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IRRADIATION IN EARLY LIFE, CHILDHOOD
SOCIO-ECONOMICSTATUS AND LATER HEALTH OUTCOMES:
EVIDENCE FROM A QUASI-EXPERIMENT

V. Lazuka
Lund University, Lund, Sweden

The course of industrialization offered researchers an important source of envi-
ronmental shocks to investigate — pollutants, the long-term influence of which seems
to be underexplored. Epidemiologists launched research on the effects of pollutants at
a time with other life course scholars, and likewise supported the importance of early
life factors (Mann et al, 1992). The findings of early scholars that the long term bio-
logical mechanism of pollutants is purely inflammatory (Ophuls, 1921), have been re-
vitalized by current researchers (Finch &Crimmins, 2006). Cohort and case epidemi-
ological studies showed that the series of responses caused by pollution inflammogens
are dependent on the dose of exposure, but at any dose they can be stored in bodies for
a long time and persistently affect health (Pellmar&Ledney, 2005). Recently, eco-
nomic historians have begun to investigate the long term effects of early life exposure
to toxins with individual level data. The studies, often based on natural experiments of
exposure, indicate the negative effects for those exposed either in-utero (Almond et al,
2009, Sanders, 2011, Black et al, 2013) or during early childhood (Nilsson, 2009,
Yemeluanauet al 2012).

The Chernobyl radioactive fallout, which irradiated the entire Ukrainian popula-
tion, has been chosen in this paper as a quasi-experiment in early life exposure to ra-
diation. Based on individual-level cross-sectional data coming from a recent wave of
national surveys, we are able to match the varying irradiation in early life among dif-
ferent birth cohorts to health outcomes in their young adulthood. The richness of data
allows us to control for potential confounders, such as migration and place of birth, as
well as to identify the socio-economic status of the individual at the exposure period in
early life. In this study, we will also incorporate regional level information on radia-
tion doses received due to the accident, and then estimate the effects for birth cohorts
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irradiated at low dose levels. An exposure to radionuclides released after the Cherno-
byl accident had long since decayed to negligible levels. Among radioisotopes, which
covered the entire Ukraine, iodine isotopes decomposed in a three-month period,
whereas cesium isotopes were available in the topsoil during eight months, and in
some regions will continue to irradiate for decades to come. To account for this, we
will first establish exposure period at a physical life of iodine radionuclides, and then
lengthen it to eight months to consider an exposure to cesium radionuclides. The use
of two exposure periods will enable us to identify the potential downward bias in our
results related to this peculiarity of exposure.

This paper is not only seeking to explore biological pathway from exposure to
Chernobyl radiation. Instead, following the economic literature, we argue that, if any,
health responses from this exogenous insult might have been conditioned by the socio-
economic status of an exposed individual at the time of accident. In other words, to the
extent that individuals at particular periods of their early life were environmentally
vulnerable, early life events could be mediated by socio-economic environment at a
household level. Conceptually, there are several reasons why this mediation is possible
(Almond & Currie 2011, Heckman 2007). On the one hand, parents can distribute
more resources to their children in order to compensate for negative outcomes of ex-
posure. On the other hand, individuals from more affluent families may originally ex-
perience a weaker effect from negative insults due to high initial level of available re-
sources, and they may potentially be subject to less and smaller early shocks than chil-
dren from poor families.

Chernobyl accident provides a natural experiment in radiation exposure of the
population in Ukraine. The Chernobyl accident that occurred in 1986 allows us to
match varying exposure to radiation throughout Ukraine among different birth cohorts
to their health outcomes observed at least 18 years later. Due to the acknowledged dif-
ferences in the impact of most influential Chernobyl isotopes on child health, in the
study we distinguish two exposure periods with regard to the relative contribution of
these radionuclides to the exposure. Considering all aspects, in order to create a ran-
dom experimental group, the period of exposure to iodine in Ukraine can be stated
from the beginning of accident up to three months term, while cesium irradiation
should be captured until the end of 1986.

In the current paper, the nationally representative Ukrainian Longitudinal Moni-
toring Survey is used as a data source. This is the only available data for the most af-
fected countries, Ukraine, Belarus and Russia, that allow to identify adult health out-
comes and child socio-economic status, as well as individual location at the time of
accident. Among all the survey waves, the 2007 wave contains the data fulfilling all
the age requirements for the individuals which come from the research question and
context. Additional regional-level data on the radiation dosage has been compiled from
the national reports of Ukraine on the consequences of the Chernobyl disaster pub-
lished in 2006 and 2011. The reports are the official national documents on the envi-
ronmental and health outcomes of the accident conducted under the auspices of the
United Nations’ organizations.
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The sample selected for the study consists of approximately 1,100 individuals
born between 1981 and 1989, chosen to represent the groups with varying radiation
exposure. For the two approaches with regard to different exposure periods, individu-
als will be allocated differently among birth groups, albeit not for all groups. Accord-
ing to our research question, one treatment birth group is under the particular focus in
this study — those children being during infancy at the exposure period. This study
group consists of those individuals who were born before, but not more than a year be-
fore April 26, 1986 (exposed during infancy). Other groups are also under attention,
such as individuals who were exposed to radiation while in-utero and after first year of
life. The in-utero group is selected within nine months after the radiation exposure pe-
riod (exposed in-utero). To compose birth groups properly, those who were born dur-
ing the radiation exposure period, which were subject to exposure both during infancy
and in-utero, are also distinguished (exposed during infancy and in-utero). The remain-
ing exposed birth group represents individuals who were between the ages of one and
five at the exposure period and thus completes the groups of exposed during early life
(exposed between the ages of one and five). The reference group consists of individu-
als who were born after nine months of the radiation exposure period and up to 1989,
and therefore conceived after the end of the radiation exposure period.

