
Complementary feeding  
based on Nordic foods 

Effects on nutrient intake, growth,  
biomarkers and eating behavior

Ulrica Johansson  



 

 

 

Complementary feeding based 
on Nordic foods 

 

Effects on nutrient intake, growth, 
biomarkers and eating behavior  

Ulrica Johansson 

Department of Clinical Sciences, Pediatrics 
Umeå 2021 



 
 

Responsible publisher under Swedish law: the Dean of the Medical Faculty 
This work is protected by the Swedish Copyright Legislation (Act 1960:729) 
Dissertation for PhD 
ISBN:  978-91-7855-552-9 (print) 
ISBN:  978-91-7855-553-6 (pdf) 
ISSN: 0346-6612 
New series no: 2137 
Cover Photo: Dietistgastronomen Ulrica AB 
Graphical design: Ida Åberg, Inhousebyrån, Communications Office, Umeå University  
Electronic version available at: http://umu.diva-portal.org/ 
Printed by: Cityprint i Norr AB  
Umeå, Sweden 2021 



 

  

 

 

 

To Ellen, Erik, Sofia, Carl, Rut  

and my grandmother Alice 

 

 

 

 

 

 

 

 

 

 

 

 

 

Don’t forget to leave some space for miracles 

 Björn Natthiko Lindeblad 

 



 

  

  



 

  

 

 

 

PROLOGUE 

Once upon a time a boy took turnips “pallade majrovor” for joy from the fields 
of the county of Västerbotten.  

He didn’t know that forty years later a lot of turnips “majrovor” would play a 
leading role in the OTIS trial and give taste to a new generation.  

This boy was my supervisor Torbjörn.  
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Abstract 
Background 

Early nutrition is fundamental to growth and development. Infants develop food 
preferences very early in life from food exposures when the brain is impression-
able and sensory pathways are receptive. Early food experiences from bitter and 
sour tastes found in fruit and vegetables can establish long-lasting food 
preferences and healthy eating behavior. Diets rich in fruit and vegetables can 
reduce the risk for future non-communicable diseases such as cardiovascular 
diseases, type 2 diabetes, overweight, obesity and cancer. Nordic fruit, berries, 
roots and vegetables offer high environmental sustainability and favorable taste 
composition to establish a variety of food preferences. Of importance is also 
protein, where excess intake during infancy has been associated with accelerated 
growth and weight gain. In this thesis, the focus is on early feeding among 
healthy, full-term infants and the effects of a protein-reduced complementary 
diet based on Nordic foods. 

Methods 

The thesis is based on the randomized, controlled trial Optimized complementary 
feeding study (OTIS), with three papers on the outcomes of the trial and one 
validation paper. In Paper I-II, the experimental group (n=125) consumed a diet 
based on Nordic foods, reduced in protein. The Nordic group was exposed to a 
variety of flavors from Nordic, homemade fruit, berry and vegetable purées 
according to a taste portion schedule with repeated exposures for 24 days 
between 4 and 6 months of age. From 6 to 18 months of age, the Nordic group 
experienced a multicomponent intervention of homemade Nordic baby food 
recipes, family recipes, protein-reduced baby food products and parental support 
through social media. The Conventional group (n=125) followed the Swedish 
Food Agency’s recommendations on how to introduce taste portions and solid 
foods and were supplied with commercial baby food products with conventional 
content. At baseline, 9, 12 and 18 months of age anthropometry, blood samples, 
urine samples, questionnaires and dietary data were collected. In Paper III, a 
subgroup (n=81) from the entire OTIS trial was randomly allocated to be exposed 
to two equally composed Nordic meals at home at 12 and 18 months of age to 
assess acceptance of Nordic foods. In Paper III, the sensory properties were 
evaluated from the Nordic fruit, berries, roots and vegetables from the taste 
portion schedule and the Nordic home exposure meal. 

In Paper IV, the aim was to investigate if digital photos of meals could improve 
the accuracy of food records. Twenty-seven infants at 12 months of age from the 
Conventional group participated in the comparison of an active image-assisted 



 

 x 

method and regular food records for main course meals. Total energy 
expenditure was validated with doubly labeled water (DLW). 

Results  

Of the 250 infants, 82% (n=206) remained in the study until 18 months of age. 
The attrition rate was higher in the Nordic group (p=0.012). In Paper I-II, the 
Nordic group consumed more plant-based foods such as fruit, berries, roots and 
vegetables during the entire study period except at 6 months of age. The protein 
intake and plasma urea were lower in the Nordic group throughout the study. 
Plasma folate was higher in the Nordic group as a reflection of the higher fruit 
and vegetables intake. There were no differences in growth, total energy intake, 
iron status or breastfeeding duration between the groups.  

In Paper III (subgroup), there were no between-group differences in food 
acceptance, refusal behavior or consumed food at the home exposure meal at 12 
and 18 months of age. There were no associations between infant temperament 
or parental sensitivity and food acceptance or refusal behavior between the 
groups. The prepared meal used in the home exposure meal session was 
insufficient to detect differences in the acceptance of bitter and sour tastes.  

In Paper IV, there were no differences in energy and macronutrient intake with 
or without the active image-assisted method. Energy intake from image-assisted 
food records overestimated energy intake with on average 10% (366 kJ) 
compared to metabolized energy measured with DLW. Approximately 60% of the 
main course meals contained leftovers assessed with the active image-assisted 
food records. 

Conclusions 

In this thesis, a Nordic diet, reduced in protein, increased the daily intake of 
Nordic fruit, berries, roots and vegetables, establishing a preferable eating 
pattern lasting over 12 months. Parental support and systematical flavor learning 
of Nordic foods may have impacted the infants’ dietary intake in the Nordic 
group. The Nordic diet is both feasible and safe for infants’ growth, nutritional 
requirements and development during complementary feeding. Despite the 
higher attrition, Nordic berries and roots are realistic to use when exposing 
infants to a variety of flavors so that healthy and hopefully environmentally 
sustainable food preferences can be established early in life.  
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Sammanfattning på svenska 
Bakgrund 

Under spädbarnstiden växer och utvecklas barnet snabbt vilket ställer höga krav 
på den kost och näring barnet får. Spädbarnet lär sig tidigt i livet att äta och tycka 
om mat utifrån konsistenser och smaker som barnet erbjuds från olika livsmedel 
och maträtter. Spädbarn är mer mottagliga för olika smaker, även bittra och sura 
under den sensitiva perioden när hjärnan är extra formbar och sinnena är mer 
mottagliga. Smakinlärning och upprepad exponering för bittra och sura smaker 
från frukt, bär och grönsaker vid introduktionen av tilläggskosten kan ge goda 
förutsättningar för hälsosamma och miljömässigt hållbara matvanor senare i 
livet. Frukt och grönsaker kan skydda mot flera välfärdssjukdomar som 
hjärtkärlsjukdomar, diabetes typ-2, övervikt, fetma och vissa cancerformer, men 
intaget av frukt och grönsaker är lågt bland barn och vuxna världen över.  

Den nordiska kosten innehåller flera växtbaserade livsmedel som frukt, bär, 
rotsaker, grönsaker, baljväxter och spannmål med fullkorn. Den har också en stor 
variation av både bittra och sura smaker som kommer väl till pass i 
matintroduktion och smakinlärning hos spädbarn. Protein är en annan 
betydelsefull faktor, där man sett att ett högt intag under de första levnadsåren 
kan orsaka för snabb tillväxt och viktuppgång. Denna avhandling vill undersöka 
spädbarnskost baserad på nordisk mat med minskad proteinmängd hos friska 
fullgångna svenska spädbarn fram till 18 månaders ålder i jämförelse med den 
vanliga svenska tilläggskosten. 

Metoder  

Avhandlingen bygger på en randomiserad, kontrollerad studie (OTIS). I 
delarbeten I-II fick den nordiska gruppen (n=125) en tilläggskost baserad på 
nordiska mat som också innehåller mindre protein. Den nordiska gruppen blev 
systematiskt exponerad för en variation av olika smaker från nordiska frukter, 
bär och grönsaker via ett smakschema under 24 dagar när de var mellan 4 och 6 
månader. Från 6 till 18 månaders ålder fick barnen i den nordiska gruppen flera 
olika sorters interventioner så som recept på hemlagad nordisk barnmat, 
familjerecept på nordisk mat, föräldrastöd på sociala medier och 
proteinreducerade nordiska barnmatsprodukter. Kontrollgruppen uppmanades 
(n=125) följa rekommendationerna och råden för introduktion av smakportioner 
och tilläggskost från Livsmedelverket och fick kommersiella barnmatsprodukter 
med oförändrat innehåll. Vid studiestart och vid 9, 12 och 18 månaders ålder 
samlades data in gällande barnens tillväxt, blodprover, urinprover och uppgifter 
om matintag från matdagböcker. I delarbete III ingick en delgrupp (n=81) av hela 
OTIS vilka genomförde två exponeringsmåltider i hemmet vid 12 och 18 
månaders ålder med nordisk mat för att bedöma barnens matacceptans. 
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Sensorisk analys av smakschemat och testmåltiden genomfördes för att utvärdera 
vilka smaker som fanns i de livsmedel som deltagarna fick. Delarbete IV var en 
valideringsstudie med 27 deltagare från kontrollgruppen i OTIS studien vid 12 
månaders ålder med syfte att utvärdera matintag med hjälp av en assisterande 
fotometod i jämförelse med en traditionell matdagbok och validera den mot de 
totala energiutgifterna mätt med dubbelmärkt vatten. 

Resultat  

Från studiens start vid 4-6 månader och fram till 18 månaders ålder fullföljde 206 
barn (82%) studien. Fler barn lämnade den nordiska gruppen (n=30) än 
kontrollgruppen (n=14). Bland de som var kvar i studien var följsamheten till 
protokollet god i båda grupperna genom hela studietiden.  

I delarbeten I-II åt den nordiska gruppen mer av frukt, bär, rotfrukter och 
grönsaker än kontrollgruppen och hade ett lägre intag av protein. Skillnaderna 
mellan grupperna bekräftades med högre nivå av plasma-folat och lägre nivå av 
plasma-urea i den nordiska gruppen än kontrollgruppen. Det fanns inga 
skillnader mellan grupperna avseende deltagarnas tillväxt, energiintag, 
järnstatus eller amningsfrekvens. När det gäller smakacceptans (delarbete III) 
fanns inga gruppskillnader i acceptans från exponeringsmåltiden i hemmet, inte 
heller i om de vägrade att äta eller i relation till barnens temperament eller 
föräldrarnas lyhördhet vid måltidssituationen. Exponeringsmåltiden som 
serverades var inte tillräckligt särskiljande då den sensoriska analysen visade att 
den bittra och sura smakupplevelsen tonades ner kraftigt när bärpuréerna 
blandas med andra livsmedel. I delarbete IV fanns inga skillnader i energiintag 
mellan att använda matdagbok med eller utan fotometod. Matdagbok med eller 
utan fotometod överskattade totala energiintaget med 10% (366kJ) i jämförelse 
med de totala energiutgifterna mätt med dubbelmärkt vatten. Fotometoden 
visade på matrester från måltiderna, från cirka 60% av måltiderna, vilket inte en 
vanlig matdagbok kan mäta.  

Slutsatser 

Att ge en tilläggskost baserad på nordiska råvaror och med reducerad mängd 
protein är genomförbart och säkert. Det lägre intaget av protein i nordiska 
gruppen gav inga negativa effekter på barnens tillväxt, järnstatus eller andra 
biomarkörer i jämförelse med kontrollgruppen. I den nordiska gruppen sågs 
positiva effekter på ätbeteendet genom ett ökat intag av frukt, bär, rotfrukter och 
grönsaker. Dessa anses hälsosamma även om studien inte kan påvisa tydliga 
hälsoeffekter. Både den systematiska introduktionen av smakportioner, 
föräldrastödet och barnmatsrecepten kan alla ha bidragit till det ökade intaget. 
Intensiteten av bittra och sura smaker i vissa nordiska bär och vissa rotfrukter 
kan göra dem särskilt lämpade att ingå i tilläggskost för att främja smakinlärning 
och hälsosamma och miljömässigt hållbara matpreferenser. 
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Background 

Early nutrition programming 
Early life is a critical period for growth and development (1,2). Nutrient intake 
during infancy has an important role for metabolic programming, establishing 
long-standing eating behaviors and future dietary patterns (3–7). During this 
period of high vulnerability to the composition and quantity of nutrient intake, 
deviations can permanently influence processes like cytogenesis, organogenesis, 
metabolism, endocrine function and gene expression with life-long health effects 
(1,8). Starting early with healthy eating can prevent and protect against future 
non-communicable diseases such as cardiovascular diseases, type 2 diabetes, 
overweight, obesity and cancer (3,5,6,8–11,14,16).  

Sensitive periods during infancy 
Sensitive periods (sometimes called critical periods) occurs early in life when 
brain plasticity and sensory pathways are receptive to different experiences like 
for example various flavors and textures from food (15,16) (Figure 1). Humans are 
susceptible to sensory triggers in response to environmental conditions which can 
then affect behavior. Different food exposures during early life can consequently 
have long-standing effects on eating behavior (17,18). However, this period is very 
short in humans and therefore it is critical to accurately establish a variety of food 
preferences. During sensitive periods are not only nutritional and metabolic 
development programmed, but it is also a period of rapid neurological 
development in general (19) (Figure 1).  

 

Figure 1. Sensitive/critical periods for human brain plasticity, as measured by the rate of synapse 
formations. B, birth. After Nelson (2000). Reprinted by permission from University of Chicago Press 
(19) copyright (2015).  
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Development of food preferences 
In the eighth week of fetal life, the taste buds are developed, and five to six weeks 
later, the taste buds have the same morphology as adults (20). In the last 
trimester, the taste buds can communicate with the brain and identify different 
tastes (20). Taste is a segment of flavor perception. Flavor perception includes 
several sensory systems of chemical senses like taste, smell and chemosensory 
irritants (menthol, black pepper, mustard, chili) (22,24). Foods eaten by the 
mother during the last trimester have an impact on the fetus’ flavor learning 
(18,21). The fetus swallows approximately 0.5-1 liter of amniotic fluid per day 
during the last trimester and becomes exposed to different transmitted flavors 
like sweet and bitter tastes from foods eaten by the mothers (18,21–23). The 
amniotic fluid also contains a variety of nutrients such as fructose, glucose, lactic 
acid, fatty acids and amino acids (24). The fetus can identify tastes and flavors 
and respond to sweet solutions by increased swallowing of the amniotic fluid and 
decreased swallowing from the introduction of bitter solutions (21,22,24). 
Transmitted flavors from the mother to the fetus is called “flavor bridges” and 
occurs also in the breast milk (22,25). Early flavor learning not only appears from 
breast milk, also bottle-fed infants experience flavors from the formula and this 
influences and develops persistent food preferences during the sensitive period 
(26–28). Formula-fed infants are exposed to only a single flavor whereas 
breastfed infants experience a variety of flavors from the maternal diet. Exposure 
to different types of formulas, e.g., cow’s milk formulas vs. protein hydrolysates 
or soy formulas can affect the child to develop different food preferences in early 
life (26). Because of a broader variation of flavors in breast milk compared to 
formulas (25), breastfed infants become familiar with flavors in early life which 
later are likely to become their family food (29). Breastfed infants accept more 
fruit and vegetables if their mothers on a regular base eat fruit and vegetables 
compared to formula-fed infants (29). When infants, breastfed and formula-fed, 
are introduced to solid food around 4-6 months of age, their food preferences can 
be further influenced to a broader repertoire of flavors and consistencies which 
will affect future food choices and later health (17,30). 

Taste experiences and flavor learning  
Flavor learning is a process that span life, from the fetal to postnatal periods and 
in to childhood and adulthood to develop persistent food preferences (17,18,21) 
(Figure 2). Children perceive their sensory world differently compared to adults 
and are therefore more vulnerable to the modern food environment of energy 
dense food with high content of sugar and salt (30–32). Children are more likely 
to prefer more intense tastes of sweet and salt than adults and children can also 
prefer more intense sour and bitter tastes if they have been trained to like them 
early in life (33).   
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Figure 2. Impact of points of early experience in development of flavor and food preferences. 
Modified from (18). Photo pregnant woman from Mostphotos Wavebreak Media LDT, Umeå 
University. Photo: Private (children). Published with permission from parents.  

Children have evolutionary driven preferences for sweet taste as a way to handle 
the caloric requirement during growth, which in the current food environment 
makes children more vulnerable to be overweight or obese (32,33). Infants who 
are exposed to high levels of sweet and salt can established resilient food 
preferences with negative long-term health effects (31). The preference for salty 
taste emerge in early infancy and remains throughout child- and adulthood (20). 
Infants have also innate preference for and acceptance of umami taste (20). Bitter 
tastes are innately rejected by newborns but the response can be modulated by 
experiences from for example protein hydrolysate formula or the bitter taste from 
green vegetables in early infancy (17,28). Infants who have been exposed to bitter 
tastes during the sensitive period can thus prefer foods high in bitter taste (28). 
Infants also reject sour taste (33), but again, this taste can become accepted by 
flavor learning during infancy and infants become more tolerant to  sour taste in 
the same way as with bitter taste (28). Repeated exposures of sour and bitter 
tastes during early infancy for a period as brief as one month may be sufficient to 
develop preference for these tastes (34). Infants may requires some 8-10 repeated 
exposures of a taste in order to accept it during the height of the sensitive period 
after weaning begins (23,25,30). However, it is possible to establish acceptance 
later, after the critical and sensitive periods, although more repeated tasting and 
food exposures are usually required. Windows of plasticity in flavor learning may 
not shut abruptly, and some level of plasticity is probably retained during 
childhood, as for other senses as well. Infants are not usually fed bitter tastes early 
in life because of negative facial expressions (35). Parents may interpret signals 

Fetus

Flavors in amniotic
fluid from the mother

Infant

Flavors in breast milk 
from the mother

Flavors in formula
and of weaning foods

Childhood

Flavors of family foods
and adult foods
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from the infant’s orofacial region when they are exposed to sour and bitter tastes, 
such as squinting, nose wrinkling, raising of the inner brow or upper lip, gaping 
and/or spitting out, as causing harm to their child (31,36). In contrast, sweet taste 
responses with positive facial expressions “a happy baby face” instead endorse 
parents of doing “the right thing”.  

Relationship between food acceptance and eating behavior  
Early in life children learn to eat by experiences from already eaten foods, family 
rules, familiarization and co-regulation beside the parents (17). Food acceptance 
is connected to feeding strategies combined with numerous factors such as 
infants’ innate temperament, oral motor skills, cognitive abilities, social context, 
genetic expressions, age-timing, reinforcement of behaviors and flavor learning 
from food exposures (25,37,38). Those factors are also influenced by the parent’s 
own likes/dislikes, innate characteristics as beliefs and personality, ability to be 
a role model and to co-regulate in the meal situation. The development of food 
acceptance and establishment of eating behaviors is complex and reinforced by 
the interplay between the infant and its parents (39,40). Figure 3 demonstrate 
the relationship between food acceptance and eating behavior.  

 

Figure 3. Relationship and factors to develop food acceptance and eating behavior during infancy. 
Photo: Private. Published with permission from parents.  

Food neophobia and transferring to family food  
Food neophobia occurs in humans as avoidance and fear of trying new food or 
unfamiliar food and reluctance to eat (32). This period is present in early 
childhood from around 1.5 years of age and during childhood, often peaking at 2-
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6 years of age (16,41). The innate mechanism of rejecting bitter tasting foods from 
potentially poisonous or toxic plants are natural and food neophobia increases 
this innate mechanism. Other factors that may affect food neophobia are 
children’s temperament, pressure to eat, feeding methods and parental strategies 
and their own believes (41). Children who in early life have been exposed to bitter 
and sour tastes between 4-10 months of age may have less avoidance or fear of 
new food items, flavors or visual representations of vegetables (42,43). Early life 
food exposures and flavor learning can attenuate the magnitude of food 
neophobia and increase food acceptance from fruit and vegetables over time (32).  

