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ABSTRACT

Background. In the 2000-2001 British National Diet and Nutrition Survey (NDNS) there were
significant socio-economic inequalities in the distribution of salt intake, independent of the
south-north gradient. Since then the UK has implemented a national salt reduction
programme. The impact of such a programme on social inequalities, however, remains
unknown.

Objectives. To examine the spatial and socio-economic variations in salt intake in the 2008-
2011 British NDNS and to compare them with those before the programme.

Design. Cross-sectional survey.

Setting. Great Britain.

Participants. 1,027 white males and females, aged 19 to 64 years, from the British NDNS
2008-11.

Primary outcome. Participants’ dietary sodium intake measured with a 4-day food diary.
Bayesian geo-additive models were used to assess the spatial and socio-economic patterns
of sodium intake while accounting for socio-demographic, anthropometric and behavioural
confounders.

Results: Dietary sodium intake varied significantly across socio-economic groups, even when
adjusting for geographical variations. Higher dietary sodium intake was found in people with
the lowest educational attainment (coeff: 0.252 [90% credible intervals 0.003, 0.486]) and in
low levels of occupation (coeff: 0.109 [-0.069, 0.288]). Those with no qualification had, on
average, a 5.7% [0.1, 11.1] higher dietary sodium intake than the reference group.
Compared to 2000-01 the gradient of higher dietary sodium intake from south to north still
remained but it was no longer significant when adjusted for socio-economic status and
other confounders. Estimated dietary sodium consumption from food sources (not
accounting for discretionary sources) was reduced by 366 mg of sodium (~0.9 g of salt) per
day during the 10-year period, likely the effect of national salt reduction initiatives. However,
the social inequalities remained.

Conclusions: Understanding the socio-economic pattern of salt intake is crucial to reduce
inequalities. Efforts are needed to minimise the gap between socio-economic groups for an

equitable delivery of cardiovascular prevention.
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BACKGROUND

High blood pressure (BP) is the most common, yet preventable, cause of morbidity,
disability and death worldwide, responsible for more than half the deaths from coronary
heart disease (CHD), stroke and cardiovascular disease (CVD)%. The risk of CVD is now
becoming more prevalent in low-and-middle income countries® and, within countries, is
more prevalent in socially disadvantaged groups®. A reduction in high BP with
antihypertensive medications significantly reduces BP and CVD*. However, the majority of
events in the population occur in the range of BP not qualifying for drug therapy. A
population approach to achieve small BP reductions across the whole range of BP levels
would therefore avert the majority of CVD events’. Finally, in low-and-middle-income
countries the implementation of health care programmes of detection, management and
control of hypertension with drugs are still haphazard due to high costs and lack of health
care infrastructures®’, making non-pharmacological public health programmes of primary
prevention a cost-effective priority®°.

Evidence from a variety of sources shows a consistent relationship between salt
intake and BP, so that a moderate reduction in salt intake reduces BP in a dose-dependent
manner, in men and women, young and old, all ethnic groups and at any level of BP*.
Furthermore, there is evidence to suggest that these effects on BP could lead to a significant

reduction in cardiovascular events, and crucially in strokes'?

. Several approaches can be
taken to reduce population salt intake'® and national and international organizations have
now developed policies and started population programmes aiming at a reduction in

14;15

population salt intake®, a cost-effective prevention policy with rapidly occurring health

benefits'®"’.

Dietary salt, primarily sodium chloride, is commonly used for food preservation and
seasoning. In most westernised countries, like the UK, approximately 75% of salt consumed
is hidden in processed and restaurant foods whereas only about 15% comes from
discretionary use (added at the table or in cooking by the consumer or food handler)*®.

Driven by this evidence the UK Food Standards Agency (FSA) initiated a salt
reduction program in 2003, aiming to reduce the salt intake to 6 g/day in the UK
population®. Later, the FSA and the Department of Health worked together with the food
industry to reduce the sodium content in processed foods by setting voluntary salt
reduction targets, run a public campaign to raise customer awareness and developed a food

4
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cross-sectional and nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. Details of the fieldwork and the survey are described
elsewhere®’. In 2008, it changed to a rolling programme to better capture trends and to
quickly meet political needs. One thousand to 1,500 people aged 1.5 to 94 years are
recruited every year as a representative sample of the general population in the UK
(including England, Wales, Scotland and Northern Ireland). Participants are classified into
three age groups: 1.5-18 years, 19-64 years and 65 years and over. The fieldwork for the
latest survey was carried out throughout 2008-11 to account for any possible seasonal
variations in dietary intake. At household level, about 26% of the 9,990 issued household
addresses were selected for the survey in three years. At individual level, 3,073 individuals
participated in the interview by completing a series of questionnaires and measurements,
including a 3- or 4-day food diary, a socio-demographic background interview, height and
weight measurements, smoking and drinking assessments by self-completed questionnaires,
and an assessment of physical activity by self-completed questionnaires or ActiGraph.
Seventy five per cent (unweighted for age, N=2,318) of the participants were then visited by
a nurse. This procedure included physical and BP measurements, a blood sample and a 24h
urine collection, and collection of data on prescribed medicines. At this stage, 53%
(unweighted for age, N=1,614) of the interviewed participants provided 24h urine sample
(data not released to date). Of the total participants, 39% (N=1,186) were adults (19-64
years). White respondents accounted for 90% (N=1,069) of the adult population. Ethnic
minority groups were excluded since estimation on few participants may not be
representative of their ethnic group, particularly when compared by region. Finally
participants from Northern Ireland were also excluded due to small numbers (n=42), leaving
a total sample size of 1,027.

Height and weight were measured at the nearest 0.1 cm and 0.1 kg, respectively, to
calculate body mass index (BMI=weight/height (kg/m?)). BP measurements were taken
three times in a sitting position. The average of the second and third reading was used as
the participant’s BP level. Socio-economic status (SES) was measured by two indicators,
educational attainment and occupation. Educational attainment was based on the
information of the highest qualification achieved. Some participants obtained foreign
qualifications or were still in full-time education. Hence, a missing value was assigned to
those participants. Occupation was determined by the socio-economic classification (SEC) of

6
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é the household reference person (HRP). Unlike the previous cross-sectional programme %
g (based on The Registrar-General's Social Classes), the rolling programme defines the SEC by g«
? the National Statistics Socio-economic classification (NS-SEC), which is developed from the %
g Standard Occupational Classification 2010 (SOC2010). Details of the definitions of the g
12 classification can be found in the NDNS year 3 report®%. The NS-SEC grouped the participants 6-? é
12 into 8 occupational classes: 1) higher managerial, administrative and professional; 2) Lower g E
ﬁ managerial, administrative and professional; 3) Intermediate; 4) Small employers and own g §
ig account workers; 5) Lower supervisory and technical; 6) Semi-routine; 7) Routine; and 8) g ?Z
g Never worked and long-term unemployed. The SES information was simplified into 3-class :§ %
19 version®®: 1) Higher managerial, administrative and professional (containing level 1-2); 2) ; §
3(1) Intermediate (level 3-4); 3) Routine and manual (5-7). There were only 18 participants in the % %
gg “Never worked and long-term unemployed” category (level 8). Hence, they were coded as (i i
gg missing values. Meanwhile, some participants classified as full-time students or other égé
26 occupations not stated or inadequately described were also coded as missing values. Marital ig%
% status included 5 categories: 1) single, 2) married and living with husband or wife, 3) %%E
ég married and separated, 4) divorced, 5) widowed. With the information of whether they é;g
g; were living with a partner, the marital status used in this analysis was coded as either living g@g
33 alone or living with partner. Smoking habit was derived from questions concerning current gg%
gg and previous smoking history. Based on their smoking history, the NDNS participants were %,E%
2? recorded as current, former or non-smoker. The food diary provided each participant’s évé
gg nutrient and energy intakes in weekdays and weekends. Sodium and energy intakes and § ér
22 alcohol consumption were based on the average of the 4-day dietary data. However, salt g g
42 used in cooking and on the table (discretionary salt) was not measured. g 3
45 Geographical boundaries 5 S
j? The NDNS rolling programme was conducted across the UK, including England, Scotland, g %
jg Wales and Northern Ireland®®. The regional classification of England used in the rolling g g
22 programme was different to the classification used in previous surveys, particularly in the @ g
52 north and south east part of England, which was mainly due to the use of Government c}:
gi Office Regions (GORs) 2011. Details can be found on the website of the Office for National §
gg Statistics®>. As the Bayesian models are unable to make estimation over disconnected §
g; regions (i.e. Northern Ireland and the rest of Great Britain), data collected from Northern E

>
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Ireland were excluded from this study. Therefore, the analysis was limited to mainland
Britain, and only boundary data of England, Scotland and Wales were collected from UK

Boarders.

Statistical Methods

Kruskal-Wallis test was used to compare the regional difference of dietary sodium intake.
Bayesian geo-additive models were employed to analyse the spatial and socioeconomic
patterns of sodium intake while accounting for the linear or nonlinear effects of a range of
important covariates, as detailed elsewhere®. Four models were built and assessed. One
level of each categorical factor was set as the reference level for effect assessment. Cube
root transformation was used to normalise the dietary sodium intake. This was identical to
the transformation used in our previous analysis>’. Deviance information criterion (DIC) was
used for model selection. The model with the smallest DIC value was preferred (appendix 1).
The descriptive analysis and tests were conducted using SPSS v21 (IBM Corp. Armonk, NY,
USA). Model estimations were conducted in BayesX Version 2.1 (07.05.2012)*°. The
statistical significance level was set as a=0.05 in the descriptive analysis and a=0.1 in the

models. The West Midlands BREC (158-01-2012) approved the analysis.

RESULTS

One thousand and twenty seven white participants were included in the analysis. The age
and sex adjusted characteristics of the study population are summarised in table 1. The
mean age was 43.3 (95% confidence interval 42.5 to 44.0) years and women accounted for
56.4% (N=579) of the sample. 27.1% of the participants had a higher educational attainment,
31.1% an A level, below degree or equivalent educational attainment, and 25.5% a GCSE or
equivalent educational attainment. Participants in higher social-economic groups accounted

for 45.9% of the sample.

Dietary sodium
The median sodium intake was 2,245 (IQR=1,092) mg/day, which approximated to 5.6g of
salt/day (100mg sodium = 0.25g salt). The median energy intake was 1,799 (IQR=761)

kcal/day. Figure 1 shows the observatory map of sodium intake by region. Sodium intake
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3 was highest in Scotland, followed by the West Midlands. The regional differences, however, =
4 =
5 were not statistically significant (p=0.145) (table 2). 5
6 c
7 The DIC results of the models were presented in appendix 1. Model 3 with linear g
(%]
>
g assumption of the covariates performed the best in terms of the DIC value. Hence, the e
QD
10 results of Model 3 were presented in table 3. Once adjusted for all confounders in the - o
11 s ©
ig model, dietary sodium intake significantly decreased with age and men had higher dietary g @
@ =
14 sodium intake than women. As expected, dietary sodium intake was positively associated o g
< T

ig with body mass as a result of its association with energy intake. Participants at the lowest § E
2 3
17 end of educational attainment (no qualification) had significantly higher dietary sodium s 9
18 EgN
19 intake that the reference group (higher education at degree level) (5.7% [0.1, 11.1]; 5 38
20 o g
21 appendix 2). To avoid the effect of residual confounding, a set of models with 5-category s &
> o
gg factors was also examined. No substantial change, particularly in terms of the statistical (?; E
24 significance, was detected between the two approaches (results not shown). A similar trend Sm z
25 358
26 (though not statistically significant) was observed between dietary sodium intake and 38%
27 255
28 occupation. RN
29 CERS
30 Dws
1 2E3
> Comparison with the 2000-01 NDNS 283
D_(_D'%
33 Compared with the analysis of the NDNS 2000-01%°, whilst the spatial differences in dietary s e
34 833
35 sodium intake in NDNS 2008-11 still followed the pattern of increasing levels from south to 393
36 ERES
37 north (with Scotland showing the highest), the results were no longer statistically significant a- i
> o
gg (figure 1 and table 2). Between the two surveys (almost 10 years apart) there was an o %
Q

© 9

22 average reduction in dietary sodium intake of 366mg per day (or 0.9g of salt per day). § g
> o
42 Crucially, the socio-economic gradient remained (figure 2). If anything, the proportional gap p 3
43 a g
44 appeared to widen (from 3.5% [0.1, 7.2] to 5.7% [0.1, 11.1]) between those with no ‘5 3
= o
jg qualification and the reference group (higher education at degree level)(appendix 2). gj 2
c

:
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49 DISCUSSION S §
50 o o
51 Our analysis confirms a socio-economic gradient in dietary salt intake in the British Isles in 2o
52 5
53 2008-11 independent of a geographic gradient. In addition it shows for the first time that E
54 . . . . . 3
55 after 10 years of a national programme of population reduction in salt intake, social g
56 inequalities in salt consumption have remained. This study extends our original approach of E
57 Q
58 analysing spatial variations of salt intake to establish the contribution of socio-economic %:T
50 5 :
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i
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variations and other confounders after 10 years of a population-based programme of salt

reduction, thus providing a unique opportunity to evaluate effects on inequalities.

Strengths and limitations

The study has strengths. The National Diet and Nutrition Survey is a rolling programme of
screening of a nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. This analysis is the first evaluation of the effect of a
national programme of salt reduction on social inequalities. The Bayesian approach allows
us to determine spatial variations as well as the contribution of known and unknown
confounders. Finally, estimates of dietary intake are reinforced by the fact that food

composition tables on salt content have been updated recently.

The study has limitations. Dietary salt intake was assessed by 3- or 4-day food diaries.

