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Abstract

From 1986 to 1991, 4831 men from Estonia were sent to clean up radioactively

contaminated areas near Chernobyl (Chornobyl). Their cancer incidence during 1986 to

2019 was compared to that of the male population of Estonia. The cohort of cleanup

workers was linked to national population and cancer registers based on unique personal

identification numbers. Nineteen (0.4%) workers could not be traced. A total of 4812

men contributing 120 770 person-years of follow-up were eligible for the analyses. Stan-

dardized incidence ratios (SIR) and adjusted relative risks (ARR, expressed as ratios of

SIRs) with 95% confidence intervals (CI) were calculated. A total of 687 incident cancer

cases were registered in the cohort (SIR 1.11, 95% CI 1.03-1.19). Presumptive radiation-

related cancers combined were in excess, but not when smoking- and alcohol-related

cancers were excluded (SIR 0.92, 95% CI 0.71-1.18). For smoking-related cancers, the SIR

was 1.24 (95% CI 1.13-1.36) and for alcohol-related cancer the SIR was 1.53 (95% CI

1.31-1.75). Less educated workers had a higher risk of all cancers (ARR = 1.21, 95% CI

1.02-1.44) and smoking-related cancers (ARR = 1.42, 95% CI 1.14-1.76). An elevated risk

of alcohol-related cancers was evident 15 to 24 years (vs <15 years) after return from the

Chernobyl area. This updated register-based follow-up of Chernobyl cleanup workers

from Estonia revealed an excess of radiation-related cancer sites combined, but the

excess was not apparent after excluding cancers associated with smoking and alcohol.
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What's new?

After the 1986Chernobyl nuclear reactor explosion, nearly 5000men fromEstoniawere sent to clean

up the radioactively contaminated areas. Here, the authors present their cancer incidence during 34-

year follow-up compared with that of the male population of Estonia. This updated register-based

study found no evidence of increased cancer risk due to protracted radiation exposure among the

cleanup workers. In contrast, increased risks were apparent for cancer sites related to tobacco smok-

ing and alcohol consumption. [Correction added on 24-June 2023, after first online publication: the

What's New?was revised to improve readability]

Abbreviations: ARR, adjusted relative risk; CI, confidence interval; ICD, International Classification of Diseases; RR, relative risk; SIR, standardized incidence ratio; SMR, standardized mortality ratio.
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1 | INTRODUCTION

The Chernobyl nuclear reactor explosion in April 1986 was at the time

the worst industrial accident in history1 and led to releases of large

amounts of radionuclides into the environment, spreading over the

entire Northern Hemisphere. After the accident, cleanup work includ-

ing environmental decontamination and recovery activities in the

Chernobyl area involved approximately 530 000 persons.2 These

workers incorporated nearly 5000 male residents of Estonia (mainly

military reservists) sent to the Chernobyl area during 1986 to 1991.

Previous collaborative international studies showed that the typi-

cal radiation doses among Estonian cleanup workers were low (arith-

metic mean of 10 cGy) and cancer incidence, compared to the overall

male population, was not increased.3 We have surveyed cleanup

workers for cancer incidence over time starting in 1986, with follow-

ups through 1993,4 1998,5 2007,6 20083 and 2012.7 Recently, we

reported cause-specific mortality through 2020.8

Although low doses of ionizing radiation are frequently encoun-

tered in medical, environmental and occupational settings, their possi-

ble health effects remain imprecisely characterized. Monitoring the

health status of Chernobyl cleanup workers who experienced low-level

exposures over several months on average is relevant to understanding

the range of possible health effects from protracted exposures.9-11 The

relatively high quality of cancer and population registration in Estonia,

coupled with cytogenetic studies and physical examinations, offers a

reference point for Chernobyl cohort studies conducted in other former

Soviet countries. Such studies become even more informative as the

worker populations age and health outcomes manifest later in life.

TABLE 1 Characteristics of the
Estonian cohort of 4812 male Chernobyl
cleanup workers on December 31, 2019.

