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VERSION 1 - REVIEW 

REVIEWER Dr Linda Walsh, Scientist, Federal office for Radiation Protection, 
Germany.  
 
I have no competing interests connected to this paper or its review. 

REVIEW RETURNED 02/12/2011 

 

GENERAL COMMENTS A Prospective Follow-up Study of the Association of Radiation 
Exposure and the Incidence of Haemorrhagic Stroke among Atomic 
Bomb Survivors in Hiroshima and Nagasaki  
By Ikuno Takahashi et al  
 
General comments.  
This paper reports gender differences in increases in the risk of 
haemorrhagic stroke that are associated with radiation dose in 
Japanese atomic bomb survivors included in the Adult Health 
Survey (AHS). The results are very important. The paper is very well 
and clearly written and I would like to congratulate the authors on 
producing such a fine paper. I would recommend it for publication in 
BMJ open after the authors have considered a few specific points 
that I would like to make. In my opinion the paper could still be 
improved by further careful attention to detail. I hope the authors will 
interpret my suggestions in the spirit in which they were made i.e. as 
constructive criticism of an already fine paper.  
 
Specific comments and remarks.  
 
1. Title: The study also considered stroke mortality and other stroke 
sub-types in the AHS data (1980 – 2003) – I would recommend that 
this is made clear in the title and would suggest “A Prospective 
Follow-up Study of the Association of Radiation Exposure with Fatal 
and Non-Fatal Stroke among Atomic Bomb Survivors in Hiroshima 
and Nagasaki (1980-2003).”  
 
2. Abstract (page 4): The second sentence in the Methods sub-
section of the abstract could be made easier to read by splitting it 
into two sentences i.e. “Stroke events and the underlying cause of 
death were reviewed to confirm the first-ever stroke. Subtypes 
(ischaemic and haemorrhagic events) were categorized based on 
established criteria according to the definitions of typical/atypical 
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stroke symptoms.”  
 
3. Abstract: (page 4): Results “The mean radiation dose was 0.4±0.6 
gray (Gy)” is the 0.6 a standard error?  
 
4. Methods – Radiation Dosimetry (page 7). I consider this point to 
be my most important one.  
In the discussion on page 16 one reads “Among large cohort 
studies, the dosimetry in the AHS is unusually precise. “ Why then 
have the authors chosen to apply weighted colon doses? If one 
looks at the conversion factors in the file ds86adjf.dat on the 
Radiation Effects Research Foundations RERF web-site one can 
ascertain that for adults in Hiroshima:  
brain gamma dose = 1.17 x colon gamma dose and  
brain neutron dose = 2.61 x colon neutron dose.  
Why then have the authors chosen colon dose and how would their 
results change if brain dose was applied instead (how would this 
affect the 1.3 Gy apparent threshold value seen for haemorrhagic 
stroke in women? No justification has been made for the neutron 
weighting factor of 10 that was applied.  
 
5. Methods – Baseline Examination (page 8). It would be interesting 
for a reader to know if HDL and LDL concentrations were available 
in addition to total cholesterol.  
 
6. Methods – Statistical methods. It would be interesting to have 
more information (here and on page 12) on how adjustments for age 
and other factors were made. Did the authors consider fatal stroke 
and non-fatal stroke risks separately?  
 
7. Discussion. - The logic behind the statement on page 14 escapes 
me “It seems noteworthy that the timing of the radiation exposure in 
both sexes predated the haemorrhagic events by 35 years.” The 
radiation exposure was in 1945 and the follow up began 35 years 
later – did the authors mean to add the average follow-up time of 
about 11 years to the 35 years and did they really mean 46 years in 
this sentence?  
 
8. Discussion. - In the discussion near the bottom of page 15, it 
would be useful to state explicitly which results pertain to mice.  
 
9. Table 1. The main body of the paper does not direct the reader’s 
attention towards the very large gender differences in alcohol intake 
shown in this table. Is this worth commenting on even though it does 
not appear to be a confounder of the main effect?  

