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Abstract
Relatively few data are available on the prevalence of hyperthyroidism (TSH concentrations of <
0.3 mIU/L, with normal or elevated concentrations of free T4) in individuals exposed to
radioiodines at low levels. The accident at the Chornobyl (Chernobyl) nuclear plant in Ukraine on
April 26, 1986 exposed large numbers of residents to radioactive fallout, principally to iodine-131
(I-131) (mean and median doses = 0.6 Gray (Gy) and 0.2 Gy). We investigated the relationship of
I-131 and prevalent hyperthyroidism among 11,853 individuals exposed as children or adolescents
in Ukraine who underwent an in-depth, standardized thyroid gland screening examination 12–14
years later. Radioactivity measurements taken shortly after the accident were available for all
subjects and were used to estimate individual thyroid doses. We identified 76 cases of
hyperthyroidism (11 overt, 65 subclinical). Using logistic regression, we tested a variety of
continuous risk models and conducted categorical analyses for all subjects combined and for
females (53 cases, n=5,767) and males (23 cases, n=6,086) separately, but found no convincing
evidence of a dose response relationship between I-131 and hyperthyroidism. There was some
suggestion of elevated risk among females in an analysis based on a dichotomous dose model with
a threshold of 0.5 Gy chosen empirically (OR=1.86, P=0.06), but the statistical significance level
was reduced (P=0.13) in a formal analysis with an estimated threshold. In summary, after a
thorough exploration of the data, we found no statistically significant dose response relationship
between individual I-131 thyroid doses and prevalent hyperthyroidism.

Introduction
Hyperthyroidism, a relatively infrequent form of thyroid functional disease, involves a
decrease in serum thyroid stimulating hormone (TSH) that is accompanied by elevated
serum free T4 (fT4) in the overt form of the disease or, in subclinical cases, by fT4 levels in
the normal range (1). Estimates of prevalence range from 0.5% to 2.0% for overt
hyperthyroidism and from 0.7% to 6.0% for subclinical hyperthyroidism, depending upon
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the criteria used as well as gender, age, race, ethnicity, and intake of stable iodine (1, 2). The
rates are higher in females than in males, and increase at older ages (3). Few risk factors or
co-morbidities for hyperthyroidism have thus far been identified but include thyroid
adenomas and goiter (particularly multinodular) (3,4,5). Subclinical hyperthyroidism,
typically an autoimmune disorder in younger patients (6), rarely leads to overt
hyperthyroidism (2) but has been associated with increased risk for atrial fibrillation,
reproductive problems such as miscarriage, as well as decreased bone density and possible
osteoporosis (4).

The accident at the Chornobyl (Chernobyl) nuclear power plant in Ukraine in April of 1986
exposed large numbers of residents to radioactive iodines and iodine-131 (I-131) in
particular. Previous studies by our group and others (7,8,9) have found a more than six-fold
increase in thyroid cancer risk among persons exposed as children or adolescents to 1 Gy of
radiation to the thyroid relative to those who were minimally exposed. The data from
Chornobyl were virtually the first, and certainly the most convincing, to show increased risk
of thyroid cancer following internal exposure to I-131 during childhood.

There have also been limited reports on risk of functional thyroid abnormalities related to
Chornobyl fallout, although with mixed results and methodological limitations
(10,11,12,13,14,15,16). We have been studying thyroid function in a cohort of ~13,000
persons exposed to I-131 in Ukraine under the age of 18 years, who had thyroid
radioactivity measurements taken within eight weeks of the accident and who were screened
by clinicians using a standardized protocol. We have found a linear dose-response
relationship for prevalence of subclinical hypothyroidism (17) and a non-linear dose-
response relationship for prevalence of elevated antibodies to thyroperoxidase (ATPO) (18).
Results from the few studies evaluating the relationship between thyroid functional disorders
and environmental exposure to I-131 in other circumstances, including fallout from nuclear
weapons testing which exposed residents living downwind of the test sites (19,20) and
releases from the Hanford nuclear facility (21,22) were largely negative and the data on
hyperthyroidism in particular were extremely limited, presumably because the relatively
small cohorts yielded few cases. To fill this gap, we evaluated I-131 thyroid dose estimates
from Chornobyl fallout and prevalence of hyperthyroidism in a cohort of 11,853 exposed
children and adolescents from affected areas of Ukraine.