This is at variance with the 2000-2001 survey when dietary salt intake was assessed with 7-
day dietary records®®. Notwithstanding the general comparability of group estimates using

the two methods®’®

, in this round only salt coming from food was assessed, with no
inclusion of discretionary salt deriving from that added to food at the table, during the
cooking process and in restaurants and other food outlets. Discretionary salt intake may
account for approximately 25% of the total salt consumption'®, and additional socio-
economic inequalities in salt consumption may well depend on further variations in

39;40
. In

discretionary use. Total salt intake is best measured by 24h urinary sodium excretion
the 2000-2001 analysis both spatial and socio-economic patterns were comparable with
dietary and total salt estimates®. The definitions of SES were based on occupation and
educational attainment. Whilst limited, these definitions are comparable to those used in
2000-2001%. Our results are based on white respondents, since the representation of ethnic
minority groups was still insufficient for an independent analysis. The generalizability of the
findings is therefore limited to whites. Limitations are also the relatively small number of

spatial units and regional classifications®. The possibility of residual confounding cannot be

ruled out completely.

Context
The UK initiated a nationwide salt reduction programme in 2003/4 based on several public
awareness campaigns, setting progressing targets on the salt content of processed food led

10
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5 bread and processed foods and a rolling programme of repeated surveys to monitor the salt 5
6 c

7 intake of the population®® and the salt content of some food category®®. The programme has =
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>

g been successful and resulted in a 1.4g per day (15%) reduction in population salt 2
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ig mortality by 36% decreased by 36%>'. The average salt level in bread fell from 1.23g per § E
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17 100g in 2001 to 0.98g per 100g in 2011, and the number of products meeting the 2012 =
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19 targets increased from 28% in 2001 to 71% in 2011%%. Our study indicates a 0.9g per day ; 8

20 o g

21 reduction in population dietary salt intake between surveys which should be interpreted as s &
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gg primarily deriving from food reformulation rather than by behavioural modifications in the (?; E

24 use of discretionary salt at the table and in cooking. Sm z
25 358

26 ig.,‘f’.

27 253

28 Implications for policy 23K
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30 The diet of socio-economically disadvantaged groups is made of low-quality, salt-dense, c;s&;%
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g; high-fat, high-calorie unhealthy cheap foods. Behavioural approach to healthy eating is %EE
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33 unlikely to bring about the changes necessary to halt and revert the non-communicable s e
34 -~ 83
35 diseases epidemic and they may widen inequalities'®*”*!. SES inequalities in dietary access 393

36 ERZES

37 and consumption of healthy foods are widely documented®, both within countries® and a- i

> o

gg between countrieszg, and for salt intake are detectable in children** as well as adults®. = %

Q
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22 Australian children from a low SES have on average 9% greater intake of salt from food = 2
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42 sources compared to those from a high SES*.. In our study these differences are estimated p 3
43 o 9

44 to be between 5% and 6%. ‘5 3
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jg The findings of a sustained SES gradient in population dietary salt intake from 2000- gj 2
o)) c

j; 2001 to 2008-11 is disappointing as one would have expected a larger reduction in lower % i
g -

49 SES following a population-wide approach?’. There are multiple interpretations of these S §
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51 findings. Firstly, our results do not indicate that the total salt consumption is still higher in 2o

52 5
53 low SES as we do not have measures of 24h urinary sodium excretion in the 2008-11 survey. E
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gg However, in the 2000-2001 both measures (dietary sodium and 24h urinary sodium) were g

o

56 used and the results were consistent®. Secondly, to counterbalance the higher dietary salt E
57 Q

58 intake in low SES, the same groups should have reduced discretionary salt substantially %:T
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following public awareness campaigns, an effect not anticipated®’ and not reported as yet in
the literature. Thirdly, the inequalities we detect for dietary salt intake could be even
greater if we assumed that the consumption of junk food from unregulated street retailers
is more common in people of low SES. Indeed, recent results from the analysis of data for
take-home food and beverage purchases from British households in 2010 indicates that
shopping baskets of higher SES groups are healthier (proportionally more purchasing of fiber,
protein and total sugars and less sodium) than those of lower SES groups®. Fourthly, it is
possible that the reformulation of food items (beyond bread) has covered
disproportionately food items not predominantly purchased by low SES groups. A more
detailed monitoring of household food purchasing in relation to targeted reformulation and
improved access by acting on pricing should be included in surveillance methods to reveal

potential targets to reduce social inequalities in salt intake.

Conclusions
Understanding the socio-economic pattern of salt intake is crucial to reduce inequalities.
Efforts are needed to minimise the gap between socio-economic groups for an equitable

delivery of cardiovascular prevention.
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Table 1: Age and sex adjusted characteristics of the population
of the National Diet and Nutrition Survey 2008-2011.

Variable Total (N=1,027)
Age (year) 43.3 (42.5, 44.0)
Sex (%)

Male 43.6

Female 56.4
Weight (kg) 78.9 (77.9, 79.8)
Height (cm) 169.5 (169.1, 169.9)
BMI (kg/m’) 27.4(27.0,27.7)
Smoking habit (%)

Non-smoker 36.0

Former smoker 36.6

Current smoker 27.4
Marital status (%)

Living with partner 63.8

Living alone 36.2
Education attainment (%)

Higher education 27.1

Below degree, A level or equivalent 31.1

GCSE or equivalent 25.5

No qualification 16.2
Occupation (%)

Professional, managerial, administrative 45.9

Intermediate 20.0

Routine and manual 34.1
Sodium intake (mg/day)* 2,245 (1,092)
Energy intake (kcal/day)* 1,799 (761)
Alcohol consumption (g/day)* 6.0 (23.0)
Region (%)

North East 4.2

North West 13.0

Yorkshire and the Humber 8.2

East Midlands 10.7

West Midlands 11.0

East of England 9.7

London 6.3

South East 15.6

South West 7.9

Wales 5.9

Scotland 7.5

Note: Results are mean (95% confidence intervals) and percentage, unless stated;
BMI, body mass index; GCSE, General Certificate of Secondary Education;

*: Median with Interquartile Range.
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Table 2: Dietary sodium intake (without discretionary salt
10 consumption) by region in the 2008-2011 National Diet
and Nutrition Survey sample of white participants.

14 Region Sodium intake Salt equivalent
15 (mg/day) (s/day)
16 Mean (SD) Mean (SD)
17 North East 2,106 (1,087) 5.26 (2.72)
18 North West 2,228 (1,104) 5.57 (2.76)
19 Yorkshire and the Humber 2,186 (1,193) 5.47 (2.98)
20 East Midlands 2,244 (1,176) 5.61(2.94)
21 West Midlands 2,343 (1,167) 5.86 (2.92)
22 East of England 2,167 (1,103) 5.42 (2.76)
23 London 2,170 (1,054) 5.43 (2.64)
24 South East 2,179 (953) 5.45 (2.38)
25 South West 2,251 (987) 5.63 (2.47)
26 Wales 2,027 (1,073) 5.07 (2.68)
27 Scotland 2,447 (1,046) 6.12 (2.62)
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Table 3: Fixed effect of dietary sodium intake in the 2008-2011
National Diet and Nutrition Survey sample of white participants.

Factor Mean (90% credible interval)
Age (year) -0.012 (-0.018, -0.006)
Female 0
Male 0.342 (0.176, 0.499)
BMI (kg/m2) 0.018 (0.003, 0.032)
Smoking habit
Non 0
Former 0.107 (-0.048, 0.264)
Current -0.044 (-0.241, 0.152)

Marital status
Living together
Living alone
Education attainment

Higher Education (degree level)

A level or equivalent

GCSE or equivalent

No qualification
Occupation

Professional, managerial, administrative

Intermediate
Routine and manual
Alcohol consumption (g/day)

Energy intake (kcal/day)

0
0.005 (-0.139, 0.158)

0
0.191 (0.009, 0.380)
0.159 (-0.060, 0.367)
0.252 (0.003, 0.486)

0
-0.036 (-0.234, 0.158)
0.109 (-0.069, 0.288)
-0.009 (-0.012, -0.006)
0.0019 (0.0018, 0.002)

Note: reference level was set as 0 in each categorical variable.

The effect is significant if the entire interval does not contain 0 and it is printed in italics.
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Figure 1. Estimated posterior mean residual spatial regional effects of dietary sodium intake.
The colour band represents the range of regional effect. Shades in red/green correspond to
high/low level of dietary sodium consumption.

©CoO~NOUITA,WNPE

Figure 2: The effect of education attainment (and 90% credible intervals) on dietary sodium
intake in Britain in 2000-01* (top) and 2008-11 (bottom).

13 Note: Higher education (degree level) was used as the reference level. The effect of each educational
14 attainment was derived by assuming a 2,500 mg dietary sodium intake per day (approximately 6.26 g/day in
15 salt, not including discretionary salt intake) for an adult holding a degree (reference). The effect is considered
16 significant if the entire credible interval does not include 0.

17 *: Although the Bayesian geo-additive models were used using the same set of factors with the same model
18 setting, “social class” was defined using a different classification in 2000-01. In addition, the dietary sodium,
19 energy and alcohol intakes were measured based on a 7-day dietary record in 2000-01 and on 4-day food
20 diaries in 2008-11.
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Table Appendix 1: Model comparison.

Model Model Model Model

1 2 3 4
Deviance 1016.58 938.9  586.5  574.8
pD 8.1 12.4 20.5 32.7

DIC 1032.8 963.8  627.6  640.1

Note: Model 1= Region only; Model 2 = Model 1 + Age + Sex +
Body Mass Index + Energy intake; Model 3 = Model 2 + Smoking
habit + Education + Socio-economic status + Marital status +
Alcohol consumption; Model 4 = Model 3 with nonlinear
assumption on all continuous variables (Age, BMI, Energy intake,
Alcohol consumption).

Table Appendix 2. Estimated coefficients of each
level of education attainment in 2000-01 and
2008-11 using the assumption of 2,500 mg/day
intake of dietary sodium.

Mean % 90% Credible

change interval
2000-01
Higher education Reference
Alevel or 0.5% -23%  3.3%
equivalent
GCSE or 1.4% -13% 4.5%
equivalent
No qualification 3.5% 0.1% 7.2%
2008-11
Higher education Reference
A level or 2.0% 0.2% 8.6%
equivalent
GCSE or 3.6% -1.3% 8.3%
equivalent
No qualification 5.7% 0.1% 11.1%
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ABSTRACT

Objectives. The impact of the national salt reduction programme in the UK on social
inequalities is unknown. We examined spatial and socio-economic variations in salt intake in
the 2008-2011 British NDNS and compared them with those before the programme in 2000-
1.

Setting. Cross-sectional survey in Great Britain.

Participants. 1,027 white males and females, aged 19 to 64 years.

Primary outcome measures. Participants’ dietary sodium intake measured with a 4-day
food diary. Bayesian geo-additive models used to assess spatial and socio-economic
patterns of sodium intake accounting for socio-demographic, anthropometric and
behavioural confounders.

Results: Dietary sodium intake varied significantly across socio-economic groups, even when
adjusting for geographical variations. There was higher dietary sodium intake in people with
the lowest educational attainment (coeff: 0.252 [90% credible intervals 0.003, 0.486]) and in
low levels of occupation (coeff: 0.109 [-0.069, 0.288]). Those with no qualification had, on
average, a 5.7% [0.1%, 11.1%] higher dietary sodium intake than the reference group.
Compared to 2000-01 the gradient of dietary sodium intake from south to north was
attenuated after adjustments for confounders. Estimated dietary sodium consumption from
food sources (not accounting for discretionary sources) was reduced by 366 mg of sodium
(~0.9 g of salt) per day during the 10-year period, likely the effect of national salt reduction
initiatives.

Conclusions: Social inequalities in salt intake have not seen a reduction following the
national salt reduction programme and still explain more than 5% of salt intake between
more and less affluent groups. Understanding the socio-economic pattern of salt intake is
crucial to reduce inequalities. Efforts are needed to minimise the gap between socio-

economic groups for an equitable delivery of cardiovascular prevention.
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BACKGROUND

High blood pressure (BP) is the most common, yet preventable, cause of morbidity,
disability and death worldwide, responsible for more than half the deaths from coronary
heart disease (CHD), stroke and cardiovascular disease (CVD)Y. The risk of CVD is now
becoming more prevalent in low-and-middle income countries® and, within countries, is
more prevalent in socially disadvantaged groups’. A reduction in high BP with
antihypertensive medications significantly reduces BP and CVD*. However, the majority of
events in the population occur in the range of BP not qualifying for drug therapy®. A
population approach to achieve small BP reductions across the whole range of BP levels
would therefore avert the majority of CVD events®. Finally, in low-and-middle-income
countries the implementation of health care programmes of detection, management and
control of hypertension with drugs are still haphazard due to high costs and lack of health
care infrastructures’®, making non-pharmacological public health programmes of primary
prevention a cost-effective priority”*°.

Evidence from a variety of sources shows a consistent relationship between salt
intake and BP, so that a moderate reduction in salt intake reduces BP in a dose-dependent
manner, in men and women, young and old, all ethnic groups and at any level of BP'.
Furthermore, there is evidence to suggest that these effects on BP could lead to a significant

1213 several approaches can be

reduction in cardiovascular events, and crucially in strokes
. . 11 . . . . .

taken to reduce population salt intake™™ and national and international organizations have

now developed policies and started population programmes aiming at a reduction in

15;16

population salt intake®, a cost-effective prevention policy with rapidly occurring health

benefits'’2,

Dietary salt, primarily sodium chloride, is commonly used for food preservation and
seasoning. In most westernised countries, like the UK, approximately 75% of salt consumed
is hidden in processed and restaurant foods whereas only about 15% comes from
discretionary use (added at the table or in cooking by the consumer or food handler)*.

