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Abstract

Interviews with questionnaires are often employed to provide information that may be used for 

exposure assessment although the reliability of such information is largely unknown. In this work, 

the consistency of individual behavior and dietary data collected by means of personal interviews 

during two study screenings was evaluated. Data were collected for a cohort of about 11,000 

persons exposed to 131I in childhood and adolescence shortly after the Chernobyl accident. The 

best recollection was found for residential history, milk consumption patterns and, to a lesser 

degree, stable iodine administration, while reproducibility of responses about consumption of milk 

products and leafy vegetables was poor. Consistency of information reported during the personal 

interviews by the study subjects younger than 10 years of age at the time of the accident was 

somewhat lower than for the subjects aged 10-18 years. We found slightly better reproducibility of 

responses for female study subjects than for male subjects and when the time span between two 

interviews was shorter. In the majority of instances the best consistency in responses was observed 

when the mother was interviewed during both screenings rather than the subject. Information that 

was collected during two personal interviews was used to calculate two sets of thyroid doses due 

to 131I intakes. Our study shows that, because dose-related measurements are available for all 

study subjects, the quality of individual behavior and dietary data has, in general, a small influence 

on the results of the retrospective dose assessment. For studies in which dose-related 

measurements are not available for all study subjects and only modeling is used for dose 

reconstruction, high quality individual behavior and dietary data for the study subjects are required 

to provide realistic and reliable dose estimates.
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Introduction

Individual data collected by means of personal interviews are an important source of 

information for the assessment of exposure to individuals in epidemiological studies of 

cancer and other diseases, including radiation epidemiology. One of the main problems in 

retrospective studies is an uncertainty to what extent collected data from the distant past, in 

particular dietary data are reliable (Byers et al. 1997; Lee-Han et al. 1989). Ideally, the 

information collected for the subjects in an epidemiological study should completely and 

precisely reflect the events that occurred in the distant past. However, this is difficult to 

expect when the recalled period of interest and the time of data collection are ten or more 

years apart (Maruti et al. 2005; Willett 1998).

We examined the reliability of responses to questions about residential history and dietary 

pattern in the distant past obtained for a cohort of 11,732 subjects of a long-term 

epidemiological study of thyroid cancer and other thyroid disease in individuals exposed in 

childhood and adolescence to radiation following the Chernobyl accident, which occurred 

on 26 April 1986 (Stezhko et al. 2004; Zablotska et al. 2011; Ostroumova et al. 2013). The 

majority of the study subjects or his/her relatives were interviewed at least two times 

between 1996 and 2007 during two medical screenings of the cohort. The personal data on 

residential history and diet that were collected during the interviews were needed to assess 

the individual thyroid doses of the study subjects due to intakes of Iodine-131 (131I). 

Because of the short half-life, about 8 days, of 131I, the period of exposure to that 

radionuclide was about 2 months and is considered to have been completed by 30 June 

1986. The personal interview data collected 10-20 years after the period of exposure were 

one source of uncertainty in the doses that in turn affects the risk estimates associated with 

radiation. The availability of repeated interviews made it possible to evaluate the reliability 

of data reported for events that occurred in the distant past and its relevance for radiation 

exposure assessment. Such evaluation is considered in this paper.

Materials and Methods

Study Population

Information on personal behavior and food consumption patterns during the first two months 

following the Chernobyl accident was collected for 10,966 study subjects during two 

personal interviews: 12,408 dosimetry questionnaires were completed during the first 

screening (30 December 1996 to 31 March 2001), and 13,097 dosimetry questionnaires were 

administered during the second screening (1 April 2001 – 31 May 2007) (Table 1).

The study timeline is shown in Fig. 1. The time span between the recalled period of interest, 

i.e. the period of exposure from 26 April to 30 June 1986, and the time of recollection was 

13.2±1.2 y for the first interview and 16.8±1.8 y for the second interview. The median and 

inter-quartile time spans between interviews were 3.2 y and 2.1-5.0 y, respectively. Seventy-

eight (0.5%) of the 14,982 questionnaire pairs were administered within one year of each 

other; 4,092 (27.3%) interviews were performed within a time interval of less than 2.1 y, and 

3,789 (25.3%) interviews were performed within a time interval of more than 5.0 y.
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All study subjects were under 18 years of age at the time of the Chernobyl accident (ATA). 

Of the individuals included in the study, 6,800 (62.0%) were less than 10 y old ATA and 

4,166 (38.0 %) were between 10 and 18 y. The mean age of subjects ATA was 7.0±4.9 y; at 

the times of the first and second screenings, their mean ages were 20.8±5.3 y and 24.5±5.3 

y, respectively.