 

REVIEWER Lydia B. Zablotska, M.D., Ph.D.  
Associate Professor  
Department of Epidemiology & Biostatistics  
School of Medicine  
University of California San Francisco  
E-mail: lydia.zablotska@ucsf.edu  

REVIEW RETURNED 06/12/2011 

 

THE STUDY Additional recommended references:  
1. UNSCEAR. United Nations Scientific Committee on the Effects of 
Atomic Radiation 2006 Report to the General Assembly with 
Scientific Annexes. Sources and Effects of Ionizing Radiation. 
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Volume I. Annex B: Epidemiological evaluation of cardiovascular 
disease and other non-cancer diseases following radiation exposure. 
(United Nations, New York, 2008).  
 
2. Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris 
F et al. A systematic review of epidemiological associations between 
low and moderate doses of ionizing radiation and late cardiovascular 
effects, and their possible mechanisms. Radiat Res 2008; 169: 99-
109.  
 
3. Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris 
F et al. Review and meta-analysis of epidemiological associations 
between low/moderate doses of ionizing radiation and circulatory 
disease risks, and their possible mechanisms. Radiat Environ 
Biophys 2010; 49: 139-153.  
 
Please see Comments to Authors below for recommendations on 
statistical analysis. 

RESULTS & CONCLUSIONS Please see Comments to Authors below for recommendations on 
discussion of findings in light of previous studies. 

GENERAL COMMENTS This study addresses a very important topic of great interest to many 
researchers in the field of radiation-related cancer, as well as to 
physicians and patients weighing in on the risks and benefits of 
radiation treatment for primary cancer. I have two primary concerns 
with regards to this analysis, and both of them have to do not with 
the study design or conduct but with the statistical analysis of 
collected data:  
1. Some of the methods of analysis are quite out of date (Lane and 
Nelder 1982) and differ from typical analytical methods used in the 
analysis of radiation data (see UNSCEAR 2008 Report) As a result, 
study results cannot be compared with the results of other radiation 
studies, i.e. there are no estimates of radiation-related risks of stroke 
per unit of dose, such as for example presented in Shimizu et al. 
2010.  
2. Despite having good information on individual confounders, the 
Results section does not show the data on their effects or is not 
clear, which unfortunately diminishes the value of this study.  
 
The following individual comments are provided in the hope that they 
will be useful to the authors in revising and improving the draft:  
Pages 7-8 Methods:  
o What were the eligibility criteria for the 11,231 out of the 11,961?  
o What dosimetry system was used? Was it DS02?  
o What ICD classification was used? Reference?  
o What ICD codes were used to define the two types of stroke?  
o What percentage of strokes was based on death certificates only?  
o Study methods are referenced in Takahashi et al. 2011, but this 
article is hard to get online and most readers would not be familiar 
with it. It might be useful to summarize the methods in brief in this 
article.  
 
Page 9, line 4: It would be useful to know if the data from mail 
surveys in 1965 and in 1978-1980 for those who had both were 
correlated. If it were correlated, then substitution of one for another 
for those missing survey data for 1978-1980 is justified, if not, this 
needs to be addressed.  
 
Pages 9-10 Statistical methods:  
o How were the person-years calculated?  
o Was an assumption of proportionality satisfied in the proportional 
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hazards analysis?  
o Since follow-up in this study lasted for over 20 years, it is not clear 
why authors only looked at the effects of age at baseline. It would be 
more appropriate to look at age at risk as a time-dependent 
variable.  
o Grouped Poisson analysis as in Shimizu et al. 2010 and other 
related publications would be most appropriate for this type of data. 
This would allow estimation of excess relative and absolute risks per 
unit of radiation dose which could be compared to other published 
studies.  
 