Driven by this evidence the UK Food Standards Agency (FSA) initiated a salt
reduction program in 2003, aiming to reduce the salt intake to 6 g/day in the UK
population?’. Later, the FSA and the Department of Health worked together with the food
industry to reduce the sodium content in processed foods by setting voluntary salt

reduction targets, run a public campaign to raise customer awareness and developed a food

4
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2 labelling scheme?®. After 10 years, the salt intake in the UK has decreased by 1.4 g per day, a Z
5 15% reduction, from 9.5 to 8.1 g per day* This reduction has been associated with a BP g*
s reduction of 3.0/1.4 mmHg and a parallel decline in CHD and stroke mortality®>. The sodium %
g content of processed food in supermarkets has also been reduced by 20-30%23, particularly %
12 in packaged bread, the biggest contributor of salt intake in the British diet®*. a-g é
12 Health inequalities are variations in health status across individuals in a population®. g @
ﬁ, Health inequalities by socio-economic status are common. CVD is more prevalent in socio % S
15 . . . L . . . 5 8
16 economically deprived populations and groups within populations. Low socio-economic s 9
g status is associated with hypertension and high risks of stroke, CHD and renal failure?®. :; %
-'218 These groups are more likely to depend on cheaper unhealthy processed food diets, high in é %
21 salt?”’. The Marmot Review? affirmed social inequalities as important determinants of ill- % §
Sé health in the British population, highlighting the social gradient in health inequalities, 2« E
gg whereby people of poorer background not only die sooner but spend more of their lives § rjng
g? with disabilities. There are different methods to measure inequalities in health®*>%%3°, éé‘é
28 Health inequalities arise from a complex interaction of many factors, one of which is poor g% IS
ég diet and nutrition. Health inequalities are preventable through government policies aimed %;g
g; at the population as a whole?®. In general, ‘downstream’ preventive interventions with focus g%g
gi on individual behavioural changes are more likely to increase health inequalities than %é%
35 ‘upstream’ social or policy interventions®*. Amongst the former, media campaigns may be gag
g? particularly likely to increase inequalities whilst the latter tend to reduce health inequalities, ﬁgvi
gg as they are usually 'structural®**3, Furthermore, the risk of hypertension associated with ;?;: é
22 low parental social status can be modified by an improvement in social status later in life**, g g
jé suggesting effective targets for public health policies and political interventions. In a % %
44 previous analysis using the National Diet and Nutrition Survey (NDNS) 2000-01, we % %
jg identified significant spatial and socio-economic patterns of salt intake (measured by dietary Q:Z é.
j; sodium and urinary sodium) in Britain®>. In 2,105 men and women aged 19-64 years, salt % i
gg consumption was assessed using both 7-day dietary records and 24h urinary sodium % g
51 excretion. Socio-economic position was defined both on head of household occupation and ? i
gg on participant’s educational attainment. Bayesian geo-additive models via Markov Chain §
gg Monte Carlo simulations were used to test the independent associations accounting for %
gs linear and non-linear effects and spatial variations. Both dietary and total salt consumption g
58 were higher in Scotland and in lower socio-economic groups, whether assessed by %
0 5 :

®
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occupation or by educational attainment (with difference estimates varying from 4% to 9%).
As the UK program has successfully reduced the population salt intake, it is yet unknown
whether this national programme has made any change in this inequality. Thus, this paper
aims to examine the spatial and socio-economic patterns of salt intake using recently
released UK NDNS data (2008-11), and compare the possible change of these patterns

before and after the implementation of the UK salt reduction programme.

Data and Methods

This analysis was conducted using data from the 2008-11 British National Diet and Nutrition
Survey (NDNS). This survey is part of a national programme set up in 1992 to provide a
cross-sectional and nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. Details of the fieldwork and the survey are described
elsewhere®. In 2008, it changed to a Rolling Programme to better capture trends and to
quickly meet political needs. One thousand to 1,500 people aged 1.5 to 94 years are
recruited every year as a representative sample of the general population in the UK
(including England, Wales, Scotland and Northern Ireland). Participants are classified into
three age groups: 1.5-18 years, 19-64 years and 65 years and over. The fieldwork for the
latest survey was carried out throughout 2008-11 to account for any possible seasonal
variations in dietary intake. At household level, about 26% of the 9,990 issued household
addresses were selected for the survey in three years. At individual level, 3,073 individuals
participated in the interview by completing a series of questionnaires and measurements,
including a 3- or 4-day food diary, a socio-demographic background interview, height and
weight measurements, smoking and drinking assessments by self-completed questionnaires,
and an assessment of physical activity by self-completed questionnaires or ActiGraph.
Seventy five per cent (unweighted for age, N=2,318) of the participants were then visited by
a nurse. This procedure included physical and BP measurements, a blood sample and a 24h
urine collection, and collection of data on prescribed medicines. At this stage, 53%
(unweighted for age, N=1,614) of the interviewed participants provided 24h urine sample
(data not released to date). Of the total participants, 39% (N=1,186) were adults (19-64
years). White respondents accounted for 90% (N=1,069) of the adult population. Ethnic
minority groups were excluded since estimation on few participants may not be

representative of their ethnic group, particularly when compared by region. Finally

6
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2 participants from Northern Ireland were also excluded due to small numbers (n=42), leaving Z
5 a total sample size of 1,027. g*
s Height and weight were measured at the nearest 0.1 cm and 0.1 kg, respectively, to %
g calculate body mass index (BMI=weight/height (kg/m?)). BP measurements were taken %
12 three times in a sitting position. The average of the second and third reading was used as a-g é
12 the participant’s BP level. Socio-economic status (SES) was measured by two indicators, g @
ﬁ, educational attainment and occupation. Educational attainment was based on the % S
ig information of the highest qualification achieved. Some participants obtained foreign _§ 7;
17 . I . . . . SN
18 qualifications or were still in full-time education. Hence, a missing value was assigned to % E
-'218 those participants. Occupation was determined by the socio-economic classification (SEC) of E §
21 the household reference person (HRP). Unlike the previous cross-sectional programme § %
Sé (based on The Registrar-General's Social Classes), the rolling programme defines the SEC by 2« E
gg the National Statistics Socio-economic classification (NS-SEC)*’, which is developed from the § rjng
g? Standard Occupational Classification 2010 (SOC2010). Details of the definitions of the éé‘é
28 classification can be found in the NDNS year 3 report®®. The NS-SEC grouped the participants g% IS
ég into 8 occupational classes: 1) higher managerial, administrative and professional; 2) Lower %;g
g; managerial, administrative and professional; 3) Intermediate; 4) Small employers and own g%’%
gi account workers; 5) Lower supervisory and technical; 6) Semi-routine; 7) Routine; and 8) %é%
35 Never worked and long-term unemployed. The SES information was simplified into 3-class gfag
g? version®®: 1) Higher managerial, administrative and professional (containing level 1-2); 2) ﬁgvi
gg Intermediate (level 3-4); 3) Routine and manual (5-7). There were only 18 participants in the §_ %
22 “Never worked and long-term unemployed” category (level 8). Hence, they were coded as § g
jé missing values. Meanwhile, some participants classified as full-time students or other % %
44 occupations not stated or inadequately described were also coded as missing values. Marital % %
jg status included 5 categories: 1) single, 2) married and living with husband or wife, 3) Q:Z é.
j; married and separated, 4) divorced, 5) widowed. With the information of whether they % i
gg were living with a partner, the marital status used in this analysis was coded as either living % g
51 alone or living with partner. Smoking habit was derived from questions concerning current ? i
gg and previous smoking history. Based on their smoking history, the NDNS participants were §
gg recorded as current, former or non-smoker. Daily sodium intake was the outcome of %
gs interest. The food diary provided each participant’s nutrient and energy intakes in weekdays g
58 and weekends. Sodium and energy intakes and alcohol consumption were based on the %
o0 7

°
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average of the 4-day dietary data. However, salt used in cooking and on the table

(discretionary salt) was not measured.

Geographical boundaries

The NDNS rolling programme was conducted across the UK, including England, Scotland,
Wales and Northern Ireland®. The regional classification of England used in the rolling
programme was different to the classification used in previous surveys, particularly in the
north and south east part of England, which was mainly due to the use of Government
Office Regions (GORs) 2011. Details can be found on the website of the Office for National
Statistics*’. As the Bayesian models are unable to make estimation over disconnected
regions (i.e. Northern Ireland and the rest of Great Britain), data collected from Northern
Ireland were excluded from this study. Therefore, the analysis was limited to mainland
Britain, and only boundary data of England, Scotland and Wales were collected from

UKBORDERS .

Statistical Methods

Kruskal-Wallis test was used to compare the regional difference of dietary sodium intake.
Bayesian geo-additive models were employed to analyse the spatial and socioeconomic
patterns of sodium intake while accounting for the linear or nonlinear effects of a range of
important covariates, as detailed elsewhere®. Four models were built and assessed. One
level of each categorical factor was set as the reference level for effect assessment. Cube
root transformation was used to normalise the dietary sodium intake. This was identical to

the transformation used in our previous analysis>>. Deviance information criterion (DIC) was

used for model selection. The model with the smallest DIC value was preferred (appendix 1).

The descriptive analysis and tests were conducted using SPSS v21 (IBM Corp. Armonk, NY,
USA). Model estimations were conducted in BayesX Version 2.1 (07.05.2012)*% The
statistical significance level was set as a=0.05 in the descriptive analysis and a=0.1 in the

models. The West Midlands BREC (158-01-2012) approved the analysis.

RESULTS

One thousand and twenty seven white participants were included in the analysis. The age

and sex adjusted characteristics of the study population are summarised in table 1. The
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1 (&
o

2 3
2 mean age was 43.3 (95% confidence interval 42.5 to 44.0) years and women accounted for i
5 56.4% (N=579) of the sample. 27.1% of the participants had a higher educational attainment, 5
6 c
7 31.1% an A level, below degree or equivalent educational attainment, and 25.5% a GCSE or %
>

g equivalent educational attainment. Participants in higher social-economic groups accounted 3
QD

10 for 45.9% of the sample. T -
11 o S
12 T 5
13 o 2
14 Dietary sodium S 3
15 . L\, . . )
16 The median sodium intake was 2,245 (IQR=1,092) mg/day, which approximated to 5.6g of s 9
2 3

g salt/day (100mg sodium = 0.25g salt). The median energy intake was 1,799 (IQR=761) a §
= b

19 kcal/day. Figure 1 shows the observatory map of sodium intake by region. Sodium intake 5 §
20 e &
21 was highest in Scotland, followed by the West Midlands. The regional differences, however, s &
22 > o
23 were not statistically significant (p=0.145) (table 2). (?; E
c >

gg The DIC results of the models were presented in appendix 1. Model 3 with linear §r3né
nwwnc

g? assumption of the covariates performed the best in terms of the DIC value. Hence, the agﬁ
239

28 results of Model 3 were presented in table 3. Once adjusted for all confounders in the 8% I
29 850
30 model, dietary sodium intake significantly decreased with age and men had higher dietary 5‘2%
g; sodium intake than women. As expected, dietary sodium intake was positively associated %§.§
[oRre ®

gi with body mass as a result of its association with energy intake. Participants at the lowest Eii
»P>3

35 end of educational attainment (no qualification) had significantly higher dietary sodium gai
36 ERES
37 intake that the reference group (higher education at degree level) (5.7% [0.1%, 11.1%]; a- 2
38 > T
39 appendix 2). To avoid the effect of residual confounding, a set of models with 5-category 2 %
© 9

22 occupation was also examined. No substantial change, particularly in terms of the statistical § 3
= o

42 significance, was detected between the two approaches (results not shown). A similar trend ”a’ %
43 o
44 (though not statistically significant) was observed between dietary sodium intake and % 3
p ti 5 S
46 occupation. > o
48 a
gg Comparison with the 2000-01 NDNS S 8
@ ol

51 Compared with the analysis of the NDNS 2000-01%, whilst the spatial differences in dietary ? i
52 @
53 sodium intake in NDNS 2008-11 still followed the pattern of increasing levels from south to o
4 o
25 north (with Scotland showing the highest), the results were no longer statistically significant %
=

gs (figure 1 and table 2). Between the two surveys (almost 10 years apart) there was an S
58 average reduction in dietary sodium intake of 366mg per day (or 0.9g of salt per day). §
50 5 :
o

i
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Crucially, the socio-economic gradient remained (figure 2). If anything, the proportional gap
appeared to widen (from 3.5% [0.1%, 7.2%] to 5.7% [0.1%, 11.1%]) between those with no

qualification and the reference group (higher education at degree level)(appendix 2).

DISCUSSION

Our analysis confirms a socio-economic gradient in dietary salt intake in the British Isles in
2008-11 independent of a geographic gradient. In addition it shows for the first time that
after 10 years of a national programme of population reduction in salt intake, social
inequalities in salt consumption have remained. This study extends our original approach of
analysing spatial variations of salt intake to establish the contribution of socio-economic
variations and other confounders after 10 years of a population-based programme of salt

reduction, thus providing a unique opportunity to evaluate effects on inequalities.

Strengths and limitations

The study has strengths. The National Diet and Nutrition Survey is a rolling programme of
screening of a nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. This analysis is the first evaluation of the effect of a
national programme of salt reduction on social inequalities. The Bayesian approach allows
us to determine spatial variations as well as the contribution of known and unknown
confounders. Finally, estimates of dietary intake are reinforced by the fact that food

composition tables on salt content have been updated recently.

