12940-020-00630-w

Sperling K, Neitzel H, Scherb H (2012) Evidence for an increase in trisomy 21 (Down
syndrome) in Europe after the Chernobyl reactor accident. Genet Epidemiol 36: 48-55.
https://doi.org/10.1002/gepi.20662

Kusmierz R, Voigt K, Scherb H (2010) Is the human sex odds at birth distorted in
the vicinity of nuclear facilities (NF)? A preliminary geo-spatial-temporal approach. In
Envirolnfo 2010, pp 616-626.

. Scherb H, Voigt K, Kusmierz R (2015) Ionizing radiation and the human gender

proportion at birth: a concise review of the literature and complementary analyses
of historical and recent data. Early Hum Dev 91: 841-850. https://doi.org/10.1016/j.
earlhumdev.2015.10.012

Hill AB (1965) The environment and disease: association or causation? Proc R Soc
Med 58: 295-300. https://doi.org/10.1177/003591576505800503

Scherb H (2024) Sex-specific infant mortality trends in Switzerland (1950-2022) and
test of the null hypotheses of no trend changes after the Chernobyl accident in 1986. J
Womens Health Care Manag 5: 1-6. https://doi.org/10.47275/2692-0948-158

Federal Office of Public Health (2006) Radiological risks section: 20 years after
Chernobyl the effects on Switzerland. [https://www.bag.admin.ch/dam/de/sd-web/
y0Z9RDZjpjqe/20-jahre-tschernobyl.pdf] [Accessed October 15, 2026]

Federal Office of Public Health (2026) Chernobyl: 40 years after the nuclear accident
— what traces has it left in Switzerland? [https://www.bag.admin.ch/de/tschernobyl-
unfall-1986] [Accessed October 15, 2026]

Ro6sli M, Sandovai-Diez N, Imboden S (2025) Expert report on infant mortality
in Switzerland before and after the Chernobyl accident in 1986. Swiss TPH.
[https://www.ippnw.ch/wp-content/uploads/2026/06/Gutachten-Swiss-TPH-2025-
Saeuglingssterblichkeit-CH-vor-und-nach-Tschernobyl.pdf] [Accessed October 15,
2026]

Huber O, Jeschki W, Prétre S, Vélkle H (1996) Effects in Switzerland of the Chernobyl
reactor accident. Kerntechnik 61: 271-277. https://doi.org/10.1515/kern-1996-615-622