The quality of the data reported during the personal interview may depend on the type of 

respondent, who was often the subject, but was also, when the subject was too young ATA, 

his or her mother or other relatives. Therefore, we evaluated the reproducibility of the 

questionnaire data separately for various pairs of respondents: subject-subject, subject-

mother, mother-mother, subject-other relative**, mother-other relative, and other relative-

other relative; overall, 14,982 pairs of questionnaires were obtained for the 10,966 study 

subjects (Table 2). It should be noted that we compared pairs of questionnaires and did not 

account for the order of respondents in the first and second interviews. For example, out of 

the 4,294 pairs of subject-mother questionnaires (Table 2), the subject was the respondent 

during the first interview and the mother was the respondent during the second interview 

3,866 times, while the mother was the respondent during the first interview and the subject 

was the respondent during the second interview 428 times.

The reproducibility of the responses for the most important data for dose assessment (i.e., 

residential history and cow's milk consumption) were also evaluated by (a) age of the 

subjects ATA, i.e. < 10 y or 10-18 y old, (b) subject's sex, (c) rural or urban type of subject's 

residence ATA, and (d) time span between interviews, i.e. < 2.1 y or 5.0+ y, which are the 

lowest and highest quartiles of the time span between interviews.

The study was reviewed and approved by the institutional review boards of the participating 

organizations in Belarus and the United States. All study subjects (or their guardians for 

subjects who were 16 years of age or younger at the time of screening) signed an informed 

consent.

Study Questionnaires

The following information was collected during the personal interviews:

– Residential history, i.e. place of residence ATA, and, if applicable, settlements where 

the subject was relocated between 26 April and 30 June 1986, and dates of relocation to 

those settlements;

– Consumption rates and dates of consumption of privately owned cow milk, milk from 

a commercial trade network, as well as milk products (milk soup or porridge, cottage 

cheese, sour milk or kefir, cream or sour cream), and leafy vegetables between 26 April 

and 30 June 1986;

– Dates and duration of stable iodine administration between 26 April and 31 May 

1986.

**Other relatives were: sibling (55%), father (27%), and others (18%) during the first screening; father (62%), sibling (20%), 
grandmother (8%), aunt (6%), and others (4%) during the second screening.
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Although the same type of information was collected during the first and second screenings, 

the designs of the questionnaires used were slightly different. In particular, in the first 

screening, the respondent was asked questions about the departures from places of 

residence, while during the second screening he/she was questioned about the sequence of 

relocations. In the questionnaire used during the first screening, milk consumption was tied 

to the dates of the beginning and end of consumption because of relocation from 

contaminated areas, and the amount of milk consumed was reported in liters. During the 

second screening, the milk consumption corresponded to the settlements where the subject 

lived from 26 April to 30 June 1986, and the amount of milk consumed could be reported in 

various units, including liters, glasses, cups, and half-liter bottles.

The questionnaires included “basic” and “follow-up” questions. A positive response to a 

basic question, such as “Did you drink milk?” triggered follow-up questions, e.g., “When 

did you drink milk?”, “What kind of milk?”, “How much?”, “How often?” etc., whereas 

follow-up questions were not needed when a negative answer such as “No” or “I do not 

remember” was given. If a respondent did not recall the exact date of, for example, 

relocation from one settlement to another, he or she was prompted to estimate the general 

period of time during which the event occurred, such as “end of April [1986]”, “beginning 

of May”, “middle of May”, “end of May” or “June”. The questionnaire used for the study 

subject (or relative) during the first screening included 24 basic and 69 follow-up questions 

while the questionnaire for the second screening included 17 basic and 81 follow-up 

questions on the same topics. The questionnaires used in the two screenings were 

approximately of the same length.

Personal Interview

The reliability and validity of information collected during the interview is likely to be 

influenced by the training and experience of the interviewer (Lee-Han et al. 1989). The 

interviewers who participated in this study were employees of the Dosimetry and 

Epidemiology Departments of the Belarusian Medical Academy of Post-Graduate Education 

(Minsk, Belarus) or of the Republican Research Center for Radiation Medicine and Human 

Ecology (Gomel, Belarus). They have an M.S., B.S., or A.B.S. degree and had received 27 

hours of training. They were trained to behave during the personal interview in a neutral 

manner and not to show any type of emotion either when asking the questions or when 

listening to the answers. The interviewers were trained to use probing techniques to 

stimulate the memory recall of the respondent. The interviewer showed special probing 

cards to respondents, such as a calendar for April – May 1986 with indication of major 

holidays (Labor Day, 1 May; Orthodox Easter, 4 May; Victory Day, 9 May) and pictures of 

cups, glasses and bottles to recall the consumption pattern of cow's milk.

The interviews were conducted in person when the subject attended medical screenings 

within the framework of the study. The interviewer consistently read questions from a paper 

questionnaire and recorded the responses.

The database of information collected during the personal interview was designed for 

storage, further analysis, and use in the calculation of doses. Each questionnaire was double 

key entered by two operators. The database verification included comparison of the 
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responses entered by the operators in two databases. When discrepancies occurred, the 

correct answer was checked in the paper questionnaire and the error was corrected in the 

database.

