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Preface  

This PhD thesis is based on the randomised controlled trial STRIVE (SalT Reduction 

InterVEntion), conducted at Centre for Clinical Research and Prevention, Frederiksberg and 

Bispebjerg Hospital, in collaboration with the National Food Institute, Technical University of 

Denmark. The presented work has been carried out from February 2018 to January 2021.  

The overall aim of the STRIVE study was to investigate the effectiveness of strategies to reduce 

dietary salt intake and clarify the health consequences of reducing daily salt consumption among 

children and adults.  

The project was a four month, single-blinded, randomized controlled trial. Data collection was 

initiated in February 2018 and ended in July 2018. My primary responsibilities in the project 

included development of study bread products in collaboration with Lantmännen Cerealia and 

Smoerum bakery, development and conduct of dietary counselling in collaboration with the team 

of nutritionists, establishment of sensory evaluations techniques, modification of the dietary 

registration tool, recruitment of participants, and data collection with a primary focus on the 

dietary registration and assessment of sensory properties related to salt taste. Once the data 

collection was ended, my main responsibilities involved data management, statistical analyses, 

interpretation of data, and writing of the papers included in this PhD.       

  

 

Nanna Louise Riis 

Kgs. Lyngby, January 2021   
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Summary 

Background: High salt consumption is associated with high blood pressure, a main risk factor 

for morbidity and mortality. Intake of salt greatly exceeds the recommended level of 5-6g/day in 

most countries worldwide, and in Denmark, the average salt consumption is 9.5g/day in adults. 

Reducing population salt intake has been identified as one of the most cost effective approaches 

to prevent and/or reduce the prevalence of high blood pressure (BP) and cardiovascular diseases 

(CVD), but real-life evidence on effective strategies to reduce population salt intake are limited. 

Objective: The overall aim of this thesis was to estimate the effect of providing salt reduced 

bread with or without dietary counselling on the intake of sodium, potassium and the sodium to 

potassium ratio in Danish families. Additionally, we assessed if the intervention had an impact 

on other dietary intake including energy, macronutrients and selected food groups, as well as salt 

taste sensitivity, and liking of bread with varying salt content. 

Design and methods: The study was a four-month, single blinded, cluster randomized 

controlled trial with a parallel design. Participants were recruited as families consisting of at least 

one child (3-17y) and one adult (18-65y). Families were randomly assigned to one of three 

groups, receiving either; salt reduced bread (Intervention A), salt reduced bread with dietary 

counselling (Intervention B) or bread with a regular salt content (Control). At baseline and after 

four months, participant collected 24-h urine samples (children gave one urine sample and adults 

gave three), and recorded their dietary intake for seven days in a web-based dietary assessment 

tool. Salt taste sensitivity was measured by salt taste detection threshold (DT) and recognition 

threshold (RT) according to ISO3972, and liking for bread with a salt content of 0.4g/100g, 

0.8g/100g and 1.2g/100g, respectively, was measured using a 7-point hedonic scale.  

Results: Eighty-nine families (n=309) were enrolled in the study. The results on salt (sodium) 

and potassium differed depending on the method used to measure the intake, i.e. 24-h urine 

collections or dietary records. The following results are based on the measures from the seven-

day dietary records in children, to account for the day-to-day variation in intake, and the repeated 

24-h urine collections in adults (Golden Standard). Intervention A resulted in a lower salt intake 

of 0.8g/day (-1.5, -0.0) and a lower sodium to potassium ratio of 16% (-26, -4) in children. In 

adults, salt intake was lowered by 0.8g/day (-2.0, 0.5) and the sodium to potassium ratio by 10% 

(-24, 7). Intervention B resulted in a lower salt intake of 0.8g/day (-1.3, 0.0) and a lower sodium 
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to potassium ratio of 14% (-24, -4) in children. In adults, salt intake was lowered by 1.5g/day (-

2.5, -0.5) and the sodium to potassium by 20% (-32, -7). 

Intervention A did not result in any differences in the estimated energy intake or the 

macronutrient distribution compared to the control group, whereas Intervention B resulted in an 

increased energy intake among adults compared to the control group (841kJ, CI 311, 1372), and 

a lower E% from saturated fat (-1.0%, CI -1.8, -0.1). With regard to the food groups, the 

intervention did not result in any differences between groups in the consumption of ‘bread’ and 

‘bread fillings’. Intervention A resulted in a lower intake of ‘cheese and cheese products’ (-38%, 

CI -57, -10). Intervention B resulted in higher intakes of ‘fish and fish products’ in children 

(222%, CI 16, 793) and higher intakes of ‘fruit’ (53%, CI 8, 117), ‘breakfast cereals’ (187%, CI 

13, 624), and ‘poultry and poultry products’ (219%, CI 11, 813) in adults. These findings 

remained significant when taking differences in energy intake into account.  

The intervention did not significantly affect DT or RT, but Intervention B resulted in a 

significant reduction in DT of 18% (-28, -7) and a trend towards a reduction in RT of -16% (-30, 

2) from baseline to follow-up. Following the intervention, liking for bread with 0.4g salt/100g 

was significantly higher in Intervention B compared to the control (0.4, CI 0.1, 0.8) and 

borderline significantly higher in Intervention A compared to the control (0.4, CI -0.0, 0.8).  

Conclusion: Providing salt reduced bread with and without dietary counselling was effective in 

lowering salt (sodium) intake and the sodium to potassium ratio in both children and adults, 

although not reaching statistical significance in adults receiving salt reduced bread only. 

Providing dietary counselling in addition to salt reduced bread lowered the salt intake and the 

sodium to potassium ratio beyond the effect of providing salt reduced bread alone in adults, but 

due to methodological limitations, it was not possible to evaluate if the same was true for 

children.   

The energy intake and the quality of the diet in terms of the macronutrient distribution and intake 

of food groups was not affected by providing salt reduced bread alone. Adding dietary 

counselling resulted in minor improvements in the dietary quality, as the E% from saturated fat 

was lowered and fruit consumption increased, but it might also have increased energy intake 

(among adults). The intervention did not affect the amount of bread consumed differently 
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between the groups and there was no evidence of a compensating behavior by consuming more 

salt rich bread fillings or other high salt food groups.  

The two salt reduction interventions did not affect the salt taste sensitivity compared to the 

control, but Intervention B resulted in an increased salt taste sensitivity from baseline to follow-

up. Consumption of salt reduced bread in comparison to regular salt bread resulted in higher 

liking for bread with a low salt content of 0.4g/100g. 

The findings from this study can provide practical applications for the bread industry for salt 

reduction and guide authorities in setting target levels for salt content in bread. Moreover, the 

advices used in the dietary counselling can provide a foundation for future strategies aiming at 

lowering salt intake through public education.    
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Resume (Danish summary) 

Baggrund: Højt saltindtag er forbundet med forhøjet blodtryk, en væsentlig risikofaktor for 

mobiditet og dødelighed. På verdensplan overstiger indtaget af salt det anbefalede daglige indtag 

på 5-6g, og i Danmark er det gennemsnitlige daglige indtag 9.5g blandt voksne. En reduktion i 

befolkningens saltindtag er blevet fremhævet som en af de mest omkostningseffektive tilgange til 

at forebygge forhøjet blodtryk og hjertekarsygdomme, men effektive strategier til at reducere 

befolkningens saltindtag er begrænsede.  

Formål: Det overordnede formål med denne ph.d. afhandling var at estimere effekten af at give 

saltreduceret brød med eller uden kostvejledning på indtagelsen af salt (natrium), kalium samt 

natrium/kalium ratioen. Derudover blev effekten af interventionen undersøgt på andre dele af 

kosten, herunder energi, makronæringsstoffer og udvalgte fødevaregrupper, samt på 

sensitiviteten for salt smag og i hvilken grad deltagerne kan lide brød med varierende 

saltindhold. 

Design og metode: Undersøgelsen var et fire måneders enkeltblindet, cluster randomiseret 

kontrolleret forsøg med et parallelt design. Deltagerne blev rekrutteret som familier bestående af 

mindst ét barn (3-17år) og én voksen (18-65år). Familierne blev tilfældigt inddelt til at modtage 

enten; saltreduceret brød (Intervention A), saltreduceret brød i kombination med kostvejledning 

(Intervention B) eller brød med almindeligt saltindhold (kontrol). Ved baseline og efter fire 

måneders intervention indleverede deltagerne døgnurinopsamlinger (børn indleverede én 

døgnurinopsamling og voksne indleverede tre) og registrerede deres kostindtag i syv dage i en 

web-baseret kostdagbog. Sensitiviteten for salt smag blev målt ved erkendelses- og 

genkendelsestærskelværdi i henhold til metoden beskrevet i ISO3972 og der blev anvendt en 

syv-punkts hedonisk skala til at vurdere i hvilken grad deltagerne kunne lide brød med et salt 

indhold på henholdsvis 0.4g/100g, 0.8g/100g og 1.2g/100g.  

Resultater: Niogfirs familier (n=309) blev inkluderet i undersøgelsen. Resultaterne for salt 

(natrium) og kalium varierede afhængigt af hvilken metode der blev brugt til at måle indtaget, 

dvs. døgnurinopsamling eller kostregistrering. De følgende resultater er baseret på målinger fra 

syv-dages kostregistrering hos børn, for at tage højde for den daglige variation i indtaget, og fra 

gentagne døgnurinopsamlinger hos voksne (Golden Standard). Intervention A resulterede i et 
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lavere saltindtag på 0.8g/dag (-1.5, -0.0) og en reduktion i natrium/kalium ratioen på 16% (-26, -

4) hos børn. Hos voksne blev saltindtaget sænket med 0.8g/dag (-2.0, 0.5) og natrium/kalium 

ratioen med 10% (-24, 7). Intervention B resulterede i et lavere saltindtag på 0.8g/dag (-1.3, 0.0) 

og en reduktion i natrium/kalium ratioen på 14% (-24, -4) hos børn. Hos voksne blev saltindtaget 

sænket med 1.5g/dag (-2.5, -0.5) og natrium/kalium ratioen med 20% (-32, -7).  

Intervention A resulterede ikke i nogen forskelle i det estimerede energiindtag eller i 

makronæringsstoffordelingen sammenlignet med kontrolgruppen, hvorimod Intervention B 

resulterede i et øget energiindtag blandt voksen (841kJ, CI 311, 1372) og en reduktion i E% fra 

mættet fedt (-1.0%, CI -1.8, -0.1) sammenlignet med kontrolgruppen. I forhold til fødevare 

grupperne, resulterede studiet ikke i nogen forskel mellem grupperne i indtaget af ’brød’ og 

’pålæg’. Intervention A resulterede i et lavere indtag af ’ost og osteprodukter’ (-38%, CI -57, -

10). Intervention B resulterede i et højere indtag af ’fisk og fiskeprodukter’ hos børn (222%, CI 

16, 793) og et højere indtag af ’frugt’ (53%, CI 8, 117), ’morgenmadsprodukter’ (187%, CI 13, 

624), og ’fjerkræ og fjerkræprodukter’ (219%, CI 11, 813) hos voksne. Disse fund forblev 

signifikante efter der blev taget højde for forskelle i energiindtaget.  

De to saltreduktionsinterventioner havde ikke nogen signifikant effekt på erkendelses- eller 

genkendelsestærskelværdier sammenlignet med kontrolgruppen, men Intervention B resulterede i 

en signifikant reduktion i erkendelsestærskelværdien på 18% (-28, -7) og en tendens til en 

signifikant reduktion i genkendelsestærskelværdien på 16% (-30, 2) fra baseline til opfølgning. 

Efter interventionen kunne deltagerne i Intervention B i højere grad lide brød med 0.4g salt/100 

sammenlignet med kontrol gruppen (0.4, CI 0.1, 0.8), og der var en lignende tendens i 

Intervention A sammenlignet med kontrolgruppen (0.4, CI -0.0, 0.8). 

Konklusion: At give saltreduceret brød med eller uden kostvejledning var en effektiv metode til 

at sænke saltindtaget (natrium) og natrium/kalium ratioen hos både voksne og børn, men effekten 

var ikke statistisk signifikant blandt voksne som fik saltreduceret brød uden kostvejledning. Der 

var en større reduktion i indtaget af salt og i natrium/kalium ratioen ved at give en kombination 

af saltreduceret brød og kostvejledning hos voksne, men grundet metodiske begrænsninger var 

det ikke muligt at vurderer om det samme var tilfældet hos børn.    

Energiindtaget og kostkvaliteten, set i forhold til makronæringsstoffordelingen og indtaget af 

udvalgte fødevare grupper, blev ikke påvirket ved at give saltreduceret brød alene. Tilføjelse af 
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kostvejledning resulterede i mindre forbedringer af kostkvaliteten, ved at reducere E% fra mættet 

fedt og øge indtaget af frugt, men det øgede muligvis også energiindtaget (blandt voksne). 

Indtaget af brød var ikke påvirket forskelligt mellem grupperne, og der var ingen tegn på 

kompenserende adfærd i forhold til at øge indtaget af saltholdigt pålæg eller andre saltholdige 

fødevaregrupper.  

De to saltreduktionsinterventioner påvirkede ikke sensitiviteten for salt smag sammenlignet med 

kontrolgruppen, men Intervention B øgede sensitiviteten for salt smag fra baseline til opfølgning. 

Efter interventionen kunne de deltagere der havde spist brød med et sænket saltindhold bedre 

lide brød med et lavt saltindhold på 0.4g/100g sammenlignet med dem der havde spist brød med 

et almindeligt saltindhold. 

Resultaterne fra undersøgelsen kan anvendes praktisk i forbindelse med saltreduktion i 

brødindustrien samt bidrage med evidens i forbindelse med myndigheders fastsættelse af 

målsætninger for saltindhold i brød. Derudover kan kostvejledningen danne grundlag for 

udviklingen af fremtidige strategier der sigter mod at sænke saltindtaget gennem øget 

forbrugeroplysning.    
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Abbreviations 

BMI   Body Mass Index 

BP   Blood Pressure 

CVD   Cardiovascular Disease 

DT   Detection threshold 

ICC   Intra class correlation 
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1 Introduction 
1.1 Rationale for reducing salt intake in Danish families 

Cardiovascular diseases (CVD) are the leading cause of death worldwide1, accounting for an 

estimated 18.6 million deaths annually2. Excessive salt (sodium chloride) intake has consistently 

been associated with high blood pressure (BP)3, one of the main metabolic risk factors for 

developing CVD4. In most countries worldwide salt consumption exceeds the recommended 

level of 5-6g/day5, and reducing population salt intake is estimated to be one of the most cost-

effective strategies to increase public health6. In Denmark, nine out of 10 individuals consume 

more salt than recommended by the authorities, and the average salt intake among Danish adults 

is estimated to be 9.5g/day7.  

Hypertension and CVD is rare among children, but high salt intake is also associated with 

increased BP in children8. Moreover, dietary habits develop during childhood9, and high salt 

consumption may develop preferences for salt rich food that track into adulthood10,11. The family 

environment is an important setting for the development of children’s food habits12, and 

strategies to reduce population salt intake could therefore advantageously target the family. 

The main source of dietary salt in western countries, including Denmark, is processed food7,13. 

Strategies to reduce dietary salt should therefore aim at increasing the availability of salt reduced 

food products, while simultaneously educating consumers to purchase lower salt food products14. 

The food products contributing with the highest amount of dietary salt includes bread and bakery 

products, processed meat and fish, cheese, spreads, and snacks7,13. In fact, 20% of total salt 

consumption is accounted for by bread alone7, making reductions in salt content in bread a 

potential effective strategy to lower daily salt intake. Although the main contribution of dietary 

salt is consumed from processed foods, a combination with other strategies such as public 

education, food labeling, and individual dietary counselling may be necessary to lower salt 

intake to the recommended level15. Reducing population salt intake is indeed a challenge, and 

evidence regarding effective strategies to lower salt consumption in Denmark and similar 

countries are limited.  
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1.2  Aim and objectives 

The overall aim of this thesis was to study the effectiveness of providing gradually salt reduced 

processed food (bread) with or without dietary counselling to lower salt intake among healthy 

Danish families. To achieve this aim, the following objectives were specified: 

 Estimate the effect of providing bread gradually reduced in salt content with or without 

dietary counselling on the intake of sodium, potassium and the sodium to potassium ratio 

(Paper I and Paper II) 

 Estimate the dietary effect of providing salt reduced bread with or without dietary 

counselling (Paper II) 

 Investigate the impact of salt reduction strategies on salt taste sensitivity and liking 

(Paper III)  
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2 Background 

2.1 Salt intake in relation to cardiovascular diseases and high blood pressure 

2.1.1 Cardiovascular diseases and related risk factors 

CVD is a general term used for a group of diseases in the heart and blood vessels, including 

ischemic heart disease, cerebrovascular disease, peripheral arterial disease, rheumatic heart 

disease, congenital heart disease and deep vein thrombosis and pulmonary embolism16. 

Worldwide, the estimated prevalence of CVD is 532 million2. CVD’s are the leading cause of 

death worldwide, and in 2019 CVDs were estimated to account for 18.6 million deaths2. Of the 

different CVD’s, ischemic heart disease and stroke are the leading causes of morbidity and 

mortality, and estimated to result in an annual ≈380 million disability adjusted life years 

(DALYs) (years of life lost due to illness, disability or premature death)). In Denmark, CVDs are 

also common, with a total incidence of 56.379 and a total prevalence of 524.000 in 2018 among 

adults above 35y17. CVDs are the second most common cause of death and accounts for 

approximately 12.000 deaths annually, representing 24% and 25% of all deaths among women 

and men, respectively18. DALYs lost from ischemic heart disease and stroke in Denmark was in 

2010 estimated to ≈200.00019. Annual cost for hospitalization associated with CVD is 5.3 billion 

DKK and an additional 1.81 billion are used on medicine20. 

CVD develops due to a combination of non-modifiable and modifiable risk factors. The non-

modifiable risk factors includes age, gender, ethnicity and family history (genetics). The 

modifiable risk factors are behavior related, and includes unhealthy diet, sedentary lifestyle, 

tobacco use, and alcohol consumption16. Altering these behavioral risk factors may prevent the 

development of metabolic risk factors including raised BP, raised blood glucose, raised blood 

lipids and overweight/obesity. 

2.1.2 Blood pressure and related risk factors 

High blood pressure has been shown to be associated with more than half of the deaths caused by 

CVD, making it one of the major metabolic risk factors for CVD development4. Hence, a 

reduction in hypertension of 25% by 2025 is one of WHO’s global targets to prevent non-

communicable diseases21. 

BP is a measure of the force that circulating blood exerts on the walls of the blood vessels22. It is 

measured when the heart contracts (systolic BP) and when the heart rests (diastolic BP). The 
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factors determining BP are the heart rate (contractions of the heart per minute), stroke volume 

(blood volume pumped at each heart contraction) and the peripheral vascular resistance 

(resistance to blood flow in the blood vessels)22. High BP or hypertension is defined as a systolic 

BP ≥140mm Hg and/or a diastolic BP ≥90mm Hg23, and prehypertension, which has also been 

associated with increased risk of CVD24, is defined as a systolic BP between 130-139mmHg 

and/or a diastolic BP between 85-89 mmHg23. Hypertension is estimated to affect 1.39 billion 

people worldwide, corresponding to 31% of the world’s adult population25. The prevalence of 

hypertension in Denmark is also high, with around one in five between the age of 20 to 89 

having hypertension26, corresponding to approximately 1.000.000 Danes.  

The exact causes for high BP remains somewhat unknown, but important modifiable risk factors 

includes diets high in salt, saturated fat, trans fat and alcohol and low in fruit and vegetables, as 

well as use of tobacco and having a sedentary lifestyle27.  

2.1.3 Salt intake in relation to blood pressure and cardiovascular diseases 

In the latest study on dietary risk factors related to the global burden of disease, it was estimated 

that excess dietary salt was accountable for 70 million DALYs and 3 million deaths annually, 

making it the dietary risk factor resulting in most deaths globally28. Accordingly, a reduction of 

30% in mean population salt intake is one of the 10 targets in the Global Action Plan, stated by 

the WHO, to prevent non-communicable diseases21.  

Salt and sodium is often used interchangeably, but they do not mean the same thing. Salt is 

comprised of sodium (40%) and chloride (60%), and 2.5g of salt equals 1g of sodium. Sodium is 

the constituent in salt with adverse effects on health. Salt is the major source of sodium in the 

diet accounting for approximately 90% of total sodium consumption3. 

Abundant evidence has consistently demonstrated a causal relationship between salt intake and 

BP29. An important epidemiologic study from 1988 is the INTERSALT study, a large 

international trial with 10.079 included participants investigating the relationship between 

dietary salt, measured through 24-h urine collections, and BP30. This study demonstrated a 

positive association between urinary sodium excretion and both systolic and diastolic BP. Later 

other large observational studies confirmed these findings31,32. A vast body of evidence from 

intervention studies also confirmed the relationship between salt intake and BP, although the 

extent to which BP is lowered varies3.  
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The BP lowering effect of salt reduction is greater among older and hypertensive individuals 

compared to younger and normotensive individuals33,34. A RCT demonstrated that, at different 

levels of salt reduction, larger reductions in SBP of 1-2mmHg and DBP of 0.5-1.4mmHg, were 

observed  among individuals above 45y compared to those below33. In hypertensive individuals, 

available evidence suggest that a reduction in salt intake of 4.4g/day can reduce SBP by -

5.4mmHg and DBP by -2.8mmHg, whereas the same reduction in salt intake among 

normotensive individuals can reduce SBP by -2.4 and DBP by -1.0mmHg34. The more 

pronounced effects in some subgroups may, at least to some extent, be caused by a decreased 

responsiveness in the hormone system regulating blood pressure and fluid and electrolyte 

balance (renin-angiotensin-aldosterone system (RAAS))35. 

Previous research has also investigated the dose-response relationship between salt intake and 

BP, by assigning participants to diets with differing salt contents36,37. In one study the salt intake 

was kept at 11.2, 6.4, and 2.9g/day for four weeks, and BP decreased from 163/100 to 155/95 

and to 147/91 mmHg when lowering salt intake36. In another study, salt intake was kept at 8, 6, 

and 4g/day, and SBP was reduced with -2.1 and -4.6 and DBP with -1.1 and -2.4 at the lower 

levels of salt37. Hence, both studies provides evidence for a dose-response relationship between 

salt intake and BP.  

Despite the consistent findings of a causal relationship between salt intake and BP, the public 

health benefits of reducing dietary salt have been debated in recent years. Result from a 

systematic review of RCT investigating the effect of low salt intake versus high salt intake 

showed compensatory mechanisms when lowering dietary salt, including increased levels of BP 

raising hormones (renin and angiotensin II, aldosterone), stimulation of the sympathetic nervous 

system (adrenaline and noradrenaline), and increased plasma lipid concentration38. These 

findings have questioned the necessity for and safety of population wide salt reduction strategies. 

Nevertheless, some of the studies included in the systematic review introduced large and acute 

reductions in salt intake, not corresponding to the public health recommendations of modest and 

gradual reductions in dietary salt. Meta-analysis excluding the very short-term studies however 

demonstrate that modest salt reductions decreases BP of clinical and public health relevance34,39. 

Further, only small increases were observed in BP raising hormones and no adverse effects were 

found in plasma lipid concentration or activity in the sympathetic nervous system34,39. These 
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findings highlight the importance of continuing the current efforts to reduce population salt 

intake.  

Whereas several intervention studies have examined the relationship between salt intake and BP, 

intervention studies investigating the direct link between salt consumption and CVD events are 

extremely scarce. This is primarily due to difficulties with long-term compliance to low salt diets 

in food environments with a wide selection of high salt food products. Evidence from the few 

randomized salt reduction interventions with long-term follow-up have demonstrated beneficial 

effects on CVD outcomes, with a 20% reduction in CVD events after reductions in salt intake of 

2.0-2.3g/day40,41. Likewise, pooled data from several observational studies have shown a linear 

relationship between salt intake and CVD morbidity and mortality39,42. Surprisingly, a few recent 

cohort and ecological studies have found a J-shaped association between salt intake and CVD 

events43–46, meaning that both low (<7.5g/day) and high (>15.0g/day) intakes of salt was 

associated with higher risk of CVD. However, these studies have some serious methodological 

limitations47. An important limitation is that the studies did not ensure that individuals with 

existing illness were excluded. However, being sick is often related to a lower energy intake and 

thereby a lower salt intake. Hence, the potential over representation of sick individuals in the low 

salt group may have introduced reverse causality47. Another important limitation is the use of a 

single spot urine to estimate sodium (salt) intake. The golden standard when estimating daily salt 

intake is repeated 24-h urine collections48. The use of spot urines as an alternative and easier 

method has been shown to underestimate daily sodium intake at higher levels of intake and 

overestimate at lower levels48. Additionally, a single spot urine does not estimate the habitual 

intake considering the large day-to-day variation in salt intake48. Moreover, the formulas to 

estimate 24-h urinary sodium from a single spot urine are based on age, sex, height, weight and 

creatinine49. Many of these factors are related to both sodium intake and CVD risk, potentially 

confounding the relationship. A recent study compared the use of a single spot urine and 

repeated 24-h urine collections and demonstrated that when using spot urine to estimate sodium 

intake a J or U shaped association between sodium intake and mortality was found, whereas 

when using repeated 24-h urine collections a linear association between sodium intake and risk 

of mortality was found49. Hence, the recent controversial findings seem to be due to the 

methodological limitations in some of the observational studies. 
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Most evidence on the harmful effect of excessive salt intake has been conducted in adults, and 

research relating salt intake and later risk of CVD in children is scarce. Yet, a positive 

association between salt consumption and BP has been identified in children8. Evidence from 

experimental studies with mean salt reductions of 3g/day (ranging from 0.5-10.8g/day) have 

shown BP lowering effects in children of 0.6mmHg and 1.2mmHg for SBP and DBP, 

respectively8. Although the BP lowering effect is modest, strategies targeting salt reduction in 

children is of particular importance, since there is a tracking effect of BP from childhood to 

adulthood50. Moreover, eating habits are established during childhood9 and excess salt intake 

may generate preferences for salt rich food tracking into adulthood10,11. 

Several physiological mechanisms may explain the association between dietary salt intake and 

blood pressure. In the extracellular fluid of the body, sodium is the main cation and chloride the 

main anion, and these electrolytes are the most important regulators of body fluid22. Loading of 

salt increases osmolality in the extracellular fluid, resulting in fluid movement from the 

intracellular to the extracellular space. Higher plasma sodium levels also affects the thirst center, 

to stimulate water intake22. These mechanisms increases extracellular fluid volume, potentially 

causing a higher pressure on the blood vessel walls51,5252. Recent evidence also suggests that high 

salt consumption may increase BP due to a failure in the vasodilatory responses to decrease 

vascular resistance53.  

2.1.4 Potassium and the sodium to potassium ratio in relation to blood pressure and CVD 

Salt is not the only dietary determinant affecting BP. Several studies have demonstrated a BP 

lowering effect with high intakes of potassium (3.5g/day)54,55. Based on results from a meta-

analysis, supplementation of potassium reduced SBP by 4.7mmHg and DBP by 3.5mmHg. These 

effects were greater among hypertensive individuals with reductions in SBP and DBP of 6.8 and 

4.6mmHg, respectievly54. High intakes of potassium have also been related to a reduced risk of 

CVD and death43,55.  

The physiological mechanisms underlying the beneficial effects of high potassium diets on BP 

are still not fully understood, but recent evidence suggests that this in part is due to an increased 

sodium excretion, resulting from changes in renal reabsorption of sodium56,57.   

The joint effect of sodium and potassium on BP may make the sodium to potassium ratio more 

strongly associated with BP than either sodium or potassium alone, and results from a systematic 
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review support this hypothesis58. Currently there is no official recommendation on the optimal 

ratio between sodium and potassium, but according to WHO, intake of sodium and potassium 

according to the recommendations would provide a ratio beneficial for health59.  

2.2 Dietary recommendations for salt intake 

To minimize the risk of developing hypertension and cardiovascular diseases, WHO 

recommends a salt intake of maximum 5g/day (2g sodium/day) among adults (≥16y). In 

children, the recommendation for adults is adjusted downward based on energy requirements in 

children relative to adults60. The recommendation on children is primarily set to control blood 

pressure and prevent the rise in blood pressure with age60.  

In the Nordic countries, the authorities recommends limiting salt intake to 6g/day among 

individuals above 10 years of age, while salt intake among children between 2-9 years should be 

limited to 3-4g/day61.  

2.3 Salt consumption  
2.3.1 Salt intake 

Salt consumption in most countries worldwide greatly exceeds the recommended intake28, and 

the global average salt consumption is estimated to be approximately 10g/day62. The highest 

intakes are found in Asian countries with a mean intake above 10.5g/day. In western countries 

including the US, Western Europe, Australia and New Zealand the intake ranges from 8.8g to 

9.5g/day. Lower intakes of salt are found in Latin America and sub-Saharan Africa with mean 

intakes lower than 8.3g/day62.  

The average salt and sodium intakes in Denmark among different age groups and between 

genders are presented in the table below. 

Table 1: Average daily salt intake in the Danish population1 
Group Average salt intake (g/day) Average sodium intake (g/day) 
Boys (4-9 y) 7.8 3.1 
Boys (10-17 y) 9.8 3.9 
Men (18-75 y) 11.0 4.4 
Girls (4-9 y) 7.0 2.8 
Girls (10-17 y) 7.5 3.0 
Women (18-75 y) 8.0 3.2 
Children (4-9 y) 7.5 3.0  
Children (10-17 y) 8.5 3.4  
Adults (18-75 y) 9.5 3.8  
1The numbers are based on data from the Danish National Survey of Dietary Habits and Physical Activity 
(DANSDA)7. The values on salt intake are calculated by multiplying the sodium value with 2.5.   
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2.3.2 Sources of dietary salt 

Dietary salt is consumed from different sources including processed foods, salt added to food 

during food preparation or at the table (discretionary salt), and the naturally occurring sodium in 

foods63.  

In western countries, including Denmark, the main source of dietary salt comes from salt added 

to processed food, accounting for approximately 70% of total salt consumption. Use of 

discretionary salt accounts for approximately 10-12%, but with large individual variation64, and 

the naturally occurring sodium in foods accounts for approximately 14% of total sodium 

intake13,63,64. 

2.3.3 Salt in processed food – purpose and sensory properties 

The food products with the greatest contribution to dietary salt in the western diets, includes 

bread and bakery products, processed meat and fish, cheese, spreads, and snacks7,13. In Denmark, 

bread alone contributes with approximately 20% of total salt consumption7. Salt serves several 

purposes when being added to food products. Importantly, salt increases the shelf life of food 

products by reducing water activity thereby limiting bacterial growth65. Moreover, salt affects 

quality characteristics in food such as texture. For instance, in bread products salt limits the 

growth of yeast and enables the gluten structure to develop66. Despite having important safety 

and quality effects, the high amount of salt added to food is primarily to improve palatability to 

satisfy consumer preferences67. Salt consumption stimulate the sensation of salty taste68, one of 

the five basic tastes (sweet, salty, sour, bitter, and umami). The concentration of salt required to 

stimulate salt taste varies between individuals, and can be measured by detection (DT) and 

recognition thresholds (RT)69. DT is defined as the lowest concentration of a taste that can be 

discriminated from water whereas RT is the lowest concentration at which a basic taste is 

correctly identified69. The perceived salt taste intensity increases with the concentration in 

aqueous solutions70. In contrast, salt added to food may interact with other taste stimuli, which 

can enhance or suppress the perceived intensity of the basic tastes70. In example, salt enhances 

sweet taste and suppress bitter taste70. Thus, reducing salt content in foods not only reduces 

perceived salt taste, but also interferes with a complex set of taste interactions, further 

complicating salt reduction in food.   
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Factors determining liking and acceptance of salt in food remains controversial. Reducing 

habitual salt intake has been shown to increase the perceived intensity of salt in food71, 

suggesting that the level at which individuals can taste salt depends on how much salt the 

individual consumes. The same study also demonstrated that the preferred level of salt in food 

decreased after five months of salt reduction71. This seems reasonable considering that a lower 

concentration of salt was needed to achieve the same taste sensation. Nevertheless, other studies 

have not found associations between salt taste sensitivity and liking of lower salt food72,73. 

Due to the important qualities of salt in food, large and acute reductions may reduce consumer 

acceptance, preventing manufactures from engaging in reformulation of food to contain less salt. 

However, by gradually reducing the salt content in food over a longer period, large reductions is 

achievable without negatively influencing consumer liking72,74–76. In example, reducing salt 

content by 52% in bread was well accepted by consumers74–76. Similarly, liking of hash browns 

was not affected when salt content was reduced by 45%72.  

2.4 Public health benefits of salt reduction 

Reducing dietary salt has been highlighted by WHO as one of the most cost effective strategies 

to prevent and/or reduce the prevalence of hypertension and CVD6,21. In a report conducted by 

Center for Clinical Research and Prevention, Denmark, it was estimated that a reduction in 

dietary salt of 3g/day in the Danish population (5.8 million), could prevent more than 400.000 

cases of hypertension and up to 2800 fatal and non-fatal cases of CVD each year77. Moreover, a 

recent report conducted at University of Copenhagen estimated that adherence to the 

recommended salt intake of 5-6g/day at a population level could result in annual economic 

savings of 6.7 billion DKK78.  

Natural experiments from salt reduction programs in Finland and the United Kingdom have also 

provided promising results on the public health benefits of lowering population salt intake. In 

late 1970s, a national salt reduction program was initiated in Finland. The program focused on 

raising consumer awareness on the harmful effect of high salt consumption on health in 

combination with engaging the food industry to lower salt content in processed food79. Salt 

intake was successfully lowered in both men and women from approximately 12.6g/day and 

9.8g/day in 1972 to 9.8/day and 7.5g/day in 200280. In the same period of time a reduction in 

SBP and DBP of more than 10mmHg was observed, and death from coronary heart disease and 
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stroke was reduced with 75-80%81. In 2003/2004, a national salt reduction program was 

introduced in the United Kingdom. The elements in the programme included 1) surveillance of 

salt intake and salt content in foods, 2) voluntary reductions in processed food, 3) salt reduction 

in restaurant food, 4) clear nutrition labelling, and 5) public health awareness campaign82. 

Between 2003 and 2011 population salt intake was successfully lowered by 1.4g/day from 

9.5g/day to 8.1g/day82. The reduction in salt intake is likely to have contributed to the decrease in 

SBP of 3.0mmHg and DBP of 1.4mmHg along with the reduction in mortality from stroke and 

ischemic heart disease, which was reduced with 40 and 42%, respectively83.  

2.5 Strategies to reduce population salt intake 

Several strategies to reduce population salt intake exist, with the most frequently implemented 

being food reformulation, front of pack labelling, consumer education, and interventions in 

public and private institutions84.   

Food reformulation 

The majority of salt in western countries are consumed from processed food, and encouraging 

the food industry to reformulate food and meals to contain less salt is of particular importance to 

achieve substantial and sustainable reductions in population salt intake29. This strategy does not 

require consumer action, apart from choosing the reduced-salt products, and research provide 

evidence that small and gradual reductions in salt content in processed food are well accepted by 

consumers74,75,85. Implementation of target setting for salt content in processed food can be either 

voluntary or mandatory. Limitations regarding the voluntary initiatives is that commitment is not 

binding and the salt reduction is limited to the companies involved. The mandatory approach 

may have a larger impact as it set equal rules across the food industry15,86. Nevertheless, both 

approaches can be effective in lowering salt content in food by setting target levels for salt 

content across a range of food categories87,88. In example, a key aspect of the salt reduction 

strategy in UK included food product reformulation88. Voluntary targets were set for more than 

80 processed food categories in 2005, and between 2006 and 2011 there was a mean reduction in 

salt content in processed food of 7%88. In Argentina, mandatory maximum salt content was set 

for 18 products (3 food categories) in 201387. An evaluation in 2019 showed good compliance to 

the legislation with more than 90% of the targeted products adhering to the maximum salt 

content87. In the US, the National Salt Reduction Initiative engaged the food industry to 
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voluntary lower the salt content in processed food89. The goal was to reduce salt content in 

packaged food by 25% from 2009 to 2014. Twenty-three companies’ committed to the salt 

reduction initiatives and salt targets were set for 62 packaged food products. In 2014, the sales-

weighed mean sodium density was reduced in 43% of the food categories and the sales-weighed 

mean sodium density was reduced by 6.8%89.  

Front of pack labelling 

Nutrition labelling can help consumers identify and select lower salt food products90. Many 

countries, including Denmark, require the use of nutrition declarations, most often placed at the 

back of the pack91. However, it is difficult for consumers to understand the nutrition 

information92, thereby preventing consumers from using the label to select healthier options. 

Clear front-of-pack labelling on the other hand have been shown to help consumers making 

healthier choices86,93. Different labels exist with some indicating unhealthy nutrients such as 

warning labels (“high in” or traffic light) whereas others indicate the healthfulness of a product 

(Nutri-score, star rating systems, keyhole label)90. Countries who have introduced front-of-pack 

labelling systems have identified positive effects93. In addition to help consumers identify lower 

salt food products, front-of-pack labelling may also encourage the food industry to reformulate 

food to contain less salt. In example, the “high in” warning labels were used in Finland as part of 

their salt reduction strategy. Food products above a certain threshold of salt, depending on the 

food category, were labelled “high salt”94. Consequently, many manufactures stopped their 

production of these products and introduced new products lower in salt content15. Likewise, the 

implementation of the voluntary ‘Health Star Rating’ label in New Zealand resulted in a 

reduction in salt content in the products displaying the label95. In the Nordic countries, the front-

of-pack keyhole label is broadly used in the food industry to help consumer’s make healthy food 

choices90. Food products that meet product specific criteria for the content of salt, fat, sugar, 

dietary fiber, wholegrain, fruit, vegetables and energy can obtain the keyhole label. A report 

conducted by the Danish National Food Institute estimated that a diet based on food products 

with the keyhole label could reduce salt intake by 1g/day compared to an average diet96. 

Consumer education 

Public education campaigns aim at increasing consumer awareness and knowledge to affect 

decision making at the individual level86. Public education strategies are easy to implement and 
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can deliver behavior related messages to a large population. However, the evidence regarding the 

effect of mass media campaigns to lower salt intake are limited. A mass media campaign aiming 

at raising awareness of the negative health effects of high salt consumption was introduced in 

South Africa in 201497. An evaluation of the campaign revealed that 75% of participant had seen 

the campaign and their knowledge regarding the dangers of high salt intake increased, as did the 

number of participants reporting to take steps to lower their salt intake97. Similarly, a consumer 

awareness campaign was launched in UK as part of their national salt reduction strategy, and the 

number of individuals using salt at the table declined following the campaign, from 32.5% in 

2003 to 23.2% in 200798. Thus, public education can be an effective tool to lower salt intake, 

however, repeated exposure are required to maintain the effectiveness of these campaigns86.  

Consumer education can also take place in smaller settings. In a family based study, 

schoolchildren were educated on the harmful effects of excessive salt intake, after which they 

brought home the messages to their parents. The intervention resulted in a salt reduction of 

2.9g/day among adults and 1.9g/day among children99. Another study educated consumers on 

how to use two different labels to identify lower salt food products. Using the labels resulted in a 

lowering in salt intake of 0.9g/day and 1.9g/day, for each of the two labels, respectively100.  

Individual dietary counselling is another approach that can be used to lower salt consumption. 

Counsellings that have been effective in lowering salt intake have included an assessment of 

individuals readiness for change, a discussion regarding the dangers of high salt intake, practical 

suggestions on how to lower salt intake, goal setting, and assessment of barriers that may prevent 

adherence to salt reduction in combination with opportunities on how to get around them101. 

Compared to the public education campaigns a drawback of the dietary counselling is that the 

strategy is not scalable to a large population.  

Although consumer education can be effective in lowering salt intake, substantial reductions may 

be difficult to achieve from individual actions alone considering the high contribution of dietary 

salt from processed food. Nevertheless, increasing awareness and knowledge may be an 

important element to gain consumer support to initiate more comprehensive salt reduction 

strategies14. 

Interventions in public and private institutions 

Government and private sector institutions can influence salt consumption in settings such as 
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schools, work places and hospitals by implementing specified standards for salt content in food 

and meals in their procurement policies102. The strategy may have a large reach, as a large 

proportion of the population consumes food served and sold in these institutions. A recent study 

in Denmark showed that lunch meals consumed at Danish worksite canteens contained 2.6g 

salt/meal, thereby providing around half of the recommended daily salt intake in a single meal103. 

Efforts to reduce salt intake in food service settings have been examined recently. From 2013 to 

2016, the Centers for Disease Control and Prevention in the U.S. funded salt reduction strategies 

in 10 state and local health departments aiming at lowering salt intake in institutional food 

settings104. The program included four strategies 1) develop and implement food service 

guidelines, 2) modify menus and meals, 3) enhance the selection and purchase of low salt food, 

and 4) offer consumer information. A recent evaluation of the project demonstrated that the 

average salt content of targeted foods and meals decreased by 0.65g (261mg sodium). The 

number of organizations offering new low-salt food increased from zero at baseline to 455 at 

follow-up and the estimated number of consumers purchasing low-salt food items increased from 

18.107 at baseline to 158.704 at follow-up104.  Hence, implementation of salt reduction strategies 

in public and private institutions has a potential to lower salt consumption among individuals 

who consume a proportion of their food in these institutions.  

In the development of national salt reduction programs, more emphasis may be put on elements 

believed to achieve the largest impact on salt intake in the population, but based on the above, a 

comprehensive public health approach that include several key strategies may be necessary to 

achieve meaningful reductions in population salt intake15,86. 
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3 Methods 

3.1 Study design 

This thesis is based on the STRIVE study, and a thorough description of the whole study is 

provided elsewhere105, whereas this section only includes the methodology relevant for this 

thesis.  

The study was a 4-month cluster randomized, single blinded, controlled trial with a parallel 

design. Participants consisted of both children (aged 3-17) and adults (aged 18-65), recruited as 

families. Study outcomes were measured at baseline, from February 1 to March 6, 2018, and at 

follow-up, from June 4 to July 3, 2018.  

3.2 Participants 
3.2.1 Recruitment procedure 

Families were recruited through social media at schools, kindergartens and larger companies, 

word of mouth, and posters in the local area. The recruitment procedure was initiated in the first 

week of January 2018 and lasted until February 24. Participants were recruited from five 

municipalities; Albertslund, Ballerup, Egedal, Glostrup, and Rødovre, located in the 

southwestern part of the Capital Region of Denmark. Families were screened for eligibility and 

invited to an introductory meeting, where detailed information about the project was provided.  

3.2.2 Inclusion and exclusion criteria 

To be included in the study families had to consist of at least one child (aged 3-17) and one adult 

parent (aged 18-65). Siblings above 17 years of age could also participate as long as the family 

consisted of at least one child. Children with divorced parents had to live more than half of the 

time with the participating parent to take part in the study, unless both parents agreed to 

participate. Inclusion criteria was a bread consumption of 175g/day in adults, which was 

assumed to be fulfilled when bread was consumed on a daily basis. Exclusion criteria were 

antihypertensive or lipid lowering treatment, cardiovascular disease, diabetes, celiac disease, 

gluten intolerance, pregnancy at the beginning of the study, or having a urine albumin above 300 

mg/day measured in spot urine at the baseline health examination. Families showing interest in 

the study were screened for eligibility and invited to participate in an introduction meeting were 

they received a verbal presentation of the study.  
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3.3  Intervention 
3.3.1 Randomization and blinding 

Eligible families were randomly assigned, using a computer-generated sequence of random 

group assignment, to receive either salt reduced bread (Intervention A), salt reduced bread in 

combination with dietary counselling (Intervention B) or regular salt content bread (control 

group). Randomization took place after the baseline health examination. During the intervention, 

families were unaware of the salt content in the bread products they received. Blinding was 

achieved by color-coding the bread packages with a red or blue label. The bakers producing the 

bread knew the color codes, but the rest of the staff at the bakery were unaware of the coding, 

including those handing out study bread products to the families. Nurses and other research staff 

collecting data were blinded to the group assignment at the baseline health examination (before 

randomization). They all remained blinded at follow-up, except for one researcher measuring salt 

taste sensitivity and liking, as this researcher also provided dietary counselling. The primary 

researchers and the nutritionist providing the dietary counselling were all familiar with the color-

coding.  

3.3.2 Intervention 

The study duration was approximately four months. Families picked up study bread products free 

of charge twice a week (Mondays and Thursdays) at the bakery producing the bread or at the 

Centre for Clinical Research and Prevention, depending on the preferred geographical location. 

Families were instructed to replace their regular bread products with the bread products provided 

in the study. The study bread products included a mixture of rye bread and wheat bread formed 

as a loaf or as buns. The rye bread and either the wheat bread loaf or buns fulfilled the criteria of 

the wholegrain partnership106.To ensure a variety of bread products two types of rye bread and 

several types of wheat bread were provided during the intervention. The amount of bread 

provided was adjusted to fit the families’ usual bread habits. During the first two weeks of the 

intervention, the salt content in all study bread products was 1.2g/100g, and this was maintained 

during the entire intervention in the control group. This level of salt content was chosen because 

it is similar to the average salt content in Danish supermarket and bakery bread107, and because it 

does not exceed the maximum level of salt content for bread products to achieve the keyhole 

label108, thereby avoiding unethical exacerbation of high salt consumption among families in the 

control group. Following the initial two weeks, when all families were ready to enter the 
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intervention, bread products provided to the intervention groups assigned to receive salt reduced 

bread, was gradually reduced in salt content with 0.2g/100g each week. When the salt content 

reached a level of 0.6g/100g in rye bread and 0.4g/100g in wheat bread, it was reduced no 

further, and these levels were maintained during the remainder of the intervention. Salt content in 

rye bread was not reduced to the same extent as wheat bread, due to undesirable effects on the 

texture below 0.6g/100g. Table 2 provides an overview of the salt content in project bread. 

Table 2: Salt content in study bread products 
Weeks from intervention start Salt reduced bread (g salt/100g)  Regular salt bread (g salt/100g) 

Rye bread Wheat bread  Rye bread Wheat bread 
1 1.2 1.2  1.2 1.2 
2 1.2 1.2  1.2 1.2 
3 1.0 1.0  1.2 1.2 
4 0.8 0.8  1.2 1.2 
5 0.6 0.6  1.2 1.2 
6 0.6 0.4  1.2 1.2 

 

The study bread products were developed in collaboration with the bakery producing the bread 

and Lantmännen Cerealier. The recipes were a modified version of the bakeries existing bread 

recipes. To ensure flavorsome bread products, sour dough, long rising time and seeds were 

applied. Moreover, salt taste was slightly increased in the salt reduced bread, by replacing some 

of the regular salt with a liquid low sodium salt. According to the manufactures, the liquid salt 

contains 80% less sodium than regular salt109. Bread with 0.4g salt/100g was aimed to taste 

equivalent to 0.55g salt/100g, and a small taste panel at Lantmännen Cerealia verified the salt 

taste intensity of project bread. To ensure the salt reduced bread and the regular salt content 

bread was not mixed up, baking and packaging was done in one production line. The salt content 

was analyzed in each type of bread weekly by the Danish Veterinary and Food Administration 

Inspection Laboratory, using the accredited ICP-OES method.  

In addition to the salt reduced bread, families in Intervention B also received dietary counselling, 

which was given by six trained nutritionist. The dietary counselling was centered around five 

main messages including 1) buy less salt rich foods within different food categories by checking 

nutrition fact labels or select products with the keyhole label, 2) eat less food with a high salt 

content such as processed meat, poultry and fish, cheeses, convenience food and salty snacks, 3) 

reduce the use of salt during cooking and at the dining table, 4) flavor food with herbs and spices 

as an alternative to salt and 5) follow the Danish plate model, where 40% of the plate is filled 
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with fruit and vegetables. The messages were delivered in three different settings including 1) a 

group introduction 2) an individual counselling for each family followed by two telephone 

counsellings with one of the parents and 3) weekly e-mails.    

The group introduction included a 30-minute presentation on the harmful effects of salt on BP 

and CVD, the dietary recommendations on salt intake, the main sources of salt in the Danish 

diet, and general ideas on how to reduce salt intake. Towards the end of the presentation there 

was a brief overview regarding potassium, including the impact on health, the dietary 

recommendations and ideas on how to increase intake. After the presentation all family members 

filled out a salt-screener (developed for this study) to be used by the nutritionist in the individual 

counselling. Subsequently families took part in three practical workshops; one on nutrition 

declaration and food labelling, one on food flavoring and one presenting an example of a low salt 

tapas bar. During the nutrition label workshop, participants were educated on how to read 

nutrition labels and choose food with less salt. The keyhole label was also introduced as a way to 

easily select products with a known maximum salt content. Families were also provided with the 

Heart Foundations shopping guide showing the recommended maximum levels of salt/100g in 

different food groups110. In the flavor workshop, participants were introduced to different aspects 

of flavor, including taste, smell and texture. A brief description of how some tastes can interact 

by suppressing or enhancing each other was also provided. An example of how different types of 

food processing can affect taste was also given to participants by making them taste raw and 

baked carrots. At the tapas bar it was exemplified how salt rich products could be exchanged 

with other less salty ones. Toasted almonds (without salt) was served instead of olives, and 

cottage cheese and potatoes was served as an alternative to the regular more salty cheese and 

ham. Tomato bruschetta was included to provide umami taste and the tapas could be spiced with 

different types of herbs and spices instead of salt.     

Before the individual family counselling, the nutritionist went through the salt-screener to 

identify foods and meal patterns where intake of salt could be reduced and potassium increased. 

During the counselling, the nutritionist and the family discussed these patterns further and in 

collaboration developed focus points (goals) on how to reduce salt intake. The families were also 

asked about their motivation to reduce salt intake on a scale from zero (no motivation) to 10 

(high motivation), to identify what could motivate them further. To help families identify and 

select lower salt food they were provided with a “traffic-light” list of sandwich fillings and fast 
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food (red = salt content > 2.5g/100, yellow = salt content between 1g/100g and 2.5g/100g, green 

= salt content < 1g/100g). A few weeks after the individual counselling a telephone counselling 

was held between the nutritionist and one of the parents to follow up on the progression and 

reinforce salt reduction. If the families had experienced barriers, these were identified and 

methods to solve them discussed. If needed, new or additional focus points were defined. After 

another one-two weeks a second telephone counselling was held.  

Families received weekly e-mails during the entire counselling period, with educational material 

on how to reduce salt intake and recipes with inspiration on how to lower salt intake in praxis. 

The recipes were made for breakfasts, sandwich spreads, dinners, sauces and snacks, and there 

was a shopping guide to low salt alternatives. To engage children, the e-mails also included 

games to print out and play.   

The dietary counselling was developed based on the social cognitive theory, stating that behavior 

is influenced by reciprocal interactions between individual factors (cognitive, affective), 

environmental factors (physical, sociocultural) and behavioral factors (actions, habits)111. 

Developing strategies that target these factors increases the likelihood of influencing changes in 

behavior. Key components related to behavior change in this theoretical framework includes 

“knowledge”, “self-efficacy”, “intentions/goal-setting” and “reinforcement”. These components 

were included in different phases of the dietary counselling. The group introduction and the 

educational material in the e-mails aimed at increasing participants “knowledge”. The 

workshops, the individual counselling, and the inspirational recipes in the e-mails aimed at 

increasing participants “self-efficacy”. Developing focus point during the individual counselling 

targeted “intentions/goals setting”, and the telephone counsellings and weekly e-mails focused 

on “reinforcement” of the behavior change. 

In addition to the theoretical framework, the elements in the dietary counselling were also chosen 

based on results from previous research investigating behavior-based strategies to lower salt 

intake. Strategies that successfully lowered salt intake included elements such as education on 

the harmful effect of high salt consumption, education on the use of food labels, and education 

on the use of herbs and spices to replace salt during cooking99,100,112.  
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3.4 Outcome measures and method used 

3.4.1 Questionnaire 

Families filled in questionnaires regarding their physical activity level (sedentary, moderate and 

vigorous), daily or occasional alcohol consumption (yes/no), smoking status (yes/no), and 

parental education. Parental education was defined as the highest achieved education in the 

family. It was divided into three groups 1) minimum secondary school completion (including 

vocational education, shorter courses and university degrees <2y) 2) bachelor’s degree or 

equivalent (3-4y) and 3) post-graduate degree (≥4y). 