The study has limitations. Dietary salt intake was assessed by 3- or 4-day food diaries.

This is at variance with the 2000-2001 survey when dietary salt intake was assessed with 7-
day dietary records®>. Notwithstanding the general comparability of group estimates using

the two methods*¥**

, in this round only salt coming from food was assessed, with no
inclusion of discretionary salt deriving from that added to food at the table, during the
cooking process and in restaurants and other food outlets. Discretionary salt intake may
account for approximately 15% of the total salt consumption®®, and additional socio-
economic inequalities in salt consumption may well depend on further variations in

45;46
. In

discretionary use. Total salt intake is best measured by 24h urinary sodium excretion
the 2000-2001 analysis both spatial and socio-economic patterns were comparable with
dietary and total salt estimates®. The definitions of SES were based on occupation and

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 50

'saiIfojouyoal Jejiwis pue ‘Buiurey |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| p anbiydeiBolqig 8ousby Je GZoz ‘2 sunc uo /woo fwg uadolwa//:dny wol) papeojumod T0zZ 1SnNBny T U0 £89500-¥T0Z-uadolwag/9eTT 0T Se paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Page 11 of 50 BMJ Open

L Ji C & Cappuccio FP. Revision 1 | 2014 %
2 S
2 educational attainment. Whilst limited, these definitions are comparable to those used in i
5 2000-2001%. Our results are based on white respondents, since the representation of ethnic g*
s minority groups was still insufficient for an independent analysis. The generalizability of the %
g findings is therefore limited to whites. Limitations are also the relatively small number of %
12 spatial units and regional classifications®. The possibility of residual confounding cannot be a-g é
12 ruled out completely. g @
12
ig Context S 7;
g The UK initiated a nationwide salt reduction programme in 2003/4 based on several public :; %
-'218 awareness campaigns, setting progressing targets on the salt content of processed food led g %
21 by the Food Standard Agency, a voluntary agreement with the food industry to reformulate % §
Sé bread and processed foods and a rolling programme of repeated surveys to monitor the salt 2« E
gg intake of the population® and the salt content of some food category®*. The programme has g (r%n%
g? been successful and resulted in a 1.4g per day (15%) reduction in the English population salt g%é
28 consumption by 2011, as measured by 24h urinary sodium excretion (from 9.5g per day in g% IS
ég 2003 to 8.1g per day in 2011)*. During the same period of time population BP fell by 3.0/1.4 % ;g
g; mmHg (2.7/1.1 mmHg in those not on treatment for hypertension), and both stroke and IHD g%g
gi mortality by 36% decreased by 36%*%. The average salt level in bread fell from 1.23g per %é%
35 100g in 2001 to 0.98g per 100g in 2011, and the number of products meeting the 2012 g:ai
g? targets increased from 28% in 2001 to 71% in 2011**. Our study indicates a 0.9g per day ﬁgvi
gg reduction in population dietary salt intake between surveys which should be interpreted as §_ %
22 primarily deriving from food reformulation rather than by behavioural modifications in the § g
jé use of discretionary salt at the table and in cooking. % %
2 3

s N s
46 Implications for policy % <
j; The diet of socio-economically disadvantaged groups is made of low-quality, salt-dense, % i
gg high-fat, high-calorie unhealthy cheap foods**’. Behavioural approach to healthy eating is % g
51 unlikely to bring about the changes necessary to halt and reverse the non-communicable ? i
gg diseases epidemic and they may widen inequalities*****. SES inequalities in dietary access §
gg and consumption of healthy foods are widely documented®, both within countries® and %
gs between countries™, and for salt intake are detectable in children®® as well as adults®. E
58 Australian children from a low SES have on average 9% greater intake of salt from food %
0 1
°
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sources compared to those from a high SES®®. In our study these differences are estimated
to be between 5% and 6%.

The findings of a sustained SES gradient in population dietary salt intake from 2000-
2001 to 2008-11 is disappointing as one would have expected a larger reduction in lower
SES following a population-wide approach®?. There are multiple interpretations of these
findings. First, our results do not indicate that the total salt consumption is still higher in low
SES as we do not have measures of 24h urinary sodium excretion in the 2008-11 survey that
are directly comparable with those taken in 2000-2001. However, in the 2000-2001 both
measures (dietary sodium and 24h urinary sodium) were used and the results were
consistent®. Second, to counterbalance the higher dietary salt intake in low SES, the same
groups should have reduced discretionary salt substantially following public awareness
campaigns, an effect not anticipated®? and not reported as yet in the literature. Third, the
inequalities we detect for dietary salt intake could be even greater if we assumed that the
consumption of junk food from unregulated street retailers is more common in people of
low SES. Indeed, recent results from the analysis of data for take-home food and beverage
purchases from British households in 2010 indicates that shopping baskets of higher SES
groups are healthier (proportionally more purchasing of fiber, protein and total sugars and
less sodium) than those of lower SES groups®’. Fourth, it is possible that the reformulation
of food items (beyond bread) has covered disproportionately food items not predominantly
purchased by low SES groups. A more detailed monitoring of household food purchasing in
relation to targeted reformulation and improved access by acting on pricing should be
included in surveillance methods to reveal potential targets to reduce social inequalities in
salt intake. Fifth, the UK salt reduction programme started with three waves of media
campaigns to increase awareness and change behaviour. The engagement with industry,
which included target settings and food reformulation, was implemented later and its

effects might not have had enough time to impact on social inequalities.

Conclusions
Social inequalities in salt intake have not seen a reduction following the national salt
reduction programme and still explain more than 5% of salt intake between more and less

affluent groups. Understanding the socio-economic pattern of salt intake is crucial to reduce

12
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inequalities. Efforts are needed to minimise the gap between socio-economic groups for an

equitable delivery of cardiovascular prevention.
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Table 1: Age and sex adjusted characteristics of the population
of the National Diet and Nutrition Survey 2008-2011.

Variable Total (N=1,027)
Age (year) 43.3 (42.5, 44.0)
Sex (%)

Male 43.6

Female 56.4
Weight (kg) 78.9 (77.9, 79.8)
Height (cm) 169.5 (169.1, 169.9)
BMI (kg/m’) 27.4(27.0,27.7)
Smoking habit (%)

Non-smoker 36.0

Former smoker 36.6

Current smoker 27.4
Marital status (%)

Living with partner 63.8

Living alone 36.2
Education attainment (%)

Higher education 27.1

Below degree, A level or equivalent 31.1

GCSE or equivalent 25.5

No qualification 16.2
Occupation (%)

Professional, managerial, administrative 45.9

Intermediate 20.0

Routine and manual 34.1
Sodium intake (mg/day)* 2,245 (1,092)
Energy intake (kcal/day)* 1,799 (761)
Alcohol consumption (g/day)* 6.0 (23.0)
Region (%)

North East 4.2

North West 13.0

Yorkshire and the Humber 8.2

East Midlands 10.7

West Midlands 11.0

East of England 9.7

London 6.3

South East 15.6

South West 7.9

Wales 5.9

Scotland 7.5

Note: Results are mean (95% confidence intervals) and percentage, unless stated;

BMI, body mass index; GCSE, General Certificate of Secondary Education;

*. Median with Interquartile Range.
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Table 2: Dietary sodium intake (without discretionary salt
consumption) by region in the 2008-2011 National Diet
and Nutrition Survey sample of white participants.

©CoOoO~NOUTA,WNPE

Region Sodium intake Salt equivalent
(mg/day) (s/day)
Median (IQR) Median (IQR)
North East 2,106 (1,087) 5.26 (2.72)
North West 2,228 (1,104) 5.57 (2.76)
Yorkshire and the Humber 2,186 (1,193) 5.47 (2.98)
East Midlands 2,244 (1,176) 5.61(2.94)
West Midlands 2,343 (1,167) 5.86(2.92)
East of England 2,167 (1,103) 5.42 (2.76)
London 2,170 (1,054) 5.43 (2.64)
South East 2,179 (953) 5.45 (2.38)
South West 2,251 (987) 5.63 (2.47)
Wales 2,027 (1,073) 5.07 (2.68)
Scotland 2,447 (1,046) 6.12 (2.62)
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Table 3: Fixed effect of dietary sodium intake in the 2008-2011
National Diet and Nutrition Survey sample of white participants.

Factor Mean (90% credible interval)
Age (year) -0.012 (-0.018, -0.006)
Female 0
Male 0.342 (0.176, 0.499)
BMI (kg/m2) 0.018 (0.003, 0.032)
Smoking habit
Non 0
Former 0.107 (-0.048, 0.264)
Current -0.044 (-0.241, 0.152)

Marital status
Living together
Living alone
Education attainment
Higher Education (degree level)
A level or equivalent
GCSE or equivalent
No qualification
Occupation
Professional, managerial, administrative
Intermediate
Routine and manual
Alcohol consumption (g/day)
Energy intake (kcal/day)

0
0.005 (-0.139, 0.158)

0
0.191 (0.009, 0.380)
0.159 (-0.060, 0.367)
0.252 (0.003, 0.486)

0

-0.036 (-0.234, 0.158)
0.109 (-0.069, 0.288)
-0.009 (-0.012, -0.006)
0.0019 (0.0018, 0.002)

Note: reference level was set as 0 in each categorical variable.
The effect is significant if the entire interval does not contain 0 and it is printed in italics.
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Figure 1. Estimated posterior mean residual spatial regional effects of dietary sodium intake.
The colour band represents the range of regional effect. Shades in red/green correspond to
high/low level of dietary sodium consumption.

Figure 2: The effect of education attainment (and 90% credible intervals) on dietary sodium
intake in Britain in 2000-01* (top) and 2008-11 (bottom).

Note: Higher education (degree level) was used as the reference level. The effect of each educational
attainment was derived by assuming a 2,500 mg dietary sodium intake per day (approximately 6.26 g/day in
salt, not including discretionary salt intake) for an adult holding a degree (reference). The effect is considered
significant if the entire credible interval does not include 0.

*: Although the Bayesian geo-additive models were used using the same set of factors with the same model
setting, “social class” was defined using a different classification in 2000-01. In addition, the dietary sodium,
energy and alcohol intakes were measured based on a 7-day dietary record in 2000-01 and on 4-day food
diaries in 2008-11.
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ABSTRACT

Objectives. The impact of the national salt reduction programme in the UK on social

inequalities is unknown. We examined spatial and socio-economic variations in salt intake in

the 2008-2011 British NDNS and compared them with those before the programme in 2000-

1.

Setting. Cross-sectional survey in Great Britain.

Participants. 1,027 white males and females, aged 19 to 64 years.

Primary outcome measures. Participants’ dietary sodium intake measured with a 4-day

food diary. Bayesian geo-additive models used to assess spatial and socio-economic

patterns of sodium intake accounting for socio-demographic, anthropometric and

behavioural confounders.

Results: Dietary sodium intake varied significantly across socio-economic groups, even when

adjusting for geographical variations. There was higher dietary sodium intake in people with

the lowest educational attainment (coeff: 0.252 [90% credible intervals 0.003, 0.486]) and in

low levels of occupation (coeff: 0.109 [-0.069, 0.288]). Those with no gqualification had, on

average, a 5.7% [0.1%, 11.1%] higher dietary sodium intake than the reference group.

Compared to 2000-01 the gradient of dietary sodium intake from south to north was

attenuated after adjustments for confounders. Estimated dietary sodium consumption from

food sources (not accounting for discretionary sources) was reduced by 366 mg of sodium

(~0.9 g of salt) per day during the 10-year period, likely the effect of national salt reduction

initiatives.

Conclusions: Social inequalities in salt intake have not seen a reduction following the

national salt reduction programme and still explain more than 5% of salt intake between

more and less affluent groups. Understanding the socio-economic pattern of salt intake is

crucial to reduce inequalities. Efforts are needed to minimise the gap between socio-

economic groups for an equitable delivery of cardiovascular prevention.
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ARTICLE SUMMARY

Article focus

To examine the spatial and socio-economic variations in salt intake in the 2008-2011 British National Diet
and Nutrition Survey and to compare them with those before the implementation of a national
programme of population-wide dietary salt reduction.

Key messages

In 2008-11 people in Scotland still tend to eat more salt than those in England and Wales, as shown in
2000-2001.

After allowing for geographic differences, dietary salt intake was higher intow-socio-economicgroups—as
these-in-manual-oceupations—erin those with lower educational attainment_and showed a tendency for

being high in those in manual occupations.

Whilst there has been a reduction in salt intake overall, Ssocial inequalities in salt intake have not seena
reduetionnarrowed following the national salt reduction programme and still explain mere
thanapproximately 5% of salt intake difference between more and less affluent groups.

Care must be taken to ensure that socio-economic gaps in salt intake are not inadvertently widened by
monitoring the differential policy impact of salt reduction programmes.

Strength and limitations of this study

The National Diet and Nutrition Survey is a rolling programme of screening of a nationally representative
sample of the British population regarding diet, nutrient intake and nutritional status.

This analysis is the first evaluation of the effect of a national programme of salt reduction on social
inequalities.

The Bayesian approach allows for spatial variations as well as the contribution of known and unknown
confounders to be determined.

Estimates of dietary intake are reinforced by the parallel update of food composition tables on salt
content.

Dietary salt intake was assessed by 3- or 4-day food diaries. This is at variance with the 2000-2001 survey
when dietary salt intake was assessed with 7-day dietary records.

Only salt coming from food was assessed, with no inclusion of discretionary salt deriving from that added
to food at the table, during the cooking process and in restaurants and other food outlets.

The definitions of SES were based on occupation and educational attainment.

Results are based on the white respondents of the survey, since the representation of ethnic minority
groups is still insufficient for independent analysis.