Calculation of Thyroid Doses

Fig. 2 shows the simplified scheme of thyroid dose calculation for the Belarusian study 

subjects. The thyroid doses due to 131I intakes were calculated in the study using input data 

specific to each study subject (measurement of exposure rate near the thyroid and personal 

interview) and ecological and biokinetic data (e.g., 131I ground deposition in the settlements 

or thyroid uptake of 131I). The information obtained during the interviews was included into 

an “ecological model” of calculation of thyroid doses due to 131I intakes. This model 

describes the transfer of 131I from ground deposition to milk and other foodstuffs, and 

finally to child's thyroid. In order to calculate the “instrumental” thyroid dose, the 

“ecological” dose was calibrated by the 131I activity in the thyroid derived from the direct 

thyroid measurement. A detailed description of the ecological model and of the calculation 

of the “ecological” and “instrumental” thyroid doses can be found elsewhere (Drozdovitch 

et al. 2013).

For each subject, two sets of ecological and two sets of instrumental thyroid doses due 

to 131I intakes were calculated using personal information obtained during the first and the 

second interviews. The same measured 131I activity in the thyroid and the same parameter 

values for the ecological and biokinetic models were used for each study subject to calculate 

the thyroid doses; the only values that were different in the calculation of these sets of doses 

were those related to individual behavior and dietary data that were reported during the two 

interviews.

Statistical Analysis

The percentage of agreement, the nonparametric Spearman's rank-correlation coefficient, rs, 

and the kappa statistics, κ, were used to measure the degree of agreement of the responses 

between the two interviews. For the responses with text, i.e., name of settlement, the 

percentage of agreement between the answers was estimated. For responses with dates, 

exact date, date ± 1 day, and general period of time during which the event occurred, such as 

“end of April [1986]”, “beginning of May”, “middle of May”, “end of May”, or “June”, 

were compared between the two questionnaires, and the percentage of agreement and κ-

statistics were used to measure the degree of agreement. Numerical responses were treated 

in two ways: (a) for whole numbers, i.e., number of settlements of residence, the percentage 

of agreement and Spearman's rank-correlation coefficients were calculated; and (b) for 

consumption rates and thyroid dose estimates, i.e. values that could not be expected to be 

exactly the same, the data were categorized in intervals, and the percentage of agreement in 

the categories and κ-statistics for categories were estimated. κ-statistics and Spearman's 

rank-correlation coefficients were used only for pairs without missing responses, such as “I 

do not remember”. Kappa statistics κ<0 indicates no agreement, while 0-0.20 range 

corresponds to a slight agreement, 0.21-0.40 to fair, 0.41-0.60 to moderate, 0.61-0.80 to 

substantial, and 0.81-1.0 almost perfect agreement (Landis and Koch 1977). The two sets of 

consumption rates and thyroid doses were compared using the Wilcoxon and Kruskal-Wallis 
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tests, because values were not normally distributed; here, the p-value represents the 

significance level of whether data sets differ.

Results

Table 3 shows the distribution of responses provided by different pairs of respondents 

during two interviews by questions and categories of respondents. As mentioned above, 

14,982 pairs of questionnaires were compared in the study. Three-hundred fifty four 

questionnaire pairs were not included in the analysis by type of residence (rural or urban) as 

these respondents reported different types of residence during the first and the second 

interviews.

Table 4 summarizes the degree of consistency between answers in pairs of questionnaires 

administered to the 10,966 subjects or their relatives during the two screenings. The data 

related to the different topics covered in the questionnaires are given in detail in the 

following sections.

Residential History

A reliable residential history is important for thyroid dose calculation as the deposition 

of 131I on the ground surface in the settlement of residence is the starting point of the 

ecological model that describes the processes of 131I transfer to the accumulation of child's 

thyroid.

Name of the settlement ATA—As indicated in Table 4, there is an almost perfect 

agreement of the name of settlement inhabited by the subject ATA, regardless of the age, 

sex, or time elapsed between interviews. The name of the place of residence ATA matched 

for 13,206 (88%) pairs of questionnaires. The reproducibility of information reported during 

the personal interviews was best when the type of residence ATA was rural.

Number of settlements of residence from 26 April to 30 June 1986—3,626 (29%) 

respondents during the first interview and 3,358 (26%) respondents during the second 

reported that the subjects did not move from their place of permanent residence from 26 

April through 30 June 1986; 8,465 (68%) respondents during the first interview and 9,555 

(73%) during the second reported that the subjects changed residence (Table 5). The median 

and inter-quartile range of the numbers of relocations reported during the first interview 

were 3 and 1-3, respectively; the corresponding numbers collected during the second 

interview were 2 and 1-3, respectively.

The same number of settlements of residence was reported by 7,191 respondents (48%, 

rs=0.55) during the two different interviews (Table 4). A difference of one settlement was 

reported in 4,567 (30%) of the pairs of interviews (not shown). As can be seen from Table 4, 

the reproducibility of information reported during the personal interviews was moderate to 

substantial and was best when the mother or the subject responded to both interviews.