3.4.2 Health examination 

Families visited the Centre for Clinical Research and Prevention, Glostrup, at baseline and 

follow-up for a thorough health examination. Height and weight were measured without shoes 

and in light clothing using a Harpenden stadiometer (Holtain, 98.602VR, UK) and a digital scale 

(Tanita BC-420 MA, DK), respectively. The measures were used to calculate the Body Mass 

Index (BMI) (kg/m2). 

3.4.3 24-hour urine collections 

To estimate the intake of sodium and potassium, participants were requested to collect 24-h urine 

samples. Adult participants (≥18y) were instructed to do three consecutive days of urine 

collections, preferably on two weekdays and one weekend day, while children (3-17y) were 

instructed to do a single urine collection, on a Sunday. All family members were provided with a 

three-liter storage container, and each family also received spare 500ml containers to bring to 

work or school, a five-liter storage container, a funnel to place in the collection container, and a 

plastic toilet top to place in the toilet to make collections easier for children. To withdraw 

samples from the 24-h urine collections, participants were provided with monovettes, and they 

received a pen to mark the volume on storage containers and state the day of collection on the 

monovettes. Parents and children ≥18y were also provided with Para-Aminobenzoic Acid 

(PABA) tablets, to validate completeness of the urine samples.  

At the health examination, trained research staff instructed the participants on how to do the 24-h 

collections. On the first day of urine collection, participants were told to empty their bladder in 

the morning, discard the urine and write down the time. All subsequent urine voids the following 

24 hours were then collected in containers. Parents and children ≥18y were instructed to 
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consume PABA tablets (80 mg/tablet) three times a day. On the second day at the same time as 

the previous morning, participants were asked to empty their bladder into the container for the 

last time and write down the time and volume of urine. The volume was also marked on the 

container stating “day 1” at the point where the urine went up to. Participants gently mixed the 

urine by turning the container, after which they withdrew three samples (two for children, as they 

were not being tested for PABA) to be used for analysis. The samples were withdrawn in 

monovettes and stored in freezers. Subsequently, the container was emptied and rinsed with 

water, and for participants ≥18y the second period of 24-h urine collection began. Participants 

were asked to report any spilt urine and other deviations from the instructions. After collection, 

the containers and cooler bags with urine samples were returned to the research center. A trained 

health worker estimated the volume based on the mark on the container stated by the participants 

and urine samples were placed in a -20 ⁰C freezer before being transported to the certified 

laboratory. Urine samples were then further stored in a -80 ⁰C freezer for four months before 

analysis of sodium and potassium and up to one year for PABA analysis. 

Urine sodium and potassium (mmol) were measured by potentiometric tests (Vitros 5.1 FS/5600 

Ortho Clinical Diagnostics), and the 24-h sodium and potassium excretion was calculated by 

multiplying the test value with the total urine volume (corrected for any spilt urine, by adding the 

lost amount). The sodium to potassium ratio was calculated by dividing sodium with potassium, 

and the molar mass of sodium (22.98976928g/mol) and potassium (39.0983g/mol) was used to 

calculate the 24-h values in g/day. For participants with more than one 24-h urine collection the 

average value was used in the analysis. 

Completeness of urine samples were defined as PABA recovery of ≥77.9% and <105%. PABA 

was determined by the HPLC method113, and recovery was calculated as urinary PABA 

(mg/day)/consumed PABA (mg/day))*100. The cut off values were based on a previous 

validation study113. Completeness of urine samples in children (3-17y) and adults who failed to 

consume PABA properly was defined as collection time ≥22.5 hour and ≤25.5 hour and 24-h 

urine volume ≥500ml for adults (≥18y) and ≥300ml for children (3-17y). 

3.4.4 Dietary assessment 

All family members recorded their dietary intake for seven consecutive days. These days 

overlapped with the days participants collected urine samples. At the health examination, 
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research staff instructed the families on how to record their food intake, and parents were 

instructed on how to support younger children. The dietary intake was recorded during or at the 

end of the day in a validated web-based dietary assessment software114–116, which was slightly 

modified to fit the purposes of the study. Pre-coded dishes were updated to better distinguish 

between composite food product containing either high or low salt ingredients and the food 

composition database was updated with respect to sodium content. The project bread was 

included in the dietary assessment software at follow-up. 

The dietary registration followed a typical Danish meal pattern with breakfast, morning snack, 

lunch, afternoon snack, dinner, and evening snack. Dietary intake was recorded based on pre-

specified food products, beverages and typical Danish dishes. If participants consumed food 

products that was not included in the assessment software, they could record this in an open-

answer category. The amount consumed was estimated by selecting the closest portion size from 

digital images and specify the number of servings. Reminders for frequently forgotten food 

products, such as spreads, sugar, sauces, dressings, snacks, candy and beverages were included 

in the registration.  

During baseline and follow-up measurements, a telephone hotline was open to help families who 

encountered problems with the dietary registration. Moreover, participants who forgot to record 

their dietary intake received reminder e-mails, and when two days of registrations were missing, 

they received a telephone call to find out if they had experienced any problems   

Data entered in the dietary assessment software was converted to intake of food products, energy 

and nutrients using the General Intake Estimation System (GIES) and a custom version of the 

Danish Food Composition Databank version 3117. For each participant the average intake from 

the days recorded were used to estimate the daily intake.  

To estimate the effect of the intervention on the intake of selected food groups, all consumed 

food products were assigned to relevant food groups. Food products assigned as bread fillings 

were divided into groups of varying salt content according to the salt levels in “the traffic light”, 

used during the dietary counselling in Intervention B. ‘High salt bread fillings (>2.5g/100g)’ 

included sliced meats and poultry, smoked and marinated fish and some types of cheeses. 

‘Medium salt bread fillings (1-2.5g/100g)’ included sliced meats and poultry products, canned or 

mildly processed fish and firm cheeses. ‘Low salt bread fillings (<1.0g/100g)’ included fruit and 
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vegetables, eggs, canned fish, soft cheeses and sweet fillings like Nutella and thin slices of 

chocolate. 

The included food groups were selected to estimate the interventions effect on 1) consumption of 

bread, as it may change when salt content is reduced and/or when bread is provided free of 

charge, 2) Choice of bread fillings, as the reduced salt taste in bread may be compensated by 

choosing more salt rich bread fillings, 3) Intake of high salt foods such as cheese and cheese 

products’, ‘processed meat, poultry and fish’, ‘butter and spreads’ and ‘salty snacks’, as it may 

compensate for a lower salt intake when consuming meals with bread, 4) Intake of foods that 

have been recommended to increase or decrease in the dietary counselling, which in addition to 

the previously mentioned food groups includes ‘fruit’ and ‘vegetables’, 5) Intake of starchy 

products like ‘rice and pasta’, ‘potato and potato products’ and ‘breakfast cereals’ that may be 

substituted with bread when receiving this free of charge, 6) Intake of main food groups in the 

diet that may impact health and/or and nutrient intake including ‘milk and milk products’, ’meat 

and meat products’, ‘poultry and poultry products’, ’fish and fish products’, ‘cakes, sweets and 

chocolate’, and ‘sugar-sweetened beverages’. 

Under and over-reported energy intake was defined based on the ratio between the mean reported 

energy intake and the basal metabolic rate with Goldberg cut-off values at the individual level as 

suggested by Black118,119. Age- and gender specific Scofield equations were used to estimate 

BMR based on height and weight120. Physical activity level was set to 1.6, 1.8 and 2.0 in children 

and 1.4, 1.6 and 1.8 in adults, for sedentary, moderate and vigorous physical activity, 

respectively121.  

3.4.5 Salt taste thresholds 

Salt taste thresholds were only measured in participants above 10 years of age, due to the 

complexity of sensitivity testing and correct scale usage. To make sure participants not simply 

guessed salt, they were presented with both a salty and sweet taste test series. Salt taste DT and 

RT were measured in accordance with ISO 3972122. Participants were presented with one blank 

sample (water) followed by eight samples with increasing concentrations of salt, see Table 3. 

Two samples with the same concentration of salt as the preceding sample were randomly 

included in the test series as outlined in ISO 3972. All samples were presented in 15ml aliquots 

and with random three-digit blinding codes. Participants were asked to rinse their mouth with 
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water between each sample. After tasting each sample, participant were asked to rate their taste 

perception from the following options: the solution tastes like water; the solution tastes like 

something other than water but they don’t know what, or; the solution tastes sweet; or salty. DT 

was defined as the lowest concentration of salt that participants correctly identified as different 

from water, with all remaining solution also being identified as different from water. RT was 

defined as the lowest concentration of salt were salty taste was correctly identified and were all 

remaining solutions were also correctly identified as salty taste.  

Table 3: Concentrations of the taste solution used for threshold (DT and RT) testing (mM) 

Taste quality Reference chemical Sample concentrations (mM) 

    0 1 2 3 4 5 6 7 8 

Sweet Sucrose 0 1 1.6 2.7 4.5 7.5 12.6 21.0 35.0 

Salty Sodium Chloride 0 2.4 4.1 5.8 8.2 11.8 16.8 24.0 34.2 

 

3.4.6 Liking 

Similar to the measurements on salt taste sensitivity, liking was only measured among 

participants above 10 years of age. To measure liking of bread with different salt content, 

participants were presented with three 2cm x 2cm pieces of each ciabatta bread with 0.4g 

salt/100g, 0.8g salt/100g and 1.2g salt/100g, respectively. The bread samples were presented in 

randomized order and with three-digit blinding codes. After tasting each sample, participants 

were asked to rate their liking on a 7-point hedonic scale and rinse their mouth with water before 

continuing to the next sample. To ensure children could correctly use the scale, corresponding 

facial expression were included at each point. The 7-point hedonic scale was used over the 

regular 9-point scale, to further simplify the scale for children. The same scale was used for both 

children and adults.  

3.4.7 Compliance 

To estimate compliance with the bread intervention it was recorded every time families picked 

up study bread products, and they filled in sheet daily ticking if they had consumed study bread 

products or other bread products not provided by the study. To be regarded as compliant, 

families had to pick up study bread products at least 80% of the times bread was handed out, and 

report to have consumed the bread provided by the study at least 80% of the days in the returned 

sheets. Families in intervention B also had to participate in at least the individual counselling 

meeting and one of the follow-up telephone calls to be regarded as compliant. 
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3.5 Statistical analyses 

The power calculation was based on salt intake and conducted to fit a cluster-randomized design. 

The average salt content in Danish bread products has been estimated to be 1.3g/100g bread107. 

Thereby, consumption of 175g bread/day (inclusion criteria for adults) will contribute with 

approximately 2.3g salt/day. An average reduction of 55% in salt content in bread (50% in rye 

bread and 60% in wheat bread) was thus expected to reduce daily salt consumption by 1.25g/day. 

Provision of salt reduced bread in combination with dietary counselling was expected to reduce 

daily salt intake by 3.0g/day, based on the current average intake and the target for the 

intervention. The average salt intake was estimated to be 8.3g/day (SD 2.2) based on baseline 

data from a previous conducted trial at the Centre for Clinical Research and Prevention. A family 

was assumed to consist of four members with an intra-class correlation (ICC) of 0.33. To be able 

to reject the null hypothesis with a difference in salt intake at follow-up of 1.2g/day between the 

intervention group and the control group, at a 5% level and with 80% power, 25 families (100 

participants) had to be included in each group.  

All statistical analyses were conducted using R version 3.5.3 (R Core Team, 2019, Vienna, 

Austria). Categorical data are presented as frequencies and proportions and continuous data are 

presented as mean (SD) or median and interquartile range (IQR) depending on distribution. 

Histograms were inspected to test for normal distribution, and non-normal distributed data were 

log transformed (sodium to potassium ratio, all food groups, salt taste DT and RT). Analyses 

were conducted on all participants together and for children and adults separately, with the 

exception on outcomes from the sensory measurements, since measures were only conducted 

among participants above 10y, analyses were only conducted on all participants together. 

Baseline differences between groups in covariates and intervention outcomes were tested using 

mixed models with baseline value as outcome variable, treatment group as fixed effect and 

family as random effect. Analyses on sex, alcohol drinkers and smokers did not include family as 

random effect, due to variance estimates approaching zero. All baseline values are presented 

based on observed values.  

The effects of the intervention were tested using an “intention to treat” approach and missing 

values were imputed with 100 samples and compound symmetry was chosen as the variance 

structure. To estimate changes from baseline to follow-up linear mixed models were used with 
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baseline and follow-up value as outcome variable, health examination (baseline, follow-up) as 

fixed effect and person as random effect. Families were not included as random effect, because 

variance estimates approached zero. Linear mixed models were also used to estimate differences 

between groups with follow-up value as outcome variable, treatment group and baseline value as 

fixed effects and family as random effect. Between group analyses on the outcomes ‘butter and 

spreads’, ‘medium salt fillings’ (only among children), salt taste DT and RT, and liking did not 

include family as random effect due to variance estimates approaching zero.      

Analyses were also run adjusted for potential confounders including sex, age, BMI as well as 

relevant categorical variables that differed with more than 5% between groups. It was pre-

specified to include smoking as a covariate in the adjusted analyses on salt taste sensitivity and 

liking, although differences between groups at baseline were less than 5%.  

Sensitivity analyses were conducted on the outcome for sodium based on the 24-h urine 

collections. This included a complete case analysis, with participants having at least one 

complete urine collection at baseline and follow-up, and a per protocol analysis including 

compliant participants who also had complete urine collections at baseline and follow-up. 

Analyses on outcomes based on the 24-h urine collections models were also run adjusted for age, 

sex, BMI, alcohol intake, physical activity and parental education. 

Outcomes from the 7-day dietary registration was analyzed in E% (for macronutrients excluding 

alcohol), g/day and g/10MJ. Participants without an intake of a food group were included in the 

analyses by inserting a value of 0.01g/day before log transformation. Participants with an over 

reported energy intake only included one at baseline and two at follow-up. Having few cases in a 

factor variable causes difficulties with data imputation, hence, participants with an over reported 

intake of energy were categorized as acceptable reporters of energy intake. Al l analyses based on 

the seven-day dietary registration were also run adjusted for age, sex, BMI, parental education, 

and under- and acceptable reported energy intake.  

Analyses conducted on salt taste sensitivity and liking as well as salt intake among this subgroup 

(≥10y) were also run adjusted for age, sex, BMI, smoking and randomization order of samples. 

Baseline and follow-up differences within groups in liking of the three breads were analyzed 

using mixed model with liking as outcome variable, bread type as fixed effect and person and 

family as random effects. Analyses within groups were also run in Intervention A and 
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Intervention B only including participants who reduced salt intake by ≥1.25g/day and ≥3.0g/day 

respectively, as this was the levels of salt reduction the intervention was expected to result in. It 

was stated in the protocol article that separate analyses should be conducted for the subgroup of 

participants ≤15y105, but due to the low number of participants in this age group (n=14 

Intervention A, n=24 Intervention B and n=14 control), it was decided not to perform these 

analyses. Based on visual inspection of histograms, measurements on participants’ ≤15y was 

similar to those ≥15y. 

3.6 Ethics 

The study was registered at clinicaltrials.gov (NCT03810885) and conducted according to the 

declaration of Helsinki. The Danish Data Protection Agency (CSU-FCFS-2017-017) and the 

Scientific Ethical Committee, Capital region, Denmark (H-17030995) approved the study. 

Participants aged 18 years and above, and caregivers for children younger than 18 years, gave 

written informed consent to participate in the study.   



42 

 

4 Results 
A total of 152 families (n=581) were screened for eligibility of which 89 families (n=309) met 

the inclusion criteria and agreed to participate in the study. Twenty-five families (n=81) were 

randomized to Intervention A, 35 families (n=127) to Intervention B and 29 families (n=101) to 

the control group. During the study seven participants in Intervention A, seven participants in 

Intervention B and six participants in the control group dropped out. Twenty-three families 

(n=74) in Intervention A, 34 families (n=120) in Intervention B and 27 families (n=95) in the 

control group completed the study. Figure 1 provides an overview of the flow of families and 

participants.  

 
Figure 1: Flow diagram of families and participants 
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Data on height were missing for three participants and data on weight and BMI were missing for 

six participants. Eleven participants had missing data on parental education, physical activity 

level, intake of alcohol and smoking status (based on questionnaire). Five participants at baseline 

and 25 at follow-up did not provide any 24-h urine collections. Twenty-one participants had 

missing data on dietary intake, DT, RT and liking at follow-up. Assessment of under- acceptable 

or over-reported intake of energy was missing for 16 participants at baseline and 23 at follow-up, 

due to missing values on energy intake, weight, height or level of physical activity. All missing 

values at follow-up includes dropouts. Four participants were excluded from the analysis on RT, 

as they did not specify the taste they recognized, and four participants were excluded from the 

analyses on liking, as they had marked several points on the hedonic scale. 

Data on compliance of bread consumption was missing for 19 participants, as they did not return 

compliance sheets. Based on participants without missing data, study bread products were on 

average consumed on 92% of the study days, whereas bread products not provided by the study 

were consumed on an average of 17% of study days. The proportion of compliant participants 

was assessed to be 92% (n=71) in Intervention A, 87% (n=104) in Intervention B and 89% 

(n=84) in the control group. 

The analyzed salt content in study bread products came close to the targeted value with a mean 

difference of -0.03g salt/100g (SD 0.10) and -0.14g salt/100g (SD 0.09) in the salt reduced bread 

products and regular salt bread products, respectively.  

4.1 Baseline characteristics 

More families were by chance randomized to Intervention B compared to the two other groups, 

why the number of participants is also higher in this group. The family size and the distribution 

of children and adults seemed similar between groups, whereas parental education seemed to 

differ slightly, with more families having the shortest duration of education in Intervention A, 

and more families having the intermediate level of education in Intervention B. 

No significant differences at baseline were found between groups for sex, age, weight, height, 

BMI, physical activity level, consumers of alcohol or smokers (Table 4), but a few differences in 

intervention outcomes were identified at baseline. The intake of dietary fiber (g/10MJ) and 

‘vegetables’ (g/10MJ) were significantly higher and added sugar (g/day) significantly lower in 

Intervention B compared to Intervention A. The intake of ‘butter and spreads’ (g/day and 
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g/10MJ) were significantly higher in the control group compared to both Intervention A and 

Intervention B. Liking of bread with 1.2g salt/100g was significantly lower in Intervention B 

compared to Intervention A. No other significant differences in intervention outcomes were 

found between groups at baseline (data not shown). 

Table 4: Baseline characteristics at cluster- and individual level1 
  Intervention A Intervention B Control 

  Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) 
Cluster level       
Families 25 (28.1) 35 (39.3) 29 (32.6) 
Participants  81 (26.2) 127 (41.1) 101 (32.7) 
Family size 3.2 (SD 0.8) 3.6 (SD 1.1) 3.5 (SD 1.1) 
Parental education        

Minimum secondary school completion2 9 (37.5) 8 (24.2) 8 (28.6) 
Bachelors degree or equivalent (3-4y) 6 (25.0) 12 (36.4) 7 (25.0) 
Post-graduate degree (> 4y) 9 (37.5) 13 (39.4) 13 (46.4) 

Individual level       
All       
Sex (men, %) 39 (48.1) 62 (48.8) 50 (49.5) 
Age (y) 25.7 (SD 17.7) 24.7 (SD 17.2) 24.2 (SD 17.4) 
Weight (kg) 60.2 (SD 25.2) 57.8 (SD 27.0) 53.1 (SD 26.7) 
Height (cm) 159.5 (SD 24.5) 157.4 (SD 26.4) 153.0 (SD 27.1) 
BMI (kg/m2) 22.1 (SD 5.2) 21.6 (SD 6.0) 20.7 (SD 5.3) 
Physical activity       

Sedentary 12 (15.0) 14 (11.7) 13 (13.3) 
Moderately active 30 (37.5) 40 (33.3) 37 (37.8) 
Vigorously active 38 (47.5) 66 (55.0) 48 (49.0) 

Alcohol drinkers 37 (46.2) 52 (43.3) 39 (39.8) 
Smokers 6 (7.5) 6 (5.0) 5 (5.1) 
Children < 18y       
n 40 (49.4) 64 (50.4) 52 (51.5) 
Sex (boys, %) 21 (52.5) 33 (51.6) 27 (51.9) 
Age (y) 9.5 (SD 4.2) 9.1 (SD 4.2) 8.4 (SD 3.5) 
Age category       

3-7 (y) 17 (42.5) 28 (43.8) 23 (44.2) 
8-12 (y) 12 (30.0) 17 (26.6) 20 (38.5) 
13-17 (y) 11 (27.5) 19 (29.7) 9 (17.3) 

Weight (kg) 40.3 (SD 18.3) 37.3 (SD 19.6) 32.0 (SD 16.1) 
Height (cm) 144.1 (SD 25.9) 140.4 (SD 27.4) 133.1 (SD23.2) 
BMI (kg/m2) 18.0 (SD 2.9) 17.4 (SD 2.8) 16.9 (SD 2.8) 
Physical activity       

Sedentary 4 (10.0)  6 (10.0) 6 (12.0) 
Moderately active 7 (17.5) 10 (16.7) 6 (12.0) 
Vigorously active 29 (72.5)  44 (73.3) 38 (76.0) 

Alcohol drinkers 6 (15.0) 3 (5.0) 1 (2.0) 
Smokers 2 (5.0) 1 (1.7) 0 (0.0) 
Adults ≥ 18y       
n 41 (50.6) 63 (49.6) 49 (48.5) 
Sex (men, %) 18 (43.9) 29 (46.0) 23 (46.9) 
Age (y) 41.5 (SD 9.5) 40.5 (SD 9.0) 40.9 (SD 8.0) 
Age category       

18-33 (y) 7 (17.1) 10 (15.9) 9 (18.4) 
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34-49 (y) 26 (63.4) 42 (66.7) 33 (67.3) 
50-65 (y) 8 (19.5) 11 (17.5) 7 (14.3) 

Weight (kg) 78.6 (SD14.3) 77.4 (SD 16.3) 75.5 (SD 14.6) 
Height (cm) 174.2 (SD 9.7) 174.1 (SD 9.3) 174.0 (SD 8.7) 
BMI (kg/m2) 25.8 (SD 3.8) 25.6 (SD 5.6) 24.8 (SD 4.1) 
Physical activity       

Sedentary 8 (20.0) 8 (13.3) 7 (14.6) 
Moderately active 23 (57.5) 30 (50.0) 31 (64.6) 
Vigorously active 9 (22.5) 22 (36.7) 10 (20.8) 

Alcohol drinkers  31 (77.5) 49 (81.7) 38 (79.2) 
Smokers 4 (10.0) 5 (8.3) 5 (10.4) 
1Values are mean (SD) or n (%). Eleven participants had missing data on smoking status, alcohol intake, physical 
activity and education. Three participants had missing data on height and six participants had missing data on 
weight and BMI. BMI=body mass index, cm=centimeter, kg=kilograms, m=meter, y=years 
2This group also included vocational educations, shorter courses, and no further education after secondary school 
completion 

 

4.2 Results of Paper I 
4.2.1 24-h urinary excretion of sodium, potassium and the sodium to potassium ratio  

The results of Paper I are based on the 24-h urine collections. Table 5 present the baseline values 

and within group changes in 24-h urine excretions of sodium, potassium and the sodium to 

potassium ratio for all participants and separately for children and adults.  

Receiving salt reduced bread in combination with dietary counselling significantly lowered 24-h 

urinary sodium excretion by -0.4g/day (-0.7, -0.2) (-1.0g salt/day) and the sodium to potassium 

ratio by -16% (-26, -5) from baseline to follow-up when analyzing children and adults together. 

No significant changes were observed among participants receiving salt reduced bread alone or 

bread with a regular salt content. When analyzing the results separately for children and adults, 

sodium excretion was reduced by -0.7g/day (-0.9, -0.4) (-1.8g salt/day) and the sodium to 

potassium ratio was reduced by -21% (-29, -13) from baseline to follow-up among adults in 

Intervention B whereas no significant differences were found among children.  

Between group differences 

Differences between groups at follow-up are presented in Table 6. When analyzing children and 

adults together, a borderline significant lower 24-h urinary sodium excretion of -0.4g/day (-0.8, 

0.0) (-1.0g salt/day), and a significant lower sodium to potassium ratio of -20% (-34, -3) was 

found in Intervention B compared to the control group. No significant changes were observed in 

Intervention A or the control group. When analyzing the results separately for children and 

adults, no significant differences were found among children in any of the groups. Among adults 



46 

 

a significant lower 24-h urinary sodium excretion of -0.6 g/day (-1.0, -0.2) (-1.5g salt/day) and a 

lower sodium to potassium ratio of -20% (-32, -7) was found in Intervention B compared to the 

control group. Among adults in intervention A, a non-significant lower sodium excretion of -

0.3g/day (-0.8, 0.2) (0.8g salt/day) was observed when compared to the control group.  

Between group analyses adjusted for sex, age, BMI, parental education, physical activity level, 

alcohol drinkers and smokers did not change the results (data not shown).   
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Table 5: Baseline values and mean changes from baseline to follow-up in 24-hour urinary measurements in the three groups1 
  Intervention A Intervention B Control 

  

Baseline  
(mean (SD) or 
median 
[IQR])   

Mean change  
(95% CI) P-value 

Baseline  
(mean (SD) or 
median 
[IQR])   

Mean change 

(95% CI) P-value 

Baseline  
(mean (SD) or 
median 
[IQR])   

Mean change 
(95% CI) 

P-
value 

All                    
n families (participants) 25 (79) 25 (81) 35 (124) 35 (127) 29 (101) 29 (101) 
Sodium (mmol/day) 139.5 (59.0) -6.2 (-21.3, 8.9) 0.420 135.6 (59.9) -19.3 (-28.6, -10.0) <0.001 131.6 (55.0) -2.2 (-12.4, 8.0) 0.673 
Sodium (g/day) 3.2 (1.4) -0.1 (-0.5, 0.2) 0.441 3.1 (1.4) -0.4 (-0.7, -0.2) <0.001 3.0 (1.3) -0.1 (-0.3, 0.2) 0.641 
Potassium (mmol/day) 65.2 (25.1) -2.4 (-6.7, 1.9) 0.270 60.1 (24.3) 0.8 (-2.8, 4.4) 0.667 60.6 (26.6) -3.7 (-8.3, 0.9) 0.117 
Potassium (g/day) 2.5 (1.0) -0.1 (-0.3, 0.1) 0.265 2.3 (0.9) 0.0 (-0.1, 0.2) 0.785 2.4 (1.0) -0.1 (-0.3, 0.0) 0.122 
Sodium/potassium2 2.2 [1.8, 2.7] -1 (-14,14) 0.901 2.3 [1.7, 2.9] -16 (-26, -5) 0.006 2.3 [1.8, 2.8] 5 (-8, 20) 0.438 
Children <18y                  
n families (participants) 24 (38) 25 (40) 35 (62) 35 (64) 29 (52) 29 (52) 
Sodium (mmol/day) 111.8 (51.2) 11.4 (-10.3, 33.1) 0.304 110.2 (62.2) -9.1 (-23.6, 5.5) 0.221 100.0 (38.0) -3.2 (-17.2, 10.8) 0.653 
Sodium (g/day) 2.6 (1.2) 0.3 (-0.2, 0.8) 0.295 2.5 (1.4) -0.2 (-0.6, 0.1) 0.224 2.3 (0.9) -0.1 (-0.4, 0.3) 0.675 
Potassium (mmol/day) 51.3 (19.6) -1.6 (-8.4, 5.1) 0.635 47.2 (20.8) 1.7 (-4.2, 7.5) 0.579 44.6 (21.2) -5.7 (-12.0, 0.6) 0.076 
Potassium (g/day) 2.0 (0.8) -0.1 (-0.4, 0.2) 0.576 1.8 (0.8) 0.1 (-0.2, 0.3) 0.627 1.7 (0.8) -0.2 (-0.5, 0.1) 0.113 
Sodium/potassium2 2.2 [1.7, 2.7] 11 (-10, 36) 0.323 2.2 [1.6, 2.9] -9 (-24, 9) 0.305 2.4 [1.9, 2.9] 9 (-10, 34) 0.387 
Adults >18y                  
n families (participants) 25 (41) 25 (41) 35 (62) 35 (63) 29 (49) 29 (49) 
Sodium (mmol/day) 165.1 (54.3) -17.6 (-37.5, 2.2) 0.082 161.1 (45.4) -29.0 (-40.2, -17.8) <0.001 165.1 (50.4) -4.3 (-19.5, 11.0) 0.584 
Sodium (g/day) 3.8 (1.2) -0.4 (-0.9, 0.1) 0.085 3.7 (1.0) -0.7 (-0.9, -0.4) <0.001 3.8 (1.2) -0.1 (-0.5, 0.3) 0.594 
Potassium (mmol/day) 78.1 (22.9) -4.4 (-10.2, 1.4) 0.134 72.9 (20.5) 1.0 (-3.4, 5.5) 0.644 77.6 (20.6) -1.1 (-8.4, 6.2) 0.762 
Potassium (g/day) 3.1 (0.9) -0.2 (-0.4, 0.1) 0.173 2.9 (0.8) 0.0 (-0.1, 0.2) 0.657 3.0 (0.8) -0.0 (-0.3, 0.3) 0.783 
Sodium/potassium2 2.2 [1.8, 2.6] -9 (-21, 4) 0.180 2.3 [1.9, 2.7] -21 (-29, -13) <0.001 2.2 [1.8, 2.8] 0 (-11, 13) 0.979 
1Baseline values are mean (SD) or median [IQR]. Five participants at baseline and 25 at follow-up had missing data on sodium, potassium and the sodium to 
potassium ratio. Values are based on a single 24-hour urine collection for 158 participants, the average of two collections for one participant and the average 
of three collections for 145 participants at baseline. At follow-up this was 145, five and 134 participants, respectively. Changes from baseline to follow-up are 
based on imputed datasets and presented as mean difference and 95% CI calculated using mixed models with participant as random effect. 
2Values were log transformed before analysis and mean changes and 95% CI are presented in % 
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Table 6: Between group differences and 95% confidence interval for 24-hour urine measurements1 

  ICC Intervention A 
compared to Control p-value 

Intervention B 
compared to Control p-value 

Intervention B 
compared to 
Intervention A p-value 

All (n families=25/35/29, n participants=81/127/101)2 
Sodium (mmol/day) 0.26 -3.4 (-22.6, 15.8) 0.730 -16.1 (-33.4, 1.3) 0.069 -12.7 (-31.0, 5.6) 0.174 
Sodium (g/day) 0.26 -0.1 (-0.5, 0.4) 0.769 -0.4 (-0.8, 0.0) 0.072 -0.3 (-0.7, 0.1) 0.162 
Potassium (mmol/day) 0.21 2.1 (-5.1, 9.3) 0.568 4.2 (-2.3, 10.7) 0.201 2.1 (-4.7, 9.0) 0.544 
Potassium (g/day) 0.21 0.1 (-0.2, 0.4) 0.597 0.2 (-0.1, 0.4) 0.240 0.1 (-0.2, 0.4) 0.579 
Sodium/potassium (%)3 0.29 -9 (-27, 13) 0.391 -20 (-34, -3) 0.024 -12 (-28, 8) 0.219 

Children <18y (n families=25/35/29, n participants=40/64/52)2 
Sodium (mmol/day) 0.24 16.1 (-9.2, 41.4) 0.212 -2.0 (-24.5, 20.5) 0.861 -18.1 (-41.8, 5.6) 0.134 
Sodium (g/day) 0.26 0.4 (-0.2, 1.0) 0.222 -0.1 (-0.6, 0.5) 0.851 -0.4 (-1.0, 0.1) 0.136 
Potassium (mmol/day) 0.33 6.4 (-3.1, 16.0) 0.185 7.9 (-0.6, 16.5) 0.070 1.5 (-7.4, 10.4) 0.743 
Potassium (g/day) 0.32 0.2 (-0.2, 0.6) 0.240 0.3 (-0.1, 0.7) 0.095 0.1 (-0.3, 0.4) 0.741 
Sodium/potassium (%)3 0.37 -6 (-29, 23) 0.649 -18 (-36, 5) 0.124 -12 (-32, 14) 0.319 

Adults ≥18y (n families=25/35/29, n participants=41/63/49)2 
Sodium (mmol/day) 0.18 -13.8 (-34.3, 6.7) 0.186 -26.4 (-44.9, -8.0) 0.005 -12.6 (-32.1, 6.9) 0.206 
Sodium (g/day) 0.18 -0.3 (-0.8, 0.2) 0.190 -0.6 (-1.0, -0.2) 0.005 -0.3 (-0.8, 0.2) 0.208 
Potassium (mmol/day) 0.34 -3.1 (-12.0, 5.9) 0.503 0.3 (-7.9, 8.4) 0.951 3.3 (-5.2, 11.9) 0.447 
Potassium (g/day) 0.33 -0.1 (-0.5, 0.3) 0.542 0.0 (-0.3, 0.3) 0.978 0.1 (-0.2, 0.5) 0.508 
Sodium/potassium (%)3 0.26 -10 (-24, 7) 0.231 -20 (-32, -7) 0.005 -11 (-25, 5) 0.171 

1Values are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random effect. Five 
participants at baseline and 25 at follow-up had imputed data on sodium, potassium and the sodium to potassium ratio. ICC = Intracluster correlation 
coefficient  
2Families and participants in Intervention A/Intervention B/Control 
3Values were log transformed before analysis 

 

4.2.2 Sensitivity analyses on 24-h urinary sodium excretion 

Table 7 presents the baseline values and within group differences from the complete case analyses and per protocol analyses. 

Participants with missing data on compliance were excluded from the per protocol analyses. Similar to the results from the intention to 

treat analysis, sodium was significantly reduced from baseline to follow-up in Intervention B, but only among adults. No changes were 

observed in Intervention A or the control group. When comparing groups (Table 8), the findings from both sensitivity analyses were 

similar to the results from the intention to treat analyses, but they did not reach statistical significance.  
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Table 7: Sensitivity analysis for change from baseline to follow-up in 24-hour urinary sodium in the three groups1 
      Intervention A Intervention B Control 

  

n 
(Families)2 

n 
(Individuals)3 

Baseline  
(mean 
(SD)) 

Mean change 
(95% CI) 

p-
value 

Baseline 
(mean 
(SD)) 

Mean change 
(95% CI) p-value 

Baseline 
(mean 
(SD)) 

Mean change 
(95% CI) p-value 

Complete case4           
All (g/day) 23/34/27 64/108/86 3.2 (1.3) -0.0 (-0.4, 0.4) 0.991 3.1 (1.4) -0.3 (-0.5, -0.1) 0.005 3.1 (1.3) -0.2 (-0.4, 0.1) 0.201 
Children (g/day) 18/32/22 29/51/40 2.7 (1.3) 0.3 (-0.3, 0.9) 0.329 2.4 (1.4) -0.1 (-0.4, 0.3) 0.599 2.3 (0.8) -0.1 (-0.5, 0.3) 0.572 
Adults (g/day) 22/34/27 35/57/46 3.7 (1.1) -0.3 (-0.8, 0.3) 0.322 3.7 (1.1) -0.5 (-0.8, -0.2) <0.001 3.9 (1.1) -0.2 (-0.5, 0.1) 0.227 
Per protocol5            
All (g/day) 22/32/24 61/93/71 3.3 (1.3) -0.0 (-0.4, 0.4) 0.971 3.1 (1.3) -0.4 (-0.6, -0.1) 0.003 3.1 (1.1) -0.1 (-0.4, 0.1) 0.360 
Children (g/day) 17/28/20 28/42/35 2.7 (1.3) 0.3 (-0.3, 1.0) 0.319 2.4 (1.3) -0.1 (-0.5, 0.3) 0.465 2.4 (0.9) -0.1 (-0.5, 0.3) 0.662 
Adults (g/day) 21/32/24 33/51/36 3.7 (1.1) -0.3 (-0.8, 0.3) 0.295 3.7 (1.1) -0.6 (-0.9, -0.3) <0.001 3.7 (0.9) -0.1 (-0.5, 0.2) 0.371 
1Baseline values are mean (SD). Changes from baseline to follow-up are presented as mean change and 95% CI calculated using mixed models with 
participant as random effect 
2Families in Intervention A/Intervention B/Control 
3Participants in Intervention A/Intervention B/Control 
4Participant with at least one complete urine sample at baseline and follow-up 
5Compliant participant with at least one complete urine sample at baseline and follow-up 

Table 8: Sensitivity analysis for between group differences and 95% confidence interval for 24-hour urinary sodium1 

  
n (Families)2 n (Individuals)3 ICC 

Intervention A 
compared to 
Control p-value 

Intervention B 
compared to 
Control p-value 

Intervention B 
compared to 
Intervention A p-value 

Complete case4 
All (g/day) 23/34/27 64/108/86 0.18 0.1 (-0.4, 0.6) 0.671 -0.3 (-0.7, 0.1) 0.207 -0.4 (-0.8, 0.1) 0.107 
Children (g/day) 18/32/22 29/51/40 0.32 0.5 (-0.2, 1.2) 0.144 -0.0 (-0.6, 0.6) 0.984 -0.5 (-1.1, 0.1) 0.116 
Adults (g/day) 22/34/27 35/57/46 0.17 -0.2 (-0.7, 0.4) 0.523 -0.4 (-0.9, 0.0) 0.079 -0.3 (-0.8, 0.3) 0.329 
Per protocol5 
All(g/day) 22/32/24 61/93/71 0.19 0.1 (-0.4, 0.6) 0.657 -0.3 (-0.7, 0.1) 0.182 -0.4 (-0.9, 0.1) 0.081 
Children (g/day) 17/28/20 28/42/35 0.35 0.5 (-0.2, 1.3) 0.147 -0.1 (-0.8, 0.5) 0.729 -0.7 (-1.4, 0.0) 0.065 
Adults (g/day) 21/32/24 33/51/36 0.16 -0.2 (-0.7, 0.4) 0.523 -0.4 (-0.9, 0.1) 0.096 -0.2 (-0.8, 0.3) 0.346 
1Values are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random effect. ICC = 
Intracluster correlation coefficient  
2Families in Intervention A/Intervention B/Control 
3Participants in Intervention A/Intervention B/Control 
4Participant with at least one complete urine sample at baseline and follow-up 
5Compliant participant with at least one complete urine sample at baseline and follow-up 
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4.3 Results of Paper II 

4.3.1 Dietary intake of energy and nutrients 

The results of Paper II are based on the seven-day dietary records. Baseline values and changes 

from baseline to follow-up in intake of energy and nutrients are presented in Table 9 and 

comparison between groups at follow-up are presented in Table 10. All presented values are 

based on analyses adjusted for baseline intake (only between groups analyses), age, sex, BMI, 

parental education, and under- and acceptable reported energy intake, as some results differed 

from the analyses that only adjusted for baseline. 

4.3.1.1 Dietary intake of sodium, potassium and the sodium to potassium ratio 

When analyzing the results in g/day, all three groups decreased their intake of sodium from 

baseline to follow-up by -0.4 g/day (-0.6, -0.2) (1.0g salt/day) in Intervention A, -0.3 g/day (-0.5, 

-0.2) (0.8g salt/day) in Intervention B and -0.2 g/day (-0.3, -0.0) (0.5g salt/day) in the control 

group. Consumption of potassium increased with 0.1g/day (0.0, 0.2) in Intervention B, but only 

among adults (0.2g/day, CI 0.1, 0.4). When analyzing the results in g/10MJ, sodium decreased in 

Intervention A and Intervention B with -0.4g/10MJ (-0.5, -0.2) (1.0g salt/day) and -0.5g/10MJ (-

0.7, -0.3) (1.3g salt/day), respectively, whereas no changes were observed in the control group. 

No significant changes were observed in the intake of potassium. When analyzing the results 

separately on children and adults, the reduced sodium intake did not reach statistical significance 

among adults in Intervention A. The sodium to potassium ratio decreased with -12% (-17, 7) in 

Intervention A and -14% (CI -18, -10) in Intervention B, whereas no changes were found in the 

control group.  

Between group differences  

When comparing groups at follow-up in g/day, intake of sodium was significantly reduced in 

Intervention A by -0.3g/day (-0.5, -0.0) (0.8g salt/day) and borderline significantly reduced in 

Intervention B by -0.2g/day (-0.4, 0.0) (0.5g salt/day) compared to the control group. In 

Intervention A, the reduced sodium intake only reached statistical significance among children (-

0.3g/day, CI -0.6, -0.0) (0.8g salt/day). Intake of potassium was significantly higher in 

Intervention B compared to the control group (0.2g/day, CI 0.0, 0.4) and borderline significantly 

higher in Intervention B compared to Intervention A (0.2g/day, CI -0.0, 0.3), but only among 

adults. When analyzing the results in g/10MJ sodium intake was significantly lower in both 
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Intervention A and Intervention B compared to the control group by -0.4g/10MJ (-0.8, -0.0) 

(1.0g salt/day) and -0.4g/10MJ (-0.7, -0.0) (1.0g salt/day), respectively. Intake of potassium did 

not differ between groups. The sodium to potassium ratio was lower in both Intervention A and 

Intervention B compared to the control by -12% (-21, -2), and -13% (-21, -4), respectively.  

4.3.1.2 Energy intake and dietary intake of macronutrients 

From baseline to follow-up energy intake was borderline significantly reduced in Intervention A 

(-406kJ, CI -830, 19) and significantly reduced in the control group (-394kJ, CI -686; -103), 

whereas there was a borderline significant increase in Intervention B (325kJ, CI -20, 670), which 

was only present among adults (587kJ, CI 95, 1080). Based on observed data, the proportion of 

participants with an underreported intake of energy covered 30%, 28% and 24% at baseline and 

30%, 35% and 32% at follow-up in Intervention A, Intervention B and the control group, 

respectively. For all three groups the macronutrient distribution mainly remained unchanged, but 

E% from total fat was significantly increased in Intervention A (1.0E%, CI 0.1, 2.0) and E% 

from saturated fat was significantly reduced in Intervention B (-0.8E%, CI-1.4, -0.3) whereas the 

E% from added sugar increased (0.8E%, CI 0.0, 1.5). Dietary fiber in g/10MJ was significantly 

reduced in the control group (-2g/10MJ, CI -3, -1).  

Between group differences  

When comparing groups at follow-up, energy intake was significantly higher in Intervention B 

compared to both the control group (512kJ, CI 86, 938) and Intervention A (554kJ, CI 101, 

1007), but this was only significant among adults (841kJ, CI 311, 1372 and 919kJ, CI 345, 1493, 

respectively). The only significant difference between groups in the macronutrient distribution 

was a lower E% from saturated fat in Intervention B compared to the control (-1.0E%, CI -1.8, -

0.1) and Intervention A (-1.0E%, CI -2.0, -0.1). In Intervention B, the intake of polyunsaturated 

fat, available carbohydrates and dietary fiber was significantly higher compared to the control 

group (by 1g/day, CI 0, 2; 18g/day, CI 5, 31 and 2g/day, CI 0, 3, respectively) and Intervention 

A (by 2g/day, CI 0, 3; 21g/day, CI 7, 35 and 2g/day, CI 0, 3, respectively), but mostly among 

adults. 
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Table 9: Intake of energy and nutrients at baseline and estimated mean change from baseline to follow-up in the three groups1 
  Intervention A   Intervention B   Control 

  

Baseline  
(mean (SD) 
or median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value   

Baseline  
(mean (SD) 
or median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value   

Baseline  
(mean (SD) or 
median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value 

All                       
n 81    127    101   
Energy (kJ/d) 8335 (2517) -406 (-830, 19) 0.061  7695 (2406) 325 (-20, 670) 0.065  7934 (2012) -394 (-686, -103) 0.008 
Macronutrients            
Fat (E%) 35.8 (5.1) 1.0 (0.1, 2.0) 0.037  35.2 (4.4) 0.0 (-0.9, 0.9) 0.951  36.9 (5.0) 0.3 (-0.7, 1.3) 0.559 
Saturated fat (E%) 13.8 (2.5) 0.0 (-0.5, 0.5) 0.903  13.2 (2.4) -0.8 (-1.4, -0.3) 0.001  14.3 (2.9) -0.5 (-1.1, 0.1) 0.120 
Carbohydrates, total (E%) 48.4 (6.0) -1.0 (-2.2, 0.1) 0.074  49.1 (5.2) 0.1 (-0.9, 1.1) 0.837  48.0 (5.5) -0.2 (-1.3, 0.9) 0.691 
Added sugar (E%) 10.1 (5.7) -0.2 (-1.2, 0.8) 0.643  8.7 (3.8) 0.8 (0.0, 1.5) 0.045  9.1 (4.9) 0.7 (-0.2, 1.6) 0.122 
Protein (E%) 15.7 (2.5) 0.0 (-0.6, 0.5) 0.963  15.7 (2.5) -0.1 (-0.5, 0.3) 0.763  15.1 (2.3) -0.1 (-0.5, 0.4) 0.800 
Fat (g/day) 81 (30) -1 (-6, 4) 0.579  73 (27) 3 (-1, 7) 0.183  79 (25) -4 (-7, -0) 0.038 
Saturated fat (g/day) 31 (12) -1 (-3, 1) 0.187  28 (11) -1 (-2, 1) 0.546  31 (11) -3 (-4, -1) 0.001 
Monounsaturated fat (g/day) 28 (12) 0 (-2, 2) 0.745  25 (10) 1 (-0, 3) 0.070  27 (9) -1 (-2, 1) 0.301 
Polyunsaturated fat (g/day) 11 (5) 0 (-1, 1) 0.577  10 (4) 2 (1, 3) 0.000       11 (4) 0 (-0, 1) 0.195 
Carbohydrates, available 
(g/day) 224 (65) -16 (-27, -5) 0.005  208 (62) 9 (-0, 18) 0.059  212 (55) -13 (-21, -4) 0.006 
Added sugar (g/day) 50 (34) -5 (-10, 1) 0.108  39 (22) 7 (2, 12) 0.004  43 (26) 0 (-5, 4) 0.906 
Dietary fiber (g/day) 19 (7) -2 (-3, -0) 0.009  20 (7) 0 ( -1, 1) 0.802  20 (7) -2 (-3, -1) 0.000 
Dietary fiber (g/10MJ) 24 (6) -1 (-2, 0) 0.204  26 (6) -1 (-2, 0) 0.060  25 (7) -2 (-3, -1) 0.001 
Protein (g/day) 75 (22) -3 (-7, 1) 0.150  70 (24) 2 (-1, 5) 0.176  70 (20) -3 (-7, 0) 0.053 
Micronutrients            
Sodium (g/day) 3.1 (1.0) -0.4 (-0.6, -0.2) 0.000  3.1 (1.1) -0.3 (-0.5, -0.2) 0.000  3.1 (0.9) -0.2 (-0.3, -0.0) 0.044 
Sodium (g/10MJ) 3.8 (0.6) -0.4 (-0.5, -0.2) 0.000  4.0 (0.8) -0.5 (-0.7, -0.3) 0.000  4.0 (0.6) 0.0 (-0.2, 0.2) 0.927 
Potassium (g/day) 2.7 (0.8) 0.0 (-0.2, 0.1) 0.565  2.6 (0.9) 0.1 (0.0, 0.2) 0.020  2.6 (0.8) -0.1 (-0.2, 0.0) 0.181 
Potassium (g/10MJ) 3.3 (0.6) 0.1 (-0.0, 0.3) 0.087  3.4 (0.6) 0.1 (-0.1, 0.2) 0.334  3.2 (0.6) 0.0 (-0.1, 0.2) 0.430 
Sodium/potassium2 (%) 1.1 [1.0,1.4] -12 (-17, -7) 0.000  1.2 [1.0,1.4] -14 (-18, -10) 0.000  1.3 [1.1, 1.4] -2 (-8, 4) 0.580 
Children <18y                        
n 40    64    52   
Energy (kJ/d) 7459 (2283) -369 (-897, 158) 0.170  6827 (2382) 67 (-388, 523) 0.773  6867 (1501) -385 (-745, -25) 0.036 
Macronutrients            
Fat (E%) 34.6 (4.3) 0.7 (-0.6, 2.0) 0.300  33.6 (4.3) -0.3 (-1.7, 1.0) 0.648  35.9 (4.4) -0.2 (-1.7, 1.2) 0.744 
Saturated fat (E%) 13.6 (2.3) -0.2 (-1.0, 0.6) 0.556  12.8 (2.3) -1.2 (-2.0, -0.4) 0.003  14.3 (2.8) -0.9 (-1.8, 0.0) 0.051 
Carbohydrates, total (E%) 50.2 (5.6) -0.4 (-1.9, 1.0) 0.566  51.4 (4.9) 0.5 (-1.0, 1.9) 0.526  49.7 (4.6) 0.3 (-1.2, 1.9) 0.664 
Added sugar (E%) 10.3 (4.6) 0.2 (-1.1, 1.5) 0.811  9.1 (3.6) 1.1 (0.1, 2.2) 0.030  9.5 (4.5) 0.7 (-0.6, 2.1) 0.291 
Protein (E%) 15.3 (2.6) -0.3 (-1.0, 0.4) 0.424  15.0 (2.5) -0.1 (-0.6, 0.4) 0.646  14.3 (1.9) -0.1 (-0.6, 0.5) 0.811 
Fat (g/day) 70 (24) -2 (-7, 4) 0.589  63 (26) 0 (-6, 5) 0.877  67 (17) -4 (-9, -0) 0.048 
Saturated fat (g/day) 27 (10) -2 (-4, 1) 0.281  24 (11) -2 (-4, 0) 0.099  27 (8) -3 (-5, -1) 0.005 
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Monounsaturated fat (g/day) 23 (10) 0 (-3, 2) 0.781  21 (9) 0 (-2, 2) 0.911  22 (6) -1 (-3, 1) 0.204 
Polyunsaturated fat (g/day) 10 (4) 0 (-1, 1) 0.717  9 (4) 2 (1, 3) 0.000  9 (2) 1 (-0, 1) 0.080 
Carbohydrates, available 
(g/day) 212 (67) -12 (-27, 3) 0.106  197 (66) 5 (-9, 18) 0.505  194 (47) -10 (-21, 1) 0.067 
Added sugar (g/day) 46 (24) -2 (-9, 5) 0.579  37 (22) 7 (0, 13) 0.049  40 (23) -1 (-7, 6) 0.819 
Dietary fiber (g/day) 17 (6) -1 (-3, 0) 0.128  17 (6) 0 (-2, 1) 0.698  17 (5) -2 (-3, -1) 0.001 
Dietary fiber (g/10MJ) 23 (5) 0 (-2, 1) 0.626  26 (6) 0 (-2, 1) 0.583  25 (7) -1 (-3, -0) 0.047 
Protein (g/day) 67 (21) -4 (-8, 1) 0.098  60 (23) 0 (-4, 4) 0.988  58 (15) -4 (-7, 0) 0.070 
Micronutrients            
Sodium (g/day) 2.7 (0.8) -0.4 (-0.6, -0.2) 0.001  2.7 (1.1) -0.4 (-0.6, -0.2) 0.000  2.6 (0.7) -0.1 (-0.3, 0.1) 0.265 
Sodium (g/10MJ) 3.7 (0.6) -0.5 (-0.7, -0.2) 0.000  4.0 (0.7) -0.5 (-0.8, -0.2) 0.001  3.8 (0.6) 0.1 (-0.2, 0.3) 0.538 
Potassium (g/day) 2.3 (0.7) -0.1 (-0.3, 0.1) 0.585  2.1 (0.8) 0.0 (-0.1, 0.2) 0.604  2.0 (0.5) 0.0 (-0.2, 0.1) 0.510 
Potassium (g/10MJ) 3.1 (0.5) 0.1 (-0.1, 0.3) 0.255  3.2 (0.6) 0.1 (-0.1, 0.2) 0.480  2.9 (0.5) 0.1 (-0.0, 0.2) 0.112 
Sodium/potassium2 (%) 1.2 [1.0,1.5] -15 (-22, -7) 0.000  1.3 [1.1,1.5] -16 (-21, -10) 0.000  1.3 [1.0,1.5] -2 (-9, 6) 0.609 
Adults ≥18y                       
n 41    63    49   

