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Institute of Psychology, Health & Society. 
 
No conflicts of interest 

REVIEW RETURNED 14-Nov-2012 

 

GENERAL COMMENTS This is an excellent paper- very interesting and timely.  
It explores spatial and social determinants in salt intake in Britain 
using data from the British National and Nutrition Survey.  
Few data are available on social determinants of upstream risk 
factors for cardiovascular disease, so this is a welcome addition to 
the painfully small evidence base.  
 
With the intention of making a very good paper even better,  
I offer some suggestions :  
 
1. The authors state in the results that the difference between the 
dietary sodium intake and 24-hour urinary sodium excretion can be 
deemed as an estimation of the use of discretionary salt. This seems 
a reasonable assumption, although strictly speaking might also in 
part be attributed to inaccuracies in the salt intake estimation 
method in the survey, perhaps?. Could the authors briefly discuss 
this in the section and compare to other estimates of discretionary 
salt use (even in other populations)?  
 
2. The survey has data for the years 2000-2001. As the authors 
rightly note, substantial actions on salt intake have been 
implemented since then. So the authors suggestion of repeating 
their analysis is sensible.  
While waiting for that data, can the authors perhaps briefly speculate 
on the chances that the social and spatial gradients will remain the 
same? One can hypothesize that the type of population-wide 
policies implemented in the UK should result in a reduction in salt 
intake and also reductions in absolute social gradients. However, by 
its design, implementation might not have truly homogeneous effect 
across the population. Which highlights the powerful need for 
monitoring this type of data as useful evidence of effectiveness.  
 
3. The choice of socioeconomic measure is obviously limited to what 
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is available in the survey. This is very useful data, and might provide 
good insights on gradients. I would suggest that the authors might 
also briefly suggest that other measures of socioeconomic position, 
including deprivation measures like the IMD could help in better 
relating the gradients found in this study with morbidity and mortality 
gradients by socioeconomic status usually measured with those 
measures.  
 
4. Because of low numbers, the decision to be cautious when 
exploring these gradients among one ethnic group is fully justified. I 
concur with their warning of being cautious on extrapolating these 
data to other ethnic groups. However, the authors might briefly 
elaborate on this potential bias in their Discussion (limitations 
section), and perhaps give indications on the direction this bias 
might take?  
 
5. Another important limitation resulting from using only white 
respondents could affect the interpretation of the spatial data. 
Although not probably important at the national level , not a goal of 
the study nor possible to explore in this analysis because of small 
numbers, using this approach for sub national or local comparisons 
could be biased if ethnic spatial variation is not taken into account. 
Could the authors perhaps briefly mention this in the limitations 
section?  
 
6. Finally, a minor point is the choice of confounders. Although the 
authors did adjust for important determinants of SBP salt intake, 
they did not apparently adjust for hypertension treatment. That could 
also modify urinary sodium excretion, particularly diuretics. This is 
unlikely to have a big impact at the national level spatial gradients, 
but it is a theoretical possibility that could be associated with both to 
the outcome and also be spatially or socially patterned. Perhaps that 
could also be mentioned in the limitations section?  
 
These are minor suggestions intended constructively to improve this 
splendid paper. 

 

REVIEWER Peter Scarborough  
Senior Researcher, BHF Health Promotion Research Group  
University of Oxford  
UK  
 
I have no conflict of interest to declare. 

REVIEW RETURNED 19-Nov-2012 

 

RESULTS & CONCLUSIONS A general problem with the manuscript is that it is not explicitly clear 
what the authors are trying to achieve with the analysis that is not 
already demonstrated by earlier analyses of the National Diet and 
Nutrition Survey. The authors should state clearly what the 
advantages of their approach are. Specifically, that they are 
identifying spatial variation in salt intake that exists after adjustment 
for socio-economic factors. 