Pages 11-13 Results:  
o Show mean doses for both sexes and a p-value from the test 
assessing the significance of the difference.  
o Although the effects of BMI are reported as significant for men but 
not for women, a quick glance at Table 1 shows that mean BMIs in 
the highest dose categories were only 0.4 (men) or 0.5 (women) 
lower than in the lowest dose categories. Are these differences 
clinically relevant?  
o There is some confusion with significance tests in Tables 2 and 3: 
a linear trend test using categorical variable is different from the 
significance test using a continuous variable.  
o It is not clear why all models in Table 3 are adjusted for age at 
baseline, SBP, BMI, diabetes, T-CHO, smoking and alcohol 
consumption and city. Are they all significant confounders of the 
radiation-stroke association? What are their effects on the dose-
response? The individual effects of these variables need to be 
shown either in the table or in the text. Interestingly, in Shimizu et al. 
2010 some of these were not significant confounders.  
o Were the radiation-relate risks of stroke modified by gender, age at 
exposure, or time since exposure? 
 
Pages 14-16 Discussion:  
o Discuss and compare the findings of this study to other studies of 
moderate to high doses of ionizing radiation such as studies of those 
exposed to radiation treatment for cancer. References 6, 7, 9, 10 
and 11 are not relevant since they report the findings from very low-
dose studies. For example, in the Howe et al. 2004 study, mean 
lifetime occupational radiation dose was 25.7 mSv compared to 400 
mGy in this study. In addition, is this study colon doses were used 
for risk estimation, which are usually lower compared to recorded 
whole-body doses used in occupational studies.  
 
Page 15, line 14: In Shimizu et al. 2010 risks of cerebral hemorrhage 
were indistinguishable from risks of cerebral infarction (ERR/Gy=5% 
(-6, 17) and ERR/Gy=4% (-10, 20), respectively).  
 
Page 16, line 9: Not sure what is meant by “interactions with 
confounding data.” Please clarify.  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: Dr Linda Walsh, Scientist, Federal office for Radiation Protection, Germany.  

 

I have no competing interests connected to this paper or its review.  

 

A Prospective Follow-up Study of the Association of Radiation Exposure and the Incidence of 

Haemorrhagic Stroke among Atomic Bomb Survivors in Hiroshima and Nagasaki  
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By Ikuno Takahashi et al  

 

[Response] Thank you for your thoughtful and comprehensive input concerning our paper. Please 

see below for our reply.  

[Comment] General comments.  

This paper reports gender differences in increases in the risk of haemorrhagic stroke that are 

associated with radiation dose in Japanese atomic bomb survivors included in the Adult Health 

Survey (AHS). The results are very important. The paper is very well and clearly written and I would 

like to congratulate the authors on producing such a fine paper. I would recommend it for publication 

in BMJ open after the authors have considered a few specific points that I would like to make. In my 

opinion the paper could still be improved by further careful attention to detail. I hope the authors will 

interpret my suggestions in the spirit in which they were made i.e. as constructive criticism of an 

already fine paper.  

 

Specific comments and remarks.  

 

[Comment] 1. Title: The study also considered stroke mortality and other stroke sub-types in the 

AHS data (1980 – 2003) – I would recommend that this is made clear in the title and would suggest “A 

Prospective Follow-up Study of the Association of Radiation Exposure with Fatal and Non-Fatal 

Stroke among Atomic Bomb Survivors in Hiroshima and Nagasaki (1980-2003).”  

[Response] Following your comment, we improved the title.  

 

[Comment] 2. Abstract (page 4): The second sentence in the Methods sub-section of the abstract 

could be made easier to read by splitting it into two sentences i.e. “Stroke events and the underlying 

cause of death were reviewed to confirm the first-ever stroke. Subtypes (ischaemic and haemorrhagic 

events) were categorized based on established criteria according to the definitions of typical/atypical 

stroke symptoms.”  

[Response] Following your comment, we improved that sentence.  

