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Introduction
Health effects from nuclear bomb testing amongst both military veterans and affected civil 

populations have been a research topic over many decades, and it is anticipated that careful 
investigation of possible health effects in the general population will contribute to our understanding 
of radiation effects [1]. In the area around the former Soviet Union’s Semipalatinsk Nuclear Test Site 
(SNTS), a considerable number of persons from the general public (a few 10,000s) were exposed to 
low and medium doses of ionizing radiation [2,3].

The SNTS is in the present Pavlodar and East Kazakhstan oblasts (regions) of Kazakhstan. The 
test site is named after the city of Semipalatinsk (in Kazakh: Semey) 150 kilometers to the east. The 
site covers 18,500 square kilometers. In comparison, the United States’ Nevada nuclear test site was 
about 3,522 square kilometers.

The SNTS was a major site for nuclear weapons testing by the USSR and where the country 
conducted its first nuclear bomb test on 29 August 1949. That test replicated the first U.S. nuclear 
device, Trinity, because of design information leaked from the U.S. Manhattan Project. During the 
following 40 years, 456 nuclear tests were conducted there, including 111 atmospheric tests (eighty-
six events in the atmosphere and twenty-five surface events) between 1949 and 1962 [2,4].

After the Limited Test Ban Treaty was signed in 1963, detonations at SNTS were restricted 
to underground shafts and tunnels; and with a few exceptions little or no off-site environmental 
contamination resulted from these tests [5].

Settlements affected by the 1949 test were located north-east of the test site (e.g., Dolon and 
Cheremushka), but traces from this test have also been documented in residents living further away 
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Abstract

Background: Some above ground nuclear tests conducted from 1949 to 1962 at the Semipalatinsk Nuclear 
Test Site led to radiation exposure of the public. We conducted medical examinations for hypothyroidism, thyroid 
cancer, and thyroid nodules with the purpose of providing documentation that might be used in determining 
whether these exposures had an impact on public health.

Methods: A series of medical field studies were carried out from 1999 – 2009 among volunteers living either 
in settlements which were potentially affected or which were not affected by the nuclear testing. Risk ratios were 
estimated between exposed and unexposed individuals.

Results: 1,287 examinations were carried out among 1,067 study participants. 456 were believed to have 
been exposed and 577 were not. For 34 participants, the exposure situation could not be determined. Risks for 
hypothyroidism and for thyroid cancer were lower in the exposed compared to the unexposed, i.e., the risk ratios 
were 0.22 (95%CI, 0.11-0.47) and 0.75 (95%CI, 0.37-1.54), respectively. Looking at affected settlements only 
did not change the result. For thyroid nodules the risk ratio was 0.99 (95%CI, 0.73-1.35), in affected settlements 
it was 1.26 (95%CI, 0.81-1.95).

Conclusion: There was no indication for an elevated risk of hypothyroidism or thyroid cancer among those 
who were believed to have been exposed compared to those who were likely unexposed. However, an elevated 
risk for thyroid nodules could not be ruled out among those living in affected settlements. The strength of these 
findings is limited by the absence of individual radiation dose estimates.
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in the Altai Region in Russia [6]. The tests of 1951, 1953, and 1956 
affected settlements located south and south-east of the test site (e.g. 
Kainar, Karaul, Kaskabulak, Sarzhal or Znamenka).

The fact that a relatively large number of the general population 
was potentially exposed by the nuclear testing resulted in numerous 
studies on possible biological or health effects. A detailed overview on 
the epidemiological studies is given elsewhere [7,8].

It is well known that radiation exposure can cause thyroid 
cancer [9,10], and that the risk per unit dose generally decreases with 
increasing age at exposure and that females usually have a higher 
risk per unit dose than males. The fact that those being exposed 
as children have a high risk became particularly evident after the 
Chernobyl accident [11], but a radiation related risk was also observed 
among Chernobyl clean-up workers [12]. Studies of the general 
population affected by the Chernobyl accident suggested a radiation 
related increase in subclinical hypothyroidism [13], but not for 
hyperthyroidism [14]. Thyroid disorders, either malignant or non-
malignant, have also been investigated among the population affected 
by the United States’ nuclear bomb testing at the Bikini Atoll of the 
Marshall Islands, in particular, from the1954 BRAVO test. There was 
no evidence for an association between benign nodules and radiation 
exposure [15], but there was suggestive evidence that the prevalence 
of thyroid cancer increased with estimated doses to the thyroid [16].