The transfer period from baby food to family food is a vulnerable period in 
relation to food neophobia (37). There is, however, a gap in the knowledge on how 
to make this transfer as smooth as possible, especially in the 12-24 month of age 
period, in order to establish the best food patterns and at the same time alleviate 
symptoms of food neophobia (37).  

Measurements of infants’ temperament and eating behavior  
How to respond to different meal situations and different flavors and textures can 
be related to individual differences in the infants’ innate temperament 
(36,40,44). These differences can at a very early stage increase the risk for picky 
eating and feeding problem later on (44). Such temperament characteristics in 
human are relative stable over the lifetime and can be identified at early ages (45). 
Infant behavior and temperament can be measured by the Baby Behavior 
Questionnaire for 3-10 months of age infants (46). This instrument can be useful 
to understand if some dimensions of the infant’s temperament affect food 
acceptance and eating behavior. The Children Eating Behavior Questionnaire 
(CEBQ) is a psychometric instrument for assessing children’s eating behaviors 
from 1 year up to school age at around 6-8 years of age (47). The purpose of the 
CEBQ is to assess individual differences in several dimensions of eating styles 
which can be used in longitudinal and interventional studies related to 
underweight or obesity related behaviors and food fussiness related to food 
neophobia at different ages (47,48).  

Maternal sensitivity and infants’ signals during meal situations 
Maternal sensitivity to the infant’s signals during meal situations can affect food 
acceptance (49,50). Components of maternal sensitivity includes awareness to 
and ability to have an adequate interpretation of infant’s signals, react correctly 
to the situation and the infant’s needs and to respond without delay (49). Parents 
who are sensitive are aware of the infant’s signals hunger and satiety, and to the 
familiarization and willingness/enjoyment of eating (39,50). The insensitive 
parent reacts and respond inadequate to the infant’s signals at meal situations 
and can give negative effects on food acceptance and the infant’s eating behavior 
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(39,50). The parents’ sensitivity can be assessed from videotaped meal situations 
with their child and coded by specially trained observers (51).  

Breastfeeding and composition of breast milk  
The World Health Organization (WHO) as well as national guidelines from the 
Swedish Food Agency recommends exclusive breastfeeding during the first six 
months of life (52,53). Sweden and other Nordic countries have relatively high 
rates of any breastfeeding compared to the average global breastfeeding rate (54–
56). Among Swedish children born in 2017, the prevalence of breastfeeding was 
95% during the first week of life (57), 73% at four months of age with the majority 
of them being exclusively breastfed (50%). Between 4 and 6 months of age, the 
pattern changes when infants are introduced to taste portions or formula and are 
no longer exclusively breastfed. The rate of exclusive breastfeeding have declined 
in Sweden since beginning of 21st century (57). At 6 months of age, 63% of the 
Swedish children born in 2017 were breastfed, whereof 50% were partially and 
13% exclusively breastfed (57). For children in the county of Västerbotten, the 
frequency was also 63% at 6 months of age, but more children were exclusive 
breastfed (23%) compared to the rest of Sweden (13%) (57). The WHO European 
Region has the lowest breastfeeding rates of exclusive breastfeeding at 6 months 
of age (25%) compared to the other WHO regions (58). 

Breast milk is the optimal source of nutrition in early infancy with many health 
benefits (54). The concentration of macronutrients in breast milk differs over 
time and between mothers. The protein content of breast milk is highest in the 
beginning of lactation and decrease after approximately one month, when 
carbohydrates instead increase slightly before stabilizing (59,60). Energy and fat 
are stable during the entire lactation with some individual variations (59,60). 
Breast milk contains a variety of flavors from the mothers food and drink intake 
and has an important role in the development of food preferences during infancy 
(21,61). There is convincing evidence that breastfeeding reduce the risk of 
overweight and obesity in childhood and adolescence, and against acute otitis 
media, gastrointestinal and respiratory tract infections (54). Although the 
positive effects of breastfeeding are well known, less is known about how different 
types and timing of complementary foods, i.e. the foods used during the 
transition from breastfeeding or formula feeding and later to family foods affect 
short- and long-term health (14).   
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One of the study participants and homemade Nordic baby food fruit purées from the OTIS trial. 
Photo: Private (child). Published with permission from parents. Photo: Dietistgastronomen Ulrica 
AB (food). 

Complementary feeding and learning to eat during infancy  
Complementary feeding is a process when breast milk and/or formula feeding 
alone is no longer sufficient to meet the nutritional requirement, developmental 
and oral stimulation for infants (62). Weaning is an important stage to gradually 
introduce, transfer and familiarize infants to flavors, textures and appearances of 
foods and drinks to adapt the family diet and set the platform for future eating 
behaviors (17,31). This period of early life implicates several of important factors 
for development and growth with life-long health consequences (14,63) (Figure 
4). The learning processes of eating also obligates socialization at meal situations 
and follow routines during the transition period of complementary feeding from 
baby food to family food. Lastly, the complementary foods need to be safe and 
hygienically prepared and stored and properly fed in response to the infant’s 
signals.  
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Figure 4. Factors of development health and growth during complementary feeding.  

Timing effect of complementary food  
The time point to start with complementary feeding plays an important role for 
the infant’s short- and long-term health and depends on several factors: Renal 
and gastrointestinal functions are sufficiently mature to metabolize nutrients 
from complementary foods by the age of 4 months (17 weeks, beginning of the 5th 
month) (63,64). Other important functions are the infant's ability to keep head 
and trunk stable to allow stable sitting in a baby chair and to coordinate tongue 
movements followed by swallowing (64,65). At 4-6 months of age, most infants 
have the oral motor skills to allow the introduction of small amounts of solid food 
(63,64). The timing of introduction of complementary foods has also impact on 
later feeding and eating behavior (17,18,25,30,66).  

Introduction of food textures 
Oral motor skills develop gradually during the second half of the first year of life 
when solid food is introduced with different textures and are an important stage 
in the learning process of eating (16,64). This process usually starts with the 
introduction of puréed food (smooth, lump-free, thin to thicker), followed by 
minced (lumpy, fine-chopped) followed by chopped (thicker, coarser textured 
food) foods. During this process the oral motor skills develop from suckling to 
coordinating and rotating food with the tongue and then chewing while 
transitioning from one texture to the next (64). A delay in the introduction of 
textured foods until around 9 to 10 months of age is associated with an increased 
risk of later feeding problems such as under-consuming fruit and vegetables 
(67,68). 

Health and growth
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Energy and nutrient content during complementary feeding  
The weaning period requires energy, macro- and micronutrients for optimal 
growth and development, especially during the second half of the first year of life. 
Energy requirements are the highest during the first year of life in relation to body 
weight. At birth and up to 4 months of life, approximately 1/3 of the energy intake 
is used for growth, which gradually decreases to 5% at 12 months of age and to 
3% at age 1-3 years (69,70).  

Protein  
The recommended daily intake of protein from Nordic Nutrition Recommend-
ations (NNR) 2012 is 7-15 E% for 6 to 11 months-old infants and 10-15 E% for 12 
to 23- months-old children (71). The recommended protein intake per kg body 
weight by WHO and accepted by the European Food Safety Authority (EFSA) is 
1.1 gram per kg body weight at 6 to 11 months of age and 1.0 gram per kg body 
weight at 12 to 23 months of age (72,73). The latest position paper by the 
European Society for Pediatric Gastroenterology, Hepatology and Nutrition 
(ESPGHAN) (2017) recommended an upper limit of mean protein intake of 15 % 
of the total energy intake per day at 12 months of age (14). In NNR 2012, no such 
exact upper level of protein intake was firmly established, although the systematic 
review as part of the NNR 2012 revision suggested a mean intake of 15 E% as an 
upper limit for infants at 12 months of age based on the increased risk of later 
obesity (71,74). The protein sources in the Nordic countries are mainly based on 
foods of animal origin and most infants meet the requirements of essential amino 
acids (71). However, the protein intake is two to three times higher than needed 
among older infants and young children in the Nordic countries (71,74). Higher 
protein intake (>15 E%) during this period is associated with increased 
accelerated growth, higher body mass index (BMI) and risk of overweight and 
obesity later during childhood (74). Children are likely most sensitive to high 
protein intake during the first 2 years of life (75). The high protein hypothesis 
early in life is supported by higher concentrations of circulating insulin and 
insulin-like growth factor 1 (IGF-1), which stimulates rapid growth and increased 
muscle and fat mass (76). Animal protein, especially from dairy products, is 
associated with rapid growth at 12 months of age compared to vegetable protein 
(76,77). To avoid the risk of later overweight and obesity large volumes of cow’s 
milk should be avoided during the first years of life (14,74).  

Fat  
Fat is an important source of energy in infancy, during the first year of life, a 
higher intake of fat is essential due to rapid growth. The recommended daily 
intake for infants 6 to 11 months of age is 30-45 E%, and 30-40 E% at 12 to 23 
months ages (71). The dietary fat quality is also important for growth, 
development and health during infancy (78,79). Particularly, higher intakes of 
polyunsaturated fatty acids and lower intakes of saturated fatty acids in children’s 
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diet improve the blood lipid profile and lower the blood pressure, effects which 
track into childhood (78,80,81). These polyunsaturated fatty acids, especially in 
the omega-3 long-chain form (LCPUFA) found in fat fish and fish oils, have in 
some studies also been associated with lower risk of asthma, atopic disease and 
infections during infancy and childhood (82–84). LCPUFA are required for brain 
development, especially the omega-3 docosahexaenoic acid (DHA). There is an 
increased risk during complementary feeding that the DHA levels decline when 
breastfeeding or formula feeding decreases (14) and the consumption of fatty fish 
is low.  

Carbohydrates  
Carbohydrates from cereals, potatoes, vegetables and fruit provide energy and are 
sources of vitamins and minerals. The daily recommended intake of carbohydrate 
is 45-60 E% among children and adults (71). In contrast to older children, infants 
should not be exposed to sugar from complementary foods and drinks. Most 
infants are introduced to sugar when they transfer from complementary foods to 
the family food (85). In general, wholegrain cereals are the preferable carbo-
hydrate sources compared to refined grains, but for infants’ complex carbohyd-
rates and dietary fibers can cause gastrointestinal problems and insufficient 
energy intake needed during the phase of rapid growth. The recommended intake 
of dietary fibers for infants <1 year of age has not yet been established and the 
area is a research gap to be filled (86,87).  

Iron  
This thesis is based on a Nordic complementary diet reduced in protein with high 
intake of plant-based food which might affect the iron status. Several other 
micronutrients are also important during infancy but in this introduction of the 
thesis only iron is described. Sources of iron with high bioavailability are found 
in meat products and in fortified weaning foods (porridge, formula, milk cereal 
drink). The growing infant requires iron for the rapid development of the brain 
and other tissues including increasing blood volume. Newborn infants have extra 
storage of iron in the form of ferritin and higher levels of hemoglobin. This extra 
load of iron covers the need during the first 4-6 months. Iron-fortified weaning 
foods are important to introduce no later than at 6 months of age, especially for 
breastfed infants (88), since breast milk has a low content of iron compared the 
infant’s requirement. Large volumes of cow’s milk, also low in iron, before 1 year 
of age increase the risk of insufficient iron intake and is also associated with 
higher intake of energy, fat and protein. Small volumes of cow’s milk can be added 
in the complementary food but not as a main drink (14). Plant-based foods e.g. 
whole grains, legumes and nuts contain dietary fiber and phytate which are 
inhibitors of iron absorption (89). On the contrary, vitamin C from fruit, berries 
and vegetables stimulate absorption of iron in the intestinal canal.  
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Folate  
Folate is the natural form of vitamin B9, water-soluble and naturally found in 
many foods (71). High concentrations of folate are found in liver, dark green leafy 
vegetables, green vegetables and legumes. Other important folate sources are 
whole grains, fruit, berries, high fiber vegetables as cabbage and in dairy 
products. However, folate losses can appear after processing fresh fruit and 
vegetables such as cooking, canning and freezing (90). Folate is needed in protein 
metabolism and to produce red blood cells, and is critical during periods of rapid 
growth, such as during pregnancy and fetal development (71). From blood 
concentrations, folate can be used as a biomarker of fruit and vegetables intake 
from a diet intervention or self-reported food data (91,92).  

Homemade baby food and commercial baby food  
Baby food can be offered as homemade or commercial. Commercial baby food 
intended for infants must fulfil the nutritional requirements and be age-
appropriate (93). Baby food production is rigorously legislated to offer infants 
high quality and safe products. Compared to other products, commercial baby 
food has stricter limits on heavy metals (cadmium, arsenic, lead), contaminants 
and pesticides. For example, commercial baby food must not contain detectable 
levels of pesticide residues (<0.01 mg of pesticide residues/kg). The nutritional 
content of commercial baby food is therefore under the legislation of the 
European Commission, whereas the nutritional composition and the food items 
of homemade baby food is the responsibility of parents. Infants are more 
susceptible to gut infections than older children and therefore the safe 
preparation, use and storage of complementary foods to avoid contamination is 
particularly important. However, homemade main course meals for infants with 
an adequate nutrition content and prepared in a safe way may offer a larger 
variety of vegetables compared to some of the commercial baby food products 
(94,95). At present, guidelines are lacking for the safe preparation of homemade 
baby food with adequate nutrient content and composition, and a variety of 
flavors and textures. Well-prepared homemade fruit, berry and vegetable purées 
may provide greater variation in flavors and higher fiber intake (94). 
Commercially produced fruit and vegetable purée are mostly blended with mainly 
fruit together with some green vegetables, and can therefore reduce the 
possibilities to introduce bitter and sour flavors, since many of the purées tend to 
taste sweet (96). There is a lack of commercial baby food products with single-
vegetable jars/pouches with bitter and sour taste. A combination of homemade 
and commercial baby food may provide a greater variety of flavors, textures, 
introduce seasonal foods and domestic cuisine and improve cooking skills of the 
parents, while safely providing high quality products with adequate nutritional 
content for infants.  
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One of the study participants and homemade Nordic baby food meal from the OTIS trial. Photo: 
Private (child). Published with permission from parents. Photo: Dietistgastronomen Ulrica AB 
(food). 

Dietary assessment methods  
Measuring dietary intake can provide information on food items, meal 
composition, food patterns, energy and nutrient intake and eating habits of 
individuals and groups. Dietary intake can be assessed with different methods 
such as 24-hour recall, food records or diaries and food frequency questionnaires 
(FFQ) (97). 

FFQs are used to measure how often different food items usually are consumed. 
They measure typical amounts over longer time periods to address e.g., food 
patterns. FFQ do not allow the assessment of the exact dietary and nutrient intake 
among individuals and groups (97). 

The 24-hour recall method measures everything the individual has eaten or 
drunk in the past 24 hours or previous day (97). It is usually organized as an 
interview (telephone or face-to face). When the 24-hour recall is close in time to 
the food consumption, the participants can often describe exact food amounts, 
brands and meal composition which can improve accuracy of the recall.  

Food records or diaries are often used during 3 to 7 days and often include both 
weekdays and weekend days (97). Food recording is self-reported dietary data of 
everything that is eaten or drunk. Estimated food volumes and weights are judged 
or measured from pictures, packet, bottle, portion size and household 
measurements. Dietary data from food records can be used to calculate nutrient 
intake and to evaluate intake against dietary recommendations or in relationship 
to growth and health outcomes.  
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The methods to assess the diet are prone to errors emanating from the 
participants, the assessors and the data analysis including errors in the databases 
with food composition tables (97). Participants are sometimes not able to 
remember correctly, or do not know what a meal consisted of e.g., meals out of 
the home or the mixed ingredients in already prepared meals. Other limitations 
are the participant burden to remember and measure everything eaten and 
drunk. Assessors are required to be well-trained with knowledge of food culture, 
eating patterns, portion estimation and how to identify food items, factors who 
can cause bias in the analyses and the interpretation of the dietary data (97).  

Breastfeeding data is a particular challenge since it is difficult to measure 
individual volumes of breast milk meals and then from these meals estimate 
energy and nutrient intake in a liquid that differs both among women, within the 
woman over time and within a breastfeeding session (60,98). Often, the sessions 
are estimated by the mothers themselves judging how much the child has ate from 
the breast, categorized into different “meals” like a “main meal” or a “snack meal” 
(60,99). The nutrient content of the breast milk is often based on the average 
nutrient composition from different studies (59,60,99). 

Food records are commonly used to assess dietary intake in young children (100). 
However, compared to more objective methods like doubly labeled water (DLW), 
food records lack some accuracy and precision (101,102). One problem is the 
overestimation of energy intake and by consequence other nutrients reported in 
food records and the subsequent interpretation of dietary exposure in relation to 
health outcomes among infants (101). Spillage and leftovers are highly frequent 
throughout infant eating, and they can cause bias and error in the estimates of 
dietary intake (100,102,103). To improve the accuracy and precision of dietary 
data, new technologies have been developed, but to date, few studies have 
examined these matters in infants and young children (104,105). One such new 
method is to use photos from smartphones (106). Supporting more traditional 
dietary assessments methods with images has resulted in more information about 
food items, food volumes and leftovers as well as increased participants’ 
motivation compared to conventional methods (106–108). Such an active image-
assisted method support food record in obtaining more information about the 
dietary intake and may reduce the bias (108). This method has been studied in 
situations where underreporting of energy intake is common, e.g., among 
adolescents and adults, and have decreased bias and errors, but has not been 
utilized in situations where over-reporting of energy and nutrient intake is 
common, e.g., among infants (108,109).  
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Sensory profiling of food  
Food acceptance and eating is largely determined by sensory properties of taste, 
texture, flavor, odor and appearance (110,111). These sensory properties are 
important in determining whether food and drink are accepted and consumed in 
research studies, for public health interests, among food cultures and in the food 
industry. Sensory profiling enables a trained panel of assessors to objectively 
quantify differences in sensory properties, using standardized methods, for the 
analyses at a sensory laboratory (ISO-standard). In research studies on children, 
food preferences of children can be different from the food preferences of the 
assessors in the adult panel which determine the sensory properties of the study 
food. However, the sensory properties can be used to show objective differences 
to better understand which food was served in a diet intervention and how it can 
relate to outcome data in the study.  

Healthy diet and sustainability  
The WHO definition of a healthy diet says that it should protect against 
malnutrition in all its forms and also non-communicable diseases (112). The 
WHO explicitly states that a healthy dietary pattern starts early in life and may 
have longer term health benefits such as reducing risk of becoming overweight or 
obese and developing non-communicable diseases later in life (113). The 
definition of a healthy diet has been expanded to include sustainability and 
planetary health as well and is defined as “sustainable, healthy diet” according to 
the 2019 guidelines by the Food and Agriculture Organization (FAO) of the 
United Nations (UN) and WHO (114). Sustainable, healthy dietary patterns 
promote all dimensions of an individual’s health and wellbeing like health 
promotion and disease prevention, and incorporates planetary health, wherein 
the countries construct their own goals depending on country-specific conditions.  

Food choices and eating habits have changed around the world since the 
production of processed food has increased and more foods are high in energy, 
fat, free sugars and salt while fruit, vegetables and whole grains are under-
consumed (112). The current dietary pattern merge with changes in lifestyle such 
as physical inactivity. This, together with unlimited capacity of the body to store 
fat and human species’ evolutionary driven food preferences are factors that are 
threating people’s health (9–12,115).  

National recommendations of healthy diets are built upon FAO and WHO 
recommendations and expertise from in the specific country/region (71,116). The 
NNR 2012 (71), which is the base for the Nordic countries to build national food-
based dietary guidelines, define a healthy diet as a healthy dietary pattern rather 
than exactly amounts, and highlights which food items are healthy to consume, 
preferably in greater quantities, and which are unhealthy and should thus be 
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consumed less or be switchable (Figure 5) (71). In the upcoming revised NNR 
2022, climate friendly food consumption will be integrated into the food-based 
dietary guidelines (117). 

 

Figure 5. Healthy eating for energy balance and health benefits based on the NNR 2012 (71).  