The main outcome variable used in the current study is constructed from self-
reported health (Good health and Bad health). By its construction, self-perceived
health variable measures in one single index the adult health experience, and it can
capture the systemic influence of the radiation on the human bodies. In this study, self-
estimated health from five-point scale is recoded into a binary variable. The data also
contains information on the prevalence of chronic diseases that we further utilize (4ny
chronic diseases and No chronic diseases).

Among other hypotheses, the current study investigates the differences in adult
health outcomes as regards individual socio-economic status in childhood which is
measured by parental education. We choose the variable on parents’ educational status
as the most appropriate for our analytical purposes.

The distinction between those who had at least higher education and those with
completed lower levels of education reflects particularly well the socio-economic
structure of the Ukrainian society in 1980s. Originally, the variable on education of
parents indicates the highest schooling attained at different levels, as well as informa-
tion on whether the parent was not living with a respondent. In the study, responses on
incomplete higher education, higher education, and doctoral degree are recoded as
high education, and other responses are considered as low education. We also observe
parental educational status only in 2007, but not at birth or childhood of individuals.
According to available data, the average age of giving birth in Ukraine during the
study period was 25 years, and for the first birth 23 years. Therefore, at the age of 23,
at child’s birth or childhood, at least non-full higher education can be assumed as be-
ing completed or close to completed.

In addition to the main hypotheses, the health outcomes for individuals with dif-
ferent intensity of the exposure will be tested by using radiation dosage. To obtain the
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dose-dependent effects, official regional radiation data is matched in the study to indi-
vidual’s place of residence (birth) in 1986. Average effective total exposure doses,
which reflect the amount of energy absorbed by human body, are chosen for the study
(Baloga et al. 2006).

In our analysis, the focus is given to the estimates for the selected birth cohorts.
Since the health outcome is defined as the self-reported bad health or presence of any
chronic diseases at a time of the interview, each individual will contribute with one
observation. In this study, binary logistic regression models are used because of the
dichotomous nature of the dependent variable.

The study follows the regression discontinuity design with age and its polyno-
mial as a forcing variable (Geido& Lemieux 2008). The discontinuity in health out-
comes 1s observed for the composed birth cohorts irradiated at different stages of their
early lives — those in-utero, during both in-utero and during infancy, during infancy
and up to five years old.

Based on the estimated models, we predict the absolute probabilities of negative
health outcome in adulthood for all birth cohorts with regard to their socio-economic
status in early life. The data from Figure shows that individuals who lived with single
mothers and exposed at any age during early life experience on average higher probabil-
ity of having bad health in adulthood than those originated from families with less edu-
cated fathers. At most, this probability reaches 0.6 units for those exposed both during
infancy and in-utero. We observe here the largest probabilities of bad health in adult-
hood for the individuals who were irradiated both during infancy and in-utero and solely
during infancy. The predicted probabilities suggest possible selection mechanisms in data
for the exposed in-utero, as they are larger for the more affluent group. For other birth co-
horts the predicted values correspond to the a-priori expectations. The data suggest the
lowest probability of having bad health for those who were irradiated to iodine during first
year of life and originated from wealthier families. The predicted value goes down to 0.14
units and thereby appears to be the lowest among all groups in both models.

1 -
0.9 -
0.8 -
0.7

—— Father's education low

==@=-=TFather's education
5 unknown

0.1 1 Father's education high

notexpozed exposedin- exposed  exposed  exposed
uters both during  during  between the
mfancy and  infancy  agesl-3
in-ntern

Fig. Predicted probabilities of having bad health for an average individual with different child
socio-economic origin due to exposure to iodine radiation in early life
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The results from cesium irradiation models are in line with the previous models.
The models with self-reported chronic diseases as an outcome variable allows to ob-
tain significant results for those who were irradiated between ages one and five. Again,
there is a socio-economic gradient in the effect: individuals originated from families
where mothers had low education and exposed to radiation in early childhood have
more than two times higher probability to have chronic diseases later compared to
those from families with more educated mothers and no affected. Results for the fa-
ther’s education are similar.

