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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   
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VERSION 1 - REVIEW 

REVIEWER Yuling Hong 
Centers for Disease Control and Prevention, US 

REVIEW RETURNED 22-Mar-2016 

 

GENERAL COMMENTS The current study examined the impact of dietary sodium and 
potassium (Na-K) ratio on mortality from total and subtypes of 
stroke, cardiovascular disease (CVD) and all causes after following 
a representative sample of Japanese population for 24 years from 
1980 to 2004 with 176,926 observed person-years. It is concluded 
that Na-K ratio assessed by 3-day weighting dietary record was a 
significant risk factor for mortality from stroke, CVD and all causes. 
The findings strengthen the existing evidence on the association 
between high dietary Na-K ratio and adverse health outcomes. One 
of objectives in this study was to assess the dietary Na-K ratio on 
subtypes of stroke. The association of Na-K ratio with hemorrhagic 
stroke appears be stronger than that with ischemic stroke, especially 
among men. The authors may wish to mention the finding in the 
Discussion section and explain why. The second general comment 
this review has is about source of potassium intake in Japan. The 
lead author participated in the 2015 European Journal of Clinical 
Nutrition publication about the impact of fruit and vegetable intake on 
mortality using the same study population that were also followed up 
for 24 years. The authors may want to discuss the influence of fruits 
and vegetables as the main of sources of potassium intake on the 
findings in this study and also mention other sources of potassium 
such as potassium enriched salt and other potassium supplements if 
any in Japan. The last general comment is about limitations. The 
authors need to mention that the study may lack of statistical power 
to detect associations in some subgroup analyses.  
Here are some specific comments for the author to consider:  
1. Page 6, Abstract, the Result section: suggest adding results for 
stroke subtypes.  
2. Page 6, Abstract, the Conclusion section: suggest adding different 
findings for two main stroke subtypes.  
3. Page 7, line 7: In addition to present Na and K in mmol unit, it 
would be good to mention the corresponding values in milligram or 
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gram as well since recommendations from WHO and many other 
organizations use milligram or gram unit.  
4. Page 6, line 2: suggest adding the ratio unit value for “one level 
increase in the quintile of Na-K ratio”. I believe that it is 0.24, so 
readers can appreciate knowing the absolute value.  
5. Table 1: please indicate what the numbers in parentheses are in 
the footnote or the title. 

 

REVIEWER Kristal J. Aaron 
University of Alabama at Birmingham  
Birmingham, AL  
USA 

REVIEW RETURNED 24-Mar-2016 

 

GENERAL COMMENTS General Comments:  In this report, authors explore the association 

of dietary sodium to potassium ratio with the risk for mortality from 

stroke, cardiovascular disease, and all-causes in a Japanese cohort.   

Concerns: 

1. Although it is a well-planned study, the authors should consider 

having the grammar and style of the manuscript reviewed by a 

colleague or service as it is not acceptable for publication in the 

current state.  Right now, it is difficult in some instances for the 

reader to discern what the authors are trying to convey in some 

of the paragraphs.   

2. The discussion is lacking some citations, such as at the end of 

the first paragraph.  Please cite some of the other Japanese 

studies.   

3. Please consider the following additional references to 

strengthen and enhance the discussion:   

Murakami K, Sasaki S, Uenishi K, Japan Dietetic Students' Study for 

N and Biomarkers G. The degree of misreporting of the energy-

adjusted intake of protein, potassium, and sodium does not differ 

among under-, acceptable, and over-reporters of energy intake. Nutr 

Res. 2012;32:741-50. 10.1016/j.nutres.2012.09.001. 

Bailey RL, Parker EA, Rhodes DG, Goldman JD, Clemens JC, 

Moshfegh AJ, Thuppal SV and Weaver CM. Estimating Sodium and 

Potassium Intakes and Their Ratio in the American Diet: Data from 

the 2011-2012 NHANES. J Nutr. 2016. 10.3945/jn.115.221184. 