 

[Comment] 3. Abstract: (page 4): Results “The mean radiation dose was 0.4±0.6 gray (Gy)” is the 

0.6 a standard error?  

[Response] 0.6 is a standard deviation. This has now been clarified on page 4.  

 

[Comment] 4. Methods – Radiation Dosimetry (page 7). I consider this point to be my most 

important one.  

In the discussion on page 16 one reads “Among large cohort studies, the dosimetry in the AHS is 

unusually precise. “ Why then have the authors chosen to apply weighted colon doses? If one looks at 

the conversion factors in the file ds86adjf.dat on the Radiation Effects Research Foundations RERF 

web-site one can ascertain that for adults in Hiroshima:  

brain gamma dose = 1.17 x colon gamma dose and  

brain neutron dose = 2.61 x colon neutron dose.  

Why then have the authors chosen colon dose and how would their results change if brain dose was 

applied instead (how would this affect the 1.3 Gy apparent threshold value seen for haemorrhagic 

stroke in women? No justification has been made for the neutron weighting factor of 10 that was 

applied.  

[Response] For this report, we utilized the most up-to-date measure of dosimetry based on 2003 

calculations from fifteen organ sites as a sum of total gamma-rays + 10 times the smaller neutron 

dose. A priori, we chose colon dose because of broad (systemic) cardiovascular processes that are 

often associated with stroke. This includes the major system-wide precursors of hypertension, 

cigarette smoking, total cholesterol, diabetes and body mass. Since Japanese atomic-bomb survivors 

were exposed to whole-body irradiation at the time of the bombing, there is a strong and natural multi-

colinearity among each of the focal organ exposures (a redundancy that is difficult to parse) . Colon 
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dose was also used in the earlier paper we cite by Shimizu (BMJ 2010;340:b5349). For atomic-bomb 

neutron dose, the weighting factor of 10 was used to correspond with other analyses from RERF. The 

ICRP has determined that neutron RBE values vary from 2 to 20, depending on the particular neutron 

energies. However, unpublished work (but extensive) in our Department of Statistics have found no 

evidence to support the use of alternative weights, given the mix of neutron energies from the atomic 

bombs. We have now briefly noted our justification in the section on “Radiation Dosimetry” on pages 7 

and 8.  

 

[Comment] 5. Methods – Baseline Examination (page 8). It would be interesting for a reader to know 

if HDL and LDL concentrations were available in addition to total cholesterol.  

[Response] Unfortunately, our laboratory did not begin measuring HDL and LDL until after the 

baseline follow-up in the current report. We are sorry that it is not available.  

 

[Comment] 6. Methods – Statistical methods. It would be interesting to have more information (here 

and on page 12) on how adjustments for age and other factors were made. Did the authors consider 

fatal stroke and non-fatal stroke risks separately?  

[Response] Adjustment for age was considered in two ways. One approach used attained age as 

the time scale in the nonparametric part of the Cox model while the other approach used age as a 

covariate (as were the other risk factors) in the parametric part. For the latter, length of follow-up was 

used as the time scale. While it made no difference in how adjustments were made, we 

nonparametrically used attained age as the time scale. This is now clarified in the statistical methods 

section with the added reference by Korn et al (Am J Epidemiol 1997; 145:7280). We did not separate 

fatal from nonfatal strokes because of a lack of statistical power.  

 

[Comment] 7. Discussion. - The logic behind the statement on page 14 escapes me “It seems 

noteworthy that the timing of the radiation exposure in both sexes predated the haemorrhagic events 

by 35 years.” The radiation exposure was in 1945 and the follow up began 35 years later – did the 

authors mean to add the average follow-up time of about 11 years to the 35 years and did they really 

mean 46 years in this sentence?  

[Response] We agree that this sentence is more confusing than useful. This has now been clarified 

at the bottom of the 1st paragraph of the discussion (page 15)  

 

[Comment] 8. Discussion. - In the discussion near the bottom of page 15, it would be useful to state 

explicitly which results pertain to mice.  