Subjects and Methods
Study population

A detailed description of the study design and methods can be found in Stezhko et al. (23).
In brief, in Ukraine a cohort was assembled of individuals who had direct measurements of
thyroid radioactivity made in May or June 1986, who were under age 18 on the day of the
accident (April 26, 1986), and who resided in adjacent Chernihiv, Zhytomyr or Kyiv Oblasts
(similar in size to a state) or the city of Kyiv at the beginning of the study in the late-1990s.
The study protocol called for detailed thyroid screening examinations of cohort members
every two years. The current analysis is based on the data collected during the first screening
examination conducted between 1998 and 2000 and therefore reflects only prevalent cases.

A summary of individuals who were originally selected, traced, screened, or excluded from
the analysis is presented in Figure 1. Of the 32,385 individuals who were targeted, 19,612
could be traced and contacted. Approximately one-third had moved (n=10,307), were not at
their residence (e.g., at university or in the military) (n=2,466), refused to participate or
failed to attend the screening (n=6,369). To help insure that TSH measurements at first
examination reflect spontaneous levels, individuals who reported thyroid disease (n=815,
90% with simple diffuse goiter), thyroid surgery (n=46) or intake of thyroid hormones
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(n=27) prior to the first screening examination were excluded from this analysis. Individuals
without TSH or ATPO measurements (n=146) or those with TSH measurements performed
by other than the BRAHMS assay (n=272) were also excluded. After these and other
exclusions (see Figure 1), the cohort for analysis consisted of a total of 11,853 individuals.

The study was evaluated and approved by the institutional review boards in Ukraine and the
United States National Cancer Institute, and all subjects signed an informed consent form.

Screening examination
Screening was carried out either by a mobile medical team visiting the local area or at the
Institute of Endocrinology and Metabolism in Kyiv. Screening procedures included thyroid
palpation and ultrasound examination by an ultrasonographer and an independent clinical
examination and palpation by an endocrinologist. Any differences were resolved by joint
examination by both doctors.

In addition, a serum sample and a spot urine sample were collected for measurement of
thyroid hormones/antibodies and current iodine levels respectively. A series of structured
questionnaires were also administered to elicit information on demographics, individual and
family medical history, and items relevant to thyroid dose estimation, such as residential
history, consumption of contaminated milk and leafy vegetables, and intake and timing of
iodine prophylaxis (23).

Serum Assays
TSH, fT4, and ATPO were measured in serum samples with LUMitest
immunochemiluminescense assays (BRAHMS Diagnostica GMBH, Heningsdorf, Germany)
using a Bertoldt 953 luminometer (Pforzheim, Germany). While TSH and ATPO
measurements were performed for everyone with a sufficient serum sample (99% of the
cohort), fT4 measurements were performed only for those whose TSH result was outside the
reference range. All assays were conducted according to the manufacturer’s instructions.

The analytical sensitivity of the TSH assay was 0.008 mIU/L. Intraassay coefficients of
variation (CV) for the TSH assay at 0.03 and 2.0 mIU/L were 3.0 and 2.2%, respectively,
and the interassay CVs were 10.9 and 2.8%, respectively. Intraassay CVs for the fT4 assay
at 7.4 and 33.5 pmol/L were 5.6 and 2.8%, respectively, and the interassay CVs at 6.7 and
53.9 pmol/L were 9.0 and 7.3%, respectively. Intraassay CVs for the ATPO assay at 84 and
375 U/ml were 8.1 and 6.5% respectively, and the interassay CVs were 11.4 and 7.3%
respectively.

Based on evaluation of the range of values in a sample from our cohort, reference limits for
TSH were set between 0.3 and 4.0 mIU/L. Reference limits for fT4 were set between 10.0 –
25.0 pmol/L based on BRAHMS’s recommendation. An elevation of ATPO above 60 U/ml,
consistent with BRAHMS, was considered positive or elevated.