Characteristic No. % Person-years at risk

Total 4812 100 120 770

Vital status on December 31, 2019

Living in Estonia 2672 55.5 87 632

Dead 1448 30.1 26 844

Emigrated 692 14.4 6293

Age at start of follow-up (years)

≤19 80 1.7 2366

20-29 1846 38.4 50 215

30-39 2311 48.0 55 673

40-49 541 11.2 11 700

≥50 34 0.7 815

Calendar year of arrival in the Chernobyl area

1986 2924 60.8 76 486

1987 1087 22.6 26 610

1988 564 11.7 12 820

1989-1991 109 2.3 2104

Unknown 128 2.7 2749

Duration of stay in the Chernobyl area (days)

≤29 270 5.6 7360

30-91 1997 41.5 50 804

92-149 1451 30.2 36 195

150-209 852 17.7 20 914

≥210 75 1.6 1993

Unknown 167 3.5 3502

Ethnicity

Estonian 2354 48.9 66 400

Non-Estonian 2453 51.0 54 329

Unknown 5 0.1 41

Education

Higher 396 8.2 11 251

Secondary 3059 63.6 84 006

Basic or less 963 20.0 23 037

Unknown 394 8.2 2476
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This article extends the assessment of overall and site-specific

cancer incidence in the Chernobyl cleanup worker cohort from

Estonia. Our objective was to estimate cancer risk in the cohort during

1986 to 2019, adding 7 years to the last follow-up.

2 | MATERIALS AND METHODS

The male Chernobyl cleanup worker cohort from Estonia was assem-

bled in 1992 to 1994 using records from military and other institutions.

The cohort design has been reported in previous publications.12-14

Based on the unique personal identification number assigned to

all Estonian residents, the cleanup worker roster was linked to the

national population register to obtain information on ethnicity and

education, and to update vital status (date of death or emigration).

Each cohort member was followed from the date of return to Estonia

from Chernobyl (start of follow-up) until death, emigration, or

December 31, 2019, whichever occurred first. Of the initial cohort of

4831 men, 19 (0.4%) were excluded as not traceable. Thus, a total of

4812 men contributing 120 770 person-years at risk during 1986 to

2019 were eligible for analyses.

To obtain the date and site of all cancer diagnoses according to

ICD-10 (C00-C97) the cohort was linked to the nationwide cancer

register.15 Cancer incidence was evaluated for three overlapping

groups of sites with sufficient evidence of carcinogenicity.16,17 Pre-

sumed radiation-related sites comprised the salivary glands (ICD-10

C07-C08), esophagus (C15), stomach (C16), colon (C18), liver (C22),

trachea, bronchus and lung (C33-C34), bone (C40-C41), nonmelanoma

skin (C44), urinary organs (C64-C68), central nervous system

(C70-C72), thyroid gland (C73) and leukemia (except chronic lympho-

cytic leukemia) (C91-C95, except C91.1). Alcohol-related sites com-

prised the oral cavity (C01-C08), pharynx (C09-C14), esophagus

(C15), colon (C18), rectum (C19-C21), liver (C22) and larynx (C32).

Smoking-related sites comprised the oral cavity (C01-C08), pharynx

(C09-C14), esophagus (C15), colon (C18), rectum (C19-C21), liver

(C22), pancreas (C25), respiratory organs (C30-C34), urinary tract

(C64-C68) and myeloid leukemia (C92).

To estimate cancer risk in the cohort compared to the male popu-

lation of Estonia, standardized incidence ratios (SIR, the ratio of the

observed to expected number of incident cancer cases) with 95% con-

fidence intervals (CI) (assuming Poisson distribution for the observed

cancer cases) were calculated. The expected number of cancer cases

in the cohort was calculated by multiplying person-years at risk with

the national male cancer incidence rates stratified by 5-year age

groups (≤19, 20-24, 25-29, …, 80-84, ≥85) and by 5-year calendar

periods except the last interval of 4 years (1986-1990, 1991-1995, …,

2011-2015, 2016-2019).