Scherb H, Voigt K (2009) Analytical ecological epidemiology: exposure-response

Pages: 10-11


https://doi.org/10.47275/2692-0948-176
https://doi.org/10.47275/2692-0948-176
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0294434
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0294434
https://doi.org/10.1371/journal.pone.0294434
https://data.unicef.org/country/che/
https://link.springer.com/article/10.1057/hsq.2009.15
https://link.springer.com/article/10.1057/hsq.2009.15
https://link.springer.com/article/10.1057/hsq.2009.15
https://doi.org/10.1057/hsq.2009.15
https://www.bmj.com/content/381/bmj-2022-073043
https://www.bmj.com/content/381/bmj-2022-073043
https://www.bmj.com/content/381/bmj-2022-073043
https://doi.org/10.1136/bmj-2022-073043
https://doi.org/10.1136/bmj-2022-073043
https://cejph.szu.cz/artkey/cjp-200701-0003_infant-mortality-in-gynaecological-and-unemployment-aspects-in-opole-province-poland.php
https://cejph.szu.cz/artkey/cjp-200701-0003_infant-mortality-in-gynaecological-and-unemployment-aspects-in-opole-province-poland.php
https://cejph.szu.cz/artkey/cjp-200701-0003_infant-mortality-in-gynaecological-and-unemployment-aspects-in-opole-province-poland.php
https://doi.org/10.21101/cejph.a3395
https://gh.bmj.com/content/10/8/e018526
https://gh.bmj.com/content/10/8/e018526
https://gh.bmj.com/content/10/8/e018526
https://doi.org/10.1136/bmjgh-2024-018526
https://pubmed.ncbi.nlm.nih.gov/11633131/
https://pubmed.ncbi.nlm.nih.gov/11633131/
https://pubmed.ncbi.nlm.nih.gov/11633131/
https://www.mdpi.com/1660-4601/17/8/2623
https://www.mdpi.com/1660-4601/17/8/2623
https://www.mdpi.com/1660-4601/17/8/2623
https://doi.org/10.3390/ijerph17082623
https://www.unicef.org/media/73246/file/The-toxic-truth-children
https://www.unicef.org/media/73246/file/The-toxic-truth-children
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-and-health-effects�
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-and-health-effects�
https://nap.nationalacademies.org/resource/11340/beir_vii_final.pdf
https://nap.nationalacademies.org/resource/11340/beir_vii_final.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(56)91923-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(56)91923-7/fulltext
https://doi.org/10.1016/S0140-6736(56)91923-7
https://doi.org/10.1016/S0140-6736(56)91923-7
https://www.tandfonline.com/doi/full/10.1080/09553002.2020.1867926
https://www.tandfonline.com/doi/full/10.1080/09553002.2020.1867926
https://doi.org/10.1080/09553002.2020.1867926
https://doi.org/10.1080/09553002.2020.1867926
https://www.science.org/doi/10.1126/science.66.1699.84
https://doi.org/10.1126/science.66.1699.84
https://doi.org/10.1126/science.66.1699.84
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1290_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1290_web.pdf
https://eaht.org/journal/view.php?doi=10.5620/eht.e2016001
https://eaht.org/journal/view.php?doi=10.5620/eht.e2016001
https://doi.org/10.5620/eht.e2016001
https://doi.org/10.5620/eht.e2016001
https://academic.oup.com/jncimono/article/2020/56/188/5869934
https://academic.oup.com/jncimono/article/2020/56/188/5869934
https://academic.oup.com/jncimono/article/2020/56/188/5869934
https://doi.org/10.1093/jncimonographs/lgaa010
https://doi.org/10.1093/jncimonographs/lgaa010
https://www.tandfonline.com/doi/full/10.1080/09553002.2021.1906463
https://www.tandfonline.com/doi/full/10.1080/09553002.2021.1906463
https://www.tandfonline.com/doi/full/10.1080/09553002.2021.1906463
https://doi.org/10.1080/09553002.2021.1906463
https://iopscience.iop.org/article/10.1088/1361-6498/ab5a38
https://iopscience.iop.org/article/10.1088/1361-6498/ab5a38
https://iopscience.iop.org/article/10.1088/1361-6498/ab5a38
https://doi.org/10.1088/1361-6498/ab5a38
https://pubs.acs.org/evhpaz/article/123/6/622/5247680/Background-Ionizing-Radiation-and-the-Risk-of
https://pubs.acs.org/evhpaz/article/123/6/622/5247680/Background-Ionizing-Radiation-and-the-Risk-of
https://pubs.acs.org/evhpaz/article/123/6/622/5247680/Background-Ionizing-Radiation-and-the-Risk-of
https://doi.org/10.1289/ehp.1408548
https://www.sciencedirect.com/science/article/pii/S0265931X2100206X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0265931X2100206X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0265931X2100206X?via%3Dihub