According to FAO and WHO guidelines, sustainable, healthy diets can be 
designed as territorial diets (114). For example, the Mediterranean diet and the 
New Nordic diet, are health promoting diets as well as encourage sustainable food 
consumption based on seasonal and regional produced food. The WHO has 
evaluated that the Nordic diet has health-promoting assets and efficacy in 
reducing non-communicable diseases comparable with the Mediterranean diet 
(118,119).  

New Nordic diet  
The New Nordic Food Manifesto was launched by the Nordic Council of Ministers  
in 2004, Copenhagen, Denmark (120,121). New Nordic diet was created from a 
multi-disciplinary field of human nutrition, gastronomy, environmental issues, 
food culture and sensory science. The New Nordic diet is based on three 
principles: health, gastronomic potential with Nordic identity and sustainability 
(122). In the literature, the term of “Nordic diet” is often used without “New”, and 
mostly among studies highlighting health issues and not focusing on the 
gastronomic and/or sustainability factors. Compared to the regular Swedish diet, 
the Nordic diet stresses higher intakes of regionally and seasonal produced fruit, 
berries, vegetables, herbs, mushrooms, tubers and legumes as well as higher 
intakes of whole grains, vegetable fats and oils, fish and egg, and lower intake of 
sweets, desserts and dairy, meat and meat products, but at the same time being 
in line with current dietary recommendations for healthy eating (71,122–124).  
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In adults, studies on Nordic diet have shown beneficial effects on weight and 
metabolic and cardiovascular disease biomarkers of the same magnitude as the 
Mediterranean diet as well as on total mortality (125–128). The New Nordic diet 
has been evaluated in a large intervention study among Danish school children 
aiming to improve dietary intake, nutrient status, growth, early risk biomarkers 
for adult chronic disease, well-being and cognitive function (129–133). The 
results showed an improved dietary intake including higher intakes of fish and 
vegetables and metabolic effects such as a decrease in mean arterial blood 
pressure, decreased total cholesterol and improved insulin resistance (129–133). 
High adherence to the Nordic diet during pregnancy has been associated with 
optimal weight gain and improved fetal growth (134). This thesis, based on the 
OTIS trial, is the first to investigate a Nordic diet in infants beginning already 
with complementary feeding.   

Nordic foods and baby food meal from the OTIS trial. Photo: Dietistgastronomen Ulrica AB.

Climate friendly and sustainability food consumption  
A public health priority is to establish healthy eating with less environmental 
impact. High consumption of plant-based food can reduce climate impact and in 
the meantime improve health benefits (135–137). About 25% of Swedish 
households’ use of greenhouse gas (GHG) emissions comes from food (138), and 
worldwide food production contributes 19-29% of total GHG emissions (139). 
Food can have positive effect on the agricultural landscape and biodiversity, 
whereof some foods have more or less environmental impact (140–143). A Nordic 
diet with mostly plant-based food and less read meat, produces lower carbon 
footprint compared to existing dietary patterns in middle and high-income 
countries (135,141). The reduction of GHG emissions from food can be decreased 
with up to 35% from healthy plant-based diets like the Nordic, Mediterranean or 
vegetarian diets (114,135 ). EAT-Lancet committee suggest a healthy diet 
based on plant-based protein but that is flexible to include protein sources 
from dairy products and meat in small amounts (140) (Figure 6). The Nordic 
diet is both healthy and climate friendly (144) with capacity to achieve the 
United 
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Nations (UN) sustainable development goals (SDG) (145) and to meet the Eat-
Lancet healthy eating targets (140). Modification and transformation of the 
Nordic diet to the Nordic population in line with the EAT-Lancet healthy diet are 
requested (141). Realization of the SDGs requires an integrated food system in all 
steps of agricultural and aquatic production, trade, manufacturing, retailing and 
consumption (142).  

 

Figure 6. The Healthy reference diet from EAT-Lancet commission. Daily mean intakes 
in gram per food items (intake of 2500 kcal/d). There are possible ranges in g/d per food 
items not presented in the diagram. Modified from (140).  

Current food consumption in the Nordic countries are not in line with the EAT-
Lancet Healthy diet (142,143). The consumption of fruit, vegetables, nuts and 
legumes is low, and the meat consumption is very high. Fiber-rich vegetables such 
as roots, cabbage, cauliflower, broccoli, onions and legumes are preferable to 
promote health and to reduce the risk of diseases. To achieve the EAT-Lancet diet, 
populations world-wide need to switch the intake from animal protein at main 
meals to plant-based protein sources from legumes and vegetables instead. The 
magnitude needs to be at a level, where for example, more than half of all portions 
per week from two of the main means need to be from plant-based protein instead 
of severing animal protein (142). Healthy diets are generally lower in 
environmental impact compared to unhealthy diets (Table 1) (146). Non-climate 
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friendly diet such as red meat, processed meat, refined grains and low 
consumption of fruit and vegetables are associated with non-communicable 
diseases and premature death world-wide (147). Obesity and the high impact on 
the environmental systems from overconsumption of food has been highlighted 
in the efforts to reduce the carbon footprint (148), where food waste is also an 
important issue to consider (142).  

Table 1. Cross-section of environmental and health impacts. 

Modified from Environmental Nutrition, 2019 (146). 

Among adults in the county of Västerbotten, Sweden, high climate impact of GHG 
emissions was associated with higher BMI, being younger, having higher 
educational level and living in urban areas compared to those with lower carbon 
footprint (136). The food culture heritage is consequently one aspect to increase 
the knowledge of regionally grown climate friendly food and to hand over flavors 
from one generation to the next. The Nordic cuisine can contribute with both 
healthy gastronomic foods (121) and reductions of the carbon footprint (141), but 
requires to be implemented on a population basis.  

Sustainability healthy diet during infancy 
According to the FAO/WHO guidelines, sustainable, healthy diets begin early in 
life with breastfeeding and appropriate complementary foods (114). Infants have 
different energy and nutritional requirements compared to older children and 
adults and therefore cannot start with the identical diet as consumed by older 
children and adults (140,149). The population-based Healthy EAT-Lancet 
reference diet need to be modified to fit infants’ energy and nutritional 
requirements, since half of the Healthy EAT-Lancet plate is fruit, vegetables and 
whole grains which is not entirely suitable for infants (Figure 6). For example, 
there is a lack of research how mainly plant-based protein intake in infancy and 
during childhood affect body growth and development (14). However, according 
to the reference diet from EAT-Lancet commission, climate friendly food 
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consumption can be a mix of mainly plant and animal (but reduced) protein 
sources, but how it can be introduced and implemented during complementary 
feeding with no negative effects on growth and development is unknown. 
Recently, two sustainable healthy diets have been suggested on a theoretical level, 
in line with the planetary health diet approved by EAT-Lancet commission and 
according to EFSA nutritional recommendations for infants at 6 months (Figure 
7) and 24 months of age (not shown) (149,150).  

 

Figure 7. Proposal of a sustainable diet that respects EFSA nutritional recommendations for an 
infant 6 months of age fed breast milk on demand and two complementary feeding meals. In the 
first year, breast milk supply should preferably provide an energy intake of between 33% and 50% of 
total energy. Reprinted from Nutrients. Copyright 2021 Nutrients (149). 

In summary, early life represents a critical period to establish dietary patterns 
which will persist into childhood and adultness. There is limited scientific 
evidence how and when to introduce complementary feeding to optimize growth 
and development during infancy. At present, research of low-protein whole diets 
during infancy are lacking and how such a reduction may affect the dietary intake. 
With this in mind, further research on how to optimize fatty acid intake during 
infancy is also desirable. Multicomponent interventions are required to 
investigate several of these factors such as nutrient composition, food exposures, 
introduction of healthy foods, parental education/support, the role of the family 
environment and the transition period from complementary foods to family diet. 



 

 20 

Healthy diets with a lower impact on the environment will contribute both to 
human and planet health, but the knowledge how to implement such diets is still 
very limited on a population level. Thus, more studies are needed on how to 
compose and introduce complementary diets in infancy that are feasible from a 
family perspective as well safe, healthy and sustainable.   
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Aims 
The overall aim of this thesis was to increase the knowledge on the effects of a 
protein-reduced, Nordic complementary feeding diet on nutrient intake, growth, 
biomarkers and eating behavior compared to current conventional 
complementary feeding in healthy infants until 18 months of age.  

This thesis is based on the randomized, controlled trial Optimized 
complementary feeding study (Clinical Trials gov registration number 
NCT02634749) with three papers on the outcomes of the OTIS trial and one 
validation paper. 

The specific aims of the included Papers I-IV are as follows: 

I To a) investigate the feasibility of a systematic introduction of taste 
portions with repeated exposures of a variety of Nordic fruit, 
berries, roots and vegetables to healthy infants from 4-6 month of 
age, and to b) compare a protein-reduced complementary diet 
with Nordic foods to current recommended Swedish 
complementary diet on growth, iron status and intake of fruit and 
vegetables up to 9 months of age.  

II To investigate the effects of a protein-reduced, Nordic 
complementary diet on dietary intake, biomarkers and growth 
compared to the current Swedish recommendations for infants 
until 18 months of age.  

III a) To investigate if early repeated exposure with Nordic fruit, 
berries, roots and vegetables in a protein-reduced, Nordic 
complementary diet have effects on eating behavior and food 
acceptance compared to a diet following the current Swedish 
recommendations for infants until 18 months of age, and b) to 
evaluate the sensory properties from the Nordic fruit, berries, 
roots and vegetables from the taste portion schedule and the 
Nordic home exposure meal. 

IV To compare total and main course meal energy and 
macronutrient intake in 12-month-old, healthy infants using an 
active image-assisted five-day food record against a regular five-
day food record, and to validate the total energy intake 
measured with the image-assisted food record method against 
total expenditure energy (TEE) using DLW. 
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Materials and Methods 

Study design of the OTIS trial  
This thesis was based on the OTIS randomized controlled trial (RCT) aimed at 
comparing the effects of a protein-reduced, Nordic multicomponent diet 
intervention to the current complementary feeding regime on growth, metabolic 
markers, dietary intake and eating behavior from the initiation of complementary 
feeding at 4-6 months until 18 months of age. The OTIS trial, besides this thesis, 
also aimed to compare the effects on body composition, cognitive development 
and fecal microbiota composition up to 18 months of age. A detailed description 
of the study protocol has been published elsewhere (151).  

The RCT study design was used to study two equal groups where one group is 
exposed to an intervention and one group has as a control function, which allow 
comparisons between groups and the evaluation of the effects of the Nordic 
protein-reduced diet (intervention) to normal conditions (control).  

Study population and recruitment  
From April 2015 to February 2018 all parents to full-term, healthy, 3-month-old 
infants living in Umeå municipality, Sweden, were invited by letter to participate 
in the study. Inclusion criteria were 4-6 months old, healthy singletons, born after 
>37 weeks gestation, with a birth weight >2500 g, and living in and intending to 
remain in Umeå during the study period and not start with daycare before 18 
months of age. Other inclusion criteria were that the participants had not started 
with complementary feeding at the time of recruitment and were solely breastfed 
and/or formula-fed at study start. Exclusion criteria were chronic illness, iron 
deficiency (Hb < 105 g/L, S-ferritin < 12 µg/l), food allergies or any other 
biochemical abnormality that would affect nutrient intake or outcomes of the 
study. Written informed consent was obtained from both parents. 

Randomization, blinding, coding and data management 
After recruitment and when parents decided themselves it was appropriate to 
introduce complementary foods/first taste portions between 4 and 6 months of 
age (not later than at 6 months) infants were randomized to either an 
experimental, Nordic diet group (Nordic group) or a regular diet (Conventional 
group) which followed the current, Swedish dietary guidelines for infants (53). 
Girls and boys were randomized separately in blocks of 10 from a computer-
generated list available to the research nurses. Each participant received a unique 
study identification number, and together with the date of birth served as 
identification during the entire study, i.e., forms, questionnaires, measurements 
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and the study database. The identification key was kept locked away at the 
Department of Clinical Sciences, Pediatrics with access only for the researchers 
and administrative staff. Group allocation could not be blinded entirely for 
parents, research nurses and dietitians calculating the food records since the food 
items given to the infants could not be blocked out entirely. The parents were 
blinded for the study hypotheses. The group affiliation was blinded for researcher 
and laboratory staff who analyzed the outcome data. All data were regarded as 
confidential and stored electronically or paper copies forms in coded format 
according to the Swedish Personal Data Act (1998:204) and the European Union 
General Data Protection Regulation (EU 2016/679).  

Participants in Paper I-III 
In Paper I and II, infants from the entire OTIS trial (n=250) participated (Table 
2). In Paper III, one-third (n=81) of the participants in the OTIS trial were 
randomly allocated to participate at two home exposure meals at 12 months and 
18 months of age (Table 2). A subsample was used due to the extra effort for the 
families to participate in the home exposure meals and to be cost-effective.  

Participants in Paper IV 
In Paper IV, infants (n=27) belonging to the Conventional group were selected at 
12 months of age from September 2016 until July 2017 (Table 2).  

Table 2. Study design and study populations from the OTIS trial in Paper I-IV  

 

Procedures and adherence  
At baseline, 9, 12 and 18 months of age, the participating child and the parents 
visited the Pediatric Research Unit at Umeå University Hospital, Sweden (Figure 
8). Between the visits at the Research Unit, the research nurses had telephone 
follow-ups with the parents when their child was between ages 7 and 8 months, 

Paper Study design Study population Age at outcome 
data 

I RCT  250 infants from the entire trial 9 months 
 

II RCT 250 infants from the entire trial 12 months 
18 months 

III RCT 41 infants from the Nordic group  
40 infants from the Conventional group 

12 months 
18 months 

IV Validation study  27 infants from the Conventional group  
 

12 months 
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10 and 11 months and 13-17 months. The telephone follow-ups were to check 
adherence and possible study related problems and consumption of study 
products. Parents also had the ability to telephone or email the research nurses 
on workdays during the entire study. And if necessary the participants had access 
to a pediatric dietitian or pediatrician.  

Figure 8. Flow diagram of the OTIS trial (n=250). 1The Conventional group received a brochure from 
the Swedish Food Agency with the current recommendations for infants (53). 2Home exposure meal 
(81 participants from the groups) 3The validation study with DLW, (27 participants from the 
Conventional group).  

Nordic group 
The Nordic group experienced a multicomponent intervention based on Nordic 
foods which was also protein-reduced from 6 to 18 months of age.  

New Nordic food and diet  
The foods in the Nordic group were created from the concept “New Nordic Food 
Manifesto” from the Nordic Council of Ministers, which promotes seasonal food 
items rich in plant-based food, whole grains, fish and rapeseed oil, but less in 
meat, meat products, added sugar, salt and saturated fat (120,121). The nutrient 
composition complied with the NNR 2012 for infants and young children 
(71,123). In the OTIS trial, the Nordic diet also included a reduced overall intake 
of protein (total reduction of 30% per day). The calculated protein intake was still 
expected to be within the recommended levels (71). 
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Nordic, multicomponent intervention (Paper I-III) 
The participants in the Nordic group experienced a multicomponent 
intervention; a) a 24-days taste portion schedule with repeated exposures of 
Nordic fruit, berries, roots and vegetables from 4 to 6 months of age; b) Nordic 
homemade baby food recipes for main course meals with weekly age-appropriate 
menus and fruit, berries, roots and vegetables purée from 6 to 18 months of age; 
c) Nordic food family recipes and d) Nordic protein-reduced baby food products 
from Semper AB, Sweden.  

Taste portion schedule with repeated exposure (Paper I-III)  
When infants in the Nordic group were between 4 and 6 months of age (not later 
than at 6 months), they were introduced to a taste portion schedule for 24 days 
(Figure 9). Parents decided themselves when to start with these taste portions 
during this age-period. The families were provided with nine recipes for Nordic 
homemade fruit, berries and vegetables purées. The parents could choose which 
liquid to use in the preparation i.e., either breast milk, formula or oat cream. They 
purchased all ingredients, prepared and cooked the purées themselves. The 
parents fed the infants (5-15 ml per exposure) according to the oral and written 
instructions besides continued breastfeeding and/or formula feeding. The goal 
was three exposures per day during three consecutive days per each fruit/berry 
or vegetable purée, in total 72 exposures during 24 days. The parents reported 
daily through an electronic web survey the type of taste (fruit, vegetable), the 
number of exposures, and amounts per exposure and any refusal behavior per 
exposure. An accepting exposure was counted if the child had the purée in the 
oral cavity irrespective whether the infant swallowed the taste portion of not. The 
taste portion schedule was set to first introduce sweeter tastes and then increase 
sour and bitter tastes.  



 

 26 

  

Figure 9. Taste portions schedule in the Nordic group at 4-6 months of age. 1Buckthorn berry, a 
seasonal product was replaced by lingonberry when shortage appeared.  

Parental support through food map and social media (Paper II-III) 
Parents were provided with a food map (images of Nordic fruit, berries and 
vegetables) to motivate to cook the homemade baby food recipes of fruit, berries 
and vegetables (in total, 28 recipes which nine of these were included in the taste 
portion schedule). When the infant experienced a recipe, the parents checked off 
the respective images on the food map. Parents were encouraged to place the food 
map at their refrigerator in the family’s home. It was optional to use the food map.  

Parents in the Nordic group were also invited to participate in a closed Facebook 
group with intention to provide educational support through videos, images and 
notifications to try out the study recipes and to complete the taste portion 
schedule. The videos illustrated how to cook the baby food purées (taste portion 
schedule) and were recorded by the doctoral student (UJ). The group also enabled 
chats and possibilities to put forward questions from the parents. The doctoral 
student (UJ) and the research nurses were responsible for the content in the 
Facebook group and replied to all questions. It was optional to participate in the 
Facebook group.  

Conventional group 
The Conventional group followed a diet based on the national dietary 
recommendations for infants from the Swedish Food Agency (53). This diet was 
to function as a control to the protein-reduced Nordic diet.  

Start at 
4-6 mo of
age

Apple 
Day 1-3

Green 
pea
Day 4-6

Rasp-
berry
Day 7-9

Cauli-
flower
Day 10-12

Buckthorn1

/Lingon-
berry
Day 13-15

Turnip
Day 16-18

Cran-
berry
Day 19-21

White 
radish
Day 22-24

Finished
after 24 
days



 

 27 

Guidelines and taste portion introduction (Paper II-III) 
Families in the Conventional group received a brochure from the Swedish Food 
Agency (53), which contained written, parent-oriented information for taste 
portion and solid food introduction during infancy. Parents decided themselves 
when to start with the first taste portion during the ages of 4-6 months (not later 
than at 6 months). Like the Nordic group, infants were either exclusively 
breastfed or formula-fed at the study start and had not been fed taste portions or 
other solid foods. The Swedish recommendations suggest 6 months of exclusive 
breastfeeding or formula if the child is not breastfed. From the age of 4 months 
at the earliest if the child became interested in other foods, parents could offer 
tiny taste portions besides breastfeeding or formula feeding. These tiny taste 
portions were intended to be family foods in small amounts “just a pinch” (1 ml) 
offered from the parent’s fingers or a spoon to the baby mouth, to slowly give the 
child the opportunity to try new flavors and textures. The recommended amount, 
“just a pinch” to a teaspoon per day could gradually be increased to a couple of 
teaspoons per day besides breastfeeding or formula feeding. From 6 months of 
age, the guidelines recommend offering taste portions of vegetables, potatoes, 
fruit and rice beside breastfeeding or formula feeding. The guideline provides 
parents with one “universal” recipe for homemade taste portions and to change 
to different vegetables in the universal recipe (carrot, parsnip, corn, green peas, 
broccoli, cauliflower or potatoes). The brochure also included three recipes for 
main course meals of homemade baby food (one fish, one meat and one vegetable 
dish) from 6 months of age. In the Conventional group, no further instructions 
were given from the research team, besides of full access to online information to 
the national recommendations from the Swedish Food Agency website as well as 
support from the community Child Health Care Centres. Likewise, parents in the 
Conventional group had the ability to ask questions to the research nurses during 
the entire study, same as in the Nordic group.   