Whelton PK. Sodium, potassium, blood pressure, and 
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cardiovascular disease in humans. Curr Hypertens Rep. 

2014;16:465. 10.1007/s11906-014-0465-5. 

Judd SE, Aaron KJ, Letter AJ, Muntner P, Jenny NS, Campbell RC, 

Kabagambe EK, Levitan EB, Levine DA, Shikany JM, Safford M and 

Lackland DT. High sodium:potassium intake ratio increases the risk 

for all-cause mortality: the REasons for Geographic And Racial 

Differences in Stroke (REGARDS) study. J Nutr Sci. 2013;2:e13. 

10.1017/jns.2013.4. 

Diaz KM, Booth JN, 3rd, Calhoun DA, Irvin MR, Howard G, Safford 

MM, Muntner P and Shimbo D. Healthy lifestyle factors and risk of 

cardiovascular events and mortality in treatment-resistant 

hypertension: the Reasons for Geographic and Racial Differences in 

Stroke study. Hypertension. 2014;64:465-71. 

10.1161/HYPERTENSIONAHA.114.03565. 

 

 

 

REVIEWER Andrew Smyth 
National University of Ireland Galway 

REVIEW RETURNED 25-Mar-2016 

 

GENERAL COMMENTS This is a well structured planned paper addressing an important 
research question.  
My main comments are as follows:  
1. Issue of dietary sodium changing in japan by 1/3 from 1975 to 
2010 is very important as the potassium remained stable. However, 
specific nutrients (sodium and potassium) are based on changes in 
intake of foods - so some of the changes in intake may be linked 
with changes in other nutrients that may actually be driving the 
association - e.g. higher potassium foods are fruits and vegetables 
that also increase intake of other nutrients  
2. The estimation of intake at the household level is concerning. 
Your method of estimating sodium and potassium intake is not the 
gold standard for the individual (as that would be 24hr urine) and 
instead you use a method that has been criticised in the literature 
when applied at the individual level. In addition, you estimate 
average intake from this. This is not adequately explained and 
addressed in the limitations section (despite the validation you 
mention).  
3. Please add ICD coding as cause of death as a limitation - there 
may be coding issues, misclassification etc (as in many other 
papers). This is not a major limitation but should be acknowledged.  
4. I would favour you exploring for non-linear association - perhaps 
using a restricted cubic spline to model the association and to 
explore the association.  
5. Clarification is needed for the 1 unit increase in ratio as a 
continuous variable. Do you mean 1 integer or 0.1 or 0.01 etc. Given 
the highest mean ration in Q5 is 2.65 I'm confused by these 
analyses. Do you mean 0 vs 1 vs 2 or at a smaller level?  
6. I have concerns about adjusting for blood pressure in main 
analyses as this variable is on the causal pathway between sodium 
or potassium intake and clinical outcomes. I like that it is in the third 
model, but suggest that you clarify this in the manuscript  
7. I'm not sure you need analyses separately by men and women as 
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you have a (relatively) small number of participants in each quintile, 
as it increases the standard error.  
8. The potassium varies very little across the quintiles, yet the 
sodium doubles between Q1 and Q5. Therefore, why not consider 
looking at sodium intake as the main analysis and adjust for 
potassium intake.  
9. Table 1 - the Sodium intake row seems to have some 
typographical or layout issues as I cannot follow the numbers 
clearly.  
10. Have you done any statistical tests to test for subgroup 
differences in the mortality rates mentioned on Page 15?  
11. Overall stroke mortality was significant but not significant in men 
or women (Page 15, Line 113). This further highlights that you have 
insufficient numbers in separate men or women groups due to lack 
of precision. I would favour dropping men vs. women from the main 
paper and moving to supplement  
12. Table 2 suggests non-linear associations, as does Table 3. 
Consider graphically displaying information from the Tables.  
13 . As stated previously, Table 4 assumes a linear association 
which I don't think is appropriate here.  
14. Minor spelling error NHANS on Line 44, Page 22.  
15. Disagree about NA/K being underestimated on FFQ and that 
underestimating the association. What happens here is that 
participants are classified into different category, but unless you 
argue that there is a systematic reason for the altered classification, 
participants are equally spread out as higher or lower on a scale.  
16. Need further discussion of limitation of diet recall - you have 3 
consecutive days which is not representative of 'average' intake. 