https://doi.org/10.1016/j.jenvrad.2021.106734
https://doi.org/10.1016/j.jenvrad.2021.106734
https://www.sciencedirect.com/science/article/pii/S0160412021006085?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0160412021006085?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0160412021006085?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0160412021006085?via%3Dihub
https://doi.org/10.1016/j.envint.2021.106983
https://academic.oup.com/ije/article-abstract/28/5/932/724292?redirectedFrom=fulltext
https://academic.oup.com/ije/article-abstract/28/5/932/724292?redirectedFrom=fulltext
https://doi.org/10.1093/ije/28.5.932
https://doi.org/10.1093/ije/28.5.932
https://link.springer.com/article/10.1007/s004110050048
https://link.springer.com/article/10.1007/s004110050048
https://doi.org/10.1007/s004110050048
https://doi.org/10.1007/s004110050048
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0284482
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0284482
https://doi.org/10.1371/journal.pone.0284482
https://doi.org/10.1371/journal.pone.0284482
https://eurekamag.com/research/011/894/011894396.php?srsltid=AU7gw4Vvhh83aBVhTpRf7k53yC7zcauZWTm-nef2onfQbSaIO9aMLQrl
https://eurekamag.com/research/011/894/011894396.php?srsltid=AU7gw4Vvhh83aBVhTpRf7k53yC7zcauZWTm-nef2onfQbSaIO9aMLQrl
https://eurekamag.com/research/011/894/011894396.php?srsltid=AU7gw4Vvhh83aBVhTpRf7k53yC7zcauZWTm-nef2onfQbSaIO9aMLQrl
https://pubmed.ncbi.nlm.nih.gov/15045533/
https://pubmed.ncbi.nlm.nih.gov/15045533/
https://pubmed.ncbi.nlm.nih.gov/15045533/
https://doi.org/10.1007/s10006-004-0524-1
https://link.springer.com/article/10.1186/s12940-020-00630-w
https://link.springer.com/article/10.1186/s12940-020-00630-w
https://link.springer.com/article/10.1186/s12940-020-00630-w
https://doi.org/10.1186/s12940-020-00630-w
https://onlinelibrary.wiley.com/doi/10.1002/gepi.20662
https://onlinelibrary.wiley.com/doi/10.1002/gepi.20662
https://doi.org/10.1002/gepi.20662
https://indymedia.org.au/files/KusmierzVoigtScherb.pdf
https://indymedia.org.au/files/KusmierzVoigtScherb.pdf
https://indymedia.org.au/files/KusmierzVoigtScherb.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0378378215002169?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378378215002169?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378378215002169?via%3Dihub
https://doi.org/10.1016/j.earlhumdev.2015.10.012
https://doi.org/10.1016/j.earlhumdev.2015.10.012
https://journals.sagepub.com/doi/10.1177/003591576505800503
https://journals.sagepub.com/doi/10.1177/003591576505800503
https://doi.org/10.1177/003591576505800503
https://www.scholarsliterature.com/journals/journal-of-womens-health-care-and-management/fulltext/sex-specific-infant-mortality-trends-in-switzerland-1950-2022-and-test-of-the-null-hypotheses-of-no-trend-changes-after-the-chernobyl-accident-in-1986
https://www.scholarsliterature.com/journals/journal-of-womens-health-care-and-management/fulltext/sex-specific-infant-mortality-trends-in-switzerland-1950-2022-and-test-of-the-null-hypotheses-of-no-trend-changes-after-the-chernobyl-accident-in-1986
https://www.scholarsliterature.com/journals/journal-of-womens-health-care-and-management/fulltext/sex-specific-infant-mortality-trends-in-switzerland-1950-2022-and-test-of-the-null-hypotheses-of-no-trend-changes-after-the-chernobyl-accident-in-1986
https://doi.org/10.47275/2692-0948-158
https://www.bag.admin.ch/dam/de/sd-web/y0Z9RDZjpjqe/20-jahre-tschernobyl.pdf
https://www.bag.admin.ch/dam/de/sd-web/y0Z9RDZjpjqe/20-jahre-tschernobyl.pdf
https://www.bag.admin.ch/de/tschernobyl-unfall-1986
https://www.bag.admin.ch/de/tschernobyl-unfall-1986
https://www.ippnw.ch/wp-content/uploads/2026/06/Gutachten-Swiss-TPH-2025-Saeuglingssterblichkeit-CH-vor-und-nach-Tschernobyl.pdf
https://www.ippnw.ch/wp-content/uploads/2026/06/Gutachten-Swiss-TPH-2025-Saeuglingssterblichkeit-CH-vor-und-nach-Tschernobyl.pdf
https://www.degruyterbrill.com/document/doi/10.1515/kern-1996-615-622/html
https://www.degruyterbrill.com/document/doi/10.1515/kern-1996-615-622/html
https://doi.org/10.1515/kern-1996-615-622
https://onlinelibrary.wiley.com/doi/10.1002/env.958