Thyroid volume
The thyroid was examined using a 7.5-MHz linear transducer (EUB-405, Hitachi Medical
Systems and Toshiba 240, Tokyo, Japan) with the subject supine and neck extended. The
thyroid volume was calculated based on the volume of an ellipsoid (length x width x depth x
0.479) as described elsewhere (24). Because thyroid volume ≥ 20 ml is typically above the
97th percentile and considered large for populations whose age is comparable to our cohort
(mean=21 years, range 12–32 years), we dichotomized the thyroid volume values as ≥ 20
ml/< 20 ml.
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Iodine determination
Urinary iodine content in spot urine samples was measured using the Sandell-Kolthoff
reaction and expressed in micrograms per liter (25). The analytic sensitivity of the assay was
6 μg/L.

Outcome definition
We defined hyperthyroidism as a serum TSH concentration < 0.3 mIU/L, the lower limit of
the reference range. Overt hyperthyroidism was defined as a serum TSH concentration < 0.3
mIU/L with fT4 > 25.0 pmol/L, while subclinical hyperthyroidism was defined as a serum
TSH concentration of < 0.3 mIU/L with normal concentrations of fT4 (10–25 pmol/L).
Additional sensitivity analyses were carried out using two alternative definitions of
hyperthyroidism: TSH < 0.25 mIU/L and TSH < 0.4 mIU/L.

Dosimetry
Details of dosimetric methods have been published elsewhere (26, 27). The unique feature
of our study is that doses were primarily based on thyroid radioactivity measurements taken
within eight weeks of the accident. Using these measurements, along with data on dietary
and lifestyle habits, and environmental transfer models, we estimated individual I-131
thyroid doses and their uncertainties. The distributions of 1,000 individual thyroid dose
estimates, obtained using a Monte Carlo procedure, were approximately lognormal (26). The
arithmetic means of the 1,000 individual I-131 dose realizations were used for the current
analyses after correction for the typical thyroid masses of the Ukrainian population (IIya
Likhtarev, personal communication). The dose estimates are for I-131, which typically
accounts for more than 90–95% of the total thyroid dose (28). The remaining portions of
thyroid dose from external exposure and from internal exposure to cesium and other isotopes
of iodine are minor contributors and are currently not taken into account. The mean and
median for I-131 dose in the analysis cohort are 0.6 Gy and 0.2 Gy respectively, with a
range of 0–40.8 Gy. Because of the small size of the gland in children and their high
consumption of milk, much of which was contaminated, children generally received the
highest thyroid doses (29). Age at exposure and age at examination are highly correlated in
our cohort. For the groups examined at ages 12–14, 15–19, 20–24 and 25–32, respectively,
the overall age-specific mean doses (Gy) were 1.58, 0.79, 0.46 and 0.39.

Statistical Analysis
Excess odds ratio (EOR) models based on logistic regression were employed to evaluate the
association between hyperthyroidism prevalence and I-131 thyroid dose estimates among
the study population. Let p(x,d) denote the hyperthyroidism prevalence of the group of
subjects characterized by a set of covariate variables x and dose d. We assumed that the
prevalence could be described as an excess odds ratio (OR) model of the form: Odds(x,d) =
p(x,d)/{1-p(x,d)} = r(x){1+ f(d)}, where r is a function of background risk factors and f(d) is
a dose response function such that f(0)=0. For example, if we assume the risk increases
linearly with I-131 dose, we have f(d)=βd with the coefficient β interpreted as the excess
relative odds ratio per unit dose (1 Gy). In addition to the linear dose response, we
conducted analyses based on various types of functions including f(d)=βlog(d), f(d)=βdexp(-
γd), categorical dose response models, and a dichotomous dose response model, f(d)=β if
d≥θ and f(d)=0 otherwise. For each of these dose functions, the dose-response parameters
were estimated by the maximum likelihood method based on the total group of subjects, as
well as on males and females separately. In particular, the value of θ in the dichotomous
dose response model was estimated by a profile likelihood method in which the θ that
maximizes the likelihood was iteratively sought by fixing θ at each iteration to maximize the
likelihood with respect to the other parameters. Confidence intervals (CIs) of model
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parameters were computed using likelihood ratio statistics. Significance of parameters and
trends, and model comparisons were tested using the likelihood ratio test (LRT) with
degrees of freedom (df) equal to the difference in number of parameters of compared
models. We also measured Akaike Information Criteria or AIC (30) to compare non-nested
models. All computations in this study were conducted using the generalized non-linear
model package of R software (31) and the GMBO package of Epicure software (32).