Limitations are also due to the relatively small number of spatial units and to regional classifications.
Residual confounding cannot be ruled out completely

BACKGROUND
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High blood pressure (BP) is the most common, yet preventable, cause of morbidity,
disability and death worldwide, responsible for more than half the deaths from coronary

heart disease (CHD), stroke and cardiovascular disease (CVD)¥. The risk of CVD is now

antihypertensive medications significantly reduces BP and CVD*. However, the majority of

At _ T ooz - AT T T

events in the population occur in the range of BP not qualifying for drug therapy®. A

population approach to achieve small BP reductions across the whole range of BP levels

countries the implementation of health care programmes of detection, management and

control of hypertension with drugs are still haphazard due to high costs and lack of health

7,86:7

care infrastructures™ ", making non-pharmacological public health programmes of primary

prevention a cost-effective priority>2%%°,

s _ L _______

Evidence from a variety of sources shows a consistent relationship between salt
intake and BP, so that a moderate reduction in salt intake reduces BP in a dose-dependent

. o 11
manner, in men and women, young and old, all ethnic groups and at any level of BP*,

Furthermore, there is evidence to suggest that these effects on BP could lead to a significant

. . . . . 12;131%:12
reduction in cardiovascular events, and crucially in strokes™=""". Several approaches can_

be taken to reduce population salt intake%w and national and international organizations

have now developed policies and started population programmes aiming at a reduction in

population salt intake}“%, a cost-effective prevention policygﬂ1 > with rapidly occurring

,,,,,,,,,,,,,,,,,,,,,,,,,, |/t b A <

health benefitsZ18%47

A_ Ll

Dietary salt, primarily sodium chloride, is commonly used for food preservation and
seasoning. In most westernised countries, like the UK, approximately 75% of salt consumed

is hidden in processed and restaurant foods whereas only about 15% comes from

discretionary use (added at the table or in cooking by the consumer or food handler)AE*S.

Driven by this evidence the UK Food Standards Agency (FSA) initiated a salt
reduction program in 2003, aiming to reduce the salt intake to 6 g/day in the UK

populationm*g. Later, the FSA and the Department of Health worked together with the food

A Ty e e e e e s e I T e e T T TR

industry to reduce the sodium content in processed foods by setting voluntary salt

reduction targets, run a public campaign to raise customer awareness and developed a food

2120

| labelling scheme™"". After 10 years, the salt intake in the UK has decreased by 1.4 g per day,
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a 15% reduction, from 9.5 to 8.1 g per day~"". This reduction has been associated with a BP

reduction of 3.0/1.4 mmHg and a parallel decline in CHD and stroke mortalityg’y‘. The

sodium content of processed food in supermarkets has also been reduced by 20-30%2*,

particularly in packaged bread, the biggest contributor of salt intake in the British die

Health inequalities are variations in health status across individuals in a population®.

Health inequalities by socio-economic status are common. CVD is more prevalent in socio

economically deprived populations and groups within populations. Low socio-economic
status is associated with hypertension and high risks of stroke, CHD and renal failure?®*.
These groups are more likely to depend on cheaper unhealthy processed food diets, high in

salt?’*. The Marmot Review?*** affirmed social inequalities as important determinants of ill-

health in the British population, highlighting the social gradient in health inequalities,
whereby people of poorer background not only die sooner but spend more of their lives

with disabilities. There are different methods to measure inequalities in_health®?*2%%°,

Health inequalities arise from a complex interaction of many factors, one of which is bad

poor _diet and nutrition. Health inequalities are preventable through government policies

aimed at the population as a wholqﬁ%. In general, ‘downstream’ preventive interventions

Field Code Changed

Field Code Changed

[
[
| Field Code Changed
[

Field Code Changed

( Field Code Changed

( Field Code Changed

[ Field Code Changed

[ Field Code Changed

with focus on individual behavioural changes are more likely to increase health inequalities

than ‘upstream’ social _or policy _interventions®. Population-based—strategies—for
preventionAmongst the former, media campaigns may be particularly likely to increase

inequalities whilst the latter tend to reduce health inequalities, as they are usually

3428

status can be modified by an improvement in social status later in life>", suggesting

effective targets for public health policies and political interventions. Hewever—effective

ease—ﬁeHaJ-t—Fed-uetien—LH—the—Ewepean—Fegiem}g.—ln a previous analysis using the National
Diet and Nutrition Survey (NDNS) 2000-01, we identified significant spatial and socio-

economic patterns of salt intake (measured by dietary sodium and urinary sodium) in

Britain>*°. In 2,105 men and women aged 19-64 years, salt consumption was assessed using

* (s3gv) Inauadns juswaublasug

[ Field Code Changed

| Field Code Changed

( Field Code Changed

both 7-day dietary records and 24h urinary sodium excretion. Socio-economic position was

defined both on head of household occupation and on participant’s educational attainment.

Bayesian geo-additive models via Markov Chain Monte Carlo simulations were used to test

the independent associations accounting for linear and non-linear effects and spatial

5
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variations. Both dietary and total Ssalt intakeconsumption was-were foeund-te-be-higher in

Scotland and in lower socio-economic groups, whether assessed by occupation or by

educational attainment (with difference estimates varying from 4% to 9%). As the UK

program has successfully reduced the population salt intake, it is yet unknown whether this
national programme has made any change in this inequality. Thus, this paper aims to
examine the spatial and socio-economic patterns of salt intake using recently released UK
NDNS data (2008-11), and compare the possible change of these patterns before and after

the implementation of the UK salt reduction programme.

Data and Methods

This analysis was conducted using data from the 2008-11 British National Diet and Nutrition
Survey (NDNS). This survey is part of a national programme set up in 1992 to provide a
cross-sectional and nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. Details of the fieldwork and the survey are described

elsewheref*sgj". In 2008, it changed to a reHirg—Rolling pregramme—Programme to better

capture trends and to quickly meet political needs. One thousand to 1,500 people aged 1.5
to 94 years are recruited every year as a representative sample of the general population in
the UK (including England, Wales, Scotland and Northern Ireland). Participants are classified
into three age groups: 1.5-18 years, 19-64 years and 65 years and over. The fieldwork for
the latest survey was carried out throughout 2008-11 to account for any possible seasonal
variations in dietary intake. At household level, about 26% of the 9,990 issued household
addresses were selected for the survey in three years. At individual level, 3,073 individuals
participated in the interview by completing a series of questionnaires and measurements,
including a 3- or 4-day food diary, a socio-demographic background interview, height and
weight measurements, smoking and drinking assessments by self-completed questionnaires,
and an assessment of physical activity by self-completed questionnaires or ActiGraph.
Seventy five per cent (unweighted for age, N=2,318) of the participants were then visited by
a nurse. This procedure included physical and BP measurements, a blood sample and a 24h
urine collection, and collection of data on prescribed medicines. At this stage, 53%
(unweighted for age, N=1,614) of the interviewed participants provided 24h urine sample
(data not released to date). Of the total participants, 39% (N=1,186) were adults (19-64

years). White respondents accounted for 90% (N=1,069) of the adult population. Ethnic

6
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minority groups were excluded since estimation on few participants may not be
representative of their ethnic group, particularly when compared by region. Finally
participants from Northern Ireland were also excluded due to small numbers (n=42), leaving
a total sample size of 1,027.

Height and weight were measured at the nearest 0.1 cm and 0.1 kg, respectively, to
calculate body mass index (BMI=weight/height (kg/m?)). BP measurements were taken
three times in a sitting position. The average of the second and third reading was used as
the participant’s BP level. Socio-economic status (SES) was measured by two indicators,
educational attainment and occupation. Educational attainment was based on the
information of the highest qualification achieved. Some participants obtained foreign
qualifications or were still in full-time education. Hence, a missing value was assigned to
those participants. Occupation was determined by the socio-economic classification (SEC) of
the household reference person (HRP). Unlike the previous cross-sectional programme
(based on The Registrar-General's Social Classes), the rolling programme defines the SEC by
the National Statistics Socio-economic classification (NS-SEC)%Z, which is developed from the
Standard Occupational Classification 2010 (SOC2010). Details of the definitions of the
classification can be found in the NDNS year 3 repori—sﬁ ‘The NS-SEC grouped the
participants into 8 occupational classes: 1) higher managerial, administrative and
professional; 2) Lower managerial, administrative and professional; 3) Intermediate; 4)
Small employers and own account workers; 5) Lower supervisory and technical; 6) Semi-
routine; 7) Routine; and 8) Never worked and long-term unemployed. The SES information

was simplified into 3-class versionf*%%: 1) Higher managerial, administrative and professional

(containing level 1-2); 2) Intermediate (level 3-4); 3) Routine and manual (5-7). There were
only 18 participants in the “Never worked and long-term unemployed” category (level 8).
Hence, they were coded as missing values. Meanwhile, some participants classified as full-
time students or other occupations not stated or inadequately described were also coded as
missing values. Marital status included 5 categories: 1) single, 2) married and living with
husband or wife, 3) married and separated, 4) divorced, 5) widowed. With the information
of whether they were living with a partner, the marital status used in this analysis was
coded as either living alone or living with partner. Smoking habit was derived from
guestions concerning current and previous smoking history. Based on their smoking history,

the NDNS participants were recorded as current, former or non-smoker. Daily sodium
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intake was the outcome of interest. The food diary provided each participant’s nutrient and

energy intakes in weekdays and weekends. Sodium and energy intakes and alcohol
consumption were based on the average of the 4-day dietary data. However, salt used in

cooking and on the table (discretionary salt) was not measured.

Geographical boundaries

The NDNS rolling programme was conducted across the UK, including England, Scotland,

4034

Wales and Northern Ireland™"". The regional classification of England used in the rolling

programme was different to the classification used in previous surveys, particularly in the
north and south east part of England, which was mainly due to the use of Government
Office Regions (GORs) 2011. Details can be found on the website of the Office for National

Statistics™®. As the Bayesian models are unable to make estimation over disconnected

regions (i.e. Northern Ireland and the rest of Great Britain), data collected from Northern
Ireland were excluded from this study. Therefore, the analysis was limited to mainland
Britain, and only boundary data of England, Scotland and Wales were collected from

UKBORDERS Bearders.

Statistical Methods

Kruskal-Wallis test was used to compare the regional difference of dietary sodium intake.
Bayesian geo-additive models were employed to analyse the spatial and socioeconomic
patterns of sodium intake while accounting for the linear or nonlinear effects of a range of

. . . 3536 H
important covariates, as detailed elsewhere™"". Four models were built and assessed. One

level of each categorical factor was set as the reference level for effect assessment. Cube
root transformation was used to normalise the dietary sodium intake. This was identical to
was used for model selection. The model with the smallest DIC value was preferred
(appendix 1). The descriptive analysis and tests were conducted using SPSS v21 (IBM Corp.
Armonk, NY, USA). Model estimations were conducted in BayesX Version 2.1

analysis and a=0.1 in the models. The West Midlands BREC (158-01-2012) approved the

analysis.
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RESULTS

One thousand and twenty seven white participants were included in the analysis. The age
and sex adjusted characteristics of the study population are summarised in table 1. The
mean age was 43.3 (95% confidence interval 42.5 to 44.0) years and women accounted for
56.4% (N=579) of the sample. 27.1% of the participants had a higher educational attainment,
31.1% an A level, below degree or equivalent educational attainment, and 25.5% a GCSE or
equivalent educational attainment. Participants in higher social-economic groups accounted

for 45.9% of the sample.

Dietary sodium

The median sodium intake was 2,245 (IQR=1,092) mg/day, which approximated to 5.6g of
salt/day (100mg sodium = 0.25g salt). The median energy intake was 1,799 (IQR=761)
kcal/day. Figure 1 shows the observatory map of sodium intake by region. Sodium intake
was highest in Scotland, followed by the West Midlands. The regional differences, however,
were not statistically significant (p=0.145) (table 2).

The DIC results of the models were presented in appendix 1. Model 3 with linear
assumption of the covariates performed the best in terms of the DIC value. Hence, the
results of Model 3 were presented in table 3. Once adjusted for all confounders in the
model, dietary sodium intake significantly decreased with age and men had higher dietary
sodium intake than women. As expected, dietary sodium intake was positively associated
with body mass as a result of its association with energy intake. Participants at the lowest
end of educational attainment (no qualification) had significantly higher dietary sodium
intake that the reference group (higher education at degree level) (5.7% [0.1%, 11.1%];
appendix 2). To avoid the effect of residual confounding, a set of models with 5-category
faeters-occupation was also examined. No substantial change, particularly in terms of the
statistical significance, was detected between the two approaches (results not shown). A
similar trend (though not statistically significant) was observed between dietary sodium

intake and occupation.

Comparison with the 2000-01 NDNS
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Compared with the analysis of the NDNS 2000—013*539, whilst the spatial differences in

dietary sodium intake in NDNS 2008-11 still followed the pattern of increasing levels from
south to north (with Scotland showing the highest), the results were no longer statistically
significant (figure 1 and table 2). Between the two surveys (almost 10 years apart) there
was an average reduction in dietary sodium intake of 366mg per day (or 0.9g of salt per day).
Crucially, the socio-economic gradient remained (figure 2). If anything, the proportional gap

appeared to widen (from 3.5% [0.1%, 7.2%] to 5.7% [0.1%, 11.1%]) between those with no

qualification and the reference group (higher education at degree level)(appendix 2).