 

VERSION 1 – AUTHOR RESPONSE 

Reply to the reviewer 1  

 

[Comment] … One of objectives in this study was to assess the dietary Na-K ratio on subtypes of 

stroke. The association of Na-K ratio with hemorrhagic stroke appears be stronger than that with 

ischemic stroke, especially among men. The authors may wish to mention the finding in the 

Discussion section and explain why.  

[Reply] According to the reviewer’s suggestion, we have added a statement to the discussion 

regarding why the relationship of hemorrhagic stroke to blood pressure was stronger than that of 

ischemic stroke, as follows;  

(page 25, lines 238-244):  

“In the analyses for stroke subtypes, the Na-K ratio was positively associated with hemorrhagic 

stroke, but was borderline significant for ischemic stroke. Hemorrhagic stroke has been reported to be 

more strongly related to blood pressure than ischemic stroke; higher Na-K ratio may lead to higher 

blood pressure during follow-up, and consequently to higher risk of hemorrhagic stroke. Lower 

number of deaths from hemorrhagic stroke (67 deaths) and ischemic stroke (150 deaths) may also 

have caused insufficient statistical power for these subanalyses.”  

 

[Comment] The second general comment this review has is about source of potassium intake in 

Japan. The lead author participated in the 2015 European Journal of Clinical Nutrition publication 

about the impact of fruit and vegetable intake on mortality using the same study population that were 

also followed up for 24 years. The authors may want to discuss the influence of fruits and vegetables 

as the main of sources of potassium intake on the findings in this study and also mention other 

sources of potassium such as potassium enriched salt and other potassium supplements if any in 

Japan.  
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[Reply] We have added a statement on the source of potassium intake in Japan in the discussion as 

below (pages 27, lines 268-274).  

“Individual sources of potassium intake could not be identified in this study since all dietary data used 

in this study were aggregated to 84 food categories. However, we have previously reported that 

intake of more fruit and vegetable, which are major sources of potassium, had lower risk of CVD 

mortality. Since considerable amounts of dietary vegetable are consumed as salted pickles among 

Japanese people, a decrease in dietary sodium by reducing the intake of these pickles may not give 

enough of a beneficial effect on lowering Na-K ratio.”  

 

[Comment] The last general comment is about limitations. The authors need to mention that the study 

may lack of statistical power to detect associations in some subgroup analyses.  

[Reply] We would agree with this comment. This point was also mentioned by reviewer 3. Therefore, 

we have shown results in total participants (men and women combined) as the main results, and have 

shown sex-specific results in Online Supplementary Tables. However, the statistical power would not 

be sufficient for analyses on stroke subtypes, so we have added a statement in the limitation part of 

the Discussion (page 26, lines 257-258).  

“Lastly, the statistical power may not be sufficient in the subanalyses on stroke subtypes.”  

 

[Comment] 1. Page 6, Abstract, the Result section: suggest adding results for stroke subtypes.  

[Reply] We have added sentences about results of stroke subtypes in the results section of the 

Abstract.  

 

[Comment] 2. Page 6, Abstract, the Conclusion section: suggest adding different findings for two main 

stroke subtypes.  

[Reply] We have also mentioned about hemorrhagic stroke in the conclusions of the Abstract.  

 

[Comment] 3. Page 7, line 7: In addition to present Na and K in mmol unit, it would be good to 

mention the corresponding values in milligram or gram as well since recommendations from WHO 

and many other organizations use milligram or gram unit.  

[Reply] We have added the corresponding values in milligrams for sodium and potassium intake in the 

text (page 7, lines 47-48) and in Table 1.  

