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AGRIP

Bakgrunnur og markmid: Mikil proteinneysla ungbarna hefur verid tengd vid aukinn voxt
og herri likamspyngdarstudul (LPS) & barnsaldri. Rannséknir benda til pess ad prétein fra
dyraafuroum, og pa sérstaklega mjélkurafuréum, hafi meiri &hrif & voxt en prétein fra
jurtaafurdum og ad ahrifum sé midlad i gegnum insalin-likan vaxtarpétt 1 (IGF-1). islenskar
radleggingar um matara@di ungbarna voru endurskodadar arid 2003. Ahersla var 16gd &
brjostagjof og takmarkada neyslu kdamjolkur. Pessi ritgerd byggir & gdgnum ur tveimur
framvirkum ferilrannsknum 4 islenskum ungbdrnum, feeddum 1995-6 og 2005, fyrir og eftir
endurskodun radlegginganna. Eftirfylgni var framkvaemd vid 6 ara aldur. Markmid voru: 1)
Ad kanna ahrif endurskodadra radlegginga & proteinneyslu ungbarna og moguleg ahrif & LPS
og tioni ofpyngdar vid 6 ara aldur og 2) AJ rannsaka tengsl milli préteinneyslu ungbarna og
LPS auk IGF-1 styrks i blodi barna vid 6 ara aldur med aherslu & uppruna proteina.

Adferdir: patttakendur voru 90 born feedd 1995-6 og 170 born feedd 2005. Feeduneysla vid 9
0g 12 méanada aldur var metin med vigtadri feeduskraningu. Upplysinga um had og pyngd &
fyrsta aldursari, vid 18 manada aldur (bara 2005 rannsoknin) og vid 6 ara aldur var aflad.
Blodprufa var tekin og styrkur IGF-1 maeldur vid 6 ara aldurinn (bara 2005 rannsoknin).
Nidurstddur: Helsta breyting i feeduvali barna milli 1995-6 og 2005 rannsdéknanna var minni
neysla & kiamjolk (sem inniheldur 3,4 g protein/100 g) og hennar i stad fengu born almennt
stoomjolk til drykkjar (1,8 g protein/100 g). betta leiddi til marktaekt leegri préoteinneyslu i
sidari rannsokninni samanborid vid pa fyrri, 11,9% af heildarorku (E%) samanborid vid 14,4
E% (P<0,0001) vid 9 manada aldur og 14,6 E% samanborid vid 15,6 E% (P=0,016) vid 12
méanada aldur. Neysla kiamjolkur og proteina, og pa sérstaklega proteina fra dyraafuroum, vid
12 ménada aldur var jakveett tengd LPS vid 6 ara aldur. Nidurstédurnar spadu pvi ad fyrir
hver auka 100 g sem 12 manada goémul boérn neyttu af kiamjolk myndi LPS vid 6 ara aldur
haekka um 0,2 (0,0; 0,3) kg/m?. Bérn i hasta fj6rdungi dyrapréteinneyslu (> 11,9 E%) vid 12
ménada aldur voru med marktaekt harri LPS vid 12 manada (0,7 (0,0; 1,3) kg/m?), 18 manada
(0,7 (0,1; 1,3) kg/m?) og 6 ara aldur (0,8 (0,2; 1,4) kg/m®) en bérn i legsta fjordungi
dyraproteinneyslu (<7,7 E%). Born sem enn voru a brjésti vid 12 manada aldur (19% barna i
2005 rannsékninni) voru med legri LPS vid 18 ménada aldur (-0,7 (-1,2; -0,1) kg/m?) en bérn
sem voru skemur a brjosti. Jakveett linulegt samband fannst milli neyslu mjélkurpréteina 12
méanada stulkna og IGF-1 styrks peirra i blddi vid 6 ara aldur (5,4 (2,5; 8,2) ug/l), 6had haed



0g pyngd vid 6 ara aldur. Hlutfallslega feerri bérn voru greind sem of pung (og of feit) i 2005
rannsokninni samanborid vid 1995-6 rannsdknina, 12% samanborid vid 21% (P=0,045).
Alyktanir: Nidurstodurnar benda til pess ad endurskodun radlegginga og tilkoma stodmjélkur
a markad hafi dregid ur proteinneyslu medal islenskra ungbarna. Hugsanlega & pessi breyting
patt i pvi ad LPS 6 ara barna virdist fara lekkandi og feerri bérn greinast of pung i sidari
rannsdkninni samanborid vid pa fyrri. Nidurstédurnar stydja dherslur um brjostagjof auk pess
sem leita parf leida til ad draga ur mikilli neyslu préteina Gr dyraafurdum. Astaeda er til ad
kanna nanar pydingu haekkads IGF-1 styrks medal 6 ara stulkna sem neyttu mikils magns
mjolkurpréteina vio 12 manada aldur. Hatt IGF-1 geeti verid visbending um snemmbuinn
kynproska sem talinn er geta haft sleem ahrif & heilsu sidar a avinni.



ABSTRACT

Background and objective: High protein intake in infancy has been associated with
increased growth and higher body mass index (BMI) in childhood. It has been suggested that
animal protein, in particular dairy protein, has a stronger association with growth than
vegetable protein has and that the effects might be mediated via insulin-like growth factor 1
(IGF-1). Icelandic infant dietary recommendations were revised in 2003, emphasising
prolonged breastfeeding and limited consumption of cow’s milk. This thesis is based on data
from two prospective cohort studies on Icelandic infants, born in 1995-6 and 2005, previous
to and after the revision of recommendations. Participants were followed-up at 6 years of age.
The objectives of this thesis were: 1) To study the effects of revised recommendations on
protein intake among infants and possible effects on BMI and prevalence of overweight at 6
years, and 2) To study the relationship between protein intake in infancy and BMI in addition
to IGF-1 concentration at 6 years, with focus on sources of dietary protein.

Methods: Subjects were 90 children born in 1995-6 and 170 children born in 2005. Dietary
intake at 9 and 12 months was assessed by weighed food records. Information about height
and weight during the first year of life, at 18 months (only 2005 cohort) and at 6 years was
gathered. Blood samples were taken and IGF-1 measured at 6 years of age (only 2005 cohort).
Results: The main alteration in the diet of children between the 1995-6 and 2005 cohorts was
a shift from cow’s milk (containing 3.4 g protein/100 g) towards a general consumption of
follow-on formula (1.8 g protein/100 g). This resulted in a significantly lower intake of
protein in the latter cohort compared to the former, 11.9 percent of energy (E%) vs. 14.4 E%
(P<0.0001) at 9 months and 14.6 E% vs. 15.6 E% (P=0.016) at 12 months of age.
Consumption of cow’s milk and protein, especially animal protein, at 12 months was
positively associated with BMI at 6 years. The results indicate that each 100 g increase in
cow’s milk at 12 months of age would result in a 0.2 (0.0, 0.3) kg/m? higher BMI at 6 years.
Children in the highest quartile of animal protein intake at 12 months (>11.9 E%) had higher
BMI at 12 months (0.7 (0.0, 1.3) kg/m?), 18 months (0.7 (0.1, 1.3) kg/m?) and 6 years (0.8
(0.2, 1.4) kg/m?) than children in the lowest quartile of animal protein intake (<7.7 E%).
Children still being breastfed at 12 months (19% in the 2005 cohort) had lower BMI at 18
months (-0.7 (-1.2, -0.1) kg/m?) than children breastfed for a shorter duration. Dairy protein
intake at 12 months was a positive predictor of IGF-1 at 6 years for girls (5.4 (2.5, 8.2) pg/l),

independent of height or weight at 6 years. Relatively fewer children were classified as being



overweight (including obese) in the 2005 cohort compared to the 1995-6 cohort, 12% vs. 21%
(P=0.045).

Conclusions: The results presented in this thesis suggest that the revised recommendations
and the general use of follow-on formula decreased protein intake among Icelandic infants. It
is possible that this alteration is partly responsible for a downwards trend in BMI at 6 years
and lower overweight prevalence in the 2005 cohort than the 1995-6 cohort. The results
support the emphasis on breastfeeding and display a requirement for approaches aimed at
decreasing intake of animal protein. The relevance of higher IGF-1 concentration among 6
year old girls with high intake of dairy protein at 12 months should be examined. High IGF-1
may be a suggestion of early puberty that may have negative effects on health later in life.
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ABBREVIATIONS

AR adiposity rebound

BF% percentage body fat

BF breastfeeding

BMI body mass index (kg/m?)

E% percent of energy

EBF exclusive breastfeeding

GH growth hormone

HP high protein

ICEFOOD a nutrient calculation program

IGF-1 insulin-like growth factor 1

IGFBP insulin-like growth factor 1 binding protein
IOTF International Obesity Task Force

IQR interquartile range

ISGEM the National Food Composition Database
KG BW kilogram bodyweight

LP low protein

MUFA monounsaturated fatty acid

PUFA polyunsaturated fatty acid

RCT randomized controlled trial

SAS an integrated system of software products
SFA saturated fatty acid

SD standard deviation

WHO World Health Organization
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1. INTRODUCTION

There is growing evidence that high protein intake in infancy is associated with increased
growth and higher body mass index (BMI) later in childhood (Koletzko et al., 2009a). Less is
known about whether only certain protein qualities or protein from specific food groups could
be responsible for the possible associations between early protein intake and later BMI and
about the role of insulin-like growth factor 1 (IGF-1) as a mediator in this pathway.

A study on 90 Icelandic 6 year old children who were participants in an infant study in
1995-7 showed higher BMI of boys consuming a high protein diet in infancy (Gunnarsdottir
& Thorsdottir, 2003). The high protein intake of the children in the study was mainly
attributable to the practice of introducing cow’s milk in the latter half of the first year when
breastfeeding diminished or ceased, and the infrequent use of infant formula (Atladottir &
Thorsdottir, 2000). Among other emerging issues from the study was high prevalence of iron
deficiency at 12 months, also associated with high intake of cow’s milk (Thorsdottir et al.,
2003).

Following these results, in 2003 revised infant dietary recommendations were
published in Iceland (The Icelandic Nutrition Council & Centre for Child Health Services,
2003). Icelandic follow-on formula (Stodmjolk) with less protein (1.8 g vs. 3.4 g protein/100
g) and higher iron content than regular cow’s milk was developed and recommended during
weaning from 6 months to 2 years of age (Thorisdottir et al., 2011). The formula was made
available at a fair price in every grocery shop ready-made in 500 ml cartons, which was set as
the upper recommended daily intake of milk consumption. Breastfeeding was emphasised
more than before by adopting the World Health Organization (WHQO) recommendation for
exclusive breastfeeding until 6 months of age (World Health Organization, 2003) instead of 4-
6 months as previously recommended and also by encouraging partial breastfeeding until the
age of 1 year or older if suiting mother and child. The revised recommendations are
introduced to all parents of newborns by healthcare professionals at healthcare centres.

In 2005-7 a new Icelandic infant study was conducted to assess the impact of the
revised recommendations in the infant population. The study showed that dietary intake in
infancy had moved towards the revised recommendations. Use of follow-on formula had
replaced regular cow’s milk to a great extent in the latter half of the first year compared to the

1995-7 study and an enormous improvement of iron status among 12 month olds was evident



(Thorisdottir et al., 2011). A follow-up study on the 2005-7 cohort was conducted in 2011-12,
when the children were 6 years old.

This thesis is based on data from the two prospective cohort studies on Icelandic
infants, born 10 years apart (1995-6 and 2005), followed up at six years of age (in 2001-2 and
2011-12). Several scientific papers have been published presenting results both from the
original studies on infant diet and from the follow-up studies.

The aims of the thesis were to:
1) Study the effects of revised recommendations on protein intake among infants and
possible effects on BMI and prevalence of overweight at 6 years.
2) Study the relationship between protein intake in infancy and BMI in addition to IGF-1
concentration at 6 years for the 2005 cohort exclusively with focus on sources of
dietary protein.

The thesis is based on a review of the literature with respect to the aims of the thesis and
the following manuscripts:
1) Infant dietary predictors of BMI at 6 years: Two population based studies conducted
10 years apart.
2) Protein sources in infancy as predictors for body mass index and IGF-1 concentration

at the age of 6 years.