To select a set of background risk factors x that explain hyperthyroidism prevalence in the
absence of radiation, we conducted a selection procedure in which we started with a base
model containing a gender-age (at examination) interaction and oblast of residency and then
examined the inclusion effect of each of the following potential risk factors previously
associated with functional thyroid outcomes in this cohort (17) or in other non-irradiated
populations (1,3,4): smoking status (current/past/never), multivitamin consumption, thyroid
disease history in relatives, year and season of screening examination (blood collection),
ATPO level, urinary iodine concentration, thyroid volume, and presence of ultrasound-
detected thyroid nodules. In addition, we retained those factors that were not significantly
associated with the outcome, but affected the estimate of the dose-response. The final set of
adjustment factors included age at examination by gender, oblast of residency, season of
blood collection, ATPO level, thyroid volume and presence of thyroid nodules at ultrasound.
Because of the inverse correlation between age at exposure and dose, adequate adjustment
for attained age (strongly correlated in our cohort with age at exposure) was particularly
important in analyzing the relationship of I-131 dose to risk of hyperthyroidism, a condition
more prevalent at later ages (3).

For evaluation of factors that modify the effect of I-131 dose, we allowed the dose-response
function to vary within categories of those factors such as gender, age at exposure, ATPO
level, place of residency, etc. The significance of effect modification was examined in each
instance by two likelihood ratio tests: one comparing a nested model with an interaction
term (e.g., dose*gender) relative to a model with two main effects (dose and gender) and the
other one comparing a model with an interaction term relative to a model which included
one main effect (gender), but no parameter for the effect of I-131 dose.

Results
Case characteristics

There were 76 individuals out of 11,853 included in the analysis (0.6%) who met the
definition of hyperthyroidism. Eleven of these satisfied criteria for overt (clinical)
hyperthyroidism (TSH < 0.3 mIU/L and fT4 > 25.0 pmol/L) while the remaining 65 cases
met criteria for subclinical hyperthyroidism (TSH < 0.3 mIU/L and fT4 10–25 pmol/L). The
overall mean TSH level for the 11 overt hyperthyroid cases was 0.06 mIU/L, with a range
from 0–0.20 mIU/L. One subject with overt hyperthyroidism had a TSH level below the
limit of detection (< 0.008 mIU/L). The mean fT4 value among overt cases was 35.1 pmol/L
(range 25.8–54.0 pmol/L) and 54.6% of the 11 cases had elevated ATPO levels (> 60 U/ml).
The mean thyroid volume among the 11 cases of overt hyperthyroidism was 14.2 ml, with a
range from 5.8–34.6 ml. Among the 65 cases of subclinical hyperthyroidism, the mean value
for TSH was 0.12 mIU/L, with a range from 0–0.28 mIU/L. Five of the subclinical cases had
a TSH level below the limit of detection. The mean fT4 value for subclinical cases was 15.9
pmol/L (range 10.0–23.4 pmol/L) and the percentage with elevated ATPO levels was
45.4%. The mean for thyroid volume in subjects with subclinical hyperthyroidism was 12.8
ml, with a range from 5.9–36.2 ml. The majority of the 76 hyperthyroid cases occurred in
females (n=53, 69.7%).
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Background risk factors
Table 1 presents estimated odds ratios (ORs) and 95% CIs for the effects of age at
examination on hyperthyroidism prevalence. The overall adjusted OR estimates for the
prevalence of hyperthyroidism in the absence of radiation exhibit an increasing trend with
age at examination (P=0.05). The trend is more pronounced among females (P=0.03) than
among males (P=0.80), although a formal test for interaction was not significant (P=0.33).

Table 2 shows associations of other background risk factors with the prevalence of
hyperthyroidism. Subjects with ATPO levels ≥ 60 U/ml compared to those with normal
levels of ATPO (< 60 U/ml) had an OR of 2.63 (95% CI: 1.51–4.40, P<0.01). The OR was
also elevated among subjects with ultrasound-detected thyroid nodules compared to those
without such nodules (OR=2.63, 95% CI: 0.99–5.82, P=0.05). Individuals with thyroid
volume ≥ 20 ml on ultrasound had about twice the risk of prevalent hyperthyroidism as
those with thyroid volume below 20 ml (OR=2.07, 95% CI: 0.93–4.10, P=0.07), and risks
were also higher among subjects examined between June and November compared with
December through May (P=0.11). Associations with other background factors were close to
null.