In a separate analysis to determine the effect of several charac-

teristics on cancer risk, crude relative risks (RR) and adjusted relative

risks (ARR) for selected cancer groups (all sites, all presumed

radiation-related sites, all smoking-related sites and all alcohol-related

sites) were modeled using Poisson regression with the logarithm of

the expected number of cases as the offset variable.18 The following

characteristics were used in the models: year of arrival in the Cherno-

byl area (1986, 1987-1991) and duration of stay in the Chernobyl area

(<92, ≥92 days; median duration 92 days) as crude proxies for radia-

tion dose; time since return from the Chernobyl area (<15, 15-24,

≥25 years); ethnicity (Estonian, non-Estonian); educational level

(higher [≥15 years of schooling], secondary [11-14 years], basic or less

[< 11 years]); and age at start of follow-up (<30, 30-39, ≥40 years).

Because of unknown education, ethnicity or duration of stay in the

Chernobyl area, 523 workers contributing 5755 person-years were

excluded. In addition, SIRs for this subcohort were calculated.

Linkages and data analyses were performed using Visual FoxPro

9.0 (Microsoft Corporation, Redmond, WA) and Stata 14 (StataCorp

LP, College Station, TX).
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F IGURE 1 Number of person-years
accumulated in the cohort of Chernobyl
cleanup workers from Estonia, and their
distribution by age group, 1986 to 2019.
The numbers inside the figure pertain to
age at observation, the dark line pertains
to the total number of person-years of
alive persons in a certain calendar year
since the beginning of follow-up.
Follow-up starts in 1986 and
ends in 2019.
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3 | RESULTS

By the end of 2019, 2672 (55.5%) male cleanup workers were still liv-

ing in Estonia (Table 1). The majority (86.4%) of the workers were

20 to 39 years old at the start of the follow-up. With time, the distri-

bution of person-years by age at observation has significantly changed

(Figure 1). Of all the person-years in 1986 to 1990, 82.4% were con-

tributed by the <40-year age group and 0.1% by the ≥60-year age

TABLE 2 Observed number of incident cancer cases and standardized incidence ratio (SIR) with 95% confidence interval (CI) in the Estonian
cohort of 4812 male Chernobyl cleanup workers by cancer site, 1986 to 2019.

ICD-10 Cancer site
No. of cancer
cases SIR (95% CI)

C00-C97 All caner sites 687 1.11 (1.03-1.19)

C00-C97, except C44 All sites, except nonmelanoma skin 648 1.14 (1.05-1.23)

C00-C14 Mouth, pharynx 52 1.69 (1.27-2.22)

C07-C08 Salivary glands 1 0.73 (0.02-4.04)

C09-C14 Pharynx 31 2.10 (1.43-2.98)

C01-C15, C32 Upper aerodigestive tract 92 1.61 (1.30-1.97)

C15-C26 Digestive organs 188 1.33 (1.14-1.52)

C15 Esophagus 27 2.12 (1.40-3.09)

C16 Stomach 43 1.07 (0.78-1.45)

C18 Colon 41 1.37 (0.98-1.86)

C19-C21 Rectum 39 1.63 (1.16-2.22)

C22 Liver 12 1.28 (0.66-2.24)

C30-C39 Respiratory organs 143 1.22 (1.02-1.42)

C32 Larynx 15 1.00 (0.56-1.65)

C33-C34 Trachea, bronchus, lung 126 1.27 (1.05-1.49)

C40-C41 Bone 3 2.10 (0.43-6.13)

C43 Melanoma of skin 13 1.02 (0.54-1.74)

C44 Nonmelanoma skin 39 0.75 (0.54-1.03)

C45-C49 Mesothelial and soft tissues 2 0.44 (0.05-1.57)

C50 Breast 1 1.32 (0.03-7.37)

C60-C63 Male genital organs 120 0.84 (0.69-0.99)

C61 Prostate 115 0.84 (0.69-0.99)