 

[Comment] 4. Page 6, line 2: suggest adding the ratio unit value for “one level increase in the quintile 

of Na-K ratio”. I believe that it is 0.24, so readers can appreciate knowing the absolute value.  

[Reply] According to the reviewers’ suggestion, we have adopted nonlinear model for the association 

in the revised manuscript. Thus, we have changed to use hazard ratios for the highest quintile 

compared with the lowest quintile of Na-K ratio. Relevant descriptions were revised for the Methods, 

Results and Table 4.  

 

[Comment] 5. Table 1: please indicate what the numbers in parentheses are in the footnote or the 

title.  

[Reply] We have added the meaning of the number in parentheses in the footnote of the table.  

 

 

Reply to the reviewer 2  

 

[Comment] 1. Although it is a well-planned study, the authors should consider having the grammar 

and style of the manuscript reviewed by a colleague or service as it is not acceptable for publication in 

the current state. Right now, it is difficult in some instances for the reader to discern what the authors 

are trying to convey in some of the paragraphs.  

[Reply] We apologize for any inconveniences this may have caused. English editing of the entire 

manuscript was done once more. We have also reconstructed the Discussion section for clarity.  
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[Comment] 2. The discussion is lacking some citations, such as at the end of the first paragraph. 

Please cite some of the other Japanese studies.  

[Reply] We have added two references (ref. No. 20 and 21) at the end of the first paragraph of the 

Discussion (page 23).  

 

[Comment] 3. Please consider the following additional references to strengthen and enhance the 

discussion:  

[Reply] According to the reviewer’s suggestion, we have cited three more references and discussed 

the validity of the nutritional assessment and the significance of the sodium to potassium ratio. Three 

references are cited as references No. 9 (Whelton PK, et al.), No. 12 (Judd SE, et al.), and No. 26 

(Murakami K, et al.).  

 

 

 

   

Reply to the reviewer 3  

[Comment] 1. Issue of dietary sodium changing in japan by 1/3 from 1975 to 2010 is very important as 

the potassium remained stable. However, specific nutrients (sodium and potassium) are based on 

changes in intake of foods - so some of the changes in intake may be linked with changes in other 

nutrients that may actually be driving the association - e.g. higher potassium foods are fruits and 

vegetables that also increase intake of other nutrients  

[Reply] According to the reviewer’s suggestion, we have examined the confounding of intake from 

protein and total fat (%kcal). Since both nutrients were significantly related to dietary Na-K ratio, we 

have added intake of these nutrients in the multivariate analyses. However, results were similar in 

models with and without these adjustments. Thus, we have added a sentence below, in the 

RESULTS (page 19, lines 172-174):  

“After further adjustment for percent energy intake from protein and total fat (model III), the HRs were 

almost similar to those of model II.”  

Also, relevant sentences were added to the text.  

 

[Comment] 2. The estimation of intake at the household level is concerning. Your method of 

estimating sodium and potassium intake is not the gold standard for the individual (as that would be 

24hr urine) and instead you use a method that has been criticised in the literature when applied at the 

individual level. In addition, you estimate average intake from this. This is not adequately explained 

and addressed in the limitations section (despite the validation you mention).  

[Reply] According to the reviewer’s suggestion, we have added the below statement in the limitation 

part in the Discussion (pages 26, lines 247-254).  

“Secondly, dietary intake of individual participants were obtained from a consecutive 3-day weighing 

record method of each household. This method to estimate sodium intake would be less accurate 

compared with 24-hour urine collection method, which is considered the gold standard in estimating 

sodium intake. Also, because diets naturally vary from weekdays to weekends, the 3-day weighing 

record method may not reflect average dietary habits throughout the week. Thus, estimated dietary 

values may be over- or under-estimated and may attenuate the true relationships between Na-K ratio 

and the outcomes of our interest.”  

 

[Comment] 3. Please add ICD coding as cause of death as a limitation - there may be coding -issues, 

misclassification etc (as in many other papers). This is not a major limitation but should be 

acknowledged.  