Dose-response analysis
The overall mean (median) I-131 thyroid doses among cases and non-cases were 0.55 (0.21)
Gy and 0.66 (0.20) Gy, respectively.

Results of analyses examining a linear dose-response between radioiodine exposure and
hyperthyroidism are presented in Table 3, for all subjects combined and for males and
females separately. In the sample overall, there was no evidence to support a statistically
significant relationship; the linear EOR/Gy was 0.02 (P=0.90). The estimate for females was
higher (EOR/Gy=0.22), although it was also not statistically different from zero (P=0.31).
Due to the scarcity of male cases exposed at higher doses, the linear EOR model for males
could not be successfully fitted, except by imposing a non-negative constraint on the dose
response parameter (Table 3(b)).

Categorical dose response analyses were also conducted. Based on analyses with seven dose
categories, there was a suggestion of an increase in the estimated ORs at doses above 0.5 Gy
overall and among females in particular, although the estimates were not statistically
significant. (Table 3) Analyses based on alternative categorization of doses into three
categories, chosen to assure approximately even distribution of cases with hyperthyroidism,
were consistent with the previous categorization in that ORs for doses ≥ 0.5 Gy tended to be
higher, but not significantly different from the ORs for lower dose categories. We pursued
this finding further by fitting a dichotomous dose response model (with ≥ 0.5 Gy and < 0.5
Gy dose categories). The OR for individuals with dose ≥ 0.5 Gy compared to those with
dose < 0.5 Gy was estimated as 1.41 (95% CI: 0.79–2.45, P=0.23) for all subjects combined,
0.75 (95% CI: 0.24–1.98, P=0.49) for males and 1.89 (95% CI: 0.97–3.54, P=0.06) for
females. A more formal approach to the finding for females from the dichotomous dose
response analysis was based on fitting a model in which the threshold was allowed to vary.
The dichotomous model with an estimated threshold of 0.52 Gy (95%CI: 0–1.2) yielded an
OR of 2.00 (95%CI: 0.6–3.7, P=0.13). In addition, we fitted other threshold models
allowing for a trend before/after the threshold but did not find any improvement in goodness
of fit compared to the dichotomous model without trend.

Table 4 summarizes the fit statistics of the dichotomous dose response model with estimated
threshold as well as those of other models considered in this study. The fits of the models
among females are also illustrated in Figure 2. Both the figure and the AIC data in Table 4
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appear to favor the dichotomous dose response model, although we were not able to
discriminate among the fitted models statistically. An analysis restricted to subclinical cases
only produced results that were virtually the same as for the two types of hyperthyroidism
combined, although the p-values were slightly reduced (data not shown).

Additional dose-response analyses using alternative TSH cut-offs for the definition of
hyperthyroidism produced results largely similar (data not shown) to the main definition,
particularly for the lower cut-off of 0.25 mIU/L that is thought to be more relevant clinically
for predicting risk of atrial fibrillation. Although there were too few overt cases to evaluate
separately from subclinical cases, a re-analysis excluding the overt cases yielded similar
results to those for the two types of hyperthyroidism combined (not shown).

Effect modification
Table 5 presents data on modifying effects of selected factors based on the dichotomous
dose response model (≥0.5Gy vs. <0.5Gy). There was some suggestion that the effect of
I-131 on risk of prevalent hyperthyroidism may vary according to age at exposure (strongly
correlated in our cohort with age at examination), both overall (P=0.07/0.06 from the LRT
comparing the model with interaction against the no-dose-effect model/the no interaction
model) and among females (P=0.05/0.12). The highest I-131-related ORs were observed for
those exposed at 15–18 years old.

Discussion
In a screening study carried out in Ukraine in a cohort of 11,853 individuals under age 18
when they were exposed to fallout from the Chornobyl accident (principally to I-131), we
found no solid evidence of a dose response relationship with prevalent hyperthyroidism,
although statistical power to detect significant effects was limited by the relatively small
number of cases.