DISCUSSION

Our analysis confirms a socio-economic gradient in dietary salt intake in the British Isles in
2008-11 independent of a geographic gradient. In addition it shows for the first time that
after 10 years of a national programme of population reduction in salt intake, social
inequalities in salt consumption have remained. This study extends our original approach of
analysing spatial variations of salt intake to establish the contribution of socio-economic
variations and other confounders after 10 years of a population-based programme of salt

reduction, thus providing a unique opportunity to evaluate effects on inequalities.

Strengths and limitations
The study has strengths. The National Diet and Nutrition Survey is a rolling programme of
screening of a nationally representative sample of the British population regarding diet,
nutrient intake and nutritional status. This analysis is the first evaluation of the effect of a
national programme of salt reduction on social inequalities. The Bayesian approach allows
us to determine spatial variations as well as the contribution of known and unknown
confounders. Finally, estimates of dietary intake are reinforced by the fact that food
composition tables on salt content have been updated recently.

The study has limitations. Dietary salt intake was assessed by 3- or 4-day food diaries.
This is at variance with the 2000-2001 survey when dietary salt intake was assessed with 7-
day dietary records>>>°. Notwithstanding the general comparability of group estimates using

A~ - e T e e A xR AR T o R e AT T o

the two methods™*****%, in this round only salt coming from food was assessed, with no-
inclusion of discretionary salt deriving from that added to food at the table, during the
cooking process and in restaurants and other food outlets. Discretionary salt intake may

10
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account for approximately 2515% of the total salt consumption™", and additional socio-

economic inequalities in salt consumption may well depend on further variations in

discretionary use. Total salt intake is best measured by 24h urinary sodium excretion*>4¢*%4°

A__ __ _ .

In the 2000-2001 analysis both spatial and socio-economic patterns were comparable with

dietary and total salt estimategﬁg’e. The definitions of SES were based on occupation and

educational attainment. Whilst limited, these definitions are comparable to those used in

2000-200122*. Our results are based on white respondents, since the representation of

A___ - -_ __-—-————-_—_—__-_ - - _ _~___ -~ -©-©—-— """ -"‘- -~~~ - __ - _“"r-—-—-—- " """ “~-_"_~—_ _
ethnic minority groups was still insufficient for an independent analysis. The generalizability
of the findings is therefore limited to whites. Limitations are also the relatively small

3530

number of spatial units and regional classifications™. The possibility of residual

confounding cannot be ruled out completely.

Context

The UK initiated a nationwide salt reduction programme in 2003/4 based on several public
awareness campaigns, setting progressing targets on the salt content of processed food led
by the Food Standard Agency, a voluntary agreement with the food industry to reformulate
bread and processed foods and a rolling programme of repeated surveys to monitor the salt

intake of the populationi*lj"9 and the salt content of some food categoryﬁg. The programme

L/ i~ S

has been successful and resulted in a 1.4g per day (15%) reduction in the English population
salt consumption by 2011, as measured by 24h urinary sodium excretion (from 9.5g per day
in 2003 to 8.1g per day in 2011)****. During the same period of time population BP fell by
3.0/1.4 mmHg (2.7/1.1 mmHg in those not on treatment for hypertension), and both stroke
and IHD mortality by 36% decreased by 36%22**. The average salt level in bread fell from

- - T e T o T T T

1.23g per 100g in 2001 to 0.98g per 100g in 2011, and the number of products meeting the
day reduction in population dietary salt intake between surveys which should be interpreted
as primarily deriving from food reformulation rather than by behavioural modifications in

the use of discretionary salt at the table and in cooking.

Implications for policy

The diet of socio-economically disadvantaged groups is made of low-quality, salt-dense,

high-fat, high-calorie unhealthy cheap foods**”23, Behavioural approach to healthy eating is

11

[ Field Code Changed

[ Field Code Changed

TT0T se paysyand 3suiy :uado (NG

.
C
C

P

| Field Code Changed

( Field Code Changed

( Field Code Changed

( Field Code Changed

| Field Code Changed

‘Buruiwierep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybuAdoo Ag palpaloiq

* (s3gv)|inauadns juswaublasug

[ Field Code Changed

P

| Field Code Changed

Suturesy |y

9 [wg:uadolwig/dny wouypspeojumoq ¥T0Z ISNBNY T U0 £89500-T0OZ-uado[wG/os

( Field Code Changed

s/pue ‘f

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saifojouyoal Jeji

.

| @p anbiydeliboijgig aosuaby Je Gzog ‘2 aunr uo


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

o
[Ny

U OO A DMBAEMDIAMDIMBIEADIAMDIMNDNMWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERPREREREPR
QOO NOUPRRWNRPOOO~NOUPRARWNPRPOOONOUOPRARWNRPOOONOODURARWNRPOOO~NOOODWN

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

unlikely to bring about the changes necessary to halt and revert—reverse the non-

communicable diseases epidemic and they may widen inequalities™2***%*"* g5
inequalities in dietary access and consumption of healthy foods are widely documentedf—’i;i

both within countries® and between countriegi*g

A~ _ - " - _ -~ _ - _

, and for salt intake are detectable in

children®** as well as adults®***. Australian children from a low SES have on average 9%

greater intake of salt from food sources compared to those from a high SES?“. In our study

these differences are estimated to be between 5% and 6%.
The findings of a sustained SES gradient in population dietary salt intake from 2000-

2001 to 2008-11 is disappointing as one would have expected a larger reduction in lower

3227

SES following a population-wide approach™"". There are multiple interpretations of these

findings. Firstly, our results do not indicate that the total salt consumption is still higher in
low SES as we do not have measures of 24h urinary sodium excretion in the 2008-11 survey

that are directly comparable with those taken in 2000-2001. However, in the 2000-2001

both measures (dietary sodium and 24h urinary sodium) were used and the results were

3530

consistent™". Secondly, to counterbalance the higher dietary salt intake in low SES, the

same groups should have reduced discretionary salt substantially following public

3227 and not reported as yet in the literature.

awareness campaigns, an effect not anticipate
Thirdly, the inequalities we detect for dietary salt intake could be even greater if we
assumed that the consumption of junk food from unregulated street retailers is more
common in people of low SES. Indeed, recent results from the analysis of data for take-
home food and beverage purchases from British households in 2010 indicates that shopping
baskets of higher SES groups are healthier (proportionally more purchasing of fiber, protein

and total sugars and less sodium) than those of lower SES groupsf—né. Fourthly, it is possible

that the reformulation of food items (beyond bread) has covered disproportionately food
items not predominantly purchased by low SES groups. A more detailed monitoring of
household food purchasing in relation to targeted reformulation and improved access by
acting on pricing should be included in surveillance methods to reveal potential targets to

reduce social inequalities in salt intake._Fifth, the UK salt reduction programme started with

three waves of media campaigns to increase awareness and change behaviour. The

engagement with industry, which included target settings and food reformulation, was

implemented later and its effects might not have had enough time to impact on social

inequalities.
12
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Conclusions

Social inequalities in salt intake have not seen a reduction following the national salt

reduction programme and still explain more than 5% of salt intake between more and less

affluent groups. Understanding the socio-economic pattern of salt intake is crucial to reduce
inequalities. Efforts are needed to minimise the gap between socio-economic groups for an

equitable delivery of cardiovascular prevention.
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Table 1: Age and sex adjusted characteristics of the population
of the National Diet and Nutrition Survey 2008-2011.

Variable Total (N=1,027)
Age (year) 43.3 (42.5, 44.0)
Sex (%)

Male 43.6

Female 56.4
Weight (kg) 78.9 (77.9, 79.8)
Height (cm) 169.5 (169.1, 169.9)
BMI (kg/m?) 27.4(27.0, 27.7)
Smoking habit (%)

Non-smoker 36.0

Former smoker 36.6

Current smoker 27.4
Marital status (%)

Living with partner 63.8

Living alone 36.2
Education attainment (%)

Higher education 27.1

Below degree, A level or equivalent 31.1

GCSE or equivalent 25.5

No qualification 16.2
Occupation (%)

Professional, managerial, administrative 459

Intermediate 20.0

Routine and manual 34.1

Sodium intake (mg/day)*
Energy intake (kcal/day)*
Alcohol consumption (g/day)*
Region (%)

North East

North West

Yorkshire and the Humber

East Midlands

West Midlands

East of England

London

South East

South West

Wales

Scotland

2,245 (1,092)
1,799 (761)
6.0(23.0)

4.2
13.0
8.2
10.7
11.0
9.7
6.3
15.6
7.9
5.9
7.5

Note: Results are mean (95% confidence intervals) and percentage, unless stated;
BMI, body mass index; GCSE, General Certificate of Secondary Education;

*: Median with Interquartile Range.
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Table 2: Dietary sodium intake (without discretionary salt
consumption) by region in the 2008-2011 National Diet
and Nutrition Survey sample of white participants.

©CoO~NOUTA,WNPE

e
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Region Sodium intake Salt equivalent
(mg/day) (/day)
Median (IQR) Median (IQR)
North East 2,106 (1,087) 5.26 (2.72)
North West 2,228 (1,104) 5.57 (2.76)
Yorkshire and the Humber 2,186 (1,193) 5.47 (2.98)
East Midlands 2,244 (1,176) 5.61(2.94)
West Midlands 2,343 (1,167) 5.86 (2.92)
East of England 2,167 (1,103) 5.42 (2.76)
London 2,170 (1,054) 5.43 (2.64)
South East 2,179 (953) 5.45 (2.38)
South West 2,251 (987) 5.63 (2.47)
Wales 2,027 (1,073) 5.07 (2.68)
Scotland 2,447 (1,046) 6.12 (2.62)
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Table 3: Fixed effect of dietary sodium intake in the 2008-2011
National Diet and Nutrition Survey sample of white participants.

Factor Mean (90% credible interval)
Age (year) -0.012 (-0.018, -0.006)
Female 0
Male 0.342 (0.176, 0.499)
BMI (kg/m2) 0.018 (0.003, 0.032)
Smoking habit
Non 0
Former 0.107 (-0.048, 0.264)
Current -0.044 (-0.241, 0.152)

Marital status
Living together
Living alone
Education attainment
Higher Education (degree level)
A level or equivalent
GCSE or equivalent
No qualification
Occupation

Professional, managerial, administrative

Intermediate
Routine and manual
Alcohol consumption (g/day)

Energy intake (kcal/day)

0
0.005 (-0.139, 0.158)

0
0.191 (0.009, 0.380)
0.159 (-0.060, 0.367)
0.252 (0.003, 0.486)

0
-0.036 (-0.234, 0.158)
0.109 (-0.069, 0.288)
-0.009 (-0.012, -0.006)
0.0019 (0.0018, 0.002)

Note: reference level was set as 0 in each categorical variable.

The effect is significant if the entire interval does not contain 0 and it is printed in italics.
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Figure 1. Estimated posterior mean residual spatial regional effects of dietary sodium intake.
The colour band represents the range of regional effect. Shades in red/green correspond to
high/low level of dietary sodium consumption.

Figure 2: The effect of education attainment (and 90% credible intervals) on dietary sodium
intake in Britain in 2000-01* (top) and 2008-11 (bottom).

Note: Higher education (degree level) was used as the reference level. The effect of each educational
attainment was derived by assuming a 2,500 mg dietary sodium intake per day (approximately 6.26 g/day in
salt, not including discretionary salt intake) for an adult holding a degree (reference). The effect is considered
significant if the entire credible interval does not include 0.

*: Although the Bayesian geo-additive models were used using the same set of factors with the same model
setting, “social class” was defined using a different classification in 2000-01. In addition, the dietary sodium,
energy and alcohol intakes were measured based on a 7-day dietary record in 2000-01 and on 4-day food
diaries in 2008-11.

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloaloid

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘2 sunc uo /woo fwg uadolwa//:dny wol) papeojumod T0zZ 1SnNBny T Uo £89500-7T0Z-uadolwa/9eTT 0T Se paysijand isiiy :uado cING


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 40 of 50

'salIbfojouyoal Jejiwis pue ‘Buiurey |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdod Aq paloaloid

* (s3gv) Inauadns juswaublasug
| ap anbiydeiBoiqig 8ousby 1e GZoz ‘L sunc uo /woo fwg uadolwa//:dny woly papeojumoqd T0zZ 1SnNBny T U0 £89500-7T0Z-uadolwa/9eTT 0T Se paysijgnd isiiy :uado cINg


http://bmjopen.bmj.com/

BMJ Open

Page 41 of 50

BMJ Open: first published as 10.1136/bmjopen-2014-005683 on 14 August 2014. Downloaded from http://bmjopen.bmj.com/on June 7, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

19

Ji C & Cappuccio FP. Revision 1 | 2014

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

o
-

53
54
55
59
60

45
46
47
48
49
50
51
52
56
57
58

ANMITUON OO0


http://bmjopen.bmj.com/

Page 42 of 50

BMJ Open

BMJ Open: first published as 10.1136/bmjopen-2014-005683 on 14 August 2014. Downloaded from http://bmjopen.bmj.com/on June 7, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

20

Ji C & Cappuccio FP. Revision 1 | 2014

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

A NMITUON OO0


http://bmjopen.bmj.com/

Page 43 of 50

P OO~NOULAWNPE

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

(1)

Formatted: Font: Calibri, 12 pt, Do not
spelling or grammar

References

References {

BuIpgipul ‘1ybuAdoos Aq paroelold

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V et al. Global and«- - - { Formatted: Space After: 12 pt

regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a

5 @uo;

systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012; //{F”'“a“e‘_’: Font: Calibri, 12 pt, Italic, Dgnehy
380(9859):2095-2128 == - check spelling or grammar >

- - Formatted: Font: Calibri, 12 pt, Do not qge&

. . . . . . . spelling or grammar Q—J‘g

(2) Gaziano TA. Cardiovascular disease in the developing world and its cost-effective Formatted: Font: Calibri, 12 pt, Italic, Dé@
management. Circulation 2005; 112(23):3547-3553. -7 | check spelling or grammar -0

h Formatted: Font: Calibri, 12 pt, Do not c;}ec_l%

(3) Mackenbach JP, Stirbu |, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M et al. spelling or grammar P

(4)

Formatted: Font: Calibri, 12 pt, Italic, D
check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not
spelling or grammar

Socioeconomic inequalities in health in 22 European countries. N Engl J Med 2008; N

358(23):2468-2481. Sa

_ §d

01y papeojumog 1oz IshBny T U0.£89500-7T0Z-uadolwa/9eTT 0T Se paysiignd 1su1y :uado CINg

P1ed pu
) Spll

Blood Pressure Lowering Treatment Trialists' Collaboration. Effects of ACE inhibitors,

(5)

Formatted: Font: Calibri, 12 pt, Italic, D
check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not @ec
spelling or grammar

Formatted: Font: Calibri, 12 pt, Italic, Do;not

calcium antagonists, and other blood-pressure-lowering drugs: results of
prospectively designed overviews of randomised trials. Lancet 2000; 356:1955-1964.

uugl
s3ay
duyy w

=~

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual

(6)

check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not cEeck
spelling or grammar

el

bIood pressure to vascular mortalitv' a_meta- analvsis of individual data for one /

(O

Formatted: Font: Calibri, 12 pt, Italic, Dg,not

(7)

check spelling or grammar

Rose G. Sick individuals and sick populations. /nt J Epidemiol 1985; 14:32-38. ) =

n

Formatted: Font: Calibri, 12 pt, Do not dmeck
spelling or grammar

Joshi R, Jan S, Wu Y, MacMahon S. Global inequalities in access to cardiovascular

fuut

(8)

health care: our greatest challenge. J Am Coll Cardiol 2008; 52(23):1817-1825.