Study products  
All participants were supplied with study products free of charge until 18 months 
of age from Semper AB, Sweden. Monthly during the study, the parents were 
provided with age-appropriate study products which were picked up at the 
Pediatric Research Unit, Umeå University Hospital, Sweden.  

Nordic group 
In the Nordic group, the participants were required to use the study products 
together with some of the homemade study recipes in order to comply with the 
study protocol. From 6 months of age the Nordic group was supplied with age-
appropriate milk cereal drinks, baby porridge/cereals and baby milk where all 
products were reduced in protein (approximately 30% per 100 g). The Nordic 
main course meals (lunch/dinner) were prepared from baby food in glass jars and 
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pouches. In order to be isocaloric, the protein removed from these products was 
replaced by vegetables from either vegetable purées in glass jars or homemade 
vegetable purées together with some extra fat from rapeseed oil. The Nordic 
group was also provided with fruit- and vegetables purées, baby food in glass jars 
and pouches. A detailed description of the nutritional composition, of the baby 
foods and study recipes are presented in Appendix 1. 

Conventional group 
The Conventional group was from 6 months of age offered commercially available 
age-appropriate milk cereal drinks, baby porridge, baby milk, baby food in glass 
jars and pouches (fruit purées, vegetables purées, main course meals). In this 
group it was optional to use the supplied study products. A detailed description 
of the nutritional composition, of the baby foods and study recipes are presented 
in Appendix 1. 

One of the study participants picking up study products and eating. Photo: Private. Published with 
permission from parents.  

Data collection  
Data were collected after randomization at baseline, i.e., at 4 to 6 months of age, 
and at 9, 12 and 18 months of age for measurements and sampling at the Pediatric 
Research Unit, Umeå University Hospital, Sweden. Questionnaires and forms 
were administrated electronically or on paper (food records) at these time-points. 
For Paper III, data were collected in the family’s home through the videotaped 
home exposure meal at 12 and 18 months of age. For Paper IV, food images from 
the food records at 12 months of age were collected by the parents own mobile 
phone and electronic emailed to the administration staff of the study 
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Sociodemographic data  
At study start (baseline) sociodemographic data were collected electronic by a 
web survey (152) from both parents on family composition, household structure, 
living conditions, country of birth, age of parents, parental education, occupation 
and smoking habits, chronic diseases in the family history, and details on the 
birth of the participating child and breastfeeding duration until study start.  

Questionnaires  
At baseline (4-6 months) the parents answered an electronic questionnaire on 
their child’s temperament using the Baby Behavior Questionnaire (46). The 
subscales and scores on manageability, sensory sensitivity and approach-
withdrawal were assessed to explore if child’s temperament affected food 
acceptance in the repeated exposure, or dietary intake or at the home exposure 
meals, both between and within the groups. The CEBQ (47) were answered 
electronically by parents at baseline, and at 12 and 18 months of age to further 
include information on the child’s eating behavior over-time related to the 
intervention.  

Anthropometry and blood pressure 
At baseline, 9, 12 and 18 months of age, weight (to the nearest 0.1 kg), length (0.1 
cm), head circumstance (0.1 cm) and blood pressure (not at 9 months) were 
measured by pediatric research nurses at the Pediatric Research Unit (153). 
Anthropometric data was converted to z-scores for weight-for-age, length-for-
age, BMI-for-age and head circumstance-for-age according to the World Health 
Organization child growth standards (154). Body mass index (BMI) was 
calculated as weight in kg divided by length in m squared.  

Biochemical data  
Venipuncture blood samples were collected at baseline, 9, 12 and 18 months of 
age by pediatric research nurses at the Pediatric Research Unit. Local anesthetic 
cream (EMLA; AstraZeneca) was used before blood sampling. The total collected 
blood volume was less than 3 ml/kg per 24 h. Blood samples were analyzed at the 
Department of Clinical Chemistry, Umeå University Hospital, Sweden. 
Homeostatic Model Assessment (HOMA) index was calculated according to the 
equation: insulin (mlU/L) x glucose (mmol/L)/22.5 (155).  

Doubly labeled water and water isotope analysis (Paper IV) 
For the validation study using DLW, a pre-dose urine sample was collected at 12 
months of age by placing an absorbent pad in the diaper of the infant. Each infant 
was given an oral weighed dos of DLW consisting of 100 mg/kg 2H2O and 280 
mg/kg H218O. After the DLW dose, post-dose urine samples were collected once 
daily at home for 10 consecutive days, starting 24 hours after the DLW dose. The 
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pads were stored at -18o C until they were brought back to Pediatric Research 
Unit. The pads were then thawed, and the urine content was extracted using 
press, collecting the urine in glass bottles and stored at -20o C before analyses at 
the MRC Elsie Widdowson Laboratory (formerly the MRC Human Nutrition 
Research), Cambridge, UK. All samples were measured and calibrated according 
to the primary, international standards Vienna-Standard Mean Ocean Water 
(vSMOW) and Vienna-Standard Light Antarctic Precipitate (vSLAP) 
(International Atomic Energy Agency, Vienna, Austria). The rate of CO2 

production (RCO2) was calculated (156) and then converted to TEE (157) with food 
quotient (FQ) (158). Metabolized energy was calculated from TEE (159) used in 
the validation study (Paper IV).  

Dietary data 
Dietary data was collected from a 5-day, pre-printed food record within two 
weeks of the infant’s 6, 9, 12 and 18-month birthday. The registration included 
the type and quantity of all foods and drinks consumed including breast milk and 
food supplements, e.g., vitamins. Breast milk was recorded, at the discretion of 
the mother, as “meals” or “snacks” estimated to 102 or 25 gram of milk, 
respectively (60,99). The daily energy intake, macronutrient sub-classes and fruit 
and vegetable content was calculated in the software Dietist Net Pro (Kost och 
Näringsdata AB, Sweden) using the food composition database from the National 
Food Administration, Sweden (160). The food databank was supplemented with 
the special study products with nutrient contents analyzed and supplied by 
Semper AB, Sweden. Fruit and vegetable content in the study products were 
supplied by Semper AB, Sweden and other baby food products/brands were 
assessed from the companies’ websites. Fruit juices, vegetable juices, potatoes, 
chili, garlic, ginger and herbs were not included in the calculations of the daily 
intake of fruit and vegetables. 

Food record with active image-assisted method (Paper IV) 
For the validation study, we used the active image-assisted method in addition to 
a traditional food record. The images with objective information from plates such 
as food type and volume, leftovers and foods that not were reported in the 
traditional food record (161). In Paper IV, two main course meals (lunch and 
dinner) were captured with parents’ mobile phone at a 90° angle before and after 
eating, using a standardized flat-surfaced plate as a reference marker (162,163). 
In total, 20 images from 10 main course meals during the 5-day food record were 
captured from each child with the active image-assisted method. The main course 
meals were chosen since they represented approximately 30% of the total daily 
energy intake, included more complex and diverse dishes with a larger amount of 
ingredients mixed together and had more challenging estimations of leftovers 
from those meals (106). The total daily energy intake from the food records with 
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and without image-assistance was validated against the average metabolized 
energy calculated from DLW.   

Food acceptance and eating behavior (Paper III)  
Infants’ food acceptance was assessed at two videotaped home exposure meals 
within two weeks of the infant’s 12 and 18-month birthday. The children were 
served an experimental Nordic flavored snacks meal in the family’s kitchen on 
standardized tableware. One of the parents participated during the videotaped 
session. The Nordic snack meal contained three dishes; lingonberry purée mixed 
with cow’s milk, cranberry purée mixed with plain yoghurt and an unflavored 
biscuit with cauliflower purée (spread). The berry- and vegetable purées in the 
exposure meals had been served for the Nordic group during the repeated 
exposure from the taste portion schedule at 4-6 months of age. The Conventional 
group had no previous experience of the Nordic purées. Testing procedures 
remained the same at both video sessions. The meal was weighted before and 
after eating including all spillage from the table, floor, bib, etc. The same pediatric 
dietitian participated at every home exposure meal session and was blinded to the 
group allocation and parents were blinded to the hypotheses.  

a) The Nordic snack meal from the home exposure meal and b) the standardized tableware (the meal 
was served on). Photo: Private.  

Analyses of the videotaped data (Paper III) 
The videotaped home exposure meals were coded and analyzed at Karolinska 
Institutet, Sweden by a trained pediatric psychologist and two Master students in 
psychology from Stockholm University, Stockholm. To assess food acceptance a 
coding scheme was used for normal eating behavior under normal conditions at 
home, and four different eating behaviors were coded and counted; a) infant self-
eating acceptance; b) infant accepting food fed from the parent; c) infant 
accepting drinking and d) infant refusing or rejecting food from the parent (164). 
Total scores from the coded behaviors (a-c) were counted for food acceptance 
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from the home exposure meals. The psychologists were blinded for group 
allocation.  

Parental sensitivity (Paper III) 
To determinate the parents’ sensitivity to the child’s signals, which may affect the 
food acceptance and refusing behaviors, parents’ sensitivity was coded from the 
videotaped home exposure meals by the psychologists. It included a nine point 
scale ranging from very insensitive [1] to very sensitive [9] with components of;  
a) awareness of infant’s signals; b) react correctly to the situation and c) the 
infant’s needs and to respond without delay (49).   

Sensory profiling of the baby food (Paper III) 
To objectively evaluate flavor and consistency from the taste portion schedule in 
the Nordic group (4-6 months) and the food and drink served at the home 
exposure meal, a generic descriptive analysis for sensory profiling was used 
(110,165). This was done at the Sensory laboratory (ISO 8589) at Functional 
Foods Forum, University of Turku, Finland. The sensory profiling included the 
nine fruit, berry and vegetable baby food purées from the taste portion schedule, 
two commercial baby food purées for references (offered to the Conventional 
group) and the three dishes from the home exposure meal. The sensory profiling 
was performed with 13 screened adult assessors who were trained in advance to 
use different sensory evaluation methods and to evaluate different types of food 
samples (Appendix 2). In total 17 sensory properties were selected; a) aroma 
(intensity, sweet, sour, fresh); b) texture (graininess, watery, thickness, mouth 
filling, stickiness); c) taste (sweetness, sourness, saltiness, bitterness, umami) 
and d) rated flavor properties (total intensity, astringency, after-flavor) (165,166).  

Statistical analyses  
In all papers, data were analyzed by using SPSS Statistical software version 24.0 
(IBM SPSS, Chicago, IL, USA). Differences between groups were analyzed with 
independent samples t-test for parametric data (normally distributed data) and 
Mann-Whitney test for non-parametric data (non-normally distributed data). 
Chi2 test or Fisher’s exact test were used for comparisons between categorical 
variables. Effect size for parametric data (Paper I-III) was analyzed with Glass’s 
delta since it uses the more representative standard deviation (SD) of the 
Conventional group compared to the Nordic group, which is affected by the 
intervention (167). For Paper I-III, ANOVA was used for comparisons within the 
Nordic group for the taste portion schedule outcomes variables. To assess the 
differences between the main course meals groups (Paper I-III), independent 
Kruskal Wallis samples t-test for non-parametric data was used.  
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In Paper III, Pearson’s correlation was used for analyses of relationship between 
infants’ temperament and food acceptance and refusal behavior, and between 
parents’ sensitivity and infants’ food acceptance and refusal behavior. Reliability 
among the observers from the videotaped analyzes was measured with intra-class 
correlation coefficient and inter-rater agreement. One-way ANOVA together with 
Tukey’s HSD post-hoc test was used for the sensory properties of the baby food 
samples.  

In Paper IV, normal distribution for continuous variables was assessed with 
Shapiro-Wilk test. Differences between image-assisted food records and regular 
food records and image-assisted method food records and metabolized energy 
were analyzed separately with paired sample t-test. The Bland and Altman 
method (168) was used to assess the agreement between the methods. The 
reliability between metabolized energy and the image-assisted method food 
records was quantified with a two-way mixed absolute agreement intra-class 
correlation coefficient.   

Power calculation  
The primary outcome of the OTIS trial was body composition, i.e., fat mass 
measured by total body water. Body fat mass is on average 2.9±0.6 kg at 12 
months of age. In order to detect a difference in body fat of 0.24 kg between the 
groups (alpha = o.05, power = 80%) with an attrition of 20%, 125 participants per 
group were needed (151). Paper I and II included all participants from the OTIS 
trial (n=250). Paper II, in manuscript form in this thesis should when published 
include the primary outcome of body composition at 12 and 18 months of age 
from the OTIS trial. Depending on the pandemic situation of Covid-19, the 
analyses has been delayed from the MRC Elsie Widdowson Laboratory (formerly 
the MRC Human Nutrition Research), Cambridge, UK.  

In Paper III, the aim of the power calculation was to find a significant group 
difference with a medium effect size (0.50) on food acceptance from the home 
exposure meals at 12 and 18 months of age (alpha = o.05, power = 80%). Thus, 
40 participants were randomly selected per group, allowing for an attrition rate 
of 5% (169). 

In Paper IV, the validation study was based on the sample size from a pilot study 
(pil-otis, unpublished), and we estimated that 45% of participants’ food records 
would be adjusted with the active image-assisted method and the difference in 
measurement of energy intake from food records against metabolized energy  
(TEE measured with DLW) would be 238±193.7 kJ (100). Therefore, 25-30 
participants were recruited from the Conventional group, (alpha = o.05, power = 
90%) and allowing for a 30% attrition rate.  
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Ethical approval and considerations 
All studies in this thesis and the OTIS trial was conducted according to the 
Declaration of Helsinki - Ethical principles for medical research involving human 
subjects, developed by the World Medical Association (170). The OTIS trial was 
approved by the Regional Ethical Review Board at Umeå University (2014-363-
31M), Umeå, Sweden and was registered at study start (2015) at ClinicalTrials.gov 
(NCT02634749). 

The parents received oral and written information about the RCT. Written 
informed consent was obtained from both parents before study start. Besides the 
monthly follow-up by research nurses, the parents could any time contact the 
research nurses by telephone, email or by visiting the Pediatric Research Unit. If 
the parents needed further advice, they had accesses to a pediatric dietitian or a 
pediatrician. The participants/families could leave the study at any time without 
declaring the reasons behind their withdrawal. 

It was voluntarily for the participants to take part in any of the measurements, 
following the study diet, video recordings, answering the questionnaires or 
reporting the dietary intake in the food records. All testing was performed safely 
and by professional pediatric nurses to minimize any discomfort for the infants. 
If the infants declined any tests (blood samples, urine samples, video recording, 
blood pressure or other measurements) the infants request was accepted. The 
study diet, the food exposures, video recording or measurements of 
anthropometric data were painless for the infants. The benefits of the OTIS trial 
were considered greater than potential burden with minimal harm or risks for the 
study participants.  
 
The benefit to the study participants was access to the Pediatric Research Unit for 
questions and advice during the entire study period apart from their regular 
contact at their Child Health Care Centers. If abnormal laboratory findings were 
discovered, the parents were immediately informed and offered guidance and 
help.  

Both study groups were supplied with free-of-charge baby food products from 
Semper AB, Sweden. The parents were informed before the study start about the 
baby food products and their origin. The parents in the Nordic group learned 
about Nordic food and how to prepare and cook home-made Nordic baby food 
and received recipes and access to a Facebook group for parental support. This 
was an advantage for the Nordic group but not for the Conventional group.  

In consideration to conflict of interest, Semper AB Sweden was not involved in 
the study design, data analyses, writing or editing the manuscript or publishing 
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the data. The research team had no financial benefits from the company or from 
any other sponsors of the study. As a PhD student I was a part of the Industrial 
Doctoral School for Research and Innovation at Umeå University with Semper 
AB Sweden as external partner and industrial sponsor. 

 

 

The logo of the OTIS trial. Illustrated by Birgitta Ståhlberg. 
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Results 

Participants, drop-outs and adherence  
Two hundred fifty healthy infants participated in the study with a majority being 
boys. The neonatal characteristics and anthropometric data at baseline were not 
different between the groups. Both groups started the study at 4.5 months of age 
and shortly after the infants were introduced to the first solid food as taste 
portions besides breastfeeding and/or formula feeding. Nearly every infant was 
breastfed. The majority of the parents in both groups, especially the mothers, 
were highly educated. About 45-48% of the infants in both groups had siblings. 
Nearly all parents were born in Sweden. 

Of the 250 recruited infants, 232 (93%) completed the study until 9 months of 
age (Paper I) and 206 (82%) remained in the study until 18 months of age (Paper 
II) (Table 3) (Figure 10). In Paper III, 73 (90%) infants from both groups finished 
the food acceptance trial (Table 3). In Paper IV, 22 (82%) of the infants in the 
Conventional group finished the validation study (Table 3).  

Table 3. Participants, drop-outs and attrition rate per paper (I-IV) in the OTIS trial.  

1 Chi-Square test for difference between study groups. NA=not available.  

 

 

 

 

Paper Study 
design 

Completed 
the study, 
n (%) 

Age for 
outcome 
data 

Attrition rate per 
group, n (%) 

p-value1 

I RCT  232 (93) 9 months 14 (11) Nordic 
  4 (3) Conventional 
 

0.014 
 

II RCT 206 (82) 
 

12-18 
months  

30 (24) Nordic 
14 (12) Conventional 

0.012 

III RCT 73 (90) 12-18 
months 

4 (10) Nordic 
4 (10) Conventional 

No 
difference 

IV Validation 
study 

22 (82) 12 months 5 (18) Conventional  NA  
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The attrition rate was significantly higher (Chi2 p=0.012) in the Nordic group 
(n=30, 24%) compared to the Conventional group (n=14, 12%). As shown in Table 
3, the attrition rate was different in papers I-IV. From the drop-out analyses, 
there were no differences between drop-outs and those who remained in the 
study in any anthropometric, dietary, biomarkers, infant temperament, health or 
demographic variables. One difference was found in father/partner age between 
the groups (p=0.026). The fathers/partners were younger in the Conventional 
group who left the study compared to the Nordic group, and to the participants 
who remained in the study. No differences were found between mothers age in 
the drop-outs analyses. Of the 44 drop-outs from the entire OTIS trial, 36 of the 
participating parents reported reasons to leave the study. Eleven (37%) of the 
drop-outs in the Nordic group left the study because of non-adherence to the 
Nordic diet (Figure 10). Adherence to the study diet was high in both groups 
during the entire study period, included in all papers (I-IV).  

One of the study participants from the Nordic group eating Nordic homemade main course meal. 
Photo: Private. Published with permission from the parents.  
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Figure 1o. Consort diagram of the OTIS trial. 1 Declined to participate; a) to much work in the study; 
b) to long study period; c) will not give their child specific study diet and d) the child will start day 
care at an early age. 2Paper IV: n=22 analyzed from the Conventional group. 3Paper III: n=37 
analyzed from the Nordic group and n=36 from the Conventional group.  

Received invitation letter (n=2504)

Returned and signed up to participate (n=540)

Randomized (n=250)

Excluded (n=290)
• Not meeting inclusion criteria (n=64)
• Declined to participate (n=193)1
• Other reasons (n=33)

Enrollment

Allocation

Nordic group (n=125) Conventional group (n=125)

Dropouts (n=14) 
• non-adherence to study diet (n=7)
• will not declare (n=2)
• milk protein allergy (n=1)
• anemia (n=1)
• moved out of area/abroad (n=2)
• sick sibling (n=1)

Dropouts (n=4) 
• milk protein allergy (n=3)
• will not declare (n=1)

Follow-up 9 mo Analyzed (n=111) Analyzed (n=121)

Analyzed (n=118)Analyzed (n=107)Follow-up 12 mo

Dropouts (n=4) 
• non-adherence to study diet (n=1)
• sick parent (n=1)
• will not declare (n=1)
• milk protein allergy (n=1)

Dropouts (n=3) 
• sick parent (n=1)
• asthma (n=1)
• will not declare (n=1)

Follow-up 18 mo

Dropouts (n=12) 
• non-adherence to study diet (n=3)
• moved out of area/abroad (n=3)
• will not declare (n=2)
• to much work in the study (n=1)
• sick infant (n=1)
• milk protein allergy (n=1)
• allergy investigation (n=1)

Dropouts (n=7) 
• moved out of area/abroad (n=2)
• sick sibling (n=1)
• will not declare (n=1)
• no longer interest for the study (n=1)
• toddlers diarrhea (n=1)
• to much tests for the infant (n=1)

Analyzed (n=95) Analyzed (n=111)

Paper I

3Paper III

Paper II

2Paper IV
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Descriptive data and family characteristics 
In Table 4, descriptive data and family composition of the 250 participants are 
presented. There were no differences at baseline in anthropometric and 
demographic variables between the study groups. The subgroup in Paper III 
(n=81), were not different to the entire groups baseline data.  