We examined categorical as well as parametric dose response function models in both the
overall study population and males and females separately. Among females there was an
indication (P=0.13) of elevated risk (OR=2.00) in a dichotomous model with an estimated
threshold of 0.52 Gy. Testing more conventional models of dose-dependence did not yield
better fits to the data. The AIC results and figure plot also seem to favor the dichotomous
dose response model with estimated threshold. However, this observation in females has to
be interpreted cautiously for a number of reasons: it did not reach conventional levels of
statistical significance; it was initially identified in an empirical analysis; and it could be a
chance finding given the number of analyses carried out. In addition, the dose response form
is unusual but if there is an interaction with age at examination and/or age at exposure as
suggested in our analyses, this may have affected the shape of the model. We plan to
investigate this further using data from future screenings that will add new cases of
hyperthyroidism as the cohort ages and increase statistical power.

There has been very little research into hyperthyroidism following environmental exposure
to I-131. Other studies of populations of children exposed to I-131 from Chornobyl fallout
have focused on hypothyroidism, which is a far more common form of thyroid dysfunction,
but few have reported positive results (13,14). Although the exposure in question was not
internal I-131 radiation, a recent publication based on atomic bomb survivors in Hiroshima
and Nagasaki who participated in a comprehensive thyroid screening study (33) reported a
nonsignificant elevated EOR/Sv for hyperthyroidism in those exposed to external radiation
at 10 years of age (EOR/Sv=0.49, 95% CI: −0.06–1.69, P=0.10). This estimate was based on
38 cases with Graves disease.
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The study we report here did have certain limitations, including some related to case
identification. For differential diagnosis of hyperthyroidism in a clinical setting,
measurement of fT3 as well as fT4 is standard practice (4, 34) since in subclinical cases,
levels of T3 as well as T4 should fall within laboratory reference ranges while in overt cases
both T3 and T4 levels will be elevated (35). However, in a large, population-based screening
program like ours, the number of assays had to be restricted due to cost constraints and T3
measurements were not included in the study protocol.

The absence of data on serum fT3 also prevented us from evaluating certain other diagnoses
as alternative explanations for the observation of low TSH levels among adolescent females.
A differential diagnosis of depression, for example, would be appropriate in some cases with
low serum TSH accompanied by decreased levels of T3, but T3 levels are frequently normal
in depressed patients, with reduced levels more typically found in cases of severe depression
(36). Although misclassification of depressed young females as cases of hyperthyroidism
would have attenuated any radiation dose-response in this gender group, the extent of such
misclassification is probably small. Serum TSH levels also decrease during the late first
trimester of pregnancy (2, 37). Females in our sample, many of child-bearing age, were not
asked whether they were pregnant at the time of the screening examination when blood
samples were drawn for measurement of TSH and other thyroid hormones. In the absence of
such information, pregnancy could potentially be misdiagnosed as thyroid dysfunction.
However, the dip in TSH levels during pregnancy is of brief duration, lasting for only a few
weeks. Moreover, the prevalence of hyperthyroidism in our cohort is no greater than in
studies of females of comparable age that excluded pregnant women (e.g., 37). It therefore
seems likely that our case group included few, if any, women whose subnormal levels of
serum TSH were a reflection of early pregnancy.

Statistical power is another consideration. Despite the larger sample size than in previous
studies, our power to detect modest effects was relatively low based on the 76 cases
identified at the initial screening. In addition, there were uncertainties in individual dose
estimates, the magnitude of which can be described by geometric standard deviations
(median of 1.7, range 1.6–5.0). Assuming that the contributions to these uncertainties were a
mixture of Berkson and classical errors, it is possible they may have led to underestimation
of a dose response (39).

We should point out that our study also had several notable strengths. In the context of a
thyroid screening program, we evaluated hyperthyroidism in a standard manner using
several alternative cut points to define subnormal TSH concentrations. Insofar as possible
given our limited numbers, we assessed the impact of case heterogeneity. In addition, I-131
thyroid dose estimates were based on individual thyroid radioactivity measurements taken
shortly after exposure, and data were available on a range of potential confounders collected
at interview or medical examination using standardized forms. After controlling for the
effect of I-131, we observed relationships with risk factors for hyperthyroidism that were
similar to those reported for non-irradiated populations (1–4), indicating that there appear to
be no unusual characteristics of our study group apart from their radioiodine exposure. As
expected, the ORs for hyperthyroidism in cohort members tended to increase with age and to
be higher in females and in those with large thyroids, ultrasound-detected nodules, and
elevated levels of ATPO. Although we screened only 40% of the target population identified
from a file of thyroid activity measurements, and 67.5% of those actually invited to
participate, the measured thyroid radioactivity was similar for participants and non-
participants (23). Selection bias is therefore unlikely.