GENERAL COMMENTS The aim of this manuscript seems to be to measure geographic 
variation in salt intake in Britain that exists after adjustment for other 
socio-economic factors. This is not explicitly stated in the 
manuscript, and should be. The value of such estimates is limited for 
a couple of reasons. First, the data used are from 2000/01, which 
(as the authors correctly discuss) is before the salt reformulation 
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programme instigated by the FSA which resulted in a large 
population drop in salt intake. Therefore, it is not clear how relevant 
these results are to current day Britain. Second, the results do not 
provide a great insight beyond that provided by primary analyses of 
the National Diet and Nutrition Survey which indicated both 
geographic and social variations in salt intake in Britain. Still, the 
results are interesting, the analyses are well conducted and the 
results are reported well. I have a few minor comments for the 
authors:  
 
1. In the results section of the abstract, numbers are reported 
without any description of what these numbers mean.  
 
2. The introduction ends with the comment that the study will 
contribute to two of the six policy objectives of the Marmot Review. It 
is not at all clear how the study contributes to these policy 
objectives.  
 
3. On page 10, the authors state that 'Scotland and Wales were 
used as a whole region while England was divided into nine smaller 
regions. Thus more variation may be hidden in Scotland and Wales.' 
The population of England is about ten times higher than either 
Scotland or Wales, so this argument does not make sense.  
 
4. On page 11, the authors state that reductions in average salt 
intake 'may conceal inequalities that would underestimate the health 
risks in people of low SES' - it may though, but there is no evidence 
that social inequalities in salt intake have increased. In fact, since 
the reformulation of processed foods is a main reason for the 
reduction in slat intake, it may be that inequalities have decreased.  
 
5. The first line of the conclusion states 'this study identified a north-
south pattern of salt intake across Britain with people living in 
Scotland having higher salt intake than those in England and Wales.' 
This study did not identify that finding. That was first shown by the 
National Diet and Nutrition Survey. This study demonstrates that the 
geographical variation is independent of differences in socio-
economic factors.  

 

REVIEWER Professor Ivan J Perry, MD, PhD  
Professor of Public Health  
Department of Epidemiology & Public Health  
Room 4.18  
Western Gateway Building  
University College Cork 
 
No conflict of interest 

REVIEW RETURNED 20-Nov-2012 

 

THE STUDY Further details required on the overall NDNS response rate 
(including variation in response rate by region if available). While 
76.6% (N=1,724) completed a 7-day dietary record and 64.8% 
(N=1,459) providedcompleted 24-hour urine collections, we need 
information on the base response rate. 

GENERAL COMMENTS I am concerned that there may be residual confounding due to 
socio-economic factors associated with high salt intake. The paper 
would benefit from greater clarity on the methods of adjustment for 
potential socio-economic confounders. The problem of studying 
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dietary salt intake in isolation from other nutritional exposures such 
as intake of saturated fat and fruit & vegetables should be 
addressed in the discussion. An issue arises as to whether it would 
be preferable to study regional variation in dietary patterns rather 
than variation in intakes of single nutrients. This is not a major issue 
and should not detract from the message of this valuable paper  

 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: Simon Capewell MD DSc  

 

R1. The authors state in the results that the difference between the dietary sodium intake and 24-hour 

urinary sodium excretion can be deemed as an estimation of the use of discretionary salt. This seems 

a reasonable assumption, although strictly speaking might also in part be attributed to inaccuracies in 

the salt intake estimation method in the survey, perhaps?. Could the authors briefly discuss this in the 

section and compare to other estimates of discretionary salt use (even in other populations)?  

 

A1. Thank you. We have added a sentence and a reference (35) to address this point. The reference 

is Mattes RD, Donnelly D. Relative contributions of dietary sodium sources. J Amer Coll Nutr 

1991;10:383-93.  

 

“The difference between the dietary sodium intake and 24-hour urinary sodium excretion, being on 

average ~1.7 g/day (~21% of total salt intake), can be deemed as an estimation of natural sources 

and the use of discretionary salt (i.e. table and cooking salt). Allowing for inaccuracies in the 

estimations of salt intake with either method, these figures are in line with those of 23% reported 

elsewhere (35).”  