2. REVIEW OF LITERATURE

Overweight and obesity are considered major public health threats with serious consequences,
including premature mortality and long-term morbidity due to noncommunicable diseases,
e.g. cardiovascular disease, type 2 diabetes and many cancers. Overweight and obesity are not
only serious challenges in adults but also in children (World Health Organization, 2012).

2.1 Childhood overweight and obesity

The ideal way of defining childhood overweight and obesity is unclear, making monitoring
and comparison of prevalence between studies and countries complicated. Childhood
overweight and obesity are known to have both immediate and longer term health effects in
addition to reductions in quality of life and a greater risk of teasing, bullying and social
isolation (World Health Organization, 2012). Further, childhood overweight and obesity are
known to track into adolescence and adulthood (Johannsson et al., 2006; Singh et al., 2008).
Population-based approaches to prevent childhood overweight and obesity are therefore
important. In this thesis the focus is on primary prevention of early childhood overweight and

obesity from a public health perspective.

2.1.1 Definition of childhood overweight and obesity

Although percentage body fat (BF%) and waist circumference might be the best suited
measurements to indentify children with adverse cardiometabolic risk factor profiles
associated with overweight and obesity, BMI is widely accepted as a valid indirect measure of
adiposity in children. BMI is associated with body composition and risk factors of overweight
and obesity and, especially important in epidemiological studies, is based on widely available
measurements (Reilly et al., 2010; Rolland-Cachera, 2011). BMI is calculated as weight (kg)
divided by the square of height (m) and in children expressed as a function of age and gender.
There are three sets of growth references commonly used to assess a child’s BMI: national
definitions of excessive BMI for age, the International Obesity Task Force (IOTF) cut-off
points (Cole et al., 2000), and those published by WHO (WHO Multicentre Growth Reference
Study Group, 2006). The most widely used definition of childhood obesity is the IOTF
approach that gives age- and gender-specific cut-off points for BMI for overweight and
obesity defined to pass through BMI of 25 and 30 kg/m? at 18 years of age (Cole et al., 2000).

3



2.12 Prevalence of childhood overweight and obesity

Worldwide, it is estimated that 170 million children under the age of 18 years are overweight
or obese and in some countries the number of overweight and obese children has increased
threefold in the last three decades (World Health Organization, 2012). While the prevalence
of childhood overweight and obesity is still increasing in many countries, in particular
developing countries (Gupta et al., 2012), recent studies from several areas in Europe and US
report that since the early 2000s this trend seems to be levelling off or even decreasing
(Bluher et al., 2011; Lazzeri et al., 2008; Rokholm et al., 2010).

There is suggestive evidence that the childhood overweight and obesity pattern in
Iceland is similar to the areas in Europe and US reporting stability in the last decade. Since
tracking of height and weight of 9 year old schoolchildren in Reykjavik area was initiated a
steady and alarming increase in prevalence of overweight and obesity was seen, from below
7% in 1958 to 24% in 1998 (S. Jonsson et al., 2011). The previous growth then seems to be
followed by stabilization from 1998 to the last published measurements in 2010, with around
20% of 9 year old children being overweight or obese. The prevalence of 6 year old
schoolchildren in Reykjavik area born between 1998 and 2004 also seems stable (S. Jonsson
etal., 2011).

2.1.3 The importance of primary prevention

In general, prevention of a problem is preferable to treatment of the problem, and this is
certainly true in the case of childhood overweight and obesity. Firstly, by preventing
overweight and obesity, children do not suffer from any of the negative physical and
psychological effects associated with overweight and obesity. Secondly, treatment is often not
universally effective or even available and therefore many overweight or obese children may
not successfully overcome the problem. Thirdly, prevention can be less expensive than
treatment. Primary prevention has been considered desirable with regard to childhood
overweight and obesity since it confers benefit to the widest scope of children possible and
because it may reduce labels associated with programmes targeted at specific high-risk
populations (Haynos & O'Donohue, 2012).

Although the obesity epidemic is at last assumed to be a consequence of changes in

cultural, behavioural and lifestyle factors that promote a positive energy balance (Singhal et



al., 2010), dietary factors during the sensitive period of infancy and early childhood are
increasingly recognized as being potentially critical for later predisposition to obesity

(Koletzko et al., 2009a). In this context, protein has received particular attention.

2.2 Dietary protein

Protein is a component of all organic material in cells and membranes of animals and plants
and performs specific functions within the body, e.g. enzyme, hormone and antibody action.
The protein molecules are built of 20 amino acids. Dietary protein is needed by the human
body for growth and maintenance and has two roles: a specific role as a source of nitrogen
and amino acids and a non-specific role as an energy source. Thus the requirement of protein
is actually a requirement of amino acids and nitrogen. The energy needs of an individual must
be fully met so that dietary protein can be used for essential functions and growth. Due to the
large requirements of growth, protein requirements of infants and young children are higher
than that of older children and adults when expressed per kilogram bodyweight (kg BW), but
the question of optimal protein intake during early childhood has generated substantial

controversy (Nordic Nutrition Recommendations, 2004).

2.2.1 Protein quantity

The Nordic nutrition recommendations from 2004 present no adequate intake of protein for
infants up to 6 months of age. During this period protein content of breast milk, that is
estimated to be about 1.2 g/100 kcal or 5-7 percent of total energy (E%) is considered
adequate in term infants (Agostoni et al., 2005; Michaelsen, 2000; Nordic Nutrition
Recommendations, 2004). Infant formulas often provide infants with 55-80% higher protein
per kg BW than breast milk (Koletzko et al., 2009b) as the protein content must be in the
range of 1.8 g/100 kcal and 3 g/100 kcal (European Commission, 1991). For infants 6-11
months, adequate intake is estimated to be 1.1 g protein/kg BW and recommended protein
intake as percentage of total energy 7-15 E%. Equivalent numbers in the 12-23 month period
are 1.0 g protein/kg BW and 10-15 E% (Nordic Nutrition Recommendations, 2004). In the
complementary feeding period, when infants are introduced to a diet based on family food, it
is estimated that the protein energy ratio will increase from 5-7 E% in breast milk to 12-15

E%, the typical protein content of a family diet (Michaelsen, 2000).



2.2.2 Protein quality and food sources

Amino acids are classified as either essential amino acids that cannot be synthesised in the
human body and must be obtained from foods or nonessential amino acids that can be
synthesised within the body from other amino acids. Protein quality is an indicator of how
well a protein from food matches the body’s requirements and is determined from the
presence and ratio of essential amino acids in the protein. As a general rule, protein from
animal origin is of high quality, being rich in essential amino acids and almost fully absorbed,
while protein from plant origin is of lower quality, with reduced values of essential amino
acids and higher values of non-essential amino acids. The Nordic nutrition recommendations
base their reccommendations on average protein requirement on intake of high-quality protein.
Dietary proteins of plant origin complement each other and protein quality is usually not a
nutritional problem in complex meals in the typical Nordic setting (Nordic Nutrition
Recommendations, 2004).

Dietary protein is found in almost all foods of animal and plant origin. Dairy, meat and
cereals have been found to be the main protein sources in the complementary feeding period
in Icelandic infants (Thorsdottir et al., 2008) and US infants (Fox et al., 2006). Fish also
provides Icelandic infants with a significant amount of dietary protein (Thorsdottir et al.,
2008).

2.3 Growth in infancy

Infancy is a period of rapid growth. In infancy, growth is highly sensitive to energy and
nutrients. Studies showing that formula-fed term infants gain weight faster than breastfed
infants (Atladottir & Thorsdottir, 2000; Dewey, 1998; Ziegler, 2006), gave rise to the idea
that high protein intake accelerates infant growth. Today, energy and certain micronutrients
are thought to stimulate growth in infancy along with dietary protein (Larnkjaer et al., 2012).
Rate of growth has metabolic and hormonal effects, which have the potential to trigger
lifelong consequences.

Rapid weight gain in infancy is accounted for largely by rapid accumulation of fat
mass and is associated with obesity in childhood (Baird et al., 2005; Monteiro & Victora,
2005; Ong & Loos, 2006; Weng et al., 2012). In fact, high weight gain during the first 24

months of life has been considered the best overall predictor of overweight and obesity at



school entry, compared to other anthropometric markers and time intervals (Koletzko et al.,
2009a).

Overweight and obesity are among the major risk factors of certain types of cancer.
Results from a systematic literature review, published in 2007 (World Cancer Research
Fund/American Institute for Cancer Research, 2007), suggested that a growth pattern (i.e.
weight and height gain) through childhood and adolescence that would result in BMI at the
lower end of the normal range at 21 years should be recommended in order to reduce the risk
of cancer. The main argument for this recommendation was that being at the lower end of the
normal range in the beginning of adulthood would allow natural weight gain during adulthood
within the defined normal weight of BMI 18.5-24.9 kg/m?.

2.4 Protein hypothesis

The "early protein™ hypothesis, that postulates that high protein intake early in life stimulates
growth and concurrently increases the risk of overweight and obesity later in life was first
proposed in 1995 (Rolland-Cachera et al., 1995). In this study of 112 French children,
nutritional intakes at the age of 2 years and weight, length and skinfold thickness at 10
months, 2, 4, 6 and 8 years were measured. Significant correlations were found between the
percentage of protein at 2 years of age and both BMI and subscapular skinfold thickness at 8
years after adjusting for energy intake at 2 years and parental BMI.

Since 1995, several cohort studies and one randomized controlled trial (RCT) have
found an association between higher protein intake in infancy and increased growth during

infancy or higher BMI in childhood, supporting the protein hypothesis.

2.4.1 Cohort studies

In addition to finding a relationship between childhood overweight and overweight status of
their parents, an Italian study from 2000 found that children that were overweight at 5 years of
age had higher intake of protein at the age of 1 year than non-overweight children (Scaglioni
et al., 2000). The authors concluded that while parental overweight seemed a major risk factor
for childhood overweight in the first years of life, an early high protein intake might also
influence the development of obesity.

As presented in the introduction chapter of this thesis, the Icelandic study on children

born in 1995 found an association between high intake of protein at 9-12 months of age and
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higher BMI at 6 years, only among boys. Rapid growth during the first year of life was
however associated with increased BMI at 6 years in both genders (Gunnarsdottir &
Thorsdottir, 2003). The authors discussed that the gender difference observed in the study
might be due to different growth patterns of boys and girls or could be caused by
endocrinological differences.

By contrast, results from the DONALD study in Germany found a higher relative
protein intake between 12 and 24 months to be associated with higher BMI at adiposity
rebound (AR), only among girls (Gunther et al., 2006). AR is the turning point, normally
between 4 and 6 years of age, when a child’s BMI begins to increase again after having
reached the nadir. The mean age of AR among the girls in the study was 5.4 years.

A study from the UK found that meat intake from 4-12 months was positively related
to weight gain up to 12 months. The authors suggested that the association might be mediated
via protein intake, because of the high protein concentrations in meat (Morgan et al., 2004).

A Danish study found that protein intake at 9 months of age was positively associated
to height and weight, but not body fatness (BF% or BMI) at 10 years of age (Hoppe et al.,
2004b). The authors’ conclusion was that while the data suggest that a high protein intake
stimulates growth, it does not support the theory that it leads to a higher risk of overweight
and obesity.

Further results from the DONALD study (Gunther et al., 2007a) are likely the first to
show that a higher intake of protein during infancy or childhood might result in accretion of
fat mass. Their main results were that a consistently high protein intake at the ages of 12 and
18-24 months was associated with both higher BMI and higher BF% at 7 years of age. Protein
intake at 6 months did not show any association with the outcomes.

Two recent studies have investigated protein intake in the second year of life and BMI
in childhood. While BMI at 6-18 months was found to be the strongest predictor of BMI at 4
years in a Swedish study, protein intake at 17-18 months and at 4 years were also among
contributing factors (Ohlund et al., 2010). A study from Australia showed that protein intake
at 18 months was positively associated with BMI and waist circumference at 8 years of age
(Garden et al., 2011).

A study from the US studied diet and growth in children aged 2-8 years as predictors
of BMI at 8 years. Mean protein, as well as mean fat intakes, between 2 and 8 years were
found to be positive predictors of BMI at 8 years. Mean carbohydrate intake over the same

time period was negatively related to BMI at 8 years (Skinner et al., 2004).



