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The effect of milk and rapeseed protein on growth factors in 7–8 year-old 
healthy children – A randomized controlled trial 

Benedikte Grenov *, Anni Larnkjær, Christian Ritz, Kim F. Michaelsen, Camilla T. Damsgaard, 
Christian Mølgaard 
Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg C, Denmark   
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A B S T R A C T   

Objective: Milk protein may stimulate linear growth through insulin-like growth factor-1 (IGF-1). However, the 
effect of plant proteins on growth factors is largely unknown. This study assesses the effect of combinations of 
milk and rapeseed protein versus milk protein alone on growth factors in children. 

Design: An exploratory 3-armed randomized, double-blind, controlled trial was conducted in 129 healthy 7–8 
year-old Danish children. Children received 35 g milk and rapeseed protein (ratio 54:46 or 30:70) or 35 g milk 
protein per day for 4 weeks. The primary outcome was difference in IGF-1 changes between intervention groups 
after 4 weeks. Secondary outcomes included changes in IGF-1 after 1 week and changes in insulin-like growth 
factor binding protein-3 (IGFBP-3), IGF-1/IGFBP-3, insulin, height, weight and body composition after 1 and 4 
weeks. Results were analysed by multiple linear mixed-effect models. 

Results: There were no differences in changes of plasma IGF-1, insulin-like growth factor binding protein-3 
(IGFBP-3), IGF-1/IGFBP-3 ratio or insulin between groups after 1 or 4 weeks based on 89 complete cases (P 
> 0.10). IGF-1 increased by 13.7 (95% CI 9.7;17.7) ng/mL and 18.0 (14.0;22.0) ng/mL from baseline to week 1 
and 4, respectively, a 16% increase during the intervention. Similarly, insulin increased by 31% (14; 50) and 
33% (16; 53) from baseline to week 1 and 4. Fat-free mass index (FFMI) increments were higher with milk alone 
than rapeseed blends (P < 0.05), coinciding with a trend towards a lower height increment. Body mass index 
increased within all groups (P < 0.05), mainly due to an increase in FFMI (P < 0.01). 

Conclusion: There were no differences in changes of growth factors between the combinations of milk and 
rapeseed protein and milk protein alone in healthy, well-nourished children with a habitual intake of milk. 
Within groups, growth factors increased considerably. Future studies are needed to investigate how intakes of 
plant and animal proteins affect childhood growth.   

1. Introduction 

Cow's milk can have a stimulating effect on linear growth. This has 
been concluded in reviews and meta-analyses based on studies from 
both high- and low-income countries [1–3]. However, a meta-analysis 
including mainly newer studies from high-income countries did not 
find this effect [4] and a systematic review reported inconclusive results 
[5]. Mainly milk protein, but also other milk components including 

some minerals related to growth and perhaps lactose have been sug-
gested to affect growth [6]. The proposed effect of milk protein on 
growth seems to be mediated by increased production of Insulin-like 
growth factor-1 (IGF-I), a main endocrine factor supporting linear 
growth in childhood, and insulin [7–13]. In an exploratory study, we 
found increased IGF-I and insulin in 8-year-old healthy Danish boys after 
consumption of 1.5 L of milk/day for one week [8,14]. Intake of a 
similar amount of meat protein did not result in increased levels of IGF-1 

Abbreviations: BMI, body mass index; E %, energy percentage; FFM, fat-free mass; FFMI, fat-free mass index; FM, fat mass; FMI, fat mass index; IGF-1, insulin-like 
growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3; MADLOG, food database with nutritional data on Danish food items; Milk, intervention with 
100% milk protein; Blend1, intervention with 54% milk protein and 46% rapeseed protein; Blend2, intervention with 30% milk protein and 70% rapeseed protein; 
SUN, serum urea nitrogen. 

* Corresponding author at: Department of Nutrition, Exercise and Sports, University of Copenhagen, Rolighedsvej 26, 1958 Frederiksberg C, Denmark. 
E-mail addresses: bgr@nexs.ku.dk (B. Grenov), ala@nexs.ku.dk (A. Larnkjær), ritz@nexs.ku.dk (C. Ritz), kfm@nexs.ku.dk (K.F. Michaelsen), ctd@nexs.ku.dk 

(C.T. Damsgaard), cm@nexs.ku.dk (C. Mølgaard).  