Given all, our results strongly supportthat within early life infancy is of the
greatest importance. The largest responses, in both relative and absolute terms, have
been captured for those who were irradiated during first year of life, regardless of how
long the exposure period is established. According to our expectations, the more dis-
tinctly a control group is selected from the time of exposure, as it 1s shown with the
model for exposure to cesium, the stronger impact for the exposed during infancy can
be indicated. Additionally, the results for this birth group are the only stable when
socio-economic variable is changed. Again, the more distinct socio-economic groups
are allocated, for instance with selection of a group whose fathers did not leave with
individuals, the larger is the effect for the irradiated after birth. The environmental
vulnerability appears to gradually decrease when an individual ages. Thus, albeit being
much smaller than those estimated for individuals who were exposed during infancy,
the probabilities for the exposed between the ages one and five are found to be also
large, in absolute and relative sizes. The estimates for this birth group keep statistical
significance across different specifications.
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IJIEKTPOHHASA KOMMEPLUSA: TPOBJIEMbI U HAITIPABJIEHUSA
PEI'YJIMPOBAHUA

A.1O. Jlynuna
Benopycckuii cocyoapcmeennulii s5koHomuveckutl ynugepcumem, 2. Mumnck, berapyco

HeorbemneMoli COCTaBIISIIOIIEN COBPEMEHHOM 3KOHOMUKHU SIBISIETCS HAJIAYHE
AIIEKTPOHHOM CpeJibl KaK pe3ysibTaTa pa3BUTUSL MHPOPMAIIMOHHBIX U TEIEKOMMYHHUKa-
[IUOHHBIX TEXHOJIOTHIA.

NudopmanmioHHO-KOMMYHHUKAITHOHHBIE TEXHOJIOTHU TasT HEMasble BO3MOXKHO-
CTH JUISl TIOBBIIIEHHUS] KOHKYPEHTOCTIOCOOHOCTH U Pa3BUTHS MPOU3BOJICTBEHHOTO TIO-
TeHI[Mana YKOHOMHUKU. OHU MOTYT CIIOCOOCTBOBATh HOBATOPCTBY U MOBBIIICHUIO TTPO-
U3BOJUTENBHOCTU TPYAd, MOTYT CHHXKATh TPAHCAKLIMOHHBIE W3JIEPXKKHU, MPEAOCTaB-
JSTh IOCTYN K MUPOBBIM 3HAHHSIM, CTUMYJIMPYSI TEM CaMbIM Pa3BUTHE U SKOHOMHYE-
CKHMH POCT.

Pacnipoctpanenue cetu MHTepHET U COBEpIIEHCTBOBaHHE HH(DOPMAIIMOHHBIX
TEXHOJIOTU TIpUBEN K (POPMHUPOBAHUIO HOBOTO BUJA SKOHOMUYECKOU NIEATEITHHOCTH
— BJIEKTPOHHON KOMMeEpIUH. B 11e710M 3JIEKTPOHHYI0 KOMMEPIIMIO MOXKHO XapaKTepH-
30BaTh KaK «OOUIYI0 KOHIICTIIIHIO, BKIIIOYAIOIIYI0 B ceOs Jro0bie (OpMBI JIETOBBIX
ornepauuii, OCyIIECTBIAEMbIX 3JEKTPOHHBIM CIIOCOOOM, M HCIOJb3YIOUIYI0 pa3HO00-
pa3HbI€ TEIEKOMMYHUKAIIMOHHBIE TEXHOIOTUW [3].

DNEeKTpOHHAsE KOMMEPIIHSI, IPEICTABISET COO0N COBOKYITHOCTH AJIEMEHTOB, 00-
pa3yIolUX CUCTEMY C MHOTOCTOPOHHUMH CBSI3AMH. K COCTaBISIOIIMM 3JIEKTPOHHON
KOMMEPIIMH OTHOCSIT 3JIEKTPOHHBIE TUIATEKU U PacueThl, UHPOPMAIIMOHHYIO MPOIYK-
110, DJICKTPOHHBIE JEHbI'U, HHTEPHET-Mara3uHbl, CeTeBbIe coodIIecTBa, Web-calThl,
caiitel 111 B2B xaHanoB u qunepoB, MOOWIIbHBIC cailThl U mpuiioxkeHus1, Call-ieHTpb1
U LIEHTPHl TOPTOBBIX areHTOB, HHPOKUOCKHU, CUCTEMBI 00pPaOOTKH 3aKa30B, SJIEKTPOH-
HYIO TIOYTY U Apyroe. DIeKTpOHHAas KOMMEpIUS — 3TO eAuHas miatdopma Jis B3au-
MOJICUCTBHSI €€ YYaCTHUKOB, TJI€ JIEJOBBIE OIEpalliid MOTYT OCYHIECTBIISTHCS HEMO-
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