A study among children who were exposed to fallout from the 
US Nevada Test Site, Utah, showed that the risk for both thyroid 
cancer and autoimmune thyroiditis is increased for up to 30 years 
after exposure to radioiodine in fallout [17].

Thyroid nodules are associated with thyroid cancer [9] and an 
association with external radiation has been shown [18,19]. A study 
among 2994 people who were exposed to Iodine-131 from nuclear 
testing in Kazakhstan found a significantly elevated prevalence of 
ultrasound-detected thyroid nodules which was independently 
associated with both external and internal doses [20,21].

In this paper, we report on the findings of a medical thyroid 
examinations program for people residing in the East Kazakhstan 

oblast (region), Kazakhstan, which was part of the Hiroshima-
Semipalatinsk Project [22]. This series of medical thyroid 
examinations was carried out over 11 years from 1999 – 2009 among 
persons living either in settlements which were highly affected by the 
atomic bomb testing or which were less or not affected. The aim of the 
study was to determine the thyroid status of the population.

Material and Methods
Study population

The study population comprised voluntarily participating persons 
who lived either in one of four affected settlements (Dolon, Kainar, 
Karaul, Sarzhal) or in one of 65 settlements considered as being not 
affected. This is based on the knowledge about the trajectories (see 
e.g. [23]) and on current dose estimates. It has been shown that the 
historical dose estimates, as they were used for example in the first 
analysis of the so-called historical cohort [24], tend to overestimate 
the actual exposure (see [25]).

We targeted those seeking medical examination in the various 
rayons (districts) of the East Kazakhstan oblast. All participants 
provided informed consent, in accordance with the Code of Ethics 
of the Republic of Kazakhstan. Though participation was voluntarily, 
the focus of the program was on females since thyroid disorders are 
more common among females than among males. Overall, 1287 
examinations were conducted over the years 1999 to 2009 (Table 1). 
It has to be noted that in 1999, East Kazakhstan had a population of 
almost 1.4 million, with about 320,000 living in Ust-Kamenogorsk 
and 300,000 living in Semipalatinsk. The population of the four 
affected settlements summed up to 11,139.

The study design was a series of cross-sectional studies. 
Interviews were conducted and questionnaires administered to 
ascertain information on date of birth, height, weight, family 
structure, exposure status of family members, place of residence at 
the time of exposure, the number of deliveries for females, etc. In a 
second step, urine samples were taken for determining stable iodine 
concentrations, blood samples were taken to determine the thyroid 
hormone status, palpations were done to investigate the physical 
status of the thyroid gland, and finally ultrasound examinations 
were conducted to better determine the presence and size of physical 
abnormalities. When indicated, nodule punctures were taken. In 
the first years (1999-2003), medical examinations were conducted 
at the study participants’ places of residence; later (2004-2009) the 
participants were invited to the Kazakh Scientific Research Institute 
for Radiation Medicine and Ecology (SRIRME) in Semey, which 
is responsible for medical follow-up of the population around 
SNTS, and examinations took place at the Institute’s hospital. All 
examinations were conducted by physicians of the study team. The 
equipment was donated from Japan and didn’t change over the years. 
The process from selecting settlements to analyzing the blood samples 
is shown in Figure 1.

For 711 of the examinations, the study subjects were listed in the 
SRIRME population registry of the East Kazakhstan oblast [26]. For 
another 576 examinations, the study subjects were not included in 
this registry.

For our data analyses, we only used the result of one examination 
per study subject. If one individual was examined more than once, only 
the most recent information was used. From the 711 examinations 

Table 1: Year of examination by sex.