While prospective epidemiological studies give clear indications to support the early
protein hypothesis, RCT have the potential, beyond epidemiological studies, to test the real

effect of dietary protein on growth and BMI.

2.4.2 Randomized controlled trials

A multicentre randomized trial conducted in five European countries studied whether higher
or lower protein intakes during the first year of life influenced growth until the age of 2 years
(Koletzko et al., 2009b). Infants were randomly assigned to receive infant and follow-on
formulas with lower (1.25 and 1.6 g protein/100 ml, respectively) or higher (2.05 and 3.2 g
protein/100 ml, respectively) protein contents for the first year of life. The protein contents
represented approximately the lowest and highest levels of the range accepted in the 1991 EU
Directive on Infant and Follow-on Formulae (European Commission, 1991). For comparison,
children exclusively breastfed for at least the first 4 months of life were followed. Differences
in weight, weight-for-length and BMI between the formula groups emerged at 6 months and
remained thereafter with a decreasing tendency towards the end of the study at 2 years of age,
where the difference in BMI between the high (HP) and low (LP) protein groups was 0.3
kg/m?. At 2 years of age the weight-for-length z score of infants in the LP group did not differ
from that of the breastfed reference group. The authors suggested that lower protein intake in
infancy might diminish the later risk of overweight and obesity via slower weight gain in
infancy. Further follow-up is planned up to school age and it will be very interesting to see
whether the randomization to LP and HP groups will have effects on BMI and overweight and
obesity risk at school start.

Other intervention studies have not found an association between protein intake and
growth. A Danish study (Larnkjaer et al., 2009a) found no effect of milk type (whole milk or
infant formula) on growth between 9 and 12 months. However, drop-outs (17% in whole milk
group and 6% in formula group) were shorter at 9 months than participants, which might have
affected the results. Another study (Raiha et al., 2002) found no difference in BMI or weight
and length gain between four feeding groups (breastfed vs. formula fed with different protein
content and ratio whey/casein) during the first 4 months of life. The difference in protein
contents between the study formulas was however smaller than in the multicentre randomized
trial discussed above (Koletzko et al., 2009b) and the intervention period was also shorter.

To summarize, there is growing evidence that high protein intake in infancy is

associated with higher BMI and increased risk of overweight and obesity later in life. While
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most studies in the context of the protein hypothesis have concentrated on total protein intake,
a few studies have investigated whether intake of only animal or plant protein or protein from
distinct food sources (e.g. dairy, meat and cereals) could be responsible for potential
associations between early protein intake and later body fatness.

2.5 Protein sources

A prospective longitudinal pilot study from the Netherlands (Weijs et al., 2011) aiming at
assessing the combined effects of high animal protein intake and high beverage sugar intake
showed that infants in the highest tertile of animal protein intakes at 4-13 months of age had a
more than 9 times higher risk of becoming overweight at 8 years than infants consuming less
animal protein, independent of beverage sugar intake. Combined effects of high intakes of
animal protein and beverage sugar were even more deleterious than independent effects of
either one. The study did not take total protein or dairy protein into consideration.

Results from the DONALD cohort in Germany (Gunther et al., 2007b) indicated that
higher total and animal, but not vegetable protein intakes (at the ages of 12 months and 5-6
years, stronger effects at 12 months) were positively related to body fatness (BMI and BF%)
at 7 years of age. With respect to food groups, dairy, but not meat or cereal protein intake,
was related to an unfavourable body composition at 7 years.

On the contrary, a cohort study from Australia (Garden et al., 2011) found a negative
association between dairy protein intake at 18 months and BMI at 8 years, and a positive
association between meat protein intake and BMI. The reason for the opposite findings of this
study and the DONALD study is unknown. It might though be conceivable that it may be
explained to some part by different patterns of consumption of protein sources due to cultural
or age dependent issues. For example, it is possible that while dairy consumption of the 12
month olds in the DONALD study is characterized by a higher intake of fluid milk, e.g.
formula, dairy consumption of the 18 month olds in the Australian study is characterized by a
higher intake of solid milk products.

Overall, it seems probable that intake of animal protein has a stronger association with
later risk of overweight and obesity than vegetable protein has. Studies on IGF-1 strengthen

this assumption.
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2.6 Biological plausibility of the protein hypothesis: IGF-1

IGF-1 is a polypeptide hormone that it synthesised in the liver upon stimulation by growth
hormone (GH) and circulates in the plasma bound to specific IGF-binding proteins (IGFBPS).
IGF-1 has anabolic effects: enhances glucose and amino acid uptake, inhibits protein
breakdown and is involved in cell replication and proliferation, protein synthesis,
carbohydrate homeostasis and bone metabolism. As such it has growth promoting effects on
almost every cell in the body and plays a central role in stimulating systemic body growth,
adipocyte differentiation and multiplication, and early development of overweight and obesity
(Friedrich et al., 2008; Grohmann et al., 2005; Laron, 2001; Madsen et al., 2011).

GH and the IGFBPs determine the circulating levels and tissue availability of IGF-1
together with a factor especially important in infancy: nutrition (Grohmann et al., 2005).
While energy intake and certain micronutrients might influence IGF-1, it is hypothesized that
protein intake might be the most important dietary stimulator of IGF-1.

2.6.1 Effect of dietary protein on IGF-1 concentrations

Studies on 3, 4, 6 and 9 month old infants (Chellakooty et al., 2006; Madsen et al., 2011;
Savino et al.,, 2005; Socha et al., 2011) have shown an inverse relationship between
breastfeeding and IGF-1 concentration. Cross-sectional studies have shown positive
associations between animal protein and milk on one hand and IGF-1 on the other hand at
ages 2.5 and 7-8 years in both boys and girls (Hoppe et al., 2004c; 1. Rogers et al., 2006; I. S.
Rogers et al., 2005), and short intervention studies have shown stimulating effects of protein,
animal protein and milk on IGF-1 in infants (Larnkjaer et al., 2009a; Socha et al., 2011), 8
year old boys (Hoppe et al., 2004a), and 10-11 year old children (Rich-Edwards et al., 2007).
On the contrary, it has been proposed that protein from plant sources entail a rise in IGFBPs
that block the activity of unbound IGF-1 (Krajcovicova-Kudlackova et al., 2005; McCarty,
1999).

It is likely that breastfeeding counterbalances milk intake, so it is difficult to determine
whether the observed inverse relationship between breastfeeding and IGF-1 is caused by
lower protein content in breast milk or by potential specific effect of breast milk through other
factors such as hormonal modulation (Larnkjaer et al., 2012). A short intervention study on 8
year old boys, where half of the group drank 1.5 | skimmed milk per day for 7 days while the

other half consumed the same amount of protein as 250 g low fat meat daily for 7 days found
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increased IGF-1 concentrations in the milk group only at the end of the study (Hoppe et al.,
2004a). The authors interpret the findings as a suggestion that compounds in milk, and not a
high protein intake per se stimulates IGF-1 concentration. Results from a prospective cohort
study investigating the associations between milk consumption during pregnancy and infant
size at birth support this, as they found milk protein and not non-dairy protein to be associated
with infant birth measures (Olsen et al., 2007). A cross-sectional study on 7-8 year old
children however found that the association of cow’s milk/dairy products with IGF-1 was
greatly attenuated on controlling for protein intake and that regression coefficients of dairy
and non-dairy protein on IGF-1 were very similar (I. Rogers et al., 2006). They authors
suggested that the apparent relationship between milk and IGF-1 could reflect an underlying
association with protein rather than with milk per se, and further that protein per se rather
than protein from any particular food source may be the important factor. It is evident that
there are many unanswered questions with regard to effects of dietary protein on IGF-1

concentration.

2.6.2 Gender differences with regard to IGF-1

A pattern with an increase in IGF-1 concentrations from birth to about 2 months, followed by
a decrease until 8-9 months and thereafter a gradual increase which is likely to continue
during childhood until it peaks during puberty, around the age of 14 years in girls and 16
years in boys, has been suggested. In childhood, girls have significantly higher values of IGF-
1 than boys, especially during the first years of life, whereas boys have higher IGF-1 values
during late puberty, when the values start to decrease after the pubertal peak (Clayton & Hall,
2004; Larnkjaer et al., 2012).

Gender differences in IGF-1 concentrations in infancy as response to interventions
have been observed but are conflicting as one study found stronger effects of a protein
intervention on IGF-1 in girls than boys (Closa-Monasterolo et al., 2011) while another found
effects in boys only (Larnkjaer et al., 2009a). A cross-sectional study on 7-8 year old children
found higher intakes of cow’s milk and dairy products to be significantly associated with IGF-
1 concentrations in boys but not in girls (1. Rogers et al., 2006). It would therefore make sense
to study the effects of diet on IGF-1 and its association with growth and BMI separately for
boys and girls.
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2.6.3 Programming of IGF-1 concentration

Studies on long-term effects of IGF-1 concentration in infancy have suggested a programming
mechanism as breastfeeding is associated with higher IGF-1 levels at 7-8 years (Martin et al.,
2005) and at 17 years (Larnkjaer et al., 2009b) while subjects receiving milk supplementation
up to the age of 5 years had lower IGF-1 levels at 25 years of age in a randomized trial (Ben-
Shlomo et al., 2005). It has been proposed that increased protein intake during infancy causes
a long-term resetting of the growth hormone secreting pituitary resulting in lower IGF-1
levels later in life (Martin et al., 2005). It is not known when this resetting might occur, but
the findings that breastfeeding is associated with higher IGF-1 levels at 7-8 years may
indicate that the resetting has already taken place by early childhood (Martin et al., 2005).

2.6.4 Effect of IGF-1 on development of overweight and obesity

The above mentioned multicentre RCT with the primary objective of testing whether higher
or lower protein intakes during the first year of life influence growth until the age of 2 years
as well as overweight and obesity risk at school age (Koletzko et al., 2009b), found higher
IGF-1 concentrations at 6 months in the HP than the LP group (Socha et al., 2011). Therefore,
it can be figured that the IGF system played a significant role in mediating the effect of the
higher protein intake on the increase in weight-for-height and BMI. The associations however
seem very complex as two studies (Madsen et al., 2011; Ong et al., 2009) narrate a negative
association between IGF-1 at 3 and 9 months and BMI at 12 and 18 months, respectively. In
both studies, IGF-1 was positively associated with length gain and not weight gain. These
findings seem to be conflicting with the hypothesis that high IGF-1 early in life is associated
with later obesity, but it has been proposed that the reverse relationship may indicate an
acceleration of decrease in BMI seen in children between 8-9 months and 6 years, which
could result in an earlier AR (Larnkjaer et al., 2012; Madsen et al., 2011).

2.6.5 Age of adiposity rebound and puberty

A study from New Zealand strengthens this idea as it found children that were taller at 3 years
to experience earlier AR, and thus proposed that age at AR might be partly regulated by linear
growth (Williams & Dickson, 2002). IGF-1 is strongly associated with linear growth
(Larnkjaer et al., 2012). A study previously discussed (Rolland-Cachera et al., 1995) found a

negative association between protein intake at 2 years and age at AR, but two larger studies
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did not find protein intake at 18 or 12-24 months to be associated with timing of AR (Dorosty
et al., 2000; Gunther et al., 2006). The evidence regarding the relationship between protein
intake in infancy and timing of AR therefore seems rather weak, but might be mediated via
IGF-1 and linear growth. An early AR has been found to be strongly associated with
development of adult obesity in studies summarized in a recent review (Brisbois et al., 2012).

The ages at which girls reach AR and menarche have been found to be correlated,
suggesting that AR could be a predictor of early maturity (Williams & Dickson, 2002).
Observational studies suggest that children down to the age of 3 years with the highest intake
of animal protein experience pubertal onset up to 7 months earlier than children with lower
intake of animal protein (Cheng et al., 2012), and higher IGF-1 levels at 8 years have been
found to be associated with earlier age at menarche (< 12 years) in girls (Thankamony et al.,
2012). Early onset of puberty is considered a mediator to a number of diseases in adulthood,
including hormone related cancers, a higher risk of all-cause mortality, metabolic syndrome,
and cardiovascular disease (Cheng et al., 2012).