Table 4. Descriptive data of the OTIS trial (n = 250).  

Values presented in mean±SD otherwise indicated. 1Of 59 participants with siblings in the 
intervention group and 57 participants with siblings in the control group. Cells with less than five 
observations are marked as n <5. 

 Nordic group 
n=125 
mean±SD 

Conventional group 
n=125  
mean±SD 

Girls/boys, n (%) 52/73 (42)/(58) 56/69 (45)/(55) 
Age (months) study start 4.5±0.5 4.5±0.5 
Neonatal characteristics    
Birth weight, (kg) 3.6±0.4 3.6±0.5 
Birth length, (cm) 50.7±1.9 50.6±2.1 
Birth head circumference, (cm) 35.4±1.3 35.5±1.4 
Gestational age, (weeks) 39.6±1.3 39.8±1.3 
Breastfeeding    
Breastfeeding, n (%) 95 (76) 94 (75) 
Never breastfed, n n <5 n <5 
Duration of exclusive breastfeeding, (months) 4.1±1.5  4.2±1.4  
Family characteristics    
No siblings, n (%) 63 (52) 69 (55) 
Mothers age, (y) 31±4.6 31±4.9 
Partners age, (y) 34±5.0 32±5.4 
Education level Mother   
Elementary school, (n) n <5 n <5 
High school, n (%) 34 (28) 36 (29) 
University, n (%) 86 (71) 84 (67) 
Education level Partner    
Elementary school, n (%) 10 (8) 9 (7) 
High school, n (%) 44 (36) 48 (39) 
University, n (%) 68 (56) 67 (54) 
Ethnicity (born in Sweden)   
Mother, n (%) 120 (98) 118 (95)  
Partner, n (%) 110 (88) 104 (83)  
Health   
Smoking Mother, n (%) n <5 n <5 
Smoking Partner, n (%) 13 (11) 13 (10) 
Food allergy Mother (self-estimated), n (%) 25 (20) 20 (16) 
Food allergy Partner (self-estimated), n (%) 13 (11) 17 (14) 
Food allergy siblings, (n) n<51  n<51 

Income per household (Euro€)/month)   
<1000: (n) 
10-1999: n (%) 
20-2999:  n (%)  
30-3999:  n (%)  
40-4999:  n (%)  
50-5999:  n (%)  
>6000:  n (%)  

n <5 
8 (6) 
30 (25) 
35 (29) 
30 (25) 
11 (9) 
7 (5) 

n <5 
10 (8) 
32 (26) 
34 (27) 
30 (24) 
8 (7) 
7 (6) 
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There was no difference in the number of children who started preschool/daycare 
before 18 months of age with 35 (39%) participants in the Nordic group and 33 
(37%) participants in the Conventional group, respectively.  

Breastfeeding data  
The breastfeeding duration during the study period was not difference between 
the study groups (Figure 11) and comparable to the breastfeeding pattern of the 
county council of Västerbotten and Sweden (Statistics Sweden) (57).  

 

Figure 11. Breastfeeding duration (%) from baseline to 18 months of age in the OTIS trial (n=250). 
Reference line from the County Council of Västerbotten (mean value of breastfeeding data from birth 
years 2015-2017), no data was available at 18 months of age.  

Taste portion schedule in the Nordic group (Paper I-III) 
Of 125 participants in the Nordic group, 95% (n=119) completed the taste portion 
schedule between 4.8 and 5.7 months of age (Paper I and II), and for the subgroup 
of participants presented in Paper III (n=41), all participants finished the 
schedule. The taste portion schedule lasted 26.7 ± 7.5 days with a total of 62.3 ± 
9.5 exposures, i.e., 87% of total possible exposures. Parents recorded 3.2 ± 4.3 
(5%) refusals during the same time. Mean daily intake of the purées was 22.7 ± 
12.1 gram. There were no differences in introduction age, number of exposures, 
amounts of purée consumed or refusals between the entire study group (Paper I 
and II) and the subgroup in Paper III. No significant differences were found in 
food acceptance between types of fruit or vegetables, amounts of eaten food or 
number of refusals (Figure 12). During the taste portion schedule, 75% (n=89) of 
the infants were breastfed.  
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Figure 12. Total no. of exposures (n) and total no. of refuses (n) from the taste portion schedule in 
the Nordic group. Nine exposures were possible of total exposures per taste. Buckthorn berry and 
lingonberry were used interchangeably. 

One of the study participants in the Nordic group eating homemade cranberry purée during taste 
portion schedule at 4-6 months of age. Parents preparing homemade apple-, red current-, 
cloudberry- and buckthorn purée in the Nordic group from the OTIS trial. Photo: Private. Published 
with permission from parents.  

Sensory profiling of the taste portion schedule 
The sensory properties showed differences in bitter taste, sour taste, flavor 
intensity and astringent flavor between the various fruit and vegetable purées 
Particularly, the Nordic berries; cranberry, lingonberry and sea buckthorn berry 
were higher in bitter taste and sour taste compared to a commercial reference 
product (mango purée) offered to the Conventional group (Figure 13 a). Nordic 
vegetables; turnip, cauliflower and white radish were higher in bitter taste 
compared to a commercial reference product (corn-potato purée) offered to the 
Conventional group (Figure 13 b).  
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Figure 13. a) Selected taste properties from the sensory profiling of different fruit and berry purées 
in the taste portion schedule (from the Nordic group) together with mango purée, a commercial 
product from Semper AB; b) sensory profiles of different vegetables purées in the taste portion 
schedule from the Nordic group together with corn-potato purée, a commercial product from 
Semper AB. The intensities of the sensory properties were rated on a line scale, from 0 = none to 10 = 
very strong. 

Dietary data  
Dietary intake data are presented for the entire study group in Papers I and II and 
for a subgroup in Paper III. There were no major differences in the energy and 
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macronutrient intakes between the subgroup and the whole cohort. Below is a 
summary of the results from the entire study group.   

Energy and macronutrient intake  
Outcome data from the 5-day food records from 6 to 18 months showed no 
differences in the daily energy and fat intake between the study groups (Figure 14 
a-b). Intake of carbohydrates was significant higher in the Nordic group at 9 
months of age but not later (Figure 14 c). The daily intake of protein was lower in 
the Nordic group up to 18 months of age (Figure 14 d). We aimed to reduce the 
daily protein intake by 30% in the Nordic group and it was reduced to 27% at 9 
months, 29% at 12 months and 17 % at 18 months of age. The effect size was large 
at 9 months (Glass’s delta 0.91) and at 12 months (Glass’s delta 1.79), and 
moderate at 18 months (Glass’s delta 0.73), respectively.  

       

  

Figure 14. a) Daily mean intake of energy (kJ); b) Daily mean intake of fat (g); c) Daily mean intake 
of carbohydrates (g) and d) Daily mean intake of protein (g) from 6 to 18 months of age in the OTIS 
trial (n=250). P-values indicate between-group differences.  

Mean energy distribution (E%) from the macronutrients up to 18 months of age 
followed the recommended intervals from NNR 2012, except for E% of protein at 
12 months of age in the Nordic group, where protein E% was 9% (Figure 15 a-c). 
There were significant group differences in some of the macronutrients (E%) at  
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different ages (Figure 15 a-c). E% from protein was lower in the Nordic group 
during the entire study period (Figure 15 c).  

 

     

  

Figure 15. a) E% of fat; b) E% of carbohydrates and c) E% of protein from 6 to 18 months of age in 
the OTIS trial (n=250) and recommended intervals of E% of the macronutrients from NNR 2012. P-
values indicate between-group differences. The red line in the grey bar shows the lower limit of the 
recommended intake. 

There was no difference in energy intake (kJ) according to kg body weight 
between the groups (Figure 16 a-b). Protein intake (g) per kg body weight was 
lower up to 18 months of age in the Nordic group (Figure 16 a-b). In both groups, 
protein intake (g) per kg body weight was two-three times higher than the safe 
level suggested by the WHO (71,72) (Figure 16 a-b). The effect size of the 
differences between study groups were large at 9 (Glass’s delta 1.50) and at 12 
months (Glass’s delta 1.60), and moderate at 18 months of age, (Glass’s delta 
0.71).  
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Figure 16. a) Energy intake (kJ) per kg body weight and b) protein intake (g) per kg body weight at 
9 to 18 months of age in the OTIS trial (n=250) and the safe level suggested by the WHO and included 
in the NNR 2012 (71,72). Whiskers indicate 95% confidence intervals, p-values indicate between-
group differences. 

Fruit and vegetable intake  
Fruit and vegetable outcome data are presented for the entire study group in 
Papers I and II and for a subgroup in Paper III. There were no major differences 
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in the fruit and vegetable intake between the subgroup and the whole cohort. 
Below is a summary of the results from the entire study group.   

There were no differences in fruit and vegetables consumption at 6 months of age 
between the groups. From 9 to 18 months of age, the Nordic group consumed 
more fruit and vegetables (Figure 17). Particularly, the daily consumption of fruit 
and vegetables in the Nordic group was 44% (225±109 vs 156±77 g/d) higher at 9 
months, 42% (303±111 vs 214±83 g/d) at 12 months and 45% (266±124 vs 183±75 
g/d) at 18 months of age compared to the Conventional group. The effect size for 
the difference between groups was large at 9 (Glass’s 0.91) and 12 months (Glass’s 
0.80), and moderate at 18 months (Glass’s 0.67).  

Figure 17. Daily intake of fruit and vegetables per day from 6 to 18 months of age in the OTIS trial 
(n=250). Fruit juices, vegetables juices, potatoes, chili, garlic, ginger and herbs were not included in 
the calculations. P-values indicate between-group differences.

When fruit and vegetables were separated into categories, the Nordic group 
consumed 41-46% more of daily fruit at 9 and 12 months (p-value <0.001) and 
26% more at 18 months of age (p-value 0.004) compared to the Conventional 
group. The daily intake of vegetables was 42-88% higher at 9, 12 and 18 months 
of age (p-value <0.001) in the Nordic group compared to the Conventional 
group. The Nordic group ate daily 121-181% more of root vegetables (Figure 18) 
and also significant much more of berries during the entire study period 
compared to the Conventional group (Table 5). The Conventional group 
consumed significantly more of exotic fruits during the study (Table 5). For 
example, the Conventional group consumed 31 g banana /d (mean daily intake of 
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whole fruit, not from composite foods) per participant at 12 months of age and 
the Nordic group had a mean daily intake of zero (data not shown in Paper II).  

Figure 18. Daily intake of root vegetables per day from 6 to 18 months of age in the OTIS trial. 
Potatoes or vegetables juices were not included in the category. P-values indicate between-group 
differences. 

Table 5. Daily intake of berries and exotic fruit (g/d) from 6 to 18 months of age. 

1Mann-Whitney test.  2Strawberries were not included in the category of berries. 3Banana, mango, pine 
apple, orange, mandarin, grapes etc. Fruit juices were not included in any of the categories.  

Intake of fruit and vegetables in the Nordic group were negatively affected by 
preschool (data not shown in Paper II). Particularly, those children who started 
at preschool/daycare before 18 months of age decreased their daily intake of fruit 
and vegetables much more (-84/d, p=0.038) compared to those who stayed at 
home until 18 months. The reduction was greatest in the daily fruit intake (-54 
g/d, p=0.043). In the Conventional group, the fruit and vegetable intakes were 
not affected at 18 months of age by starting preschool/daycare or not. 
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Main course meals  
Main course meals data are presented for the entire study group in Papers I and 
II and for a subgroup in Paper III. There were no major differences in the main 
course meals data between the subgroup and the whole cohort. Below is a 
summary of the results from the entire study group.   

For lunch and dinner, industrially produced baby food was most frequently 
served at 9 and 12 months of age in both groups (Table 6). The Nordic group had 
a larger intake of commercial baby food up to 18 months of age compared to the 
Conventional group (Table 6). The infants in the Conventional group ate more of 
family food between 9 and 18 months of age (Table 6). The dietary assessment 
showed that family food contained lower amounts of vegetables in comparison to 
industrially produced baby food and homemade baby food dishes. The Nordic 
group was served significant more homemade baby food dishes (Table 6) and 
with a high content of vegetables. There were no group differences in replacing 
the main course meals with porridge, milk cereal drinks or formula at any ages 
(Table 6).  

Table 6. Daily type of main course meals at the 9, 12 and 18 months from 5-day dietary registrations. 

1Two main course meals were eaten per day. 2Kruskal-Wallis test. 3Milk cereal drink.  

 Nordic group1 

median  
(min-max) 

Conventional group1  
median  
(min-max) 

P for 
difference2 

9 months  n=107 n=120  
Porridge, MCD3 or formula  0 (0-2.0) 0 (0-2.0) 0.47 
Family food (main course meal) 0 (0-1.4) 0 (0-2.0) <0.001 
Baby food (commercial) 1.6 (0-2.0) 1.8 (0-2.0) 0.65 
Homemade baby food recipes 0 (0-2.0) 0 (0-1.8) <0.001 
    
12 months  n=99 n=113  
Porridge, MCD3 or formula  0 (0-0.8) 0 (0-1.0) 0.18 
Family food (main course meal) 0 (0-1.6) 0.2 (0-2.0) <0.001 
Baby food (commercial) 
Homemade baby food recipes 

1.8 (0-2.0) 
0 (0-1.8) 

1.6 (0-2.0) 
0 (0-0) 

0.16 
<0.001 

    
18 months n=87 n=98  
Porridge, MCD3 or formula  0 (0-1.2) 0 (0-1.0) 0.15 
Family food (main course meal) 1.0 (0-2.0) 1.6 (0-2.0) <0.001 
Baby food (commercial) 0.8 (0-2.0) 0.2 (0-2.0) <0.001 
Homemade baby food recipes 0 (0-0.8) 0 (0-0) 0.001 
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Parental support in the Nordic group  

Facebook group  
In the Nordic group, 75% (n=89) of the families participated in the optional 
Facebook group, where 29% (n=26) had both parents registered in the group. 
This was the same result as for the subgroup in Paper III.  

Food map data  
The optional food map with 28 homemade Nordic baby food recipes of 
fruit/berries and vegetables purée were tested among 95% (n=119) of the 
participants. The families prepared and tested 20±7 (71%) of totally 28 recipes, 
and from the fruit/berries recipes 10±4 (71%) and vegetables 10±4 (71%) (Figure 
19 a-b). A quarter of the infants (n= 28) tested all of the 28 baby food recipes until 
18 months of age.  

 

A finished Food map from one of the participants who tested 27 of 28 of the Nordic baby food purée 
(recipes) from study start and up to 18 months of age. Copyright OTIS 2015. Photo: Private. 
Published with permission from parents.   
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Figure 19. a) Proportion of participants (%) that tested the Nordic fruit and berries recipes from the 
Food map and b) proportion of participants (%) that tested the Nordic vegetables and potatoes recipes 
from the Food map in the Nordic group until 18 months of age.  

Outcomes of the active image-assisted method (Paper IV) 
In Paper IV, 22 participants from the Conventional group recorded in total 220 
main course meals. Of these, 210 (96%) were analyzed as both a regular food 
record and with the active image-assisted method, whereof 127 (60%) of the 
meals contained leftovers. For a third of the 210 meals (33%) were adjusted with 
active image-assisted method (Figure 20). There were no differences in energy 
and macronutrient intake with or without the active image-assisted method. 
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Energy intake from the image-assisted food records overestimated energy intake 
with 10% (366 kJ mean) compared to metabolized energy measured with DLW.  

 

Figure 20. Numbers of adjusted and non-adjusted meals assessed with five-day food records with 
active image-assistance. Of these adjusted meals, an equal number were underestimated and 
overestimated.  

Anthropometry  
Anthropometry data was not different between the study groups from baseline up 
to 18 months of age (Figure 21 a-d). Weight, length and head circumstance were 
converted to z-scores based on the WHO reference population (154) (Table 7). 
Drop-outs were not different to those how remained in the study. 

  

  

Figure 21. a) Body weight (kg) from birth up to 18 months of age; b) Body length (cm) from birth 
up to 18 months of age; c) Head circumstance (cm) from birth up to 18 months of age and  d) Body 
mass index; BMI (kg/m2) from baseline up to 18 months of age. 
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Table 7. Anthropometric data presented as z-scores from baseline to 18 months of age.  

1Independent samples t-test. Body mass index; BMI.  

Biochemical data, iron deficiency and blood pressure  
At baseline, there were some differences in the biochemical variables between the 
groups. Particularly, plasma LDL cholesterol (p=0.042) and plasma APO-b/A1 
ratio were higher (p=0.049) in the Nordic group (Table 8 a). Plasma urea was 
lower in the Nordic group from 9 to 18 months of age which reflects the lower 
protein intake compared to the Conventional group (Figure 22 a). Plasma folate 
was higher according in the Nordic group reflecting the higher intake of fruit and 
vegetables from 9 to 18 months of age (Figure 22 b).  

 Nordic  
group 
mean±SD 

Conventional 
group 
mean±SD 

P for 
difference1 

Baseline n=125 n=125  
Age, months  4.5±0.5 4.5±0.5 0.91 
Weight-for-age z score  0.31±0.87 0.35±0.89 0.65 
Weight-for-length z score 0.07±0.98 0.12±0.96 0.71 
Length-for-age z score  0.47±0.85 0.50±0.94 0.68 
Head circumstance-for-age z-score 0.69±0.89 0.75±0.90 0.63 
BMI-for-age z score  0.05±0.96 0.09±0.95 0.74 
    
9 months n=108 n=122  
Age at follow-up, months 8.7±0.4 8.7±0.4 0.97 
Weight-for-age z score  0.62±0.91 0.68±0.91 0.60 
Weight-for-length z score 0.60±0.97 0.60±0.96 0.80 
Length-for-age z score  0.41±0.79 0.57±0.99 0.24 
Head circumstance-for-age z-score 0.99±0.87 1.05±1.01 0.82 
BMI-for-age z score  0.51±0.98 0.49±0.98 0.92 
    
12 months n=106 n=119  
Age at follow-up, months 11.7±1.2 11.8±0.3 0.23 
Weight-for-age z score  0.66±0.88 0.55±0.87 0.36 
Weight-for-length z score 0.71±0.9 0.63±0.9 0.53 
Length-for-age z score  0.45±0.84 0.56±0.99 0.34 
Head circumstance-for-age z-score 1.02±0.81 1.01±0.93 0.97 
BMI-for-age z score  0.66±0.88 0.55±0.87 0.36 
    
18 months n=93 n=111  
Age at follow-up, months 17.8±0.4 17.9±0.3 0.18 
Weight-for-age z score  0.75±0.79 0.76±0.87 0.92 
Weight-for-length z score 0.74±0.83 0.75±0.86 0.95 
Length-for-age z score  0.38±0.82 0.46±0.96 0.50 
Head circumstance-for-age z-score 1.1±0.79 1.2±0.92 0.66 
BMI-for-age z score  0.71±0.85 0.70±0.87 0.91 
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Figure 22. a) Plasma urea and b) Plasma folate from baseline to 18 months of age in the OTIS trial. 
The laboratory reported p-folate values above 45 nmol/L as “>45 nmol/L”. In the analyses, these were 
set to 45 nmol/L. P-values indicate between-group differences. 