C64-C68 Urinary tract 48 0.89 (0.66-1.18)

C69 Eye 2 1.80 (0.22-6.51)

C70-C72 Central nervous system 15 1.38 (0.77-2.27)

C71 Brain 13 1.27 (0.67-2.17)

C73 Thyroid gland 6 2.08 (0.76-4.52)

C76-C80 Site unknown or uncertain 12 1.10 (0.57-1.92)

C81 Hodgkin lymphoma 3 1.00 (0.21-2.92)

C82-C85, C96 Non-Hodgkin lymphoma 16 1.26 (0.72-2.05)

C88, C90 Immunoproliferative diseases, multiple myeloma 8 1.34 (0.58-2.65)

C91-C95 Leukemia 16 1.09 (0.62-1.77)

C91-C95, except C91.1 Leukemia, except chronic lymphocytic 6 0.88 (0.32-1.91)

C07-C08, C15, C16, C18, C22, C33-C34,

C40-C41, C44, C64-C68, C70-C73, C91-C95

(except C91.1)

Radiation-related sites 367 1.14 (1.03-1.26)

C01-C16, C18-C22, C25, C30-C34, C64-C68, C92 Smoking-related sites 425 1.24 (1.13-1.36)

C01-C15, C18-C22, C32 Alcohol-related sites 184 1.53 (1.31-1.75)

C40-C41, C44, C70-C73, C91 (except C91.1),

C93-C95

Radiation-related sites, except smoking- and alcohol-

related sites

63 0.92 (0.71-1.18)
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group; in the period 2015 to 2019, the corresponding numbers were

0.0% and 52.8%.

Nearly 61% of the workers arrived in the Chernobyl area in 1986,

and 77.3% worked there for less than 5 months with a median dura-

tion of 92 days. The ethnicity of nearly half of the cleanup workers

was Estonian, and the other half was mainly Russian. One fifth of the

workers had a basic or lower educational level.

A total of 687 incident cancer cases were diagnosed in the cohort

vs 619.91 expected, showing an increased overall SIR 1.11 (95% CI

1.03-1.19) (Table 2). An elevated incidence was observed for the can-

cers of the pharynx, upper aerodigestive tract, esophagus, rectum, and

trachea, bronchus and lung. Leukemia risk was not increased (SIR 0.88,

95% CI 0.32-1.91). Additionally, an excess risk was found for combined

cancer sites related to radiation (SIR 1.14, 95% CI 1.03-1.26), smoking

(SIR 1.24, 95% CI 1.13-1.36) and alcohol (SIR 1.53, 95% CI 1.31-1.75).

After excluding smoking- and alcohol-related cancers from the pre-

sumed radiation-related cancers, the SIR was 0.92 (95% CI 0.71-1.18).

The distribution of the three overlapping cancer groups is presented on

the Venn diagram (Figure 2).

There were 24 cancer cases diagnosed in the subcohort of

523 cleanup workers with unknown characteristics. In this subcohort,

corresponding SIRs were 0.94 (95% CI 0.61-1.41) for all cancers, 0.89

(95% CI 0.46-1.56) for radiation-related cancers, 1.23 (95% CI

0.45-2.68) for alcohol-related cancers, and 1.06 (95% CI 0.59-1.75)

for smoking-related cancers.

A higher overall cancer risk in cleanup workers with basic or lower

educational level was observed (Table 3). Less educated workers also

had a high risk of smoking-related cancers. An elevated risk of

alcohol-related cancers was evident 15 to 24 years (vs <15 years)

after return from the Chernobyl area.

4 | DISCUSSION

Cancer incidence was evaluated among male Chernobyl cleanup

workers during 34 years after the accident in 1986. The current results

confirm our previous findings3-7 with elevated cancer risks mainly

attributable to behavioral factors such as smoking and alcohol con-

sumption, but no clear evidence for increased risk attributable to the

low protracted radiation exposure experienced during the cleanups.