2.7 Summary

Childhood overweight and obesity are serious public health threats with both immediate and
longer term health effects in addition to reductions in quality of life and social issues.
Although they are ultimately assumed to be consequences of increased energy intake and
decreased physical activity, dietary factors during the sensitive period of infancy and early
childhood are potentially critical for later predisposition to obesity.

There is growing evidence that high protein intake in infancy and early childhood is
associated with increased growth and higher BMI later in childhood. It has been proposed that
protein from animal origin, especially dairy, rather than protein from plant origin might be
responsible for potential associations. Studies on IGF-1 add strength to this notion.

Ten years ago an lIcelandic study showed high protein intake at 9-12 months,
attributable to high intake of regular cow’s milk, to be associated with higher BMI in 6 year
old boys. Following these findings, the primary prevention strategy of revising infant dietary
recommendations was implemented, emphasising breastfeeding and recommending limited
consumption of a new product, follow-on formula (Stodmjdlk) with lower protein
concentration than cow’s milk, from 6 months to 2 years. A new infant study conducted after
the revised recommendations showed that dietary intake among infants had moved towards
the revised recommendations. The manuscripts presented in this thesis investigate the effects
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of the revision of recommendation on protein intake in the latter half of the first year and
answer the important questions on whether this primary prevention effort succeeded in
lowering BMI and reducing the prevalence of overweight and obese Icelandic 6 year old
children. They also report infant dietary predictors of BMI and IGF-1 in Icelandic 6 year olds,
with a focus on sources of dietary protein, thus directing attention to potential risk factors for
childhood and adulthood overweight and obesity.

15



3. METHODS

Methods related to my thesis are described in detail in the manuscripts (see chapter 4). More
in-depth descriptions on the infant and follow-up studies are accessible in published papers
(Atladottir & Thorsdottir, 2000; Gunnarsdottir & Thorsdottir, 2003; Thorisdottir et al., 2011).

3.1 Author’s contribution

My contribution to the MSc project was divided into four work packages (WP):

WPL1: Data collection in the follow-up study at 6 years in the 2005 cohort. Time: September
2011-February 2012.

The data collection was initiated in June 2011. When | started participating in the data
collection, about half of the 219 eligible 6 year old children still needed to be contacted.
Parents of 6 year old children were contacted by telephone and invited, on behalf of their
children, to participate in the follow-up study. Participants living outside the capital area got
the participation material sent by mail and were asked to accompany their children to the
respective healthcare centre for anthropometric and blood measurements. Participants living
in the capital area were visited at home with participation material, they were advised how to
perform the weighed dietary assessment and a time for anthropometric and blood
measurements was set. | went to a few schools that were not able to weigh participants’ lunch
and weighed for the children. The children and their parents were greeted at the Children’s
Hospital, participants were weighed and their height and blood pressure measured. The
paediatrician was associated with blood testing and the participation material (informed
written consent, food diaries, developmental inventory and parental questionnaire) was
obtained from the parents. Participants were wished farewell with breakfast and a little gift.
The blood samples were taken to the laboratory to be analysed immediately or to be
refrigerated. Measures on weight and height between the ages 12 months and 6 years were

obtained from the participating children’s healthcare centres.

WP 2: Data processing. Time: February-March 2012.
The weighed food records were entered into the nutrient calculation program ICEFOOD. The

results from the blood analysis were retrieved from the Flexlab program of Landspitali.
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Participation material was entered into excel files. All data was imported in SAS along with
data from the 1995 infant and follow-up study and the 2005 infant study. The databank was
trimmed and organized.

Food sources of dietary protein in infancy were obtained from ICEFOOD, presented
coded. The key can be seen in Appendix 1. When constructing food groups for the manuscript
in chapter 4.2, | followed descriptions from the DONALD cohort (Gunther et al., 2007b)
because | thought that the study was well designed, taking place in a setting quite similar to
ours and the authors described clearly how and why they constructed their food groups. An
exception was that infant formula was included in the calculation of dairy protein in our study
on contrary to the DONALD study because | estimated the reasons for excluding it in the
DONALD cohort not to be of relevance in our cohort. The food groups used in the manuscript
in chapter 4.2 can be seen in Appendix 2.

WP 3: Statistical analysis and presentation of results. Time: April-November 2012.

e Poster presentation on the 10th Nordic Nutrition Conference in Reykjavik in June
2012: Thorisdottir B, Gunnarsdottir I, Thorisdottir AV, Palsson G, Halldorssson T,
Thorsdottir 1. Growth and feeding in infancy and BMI at 6 years of age — Trends in a
10 years period.

e Oral presentation on the Research Congress of the Icelandic Association for the Study
of Obesity in Reykjavik in September 2012: Thorisdottir B. Association between
dietary habits of Icelandic infants and body mass index at six years of age (In
Icelandic: Tengsl mataredis & fyrsta aldursari vid likamspyngdarstudul sex ara
barna).

e Original scientific papers:

o Thorisdottir B, Gunnarsdottir I, Thorisdottir AV, Palsson G, Halldorssson T,
Thorsdottir I. Infant dietary predictors of BMI at 6 years: Two population
based studies conducted 10 years apart. Manuscript to be submitted in January
2013.

o Gunnarsdottir I, Helgadottir H, Thorisdottir B, Thorsdottir I. Diet of six-year-
old Icelandic children — National dietary survey 2011-2012. Submitted in
September 2012.

o Thorisdottir B, Gunnarsdottir I, Halldorssson T, Thorsdottir I. Protein sources
in infancy as predictors for IGF-1 concentration and body mass index at the
age of 6 years. Draft manuscript to be submitted in January 2013.
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| performed the statistical analysis and wrote the first draft of the poster presentation and the
two papers on which | am the first author, with guidance and suggestions from supervisors

and co-authors. Additionally, | critically reviewed the manuscript by Gunnarsdottir et al. and

approved the final manuscript as submitted.

WP4: Writing MSc thesis. Time: November-December 2012.
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4. MANUSCRIPTS

4.1 Infant dietary predictors of BMI at 6 years: Two population based

studies conducted 10 years apart

4.2 Protein sources in infancy as predictors for body mass index and IGF-1

concentration at the age of 6 years
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ABSTRACT

Background and objective: High protein intake in infancy has been associated with higher
body mass index (BMI) in childhood. Icelandic infant dietary recommendations were revised
in 2003, emphasizing prolonged breastfeeding and limited consumption of cow’s milk. Our
objective was to assess the effects of the revision on protein intake in infancy and possible
long term effects on BMI at 6 years.

Methods: Two prospective randomly selected cohorts, investigated with a 10 year interval
prior to and after the revision of the infant dietary recommendations were recruited at birth
and studied until 12 months and again at 6 years. Subjects were 90 and 170 children born in
1995-6 and 2005, respectively. Dietary intake at 9 and 12 months was assessed by weighed
food records. Height and weight from birth to 12 months and at 6 years were measured.
Results: The main milk product consumed at ages 9 and 12 months shifted from cow’s milk
in the former cohort to follow-on formula with lower protein content in the latter. Protein
intake was significantly lower in the latter cohort, 11.9 percent of energy (E%) vs. 14.4 E%
(P<0.0001) at 9 months and 14.6 E% vs. 15.6 E% (P=0.016) at 12 months. Relatively fewer
children were classified as being overweight (including obese) in the latter cohort, 12% vs.
21% (P=0.045). Linear regression showed that cow’s milk and protein intake at 12 months
were positive predictors of BMI at 6 years, presented as £ 95%CI: 0.2 (0.0, 0.3) and 0.1 (0.0,
0.1), respectively, when adjusted for cohort, gender, energy intake, birth weight, duration of
breastfeeding and mother’s education.

Conclusion: Emphasis made in the revised infant dietary recommendations from 2003
resulted in lower intake of cow’s milk and subsequent lower protein intake in the latter half of
the first year. Changes in infant diet on the population level might have contributed to the

lower overweight prevalence in the latter cohort than the former.
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INTRODUCTION

Various factors in early life that influence or program the long-term propensity to obesity
have been identified.(Brisbois et al., 2012; Druet & Ong, 2008; Monasta et al., 2010; Rooney
et al., 2011) Infancy or early childhood might therefore be critical periods for primary obesity
prevention.(Koletzko et al., 2009b; Singh et al., 2008; Summerbell et al., 2012) With regard to
dietary factors, protein has received particular attention. Growing evidence from cohort
studies and a randomized controlled trial supports the hypothesis that high protein intake in
infancy stimulates growth and is associated with higher body mass index (BMI) in
childhood.(Garden et al., 2011; Gunther et al., 2007a; Hoppe et al., 2004b; Koletzko et al.,
2009b; Morgan et al., 2004; Ohlund et al., 2010; Rolland-Cachera et al., 1995; Scaglioni et
al., 2000; Weijs et al., 2011)

In our previous analysis, high intake of protein at the age of 9-12 months was found to
be associated with higher BMI in 6 year old boys.(Gunnarsdottir & Thorsdottir, 2003) At this
time cow’s milk, for the most part full-fat cow’s milk, gradually replaced breast milk in the
age range of 5-12 months and accounted for the high protein intake.(Atladottir & Thorsdottir,
2000) Based on these results, a follow-on formula with lower protein content than regular
cow’s milk but same energy density was developed and made available at a fair price in every
grocery shop in Iceland in ready to drink cartons. Furthermore, in 2003 the national infant
dietary recommendations were revised, emphasizing breastfeeding and encouraging use of
follow-on formula instead of cow’s milk up to 2 years of age.(The Icelandic nutrition council
and centre for child health services)

In the present study we investigated two prospective population based Icelandic
cohorts of children born in 1995-6 and 2005, prior to and after publication of revised infant
dietary recommendations. The objective was to assess the effects of the revision on protein

intake in infancy and possible long term effects on BMI at 6 years.
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MATERIALS AND METHODS
Sample recruitment
The study included randomly selected subjects from two Icelandic longitudinal birth cohort
studies conducted with a 10 year interval (subjects in the former cohort born in 1995-6 and
subjects in the latter cohort born in 2005). The inclusion criteria were the same in both
studies, i.e. Icelandic parents, singleton birth, gestational length of 37-41 weeks, birth weight
within the 10™-90"™ percentiles, no birth defects or congenital long-term diseases, and the
mother had early and regular antenatal care. Methods in the two studies have been previously
published in detail.(Atladottir & Thorsdottir, 2000; Gunnarsdottir & Thorsdottir, 2003;
Thorisdottir et al., 2011) Subjects were thoroughly investigated from birth to 12 months of
age and again at follow-up at 6 years. The mean weight and length at birth and at 12 months,
intake of energy and macronutrients, as well as parental variables of the infants included in
this current analysis did not differ from the infants in the original studies. This suggests that
the random selection of participants resulted in a representative sample from the source
population.

Informed written consent from the parents was obtained, and all individual
information was processed with strict confidentiality. The studies were approved by the
Icelandic Bioethics Committee, the Icelandic Data Protection Authority, and the Local Ethical

Committee at Landspitali-The National University Hospital of Iceland (hereafter Landspitali).

Dietary assessment

At ages 9 and 12 months all food and fluids consumed were weighed for 2 or 3 consecutive
days (48 or 72 hours) on accurate scales (PHILIPS HR 2385, Austria; PHILIPS HR 2385,
Hungary) (precision 1 g). The breastfed infants were weighed in the same clothes before and
after breastfeeding (Tanita 1581, Japan; Tanita model 1583, Japan or Sega model 336
7021099, Germany) (precision 10 g) to estimate the amount of breast milk consumed. An
average daily consumption of food and nutrients was calculated using the Icelandic nutrient
composition database (ISGEM). Special infant products, such as cereals and purées were
added to the database for the purpose of this study. Nutrient losses due to food preparation
were taken into account in the calculations. Total milk consumption was calculated by
summing up consumption of breast milk, infant formula (intended for infants up to age 6
months), follow-on formula (intended for infants and children age 6 months to 2 years), and

cow’s milk.
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Growth and definition of overweight

Information on weight, length and head circumference at birth was gathered from the
maternity wards where the infants received post-natal care. The participating families
healthcare centers provided anthropometric measurements throughout infancy. In the present
paper measurements conducted at birth and at 12 months were used. At 6 years of age, weight
and height were measured at the Children’s Hospital, Landspitali using a Marel M series 1100
scale (Reykjavik, Iceland) (precision 0.1 kg) and Ulmer stadiometer according to Prof. Heinze
(Ulm, Germany) (precision 0.5 cm). Children were classified as being normal weight,
overweight or obese according to the International Obesity Task Force (IOTF) cut-off points
for BMI for overweight and obesity defined to pass through BMI of 25 and 30 kg/m? at the
age of 18.(Cole et al., 2000) Cut-off points of 17.55 kg/m* and 17.34 kg/m? for overweight
and 19.78 kg/m? and 19.65 kg/m* for obesity were applied for 6 year old boys and girls,
respectively.