Year of examination
sex

Sum
male female n.a.*

1999 73 108 4 85

2000 26 57 0 83

2001 79 151 1 231

2002 16 53 0 69

2003 7 90 0 97

2004 17 127 1 145

2005 27 71 0 98

2006 6 111 0 117

2007 2 93 1 96

2008 28 90 0 118

2009 4 44 0 48

sum 285 995 7 1287
*: n.a.: not available.
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that included the ID of the SRIRME registry, 557 different individuals 
were identified (21.7% of the examinations were excluded). For those 
576 individual examinations with no ID in the SRIRME registry, 
plausibility was checked manually based upon date of birth, gender, 
ethnicity, and sometimes height and weight. From this analysis, 510 
individuals were left in the data set (11.3% of the examinations were 
excluded). Among those excluded were 56 individuals for whom none 
of the relevant information was available. The maximum number of 
examinations per study subject was 6. 

For seven study participants, no information on sex was available, 
of which two had an unknown place of residence; two lived in 
unaffected and three in affected settlements, respectively. Finally, 
1067 individuals are included in the study, while for 2 of these, the 
information on sex and for 5 the information on sex and age was 
missing (Table 2). Table 3 gives an overview on the age at the time 
of examination and the sex distribution of the study participants. 
The clear majority was either Kazakh (61%) or Russian (15%). Other 
ethnic groups were Bashkir, Bulgarian, Byelorussian, Georgian, 
German, Tartar, or Ukrainian. For 229 (22%) individuals, the 
respective information is missing.

Exposure data

No data on the magnitude of individual radiation dose are 
available. Thus, we grouped the individuals in two different ways. 
The first grouping was by the place of residence, i.e., affected or not 

affected. Accordingly, 715 of the 1067 study subjects (67%) came 
from affected settlements.

In a second step, we grouped individuals according to whether 
they were living in an affected settlement at the time of the relevant 
bomb testing (see [24]) or not. It has to be noted, that the doses given 
in [24] are not compatible with dose estimates derived from to-dates 
most evolved dosimetry system [5,27,28], but allow the definition of 
affected settlements. Based on this definition, we found that 244 of 
those living in an affected settlement were actually not exposed, and 6 
living in an unaffected settlement were actually exposed. Finally, the 
study population comprised 1031 individuals, 455 exposed and 576 
unexposed, respectively. For 34, either the exposure status or whether 
the place of residence was affected could not be determined (Table 4).

Statistical analyses

The data set is considered as a random sample taken from the 
entire population. Thus, Chi² tests were applied to clarify differences 
between the exposed and the unexposed. For comparing the risks 
between the exposed and the unexposed, data were stratified by 
age group and sex. Risk ratios were calculated by using the Mantel-
Haenszel estimate for the odds ratio. 

Results
Descriptive results

There were two sets of medical information collected: one 
on thyroid function, the other on cytology. Figures 2 to 4 give 
the prevalence of the most interesting diagnosis by age and sex, 

Figure 1: Process for the thyroid screening (K – Kazakh team; J – 
Japanese team).

Table 2: Participants from affected and unaffected places of residence at time of 
recruitment, stratified by sex.

Place of residence
Sex

Sum
male female n.a.*

affected Dolon 64 204 1 269

Kainar 43 99 1 143

Karaul 8 35 0 43

Sarzhal 62 197 1 260

not affected 56 288 2 346

n.a.* 0 4 2 6

sum 233 827 7 1067

*: n.a.: information not available.

Table 3: Age group at time of examination by sex.

Age group
Sex

sum
male female n.a.*

0-14 10 13 0 23

15-24 3 5 0 8

25-34 3 25 0 28

35-44 9 76 0 85

45-54 69 253 1 323

55-64 104 337 1 442

65-74 32 110 0 142

75+ 3 8 0 11

n.a.a 0 0 5 5

sum 233 827 7 1067
*: n.a.: not available.

Table 4: Study subjects by exposure status from affected and unaffected 
settlements at time of recruitment.

Study subjects
Settlement

sum
affected not affected n.a.*

exposed 449 6 1 456

not exposed 244 332 1 577

n.a.* 22 8 4 34

sum 715 346 6 1067
*: n.a.: relevant information not available.
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i.e., hypothyroidism, thyroid cancer, and thyroid nodules. In the 
following some details are given on thyroid function and cytological 
findings followed by risk comparisons for hypothyroidism, thyroid 
cancer, and thyroid nodules by exposure status.