Plasma triglycerides was higher (p=0.042) at 9 months of age (Table 8 a) and 
plasma glucose (p=0.017) at 12 months of age in the Nordic group (Table 8 b). As 
shown in Table 8 b, hemoglobin was lower at 18 months of age in the Nordic 
group. However, there were no differences between the groups in any of the other 
iron parameters (MCV, transferrin, transferrin saturation, ferritin or plasma 
iron) or the prevalence of iron deficiency at any time point (Table 8 a-b). Drop-
outs were not different from those who remained in the study for any of the 
biomarkers. As reported in Paper II, there was no between-group difference in 
blood pressure at 12 or 18 months of age (Table 8 b).  
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Table 8 a). Biochemical data from baseline and 9 months of age.  

aNG=Nordic group, CG=Conventional group. Values are mean±SD unless otherwise indicated. 

1Independent samples t-test, 2Fisher’s test, 3geometric mean. 4NA=not available. 5Homa-IR: insulin 
(mlU/L) x glucose (mmol/L) /22.5. (In Paper I some of the biomarkers are not shown). 

 

One of the study participants visits for measurements at the Pediatric Research Unit Umeå 
University Hospital, Sweden. Photo: Private. Published with permission from parents. 

 Baseline P 9 months P 

Groupa NG CG  NG CG  

Participants, n  125 125  101 114  

Hemoglobin (g/L)  116.0±6.9 116.0±8.2 0.951 114.7±6.4 116.3±7.5 0.101 

MCV (fL) 77.7±3.3 77.7±3.0 0.641 75.7±2.5 75.8±2.7 0.691 

P-Transferrin (g/L) 2.3±0.3 2.3±0.4 0.161 2.5±0.3 2.6±0.3 0.401 

P-Transferrin saturation (%) 16.5±5.5 16.3±6.2 0.841 13.8±5.9 14.4±5.2 0.401 

P-Ferritin (µg/L)  107.6±2.13 105.7±2.13 0.851 40.7±1.83 40.2±1.93 0.881 

P-Iron (umol/L) 9.4±3.1 9.1±2.9 0.311 8.5±3.9 9.7±6.6 0.161 

P-Glucose (mmol/L) 4.9±0.9 5.0±0.6 0.191 4.9±0.4 4.8±0.6 0.171 

P-Insulin (mlU/L) 5.1±4.7 5.6±5.3 0.431 5.1±3.7 6.1±5.1 0.161 

P-Triglycerides (mmol/L) 1.9±1.2 2.1±1.3 0.241 2.0±1.2 1.7±0.9 0.0421 

P-Cholesterol (mmol/L) 3.9±0.7 3.9±0.8 0.851 3.4±0.8 3.4±0.9 0.921 

P-HDL-Cholesterol (mmol/L) 1.1±0.3 1.1±0.3 0.851 0.9±0.2 1.1±1.0 0.271 

P-LDL-Cholesterol (mmol/L) 2.0±0.7 1.8±0.8 0.0421 1.6±0.8 1.7±0.8 0.321 

P-Apo-A1 (g/L) 1.33±0.20 1.34±0.22 0.681 1.17±0.19 1.16±0.21 0.731 

P-Apo-B (g/L) 0.86±0.20 0.81±0.20 0.081 0.89±1.05 0.72±0.23 0.191 

P-APO-B/A1 ratio 0.66±0.20 0.61±0.20 0.0491 0.68±0.27 0.62±0.21 0.111 

Homa-IR5   1.10±1.0 1.3±1.5 0.211 1.14±0.9 1.40±1.2 0.201 

Mild Iron deficiency, n (%) 0 (0) 0 (0) NA4 2 (2.0) 3 (2.7) 1.002 

Moderate Iron deficiency, n (%) 0 (0) 0 (0) NA4 4 (4.1) 2 (1.8) 0.432 

Seriously Iron deficiency, n (%) 0 (0) 0 (0) NA4 0 (0) 0 (0) NA4 
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Table 8 b). Biochemical data and blood pressure from 12 and 18 months of age. 

aNG=Nordic group, CG=Conventional group. Values are mean±SD unless otherwise indicated. 

1Independent samples t-test, 2Fisher’s test, 3geometric mean. 4NA=not available. 5Homa-IR: insulin 
(mlU/L) x glucose (mmol/L) /22.5. 

Food acceptance and eating behavior (Paper III)  
We found no differences in food acceptance (Figure 23), refusal behavior (Table 
9) or consumed food (Figure 24) between the groups at 12 or 18 months of age. 
At 12 months, both groups consumed more food and drink compared to at 18 
months of age at the home exposure meal (Figure 24). There were no associations 
between infant temperament and food acceptance or refusal behavior within or 
between the groups.  

 12 months P 18 months P 

Groupa NG CG  NG CG  

Participants, n  94 107  85 95  

Hemoglobin (g/L)  114.4±8.2 116.6±7.8 0.0531 117.2±8.5 120.7±9.1 0.0081 

MCV (fL) 75.7±2.6 75.1±6.1 0.341 76.3±2.5 76.3±2.6 0.981 

P-Transferrin (g/L) 2.6±0.3 2.6±0.3 0.501 2.7±0.3 2.7±0.3 0.661 

P-Transferrin saturation (%) 15.7±7.6 15.0±6.3 0.471 15.5±8.5 17.0±7.4 0.221 

P-Ferritin (µg/L)  35.7±1.73 38.1±1.93 0.431 33.6±1.93 36.01±1.63 0.421 

P-Iron (umol/L) 10.1±4.6 9.9±4.2 0.731 10.7±5.4 11.4±5.0 0.341 

P-Glucose (mmol/L) 5.0±0.4 4.9±0.4 0.0171 4.8±0.4 4.8±0.4 0.801 

P-Insulin (mlU/L) 6.0±5.0 6.0±4.5 0.981 5.5±3.4 6.3±5.1 0.281 

P-Triglycerides (mmol/L) 1.7±0.8 1.6±0.8 0.771 1.4±0.7 1.4±0.6 0.401 

P-Cholesterol (mmol/L) 3.6±0.8 3.5±0.7 0.211 3.7±0.7 3.5±0.7 0.161 

P-HDL-Cholesterol (mmol/L) 1.0±0.2 1.0±0.3 0.361 1.0±0.3 1.0±0.3 0.601 

P-LDL-Cholesterol (mmol/L) 1.9±0.8 1.8±0.7 0.201 2.0±0.7 1.9±0.5 0.211 

P-Apo-A1 (g/L) 1.19±0.14 1.15±0.17 0.191 1.14±0.18 1.18±0.18 0.231 

P-Apo-B (g/L) 0.80±0.20 0.76±0.18 0.131 0.81±0.21 0.77±0.18 0.131 

P-APO-B/A1 ratio 0.69±0.21 0.68±0.19 0.721 0.73±0.27 0.71±0.50 0.781 

Systolic blood pressure (mm Hg) 101±11 101±11 0.991 103±11 103±11 0.761 

Diastolic blood pressure (mm Hg) 66±8 65±10 0.571 65±7 66±9 0.321 

Homa-IR5   1.39±1.3 1.33±1.1 0.711 1.21±0.9 1.39±1.2 0.281 

Mild Iron deficiency, n (%) 4 (2.8) 0 (0) 0.252 0 (0) 2 (2.4) 0.212 

Moderate Iron deficiency, n (%) 1 (0.9) 0 (0) 1.002 1 (1.1) 0 (0) 1.002 

Seriously Iron deficiency, n (%) 0 (0) 0 (0) NA4 0 (0) 0 (0) NA4 
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Figure 23. Food acceptance (n) from the home exposure meals at 12 and 18 months of age includes 
three coded behaviors: infants self-eating acceptance, infant accepting food fed from parent and 
infant accepting drinking.  

Figure 24. Amounts of food and drink (total 103 g per portion) served at the home exposure meal at 
12 and 18 months of age compared to the consumed amounts of food and drink per group (mean 
values) and age.   

Table 9. Numbers of coded refusal behaviors from the home exposure meal at 12 and 18 months of 
age.  

 

Number of participants at a 12 and b 18 months of age. 1Mann-Whitney test.  
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One of the study participants eating the Nordic snack meal at 12 months of age fed by the parent at 
the videotaped home exposure meal. The photo shows the standardized plate, bowl, spoon and cup 
used for this study. Photo: Private. Published with permission from parents.  

Parental sensitivity (Paper III) 
Parent’s sensitivity score was not different between the groups at any ages. The 
relationship between parents’ sensitivity and infant’s food acceptance or refusal 
behavior from the videotaped home exposure meal showed no group differences 
at 12 or 18 months of age.  

Data not described in Paper III: We found differences within the groups between 
the relationship of parents’ sensitivity and infant’s food acceptance and refusal 
behavior from the videotaped home exposure meal. At 18 months of age, a higher 
score of parental sensitivity was associated with higher food acceptance among 
the infants in the Nordic group (p<0.001, R2=30.1%) and in the Conventional 
group (p=0.002, R2=25.2%), respectively. Furthermore, within the Nordic group, 
a higher score of parental sensitivity was associated with decreased refusal 
behavior (p=0.014, R2=16.2%) at 18 months, but not at 12 months of age. Also, 
within the Conventional group, a higher parental sensitivity was associated with 
decreased refusal behavior but at 12 months (p=0.026, R2=12.4%), not at 18 
months of age. Finally, the parental sensitivity at the videotaped home exposure 
meal affected food acceptance and refusal behavior within the groups but not 
between the groups.  
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Baby behavior and children eating behavior 
As presented in Table 10, there was no difference in infants’ temperament 
between the study groups, and not in the subgroup either (Paper III). In the 
CEBQ, we found no between-group differences in the entire OTIS trial (Table 10) 
or in the subgroup (Paper III), except from enjoyment of food at 18 months of 
age. In particular, the Nordic group had a lower score for enjoyment of food for 
the entire group (p=0.030) (Table 10) and in the subgroup (Paper III) (p=0.013) 
compared to the Conventional group. In the entire study group, satiety 
responsiveness was lower score in the Nordic group at 18 months of age 
(p=0.002) compared to the Conventional group. This difference was not found in 
the subgroup for Paper III. No gender differences were found at 12 months or 18 
months of age between the groups (data not shown).  

Table 10. Baby behavior data and children eating behavior data (CEBQ) in the OTIS trial. 

1 Independent Samples-t-test. CEBQ; Children Eating Behavior Questionnaire.  

Nordic 
group

mean±SD 

Conventional 
group

mean±SD 

P for 
difference1 

Baby behavior (baseline) 
Age, weeks  
Intensity/activity  
Regularity  
Approach withdrawal 
Sensory sensitivity  
Attentiveness 
Manageability  

CEBQ 12 months

(n=122) 
21.6±3.4 
3.6±0.6 
3.3±0.7 
4.2±0.7 
3.8±0.6 
3.6±0.6 

(n=103) 

(n=122) 
21.7±3.5 
3.6±0.5 
3.2±0.8 
4.2±0.6 
3.8±0.6 
3.5±0.6 

(n=117) 

0.94 
0.56 
0.49 
0.69 
0.32 
0.98 
0.28 

Satiety responsiveness  2.7±0.5 2.9±0.5 0.06 
Slowness in eating 2.6±0.4 2.6±0.4 0.49 
Fussiness  2.9±0.3 2.9±0.3 0.39 
Food responsiveness 2.3±0.8 2.2±0.7 0.23 
Enjoyment of food 4.0±0.7 4.0±0.7 0.86 
Drink desire 2.0±0.9 2.1±0.8 0.37 
Emotional undereating 3.2±1.0 3.1±0.8 0.50 
Emotional overeating 1.7±0.5 1.7±0.5 0.87 

CEBQ 18 months (n=85) (n=107) 
Satiety responsiveness  2.9±0.4 3.0±0.4 0.002 
Slowness in eating 2.6±0.5 2.7±0.5 0.32 
Fussiness  2.9±0.3 2.9±0.3 0.56 
Food responsiveness 2.2±0.7 2.2±0.7 0.68 
Enjoyment of food 3.8±0.7 4.0±0.5 0.030 
Drink desire 2.3±0.9 2.3±0.8 0.85 
Emotional undereating 3.5±0.9 3.4±0.9 0.37 
Emotional overeating 1.6±0.5 1.7±0.5 0.70 
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Sensory profiling of the baby food (Paper III) 
There were significant changes across the sensory properties from the home 
exposure meals when dairy products were added to the lingonberry and cranberry 
purées, which resulted in significantly less bitter taste, flavor intensity, astringent 
flavor and sour taste (Figure 25). 

 
Figure 25. Sensory properties of the lingonberry purée in the taste portion schedule compared to the 
lingonberry purée mixed with cow’s milk, the cranberry purée in the taste portion schedule compared 
to the cranberry purée mixed with plain yoghurt and the cauliflower purée in the taste schedule 
compared to the cauliflower purée together with an unflavored biscuit from the home exposure meals. 
The intensities of sensory properties were rated on a line scale from 0 = none and 10 = very strong. 
Significant differences across the sensory properties: ***p < 0.001, **0.01 < p < 0.05 and *p < 0.05. 

 

A study participant likes the cranberry yoghurt from the home exposure meal. Photo: Private. 
Published with permission from parents 
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Discussion 

Discussion of methodology  

Study design 
In clinical research, the randomized controlled design is the strongest devise to 
evaluate causal effects of a treatment or intervention on a population. With the 
study design follows the expectation that differences between the treatment 
group and the control group are due to the intervention, which is a measure of 
internal validity. The control group can be given no treatment, a placebo, what is 
considered “normal care” or some combination of these. Thus, the design “washes 
out” any bias or confounding between the groups. Effects and outcomes can be 
investigated and evaluated related to the underlying hypothesis between the 
intervention and the controls. Disadvantages of the design are that studies are 
expensive in terms of time and costs, high internal validity does not ensure 
external validity, i.e., the results of the trial cannot be automatically translated to 
a whole or different population, and finally, the studies are vulnerable to random 
and systematic error.  

RCTs can be subdivided into efficacy (explanatory) and effectiveness (pragmatic) 
studies (171). Efficacy trials are performed during optimal conditions in ideal 
settings and are thus resource intensive. They focus on internal validity, which 
can overestimate the effects of an intervention when trying to translate the results 
to a wider or different group than those involved in the initial research. 
Effectiveness studies are more geared towards real life situations and approaches 
in a heterogeneous population with few or no exclusion criteria, high external 
validity and less-controlled treatment protocols. They have some potential 
disadvantages, e.g., the intervention may become ineffective through low 
adherence, low internal validity or high rates of missing data. In the OTIS trial, 
some from both design elements are represented, i.e., efficacy parts include a 
selected population with several exclusion criteria before inclusion, highly 
trained and experienced research staff performing study and an enforced and 
standardized intervention, which also included extended support to the 
intervention group. The effectiveness elements include the home setting of the 
study as well as much of the hands-on moments in the interventions, e.g., 
procuring and preparing the ingredients for the taste portion schedule, preparing 
the home-made baby food dishes, etc. Although such a mix may affect both 
internal and external validity, we believe that the efficacy component which 
showed a strong face validity for the intervention in combination with the real-
life setting may aid in the execution of future, more effectiveness-oriented and 
later more implemental research.  
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However, RCTs are susceptible to systematic bias which merits further 
discussion. In the case of the OTIS trial one such bias was the participants 
willingness and motivation to take part in the study from the beginning, which in 
the end can affect external validity.  

Of 540 families that were interested in participating in the study, 193 (36%) 
declined because of the study design, addressing the work-load, the long study 
period or the lack of interest in giving their child a specific diet. A specific reason 
not to participate was that it would not be possible to give their child banana until 
18 months of age if they were randomized to the intervention. Another limitation 
was the long study period which included a shift in which of the parents would be 
at home with the study participant and may have affected adherence to the study 
protocol and the internal validity. Also, a long study period with a complex diet 
intervention (Nordic group) and involving two individuals (parents) can be 
challenging both during the recruitment and during the study period, which can 
affect both the internal and the external validity.   

Study design of Nordic diet intervention studies  
Compared to other Nordic diet studies, the OTIS trial was performed at the 
participants’ home with practical instructions on how to buy, prepare and cook 
Nordic food but taking place in the child’s natural environment. In a Danish 
school meal study on children 8-11 years old half of the daily intake represented 
the New Nordic diet (only the school meals) and the rest of the meals took place 
at home, etc. with no dietary restrictions (129). In a Swedish study on middle-
aged adults, the participants were served Nordic diet meals without buying, 
preparing or cooking the meals by themselves and were allowed to eat 20% non-
Nordic foods (126). In contrast, we demonstrate how to implement the Nordic 
diet concept within the total daily intake in infants and also integrate the parental 
role and the family environment (149). In comparison to the Danish and other 
Swedish study, our study may improve external validity since the outcomes can 
be applied to practical real-life situations. Thus, the results of all three studies 
might be generalized, replicated and be broadly applicable to groups of people. 
The other Swedish study was conducted during a short time period (6 weeks), 
with highly motivated participants and few drop-outs which improved the 
internal validity but may reduce the external validity. In the Danish study, which 
had over 1000 participants, the participants prepared and cooked the school 
meals within the school kitchen 3-5 times in total during the 3-month 
intervention period. The Danish study may be generalizable because of the 
various socioeconomic backgrounds among the participants and that was 
conducted in the school kitchen as a real-life situation to improve sustainable, 
healthy eating at the school meals. From the WHO report of healthy diets, it is 
requested how to transfer diets like Mediterranean diet and Nordic diet to a useful 
practical population level (118). However, more studies of all age groups are 
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needed to translate sustainable, healthy diets depending on age, nutritional 
requirements and country specific requests.   

Multicomponent interventions  
Multicomponent interventions, which include two or more interven-
tions/components have been shown to be effective. For example, 
multicomponent behavioral studies on reducing tobacco use in adults or 
treatment of childhood overweight and obesity have been more effective 
compared to single-component studies (172,173). A RCT examined how a 
multicomponent behavioral intervention affected weight gain during infancy 
compared to a single intervention or no intervention and suggested that 
educating parents probably was more efficient than dietary advice alone (174). 
The inherent disadvantage of interventions with several components is the 
difficulty to disentangle which part or parts of the intervention had an effect. An 
upcoming RCT on complementary feeding from Netherlands (175) will examine 
how a multicomponent intervention of repeated exposure combined with 
parental feeding strategies will affect the vegetable consumption over time. Even 
if it is impossible to isolate a specific effect of a multicomponent intervention, the 
study design is required to expand the research field since a lot of single 
component interventions of repeated food exposure have already been done with 
positive effects on food acceptance but not on long-term effects on fruit and 
vegetable intake (176). In the OTIS trial, we expanded the concept of repeated 
exposure and involved the parents in the preparation of Nordic foods in a home 
setting and offered parental education. The Cochrane review of interventions to 
increase fruit and vegetable in children aged five years and under summarized 
that single-component interventions, for example children feeding practices like 
repeated exposure may lead to increased fruit and vegetable intake by 5.3 grams 
per day in the short-term perspective, i.e., less than 12 months (176). Then again, 
they reported that multicomponent interventions probably increase fruit and 
vegetable intake with approximately 50-100 grams per day (0.34 cups a day), 
based on moderate quality evidence (176). The Cochrane review further 
concluded that multicomponent interventions which reported positive effects on 
fruit and vegetable intake were those who involved parents and nutrition 
education in some part of the multicomponent intervention (176). However, they 
also reported that effect size was small from those studies and may limit the 
implementation on a public level. Additionally, those multicomponent 
interventions for children aged five years and under were performed during 
shorter period, i.e., less than 12 months. Multicomponent interventions lasting 
over 12 months are still lacking (176). In comparison, the OTIS trial lasted over 
12 months and the effect sizes of the interventions on fruit and vegetable intake 
were large at 9 and 12 months of age, and moderate at 18 months of age. 
Nonetheless, it remains to be studied if the type of intervention the present 
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suggest, including a level of support to families presently not within the 
framework of most Child Health Care settings, can be translated to efforts more 
suitable to public health implementation.  