Elevated cancer risks were seen in each of three overlapping expo-

sure groups, that is, radiation, smoking and alcohol. Following removal

of smoking- and alcohol-related sites from the group of presumed

radiation-related sites, the SIR for this latter group was below unity.

Even if some of cancers of these sites may be coattributable to both

smoking and radiation, or alcohol and radiation combined, it appears

unlikely that a radiation-induced excess would occur only in the cancer

sites known to be associated with not only radiation, but also smoking

and alcohol consumption. As discussed below, the current small num-

ber of cancer cases temper the strength of study conclusions, although

SIR greater than 1.18 can be excluded with 95% confidence.

The SIR for leukemia other than chronic lymphocytic leukemia,

was 0.88 (95% CI 0.32-1.91) based on only six incident cases. Given

the relatively low mean radiation dose (approximately 10 cGy), dem-

onstrated by glycophorin A locus mutation assay analyses19 and chro-

mosomal translocation analyses,20 no detectable excess of leukemia

would be expected.

For all cancers combined, the SIR (1.11) was similar in magnitude

to the standardized mortality ratio (SMR 1.16, 95% CI 1.03-1.28) for

all cancer deaths observed during the follow-up 1986 to 2020.8 Also,

the SIRs for radiation-, smoking- and alcohol-related cancers were

nearly the same as the corresponding SMRs.

Our results are in accord with recent observations by Smailyte

et al21 showing increased risk of cancer sites related to smoking and

alcohol use in the cohort of Lithuanian Chernobyl cleanup workers

followed in 1986 to 2012. Unfortunately, cohort studies of cleanup

workers from different countries cannot be accurately compared

because of differences in reporting, registration, follow-up and ana-

lyses; mortality vs incidence outcomes; special health screenings or

not; available information on cofactors (eg, education, ethnicity, smok-

ing); methods of radiation dose determination; and effect measures

such as SIR, SMR, excess relative risk per dose unit.22-24 For example,

the Russian cohort of 67 568 Chernobyl cleanup workers reported a

statistically significant dose response for all incident solid cancers

based on official recorded doses (arithmetic mean of 13 cGy) and over

the follow-up period 1992 to 2009.25 However, no attempt was pos-

sible, as the authors recognized, to estimate the impact of behavioral

factors on cancer risk: “As a weakness of the present study, the ana-

lyses did not take into account recognized risk factors such as smok-

ing, alcohol consumption, genetic predisposition, marital status,

education, occupational status.”25 Somewhat surprisingly, and also

unexplained, the SMR for all solid cancers was significantly below

one, whereas the SIR for all solid cancers was significantly above one.

An existing dilemma for Chernobyl worker studies is that while a small

study such as ours can obtain personal characteristics and bloods on

Radiation-related 
cancers
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cancers

0

Smoking-related 
cancers
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0223 (32%)

81
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F IGURE 2 Number of overlapping incident cancer cases related
to radiation, smoking and alcohol.
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TABLE 3 Number of incident cancer cases, crude (RR) and adjusted (ARR) relative cancer risk with 95% confidence interval (CI) in the
Estonian cohort of 4289 male Chernobyl cleanup workers by cancer site and selected characteristics, 1986 to 2019.a

No. of cancer cases in the subcohorts

Cancer site/characteristic Index Reference RR (95% CI) ARRb (95% CI)

All sites

Year of arrival in the Chernobyl area

1986 vs 1987-1991 384 279 0.90 (0.77-1.05) 0.93 (0.79-1.09)

Duration of stay in the Chernobyl area (days)

≥92 vs <92 312 351 0.96 (0.82-1.12) 0.97 (0.83-1.14)

Time since return from the Chernobyl area (years)

15-24 vs <15 223 113 0.93 (0.74-1.16) 0.93 (0.74-1.16)

≥25 vs <15 327 113 0.87 (0.70-1.08) 0.89 (0.71-1.10)

Ethnicity

Non-Estonian vs Estonian 290 373 1.02 (0.88-1.19) 1.05 (0.90-1.23)