Covariates

Information on breastfeeding was gathered monthly. An infant was classified as being
breastfed if it was breastfed once or more a day. The definition of exclusive breastfeeding
allowed in addition only water, vitamins e.g. A-D vitamin supplement, and medications for
infant colic.(Atladottir & Thorsdottir, 2000) When the participants were 12 months of age the
mother answered a questionnaire on socioeconomic and environmental factors. Weight and
height of the mother was self-reported. The mother was defined overweight (including obese)
if the BMI was greater than 25 kg/m®. Higher education was set at schooling of 12 years or

longer.

Statistical analysis
Statistical analyses were performed with SAS (Enterprise Guide 4.3; SAS Institute Inc., Cary,
NC, USA). Descriptive statistics were used for the participants” characteristics and dietary
consumption, presented as mean and standard deviation (SD) for normally distributed
variables, median with interquartile range (IQR) for skewed variables, and ratios (%) for
binominal variables. For comparison between two groups, independent t-test, Mann-Whitney
U test, or chi-square was used.

To identify dietary predictors (milk products, energy or macronutrients) of BMI at 6

years in the former and latter cohorts, linear regression was used. Because the directions of
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the regression coefficients for the selected variables in both cohorts were the same,
associations were tested and presented in the cohorts combined for simplicity and to increase
exposure range and statistical power. The covariates included in the multivariate analysis
were common predictors of childhood overweight;(Monasta et al., 2010; Rooney et al., 2011)
birth weight, duration of breastfeeding, mother’s education, in addition to cohort (to
incorporate different feeding practices) and gender. For these selected covariates the number
of missing values ranged from 0 to 12%. Missing values were replaced by the median value
for each covariate. Stability analysis revealed that the same conclusions were in all cases
reached when using this substitution as compared with complete case analysis. We
acknowledge that the distribution of BMI at 6 years was skewed, especially for the latter
cohort. The regression analysis yielded same P-values when run on transformed data.
Therefore we believe that the analysis presented with absolute values of BMI to facilitate
interpretation is valid. The level of significance in the study was P<0.05.
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RESULTS

In the former vs. latter cohort, 180 vs. 250 infants were invited to participate, 138 vs. 244
accepted and 100 vs. 219 were invited to the follow-up. Participants eligible for this study
were subjects with dietary data at 9 or 12 months or complete anthropometric data in infancy
and measurements on weight and height at 6 years (90 from the former cohort and 170 from
the latter cohort, in all 260 subjects). Complete dietary registrations where obtained from 80
subjects at 9 and 12 months in the former cohort and 154 (at 9 months) and 137 (at 12
months) subjects in the latter cohort.

Table 1 shows the characteristics of the participating infants. Weight gain in the first
year of life in the two cohorts was near identical (presented as mean (SD)): 6.2 (1.1) kg in the
latter vs. 6.2 (1.0) kg in the former cohort, P=0.65. From 6 to 10 months of age, infant weight
gain in the latter cohort was slower than in the former cohort: 1.3 (0.5) kg vs. 1.5 (0.6) kg,
P=0.037. Other characteristics did not differ between the cohorts.

At 9 months, 37% of participants in the former cohort and 41% in the latter were still
being breastfed. At 12 months, breastfeeding rate had dropped to 12% in the former cohort
and 15% in the latter. Use of infant formula was very rare in both cohorts. At both 9 and 12
months of age, consumption of the recently available follow-on formula replaced cow’s milk
to a large extent in the latter cohort compared to the former (Table 2). Total milk intake did
however not differ between the cohorts, nor did intake of energy. Protein intake in the latter
cohort was significantly lower than in the former cohort, replaced by a higher intake of
carbohydrates. Differences in consumption of polyunsaturated, monounsaturated and
saturated fatty acids (PUFA, MUFA and SFA), dietary fiber and added sugar were apparent

between the cohorts.

Table 1. Characteristics of participants, comparison between former (bom in 1995-6) and
latter (bom in 2005) cohorts.

Former cohort (N=90) Latter cohort (N=170) P-value

Girls (%0) 34 52 068
Birth weight! (kg) 3804 37004 0.15
Weight at 12 months! (kg) 10.0(1.0) 10.0(1.1) 0.89
Duration of EBF? (months) 4(3) 403) 0.50
Total duration of BF? {months) LR EY] 83 093
Mother's age® (vears) 30 (8) 31(9) 0.52
Mother's BMI? (kg/m?) 246(5.9) 240(5.6) 043
Overweight mother (%) 42 41 0.90
Mother =12 vears of schooling (%0) 73 81 0.21

Abbrevations: BF — breastfeeding, BMI — body mass index, EBF — exclusive breastfeeding,
[IQF. —interquartile range, SD — standard deviation

IPresented as mean (SD)

2Presented as median (IQR)
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Table 2. Intake per day of milk products, energy, macronutrients and fibre at 9 and 12 months, comparison between the former (bom in 1995-6)
and latter (bom in 2005) cohorts.

9 months 12 months
Former cohort (N=80) Latter cohort (N=154) Former cohort (N=80) Latter cohort (N=137)
Median (IQE) Median (IQE) P-value Median (IQE) Median (IQE) Pvalue
Breast milk (g) 0(220) 0(242) 0.70 0@ 0@ 0.18
Follow-on formula (g) - 63 (283) =0.0001 - 124 (284) =0.0001
Cow'smilk (g) 232 (317) 0@mn =0.0001 262 (312) 17 (89) <0.0001
Total milk! (g) 404 (322 403 (317) 0.28 301 (333) 307 (212) 0.97
Energy (kcal) 760 (183) 745 (230) 036 864 (207 821 (245 0.13
Protein (g) 28.0(13.7) 227(9.7) =0.0001 33.7(11.7) 30.0(13.3) 0.008
Protein (g/kg) 27(1.1) 24(11) 0.008 35(1.3) 3.0(1.0) 0.020
Protein (E%) 144(5.8) 119 (4.5) =0.0001 156 (4.2) 146 (4.1) 0.016
Fat (E%) 37.1(8.6) 36.1(8.3) 0.61 36.5(7.9) 356 (7.7) 0.20
PUFA (E%) 25(1.9) 2925 0.26 26(1.2) 292.0) 0.023
MUFA (E%) 105 (4.2) 84(7.8) 0.004 10.9 (3.0) 8505.0) =0.0001
SFA (E%) 17.5(7.0) 16.3 (4.9) 0.008 19.1 (4.8) 159 (4.3) =0.0001
Carbohydrates (E%) 49.0(8.9) 30.5(7.3) 0.028 46.6 (8.2) 49.0 (7.6) 0.06
Fibre (g) 5233 6.3(3.8) 0.012 53729 74039 0.001
Added sugar (E%) 3.7(3.7) 0924 =0.0001 7149 3.6(4.0) =0.0001

Abbrevations: E% — percent of energy, IQF. —interquartile range, MUFA — monounsaturated fatty acids, PUFA —polvunsaturated fatty acids,
SFA —saturated fatty acids

ITotal milk is the sum of breast milk, infant formula (intended for infants up to age 6 months). follow-on formula (intended for infants and
children age 6 months to 2 vears), and cow’s milk.

A small downwards trend was observed in BMI at 6 years of age (presented as median
(IQR)): 15.5 (1.7) kg/m? vs. 15.8 (2.2) kg/m? in the latter vs. former cohort, P=0.15. Although
the BMI at 6 years did not differ significantly between the cohorts, relatively fewer children
were classified as being overweight or obese at 6 years of age in the latter cohort than the
former (Figure 1), 12% vs. 21% (P=0.045). In both cohorts, 4% of children were classified as
obese, but in the latter cohort there were a few children with extremely high BMI, higher than

seen in the former cohort.

45 T T T T T = 5
Bl cchort 1
40 | I cohort 2}

82 14 16 18 20 22 24 26
BMI [kg/m?)

Figure 1. Distribution ofbody mass index (BMI) of 6-year-old children in the former (red)
and latter cohort (blue). Cut-off points 0f17.55 kg/m? and 17.34 kg/m? for overweight and
19.78 kg/m? and 19.65 kg/m? for obesity were applied for boys and girls, respectively. In the
latter cohort, 150 children (88%) were classified as normal weight, 14 children (8%) as
overweight and 6 children (4%) as obese. In the former cohort, 71 children (79%) were
classified as normal weight, 15 children (17%) as overweight and 4 children (4%) as obese.
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Table 3 shows fully adjusted models for the associations between intake of milk
products, energy and macronutrients in infancy and BMI at 6 years in the former and latter
cohorts combined. Intake of cow’s milk, total milk and dietary protein at 12 months were
positive predictors of BMI at 6 years. When cow’s milk was excluded from the "total milk"
group, total milk at 12 months was no longer associated with BMI at 6 years (5 (95%Cl)): -
0.0 (-0.1, 0.1). Other variables presented in the table, as well as intake in infancy of PUFA,
MUFA, SFA, dietary fiber and added sugar, were not associated with BMI at 6 years.

Children were divided into quartiles based on their intake of cow’s milk and protein at
12 months with the 25" vs. 75" percentiles for cow’s milk being 0 vs. 275 g/day, and the 25"
vs. 75" percentiles for protein being 13.2 vs. 17.6 E%. Children in the lowest quartile of
protein intake at 12 months had lower BMI at 6 years than children in the highest quartile
(Table 4). BMI did not differ between the lowest and highest quartiles for cow’s milk.

Table 3. Associations between intake of milk products, energyv and macronutrients and BMI at
6 vears, combined cohorts.

9 months (N=234) 12 months (N=217)
B(95%CI) P-value B (95%CI) P-value
Breast milk (100 g)! -0.1¢-02,00) 0.13 000202y 076
Follow-on formula (100 g -0.1(-02,0.1) 0352 00(-02,01) 074
Cow’smilk (100 g)? 01(01,02) 028 02¢0.003 0017
Total milk (100 g)? -00(¢-0.1,01) 0299 0.1(0.0.02) 0049
Total energy (MJ)} 00(03,03) 092 01(-01,04) 034
Protein (E%)* 01{(-00,01) 016 01(00. 01y 0042
Fat (E%)* -00¢00,00) 083 00¢-01,00y 018
Carbohydrates (E%)° -00¢-00,00) 063 000000 086

Abbrevations: § — coefficient, BMI — bodv mass index, CI — confidence interval, E% —

percent of energy
LA djusted for cohort, gender, energy intake at 9 or 12 months, birth weight, mother’s eduction

2Adjusted for cohort, gender, energy intake at 9 or 12 months, birth weight, duration of
breastfeeding. mother’s eduction
*Adjusted for cohort, gender, birth weight, duration of breastfeeding, mother’s eduction

Table 4. Bodvmass index in participants in the lowest and highest quartiles of
consumption at 12 months, combined cohorts.