 

R2. The survey has data for the years 2000-2001. As the authors rightly note, substantial actions on 

salt intake have been implemented since then. So the authors suggestion of repeating their analysis 

is sensible. While waiting for that data, can the authors perhaps briefly speculate on the chances that 

the social and spatial gradients will remain the same? One can hypothesize that the type of 

population-wide policies implemented in the UK should result in a reduction in salt intake and also 

reductions in absolute social gradients. However, by its design, implementation might not have truly 

homogeneous effect across the population. Which highlights the powerful need for monitoring this 

type of data as useful evidence of effectiveness.  

 

A2. Thank you. We have expanded our section „Strengths and Limitations‟ addressing the point 

raised.  

 

“The overall reduction in salt intake may have occurred across geographical areas and socio-

economic groups or, as it is often the case when behavioural approaches are preferred to more 

radical top-down policies, it may have further widened the social gradient. It would be important to 

repeat our analyses on the 2008-11 NDNS crucially to document whether the reduction in salt intake 

seen over the past years has modified the social inequality in salt consumption observed previously.”  

 

R3. The choice of socioeconomic measure is obviously limited to what is available in the survey. This 

is very useful data, and might provide good insights on gradients. I would suggest that the authors 

might also briefly suggest that other measures of socioeconomic position, including deprivation 

measures like the IMD could help in better relating the gradients found in this study with morbidity and 

mortality gradients by socioeconomic status usually measured with those measures.  
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A3. Thank you. We have expanded our section „Strengths and Limitations‟ addressing the point 

raised.  

 

“The definition of socioeconomic position was limited to education and occupation, as the only 

available in the NDNS database. It would have been extremely informative if more sensitive measures 

of deprivation had been available.”  

 

R4. Because of low numbers, the decision to be cautious when exploring these gradients among one 

ethnic group is fully justified. I concur with their warning of being cautious on extrapolating these data 

to other ethnic groups. However, the authors might briefly elaborate on this potential bias in their 

Discussion (limitations section), and perhaps give indications on the direction this bias might take?  

 

A4. Thank you. We have expanded our section „Strengths and Limitations‟ addressing the point 

raised.  

 

“Although the NDNS is a nationally representative survey, our results are based on white respondents 

only. Other ethnic groups were not included in this analysis due to the small representation. 

Generalization of the results to the whole population should therefore be made with caution. Since 

ethnic minorities cluster around big conurbations (eg. London, Birmingham, the Midlands, 

Manchester, Liverpool), representing a significant proportion of the total population, it is possible that 

we may have underestimated the association of salt intake with socioeconomic gradient in some 

areas with larger ethnic representations. Larger sample size should be obtained from the minority 

ethnic groups for representative and robust estimations to be used at regional levels.”  

 

R5. Another important limitation resulting from using only white respondents could affect the 

interpretation of the spatial data. Although not probably important at the national level, not a goal of 

the study nor possible to explore in this analysis because of small numbers, using this approach for 

sub national or local comparisons could be biased if ethnic spatial variation is not taken into account. 

Could the authors perhaps briefly mention this in the limitations section?  

 

A5. Thank you. The answer is incorporated in the sentence listed under 4.  

 

R6. Finally, a minor point is the choice of confounders. Although the authors did adjust for important 

determinants of SBP salt intake, they did not apparently adjust for hypertension treatment. That could 

also modify urinary sodium excretion, particularly diuretics. This is unlikely to have a big impact at the 

national level spatial gradients, but it is a theoretical possibility that could be associated with both to 

the outcome and also be spatially or socially patterned. Perhaps that could also be mentioned in the 

limitations section?  

 

A6. Thank you. This is an important point that we addressed but failed to report. Only 6.9% of the 

responders answered positively to the question on whether they were on regular anti-hypertensive 

medications. We carried out additional models including „use of antihypertensive medications‟ as an 

additional covariate both for dietary sodium intake and for 24h urinary sodium. In both cases there 

were very marginal changes in the coefficients with no material influence of the overall findings. We 

have now added three sentences to reflect this.  