Study population  
This trial included highly educated parents where 61-71% of the mothers and 54-
56% of the fathers/partners had a university degree. The municipality of Umeå is 
ranked eleventh of most highly educated citizens in Sweden 2020 according to 
Sweden Statistics, where 40% in Umeå vs 29% in entire Sweden have a university 
degree 3 years or longer (177). Women have higher levels of formal education 
compared to men in Sweden, and in Umeå 48% of the women between 25-64 
years old were highly educated compared to 33% of the men at same ages.   

The study design of the OTIS trial based on Nordic foods may have prompted 
some skewness in the recruitment to the study in terms of ethnic diversity among 
the participants. In Umeå, approximately 19% of women and men 20-45 years of 
age were foreign-born during the study period (178), whereas the national 
average was 33% in the same age bracket and time. A significant majority of the 
parents participating in OTIS were born in Sweden; 93-95% of the mothers and 
83-88% of the fathers/partners. This lopsidedness in recruitment can again affect 
external validity as well as efforts to implement our results on a national level. In 
future research, interventions may need to be more inclusive to involve different 
cultures and traditions of infants feeding while at the same time preserving the 
core message of promoting healthy and sustainable foods for young children. 

Drop-out and attrition bias  
The extended study period and the strict protocol resulted in a significantly 
higher attrition rate in the Nordic group. From what participants were willing to 
share when leaving the study, 37% of the participants in the Nordic group left the 
study because they were reluctant to follow the Nordic study diet, compared 14% 
participants in the Conventional group. Most of the participants in the Nordic 
group withdrawing due to non-adherence left the study early, between 6 and 9 
months of age, with only one leaving between 9 and 12 months of age and three 
participants leaving between 12 and 18 months of age. Keeping in mind that the 
intervention in the Nordic group was quite outside what most Swedish parents 
would expect to subject their child to in terms of food items, tastes, flavors and 
textures, the higher attrition suggests that in future studies, efforts to provide 
parents with even more support is needed during the early period of 
complementary feeding. The parents in both groups of the present trial were 
highly educated and this demonstrates the existing gap between what highly 
educated and affluent parents were expecting to provide as complementary 
feeding to their infants and what is preferable both in terms of health and 
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sustainability. To further follow-up the OTIS trial, it would be of interest also to 
incorporate qualitative studies to interview parents about their experiences from 
the trial.  

The power calculation of the OTIS trial was based on the primary outcome of body 
composition at 12 and 18 months of age. Unfortunately, this data was delayed 
depending on the pandemic situation of Covid-19 from the MRC Elsie 
Widdowson Laboratory (formerly the MRC Human Nutrition Research), 
Cambridge, UK. This situation was beyond our control. Many drop-outs can lead 
to attrition bias and influence the statistical power of the study. To avoid this and 
to ensure the balance of known confounders and the validity of the study, 
intention to treat analysis can be used. However, it was not possible to use a 
statistical solution like that since children were growing and data from 6 months 
of age could not be easily used in the analyses of the 18 months old infants. 
Another way is to replace missing data, e.g., with groups mean values or similar 
solutions, we chose to not implement such methods in our statistical analyses. 
Instead, we analyzed the data per-protocol in this trial. In a sensitivity analysis, 
where missing values in the Nordic group and Conventional group were replaced 
by the other group’s mean value, the results did not change significantly, except 
for folate at 18 months of age, where the difference between groups became non-
significant. One explanation to this may be the cap of 45 nmol/L that the 
laboratory applied, which rendered the results skewed. Furthermore, analyzing 
those who left the study, there were no differences in anthropometry, biomarkers 
or dietary intake compared to those who remained. As noted previously, the only 
variable differing between those who left and stayed was the age of the 
fathers/partners, which was lower in the Conventional group compared to the 
Nordic group. The parental support given to the Nordic group did not prevent the 
difference in attrition rate between the groups. Also, the multicomponent 
intervention may have played a part, where single-component interventions of 
short duration and less work have had lower attrition (179,180).  

Assessment of food acceptance  
The methodology to assess food acceptance included a videotaped meals at the 
family’s home. The goal was to provide the children a Nordic, age-appropriate 
snack in a real-life situation compared to offered them e.g., a baby food purée 
from the taste portion schedule. This design failed since the sensory properties of 
the Nordic snack changed significantly compared to what the participants were 
exposed to during the taste portion schedule. Thus, mixing the baby food purées 
with dairy products made them less bitter and sour and with less astringent 
flavors, which in turn made the test meal lacking in discriminatory capacity to 
differentiate acceptance of these taste and flavors between those who were 
regularly exposed during the taste portion schedule and those who were not. A 
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randomized trial from UK showed in a similar way how vegetable purée mixed 
with infant milk formula changed the sensory properties to be less bitter and sour 
tastes and less intense flavors (181).  

Calculations of fruit and vegetable intake  
The calculations of fruit and vegetable intake from food records in this study were 
very complex and time-consuming. Every food item from the food records was 
scrutinized and the fruit and vegetable content were calculated by hand from 
composite foods, mixed dishes, baby food products and recipes. Such assessment 
of e.g., fruit and vegetable intake is essential but need to be developed further to 
reduce the cost of assessment as well as offering validated methods for research 
in order to compare intake data more efficiently between studies and countries 
(182). For example, in some studies potatoes are classified as vegetables and fruit 
juices are included in the fruit intake, which can increase the daily intake a lot. In 
some other studies, fruit and vegetable intake is assessed only when single/whole 
foods are recorded and not when it is include in composite foods (183), which 
instead reduce the intake. Those factors complicate the comparison of exposure 
and outcome data between studies and countries.  

Discussion of main results  
The OTIS study is the first randomized trial to evaluate a protein-reduced 
complementary diet based on Nordic plant-based foods. The trial show that it is 
safe and feasible to systematically offer Nordic foods during complementary 
feeding in infants at 4-18 months of age.  

Outcomes of the taste portion schedule  
We demonstrate the feasibility to introduce Nordic taste portions using a 
systematic approach with repeated exposures from a taste portion schedule in 
real life. This exact concept has not been examined in previous studies, them 
being conducted either in laboratory facilities, a mix of laboratory and home-
environment studies and mainly using commercial baby food products for the 
repeated exposures (31,176). In contrast, the parents in the Nordic group got to 
experience purchasing Nordic ingredients, mainly plant-based foods and to 
prepare and cook the baby food purées before they fed their child. This was one 
part of the parental education from the Nordic multicomponent intervention. 
Swedish infants are not generally exposed to bitter and sour tastes and astringent 
flavors. We demonstrate a high acceptance of bitter taste and sour taste, 
especially from Nordic berries during the sensitive period of early life, which 
confirm findings in earlier studies (31). None of the Nordic fruit, berries or 
vegetables were difficult to accept for the infants during the taste portion schedule 
and the refusals were very low. Our results are in line with other studies where 8-
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10 repeated exposures are appropriate to establish food acceptance (31). The 
properties of the sensory analyses (Paper III) showed a lot of bitterness, sourness 
and astringent flavors and less sweet taste from the Nordic taste portions, 
especially Nordic berries and roots compared to commercial baby food purées. 
The commercially available baby foods with dark green vegetables (bitterness) 
are often blended with fruit and higher in fruit flavors (sweetness) which has been 
highlighted in reports from the US (96). This is problematic with respect to early 
flavor learning and acceptance of bitter and sour taste among infants. The high 
acceptance of bitter and sour taste and astringent flavors from Nordic fruits, 
berries and vegetables make them useful during the sensitive period of 
complementary feeding to establish long-term food preferences (17,30). 
However, such preferred flavors of single berries/fruits and vegetables/roots of 
cranberry, lingonberry, buckthorn berry, turnip, white radish are not available as 
baby foods in Sweden. The parents appreciated to systematically follow a taste 
portion schedule with instructions how to introduce solid food for infants 
notwithstanding the effort to buy ingredients and prepare the purées. The daily 
self-reporting of the taste schedule through the web survey increased the 
willingness and high adherence to report the repeated exposures. This systematic 
approach for infants and parents is not available in the Child Health Care settings 
in Sweden and not included in the Swedish recommendations for infants.  

A limitation of the present study is the lack of comprehensive data on exactly 
which type of taste portions were given in the Conventional group before 6 
months of age. This was a conscious strategy to let the Conventional group not be 
controlled and affected by the research team between 4-6 months of age. Most of 
the participants were introduced to taste portions at 4-6 months of age in the 
OTIS trial, and only 5% after 6 months. Volumes per “taste portion” of at least 10 
mL were reported from 76% of the participants. A Swedish study that examined 
the introduction of taste portions among Swedish breastfed infants described it 
as a lengthy process and the median duration was 28 days from the first taste 
portion to consuming >10 mL per meal (184). Infants in the Nordic group 
completed the taste portion schedule within ~27 days. We found no evidence that 
the duration of breastfeeding changed during introduction of the taste portion 
schedule in the Nordic group, despite higher amounts of taste portions (5-15 
gram/d) compared to the national recommendations (“just a pinch”, 1 mL) (53). 
The Swedish recommendations suggest exclusive breastfeeding up to 6 months 
of age and if the infants are interested in other foods between 4-6 months of age, 
“just a pinch” (1 mL) of food can be offered from the parents finger and gradually 
increase the amounts (53). Breastfeeding duration in both groups were in line 
with the rates in Västerbotten county and Sweden as a whole (57). 
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Validation and assessment of dietary intake (Paper IV)  
Valid estimations of dietary exposure were an important methodological issue in 
this study. From previous research we were aware of the problem of overreporting 
the nutrient intake among infants when using dietary registrations, the most used 
method. This could distort possible relationships between dietary exposure and 
health outcomes (100,101). Thus, we wanted to investigate if mobile phone 
photographs taken before and after meals could improve the accuracy and 
precision of the dietary registration. In Paper IV, the energy intake from food 
records with and without image-assistance was 10% higher compared to the 
metabolized energy measured with DLW, which is a highly objective method to 
estimate energy metabolism in infants. This mean bias was higher but the limits 
of agreement were narrower compared to previous studies (100,105). The 
reliability between images-assisted food records and metabolized energy using 
intra-class correlation coefficient was excellent (0.81) and there were no 
indications of systematic bias across the different levels of energy intake. The 
image-assisted method identified leftovers, which is not possible in regular food 
records (106,108). The present study was able to display a great number of 
leftovers (60% of all plates), but even for these experienced and motivated 
participants it was difficult to measure leftovers from baby foods with mixed 
ingredients, even though one third of the plates were adjusted by the parents 
themselves. We believe that unaccounted leftovers are one of the problems with 
food records among young children, but solid proof would have required the use 
of image-assistance for all meals, which was practically impossible. Factors that 
strengthen the validity of the results are that a reference marker i.e., a 
standardized plate was used for all captured meals (162) and the all images were 
taken in the same way, i.e., at 90° to the plate to display the food ingredients 
(163). However, to optimize the support of the images it would have been  
preferable to capture pictures at 45° to the plate to improve estimation of food 
volumes (108,161,185). At present, we find this image-assisted method expensive 
and time consuming for both participants and researchers in the absence of 
commercial applications for smartphones. Such applications have the potential 
to reduce the burden and technical problems associated with the data collection 
through improved identification of food items and volumes. However, a 
combination of new technologies and traditional dietary assessments methods 
together with training for research staff and study participants could improve 
self-reported dietary data, facilitating every step from collection to analyses and 
interpretation of dietary data (106,109,186).  
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Dietary data  

Energy intake  
We found no between group differences in energy intake measured from food 
records at the four time-points of 6, 9, 12 or 18 months of age. The energy intake 
was similar to a previous study on Swedish healthy infants at 12 and 18 months 
of age (187). Total energy intake from the food records estimated per kg body 
weight was also not different between the groups. Yet, the energy intake  per body 
weight in both groups was 10-14% higher compared with the energy requirements 
for children at 12 months of age measured as energy expenditure by DLW-derived 
equations (71). Our results thus corroborate previous findings that food records 
tend to overestimate energy intake among infants compared to energy 
expenditure measured with DLW (100,101). 

Infants has a high ability to self-regulate their energy intake and can adjust food 
intake in response to changes in feeding frequency and energy content of the 
consumed food (188–190). Breastfed infants have better control of the intake and 
can self-regulate the energy intake more compared to formula-fed infants, who 
are often encouraged to finish a bottle. Different parental feedings strategies also 
have an impact on the infant’s self-regulated energy intake, how parents respond 
to the infant’s signals and if they avoid feeding to comfort or as a reward. Self-
regulation of energy intake and responsive feeding have been associated to a 
reduced risk of rapid weight gain and overweight during the first year of life 
(188,191). In this trial we have not addressed different feeding styles in relation 
to the infant’s energy intake. However, we found no overconsumption of energy-
dense complementary foods such as milk cereal drinks among or between the 
groups. In other studies, these baby food products have been shown to affect 
energy intake and may lead to weight gain in infancy and later childhood (192–
194).  

Protein intake  
One part of the intervention was to reduce the daily intake of protein with 30% in 
the Nordic group. We achieved a reduction of 27% at 9 months and 29% at 12 
months, with large effect sizes which was in line with the objective. At 18 months, 
the reduction was 17% with a moderate effect size. The increased protein intake 
at 18 months in the Nordic group can be explained by the transfer period from 
baby food to family food and that one third of the participants had started at 
daycare. It was outside the reach of the intervention to control the protein content 
in family foods or in the meals at preschool/daycare. The finding of lower protein 
intake in the Nordic groups was corroborated with lower levels of plasma urea 
compared to the Conventional group.  
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In the current trial, 9-13 E% in the Nordic group vs 13-15 E% in the Conventional 
group between 12 and 18 months of age came from protein, which is similar to 
previous studies (74). Protein intake per body weight was, however, two to three 
times higher in both groups compared recommendations (71–73). 

Previous studies have examined the association between protein intake and 
growth, especially fat mass growth. A longitudinal, German study compared 
different levels of protein intake during infancy, concluding that protein intake, 
especially animal protein intake during 12 and 18-24 months was associated with 
higher BMI and percentage of body fat at 7 years of age (195). The difference in 
protein intake at 12 months between the “low-low protein group” and “high-high 
protein group” in the German study was 22% compared to 29% in the present 
study between the Nordic group and Conventional group. A previous Swedish 
study demonstrated an association between a higher protein intake from 6 to 18 
months of age and higher BMI at 4 years of age (187). The earlier Swedish study 
showed data comparable to the Conventional group in daily protein intake in 
grams and protein E% at 12 and 18 months (187). However, the protein intake per 
body weight at 12 months was lower in the Conventional group compared the 
Swedish study at 2.8 vs 4 g/kg body weight, but similar at 18 months at 3 g/kg 
body weight. In the present study so far, we did not seen differences in growth in 
general or more specifically in BMI associated with the intervention, but the long-
term effects on body composition or metabolic programming remain to be 
assessed among the participants at later follow-up.  

We have not analyzed different protein sources in this thesis, and we can only 
speculate if and how different sources affected body composition. However, the 
growth parameters showed no between-group differences and the Conventional 
group had below 15 E%, i.e., the upper recommended level of protein at 12 and 18 
months of age. The quantity of the protein intake was different between the 
groups, but quality of protein sources from meat, fish, dairy products, legumes 
and vegetables were not evaluated in this thesis. Other studies have demonstrated 
that a high intake of animal protein especially from cow’s milk protein can affect 
rapid growth (74,76,77). We found no differences in the intake of cow’s milk rich 
protein from milk cereal drinks, baby porridge or baby milk between the groups. 
Furthermore, there were no differences in breastfeeding rates between the groups 
and few of the participants were only formula-fed infants in either group (n<5), 
which otherwise can be related to rapid weight gain during infancy (196,197). 

High levels of IGF-1 are associated with high protein intake (75). In this thesis 
have we not analyzed the IGF-1, but it will be later analyzed in the OTIS trial. A 
Danish study has demonstrated that animal protein intake specifically from milk 
protein was associated with stimulation of IGF-1 compared to vegetable protein 
in early childhood (198).  
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Carbohydrate intake 
With a deliberate reduction in protein intake in the Nordic group, the intakes of 
the other main energy providers, i.e., carbohydrates and fats might have changed. 
Still, carbohydrate intake was within recommended levels at 45-60 E%/day (71). 
The carbohydrate E% was significantly higher at 6, 9 and 12 months of age in the 
Nordic group compared to the Conventional group. At 18 months, this difference 
had disappeared. Carbohydrates presented as gram per day were significantly 
higher at 9 months of age in the Nordic group, but not at 12 and 18 months of age. 
The intake of carbohydrates at 12 and 18 months of age were comparable to the 
Swedish study by Öhlund et al (187). Looking at specific sources, the higher 
carbohydrate intake at 12 months of age in the Nordic group came from fruit, 
berries, vegetables and roots, but not other carbohydrate rich sources such as 
milk cereal drinks, baby porridge or potatoes, which was not different between 
groups.  

The Nordic diet included complex carbohydrates from high fiber rich vegetables 
like cabbage, legumes e.g., which can cause gastrointestinal problems like fecal 
bulking, colonic fermentation, loose stool or become constipated. This was one of 
the considerations when we designed the study diet for the Nordic group and was 
controlled for in the daily symptoms’ registration and the monthly follow-up by 
the research nurses. However, most infants did not report gastrointestinal 
problems in response to the Nordic diet and followed the study diet. The great 
variation of different Nordic fruits, berries and vegetables from the food map data 
showed possibilities to introduce a wide range of complex carbohydrates sources 
without too much of gastrointestinal problems for the infants. The recommended 
intake of dietary fibers for infants <1 years old has not yet been established and 
the research area is lacking. Fiber intake from the food records has not been 
analyzed in this thesis. 

A high intake of complex carbohydrates and dietary fiber can also have effect on 
energy intake. When we designed the study diet with reduced protein and higher 
intake of whole grains, vegetables and roots, we found that the Nordic study diet 
was lower in total energy intake per day compared to an assumed recommended 
control diet for infants. In response to more complex carbohydrates and the 
reduced protein intake, fat was added, mainly as rapeseed oil daily in the main 
course meals for the Nordic group.  

The NNR 2012 recommendation of added sugar for children and adults are less 
than 10 E% of the total energy intake per day (71). ESPGHAN recommend that 
the added sugar should be less than 5 E% and even lower in infants and in early 
childhood (199). The Swedish Food Agency recommend to avoid added sugar in 
all food as much as possible and to avoid sweetened beverages (53). In this thesis, 
the daily E% intake of added sugar was not assessed, but it is of interest to 



 

 71 

evaluate this further from the food records. Total intake of added sugar habitually 
increases most when infants transfer from baby food to family diet around 1 to 2 
years of age (85), and further analyses from this trial can be of interest when 
comparing the sugar intake between 12 and 18 months of age both between and 
within the groups when the infants has adapted the family food more broadly.  

Recently, the high consumption of fruit pouches during infancy and in early 
childhood has been discussed (200). There has been a concern that the products 
are too energy dense, contain high level of sugar (natural sugar), induce a 
preference for sweet taste, and may cause overfeeding and weight gain (200). 
Fruit pouches are puréed fruit and not whole fresh fruit cut in pieces, which in 
turn can both stimulate finger food eating and oral motoric skills and are also less 
energy-dense and more fiber rich (199,200). Recently, a Swedish cohort study 
(201) on 18 months children has demonstrated that a moderate fruit pouch 
consumption was not associated with excess weight, and the daily consumption 
of fruit pouches was not so frequent (2.5%) among those Swedish children with a 
daily consumption of whole fruits in line with the national recommendations. 
Both group in this trial consumed fresh, whole fruit combined with pureed fruit 
from glass jars and pouches. However, we have no exact data on the frequency 
since the food intake was reported in a food diary and not from FFQ. The baby 
food products in the OTIS were free of charge during the study period and we 
offered fruit in glass jars/pouches to both groups, but with limitation of amounts. 
Both groups were also provided with vegetables purées in glass jars/pouches. We 
noticed that the “package” of pouches for main meals, porridge, fruit and 
vegetables seem to attract families.  