[Response] Following your suggestion, this has been clarified by distinguishing between “murine 

brain or arteriovenous malformations in humans.”. See the 3rd sentence in the 2nd paragraph on 

page 16.  

 

[Comment] 9. Table 1. The main body of the paper does not direct the reader’s attention towards the 

very large gender differences in alcohol intake shown in this table. Is this worth commenting on even 

though it does not appear to be a confounder of the main effect?  

[Response] As noted by the reviewer, there are large differences in the use of alcohol between men 

and women. Other differences also include smoking, diabetes, age, and total cholesterol. We agree 

that they do not appear to be confounders, although interaction effects could still be present. As noted 

in our response to Dr. Zablotska, a comprehensive assessment of interactions was not possible 

because of insufficient data (particularly for haemorrhagic events). We are pleased that the reviewer 

noted these differences, but, since they were not confounders, placing too much emphasis on them 

could be a distraction from our main purpose. There are other limitations we have noted in our 

response to Dr. Zablotska.  

 

Reviewer: Lydia B. Zablotska, M.D., Ph.D.  

Associate Professor  
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Department of Epidemiology & Biostatistics  

School of Medicine  

University of California San Francisco  

 

[Response] Thank you for your thoughtful and comprehensive input concerning our paper. Please 

see below for our reply.  

 

[Comment] Additional recommended references:  

[Response] Following your recommendation, we included the following references,[16-18].  

1. UNSCEAR. United Nations Scientific Committee on the Effects of Atomic Radiation 2006 Report to 

the General Assembly with Scientific Annexes. Sources and Effects of Ionizing Radiation. Volume I. 

Annex B: Epidemiological evaluation of cardiovascular disease and other non-cancer diseases 

following radiation exposure. (United Nations, New York, 2008).  

 

2. Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris F et al. A systematic review of 

epidemiological associations between low and moderate doses of ionizing radiation and late 

cardiovascular effects, and their possible mechanisms. Radiat Res 2008; 169: 99-109.  

 

3. Little MP, Tawn EJ, Tzoulaki I, Wakeford R, Hildebrandt G, Paris F et al. Review and meta-analysis 

of epidemiological associations between low/moderate doses of ionizing radiation and circulatory 

disease risks, and their possible mechanisms. Radiat Environ Biophys 2010; 49: 139-153.  

Please see Comments to Authors below for recommendations on statistical analysis.  

 

[Comment] This study addresses a very important topic of great interest to many researchers in the 

field of radiation-related cancer, as well as to physicians and patients weighing in on the risks and 

benefits of radiation treatment for primary cancer. I have two primary concerns with regards to this 

analysis, and both of them have to do not with the study design or conduct but with the statistical 

analysis of collected data:  

1. Some of the methods of analysis are quite out of date (Lane and Nelder 1982) and differ from 

typical analytical methods used in the analysis of radiation data (see UNSCEAR 2008 Report) As a 

result, study results cannot be compared with the results of other radiation studies, i.e. there are no 

estimates of radiation-related risks of stroke per unit of dose, such as for example presented in 

Shimizu et al. 2010.  

2. Despite having good information on individual confounders, the Results section does not show the 

data on their effects or is not clear, which unfortunately diminishes the value of this study.  

 

The following individual comments are provided in the hope that they will be useful to the authors in 

revising and improving the draft:  

Pages 7-8 Methods:  

[Comment] o What were the eligibility criteria for the 11,231 out of the 11,961?  

[Response] We believe the reviewer meant 19,961 who comprised the original AHS cohort originally 

enrolled in 1958. When follow-up began for the current report (1980 - more than 20 years later), 

continued participation among the study survivors has been good (70 to 90%). Of the sample of 

11,961 who were available for follow-up at this time, and after excluding prevalent strokes (of any 

type) and those with without dose information, the final sample is based on 9,515 AHS participants.  