Thyroid function: Important for the diagnosis of hyper- or 
hypothyroidism are the values of T3, T4 and TSH. If the measured 
value is more than twice of the standard rate in the study population, 
it is considered as being abnormal. Mean values (minimum and 

maximum given in brackets) for T3, T4 and TSH were: 3.35 (0.20-
27.43), 1.17 (0.26-6.49), and 3.55 (0.01-195.50), respectively. These 
values are based on 1028, 1027 and 997 measurements, respectively. 
In general, the decision whether an individual had hyper- or 
hypothyroidism was based on the values of T3, T4 and TSH; but 
medication that might have an effect on the measured values was also 
considered.

Diagnoses on hypo- and hyperthyroidism, respectively, were 
classified as sub-clinical, manifest (hypo- or hyperthyroidism in Table 
5), and slight. Almost 93% of all individuals had normal diagnoses, 
while hypothyroidism was more frequent than hyperthyroidism 
amongst the remainder.

Cytology: Cytological information comprised several diagnoses, 
which are listed in Table 6 for the entire study population. Cases with 
diagnoses specified as “possibly” were handled as if the diagnosis 
was confirmed. In case more than one diagnosis was given for an 

Figure 2: Prevalence of hypothyroidism by age group and sex, 1999-2009, 
based on diagnostic findings among 1062 persons.

Figure 3: Prevalence of nodules by age group and sex, 1999-2009, based 
on diagnostic findings among 1062 persons.

Figure 4: Prevalence of thyroid cancer by age group and sex, 1999-2009, 
based on diagnostic findings among 1062 persons.

Table 5: Findings on thyroid function.

Diagnosis Frequency Percent

sub-clinical hypothyroidism 45 4.2

hypothyroidism 18 1.7

normal 990 92.8

slight hyperthyroidism 1 0.1

hyperthyroidism 13 1.2

sum 1067 100.0

Table 6: Findings on cytological diagnoses.

Diagnoses Frequency Percent

NAD* 675 63.3

colloid nodule 291 27.3

follicular adenoma 6 0.6

follicular cancer 14 1.3

papillary cancer 16 1.5

struma 1 0.1

thyroiditis 55 5.2

class II / III 8 0.7

metastasis 1 0.1

sum 1067 100.0
*: NAD: no abnormality detected.

Table 7: Cytological diagnoses, allowing for more than one diagnosis per 
individual.

Diagnoses Frequency Percent

NAD* 675 63.3

thyroiditis 55 5.2

nodule 255 23.9

thyroditis and nodule 42 3.9

cancer 33 3.1

nodule and cancer 7 0.7

sum 1067 100.0
*: NAD: no abnormality detected.
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individual, the following ranking of importance was used: thyroiditis 
(low), nodule (medium), cancer (high). In a second step, this led to 
eight possible groups of diagnoses: No Abnormality Detected (NAD); 
thyroiditis; nodule; thyroiditis and nodule; cancer; thyroiditis and 
cancer; nodule and cancer; thyroiditis, nodule and cancer. The actual 
numbers of cases are given in Table 7. 

Risk ratios

Hypothyroidism: To test whether the prevalence of 
hypothyroidism differed among the exposed compared to 
unexposed, we regrouped the data from Table 5 into two categories: 
hypothyroidism and no hypothyroidism. Accordingly, 63 cases and 
1004 non-cases were used for the analysis. 

Table 8 shows the number of cases of hypothyroidism and of non-
cases by sex. When comparing the prevalence among the exposed 
with the unexposed, the risk ratio stratified by age and sex was 0.22 
(95%CI, 0.11-0.47).

The diagnosis of hypothyroidism might be affected by previous 
medications. As can be seen from Table 9, information on medical 
treatment for thyroid malfunctions was available for 271 subjects 
with a statistically significant higher proportion among females 
than among males. We analyzed whether this information altered 
the previous finding by introducing medication as a further level of 
stratification. The resulting risk ratio point estimate was 0.25 with a 
wide 95%-CI (0.03-1.91). 