Date of first relocation—For the subjects who changed settlement of residence after the 

accident, the most important contribution to the thyroid dose was, in general, received in the 
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settlement of residence ATA and was higher as the time elapsed before the first relocation 

was longer. The distribution of the dates of first relocation that were reported during the 

interviews is shown in Table 5. During the first interview 2,506 (20%) of respondents 

reported that the subjects moved from their place of residence during the first 5 days after 

the accident (between 26 and 30 April 1986); the same response was reported by 1,913 

(15%) respondents during the second interview. During the first interview 3,776 (30%) of 

respondents reported that the subjects moved from their place of residence between 1 and 10 

May 1986; 4.652 (36%) respondents provide the same response during the second interview. 

It should be noted that most of the 131I intake with cow's milk took place before 10 May 

1986.

Agreement on the date of first relocation was observed for 42% of the questionnaire pairs 

(Table 4). The consistency of the answers provided during the interviews was fair to 

moderate and did not depend much on the age, gender, and type of residence of the subject 

ATA. However, the consistency was better when the mother or the subject responded to 

both interviews.

Name of settlement of first relocation—The name of the settlement of first relocation 

was the same for 4,547 (49%) questionnaire pairs. The reproducibility of the answers 

reported during the two interviews was somewhat better for the name of the settlement of 

first relocation than for the date of relocation. The consistency was highest for the subjects 

with an urban type of residence ATA and when the time elapsed between interviews was 

less than 2.1 y.

Residential History for Evacuees from the 30-km Zone

A separate analysis of the results was conducted for the inhabitants of settlements located in 

the 30-km zone around the Chernobyl nuclear power plant which were evacuated shortly 

after the accident. Knowledge of the residential history for evacuees is important as 

evacuated settlements were highly contaminated with 131I and, therefore, evacuees received 

the highest thyroid doses due to 131I intakes. During the first screening, 729 questionnaires 

were completed for 616 respondents who reported that the subjects were evacuated from the 

30-km zone while during the second screening, 751 questionnaires were completed for 631 

evacuees.

During the first interview, 330 (45%) respondents reported that they were evacuated before 

1 May 1986; the same information was reported by 274 (37%) respondents during the 

second interview. The number of respondents who reported that evacuation occurred 

between 1 and 7 May 1986 was 299 (41%) during the first interview and 407 (54%) during 

the second interview. The number of respondents who reported that the evacuation occurred 

later than 7 May 1986 was 41 (5.6%) during the first interview and 50 (6.6%) during the 

second interview. In 41 (5.6%) first interviews and in 15 (2.0%) second interviews, the 

respondents stated that they did not leave the evacuated settlement before the end of June. 

This is inconsistent with published information that the evacuation of children from the 30-

km zone around the Chernobyl power plant was completed in Belarus by 7 May 1986 

(UNSCEAR 2000).
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The consistency of the responses for evacuees was similar to that obtained for the entire 

group of study subjects who changed residence during the two months following the 

accident. For evacuees, the name of the place of residence ATA matched for 85% of the 

compared pairs of questionnaires, while the same name for the settlement of residence after 

evacuation was reported in 46% questionnaire pairs. There was agreement on the number of 

settlements of residence and on the date of evacuation in 36% and 49% of questionnaire 

pairs, respectively. Mothers interviewed during both interviews showed better consistency in 

the responses related to evacuation (except for the name of the settlement ATA) than the 

other pairs of respondents.

Consumption of Cow Milk

We compared responses provided during the first and second interviews on the consumption 

of milk from privately owned cows and milk from a commercial trade network, which was 

collected from neighborhood areas and processed in a local milk plant. These two types of 

milk were considered separately because the concentration of 131I in the milk from privately 

owned cows was in general higher than that in the milk from a commercial trade network 

and, therefore, milk from privately owned cows had a higher potential for exposure than the 

milk from a commercial trade network.

We analyzed the following categories of responses: type of milk consumed; consumption 

rate ATA (26 April 1986), and consumption rate averaged over the period 26 April – 10 

May 1986 when most of the changes in milk consumption occurred and most of the 131I 

intake with milk took place. The average consumption rate was calculated as:

(1)

where d=15 is the number of days in the time interval from 26 April through 10 May and Vd 

is the consumption rate of milk on day d (L d-1).

We found that the fraction of study subjects who reported milk consumption was lower 

during the first interview than during the second: 58% vs 61% for consumers of milk from 

privately owned cows, 38% vs 45% for consumers of milk from a commercial trade 

network, and 78% vs 88% for consumers of any type of milk. Table 6 presents the reported 

consumption rates of milk from privately owned cows and of milk from a commercial trade 

network averaged over the period 26 April – 10 May 1986. As can be seen from the table, a 

higher consumption rate of privately owned cow milk was reported during the first interview 

than during the second (0.51 L d-1 vs 0.44 L d-1, respectively, p<0.001). There was no 

statistically significant difference in the consumption rates of milk from a commercial trade 

network that were reported during the first and the second interviews (0.23 L d-1 vs 0.21 L 

d-1, respectively, p=0.842).