 

[Comment] o What dosimetry system was used? Was it DS02?  

[Response] Yes, we used the DS02 system. We included that information in the revised manuscript. 

(page 7, “Radiation Dosimetry” section)  

 

[Comment]   

o What ICD classification was used? Reference?  
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o What ICD codes were used to define the two types of stroke?  

[Response] We addeed more complete details ong the ICD codes that are used in our manuscript. 

With regards to the definition of the stroke subtypes, as we note in the manuscript, we reviewed all 

potential cases with the corresponding ICD codes based on the definitions of typical/atypical stroke 

symptoms in the World Health Organization (WHO)-Initiated Monitoring of Trends and Determinants 

in Cardiovascular Disease (MONICA) Projects. Please see our section on “Stroke Ascertainment” on 

page 8.  

 

[Comment] o What percentage of strokes was based on death certificates only?  

[Response] Among all strokes, 49.0% were based on death certificates alone (50.2% for 

haemorrhagic stroke, 49.3% for ischaemic stroke, and 44.1% for stroke subtype-unspecified). This is 

noted on pages 8 and 9 at the bottom of the “Stroke Ascertainment” section.  

 

[Comment] o Study methods are referenced in Takahashi et al. 2011, but this article is hard to get 

online and most readers would not be familiar with it. It might be useful to summarize the methods in 

brief in this article.  

[Response] Following your comments, we have included our use of ICD codes for stroke 

assessment. We had already showed how to classify into stroke subtypes line 14-23, page 8.  

 

[Comment] Page 9, line 4: It would be useful to know if the data from mail surveys in 1965 and in 

1978-1980 for those who had both were correlated. If it were correlated, then substitution of one for 

another for those missing survey data for 1978-1980 is justified, if not, this needs to be addressed.  

[Response] This is an important point. For the sample with mail survey data that was available in 

1965 and in 1978-1980, smoking status was unchanged in over 87% of the study participants. In 

contrast, alcohol intake is likely more sporadic or subject to greater measurement error. While the 

correlation is modest (0.24), it is highly significant (p<0.001). This information is now provided in the 

methods section on page 9.  

 

Pages 9-10 Statistical methods:  

[Comment] o How were the person-years calculated?  

[Response] Person-years were derived in similar fashion as when updating a risk set in a Cox 

regression model, except that time is divided into discrete one-year intervals. Here, the number of 

subjects who remain alive and free of stroke comprise the person-years at risk for that interval. The 

total person-years is just the sum of the person-years across all one-year intervals. We have now 

added a reference that describes this procedure (Abbott RD. Am J Epidemiol 1985; 121:465-471). We 

use this procedure only to provide (or describe) the incidence of stroke within a radiation strata. As we 

note in the statistical methods section, formal hypothesis testing is based on Cox regression models. 

Both procedures, however, yield regression coefficients that are nearly identical when the discrete 

follow-up intervals are short or the disease is uncommon (which is the case in our situation). This is 

shown to be true in the additional reference that we cite (Abbott RD. Am J Epidemiol 1985;121:465-

471). These points are now clarified in the statistical methods section that begins at the bottom of 

page 9. We would also like to mention that while the 1982 paper we cite that describes our method for 

deriving age-adjusted incidence based on binary regression and analysis of covariance is old, we 

believe that it is quite relevant and important.  

 

[Comment] o Was an assumption of proportionality satisfied in the proportional hazards analysis?  

[Response] As with tests for interaction, this is difficult to assess with certainty. The proportionality 

assumption may be false, but we may also lack the statistical power to show that this is the case. We 

have nevertheless evaluated this assumption and found no evidence for significant departure from 

this assumption. This is now noted in the 2nd paragraph of the statistical methods section on page 10 

(2nd two sentences).  
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[Comment] o Since follow-up in this study lasted for over 20 years, it is not clear why authors only 

looked at the effects of age at baseline. It would be more appropriate to look at age at risk as a time-

dependent variable.  