Energy (kJ/d) 
9189 (2464) 

-441 (-1084, 
202) 0.179  8577 (2104) 587 (95, 1080) 0.019  9067 (1870) -404 (-866, 58) 0.086 

Macronutrients            
Fat (E%) 37.1 (5.5) 1.4 (-0.0, 2.8) 0.058  36.8 (4.0) 0.3 (-0.9, 1.4) 0.663  37.9 (5.4) 0.9 (-0.5, 2.3) 0.208 
Saturated fat (E%) 14.0 (2.7) 0.2 (-0.4, 0.8) 0.580  13.6 (2.4) -0.5 (-1.2, 0.2) 0.133  14.2 (2.9) -0.1 (-0.9, 0.7) 0.891 
Carbohydrates, total (E%) 46.8 (5.9) -1.7 (-3.3, -0.0) 0.048  46.8 (4.3) -0.3 (-1.6, 1.1) 0.707  46.3 (5.8) -0.8 (-2.3, 0.7) 0.294 
Added sugar (E%) 9.9 (6.7) -0.6 (-2.0, 0.8) 0.382  8.3 (4.0) 0.4 (-0.6, 1.4) 0.452  8.7 (5.3) 0.7 (-0.4, 1.8) 0.236 
Protein (E%) 16.1 (2.4) 0.2 (-0.6, 1.1) 0.567  16.4 (2.3) 0.0 (-0.6, 0.6) 0.999  15.9 (2.5) 0.0 (-0.7, 0.6) 0.894 
Fat (g/day) 92 (32) -1 (-9, 7) 0.766  84 (25) 6 (-0, 13) 0.059  92 (27) -3 (-9, 3) 0.285 
Saturated fat (g/day) 35 (13) -1 (-4, 2) 0.421  31 (11) 1 (-2, 4) 0.521  35 (13) -2 (-5, -0) 0.047 
Monounsaturated fat (g/day) 32 (12) 0 (-4, 3) 0.839  29 (8) 3 (0, 5) 0.024  32 (9) 0 (-3, 2) 0.743 
Polyunsaturated fat (g/day) 13 (5) 0 (-1, 2) 0.666  12 (4) 2 (1, 3) 0.000  13 (4) 0 (-1, 1) 0.823 
Carbohydrates, available 
(g/day) 235 (61) -19 (-35, -3) 0.018  220 (56) 13 (1, 24) 0.030  232 (57) -15 (-29, -1) 0.038 
Added sugar (g/day) 54 (41) -8 (-16, 2) 0.103  41 (23) 8 (1, 14) 0.028  46 (29) 0 (-7, 7) 0.950 
Dietary fiber (g/day) 21 (6) -2 (-3, -0) 0.025  22 (6) 0 (-1, 1) 0.937  23 (7) -3 (-4, -1) 0.000 
Dietary fiber (g/10MJ) 24 (7) -1 (-3, 1) 0.195  26 (6) -2 (-3, -0) 0.020  25 (6) -2 (-4, -1) 0.007 
Protein (g/day) 84 (21) -2 (-8, 4) 0.529  81 (21) 4 (-0, 9) 0.075  82 (16) -3 (-9, 3) 0.273 
Micronutrients            
Sodium (g/day) 3.5 (1.0) -0.4 (-0.7, -0.1) 0.018  3.5 (1.0) -0.3 (-0.5, -0.1) 0.003  3.7 (0.8) -0.2 (-0.5, 0.0) 0.090 
Sodium (g/10MJ) 3.9 (0.7) -0.2 (-0.5, 0.0) 0.064  4.1 (0.8) -0.5 (-0.7, -0.3) 0.000  4.1 (0.7) -0.1 (-0.3, 0.2) 0.570 
Potassium (g/day) 3.1 (0.7) 0.0 (-0.2, 0.2) 0.787  3.0 (0.8) 0.2 (0.1, 0.4) 0.005  3.2 (0.7) -0.1 (-0.3, 0.1) 0.235 
Potassium (g/10MJ) 3.4 (0.6) 0.1 (-0.1, 0.3) 0.189  3.6 (0.6) 0.1 (-0.1, 0.2) 0.490  3.5 (0.6) 0.0 (-0.2, 0.2) 0.936 
Sodium/potassium2 (%) 1.1 [1.0,1.3] -10 (-16,-2) 0.010   1.2 [0.9,1.4] -13 (-18, -8) 0.000   1.2 [1.0,1.4] -1 (-10, 8) 0.772 
1All analyses are based on imputed datasets and presented as mean change with 95% CI calculated using mixed models with age, sex, BMI, parental 
education, and under- and acceptable reported energy intake as fixed effects and participant as random effect. 
2Values were log transformed before analysis 
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Table 10: Estimated differences between groups in intake of energy and nutrients at follow-up 

    Intervention A compared to control  Intervention B compared to control   
Intervention B compared to 
Intervention A 

  ICC 
Mean difference  
(95% CI)1 

P-
value2 

P-
value1  

Mean difference  
(95% CI)1 

P-
value2 

P-
value1   

Mean difference  
(95% CI)1 

P-
value2 

P-
value1 

All                        
Energy (kJ/d) 0.24 -42 (-513, 429) 0.922 0.860  512 (86, 938) 0.042 0.019  554 (101, 1007) 0.071 0.016 
Macronutrients               
Fat (E%) 0.36 -0.1 (-1.9, 1.7) 0.937 0.875  -1.4 (-3.0, 0.3) 0.190 0.099  -1.2 (-2.9, 0.5) 0.182 0.159 
Saturated fat (E%) 0.29 0.1 (-0.9, 1.0) 0.753 0.882  -1.0 (-1.8, -0.1) 0.043 0.031  -1.0 (-2.0, -0.1) 0.024 0.027 
Carbohydrates, total (E%) 0.35 -0.2 (-2.2, 1.8) 0.707 0.833  1.2 (-0.6, 3.0) 0.362 0.198  1.4 (-0.5, 3.3) 0.211 0.153 
Added sugar (E%) 0.41 -0.5 (-2.2, 1.2) 0.628 0.551  0.0 (-1.5, 1.6) 0.923 0.986  0.5 (-1.1, 2.2) 0.550 0.524 
Protein (E%) 0.32 0.3 (-0.5, 1.1) 0.584 0.441  0.2 (-0.6, 0.9) 0.663 0.657  -0.1 (-0.9, 0.6) 0.876 0.702 
Fat (g/day) 0.23 0 (-6, 7) 0.693 0.914  3 (-3, 8) 0.221 0.353  2 (-4, 8) 0.451 0.442 
Saturated fat (g/day) 0.19 1 (-2, 3) 0.430 0.592  0 (-2, 3) 0.474 0.727  -0 (-3, 2) 0.885 0.820 
Monounsaturated fat (g/day) 0.26 0 (-3, 2) 0.909 0.850  1 (-2, 3) 0.337 0.560  1 (-2, 3) 0.427 0.453 
Polyunsaturated fat (g/day) 0.29 0 (-2, 1) 0.746 0.594  1 (0, 2) 0.039 0.041  2 (0, 3) 0.021 0.013 
Carbohydrates, available (g/d) 0.30 -3 (-18, 11) 0.992 0.654  18 (5, 31) 0.020 0.008  21 (7, 35) 0.029 0.003 
Added sugar (g/day) 0.47 -3 (-13, 7) 0.782 0.536  6 (-3, 14) 0.188 0.225  9 (-1, 18) 0.123 0.072 
Dietary fiber (g/day) 0.20 0 (-1, 2) 0.721 0.877  2 (0, 3) 0.012 0.010  2 (0, 3) 0.046 0.023 
Dietary fiber (g/10MJ) 0.35 0 (-2, 2) 0.884 0.679  1 (-1, 3) 0.299 0.205  1 (-1, 3) 0.406 0.445 
Protein (g/day) 0.32 1 (-5, 6) 0.828 0.775  4 (-1, 9) 0.115 0.094  3 (-2, 8) 0.206 0.197 
Micronutrients             
Sodium (g/day) 0.27 -0.3 (-0.5, -0.0) 0.122 0.038  -0.2 (-0.4, 0.0) 0.167 0.082  0.1 (-0.2, 0.3) 0.758 0.600 
Sodium (g/10MJ) 0.57 -0.4 (-0.8, -0.0) 0.036 0.027  -0.4 (-0.7, -0.0) 0.018 0.026  0.0 (-0.3, 0.4) 0.979 0.829 
Potassium (g/day) 0.23 0.0 (-0.2, 0.2) 0.754 0.812  0.2 (0.0, 0.4) 0.047 0.039  0.2 (-0.0, 0.3) 0.116 0.087 
Potassium (g/10MJ) 0.30 0.1 (-0.1, 0.3) 0.510 0.397  0.0 (-0.2, 0.2) 0.777 0.676  -0.1 (-0.3, 0.2) 0.671 0.621 
Sodium/potassium3 (%) 0.39 -12 (-21, -2) 0.027 0.021  -13 (-21, -4) 0.004 0.006  -1 (-10, 9) 0.708 0.841 
Children <18y                        
Energy (kJ/d) 0.39 49 (-478, 575) 0.585 0.856  220 (-261, 700) 0.180 0.370  171 (-334, 676) 0.493 0.506 
Macronutrients             
Fat (E%) 0.47 0.0 (-2.3, 2.3) 0.928 0.990  -1.4 (-3.5, 0.7) 0.296 0.197  -1.4 (-3.6, 0.8) 0.272 0.214 
Saturated fat (E%) 0.53 0.0 (-1.3, 1.4) 0.932 0.977  -1.3 (-2.5, -0.1) 0.049 0.040  -1.3 (-2.6, -0.0) 0.047 0.046 
Carbohydrates, total (E%) 0.42 -0.3 (-2.7, 2.2) 0.790 0.839  1.2 (-0.9, 3.4) 0.399 0.269  1.5 (-0.8, 3.8) 0.286 0.213 
Added sugar (E%) 0.58 0.1 (-2.0, 2.3) 0.988 0.897  0.6 (-1.4, 2.5) 0.565 0.557  0.4 (-1.6, 2.5) 0.599 0.678 
Protein (E%) 0.31 0.2 (-0.7, 1.0) 0.767 0.678  0.2 (-0.6, 0.9) 0.723 0.672  0.0 (-0.8, 0.8) 0.978 0.975 
Fat (g/day) 0.28 2 (-5, 8) 0.376 0.641  -1 (-7, 5) 0.610 0.801  -2 (-8, 4) 0.656 0.471 
Saturated fat (g/day) 0.43 1 (-2, 4) 0.421 0.616  -1 (-4, 2) 0.735 0.356  -2 (-5, 1) 0.249 0.166 
Monounsaturated fat (g/day) 0.20 1 (-2, 3) 0.365 0.681  0 (-3, 2) 0.658 0.708  -1 (-3, 1) 0.590 0.434 
Polyunsaturated fat (g/day) 0.31 -1 (-2, 1) 0.689 0.453  1 (-0, 2) 0.100 0.180  1 (0, 3) 0.053 0.041 
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Carbohydrates, available (g/d) 0.38 -1 (-19, 16) 0.706 0.878  11 (-4, 26) 0.084 0.147  13 (-4, 29) 0.226 0.134 
Added sugar (g/day) 0.65 1 (-10, 11) 0.820 0.910  6 (-4, 16) 0.154 0.248  5 (-5, 16) 0.268 0.332 
Dietary fiber (g/day) 0.15 0 (-2, 2) 0.509 0.932  1 (-0, 3) 0.039 0.107  1 (-0, 3) 0.221 0.152 
Dietary fiber (g/10MJ) 0.41 0 (-2, 2) 0.982 0.960  1 (-1, 3) 0.308 0.215  1 (-1, 3) 0.348 0.267 
Protein (g/day) 0.23 1 (-4, 6) 0.593 0.705  2 (-2, 7) 0.180 0.333  1 (-4, 6) 0.500 0.612 
Micronutrients             
Sodium (g/day) 0.51 -0.3 (-0.6, -0.0) 0.099 0.033  -0.3 (-0.5, 0.0) 0.108 0.054  0.1 (-0.2, 0.3) 0.831 0.692 
Sodium (g/10MJ) 0.67 -0.6 (-1.0, -0.1) 0.020 0.015  -0.4 (-0.8, 0.0) 0.045 0.061  0.2 (-0.3, 0.6) 0.572 0.437 
Potassium (g/day) 0.41 0.0 (-0.2, 0.2) 0.511 0.801  0.1 (-0.1, 0.3) 0.254 0.402  0.1 (-0.2, 0.3) 0.702 0.595 
Potassium (g/10MJ) 0.50 0.1 (-0.2, 0.3) 0.618 0.588  0.0 (-0.2, 0.3) 0.986 0.803  0.0 (-0.3, 0.2) 0.612 0.744 
Sodium/potassium3 (%) 0.53 -16 (-26, -4) 0.014 0.010  -14 (-24, -4) 0.013 0.010  2 (-10, 15) 0.806 0.772 
Adults ≥18y                       
Energy (kJ/d) 0.16 -78 (-676, 520) 0.881 0.799  841 (311, 1372) 0.034 0.002  919 (345, 1493) 0.066 0.002 
Macronutrients             
Fat (E%) 0.20 -0.1 (-1.9, 1.8) 0.982 0.946  -1.3 (-2.9, 0.4) 0.181 0.132  -1.2 (-3.0, 0.6) 0.215 0.181 
Saturated fat (E%) 0.24 0.1 (-1.0, 1.1) 0.838 0.909  -0.7 (-1.7, 0.2) 0.135 0.117  -0.8 (-1.8, 0.2) 0.105 0.113 
Carbohydrates, total (E%) 0.25 -0.5 (-2.7, 1.8) 0.694 0.674  1.0 (-1.0, 3.0) 0.420 0.325  1.5 (-0.7, 3.6) 0.240 0.173 
Added sugar (E%) 0.42 -1.3 (-3.2, 0.6) 0.359 0.178  -0.5 (-2.2, 1.2) 0.598 0.564  0.8 (-1.0, 2.6) 0.643 0.386 
Protein (E%) 0.36 0.6 (-0.5, 1.6) 0.425 0.306  0.3 (-0.7, 1.2) 0.526 0.559  -0.3 (-1.3, 0.7) 0.817 0.601 
Fat (g/day) 0.17 0 (-8, 8) 0.762 0.989  6 (-1, 14) 0.193 0.109  6 (-2, 14) 0.356 0.135 
Saturated fat (g/day) 0.09 1 (-3, 4) 0.552 0.725  2 (-1, 5) 0.264 0.190  1 (-2, 5) 0.661 0.391 
Monounsaturated fat (g/day) 0.22 0 (-4, 3) 0.941 0.865  2 (-1, 5) 0.321 0.209  2 (-1, 5) 0.385 0.174 
Polyunsaturated fat (g/day) 0.14 0 (-2, 2) 0.828 0.904  2 (0, 3) 0.047 0.014  2 (0, 3) 0.097 0.030 
Carbohydrates, available (g/d) 0.23 -6 (-24, 12) 0.915 0.487  25 (9, 41) 0.018 0.002  31 (14, 48) 0.019 0.000 
Added sugar (g/day) 0.44 -8 (-19, 4) 0.474 0.194  5 (-6, 15) 0.366 0.358  13 (1, 24) 0.109 0.027 
Dietary fiber (g/day) 0.32 0 (-2, 2) 0.571 0.661  3 (1, 4) 0.012 0.005  2 (0, 4) 0.074 0.029 
Dietary fiber (g/10MJ) 0.37 1 (-1, 3) 0.781 0.493   1 (-1, 3) 0.364 0.267  0 (-2, 2) 0.574 0.748 
Protein (g/day) 0.31 2 (-5, 9) 0.577 0.629  7 (1, 13) 0.091 0.029  5 (-1, 12) 0.309 0.121 
Micronutrients             
Sodium (g/day) 0.27 -0.2 (-0.6, 0.1) 0.305 0.147  -0.2 (-0.4, 0.1) 0.388 0.306  0.1 (-0.2, 0.4) 0.796 0.577 
Sodium (g/10MJ) 0.48 -0.3 (-0.6, 0.1) 0.128 0.115  -0.4 (-0.7, -0.1) 0.015 0.008  -0.1 (-0.5, 0.2) 0.480 0.408 
Potassium (g/day) 0.25 0.1 (-0.2, 0.3) 0.504 0.573  0.3 (0.1, 0.6) 0.017 0.005  0.3 (0.0, 0.5) 0.113 0.041 
Potassium (g/10MJ) 0.20 0.2 (-0.1, 0.4) 0.429 0.277  0.1 (-0.2, 0.3) 0.571 0.597  -0.1 (-0.4, 0.2) 0.762 0.515 
Sodium/potassium3 (%) 0.35 -10 (-20, 2) 0.140 0.101  -13 (-22, -3) 0.016 0.013  -4 (-14, 8) 0.471 0.534 
1Analyses are based on imputed datasets and presented as mean difference with 95% CI calculated using mixed models with treatment group, age, sex, BMI, 
parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

3Values were log transformed before analysis 

ICC = Intracluster correlation coefficient 
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4.3.2 Dietary intake of food groups 

Baseline intake and changes from baseline to follow-up in the dietary intake of selected food 

groups are presented in Table 11 and comparison between groups at follow-up are presented in 

Table 12. Results on food groups calculated in g/10MJ are presented in article II Supplementary 

Table 1 and Supplementary Table 2. All presented values are based on analyses adjusted for 

baseline intake (only in between groups analyses), age, sex, BMI, parental education, and under- 

and acceptable reported energy intake, as some results differed from the analyses that only 

adjusted for baseline intake. 

4.3.2.1 Bread and bread fillings 

When analyzing the results from baseline to follow-up in g/day, consumption of ‘bread, total’ 

increased significantly in Intervention A (21%, CI 5, 39) and Intervention B (26%, CI 15, 38), 

and borderline significant in the control group (10%, CI -0, 21). When running the analysis 

separately on children and adults the same results were found, but the increased consumption did 

not reach statistical significance among adults in Intervention A (16%, CI -3, 39). The 

consumption of ‘wheat bread’ was larger than ‘rye bread’ in all three groups at baseline. From 

baseline to follow-up it was primarily the intake of ‘wheat bread’ that increased in Intervention 

A (30%, CI 8, 57) and the control group (14%, CI -7, 39), while the intake of both ‘wheat bread’ 

and ‘rye bread’ increased significantly in Intervention B with 32% (14, 52) and 45% (6, 95), 

respectively. When running the analysis separately on children and adults, the intake of ‘rye 

bread’ in Intervention B primarily increased among children (75%, CI 5, 192), whereas ‘wheat 

bread’ primarily increased among adults (43%, CI 16, 75). At follow up, project bread accounted 

for an average of 80%, 85% and 88% of the total bread consumption in Intervention A, 

Intervention B and the control group, respectively. 

Consumption of ‘bread fillings, total’ decreased borderline significant in Intervention B (-12%, 

CI -24, -1) and significant in the control group (-19%, CI -32, -5) from baseline to follow-up. 

The reduction in the control group resulted from a significant decreased intake of ‘medium salt 

fillings’ (-33%, CI -51, -9) and ‘low salt fillings’ (-43%, CI -61, -18).  

When analyzing the intake of bread and bread fillings from baseline to follow-up in g/10MJ the 

estimates were similar to the findings in g/day, but a few differences in significant outcomes 

were found. In the control group, the increased intake of ‘bread, total’ reached statistical 

significance (16%, CI 6, 27), whereas the decreased intake of ‘bread fillings, total’ did not reach 
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statistical significance (-15%, CI -28, 0). In intervention B, the reduced intake of ‘bread fillings, 

total’ reached statistical significance (-17%, CI -29, -3).  

Between group differences  

There were no differences between groups at follow-up in the intake of bread or fillings (g/day), 

with the exception of ‘rye bread’, which was significantly higher in Intervention B compared to 

the control group (50%, CI 3, 119). When running the analyses between groups in g/10MJ no 

differences were found.  

4.3.2.2 High salt food groups 

From baseline to follow-up (g/day) the intake of ‘cheese and cheese products’ decreased 

significantly in Intervention A (-37%, CI -53, -15) while the intake of ‘processed meat, poultry 

and fish’ tended to increase in this group (20%, CI -3, 48), primarily among adults. The intake of 

these food groups did not change in Intervention B or the control group, and none of the three 

groups changed their intake of ‘butter and spreads’ or ‘salty snacks’ during the intervention. 

When analyzing the change from baseline to follow-up in g/10MJ similar findings were found, 

but the intake of ‘cheese and cheese products’ was also significantly reduced in Intervention B (-

17%, CI -30, -1), and in Intervention A the increased intake of ‘processed meat, poultry and fish’ 

reached statistical significance (26%, CI 3, 54).  

Between group differences  

At follow-up, consumption of ‘cheese and cheese products’ was significantly lower (-38%, CI -

57, -10) and intake of ‘processed meat poultry and fish’ was borderline significantly higher 

(30%, CI -6, 80) in Intervention A compared to the control group. No differences between 

groups (g/day) were identified for ‘butter and spreads’ or ‘salty snacks’. The same results were 

found when running the analyses in g/10MJ. 

4.3.2.3 Fruit and vegetables 

Consumption of ‘vegetables’ (g/day) did not change in any of the three groups. The intake of 

‘fruit’ increased from baseline to follow-up in both Intervention A and Intervention B by 40% (6, 

84) and 61% (31, 99), respectively, whereas no changes were observed in the control group. 

Analyses conducted in g/10MJ showed the same results as g/day.  
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Between group differences  

The intervention did not result in any differences between groups in the intake of ‘vegetables’, 

but ‘fruit’ consumption was significantly higher in Intervention B compared to the control group 

(38%, CI 4, 83), mainly among adults (53, CI 8, 117). Similar results were found when the 

analyses were conducted in g/10MJ, but the higher ‘fruit’ consumption in Intervention B 

compared to the control group only reached statistical significance among adults.  

4.3.2.4 Starchy food groups 

During the intervention, the intake in g/day of ‘breakfast cereals’ decreased in the control group 

by -52% (CI -71, -21), primarily among adults (-68%, CI -84, -38). Consumption of other starchy 

products, such as ‘rice and pasta’ and ‘potato and potato products’, did not change in any of the 

three groups during the intervention, apart from adults in Intervention B, who significantly 

increased their intake of ‘potato and potato products’ (114%, CI 4, 339). The same results were 

found when analyzed in g/10MJ, but the increased consumption of ‘potato and potato products’ 

among adults in Intervention B did not reach statistical significance.  

Between group differences 

At follow-up, there were no differences between groups in consumption of starchy food groups 

(g/day), except for ‘breakfast cereals’, which was significantly higher in Intervention B 

compared to the control group (133%, CI 11, 390), and this was primarily among adults (187%, 

CI 13, 624). Analyses performed in g/10MJ showed the same results.  

4.3.2.5 Additional food groups potentially having an impact on health and/or nutrient intake 

From baseline to follow-up (g/day), the intake ‘milk and milk products’ decreased in all three 

groups by -17% (-27, -6) in Intervention A, -12% (-22, -0) in Intervention B and -15% (-26, -2) 

in the control group. Consumption of ‘meat and meat products’ increased significantly in 

Intervention A (23%, CI 6, 42), but not the two other groups. Intake of ‘poultry and poultry 

products’ was borderline significant reduced in Intervention A (-53%, CI -79, 3) and the control 

group (-39%, CI -64, 3). In both Intervention A and the control group the intake of ‘fish and fish 

products’ decreased significantly (-60%, CI -77, -27 and -52%, CI -70, -22, respectively), which, 

in the control group, was caused mainly by a reduction among children (-73%, CI -87, -44). 

Sugary food groups, including both ‘cakes, sweets and chocolate’ and ‘sugar-sweetened 

beverages’, did not change in any of the three groups from baseline to follow-up, but a tendency 
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towards a decrease in the intake of ‘cakes, sweets, and chocolate’ (-20%, CI -37, 3) and an 

increase in the consumption of ‘sugar sweetened beverages’ (65%, CI -5, 186) was seen in 

Intervention B, primarily among adults. When running the analysis in g/10MJ, the decreased 

consumption of ‘milk and milk products’ in the control group did not reach statistical 

significance, whereas the increased intake of ‘meat and meat products’ in this group (15%, CI 1, 

30) and the decreased intake of ‘cakes, sweets and chocolate’ in Intervention B (-25%, CI -43, -

1) reached statistical significance.  

Between group differences  

When comparing groups at follow-up, no differences were found in the intake of ‘milk and milk 

products’ or ‘meat and meat products’, but the intake of ‘meat and meat products’ tended to be 

lower in Intervention B compared to Intervention A (-25%, CI -45, 1). The intake of ‘poultry and 

poultry products’ was significantly higher in Intervention B compared to the control group 

(163%, CI 4, 561) and Intervention A (210%, CI 18, 715), which was more pronounced among 

adults. Consumption of ‘fish and fish products’ was significantly higher in Intervention B 

compared to Intervention A (166%, CI 27, 460), and it also tended to be higher in Intervention B 

compared to the control group (86%, CI -7, 273), resulting from a significantly higher intake 

among children (222%, CI 16, 793). The intake of sugary food groups was not significantly 

different between groups at follow-up. When running the analyses in g/10MJ the results were 

similar, but the lower consumption of ‘meat and meat products’ in Intervention B compared to 

Intervention A reached statistical significance (-30%, CI -48, -5), whereas the higher intake of 

‘poultry and poultry products’ in Intervention B compared to the control group did not reach 

statistical significance when analyzing children and adults together.
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Table 11: Intake of food groups at baseline and estimated mean change from baseline to follow-up in the three groups (g/day)1 
  Intervention A Intervention B Control 

  n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) P-value 

All 81/74       127/120       101/94       
Food groups                     
Milk and milk products  81/74 302 [186, 429] -17 (-27, -6) 0.004 127/120 244 [138, 378] -12 (-22, -0) 0.048 101/94 271 [197, 368] -15 (-26, -2) 0.025 
Cheese and cheese products  81/70 30 [21, 52] -37 (-53, -15) 0.003 127/120 24 [13, 45] -13 (-27, 3) 0.105 100/94 29 [14, 42] 9 (-10, 31) 0.397 
Bread, total  81/74 125 [99, 150] 21 (5, 39) 0.008 127/120 125 [92, 152] 26 (15, 38) 0.000 101/94 122 [99, 158] 10 (-0, 21) 0.051 

Rye bread  74/70 51 [31, 82] 16 (-21, 70) 0.457 115/114 53 [28, 78] 45 (6, 95) 0.018 99/90 55 [34, 84] -17 (-34, 4) 0.101 
Wheat bread  81/74 69 [50, 90] 30 (8, 57) 0.004 127/120 65 [39, 93] 32 (14, 52) 0.000 101/92 66 [52, 87] 14 (-7, 39) 0.215 

Breakfast cereals  60/54 27 [0, 48] -30 (-57, 15) 0.157 102/95 21 [4, 54] -4 (-34, 39) 0.825 78/63 26 [5, 51] -52 (-71, -21) 0.004 
Rice and pasta  78/71 32 [16, 47] -18 (-45, 21) 0.324 121/111 31 [19, 56] -26 (-49, 7) 0.111 97/87 29 [15, 56] -22 (-44, 7) 0.129 
Potatoes and potato products  74/67 23 [11, 37] 40 (-21, 148) 0.248 110/104 25 [7, 50] 34 (-21, 127) 0.273 88/77 19 [6, 36] 33 (-26, 136) 0.337 
Vegetables  81/74 131 [79, 192] 4 (-10, 20) 0.576 127/120 145 [88, 238] 1 (-10, 13) 0.909 101/94 143 [91, 216] 4 (-7, 15) 0.512 
Fruit  80/73 80 [45, 146] 40 (6, 84) 0.017 125/120 80 [37, 144] 61 (31, 99) 0.000 101/94 86 [40, 140] 1 (-10, 34) 0.361 
Meat and meat products  81/74 84 [56, 116] 23 (6, 42) 0.007 127/119 67 [45, 105] -2 (-19, 19) 0.837 100/93 75 [51, 108] 10 (-4, 26) 0.185 
Poultry and poultry products  61/47 14 [3, 32] -53 (-79, 3) 0.060 112/98 19 [6, 34] -23 (-52, 22) 0.267 81/67 11 [2, 26] -39 (-64, 3) 0.064 
Fish and fish products  61/42 11 [2, 24] -60 (-77, -27) 0.002 107/97 14 [4, 28] -13 (-43, 31) 0.501 83/67 14 [4, 26] -52 (-70, -22) 0.003 

Processed meat, poultry and 
fish  81/74 45 [27, 59] 20 (-3, 48) 0.091 127/119 44 [24, 62] 1 (-14, 19) 0.923 98/93 43 [27, 64] -1 (-17, 17) 0.870 

Butter and spreads  74/69 9 [5, 16] 0 (-29, 39) 0.985 117/111 9 [4, 14] 6 (-18, 38) 0.660 94/87 15 [6, 22] -7 (-30, 23) 0.617 
Salty snacks  59/44 4 [0, 10] -37 (-64, 12) 0.112 77/69 3 [0, 8] -22 (-52, 28) 0.325 62/64 3 [0, 10] 30 (-20, 110) 0.290 
Cakes, sweets and chocolate  78/74 71 [34, 102] 28 (-6, 72) 0.114 125/114 67 [44, 98] -20 (-37, 3) 0.091 100/91 71 [42, 91] -12 (-30, 13) 0.313 
Sugar sweetened beverages  70/64 107 [43, 229] 22 (-32, 120) 0.507 109/108 86 [43, 186] 65 (-5, 186) 0.077 83/80 71 [29, 167] 60 (-15, 197) 0.143 
Bread fillings             
Fillings, total  81/72 62 [36, 95] -16 (-36, 9) 0.190 126/118 62 [36, 96] -12 (-24, 1) 0.073 101/94 60 [40, 86] -19 (-32, -5) 0.012 
High salt (>2.5g/100g)  68/62 7 [2, 13] 10 (-32, 77) 0.701 106/97 7 [2, 17] -18 (-43, 19) 0.290 83/80 8 [2, 14] 6 (-30, 62) 0.772 
Medium salt (1-2.5g/100g)  78/66 30 [11, 50] -26 (-51, 12) 0.154 118/110 28 [10, 41] -5 (-28, 25) 0.701 96/86 29 [18, 45] -33 (-51, -9) 0.011 
Low salt (<1.0g/100g)  76/69 22 [8, 38] -14 (-42, 28) 0.458 121/110 23 [11, 38] -19 (-41, 11) 0.180 98/85 20 [12, 32] -43 (-61, -18) 0.003 
Children 40/36    64/60    52/47    
Food groups              
Milk and milk products  40/36 376 [261, 470] -18 (-30, -4) 0.013 64/60 247 [154, 375] -14 (-28, 3) 0.107 52/47 278 [211, 361] -13 (-29, 6) 0.163 
Cheese and cheese products  40/33 22 [12, 30] -43 (-63, -12) 0.010 64/60 18 [10, 30] -18 (-39, 9) 0.181 51/47 21 [11, 39] 2 (-25, 38) 0.917 
Bread, total  40/36 113 [83, 140] 25 (3, 52) 0.026 64/60 114 [84, 143] 25 (11, 42) 0.000 52/47 115 [95, 138] 10 (-3, 23) 0.131 

Rye bread  34/33 43 [21, 69] 42 (-32, 194) 0.346 55/56 47 [19, 76] 75 (5, 192) 0.032 50/45 53 [32, 74] -8 (-27, 16) 0.494 
Wheat bread  40/36 63 [52, 80] 25 (-1, 58) 0.056 64/60 66 [38, 91] 22 (-0, 49) 0.055 52/45 65 [53, 81] 1 (-25, 36) 0.946 

Breakfast cereals  33/31 30 [8, 53] -24 (-58, 39) 0.376 53/52 24 [4, 58] 26 (-24, 112) 0.374 43/37 30 [8, 56] -30 (-66, 43) 0.324 
Rice and pasta  39/35 32 [18, 63] -37 (-64, 7) 0.090 61/55 26 [18, 53] -26 (-57, 27) 0.271 50/44 28 [11, 53] -18 (-49, 32) 0.409 
Potatoes and potato products  36/33 19 [11, 31] 72 (-24, 294) 0.198 55/49 18 [6, 33] -15 (-59, 77) 0.663 43/35 11 [5, 22] 25 (-47, 192) 0.605 
Vegetables  40/36 107 [68, 142] 1 (-19, 25) 0.951 64/60 106 [61, 167] 4 (-13, 23) 0.687 52/47 105 [56, 147] 13 (-2, 31) 0.094 
Fruit  39/36 84 [51, 140] 54 (1, 134) 0.045 63/60 79 [41, 144] 41 (9, 82) 0.009 52/47 84 [52, 132] 6 (-20, 42) 0.671 
Meat and meat products  40/36 69 [49, 99] 20 (-3, 48) 0.096 64/60 58 [37, 87] -8 (-27, 16) 0.473 52/47 57 [45, 84] 9 (-9, 31) 0.334 
Poultry and poultry products  28/24 12 [0, 24] -35 (-79, 99) 0.456 54/56 12 [3, 27] -22 (-61, 57) 0.490 40/32 8 [1, 20] -34 (-68, 39) 0.276 
Fish and fish products  28/17 11 [0, 19] -66 (-86, -16) 0.019 51/44 10 [2, 17] -29 (-62, 31) 0.269 41/26 8 [3, 21] -73 (-87, -44) 0.000 
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Processed meat, poultry and 
fish  40/36 41 [27, 54] 11 (-16, 43) 0.455 64/60 40 [22, 55] 9 (-10, 32) 0.392 51/46 35 [25, 56] -6 (-22, 14) 0.523 

Butter and spreads  39/36 9 [6, 16] 22 (-15, 75) 0.271 58/57 9 [4, 13] 21 (-15, 72) 0.281 47/45 13 [7, 22] 6 (-29, 57) 0.777 
Salty snacks  29/23 5 [0, 11] -23 (-63, 62) 0.486 37/35 4 [0, 10] -18 (-60, 68) 0.579 33/33 3 [0, 10] 40 (-27, 166) 0.310 
Cakes, sweets and chocolate  38/36 68 [33, 83] 62 (-1, 166) 0.056 63/56 54 [40, 86] -13 (-43, 32) 0.522 52/45 64 [41, 81] -16 (-39, 16) 0.303 
Sugar sweetened beverages  37/32 89 [55, 172] 14 (-39, 116) 0.680 57/55 96 [50, 216] 50 (-25, 200) 0.257 44/38 86 [29, 172] 4 (-52, 125) 0.910 
Bread fillings              
Fillings, total  40/35 48 [29, 72] -17 (-43, 21) 0.333 64/59 47 [26, 76] -16 (-31, 2) 0.074 52/47 44 [37, 66] -17 (-31, -0) 0.045 
High salt (>2.5g/100g)  32/29 5 [1, 11] 3 (-49, 110) 0.925 55/49 7 [2, 17] -23 (-53, 27) 0.306 44/41 7 [2, 11] 23 (-24, 99) 0.406 
Medium salt (1-2.5g/100g)  38/31 15 [9, 31] -18 (-59, 62) 0.563 58/53 14 [5, 29] 2 (-36, 63) 0.933 48/43 26 [13, 34] -36 (-58, -3) 0.034 
Low salt (<1.0g/100g)  38/33 20 [10, 31] -32 (-62, 19) 0.173 62/54 19 [11, 31] -37 (-61, 1) 0.057 49/42 15 [8, 26] -34 (-60, 7) 0.095 
Adults 41/38    63/60    49/47    
Food groups              
Milk and milk products  41/38 213 [176, 410] -15 (-30, 2) 0.085 63/60 224 [135, 387] -10 (-24, 7) 0.229 49/47 252 [185, 368] -16 (-31, 2) 0.072 
Cheese and cheese products  41/37 47 [29, 63] -30 (-53, 4) 0.082 63/60 33 [20, 62] -8 (-22, 8) 0.310 49/47 36 [18, 51] 17 (-7, 45) 0.171 
Bread, total  41/38 132 [116, 173] 16 (-3, 39) 0.098 63/60 136 [106, 156] 27 (14, 40) 0.000 49/47 130 [106, 164] 11 (-5, 28) 0.177 

Rye bread  40/37 64 [36, 90] -5 (-26, 21) 0.672 60/58 59 [30, 84] 19 (-13, 63) 0.283 49/45 56 [40, 91] -27 (-50, 9) 0.127 
Wheat bread  41/38 73 [39, 90] 35 (4, 75) 0.023 63/60 64 [44, 94] 43 (16, 75) 0.001 49/47 66 [47, 102] 28 (-0, 65) 0.054 

Breakfast cereals  27/23 17 [0, 44] -36 (-70, 39) 0.265 49/43 17 [4, 49] -28 (-58, 23) 0.232 35/26 25 [0, 50] -68 (-84, -38) 0.001 
Rice and pasta  39/36 29 [14, 44] 7 (-38, 86) 0.800 60/56 34 [21, 59] -26 (-55, 22) 0.239 47/43 34 [21, 71]  -26 (-52, 14) 0.168 
Potatoes and potato products  38/34 29 [16, 47] 16 (-46, 151) 0.702 55/55 31 [16, 60] 114 (4, 339) 0.038 45/42 31 [12, 49] 42 (-36, 210) 0.385 
Vegetables  41/38 165 [106, 230] 8 (-10, 27) 0.394 63/60 215 [135, 283] -2 (-13, 9) 0.673 49/47 199 [143, 277] -6 (-18, 8) 0.396 
Fruit  41/37 80 [44, 147] 27 (-10, 79) 0.169 62/60 90 [35, 141] 85 (34, 156) 0.000 49/47 93 [33, 154] 13 (-13, 46) 0.356 
Meat and meat products  41/38 99 [58, 122] 26 (4, 52) 0.017 63/59 80 [54, 114] 4 (-21, 39) 0.766 48/46 95 [63, 117] 10 (-9, 32) 0.335 
Poultry and poultry products  33/23 22 [4, 36] -66(-89, 6) 0.063 58/52 24 [14, 39] -25 (-60, 39) 0.364 41/35 14 [3, 37] -45 (-74, 17) 0.123 
Fish and fish products  33/25 15 [4, 31] -52 (-77, -1) 0.048 56/53 22 [7, 34] 7 (-38, 84) 0.816 42/41 22 [8, 36] -12 (-50, 57) 0.673 

Processed meat, poultry and 
fish  41/38 47 [27, 73] 30 (-6, 79) 0.112 63/59 49 [30, 64] -7 (-28, 20) 0.584 47/47 47 [31, 72] 4 (-23, 39) 0.809 

Butter and spreads  35/33 11 [3, 15] -18 (-53, 42) 0.470 59/54 9 [4, 16] -7 (-37, 36) 0.704 47/42 15 [6, 24] -19 (-45, 20) 0.294 
Salty snacks  30/21 4 [0, 9] -48 (-78, 22) 0.131 40/34 3 [0, 7] -25 (-62, 45) 0.388 29/31 4 [0, 9] 20 (-42, 146) 0.622 
Cakes, sweets and chocolate  40/38 88 [37, 111] 1 (-27, 39) 0.954 62/58 74 [54, 124] -26 (-43, -3) 0.028 48/46 77 [50, 96] -7 (-35, 32) 0.678 
Sugar sweetened beverages  33/32 129 [29, 272] 30 (-51, 249) 0.599 52/53 79 [39, 161] 82 (-24, 331) 0.175 39/42 64 [14, 143] 150 (-7, 575) 0.069 
Bread fillings              
Fillings, total  41/37 77 [55, 139] -16 (-42, 22) 0.363 62/59 84 [55, 115] -9 (-26, 13) 0.402 49/47 73 [55, 114] -21 (-40, 3) 0.087 
High salt (>2.5g/100g)  36/33 9 [3, 13] 16 (-39, 123) 0.643 51/48 7 [2, 17] -13 (-49, 49) 0.618 39/39 8 [1, 16] -9 (-54, 82) 0.800 
Medium salt (1-2.5g/100g)  40/35 46 [27, 65] -33 (-59, 7) 0.097 60/57 37 [24, 58] -12 (-34, 17) 0.375 48/43 37 [23, 48] -29 (-55, 12) 0.134 
Low salt (<1.0g/100g)  38/36 29 [8, 51] 9 (-36, 84) 0.743 59/56 29 [13, 46] 4 (-29, 52) 0.835 49/43 25 [15, 45] -51 (-72, -16) 0.009 
1All analyses are based on imputed datasets and presented as mean change in % with 95% CI calculated using mixed models with age, sex, BMI, parental 
education, under- and acceptable energy intake as fixed effects and  participant as random effect.  Baseline values are based on observed values and includes 
participants with zero intake. All values were log transformed before analysis. 

*Number of participant with an intake >0g/day at baseline/follow-up 
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Table 12: Estimated differences between groups in intake of food groups at follow-up (g/day) 

    
Intervention A compared to 
control   Intervention B compared to control   

Intervention B compared to 
Intervention A 

  
ICC 

Mean 
difference in 
% (95% CI)1 

P-
value2 

P-
value1   

Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1   

Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1 

All                         
Food groups                       
Milk and milk products  0.18 3 (-17, 28) 0.911 0.785   0 (-17, 22) 0.969 0.977   -3 (-21, 20) 0.936 0.795 
Cheese and cheese products  0.21 -38 (-57, -10) 0.011 0.012   -20 (-42, 11) 0.221 0.188   28 (-10, 83) 0.136 0.169 
Bread, total  0.28 2 (-14, 20) 0.738 0.851  11 (-4, 29) 0.178 0.160  9 (-7, 29) 0.375 0.273 

Rye bread  0.04 20 (-22, 83) 0.410 0.406  50 (3, 119) 0.057 0.034  26 (-16, 88) 0.361 0.271 
Wheat bread  0.46 5 (-25, 48) 0.608 0.758  12 (-18, 52) 0.462 0.482  6 (-23, 46) 0.873 0.729 

Breakfast cereals  0.32 54 (-32, 250) 0.436 0.298  133 (11, 390) 0.034 0.025  51 (-31, 231) 0.234 0.302 
Rice and pasta  0.36 9 (-44, 113) 0.926 0.800  7 (-42, 97) 0.937 0.830  -2 (-48, 86) 0.983 0.951 
Potatoes and potato products  0.49 39 (-49, 276) 0.508 0.516  17 (-0.53, 188) 0.807 0.736  -16 (-68, 117) 0.644 0.720 
Vegetables  0.28 -3 (-21, 19) 0.820 0.738  -4 (-20, 15) 0.680 0.635  -1 (-19, 21) 0.887 0.929 
Fruit  0.17 19 (-14, 63) 0.267 0.297  38 (4, 83) 0.031 0.028  16 (-15, 58) 0.390 0.339 
Meat and meat products  0.46 13 (-17, 56) 0.415 0.434  -15 (-36, 13) 0.402 0.259  -25 (-45, 1) 0.100 0.057 
Poultry and poultry products  0.44 -15 (-69, 133) 0.738 0.751  163 (4, 561) 0.055 0.040  210 (18, 715) 0.029 0.022 
Fish and fish products  0.22 -30 (-68, 51) 0.328 0.363  86 (-7, 273) 0.112 0.078  166 (27, 460) 0.012 0.010 

Processed meat, poultry and fish  0.35 30 (-6, 80) 0.098 0.114  7 (-20, 44) 0.601 0.630  -17 (-39, 13) 0.213 0.228 
Butter and spreads  - -15 (-42, 23) 0.602 0.394  -11 (-36, 24) 0.520 0.505  5 (-26, 50) 0.958 0.782 
Salty snacks  0.37 -32 (-71, 58) 0.395 0.371  -42 (-73, 24) 0.182 0.162  -15 (-62, 91) 0.709 0.698 
Cakes, sweets and chocolate  0.46 33 (-22, 124) 0.252 0.292  -8 (-43, 49) 0.704 0.744  -30 (-58, 15) 0.118 0.158 
Sugar sweetened beverages 0.22 10 (-55, 169) 0.813 0.830  40 (-37, 212) 0.424 0.413  27 (-46, 197) 0.610 0.585 
Bread fillings              
Fillings, total  0.13 3 (-25, 41) 0.912 0.859  6 (-20, 40) 0.667 0.668  3 (-23, 39) 0.777 0.832 
High salt (>2.5g/100g)  0.15 -3 (-47, 77) 0.940 0.917  -19 (-52, 40) 0.469 0.455  -16 (-53, 50) 0.448 0.556 
Medium salt (1-2.5g/100g)  0.16 2 (-41, 76) 0.902 0.952  22 (-26, 100) 0.430 0.478  20 (-29, 103) 0.497 0.496 
Low salt (<1.0g/100g)  0.20 22 (-33, 123) 0.435 0.514   29 (-24, 121) 0.292 0.351   6 (-40, 86) 0.866 0.851 
Children             
Food groups              
Milk and milk products  0.35 7 (-19, 43) 0.655 0.620  -1 (-23, 28) 0.733 0.962  -8 (-30, 21) 0.434 0.574 
Cheese and cheese products  0.41 -49 (-70, -12) 0.021 0.016  -21 (-52, 29) 0.473 0.342  54 (-9, 160) 0.084 0.108 
Bread, total  0.40 -3 (-22, 20) 0.979 0.780  6 (-12, 28) 0.395 0.513  10 (-10, 34) 0.413 0.365 

Rye bread  0.28 4 (-49, 110) 0.911 0.917  50 (-20, 181) 0.300 0.206  44 (-26, 183) 0.391 0.283 
Wheat bread  0.83 7 (-33, 72) 0.587 0.773  12 (-27, 72) 0.510 0.608  4 (-34, 64) 0.954 0.852 

Breakfast cereals  0.43 30 (-49, 233) 0.735 0.585  90 (-19, 346) 0.165 0.139  46 (-41, 263) 0.340 0.410 
Rice and pasta  0.65 6 (-54, 144) 0.910 0.899  29 (-40, 178) 0.641 0.511  22 (-45, 174) 0.573 0.623 
Potatoes and potato products  0.58 62 (-52, 447) 0.454 0.434  0 (-67, 201) 0.888 0.998  -38 (-81, 97) 0.354 0.414 
Vegetables  0.54 -11 (-33, 17) 0.562 0.398  -11 (-31, 15) 0.508 0.370  0 (-23, 31) 0.986 0.974 
Fruit  0.59 32 (-15, 103) 0.171 0.212  25 (-15, 85) 0.220 0.259  -5 (-37, 44) 0.780 0.810 
Meat and meat products  0.66 14 (-20, 61) 0.400 0.466  -20 (-42, 9) 0.267 0.154  -30 (-49, -3) 0.050 0.031 
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Poultry and poultry products  0.58 4 (-68, 239) 0.961 0.954  129 (-23, 575) 0.168 0.135  121 (-30, 594) 0.174 0.175 
Fish and fish products  0.54 -7 (-70, 186) 0.790 0.897  222 (16, 793) 0.038 0.025  247 (17, 929) 0.026 0.025 

Processed meat, poultry and fish  0.43 23 (-13, 74) 0.247 0.244  14 (-16, 56) 0.315 0.394  -7 (-33, 29) 0.781 0.673 
Butter and spreads  0.20 6 (-34, 69) 0.780 0.820  -16 (-45, 29) 0.403 0.425  -20 (-49, 25) 0.284 0.325 
Salty snacks  0.45 -13 (-67, 134) 0.641 0.786  -46 (-78, 32) 0.209 0.179  -38 (-76, 61) 0.486 0.327 
Cakes, sweets and chocolate  0.87 72 (-14, 245) 0.122 0.122  12 (-41, 110) 0.813 0.736  -35 (-67, 25) 0.162 0.196 
Sugar sweetened beverages 0.44 23 (-60, 283) 0.663 0.718  72 (-38, 381) 0.253 0.300  40 (-53, 317) 0.531 0.549 
Bread fillings              
Fillings, total  0.59 -7 (-41, 47) 0.634 0.765  -4 (-36, 44) 0.818 0.832  3 (-34, 58) 0.778 0.911 
High salt (>2.5g/100g)  0.29 -33 (-70, 50) 0.403 0.333  -27 (-64, 50) 0.395 0.394  9 (-50, 134) 0.938 0.832 
Medium salt (1-2.5g/100g)  - 13 (-45, 135) 0.793 0.739  19 (-38, 128) 0.692 0.607  5 (-48, 112) 0.926 0.894 
Low salt (<1.0g/100g)  0.28 -5 (-57, 109) 0.892 0.893   9 (-47, 123) 0.894 0.815   15 (-46, 147) 0.789 0.720 
Adults             
Food groups              
Milk and milk products  0.16 4 (-21, 37) 0.875 0.783  6 (-17, 35) 0.606 0.661  2 (-21, 32) 0.746 0.902 
Cheese and cheese products  0.16 -30 (-52, 3) 0.061 0.071  -18 (-41, 15) 0.247 0.251  17 (-19, 68) 0.376 0.398 
Bread, total  0.41 5 (-15, 28) 0.478 0.665  17 (-2, 40) 0.174 0.091  12 (-8, 36) 0.614 0.275 

Rye bread  0.23 34 (-20, 127) 0.305 0.269  57 (-2, 151) 0.112 0.060  17 (-29, 92) 0.664  0.541 
Wheat bread  0.46 -1 (-26, 34) 0.815 0.959  10 (-16, 44) 0.588 0.508  10 (-17, 47) 0.788 0.497 

Breakfast cereals  0.31 90 (-32, 433) 0.288 0.220  187 (13, 624) 0.038 0.026  51 (-44, 302) 0.397 0.415 
Rice and pasta  0.05 35 (-34, 176) 0.556 0.407  0 (-47, 88) 0.930 0.997  -26 (-62, 45) 0.481 0.380 
Potatoes and potato products  0.47 3 (-62, 178) 0.898 0.950   26 (-49, 208) 0.592 0.617  22 (-53, 215) 0.707 0.685 
Vegetables  0.21 8 (-13, 34) 0.524 0.510  4 (-14, 25) 0.787 0.722  -4 (-22, 19) 0.683 0.722 
Fruit  0.10 7 (-28, 58) 0.686 0.747  53 (8, 117) 0.026 0.017  43 (-2, 109) 0.096 0.060 
Meat and meat products  0.17 19 (-16, 68) 0.315 0.340  -6 (-31, 28) 0.739 0.685  -21 (-43, 10) 0.174 0.168 
Poultry and poultry products  0.42 -25 (-77, 138) 0.637 0.622  219 (11, 813) 0.036 0.031  327 (41, 1194) 0.012 0.010 
Fish and fish products  0.22 -47 (-77, 23) 0.096 0.142  26 (-41, 168) 0.672 0.544  137 (6, 431) 0.032 0.035 

Processed meat, poultry and fish  0.57 35 (-15, 113) 0.157 0.202  -3 (-36, 47) 0.899 0.896  -28 (-53, 12) 0.109 0.144 
Butter and spreads   - -31 (-62, 28) 0.417 0.241  -5 (-44, 63) 0.815 0.856  37 (-23, 143) 0.521 0.279 
Salty snacks  0.38 -49 (-81, 37) 0.311 0.182  -43 (-77, 39) 0.264 0.215  12 (-57, 189) 0.995 0.818 
Cakes, sweets and chocolate  0.22 5 (-34, 67) 0.730 0.829  -17 (-45, 25) 0.369 0.381  -21 (-49, 23) 0.229 0.298 
Sugar sweetened beverages 0.05 -29 (-76, 108) 0.596 0.536  1 (-61, 161) 0.995 0.992  41 (-49, 291) 0.580 0.509 
Bread fillings              
Fillings, total  0.13 7 (-29, 61) 0.712 0.738  18 (-18, 68) 0.478 0.367  10 (-25, 62) 0.782 0.627 
High salt (>2.5g/100g)  0.09 42 (-34, 208) 0.251 0.374  -6 (-53, 88) 0.888 0.871  -34 (-68, 39) 0.181 0.279 
Medium salt (1-2.5g/100g)  0.12 2 (-44, 86) 0.904 0.945  32 (-23, 125) 0.392 0.307  29 (-27, 129) 0.495 0.378 
Low salt (<1.0g/100g)  0.16 63 (-19, 231) 0.141 0.173   78 (-4, 231) 0.058 0.068   9 (-44, 111) 0.829 0.798 
1Analyses are based on imputed datasets and presented as mean difference in % with 95% CI calculated using mixed models with treatment group, age, sex, 
BMI, parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. All values were log transformed 
before analysis 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

ICC = Intracluster correlation coefficient 
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4.4 Results of Paper III 

4.4.1 Salt taste sensitivity 

Table 13 presents the baseline intake and changes from baseline to follow-up in salt taste 

thresholds. From baseline to follow-up salt taste DT was significantly reduced by -18% (-28, -7) 

and there was a trend towards a significant reduction in RT of -16% (-30, 2) in Intervention B. 