[Reply] We have added the below statement in the limitation part of the Discussion (page 26, lines 

254-258).  

“Thirdly, we used underlying cause of death by ICD 9 and 10 as outcome. Diagnostic accuracy of 
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underlying cause of death may differ from what was registered in the medical record and diagnostic 

criteria have changed through ICD 9 and 10. Lastly, the statistical power may not be sufficient in the 

subanalyses on stroke subtypes.”  

 

[Comment] 4. I would favour you exploring for non-linear association - perhaps using a restricted 

cubic spline to model the association and to explore the association.  

[Reply] According to the reviewer’s suggestion, we have added nonlinear regression analysis 

(quadratic nonlinear regression) and we found better associations between dietary Na-K ratio and 

outcome. We have added and changed sentences relating to the additional nonlinear models in the 

Abstract, the Methods, the Results, and the Discussion as follows:  

(Abstract)  

“Quadratic nonlinear multivariable-adjusted HRs (95% confidence interval) in the highest quintile vs 

the lowest quintile of Na-K ratio were 1.42 (1.07-1.90) for ischemic stroke, 1.57 (1.05-2.34) for 

hemorrhagic stroke, 1.43 (1.17-1.76) for all stroke, 1.39 (1.20-1.61) for CVD, and 1.16 (1.06-1.27) for 

all-cause mortality.”  

 

(Methods: page 12, lines 131-133)  

“Cox proportional hazards model was used to calculate multivariable-adjusted hazard ratios (HRs) 

across the quintiles of dietary Na-K ratio using quadratic nonlinear regression.”  

 

(Results: page 18, lines 161-167)  

“Age-adjusted relative risks and 95% CIs for cause-specific deaths from linear and quadratic 

regression are shown in Table 3 and Figure. Significantly higher relative risk was observed for deaths 

from all stroke, CVD and all causes in the highest quintile in total participants for both regression 

models. P values obtained by quadratic nonlinear regression tended to be lower than those for linear 

regression. Among stroke subtypes, a significant positive relationship was observed for mortality from 

hemorrhagic stroke (P=0.024) and not for ischemic stroke (P=0.099) (Table 3).”  

 

(Results: pages 18-19, lines 168-174)  

“Table 4 shows the quadratic nonlinear multivariable-adjusted HRs and 95% CIs in the highest 

quintile in reference to the lowest quintile of dietary Na-K ratio. In models adjusted of lifestyle factors 

(model I) and further adjusted for coexistent morbidity (model II), a significant positive relationship 

was observed for mortality from ischemic stroke, hemorrhagic stroke, all stroke, CVD and all causes. 

After further adjustment for percent energy intake from protein and total fat (model III), the HRs were 

almost similar to those of model II.”  

 

(Discussion: page 23, line 194)  

“These results demonstrate a positive quadratic nonlinear relationship of dietary Na-K ratio with long-

term mortality risk…...”  

 

[Comment] 5. Clarification is needed for the 1 unit increase in ratio as a continuous variable. Do you 

mean 1 integer or 0.1 or 0.01 etc. Given the highest mean ration in Q5 is 2.65 I'm confused by these 

analyses. Do you mean 0 vs 1 vs 2 or at a smaller level?  

[Reply] According to the reviewer’s suggestion, we have adopted quadratic nonlinear regression and 

calculated HRs in the highest quintile in reference to the lowest quintile of Na-K ratio instead of 1 unit 

increase in Na-K ratio. Relevant changes are shown above in our reply for Comment 4.  

 

[Comment] 6. I have concerns about adjusting for blood pressure in main analyses as this variable is 

on the causal pathway between sodium or potassium intake and clinical outcomes. I like that it is in 

the third model, but suggest that you clarify this in the manuscript  

[Reply] We would agree with the reviewer’s concern about the adjustment of blood pressure, because 

blood pressure would be in the causal pathway between Na-K ratio and study outcomes. We have 
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deleted models including blood pressure. Now, the main results of this study are from model III 

including protein and total fat intake as covariates.  