o

0948-176

Citation: Kniisli C, Walter M, Zehringer M, Scherb H (2026) Spatial-temporal Trend Analyses of Infant Mortality Versus Chernobyl Fallout in Switzerland (1969
- 2024): Analysis of a Dose Response Association at the Canton Level. ] Womens Health Care Manage, Volume 7:4. 176. DOI: https://doi.org/10.47275/2692-

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

relations in spatially stratified time series. Environmetrics 20: 596-606. https://doi.
org/10.1002/env.958

Zeller W (2006) Switzerland and many unanswered questions. SWI swissinfo.ch.
[https://www.swissinfo.ch/ger/wissenschaft/schweiz-und-tschernobyl-viele-offene-
fragen/5000146] [Accessed October 15, 2026]

Zehringer M (2016) Radioactivity in food: experiences of the Food Control Authority
of Basel-City since the Chernobyl accident. In Monteiro WA (ed) Radiation effects in
materials. Intechopen, pp 131-160.

Swiss Farmers' Union (1987) Milk Statistics of the Swiss Farmers' Union 1986.
Statistical Publications of the Swiss Farmers' Secretariat No. 152. [https:/www.
sbv-usp.ch/fileadmin/sbvuspch/04_Medien/Publikationen/MiSta/Mista_1986.pdf]
[Accessed October 15, 2026]

Federal Office for Energy Economy, Main Department for the Safety of Nuclear
Installations (1986) The chernobyl accident: an overview of the causes and
consequences. report HSK-AN-16. section 5.7: overview of doses.

Harrison JD, Hill MA, McCready-Shea S, Smith GM, Sutton DG (2024) Low doses
of ionising radiation: definitions and contexts. J Radiol Prot 44: 1-8. https://doi.
org/10.1088/1361-6498/ad83dd

Korblein A (2024) Increased infant mortality in Switzerland after the chernobyl
accident.

Yablokov AV, Nesterenko VB, Nesterenko AV (2011) Chernobyl: consequences of the
catastrophe for people and the environment. Ann N'Y Acad Sci 1181: A500.

Tschernobyl-Unfall (1982) List of accidents in nuclear facilities: 1980-1989. Wikipedia.
[https://de.wikipedia.org/wiki/Liste_von_Unfallen_in_kerntechnischen_Anlagen]
[Accessed October 15, 2026]

International Nuclear Safety Advisory Group (1992) The Chernobyl accident: updating
of INSAG-1. INSAG-7. International Atomic Energy Agency. [https://www-pub.iaea.
org/MTed/publications/PDF/Pub913e_web.pdf] [Accessed October 15, 2026]

Titov S, Barbin N, Kobelev A (2023) Emergency events that occurred at RBMK nuclear
reactors. E3S Web Conf 376: 01052. https://doi.org/10.1051/e3sconf/202337601052

Mangano JJ, Gould JM, Sternglass EJ, Sherman JD, Brown J, et al. (2002) Infant death
and childhood cancer reductions after nuclear plant closings in the United States. Arch
Environ Health 57: 23-31. https://doi.org/10.1080/00039890209602913

J Womens Health Care Manage, Volume 7:4

50.

51.

52.

53.

54.

55.

56.

57.
58.
59.

60.

German Section of the IPPNW, Society for Radiation Protection (2006) Health
Consequences of Chernobyl: Meta-analysis, as of April 2006. [https://www.ippnw.de/
commonFiles/pdfs/Atomenergie/Gesundheitliche_Folgen_Tschernobyl.pdf] [Accessed
October 15, 2026]

Parker L, Pearce MS, Dickinson HO, Aitkin M, Craft AW (1999) Stillbirths among
offspring of male radiation workers at Sellafield nuclear reprocessing plant. Lancet 354:
1407-1414. https://doi.org/10.1016/S0140-6736(99)04138-0

Arynchin AN, Gres' NA, Avkhacheva TV, et al. (1999) Health of the liquidators'
children. In Seventh International Scientific and Practical Conference: Human Ecology
in Post-Chernobyl Period, 27-29 September 1999, Minsk, Belarus.

Stepanova EI (1999) Medical biological consequences of the Chernobyl accident
for children suffering in Ukraine. In Bebeshko VG, Kovalenko AN (eds) Medical
consequences of the Chernobyl accident. Clinical aspects of the Chernobyl accident
(MEDECOL), pp 5-32.

Savyna NP, Khoptynskaya SK (1995) Thymus dysfunction and endocrine control as
one reason for development of late post-radiation immunodeficiency. Radiobiologiia
35: 463-480.

Petrova A, Maistrowa IN, Zafranskaya MM (1993) Infants' immune systems in the
territories with different levels of Cs-137 pollution. In Scientific Conference, Chernobyl
Catastrophe: Diagnostics and Medical-Psychological Rehabilitation of Sufferers.
Minsk, pp 74-76.

Busby CC (2009) Very low dose fetal exposure to Chernobyl contamination resulted
in increases in infant leukemia in Europe and raises questions about current radiation
risk models. Int J Environ Res Public Health 6: 3105-3114. https://doi.org/10.3390/
ijerph6123105

Swiss Federal Nuclear Safety Inspectorate (ENSI) Official Website.
Federal Office of Public Health (FOPH) Official Website.

Fairlie I, Folkers C (2024) The scientists who alerted us to the dangers of radiation.
Ethics Press.