No significant changes were found in Intervention A or the control group.  

The results among participants with reductions in salt intake of ≥1.25 in Intervention A and ≥3.0 

in Intervention B were similar to the primary analyses, but the change in DT from baseline to 

follow-up in Intervention B not reach statistical significance (data not shown).  

Between group differences 

Differences between groups at follow-up are presented in Table 14. No statistically significant 

differences were found between groups, but a non-significant reduction in DT and RT of -10% (-

24, 7) and -15% (-33, 8), respectively, were found in Intervention B compared to the control 

group.  

4.4.2 Liking 

Liking of bread with different salt content at baseline and changes from baseline to follow-up are 

presented in Table 13. There were no significant differences in liking of bread with 1.2 and 0.8g 

salt/100g within groups at baseline, but both breads were liked more than bread with 0.4g 

salt/100g (Figure 2). From baseline to follow-up liking of bread with a salt content of 0.4g/100g 

was significantly reduced by -0.4 (-0.7, -0.0) in the control group. Liking of bread with a salt 

content of 1.2g/100g was significantly reduced in all three groups by -0.5 (-0.9, -0.1) in 

Intervention A, -0.5 (-0.8, -0.2) in Intervention B, and -0.6 (-1.0, -0.3) in the control group.  

The subgroups analyses only including participants with reductions in salt intake of ≥1.25 in 

Intervention A and ≥3.0 in Intervention B showed similar results, but the reduced liking of bread 

with 1.2g salt/100g from baseline to follow-up did not reach statistical significance in any of the 

two groups (data not shown).  

Between group differences 

At follow-up, all three groups liked bread with 0.8g salt/100g more than bread with 0.4g and 

1.2g salt/100g, with no difference between the two latter (Figure 2). The intervention resulted in 
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a significantly higher liking of bread with 0.4g salt/100g in Intervention B compared to the 

control (0.4, CI 0.1, 0.8), and a trend towards a higher liking in Intervention A compared to the 

control (0.4, CI -0.0, 0.8). For the two other breads, no significant differences were found 

between groups (Figure 2).  

4.4.3 Salt intake among participants ≥10y 

From baseline to follow-up salt intake among the subgroup >10y significantly decreased in 

Intervention B by -1.6g/day (-2.3, -0.9), whereas no changes were found in Intervention A or the 

control group (Table 13).  

Between group differences 

The intervention resulted in a significant lower salt intake of -1.3g/d (-2.5, -0.1) in Intervention B 

compared to the control group among the subgroup >10y (Table 14). No other differences 

between groups were identified.    

Between group analyses adjusted for age, sex, BMI, smoking and randomization order of 

samples did not change the results, apart from liking of bread with 0.8g salt/100g, where the p-

value changed from 0.078 to 0.048 when comparing Intervention A to the control group (data not 

shown). 

Figure 2: Liking of breads with different salt content at baseline and follow-up in the three groups. Values are mean 
liking ratings (SD). *Within group differences, P < 0.05. Different superscript letters indicate significant differences 
between groups, P < 0.05. 
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Table 13: Baseline values and mean change from baseline to follow-up in salt taste thresholds, liking and salt intake in the three groups1 
      Intervention A Intervention B Control 

  n 
(families)2 

n 
(participants)3 Baseline    

Mean change 
(95% CI) 

P-
value Baseline   

Mean change 

(95% CI) 
P-
value Baseline    

Mean change 
(95% CI) 

P-
value 

Salt taste tresholds4     Median [IQR] % Change   Median [IQR] % Change   Median [IQR] % Change   
Detection (mM) 25/35/29 59/91/65 5.8 [3.4, 8.2] -8 (-23, 11) 0.370 5.8 [2.7, 8.2] -18 (-28, -7) 0.003 4.1 [2.7, 8.2] -8 (-21, 8) 0.329 
Recognition (mM) 25/35/29 57/89/65 8.2 [5.8, 16.8] -18 (-37, 6) 0.131 8.2 [5.8, 11.8] -16 (-30, 2) 0.073 8.2 [5.8, 16.8] -2 (-20, 21) 0.867 
Liking of bread     Mean (SD) Mean change  Mean (SD) Mean change  Mean (SD) Mean change  
0.4g salt/100g 25/34/29 58/90/63 4.2 (1.1) 0.1 (-0.3, 0.4) 0.749 4.2 (1.1) 0.1 (-0.2, 0.4) 0.524 4.2 (1.2) -0.4 (-0.7, -0.0) 0.033 
0.8g salt/100g 25/34/29 58/90/63 4.7 (1.0) 0.3 (-0.0, 0.7) 0.057 4.8 (0.9) 0.1 (-0.2, 0.4) 0.602 4.6 (0.9) 0.0 (-0.2, 0.3) 0.731 
1.2g salt/100g  25/34/29 58/90/63 5.0 (1.0) -0.5 (-0.9, -0.1) 0.012 4.6 (1.1) -0.5 (-0.8, -0.2) 0.001 4.8 (1.0) -0.6 (-1.0, -0.3) 0.000 
Salt intake              
Salt (g/day) 25/35/29 59/91/65 9.0 (3.2) -0.3 (-1.5, 0.9) 0.611 9.2 (2.9) -1.6 (-2.3, -0.9) <0.001 8.9 (3.0) -0.1 (-0.9, 0.7) 0.787 
1Baseline values are mean (SD) or median [IQR]. Fourteen participants at follow-up had missing data on taste thresholds and preferences. One participant at 
baseline and 13 at follow-up had missing data on salt intake. Changes from baseline to follow-up are based on imputed datasets and presented as mean 
difference and 95% CI calculated using mixed models with participant as random effect. 
2Families in Intervention A/Intervention B/Control 
3Participants in Intervention A/Intervention B/Control 
4Values were log transformed before analysis 

 

 

 

Table 14: Between group differences and 95% confidence interval for salt taste thresholds and salt intake1 

  ICC 
Intervention A compared to 

Control 
p-value 

Intervention B compared to 
Control 

p-value 
Intervention B compared to 

Intervention A 
p-value 

Salt taste thresholds2  
      

Detection (%) - 4 (-15, 27) 0.677 -10 (-24, 7) 0.255 -14 (-28, 4) 0.131 
Recognition (%) - -6 (-29, 25) 0.669 -15 (-33, 8) 0.188 -10 (-30, 17) 0.452 

Salt intake        

Salt intake per day (g) 0.26 -0.3 (-1.7, 1.1) 0.651 -1.3 (-2.5, -0.1) 0.038 -1.0 (-2.3, 0.4) 0.148 
1Values are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random effect. Fourteen 
participants at follow-up had imputed data on taste thresholds and preferences, while one participant at baseline and 13 at follow-up had imputed data on salt 
intake. ICC = Intracluster correlation coefficient  
2Values were log transformed before analysis 
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5 Discussion 

5.1 Discussion of main results 

This study demonstrated that provision of salt reduced bread with dietary counselling for four 

months was effective in lowering daily salt (sodium) intake and the sodium to potassium ratio 

among adults but not children when being measured by 24-h urine collections. Provision of salt 

reduced bread in the absence of dietary counselling also lowered the daily salt (sodium) intake 

and the sodium to potassium ratio among adults, despite not reaching statistical significance, but 

not children when being measured by 24-h urine collections. When sodium and potassium was 

measured using seven consecutive days of food recording, provision of salt reduced bread with 

dietary counselling resulted in a non-significant lowering of daily salt (sodium) intake and a 

lower sodium to potassium ratio among both children and adults. Compared to the results from 

the 24-h urine collections, the reductions among adults were less pronounced. Provision of salt 

reduced bread without dietary counselling lowered salt (sodium) intake and the sodium to 

potassium ratio when being estimated from seven consecutive days of food recording, but it only 

reached statistical significance among children.   

Results from the dietary records also showed that provision of salt reduced bread with dietary 

counselling increased energy intake and reduced the E% from saturated fat slightly, whereas 

provision of salt reduced bread alone did not affect the energy intake or macronutrient 

distribution. Regarding the intake of food groups, the intervention did not result in any 

differences between groups in the intake of bread, and there was no evidence of a compensating 

behavior by consumption of bread fillings. Consumption of other salt rich food groups was 

slightly affected by provision of salt reduced bread alone, as this resulted in a lower intake of 

‘cheese and cheese products’. The intake of ‘fruit’ increased among adults who received salt 

reduced bread with dietary counselling, whereas the intervention did not affect consumption of 

‘vegetables’. Intake of starchy food groups was not affected, apart from a higher consumption of 

‘breakfast cereals’ when receiving salt reduced bread with dietary counselling. The intake of the 

majority of food groups potentially having an impact on health and/or nutrient intake was not 

affected by the intervention, but providing salt reduced bread with dietary counselling resulted in 

a higher intake of ‘poultry and poultry products’ among adults and a higher intake of ‘fish and 

fish products’ among children. 
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Salt taste sensitivity did not differ between groups after the intervention, although provision of 

salt reduced bread with dietary counselling decreased salt taste DT and tended to decrease salt 

taste RT from baseline to follow-up. Liking for bread with 0.4g salt/100g was higher after 

receiving salt reduced bread with and without dietary counselling, despite not reaching statistical 

significance when only providing salt reduced bread. From baseline to follow-up, liking for 

bread with 0.4g salt/100g was reduced in the control group, whereas no changes were observed 

in the intervention groups. All three groups reduced their liking for bread with 1.2g salt/100g 

from baseline to follow-up. 

5.1.1 Salt (sodium) intake 

The average baseline salt intake, estimated from 24-h urine collections, was 6.5g/day (2.6g 

sodium), 6.3g/day (2.5g sodium) and 5.8g/day (2.3g sodium) among children in Intervention A, 

Intervention B and the control group, respectively. Similar findings were found when the intakes 

were estimated from dietary records, with intakes of 6.8g/day (2.7g sodium), 6.8g/day (2.7g 

sodium) and 6.5g/day (2.6g sodium), respectively. The baseline salt intake was slightly lower in 

the control group, especially when measured from the 24-h urine collections. This may be due to 

children in this group being slightly younger. The mean age among children in the control group 

was 8.4y, compared to 9.5y and 9.1y in the two other groups. During childhood energy 

requirements increase with age123, and because energy intake is positively associated with salt 

intake124, this may explain the slightly lower salt intake among children in the control group.  

The average daily salt intake among children in the general Danish population, have to my 

knowledge not been estimated based on 24-h urine collections. Based on dietary records, the 

daily salt intake have been estimated to 7.5g/day among children aged 4-9y and 8.5g/day among 

children aged 10-17y7. Hence, the estimated daily salt intake among study participants was lower 

compared to the intake among children in the general Danish population. However, when taking 

potential differences in energy intake into account, by comparing intakes in g/10MJ, the baseline 

salt intake in children in the study population of 9.3g/10MJ (3.7g sodium), 10.0g/10MJ (4.0g 

sodium) and 9.5g/10MJ (3.8g sodium) were similar to but slightly higher than the estimated 

average intake of 9.3g/10MJ among children aged 4-9y and 9.8g/10MJ among children aged 10-

17y in the Danish population7.  

Among adults, the average baseline salt intake, estimated from 24-h urine collections, was 

9.5g/day (3.8g sodium), 9.3 g/day (3.7g sodium) and 9.5g/day (3.8g sodium) in Intervention A, 
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Intervention B and the control group, respectively. The salt intakes were slightly lower when 

these were estimated from dietary records, with average salt intakes of 8.8g/day (3.5g sodium), 

8.8g/day (3.5g sodium) and 9.3/day (3.7g sodium), respectively.  

The intakes estimated from the 24-h urine collections are slightly higher compared to a previous 

Danish study estimating salt intake from 24-h urine collections, as they found an average salt 

intake of 8.6g/day125. Compared to the adult participants in the present study, the participants 

were older (median age of 48y for men and 53y for women), and since energy requirements 

decrease with age in the adult population123, this may explain the differences observed in daily 

salt intake. When comparing salt intake estimated from dietary records, the intake in the study 

population was slightly higher than the estimated average salt intake of 9.5g/day among adults in 

the general Danish population. However, when taking potential differences in energy intake into 

account, by comparing intakes in g/10MJ, the estimated intakes in the study populations of 

9.8g/10MJ (3.9g sodium), 10.3g/10MJ (4.1g sodium) and 10.3g/10MJ (4.1g sodium) were 

similar to but slightly higher than the estimated intake of 9.8g/10MJ in the Danish population7. 

To sum up, the baseline salt intake among both children and adults were similar to that of the 

general Danish population, and it greatly exceeds the recommended intake of 3-4g salt/day for 

children between 2-9y and maximum 6g salt/day for individuals ≥10y61. 

The effect of the intervention varied depending on the method used to estimate salt intake. 

Provision of salt reduced bread with and without dietary counselling did not result in a lower salt 

intake in children, when this was estimated based on a single 24-h urine collection. In contrast, 

both interventions resulted in a lower salt intake of 0.8g/day (0.3g sodium) when this was 

estimated based on dietary records. Because 93% of consumed sodium is excreted in the urine, 

24-h urine collections are regarded as the most valid measure of salt intake126. However, salt 

intake varies from day-to-day, and several 24-urine collections are needed to assess the habitual 

intake126. In the present study, salt intake in children was estimated based on a single 24-h urine 

collection (on a Sunday), due to difficulties with urine collection during daycare and school. On 

the contrary, seven days of dietary recording were used when estimating the salt intake based on 

dietary records. Hence, the extended collection period in the dietary records may provide a better 

estimate of the habitual intake, potentially making these estimates superior when evaluating the 

effect of the intervention on salt intake among children. Similar to the findings among children, 

the use of method to estimate salt intake affected the results among adults, but mainly among the 
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group receiving salt reduced bread and dietary counselling. Provision of salt reduced bread alone 

resulted in a moderate lower salt intake in adults of 0.8g/day (-0.3g sodium) when being 

estimated based on 24-h urine collections and 0.5g/day (-0.2g sodium) when being estimated 

based on dietary records, both of which were non-significant. Provision of salt reduced bread in 

combination with dietary counselling resulted in a lower salt intake in adults of 1.5g/day (-0.6g 

sodium) when being estimated based on 24-h urine collections and 0.5g/day (-0.2g sodium) 

when being estimated based on dietary records, the latter being non-significant. Adults provided 

three 24-h urine samples, hence, both measures estimating salt intake in adults accounted for the 

day-to-day variation in salt intake. This may explain why there is a better consistency between 

the estimated intakes in adults receiving salt reduced bread alone compared to the estimated 

intake in children. However, in adults receiving dietary counselling, the salt intake differed to a 

great extent depending on the method used to estimate salt intake. The dietary assessment tool 

was not specifically developed, and only slightly modified, to estimate changes in salt intake, 

and it may not have been sufficiently sensitive to estimate changes in salt consumption resulting 

from the dietary advice given in the dietary counselling. Participants were advised to choose 

food products with less salt, by checking the information of the nutrition declaration and/or 

selecting products with the keyhole label. The dietary registration tool only included generic 

food products, and any reductions in salt intake resulting from substituting food products to low 

salt versions of the same products were not captured in the dietary records. Another advice in the 

dietary counselling was to reduce the use of salt when cooking and at the table, but discretionary 

salt use was not measured in the dietary records. The lack of sensitivity in the dietary records is 

likely to have underestimated the effect of the dietary counselling on salt intake. Hence, the salt 

intake estimated based on the 24-h urine collections is likely to better estimate the effect of the 

intervention among adults receiving salt reduced bread with dietary counselling.     

The findings on salt intake in the present study are comparable to the findings in a similar RCT 

conducted by Cashman and colleagues127. During a period of five months, participants received 

salt reduced bread, no salt margarine and meats without added salt, in combination with dietary 

advice on how to lower salt intake. The study only included adult participants and salt intake was 

estimated from 24-h urine collections. The intervention reduced daily salt intake by 1.7g, thereby 

being similar to the reduction of 1.5g/day among adults in the present study receiving both salt 

reduced bread and dietary counselling. The participants in the study by Cashman et al. had 
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slightly or moderately elevated BP (>120/80mmHg). Notably, the result in the present study 

provide evidence that reduction in dietary salt is equally achievable among healthy adults.  

Previous research have also investigated the impact of providing salt reduced bread without 

dietary counselling. In a randomized cross over trial, conducted in Argentina by Ferrante et al.128, 

adult participants received bread with a regular salt content (2.0g/100g) and bread with a low salt 

content (1.4g/100g). Each type of bread was provided for 15 days with a washout period of 5 

days. During the low salt bread period, salt intake, estimated from 24-h urine collections, was 

lowered by 1.5g/day. This level of reduction was considerably larger than the reduction of 

0.8g/day (0.3g sodium) achieved among adults receiving salt reduced bread without dietary 

counselling in the present study. The average intake of bread in Argentina is estimated to 

190g/day128, and in the present study, the median baseline bread consumption among adults in 

Intervention A was 132g/day (mean 140.0g/day). Hence, the lower effect on salt intake 

compared to the study by Ferrante et al. may result from a lower consumption of salt reduced 

bread.  

In the present study, provision of salt reduced bread without dietary counselling was expected to 

result in a reduction in salt intake of 1.25g/day (based on the power calculation). Yet, this 

expectation was based on an intake of bread of 175g/day in adults (inclusion criteria). The lower 

consumption of salt reduced bread (median 132g/day) may therefore explain why the effect on 

salt intake was lower than anticipated. During the intervention, bread consumption increased 

slightly and although compliance was high (92%), not all consumed bread was substituted by salt 

reduced project bread. Data from the dietary records revealed that project bread on average 

accounted for 80% of the consumed bread among participants in Intervention A. Based on the 

intake of rye bread and wheat bread at follow-up, and assuming that 80% of the bread was 

accounted for by project bread, a reduction in salt intake of 0.6g/day would be achievable from 

the salt reduced bread intervention among adults in Intervention A. This level of reduction is 

similar to the reduction in salt intake of 0.5g/day (0.2g sodium) estimated from dietary records. 

The reduction in salt intake estimated from the three 24-h urine collections, was slightly higher, 

with an estimated reduction of 0.8g/day. The estimated intake from the dietary records may have 

been lower due to underreporting, as 30% of participants in Intervention A were classified as 

having an underreported intake of energy. Based on the above, the salt reduced bread 

intervention without dietary counselling seemed to be effective in lowering salt intake, but 
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because bread consumption was lower than anticipated, and because not all consumed bread 

consisted of project bread, the achieved reduction of 0.8g/day was lower than the anticipated 

reduction of 1.25g/day. Similarly, the reduction in salt intake achieved by providing salt reduced 

bread in combination with dietary counselling was lower than anticipated. The intervention was 

expected to lower daily salt intake by 3.0g, but the effect on salt intake was moderate with a 

reduction of 1.5g/day in adults. In the same way, this may partially result from the lower than 

expected consumption of salt reduced bread. The median intake of bread at baseline among 

adults in Intervention B was 136g/day (mean 134.9g/day). During the intervention consumption 

of bread increased, and although compliance was high (87%), not all consumed bread was 

substituted by salt reduced project bread, which accounted for 85% of total bread consumption at 

follow-up. Based on the estimated intake of rye bread and wheat bread at follow-up, a reduction 

in salt intake of 0.6g/day would be achievable from the salt reduced bread intervention among 

adults in Intervention B (similar to Intervention A). This level of reduction is similar to the 

reduction in salt intake of 0.5g/day (0.2g sodium) estimated from dietary records. Consumption 

of bread was estimated from the dietary records, and 35% of participants in Intervention B were 

classified as having an underreported intake of energy at follow-up. Hence, the reduction in salt 

intake resulting from consumption of salt reduced bread in Intervention B may have been slightly 

higher and comparable to the reduction of 0.8g/day observed in Intervention A (estimated from 

24-h urine collections). The fact that the bread intervention lowered salt intake to a smaller 

degree than expected in both interventions, suggest that it may be necessary to reduce the salt 

content in several processed foods to achieve substantial reductions in salt intake, particularly 

considering that 80% of dietary salt is consumed from sources other than bread7.  

Moreover, assuming that the salt reduced bread intervention reduced dietary salt intake with 

0.8g/day, this would mean that the dietary counselling reduced salt intake by an additional 

0.7g/day in adults in Intervention B (based on the total reduction of 1.5g/day). Thus, giving 

dietary counselling in addition to salt reduced bread seem effective in lowering dietary salt to a 

greater extent than salt reduced bread alone. Nevertheless, the addition of dietary counselling 

was expected to reduce salt intake by an extra 1.75g/day. Hence, the assumed reduction of 

0.7g/day resulting from the dietary counselling suggests that it may be difficult to achieve large 

reductions in salt intake through education alone.   

In relation to the results regarding the dietary counselling, it is important to mention that due to 
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the methodological limitations when measuring salt intake in children, it was not possible to 

evaluate if dietary counselling reduces salt intake to a greater extent than salt reduced bread 

alone in children. 

The impact of the salt reduction interventions on cardiovascular risk factors have been published 

by Toft et al129. Neither of the two salt reduction strategies significantly lowered BP, but a non-

significant reduction in SBP of -1.50 and DBP of -0.81mmHg were achieved among adults in 

Intervention B. The BP lowering effect of salt reduction is more pronounced in individuals with 

high BP values34. Due to the inclusion of healthy individuals and children in the present study, a 

smaller effect of salt reduction on BP was expected. Findings from a systematic review and 

meta-analysis of RCTs demonstrated that a reduction in salt intake of 5.7g/day (100mmol), 

estimated from 24-h urinary sodium excretion, lowered SBP by 2.42mmHg and DBP by 

1.00mmHg in normotensive individuals34. Hence, the non-significant reduction in SBP of -1.50 

and DBP of -0.80mmHg, achieved by a reduced salt intake of 1.5g/day, appear reasonable, and 

greater reductions in salt intake seem to be required to achieve substantial reductions in BP. No 

additional effect on CVD risk factors, including plasma lipid concentrations, renin, aldosterone, 

adrenaline, noradrenaline, glucose, HbA1c, BMI, and fat percent were identified by providing 

salt reduced bread in combination with dietary counselling, but body fat percent was reduced in 

adults receiving salt reduced bread alone. Moreover, analyses conducted on complete cases 

resulted in reductions in plasma total cholesterol, plasma LDL cholesterol and renin in adults 

receiving salt reduced bread alone. The beneficial effects on CVD risk factors were achieved 

although salt intake was only lowered by 0.8g/day (0.3g sodium). The effect of salt reduction on 

CVD risk factors have been investigated previously. Results from a systematic review 

demonstrated that low salt intake (3.8g/day) compared to high salt intake (11.5g/day) increased 

the levels of renin, aldosterone, adrenaline, noradrenaline, cholesterol and triglyceride and only 

resulted in small effects on BP among normotensive individuals130. Findings like this have made 

some researchers question whether salt reduction may adversely affect health. However, the 

review included studies with a very short duration and with large acute reductions in salt intake, 

which does not correspond to the recommendations of small and gradual reduction in population 

salt intake. A similar systematic review, only including studies with a minimum duration of four 

weeks and with a modest reduction in salt intake (4.4g/day), found no adverse effects on 

cholesterol and triglycerides, and although the levels of renin, aldosterone, and noradrenaline 
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increased slightly, this did not prevent a reduction in SBP of ‐4.18 and DBP of ‐2.06mmHg34. 

Promisingly, this study provides evidence that small and gradual reduction in salt intake up to 

1.5g/day reduces BP (non-significant) and does not adversely affect risk factors for CVD.   

5.1.2 Potassium and the sodium to potassium ratio 

The intake of potassium, estimated from 24-h urine collections, was 2.0g/day, 1.8g/day and 

1.7g/day among children in Intervention A, Intervention B and the control group, respectively, at 

baseline. In adults, the estimated intake was 3.1g/day, 2.9g/day and 3.0g/day, respectively. The 

intake estimated from the 24-h urine collections were slightly lower than the intake estimated 

from dietary records. Food items associated with a healthy life style, including fruit and 

vegetables131, contain high amounts of dietary potassium59. Self-reported intake of healthy food 

is susceptible to over reporting due to social desirability and approval bias132. Therefore, the 

higher self-reported intake of potassium in the dietary records compared to the objective measure 

from the 24-h urine collections may result from an over reported intake of food items associated 

with a more healthy lifestyle.  

The intake of potassium in the study population was lower among both children and adults in 

comparison to the estimated daily intake in the Danish population7. However, when taking 

differences in energy intake into account, by comparing the estimated intake in g/10MJ, the 

intake in the study population was similar to the estimated intake in the Danish population7.  

The average intake of potassium was below 3.5g/day in all three groups, which is the level of 

consumption associated with lower BP and reduced risk of CVD in adults59. The intervention did 

not significantly affect the intake of potassium, when this was estimated based on the 24-h urine 

collections, but when the intake was estimated from the dietary records, a higher intake of 

dietary potassium of 0.3g/day was observed in Intervention B compared to the control. However, 

this was not sufficient to reach the level of 3.5g/day. The dietary counselling was primarily 

focused on salt reduction, and there was a limited focus on the intake of potassium. Incorporation 

of strategies aiming specifically at increasing dietary potassium is likely required to affect the 

intake considerably.  

Based on the recommended intake of sodium of ≤2.4g/day61 and potassium of ≥3.5g/day59 the 

ratio between sodium and potassium considered most beneficial for health would be 0.7. At 

baseline, sodium intake was above the recommend intake whereas potassium was below, and this 
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resulted in less optimal ratios between sodium and potassium, with values across groups between 

1.3 and 1.4, estimated from the 24-h urine collections (g/day) (data not shown). The ratios were 

similar, but some slightly lower, when estimated from the dietary records with values across 

groups between 1.1 and 1.3. The ratios estimated from values of sodium and potassium in 

mmol/day, differed from the ones estimated in g/day due to differences in the molar mass of 

sodium (22.98976928g/mol) and potassium (39.0983g/mol). Both salt reduction strategies 

lowered the sodium to potassium ratio. The achieved reductions were between 10% and 16% in 

both children and adults when estimated from the dietary records, whereas a reduction of 20% 

were found in adults in Intervention B, when the effect was estimated from 24-h urine 

collections. Although both salt reduction interventions successfully reduced the sodium to 

potassium ratio, strategies that lower sodium and increases potassium to a greater extent are 

necessary to reach the ratio of 0.7 considered most beneficial for health. 

5.1.3 Dietary effects  

The average recorded energy intake did not differ significantly between groups at baseline, but 

there seemed to be a slightly higher energy intake among children in Intervention A, and a 

slightly lower energy intake among adults in Intervention B. The estimated average energy 

intake in the Danish population is 8100kJ in children aged 4-9y, 8800kJ in children aged 10-17y, 

and 9800kJ in adults (>18y)7. Hence, recorded intake of energy in the study population was 

lower among both children and adults compared to the Danish population. 

During the intervention energy intake decreased in Intervention A and the control group (non-

significantly), whereas energy intake increased significantly in adults in Intervention B, resulting 

in a higher energy intake of 841kJ compared to the control. This did not seem to result from 

differences in the proportion of participants with an underreported energy intake, as this 

accounted for 30% in Intervention A, 28% in Intervention B and 24% in the control group at 

baseline and 30%, 35% and 32%, respectively, at follow-up. A previous study found higher ad 

libitum intake of soup with a low salt content compared to high salt content133, suggesting that a 

reduced salt content in a food item may contribute to a greater consumption and thereby a higher 

energy intake. Provision of salt reduced bread did increase bread intake from baseline to follow-

up, but this did not differ significantly from consumption of bread with a regular salt content 

given to the control group. The increased energy intake seems to have resulted from both non-

significant higher intakes of ‘milk and milk products’, ‘bread’, ‘potatoes’, ‘vegetables’, ‘fish and 
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fish products’ and significant higher intakes of ‘breakfast cereals’, ‘poultry and poultry products’ 

and ‘fruit’. The intake of ‘breakfast cereals’ and ‘poultry and poultry products’ appeared to be 

affected to a large extent, with reported differences in intakes between Intervention B and the 

control group of 187% and 219%, respectively. Nevertheless, the baseline intake of these food 

groups were low (17g/day and 24g/day) and the consumption decreased in both Intervention B 

and the control group from baseline to follow-up. Thus, the actual consumption in g/day did not 

seem to differ considerably between groups. In contrast, intake of ‘fruit’ increased with 85% 

from a baseline value of 90g/day, and this change resulted in a higher ‘fruit’ consumption of 

53% in adults in intervention B compared to control. Likewise, the intake of ‘potato and potato 

products’ increased significantly among adults in Intervention B with 114% from a baseline 

value of 31g/day, and although this did not differ significantly from the intake in the control 

group at follow-up, the intervention resulted in a higher intake of 26% in Intervention B 

compared to control. Considering the energy content of these foods this may partially explain the 

higher energy intake. During the dietary counselling, participants were advised to increase their 

consumption of both fruit and potatoes, and participants may have done this without substituting 

other products. However, it could also be speculated, that adult participants in Intervention B 

exaggerated their reported intake of fruit and potatoes to appear compliant or achieve approval 

from the nutrition counsellors. Another possible explanation for the different effect on energy 

intake may result from differences in the quality of the dietary records and thereby not reflect an 

actual change in energy intake. Participants receiving dietary counselling may have increased 

their commitment and motivation to the intervention, and thus provided more detailed dietary 

records, resulting in a higher reported energy intake at follow-up. The same level of commitment 

may not have been achieved when receiving project bread only (Intervention A and the control 

group). Hence, some participants may have altered their diet or decided not to report their actual 

intake to avoid the large respondents burden associated with multiple days of dietary 

recording134, resulting in a reduction in the reported energy intake. This is further supported by 

the fact that BMI did not change in any of the three groups during the intervention129.  

The macronutrients distribution did not differ significantly between the intervention groups and 

the control group at baseline. In both children and adults, the macronutrient distribution looked 

similar to the distribution in the Danish population, based on visual judgement when comparing 

the estimated E%7. The intervention resulted in higher intakes of polyunsaturated fat, available 
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carbohydrates, dietary fiber and protein among adults in Intervention B compared to the control 

group. The macronutrient distribution in both salt reduction interventions remained similar to the 

control group, apart from a slightly lower E% from saturated fat among participants in 

Intervention B. Hence, providing salt reduced bread with and without dietary counselling does 

not negatively affect the quality of the diet in terms of the macronutrient distribution, with regard 

to the Nordic Nutrition Recommendations135. 

The effect of providing salt reduced bread on the consumption of selected food groups have been 

investigated in previous studies76,85. A RCT study, conducted by Bolhuis et al. in the 

Netherlands, investigated the effect of providing bread reduced in salt content by 52% and 67% 

on bread consumption and salt intake compensation by choice of sandwich fillings76. The salt 

content in bread was reduced from 1.8g/100g to 0.87g/100g (52%) and 0.6g/100g (67%). The 

bread was consumed during breakfast at weekdays for four weeks. Similar to the findings in the 

present study, the bread reduced in salt content by 52% did not affect bread consumption or 

choice of sandwich fillings, but opposed to the findings in the present study, bread consumption 

decreased when bread was lowered in salt content by 67% in the study by Bolhuis and 

colleagues. The contrasting findings may result from differences in duration and exposure to salt 

reduced bread. Preferences for food reduced in salt may develop gradually over time with 

frequent consumption136. Hence, in the study by Bolhuis et al. the short duration of four weeks in 

combination with only consuming the salt reduced bread for breakfast during weekdays may 

have been insufficient to become accustomed to the lower salt content in bread. Notably, this 

study demonstrates that reduction in salt content of bread up to 67% does not reduce bread 

consumption or compensate for the lower salt content by selecting salty fillings.  

Janssen and colleagues also investigated the impact of providing salt reduced food in a RCT in 

the Netherlands85. During a period of three weeks, participants received lunches with a regular 

salt content or a reduced salt content. The provided food products consisted of bread, cold cuts, 

cheeses, salad spreads, hot snacks, soups and dressings. The salt reduced food products were 

lowered in salt content between 29% and 61%. The amount of food consumed from each food 

category did not differ between the salt reduced lunches and the regular salt lunches. The study 

resulted in a reduction in salt intake of 2.5g/day, and the intervention did not initiate a salt 

compensating behavior during the remainder of the day. Correspondingly, there was no evidence 
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of salt intake compensation by the intake of salty fillings or other salty food groups such as 

‘cheese and cheese products’, ‘butter and spreads’ and ‘salty snacks’ when providing salt 

reduced bread both with and without dietary counselling. However, there was a non-significant 

higher intake of ‘processed meat, poultry and fish’, when receiving salt reduced bread alone, but 

this potential compensating behavior did not prevent a reduction in dietary salt. Moreover, a 

lower intake of salt does not seem to be compensated by a higher intake of sugary food groups, 

as the intake of ‘cakes, sweets and chocolate’ and ‘sugar sweetened beverages’ did not differ 

between the intervention groups and the control group.  

5.1.4 Salt taste sensitivity 

The median salt taste DT were between 4.1mM and 5.8mM and RT were 8.2mM across the three 

groups at baseline. A recent study conducted in Norway among 11y old children found similar 

levels for salt taste DT of 5.5mM (0.32g/L), whereas RT were higher with levels of 16.6mM 

(0.97g/L). In adults, a study in Brazil identified a higher DT of 8.0mM, whereas similar values 

were seen for RT of 8.0mM137.  

Salt taste DT and RT were not significantly affected by providing salt reduced bread with and 

without dietary counselling when compared to the control group, but salt taste DT was 

significantly decreased and there was a non-significant trend towards a decrease in RT from 

baseline to follow-up among participants receiving salt reduced bread with dietary counselling. 

Previous studies have shown that changes in salt intake influence salt taste sensitivity. A RCT 

trial conducted by Huggins et al. showed that an increase in salt consumption increased salt taste 

RT138. A study conducted by Bertino et al. demonstrated that the inverse also occurs, as a 

reduction in salt intake for five months increased the perceived salt taste intensity in salt 

containing food71. The present study support these findings, as the reduced salt intake of 

1.3g/day among participants ≥10y in Intervention B resulted in a trend towards a reduction in DT 

and RT (increased sensitivity) compared to the control. The modest reduction in salt intake of 

0.3g/day among participants ≥10y in Intervention A did not affect salt taste DT or RT. The 

reduction in salt intake in the subgroup of participants ≥10y was estimated from 24-h urine 

collections. Because this method may underestimate the effect of the intervention among 

children, the actual salt reduction in this subgroup of participants may have been larger, and 

results from the seven consecutive days of food recording showed reductions of 0.8g/day in 
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Intervention A. Nevertheless, this level of reduction was inadequate to affect salt taste DT and 

RT, suggesting that more pronounced reductions in salt intake are needed to affect salt taste 

sensitivity. This is supported by the findings in the study by Betino et al., where the increased 

perceived salt taste intensity was achieved when salt intake was reduced from 7.9g/day to 

2.5g/day71.  

Findings from previous research suggest that interaction of salt taste in the oral cavity is 

necessary to modulate salt taste acuity, since consumption of salt in capsules does not alter salt 

taste DT or perceived salt taste intensity139. In the present study, some of the regular salt in the 

salt reduced bread was substituted with a liquid low sodium salt109, in order to prevent a large 

decrease in salt taste. Hence, bread with a salt content of 0.4g salt/100g was aimed to taste 

equivalent to 0.55g salt/100g. As a result, there was a maintenance in oral exposure to salt taste 

during the study even though salt intake was reduced, and this may have prevented an increase in 

salt taste sensitivity. Moreover, participants in the study population had low salt taste DT and RT 

already when entering the study and this may have made it difficult to improve salt taste 

sensitivity considerably. 

5.1.5 Liking of bread with varying salt content 

Bread with a salt content of 0.4g/100g was liked less than bread with a salt content of 0.8 and 

1.2g salt/100g in all three groups at baseline. Provision of salt reduced bread with and without 

dietary counselling resulted in a higher liking of bread with 0.4g/100g, although not reaching 

statistical significance when providing salt reduced bread alone. Similarly, a study conducted by 

Blais and colleagues demonstrated that adherence to a low salt diet over a one-year period 

resulted in higher liking of lower salt foods compared to a control140. Nevertheless, in the study 

by Blais and colleagues, liking for the lower salt foods also increased from baseline to follow-up, 

which contrast with the findings in the present study, where consumption of salt reduced bread 

resulted in a maintained liking for bread with 0.4g salt/100g from baseline to follow-up. The 

contrasting findings may result from differences in the length of the studies, as the present study 

only covered a period of four months compared to one year in the study by Blais and colleagues. 

Moreover, the reductions in salt intake achieved in the present study may not have been 

sufficient to shift preferences towards lower salt foods. However, evidence exist that liking of 

salt reduced food can increase even when diets are unrestricted in salt intake141,142. Methven and 
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colleagues repeatedly exposed participants to a soup with no added salt and investigated the 

effect on liking141. The soup was tasted on eight occasions at approximately daily intervals. The 

intervention resulted in an increased liking of the no salt soup. Similarly, a study conducted by 

Bobowski et al. investigated liking of tomato juice with varying salt content (1.6g, 1.2g, 0.8g and 

0.3g/237ml) after repeated exposure to tomato juice either gradually or abruptly reduced in salt 

content from 1.6g/237ml to 0.3g/237ml for 16 weeks142. Both groups exposed to salt reduced 

tomato juice increased their liking of all the tomato juices reduced in salt content. In the present 

study, repeated exposure to salt reduced bread did not translate into increased liking of bread 

with a low salt content of 0.4g/100g from baseline to follow-up. The contrasting findings may 

result from the different exposure foods. Tomato soup and tomato juice are more likely to be 

consumed on its own in comparison to bread, which is often consumed in combination with 

spreads and fillings. The sensory test with bread may therefore not reflect the way bread was 

exposed to the participant during the study in the same way as the exposure foods in the two 

other studies. This is supported by the findings from a previous study investigating the effect of 

providing bread gradually reduced in salt content for six weeks on liking. Similar to the findings 

in the present study, liking for the salt reduced bread was maintained from baseline to follow-

up75.   

All three groups reduced their liking for bread with 1.2g salt/100g from baseline to follow-up. 

Since all participants were aware that the study was about salt, it could be speculated that this 

introduced response bias towards lower liking of bread containing the highest amount of salt of 

1.2g/100g.  

Although there are some evidence of a relationship between an individual’s salt taste sensitivity, 

liking, and consumption of salty foods, these associations are complex and many studies have 

failed to find associations between salt taste thresholds and liking for salty foods72,73. Moreover, 

an increased liking of a single salt reduced food product may not translate into increased liking 

of other salt reduced food products. Encouragingly, liking of bread with 0.8g salt/100g did not 

differ from liking of bread with 1.2g salt/100g at baseline, indicating that salt content in 

commercially produced bread could be reduced from the current average salt content of 

approximately 1.2g/100g to 0.8g salt/100g immediately, without negatively influencing 

consumer acceptance.  
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5.2 Strengths and limitations 

An important strength of the STRIVE study lies in the study design, as this was a real-life cluster 

RCT. The randomization of participants by chance to receive intervention or control treatment 

minimizes the risk of confounding and make groups comparable to both known and unknown 

factors. In the present study, more participants were by chance assigned to Intervention B. To 

ensure equal numbers of families were allocated to the three groups we could have used block 

randomization143. Nevertheless, the randomization was successful in ensuring that there were no 

significant differences between the three groups in the baseline characteristics and the primary 

outcome. Another strength of the study, in relation to the study design, was that all three groups 

received the exact same type of bread that only differed in salt content. Thereby it was possible 

to determine the specific effect of lowering the salt intake, independently of other dietary factors. 

Furthermore, participants were blinded to the bread intervention. Together these efforts limits the 

risk of performance bias144.  

The study took place in a real life setting, in which families substituted their habitual 

consumption of bread with bread products provided by the study. Families who received dietary 

counselling were empowered to make dietary changes to reduce salt intake in their habitual 

environments. Hence, the effect of the two salt reduction interventions was achieved in the “real 

world”, which increases the generalizability of the results to the wider Danish population.  

The intake of bread was lower than the 175g/day specified in the inclusion criteria. Because it 

was difficult for potential participants to assess if their average daily bread consumption was 

≥175g bread, it was decided to assume that the criteria was fulfilled if bread was consumed on a 

daily basis. To ensure a higher daily bread consumption among participants it may have been 

necessary to set criteria of minimum two bread-containing meals a day. However, that could 

result in difficulties with inclusion of a sufficient number of participants. In fact, the number of 

participants requited to the study was lower than planned according to the study protocol, which 

resulted in lower statistical power than expected. According to the power calculation, a total of 

100 participants were required in each group to estimate differences in salt intake of 1.2g/day. 

This was not achieved in Intervention A, where the total number of participants were 81. Due to 

the lower intake of bread than expected, the effect of the salt reduction intervention was also 

lower than expected, further reducing statistical power. This could probably explain the lack of 
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significant difference in some of the analyses, including the analyses conducted on salt (sodium) 

in adults receiving salt reduced bread alone as well as the sensitivity analysis conducted on 

sodium estimated from the 24-h urine collections, since the estimates were similar to the findings 

from the intention to treat analysis.  

Another drawback of the study, regards the number of participating children. It would have been 

interesting to conduct separate analysis for children and adolescents to investigate if the 

intervention affected children differently during different stages of childhood and youth. 

Moreover, it was not possible to conduct separate analysis on sensory outcomes in children 

between 10-15y as stated in the protocol, due to the low number of participating children in this 

age group. Hence, valuable insights on the impact of the intervention on sensory outcomes 

separately for children remains unknown.  

A strength of the study is the estimation of daily salt intake based on both repeated 24-h urine 

collections and seven-day dietary records. Both methods have strengths and limitations but 

together they provide a strong measure of salt intake.  

On the limitations side, the study did not include a process evaluation, which could have 

provided more insights into the strengths and weaknesses of the interventions to use in future salt 

reduction strategies. 

5.2.1 Methodological considerations 

The most valid measure of salt intake is repeated 24-h urine collections, as approximately 93% 

of consumed sodium is excreted in the urine48. However, there are challenges associated with 24-

h urine collections. First of all, several measures are needed to take the day-to-day variation in 

salt intake into account, resulting in high respondent burden. Because of this, potential 

participants may refrain from entering studies that involve 24-h urine collections. This may make 

it difficult to recruit a sufficient number of participants and it may introduce selections bias if 

some groups are under- or overrepresented48. Secondly, the urine collections may not be 

complete. Undercollection is a common problem and associated with underestimation of sodium 

(salt) intake, whereas overcollection do the opposite48. To enhance the quality control of the 

urine samples, measures of completeness should be incorporated. In the present study, 

consumption of PABA tablets were used to validate the completeness of samples in adults, 

whereas this was evaluated based on self-reported urine volume and collection time in children 
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and adults who failed to consume PABA correctly. Results from the sensitivity analyses showed 

overall good agreement with the results from the intention to treat analysis, indicating 

completeness of most urine samples. However, the lack of using a better validation tool to assess 

completeness of urine samples in children, in addition to the fact that they only collected a single 

urine sample, questions the validity of these results, and stresses that the seven-day dietary 

record may be superior in estimating the effect of the intervention on sodium (salt) intake in 

children.  

Estimating dietary sodium (salt) from dietary records is however also associated with a number 

of methodological strengths and limitations. In the present study, salt intake was lower when 

estimated from dietary records compared to 24-h urine collections in adults. This corresponds 

with the findings in another study comparing sodium intake based on dietary assessments and 

24-h urinary excretions145. There is a high variability in the salt content in both home cooked 

meals and processed food. Analyses on salt content in more than 7200 food items revealed that 

in most food categories salt content varied with more than half in the product with the highest 

content compared to the product with the lowest content146. The high variability makes it 

difficult to estimate the accurate salt intake from these sources, particularly when the dietary 

assessment tool only includes generic food products, as in the present study. Inclusion of branded 

food products in the assessment tool could potentially increase the accuracy with which salt 

intake was estimated from processed foods, but that requires a frequently updated food 

composition database with accurate data on salt content in each food product. It would also 

require that participants are aware of the brand they consume, which may not always be the case, 

especially not when consuming food in canteens at workplaces and in schools. Moreover, the use 

of discretionary salt is difficult to quantify, and often omitted in dietary assessments, similar to 

the one in the present study. Excluding measures on discretionary salt is associated with under-

estimation of dietary salt intake. In relation to the present study, it was not possible to assess if 

changes in salt intake resulted from changes in the use of discretionary salt. As previously 

mentioned, one of the advices in the dietary counselling was to reduce the use of discretionary 

salt, and any changes in salt intake resulting from this remained unnoticed in the dietary records. 

However, the intervention could also have affected the use of discretionary salt in the opposite 

direction if the reduced salt flavor in salt reduced bread was compensated by an increased use of 

discretionary salt. Hence, the missing data on discretionary salt could potentially also 
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overestimate the effect of the intervention. This may especially be of concern among participants 

in Intervention A, as they did not receive advice to lower the use of discretionary salt. 

Nevertheless, this does not seem to be the case, as the effect on salt intake among adults in 

Intervention A was greater when being estimated from 24-h urine collections. Another concern 

regarding the estimation of dietary salt from dietary records relates to the estimation of portion 

sizes. Some participants find it difficult to correctly estimate the amount of food consumed, 

resulting in errors in the estimated intake132. In the present study, participants estimated their 

portion sizes based on photographs. Although the method has been validated previously, it is 

often only possible to minimize the risk of introducing errors from incorrect estimation of 

portion sizes to a certain extend116,147. Another common form of respondents’ bias in dietary 

assessments are underreporting132. Salt is included in a variety of foods and meals and associated 

with energy intake124. Underreporting of energy intake is therefore associated with 

underreporting of salt intake. In the present study, the proportion of participants with an 

underreported energy intake applied to 30% in Intervention A, 28% in Intervention B and 24% in 

the control group at baseline and 30%, 35% and 32%, respectively, at follow-up. The proportion 

of participants with an underreported energy intake are similar to that reported in other studies 

estimating energy intake from pre-coded dietary records148,149. The high proportion of 

underreporters may have underestimated the effect of the intervention, resulting from a smaller 

absolute change from baseline to follow-up. In spite of the challenges associated with estimating 

dietary salt from dietary records, it was essential to include a measure of food intake to identify 

dietary sources of salt intake. Moreover, the dietary assessment was required to estimate the 

dietary effects of the intervention. However, the methodological limitations of the dietary 

assessment tool when estimating salt intake extends to the estimation of other dietary intake. 

The methods used to assess the sensory properties followed standardized methods. However, 

liking of bread with different salt content was measured using a 7-point hedonic scale instead of 

the more frequently used 9-point hedonic scale. Because participants tend to avoid the endpoints 

of the hedonic scale68, this may have reduced the scale to a 5-point scale. However, a previous 

study did not find any differences in liking when using the 7- or 9-point hedonic scale in 

children150. Even though there may be limitations regarding the use of the 7-point hedonic scale, 

it was decided to use this scale in the present study to make the assessment of liking easier for 

children.  
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6 Conclusion  
Providing salt reduced bread with and without dietary counselling for four months was effective 

in lowering salt intake and the sodium to potassium ratio among both children and adults, but the 

effect differed depending on the method used to estimate salt intake, i.e. 24-h urine collections or 

seven-day dietary records. The golden standard when estimating these intakes is repeated 24-h 

urine collections as measured in adults. Children only gave a single 24-h urine sample and 

considering the large day-to-day variation in intake of sodium and potassium, the results from 

the seven-day dietary records may be more valid when estimating the effect in children. 

Provision of salt reduced bread without dietary counselling lowered salt intake by approximately 

0.8g/day in both children and adults (non-significant) and sodium to potassium ratio was reduced 

by 16% in children and 10% in adults (non-significant) compared to control. A greater reduction 

in salt intake of 1.5g/day and in the sodium to potassium ratio of 20% was achieved in adults, 

when salt reduced bread was provided in combination with dietary counselling compared to the 

control. Due to methodological limitations when measuring salt intake in children, it was not 

possible to evaluate if addition of dietary counselling resulted in greater salt reductions in 

children than provision of salt reduced bread alone. 

Provision of salt reduced bread alone did not result in any differences in energy intake or the 

macronutrient distribution compared to provision of bread with a regular salt content, but 

addition of dietary counselling resulted in a lower E% from saturated fat, and may have 

increased energy intake (among adults). The salt reduction interventions did not result in 

differences between groups in the consumption of bread, and there was no evidence of salt intake 

compensation by increasing the intake of salt rich bread fillings or other high salt food groups. In 

fact, there was a lower consumption of cheese and cheese products when receiving salt reduced 

bread alone. Other effects on the intake of food groups included a higher consumption of fruit, 

when providing dietary counselling in addition to salt reduced bread. 

Salt taste sensitivity did not differ between groups after the intervention, although provision of 

salt reduced bread with dietary counselling increased salt taste sensitivity from baseline to 

follow-up. A larger salt reduction may be required to modify the salt taste perception.  
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Consumption of salt reduced bread maintained liking for bread with a low salt content of 

0.4g/100g, and provision of salt reduced bread with or without dietary counselling resulted in a 

higher liking for bread with 0.4g salt/100g compared to control. Promisingly, bread with 0.8g 

salt/100g and 1.2g salt/100g was liked equally at baseline, indicating that the current average salt 

content in Danish bread of approximately 1.2g/100g can be reduced immediately to 0.8g/day 

without influencing consumer liking negatively.  
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7 Perspectives  
The findings from the present study can contribute to a deeper understanding of possible 

practical applications for the development of future salt reduction strategies.  

The results demonstrate that it is possible to lower salt intake when providing reformulated food 

(bread) gradually reduced in salt content. The high compliance to the bread intervention and the 

fact that study bread products accounted for the majority of the consumed bread at follow-up, 

indicates that it is feasible to reduce the salt content in Danish supermarket and bakery bread. 

Moreover, bread with a salt content of 0.8g/100g was liked to the same extent as bread with a 

salt content of 1.2g/100g at baseline. These results are promising with regard to salt reduction in 

bread products and can guide the authorities in setting target levels for salt content in bread 

products. Moreover, our results can provide practical applications for the bread industry on how 

to lower salt intake in their products.  

Although consumption of salt reduced bread lowered dietary salt intake, the reduction was 

modest, and reducing the salt content in a single food product was not sufficient to lower salt 

intake to the recommended level. Products such as processed meat and fish, cheese, spreads, and 

snacks also contribute with high amounts to the daily salt consumption. Therefore, future studies 

should investigate the impact of providing several of these products in a salt reduced version, 

both on salt intake and to examine the extent to which salt content can be lowered in these foods 

products without negatively affecting consumer liking and other safety and quality 

characteristics of the products.  

The dietary counselling lowered salt intake beyond the effect of providing salt reduced bread 

alone. Hence, raising awareness of the negative health effects associated with a high salt intake, 

and giving practical advices on how to lower salt intake, including reducing the use of 

discretionary salt and selecting lower salt food by teaching how to read nutrition labels, could 

provide a foundation for the development of future strategies aiming at lowering salt intake 

through public education.   