Further it is known from previous studies that the overall health 
situation in the area around the SNTS is worse than in other parts 
of the East Kazakhstan oblast, in particular with respect to mortality 
from all causes, from solid cancer [24] and from cardio-vascular 
diseases [29]. Thus, we restricted the analyses for hypothyroidism 
to the affected settlements (see Table 1). Based upon information 
from 667 subjects, the risk ratio was 0.15 (95%CI, 0.06-0.36). 
Introducing medication as a further stratifying variable did not give 
any meaningful result, because the number of subjects was reduced to 
only 168 of which 8 had the disease.

Thyroid cancer: To test whether the prevalence of thyroid 
cancer differed among the exposed compared to the unexposed, we 

regrouped the data from Table 7 into two categories: thyroid cancer 
and no thyroid cancer giving 40 cases and 1027 non-cases. The risk 
ratio stratified by age and gender was 0.75 (95%CI, 0.37-1.54).

Similar to the case for hypothyroidism, we restricted the analysis 
of thyroid cancer to the population from affected settlements. Based 
upon information from 691 subjects, the risk ratio was 0.84 (95%CI; 
0.32-2.20), i.e., there was no indication for an increased risk of thyroid 
cancer in those having been exposed compared to the unexposed.

Thyroid nodules: To test whether the prevalence of thyroid 
nodules differed among the exposed from the unexposed, we re-
categorized the diagnoses as given in Table 7 to nodules (i.e. nodules 
only plus thyroiditis and nodules) and no nodules. Thus, 297 subjects 
were defined as having nodules of which 293 could be included in 
the analysis. As can be seen from Table 8, the risk ratio stratified by 
age and gender was 0.99 (95%CI, 0.73-1.35). When restricting the 
analysis to affected settlements only, the risk ratio was not statistically 
significant elevated: 1.26 (95%CI, 0.81-1.95), based upon 685 study 
subjects.

In a next step, we excluded all subjects with thyroid cancer, 
because there is a strong epidemiologic evidence of a relationship 
between thyroid nodules and subsequent thyroid cancer [9]. This 
left 979 subjects in the analysis. Stratifying the data by age and sex 
revealed a risk ratio of 0.95 (95%CI, 0.69-1.30), again indicating no 
higher risk in the exposed compared to the unexposed. When looking 
at those in affected settlements only, the risk ratio was 1.17 (95%CI, 
0.75-1.83), based upon 661 subjects. 

Discussion
We report on a series of field studies conducted during the years 

1999 – 2009 in several areas of the East Kazakhstan oblast including 
the vicinity of the Semipalatinsk Nuclear Test Site. The aim was to 
determine the thyroid status of the population. When taking possible 
radiation exposure as an influencing factor into account, we found 
a lower prevalence of hypothyroidism in the exposed population 
compared to the unexposed population, and no difference in the 
prevalence of thyroid cancer and thyroid nodules. There is a slight 
but insignificant indication that the prevalence of thyroid nodules 
among the exposed might be higher than among the unexposed 
when restricting the analysis to the population from the affected 
settlements, i.e. the closer vicinity of the test site.

From 1999 through 2002, 571 residents from four exposed and 
one control village near SNTS were screened for thyroid nodules 
[30]. The individuals were all below 20 years of age at the time of 
major radiation fallout. The author concluded that it would probably 
be more informative for thyroid dosimetry studies to distinguish 

Table 8: Age and sex adjusted risk ratios for hypothyroidism, thyroid cancer, and thyroid nodules; comparing study participants from affected with unaffected 
settlements.

Diagnoses Males Females Sum Persons Risk ratio 95%-CI

hypothyroidism
Yes 6 57 63

1030 0.22 0.11-0.47
No 220 747 967

thyroid cancer
Yes 3 36 39

1018 0.75 0.37-1.54
No 221 758 979

thyroid nodules
Yes 39 254 293

1018 0.99 0.73-1.35
No 185 540 725

Table 9: Medication by sex.

Medication
Sex

Sum
male female

yes 12 (13.0%) 78 (43.6%) 90 (35.3%)

no 80 (87.0%) 101 (56.4%) 181 (64.7%)

sum 92(100%) 179(100%) 271 (100%)
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between specific morphological types of thyroid nodules; however, the 
number of nodules in our study is too small to follow this suggestion.