Source of milk (from privately owned cows or from a commercial trade 
network)—As can be seen from Table 4, the reproducibility of information reported during 

the personal interviews was fair to moderate with regard to the source of milk. The 
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agreement was better for study subjects who were older than 10 y ATA than for younger 

subjects, when the time span between interviews was shorter than 2.1 y, and when the study 

subject was interviewed instead of a relative. There was no substantial difference according 

to the sex or type of residence of the subject ATA.

Consumption rate ATA of milk from privately owned cows—The reproducibility 

of the answers on that topic was fair to moderate. There was not much difference in the 

degree of consistency according to the type of respondent. The consistency was better when 

the type of residence ATA was urban rather than rural, for female subjects in comparison to 

male subjects, and when the span between interviews was shorter than 2.1 y.

Consumption rate of milk from privately owned cows (averaged over 15 days)
—The reproducibility of the answers was fair to moderate and showed a very similar pattern 

to that obtained for the answers reported for the consumption rate ATA: better consistency 

when the type of residence ATA was urban rather than rural, for female subjects in 

comparison to male subjects, and when the span between interviews was shorter than 2.1 y.

Consumption rate ATA of milk from a commercial trade network—A fair to 

moderate agreement was found for the consumption rate ATA of milk from a commercial 

trade network. There were small differences according to the subject's sex or the type of 

respondent. The degree of consistency was better when the type of residence ATA was rural 

rather than urban and for study subjects who were older than 10 y ATA than for younger 

subjects.

Consumption rate of milk from a commercial trade network (averaged over 15 
days)—The reproducibility of the answers was fair. The degree of consistency was better 

when the type of residence ATA was rural rather than urban, when the time span between 

interviews was shorter than 2.1 y, for study subjects who were older than 10 y ATA than for 

younger subjects, and for female subjects in comparison to male subjects.

Consumption of Milk Products

The respondents were inquired about the consumption of the following types of milk 

products: milk soup or porridge, cottage cheese, sour milk or kefir, sour cream or cream. It 

should be noted that during the first screening interview, all respondents were asked 

questions about the consumption rates of milk products. During the second screening, only 

those who claimed that the subject drank less than 0.25 L d-1 of milk, did not consume milk, 

or did not remember his/her milk consumption were asked about the consumption of milk 

products to address what became a potentially important source of 131I intake. Therefore, the 

information on milk products was collected for 100% of respondents during the first 

screening and for 74% of respondents during the second screening.

Mean and median values as well as ranges of consumption rate of milk products are shown 

in Table 6. As can be seen from the table, a lower consumption of milk products was 

reported during the second interview (0.20 kg d-1) than during the first (0.23 kg d-1), 

(p<0.001).
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Overall, there was only a slight agreement on the consumption pattern of milk products 

(Table 4). The reproducibility of the consumption rates of milk products was best when the 

mother of the subject was the respondent during both interviews.

Consumption of Leafy Vegetables

The parameters related to the consumption of leafy vegetables that were analyzed are the 

date or time period when the study subject started to consume leafy vegetables in spring of 

1986, the date or time period when he or she stopped, and the consumption rate of leafy 

vegetables. We found that the fraction of study subjects who reported leafy vegetables 

consumption was lower during the second interview than during the first: 40% vs 47%. The 

reported consumption rate of leafy vegetables was lower during the second interview (0.031 

kg d-1) than during the first (0.047 kg d-1) (p<0.001) (Table 6).

Kappa statistics showed only a slight agreement in the responses between the first and the 

second interviews on the dates of beginning of consumption of leafy vegetables, on the date 

of end of consumption of leafy vegetables, and on the consumption rates of leafy vegetables. 

The reproducibility of consumption rates of leafy vegetables was better when the mother of 

the subject was the respondent during both interviews (Table 4).

Stable Iodine Administration

About 30% of the thyroid dose due to 131I intake was prevented if stable iodine was 

administered the day after the accident (on 27 April); around 15, 10 and 5 percent – if stable 

iodine was administered 5 days after the accident (on 1 May), 10 days after the accident (on 

5 May) or 15 days after the accident (on 10 May), respectively (8). During the first 

interview, 3,462 (28%) respondents reported that the subjects took stable iodine for 

prophylactic purposes compared to 5,033 (38%) respondents during the second interview. 

Information on the dates when stable iodine was administered is presented in Table 7. 

During the first interview, 2,405 (19%) respondents reported that they took stable iodine 

before 10 May 1986; the same information was reported by 3,614 (28%) respondents during 

the second interview. However, only 590 (4.7%) respondents during the first interview and 

913 (7.0%) respondents during the second interview reported intake of stable iodine shortly 

after the accident, between 26 April and 30 April 1986, when blockade of radioactive iodine 

uptake was the most effective to prevent thyroid exposure.