Considering the strong evidence regarding a salt intake of 5-6g/day and cardiovascular health, 

the time seems mature for future studies and initiatives to not only take place in a research 

setting, but to be implemented on a national level. Based on the findings in the present study, a 
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comprehensive national salt reduction strategy including both food reformulation, public 

education and perhaps also other priori proven efficient salt reduction strategies, such as front-of-

pack labelling and salt reduction strategies in food service settings, seem necessary to reduce 

population salt intake to the levels required to impact public health. 
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Abstract

Background/objectives Excessive intake of sodium is a dietary risk factor for morbidity and mortality. Currently, intake of

sodium is much higher than the recommended level in most western countries, and effective strategies to reduce population

sodium intake are lacking. The objective of the present study was to investigate the effect of two different sodium reduction

strategies on the intake of sodium, potassium, and the sodium to potassium ratio among Danish families

Subjects/methods The study was a 4-month, single-blinded, cluster randomized controlled trial with a parallel design.

Eighty-nine healthy Danish families, with a minimum of one child and one parent (n= 309), were randomly assigned to

receive sodium-reduced bread (Intervention A), sodium-reduced bread and dietary counseling (Intervention B) or regular

sodium bread (Control). The primary outcome was change in daily sodium intake, measured by 24-h urinary sodium

excretion. Secondary outcomes included changes in dietary potassium and the sodium to potassium ratio.

Results No significant differences in daily sodium intake were observed in the two intervention groups compared with the

control. When analyzing the results separately for children and adults, a reduction in dietary sodium of 0.6 g/day (−1.0,

−0.2), p= 0.005 occurred among adults in intervention B compared with control.

Conclusions This study demonstrates that providing sodium-reduced bread in combination with dietary counseling is an

effective strategy to reduce dietary sodium among adults, but the effect is lacking in children. The study was not able to

show significant effects when providing sodium-reduced bread alone in neither adults nor children.

Introduction

Excessive intake of sodium is related to raised blood pres-

sure (BP), a leading risk factor for cardiovascular disease

(CVD) [1–5]. Excess dietary sodium is estimated to account

for three million deaths annually, making it the dietary risk

factor resulting in most deaths globally [6]. Reducing

sodium consumption is considered to be one of the most

cost-effective strategies for preventing CVD [7]. In

Denmark, nine out of ten adults have a sodium intake

exceeding the maximum recommended intake of 2.4 g/day

[8, 9], and the estimated average consumption is 3.8 g/day

[8]. A reduction in dietary sodium of 1.2 g/day in the

Danish population has been estimated to prevent up to 2800

fatal and nonfatal causes of CVD each year [10]. Evidence

on the association between sodium intake and later risk of

CVD is scarce among children, however, sodium has been

shown to affect BP in children [11]. In addition, eating

habits are established during childhood [12] and excess

intake of sodium might generate preferences for sodium rich

food tracking into adulthood [13, 14]. Children’s eating

behavior is largely influenced by parental food habits and

feeding strategies, and the family environment is essential in

developing children’s food preferences, patterns of food

intake, and eating styles [15]. Interventions aiming to affect

population sodium intake could therefore advantageously

target the family.
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Like most western countries, the primary source of

dietary sodium in Denmark is processed foods, accounting

for ~70% [16, 17]. An important reason for adding sodium

chloride (salt) to food during manufacturing is to increase

palatability to satisfy consumer preferences [18, 19]. Sud-

den and large decreases in sodium content may reduce

consumer acceptance [18], but by gradually reducing the

sodium content over a longer period of time, consumers

have been found to adapt to the changed taste, whereby the

new reduced level of sodium remains unnoticed by most

consumers [20–22]. In Denmark, the food product con-

tributing the highest amount of dietary sodium is bread,

accounting for ~20% of total sodium consumption [8].

Studies have found a 25% reduction of sodium content in

bread to be well accepted by consumers [21, 22], making it

a potential effective strategy to reduce population sodium

intake. Due to the high contribution of dietary sodium from

processed foods, food reformulation is considered a highly

important component when reducing population sodium

intake [23]. However, a combination with several other

strategies including public education, food labeling, and

individual dietary counseling might be necessary to reach

the recommended level of sodium intake [24]. In addition to

the health effects of lowering dietary sodium, high dietary

potassium (>3.5 g/day) has the potential to counteract some

of the negative consequences of high sodium intake on BP

[25]. Earlier studies have found that a high sodium/potas-

sium ratio is more strongly associated with BP than either

sodium or potassium intake alone [26]. However, the role of

potassium on BP is not yet well understood. The objective

of the present study was to investigate the effect of lowering

the sodium content in bread, either alone or in combination

with dietary counseling, on the dietary intake of sodium,

potassium, and the sodium/potassium ratio among families.

Subjects and methods

Study design and participants

The trial was registered at clinicaltrials.gov

(NCT03810885), and detailed information about the meth-

odology is described elsewhere [27]. The study was a 4-

month, single-blinded, cluster randomized controlled trial

with a parallel design. Participants were recruited as

families from five municipalities (Albertslund, Ballerup,

Egedal, Glostrup, and Rødovre) in the Southwestern part of

the Capital Region of Denmark. Families were recruited

from the first week of January 2018 to the 24th of February

2018 through social media at schools, kindergartens, and

larger companies, word of mouth, and posters in the local

area. To be included, the family needed to consist of at least

one child (3–17 years) and one parent (18–65 years) with a

daily bread consumption (>175 g/day). Children of divorced

parents must stay more than half of the time with the par-

ticipating parent if both parents did not participate. Exclu-

sion criteria were antihypertensive and lipid-lowering

treatment, pregnancy, diabetes, coronary heart disease, and

urine albumin >300 mg/day.

Randomization

Included families were randomly allocated, using a

computer-generated sequence of random group assignment,

into one of three groups receiving either (1) sodium-reduced

bread (Intervention A), (2) sodium-reduced bread and

dietary counseling (Intervention B), or (3) bread with reg-

ular sodium content (Control). Allocation was conducted

after the clinical measurements at baseline. Two families

included three parents, as divorced parents’ new partners

were included. Blinding of participants was achieved by

color-coding the bread packaging.

Intervention

Baseline measurements were conducted from 1st of Feb-

ruary to 6th of March 2018 and the duration of the study

was ~4 months with follow-up measurements conducted

from the 4th of June to the 3rd of July 2018. During the

intervention families received the bread free of charge twice

a week (Mondays and Thursdays) at the bakery or at the

research center depending on their preferred geographic

location. They were instructed to replace their usual con-

sumption of bread with the bread products provided in the

study. During the first 2 weeks of intervention, the sodium

content in the bread was 0.48 g/100 g (1.2 g salt/100 g),

which is similar to the average content in Danish super-

market and bakery bread [28]. This content was maintained

the entire period in the control group. In the two interven-

tion groups, the sodium content was gradually reduced by

0.08 g/100 g (0.2 g salt/100 g) each week until the sodium

content reached 0.24 g/100 g (0.6 g salt/100 g) in rye bread

and 0.16 g/100 g (0.4 g salt/100 g) in wheat bread, which

was maintained for the remainder of the intervention. Rye

bread was not reduced to the same degree as wheat bread

due to undesirable effects on the texture. During the gradual

sodium reduction, some of the regular sodium chloride

(salt) was replaced with a liquid low sodium salt to enhance

salt taste slightly. The sodium content in bread was tested

every week using the ICP-OES method, which is accredited

by the Danish Accreditation Fund (DANAK) according to

ISO 17025. In combination with provision of sodium-

reduced bread a dietary counseling program was given to

Intervention B to further reduce dietary sodium. The

counseling was centered around five main messages

including (1) buy less sodium rich foods within different
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food categories, (2) eat less food with a high sodium con-

tent, (3) reduce the use of sodium during cooking and at the

dining table, (4) flavor food with herbs and spices as an

alternative to sodium, and (5) follow the Danish plate

model, where 40% of the plate is filled with fruit and

vegetables. The dietary counseling consisted of a 2-h group

introduction, a 1-h family counseling session followed by

two telephone counseling sessions with one of the parents,

and weekly e-mails.

Data collection

Families visited the Centre for Clinical Research and Pre-

vention, located in Glostrup, Denmark, at baseline and

follow-up for a health examination. The health examination

included anthropometric measurements taken in light

clothing and without shoes. Body weight was measured on

a digital scale (Tanita BC-420 MA, DK), and height was

measured using Harpenden stadiometer (Holtain,

98.602VR, UK) to the nearest cm. Body mass index (BMI)

was calculated as kg/m2. Background characteristics,

including daily or occasional smoking (yes/no), daily or

occasional alcohol intake (yes/no), physical activity level

(sedentary, moderate, and vigorous), and parental education

was obtained using a questionnaire. Parental education level

was recorded as the educational level of the parent in the

household with the highest education. This was divided into

three groups; (1) minimum secondary school completion

(including vocational education, shorter courses, and uni-

versity degrees <2 years), (2) bachelor’s degree or equiva-

lent (3–4 years), and (3) post-graduate degree (≥4 years).

At the health examinations participants were instructed

by trained research staff to collect 24-h urine samples in

order to estimate sodium and potassium intake. Parents and

children ≥18 years were instructed to do three consecutive

24-h urine collections, preferably one weekend day and two

weekdays, whereas children <18 years were instructed to

collect one 24-h urine sample on a weekend day, preferably

a Sunday. To validate the completeness of the 24-h urine

samples, parents and children ≥18 years were instructed to

consume para-aminobenzoic acid (PABA) tablets (80 mg/

tablet) three times a day. A thorough description of the

collection procedure is described elsewhere [27]. The urine

samples were measured for sodium and potassium by

potentiometric tests (Vitros 5.1 FS/5600 Ortho Clinical

Diagnostics) and PABA was determined by the HPLC

method [29]. The 24-h excretion of sodium and potassium

was calculated by multiplying the test value in the urine

sample (mmol) with the urine volume. The total volume

was corrected for any spilt urine, by adding the lost amount.

The sodium to potassium ratio was calculated by dividing

sodium with potassium (mmol/day). For participants with

more than one 24-h urine collection the average was used in

the analysis.

To get the estimates of sodium and potassium in grams,

the values in mmol were converted to mol and then multi-

plied with the molar mass of 22.98976928 g/mol and

39.0983 g/mol for sodium and potassium, respectively.

Urine samples were classified as complete if PABA

recovery ((urine PABA (mg/day)/consumed PABA (mg/

day)) × 100) was ≥77.9% and <105%. The cutoff values

were based on a previously performed validation study [29].

For children <18 years and those who failed to consume

PABA correctly, urine samples were classified as complete

when the collection time was ≥22.5 and ≤25.5 h and the

volume was ≥500 ml/24-h for adults (≥18 years) and

≥300 ml/24-h for children (<18 years).

To measure compliance of study bread consumption,

missing bread handouts were recorded, and all family

members were asked to fill in sheets daily, ticking if they

had consumed study bread products and/or other bread

products not provided by the study. Participants were

regarded as compliant if they picked-up 80% of the bread

and reported consuming one of the study bread products at

least 80% of the days in the returned sheets. In addition,

participants in Intervention B had to participate in at least

the individual family counseling and one of the follow-up

telephone counseling sessions’ to be regarded as compliant.

Statistics

The power calculation was based on salt (not sodium) and a

cluster-randomized design. The expected reduction in salt

intake when consuming the sodium-reduced bread was

1.25 g/day (0.5 g sodium/day), and in combination with

dietary counseling the average reduction was expected to be

3 g/day (1.2 g sodium/day). Population-based studies con-

ducted at Centre for Clinical Research and Prevention

identified an average salt intake of 8.3 g, SD 2.2 (3.3 g

sodium/day). A family was assumed to consist of four

members and the intra-class correlation within families was

assumed to be 0.33. A total of 25 families (100 participants)

in each of the three groups were needed to identify differ-

ences in salt intake of 1.2 g/day (0.5 g sodium/day), at a 5%

level and with 80% power. All statistical analyses were

conducted using R version 3.5.3 (R Core Team, 2019,

Vienna, Austria). Categorical data are presented as fre-

quencies and proportions and continuous variables are

presented as mean ± SD or median and interquartile range

(IQR) when appropriate according to distribution. Normal

distribution was tested using histograms, and the sodium to

potassium ratio was log-transformed before analyses to

meet assumptions of normal distribution. All baseline

values are presented based on the observed values.
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The effect on 24-h sodium, potassium, and sodium to

potassium ratio was estimated using linear mixed models

with an “intention to treat” approach. Multiple imputation

with 100 samples was conducted to create a full data set

using the Jomo package. Change from baseline to follow-up

was calculated with baseline and follow-up values as out-

come variable, health examination (baseline, follow-up) as

fixed effect and person as random effect. Families were not

included as random effect when testing within group dif-

ferences due to variance estimates approaching 0. Models

estimating between group differences were conducted with

follow-up value as outcome variable, treatment group, and

baseline value as fixed effects and family as random effect.

Compound symmetry was chosen as the variance structure.

The linear mixed models were conducted for all partici-

pants, and for children and adults separately. Adjusted

models including age, sex, BMI, alcohol intake, physical

activity, and parental education as covariates were also

conducted. Different sensitivity analyses were performed on

the outcome for sodium. These comprised a complete case

analysis including participants with at least one complete

urine collection at baseline and follow-up, and a per pro-

tocol analysis including compliant participants who also

had complete urine collections at baseline and follow-up.

Results

From 152 (n= 581) screened families 89 (n= 309) fulfilled

the inclusion criteria and agreed to participate in the study.

Twenty-five families (n= 81) were randomized to inter-

vention A, 35 families (n= 127) were randomized to

Intervention B and 29 families (n= 101) were randomized

to the Control group. During the intervention five families

and two individual participants (their families continued)

dropped out (n= 20), and a total of 84 families (n= 289)

completed the study (94%). The flow of participants and

reasons for dropout are shown in Fig. 1.

The salt content in the study bread products showed

overall good agreement with the targeted contents. There

was a mean difference from the targeted value of −0.03 g

salt/100 g (SD 0.10) in the reduced bread products and of

−0.14 g salt/100 g (SD 0.09) in the standard bread products.

Data on study bread consumption were missing for 19

participants, as they did not hand in any compliance sheets.

Based on returned sheets, project bread was on average

consumed 92% of the study days, while bread not provided

by the study was consumed on an average of 17% of the

study days. Compliant participants comprised 92% (n=

71), 87% (n= 104), and 89% (n= 84) in Intervention A,

Intervention B, and the control group, respectively.

Table 1 shows the baseline characteristics of the included

families. Results are presented at family level and individual

level including all participants and for adults and children

separately.

Table 2 presents the results on 24-h urine measurements

for sodium, potassium, and the sodium to potassium ratio

within groups. For children and adults together 24-h urinary

sodium and the sodium to potassium ratio was significantly

reduced from baseline to follow-up in Intervention B by

0.4 g/day (−0.7, −0.2) and 16% [−26, −5], respectively. In

Intervention A and the control group, no significant changes

were observed from baseline to follow-up. Results sepa-

rately for adults showed a significant reduction in sodium

intake from baseline to follow-up of 0.7 g/day (−0.9, −0.4)

and a significant reduction in sodium to potassium ratio of

21% [−29, −13] in Intervention B, while no significant

changes were found within Intervention A or the control

group. No significant differences were found among

children.

When comparing groups (see Table 3), significant dif-

ferences were only found between Intervention B and the

control. For children and adults together Intervention B

resulted in a significant reduction in the sodium to potas-

sium ratio of 20% [−34, −3] compared with the control.

Results separately for adults showed a significant difference

in reduction in sodium intake (−0.6 g/day [−1.0, −0.2])

and the sodium to potassium ratio (−20% [−32, −7])

compared with the control, whereas no significant differ-

ences were found among children. Despite not reaching

statistical significance, a reduction in sodium intake on

−0.3 (−0.8, 0.2) was observed among adults in intervention

A compared with the control. All analyses were also per-

formed adjusted for sex, age, BMI, education, alcohol

intake, and physical activity level, but this did not change

the results (data not shown).

Baseline values and within group differences from the

complete case analyses and per protocol analyses are shown

in Table 4. Participants with missing compliance data were

not included in the per protocol analysis. Like the intention

to treat analysis, the results showed a significant reduction

in sodium at follow-up among adults in Intervention B

whereas no significant effects were found for children. No

significant changes were found in Intervention A or the

control. When comparing groups (see Table 5), the trends

were similar to the results from the intention to treat ana-

lysis, but no significant differences were found.

Discussion

Reducing the sodium content in bread in combination with

dietary counseling decreased dietary sodium and the sodium

to potassium ratio among adults, whereas no effect was

found in children in this family-based (three-armed) ran-

domized controlled study. Substituting regular bread with
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sodium-reduced bread alone did not significantly affect

dietary sodium or potassium intake among adults or

children.

A similar recent cross-over study conducted by Cashman

et al. [30] investigated the effect of a combined sodium

reduction strategy, in an adult only population. During the

intervention participants received dietary advice and were

provided with sodium reduced food products, including

bread reduced to 0.12 g sodium/100 g, no-salt margarine

and no added salt luncheon meats. A comparable reduction

in daily sodium consumption was found following the

intervention by Cashman et al. (0.7 g/day) to the adults in

the combined intervention in the present study (0.6 g/day).

The participants in Cashman et al. study all had elevated

BP, thus the present study provides evidence that reductions

in dietary sodium intake is equally achievable among

apparently healthy adults. In the absence of dietary advice, a

previous cross-over study conducted by Ferrante et al. [31]

found that a significant reduction in daily sodium con-

sumption (0.6 g/day) is achievable when participants are

provided with sodium-reduced bread. Our study did not find

significant reductions in sodium consumption in the adults

provided with sodium-reduced bread alone. This may be

explained by the greater daily bread consumption in Fer-

rante et al. study. Moreover, due to the lower levels of

sodium in the bread provided in the present study (0.16 and

0.24 g sodium/100 g) compared with Ferrante et al. (0.6 g

sodium/100 g), it may be conceivable that participants in the

current study compensated for the lower sodium level by

selecting more sodium-rich spreads and fillings. However, a

reduction in daily sodium of 0.3 g/day was found among

adults in intervention A in the present study, but this did not

reach statistical significance, possibly due to lack of power,

as only 41 adults were included and a minimum of 100

participants were required according to the sample size

calculation. Because of this, it cannot be concluded that

meaningful reductions are not achievable, when only pro-

viding sodium-reduced bread. But, our findings indicate that

it might be necessary to reduce the sodium content in sev-

eral foods when trying to reach the recommended level of

dietary sodium, particularly considering that bread products

contribute ~20% of dietary sodium [8], and despite being a

high amount from a single food product, around 80% of

sodium is consumed from other food products. When

looking at family level sodium reduction, a cluster rando-

mized controlled trial displayed that educating children

through lessons, activities and homework assignments

promoted a daily sodium reduction of 0.8 g in children. The

children also took the messages home to their families, and

this promoted a daily sodium reduction of 1.2 g among

adults. The present study did not find a similar reduction in

sodium consumption in children, which may be explained

by our intervention not specifically targeting children, but

rather the whole family. Furthermore, He and colleagues

Screened for eligibility

Families (n=152)

Par�cipants (581)

Randomly assigned to one of the three groups

Families (n=89)

Par�cipants (n=309)

Withdrew from par�cipa�on or did not 

fulfill inclusion criteria

Families (n=63)

Par�cipants (272)

Allocated to Interven�on A

Families (n=25)

Par�cipants (n=81)

Allocated to Interven�on B

Families (n=35)

Par�cipants (n=127)

Allocated to Control

Families (n=29)

Par�cipants (n=101)

Dropout

Lack of �me (families n=1, 

par�cipants n=3)

Did not show up for follow-up

assessment (families n=1, 

par�cipants n=4)

Dropout

Lack of �me (families n=1, 

par�cipants n=7)

Dropout

Taste of bread (families n=1, 

par�cipants n=2)

Family issues (families n=1, 

par�cipants n=3)

Moved (families n=0, 

par�cipants n=1)

Completed follow-up

assessments

Families (n=23)

Par�cipants (n=74)

Completed follow-up
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Par�cipants (n=120)

Completed follow-up
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Par�cipants (n=95)

Fig. 1 Flow diagram of

families and participants.

Summary of study flow

including screening,

randomisation, dropout and
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focused on reducing discretionary salt use as this was the

primary source of sodium among their participants, and this

may explain the larger effect, as consumers may have had a

better capacity to determine discretionary salt content.

The effectiveness of sodium reduction strategies is most

often measured by estimating the change in dietary sodium,

but the sodium to potassium ratio is also a relevant measure

when assessing the risk of developing high BP and CVD. The

WHO has not set any recommendation for the optimal ratio

between sodium and potassium, however, if the guidelines on

both sodium and potassium are achieved, the molar ratio

would be ~1:1 [32]. In our study, the baseline molar sodium

to potassium ratio across the three groups was between 2.2

and 2.4. Reaching a molar ratio of 1:1 would require a

reduction in the sodium to potassium ratio of more than 50%.

A reduction was only observed among adults in Intervention

B, where the intervention resulted in a 20% reduction, due to

a reduced sodium intake. In all groups, baseline dietary

potassium was below the recommended daily intake of 3.5 g/

day [32] and this did not change during the intervention.

Reaching an optimal ratio requires practices that reduce

sodium to a greater extent than the present study, whilst

simultaneously focusing on increasing dietary potassium.

Some strengths and limitations of the present study need

to be addressed. The reduction in dietary sodium was lower

than expected in both intervention groups. The average

baseline sodium intake of 3.7 g/day among adults receiving

sodium-reduced bread and dietary counseling was reduced

with 0.7 g/day during the intervention and not the expected

1.2 g/day. This lower reduction in dietary sodium may be

explained by the amount of project bread consumed being

lower than anticipated and/or concomitant intake of other

breads, as this was consumed on an average of 17% of the

study days. Another reason could result from a compen-

sating behavior where more sodium rich spreads and fillings

were chosen to compensate for the lower sodium content in

bread. Nevertheless, more extensive sodium reduction

strategies seem necessary to achieve the recommended level

Table 1 Baseline characteristics at cluster- and individual levela.

Intervention A Intervention B Control

Mean ± SD or
n (%)

Mean ± SD or
n (%)

Mean ± SD
or n (%)

Cluster level

Families 25 (28.1) 35 (39.3) 29 (32.6)

Participants 81 (26.2) 127 (41.1) 101 (32.7)

Family size 3.2 ± 0.8 3.6 ± 1.1 3.5 ± 1.1

Parental education

Minimum
secondary school
completionb

9 (37.5) 8 (24.2) 8 (28.6)

Bachelors degree or
equivalent (3–4 y)

6 (25.0) 12 (36.4) 7 (25.0)

Post-graduate
degree (>4 y)

9 (37.5) 13 (39.4) 13 (46.4)

Individual level

All

Sex (men, %) 39 (48.1) 62 (48.8) 50 (49.5)

Age (y) 25.7 ± 17.7 24.7 ± 17.2 24.2 ± 17.4

Weight (kg) 60.2 ± 25.2 57.8 ± 27.0 53.1 ± 26.7

Height (cm) 159.5 ± 24.5 157.4 ± 26.4 153.0 ± 27.1

BMI (kg/m2) 22.1 ± 5.2 21.6 ± 6.0 20.7 ± 5.3

Physical activity

Sedentary 12 (15.0) 14 (11.7) 13 (13.3)

Moderately active 30 (37.5) 40 (33.3) 37 (37.8)

Vigorously active 38 (47.5) 66 (55.0) 48 (49.0)

Alcohol drinkers 37 (46.2) 52 (43.3) 39 (39.8)

Smokers 6 (7.5) 6 (5.0) 5 (5.1)

Children < 18 y

n 40 (49.4) 64 (50.4) 52 (51.5)

Sex (boys, %) 21 (52.5) 33 (51.6) 27 (51.9)

Age (y) 9.5 ± 4.2 9.1 ± 4.2 8.4 ± 3.5

Age category

3–7 (y) 17 (42.5) 28 (43.8) 23 (44.2)

8–12 (y) 12 (30.0) 17 (26.6) 20 (38.5)

13–17 (y) 11 (27.5) 19 (29.7) 9 (17.3)

Weight (kg) 40.3 ± 18.3 37.3 ± 19.6 32.0 ± 16.1

Height (cm) 144.1 ± 25.9 140.4 ± 27.4 133.1 ± 23.2

BMI (kg/m2) 18.0 ± 2.9 17.4 ± 2.8 16.9 ± 2.8

Physical activity

Sedentary 4 (10.0) 6 (10.0) 6 (12.0)

Moderately active 7 (17.5) 10 (16.7) 6 (12.0)

Vigorously active 29 (72.5) 44 (73.3) 38 (76.0)

Alcohol drinkers 6 (15.0) 3 (5.0) 1 (2.0)

Smokers 2 (5.0) 1 (1.7) 0 (0.0)

Adults ≥ 18 y

n 41 (50.6) 63 (49.6) 49 (48.5)

Sex (men, %) 18 (43.9) 29 (46.0) 23 (46.9)

Age (y) 41.5 ± 9.5 40.5 ± 9.0 40.9 ± 8.0

Age category

18–33 (y) 7 (17.1) 10 (15.9) 9 (18.4)

34–49 (y) 26 (63.4) 42 (66.7) 33 (67.3)

50–65 (y) 8 (19.5) 11 (17.5) 7 (14.3)

Weight (kg) 78.6 ± 14.3 77.4 ± 16.3 75.5 ± 14.6

Height (cm) 174.2 ± 9.7 174.1 ± 9.3 174.0 ± 8.7

BMI (kg/m2) 25.8 ± 3.8 25.6 ± 5.6 24.8 ± 4.1

Physical activity

Sedentary 8 (20.0) 8 (13.3) 7 (14.6)

Table 1 (continued)

Intervention A Intervention B Control

Mean ± SD or
n (%)

Mean ± SD or
n (%)

Mean ± SD
or n (%)

Moderately active 23 (57.5) 30 (50.0) 31 (64.6)

Vigorously active 9 (22.5) 22 (36.7) 10 (20.8)

Alcohol drinkers 31 (77.5) 49 (81.7) 38 (79.2)

Smokers 4 (10.0) 5 (8.3) 5 (10.4)

BMI body mass index, cm centimeter, kg kilograms, m meter, y years.
aValues are mean ± SD or n (%). Eleven participants had missing data

on smoking status, alcohol intake, physical activity, and education.

Three participants had missing data on height and six participants had

missing data on weight and BMI.
bThis group also included vocational educations, shorter courses, and

no further education after secondary school completion.
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Table 2 Baseline values and mean changes from baseline to follow-up in 24-h urinary measurements in the three groupsa.

Intervention A Intervention B Control

Baseline (mean ± SD or
median [IQR])

Mean change
(95% CI)

P value Baseline (mean ± SD or
median [IQR])

Mean change
(95% CI)

P value Baseline (mean ± SD or
median [IQR])

Mean change
(95% CI)

P value

All

n families
(participants)

25 (79) 25 (81) 35 (124) 35 (127) 29 (101) 29 (101)

Sodium (mmol/day) 139.5 ± 59.0 −6.2 (−21.3, 8.9) 0.420 135.6 ± 59.9 −19.3 (−28.6,
−10.0)

<0.001 131.6 ± 55.0 −2.2 (−12.4, 8.0) 0.673

Sodium (g/day) 3.2 ± 1.4 −0.1 (−0.5, 0.2) 0.441 3.1 ± 1.4 −0.4 (−0.7, −0.2) <0.001 3.0 ± 1.3 −0.1 (−0.3, 0.2) 0.641

Potassium (mmol/
day)

65.2 ± 25.1 −2.4 (−6.7, 1.9) 0.270 60.1 ± 24.3 0.8 (−2.8, 4.4) 0.667 60.6 ± 26.6 −3.7 (−8.3, 0.9) 0.117

Potassium (g/day) 2.5 ± 1.0 −0.1 (−0.3, 0.1) 0.265 2.3 ± 0.9 0.0 (−0.1, 0.2) 0.785 2.4 ± 1.0 −0.1 (−0.3, 0.0) 0.122

Sodium/potassiumb 2.2 [1.8, 2.7] −1 [−14,14] 0.901 2.3 [1.7, 2.9] −16 [−26, −5] 0.006 2.3 [1.8, 2.8] 5 [−8, 20] 0.438

Children < 18 y

n families
(participants)

24 (38) 25 (40) 35 (62) 35 (64) 29 (52) 29 (52)

Sodium (mmol/day) 111.8 ± 51.2 11.4 (−10.3, 33.1) 0.304 110.2 ± 62.2 −9.1 (−23.6, 5.5) 0.221 100.0 ± 38.0 −3.2 (−17.2, 10.8) 0.653

Sodium (g/day) 2.6 ± 1.2 0.3 (−0.2, 0.8) 0.295 2.5 ± 1.4 −0.2 (−0.6, 0.1) 0.224 2.3 ± 0.9 −0.1 (−0.4, 0.3) 0.675

Potassium (mmol/
day)

51.3 ± 19.6 −1.6 (−8.4, 5.1) 0.635 47.2 ± 20.8 1.7 (−4.2, 7.5) 0.579 44.6 ± 21.2 −5.7 (−12.0, 0.6) 0.076

Potassium (g/day) 2.0 ± 0.8 −0.1 (−0.4, 0.2) 0.576 1.8 ± 0.8 0.1 (−0.2, 0.3) 0.627 1.7 ± 0.8 −0.2 (−0.5, 0.1) 0.113

Sodium/potassiumb 2.2 [1.7, 2.7] 11 [−10, 36] 0.323 2.2 [1.6, 2.9] −9 [−24, 9] 0.305 2.4 [1.9, 2.9] 9 [−10, 34] 0.387

Adults > 18 y

n families
(participants)

25 (41) 25 (41) 35 (62) 35 (63) 29 (49) 29 (49)

Sodium (mmol/day) 165.1 ± 54.3 −17.6 (−37.5, 2.2) 0.082 161.1 ± 45.4 −29.0 (−40.2,
−17.8)

<0.001 165.1 ± 50.4 −4.3 (−19.5, 11.0) 0.584

Sodium (g/day) 3.8 ± 1.2 −0.4 (−0.9, 0.1) 0.085 3.7 ± 1.0 −0.7 (−0.9, −0.4) <0.001 3.8 ± 1.2 −0.1 (−0.5, 0.3) 0.594

Potassium (mmol/
day)

78.1 ± 22.9 −4.4 (−10.2, 1.4) 0.134 72.9 ± 20.5 1.0 (−3.4, 5.5) 0.644 77.6 ± 20.6 −1.1 (−8.4, 6.2) 0.762

Potassium (g/day) 3.1 ± 0.9 −0.2 (−0.4, 0.1) 0.173 2.9 ± 0.8 0.0 (−0.1, 0.2) 0.657 3.0 ± 0.8 −0.0 (−0.3, 0.3) 0.783

Sodium/potassiumb 2.2 [1.8, 2.6] −9 [−21, 4] 0.180 2.3 [1.9, 2.7] −21 [−29, −13] <0.001 2.2 [1.8, 2.8] 0 [−11, 13] 0.979

aBaseline values are mean ± SD or median [IQR]. Five participants at baseline and 25 at follow-up had missing data on sodium, potassium, and the sodium to potassium ratio. Values are based on

a single 24-h urine collection for 158 participants, the average of two collections for one participant and the average of three collections for 145 participants at baseline. At follow-up this was 145,

five and 134 participants, respectively. Changes from baseline to follow-up are based on imputed datasets and presented as mean difference and 95% CI calculated using mixed models with

participant as random effect.
bValues were log transformed before analysis and mean changes and 95% CI are presented in %.
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of dietary sodium and thereby the estimated impact on

public health. The DASH-sodium trial (RCT) investigated

the effect of a regular diet and DASH diet (rich in vege-

tables, fruits, and low-fat dairy products) with three differ-

ent sodium contents (3.4 g, 2.3 g, and 1.1 g/2100 kcal) on

BP among participants with BP exceeding 120/80 mmHg.

In the regular diet, which was most comparable with the

diets in our study, systolic and diastolic BP was lowered

with −2.1 and −1.3 mmHg, respectively, when sodium was

reduced from 3.4 g/2100 kcal to 2.3 g (−1.1 g). BP was

lowered with additionally −4.6 and −2.2 mmHg, respec-

tively, when sodium was reduced from 2.3 g/2100 kcal to

1.1 g (−1.2 g) [33], thereby further stressing the importance

of additional efficient sodium reduction strategies. Dietary

sodium was estimated based on 24-h urine collections,

which is regarded to be the most valid measure [34], as

~93% of dietary sodium is excreted in the urine [35]. As day

to day variations exist in sodium intake, several collections

are recommended to assess an individual’s usual intake

[34, 36]. This was the case for adult participants, who did

three collections, whereas children only collected urine on

1 day during the weekend (Sunday) due to difficulties with

collections during daycare and school. This is noteworthy,

as it may underestimate the intervention effect in children, if

bread consumption was lower during the weekend. Another

concern related to 24-h urine collections is the completeness

of the collection. Despite not reaching statistical sig-

nificance when comparing groups, the results from our

sensitivity analysis was comparable with the primary ana-

lysis, indicating completeness of most collections, and the

lack of statistical significance was probably caused by

reduced power. To validate completeness of urine collec-

tions PABA tablets were consumed by adults. Using PABA

improved the quality control of these urine samples, how-

ever, completeness of urine samples among children, and

adults who failed to consume PABA correctly, was only

based on volume and collection time. Both measures were

self-reported, hence, the completeness of these samples is

questionable. The lack of a better validation tool when

evaluating completeness of children’s urine samples, and

the single urine collection during the weekend, challenges

the validity of these results. A strength of the study is the

real-life setting in which the intervention took place, as the

results can be translated into dietary behaviors in the general

population. But, participants with higher socioeconomic

status were overrepresented [37], which is known to affect

Table 3 Between group differences and 95% confidence interval for 24-h urine measurementsa.

ICC Intervention A compared with
Control

p value Intervention B compared with
Control

p value Intervention B compared with
Intervention A

p value

All (n families= 25/35/29, n participants= 81/127/101)b

Sodium (mmol/day) 0.26 −3.4 (−22.6, 15.8) 0.730 −16.1 (−33.4, 1.3) 0.069 −12.7 (−31.0, 5.6) 0.174

Sodium (g/day) 0.26 −0.1 (−0.5, 0.4) 0.769 −0.4 (−0.8, 0.0) 0.072 −0.3 (−0.7, 0.1) 0.162

Potassium (mmol/
day)

0.21 2.1 (−5.1, 9.3) 0.568 4.2 (−2.3, 10.7) 0.201 2.1 (−4.7, 9.0) 0.544

Potassium (g/day) 0.21 0.1 (−0.2, 0.4) 0.597 0.2 (−0.1, 0.4) 0.240 0.1 (−0.2, 0.4) 0.579

Sodium/potassium
(%)c

0.29 −9 [−27, 13] 0.391 −20 (−34, −3) 0.024 −12 (−28, 8) 0.219

Children < 18 y (n families= 25/35/29, n participants= 40/64/52)b

Sodium (mmol/day) 0.24 16.1 (−9.2, 41.4) 0.212 −2.0 (−24.5, 20.5) 0.861 −18.1 (−41.8, 5.6) 0.134

Sodium (g/day) 0.26 0.4 (−0.2, 1.0) 0.222 −0.1 (−0.6, 0.5) 0.851 −0.4 (−1.0, 0.1) 0.136

Potassium (mmol/
day)

0.33 6.4 (−3.1, 16.0) 0.185 7.9 (−0.6, 16.5) 0.070 1.5 (−7.4, 10.4) 0.743

Potassium (g/day) 0.32 0.2 (−0.2, 0.6) 0.240 0.3 (−0.1, 0.7) 0.095 0.1 (−0.3, 0.4) 0.741

Sodium/potassium
(%)c

0.37 −6 [−29, 23] 0.649 −18 [−36, 5] 0.124 −12 [−32, 14] 0.319

Adults ≥ 18 y (n families= 25/35/29, n participants= 41/63/49)b

Sodium (mmol/day) 0.18 −13.8 (−34.3, 6.7) 0.186 −26.4 (−44.9, −8.0) 0.005 −12.6 (−32.1, 6.9) 0.206

Sodium (g/day) 0.18 −0.3 (−0.8, 0.2) 0.190 −0.6 (−1.0, −0.2) 0.005 −0.3 (−0.8, 0.2) 0.208

Potassium (mmol/
day)

0.34 −3.1 (−12.0, 5.9) 0.503 0.3 (−7.9, 8.4) 0.951 3.3 (−5.2, 11.9) 0.447

Potassium (g/day) 0.33 −0.1 (−0.5, 0.3) 0.542 0.0 (−0.3, 0.3) 0.978 0.1 (−0.2, 0.5) 0.508

Sodium/potassium
(%)c

0.26 −10 [−24, 7] 0.231 −20 [−32, −7] 0.005 −11 [−25, 5] 0.171

ICC intracluster correlation coefficient.
aValues are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random

effect. Five participants at baseline and 25 at follow-up had imputed data on sodium, potassium, and the sodium to potassium ratio.
bFamilies and participants in Intervention A/Intervention B/Control.
cValues were log transformed before analysis.
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Table 4 Sensitivity analysis for change from baseline to follow-up in 24-h urinary sodium in the three groupsa.

Intervention A Intervention B Control

n (Families)
b

n (Individuals)
c

Baseline (mean ±
SD)

Mean change (95% CI) p value Baseline (mean ±
SD)

Mean change (95% CI) p value Baseline (mean ±
SD)

Mean change (95% CI) p value

Complete cased

All (g/day) 23/34/27 64/108/86 3.2 ± 1.3 −0.0 (−0.4, 0.4) 0.991 3.1 ± 1.4 −0.3 (−0.5, −0.1) 0.005 3.1 ± 1.3 −0.2 (−0.4, 0.1) 0.201

Children (g/
day)

18/32/22 29/51/40 2.7 ± 1.3 0.3 (−0.3, 0.9) 0.329 2.4 ± 1.4 −0.1 (−0.4, 0.3) 0.599 2.3 ± 0.8 −0.1 (−0.5, 0.3) 0.572

Adults (g/day) 22/34/27 35/57/46 3.7 ± 1.1 −0.3 (−0.8, 0.3) 0.322 3.7 ± 1.1 −0.5 (−0.8, −0.2) <0.001 3.9 ± 1.1 −0.2 (−0.5, 0.1) 0.227

Per protocole

All (g/day) 22/32/24 61/93/71 3.3 ± 1.3 −0.0 (−0.4, 0.4) 0.971 3.1 ± 1.3 −0.4 (−0.6, −0.1) 0.003 3.1 ± 1.1 −0.1 (−0.4, 0.1) 0.360

Children (g/
day)

17/28/20 28/42/35 2.7 ± 1.3 0.3 (−0.3, 1.0) 0.319 2.4 ± 1.3 −0.1 (−0.5, 0.3) 0.465 2.4 ± 0.9 −0.1 (−0.5, 0.3) 0.662

Adults (g/day) 21/32/24 33/51/36 3.7 ± 1.1 −0.3 (−0.8, 0.3) 0.295 3.7 ± 1.1 −0.6 (−0.9, −0.3) <0.001 3.7 ± 0.9 −0.1 (−0.5, 0.2) 0.371

aBaseline values are mean ± SD or median [IQR]. Changes from baseline to follow-up are presented as mean change and 95% CI calculated using mixed models with participant as random effect.
bFamilies in Intervention A/Intervention B/Control.
cParticipants in Intervention A/Intervention B/Control.
dParticipant with at least one complete urine sample at baseline and follow-up.
eCompliant participant with at least one complete urine sample at baseline and follow-up.

Table 5 Sensitivity analysis for between group differences and 95% confidence interval for 24-h urinary sodiuma.

n (Families)b n (Individuals)c ICC Intervention A compared with Control p value Intervention B compared with Control p value Intervention B compared with Intervention A p value

Complete cased

All (g/day) 23/34/27 64/108/86 0.18 0.1 (−0.4, 0.6) 0.671 −0.3 (−0.7, 0.1) 0.207 −0.4 (−0.8, 0.1) 0.107

Children (g/day) 18/32/22 29/51/40 0.32 0.5 (−0.2, 1.2) 0.144 −0.0 (−0.6, 0.6) 0.984 −0.5 (−1.1, 0.1) 0.116

Adults (g/day) 22/34/27 35/57/46 0.17 −0.2 (−0.7, 0.4) 0.523 −0.4 (−0.9, 0.0) 0.079 −0.3 (−0.8, 0.3) 0.329

Per protocole

All(g/day) 22/32/24 61/93/71 0.19 0.1 (−0.4, 0.6) 0.657 −0.3 (−0.7, 0.1) 0.182 −0.4 (−0.9, 0.1) 0.081

Children (g/day) 17/28/20 28/42/35 0.35 0.5 (−0.2, 1.3) 0.147 −0.1 (−0.8, 0.5) 0.729 −0.7 (−1.4, 0.0) 0.065

Adults (g/day) 21/32/24 33/51/36 0.16 −0.2 (−0.7, 0.4) 0.523 −0.4 (−0.9, 0.1) 0.096 −0.2 (−0.8, 0.3) 0.346

ICC intracluster correlation coefficient.
aValues are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random effect.
bFamilies in Intervention A/Intervention B/Control.
cParticipants in Intervention A/Intervention B/Control.
dParticipant with at least one complete urine sample at baseline and follow-up.
eCompliant participant with at least one complete urine sample at baseline and follow-up.
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lifestyle in a healthier direction [38], and this could raise

problems with generalizability to the wider population.

Nevertheless, the inclusion of a structural initiative, by

reducing sodium content in bread, has the advantage of

affecting the population at large. Reducing the average

sodium content of 0.5 g/100 g in Danish supermarket and

bakery bread [28] with 50% in rye bread and 67% in wheat

bread seems feasible, based on the equally high compliance

in bread consumption among participants receiving sodium-

reduced bread and those receiving standard bread. How-

ever, participants received the bread free of charge, and in

the present study we did not investigate whether participants

liked the sodium-reduced bread to the same degree as reg-

ular sodium bread, which could affect future purchase

intent. Nevertheless, achieving population sodium reduc-

tions require greater availability of sodium reduced products

while simultaneously educating the public to select sodium

reduced food. In conclusion, consuming sodium-reduced

bread with or without dietary counseling appears as an

effective strategy to reduce dietary sodium and optimize the

sodium to potassium ratio among adults, despite not

reaching statistical significance when only providing

sodium-reduced bread. The two interventions did not affect

dietary sodium or potassium among children, but this might

be due to measurement difficulties. However, future work

should investigate whether the lack of effect among children

results from a compensating behavior.
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Abstract 41 

Objective: To estimate the effect of providing salt reduced bread with and without dietary 42 

counselling on the dietary intake of selected food groups, energy, and nutrients. 43 

Design: A 4-month cluster randomized controlled trial. Families were assigned to receive salt 44 

reduced bread (Intervention A), salt reduced bread and dietary counselling (Intervention B), or 45 

bread with a regular salt content (Control). The intake of food and nutrients was measured for 46 

seven consecutive days at baseline and follow-up using web-based dietary records 47 

Subjects: In total, 89 Danish families (n=309) consisting of minimum one parent (18-65y) and 48 

one child (3-17y).  49 

Results: Salt intake was reduced in Intervention A (-0.8g salt/day, P=0.038) and borderline 50 

reduced in Intervention B (-0.5g salt/day, P=0.082). Consumption of bread and bread fillings 51 

remained similar between groups. Intervention B resulted in higher intakes of ‘fruit’ (53%, 52 

P=0.017) among adults. Energy intake and macronutrient distribution was not affected in 53 

Intervention A. Intervention B resulted in higher energy intake among adults (841kJ, P=0.002), 54 

and lower E% from saturated fat (-1.0E%, P=0.031).  55 

Conclusion: Salt intake was reduced by providing salt reduced bread with and without dietary 56 

counselling (borderline significant) without lowering bread intake. There was no evidence of 57 

compensating behavior by consuming more salt rich bread fillings or other high salt food groups. 58 

Nor was there any negative effect on diet quality in terms of the macronutrient distribution or the 59 

intake of food groups. Addition of dietary counselling rather improved diet quality, but it might 60 

also have increased energy intake among adults.  61 
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Introduction 62 

High levels of dietary salt have repeatedly been associated with raised blood pressure (BP), a 63 

leading risk factor for cardiovascular disease (CVD)(1). Increasing evidence has also found 64 

associations between high salt consumption and increased risk of stomach cancer, renal disease 65 

and osteoporosis(2,3). High salt consumption has been estimated to account for 3 million deaths 66 

annually, thereby being the dietary risk factor accounting for most deaths globally(4). In most 67 

countries salt intake exceeds the recommended level of 5-6g/day(5–7), and in Denmark the 68 

average adult consumption is estimated to be 9.5g/day(8).  69 

Processed food is the main source of dietary salt in western countries, including Denmark, and 70 

accounts for approximately 70% of total salt consumption(9,10). Achieving substantial and 71 

sustained reductions in population salt intake therefore requires decreased level of salt in the 72 

available food products, while simultaneously educating consumers to purchase lower salt food 73 

products(7). Food products with the greatest contribution to salt consumption includes bread and 74 

bakery products, spreads, snacks, and processed meat and fish products(11). In Denmark, bread 75 

alone contributes with approximately 20% of total salt consumption(8), making a reduced salt 76 

content in bread a potential effective strategy to reduce population salt intake.  77 

One of the main reasons to add salt to food is to increase palatability to satisfy consumer 78 

preferences(12,13), and abrupt and large decreases in salt content may reduce consumer 79 

acceptance(13). Promisingly, previous research have found reductions in salt content between 80 

25% and 50% in bread to be well accepted by consumers(14,15). However, bread is typically 81 

consumed with different types of spreads and fillings, and the reduced salt flavor may be 82 

compensated by choosing more salt rich bread toppings. For example, in a consumer study 83 

overall saltiness perception and pleasantness increased when butter was added to salt reduced 84 



5 

 

bread(16). If  consumption of salt reduced bread results in compensating behaviors, the 85 

reformulation will not lead to the targeted reduction in dietary salt intake. Additionally, 86 

consumption of salt reduced food may unintentionally influence other aspect of the diet. For 87 

instance, a RCT found that substantial reductions in salt content of 67% in bread caused a 88 

decline in bread consumption(15). In contrast, another experimental study found that ad libitum 89 

consumption of low salt soup was higher than ad libitum consumption of soup high in salt(17).  90 

Although large proportions of salt are consumed from processed foods, reformulation of food 91 

products to contain less salt may need to be combined with other salt reduction strategies, to 92 

reach the recommended level of salt intake. The use of dietary counselling has shown promising 93 

results in previous intervention studies(18,19). In a RCT, Australian consumers where educated on 94 

how to identify food products with lower salt content either by using a label on the front of the 95 

pack stating that the product meets nutritional criteria for salt reduction or by using the 96 

information of the nutrition declaration typically on the back of the pack. The two strategies 97 

reduced the daily salt intake by 0.9g/day and 1.9g/day, respectively(18). Another RCT, conducted 98 

in the US, investigated the effectiveness of educating consumers to use herbs and spices to 99 

replace salt during cooking, which resulted in a daily salt reduction of 1.0g/day(19).  100 

Research investigating the dietary effects including potential compensating behaviours when 101 

introducing salt reduction interventions in a real-life context is lacking. Thus, the objective of the 102 

present study was to estimate the effect of providing salt reduced bread both with and without 103 

dietary counselling on the dietary intake of selected food groups, energy, and nutrients among 104 

Danish families.  105 

Methods 106 

Design 107 
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The SalT Reduction InterVEntion (STRIVE) study was a cluster randomized controlled trial 108 

(RCT) with a parallel design. Danish families were recruited from five municipalities west of 109 

Copenhagen through social media at schools, kindergartens and larger companies, word of 110 

mouth, and posters in the local area. Families were randomly allocated, using a computer-111 

generated sequence of random group assignment, into one of three groups, receiving either salt 112 

reduced bread (Intervention A), salt reduced bread combined with dietary counselling 113 

(Intervention B) or bread with a regular salt content (Control) in a period of four months. 114 

Families were unaware of whether they received regular or salt reduced bread. A thorough 115 

description of the methodology has been provided elsewhere(20).  116 

Participants 117 

To be included in the study, families had to consist of at least one parent (18-65y) and one child 118 

(3-17y). Average bread consumption among adults had to be ≥175g/day, which was assumed to 119 

be fulfilled, when bread was consumed daily. Exclusion criteria included cholesterol lowering or 120 

antihypertensive medication, pregnancy, diabetes, coronary heart disease and urine albumin 121 

>300mg/day.  122 

Intervention 123 

During the intervention, families received bread either gradually reduced in salt content or with a 124 

regular salt content twice a week (Mondays and Thursdays). The bread was provided free of 125 

charge and included a mixture of rye bread and wheat bread in the form of a loaf or as buns. The 126 

amount was adjusted to fit the habitual bread consumption in the family. During the first two 127 

weeks of intervention all families received bread with a salt content of 1.2g/100g, corresponding 128 

to the average content in Danish supermarket and bakery bread(21). This level of salt content was 129 
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maintained during the rest of the intervention in the control group. In the two intervention 130 

groups, the salt content in bread was reduced with 0.2g/100g every week until a level of 131 

0.6g/100g and 0.4g/100g was reached in rye bread and wheat bread, respectively, which was 132 

then maintained during the remainder of the intervention (difference in salt content of 50% and 133 

67% for rye bread and wheat bread, respectively). To minimize the risk of decreasing 134 

participants’ acceptance of project bread, when reducing salt content considerably, a liquid low 135 

sodium salt(22) was added to the salt reduced bread to slightly increase the salty taste. Thus, bread 136 

with 0.4g salt/100g was aimed to taste equivalent to 0.55g salt/100g.       137 

In combination with salt reduced bread, dietary counselling was provided to Intervention B. This 138 

consisted of one group counselling (including a general presentation and three workshops), one 139 

individual family counselling with two follow-up telephone calls and weekly e-mails. The 140 

counselling included five main messages: 1) buy less salt rich foods within different food 141 

categories by checking nutrition declaration and/or selecting products with the keyhole label(23); 142 

2) eat less food with a high salt content such as processed meats, cheese, convenience food, salty 143 

snacks; 3) reduce the use of salt during cooking and at the dining table; 4) flavor food with herbs 144 

and spices as an alternative to salt; 5) follow the Danish plate model, where 40% of the plate is 145 

filled with fruit and vegetables.   146 

Outcome measures 147 

Background characteristics 148 

At baseline and follow-up all families went through a thorough health examination at Center for 149 

Clinical Research and Prevention, Glostrup, Denmark. Anthropometric measurements including 150 

height and body weight were measured without shoes and in light clothing using a Harpenden 151 



8 

 

stadiometer and a digital scale, respectively. BMI was calculated as weight (kg)/height2 (m). 152 

Information regarding participants’ physical activity level, smoking status and parental education 153 

was obtained from questionnaires. Physical activity level was divided into sedentary, moderate 154 

and vigorous activity. Participants were categorized as smokers if they smoked daily or 155 

occasionally and non-smokers if they never smoked or smoked once but stopped. Parental 156 

education was divided into 1) minimum secondary school completion, 2) bachelor’s degree or 157 

equivalent (3-4y) and 3) post-graduate degree (≥4y) and based on the parent in the family with 158 

the highest education.  159 

Dietary assessment  160 

All family members were asked to complete seven consecutive days of food recording at 161 

baseline and follow-up. In connection to the health examinations trained research staff instructed 162 

families on how to use the dietary assessment tool, and parents were instructed on how to 163 

support and/or complete the registration for younger children.  164 

Daily intake of food and beverages were recorded in a validated web-based dietary assessment 165 

software(24,25) that was slightly modified to fit the purpose of the study. Pre-coded dishes were 166 

updated to better distinguish between composite food product containing either high or low salt 167 

ingredients, and the food composition database was updated with respect to sodium content. The 168 

project bread was included in the dietary assessment software at follow-up. The recordings were 169 

entered during or at the end of the day and followed a typical Danish meal pattern including 170 

breakfast, a morning snack, lunch, an afternoon snack, dinner and an evening snack. Participants 171 

could choose from a variety of pre-coded food products and beverages as well as typical Danish 172 

dishes. An open answer option was also available if  none of the pre-coded response categories 173 

matched the consumed product. The amount consumed was estimated by selecting between 174 
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different pictures with varying portion sizes, and participants could then specify the number of 175 

servings. For food recorded in the open answer option, the portion size was written in grams or 176 

as household measures.  177 

During the recording periods, a telephone hotline was open to help families who experienced 178 

problems. If  recordings were not completed, reminder e-mails were sent to the families, and 179 

when two recordings were missing, a telephone call was made to find out if the family had 180 

encountered any problems.  181 

Estimation of dietary intake 182 

For each participant, the average dietary intake per day was estimated based on the intake of the 183 

days recorded. To calculate the intake of energy, nutrients, and foods, a General Intake 184 