World Health Organization (2013) Health risk assessment from the nuclear accident
after the 2011 Great East Japan Earthquake and Tsunami based on a preliminary dose
estimation. [https:/iris.who.int/server/api/core/bitstreams/3cc74066-fdcf-46ed-8¢94-
e2c7bcbeTeae/content] [Accessed October 15, 2026]

Pages: 11-11


https://doi.org/10.47275/2692-0948-176
https://doi.org/10.47275/2692-0948-176
https://onlinelibrary.wiley.com/doi/10.1002/env.958
https://doi.org/10.1002/env.958
https://doi.org/10.1002/env.958
https://www.swissinfo.ch/ger/wissenschaft/schweiz-und-tschernobyl-viele-offene-fragen/5000146
https://www.swissinfo.ch/ger/wissenschaft/schweiz-und-tschernobyl-viele-offene-fragen/5000146
https://www.intechopen.com/chapters/50183
https://www.intechopen.com/chapters/50183
https://www.intechopen.com/chapters/50183
https://www.sbv-usp.ch/fileadmin/sbvuspch/04_Medien/Publikationen/MiSta/Mista_1986.pdf
https://www.sbv-usp.ch/fileadmin/sbvuspch/04_Medien/Publikationen/MiSta/Mista_1986.pdf
https://ensi.admin.ch/de/wp-content/uploads/sites/2/2016/03/HSK-AN-1816.pdf
https://ensi.admin.ch/de/wp-content/uploads/sites/2/2016/03/HSK-AN-1816.pdf
https://ensi.admin.ch/de/wp-content/uploads/sites/2/2016/03/HSK-AN-1816.pdf
https://iopscience.iop.org/article/10.1088/1361-6498/ad83dd
https://iopscience.iop.org/article/10.1088/1361-6498/ad83dd
https://doi.org/10.1088/1361-6498/ad83dd
https://doi.org/10.1088/1361-6498/ad83dd
https://pmc.ncbi.nlm.nih.gov/articles/PMC2974725/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2974725/
https://de.wikipedia.org/wiki/Liste_von_Unfallen_in_kerntechnischen_Anlagen
https://www-pub.iaea.org/MTcd/publications/PDF/Pub913e_web.pdf
https://www-pub.iaea.org/MTcd/publications/PDF/Pub913e_web.pdf
https://www.e3s-conferences.org/articles/e3sconf/abs/2023/13/e3sconf_ersme2023_01052/e3sconf_ersme2023_01052.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2023/13/e3sconf_ersme2023_01052/e3sconf_ersme2023_01052.html
https://doi.org/10.1051/e3sconf/202337601052
Mangano JJ, Gould JM, Sternglass EJ, Sherman JD, Brown J, et al. (2002) Infant death and childhood cancer reductions after nuclear plant closings in the United States. Arch Environ Health 57: 23-31
Mangano JJ, Gould JM, Sternglass EJ, Sherman JD, Brown J, et al. (2002) Infant death and childhood cancer reductions after nuclear plant closings in the United States. Arch Environ Health 57: 23-31
Mangano JJ, Gould JM, Sternglass EJ, Sherman JD, Brown J, et al. (2002) Infant death and childhood cancer reductions after nuclear plant closings in the United States. Arch Environ Health 57: 23-31
https://doi.org/10.1080/00039890209602913
https://www.ippnw.de/commonFiles/pdfs/Atomenergie/Gesundheitliche_Folgen_Tschernobyl.pdf
https://www.ippnw.de/commonFiles/pdfs/Atomenergie/Gesundheitliche_Folgen_Tschernobyl.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04138-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04138-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04138-0/abstract
https://doi.org/10.1016/S0140-6736(99)04138-0
https://www.mdpi.com/1660-4601/6/12/3105
https://www.mdpi.com/1660-4601/6/12/3105
https://www.mdpi.com/1660-4601/6/12/3105
https://doi.org/10.3390/ijerph6123105
https://doi.org/10.3390/ijerph6123105
https://ensi.admin.ch/en/
https://www.bag.admin.ch/en
https://ethicspress.com/products/the-scientists-who-alerted-us-to-the-dangers-of-radiation
https://ethicspress.com/products/the-scientists-who-alerted-us-to-the-dangers-of-radiation
https://iris.who.int/server/api/core/bitstreams/3cc74066-fdcf-46ed-8e94-e2c7bc6e7eae/content
https://iris.who.int/server/api/core/bitstreams/3cc74066-fdcf-46ed-8e94-e2c7bc6e7eae/content

	Abstract 