Education

Basic or less vs higher or secondary 198 465 1.22 (1.04-1.45) 1.21 (1.02-1.44)

Radiation-related sites

Year of arrival in the Chernobyl area

1986 vs 1987-1991 208 147 0.92 (0.74-1.14) 0.93 (0.75-1.56)

Duration of stay in the Chernobyl area (days)

≥92 vs <92 169 186 0.99 (0.80-1.21) 0.99 (0.80-1.22)

Time since return from the Chernobyl area (years)

15-24 vs <15 109 71 0.82 (0.61-1.11) 0.83 (0.62-1.12)

≥25 vs <15 175 71 0.96 (0.72-1.26) 0.98 (0.74-1.29)

Ethnicity

Non-Estonian vs Estonian 167 188 1.17 (0.95-1.44) 1.18 (0.95-1.46)

Education

Basic or less vs higher or secondary 98 257 1.08 (0.86-1.36) 1.10 (0.86-1.40)

Smoking-related sites

Year of arrival in the Chernobyl area

1986 vs 1987-1991 236 174 0.89 (0.73-1.09) 0.89 (0.73-1.10)

Duration of stay in the Chernobyl area (days)

≥92 vs <92 197 213 1.00 (0.83-1.22) 1.01 (0.83-1.23)

Time since return from the Chernobyl area (years)

15-24 vs <15 149 68 1.20 (0.90-1.60) 1.21 (0.91-1.61)

≥25 vs <15 193 68 1.16 (0.88-1.53) 1.19 (0.90-1.59)

Ethnicity

Non-Estonian vs Estonian 192 218 1.15 (0.95-1.39) 1.21 (0.99-1.48)

Education

Basic or less vs higher or secondary 133 277 1.34 (1.09-1.65) 1.42 (1.14-1.76)

Alcohol-related sites

Year of arrival in the Chernobyl area

1986 vs 1987-1991 99 79 0.82 (0.61-1.11) 0.85 (0.63-1.16)

Duration of stay in the Chernobyl area (days)

≥92 vs <92 89 89 1.08 (0.80-1.44) 1.11 (0.83-1.50)

Time since return from the Chernobyl area (years)

15-24 vs <15 74 24 1.68 (1.06-2.66) 1.73 (1.09-2.74)

≥25 vs <15 80 24 1.22 (0.77-1.93) 1.32 (0.83-2.11)
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individual workers and can use unique personal identification numbers

to link to population registries for cancer identification and near com-

plete follow-up, the numbers are not sufficient to be definitive and

can only rule out a somewhat high level of risk. Large studies, such as

the Russian cohort study, have reported statistically significant results,

but the dosimetry is uncertain, the likelihood of confounding influ-

ences is high, cancer diagnosis, ascertainment and registration are

provided by devoted special institutions of uncertain comprehensive-

ness, quality and standardization.

There are conflicting assessments of the health impacts caused

by the Chernobyl accident. At the extreme, some of accounts read like

a “horror story,”26-29 attributing practically all diagnosed diseases to

radioactive contamination in both adjacent and remote regions around

Chernobyl. As noted by Smith30,p. 340 such scaremongers “very clearly

did not know that nonradiation-related cancer was very common

across the world.” Fortunately, other assessments rely on the consis-

tency of sound scientific studies that do not indicate widespread pub-

lic or occupational health detriments from Chernobyl fallout with the

noted exception of high thyroid cancer risk following ingestion of

I-131 contaminated milk in childhood or adolescence.31-34 Skeptics of

scientific findings, among whom were many Estonian workers, do not

appreciate or accept the consequences of aging, that is, that the sheer

numbers of disease cases and deaths will always increase over time.35

They seem eager to misinterpret the increasing death rates, for exam-

ple, since about one third of the cleanup workers have died to date,

then, without doubt, the radioactive exposures from Chernobyl were

to blame. Certainly, public perceptions about low-dose radiation have

long been known as being complex and influenced by opinions and

negative stereotypes.36

In previous articles,3,7 the small size of the Estonian cohort was

regarded as a study limitation. When considering the total number of

all Chernobyl cleanup workers is about 530 000, the Estonian cohort

of nearly 5000 workers is notably small. In addition, our dose recon-

struction methods indicated a relatively low mean dose that was

below the official recorded dose.19,20 Given the differences from our

biological measures of dose and the recorded doses, coupled with the

understanding that the recorded doses of Chernobyl workers are

known to be biased and uncertain,37-39 we chose to use proxies for

radiation dose, that is, calendar years and time spent at Chernobyl.