Formatted: Font: Calibri, 12 pt, Italic, Dcmot
check spelling or grammar —_

Modesti PA, Agostoni P, Agyemang C, Basu S, Benetos A, Cappuccio FP et al.

(9)

Formatted: Font: Calibri, 12 pt, Do not cgec

Cardiovascular risk assessment in low-resource settings: a consensus document of spelling or grammar

the European Society of Hypertension Working Group on Hypertension and
Cardiovascular Risk in Low Resource Settings. J Hypertens 2014; 32(5):951-960. )7 {

Formatted: Font: Calibri, 12 pt, Italic, Dtgnot
check spelling or grammar

****************************** Formatted: Font: Calibri, 12 pt, Do not (%ec
spelling or grammar

Formatted: Font: Calibri, 12 pt, Italic, Do not
check spelling or grammar

{Formatted: Font: Calibri, 12 pt, Do not check

35(4):817-824.

spelling or grammar

21

| @p anbiydeiboljglg aduahy Mggzﬂgaunp ug/woo [we uadaluigy

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

P OO~NOULAWNPE

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

Page 44 of 50

Nutrition Survey. Assessment of dietary sodium in adults (aged 19-64) in England,
2011. 2014. Department of Health of England.

Ref Type: Generic

(22)

He FJ, Pombo-Rodrigues S, MacGregor GA. Salt reduction in England from 2003 to

(23)

2011: its relationship to blood pressure, stroke and ischaemic heart disease mortality.
BMJ Open 2014; 4(4):e004549.

He FJ, MacGregor GA. A comprehensive review on salt and health and current

experience of worldwide salt reduction programmes. J Hum Hypertens 2009;

23(6):363-384.

Formatted: Font: Calibri, 12 pt,
check spelling or grammar

Italic, D?nnot

Formatted: Font: Calibri, 12 pt,
spelling or grammar

Do not cﬁeck

Formatted: Space After: 12 pt

quyoal J

Formatted: Font: Calibri, 12 pt,
check spelling or grammar

Italic, Dtsnot

Formatted: Font: Calibri, 12 pt,
spelling or grammar

Do not (%eck

Formatted: Font: Calibri, 12 pt,

check spelling or grammar

Italic, Do not

Formatted: Font: Calibri, 12 pt,

spelling or grammar

Do not check

w
<
(&
@)
©
@
=
z.
©
S
(10) Beaglehole R, Bonita R, Horton R, Adams C, Alleyne G, Asaria P et al. Priority actions =
for the non-communicable disease crisis. Lancet 2011; 377(9775):1438-1447. - {Formatted: Font: Calibri, 12 pt, Italic, Do not g
- s T T T RN check spelling or grammar
(11) Cappuccio FP, Capewell S, Lincoln P, McPherson K. Policy options to reduce {le'l‘_‘aﬂed: Font: Calibri, 12 pt, Do not check
spelling or grammar
population salt intake. BMJ2011; 343:402-405. pengor9 3
****************************************(**‘[Formatted Font: Ca|lbl‘| 12pt ItalIC D&Ot
. . . ~. | check spelling or grammar
(12) Strazzullo P, D'Elia L, Kandala NB, Cappuccio FP. Salt intake, stroke, and *{ Formatted: Font: Calioi, 12 pt, Do not “ "
cardiovascular disease: meta-analysis of prospective studies. BMJ 2009; 339:b4567. Lpeumg or grammar og_-e %
b = Formatted: Font: Calibri, 12 pt, Italic, D<not
(13) Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, Meerpohl JJ. Effect of check spelling or grammar
lower sodium intake on health: systematic review and meta-analyses. BMJ 2013; Formatted: Font: Calibri, 12 pt, Do not Eeck 5
346:f1326 ~ X~ _ [ spelling or grammar = 9
N ‘[Formatted Font: Calibri, 12 pt, Italic, Daot %
(14) Webster JL, Dunford EK, Hawkes C, Neal BC. Salt reduction initiatives around the check spelling or grammar ;e
. . Formatted: Font: Calibri, 12 pt, Do not check
world.) Hypertens 2011; 29(6):1043-1050. | ot o 2
i Formatted: Font: Calibri, 12 pt, Italic, D&not
(15) Murray CJ, Lauer JA, Hutubessy RC, Niessen L, Tomijima N, Rodgers A et al. Lheck spelling or grammar P gn i
Effectiveness and costs of interventions to lower systolic blood pressure and {Formatted Font: Calibri, 12 pt, Do not d.,eck g
cholesterol: a global and regional analysis on reduction of cardiovascular-disease risk. spelling or grammar Sm
Lancet 2003; 361(9359):717-725. 1 Formatted: Font: Calibri, 12 pt, Italic, DONR
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ RN check spelling or grammar 3 @,
(16) Asaria P, Chisholm D, Mathers C, Ezzati M, Beaglehole R. Chronic disease prevention: {Fm‘maﬂed Font: Calibri, 12 pt, Do not e
. . . . spelling or grammar g 3
health effects and financial costs of strategies to reduce salt intake and control =
tobacco use. Lancet, 2007; 370:2044-2053. 1 Formatted: Font: Calibri, 12 pt, Italic, D&nat
”””””””””””””””””””””””””””” RN check spelling or grammar o Ué
(17) Capewell S, O'Flaherty M. Can dietary changes rapidly decrease cardiovascular {F""l'l“a“ed Font: Calibri, 12 pt, Do not fiegk E’
. spelling or grammar =
mortality rates? Eur Heart J2011; 32(10):1187-1189. penoore 2=-o
************************************************** ‘[Formatted Font: Calibri, 12 pt, Italic, D@g &
™ check spelling or grammar g{:\ L
(18) Capewell S, O'Flaherty M. Rapid mortality falls after risk-factor changes in Formatted: Font: Calbri, 12 pt, Do not chedg
populations. quqet 2911 737778(797779;)7 25% 253 7777777777777777777777777777 \{spelling or g.ramm.ar ' ' Gg.arn
Formatted: Font: Calibri, 12 pt, Italic, D_‘cr
(19) Mattes RD, Donnelly D. Relative contributions of dietary sodium sources. J,A,’U,C,O,”, \[check spelling or grammar
Nutr 1991: 10(4):383-393. Formatted: Font: Calibri, 12 pt, Do not (feck
7777777777777777777777777777777777777777777 spelling or grammar =
(20) He FJ, MacGregor GA. Reducing population salt intake worldwide: from evidence to {F:rnlzattﬁld Font: Calibri, 12 pt, Italic, th-:not
implementation. Prog Cardiovasc Dis 2010; 52(5):363-382. Ceck Spe g of grammar
””””””””””””””””””””””””””” Formatted: Font: Calibri, 12 pt, Do not check
. . L. {spellmg or grammar g
(21) Sadler K, Nicholson S, Steer T, Gill V, Bates B, Tipping S et al. National Diet and \ I

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| @p anbiydeiboijqlg aduaby e ggoz J) aun


http://bmjopen.bmj.com/

Page 45 of 50

©CoO~NOUTA,WNPE

o
[Ny

U OO A BRMDMBEMDIAMDIMBAEDIAEMDIMNDMWOWWWWWWWWWWNNNDNNNNNNNRPRPRERREREREPR
QOO NOUPRRWNRPOOO~NOUOPRWNPRPOOONOUUPARWNRPOOONOODURAWNRPOOO~NOOOGMWN

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

(24) Brinsden HC, He FJ, Jenner KH, MacGregor GA. Surveys of the salt content in UK

bread: progress made and further reductions possible. BMJ Open 2013

check spelling or grammar

Formatted: Font: Calibri, 12 pt,

Italic, Do not

3(6):2002936.

Formatted: Font: Calibri, 12 pt,

Do not check

9500+2T0Z-uadolwgRsTr 0T-se\paysiignd isiiy :uado (NG

{ Il
(25) Gakidou EE, Murray CJ, Frenk J. Defining and measuring health inequality: an Speting or grammar E
approach based on the distribution of health expectancy. Bull World Health Organ, Formatted: Font: Calibri, 12 pt, Italic, D@mot
2000: 78(1)'42-54 ””””””””” check spelling or grammar ,_,
! ‘[Formatted. Font: Calibri, 12 pt, Do not dﬁeck
Il o
(26) Colhoun HM, Hemingway H, Poulter NR. Socio-economic status and blood pressure: SpeTing or grammer <
an overview analysis. J Hum Hypertens 1998; 12(2):91-110. Formatted: Font: Calibri, 12 pt, Italic, Dmnot
””””””””””””””””””””””””” check spelling or grammar <
(27) Pechey R, Jebb SA, Kelly MP, Almiron-Roig E, Conde S, Nakamura R et al. {F”I'I‘,‘atted- Font: Calibri, 12 pt, Do not @E_éCk
spelling or grammar
Socioeconomic differences in purchases of more vs. less healthy foods and P e =
beverages: analysis of over 25,000 British households in 2010. Soc Sci Med 2013 Formatted: Font: Calibri, 12 pt, Italic, Dg?)not
92:22-26. check spelling or grammar
. - . % (A
‘[Formatted Font: Calibri, 12 pt, Do notc ck a
Il
(28) Fair Society, Healthy Lives. The Marmot Review. Strategic Review of Health SpeThg o o i
Inequalities in England post-2010. 1-238. 2010. The Marmot Review. >
Ref Type: Generic - ‘[Formatted: Space After: 12 pt r_nré
24
@
(29) ScotPHO. Measuring sodio-economic inequalities in _health: a practical guide. 1-7. Q
2007. ScotPHO. 22

Ref Type: Report - ‘[Formatted: Space After: 12 pt

&y

Ure 1x3] Q) ppIe|al sasr) 1o} |6u

=)
= o
(30) Mackenbach JP, Kunst AE. Measuring the magnitude of socio-economic inequalities ‘C”E
in_health: an overview of available measures illustrated with two examples from ? =
Europe. Soc Sci Med 1997; 44(6):757-771. | Formatted: Font: Calibri, 12 pt, Italic, D&nab’
”””””””””””””””””””””””””””””””” RN check spelling or grammar % E
(31) Lorenc T, Petticrew M, Welch V, Tugwell P. What types of interventions generate {Fm‘l'l‘_‘a“e": Font: Calibri, 12 pt, Do not &%g
. .y . . . . . . spelling or grammar
inequalities? Evidence from systematic reviews. J Epidemiol Community Health 2013; penoore =R
. = - = -~~~ Formatted: Font: Calibri, 12 pt, Italic, Dak,
67(2):190-193. \ check spelling or grammar
. . . . . Formatted: Font: Calibri, 12 pt, Do not @ck
(32) Capewell S, Graham H. Will cardiovascular disease prevention widen health spelling or grammar
inequalities? P}Q-S MEd 270}9;777(78)7@1(2070}729; 7777777777777777777777777777 Formatted: Font: Calibri, 12 pt, Italic, D@']ot
~ check spelling or grammar =3
(33) Benach J, Malmusi D, Yasui Y, Martinez JM. A new typology of policies to tackle ‘[Formatted Font: Calibri, 12 pt, Do notmeck
health inequalities and scenarios of impact based on Rose's population approach. J spelling or grammar )
Epidemiol Community Health 2013; 67(3):286-291. {F”ma“e" Font: Calibr 12 pt, Itaic, DiZnot
—————————————————————————————————————— - check spelling or grammar 2}
(34) Barton P, Andronis L, Briggs A, McPherson K, Capewell S. Effectiveness and cost \[::;mztf)f‘;r;;ﬁarca“b” 12pt, Do no“fed(
effectiveness of cardiovascular disease prevention in whole populations: modelling
study. BMJ 2011; 343. d4044. Formatted: Font: Calibri, 12 pt, Italic, D@not
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ ‘/\ check spelling or grammar 3
(35) Ji C, Kandala NB, Cappuccio FP. Spatial variation of salt intake in Britain _and {FWI'I“B“G" Font: Calibri, 12 pt, Do not Cg\‘-c'(
spelling or grammar
association with socioeconomic status. BMJ Open 2013; 3(1):e002246. peroorg b=t
- ************************ﬁ(**‘[Formatted Font: Ca|lb|’| 12pt Ita|IC Dwnot

check spelling or grammar

(36) Hoare J, Henderson L, Bates CJ, Prentice A, Birch M, Swan G et al. The National Diet {

and Nutrition Survey: Adults Aged 19-64 years. 5: summary report. 2004. London, spelling or grammar

Formatted: Font: Calibri, 12 pt,

Do not check

HMSO.