Estimation System (GIES) (originally developed for DANSDA(8)) was used to interpret data 185 

entered in the food records into ingredients. The ingredients were linked to nutrient data from a 186 

custom version of the Danish Food Composition Databank version 3(26).  187 

Selected food products were assigned to relevant food groups. The main food products assigned 188 

to high salt bread fillings (>2.5g/100g) included sliced meats and poultry, smoked and marinated 189 

fish and some types of cheeses. Medium salt fillings (1-2.5g/100g) included sliced meat and 190 

poultry products, canned or mildly processed fish and firm cheeses. Low salt fillings 191 

(<1.0g/100g) included fruit and vegetables, eggs, canned fish, soft cheeses and sweet fillings like 192 

Nutella and thin slices of chocolate.  193 

Selection of food groups 194 

The outcomes on food groups were selected based on the aims to investigate the interventions 195 

effect on: 1) bread consumption, as it may be affected by reducing the salt content in bread 196 
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and/or by providing bread free of charge, 2) choice of bread fillings, as it may compensate for 197 

the reduced salt flavor in bread, 3) intake of high salt foods, including food groups like, ‘cheese 198 

and cheese products’, ‘processed meat, poultry and fish’, ‘butter and spreads’ and ‘salty snacks’, 199 

as it may compensate for a lower salt intake at meals containing bread, 4) intake of foods that 200 

have been recommended to either increase or decrease in the dietary counselling including the 201 

previously mentioned food groups and ‘fruit’ and ‘vegetables’, 5) intake of food groups that may 202 

be substituted with bread when receiving this free of charge such as other starchy products like 203 

‘rice and pasta’, ‘potato and potato products’ and ‘breakfast cereals’, 6) intake of other main 204 

food groups within the diet that might have an impact on health and/or and nutrient intake 205 

including ‘milk and milk products’, ’meat and meat products’, ‘poultry and poultry products’, 206 

’fish and fish products’, ‘cakes, sweets and chocolate’, and ‘sugar-sweetened beverages’.   207 

Under- acceptable and over-reported intake of energy 208 

Participants were classified as under-reporters (UR), acceptable-reporters (AR) or over-reporters 209 

(OR) of energy intake using the EI:BMR ratio (EI: mean reported energy intake) with the 210 

Goldberg cut-off values at the individual level as suggested by Black(27,28). BMR was estimated 211 

from weight and height using age- and gender specific Scofield equations(29). Physical activity 212 

level was based on answers in the questionnaire and set to 1.6, 1.8 and 2.0 in children and 1.4, 213 

1.6 and 1.8 in adults for sedentary, moderate and vigorous physical activity, respectively(30).  214 

Statistical analysis 215 

All analyses were conducted using R version 3.5.3 (R Core Team, 2019, Vienna, Austria). The 216 

outcomes were estimated in E% (for macronutrients), g/day and g/10MJ, and run for all 217 

participants together and separately for children and adults.  218 
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Categorical data are presented as frequencies and percentages and continuous data are presented 219 

as mean and standard deviation (SD) or median and interquartile ranges (IQR) according to 220 

distribution. Distributions were tested using histograms, and all food groups where log 221 

transformed before analysis to meet assumptions for normal distribution. Participants without an 222 

intake of a food group were included with zero values in the presentation of intakes at baseline 223 

and a value of 0.01g/day was inserted before log transformations to include these participants in 224 

the analyses. The intention to treat approach were used in all analyses and missing values were 225 

imputed with 100 samples. Compound symmetry was chosen as the variance structure. Presented 226 

baseline values are based on observed values. To estimate baseline differences between groups 227 

mixed models were used with baseline value as outcome variable, treatment group as fixed effect 228 

and family as random effect.  229 

Changes from baseline to follow-up within groups were estimated using mixed models with 230 

baseline and follow-up value as outcome variable, baseline/follow-up visit, age, sex, BMI, 231 

parental education, and under- and acceptable reported energy intake as fixed effects and 232 

participant as random effect. Family was not included as random effect as this caused variance 233 

estimates to approach zero.    234 

Differences between groups were analyzed using mixed models with follow-up value as outcome 235 

variable, treatment group, baseline value, age, sex, BMI, parental education, and under- and 236 

acceptable reported energy intake as fixed effects and family as random effect. When analyzing 237 

the food group ‘butter and spreads’, for all participants together and separately for adults, family 238 

was not included as random effect due to variance estimates approaching zero. This was also the 239 

case for ‘medium salt fillings’ when analyzing separately for children. Participants with an over-240 

reported energy intake only included one participant at baseline and two participants at follow 241 
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up, thus, these participants were assigned as acceptable reporters of energy intake, due to 242 

imputation difficulties when having few cases.  243 

Results 244 

In total, 89 families (n=309) were included in the study. Twenty-five families (n=81) were 245 

assigned to Intervention A, 35 families (n=127) to Intervention B and 29 families (n=101) to the 246 

control group. During the study five families and two individual participants (their families 247 

continued) dropped out (n=20). Six participants had missing data on BMI and eleven participants 248 

had missing data on parental education, physical activity, and smoking status. For 16 participants 249 

at baseline and 23 at follow-up (including dropouts) it was not possible to assess whether energy 250 

intake was under- acceptable or over-reported, due to missing values on energy, weight, height 251 

or level of physical activity. Twenty-one participants (including dropouts) had missing dietary 252 

data at follow-up. At baseline, no significant differences between groups where seen for sex, age, 253 

BMI, physical activity, or smoking status (Table 1).  254 

Food groups 255 

Table 2 presents the changes in intake of food groups in g/day from baseline to follow-up in the 256 

three groups for all participants and for adults and children separately. Results for all participants 257 

showed that ‘bread’ consumption increased significantly from baseline to follow-up among those 258 

receiving salt reduced bread only (Intervention A) and among those receiving salt reduced bread 259 

and dietary counselling (Intervention B), with 21% (P=0.008) and 26% (P=0.000), respectively. 260 

For those receiving bread with a regular salt content (Control) there was a borderline significant 261 

increase in bread consumption of 10% (P=0.051). The same results were found when running the 262 

analysis separately for children and adults, but among adults in Intervention A the increased 263 
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consumption did not reach statistical significance (16%, P=0.098). At baseline, all three groups 264 

consumed more ‘wheat bread’ than ‘rye bread’. During the intervention, it was primarily the 265 

intake of ‘wheat bread’ that increased in intervention A (30%, P=0.004) and in the control group 266 

(14%, P=0.215), whereas the intake of both ‘wheat bread’ and ‘rye bread’ increased in 267 

Intervention B (32%, P=0.000 and 45%, P=0.018, respectively). Analysis run separately for 268 

children and adults revealed that intake of ‘rye bread’ increased more among children (75%, 269 

P=0.032) while intake of ‘wheat bread’ increased more among adults (43%, P=0.001) in 270 

intervention B. On average, project bread accounted for 80%, 85% and 88% of total bread 271 

consumption at follow-up in Intervention A, Intervention B and in the control group, 272 

respectively.  273 

Consumption of ‘butter and spreads’ did not change in any of the three groups during the study, 274 

whereas the intake of ‘bread fillings, total’ was borderline significantly reduced in Intervention B 275 

(-12%, P=0.073) and significantly reduced in the control group (-19%, P=0.012). The reduced 276 

intake of ‘bread fillings, total’ in the control group was caused by a decrease in ‘medium salt 277 

fillings’ and ‘low salt fillings’ (-33%, P=0.011 and -43%, P=0.003, respectively).  278 

Consumption of ‘breakfast cereals’ was reduced at follow-up in the control group (-52%, 279 

P=0.004). No other significant changes in starchy products like ‘rice and pasta’ and ‘potato and 280 

potato products’ were seen in any of the groups when analyzing all participants together, but 281 

consumption of ‘potato and potato products’ increased among adults in Intervention B (114%, 282 

P=0.038).  283 

In Intervention A, the intake of ‘meat and meat products’ increased significantly (23%, P=0.007) 284 

and there was a tendency towards a significant increase in ‘processed meat, poultry and fish’ 285 

(20%, P=0.091), whereas the intake of ‘cheese and cheese products’ and ‘fish and fish products’ 286 
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decreased (-37%, P=0.003 and -60%, P=0.002, respectively). The intake of these food groups did 287 

not change in Intervention B, and in the control group it was only the intake of ‘fish and fish 288 

products’ that changed (-52%, P=0.003), which was primarily caused by a reduction among 289 

children (-73%, P=0.000). For both Intervention A and Intervention B, the intake of ‘fruit’ 290 

increased from baseline to follow-up with 40%, P=0.017 and 61%, P=0.000, respectively. All 291 

three groups reduced their intake of ‘milk and milk products’ with -17%, P=0.004, -12%, 292 

P=0.048 and -15%, P=0.025 in intervention A, Intervention B and the control group, 293 

respectively.  294 

Intake of ‘salty snacks’ and sugary food groups, did not change significantly in any of the groups 295 

following the intervention, but in Intervention B there was a tendency towards a decrease in the 296 

intake of ‘cakes, sweets, and chocolate’ (-20%, P=0.091) and an increase in the intake of ‘sugar 297 

sweetened beverages’ (65%, P=0.077). 298 

When analyzing the changes from baseline to follow-up in g/10MJ the estimates pointed in the 299 

same direction as the change in g/day (Supplementary Table 1), but a few additional food 300 

groups reached statistical significance. This was the case for ‘bread’ consumption in the control 301 

group (16%, 0.002), and ‘bread fillings, total’ in Intervention B (-19%, P=0.033). The intake of 302 

‘cheese and cheese products’ was also significantly reduced in Intervention B (-17%, P=0.017), 303 

and the intake of ‘processed meat, poultry and fish’ was significantly increased in Intervention A 304 

(26%, P=0.024). In the control group, the intake of ‘meat and meat products’ increased 305 

significantly with 15%, P=0.034. The consumption of ‘cakes, sweets and chocolate’ decreased 306 

significantly in Intervention B (-25%, P=0.040). Opposed to the analyses in g/day in the control 307 

group, the decreased consumption of ‘milk and milk products’ did not reach statistical 308 
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significance, and the reduced intake of ‘bread fillings, total’ was only borderline significant 309 

when being analyzed in g/10MJ. 310 

Differences between groups at follow-up (adjusted for baseline) are presented in Table 3 for all 311 

participants and for adults and children separately. Results for all participants showed that the 312 

intervention did not result in any group differences in the total consumption of ‘bread’, but the 313 

intake of ‘rye bread’ was significantly higher in intervention B compared to the control group 314 

(50%, P=0.034). Consumption of ‘butter and spreads’ and all types of bread fillings did not 315 

differ between groups. Neither did the intake of other starchy food groups, except for ‘breakfast 316 

cereals’ which was significantly higher in Intervention B compared to control (133%, P=0.025), 317 

mainly among adults (187%, P=0.026). The intake of ‘cheese and cheese products’ was 318 

significantly lower in Intervention A compared to the control group (-38%, P=0.012), and there 319 

was a tendency towards a higher intake of ‘processed meat poultry and fish’ (30%, P=0.114). In 320 

Intervention B, the intake of ‘poultry and poultry products’ was significantly higher compared to 321 

both the control group (163%, P=0.040) and Intervention A (210%, P=0.022), primarily among 322 

adults (219%, P=0.031 and 327% P=0.010, respectively). A tendency towards a higher intake of 323 

‘fish and fish products’ was also seen in Intervention B compared to the control group (86%, 324 

p=0.078), which was primarily caused by a higher intake among children (222%, P=0.025). 325 

When compared to Intervention A, the intake of ‘fish and fish products’ was significantly higher 326 

in Intervention B (166%, P=0.010). ‘Fruit’ consumption was significantly higher in Intervention 327 

B compared to the control group (38%, P=0.028). No between group differences were found in 328 

the consumption of ‘salty snacks’ and sugary food groups.  329 

When analyzing the differences between groups at follow-up in g/10MJ (Supplementary Table 330 

2), the estimates pointed in the same direction as the estimates in g/day, but the lower intake of 331 
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‘meat and meat products’ in Intervention B compared to Intervention A reached statistical 332 

significance when being analyzed in g/10MJ (-30%, P=0.020). On the contrary, the higher intake 333 

of ‘rye bread’, ‘fruit’, and ‘poultry and poultry products’ in Intervention B compared to the 334 

control group did not reach statistical significance when analyzing children and adults together, 335 

but the higher intake of ‘fruit’, and ‘poultry and poultry products’ still reached significance when 336 

analyzing adults separately.  337 

Nutrients 338 

Changes from baseline to follow-up in the intake of energy and nutrients are presented in Table 339 

4. Sodium consumption decreased in all three groups with -0.4gday (-1.0g salt), P=0.000, -340 

0.3g/day (-0.8g salt), P=0.000 and -0.2g/day (-0.5g salt), P=0.044 in Intervention A, Intervention 341 

B and the control group, respectively. Dietary potassium increased in Intervention B only 342 

(0.1g/day, P=0.020), and only significantly among adults (0.2g/day, P=0.005). Based on changes 343 

in g/10MJ, sodium decreased in Intervention A (-0.4g/10MJ, -1.0g salt, P=0.000) and 344 

Intervention B (-0.5g/10MJ, -1.3g salt, P=0.000), but not in the control group. When analyzing 345 

the results separately on children and adults, the reduced sodium consumption did not reach 346 

statistical significance among adults in Intervention A. The sodium to potassium ratio decreased 347 

in both Intervention A (-12%, P=0.000) and Intervention B (-14%, P=0.000).  348 

Energy intake was borderline reduced in Intervention A (-406kJ, P=0.061) and significantly 349 

reduced in the control group (-394kJ, P=0.008). In Intervention B, energy intake was increased 350 

(325kJ, P=0.065) from baseline to follow-up, but only among adults (587kJ, P=0.019). Based on 351 

observed data, the proportion of participants with an underreported energy intake included 30% 352 

in Intervention A, 28% in Intervention B and 24% in the control group. At follow-up, this was 353 

30%, 35% and 32%, respectively. The macronutrient distribution was mainly unchanged, but in 354 
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Intervention A there was a significant increase in E% from fat (1.0 E%, P=0.037), and in 355 

Intervention B there was a significant reduction in E% from saturated fat (-0.8 E%, P=0.001) 356 

whereas the intake from added sugar increased (0.8E%, P=0.045). In the control group, there was 357 

a significantly reduced intake of dietary fiber (-2g/10MJ, P=0.001).  358 

When comparing groups based on intakes in g/day (Table 5), dietary sodium was significantly 359 

reduced in Intervention A (-0.3g/day, -0.8g salt, P=0.038) and borderline significantly reduced in 360 

Intervention B (-0.2g/day, -0.5g salt, P=0.082) compared to the control group. The significant 361 

reduction in Intervention A only reached statistical significance among children (-0.3g/day, -0.8g 362 

salt, P=0.033). The intake of potassium was significantly higher in Intervention B compared to 363 

the control group (0.2g/day, P=0.039), and borderline significantly higher compared to 364 

Intervention A (0.2g/day, P=0.087), but only among adults. When comparing groups based on 365 

intakes in g/10MJ, dietary sodium was significantly reduced in Intervention A (-0.4g/10MJ, 1.0g 366 

salt, P=0.027) and Intervention B (-0.4g/10MJ, 1.0g salt, P=0.026) compared to the control 367 

group, whereas no differences between groups were seen in intake of potassium. The sodium to 368 

potassium ratio was lower in Intervention A (-12%, P=0.021) and Intervention B (-13%, 0.006) 369 

compared to the control group, but did not differ between Intervention A and Intervention B 370 

(Table 5).  371 

The energy intake was significantly higher in Intervention B compared to the control group 372 

(512kJ, P=0.019) and Intervention A (554kJ, P=0.016), but this was only significant among 373 

adults. There were no differences between groups in the macronutrient distribution, except from 374 

a lower E% from saturated fat in Intervention B compared to the control (-1.0E%, P=0.031) and 375 

Intervention A (-1.0E%, P=0.027). 376 

Discussion 377 
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Salt intake was lowered when receiving salt reduced bread alone and in combination with dietary 378 

counselling (borderline significant), and both interventions lowered the sodium to potassium 379 

ratio. The amount of bread consumed did not differ between the intervention groups receiving 380 

salt reduced bread and the control group receiving bread with a regular salt content. No 381 

compensating behavior in terms of the choice of bread fillings or other salt rich food groups was 382 

identified, except for a tendency towards a higher consumption of processed meat, poultry and 383 

fish when receiving salt reduced bread alone. Receiving salt reduced bread in combination with 384 

dietary counselling resulted in higher intakes of fruit, breakfast cereals and poultry and poultry 385 

product among adults and fish and fish products among children. Energy intake and 386 

macronutrient distribution was not affected when receiving salt reduced bread alone, but addition 387 

of dietary counselling increased energy intake (among adults) and lowered E% from saturated 388 

fat. 389 

Previous studies have investigated the dietary impact of providing salt reduced food 390 

products(15,31). In a RCT by Bolhuis et al., participants were provided with bread with a regular 391 

salt content (1.8g/100g) or bread with a reduced salt content of 52% (0.87g/100g) or 67% 392 

(0.6g/100g)(15). Like the findings in the present study, a reduction of 52% in salt content in bread 393 

did not affect bread consumption or result in compensation for the reduced salt content by 394 

choosing salty sandwich fillings. However, reducing the salt content in bread by 67% decreased 395 

bread consumption. This contrast with the findings in the present study, where consumption of 396 

wheat bread with a reduced salt content of 67% did not differ from that of bread with regular salt 397 

content (1.2g/100g) provided to the control group. The study by Bolhuis et al. only lasted for 398 

four weeks, and the bread in the project was only provided for breakfast and on weekdays. As a 399 

preference for food with a reduced salt content may develop gradually over time with regular 400 
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consumption(32), the decreased bread intake could result from an insufficient exposure period. 401 

Notably, the present study provides evidence that large reductions in the salt content of bread 402 

(67%) over a long period of time (4 months) does not reduce bread consumption or result in 403 

individuals compensating for the reduced salt content of bread by choosing salty fillings. This 404 

may in part result from an increased salt taste sensitivity and higher liking of bread with a low 405 

salt content (0.4g/100g) when consuming salt reduced bread, as observed in a previous 406 

publication based on this trial(33).  407 

Another RCT that was conducted by Janssen et al. investigated the effect of serving salt reduced 408 

lunches for three weeks(31). The salt content of the provided food products was reduced between 409 

29% and 61% and included bread, cold cuts, cheeses, salad spreads, hot snacks, soups and 410 

dressings. The intervention did not trigger any salt compensating behavior during the remainder 411 

of the day, and salt intake decreased by 2.5g/day. Similarly, dietary salt decreased in the present 412 

study, albeit to a lesser extent. Based on the daily intake of bread at baseline, consumption of salt 413 

reduced bread should be able to decrease daily salt intake by approximately 1.1g/day. A lower 414 

daily salt intake of 0.8g/day (0.3g sodium/day) was achieved when providing salt reduced bread 415 

alone, and when dietary counselling was added a lower salt intake of 0.5g/day (0.2g sodium/day) 416 

(borderline significant) was achieved. Although our study demonstrates that salt intake can be 417 

reduced by providing salt reduced bread with or without dietary counselling, the achieved 418 

reduction in salt intake was lower than expected. The greater reduction in dietary salt achieved in 419 

the study by Janssen et al., suggests that reformulation of several food products to contain less 420 

salt may be required to achieve substantial reductions in salt intake. Interestingly, both previous 421 

studies took place in a research canteen, and this study shows that salt intake can also be reduced 422 

in a real-life context by providing reformulated food.   423 
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Providing dietary counselling in addition to salt reduced bread did not contribute to greater 424 

reductions in daily salt intake. This may be attributable to the changes in energy intake. 425 

Intervention B resulted in a higher reported energy intake. Since energy intake is positively 426 

associated with salt intake(34), this may explain why inclusion of dietary counselling did not 427 

result in more pronounced reductions in salt intake. This hypothesis is further supported by the 428 

result in g/10MJ. By adjusting for the changes in energy intake, more substantial reductions in 429 

dietary salt was achieved among participants receiving dietary counselling (1.3g salt/0.5g 430 

sodium/10MJ).  431 

From baseline to follow-up, energy intake decreased among participants who received project 432 

bread only (Intervention A and the control group). This may have resulted from respondent’s 433 

fatigue. Filling in dietary registrations for a whole family in 7 days is time consuming, and 434 

participants may have reduced the quality of their registrations towards the end of the 435 

intervention, resulting in a decreased reported energy intake at follow-up. In contrast, energy 436 

intake increased among participant receiving dietary counselling. The dietary counselling may 437 

have increased participants commitment to the intervention, potentially making them provide a 438 

more detailed dietary registration with a higher reported energy intake at follow-up. Moreover, 439 

results from a previous publication revealed that BMI did not change in any of the three groups 440 

during the intervention, supporting that energy intake may not have changed(35). 441 

The macronutrient distribution and the absolute intake of macronutrients was not affected in 442 

Intervention A, whereas a lower E% from saturated fat and a higher absolute intake of 443 

polyunsaturated fat, available carbohydrates, dietary fiber and potassium was found in 444 

Intervention B. Based on the food groups, this seemed to result from a higher daily consumption 445 



21 

 

of ‘fish and fish products’ among children and ‘breakfast cereals’, ‘fruit’, and ‘poultry and 446 

poultry products’ among adults. 447 

Large significant differences were observed in the intake of ‘fish and fish products’, ‘breakfast 448 

cereals’ and ‘poultry and poultry products’, but the actual difference in consumption in g/day did 449 

not seem to be particularly large due to low intakes at baseline. In contrast, the actual difference 450 

in intake of ‘fruit’ was larger, which may have increased the quality of the diet, even though it 451 

did not contribute to a greater intake of potassium when adjusting for the energy intake.  452 

Promisingly, consumption of salt reduced bread both with and without dietary counselling did 453 

not affect the intake of sugary food groups and there was no evidence of salt intake 454 

compensation by the intake of salty fillings or other salty food groups such as ‘cheese and cheese 455 

products’, ‘butter and spreads’ and ‘salty snacks’. However, receiving salt reduced bread alone 456 

increased the consumption of ‘processed meat, poultry and fish’ (non-significant). Nevertheless, 457 

this potential compensating behavior did not prevent a reduction in dietary salt. 458 

The fact that provision of salt reduced bread both with and without dietary counselling 459 

successfully reduced dietary salt (although only borderline significant in Intervention B) and did 460 

not negatively affect the quality of the diet, provide practical applications for policy makers and 461 

for the food industry to lower population salt intake, by increasing the production and 462 

availability of food products with a reduced salt content.  463 

Some strengths and limitations of the study should be mentioned. The inclusion of healthy 464 

Danish families and the real-life context in which the study took place increase the 465 

generalizability of the results to the wider Danish population. It may not be realistic to provide 466 

dietary counselling to a whole population, but the elements used during the dietary counselling 467 

sessions could provide a foundation for future public health educations.  468 
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By running the analyses in both g/day and g/10MJ we were able to identify the exact changes 469 

reported in the dietary registration and provide a measure of the overall quality of the diet 470 

according to the Danish food based dietary guidelines(36) and the Nordic Nutrition 471 

Recommendations(37). Although the use of g/day and g/10MJ resulted in some differences in 472 

significant outcomes, the estimates pointed in the same direction.  473 

The inclusion of dietary counselling in addition to salt reduced bread did not result in a larger 474 

reduction in daily salt intake, and this contrast with the findings in a previous publication based 475 

on this study. Considerably larger reductions in salt intake (1.5g salt/day or 0.6g sodium/day) 476 

were found among adults receiving dietary counselling when the intake was estimated from three 477 

consecutive 24-hour urine samples (only adults gave three urine samples)(38). The collection of 478 

several 24-hour urine samples is regarded as the most valid measure of salt intake(39). The dietary 479 

registration tool may not have been sufficiently sensitive to correctly estimate changes in salt 480 

intake resulting from the advice given in the dietary counselling. Firstly, it was not possible for 481 

participants to register when they had substituted a food product to a low salt version of the same 482 

product. Since an important advice in the dietary counselling was to select food products with 483 

less salt, by checking the information of the nutrition declaration and/or selecting products with 484 

the keyhole label, this may have resulted in the reduction in salt intake being underestimated. 485 

Secondly, participants were advised to reduce their intake of salt when cooking and at the table, 486 

but the use of discretionary salt was not measured in the dietary registration, further increasing 487 

the risk of underestimating decreases in salt consumption. Underestimation of dietary salt intake 488 

measured from dietary assessments compared to 24-h urine assessments have been identified 489 

previously(40).  490 

Even though the collection of 24-hour urine samples is regarded as the most valid measure of salt 491 
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intake(39), the 7-day dietary record may be superior in some cases. Salt intake remained 492 

unchanged among children when it was estimated on the basis of a single 24-hour urine sample 493 

(children only gave one urine sample), whereas the intake was found to be reduced when it was 494 

estimated on the basis of the 7-day dietary registration. Salt intake varies from day to day and, 495 

therefore, the collection of a single 24-hour urine sample may not capture the habitual 496 

intake(39,41). 497 

The power calculation was based on changes in dietary salt measured through 24-h urine 498 

collections, hence differences in dietary intake of other nutrients and food groups may not have 499 

reached statistical significance due to lack of power. For instance, the 30% higher daily 500 

consumption of processed meat, poultry and fish when receiving salt reduced bread alone 501 

compared to the control, did not reach statistical significance, perhaps due to lack of power. 502 

Moreover, analyzing children and adults separately further reduces power. It seems likely that 503 

the subgroup analyses performed on the intake of rye bread in Intervention B compared to the 504 

control did not reach statistical significance due to a lack of power, since the estimated increase 505 

in the subgroups was similar to the significant increase observed when analyzing children and 506 

adults together.   507 

Consumption of bread supplied in the project was, in general, high, but not all the consumed 508 

bread products could be attributed to project bread, which may have contributed to the modest 509 

reduction in salt intake. To achieve more substantial salt reductions, future studies should 510 

investigate the effect of providing several salt reduced food products in a real-life context.  511 

In conclusion, salt intake (sodium) was lowered by providing salt reduced bread alone and in 512 

combination with dietary counselling (borderline significant), and both interventions lowered the 513 

sodium to potassium ratio. The amount of bread consumed among those receiving salt reduced 514 
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bread did not differ from the consumption of bread among those receiving bread with a regular 515 

salt content. Furthermore, there was no evidence of compensating behavior by selecting more 516 

salt rich bread fillings or other high salt food groups, in fact, consumption of cheese and cheese 517 

products was lowered when receiving salt reduced bread alone. The energy intake and the quality 518 

of the diet in terms of the macronutrient distribution and intake of food groups was not affected 519 

by providing salt reduced bread alone, but adding dietary counselling may have increased energy 520 

intake (among adults) and resulted in minor improvements in the dietary quality, as the E% from 521 

saturated fat was lowered and fruit consumption increased (among adults). To achieve more 522 

pronounced reductions in dietary salt intake, future and larger studies should investigate the 523 

effect of providing several salt reduced food products both with and without dietary counselling 524 

in a real-life setting on both salt reduction and other dietary and nutritional effects.     525 
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Table 1: Baseline characteristics at cluster- and individual level1 
  Intervention A Intervention B Control 

  
Mean (SD) or n 
(%) 

Mean (SD) or n 
(%) 

Mean (SD) or n 
(%) 

Cluster level       
Families 25 (28.1) 35 (39.3) 29 (32.6) 
Participants  81 (26.2) 127 (41.1) 101 (32.7) 
Family size 3.2 (SD 0.8) 3.6 (SD 1.1) 3.5 (SD 1.1) 
Parental education        
Minimum secondary school 
completion2 

9 (37.5) 8 (24.2) 8 (28.6) 

Bachelors degree or equivalent (3-4y) 6 (25.0) 12 (36.4) 7 (25.0) 
Post-graduate degree (> 4y) 9 (37.5) 13 (39.4) 13 (46.4) 
Individual level       
All       
Sex (men, %) 39 (48.1) 62 (48.8) 50 (49.5) 
Age (y) 25.7 (SD 17.7) 24.7 (SD 17.2) 24.2 (SD 17.4) 
Weight (kg) 60.2 (SD 25.2) 57.8 (SD 27.0) 53.1 (SD 26.7) 
Height (cm) 159.5 (SD 24.5) 157.4 (SD 26.4) 153.0 (SD 27.1) 
BMI (kg/m2) 22.1 (SD 5.2) 21.6 (SD 6.0) 20.7 (SD 5.3) 
Physical activity       

Sedentary 12 (15.0) 14 (11.7) 13 (13.3) 
Moderately active 30 (37.5) 40 (33.3) 37 (37.8) 
Vigorously active 38 (47.5) 66 (55.0) 48 (49.0) 

Smokers 6 (7.5) 6 (5.0) 5 (5.1) 
Children < 18y       
n 40 (49.4) 64 (50.4) 52 (51.5) 
Sex (boys, %) 21 (52.5) 33 (51.6) 27 (51.9) 
Age (y) 9.5 (SD 4.2) 9.1 (SD 4.2) 8.4 (SD 3.5) 
Age category       
3-7 (y) 17 (42.5) 28 (43.8) 23 (44.2) 
8-12 (y) 12 (30.0) 17 (26.6) 20 (38.5) 
13-17 (y) 11 (27.5) 19 (29.7) 9 (17.3) 

Weight (kg) 40.3 (SD 18.3) 37.3 (SD 19.6) 32.0 (SD 16.1) 
Height (cm) 144.1 (SD 25.9) 140.4 (SD 27.4) 133.1 (SD 23.2) 
BMI (kg/m2) 18.0 (SD 2.9) 17.4(SD 2.8) 16.9 (SD 2.8) 
Physical activity       

Sedentary 4 (10.0)  6 (10.0) 6 (12.0) 
Moderately active 7 (17.5) 10 (16.7) 6 (12.0) 
Vigorously active 29 (72.5)  44 (73.3) 38 (76.0) 

Smokers 2 (5.0) 1 (1.7) 0 (0.0) 
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Adults ≥ 18y       
n 41 (50.6) 63 (49.6) 49 (48.5) 
Sex (men, %) 18 (43.9) 29 (46.0) 23 (46.9) 
Age (y) 41.5 (SD 9.5) 40.5 (SD 9.0) 40.9 (SD 8.0) 
Age category       

18-33 (y) 7 (17.1) 10 (15.9) 9 (18.4) 
34-49 (y) 26 (63.4) 42 (66.7) 33 (67.3) 
50-65 (y) 8 (19.5) 11 (17.5) 7 (14.3) 

Weight (kg) 78.6 (SD 14.3) 77.4 (SD 16.3) 75.5 (SD14.6) 
Height (cm) 174.2 (SD 9.7) 174.1 (SD 9.3) 174.0 (SD 8.7) 
BMI (kg/m2) 25.8 (SD 3.8) 25.6 (SD 5.6) 24.8 (SD 4.1) 
Physical activity       

Sedentary 8 (20.0) 8 (13.3) 7 (14.6) 
Moderately active 23 (57.5) 30 (50.0) 31 (64.6) 
Vigorously active 9 (22.5) 22 (36.7) 10 (20.8) 

Smokers 4 (10.0) 5 (8.3) 5 (10.4) 
1Values are mean (SD) or n (%). Eleven participants had missing data on smoking status, 
alcohol intake, physical activity and education. Three participants had missing data on height 
and six participants had missing data on weight and BMI. BMI=body mass index, 
cm=centimeter, kg=kilograms, m=meter, y=years 
2This group also included vocational educations, shorter courses, and no further education after 
secondary school completion 
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Table 2: Intake of food groups at baseline and estimated mean change from baseline to follow-up in the three groups (g/day)1 
  Intervention A Intervention B Control 

  n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) P-value 

All 81/74       127/120       101/94       
Food groups                     
Milk and milk products  81/74 302 [186, 429] -17 (-27, -6) 0.004 127/120 244 [138, 378] -12 (-22, -0) 0.048 101/94 271 [197, 368] -15 (-26, -2) 0.025 
Cheese and cheese products  81/70 30 [21, 52] -37 (-53, -15) 0.003 127/120 24 [13, 45] -13 (-27, 3) 0.105 100/94 29 [14, 42] 9 (-10, 31) 0.397 
Bread, total  81/74 125 [99, 150] 21 (5, 39) 0.008 127/120 125 [92, 152] 26 (15, 38) 0.000 101/94 122 [99, 158] 10 (-0, 21) 0.051 

Rye bread  74/70 51 [31, 82] 16 (-21, 70) 0.457 115/114 53 [28, 78] 45 (6, 95) 0.018 99/90 55 [34, 84] -17 (-34, 4) 0.101 
Wheat bread  81/74 69 [50, 90] 30 (8, 57) 0.004 127/120 65 [39, 93] 32 (14, 52) 0.000 101/92 66 [52, 87] 14 (-7, 39) 0.215 

Breakfast cereals  60/54 27 [0, 48] -30 (-57, 15) 0.157 102/95 21 [4, 54] -4 (-34, 39) 0.825 78/63 26 [5, 51] -52 (-71, -21) 0.004 
Rice and pasta  78/71 32 [16, 47] -18 (-45, 21) 0.324 121/111 31 [19, 56] -26 (-49, 7) 0.111 97/87 29 [15, 56] -22 (-44, 7) 0.129 
Potatoes and potato products  74/67 23 [11, 37] 40 (-21, 148) 0.248 110/104 25 [7, 50] 34 (-21, 127) 0.273 88/77 19 [6, 36] 33 (-26, 136) 0.337 
Vegetables  81/74 131 [79, 192] 4 (-10, 20) 0.576 127/120 145 [88, 238] 1 (-10, 13) 0.909 101/94 143 [91, 216] 4 (-7, 15) 0.512 
Fruit  80/73 80 [45, 146] 40 (6, 84) 0.017 125/120 80 [37, 144] 61 (31, 99) 0.000 101/94 86 [40, 140] 1 (-10, 34) 0.361 
Meat and meat products  81/74 84 [56, 116] 23 (6, 42) 0.007 127/119 67 [45, 105] -2 (-19, 19) 0.837 100/93 75 [51, 108] 10 (-4, 26) 0.185 
Poultry and poultry products  61/47 14 [3, 32] -53 (-79, 3) 0.060 112/98 19 [6, 34] -23 (-52, 22) 0.267 81/67 11 [2, 26] -39 (-64, 3) 0.064 
Fish and fish products  61/42 11 [2, 24] -60 (-77, -27) 0.002 107/97 14 [4, 28] -13 (-43, 31) 0.501 83/67 14 [4, 26] -52 (-70, -22) 0.003 

Processed meat, poultry and 
fish  81/74 45 [27, 59] 20 (-3, 48) 0.091 127/119 44 [24, 62] 1 (-14, 19) 0.923 98/93 43 [27, 64] -1 (-17, 17) 0.870 

Butter and spreads  74/69 9 [5, 16] 0 (-29, 39) 0.985 117/111 9 [4, 14] 6 (-18, 38) 0.660 94/87 15 [6, 22] -7 (-30, 23) 0.617 
Salty snacks  59/44 4 [0, 10] -37 (-64, 12) 0.112 77/69 3 [0, 8] -22 (-52, 28) 0.325 62/64 3 [0, 10] 30 (-20, 110) 0.290 
Cakes, sweets and chocolate  78/74 71 [34, 102] 28 (-6, 72) 0.114 125/114 67 [44, 98] -20 (-37, 3) 0.091 100/91 71 [42, 91] -12 (-30, 13) 0.313 
Sugar sweetened beverages  70/64 107 [43, 229] 22 (-32, 120) 0.507 109/108 86 [43, 186] 65 (-5, 186) 0.077 83/80 71 [29, 167] 60 (-15, 197) 0.143 
Bread fillings             
Fillings, total  81/72 62 [36, 95] -16 (-36, 9) 0.190 126/118 62 [36, 96] -12 (-24, 1) 0.073 101/94 60 [40, 86] -19 (-32, -5) 0.012 
High salt (>2.5g/100g)  68/62 7 [2, 13] 10 (-32, 77) 0.701 106/97 7 [2, 17] -18 (-43, 19) 0.290 83/80 8 [2, 14] 6 (-30, 62) 0.772 
Medium salt (1-2.5g/100g)  78/66 30 [11, 50] -26 (-51, 12) 0.154 118/110 28 [10, 41] -5 (-28, 25) 0.701 96/86 29 [18, 45] -33 (-51, -9) 0.011 
Low salt (<1.0g/100g)  76/69 22 [8, 38] -14 (-42, 28) 0.458 121/110 23 [11, 38] -19 (-41, 11) 0.180 98/85 20 [12, 32] -43 (-61, -18) 0.003 
Children 40/36    64/60    52/47    
Food groups              
Milk and milk products  40/36 376 [261, 470] -18 (-30, -4) 0.013 64/60 247 [154, 375] -14 (-28, 3) 0.107 52/47 278 [211, 361] -13 (-29, 6) 0.163 
Cheese and cheese products  40/33 22 [12, 30] -43 (-63, -12) 0.010 64/60 18 [10, 30] -18 (-39, 9) 0.181 51/47 21 [11, 39] 2 (-25, 38) 0.917 
Bread, total  40/36 113 [83, 140] 25 (3, 52) 0.026 64/60 114 [84, 143] 25 (11, 42) 0.000 52/47 115 [95, 138] 10 (-3, 23) 0.131 

Rye bread  34/33 43 [21, 69] 42 (-32, 194) 0.346 55/56 47 [19, 76] 75 (5, 192) 0.032 50/45 53 [32, 74] -8 (-27, 16) 0.494 
Wheat bread  40/36 63 [52, 80] 25 (-1, 58) 0.056 64/60 66 [38, 91] 22 (-0, 49) 0.055 52/45 65 [53, 81] 1 (-25, 36) 0.946 

Breakfast cereals  33/31 30 [8, 53] -24 (-58, 39) 0.376 53/52 24 [4, 58] 26 (-24, 112) 0.374 43/37 30 [8, 56] -30 (-66, 43) 0.324 
Rice and pasta  39/35 32 [18, 63] -37 (-64, 7) 0.090 61/55 26 [18, 53] -26 (-57, 27) 0.271 50/44 28 [11, 53] -18 (-49, 32) 0.409 
Potatoes and potato products  36/33 19 [11, 31] 72 (-24, 294) 0.198 55/49 18 [6, 33] -15 (-59, 77) 0.663 43/35 11 [5, 22] 25 (-47, 192) 0.605 
Vegetables  40/36 107 [68, 142] 1 (-19, 25) 0.951 64/60 106 [61, 167] 4 (-13, 23) 0.687 52/47 105 [56, 147] 13 (-2, 31) 0.094 
Fruit  39/36 84 [51, 140] 54 (1, 134) 0.045 63/60 79 [41, 144] 41 (9, 82) 0.009 52/47 84 [52, 132] 6 (-20, 42) 0.671 
Meat and meat products  40/36 69 [49, 99] 20 (-3, 48) 0.096 64/60 58 [37, 87] -8 (-27, 16) 0.473 52/47 57 [45, 84] 9 (-9, 31) 0.334 
Poultry and poultry products  28/24 12 [0, 24] -35 (-79, 99) 0.456 54/56 12 [3, 27] -22 (-61, 57) 0.490 40/32 8 [1, 20] -34 (-68, 39) 0.276 
Fish and fish products  28/17 11 [0, 19] -66 (-86, -16) 0.019 51/44 10 [2, 17] -29 (-62, 31) 0.269 41/26 8 [3, 21] -73 (-87, -44) 0.000 

Processed meat, poultry and 
fish  40/36 41 [27, 54] 11 (-16, 43) 0.455 64/60 40 [22, 55] 9 (-10, 32) 0.392 51/46 35 [25, 56] -6 (-22, 14) 0.523 
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Butter and spreads  39/36 9 [6, 16] 22 (-15, 75) 0.271 58/57 9 [4, 13] 21 (-15, 72) 0.281 47/45 13 [7, 22] 6 (-29, 57) 0.777 
Salty snacks  29/23 5 [0, 11] -23 (-63, 62) 0.486 37/35 4 [0, 10] -18 (-60, 68) 0.579 33/33 3 [0, 10] 40 (-27, 166) 0.310 
Cakes, sweets and chocolate  38/36 68 [33, 83] 62 (-1, 166) 0.056 63/56 54 [40, 86] -13 (-43, 32) 0.522 52/45 64 [41, 81] -16 (-39, 16) 0.303 
Sugar sweetened beverages  37/32 89 [55, 172] 14 (-39, 116) 0.680 57/55 96 [50, 216] 50 (-25, 200) 0.257 44/38 86 [29, 172] 4 (-52, 125) 0.910 
Bread fillings              
Fillings, total  40/35 48 [29, 72] -17 (-43, 21) 0.333 64/59 47 [26, 76] -16 (-31, 2) 0.074 52/47 44 [37, 66] -17 (-31, -0) 0.045 
High salt (>2.5g/100g)  32/29 5 [1, 11] 3 (-49, 110) 0.925 55/49 7 [2, 17] -23 (-53, 27) 0.306 44/41 7 [2, 11] 23 (-24, 99) 0.406 
Medium salt (1-2.5g/100g)  38/31 15 [9, 31] -18 (-59, 62) 0.563 58/53 14 [5, 29] 2 (-36, 63) 0.933 48/43 26 [13, 34] -36 (-58, -3) 0.034 
Low salt (<1.0g/100g)  38/33 20 [10, 31] -32 (-62, 19) 0.173 62/54 19 [11, 31] -37 (-61, 1) 0.057 49/42 15 [8, 26] -34 (-60, 7) 0.095 
Adults 41/38    63/60    49/47    
Food groups              
Milk and milk products  41/38 213 [176, 410] -15 (-30, 2) 0.085 63/60 224 [135, 387] -10 (-24, 7) 0.229 49/47 252 [185, 368] -16 (-31, 2) 0.072 
Cheese and cheese products  41/37 47 [29, 63] -30 (-53, 4) 0.082 63/60 33 [20, 62] -8 (-22, 8) 0.310 49/47 36 [18, 51] 17 (-7, 45) 0.171 
Bread, total  41/38 132 [116, 173] 16 (-3, 39) 0.098 63/60 136 [106, 156] 27 (14, 40) 0.000 49/47 130 [106, 164] 11 (-5, 28) 0.177 

Rye bread  40/37 64 [36, 90] -5 (-26, 21) 0.672 60/58 59 [30, 84] 19 (-13, 63) 0.283 49/45 56 [40, 91] -27 (-50, 9) 0.127 
Wheat bread  41/38 73 [39, 90] 35 (4, 75) 0.023 63/60 64 [44, 94] 43 (16, 75) 0.001 49/47 66 [47, 102] 28 (-0, 65) 0.054 

Breakfast cereals  27/23 17 [0, 44] -36 (-70, 39) 0.265 49/43 17 [4, 49] -28 (-58, 23) 0.232 35/26 25 [0, 50] -68 (-84, -38) 0.001 
Rice and pasta  39/36 29 [14, 44] 7 (-38, 86) 0.800 60/56 34 [21, 59] -26 (-55, 22) 0.239 47/43 34 [21, 71]  -26 (-52, 14) 0.168 
Potatoes and potato products  38/34 29 [16, 47] 16 (-46, 151) 0.702 55/55 31 [16, 60] 114 (4, 339) 0.038 45/42 31 [12, 49] 42 (-36, 210) 0.385 
Vegetables  41/38 165 [106, 230] 8 (-10, 27) 0.394 63/60 215 [135, 283] -2 (-13, 9) 0.673 49/47 199 [143, 277] -6 (-18, 8) 0.396 
Fruit  41/37 80 [44, 147] 27 (-10, 79) 0.169 62/60 90 [35, 141] 85 (34, 156) 0.000 49/47 93 [33, 154] 13 (-13, 46) 0.356 
Meat and meat products  41/38 99 [58, 122] 26 (4, 52) 0.017 63/59 80 [54, 114] 4 (-21, 39) 0.766 48/46 95 [63, 117] 10 (-9, 32) 0.335 
Poultry and poultry products  33/23 22 [4, 36] -66(-89, 6) 0.063 58/52 24 [14, 39] -25 (-60, 39) 0.364 41/35 14 [3, 37] -45 (-74, 17) 0.123 
Fish and fish products  33/25 15 [4, 31] -52 (-77, -1) 0.048 56/53 22 [7, 34] 7 (-38, 84) 0.816 42/41 22 [8, 36] -12 (-50, 57) 0.673 

Processed meat, poultry and 
fish  41/38 47 [27, 73] 30 (-6, 79) 0.112 63/59 49 [30, 64] -7 (-28, 20) 0.584 47/47 47 [31, 72] 4 (-23, 39) 0.809 

Butter and spreads  35/33 11 [3, 15] -18 (-53, 42) 0.470 59/54 9 [4, 16] -7 (-37, 36) 0.704 47/42 15 [6, 24] -19 (-45, 20) 0.294 
Salty snacks  30/21 4 [0, 9] -48 (-78, 22) 0.131 40/34 3 [0, 7] -25 (-62, 45) 0.388 29/31 4 [0, 9] 20 (-42, 146) 0.622 
Cakes, sweets and chocolate  40/38 88 [37, 111] 1 (-27, 39) 0.954 62/58 74 [54, 124] -26 (-43, -3) 0.028 48/46 77 [50, 96] -7 (-35, 32) 0.678 
Sugar sweetened beverages  33/32 129 [29, 272] 30 (-51, 249) 0.599 52/53 79 [39, 161] 82 (-24, 331) 0.175 39/42 64 [14, 143] 150 (-7, 575) 0.069 
Bread fillings              
Fillings, total  41/37 77 [55, 139] -16 (-42, 22) 0.363 62/59 84 [55, 115] -9 (-26, 13) 0.402 49/47 73 [55, 114] -21 (-40, 3) 0.087 
High salt (>2.5g/100g)  36/33 9 [3, 13] 16 (-39, 123) 0.643 51/48 7 [2, 17] -13 (-49, 49) 0.618 39/39 8 [1, 16] -9 (-54, 82) 0.800 
Medium salt (1-2.5g/100g)  40/35 46 [27, 65] -33 (-59, 7) 0.097 60/57 37 [24, 58] -12 (-34, 17) 0.375 48/43 37 [23, 48] -29 (-55, 12) 0.134 
Low salt (<1.0g/100g)  38/36 29 [8, 51] 9 (-36, 84) 0.743 59/56 29 [13, 46] 4 (-29, 52) 0.835 49/43 25 [15, 45] -51 (-72, -16) 0.009 
1All analyses are based on imputed datasets and presented as mean change in % with 95% CI calculated using mixed models with age, sex, BMI, parental 
education, under- and acceptable energy intake as fixed effects and  participant as random effect.  Baseline values are based on observed values and includes 
participants with zero intake. All values were log transformed before analysis. 