In summary, the data presented here show that after evaluating a variety of continuous and
categorical dose response models in our analytic cohort overall and in each gender group

Hatch et al. Page 8

Radiat Res. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



separately, we found no clear-cut evidence of a dose response relationship between I-131
and the prevalence of hyperthyroidism at the initial screening.
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Figure 1.
Study Flow Chart

Hatch et al. Page 12

Radiat Res. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Association between hyperthyroidism prevalence and I-131 thyroid dose estimates for
females. Continuous EOR dose response models as well as a threshold model were fitted
and estimated functions plotted for the female-specific dose response analyses. 95%
confidence intervals were plotted for odds ratio estimates from the categorical response
model.
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Table 5

Odds ratios (OR) and 95% confidence intervals (CI) for prevalence of hyperthyroidism: the estimated effects
of I-131 thyroid dose (≥ 0.5 Gy vs. < 0.5 Gy) according to levels of other potential effect modifiers.

Characteristic

Combined Female

ORa 95%CI ORa 95%CI

ATPO level, U/mL

 < 60 1.48 0.76,2.76 1.98 0.92,4.04

 ≥ 60 1.26 0.43,3.28 1.70 0.52,4.68

 test for heterogeneityb/interactionc P=0.47 / P=0.78 P=0.16 / P=0.80

Place of residency

 Zhytomyr 0.75 0.28,1.86 1.66 0.61,4.30

 Kyiv 1.97 0.67,5.28 1.86 0.51,5.49

 Chernihiv 1.97 0.82,4.24 2.22 0.73,5.61

 test for heterogeneityb/interactionc P=0.22 / P=0.23 P=0.29 / P=0.91

Period of examination

 Dec-Feb 3.02 0.91,11.76 4.31 1.28,15.52

 Mar-May 0.88 0.20,2.80 1.74 0.39,5.76

 Jun-Aug 2.79 1.02,6.97 2.46 0.68,7.14

 Sep-Nov 0.62 0.17,1.71 0.81 0.18,2.50

 test for heterogeneityb/interactionc P=0.09 / P=0.08 P=0.09 / P=0.22

Ultrasound-detected nodules

 No 1.53 0.84,2.70 2.05 1.03,3.93

 Yes 0.53 0.03,3.47 0.82 0.04,5.45

 test for heterogeneityb/interactionc P=0.30 / P=0.31 P=0.12 / P=0.57

Diffuse goiter

 No 1.45 0.77,2.63 2.04 1.00,3.96

 Yes 1.31 0.43,3.20 1.42 0.33,4.19

 test for heterogeneityb/interactionc P=0.49 / P=0.85 P=0.14 / P=0.39

Current smoking status

 No 1.56 0.83,2.82 1.84 0.91,3.54

 Yes 1.02 0.30,2.66 2.30 0.36,8.04

 test for heterogeneityb/interactionc P=0.37 / P=0.45 P=0.16 / P=0.78

Urinary iodine, μg/L
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Characteristic

Combined Female

ORa 95%CI ORa 95%CI

 < 20 1.16 0.27,3.35 2.17 0.50,6.46

 ≥ 20 1.48 0.79,2.67 2.03 0.98,3.99

 Missing/Unknown 1.30 0.21,4.36 0.86 0.05,4.12

 test for heterogeneityb/interactionc P=0.66 / P=0.92 P=0.22 / P=0.63

Age at exposure, years

 0–4 0.54 0.15,1.57 0.47 0.07,1.91

 5–9 1.43 0.56,3.17 1.88 0.68,4.50

 10–14 1.82 0.71,4.09 3.03 1.15,7.11

 15–18 5.08 1.40,14.65 4.88 0.73,19.42

 test for heterogeneityb/interactionc P=0.07 / P=0.06 P=0.05 / P=0.12

a
All analyses performed with adjustment for gender, age at exposure by gender, place of residency, periodof examination, ATPO level, thyroid

volume and ultrasound-detected nodules.

b
Based on the LRT for the no dose effect vs dichotomous effect with interaction.

c
Based on the LRT for the interaction with the dichotomous dose effect.

Radiat Res. Author manuscript; available in PMC 2014 February 18.