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| @p anbiydeibolgig aduahiyie ggoz Y auncluo Auodfwg iado


http://bmjopen.bmj.com/

P OO~NOULAWNPE

BMJ Open

Ji C & Cappuccio FP. Revision1 || 2014

Ref Type: Generic

- {Formatted: Space After: 12 pt

(37) Rose D, Pevalin DJ. The National Statistics Socio-economic_Classification: origins,

development and use. 1-120. 2005. Basingstoke, Palgrave Macmillan.

Ref Type: Report

Page 46 of 50

Ref Type: Generic

- {Formatted: Space After: 12 pt E
@
(38) Bates B, Lennox A, Prentice A, Bates C, Swan G. National Diet and Nutrition Survey. %
Headlines results from year 1, 2 and 3 (combined) of the Rolling Programme g
(2008/2009 - 2010/11). 2013. Department of Health and Food Standard Agency. {Formatted Space After: 12 pt <
Formatted: Hyperlink, Font: Calibri, 12 £ Do
not check spelling or grammar E
(39) ONS. ons gov uk [ 2014 Available from: URL:http://www.ons.gov.uk/ons/guide- / Formatted: Font: Calibri, 12 pt, Underling Do
ffffffffffffffffffffffff not check spelling or grammar =3
method/classifications/current-standard-classifications/soc2010/soc2010-volume-3- ==
Formatted: Font: Calibri, 12 pt, Do notcge
ns-sec--rebased-on-soc2010--user-manual/index.htm| spelling or grammar a
Formatted: Hyperlink, Font: Calibri, 12 [g_Do
(40) MRC. mrc-hnr_cam ac _uk 7[7 727071747 _ A\f/qllfaplfef 7f|:qrpf _ L)BI: htﬁtpf/[wyvyvf mrc- 2~ | not check spelling or grammar 5
«Q

ONS. ons gov_uk [ 2014 Available from: URL:http://www.ons.gov.uk/ons/guide- _

method/geography/beginner-s-guide/administrative/england/government-office-

regions/index.html

Brezger A, Kneib T, Lang S. Baves X. Software for Bayesan inference based on Markov

Bingham SA, Gill C, Welch A, Day K, Cassidy A, Khaw KT et al. Comparison of dletarv

(44)

assessment methods in nutritional epidemiology: weighed records v. 24 h recalls,

Formatted: Font: Calibri, 12 pt, Underllne,, Do
not check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not (ﬁeq:h

10,

food-frequency questionnaires and estimated-diet records. Br J Nutr 1994;

72(4):619-643.

Lentjes MA, McTaggart A, Mulligan AA, Powell NA, Parry-Smith D, Luben RN et al.

(45)

Dietary intake measurement using 7 d diet diaries in British men and women in the

European Prospective Investigation

into _Cancer-Norfolk study:

a_focus

methodological issues. BrJ Nutr 2014; 111(3):516-526.

Ji C, Sykes L, Paul C, Dary O, Legetic B, Campbell NR et al. Systematic review of

(46)

studies comparing 24-hour and spot urine collections for estimating population salt

intake. Rev Panam Salud Publica 2012; 32(4):307-315.

o ______ifr-—

Ji C, Miller MA, Venezia A, Strazzullo P, Cappuccio FP. Comparisons of spot vs 24-h

(47)

urine _samples for estimating population salt intake: Validation study in two

independent samples of adults in Britain and Italy. Nutr Metab Cardiovasc Dis 2013. ,*

Rao M, Afshin A, Singh G, Mozaffarian D. Do healthier foods and diet patterns cost

(48)

more than less healthy options? A systematic review and meta-analysis. BMJ Open, .~

2013; 3(12):e004277.

Banks J, Marmot M, Oldfield Z, Smith JP. Disease and disadvantage in the United

States and in England. JAMA 2006; 295(17):2037-2045.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

24

04} PAPROJUMOQ "$THZISABNY $T U0 £89500*T0Z-uadallig/9eTTIQP Se paysygnd isiiy :uado (NG

spelling or grammar ® >
Formatted: Hyperlink, Font: Calibri, 12 g R
not check spelling or grammar Q—J‘g
Formatted: Font: Calibri, 12 pt, Underllng_%
not check spelling or grammar —_ D
Formatted: Font: Calibri, 12 pt, Do not c;}ec_l%
spelling or grammar Q (CD
Formatted: Font: Calibri, 12 pt, Italic, Dmng
check spelling or grammar g_ :—‘n
Formatted: Font: Calibri, 12 pt, Do not cge&
spelling or grammar SHa

e 3
check spelling or grammar ST
Formatted: Font: Calibri, 12 pt, Do not @eck é
spelling or grammar - =
Formatted: Font: Calibri, 12 pt, Italic, DoEn t
check spelling or grammar E

Formatted: Font: Calibri, 12 pt, Do not cEeck
spelling or grammar

‘Bu

Formatted: Font: Calibri, 12 pt, Italic, Dg,not

check spelling or grammar n

Formatted: Font: Calibri, 12 pt, Do not dmeck
spelling or grammar

[fwu

Formatted: Font: Calibri, 12 pt, Italic, Dcmot
check spelling or grammar —_

Formatted: Font: Calibri, 12 pt, Do not cgec
spelling or grammar

Formatted: Font: Calibri, 12 pt, Italic, Dtsnot
check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not (%ec
spelling or grammar

Formatted: Font: Calibri, 12 pt, Italic, Do not
check spelling or grammar

Formatted: Font: Calibri, 12 pt, Do not check
spelling or grammar

A
A
i
“
1
5
-
N
Sl
N
.
‘[Formatted Font: Calibri, 12 pt, Italic, D
|
A
l
A
1
A
ol
g
1
B
“

| @p anbiydeiboljglg aduahy Mggzﬂgaunp mwom@muﬂo[mc


http://bmjopen.bmj.com/

Page 47 of 50

©CoO~NOUTA,WNPE

o
[Ny

U OB DMBEADRAMDIMBAEDIAEMDIMNDIMWOWOWWWWWWWWWNNNDNNNNNNNRPRPRERPREREREPR
QOO NOUPRRWNRPOOO~NOOUORARWNPRPOOONOUOPRARWNRPOOONOODURAWNRPRPOOO~NOOOGMWN

BMJ Open

spelling or grammar

Formatted: Font: Calibri, 12 pt,

Do not

s

Formatted: Indent: Left: 0", Hanging:
Tab stops: 0.38", Right + 0.5",

Left

w
<
(&
@)
©
@
=
Ji C & Cappuccio FP. Revision1 || 2014 3
s
s
(49) Kant AK, Graubard Bl. Secular trends in the association of socio-economic position =
with self-reported dietary attributes and biomarkers in the US population: National =
Health and Nutrition Examination Survey (NHANES) 1971-1975 to NHANES 1999- -
2002. Public Health Nutr 2007; 10(2):158-167. | Formatted: Font: Calibri, 12 pt, Italic, Do not
”””””””””””””””””””””””””””””””” N check spelling or grammar E
O
(50) Darmon N, Drewnowski A. Does social class predict diet quality? Am J Clin Nutr 2008; {FOrI'I“atted Font: Calibri, 12 pt, Do not Qgeck
777777777777 = spelling or grammar
87(5):1107-1117. IS el Ll
N Formatted: Font: Calibri, 12 pt, Italic, Deanot
\[check spelling or grammar o ]
(51) Jetter KM, Cassady DL. The availability and cost of healthier food alternatives. Am J
= Formatted: Font: Calibri, 12 pt, Do not oheck
Prev Med 729967,7397(];);3787474: 7777777777777777777777777777777777777777 S {spellmg or grammar _n §
\\\ Formatted: Font: Calibri, 12 pt, Italic, D§10t
(52) McDermott AJ, Stephens MB. Cost of eating: whole foods versus convenience foods + | check spelling or grammar
in a low-income model. Fam Med 2010; 42(4):280-284. Formatted: Font: Calibri, 12 pt, Do not Rleck ¢
”””””””””””””””””””””””””” s spelling or grammar 3
(53) Rehm CD, Monsivais P, Drewnowski A. The quality and monetary value of diets ° {F:rn;attehd Font: Calibri, 12 pt, Italic, D@0t %
consumed by adults in the United States. Am J Clin Nutr 2011; 94(5):1333-1339. Ceck Spe g of grammar
”””””””””””””” O Formatted: Font: Calibri, 12 pt, Do not djmeck 3
- . . . \N_ | spelling or grammar ah iy
(54) Hogberg L, Cnattingius S, Lundholm C, Sparen P, lliadou AN. Intergenerational social
. . . . . ) \ Formatted: Font: Calibri, 12 pt, Italic, D&n
mobility and the risk of hypertension. J Epidemiol Community Health 2012; 66(6):€9. check spelling or grammar @ m
. . . . . \\\\ Formatted: Font: Calibri, 12 pt, Do not él‘?e{:g
(55) Rodriguez-Fernandez R, Siopa M, Simpson SJ, Amiya RM, Breda J, Cappuccio FP. ' _ | spelling or grammar oo
Current _salt reduction policies across gradients of inequality-adjusted human ' {Formatted Font: Calibri, 12 pt, Italic, D%@
development in the WHO European region: minding the gaps. Public Health Nutr, check spelling or grammar a3
2013:1-11 N Formatted: Font: Calibri, 12 pt, Do not cbeg
E— \\\\ spelling or grammar T o
\ N X
(56) Grimes CA, Campbell KJ, Riddell LI, Nowson CA. Is socioeconomic status associated {Eﬁ;:;ig;ﬁ’ng':gpzrﬁﬁgr 12 pt, Ltalic, Dg‘%
. - . . . . B 5 7 -
with dietary sodium intake in Australian children? A cross-sectional study. BMJ Open | Formatted: Font: Calibri, 12 pt, Do ot CE?@
2013; 3(2):e002106. \>. | spelling or grammar o =
“N Formatted: Font: Calibri, 12 pt, Italic, D&’n%
\ check spelling or grammar § m

25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salIfojouyoal rejiwis pue ‘Burureln |g §]
| @p anbiydeliboijgig asuaby e Gzog ‘2 aunr uo /woa'[wq'uadomemmapmMMQ'


http://bmjopen.bmj.com/

©CoOoO~NOUTA,WNPE

BMJ Open

2027.0 2447.0

209x297mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 48 of 50

'salIfojouyoal Jejiwis pue ‘Buiureny |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1oj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydesbollqig soushy 1e Gzoz ‘2 sung uo /wod fwg uadolway/:dny wolj pspeojumod "#T0Z 1SNBny T U £89500-7T0Z-uadolwag/9eTT 0T Se paysiignd 1s.iy :uado CINg


http://bmjopen.bmj.com/

Page 49 of 50

©CoOoO~NOUITA,WNPE

BMJ Open

12%

9%

6%

W 2000-01
3%

Reference
0% -

-3%
12%

9%

3% l: W 2008-11
% Reference : - ‘ ‘

-3%

Higher A level or GCSE or No
education equivalent equivalent  qualification

209x297mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saiIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1oj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibol|qig sousby re Gzoz ‘L sunr uo jwod fwg-uadolway/:dny woly papeojumod +T0Z 1SNBNY T U0 £89500-4T0Z-uadolwa/9eTT 0T Se paysiignd isiiy :usdo (N g


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

BMJ Open

Table Appendix 1: Model comparison.

Model Model Model Model

1 2 3 4
Deviance 1016.58 938.9  586.5  574.8
pD 8.1 12.4 20.5 32.7

DIC 1032.8 963.8  627.6  640.1

Note: Model 1= Region only; Model 2 = Model 1 + Age + Sex +
Body Mass Index + Energy intake; Model 3 = Model 2 + Smoking
habit + Education + Socio-economic status + Marital status +
Alcohol consumption; Model 4 = Model 3 with nonlinear
assumption on all continuous variables (Age, BMI, Energy intake,
Alcohol consumption).

Table Appendix 2. Estimated coefficients of each
level of education attainment in 2000-01 and
2008-11 using the assumption of 2,500 mg/day
intake of dietary sodium.

Mean % 90% Credible

change interval
2000-01
Higher education Reference
Alevel or 0.5% -23%  3.3%
equivalent
GCSE or 1.4% -13% 4.5%
equivalent
No qualification 3.5% 0.1% 7.2%
2008-11
Higher education Reference
A level or 2.0% 0.2% 8.6%
equivalent
GCSE or 3.6% -1.3% 8.3%
equivalent
No qualification 5.7% 0.1% 11.1%
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Correction

Ji C, Cappuccio FP. Socioeconomic inequality in salt intake in Britain 10 years after a national
salt reduction programme. BM] Open 2014;4:¢005683. The authors have become aware that
during the submission process the incorrect figure 2 was uploaded and subsequently pub-
lished. The figure does not match the data reported in table 3, which is indeed correct and it
is referred to for the results of the study and discussion. Whilst the mistake is uninfluential,
the figure may be misleading for some. The amended figure is below. The legend is
unaffected.
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