Lowest quartile Highest quartile

Median (IQR) Median (IQE) Dvalue
Cow’s milk (g) 155(1.8) 158 (2.1) 0.10
Drotein (E%) 151 (2.0) 15.8 (2.5) 0.01

Abbrevations: E% — percent of energv, IQE —interquartile range
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DISCUSSION
This study on two prospective population based Icelandic cohorts of children born 10 years
apart, prior to and after publication of revised infant dietary recommendations, shows major
changes in infant dietary habits between the cohorts. The primary difference was the shift
from cow’s milk as the main milk product consumed at ages 9 and 12 months to follow-on
formula. The protein content of the follow-on formula is 1.8 g protein/100 g, or 10 percent of
energy (E%), compared with 3.4 g protein/100 g, or 20 E%, in regular cow’s milk. Energy
density does not differ between the two products (67 kcal/100 g in follow-on formula and 68
kcal/100 g in cow’s milk), the protein indentation is mainly compensated for by carbohydrates
(43 E% vs. 28 E%). The two cohorts reflect this, with lower intake of protein and higher
intake of carbohydrates in the latter cohort than the former. We propose that the lower protein
intake in the latter cohort may partly explain the slower weight gain between 6 and 10
months.(Larnkjaer et al., 2012) Other changes observed between the cohorts, although not
related to BMI at the age of 6 years, were improved qualities of fat and carbohydrates, which
may partly reflect favorable changes in the diet of the parents.(Thorgeirsdottir et al., 2011)
The only infant dietary variables associated with BMI at 6 years were cow’s milk and
protein at 12 months. Our results suggest that children consuming more than 275 g cow’s
milk per day, as half of the infants in the former cohort did, would have 0.3 kg/m? higher BMI
at 6 years than children not consuming any cow’s milk, as common in the latter cohort. This
difference was non-significant, but interestingly, difference in BMI between the cohorts, non-
significant, was also 0.3 kg/m®. Another interesting point is that the protein content of the
follow-on formula (1.8 g protein/100 g) is quite similar as protein content in the lower protein
(LP) follow-on formula in the multicentre randomized trial of the European Obesity Trial
Study Group(Koletzko et al., 2009b) (1.6 g protein/100 ml), while protein content of regular
full-fat cow’s milk (3.4 g protein/100 g) is similar as in the high protein (HP) follow-on
formula (3.2 g protein/100 ml) in the randomized trial. In that study, mean difference in daily
protein intake at 12 months in the HP and LP groups was approximately 5 g and difference in
BMI between the groups at 2 years of age was 0.3 kg/m?.(Koletzko et al., 2009b) In our study,
mean difference in daily protein intake at 12 months is close to 4 g in the former and latter
cohorts and the difference in BMI at 6 years is 0.3 kg/m? (non-significant). This might
strengthen the assumption that lower intake of cow’s milk and subsequent lower protein
intake in the latter cohort might have contributed to the downwards trend in BMI at 6 years

and lower overweight prevalence.
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The strength of this study is the longitudinal design and the detailed information about
diet and growth at narrow age ranges during the first year of life and again at 6 years of age.
Furthermore, the two cohorts are population based and representative of Icelandic children
born during this period. In the present study considerable variation in complementary feeding
practice was seen between the two cohorts and to some extent, the study may be considered a
"natural intervention”. To our knowledge, it is the first population based study including
repeated measures of intake in an infant population born 10 years apart showing long-term
effects on prevalence of overweight with decreased cow’s milk and protein intake during
infancy. Our finding on lower prevalence of overweight in the latter cohort compared with the
cohort studied 10 years prior is positive and is strengthened by results from an Icelandic
nationwide study on 9 year old school children(Johannsson et al., 2006) and school
surveillance in the capital area of Iceland(S. H. Jonsson et al.) which reported stabilization of
overweight rates in the past decade. However, the findings of few extremely obese children in
the latter cohort presented in the present study are alarming and indicate that despite
downwards trend in the prevalence of overweight on the population level the number of
severe obese children might still be growing. Further studies are needed in order to define risk
factors related to severe obesity in young children. Furthermore, although parents and other
caregivers adopted the guidelines on limited cow’s milk quite easily, breastfeeding duration
between the cohorts did not increase, despite effort in emphasizing prolonged duration of
breastfeeding. The relatively small sample size may be a limitation to the study, and although
not related to BMI at the age of 6 years in our regression models we cannot exclude that
improved quality of carbohydrates and fat may also have contributed to the trend towards

lower prevalence of overweight at the age of 6 years.

Conclusions

The results indicate that lower intake of cow’s milk and subsequent lower protein intake in the
latter half of the first year might have contributed to the downwards trend in BMI of 6 year
old Icelandic children and lower overweight prevalence in the latter cohort than the former.
Our study emphasizes the importance of monitoring infant nutrition in order to provide
appropriate dietary guidelines and suggests that altered recommendations on infant nutrition
and the introduction of a new option in complementary feeding practices may have

contributed to the observed decrease in the overweight in the population studied.
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What's Known on This Subject

High protein intake in infancy has been associated with increased growth and higher body
mass index (BMI) in childhood. It has been suggested that animal protein, in particular dairy,
has a stronger association with growth than vegetable protein has. Less is known about the
association between protein intake in infancy and insulin-like growth factor 1 (IGF-1)
concentration in childhood.

What This Study Adds

Our study supports the hypothesis that the association between high intake of total protein and
higher BMI in childhood is rather related to high intake of protein from animal sources than
vegetable sources. Furthermore, the study suggests that high protein intake from animal
sources, especially dairy, at 12 months predicts increased IGF-1 concentration at the age of 6

years, in girls only.
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ABSTRACT

Objective: To study the association between total protein intake as well as protein from
various dietary sources at the age of 12 months and BMI and IGF-1 at 6 years.

Methods: Subjects were 137 children studied from birth to 6 years of age. Dietary intake at
12 months was assessed by three day weighed food records. Information about height and
weight during the first year of life and at 18 months and 6 years was gathered. IGF-1 was
measured at 6 years of age.

Results: The positive association observed between total protein intake at the age of 12
months and BMI at the age of 6 years was attributable to protein from animal sources.
Children in the highest quartile of animal protein intake at 12 months (consuming >11.9
percent of total energy (E%) as animal protein) had higher BMI at 12 months (0.7 (0.0, 1.3)
kg/m?), 18 months (0.7 (0.1, 1.3) kg/m?) and 6 years (0.8 (0.2, 1.4) kg/m?) than children in the
lowest quartile (<7.7 E% from animal protein). The difference in BMI at 6 years was
independent of breast milk intake at 12 months. Children still being breastfed at 12 months
(19% of study sample) had lower BMI at 12 (-0.6 (1.2, 0.0) kg/m?) and 18 months (-0.7 (-1.2,
-0.1) kg/m?) than children breastfed for a shorter duration. Dairy protein intake at 12 months
was a positive predictor of IGF-1 at 6 years for girls (5.4 (2.5, 8.2) ug/l), independent of
current height or weight. The association between intake of dairy proteins and IGF-1 at 6
years for boys seemed to be in opposite direction to what was seen in girls.

Conclusions: Our results highlight the need for special emphasis in infant dietary guidelines
aiming at avoiding excess animal protein intake in the complementary feeding period.
Further, the results support prolonged duration of breastfeeding, into the second year of life.
Our findings of a positive relationship between dairy protein intake at the age of 12 months
and IGF-1 levels in 6-year-old girls may be of relevance. Increased IGF-1 might be an

indication of early puberty that has been associated with negative long-term effects on health.
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INTRODUCTION

Growing evidence from cohort studies and a randomized controlled trial supports the "early
protein” hypothesis, that postulates that high protein intake in infancy is associated with
increased growth and higher body mass index (BMI) in childhood.(Gunnarsdottir &
Thorsdottir, 2003; Gunther et al., 2007a; Hoppe et al., 2004b; Koletzko et al., 2009b; Morgan
et al., 2004; Ohlund et al., 2010; Rolland-Cachera et al., 1995; Scaglioni et al., 2000; Skinner
et al., 2004) It has been proposed that dietary protein stimulates the secretion of insulin-like
growth factor 1 (IGF-1), leading to rapid weight gain early in life, which has independent
effects on overweight risk and adipocyte differentiation.(Koletzko et al., 2009a) Animal and
vegetable protein is known to exert different metabolic effects in the body due to differences
e.g. in composition of amino acids.(Krajcovicova-Kudlackova et al., 2005; McCarty, 1999)
While most studies have concentrated on total protein intake, few studies suggest that protein
from animal sources, in particular dairy, could be responsible for the “early protein” effects on
BMI.(Gunther et al., 2007b; Hoppe et al., 2009; Hoppe et al., 2004c; Larnkjaer et al., 2009a;
Weijs et al., 2011)

IGF-1 has several potentially opposing roles in relation to overall health. In adults,
higher levels of IGF-1 have been associated with a reduced risk of osteoporosis, diabetes and
possibly heart disease, but also with increased risk of several types of cancer.(l. S. Rogers et
al., 2005) It has been shown that diet influences the circulating levels and tissue availability of
IGF-1(Grohmann et al., 2005) and protein has been suggested as the most important dietary
stimulator of IGF-1.(Larnkjaer et al., 2012) It is not known whether total protein or protein
from certain food sources is the most important factor. The effects of protein sources on IGF-
1 levels in childhood are potentially important as it may be that IGF-1 concentrations in
childhood have a long-term influence on the risk of later disease. Studies are however few.(l.
S. Rogers et al., 2005)

Using data from an Icelandic infant cohort, followed-up at six years of age, the
objective was to study the effects of total protein and protein from distinct sources on
childhood growth, BMI and IGF-1.
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METHODS

Subjects

170 subjects were invited to participate in this population based longitudinal children study.
They were participants in the Icelandic infant nutrition study from 2005-7 of randomly chosen
sample who fulfilled the criteria set for the present study, i.e. complete information on food
and nutrient intake at 12 months of age along with information on breastfeeding duration and
complete data on infant size and growth parameters. 137 subjects (81% of eligible subjects)
agreed to participate. As previously reported,(Thorisdottir et al., 2011) the inclusion criteria
were Icelandic parents, singleton birth, gestational length of 37-41 weeks, birth weight within
the 10th-90th percentiles, no birth defects or congenital long-term diseases, and the mother
had early and regular antenatal care. Informed written consent from the parents was obtained,
and all individual information was processed with strict confidentiality. The studies were
approved by the Icelandic National Bioethics Committee, Data Protection Authority, and the
Local Ethical Committee at Landspitali-The National University Hospital of Iceland

(hereafter Landspitali).

Dietary Assessment

At 12 months of age all food and fluids consumed were weighed for 3 consecutive days (72
hours) on accurate PHILIPS HR 2385 scales (Hungary) (precision 1 g). The breastfed infants
were weighed in the same clothes before and after breastfeeding (Tanita model 1583, Japan or
Sega model 336 7021099, Germany) (both with precision 10 g) to estimate the amount of
breast milk consumed. An average daily consumption of food and nutrients was calculated
using a nutrient calculation program, ICEFOOD, based on the Icelandic nutrient composition
database (ISGEM). Special infant products, such as cereals and purées were added to the
database for the purpose of this study. Nutrient losses due to food preparation were taken into
account in the calculations.

In addition to total protein intake, we also considered animal protein (excluding
protein from breast milk because its effect on development of BMI is expected to differ from
that of other animal sources and might confound potential associations) and vegetable protein
intake. Animal protein intake was further divided into protein from food groups that have
been previously studied in regard to associations with childhood BMI or IGF-1:(Gunther et
al., 2007b) dairy protein (e.g. from cow’s milk, formulas, yoghurt, cheese, and ice-cream) and

meat protein in addition to fish protein.
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Biochemical Analysis and Anthropometric Measures

At 6 years of age participants came to the Children’s Hospital at Landspitali. Fasting blood
samples were obtained and IGF-1 level analyzed with Immulite® 1000 Immunoassay System
(Siemens, USA) (precision 1 pg/l). Weight and height were measured using a Marel M series
1100 scale (Reykjavik, Iceland) (precision 0.1 kg) and Ulmer stadiometer according to Prof.
Heinze (Ulm, Germany) (precision 0.5 cm). Information on weight, length and head
circumference at birth was gathered from the maternity wards where the infants received post-
natal care. The participating families” healthcare centers provided anthropometric
measurements throughout infancy and childhood, i.e. at ages 6, 12, and 18 months.

Statistical analysis

Statistical analyses were performed with SAS (Enterprise Guide 4.3; SAS Institute Inc., Cary,
NC, USA). Descriptive statistics were used for the participants’ characteristics and
consumption of food and nutrients, presented as mean and standard deviation (SD) for
normally distributed variables, median with interquartile range (IQR) for skewed variables, or
ratios (%) for categorical variables.