[Response] Although it makes little difference, this is indeed what was done in our person-year 

calculations (age is updated within person-years of follow-up). In addition, in the Cox model, we 

examined the difference from when attained age is used as our time scale versus time of follow-up 

(Korn EL et al. Am J Epidemiol 1997;145:7280). It made no difference which was used, although we 

opted to use attained age. This also avoids the need to assume complete proportionality in the Cox 

model (it becomes a non-issue for age when attained age is used as the time scale). Please see the 

2nd paragraph of the statistical methods section on page 10 (2nd two sentences).  

 

[Comment] o Grouped Poisson analysis as in Shimizu et al. 2010 and other related publications 

would be most appropriate for this type of data. This would allow estimation of excess relative and 

absolute risks per unit of radiation dose which could be compared to other published studies.  

[Response] While the grouped Poisson analysis is a useful procedure, we are more accustomed to 

applying the usual methods of survival analysis that treat time as a continuous variable. We further 

believe that comparisons with other studies that deal with radiation is difficult because ours is the first 

(as far as we are aware) to focus on hemorrhagic stroke (both morbidity and mortality). The Shimizu 

paper deals with all strokes and only with mortality. Although our findings are consistent with those of 

Shimizu, a direct comparison would be difficult.  

 

Pages 11-13 Results:  

[Comment] o Show mean doses for both sexes and a p-value from the test assessing the 

significance of the difference.  

[Response] The mean dose for men is 0.41±0.62 and for women it is 0.36±0.55. Although this 

difference appears small, the difference is statistically significant (p<0.001). This is now reported at 

the beginning of the results section (page12).  

 

[Comment] o Although the effects of BMI are reported as significant for men but not for women, a 

quick glance at Table 1 shows that mean BMIs in the highest dose categories were only 0.4 (men) or 

0.5 (women) lower than in the lowest dose categories. Are these differences clinically relevant?  

[Response] We agree that they are unlikely to be clinically relevant. We have now downplayed the 

importance of this difference in the 2nd paragraph of the “Results” section on page 12.  

 

[Comment] o There is some confusion with significance tests in Tables 2 and 3: a linear trend test 

using categorical variable is different from the significance test using a continuous variable.  

[Response] The reviewer is correct that these are different tests. The test with dose in its continuous 

form is meant to be more objective since it does not depend on our defining strata. This is especially 

true in our threshold analysis. We have also noted this in the section on statistical methods in the 2nd 

paragraph (1st sentence) and in the following sentence towards the bottom of the same paragraph.  

“Although primary tests of significance were based on radiation dose being modeled as a continuous 

risk factor, patterns of association are also described through the use of indicator variables that allow 

for the estimation of the relative hazard of stroke (and 95 percent confidence intervals) between 

radiation dose strata ≥0.05 Gy versus doses considered to be small (<0.05 Gy).”  

The latter categorical analysis is simply meant to provide comparisons across strata that have been 

used by others and as a way of describing (visually) how the risk changes with dose. As noted above, 

however, the continuous format is our primary preference of analysis.  

 

[Comment] o It is not clear why all models in Table 3 are adjusted for age at baseline, SBP, BMI, 

diabetes, T-CHO, smoking and alcohol consumption and city. Are they all significant confounders of 

the radiation-stroke association? What are their effects on the dose-response? The individual effects 

of these variables need to be shown either in the table or in the text. Interestingly, in Shimizu et al. 
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2010 some of these were not significant confounders.  

[Response] Our decision to adjust for the selected risk factors was based in part on the inclusion of 

traditional stroke risk factors, adjustments that were made in earlier RERF papers (e.g., the Shimizu 

paper we cite), and documented relationships that radiation exposure has with SBP and T-CHO. This 

is now noted in the 1st paragraph (2nd sentence) of the section on “Baseline Examination and 

Questionnaires” (page 9).  