A case review of 7271 patients aged 15 to 90 who underwent 
surgery for thyroid diseases between 1966 and 1996 examined the 
variation of diagnoses over time [31]. It was shown that the percentage 
of thyroid cancer among all diagnoses increased over time, starting 
low in the first years 1966-1971 (1.3%), peaking in the years 1987-
1991 (16.3%), and probably decreasing again in the last study period 
1992-1996 (11.2%). During the period of our studies (1999-2009), 
which follows the last study period of the case review, the proportion 
of thyroid cancer was 10.2% based upon 40 cases. The proportion is 
in line with the findings from the large case review, but the number of 
cases is too small to look at possible trends over time.

The strength of our field study is the careful examination of the 
thyroid and the hormonal status in a population residing in the East 
Kazakhstan oblast. It gives a very good impression on several clinical 
parameters. This is particularly true for a mid-aged female population, 
because 65% of the entire study population are females aged between 
25 and 64.The values of TSH, T3, and T4 found in this population 
can be compared to those from other populations. This might be of 
interest for the discussion on what the appropriate reference values 
are. The same accounts for the information on the prevalence of the 
thyroid disorders in this population.

With respect to the analysis of a possible influence of the 
radiation exposure from the nuclear bomb testing at the SNTS, the 
data include some limitations. The most important one is the fact 
that the information on individual doses is not available, and the 
range of doses might be broad. In the study of Land et al., the authors 
estimated the dose range for external doses between 0 and 0.65 Gy 
(mean 0.042 Gy) and for internal doses between 0 and 9.6 Gy (mean 
0.31 Gy) [21]. In our study, the available information only allowed to 
define the exposure status at a level of Yes or No. A further weakness 
is the fact that the study population is not representative but has an 
uneven distribution of the sexes in the study population, i.e., 87% 
females. This might reflect the case that females are more concerned 
about their health than males.

The biased sex distribution might be an explanation that we 
did not find convincing indication for an increased risk for thyroid 
nodules in our study population. As found by Land et al.[20], the 
excess relative risk for nodules by unit dose is 30 times higher among 
males than among females. When restricting the analysis of our data 
set to males only, there was no indication for an increased risk for 
thyroid nodules among the exposed (age stratified risk ratio = 0.72; 
95%CI, 0.33-1.56), based upon 233 study subjects. Looking at affected 
settlements only gave a risk ratio of 1.36 (95%CI, 0.42-4.37) based 
upon 177 study subjects. It has to be noted, that one major difference 
between our examinations and the study by Land et al. [21] is the 
fact that the examinations of the latter were conducted within one 
year and ours were conducted over 11 years. It is known from the 
study among the Marshall islanders that examinations of the same 
person in different years might lead to different results because of 
a possibility of intra-personal variation in diagnoses [15]. We used 
most recent information for individuals who underwent more than 
one examination, but results of the previous examinations were likely 
to influence the attitude for participating into the study. Thus people 
who underwent more than one examination might have different 

characteristics from those who underwent only one examination. 
Indeed, a look at the diagnoses among those persons from our 
study with more than one examination showed that the diagnoses 
sometimes changed over time. We suspect that multiple diagnoses 
were done among those participants who had greater concern about 
the status of their thyroid. Other risk factors for the diseases of 
interest have not been taken into account or they are directly related, 
e.g. thyroid cancer and nodules or thyroid cancer and TSH values 
(see [9]).

The participants could be affected by various selection biases 
about outcomes (i.e., they had target disorders or not) and exposure 
(i.e., they lived in polluted areas or not). This doesn’t seem to be 
the case, but it cannot be ruled out. The results do not support the 
assumption that participation depended on previously known target 
disorders or the area a participant lived in. It might be that people 
with an unknown thyroid status participated more likely than those 
with an already known status. In addition, proportion of participants 
among the potentially screened population is quite small, and the 
information about the whole residential population from which the 
participants derived can’t be given. 

In summary, this series of examinations did not indicate that 
the risk for hypothyroidism, thyroid cancer or thyroid nodules 
is higher among those who were believed to have been exposed 
compared to those who were likely unexposed by the nuclear bomb 
testing. Nevertheless, an elevated risk for thyroid nodules could not 
be ruled out, but confidence intervals were broad. The strength of 
these findings is limited by the absence of individual radiation dose 
estimates. 
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