Overall, according to Table 4, there was fair to moderate agreement between the responses 

of the respondents on the occurrence of stable iodine administration, date of beginning, and 

duration of stable iodine administration. The reproducibility of information on 

administration of stable iodine was best when the mother of the subject was the respondent 

during both interviews.

Thyroid Doses from 131I Intakes

Individual thyroid doses, both ecological and instrumental, were calculated using behavioral 

and dietary data obtained during the first and the second interviews (Table 8). As can be 

seen from the table, a moderate agreement was observed (rs=0.66) between the ecological 

dose values calculated using the data from the two interviews. With regard to the exposure 
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pathways that contributed to the thyroid dose, which were, by decreasing order of 

importance, the consumption of cows' milk, the consumption of milk products, the 

consumption of leafy vegetables, and inhalation, a high correlation (rs=0.88) was observed 

between the ecological doses due to inhalation of 131I calculated using the data from the two 

interviews, but the agreement was not as good for the ecological doses due to intakes of 131I 

in milk (rs=0.46), milk products (rs=0.26) and leafy vegetables (rs=0.25). On the other hand, 

the instrumental doses calculated using data from the two interviews yielded an almost 

perfect agreement (rs=0.97).

Fig. 3 and 4 compare the individual ecological and instrumental thyroid doses, respectively, 

calculated for all study subjects using information from the first and second interviews. As 

can be seen from Fig. 3, the ecological thyroid doses estimated for the same study subject 

using the results of different interviews were spread over five orders of magnitude. The low 

degree of agreement between the ecological doses calculated for the same person using 

different questionnaires was caused by the rather poor agreement on dietary information 

and, to a lesser degree, residential history, reported during two personal interviews. For most 

study subjects, the ecological dose is, as a first approximation, directly proportional to 

the 131I deposition density in the main settlement of residence and to the consumption rate 

of fresh cows' milk. Therefore, the low degree of agreement in the individual behavioral and 

dietary data reported during the two interviews led to the low degree of agreement between 

the ecological doses that were calculated using this individual information.

Essentially better agreement was observed for the instrumental doses (Fig.4). For 96% of the 

instrumental doses (κ=0.809) and 51% of the ecological doses (κ=0.260) the two sets of 

doses agreed within 50% (Table 4). A difference of less than 10% in the instrumental doses 

calculated from the data collected during the two interviews was found for 43% of the 

respondents, while the corresponding percentage was only 8.2% for the ecological doses 

(not shown). The mean ratios of the doses calculated for the entire cohort using data from 

the first and the second interviews were 3.8±33 for the ecological doses and 1.1±0.7 for the 

instrumental doses; the corresponding median ratios were 0.82 and 1.0 for the ecological 

and the instrumental doses, respectively (Fig.5).

Discussion and Conclusions

We evaluated the reproducibility of the individual behavior and dietary consumption data 

for about 11,000 study subjects reported during two personal interviews. In general, the data 

collected during the two interviews were rather consistent with regard to answers to basic 

questions such as “Did you move from place of permanent residence?”, “Did you consume 

milk?”, “Did you take stable iodine?”. For more detailed information on dates and 

consumption rates obtained from responses to follow-up questions, the agreement between 

the two interviews was not as good. The best recollection in our study was found for 

residential history, milk consumption and, to a lesser degree, stable iodine administration, 

while responses about the consumption of milk products and leafy vegetables were 

disappointing in terms of reproducibility. Responses agreed better on number of relocations, 

names of settlements and consumption pattern rather than on dates of relocations.

Drozdovitch et al. Page 11

Health Phys. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We found that male and female study subjects showed similar consistency in answers 

regarding residential history while female subjects showed better reproducibility of 

responses on consumption of cows' milk. There is inconsistency in the literature regarding 

the quality of the recall by gender. While Byers et al. (1983) reported higher correlations 

among females than males in his diet study, null or opposite findings have been reported in 

other studies (Friedenreich et al. 1992; Jensen et al. 1984; Kuzma and Lindsted 1990). Many 

characteristics influence this analysis, particularly the timing in history, the culinary 

characteristics in the population being studies, socioeconomic status and the types of 

instruments being used to assess the original and recalled diet. Given the population 

characteristics in Belarus, it is likely that the female subjects were more responsible for the 

diet, particularly for children; therefore, they recalled dietary information better than boys.

We did not find systematic difference in reproducibility of response between urban and rural 

respondents. They showed different direction of consistency in the responses on residential 

history and consumption patterns.

We found that the reproducibility of the responses was higher when the time span between 

interviews was shorter. This result agrees with other studies (Riboli et al. 1997; Thompson 

et al. 1987).