*Number of participant with an intake >0g/day at baseline/follow-up 
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Table 3: Estimated differences between groups in intake of food groups at follow-up (g/day) 

    
Intervention A compared to 
control   Intervention B compared to control   

Intervention B compared to 
Intervention A 

  
ICC 

Mean 
difference in 
% (95% CI)1 

P-
value2 

P-
value1   

Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1   

Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1 

All                         
Food groups                       
Milk and milk products  0.18 3 (-17, 28) 0.911 0.785   0 (-17, 22) 0.969 0.977   -3 (-21, 20) 0.936 0.795 
Cheese and cheese products  0.21 -38 (-57, -10) 0.011 0.012   -20 (-42, 11) 0.221 0.188   28 (-10, 83) 0.136 0.169 
Bread, total  0.28 2 (-14, 20) 0.738 0.851  11 (-4, 29) 0.178 0.160  9 (-7, 29) 0.375 0.273 

Rye bread  0.04 20 (-22, 83) 0.410 0.406  50 (3, 119) 0.057 0.034  26 (-16, 88) 0.361 0.271 
Wheat bread  0.46 5 (-25, 48) 0.608 0.758  12 (-18, 52) 0.462 0.482  6 (-23, 46) 0.873 0.729 

Breakfast cereals  0.32 54 (-32, 250) 0.436 0.298  133 (11, 390) 0.034 0.025  51 (-31, 231) 0.234 0.302 
Rice and pasta  0.36 9 (-44, 113) 0.926 0.800  7 (-42, 97) 0.937 0.830  -2 (-48, 86) 0.983 0.951 
Potatoes and potato products  0.49 39 (-49, 276) 0.508 0.516  17 (-0.53, 188) 0.807 0.736  -16 (-68, 117) 0.644 0.720 
Vegetables  0.28 -3 (-21, 19) 0.820 0.738  -4 (-20, 15) 0.680 0.635  -1 (-19, 21) 0.887 0.929 
Fruit  0.17 19 (-14, 63) 0.267 0.297  38 (4, 83) 0.031 0.028  16 (-15, 58) 0.390 0.339 
Meat and meat products  0.46 13 (-17, 56) 0.415 0.434  -15 (-36, 13) 0.402 0.259  -25 (-45, 1) 0.100 0.057 
Poultry and poultry products  0.44 -15 (-69, 133) 0.738 0.751  163 (4, 561) 0.055 0.040  210 (18, 715) 0.029 0.022 
Fish and fish products  0.22 -30 (-68, 51) 0.328 0.363  86 (-7, 273) 0.112 0.078  166 (27, 460) 0.012 0.010 

Processed meat, poultry and fish  0.35 30 (-6, 80) 0.098 0.114  7 (-20, 44) 0.601 0.630  -17 (-39, 13) 0.213 0.228 
Butter and spreads  - -15 (-42, 23) 0.602 0.394  -11 (-36, 24) 0.520 0.505  5 (-26, 50) 0.958 0.782 
Salty snacks  0.37 -32 (-71, 58) 0.395 0.371  -42 (-73, 24) 0.182 0.162  -15 (-62, 91) 0.709 0.698 
Cakes, sweets and chocolate  0.46 33 (-22, 124) 0.252 0.292  -8 (-43, 49) 0.704 0.744  -30 (-58, 15) 0.118 0.158 
Sugar sweetened beverages 0.22 10 (-55, 169) 0.813 0.830  40 (-37, 212) 0.424 0.413  27 (-46, 197) 0.610 0.585 
Bread fillings              
Fillings, total  0.13 3 (-25, 41) 0.912 0.859  6 (-20, 40) 0.667 0.668  3 (-23, 39) 0.777 0.832 
High salt (>2.5g/100g)  0.15 -3 (-47, 77) 0.940 0.917  -19 (-52, 40) 0.469 0.455  -16 (-53, 50) 0.448 0.556 
Medium salt (1-2.5g/100g)  0.16 2 (-41, 76) 0.902 0.952  22 (-26, 100) 0.430 0.478  20 (-29, 103) 0.497 0.496 
Low salt (<1.0g/100g)  0.20 22 (-33, 123) 0.435 0.514   29 (-24, 121) 0.292 0.351   6 (-40, 86) 0.866 0.851 
Children             
Food groups              
Milk and milk products  0.35 7 (-19, 43) 0.655 0.620  -1 (-23, 28) 0.733 0.962  -8 (-30, 21) 0.434 0.574 
Cheese and cheese products  0.41 -49 (-70, -12) 0.021 0.016  -21 (-52, 29) 0.473 0.342  54 (-9, 160) 0.084 0.108 
Bread, total  0.40 -3 (-22, 20) 0.979 0.780  6 (-12, 28) 0.395 0.513  10 (-10, 34) 0.413 0.365 

Rye bread  0.28 4 (-49, 110) 0.911 0.917  50 (-20, 181) 0.300 0.206  44 (-26, 183) 0.391 0.283 
Wheat bread  0.83 7 (-33, 72) 0.587 0.773  12 (-27, 72) 0.510 0.608  4 (-34, 64) 0.954 0.852 

Breakfast cereals  0.43 30 (-49, 233) 0.735 0.585  90 (-19, 346) 0.165 0.139  46 (-41, 263) 0.340 0.410 
Rice and pasta  0.65 6 (-54, 144) 0.910 0.899  29 (-40, 178) 0.641 0.511  22 (-45, 174) 0.573 0.623 
Potatoes and potato products  0.58 62 (-52, 447) 0.454 0.434  0 (-67, 201) 0.888 0.998  -38 (-81, 97) 0.354 0.414 
Vegetables  0.54 -11 (-33, 17) 0.562 0.398  -11 (-31, 15) 0.508 0.370  0 (-23, 31) 0.986 0.974 
Fruit  0.59 32 (-15, 103) 0.171 0.212  25 (-15, 85) 0.220 0.259  -5 (-37, 44) 0.780 0.810 
Meat and meat products  0.66 14 (-20, 61) 0.400 0.466  -20 (-42, 9) 0.267 0.154  -30 (-49, -3) 0.050 0.031 



35 

 

Poultry and poultry products  0.58 4 (-68, 239) 0.961 0.954  129 (-23, 575) 0.168 0.135  121 (-30, 594) 0.174 0.175 
Fish and fish products  0.54 -7 (-70, 186) 0.790 0.897  222 (16, 793) 0.038 0.025  247 (17, 929) 0.026 0.025 

Processed meat, poultry and fish  0.43 23 (-13, 74) 0.247 0.244  14 (-16, 56) 0.315 0.394  -7 (-33, 29) 0.781 0.673 
Butter and spreads  0.20 6 (-34, 69) 0.780 0.820  -16 (-45, 29) 0.403 0.425  -20 (-49, 25) 0.284 0.325 
Salty snacks  0.45 -13 (-67, 134) 0.641 0.786  -46 (-78, 32) 0.209 0.179  -38 (-76, 61) 0.486 0.327 
Cakes, sweets and chocolate  0.87 72 (-14, 245) 0.122 0.122  12 (-41, 110) 0.813 0.736  -35 (-67, 25) 0.162 0.196 
Sugar sweetened beverages 0.44 23 (-60, 283) 0.663 0.718  72 (-38, 381) 0.253 0.300  40 (-53, 317) 0.531 0.549 
Bread fillings              
Fillings, total  0.59 -7 (-41, 47) 0.634 0.765  -4 (-36, 44) 0.818 0.832  3 (-34, 58) 0.778 0.911 
High salt (>2.5g/100g)  0.29 -33 (-70, 50) 0.403 0.333  -27 (-64, 50) 0.395 0.394  9 (-50, 134) 0.938 0.832 
Medium salt (1-2.5g/100g)  - 13 (-45, 135) 0.793 0.739  19 (-38, 128) 0.692 0.607  5 (-48, 112) 0.926 0.894 
Low salt (<1.0g/100g)  0.28 -5 (-57, 109) 0.892 0.893   9 (-47, 123) 0.894 0.815   15 (-46, 147) 0.789 0.720 
Adults             
Food groups              
Milk and milk products  0.16 4 (-21, 37) 0.875 0.783  6 (-17, 35) 0.606 0.661  2 (-21, 32) 0.746 0.902 
Cheese and cheese products  0.16 -30 (-52, 3) 0.061 0.071  -18 (-41, 15) 0.247 0.251  17 (-19, 68) 0.376 0.398 
Bread, total  0.41 5 (-15, 28) 0.478 0.665  17 (-2, 40) 0.174 0.091  12 (-8, 36) 0.614 0.275 

Rye bread  0.23 34 (-20, 127) 0.305 0.269  57 (-2, 151) 0.112 0.060  17 (-29, 92) 0.664  0.541 
Wheat bread  0.46 -1 (-26, 34) 0.815 0.959  10 (-16, 44) 0.588 0.508  10 (-17, 47) 0.788 0.497 

Breakfast cereals  0.31 90 (-32, 433) 0.288 0.220  187 (13, 624) 0.038 0.026  51 (-44, 302) 0.397 0.415 
Rice and pasta  0.05 35 (-34, 176) 0.556 0.407  0 (-47, 88) 0.930 0.997  -26 (-62, 45) 0.481 0.380 
Potatoes and potato products  0.47 3 (-62, 178) 0.898 0.950   26 (-49, 208) 0.592 0.617  22 (-53, 215) 0.707 0.685 
Vegetables  0.21 8 (-13, 34) 0.524 0.510  4 (-14, 25) 0.787 0.722  -4 (-22, 19) 0.683 0.722 
Fruit  0.10 7 (-28, 58) 0.686 0.747  53 (8, 117) 0.026 0.017  43 (-2, 109) 0.096 0.060 
Meat and meat products  0.17 19 (-16, 68) 0.315 0.340  -6 (-31, 28) 0.739 0.685  -21 (-43, 10) 0.174 0.168 
Poultry and poultry products  0.42 -25 (-77, 138) 0.637 0.622  219 (11, 813) 0.036 0.031  327 (41, 1194) 0.012 0.010 
Fish and fish products  0.22 -47 (-77, 23) 0.096 0.142  26 (-41, 168) 0.672 0.544  137 (6, 431) 0.032 0.035 

Processed meat, poultry and fish  0.57 35 (-15, 113) 0.157 0.202  -3 (-36, 47) 0.899 0.896  -28 (-53, 12) 0.109 0.144 
Butter and spreads   - -31 (-62, 28) 0.417 0.241  -5 (-44, 63) 0.815 0.856  37 (-23, 143) 0.521 0.279 
Salty snacks  0.38 -49 (-81, 37) 0.311 0.182  -43 (-77, 39) 0.264 0.215  12 (-57, 189) 0.995 0.818 
Cakes, sweets and chocolate  0.22 5 (-34, 67) 0.730 0.829  -17 (-45, 25) 0.369 0.381  -21 (-49, 23) 0.229 0.298 
Sugar sweetened beverages 0.05 -29 (-76, 108) 0.596 0.536  1 (-61, 161) 0.995 0.992  41 (-49, 291) 0.580 0.509 
Bread fillings              
Fillings, total  0.13 7 (-29, 61) 0.712 0.738  18 (-18, 68) 0.478 0.367  10 (-25, 62) 0.782 0.627 
High salt (>2.5g/100g)  0.09 42 (-34, 208) 0.251 0.374  -6 (-53, 88) 0.888 0.871  -34 (-68, 39) 0.181 0.279 
Medium salt (1-2.5g/100g)  0.12 2 (-44, 86) 0.904 0.945  32 (-23, 125) 0.392 0.307  29 (-27, 129) 0.495 0.378 
Low salt (<1.0g/100g)  0.16 63 (-19, 231) 0.141 0.173   78 (-4, 231) 0.058 0.068   9 (-44, 111) 0.829 0.798 
1Analyses are based on imputed datasets and presented as mean difference in % with 95% CI calculated using mixed models with treatment group, age, sex, 
BMI, parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. All values were log transformed 
before analysis 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

ICC = Intracluster correlation coefficient 
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Table 4: Intake of energy and nutrients at baseline and estimated mean change from baseline to follow-up in the three groups1 
  Intervention A   Intervention B   Control 

  

Baseline  
(mean (SD) 
or median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value   

Baseline  
(mean (SD) 
or median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value   

Baseline  
(mean (SD) or 
median 
[IQR])   

Estimated 
mean change 
(95% Cl) 

P-
value 

All                       
n 81    127    101   
Energy (kJ/d) 8335 (2517) -406 (-830, 19) 0.061  7695 (2406) 325 (-20, 670) 0.065  7934 (2012) -394 (-686, -103) 0.008 
Macronutrients            
Fat (E%) 35.8 (5.1) 1.0 (0.1, 2.0) 0.037  35.2 (4.4) 0.0 (-0.9, 0.9) 0.951  36.9 (5.0) 0.3 (-0.7, 1.3) 0.559 
Saturated fat (E%) 13.8 (2.5) 0.0 (-0.5, 0.5) 0.903  13.2 (2.4) -0.8 (-1.4, -0.3) 0.001  14.3 (2.9) -0.5 (-1.1, 0.1) 0.120 
Carbohydrates, total (E%) 48.4 (6.0) -1.0 (-2.2, 0.1) 0.074  49.1 (5.2) 0.1 (-0.9, 1.1) 0.837  48.0 (5.5) -0.2 (-1.3, 0.9) 0.691 
Added sugar (E%) 10.1 (5.7) -0.2 (-1.2, 0.8) 0.643  8.7 (3.8) 0.8 (0.0, 1.5) 0.045  9.1 (4.9) 0.7 (-0.2, 1.6) 0.122 
Protein (E%) 15.7 (2.5) 0.0 (-0.6, 0.5) 0.963  15.7 (2.5) -0.1 (-0.5, 0.3) 0.763  15.1 (2.3) -0.1 (-0.5, 0.4) 0.800 
Fat (g/day) 81 (30) -1 (-6, 4) 0.579  73 (27) 3 (-1, 7) 0.183  79 (25) -4 (-7, -0) 0.038 
Saturated fat (g/day) 31 (12) -1 (-3, 1) 0.187  28 (11) -1 (-2, 1) 0.546  31 (11) -3 (-4, -1) 0.001 
Monounsaturated fat (g/day) 28 (12) 0 (-2, 2) 0.745  25 (10) 1 (-0, 3) 0.070  27 (9) -1 (-2, 1) 0.301 
Polyunsaturated fat (g/day) 11 (5) 0 (-1, 1) 0.577  10 (4) 2 (1, 3) 0.000       11 (4) 0 (-0, 1) 0.195 
Carbohydrates, available 
(g/day) 224 (65) -16 (-27, -5) 0.005  208 (62) 9 (-0, 18) 0.059  212 (55) -13 (-21, -4) 0.006 
Added sugar (g/day) 50 (34) -5 (-10, 1) 0.108  39 (22) 7 (2, 12) 0.004  43 (26) 0 (-5, 4) 0.906 
Dietary fiber (g/day) 19 (7) -2 (-3, -0) 0.009  20 (7) 0 ( -1, 1) 0.802  20 (7) -2 (-3, -1) 0.000 
Dietary fiber (g/10MJ) 24 (6) -1 (-2, 0) 0.204  26 (6) -1 (-2, 0) 0.060  25 (7) -2 (-3, -1) 0.001 
Protein (g/day) 75 (22) -3 (-7, 1) 0.150  70 (24) 2 (-1, 5) 0.176  70 (20) -3 (-7, 0) 0.053 
Micronutrients            
Sodium (g/day) 3.1 (1.0) -0.4 (-0.6, -0.2) 0.000  3.1 (1.1) -0.3 (-0.5, -0.2) 0.000  3.1 (0.9) -0.2 (-0.3, -0.0) 0.044 
Sodium (g/10MJ) 3.8 (0.6) -0.4 (-0.5, -0.2) 0.000  4.0 (0.8) -0.5 (-0.7, -0.3) 0.000  4.0 (0.6) 0.0 (-0.2, 0.2) 0.927 
Potassium (g/day) 2.7 (0.8) 0.0 (-0.2, 0.1) 0.565  2.6 (0.9) 0.1 (0.0, 0.2) 0.020  2.6 (0.8) -0.1 (-0.2, 0.0) 0.181 
Potassium (g/10MJ) 3.3 (0.6) 0.1 (-0.0, 0.3) 0.087  3.4 (0.6) 0.1 (-0.1, 0.2) 0.334  3.2 (0.6) 0.0 (-0.1, 0.2) 0.430 
Sodium/potassium2 (%) 1.1 [1.0,1.4] -12 (-17, -7) 0.000  1.2 [1.0,1.4] -14 (-18, -10) 0.000  1.3 [1.1, 1.4] -2 (-8, 4) 0.580 
Children <18y                        
n 40    64    52   
Energy (kJ/d) 7459 (2283) -369 (-897, 158) 0.170  6827 (2382) 67 (-388, 523) 0.773  6867 (1501) -385 (-745, -25) 0.036 
Macronutrients            
Fat (E%) 34.6 (4.3) 0.7 (-0.6, 2.0) 0.300  33.6 (4.3) -0.3 (-1.7, 1.0) 0.648  35.9 (4.4) -0.2 (-1.7, 1.2) 0.744 
Saturated fat (E%) 13.6 (2.3) -0.2 (-1.0, 0.6) 0.556  12.8 (2.3) -1.2 (-2.0, -0.4) 0.003  14.3 (2.8) -0.9 (-1.8, 0.0) 0.051 
Carbohydrates, total (E%) 50.2 (5.6) -0.4 (-1.9, 1.0) 0.566  51.4 (4.9) 0.5 (-1.0, 1.9) 0.526  49.7 (4.6) 0.3 (-1.2, 1.9) 0.664 
Added sugar (E%) 10.3 (4.6) 0.2 (-1.1, 1.5) 0.811  9.1 (3.6) 1.1 (0.1, 2.2) 0.030  9.5 (4.5) 0.7 (-0.6, 2.1) 0.291 
Protein (E%) 15.3 (2.6) -0.3 (-1.0, 0.4) 0.424  15.0 (2.5) -0.1 (-0.6, 0.4) 0.646  14.3 (1.9) -0.1 (-0.6, 0.5) 0.811 
Fat (g/day) 70 (24) -2 (-7, 4) 0.589  63 (26) 0 (-6, 5) 0.877  67 (17) -4 (-9, -0) 0.048 
Saturated fat (g/day) 27 (10) -2 (-4, 1) 0.281  24 (11) -2 (-4, 0) 0.099  27 (8) -3 (-5, -1) 0.005 
Monounsaturated fat (g/day) 23 (10) 0 (-3, 2) 0.781  21 (9) 0 (-2, 2) 0.911  22 (6) -1 (-3, 1) 0.204 
Polyunsaturated fat (g/day) 10 (4) 0 (-1, 1) 0.717  9 (4) 2 (1, 3) 0.000  9 (2) 1 (-0, 1) 0.080 
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Carbohydrates, available 
(g/day) 212 (67) -12 (-27, 3) 0.106  197 (66) 5 (-9, 18) 0.505  194 (47) -10 (-21, 1) 0.067 
Added sugar (g/day) 46 (24) -2 (-9, 5) 0.579  37 (22) 7 (0, 13) 0.049  40 (23) -1 (-7, 6) 0.819 
Dietary fiber (g/day) 17 (6) -1 (-3, 0) 0.128  17 (6) 0 (-2, 1) 0.698  17 (5) -2 (-3, -1) 0.001 
Dietary fiber (g/10MJ) 23 (5) 0 (-2, 1) 0.626  26 (6) 0 (-2, 1) 0.583  25 (7) -1 (-3, -0) 0.047 
Protein (g/day) 67 (21) -4 (-8, 1) 0.098  60 (23) 0 (-4, 4) 0.988  58 (15) -4 (-7, 0) 0.070 
Micronutrients            
Sodium (g/day) 2.7 (0.8) -0.4 (-0.6, -0.2) 0.001  2.7 (1.1) -0.4 (-0.6, -0.2) 0.000  2.6 (0.7) -0.1 (-0.3, 0.1) 0.265 
Sodium (g/10MJ) 3.7 (0.6) -0.5 (-0.7, -0.2) 0.000  4.0 (0.7) -0.5 (-0.8, -0.2) 0.001  3.8 (0.6) 0.1 (-0.2, 0.3) 0.538 
Potassium (g/day) 2.3 (0.7) -0.1 (-0.3, 0.1) 0.585  2.1 (0.8) 0.0 (-0.1, 0.2) 0.604  2.0 (0.5) 0.0 (-0.2, 0.1) 0.510 
Potassium (g/10MJ) 3.1 (0.5) 0.1 (-0.1, 0.3) 0.255  3.2 (0.6) 0.1 (-0.1, 0.2) 0.480  2.9 (0.5) 0.1 (-0.0, 0.2) 0.112 
Sodium/potassium2 (%) 1.2 [1.0,1.5] -15 (-22, -7) 0.000  1.3 [1.1,1.5] -16 (-21, -10) 0.000  1.3 [1.0,1.5] -2 (-9, 6) 0.609 
Adults ≥18y                       
n 41    63    49   

Energy (kJ/d) 
9189 (2464) 

-441 (-1084, 
202) 0.179  8577 (2104) 587 (95, 1080) 0.019  9067 (1870) -404 (-866, 58) 0.086 

Macronutrients            
Fat (E%) 37.1 (5.5) 1.4 (-0.0, 2.8) 0.058  36.8 (4.0) 0.3 (-0.9, 1.4) 0.663  37.9 (5.4) 0.9 (-0.5, 2.3) 0.208 
Saturated fat (E%) 14.0 (2.7) 0.2 (-0.4, 0.8) 0.580  13.6 (2.4) -0.5 (-1.2, 0.2) 0.133  14.2 (2.9) -0.1 (-0.9, 0.7) 0.891 
Carbohydrates, total (E%) 46.8 (5.9) -1.7 (-3.3, -0.0) 0.048  46.8 (4.3) -0.3 (-1.6, 1.1) 0.707  46.3 (5.8) -0.8 (-2.3, 0.7) 0.294 
Added sugar (E%) 9.9 (6.7) -0.6 (-2.0, 0.8) 0.382  8.3 (4.0) 0.4 (-0.6, 1.4) 0.452  8.7 (5.3) 0.7 (-0.4, 1.8) 0.236 
Protein (E%) 16.1 (2.4) 0.2 (-0.6, 1.1) 0.567  16.4 (2.3) 0.0 (-0.6, 0.6) 0.999  15.9 (2.5) 0.0 (-0.7, 0.6) 0.894 
Fat (g/day) 92 (32) -1 (-9, 7) 0.766  84 (25) 6 (-0, 13) 0.059  92 (27) -3 (-9, 3) 0.285 
Saturated fat (g/day) 35 (13) -1 (-4, 2) 0.421  31 (11) 1 (-2, 4) 0.521  35 (13) -2 (-5, -0) 0.047 
Monounsaturated fat (g/day) 32 (12) 0 (-4, 3) 0.839  29 (8) 3 (0, 5) 0.024  32 (9) 0 (-3, 2) 0.743 
Polyunsaturated fat (g/day) 13 (5) 0 (-1, 2) 0.666  12 (4) 2 (1, 3) 0.000  13 (4) 0 (-1, 1) 0.823 
Carbohydrates, available 
(g/day) 235 (61) -19 (-35, -3) 0.018  220 (56) 13 (1, 24) 0.030  232 (57) -15 (-29, -1) 0.038 
Added sugar (g/day) 54 (41) -8 (-16, 2) 0.103  41 (23) 8 (1, 14) 0.028  46 (29) 0 (-7, 7) 0.950 
Dietary fiber (g/day) 21 (6) -2 (-3, -0) 0.025  22 (6) 0 (-1, 1) 0.937  23 (7) -3 (-4, -1) 0.000 
Dietary fiber (g/10MJ) 24 (7) -1 (-3, 1) 0.195  26 (6) -2 (-3, -0) 0.020  25 (6) -2 (-4, -1) 0.007 
Protein (g/day) 84 (21) -2 (-8, 4) 0.529  81 (21) 4 (-0, 9) 0.075  82 (16) -3 (-9, 3) 0.273 
Micronutrients            
Sodium (g/day) 3.5 (1.0) -0.4 (-0.7, -0.1) 0.018  3.5 (1.0) -0.3 (-0.5, -0.1) 0.003  3.7 (0.8) -0.2 (-0.5, 0.0) 0.090 
Sodium (g/10MJ) 3.9 (0.7) -0.2 (-0.5, 0.0) 0.064  4.1 (0.8) -0.5 (-0.7, -0.3) 0.000  4.1 (0.7) -0.1 (-0.3, 0.2) 0.570 
Potassium (g/day) 3.1 (0.7) 0.0 (-0.2, 0.2) 0.787  3.0 (0.8) 0.2 (0.1, 0.4) 0.005  3.2 (0.7) -0.1 (-0.3, 0.1) 0.235 
Potassium (g/10MJ) 3.4 (0.6) 0.1 (-0.1, 0.3) 0.189  3.6 (0.6) 0.1 (-0.1, 0.2) 0.490  3.5 (0.6) 0.0 (-0.2, 0.2) 0.936 
Sodium/potassium2 (%) 1.1 [1.0,1.3] -10 (-16,-2) 0.010   1.2 [0.9,1.4] -13 (-18, -8) 0.000   1.2 [1.0,1.4] -1 (-10, 8) 0.772 
1All analyses are based on imputed datasets and presented as mean change with 95% CI calculated using mixed models with age, sex, BMI, parental 
education, and under- and acceptable reported energy intake as fixed effects and participant as random effect. 
2Values were log transformed before analysis 
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Table 5: Estimated differences between groups in intake of energy and nutrients at follow-up 

    Intervention A compared to control  Intervention B compared to control   
Intervention B compared to 
Intervention A 

  ICC 
Mean difference  
(95% CI)1 

P-
value2 

P-
value1  

Mean difference  
(95% CI)1 

P-
value2 

P-
value1   

Mean difference  
(95% CI)1 

P-
value2 

P-
value1 

All                        
Energy (kJ/d) 0.24 -42 (-513, 429) 0.922 0.860  512 (86, 938) 0.042 0.019  554 (101, 1007) 0.071 0.016 
Macronutrients               
Fat (E%) 0.36 -0.1 (-1.9, 1.7) 0.937 0.875  -1.4 (-3.0, 0.3) 0.190 0.099  -1.2 (-2.9, 0.5) 0.182 0.159 
Saturated fat (E%) 0.29 0.1 (-0.9, 1.0) 0.753 0.882  -1.0 (-1.8, -0.1) 0.043 0.031  -1.0 (-2.0, -0.1) 0.024 0.027 
Carbohydrates, total (E%) 0.35 -0.2 (-2.2, 1.8) 0.707 0.833  1.2 (-0.6, 3.0) 0.362 0.198  1.4 (-0.5, 3.3) 0.211 0.153 
Added sugar (E%) 0.41 -0.5 (-2.2, 1.2) 0.628 0.551  0.0 (-1.5, 1.6) 0.923 0.986  0.5 (-1.1, 2.2) 0.550 0.524 
Protein (E%) 0.32 0.3 (-0.5, 1.1) 0.584 0.441  0.2 (-0.6, 0.9) 0.663 0.657  -0.1 (-0.9, 0.6) 0.876 0.702 
Fat (g/day) 0.23 0 (-6, 7) 0.693 0.914  3 (-3, 8) 0.221 0.353  2 (-4, 8) 0.451 0.442 
Saturated fat (g/day) 0.19 1 (-2, 3) 0.430 0.592  0 (-2, 3) 0.474 0.727  -0 (-3, 2) 0.885 0.820 
Monounsaturated fat (g/day) 0.26 0 (-3, 2) 0.909 0.850  1 (-2, 3) 0.337 0.560  1 (-2, 3) 0.427 0.453 
Polyunsaturated fat (g/day) 0.29 0 (-2, 1) 0.746 0.594  1 (0, 2) 0.039 0.041  2 (0, 3) 0.021 0.013 
Carbohydrates, available (g/d) 0.30 -3 (-18, 11) 0.992 0.654  18 (5, 31) 0.020 0.008  21 (7, 35) 0.029 0.003 
Added sugar (g/day) 0.47 -3 (-13, 7) 0.782 0.536  6 (-3, 14) 0.188 0.225  9 (-1, 18) 0.123 0.072 
Dietary fiber (g/day) 0.20 0 (-1, 2) 0.721 0.877  2 (0, 3) 0.012 0.010  2 (0, 3) 0.046 0.023 
Dietary fiber (g/10MJ) 0.35 0 (-2, 2) 0.884 0.679  1 (-1, 3) 0.299 0.205  1 (-1, 3) 0.406 0.445 
Protein (g/day) 0.32 1 (-5, 6) 0.828 0.775  4 (-1, 9) 0.115 0.094  3 (-2, 8) 0.206 0.197 
Micronutrients             
Sodium (g/day) 0.27 -0.3 (-0.5, -0.0) 0.122 0.038  -0.2 (-0.4, 0.0) 0.167 0.082  0.1 (-0.2, 0.3) 0.758 0.600 
Sodium (g/10MJ) 0.57 -0.4 (-0.8, -0.0) 0.036 0.027  -0.4 (-0.7, -0.0) 0.018 0.026  0.0 (-0.3, 0.4) 0.979 0.829 
Potassium (g/day) 0.23 0.0 (-0.2, 0.2) 0.754 0.812  0.2 (0.0, 0.4) 0.047 0.039  0.2 (-0.0, 0.3) 0.116 0.087 
Potassium (g/10MJ) 0.30 0.1 (-0.1, 0.3) 0.510 0.397  0.0 (-0.2, 0.2) 0.777 0.676  -0.1 (-0.3, 0.2) 0.671 0.621 
Sodium/potassium3 (%) 0.39 -12 (-21, -2) 0.027 0.021  -13 (-21, -4) 0.004 0.006  -1 (-10, 9) 0.708 0.841 
Children <18y                        
Energy (kJ/d) 0.39 49 (-478, 575) 0.585 0.856  220 (-261, 700) 0.180 0.370  171 (-334, 676) 0.493 0.506 
Macronutrients             
Fat (E%) 0.47 0.0 (-2.3, 2.3) 0.928 0.990  -1.4 (-3.5, 0.7) 0.296 0.197  -1.4 (-3.6, 0.8) 0.272 0.214 
Saturated fat (E%) 0.53 0.0 (-1.3, 1.4) 0.932 0.977  -1.3 (-2.5, -0.1) 0.049 0.040  -1.3 (-2.6, -0.0) 0.047 0.046 
Carbohydrates, total (E%) 0.42 -0.3 (-2.7, 2.2) 0.790 0.839  1.2 (-0.9, 3.4) 0.399 0.269  1.5 (-0.8, 3.8) 0.286 0.213 
Added sugar (E%) 0.58 0.1 (-2.0, 2.3) 0.988 0.897  0.6 (-1.4, 2.5) 0.565 0.557  0.4 (-1.6, 2.5) 0.599 0.678 
Protein (E%) 0.31 0.2 (-0.7, 1.0) 0.767 0.678  0.2 (-0.6, 0.9) 0.723 0.672  0.0 (-0.8, 0.8) 0.978 0.975 
Fat (g/day) 0.28 2 (-5, 8) 0.376 0.641  -1 (-7, 5) 0.610 0.801  -2 (-8, 4) 0.656 0.471 
Saturated fat (g/day) 0.43 1 (-2, 4) 0.421 0.616  -1 (-4, 2) 0.735 0.356  -2 (-5, 1) 0.249 0.166 
Monounsaturated fat (g/day) 0.20 1 (-2, 3) 0.365 0.681  0 (-3, 2) 0.658 0.708  -1 (-3, 1) 0.590 0.434 
Polyunsaturated fat (g/day) 0.31 -1 (-2, 1) 0.689 0.453  1 (-0, 2) 0.100 0.180  1 (0, 3) 0.053 0.041 
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Carbohydrates, available (g/d) 0.38 -1 (-19, 16) 0.706 0.878  11 (-4, 26) 0.084 0.147  13 (-4, 29) 0.226 0.134 
Added sugar (g/day) 0.65 1 (-10, 11) 0.820 0.910  6 (-4, 16) 0.154 0.248  5 (-5, 16) 0.268 0.332 
Dietary fiber (g/day) 0.15 0 (-2, 2) 0.509 0.932  1 (-0, 3) 0.039 0.107  1 (-0, 3) 0.221 0.152 
Dietary fiber (g/10MJ) 0.41 0 (-2, 2) 0.982 0.960  1 (-1, 3) 0.308 0.215  1 (-1, 3) 0.348 0.267 
Protein (g/day) 0.23 1 (-4, 6) 0.593 0.705  2 (-2, 7) 0.180 0.333  1 (-4, 6) 0.500 0.612 
Micronutrients             
Sodium (g/day) 0.51 -0.3 (-0.6, -0.0) 0.099 0.033  -0.3 (-0.5, 0.0) 0.108 0.054  0.1 (-0.2, 0.3) 0.831 0.692 
Sodium (g/10MJ) 0.67 -0.6 (-1.0, -0.1) 0.020 0.015  -0.4 (-0.8, 0.0) 0.045 0.061  0.2 (-0.3, 0.6) 0.572 0.437 
Potassium (g/day) 0.41 0.0 (-0.2, 0.2) 0.511 0.801  0.1 (-0.1, 0.3) 0.254 0.402  0.1 (-0.2, 0.3) 0.702 0.595 
Potassium (g/10MJ) 0.50 0.1 (-0.2, 0.3) 0.618 0.588  0.0 (-0.2, 0.3) 0.986 0.803  0.0 (-0.3, 0.2) 0.612 0.744 
Sodium/potassium3 (%) 0.53 -16 (-26, -4) 0.014 0.010  -14 (-24, -4) 0.013 0.010  2 (-10, 15) 0.806 0.772 
Adults ≥18y                       
Energy (kJ/d) 0.16 -78 (-676, 520) 0.881 0.799  841 (311, 1372) 0.034 0.002  919 (345, 1493) 0.066 0.002 
Macronutrients             
Fat (E%) 0.20 -0.1 (-1.9, 1.8) 0.982 0.946  -1.3 (-2.9, 0.4) 0.181 0.132  -1.2 (-3.0, 0.6) 0.215 0.181 
Saturated fat (E%) 0.24 0.1 (-1.0, 1.1) 0.838 0.909  -0.7 (-1.7, 0.2) 0.135 0.117  -0.8 (-1.8, 0.2) 0.105 0.113 
Carbohydrates, total (E%) 0.25 -0.5 (-2.7, 1.8) 0.694 0.674  1.0 (-1.0, 3.0) 0.420 0.325  1.5 (-0.7, 3.6) 0.240 0.173 
Added sugar (E%) 0.42 -1.3 (-3.2, 0.6) 0.359 0.178  -0.5 (-2.2, 1.2) 0.598 0.564  0.8 (-1.0, 2.6) 0.643 0.386 
Protein (E%) 0.36 0.6 (-0.5, 1.6) 0.425 0.306  0.3 (-0.7, 1.2) 0.526 0.559  -0.3 (-1.3, 0.7) 0.817 0.601 
Fat (g/day) 0.17 0 (-8, 8) 0.762 0.989  6 (-1, 14) 0.193 0.109  6 (-2, 14) 0.356 0.135 
Saturated fat (g/day) 0.09 1 (-3, 4) 0.552 0.725  2 (-1, 5) 0.264 0.190  1 (-2, 5) 0.661 0.391 
Monounsaturated fat (g/day) 0.22 0 (-4, 3) 0.941 0.865  2 (-1, 5) 0.321 0.209  2 (-1, 5) 0.385 0.174 
Polyunsaturated fat (g/day) 0.14 0 (-2, 2) 0.828 0.904  2 (0, 3) 0.047 0.014  2 (0, 3) 0.097 0.030 
Carbohydrates, available (g/d) 0.23 -6 (-24, 12) 0.915 0.487  25 (9, 41) 0.018 0.002  31 (14, 48) 0.019 0.000 
Added sugar (g/day) 0.44 -8 (-19, 4) 0.474 0.194  5 (-6, 15) 0.366 0.358  13 (1, 24) 0.109 0.027 
Dietary fiber (g/day) 0.32 0 (-2, 2) 0.571 0.661  3 (1, 4) 0.012 0.005  2 (0, 4) 0.074 0.029 
Dietary fiber (g/10MJ) 0.37 1 (-1, 3) 0.781 0.493   1 (-1, 3) 0.364 0.267  0 (-2, 2) 0.574 0.748 
Protein (g/day) 0.31 2 (-5, 9) 0.577 0.629  7 (1, 13) 0.091 0.029  5 (-1, 12) 0.309 0.121 
Micronutrients             
Sodium (g/day) 0.27 -0.2 (-0.6, 0.1) 0.305 0.147  -0.2 (-0.4, 0.1) 0.388 0.306  0.1 (-0.2, 0.4) 0.796 0.577 
Sodium (g/10MJ) 0.48 -0.3 (-0.6, 0.1) 0.128 0.115  -0.4 (-0.7, -0.1) 0.015 0.008  -0.1 (-0.5, 0.2) 0.480 0.408 
Potassium (g/day) 0.25 0.1 (-0.2, 0.3) 0.504 0.573  0.3 (0.1, 0.6) 0.017 0.005  0.3 (0.0, 0.5) 0.113 0.041 
Potassium (g/10MJ) 0.20 0.2 (-0.1, 0.4) 0.429 0.277  0.1 (-0.2, 0.3) 0.571 0.597  -0.1 (-0.4, 0.2) 0.762 0.515 
Sodium/potassium3 (%) 0.35 -10 (-20, 2) 0.140 0.101  -13 (-22, -3) 0.016 0.013  -4 (-14, 8) 0.471 0.534 
1Analyses are based on imputed datasets and presented as mean difference with 95% CI calculated using mixed models with treatment group, age, sex, BMI, 
parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

3Values were log transformed before analysis 

ICC = Intracluster correlation coefficient 
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Supplementary Table 1: Intake of food groups at baseline and estimated mean change from baseline to follow-up in the three groups (g/10MJ)1 
  Intervention A Intervention B Control 

  n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) 

P-
value n* 

Baseline 
(median 
[IQR]) 

Estimated 
mean change 
in % (95% 
Cl) P-value 

All 81/74       127/120       101/94       
Food groups                     
Milk and milk products  81/74 392 [220, 607] -12 (-22, -1) 0.030 127/120 314 [197, 514] -15 (-24, -4) 0.007 101/94 385 [218, 517] -10 (-21, 3) 0.128 
Cheese and cheese products  81/70 36 [26, 54] -35 (-52, -12) 0.005 127/120 35 [18, 60] -17 (-30, -1) 0.044 100/94 37 [19, 56] 15 (-5, 39) 0.158 
Bread, total  81/74 153 [117, 189] 27 (12, 45) 0.000 127/120 160 [129, 197] 22 (12, 32) 0.000 101/94 154 [130, 211] 16 (6, 27) 0.002 

Rye bread  74/70 61 [37, 103] 23 (-17, 82) 0.299 115/114 73 [36, 105] 41 (2, 95) 0.036 99/90 72 [39, 105] -14 (-32, 9) 0.225 
Wheat bread  81/74 86 [60, 110] 37 (14, 63) 0.001 127/120 87 [55, 119] 27 (9, 48) 0.002 101/92 92 [61, 116] 18 (-4, 45) 0.117 

Breakfast cereals  60/54 27 [0, 65] -29 (-57, 19) 0.190 102/95 27 [6, 72] -10 (-39, 34) 0.602 78/63 30 [6, 67] -52 (-72, -19) 0.006 
Rice and pasta  78/71 33 [19, 71] -14 (-42, 28) 0.456 121/111 42 [27, 69] -30 (-53, 5) 0.084 97/87 41 [21, 76] -19 (-42, 13) 0.211 
Potatoes and potato products  74/67 31 [16, 45] 43 (-21, 161) 0.239 110/104 33 [13, 62] 26 (-27, 120) 0.409 88/77 23 [10, 45] 35 (-27, 148) 0.336 
Vegetables  81/74 169 [119, 209] 9 (-7, 28) 0.292 127/120 194 [128, 292] -3 (-14, 9) 0.635 101/94 178 [124, 260] 9 (-2, 22) 0.110 
Fruit  80/73 114 [49, 172] 46 (9, 95) 0.009 125/120 118 [49, 170] 56 (26, 93) 0.000 101/94 120 [53, 174] 15 (-6, 40) 0.158 
Meat and meat products  81/74 107 [73, 136] 29 (13, 48) 0.000 127/119 96 [69, 124] -6 (-21, 13) 0.507 100/93 98 [66, 130] 15 (1, 30) 0.034 
Poultry and poultry products  61/47 18 [3, 38] -51 (-78, 13) 0.092 112/98 23 [9, 44] -28 (-57, 21) 0.212 81/67 14 [2, 35] -40 (-66, 6) 0.080 
Fish and fish products  61/42 17 [3, 30] -61 (-79, -28) 0.003 107/97 17 [5, 43] -18 (-47, 27) 0.376 83/67 17 [4, 37] -52 (-71, -21) 0.004 

Processed meat, poultry and 
fish  81/74 51 [35, 74] 26 (3, 54) 0.024 127/119 58 [38, 77] -3 (-17, 14) 0.709 98/93 51 [36, 85] 4 (-13, 25) 0.664 

Butter and spreads  74/69 13 [6, 21] 4 (-26, 48) 0.804 117/111 11 [6, 19] 3 (-21, 34) 0.812 94/87 19 [9, 29] -2 (-27, 30) 0.878 
Salty snacks  59/44 5.3 [0, 11] -37 (-65, 14) 0.124 77/69 4 [0, 12] -26 (-56, 25) 0.264 62/64 4 [0, 13] 34 (-19, 125) 0.255 
Cakes, sweets and chocolate  78/74 83 [53, 119] 38 (-0, 92) 0.053 125/114 90 [60, 134] -25 (-43,-1) 0.040 100/91 89 [64, 113] -8 (-28, 17) 0.493 
Sugar sweetened beverages  70/64 143 [51, 273] 27 (-32, 136) 0.451 109/108 137 [57, 257] 58 (-11, 183) 0.120 83/80 96 [35, 216] 69 (-12, 222) 0.116 
Bread fillings             
Fillings, total  81/72 75 [45, 115] -13 (-34, 14) 0.306 126/118 81 [58, 127] -17 (-29, -3) 0.017 101/94 80 [56, 111] -15 (-28, 0) 0.051 
High salt (>2.5g/100g)  68/62 8 [2, 15] 14 (-31, 88) 0.608 106/97 9 [3, 22] -24 (-49, 12) 0.163 83/80 9 [2, 18] 13 (-27, 77) 0.579 
Medium salt (1-2.5g/100g)  78/66 39 [14, 59] -25 (-51, 15) 0.186 118/110 33 [17, 53] -10 (-33, 20) 0.463 96/86 41 [24, 57] -31 (-50, -5) 0.024 
Low salt (<1.0g/100g)  76/69 30 [11, 45] -11 (-41, 34) 0.582 121/110 31 [16, 55] -24 (-45, 6) 0.114 98/85 26 [15, 45] -43 (-61, -16) 0.004 
Children 40/36    64/60    52/47    
Food groups             
Milk and milk products  40/36 512 [338, 678] -15 (-28, 1) 0.067 64/60 369 [261, 606] -16 (-29, -1) 0.043 52/47 423 [323, 556] -8 (-25, 12) 0.387 
Cheese and cheese products  40/33 29 [17, 41] -43 (-64, -10) 0.015 64/60 30 [15, 52] -20 (-41, 8) 0.144 51/47 30 [19, 54] 8 (-21, 46) 0.634 
Bread, total  40/36 155 [124, 183] 31 (7, 58) 0.007 64/60 170 [142, 211] 22 (8, 38) 0.001 52/47 178 [133, 234] 15 (2, 30) 0.019 

Rye bread  34/33 52 [28, 96] 55 (-27, 229) 0.256 55/56 72 [31, 112] 77 (2, 206) 0.041 50/45 79 [40, 119] -3 (-24, 23) 0.819 
Wheat bread  40/36 93 [66, 113] 30 (3, 65) 0.028 64/60 97 [66, 134] 19 (-4, 48) 0.105 52/45 102 [72, 121] 4 (-25, 43) 0.821 

Breakfast cereals  33/31 43 [13,75] -19 (-57, 52) 0.503 53/52 35 [9, 99] 20 (-30, 105) 0.510 43/37 50 [12, 88] -28 (-67, 57) 0.401 
Rice and pasta  39/35 44 [23, 84] -35 (-63, 14) 0.133 61/55 45 [28, 71] -29 (-61, 27) 0.249 50/44 43 [19, 76] -15 (-48, 39) 0.515 
Potatoes and potato products  36/33 31 [16, 44] 73 (-28, 318) 0.219 55/49 28 [10, 52] -19 (-64, 80) 0.606 43/35 17 [6, 34] 27 (-49, 219) 0.609 
Vegetables  40/36 145 [122, 197] 5 (-16, 31) 0.701 64/60 166 [109, 227] 2 (-16, 22) 0.875 52/47 150 [94, 193] 20 (3, 39) 0.017 
Fruit  39/36 115 [77, 165] 63 (7, 151) 0.024 63/60 141 [76, 182] 38 (6, 79) 0.016 52/47 140 [85, 174] 12 (-16, 49) 0.432 
Meat and meat products  40/36 95 [69, 135] 25 (2, 52) 0.028 64/60 92 [72, 117] -10 (-27, 12) 0.331 52/47 87 [65, 127] 15 (-4, 38) 0.126 
Poultry and poultry products  28/24 15 [0, 35] -32 (-79, 125) 0.530 54/56 18 [5, 37] -26 (-66, 60) 0.447 40/32 14 [1, 27] -34 (-70, 48) 0.312 
Fish and fish products  28/17 16 [0, 24] -68 (-88, -18) 0.018 51/44 14 [3, 32] -33 (-66, 31) 0.238 41/26 13 [4, 34] -74 (-88, -44) 0.001 

Processed meat, poultry and 
fish  40/36 51 [35, 71] 15 (-10, 48) 0.251 64/60 61 [39, 78] 7 (-11, 28) 0.502 51/46 51 [39, 89] -1 (-19, 21) 0.910 
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Butter and spreads  39/36 14 [8, 22] 30 (-10, 90) 0.167 58/57 13 [7, 19] 20 (-15, 68) 0.302 47/45 24 [9, 33] 14 (-24, 72) 0.540 
Salty snacks  29/23 6 [0, 12] -24 (-66, 68) 0.491 37/35 5 [0, 18] -21 (-64, 73) 0.561 33/33 4 [0, 14] 45 (-29, 197) 0.303 
Cakes, sweets and chocolate  38/36 81 [57, 115] 80 (5, 210) 0.032 63/56 84 [57, 131] -18 (-49, 31) 0.400 52/45 90 [64, 120] -13 (-39, 22) 0.413 
Sugar sweetened beverages  37/32 136 [83, 276] 16 (-42, 129) 0.672 57/55 151 [81, 285] 48 (-30, 213) 0.303 44/38 123 [52, 253] 8 (-53, 146) 0.862 
Bread fillings              
Fillings, total  40/35 66 [41, 91] -14 (-42, 27) 0.445 64/59 67 [46, 108] -19 (-33, -2) 0.033 52/47 75 [54, 105] -13 (-29, 6) 0.164 
High salt (>2.5g/100g)  32/29 7 [2, 15] 8 (-50, 132) 0.847 55/49 10 [4, 24] -28 (-58, 22) 0.222 44/41 10 [3, 18] 33 (-21, 125) 0.289 
Medium salt (1-2.5g/100g)  38/31 22 [11, 46] -18 (-60, 67) 0.589 58/53 20 [8, 36] -2 (-40, 60) 0.928 48/43 39 [22, 57] -34 (-58,2) 0.064 
Low salt (<1.0g/100g)  38/33 28 [12, 45] -30 (-61, 26) 0.234 62/54 29 [17, 55] -40 (-64, 0) 0.051 49/42 24 [11, 34] -35 (-62, 11) 0.115 
Adults 41/38    63/60    49/47    
Food groups              
Milk and milk products  41/38 268 [188, 492] -10 (-24, 6) 0.214 63/60 260 [159, 392] -14 (-27, 1) 0.074 49/47 325 [189, 405] -12 (-26, 6) 0.181 
Cheese and cheese products  41/37 49 [33, 68] -26 (-50, 7) 0.115 63/60 42 [27, 65] -13 (-26, 3) 0.107 49/47 41 [19, 56] 23 (-2, 54) 0.069 
Bread, total  41/38 152 [114, 199] 23 (5, 45) 0.011 63/60 150 [121, 186] 21 (8, 34) 0.000 49/47 148 [122, 168] 17 (2, 34) 0.027 

Rye bread  40/37 70 [39, 115] -1 (-22, 25) 0.919 60/58 73 [45, 95] 12 (-18, 54) 0.470 49/45 67 [39, 94] -24 (-50, 15) 0.192 
Wheat bread  41/38 79 [50, 108] 42 (12, 80) 0.004 63/60 82 [51, 109] 36 (11, 68) 0.004 49/47 75 [53, 114] 35 (6, 72) 0.014 

Breakfast cereals  27/23 17 [0, 53] -37 (-71, 38) 0.248 49/43 24 [5, 57] -33 (-62, 19) 0.169 35/26 27 [0, 52] -69 (-84, -38) 0.001 
Rice and pasta  39/36 27 [17, 52] 13 (-34, 95) 0.658 60/56 40 [25, 66] -31 (-59, 17) 0.170 47/43 41 [24, 76] -23 (-51, 20) 0.241 
Potatoes and potato products  38/34 33 [18, 64] 19 (-46, 164) 0.666 55/55 35 [16, 66] 103 (-3, 326) 0.060 45/42 38 [13, 50] 44 (-36, 225) 0.374 
Vegetables  41/38 179 [119, 237] 14 (-8, 39) 0.218 63/60 247 [155, 335] -7 (-18, 6) 0.270 49/47 229 [162, 284] -1 (-15, 15) 0.937 
Fruit  41/37 100 [44, 186] 31 (-10, 90) 0.152 62/60 102 [38, 160] 76 (26, 146) 0.001 49/47 97 [34, 164] 19 (-9, 55) 0.201 
Meat and meat products  41/38 111 [79, 136] 33 (13, 58) 0.001 63/59 102 [68 ,126] -1 (-24, 30) 0.928 48/46 105 [70, 135] 14 (-3, 35) 0.116 
Poultry and poultry products  33/23 21 [5, 45] -64 (-89, 16) 0.087 58/52 30 [15, 52] -29 (-63, 36) 0.303 41/35 16 [3, 39] -45 (-75, 21) 0.138 
Fish and fish products  33/25 17 [4, 35] -52 (-78, 2) 0.056 56/53 24 [7, 43] 1 (-42, 77) 0.973 42/41 21 [11, 48] -9 (-50, 63) 0.746 

Processed meat, poultry and 
fish  41/38 51 [33, 80] 37 (0, 88) 0.047 63/59 54 [37, 75] -12 (-32, 14) 0.330 47/47 51 [32, 81] 10 (-18, 48) 0.539 

Butter and spreads  35/33 12 [3, 17] -16 (-52, 49) 0.556 59/54 10 [5, 18] -11 (-39, 30) 0.540 47/42 18 [9, 25] -17 (-43, 23) 0.357 
Salty snacks  30/21 5 [0, 10] -47 (-78, 23) 0.141 40/34 3 [0, 8] -31 (-65, 36) 0.292 29/31 4 [0, 10] 24 (-40, 156) 0.566 
Cakes, sweets and chocolate  40/38 87 [48, 129] 8 (-23, 51) 0.660 62/58 93 [67, 138] -31 (-47, -10) 0.007 48/46 84 [64, 105] -3 (-32, 39) 0.880 
Sugar sweetened beverages  33/32 156 [41, 251] 39 (-50, 286) 0.531 52/53 106 [40, 208] 69 (-30, 310) 0.244 39/42 60 [16, 164] 171 (-0, 639) 0.051 
Bread fillings              
Fillings, total  41/37 97 [62, 143] -13 (-40, 27) 0.478 62/59 96 [66, 135] -15 (-32, 7) 0.164 49/47 83 [63, 124] -17 (-36, 7) 0.152 
High salt (>2.5g/100g)  36/33 9 [3, 16] 21 (-37, 132) 0.574 51/48 8 [2, 19] -20 (-55, 40) 0.437 39/39 9 [2, 16] -4 (-53, 95) 0.905 
Medium salt (1-2.5g/100g)  40/35 52 [31, 82] -32 (-57, 9) 0.117 60/57 43 [28, 66] -18 (-40, 12) 0.213 48/43 43 [25, 60] -27 (-54, 15) 0.175 
Low salt (<1.0g/100g)  38/36 32 [10, 46] 13 (-34, 92) 0.661 59/56 35 [14, 54] -2 (-33, 45) 0.935 49/43 27 [16, 48] -51 (-71, -15) 0.011 
1All analyses are based on imputed datasets and presented as mean change in % with 95% CI calculated using mixed models with age, sex, BMI, parental 
education, under- and acceptable energy intake as fixed effects and  participant as random effect.  Baseline values are based on observed values and includes 
participants with zero intake. All values were log transformed before analysis. 