We recognize the limitations of such proxy measures, and that a good

estimate of whole-body dose for individuals would be preferred but

unfortunately it is not available. We note, however, that our extensive

cytogenetic and glycophorin A assays19,20 indicate that the mean dose

for the cohort is 10 cGy which can be taken into account when inter-

preting study results.

Several strengths of the study point to its information value. First

is the rigorous design and conduct. The Estonian national population

and disease (cancer, death) registers and unique personal identification

numbers facilitate near complete follow-up over 34 years after the

accident with minimal loss to follow-up. Second, the comprehensive

approach to dose assessment with recorded dose records and blood

sample evaluations allowed reasonably accurate characterization of the

population dose. Third, continuing the follow-up, will contribute to

increased opportunities to observe any adverse consequences as over

50% of the cohort is alive at the end of 2019. Fourth, the cohort has

reported significant increases of suicide that remain high at last follow-

up indicating that consequences not directly related to radiation may

be important and not always anticipated.8 The possible psychosocial

influences on smoking- and alcohol-related behaviors and subsequent

health effects may be another factor of more importance than pre-

sumed radiation harm. Finally, the 95% confidence limits about grouped

and specific health effects can provide indications of what level of risk

can be excluded with some assurance. Or conversely, indicating what

level of effects is consistent with the findings.

It was unfortunate that our dose reconstruction methods failed to

confirm the accuracy of the recorded individual radiation doses

among cohort members. This limitation prevents us from conducting

valid dose-response analyses and calculating risk estimates per gray as

done in other cohorts,24,25 but subject to uncertainties of unknown

magnitude.38,39 Nonetheless, the results of the Estonian study are rel-

evant to other exposed populations with similar exposure levels, that

is, mean doses of the order of 10 cGy.

Decades ago, at the beginning of the study, it was envisioned that

collaborating with epidemiologists from the Baltic countries and

Belarus could result in a large combined cohort of 20 000 to 40 000

cleanup workers with reasonable statistical power to detect any radia-

tion effect on leukemia incidence.13,p. 33 However, over time, it became

evident that actual exposures were too low to result in a detectable risk

of leukemia. Further, the research infrastructure varied considerably by

country and thwarted the creation of a combined cohort. One collabo-

rative achievement, however, was a study of cancer risk among 17 040

cleanup workers from the three Baltic countries using a proportional

TABLE 3 (Continued)

No. of cancer cases in the subcohorts

Cancer site/characteristic Index Reference RR (95% CI) ARRb (95% CI)

Ethnicity

Non-Estonian vs Estonian 79 99 1.04 (0.78-1.40) 1.07 (0.79-1.45)

Education

Basic or less vs higher or secondary 55 123 1.29 (0.94-1.77) 1.26 (0.90-1.75)

aFive hundred and twenty-three subjects with unknown characteristics were excluded from the analysis.
bAge at start of follow-up, year of arrival, duration of stay, time since return from the Chernobyl area, ethnicity, and education in the model.
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incidence ratio approach.6 In this collaboration, no increase was found

in risks of radiation-related cancers. Current military turmoil in Europe

seriously limits cooperation between the countries where Chernobyl

cleanup workers originate.

5 | CONCLUSION

The updated register-based follow-up of Chernobyl cleanup workers

from Estonia found an increased cancer incidence that was more

closely related to alcohol consumption and tobacco smoking than to

ionizing radiation.
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