 

[Comment] o Were the radiation-relate risks of stroke modified by gender, age at exposure, or time 

since exposure?  

[Response] This is difficult to assess given that hemorrhagic stroke is relatively uncommon. 

Although we attempted to address this issue, we are not confident in making the statement that the 

effect of radiation on the risk of stroke is constant between risk factor strata (most likely because of a 

lack of statistical power) or that modification is present (which we were unable to detect). It is a 

limitation of our paper that we have noted at the top of page 17 (3rd sentence).  

 

Pages 14-16 Discussion:  

[Comment] o Discuss and compare the findings of this study to other studies of moderate to high 

doses of ionizing radiation such as studies of those exposed to radiation treatment for cancer. 

References 6, 7, 9, 10 and 11 are not relevant since they report the findings from very low-dose 

studies. For example, in the Howe et al. 2004 study, mean lifetime occupational radiation dose was 

25.7 mSv compared to 400 mGy in this study. In addition, is this study colon doses were used for risk 

estimation, which are usually lower compared to recorded whole-body doses used in occupational 

studies?  

[Response] Studies of nuclear workers and other samples can provide valuable information on the 

risk of non-cancer disease at low dose radiation levels (<0.5Gy). However, at low doses, the extent of 

disease attributable to radiation may be small relative to other causes (in particular, hypertension). 

This is a limitation that becomes increasingly serious when a multitude of underlying causes 

participant in a milieu of circulatory disease processes that lead to stroke. Isolating pathological 

effects of modest radiation exposure from occupational and other risk factor becomes exceedingly 

difficult. As a result, we believe that these references are highly suited for the introduction section, 

although we agree that they are less relevant for the discussion.  

 

[Comment] Page 15, line 14: In Shimizu et al. 2010 risks of cerebral hemorrhage were 

indistinguishable from risks of cerebral infarction (ERR/Gy=5% (-6, 17) and ERR/Gy=4% (-10, 20), 

respectively).  

[Response] You are correct, and this is now noted in the 1st full paragraph on page 16.  

 

[Comment] Page 16, line 9: Not sure what is meant by “interactions with confounding data.” Please 

clarify.  

[Response] As suggested, this has now been clarified. We meant to say that, “Data are too 

insufficient to allow a careful assessment of the effect of radiation on the risk of stroke between risk 

factor strata.” Page17 L5-6. 

VERSION 2 – REVIEW 

REVIEWER Dr Linda Walsh, Scientist, Federal office for Radiation Protection, 
Germany.  
 
I have no competing interests connected to this paper or its review. 

REVIEW RETURNED 03/01/2012 

 

GENERAL COMMENTS I would like to thank the authors for their carefully considered replies 
to the points that I made in the last review. All points have been 
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taken into account in the revision. I understand the authors point 
about using colon dose instead of brain dose. However I still think it 
would be useful to present the main results for haemorrhagic stroke 
risk with respect to brain dose. I am not going to insist on this point 
but think it would be interesting for a reader to know how the 
apparrent threshold colon dose of 1.3 Gy for haemorrhagic stroke 
risk in women translates into brain dose. This would make 
interesting reading as an additional point in the discussion section.  

 

REVIEWER Lydia B. Zablotska, M.D., Ph.D.  
Associate Professor  
Department of Epidemiology & Biostatistics  
School of Medicine  
University of California San Francisco  

REVIEW RETURNED 10/01/2012 

 

GENERAL COMMENTS 1. Please provide estimates of risk (with corresponding confidence 
interval and p-value) for continuous radiation dose in Tables 2 and 3, 
i.e. relative risks per 1 Gy.  
2. What are the effects of lifestyle confounders (smoking, alcohol, 
etc.) after adjusting for radiation dose? This could be done in Table 
1 by showing relative risks for light and heavy drinking while 
adjusting for continuous radiation dose.  
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