 

Reviewer: Peter Scarborough  

 

R1. A general problem with the manuscript is that it is not explicitly clear what the authors are trying to 

achieve with the analysis that is not already demonstrated by earlier analyses of the National Diet and 

Nutrition Survey. The authors should state clearly what the advantages of their approach are. 

Specifically, that they are identifying spatial variation in salt intake that exists after adjustment for 
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socio-economic factors.  

 

A1. We thank the reviewer. The clearest statement is in the first sentence of „Strengths and 

Limitations‟. What is being emphasized is the „simultaneous‟ use of linear and non-linear effects in the 

overall model, allowed by our statistical approach.  

 

“This is the first study to estimate spatial variations of salt intake and to establish the contribution of 

known and unknown confounders to such geographical distribution, using both linear and non-linear 

effects, all estimated simultaneously.”  

 

R2. The aim of this manuscript seems to be to measure geographic variation in salt intake in Britain 

that exists after adjustment for other socio-economic factors. This is not explicitly stated in the 

manuscript, and should be. The value of such estimates is limited for a couple of reasons.  

 

A2. More precisely we were aiming at assessing linear and non-liner effects from known and unknown 

confounders, possible through our novel statistical approach not used before.  

 

R3. First, the data used are from 2000/01, which (as the authors correctly discuss) is before the salt 

reformulation programme instigated by the FSA which resulted in a large population drop in salt 

intake. Therefore, it is not clear how relevant these results are to current day Britain.  

 

A3. The relevance of the results lies in the evidence of a significant socio-economic gradient in dietary 

salt intake in Great Britain, even allowing for geographical location, concept sometimes implied, but 

never demonstrated.  

 

R4. Second, the results do not provide a great insight beyond that provided by primary analyses of 

the National Diet and Nutrition Survey which indicated both geographic and social variations in salt 

intake in Britain.  

 

A4. As stated above the NDNS reports have shown, on one hand a variation in salt intake across the 

country, and on another that salt intake is higher in low SES. However, pooled analyses of that kind 

were unable to address what we are showing in our analysis, a concept to be used for policy 

decisions rather than for etiological purposes.  

 

R5. Still, the results are interesting, the analyses are well conducted and the results are reported well. 

I have a few minor comments for the authors:  

 

R5.1. In the results section of the abstract, numbers are reported without any description of what 

these numbers mean.  

 

A5.1 The coefficient of education can be explained as follows:  

 

Assume the mean 24-h urinary Na in the high education group is 140 mmol/day. The coefficient of the 

“no qualification” is 0.158. Therefore, the urinary Na in the No qualification group is 9.4% higher 

(equivalent to 13 mmol/day higher) than that in the High education group. Similarly, by assuming the 

mean dietary Na in the high education group is 2500 mg/day, the dietary Na in the No qualification 

group is 3.5% or 87.8 mg/day higher.  

The calculation of the ratio in 24-h urinary sodium can be briefly shown as follows: The model was:  

Na1/3=age+sex+edu+…  

1. Assume the mean Na=140 mmo/day in the High education group  

2. The estimated mean dependent variable in the No qualification group becomes (Na1/3+0.158)  

3. As the cube root transformed variables cannot be directly compared (using absolute difference), a 
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ratio comparison is better.  

4. By using (Na1/3_ NoQualification / Na1/3_ HighEdu), we obtain the ratio =(1401/3+0.158)/ 

1401/3=1.0304  

5. Using the reverse transformation, the ratio between two Na levels=1.03043=1.094. That is, the 

mean Na in the No qualification group is 9.4% or 13.2 mmol/day higher.  

 

If the assumed Na level changes, the ratio also changes. The higher the assumed Na level is, the 

lower the ratio will be. However, the changes are not linear. As the ratios are calculated based on 

cube root transformed variables, if the assumed Na level increases, the ratio decreases but the 

absolute change increases. If the assumed level decreases, the ratio increases but the absolute 

change decreases.  