Multiple linear regressions were used to study the effects of total protein and protein
from different dietary sources on BMI and IGF-1 at 6 years. In models with IGF-1, we
decided to split by gender because differences between boys and girls in relation to IGF-1
levels and response to interventions have been shown.(Closa-Monasterolo et al., 2011) In the
regression models we chose the nutrient density approach, i.e. all protein variables were
expressed as percentages of energy and total energy intake was additionally included. In
models with BMI as endpoints we additionally included fat intake as percent of energy
because it has been hypothesized that not only a high protein intake but also the typical
simultaneous decrease in fat intake might predispose children to later obesity,(Rolland-
Cachera et al., 2006) gender, maternal education and birth weight as these variables might
influence BMI in childhood.(Monasta et al., 2010; Rooney et al., 2011) In model 2 we
additionally adjusted for breastfeeding status at 12 months (yes/no) to be able to investigate
the effects of other protein sources independent of breastfeeding. In models with IGF-1 as
endpoints we included total duration of breastfeeding. For these selected covariates the
number of missing values ranged from 0 to 6%. Missing values were replaced by the median
value for each covariate. Stability analysis revealed that the same conclusions were in all
cases reached when using this substitution as compared with complete case analysis. The

level of significance in the study was P<0.05.
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RESULTS

A general description of the study sample is Table I Characteristics of the 137 participants.

. . . . Mean (SD) or %
given in Table 1. Weight and height at 12 Gitls %) .
months and IGF-1 concentration at 6 yearS Infantvariables
differed between the genders, boys being o veieht(®e) 3804

Birth length (cm) 518(16)
heavier and longer at 12 months and girls  Weight at 12 months (kg) 100 (1.1)
having higher IGF-1 levels at 6 years. Table 2~ Lengthat 12 months (cm) 768Q5)
Duration of EBF (months)* 4(3)
summarizes the infants™ consumption Of Tl duration of B (months): 8(5)
selected foods and the protein it provides, Of ~Matemal variables®
] ] ] Age (vears) 31.5(3.2)
the 137 infants, 26 were still being breastfed at gy gim?) 247(45)

12 months of age, 3 did not consume any  Higher education (%) 8

. Variables at 6 vears
animal foods, and they all consumed some Weight (g)® 20063)
vegetable foods. Foods from animal sources  Height (cm) 119.8 (4.5)

. . . BMI (kg/m?y 155(1.7)
0,
provided 65% of total protein, thereof dairy 1GF-1 (s 124 42)

pI’OdUCtS 41% and meat and fish 24%. Foods Abbrevationls:BRbreastfeleding;BMIfbocl:lyr?lass index;
EBF, exclusive breastfeeding; IGF-1, insulin-like growth factor 1

from Vegetab|e sources provided 32% of total =Varablenotnomally distributed, results presented as median (IQR)

bMothers answered when participants were 12 months of age

protein and breast milk the remaining 2%.
Total and animal protein intakes at 12 months were positive predictors of BMI at 6

years (Table 2). Segmentation of animal protein into dairy and meat and fish protein inflated
the confidence intervals, yielding non-significant associations with BMI, but left the central
estimate of the prediction coefficient relatively unchanged. Vegetable protein and breast milk

protein intake at 12 months were not found to be predictors of BMI at 6 years.

Table 2. Consumption of the 137 participants of selected foods at 12 months and the dietary protein they provide, as well as associations between
intake of total protein and protein from various sources and BMI at 6 vears.

Food consumption (g/d) Protein intake (g/d) Protein intake (E%) BMI at 6 years?
Median (IQR) Median (IQR) Median (25th. perc., 75th perc)) 8 (95%CI) P-value
Total protein 29.7(13.5) 14.6 (13.0,17.1) 0.1(0.0,0.2) 0.018
Animal foods® 398 (290) 19.2(10.8) 98(7.7.11.9) 0.1(0.0.0.1) 0.021
Dairy products 364 (264) 12.1(7.9) 5.9{.1.8.0) 0.1(0.1.0.1) 0.17
Meat and fish 31(42) 6.5 (6.0) 3.2(2.0,4.8) 0.1(-0.0,0.2) 0.07
Vegetable foods® 262 (172) 88(5.3) 44(3.5,5.7) -0.1(-02.0.1) 0.22
Breast milk® 00 0(0) 0(0.0) 0.1(-03.05) 0.67

Abbreviations: BMI. body mass index; CI. confidence interval; E%. percent of energy: IQR, interquartile range; perc.. percentiles

2They main categories of animal foods are dairv products, meat, fish and eggs and these food sources provide "animal protein” (61% from dairy,
29% from meat, 9% from fish, 1% from eggs)

"The main categories of vegetable foods are cereal products (including bread, rice, oat, breakfast-cereals, biscuits), porridges, fruit and vegetables
and these food sources provide "vegetable protein” (57% from cereals, 19% from porridges, 15% from fruits, 9% from vegetables

©The 26 children (19%) still being breastfed at 12 months of age consumed (median (IQR)): 153 (183) g breast milk/day, which gave 20(2.4) g
or1.1(1.4) E% protein from breast milk/day

9Linear regression, models adjusted for energy and fat intake at 12 months, gender, maternal education and birth weight
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When split into quartiles of protein intake at 12 months (Table 3), children in the
highest quartile of total protein intake had higher BMI at 12 months than children in the
lowest quartile, and this tendency seemed to persist at 18 months and 6 years (model 1). The
difference was somewhat attenuated when breastfeeding status at 12 months was incorporated
in the models (model 2). Children in the highest quartile of animal protein intake at 12 months
had higher BMI at 12 months, 18 months and 6 years than children in the lowest quartile
(model 1). The difference in BMI at 6 years between the highest and lowest quartiles was
independent of breastfeeding status (presented as £ (95%CI)): 0.9 kg/m? (0.3, 1.6) (model 2).
Differences in BMI between the highest and lowest quartiles of dairy protein and meat and
fish protein at 12 months were not significant. Children in the highest quartile of vegetable
protein intake at 12 months seemed to have lower BMI at 6 years than children in the lowest
quartile, independent of breastfeeding status at 12 months. Children that were still being
breastfed at 12 months had lower BMI at 12 months than children not breastfed (borderline
significance, presented as £ (95%Cl)): -0.6 (-1.2, 0.0). The difference in BMI between
children breastfed and not breastfed at 12 months was even more marked at 18 months
(presented as S (95%Cl)): -0.7 (-1.2, -0.1).

Table 3. Difference in mean BMI at ages 12 months (N=63), 18 months (N=58) and 6 vears (N=66) between highest and lowest quartiles of
protein intake at 12 months of age.

12 months 18 months 6 vears
A (95%CI) P-value A (95%CI) Pvalue A (95%CI) P-value

Model 1

Total protein (E%) 06(0.0,13) 0.042 06(-00,12) 0.07 0.7(¢-00,1.5) 0.06

Animal protein (E%) 0.7(0.0,13) 0.041 0.7(0.1,1.3) 0.015 080214 0.014

Vegetable protein (E%) 041203 023 -04{-1.003) 0.28 -0.7(-1.3.0.0) 0.05
Model 2

Total protein (E%) 06(-00,12) 0.03 03¢01.10D 0. 0.7¢-00,1.5) 0.06

Animal protein (E%) 06(-01,12) 0.09 06(00,12) 0.05 09(03,16) 0.007

Vegetable protein (E%) 041203 022 -04{-1.0,03) 027 0.7(-13,00) 0.05

Abbreviations: CI, confidence interval; E%, percent of energy
Model 1 adjusted for energy and fat intake at 12 months, gender, matemal education and birth weight
Model 2 adjusted for energy and fat intake at 12 months, gender, matemal education, birth weight and breastfeeding status at 12 months

For girls, total protein, animal protein and dairy protein at 12 months were positive predictors
of IGF-1 at 6 years (Table 4). When excluding dairy protein from either total protein or dairy
protein groups, their associations with IGF-1 became non-significant. Additional testing

revealed that dairy protein intake at 12 months was a positive predictor for IGF-1 in 6 year old

Table 4. Total protein and protein from different food sources at 12 months (as %

gi|'|S independent of helg ht, We'g htv of total energy) as predictors of IGF-1 at 6 years in boys (N=36) and gitls (N=56).

Boys Girls

or both at 6 years (presented as ﬂ B(95%CI)  P-value B(95%CT)  P-value
Total protein (E%) 13(41.15 034  47(15.79) 0005

(95%Cl)): 4.2 (1.6, 6.8), P=0.002;  Animal protein %) 10(33.12) 037  54(25.82) 00004
Dairy protein (E%) 22(51.07) 013 54(2.5.82) 0.0004

45 (1.9, 7.1), P=0.001; 4.1 (1.6, Meat and fish protein (E%) 0.6 (2.8.4.0) 071  0.0(5.5,56) 0.99
] Vegetable protein (E%) 10(50.7.0) 074 36(81,10) 012

67) P:0002; r95p90t|V9|y- Abbreviations: CI, confidence interval; E%. percent of energy

Models adjusted for energy intake at 12 months and total duration of breastfeeding

DISCUSSION
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Based on an Icelandic infant cohort with a relatively long breastfeeding duration and high
protein intake in infancy, our results suggest that a higher intake of total protein and animal
protein results in higher BMI in childhood. Our results also suggest that infants still breastfed
at 12 months have lower BMI at 12 and 18 months than infants breastfed for a shorter
duration and that a higher intake of vegetable protein intake at 12 months may result in lower
BMI at 6 years. Our results are strengthened by results from studies reporting a protective
effect of breastfeeding on BMI in childhood(Arenz et al., 2004; Harder et al., 2005) and
studies reporting positive associations between animal protein intake in infancy and BMI in
childhood.™>**?®

Dairy protein has received particular attention with regard to associations with later
BMI. A study on the DONALD cohort in Germany found intake of dairy protein at 12
months, but not meat protein, to be associated with BMI and percent body fat at 7 years of
age.(Gunther et al., 2007b) A short intervention study suggesting that cow’s milk but not meat
intake or vegetable protein stimulates secretion of IGF-1 in children supported this
finding.(Hoppe et al., 2004a) On the contrary, an Australian study found a negative
association between dairy protein intake at 18 months and BMI at 8 years, and a positive
association between meat protein intake and BMI.(Garden et al., 2011) In our previous
analysis,* we found cow’s milk intake at 12 months to be positively associated with BMI at 6
years. Based on our present results, not finding associations between dairy protein and BMI at
6 years, we cannot confirm that the association between cow’s milk intake at 12 months and
BMI at 6 years is mediated via protein. However, findings on a positive association between
dairy protein and IGF-1 at 6 years in girls may suggest that the effects are mediated at least
partly through protein.

Interestingly, our results suggest opposing effects of total protein and protein from
various dietary sources on IGF-1 at 6 years between the genders. It seems as if the association
between dairy protein and IGF-1 is negative for boys (non-significant) and positive for girls.
We therefore speculate whether it is possible that two separate mechanisms underlie the
associations between dairy protein intake at 12 months and IGF-1 at 6 years in boys and girls.

Observational studies suggest that children down to the age of 3 years with the highest
intake of animal protein experience pubertal onset up to 7 months earlier than children with
lower intake of animal protein.(Cheng et al., 2012) IGF-1 levels increase through childhood

and peak during puberty.(Larnkjaer et al., 2012) In the Avon Longitudinal Study of Parents

Thorisdottir B, Gunnarsdottir I, Thorisdottir AV, Palsson G, Halldorsson T1, Thorsdottir 1. Infant dietary
predictors of BMI at 6 years: Two population based studies conducted 10 years apart. Manuscript 2012-11-27.
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and Children from UK, higher IGF-1 levels at 8 years were found to be associated with earlier
age at menarche (< 12 years) in girls.(Thankamony et al., 2012) We propose that it might be
possible that our findings of a positive relationship between dairy protein at 12 months and
IGF-1 levels at 6 years in girls only may be an indicator of dairy protein in infancy sending
girls into earlier puberty and that at 6 years, IGF-1 levels are already starting to elevate and
prepare for the pubertal peak. The reason we do not see a positive association in boys might,
if this theory holds, result from later puberty in boys than girls, with peak levels of IGF-1
occurring at a higher age,(Juul et al., 1994) and that IGF-1 levels at 6 years are therefore not
starting to prepare for the pubertal spurt although dairy protein may be associated with an
earlier puberty in boys as well.