We found that lower consumption rates of milk and milk products were reported during the 

second screening. It is generally recognized that recall of past diet is strongly influenced by 

present dietary habits (Rohan and Potter 1984; Thompson et al. 1987; Dwyer et al. 1989). 

We do not have information about respondent's diet at the time of the interview; however, 

more people may recognize lactose intolerance in later adolescence that might cause 

reporting lower consumption rates during the second interview.

Respondents provided more information on relocations during the second interview. As 

respondents were asked questions about the sequence of relocations in the second interview 

but only about the dates of departure from places of residence in the first interview, they 

may have remembered the chain of events better than a single event.

We found that the agreement for most of the responses provided during the two interviews 

was fair or moderate. There are a few reasons for the relatively poor reproducibility of 

information in our study:

– First, such results are not surprising as the time span between the period of interest 

and time of recollection in this study was from 10 to 20 years. It is generally recognized 

that reporting accuracy decreases as the time span between the reference and the 

recollection period increases. Low validity and reproducibility of data on recalled diet 

was reported for recollections exceeding 10 years (Maruti et al. 2005; Willett 1998). 

Studies with intervals ranging from 1-10 years yield average correlations of 0.50-0.75, 

while studies with recall periods of 10-15 years in the past yield correlations of 

0.35-0.55 (Friedenreich 1994). It has also been noted that studies that include 

instruments assessing many aspects of diet and contain more than 100 items show 

higher correlations than those with 50 or fewer items. This may have a cognitive aspect 

of placing the person closer to the time period in question. Recollection can be more 
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accurate if asked about unique events in person's life, like pregnancy for women (Bunin 

et al. 2001). The Chernobyl accident was a unique event for the study subjects and their 

relatives.

– Second, although the same type of information was collected during the first and 

second interviews, the designs of the questionnaires used for the first and second 

interviews were slightly different. The questionnaire wording and level of detail of the 

questions likely influence recall ability during data collection (Friedenreich 1994). To 

check if responses to the same questionnaire were more consistent than those to 

different questionnaires, we extended our analysis with 1,589 questionnaire pairs 

completed for 1,361 subjects using the same questionnaire within the first screening and 

with 2,215 questionnaire pairs completed using the same questionnaire for 2,083 

subjects within the second screening. We found that reproducibility of information 

within the same screening was similar to that obtained in different screenings. For 

example, we found moderate agreement for information on source of milk for study 

subjects (61% agreed, κ=0.442 and 69% agreed, κ=0.550 for interviewed twice within 

the first and within the second screening, respectively) and mothers (61% agreed, 

κ=0.459 and 63% agreed, κ=0.509 for interviewed twice within the first and within the 

second screening, respectively). The similar consistency of responses on source of milk 

between two interviews conducted during two different screenings was observed for 

subjects (62% agreed, κ=0.447) and for mothers (60% agreed, κ=0.449) (Table 4).

– Another factor that might cause the differences in the responses was the selection of 

respondent in the first and second interview. It was expected that mother could provide 

the most reliable information on behavior and dietary data for her child on events in 

early childhood. While it is typical to have mothers report for children under age 10 y 

(Baranowski et al. 2012; Burrows et al. 2010), it may be useful to have the mother 

report for older children as well. This may be especially true for a rural population 

where the mother would spend much time overseeing all aspects of the family's diet. 

Indeed, we found that in the majority of instances the best reproducibility was observed 

when mother was interviewed during both first and second interviews rather than 

subject.

We found no difference in reproducibility of responses depending on whether the subject or 

the mother was interviewed first. We analyzed the consistency of answers between the 3,866 

pairs of questionnaires when subject was the respondent during the first interview and 

mother was the respondent during the second interview, and the 428 pairs of questionnaires 

when mother was the respondent during the first interview and subject was the respondent 

during the second interview. Overall, a rather good agreement between these two categories 

was found for (1) the number of settlements of residence (42% agreed, rs=0.41 and 43% 

agreed, rs=0.44, respectively); (2) date of the first relocation (37% agreed, κ=0.274 and 34% 

agreed, κ=0.264); (3) name of the settlement of residence ATA (86% and 81% agreed); and 

(4) name of the settlement of first relocation (46% and 41% agreed).

Out of the 6,800 subjects who were younger than 10 y ATA, 4,183 and 1,566 subjects were 

administered personal interviews during the first and the second screening, respectively. We 

found that the reproducibility of information reported during the personal interviews by 
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subjects younger than 10 y ATA was, in general, lower, but sometimes similar, than that 

reported by older subjects. It should be noted that along with the invitation to the interview 

the study subject received a self-administered questionnaire. The subject was asked to 

complete and return a self-administered questionnaire or to bring it to the personal 

interview. To stimulate memory recall, the self-administered questionnaire consisted of a 

small number of questions, such as “What was your place of residence at the time of the 

Chernobyl accident on 26 April 1986?”, related to the main topics of the questionnaire. 