*Number of participant with an intake >0g/day at baseline/follow-up 
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Supplementary Table 2: Estimated differences between groups in intake of food groups (g/10MJ) 

    Intervention A compared to control  Intervention B compared to control  
Intervention B compared to 
Intervention A 

  ICC 
Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1  

Mean difference 
in % (95% CI)1 

P-
value2 

P-
value1  

Mean 
difference in 
% (95% CI)1 

P-
value2 

P-
value1 

All                       
Food groups                     
Milk and milk products  0.14 3 (-16, 27) 0.969 0.743  -6 (-22, 14) 0.454 0.541  -9 (-25, 11) 0.454 0.356 
Cheese and cheese products  0.22 -38 (-58, -11) 0.008 0.011  -24 (-45, 7) 0.123 0.117  24 (-13, 78) 0.188 0.235 
Bread, total  0.24 1 (-14, 18) 0.866 0.891  6 (-7, 21) 0.458 0.396  5 (-10, 22) 0.619 0.531 

Rye bread  0.06 20 (-23, 88) 0.496 0.424  44 (-3, 114) 0.135 0.073  20 (-22, 84) 0.496 0.409 
Wheat bread  0.44 6 (-25, 50) 0.626 0.732  8 (-21, 47) 0.614 0.623  2 (-27, 41) 0.973 0.915 

Breakfast cereals  0.30 59 (-32, 270) 0.437 0.283  130 (7, 395) 0.049 0.033  45 (-36, 225) 0.294 0.370 
Rice and pasta  0.37 10 (-46, 123) 0.944 0.791  2 (-46, 95) 0.927 0.943  -7 (-53, 83) 0.872 0.835 
Potatoes and potato products  0.49 43 (-49, 305) 0.475 0.497  13 (-56, 190) 0.856 0.797  -21 (-71, 113) 0.564 0.641 
Vegetables  0.34 -3 (-23, 21) 0.721 0.769  -9 (-26, 11) 0.319 0.341  -6 (-25, 17) 0.591 0.571 
Fruit  0.18 17 (-16, 62) 0.356 0.346  31 (-2, 75) 0.077 0.066  12 (-18, 53) 0.496 0.470 
Meat and meat products  0.46 14 (-16, 56) 0.376 0.403  -20 (-40, 7) 0.187 0.131  -30 (-48, -5) 0.029 0.020 
Poultry and poultry products  0.44 -14 (-70, 150) 0.763 0.786  163 (0, 594) 0.063 0.051  205 (10, 745) 0.037 0.032 
Fish and fish products  0.21 -32 (-70, 51) 0.276 0.340  83 (-11, 277) 0.146 0.102  171 (25, 487) 0.012 0.012 

Processed meat, poultry and fish  0.35 30 (-6, 81) 0.106 0.115  2 (-24, 37) 0.883 0.894  -22 (-43, 7) 0.119 0.126 
Butter and spreads  - -16 (-43, 24) 0.544 0.390  -15 (-40, 19) 0.343 0.345  1 (-30, 45) 0.808 0.975 
Salty snacks  0.38 -33 (-73, 63) 0.378 0.374  -46 (-76, 22) 0.153 0.137  -19 (-65, 91) 0.666 0.633 
Cakes, sweets and chocolate  0.47 36 (-22, 138) 0.259 0.283  -13 (-48, 44) 0.516 0.579  -36 (-63, 9) 0.072 0.099 
Sugar sweetened beverages  0.21 12 (-56, 183) 0.823 0.817  35 (-42, 211) 0.499 0.487  21 (-50, 194) 0.685 0.679 
Bread fillings              
Fillings, total  0.11 3 (-25, 41) 0.973 0.871  -1 (-25, 31) 0.845 0.950  -3 (-28, 30) 0.886 0.819 
High salt (>2.5g/100g)  0.16 -5 (-50, 81) 0.971 0.870  -25 (-58, 33) 0.315 0.322  -21 (-57, 46) 0.364 0.450 
Medium salt (1-2.5g/100g)  0.14 1 (-43, 78) 0.978 0.982  15 (-31, 92) 0.591 0.581  15 (-33, 97) 0.634 0.620 
Low salt (<1.0g/100g)  0.20 24 (-34, 133) 0.461 0.506  25 (-29, 120) 0.373 0.432  1 (-44, 83) 0.953 0.972 
Children             
Food groups              
Milk and milk products  0.30 7 (-19, 40) 0.783 0.633  -3 (-24, 23) 0.419 0.785  -9 (-30, 17) 0.299 0.453 
Cheese and cheese products  0.46 -52 (-73, -15) 0.012 0.011  -23 (-54, 28) 0.402 0.316  60 (-7, 176) 0.067 0.091 
Bread, total  0.39 -4 (-23, 18) 0.739 0.685  4 (-13, 24) 0.709 0.668  9 (-11, 32) 0.482 0.408 

Rye bread  0.32 3 (-51, 116) 0.947 0.932  48 (-24, 186) 0.389 0.248  43 (-29, 190) 0.459 0.321 
Wheat bread  0.84 9 (-33, 78) 0.597 0.732  13 (-28, 77) 0.581 0.605  3 (-36, 66) 0.978 0.892 

Breakfast cereals  0.41 36 (-50, 267) 0.722 0.548  91 (-23, 370) 0.211 0.160  41 (-46, 268) 0.421 0.485 
Rice and pasta  0.65 8 (-56, 164) 0.940 0.863  30 (-43, 192) 0.690 0.532  20 (-49, 182) 0.646 0.679 
Potatoes and potato products  0.58 70 (-53, 512) 0.415 0.417  1 (-68, 222) 0.901 0.988  -41 (-83, 102) 0.328 0.404 
Vegetables  0.59 -11 (-34, 19) 0.487 0.419  -13 (-34, 13) 0.321 0.295  -2 (-26, 30) 0.837 0.885 
Fruit  0.60 32 (-14, 103) 0.194 0.205  23 (-17, 81) 0.318 0.300  -7 (-39, 41) 0.673 0.729 
Meat and meat products  0.65 14 (-19, 60) 0.393 0.447  -22 (-43, 6) 0.153 0.112  -32 (-50, -6) 0.022 0.019 
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Poultry and poultry products  0.58 6 (-70, 279) 0.962 0.932  130 (-28, 637) 0.199 0.159  118 (-36, 646) 0.205 0.215 
Fish and fish products  0.52 -10 (-73, 199) 0.735 0.860  239 (14, 908) 0.046 0.028  278 (18, 1109) 0.025 0.025 

Processed meat, poultry and fish  0.41 23 (-13, 74) 0.286 0.233  11 (-19, 51) 0.500 0.511  -10 (-35, 24) 0.621 0.523 
Butter and spreads  0.15 7 (-34, 71) 0.857 0.794  -18 (-46, 24) 0.287 0.345  -23 (-51, 20) 0.237 0.249 
Salty snacks  0.43 -14 (-70, 149) 0.611 0.781  -49 (-81, 33) 0.187 0.167  -41 (-79, 65) 0.477 0.314 
Cakes, sweets and chocolate  0.89 77 (-15, 271) 0.135 0.130  8 (-45, 111) 0.958 0.826  -39 (-70, 23) 0.129 0.169 
Sugar sweetened beverages  0.43 24 (-63, 317) 0.679  0.722  77 (-41, 428) 0.274 0.308  42 (-56, 356) 0.546 0.557 
Bread fillings              
Fillings, total  0.58 -6 (-40, 48) 0.596 0.803  -7 (-38, 40) 0.629 0.725  -1 (-36, 52) 0.920 0.944 
High salt (>2.5g/100g)  0.29 -35 (-73, 54) 0.359 0.330  -32 (-69, 47) 0.289 0.321  4 (-55, 139) 0.971 0.929 
Medium salt (1-2.5g/100g)  - 11 (-48, 139) 0.896 0.784  15 (-42, 128) 0.835 0.687  3 (-50, 116) 0.956 0.929 
Low salt (<1.0g/100g)  0.25 -1 (57, 128) 0.920 0.978  12 (-47, 137) 0.908 0.774  13 (-49, 153) 0.832 0.767 
Adults             
Food groups              
Milk and milk products  0.17 5 (-20, 37) 0.918 0.738  -4 (-25, 22) 0.772 0.742  -8 (-29, 18) 0.700 0.504 
Cheese and cheese products  0.16 -28 (-51, 6) 0.061 0.094  -24 (-45, 7) 0.114 0.119  6 (-26, 52) 0.619 0.744 
Bread, total  0.33 5 (-13, 28) 0.467 0.592  9 (-7, 29) 0.374 0.289  4 (-13, 24) 0.972 0.693 

Rye bread  0.24 37 (-20, 134) 0.304 0.256  46 (-10, 136) 0.196 0.126  7 (-36, 78) 0.883 0.803 
Wheat bread  0.41 -1 (-26, 34) 0.855 0.967  4 (-20, 36) 0.772 0.761  5 (-21, 40) 0.935 0.742 

Breakfast cereals  0.30 94 (-32, 459) 0.302 0.218  181 (9, 629) 0.048 0.033  45 (-47, 297) 0.431 0.473 
Rice and pasta  0.04 36 (-35, 185) 0.568 0.409  -9 (-53, 76) 0.741 0.784  -33 (-67, 35) 0.362 0.260 
Potatoes and potato products  0.47 5 (-63, 194) 0.889 0.928  19 (-53, 202) 0.672 0.718  13 (-58, 204) 0.798 0.805 
Vegetables  0.15 9 (-14, 37) 0.719 0.474  -5 (-22, 17) 0.602 0.638  -13 (-31, 10) 0.404 0.256 
Fruit  0.13 5 (-30, 57) 0.773 0.802  43 (0, 104) 0.062 0.049  36 (-8, 99) 0.148 0.118 
Meat and meat products  0.16 19 (-16, 69) 0.274 0.318  -13 (-36, 18) 0.407 0.360  -28 (-48, 1) 0.056 0.058 
Poultry and poultry products  0.42 -24 (-77, 151) 0.653 0.650  214 (6, 832) 0.040 0.039  315 (32, 1205) 0.015 0.015 
Fish and fish products  0.22 -49 (-79, 22) 0.074 0.130  17 (-46, 153) 0.823 0.700  128 (-1, 423) 0.037 0.052 

Processed meat, poultry and fish  0.63 37 (-15, 119) 0.160 0.196  -10 (-41, 39) 0.669 0.646  -34 (-58, 4) 0.060 0.074 
Butter and spreads  - -30 (-63, 31) 0.413 0.263  -10 (-48, 56) 0.668 0.705  29 (-28, 132) 0.641 0.399 
Salty snacks  0.41 -50 (-82, 38) 0.298 0.181  -47 (-79, 33) 0.218 0.175  6 (-60, 183) 0.941 0.906 
Cakes, sweets and chocolate  0.19 8 (-32, 72) 0.687 0.746  -24 (-50, 14) 0.189 0.188  -30 (-55, 9) 0.101 0.118 
Sugar sweetened beverages  0.04 -29 (-76, 115) 0.605 0.549  -9 (-66, 142) 0.860 0.845  27 (-55, 263) 0.706 0.654 
Bread fillings              
Fillings, total  0.09 6 (-30, 60) 0.797 0.788  5 (-27, 51) 0.877 0.778  0 (-33, 47) 0.900 0.981 
High salt (>2.5g/100g)  0.09 43 (-36, 221) 0.246 0.379  -13 (-57, 79) 0.742 0.710  -39 (-72, 31) 0.127 0.205 
Medium salt (1-2.5g/100g)  0.11 2 (-46, 91) 0.964 0.953  21 (-30, 111) 0.601 0.497  19 (-34, 116) 0.657 0.568 
Low salt (<1.0g/100g)  0.14 67 (-19, 245) 0.133 0.168  67 (-12, 216) 0.085 0.114  0 (-49, 98) 0.984 0.996 
1Analyses are based on imputed datasets and presented as mean difference in % with 95% CI calculated using mixed models with treatment group, age, sex, 
BMI, parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. All values were log transformed 
before analysis 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

ICC = Intracluster correlation coefficient 
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Supplementary Table 3: Intake of energy and nutrients at baseline and estimated mean change from baseline to follow-up in the three 
groups (g/10MJ)   
  Intervention A   Intervention B   Control 

  
Baseline 
mean 
(SD) 

Estimated 
mean change 
(95% Cl) P-value   

Baseline 
mean 
(SD) 

Estimated 
mean change 
(95% Cl) P-value   

Baseline 
mean 
(SD) 

Estimated 
mean change 
(95% Cl) P-value 

All                       
n 81    127    101   

Fat (g/10MJ) 96 (14) 3 (0, 6) 0.048  94 (12) 0 (-3, 2) 0.841  99 (13) 1 (-2, 3) 0.750 
Saturated fat (g/10MJ) 37 (7) 0 (-2, 2) 0.985  35 (6) -2 (-4, -1) 0.001  38 (8) -1 (-3, 0) 0.100 
Monounsaturated fat (g/10MJ) 33 (7) 1 (-0, 3) 0.070  32 (5) 1 (-1, 2) 0.307  33 (6) 1 (-1, 2) 0.256 
Polyunsaturated fat (g/10MJ) 13 (3) 1 (0, 2) 0.045  14 (2) 2 (1, 3) 0.000  14 (3) 1 (1, 2) 0.000 
Carbohydrates, available (g/10MJ) 271 (36) -7 (-13, -0) 0.041  274 (32) 0 (-6, 6) 0.919  270 (34) -2 (-8, 5) 0.641 
Added sugar (g/10MJ) 59 (34) -2 (-7, 4) 0.574  51 (22) 5 (-0, 9) 0.055  54 (29) 4 (-1, 9) 0.144 
Protein (g/10MJ) 91 (15) 0 (-3, 3) 0.964  91 (14) -1 (-3, 2) 0.650  88 (13) -1 (-3, 2) 0.682 
Children <18y                        
n 40    64    52   
Fat (g/10MJ) 94 (12) 2 (-2, 6) 0.275  91 (12) -1 (-4, 3) 0.677  98 (12) -1 (-5, 3) 0.639 
Saturated fat (g/10MJ) 37 (6) -1 (-3, 2) 0.667  35 (6) -3 (-5, -1) 0.003  39 (8) -3 (-5, -0) 0.044 
Monounsaturated fat (g/10MJ) 31 (6) 1 (-1, 3) 0.244  30 (5) 0 (-1, 2) 0.699  32 (5) 0 (-2, 2) 0.823 
Polyunsaturated fat (g/10MJ) 13 (2) 1 (-0, 2) 0.088  13 (3) 3 (2, 4) 0.000  13 (3) 2 (1, 3) 0.000 
Carbohydrates, available (g/10MJ) 284 (32) -3 (-11, 5) 0.455  291 (29) 3 (-5, 12) 0.462  282 (26) 2 (-7, 10) 0.684 
Added sugar (g/10MJ) 61 (27) 1 (-7, 8) 0.871  54 (21) 7 (1, 13) 0.032  56 (27) 4 (-4, 12) 0.327 
Protein (g/10MJ) 90 (16) -2 (-6, 2) 0.432  88 (15) -1 (-4, 3) 0.694  85 (11) -1 (-4, 3) 0.714 
Adults ≥18y                       
n 41    63    49   
Fat (g/10MJ) 98 (15) 4 (-1, 8) 0.085  97 (11) 0 (-3, 3) 0.866  101 (14) 2 (-2, 6) 0.313 
Saturated fat (g/10MJ) 37 (7) 1 (-1, 2) 0.592  36 (6) -2 (-3, 0) 0.092  38 (8) 0 (-3, 2) 0.825 
Monounsaturated fat (g/10MJ) 34 (7) 2 (-1, 4) 0.161  33 (5) 1 (-1, 2) 0.278  35 (6) 1 (-1, 3) 0.159 
Polyunsaturated fat (g/10MJ) 14 (4) 1 (-1, 3) 0.203  14 (2) 2 (1, 2) 0.000  14 (3) 1 (-0, 1) 0.078 
Carbohydrates, available (g/10MJ) 259 (36) -10 (-19, -1) 0.035  258 (27) -3 (-10, 5) 0.511  257 (36) -5 (-14, 4) 0.273 
Added sugar (g/10MJ) 57 (39) -4 (-12, 4) 0.344  48 (23) 2 (-4, 8) 0.520  51 (32) 4 (-3, 10) 0.255 
Protein (g/10MJ) 93 (14) 2 (-3, 7) 0.499  94 (13) -1 (-4, 3) 0.788  92 (14) 0 (-4, 4) 0.824 
1All analyses are based on imputed datasets and presented as mean change with 95% CI calculated using mixed models with age, sex, BMI, parental education, 
and under- and acceptable reported energy intake as fixed effects and participant as random effect. 
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Supplementary Table 4: Estimated differences between groups in intake of energy and nutrients (g/10MJ)     

    
Intervention A compared to 
control   

Intervention B compared to 
control   

Intervention B compared to 
Intervention A 

  
ICC 

Mean 
difference  
(95% CI)1 

P-
value2 

P-
value1   

Mean 
difference  
(95% CI)1 

P-
value2 

P-
value1   

Mean 
difference  
(95% CI)1 

P-
value2 

P-
value1 

All                         
Macronutrients             

Fat (g/10MJ) 0.36 0 (-5, 5) 0.930 0.931  -4 (-8, 1) 0.175 0.100  -4 (-8, 1) 0.168 0.142 
Saturated fat (g/10MJ) 0.30 0 (-2, 3) 0.741 0.848  -3 (-5, -0) 0.036 0.028  -3 (-6, -0) 0.020 0.023 
Monounsaturated fat (g/10MJ) 0.33 0 (-3, 2) 0.880 0.699  -2 (-3, 1) 0.257 0.139  -1 (-3, 1) 0.360 0.315 
Polyunsaturated fat (g/10MJ) 0.37 -1 (-2, 1) 0.346 0.376  1 (-1, 2) 0.276 0.318  1 (-0, 2) 0.044 0.062 
Carbohydrates, available (g/10MJ) 0.31 -2 (-13, 9) 0.581 0.734  6 (-4, 16) 0.427 0.250  8 (-3, 18) 0.184 0.148 
Added sugar (g/10MJ) 0.41 -3 (-13, 7) 0.600 0.533  0 (-9, 9) 0.939 0.987  3 (-7, 13) 0.535 0.525 
Protein (g/10MJ) 0.33 2 (-3, 7) 0.555 0.431  1 (-4, 5) 0.724 0.750  -1 (-6, 3) 0.775 0.602 

Children <18y                         
Macronutrients             

Fat (g/10MJ) 0.47 0 (-6, 7) 0.871 0.894  -4 (-9, 2) 0.348 0.241  -4 (-10, 2) 0.286 0.211 
Saturated fat (g/10MJ) 0.54 0 (-4, 4) 0.887 0.922  -3 (-7, -0) 0.054  0.044  -4 (-7, -0) 0.047 0.045 
Monounsaturated fat (g/10MJ) 0.34 0 (-3, 3) 0.913 0.949  -1 (-4, 1) 0.382 0.224  -1 (-4, 1) 0.348 0.281 
Polyunsaturated fat (g/10MJ) 0.47 -1 (-3, 1) 0.180 0.205  1 (-1, 2) 0.242 0.264  2 (0, 3) 0.012 0.018 
Carbohydrates, available (g/10MJ) 0.40 -1 (-15, 12) 0.708 0.837  7 (-5, 20) 0.378 0.248  9 (-4, 22) 0.222 0.194 
Added sugar (g/10MJ) 0.60 1 (-11, 14) 0.967 0.848  4 (-8, 15) 0.549 0.537  2 (-10, 15) 0.602 0.702 
Protein (g/10MJ) 0.29 1 (-4, 6) 0.743 0.622  1 (-4, 6) 0.683 0.647  0 (-5, 5) 0.966 0.935 

Adults ≥18y                         
Macronutrients             

Fat (g/10MJ) 0.19 0 (-5, 5) 0.992 0.962  -4 (-9, 1) 0.154 0.105  -4 (-9, 1) 0.176 0.143 
Saturated fat (g/10MJ) 0.23 0 (-3, 3) 0.823 0.898  -2 (-5, 0) 0.105 0.087  -2 (-5, 0) 0.081 0.085 
Monounsaturated fat (g/10MJ) 0.26 0 (-3, 2) 0.839 0.841  -2 (-4, 1) 0.258 0.207  -1 (-4, 1) 0.389 0.325 
Polyunsaturated fat (g/10MJ) 0.16 0 (-1, 2) 0.981 0.888  1 (-1, 2) 0.326 0.336  1 (-1, 2) 0.369 0.453 
Carbohydrates, available (g/10MJ) 0.20 -4 (-16, 9) 0.594 0.565  4 (-8, 15) 0.596 0.509  8 (-5, 20) 0.290 0.222 
Added sugar (g/10MJ) 0.42 -8 (-19, 3) 0.323 0.153  -4 (-13, 6) 0.538 0.487  5 (-6, 15) 0.646 0.396 
Protein (g/10MJ) 0.40 3 (-3, 10) 0.408 0.304  1 (-5, 7) 0.689 0.733  -2 (-8, 4) 0.628 0.454 

1Analyses are based on imputed datasets and presented as mean difference with 95% CI calculated using mixed models with treatment group, age, sex, BMI, 
parental education, and under- and acceptable reported energy intake as fixed effects and family as random effect. 
2Analyses only including treatment group and baseline value as fixed effects and family as random effect 

ICC = Intracluster correlation coefficient 
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A B S T R A C T   

Background: Excessive intake of salt is associated with high blood pressure, a risk factor for cardiovascular 
disease. Moreover, a high salt consumption has been related to a reduced salt taste sensitivity, and an increased 
liking of high salt content foods. Whether a reduction in salt intake over a long period of time can increase salt 
taste sensitivity and liking of foods with lower salt content requires further research. 
Objective: This study aims to investigate the effect of gradually lowering salt content in bread, either alone or in 
combination with dietary counselling, on salt taste sensitivity and liking of salt reduced bread. 
Methods: A four-month, single blinded, cluster RCT with a parallel design was conducted among Danish families. 
Families were randomized to receive bread gradually reduced in salt content (Intervention A), bread gradually 
reduced in salt content in combination with dietary counselling (Intervention B) or bread with regular salt 
content (control). Salt taste detection thresholds (DT) and recognition thresholds (RT) were measured at baseline 
and follow-up. Moreover, overall liking of bread with very low (0.4 g/100 g), low (0.8 g/100 g) and normal 
(1.2 g/100 g) salt content was measured using a 7-point hedonic scale. 
Results: Eighty-nine families (n = 215) participated in the study. No significant differences between groups were 
found for DT or RT, but a significant reduction in DT of 18% (−28, −7) and a trend towards a reduction in RT of 
−16% (−30, 2) was found in Intervention B from baseline to follow-up. The intervention resulted in sig-
nificantly higher liking of bread with 0.4 g salt/100 g in intervention B compared to the control and borderline 
significantly higher liking in intervention A compared to the control (p-value = 0.055). No differences were seen 
between groups in liking of bread with 0.8 g and 1.2 g salt/100 g. From baseline to follow-up all three groups 
reduced their liking of bread with 1.2 g salt/100 g and in the control group liking of bread with 0.4 g salt/100 g 
was significantly reduced. 
Conclusion: Reducing salt intake by lowering salt content in bread and receiving dietary counselling increased 
salt taste sensitivity (baseline to follow-up) and resulted in higher liking of bread with very low salt content 
(0.4 g salt/100 g) compared to control.   

1. Introduction 

High salt (NaCl) consumption is a major global health concern due 
to an association between high salt (sodium) consumption and elevated 
blood pressure (BP), and thereby increased risk of cardiovascular dis-
ease (CVD) (He & MacGregor, 2018; Strazzullo, D’Elia, Kandala, & 
Cappuccio, 2009). Globally, diets high in salt have been estimated to be 
responsible for 3-million deaths annually (Afshin et al., 2019). The 

World Health Organization (WHO) recommends salt consumption 
of < 5 g/day for adults (World Health Organization, 2012), and in 
Denmark salt consumption below 6 g/day is recommended (Nordic 
Council of Ministers, 2012), however, the current average salt intake in 
Danish adults is 9.5 g salt/day (Pedersen et al., 2011). 

Reducing salt consumption at the population level is indeed a 
challenge. Strategies to achieve this includes modification of consumer 
behavior, by increasing public knowledge and awareness, as well as 
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reformulation of food products to contain less salt (World Health 
Organization, 2016). Salt is found in small amounts in natural (un-
processed) foods, contributing approximately 12–15% of daily salt in-
take. In western countries, processed foods on the other hand contribute 
an estimated 70–75%, whereas salt added at home (either during 
cooking or at the table) is responsible for approximately 10–20%, al-
though large individual variation exists (Andersen, Rasmussen, Larsen, 
& Jakobsen, 2008; Harnack et al., 2017). Processed foods contributing 
the most to a high salt consumption include bread and bakery products, 
spreads and sauces, processed meats, snacks, and fish products 
(Webster, Dunford, & Neal, 2010). In Denmark bread alone is estimated 
to contribute approximately 20% of the population's total salt con-
sumption (Pedersen et al., 2011), making salt reduction in bread a 
promising strategy to reduce salt consumption on a population level. 
Considering a key dimension of salt in food is to maximize liking by 
modifying the sensory properties (Liem, Miremadi, & Keast, 2011), 
sudden reductions in salt content of processed foods may result in re-
duced acceptance by consumers. Nevertheless, previous research found 
that salt reductions up to 50% in processed foods is achievable without 
negatively impacting consumer acceptance (Bolhuis et al., 2011; Lucas, 
Riddell, Liem, Whitelock, & Keast, 2011; McMahon, Clarke, Jaenke, & 
Brimblecombe, 2016). Particularly, when salt is being reduced over 
time consumers have been found to adapt to the lower salt taste 
whereby acceptance and consumption remain unchanged (Bobowski, 
Rendahl, & Vickers, 2015b; Bolhuis et al., 2011; Mitchell, Brunton, & 
Wilkinson, 2011). Due to the high contribution of salt intake from 
processed foods in the Western diet, food reformulation is an important 
component when reducing dietary salt. In addition, previous studies 
have shown promising results when using dietary education or coun-
selling to lower salt intake. One study, with a randomized parallel de-
sign, examined the effectiveness of reducing salt intake by educating 
consumers on identifying food products with lower salt content either 
by using a label on the front of the pack signifying that the product 
meets nutritional criteria for salt reduction or by using the nutrition 
information panel on the back of the pack. The two strategies reduced 
the daily salt intake by 0.9 g salt/day and 1.9 g salt/day, respectively 
(Ireland, Clifton, & Keogh, 2010). Another RCT study focused on edu-
cating participants on the use of herbs and spices to replace salt during 
cooking, resulting in a reduced salt intake of 1.0 g/day (Anderson et al., 
2015). Reaching the recommended upper limit of salt intake in Den-
mark requires large reductions (≈3g/day), and a combination of stra-
tegies including both food reformulation and dietary counselling might 
be necessary to achieve this level of reduction. 

Research provides evidence for associations between salt intake and 
salt taste sensitivity (Azienge, Sofola, & Silva, 2011; Piovesana, 
Sampaio, & Gallani, 2013). That is, the level at which individuals can 
taste salt depends on how much salt the individual consumes. Salt taste 
sensitivity can be measured by detection (DT) and recognition thresh-
olds (RT), with detection being defined as the lowest concentration of a 
taste that can be distinguished from water, whereas recognition is the 
lowest concentration at which a specific taste is correctly identified 
(Webb, Bolhuis, Cicerale, Hayes, & Keast, 2015). Reducing habitual salt 
intake has been shown to increase salt taste intensity (Bertino, 
Beauchamp, & Engelman, 1982), another measure of sensitivity where 
participants rate how intense they perceive the salty taste in food. 
Whether a similar reduction is achievable for DT and RT has to our 
knowledge not yet been investigated. The study by Bertino et al. (1982) 
also provides evidence for a shift in salt taste preferences towards lower 
levels of salt after 5 months of salt reduction. This seems plausible 
based on the lower concentration of salt needed to achieve the same 
taste sensation. However, other studies have not found associations 
between low salt taste thresholds and liking of lower salt foods (Lucas 
et al., 2011; Mitchell, Brunton, & Wilkinson, 2013). As part of a larger 
cluster randomized controlled trial (RCT), this study aimed to in-
vestigate the effect of gradually lowering the salt content in bread, ei-
ther alone or with dietary counselling, on salt taste sensitivity 

(measured by DT and RT) and liking of salt reduced bread. 

2. Methods 

2.1. Overall study design and participants 

The study was a single-blinded, cluster RCT, where families were 
recruited through social media at schools, kindergartens and larger 
companies, word of mouth, and posters in the local area and randomly 
assigned to one of three parallel arms. Families participated in the in-
tervention over a four-month period, with outcome measures taken at 
baseline (prior to intervention commencing) and four months later at 
follow-up. Families were eligible to participate if they consisted of 
minimum one child (3-17y/o), and one parent (18–65y/o) with a daily 
bread consumption of over 175 g/day. Exclusion criteria included an-
tihypertensive and/or lipid-lowering treatment, pregnant women, dia-
betics, coronary heart disease and a urine albumin > 300 mg/day. For 
this specific study, only participants above 10 years of age were in-
cluded, due to the complexity of sensitivity testing and correct scale 
usage. Detailed methodology information of the study design is de-
scribed elsewhere (Bjoernsbo et al., 2019). 

2.2. Intervention 

Families were randomly allocated into one of the two intervention 
groups or the control group, using a computer-generated sequence of 
random group assignment. Intervention A received salt reduced bread; 
Intervention B received salt reduced bread plus dietary counselling and 
the control group received bread with regular salt content. The salt 
concentration in project bread was based on levels in Danish super-
market and bakery bread (1.2 g salt/100 g) (Trolle, Saxholt, & 
Knuthsen, 2016) for the first two weeks of the intervention, and for the 
duration of the study in the control group. For Intervention A and B, the 
salt content was gradually reduced by 0.2 g salt/100 g per week, until 
the salt concentration was 0.6 g salt/100 g in rye bread, and 0.4 g salt/ 
100 g in wheat bread. Reducing the salt content in rye bread beyond 
0.6 g salt/100 g produced negative texture effects, thus it was not re-
duced to the same level (0.4 g salt/100 g) as wheat bread. The reduced 
levels were maintained for the remainder of the intervention ranging 
from nine to 12 weeks depending on the date of follow-up examination. 

To minimize the risk of reducing the acceptance of project bread, by 
decreasing salt taste considerably, a liquid low sodium salt replaced 
some of the regular salt in the salt reduced bread (bread with 0.4 g salt/ 
100 g was aimed to taste equivalent to 0.55 g salt/100 g). The liquid 
low sodium salt contains 80% less sodium than regular salt, but without 
compromising taste and texture effects (Posidonia SA, 2020). To verify 
the salt taste intensity in project bread a taste test was conducted 
among a small panel at Lantmännen Cerealia, who developed the re-
cipes for the project bread in collaboration with the bakers who pro-
vided the bread during the intervention. Salt concentrations were tested 
and confirmed weekly following the ICP-OES method, accredited by the 
Danish Accreditation Fun (DANAK) according to International Stan-
dards Organization (ISO) 17025. 

Blinding of participants was achieved by colour-coding the bread 
packaging based on their salt content. During the four-month inter-
vention phase, families received the bread free of charge twice a week 
(Mondays and Thursdays). Participants picked up the bread from either 
the bakery or the research center, based on participant choice. Bread 
provided included a variety of rye and wheat bread in the form of 
loaves or buns. Participants were instructed to consume the study bread 
in place of their normal bread consumption for the duration of the 
study. 

Intervention B received additional dietary counselling in combina-
tion with the salt reduced bread, to further reduce dietary salt. Five key 
messages were used during the counselling including: 1) buy less salt 
rich foods within different food categories; 2) eat less food with a high 
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salt content; 3) reduce the use of salt during cooking and at the dining 
table; 4) flavor food with herbs and spices as an alternative to salt; and 
5) follow the Danish plate model, where 40% of the plate is filled with 
fruit and vegetables. A two-hour group introduction, a one-hour family 
counselling session, two follow-up telephone counselling sessions with 
one of the parents and weekly emails were included in the dietary 
counselling for Intervention B. 

To estimate compliance with bread intake, it was recorded each 
time the families picked up study bread products, and all participants 
had to fill in sheets daily ticking if they had consumed study bread 
products or other bread not provided by the study. To be regarded as 
compliant, participants had to pick up study bread products at least 
80% of the times bread was handed out and study bread products had 
to be consumed at least 80% of the days in the returned sheets. In in-
tervention B, the individual family counselling and one of the follow-up 
telephone calls also had to be fulfilled to be considered compliant. 

2.3. Outcome measures 

2.3.1. Background characteristics 
Participants’ age and sex were obtained from the personal identifi-

cation number (CPR-number). Body mass index (BMI) was calculated as 
kg/m2, with height being measured using Harpenden stadiometer and 
body weight on a digital scale. Smoking status was obtained using 
questionnaires, with daily or occasional smoking being referred as 
smokers, and never or former smoking being referred as non-smokers. 

2.3.2. Salt intake measurements 
To measure changes in dietary salt intake 24-hour urine samples 

were collected at baseline and follow-up. Adults were instructed to 
complete three consecutive 24-hour urine collections on two weekdays 
and one weekend day. Children were instructed to complete one 24- 
hour urine collection on a weekend day. The samples were measured 
for sodium by potentiometric tests (Vitros 5.1 FS/5600 Ortho Clinical 
Diagnostics), and the sodium value was then multiplied by 2.5 to get 
the value in salt. The complete urine collection and results on salt in-
take have been published elsewhere (Riis et al., 2020), however the 
present analysis differs in that it only includes participant ≥10y, as salt 
taste sensitivity and liking were measured in this age group only. 

2.3.3. Taste sensitivity 
Sensory tests were performed at Center for Clinical Research and 

Prevention, Glostrup, Denmark. Participants had DT and RT measured 
for salty and sweet tastes at baseline and follow-up. Sweet taste was 
used to ensure participants did not know each time salt was tasted, so 
they did not simply guess salt. DT and RT were measured following 
protocol outlined by ISO 3972 (ISO, 2011), see Table 1. Participants 
were presented with eight increasing concentrations of salt, and one 
water blank in 15 ml aliquots. Two additional samples containing the 
same concentration as the preceding were randomly included within 
each test series, as outlined in ISO 3972. All samples were presented 
with three-digit blinding codes and participants were instructed to rinse 
their mouth with water between each sample. Participants were asked 
to rate their taste perception from the following options: the solution 
tastes like water; the solution tastes like something other than water but 

they don’t know what, or; the solution tastes sweet; or salty. DT was 
considered the lowest concentration at which the participants identified 
the solution was different to water, and the remaining solutions were 
also correctly selected as different to water, until recognition threshold 
was met. RT was the salt concentration at which participants correctly 
identified the salt taste and all remaining solutions were also correctly 
identified. 

2.3.4. Liking of salt concentration in bread 
Liking was measured using a 7-point hedonic scale with corre-

sponding facial expressions to ensure children were able to correctly 
use the scale. The 7-point hedonic scale was chosen over the usual 9- 
point to further simplify the scale for children. The same scale (in-
cluding facial expressions) was used on both children and adults. 
Participants were provided with three 2 cm × 2 cm pieces of ciabatta 
bread with very low (0.4 g/100 g), low (0.8 g/100 g) and normal 
(1.2 g/100 g) salt content and asked to rate their overall liking by 
marking the appropriate box on the hedonic rating/facial expression 
corresponding to their liking of the bread. The samples were coded with 
three-digit numbers and presented in a randomized order. Between 
each sample the participants were instructed to rinse their mouth with 
water. 

2.4. Statistics 

Categorical data are presented as frequencies and proportions. 
Continuous data are presented as mean (SD) or median and [IRQ] ac-
cording to distribution. DT, RT and liking are handled as continuous 
outcomes and salt taste DT and RT were log transformed before analysis 
to meet assumptions for normal distribution. 

All analyses were done using R version 3.5.3 with an “intention to 
treat” approach. To account for missing values multiple imputations 
with 100 datasets were created using the R package jomo and com-
pound symmetry was chosen as the variance structure. 

Within group changes for DT, RT, liking and salt intake were cal-
culated using linear mixed models with baseline and follow-up value as 
outcome variable, baseline/follow-up visit as fixed effect and person as 
random effect. Families were not included as random effect due to 
variance estimates approaching 0. Within group differences in overall 
liking of the three breads at baseline and follow-up was calculated using 
mixed model with liking as outcome variable, bread type as fixed effect 
and person and family as random effects. Within group analyses were 
also run in Intervention A and Intervention B only including partici-
pants who had reduced their salt intake by ≥1.25 g/day and ≥3.0 g/ 
day respectively, as this was the levels of salt reduction the intervention 
was expected to result in. All baseline values are presented based on 
observed values. 

To estimate differences between groups for DT, RT and liking, linear 
models were used with follow-up value as outcome variable and 
treatment group and baseline value as fixed effects. Families were not 
included as random effect, due to variance estimates approaching 0. 
Differences between groups in salt intake were calculated using linear 
mixed models with follow-up value as outcome variable and treatment 
group and baseline value as fixed effects and family as random effect. 
Between group differences at baseline was estimated with baseline 
measurement as outcome value, treatment group as fixed effect and 
family as random effect. 

All models comparing groups were run adjusted for age, sex, BMI, 
smoking and randomization order of samples, which did not change the 
results, except for liking of bread with 0.8 g salt/100 g, where the p- 
value changed from 0.078 to 0.048 when comparing Intervention A to 
the control group (data not shown). According to the protocol article, 
subgroup analyses were supposed to be conducted on children between 
10 and 15y (Bjoernsbo et al., 2019). However, it was decided not to run 
these analyses due to the low number of participants in that age group 
(n = 14 Intervention A, n = 24 Intervention B and n = 14 control). 

Table 1 
Concentrations of the taste solution used for threshold (DT and RT) testing 
(mM).             

Taste 
Quality 

Reference 
chemical  

Sample concentrations (mM)   

0 1 2 3 4 5 6 7 8  

Sweet Sucrose 0 1  1.6  2.7  4.5  7.5  12.6  21.0  35.0 
Salty Sodium 

Chloride 
0 2.4  4.1  5.8  8.2  11.8  16.8  24.0  34.2 
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Visual inspection of histograms indicated that measurements on those 
≤15y was comparable to those > 15y, thus the analyses were run in-
cluding all participants. 

2.5. Ethics 

The study was conducted in accordance with the Declaration of 
Helsinki, and all participants ≥18y and caregivers for participants <  
18y gave written informed consent. The Danish Data Protection Agency 
(CSU-FCFS-2017-017) and the Scientific Ethical Committee (H- 
17030995), Capital region, Denmark approved the study and it was 
registered at ClinicalTrials.gov (NCT03810885). 

3. Results 

Eighty-nine families (n = 215 individual participants) were in-
cluded in the analysis for this study and randomized to Intervention A 
(25 families, n = 59), Intervention B (35 families, n = 91) and the 
control group (29 families, n = 65). During the intervention 2 families 
in Intervention A (n = 6), 2 families and one individual participant (the 
family continued) in Intervention B (n = 5), and 2 families in the 
control group (n = 2) dropped out. One participant had missing data on 
DT, RT and liking at follow-up (Intervention B). Four participants were 
excluded from the analysis on RT, as they did not specify the taste they 
recognized, and in the analyses for liking four participants were ex-
cluded, as they had marked several points on the hedonic scale. 

Salt content in project bread products came close to the targeted 
value, with a mean difference of −0.03 g salt/100 g (SD 0.10) in salt 
reduced bread products and −0.14 g salt/100 g (SD 0.09) in standard 
bread products. Fourteen participants did not return sheets on bread 
consumption, and based on participants without missing data, study 
bread products were consumed on an average of 92% of the study days, 
whereas this was 16% for bread products that were not provided by the 
study. Compliant participants included 91% (n = 57) in intervention A, 
88% (n = 75) in Intervention B and 88% (n = 53) in the control group. 

Table 2 shows the baseline characteristics of the participants in the 
three groups. No significant differences in terms of sex, age, BMI and 

Table 2 
Baseline characteristics at cluster- and individual level.1       

Intervention A Intervention B Control   

Mean  ±  SD or n 
(%) 

Mean  ±  SD or n 
(%) 

Mean  ±  SD or n 
(%) 

Cluster level    
Families 25 (28.1) 35 (39.3) 29 (32.6) 
Participants 59 (27.4) 91 (42.3) 65 (30.2) 
Individual level    
All    
Sex (men, %) 29 (49.2) 44 (48.4) 32 (49.2) 
Age (y) 32.9  ±  15.3 32.1  ±  14.7 34.0  ±  14.0 
BMI (kg/m2) 24.0  ±  4.5 23.8  ±  5.5 23.5  ±  4.5 
Smokers 6 (10.3) 6 (7.0) 5 (7.8) 
Children  < 18y    
n 18 (30.5) 28 (30.8) 16 (24.6) 
Sex (boys, %) 11 (61.1) 15 (53.6) 9 (56.2) 
Age (y) 13.3  ±  2.5 13.2  ±  2.1 12.9  ±  1.9 
BMI (kg/m2) 20.0  ±  2.9 19.8  ±  2.5 19.2  ±  3.0 
Smokers 2 (11.1) 1 (3.9) 0 (0.0) 
Adults ≥18y    
n 41 (69.5) 63 (69.2) 49 (75.4) 
Sex (men, %) 18 (43.9) 29 (46.0) 23 (46.9) 
Age (y) 41.5  ±  9.5 40.5  ±  9.0 40.9  ±  8.0 
BMI (kg/m2) 25.8  ±  3.8 25.6  ±  5.6 24.8  ±  4.1 
Smokers 4 (10.0) 5 (8.3) 5 (10.4) 

1 Values are mean  ±  SD or n (%). Seven participants had missing data on 
smoking status (Intervention A n = 1, Intervention B n = 5 and control n = 1) 
and one participant (Intervention B) had missing data on BMI. BMI = body 
mass index, cm = centimeter, kg = kilograms, m = meter, y = years.  T
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smoking status were observed between groups. 

3.1. Salt intake 

Within group changes are presented in Table 3. Salt intake was 
significantly reduced from baseline to follow-up in Intervention B with 
−1.6 g/d (CI = −2.3, −0.9; p-value = < 0.001), while no changes 
were found in Intervention A or the control group. When comparing 
groups (Table 4), the reduction in Intervention B resulted in a sig-
nificantly lower salt intake of −1.3 g/d (CI = −2.5, −0.1; p- 
value = 0.038) compared to the control. No other between group dif-
ferences were found. 

3.2. Salt taste thresholds 

From baseline to follow up a significant reduction in DT of −18% 
(CI = −28, −7; p-value = 0.003) and a non-significant trend towards 
a reduction in RT of −16% (CI = −30, 2; p-value = 0.073) was found 
in Intervention B. No significant changes were found in Intervention A 
or the control group (Table 3). When comparing groups (Table 4), no 
statistically significant differences were found, but a non-significant 
reduction in DT of −10% (CI = −24, 7; p-value = 0.255) and RT of 
−15% (CI = −33, 8; p-value = 0.188) were found in intervention B 
compared to control. 

3.3. Liking 

At baseline all three groups liked bread with 0.4 g/100 g less than 
bread with 0.8 and 1.2 g salt/100 g, with no difference between the two 
latter (Fig. 1). After the exposure period a reduced liking for bread with 
a salt content of 0.4 g/100 g was found in the control group with a 
reduction of −0.4 (CI = −0.7, −0.0; p-value = 0.033). All groups 
reduced their liking for bread with a salt content of 1.2 g/100 g, with 
−0.5 (CI = −0.9, −0.1; p-value = 0.012), −0.5 (CI = −0.8, −0.2; 
p-value = 0.001), and −0.6 (CI = −1.0, −0.3; p-value = 0.000), in 
Intervention A, Intervention B and the control group, respectively 
(Table 3). At follow-up, all three groups liked bread with 0.8 g/100 g 
more than bread with 0.4 and 1.2 g salt/100 g, with no difference 
between the two latter (Fig. 1). When comparing groups, a significantly 
higher liking of bread with a salt content of 0.4 g/100 g was found in 
Intervention B compared to the control 0.4 (CI = 0.1, 0.8, p- 
value = 0.018), and there was a trend towards a higher liking in In-
tervention A compared to the control of 0.4 (CI = −0.0, 0.8; p- 
value = 0.055). No significant differences between groups were found 
for the two other breads. 

The results from the analyses only including participants with re-
ductions in salt intake of ≥1.25 in Intervention A and ≥3.0 in 
Intervention B were similar to those from the primary analysis. 
However, the reduction in DT from baseline to follow-up in 
Intervention B and the reduced liking of bread with 1.2 g salt/100 g in 
both intervention A and B from baseline to follow-up did not reach 

statistical significance (data not shown). 

4. Discussion 

4.1. Salt intake and salt taste thresholds 

Receiving salt reduced bread with or without dietary counselling, 
did not result in significant differences in DT or RT when compared to 
the control group, but a significant decrease in salt taste DT and a non- 
significant trend toward a decrease in RT from baseline to follow-up 
was found among participants receiving the salt reduced bread in 
combination with dietary counselling. 

Earlier studies have investigated changes in dietary salt intake and 
the effect on salt taste sensitivity. In a RCT by Huggins and colleagues 
an increased salt intake (through salt supplementation) resulted in an 
increased salt RT (Huggins, Di Nicolantonio, & Morgan, 1992). The 
present study suggests that the inverse trend may also occur, with a 
reduction in salt consumption trending towards reduced salt DT and RT 
(increased sensitivity). Another controlled intervention study found 
that a long term reduction (5-month) in salt consumption resulted in 
increased salt taste intensity perception in salt-containing foods 
(Bertino et al., 1982), further supporting that reducing salt intake can 
increase salt taste sensitivity. In contrast to the findings among parti-
cipants in Intervention B, participants allocated to Intervention A did 
not significantly reduce salt intake and no significant effects of the in-
tervention were found for DT or RT, suggesting that reductions in salt 
intake are needed to increase salt taste sensitivity. This also emphasizes 
that the dietary counselling provided to participants in intervention B 
play an important role in modifying dietary patterns, which is sup-
ported by Bobowski and colleagues study where no changes in salt DT 
were found when providing a single reformulated food product (low 
salt cereals) for 8-weeks among children aged 6–14 years (Bobowski & 
Mennella, 2019). 

In the present study the reductions in DT and RT in Intervention B 
compared to the control did not reach statistical significance, which 
could be due to a number of reasons. Firstly, there may have been lack 
of power, as the power calculation was aimed at finding differences in 
salt intake, not specifically sensory outcomes. Secondly, although salt 
intake was reduced, it may not have been reduced to a level required to 
observe significant changes in DT and RT. Thirdly, it has been pre-
viously demonstrated that it is likely that interaction of salt taste within 
the oral cavity is required to modulate salt taste acuity, since con-
sumption of salt in capsules (no oral exposure) does not alter DT and 
intensity perception (Bolhuis, Gijsbers, Jager, Geleijnse, & Graaf, 2015). 
Liquid low sodium salt was used in the salt reduced bread to prevent a 
large decrease in salt taste. Therefore, although participants allocated 
to intervention B significantly decreased their salt consumption, there 
was a maintenance of salty taste within the bread when using the liquid 
low sodium salt, and the participants may not have decreased their 
taste thresholds to the level of statistical significance as their oral ex-
posure to salt taste during the intervention was not reduced to a 

Table 4 
Between group differences and 95% confidence interval for salt taste thresholds, preferences and salt intake.1           

ICC Intervention A compared to 
Control 

p-value Intervention B compared to 
Control 

p-value Intervention B compared to Intervention 
A 

p-value  

Salt taste thresholds2        

Detection (%)  – 4 [−15, 27]  0.677 −10 [−24, 7]  0.255 −14 [−28, 4]  0.131 
Recognition (%)  – −6 [−29, 25]  0.669 −15 [−33, 8]  0.188 −10 [−30, 17]  0.452 
Salt intake        
Salt intake per day (g)  0.26 −0.3 (−1.7, 1.1)  0.651 −1.3 (−2.5, −0.1)  0.038 −1.0 (−2.3, 0.4)  0.148 

1 Values are mean difference and 95% CI. Comparisons were calculated using mixed models adjusted for baseline and with family as random effect. Fourteen 
participants at follow-up had imputed data on taste thresholds and preferences, while one participant at baseline and 13 at follow-up had imputed data on salt intake. 
ICC = Intracluster correlation coefficient. 

2 Values were log transformed before analysis.  

N.L. Riis, et al.   Food Quality and Preference 87 (2021) 104059

5



sufficient extent. 

4.2. Salt intake and liking 

Receiving salt reduced bread in combination with dietary counsel-
ling resulted in higher liking of bread with very low salt content (0.4 g 
salt/100 g) compared to the control, and among those receiving salt 
reduced bread only, a borderline significant higher liking of very low 
salt content bread was observed when compared to the control. From 
baseline to follow-up, however, no changes were observed for liking of 
very low salt content bread in the two intervention groups, whereas a 
reduced liking for this bread was observed in the control group. 

No differences in liking were found between groups for low salt 
content bread (0.8 g salt/100 g) or normal salt content bread (1.2 g 
salt/100 g), but all three groups reduced their liking for normal salt 
content bread from baseline to follow-up. 

The reduction in dietary salt in Intervention B did not result in an 
increased liking of salt reduced bread from baseline to follow-up. This 
contrasts with other studies where changes in salt intake have affected 
liking of salt reduced food. A study conducted by Blais and colleagues 
found that a low salt diet over a one-year period increased liking of 
lower salt foods (Blais et al., 1986). Similarly, when Bertino and col-
leagues increased participants dietary salt consumption through the 
addition of salt crystals to food, participants increased their preferred 
level of salt in soup (Bertino & Beauchamp, 1986). The contrasting 
results may be owing to the present study covering a four-month period 
in comparison to Blais and colleagues one-year study. Also, participants 
in the study by Blais and colleagues adhered to a low-salt diet opposed 
to the unrestricted salt diet in our study. Additionally, Bertino and 
colleagues required participants to add 12 g of salt to their food daily 
which may have resulted in the larger effects seen in comparison to the 
current study where salt intake was reduced by 1.3 g/day. This in-
dicates that a larger reduction in salt consumption may be required to 
shift preference and liking towards lower salt products. However, pre-
vious research have provided evidence that liking of salt reduced food 
can increase even in the context of unrestricted salt diets. In a study by 
Methven and colleagues an increase in liking of soup without any added 
salt was found following eight repeated exposures (Methven, 
Langreney, & Prescott, 2012). Similarly, a study by Bobowski and col-
leagues, found increased liking of three tomato soups reduced in salt 

from 1.6 g/237 ml to 1.2 g, 0.8 g and 0.3 g, respectively, after repeated 
exposure for 16 weeks (Bobowski, Rendahl, & Vickers, 2015a). In the 
present study repeated exposure to salt reduced bread in the context of 
an unrestricted salt diet did not translate into an increase in liking of 
salt reduced bread, as liking did not change from baseline to follow-up. 
This may be a result of the different exposure foods, since tomato soup 
and tomato juice are more likely to be consumed in isolation whereas 
spreads and fillings is most often added to bread. The sensory test with 
bread in isolation may therefore not reflect the repeated exposure to the 
same degree as the exposure foods in the two other studies. 

Participants in all three groups decreased their liking for bread with 
1.2 g salt/100 g. A potential explanation for this finding may be due to 
participants being aware that the study was about salt reduction, and 
this could have introduced response bias towards a reduced liking of 
bread with 1.2 g salt/100 g. 

Many recent studies have highlighted the complex relationship be-
tween salt taste perception, consumption and liking of salt containing 
foods, with many studies failing to find associations between salt taste 
thresholds and liking of salt containing food (Lucas et al., 2011; 
Mitchell et al., 2013). Promisingly, in the present study, liking of the 
0.8 g/100 g bread was not significantly different to liking of 1.2 g/100 g 
bread at baseline across all groups, indicating that it might be possible 
to reduce the current average salt content in Danish bread of 1.2 g/ 
100 g to levels around 0.8 g/100 g without negatively affecting liking. 

4.3. Strengths and limitations 

A strength of the present study is the RCT design and the real life 
setting in which it took place. The participants represent regular bread 
consumers, and the results can provide practical applications for the 
bread industry for salt reduction strategies. However, bread is usually 
not consumed in isolation, and consumption of salt reduced bread may 
accompany a shift in the choice of spreads and fillings towards higher 
salt content. This could potentially be the reason why salt intake is not 
significantly reduced in intervention A. To fully understand the impact 
of reducing salt content in bread future studies should investigate po-
tential compensating behaviors. In relation to this, it is also important 
to note that 80% of daily salt consumption originates from food pro-
ducts other than bread, and increased acceptability of a single salt re-
duced food may not generalize to other foods. Therefore, it might be 

Fig. 1. Liking of breads with different salt content at baseline and follow-up in the three groups. Values are mean liking ratings ± SD. *Within group differences, 
P < 0.05. Different superscript letters indicate significant differences between groups, P < 0.05. 
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necessary to reduce the salt content in several food products to increase 
salt taste sensitivity and liking of salt reduced food at a population 
level. 

Other limitations of the present study include the power calculation 
as mentioned previously. The power calculation was not based on 
sensory outcomes, and the lack of statistical significance between 
groups in thresholds could be a result of a type II error. This could also 
be the reason why results from the analyses only including participants 
with reductions in salt intake of ≥1.25 in Intervention A and ≥3.0 in 
Intervention B did not reach statistical significance. 

In regard to measuring participants preference, the use of a 7-point 
scale, particularly in the adult participants, may reduce the scale to a 5- 
point scale due to avoidance of endpoint usage on the hedonic scale 
(Lawless & Heymann, 2003). Nevertheless, previous studies have shown 
no differences in liking scores when participants evaluated the same 
product using the 7- and 9-point hedonic scales, however, this study 
was conducted with children only (Hough, Sbnchez, Barbieri, & 
Martinez, 1997). Although having limitations the use of the 7-point 
scale was deemed appropriate for the current study to ensure children 
could simply understand the scale and to ensure both adults and chil-
dren were presented with the same scale for consistency. 

Another drawback of the study is the small number of participating 
children between 10 and 15y, making it unfeasible to perform statistical 
analyses on this subgroup. Valuable insights on the impact of this type 
of interventions on children therefore remains unknown. 

4.4. Conclusion 

Although bread is a major source of dietary salt, substituting regular 
bread with salt-reduced bread was not sufficient to reduce daily salt 
intake, and inclusion of dietary counselling in addition to receiving salt 
reduced bread was necessary to significantly reduce salt consumption. 
This study also indicates that reductions in salt consumption are re-
quired to modify salt taste sensitivity, since salt taste sensitivity only 
increased (baseline to follow-up) among those receiving both salt-re-
duced bread and dietary counselling. Receiving salt reduced bread in 
combination with dietary counselling resulted in higher liking of bread 
with 0.4 g salt/100 g and borderline significantly higher liking among 
those receiving only salt reduced bread compared to the control 
(p = 0.055). Liking of bread with a salt content of 0.4 g salt/100 g was 
reduced from baseline to follow-up in the control group, whereas liking 
was maintained in the intervention groups. Interestingly, this study 
indicates that the salt content in bread may be reduced from the current 
average of 1.2 g/100 g to 0.8 g/100 g immediately without negatively 
impacting consumer liking of bread. The results from this study are 
promising for population-level salt intake reduction, as a reduced salt 
intake seem to increase salt taste sensitivity and maintain liking of salt 
reduced bread, which might encourage food manufacturers to produce 
lower salt breads. 
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