Contents lists available at ScienceDirect 

Growth Hormone & IGF Research 

journal homepage: www.elsevier.com/locate/ghir 

https://doi.org/10.1016/j.ghir.2021.101418 
Received 23 April 2021; Accepted 18 July 2021   

mailto:bgr@nexs.ku.dk
mailto:ala@nexs.ku.dk
mailto:ritz@nexs.ku.dk
mailto:kfm@nexs.ku.dk
mailto:ctd@nexs.ku.dk
mailto:cm@nexs.ku.dk
www.sciencedirect.com/science/journal/10966374
https://www.elsevier.com/locate/ghir
https://doi.org/10.1016/j.ghir.2021.101418
https://doi.org/10.1016/j.ghir.2021.101418
https://doi.org/10.1016/j.ghir.2021.101418
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ghir.2021.101418&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Growth Hormone & IGF Research 60-61 (2021) 101418

2

or insulin. A subsequent one week study in 8-year-old boys investigating 
the separate effects of casein and whey protein found that casein 
increased IGF-1, while whey protein resulted in higher insulin levels [9]. 
In a study from Mongolia in 10–11 year-old children, IGF-1 and the ratio 
IGF-1/Insulin-like growth factor binding protein-3 (IGFBP-3) increased 
after intake of 710 mL whole milk/day for one month (p < 0.0001). 
However, in a US study, one week of drinking 710 mL low-fat milk did 
not increase IGF-1 or IGF-1/IGFBP-3 compared to a vegetable-based 
macronutrient substitute in 6–8 year-old girls [13]. 

Milk and dairy intake may also affect body composition. A meta- 
analysis of randomized controlled trials found a significant increase in 
lean but not fat mass (FM) in 6–18 year old children after intake of milk 
or other dairy products compared to controls [4]. In a large cohort study, 
positive associations were reported for milk and dairy intake and body 
mass index (BMI) with stronger effects in 2–4 compared to 5–10 year-old 
children [15]. 

In many countries, there is a growing interest in plant-based foods, 
especially plant protein [16]. Environmental concerns and possible 
health benefits are some of the motives for choosing plant-based diets 
[17,18] and a recent report by the EAT-Lancet Commission on healthy 
foods and sustainable food production recommended diets including a 
diversity of plant-based foods and low amounts of animal source foods 
[19]. In low-income countries, milk protein is used in therapeutic and 
supplementary foods for treatment of children with acute malnutrition 
to support catch-up growth [6]. To reduce cost and to develop more 
sustainable solutions, it is desirable to find plant-based sources of high 
quality protein with growth promoting properties for therapeutic foods. 
One plant-based protein with this potential is rapeseed protein, which 
has a nutritionally well-balanced amino acid profile with protein di-
gestibility corrected amino acid score between 0.91 and 1.00 in a rat 
model [20,21] and increased plasma amino acids at the same level as soy 
protein isolate in a human study [21]. In the present 3-armed study, we 
assessed the effect of milk protein alone versus two isoenergetic, iso-
proteinaceous combinations of milk and rapeseed protein on growth 
factors, growth and body composition in 7–8 year old healthy, Danish 
children with a habitual milk intake. We hypothesized that high-quality 
plant protein could partly substitute milk protein without affecting the 
stimulating effect on secretion of growth factors and that both increased 
milk and plant protein intake would mainly result in lean mass 
accretion. 

2. Materials and methods 

2.1. Study design and participants 

The PROGRO study (Protein and Growth) was a randomized, double- 
blind, clinical trial with 3 parallel study arms. The study was conducted 
at the Department of Nutrition, Exercise and Sports, University of 
Copenhagen, Denmark. Study visits took place at baseline, week 1 and 
week 4. Children were recruited from the Capital Region of Denmark 
through the Danish Civil Registration System. Information letters were 
sent to parents. If they responded, a pre-screening telephone interview 
was conducted to assess eligibility. If children were considered poten-
tially eligible, parents and their child were invited for an oral informa-
tion meeting. Finally, written informed consent was obtained from all 
custody holders. 