 

R5.2. The introduction ends with the comment that the study will contribute to two of the six policy 

objectives of the Marmot Review. It is not at all clear how the study contributes to these policy 

objectives.  

 

A5.2. We have now removed the last sentence from the Introduction and added an edited version as 

last sentence in Conclusions to make the point clearer.  

 

R5.3. On page 10, the authors state that 'Scotland and Wales were used as a whole region while 

England was divided into nine smaller regions. Thus more variation may be hidden in Scotland and 

Wales.' The population of England is about ten times higher than either Scotland or Wales, so this 

argument does not make sense.  

 

A5.3. Thank you for the comment. We have removed the sentence in the revised version.  

 

R5.4. On page 11, the authors state that reductions in average salt intake 'may conceal inequalities 

that would underestimate the health risks in people of low SES' - it may though, but there is no 

evidence that social inequalities in salt intake have increased. In fact, since the reformulation of 

processed foods is a main reason for the reduction in slat intake, it may be that inequalities have 

decreased.  

 

A5.4. Our statement refers to the status quo in 2000-1 as detected and described in our analysis, and 

not to a prediction of what we would find today. Indeed, we advocate a reanalysis of the most recent 

data for comparison and evaluation of the salt policy on inequalities. We would agree with the 

reviewer that we do not know what effect the recent salt reduction policy has had on inequalities (not 

being the objective of the current piece of work). In fact, it would be unlikely that the current policy 

would have „reduced‟ inequalities, given that no regulatory policies on pricing and access have been 

adopted as yet, leaving us to predict, at best, no change in inequalities.  

 

R5.5. The first line of the conclusion states 'this study identified a north-south pattern of salt intake 

across Britain with people living in Scotland having higher salt intake than those in England and 

Wales.' This study did not identify that finding. That was first shown by the National Diet and Nutrition 

Survey. This study demonstrates that the geographical variation is independent of differences in 

socio-economic factors.  

 

A5.5. Thank you. We have amended our first sentence in „Conclusions‟ addressing the point raised.  

 

“In conclusion, our analysis describes a north-south pattern of salt intake across Britain with people 

living in Scotland having higher salt intake than those in England and Wales. After allowing for 

geographic location, measures of low socio-economic status are associated with higher salt intake, 

indicating higher risk of hypertension and CVD.”  
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Reviewer: Professor Ivan J Perry, MD, PhD  

 

R. Further details required on the overall NDNS response rate (including variation in response rate by 

region if available). While 76.6% (N=1,724) completed a 7-day dietary record and 64.8% (N=1,459) 

provided completed 24-hour urine collections, we need information on the base response rate.  

 

A. There were 5,673 households randomly selected and 3,704 (65.3%) eligible for the survey 

interview. The ineligible households were excluded mainly because the selected respondents were 

out of the targeted age range. After filtering out the refusals and non-contacts, 60.8% (N=2,251) of the 

total eligible sample from 11 regions completed an interview. In this survey population, 76.6% 

(N=1,724) completed a 7-day dietary record and 64.8% (N=1,459) provided completed 24-hour urine 

collections. The response rate by region was not available in the NDNS user guide. We added 

clarification in „Participants‟.  

 

R. I am concerned that there may be residual confounding due to socio-economic factors associated 

with high salt intake. The paper would benefit from greater clarity on the methods of adjustment for 

potential socio-economic confounders. The problem of studying dietary salt intake in isolation from 

other nutritional exposures such as intake of saturated fat and fruit & vegetables should be addressed 

in the discussion. An issue arises as to whether it would be preferable to study regional variation in 

dietary patterns rather than variation in intakes of single nutrients. This is not a major issue and 

should not detract from the message of this valuable paper  

 

A. Detailed methods on the construction of the models and the handling of covariates (including 

socio-economic variables) for linear and non-linear effects are given in the Appendix which is integral 

part of the statistical methods. 
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