 

[Comment] 7. I'm not sure you need analyses separately by men and women as you have a 

(relatively) small number of participants in each quintile, as it increases the standard error.  

[Reply] According to the reviewer’s suggestion, we simply displayed the results for total participants 

because of sample size. We have provided sex-specific results in the Online Supplement Tables 2-3 

to show that results were similar in both sexes.  

 

[Comment] 8. The potassium varies very little across the quintiles, yet the sodium doubles between 

Q1 and Q5. Therefore, why not consider looking at sodium intake as the main analysis and adjust for 

potassium intake.  

[Reply] We conducted analyses on the relationships of sodium and potassium to outcomes, 

separately, but sodium intake itself was not significantly related to CVD mortality risk before adjusting 

potassium intake. Therefore, we decided to use Na-K value as an integrated effect of dietary sodium 

and potassium.  

 

[Comment] 9. Table 1 - the Sodium intake row seems to have some typographical or layout issues as 

I cannot follow the numbers clearly.  

[Reply] We apologize for these errors. Layout and typographical errors were corrected.  

 

[Comment] 10. Have you done any statistical tests to test for subgroup differences in the mortality 

rates mentioned on Page 15?  

[Reply] We did not do any statistical tests for age-adjusted person-year mortality rates shown in Table 

2. However, we showed P values for trend (P-trend) for age-adjusted relative risks calculated by Cox 

model in Table 3.  

 

[Comment] 11. Overall stroke mortality was significant but not significant in men or women (Page 15, 

Line 113). This further highlights that you have insufficient numbers in separate men or women 

groups due to lack of precision. I would favour dropping men vs. women from the main paper and 

moving to supplement  

[Reply] As we already answered this for Comment 7, we have simply displayed the results for total 

participants because of sample size. We have provided sex-specific results in the Online Supplement 

Tables 2-3 to show that results were similar in both sexes.  

 

[Comment] 12. Table 2 suggests non-linear associations, as does Table 3. Consider graphically 

displaying information from the Tables.  

[Reply] We have displayed age-adjusted relative risks from 4 outcomes according to the quintiles of 

dietary Na-K ratio (shown in Table 3 and in Figure) in order to clarify the shape of the relationships.  

 

[Comment] 13 . As stated previously, Table 4 assumes a linear association which I don't think is 

appropriate here.  

[Reply] As we answered for Comment 4 above, we adopted nonlinear quadratic model in the 

multivariate analysis. We found a similar but stronger relationship of dietary Na-K with mortality risks.  

 

[Comment] 14. Minor spelling error NHANS on Line 44, Page 22.  

[Reply] We have corrected this typographical error.  

 

[Comment] 15. Disagree about NA/K being underestimated on FFQ and that underestimating the 

association. What happens here is that participants are classified into different category, but unless 

you argue that there is a systematic reason for the altered classification, participants are equally 

spread out as higher or lower on a scale.  
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[Reply] According to the reviewer’s suggestion, we have deleted this statement.  

 

[Comment] 16. Need further discussion of limitation of diet recall - you have 3 consecutive days which 

is not representative of 'average' intake.  

[Reply] We have expanded the statement concerning the limitation of household dietary record of 3 

day consecutive days as average intakes of individuals as below,  

(page 26, lines 247-252)  

“Secondly, dietary intake of individual participants were obtained from a consecutive 3-day weighing 

record method of each household. This method to estimate sodium intake would be less accurate 

compared with 24-hour urine collection method, which is considered the gold standard in estimating 

sodium intake. Also, because diets naturally vary from weekdays to weekends, the 3-day weighing 

record method may not reflect average dietary habits throughout the week.” 

VERSION 2 – REVIEW 

REVIEWER Yuling Hong 
Centers for Disease Control and Prevention, United States 

REVIEW RETURNED 05-Jun-2016 

 

GENERAL COMMENTS Thank you for your response to my comments.   
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