Fat intake  
The fat intake was similar in both groups during the study period and within the 
recommended levels (NNR 2012) of 30-45 E% at 6-9 months and 30-40 E% at 
12-18 months (71). The fat intake was slightly lower in the Nordic group at 9 
months of age 35 E% vs 36 E% compared to the Conventional group (p=0.043). 
The recommended fat intake according to EFSA (6-12 months of age) is 40E% of 
total energy intake, and should not be below 25 E% per day (202). In the present 
study, the mean daily intake of fats at 6 months was above 40 E%, but at 9 to 18 
months of age between 33-36 E%, which is in the lower recommendation interval 
of the NNR 2012 but below the recommendation up to 12 months of age compared 
to EFSA. Comparing with a study on Swedish infants, the fat intake was slightly 
lower at 12 and 18 months of age in both groups in this trial (187). One part of the 
intervention was to daily add rapeseed oil to the main course meal, but this 
generated no differences in fat intake between the groups since the national 
recommendations also suggest adding extra fat.  
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The quality of dietary fat has not been studied in this thesis. We can only speculate 
if it is any differences in the fat quality due to the Nordic diet and the control diet. 
In the Nordic diet, we tried to increase fish, which can have effect on long-chain 
polysaturated fatty acids (PUFA). It has been demonstrated in schoolchildren in 
Denmark with Nordic diet and resulted in higher intake of n-3 long-chain PUFA 
(EPA+DHA status) due to a higher fish intake compared to the control group 
(132,203). However, it has also been demonstrated that the quality of dietary fat 
during complementary feeding affect the blood lipid profile negatively when 
children transition and adapt the family diet due to higher intake of unfavorable 
saturated fat (80,85).  

Fruit and vegetable intake  
A main objective of the study was to introduce more fruit and vegetables into the 
diet of the Nordic group. The study protocol in the Nordic group did not specify 
exact amounts of fruit, berries, roots or vegetables per day or week that should be 
offered to the infants. It only encouraged the parents to serve Nordic foods during 
the study and provided them with baby food products, baby food recipes, food 
map and a taste portions schedule along social media support. This was a major 
difference to other diet intervention studies on Nordic diets (126,129), when the 
participants were suggested to consume a specified amounts of fruit, berries, 
roots and vegetables per day. With the intervention followed an increased intake 
of fruit and vegetables of 69 g/d at 9 months, 89 g/d at 12 months and 83 g/d at 
18 months of age. However, from 12 to 18 months of age both groups decreased 
their fruit and vegetable intake by~14-16%. In a randomized controlled trial study 
from the Netherlands (204), vegetable intake increased (38%) in a similar fashion 
until 12 months in the intervention group, but decreased between 12 to 23 months 
of age to the same level as in the control group. In our trial, the vegetable intake 
was 50% higher in the Nordic group at both 12 and 18 months of age compared 
to the Conventional group. However, we have no data from the age of 23-24 
months when children have been adapted the family diet even more. A European 
study from three countries demonstrated that age was a predictor of eating 
behavior and acceptance of vegetables among children in ages 4-38 months 
(205). Younger children were less fussy, enjoyed food more and showed higher 
acceptance for novel vegetables (205). This has been confirmed by other studies 
as well (206). The presence of neophobia and pickiness can be one explanation of 
the difference in vegetable acceptance (41). In the present study, we found no 
within or between group differences in food fussiness measured with CEBQ 
between 12 and 18 months of age, the age when the intake of vegetables 
decreased. However, we have no follow-up data at 23-24 months of age when 
pickiness and food neophobia are more prevalent (41). Furthermore, a cohort 
study from Norway demonstrated how fruit and vegetable intake tracked over 
time from 18 months of age up to 7 years old (207). Those who consumed a lot of 
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fruit and vegetables at 18 months of age still consumed more at 7 years of age 
compared to the lower consumption group at 18 months of age. The authors 
observed that during the age when food neophobia was present, i.e., between 18 
and 36 months of age, the consumption in the high intake group decreased more 
than in the lower consumption group. However, after 36 months of age, the 
higher consumption group increased the intake until 7 years old and this was also 
associated with higher maternal education (207).  

One third of the participants in the Nordic group started at daycare before 18 
months of age. The fruit and vegetable intake reduced by 84 g/d (p=0.038) 
compared to those who remained at home in the Nordic group. The fruit intake 
was more affected (-54 g/d, p=0.043) in the group that started day care earlier 
within the Nordic group. The children in the Nordic group were allowed to eat all 
type of fruit and vegetables at preschool/day care since we could not request the 
staff at the preschools to serve only Nordic foods. We can only speculate if the 
parental support we offered to the Nordic group had positive effects on severing 
more of fruit and vegetables at home. It is uncertain which factors within starting 
day care affected intake the most. In the Conventional group starting day care did 
not change the fruit and vegetable intake.  

A previous systematic review conclude that it is  uncertain how parental support 
and education interventions affect the intakes of fruit and vegetables in young 
children (176). Parental support in the Nordic group may have increased the 
intake of fruit and vegetables, but to what extent is uncertain. The high adherence 
(95%) of using the optional food map to increase the variety of Nordic fruits, 
berries, vegetables and root vegetables indicated an interest in the continuation 
with the Nordic diet for the participating child. Likewise, the high attendance 
(75%) to the Facebook group and the appreciation of fast responses from the 
research team on questions raised by the parents likely affected the outcome 
positively. A European randomized study in three countries examined how an 
intervention focusing on parents which used repeated exposures increased the 
vegetable intake and acceptance among infants in the UK compared to the 
country-specific recommendations, but no significant effect was found in 
Portugal and Greece, possibly due to cultural variations where vegetables were 
common first foods in these countries compared to UK (180).  

Not surprisingly, the content of vegetables in the homemade baby food recipes, 
commercial baby food products and family food were different. The Nordic baby 
food study recipes had the highest content of vegetables, especially high fiber root 
vegetables, whereas the lowest content was found in family foods. Commercial 
baby food products, both those used in the Conventional group and the specific 
baby food products used for the Nordic group, displayed a wide range of 
vegetables content, varying between 4 to 60% (w/w). The Conventional group 
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transferred faster from baby food products to family food, and few used specific 
baby food recipes from cookbooks, websites etc. The Nordic group consumed 
more of baby food products between 12 and 18 months of age and used the 
designated Nordic baby food study recipes. The transfer period from baby food to 
family food seems to be a vulnerable period with difficulties to add vegetables into 
family foods. For example, “spaghetti bolognaise” from a commercial baby food 
product contained around 50-60% (w/w) of vegetables and roots, whereas the 
same dish served as family food often only contained tomatoes sauce, onion and 
garlic and serving vegetables in small amounts beside. Homemade main course 
meals for infants may offer a variety of vegetables compared to some of the 
commercial baby food products (94,95). 

The Conventional group consumed more of imported exotic fruit (banana, 
orange, mango etc.) during the study. Plant-based foods are generally more 
climate friendly and healthier than non-plant foods, but consumption of seasonal 
foods from the own region and reducing the import of far-away foods may have 
additional benefits from an environmental perspective. To achieve the UN’s 
sustainable development goals and the 2030 Agenda for sustainable 
development, it is essential to change our food consumption pattern, not only to 
be more plant-based but also to consume local corps (145,208). The updated NNR 
for 2022 (117) will include and highlight how to transfer the healthy diets 
suggested by the EAT-Lancet commission (140) to the public in the Nordic 
countries. This trial is the first effort to demonstrate how a Nordic diet can be 
practical implemented in the home-setting during complementary feeding.  

Biomarkers, growth and health effects  
Positive health effects from the Nordic diet have been found in several age-groups 
(125–127,131) but not previously investigated during infancy. The present study 
is the first of its kind and therefore it is difficult to compare the health outcomes 
to other Nordic diet studies on schoolchildren and adults. The health of infants 
has for example not been affected by lifestyles factors like unhealthy choices food, 
low physical activity, smoking and non-communicable diseases. 

There were no negative effects on growth, iron status or biomarkers due to the 
intervention. We found differences in plasma folate, which we interpret as an 
effect of higher intake of fruit and vegetables in the Nordic group. In a Danish, 
randomized study of 8-11 year old schoolchildren, increasing the signature foods 
of the Nordic kitchen resulted in higher folate levels compared to controls 
(131,132). The same Danish study demonstrated there were no between-group 
differences in serum ferritin or hemoglobin when eating a Nordic diet (203). In 
contrast, we found a significantly lower hemoglobin in the Nordic group at 18 
months of age, but other markers of iron status were not affected, and the risk of 
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iron deficiency was not different in the Nordic group. From the trial have we no 
data on inflammation markers. 

Numerous studies in adults have demonstrated positive weight effects from the 
Nordic diet (125–127). A Norwegian study among pregnant women with high 
adherence to the Nordic diet showed positive effects of fetal growth and of less 
weight gain in the women up to 8 years of post-delivery (134). We can only 
speculate if high adherence to the Nordic diet in the present trial can result in 
improved weight control beyond infancy. The Nordic diet includes a lot of fiber-
rich foods and a European study demonstrated that such foods were positively 
associated with children’s BMI and the risk of overweight in childhood (209). A 
Finnish randomized trial study showed longitudinal effects after 20 years 
intervention of signature Nordic foods with higher consumption of low-fat, 
unsweetened dairy, vegetable-oil based fats, whole grain products, fruit/berries, 
vegetables and lower intakes of sucrose and saturated fats compared to controls 
(210). We found significant differences between the groups during the entire 
study in the intake of fiber-rich root vegetables. 

We demonstrate that it is possible to optimize the diet during complementary 
feeding and to involve parents to take part of the Nordic diet concept. However, 
follow-up studies are essential to evaluate the effects from this trial. A Finnish 
population-based cohort study showed that nutrient density decreases after 1 
year of age and the child’s diet change between 2-6 years of age, influenced by the 
family diet with high intakes of energy dense foods with a lot of sucrose and 
saturated fat (85). They conclude that it is necessary to explore the family diet to 
improve the child’s diet as well. The Nordic group in our study had high 
adherence to the Nordic diet up to 18 months of age. What happens beyond that 
age requires further studies.   
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Conclusions 
In summary, a Nordic diet, reduced in protein, increased the daily intake of 
Nordic fruit, berries, roots and vegetables, establishing a preferable eating 
pattern lasting over 12 months. Parental support may have impacted the infants’ 
dietary intake in the Nordic group. Despite the higher attrition, Nordic foods are 
feasible to use when exposing infants to a variety of flavors so that healthy food 
preferences can be established early in life. Nordic berries and some root 
vegetables are preferable when introducing bitter and sour tastes during the 
sensitive period. When offering a systematical introduction with repeated 
exposures of taste portions of Nordic foods between 4-6 months of age, the 
breastfeeding rates did not decline. The protein-reduced, Nordic diet is both 
feasible and safe for infants’ growth, nutritional requirements and development 
during the complementary feeding period and it had no negative effects iron 
status or other biomarkers between 4-18 months of age. Thus, it may serve as a 
healthy and environmentally sustainable alternative to future infants and their 
parents. 

Paper-specific (I to IV) conclusions:  

I. Systematic introduction of taste portion with repeated exposures of 
Nordic fruit and vegetables at 4-6 months of age and a protein-reduced 
Nordic diet from 6 months of age increased the daily intake of fruit, 
berries, roots and vegetables at 9 months of age in the Nordic group 
compared to the Conventional group. The lower protein intake was 
replaced by higher intake of carbohydrates from fruit and vegetables in 
the Nordic group at 9 months of age without negative effects on growth 
or iron status.  

 
II. A protein-reduced, Nordic diet from 4-6 months to 18 months of age 

increased the daily intake of fruit, berries, roots and vegetables and 
affected the food pattern over time compared to the normal 
consumption among Swedish infants and toddlers. This was validated 
by a higher folate status in the Nordic group, and lower urea levels as a 
reflection of the lower protein intake. No group differences were found 
in growth, iron status or health parameters among those consuming the 
Nordic diet compared to the regular diet. Parental guidance such as 
support from social media, baby food recipes and systematical 
introduction of Nordic foods may improve the adherence to the Nordic 
diet. Long-term effects on body composition and other metabolic 
processes remains to be studied. 
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III. The Nordic group consumed a higher amount of fruit, berries, roots and 

vegetables at 12 and 18 months of age compared to the Conventional 
group. Food acceptance at the home exposure meals was not different 
between the groups due to the failure of the sensory properties of the 
served test meal. When the Nordic berry purées were mixed with other 
foods, this changed the sensory profile of the bitter and sour tastes and 
therefore were not comparable to the flavors from the taste portion 
schedule. However, the high acceptance of the bitter, sour and 
astringent flavors in Nordic fruit, berries and vegetables as seen from 
the food records make them useful in the introduction of 
complementary feeding during the sensitive period when food 
preferences and eating behaviors are established.   

 
IV. There were no differences in energy and macronutrients intake from 

the main course meals with an image-assisted method compared to 
regular food records. Regular foods records with or without image-
assistance overestimated energy intake by 10% compared to 
metabolized energy (TEE). The image-assisted method did identify 
leftovers better than regular food records, where such information is 
usually not readily available, and it may thereby improve the accuracy 
of energy intake and macronutrients. Validated technical software 
applications are required to estimate dietary intake by images more 
accurately and cost-effectively.   
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Practical implications and future research 
Future dietary assessment validation studies should focus on technical 
applications for smartphones to improve identification of food items and food 
volumes from images and to decrease the random error, workload and costs 
associated with dietary intake research. Image-assisted methods identify useful 
information such as leftovers which cannot be estimated from regular food 
records. The development of such technical solutions, utilizing images-assisted 
methodology would be an efficient way to reduce problem of over-reporting 
dietary intake among infants, which in turn may improve the link between dietary 
exposure and health in infants. In the meantime, food records remain the most 
efficient method for researchers and clinicians alike to collect, analyze and 
interpret dietary data from infants.  

Multicomponent interventions with long-term follow-up are required to advance 
the field of child nutrition research. Home-based interventions, where the 
families spend most of the eating episodes with young children are lacking. More 
studies are needed to bridge the gap in research between the transfer period from 
baby food to family food at 1-2 years of age. Future research might focus on to 
improving the whole family diet during the transfer period from baby food to the 
family diet.  

Further, large RCT studies of Nordic diet during infancy and later childhood are 
needed. The long-term effects of the Nordic diet during this highly dynamic 
period of childhood need continued follow-up to school age to give indications of 
any lasting health effects. Future research might include Nordic foods with bitter 
and sour flavors starting already during pregnancy, lactation and to the offspring 
during complementary feeding to evaluate the long-term perspective of flavor 
learning and acceptance of Nordic foods from the prenatal period and beyond. 
Further research is also required to expand healthy diets with sustainable and 
climate friendly food to decrease greenhouse gas emissions in order to be in line 
with Agenda 2030 and UN’s sustainable development goals.  

The practical implications of the OTIS trial are that it is feasible to introduce 
Nordic diet through repeated exposure with sensory experiences that are not 
presently used among Swedish infants. We realize that it is possible to improve 
eating behaviors over time using a home-based intervention, where parents are 
involved the in preparation of healthy sustainable Nordic foods. The Nordic 
complementary diet approach is healthier compared to the current standard in 
terms of early flavor learning to establish food preferences which allows for food 
choices that are environmentally sustainable as well as plant-based. The Swedish 
national guidelines for infants do not yet include systematic flavor learning and 
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do not include an environmentally sustainable food perspective during 
complementary feeding. Bridging this gap further is essential to implement 
sustainable, healthy complementary feeding on a wider scale.  
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Appendix 
Appendix 1. Baby foods in the OTIS trial from 6 mo to 18 mo of age.  

1 Twenty-eight homemade Nordic baby food recipes with four 7-day nutritionally balanced menus 
based on ND and reduced in protein. The homemade baby food recipes were kept isocaloric by using 
a high content of root vegetables, whereas the content of fat remained the same. The families were 
also provided with ten family recipes with purpose to introduce Nordic food to the whole family. 2To 
reduce the protein content of the baby food in glass jars (BIG), half of the content of the BIG was 
replaced with vegetables from either commercial vegetable purées or 14 different homemade Nordic 
vegetables purées made by the parents. 3 Food map with 28 homemade Nordic recipes of 14 fruit/berry 
purées and 14 vegetable purées. Eight of these recipes were a part of the taste portion schedule and 
mandatory to try during the period of repeated exposures. The rest of the recipes were optional to use 
in the main course meals or between meals. 4Optional to use the free of charge baby food products 
from Semper AB, Sweden or to buy other baby food brands during the study period. 

 

Type of meal or food   Type of baby foods 
and recipes 
provided  

Nutritional 
composition  

Producer 

Nordic group    

Main course meal1    
(optional to use) 

Homemade Nordic 
baby food recipes.1  

Low protein; 1.8-2.9 
g/100 g purée.                                           
High content of root 
vegetables. 

Study recipes  

Main course meal2 
(suggested to use) 

Commercial glass jars 
(BIG) of pureed 
Nordic baby foods 
mixed with vegetable 
purée.2 

Low protein; 1.8-2.9 
g/100 g purée.                                               
At serving added with 
extra fat from rapeseed oil 
to be isocaloric. 

Semper AB, 
Sweden, study 
recipes 

Fruit and vegetable 
(suggested and optional3 
to use) 

Commercial Nordic 
fruit and vegetable of 
pureed baby food and 
homemade Nordic 
baby food recipes.3 

Regular macronutrient 
content.  

Semper AB, 
Sweden, study 
recipes 

Cereals       
(suggested to use) 

Age-appropriate 
porridge, milk cereal 
drink (MCD) and 
milk drink. 

Low protein; 2.3-3.0 
g/portion porridge; 1.2-1.5 
g/100 ml MCD.   

Semper AB, Sweden  

Conventional group4    

Main course meal Commercial glass jars 
(BIG) of pureed baby 
foods.  

Regular protein; 2.4-4.0 
g/100 g purée. 

Semper AB, Sweden 

Fruit and vegetable Commercial fruit and 
vegetable of pureed 
baby food.  
 

Regular macronutrient 
content. 

Semper AB, Sweden  

Cereals Age-appropriate 
porridge, milk cereal 
drink (MCD) and 
milk drink.  

Regular protein 3.8-4.8 
g/portion porridge; 1.9-
2.2 g/100 ml MCD.   

Semper AB, Sweden  



 

  

Appendix 2. Sensory properties of baby food purées evaluated by the sensory panel. 
 

Sensory property Reference sample Concentration 
Value in 
scale 

Aroma Total intensity of 
aroma 

   

 Sweet aroma    
 Sour aroma    
 Fresh aroma    
Texture Grainy Piltti baby food purée 

banana and lingonberry 
(Suomen Nestlé Oy, 
Finland) 

 

2 
     
  Rye lingonberry porridge 

(Saarioinen Oy, Finland) 
 

6 
     
 Watery Piltti baby food purée 

banana and peach (Suomen 
Nestlé Oy, Finland) 

 

2 
     
  Piltti baby food purée apple 

and banana (Suomen Nestlé 
Oy, Finland)   6 

     
 Thick Apple purée (Bonne Juomat 

Oy, Finland) 
 

3 
     
 Mouth filling Semper solskensfrukt och 

yoghurt (Semper Ab, 
Sweden) 

 

6 
     
 Sticky Piltti baby food purée 

banana and peach (Suomen 
Nestlé Oy, Finland) 

 

4 
     
  Semper baby food purée 

solskensfrukt och yoghurt 
(Semper Ab, Sweden) 

 

7 
Taste 
and 
flavor 

Total intensity of 
flavor 

   

 Sweetness Sucrose solution 1 % 2 
  Sucrose solution 2,00 % 8 
     
 Sourness Citric acid solution 0,035 % 2 
  Citric acid solution 0,07 % 6 
     
 Bitterness Caffeine solution 0,0175 % 2 
  Caffeine solution 0,035 % 6 
     
 Umami Natrium glutamate solution 0,10 % 7 
     
 Saltiness Natrium chloride solution 0,05 % 8 
     
 Astringency Aluminum  

ammoniumsulfate solution  0,05 % 4 
 Intensity of 

aftertaste  
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