Completing a self-administered questionnaire by young subjects caused discussion with 

parents and other relatives. So, sharing memories with relatives may have improved the 

recollection.

Individual behavior and dietary consumption data that were collected during the first and the 

second interviews were used to calculate, for each study subject, two sets of ecological and 

two sets of instrumental thyroid doses due to 131I intakes. We found poor agreement 

between ecological doses calculated for the same person using different questionnaires. 

High uncertainties in ecological doses were caused by discrepancies in residential history 

and dietary data reported during two interviews. Essentially better agreement was found for 

the instrumental doses, which are results of calibration of ecological doses using the result 

of the direct thyroid measurement. This confirms our early finding that, in general, 

uncertainties in instrumental thyroid doses are not driven by questionnaire data 

(Drozdovitch et al. 2015). It should be noted that although the two values of instrumental 

dose calculated for the same study subject using different interviews' data are, in general, 

rather consistent, substantial differences (> 10 times) were obtained for 23 of the 14,982 

compared dose pairs. Further work is underway to explain such discrepancies.

Without a gold standard, i.e. individual data collected shortly after the accident, we are not 

able to check the true validity of the responses. However, our study shows that using only 

modeling for dose reconstruction requires high quality of individual data collected through 

personal interviews of the study subjects or their mothers. When radiation measurements (in 

this case, direct thyroid measurements) are available for the study subjects, the quality of 

individual behavior and dietary data has, in general, a small influence on the quality of the 

retrospective dose assessment.
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Fig. 1. 
Study timeline.
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Fig. 2. 
Scheme of thyroid dose calculation for the Belarusian study subjects.
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Fig. 3. 
Comparison of ecological doses calculated using information from the first and second 

interviews.
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Fig. 4. 
Comparison of instrumental doses calculated using information from the first and second 

interviews.
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Fig. 5. 
Distribution of the ratios of doses calculated using data from the first interview to those 

calculated using data from the second interview for ecological and instrumental doses.
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Table 1

Distribution of the number of questionnaires completed by the study subject during the first and second 

screenings.

Number of questionnaires completed for the study 
subject

Number of the study subjects for whom questionnaire was completed during

First screening Second screening

1 9,631 8,899

2 1,235 2,005

3 94 60

4 5 2

5 1 -

Total 10,966 10,966
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Table 2

Numbers of questionnaire pairs according to type of respondent in the two interviews.

Respondent #1 Respondent #2 Number of questionnaire pairs

Subject Subject 5,662

Subject Mother 4,294

Subject Other relative 1,056

Mother Mother 2,664

Mother Other relative 1,062

Other relative Other relative 244

Total 14,982
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Table 7

Distribution of dates of stable iodine administration reported during the first and second interviews.

Dates of stable iodine administration in 1986 First interview Second interview

Number of respondents % Number of respondents %

April 26 11 0.1 22 0.2

April 27 39 0.3 80 0.6

April 28 378 3.0 653 5.0

April 29 72 0.6 87 0.7

April 30 90 0.7 71 0.5

May 1 145 1.2 161 1.2

May 2 86 0.7 73 0.6

May 3 94 0.8 81 0.6

May 4 52 0.4 68 0.5

May 5 1,049 8.5 1,953 14.9

May 6-7 173 1.4 137 1.0

May 8-10 216 1.7 228 1.7

May 11-15 793 6.4 1,009 7.7

May 16-31 264 2.1 410 3.1

No stable iodine administration 6,466 52.1 6,702 51.2

Do not remember 2,480 20.0 1,362 10.4

Total 12,408 100 13,097 100
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Table 8

Thyroid doses (Gy) calculated using individual behavior and consumption data reported during the two 

interviews.

Parameter Thyroid doses (Gy) calculated using individual data reported during p-value rs

First interview Second interview

Ecological dose due to intake of 131I in milk

 Mean ± SD 1.1±1.9 1.2±2.0 <0.001 0.46

 Median 0.54 0.58

 Range 0–71 0–59

Ecological dose due to intake of 131I in milk products

 Mean ± SD 0.42±0.79 0.19±0.45 <0.001 0.26

 Median 0.14 0.04

 Range 0–9 0–11

Ecological dose due to intake of 131I in leafy vegetables

 Mean ± SD 0.28±0.70 0.16±0.36 <0.001a 0.25

 Median 0.007 0.013

 Range 0–17 0–14

Ecological dose due to inhalation of 131I

 Mean ± SD 0.097±0.27 0.097±0.28 0.105 0.88

 Median 0.031 0.030

 Range 0–5.5 0–5.5

Ecological dose (total)

 Mean ± SD 1.9±2.4 1.7±2.4 <0.001 0.66

 Median 1.2 0.93

 Range 0–71 0–59

Instrumental dose

 Mean ± SD 0.61±1.3 0.60±1.3 0.367 0.97

 Median 0.25 0.24

 Range 0–31 0–33

a
For non-zero doses
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