Children were eligible for inclusion if they were 7–8 years of age, 
healthy and willing to consume a protein powder two times per day for 
4 weeks. In addition, the child should speak Danish and the parents read 
and speak Danish in order to be properly informed about the study 
procedures. Exclusion criteria were known or suspected allergies, 
sensitization or intolerance to milk, rapeseed or mustard, acute illness, 
chronic disease and use of medicine affecting protein metabolism or 
growth as well as a milk intake >350 mL/day i.e. an already high intake 
of milk protein. In addition, only one child from each household could 
participate in the study. This study was conducted according to the 

guidelines laid down in the Declaration of Helsinki and all procedures 
involving human subjects were approved by the Committees on 
Biomedical Research Ethics for the Capital Region of Denmark (H- 
17011663). The trial was registered at clinicaltrials.gov 
(NCT03384719) prior to recruitment. 

2.2. Intervention 

A daily supplement including 35 g protein was provided to all chil-
dren. This corresponded to the amount of protein in 1 L of milk. The 
groups received powder with either 1) 100% milk protein (Milk), 2) 54% 
milk and 46% rapeseed protein (Blend1) or 3) 30% milk and 70% 
rapeseed protein (Blend2). A group receiving pure rapeseed protein was 
originally planned. However, due to poor taste and insolubility of the 
rapeseed protein, it was not possible to produce an acceptable product 
and the group was left out. The children were asked to consume approx. 
60 g powder (1 sachet) in the morning and the same in the afternoon or 
evening (i.e. 120 g/day) and to mix the powder with water before 
consumption. The powders were manufactured by Fipros A/S, Denmark, 
and contained skimmed milk powder (including 32% milk protein and 
54% lactose, Arla Foods, Viby Denmark), rapeseed protein isolate, 
(Isolexx, min. 90% protein, BioExx, Saskatoon, Canada), lactose (Vari-
olac 855, Arla Foods Ingredients Group, Denmark), sucrose, flavours and 
artificial sweeteners. The powders were standardized to contain the 
same amount of energy (1706 kJ/day), and lactose (59 g/day) (Sup-
plemental Table 1). Skimmed milk powder was used as milk protein 
source as it has a better taste than milk protein concentrate. Lactose may 
have growth promoting properties [6] and therefore lactose was added 
to the rapeseed blends to allow comparison of the effects of the proteins 
alone on growth factors. 

2.3. Randomization, allocation concealment and blinding 

The study was block randomized using block sizes randomly 
changing between 3 and 6 and the randomization was stratified by sex 
(using R, R Core Team 2017). A person, who was not involved in the 
study, prepared the randomization lists and kept them throughout the 
study. Protein powders were pre-packed and consecutively numbered 
for each study participant according to the randomization lists by staff 
not involved in the study conduct. Study staff assigned consecutive study 
ID numbers to children without being aware of the associated protein 
powder. At the end of the baseline visit, a different person, not involved 
in the study conduct, distributed supplies of protein powder to the 
families for the four-week intervention period. 

Packaging material and labelling was similar for all 3 powders, 
except for a small code on each protein powder sachet. However, the 
taste differed by arm as different flavours were used to mask the taste of 
milk and rapeseed protein. Children, parents, laboratory technicians 
measuring growth factors and staff assessing the children were blinded 
as they did not have access to the randomization lists or the blinding 
code, stating the composition of each code. In rare cases, when a family 
revealed the taste of the protein powder their child had consumed, staff 
assessing anthropometry became partly unblinded. Only the coordinator 
of the manufacturing had access to the blinding code. 

2.4. Outcomes 

The primary outcome was changes in plasma IGF-1 concentrations 
from baseline to week 4. Secondary outcomes included changes in 
plasma IGF-1, IGFBP-3, the molar ratio IGF-1/IGFBP-3 and insulin from 
baseline to week 1 and 4. Other outcomes included change in height, 
weight, BMI, FM, fat-free mass (FFM), fat mass index (FMI) and fat-free 
mass index (FFMI). Serum urea nitrogen (SUN) was measured as a 
marker of recent protein intake, an indirect marker of protein powder 
compliance. 
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2.5. Sample size 

To detect a difference equivalent to 0.7 SD with 5% significance level 
and 80% power, a sample size of 34 per intervention group was needed. 
To account for an expected drop-out rate and incomplete measurements 
of 20%, 129 children were recruited for the three intervention groups. 
Earlier studies in healthy 8 year-old Danish boys(7,8), consuming milk or 
milk protein corresponding to 1.5 L of milk per day for 1 week, found 
large effects of milk and milk protein intake on growth factors. A drop- 
out rate of 20% was estimated based on previous trial experience. 