Although not statistically significant, the association between intake of dairy proteins
and IGF-1 at the age of 6 years was in the opposite direction for boys to what was seen in
girls, where higher intake of dairy proteins at the age of 12 months was associated with lower
IGF-1 concentrations. Lower IGF-1 concentrations in early adulthood has been seen in
subjects receiving milk supplementation up to the age of 5 years.(Ben-Shlomo et al., 2005) A
programming mechanism has been proposed: that increased protein intake during infancy
causes a long-term resetting of the pituitary resulting in lower IGF-1 levels later in
life.(Martin et al., 2005) Studies finding higher IGF-1 levels at 7-8 years(Martin et al., 2005)
and at 17 years(Larnkjaer et al., 2009b) in children breastfed for a longer duration support this
hypothesis. Further studies are needed to fully understand the association between protein

intake in infancy and IGF-1, as well as the clinical relevance for long term health.

Conclusion:

Our results suggest that children with high intake of animal protein at 12 months have higher
BMI in childhood than children with lower intake. They further indicate that breastfeeding at
12 months has protective effects on BMI at 12 and 18 months. Our results highlight the need
for special emphasis in infant dietary guidelines aiming at avoiding excess animal protein
intake in the complementary feeding period. Further, the results support prolonged duration of
breastfeeding, into the second year of life. Our findings of a positive relationship between
dairy protein intake at the age of 12 months and IGF-1 levels in 6 year old girls may be of
relevance. Increased IGF-1 might be an indication of early puberty that has been associated

with negative long-term effects on health.
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5. CONCLUSION

Parents and other caregivers of infants seem to have embraced the primary prevention effort
in 2003 of revising infant dietary recommendations and introducing a new option in
complementary feeding practices, the follow-on formula (Stodmjélk), as lower intake of
cow’s milk and a subsequent lower protein intake in the latter half of the first year was seen in
the 2005 compared to the 1995-6 cohort. The results presented in this thesis suggest that the
"natural intervention"™ may have contributed to lower overweight prevalence in the 2005
cohort than the 1995-6 cohort.

To my knowledge, studies presented in this thesis are the first to show desirable
effects on overweight prevalence in a children’s population following a primary prevention
strategy of upgrading infant dietary recommendations to match the latest scientific
knowledge. They therefore emphasise the importance of monitoring infant nutrition in order
to provide appropriate dietary guidelines. The findings of other desirable changes in the
infants’ dietary intakes 10 years apart, improved qualities of fats, increased consumption of
fibre and less added sugar intake, similar to findings described in the national dietary survey
conducted among Icelandic adults in 2010/2011, suggest that Icelanders are getting
increasingly aware of the importance of healthy eating throughout life and that they may
therefore easily adopt upgraded dietary recommendations. The findings of few children with
very high BMI at 6 years in the 2005 cohort however are alarming and indicate that despite
desirable effects on overweight prevalence, the number of severe obese children might still be
growing. Further studies are needed in order to define risk factors related to severe obesity in
young children, as population based prevention approaches might not be applicable for them.

The results suggest that children with high intake of cow’s milk and dietary protein,
especially animal protein, at 12 months have higher BMI in childhood than children with
lower intake. Whether dairy products or protein per se are the important factors could not be
determined. Our results highlight the need for special emphasis in infant dietary guidelines
aiming at avoiding excess animal protein intake in the complementary feeding period. The
results support prolonged duration of breastfeeding, and indicate than increased effort needs
to be placed on promoting prolonged duration of breastfeeding into the second year of life.

The relevance of higher IGF-1 concentration among 6 year old girls with high intake
of dairy protein at 12 months should be examined as high IGF-1 may be a suggestion of early

puberty that may have negative effects on health later in life. The results might be of
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relevance for future research, aiming at understanding the mechanisms behind the relationship
between dairy protein, adiposity rebound, IGF-1 and the clinical relevance for future health.
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6. FUTURE PERSPECTIVES

Blood samples for participants in the 2005 cohort at 12 months of age have been kept frozen
since 2006 and are as we speak in the process of being analysed for IGF-1. | hope that they
may be able to answer questions e.g. on whether the evidently opposing associations between
dairy protein intake at 12 months and IGF-1 were already apparent at 12 months, whether any
programming is evident in our cohort etc. Ideally, we would follow the 2005 cohort up again
at later times, to follow their ages at puberty and their development of BMI and IGF-1
throughout childhood and adolescence. Whether that will be possible, time will show. One
question that is possible to answer with the existing data is: How well established are the
dietary habits of infants at 12 months of age? This would be done by comparing food and
nutrient intake at 12 months and 6 years and might give us a stronger base on how to identify
and respond to adverse dietary habits observed already at 12 months of age.

Hopefully, a new infant study will be conducted in 2015. It is important to keep the
National Food Composition Database and information about contents of infant foods as much
up to date in order to get as precise results on infant dietary habits as possible. Regular
monitoring on infant nutrition is vital to being able to update recommendations to give best
practice and to follow whether recommendations are being followed. If guidelines aiming at
avoiding excess animal protein intake in the complementary feeding period should be
included in the Icelandic infant nutrition recommendations, it is essential to shape the
presentation with great care. It is important that the general public does not interpret the
recommendations in a way that dairy products should be avoided. The Icelandic
recommendations for children from 2 years of age and adults (Public Health Institute, 2006)
and the Nordic recommendations (Nordic Nutrition Recommendations, 2004) recommend
regular consumption of milk and milk products as a part of a balanced diet. Moderate intake
of milk and dairy is important for early growth (Brantsaeter et al., 2012), bone health
(Huncharek et al., 2008) and provides infants with essential nutrients (Nordic Nutrition
Recommendations, 2004). Should an upper limit for daily consumption of milk or dairy
product be recommended, risk assessment should be performed to confirm that the
recommendation does not have a negative effect on the several nutrients that milk provides,

e.g. calcium, potassium, riboflavin and selenium (Nordic Nutrition Recommendations, 2004).
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APPENDIX 1

Feeduflokkar
29.08.2012 Birna Pdrisdottir
Listi notadur vid drvinnslu gagna ar ranns6kn & mataraedi ungbarna 1995-6

1. Mjolk og mjélkurvorur
1.1 Drykkjarmjolk: nymjolk, 1éttmjolk, dreitill, undanrenna, rjomi, kakdmjolk,
kakd, &brystir, mjolkurhristingur, kindamjolk o.s.frv.
1.2 Syrdar mjélkurvérur, syrdur rjémi, jogurt, jogurtdrykkir og skyr
1.3 Mjélkurgrautar, mjolkurbudingar, rjomabuddingar, tiramisu
1.4 Nymjélkurduft, undanrennuduft
2. Ostar
2.1 Allir ostar ur mjolk eda mjélkurvérum
2.2 Ostur Ur soja eda 6dru jurtaproteini
3. Is
3.1 Mjolkuris, rjomais, jogurtis
3.2 Jurtais
3.3 Vatnsis (sorbet)
4. Kornmatur, braud og kokur
4.1 Omalad og heilmalad korn. Hrisgrjon, mais og hafragrjon
4.2 Mjol
4.3 Morgunverdarkorn, mjolgrautar
4.4 Braud, hrokkbraud, tvibokur, brudur, skonsur
4.5 Kex (satt og Oseett9, smakokur
4.6 Kokur, tertur, ostakokur, kleinur
4.7 Pasta, kus-kus
5. Granmeti og kartoflur
5.1 Nyir/frystir rotaravextir, nema kartoflur (t.d. rofur, seetar kartoflur, laukur,
radisur 0.s.frv.)
5.2 Nytt/ferskt greenmeti: stonglar, bldd, aldin (t.d. kal, tomatar, gurkur, paprika,
salat, eggaldin, brokkoli 0.s.frv.)
5.3 Nyjar kartoflur, kart6flumuas
5.4 Nyjar, frystar baunir, ertur
5.5 Nyir sveppir
5.6 Tomt
5.7 Nidursodid og nidurlagt greenmeti, tdmatmauk
5.8 burrkad greenmeti, kartofluduft
5.9 Franskar kartoflur
6. Avextir, ber, hnetur og free
6.1 Nyir/frystir avextir
6.2 Ny/fryst ber
6.3 Hnetur, free, mondlur
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6.4 Nidursodnir avextir, ber, avaxtagrautar, avaxtamauk
6.5 burrkadir avextir og ber
6.6 Sultur
7. Kjot og kjotvorur. Fuglakjot
7.1 Lambakjot, kindakjot (nytt, fryst, saltad, reykt, hakkad)
7.2 Nautakjot
7.3 Svinakjot
7.4 Hrossakjot
7.5 Hreindyra- og hvalkjot
7.6 Alifuglar
7.7 Sjofuglar og adrir villtir fuglar
7.8 Fars, farsvorur, pylsur, bjugu, aleggspylsur
7.9 Innmatur, slatur, svid, kefa
7.10 Nidursodin kjotvara
8. Fiskur, fiskafurdir og skeldyr
8.1 Ferskur/frystur fiskur. Fiskhakk, hrogn, lifur
8.2 burrkadur og hertur fiskur
8.3 Fiskfars og farsvorur, fiskipate
8.4 Saltfiskur, reyktur fiskur, siginn, keestur og grafinn fiskur. Hakarl
8.5 Nidurlagdur og nidursodinn fiskur og skeldyr
8.6 Fersk og fryst skeldyr
9. Egg og eggjavorur
9.1 Egg (ny, fryst, heil eda fljotandi)
9.2 burrkadar eggjavorur
10. Feitmeti: smjor, smjorliki, oliur o.fl.
10.1 Jurtaoliur, jurtafeiti (olia og smjér?)
10.2 Fiskoliur, lysi
11. Sykur, hunang, salgati
11.1Sykur, padursykur, flérsykur
11.2 Hunang
11.3 Seelgeeti
12. Drykkir, nema mjélkurdrykkir
12.1Kaffi, te, kakoduft
12.2 Gosdrykkir, svaladrykkir
12.3 Blandadir dvaxta- og berjadrykkir, saft
12.4 Hreinir safar, avaxtasafar, berjasafar, greenmetissafar
12.5 iprotta- og orkudrykkir
12.6 Bjor, pilsner, maltol
12.7 Bordvin
12.8 Millisterk vin, brennd vin, likjor
12.9 Vatn, sddavatn (med og an bragdefna)
13. Matarsalt, edik, ger, krydd og kraftur
13.1Matarsalt, edik, krydd og kraftur
13.2 Ger og hjalparefni
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13.3 Gervisztuefni
14. Snakk: poppkorn, flégur o.fl.
14.1Poppkorn
14.2 Flégur, skrafur, kornstangir, annad snakk
15. Sésur, stpur og aleggssalot
15.1Allar s6sur og idyfur: salatsosur, majoénes og majonessosur, oliusosur, rjoma-
0g ostasdsur, sinnep, tdbmatsosur, sosur Ur greenmeti, uppbakadar, jafnadar
sosur, sar-satar sosur o.fl.
15.2 Supur, supuduft
15.3 Aleggssal6t, majonessalot, saldt r syrdum rjoma
16. Tilbanir réttir
16.1Pizzur, samlokur, pitur, braudréttir, hamborgarar, pylsa i braudi
16.2 Pastaréttir, lasagna
16.3 Kjotréttir
16.4 Fiskiréttir
16.5 Graenmetisréttir
16.6 Eggjaréttir
17. Fedubdtarefni, neringardrykKir, sérfedi
17.1Vitamin, steinefni, 6nnur fedubotarefni
17.2 Megrunar- og proteindrykkir, naeringardrykkir, proteinstykki
18. Tomt
19. Ungbarnamatur
19.1Grautar
19.2 Avaxtamauk
19.3 Graenmeti og kjot
19.4 Safar
19.5 Stodmjolk
19.6 Sojajogurt
19.7 Brjostamjolk
19.8 AD-dropar
19.9 Tomt
19.10 purrmjolk
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APPENDIX 2

Variable

Food groups (from Appendix 1)

Protein from breastmilk
Animal protein

Dairy protein

Meat and fish protein

Vegetable protein

19.7
142.1+3.1+7+8+9+12.1+16.2+16.3+16.4+16.6+19.3+19.5+19.10
1+42.1+3.1+19.5+19.10

7+8+16.2+16.3+19.3
2.2+3.2+4+5+6+12.3+12.4+14+16.5+19.1+19.2+19.4+19.6
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