2.6. Study procedures 

At baseline, parents filled in a questionnaire including information 
about sex and age of the child, socioeconomic status of the household, 
and for girls, questions related to puberty and Tanner stage. A short 
physical activity questionnaire was completed at baseline and at week 4. 
Compliance was measured using a compliance diary. Each day, the 
family recorded how much of each protein serving the child had 
consumed. The children were encouraged not to change their intake of 
milk or milk products. They were also reminded that their milk intake 
should not exceed 350 mL per day. Before each visit, a 3-day weighed 
dietary intake was recorded by the parents using the online software 
MADLOG, www.madlog.dk. Dietary intake was recorded for 3 consec-
utive days including 2 weekdays and 1 weekend day. MADLOG is based 
on nutrition data from a public Danish food database (Frida.fooddata. 
dk) and self-reported foods based on the manufacturer's declaration of 
contents. Total daily energy, protein, carbohydrate, fat and milk intake 
were extracted from individual MADLOG records. At the week 1 and 4 
visits, parents were asked if their child had experienced any adverse 
events or adverse reactions since the last visit. 

The children had fasted overnight except for 1–2 glasses of water 
before each visit, and they had emptied their bladder just before 
anthropometric and body composition measurements. Children were 
measured while they were only wearing underwear. Height was 
measured 3 times to the nearest 0.1 cm using a wall-mounted stadi-
ometer (Heightronic 235, QuickMedical), and body weight and FM were 
measured once to the nearest 0.1 kg using a Tanita multifrequence body 
composition analyzer (Tanita MC 780MA). FFM was calculated as body 
weight minus FM, and BMI, FMI and FFMI were calculated as weight, FM 
and FFM divided by height-squared (kg/m2). All measurements were 
taken by trained staff and performed according to standard operating 
procedures. Data from baseline questionnaires and study visits were 
captured in electronic case report forms (EasyTrial, easytrial.net). Data 
extracted from MADLOG reports were double entered in EasyTrial. 

Blood samples were collected by venipuncture from the forearm at 
baseline, week 1 and week 4 after overnight fasting. Local anaesthetic 
patches (EMLA, AstraZeneca AB, Södertälje, Sweden) were applied to 
relieve the discomfort of blood sampling. Serum tubes were used for 
SUN measurements, lithium-heparinized tubes for IGF-1 and IGFBP-3 
and ethylene-diamine-tetra-acetate tubes for insulin. Serum tubes 
were left for 30 min at room temperature and plasma tubes were kept on 
ice until centrifugation. All tubes were centrifuged at 2300 xg for 10 min 
at 4 ◦C and stored at − 80 ◦C until analysis. Plasma IGF-1 and IGFBP-3 
were analysed on Immulite 2000 Analyzer (Siemens Healthcare, 
GmbH) with intra- and inter-assay CVs of 1.9–4.2% and 4.2–7.2%, 
respectively. Urea was analysed on Pentra 400 (HORIBA ABX) by 
automated assays based on colometric principles with intra- and inter- 
assay CVs of 1.0–2.3% and 3.6–4.2%. Plasma insulin was analysed on 
a LIAISON analyzer based on chemo luminescence immune assay tech-
nology (DiaSorin, Italy) with intra- and inter-assay CVs of 1.8–4.3% and 
3.3–8.2%, according to the manufacturer. All measured sample values 
were within detection limits. 

2.7. Statistical analyses 

Baseline data are shown as mean ± SD or median [IQR] for contin-
uous variables and count (%) for categorical variables. Comparison of 
baseline data for children included in the study vs. children that dropped 
out or did not provide blood samples was done using chi-square-test for 
categorical variables, one-way analysis of variance (ANOVA) for 
continuous and normally distributed variables, and Kruskal-Wallis test 
for continuous, non-normally distributed variables. 

Differences in changes from baseline between intervention groups 
and changes within intervention groups were evaluated using linear 
mixed-effect models with the intervention group-visit interaction as a 
fixed effects and children-specific random intercept effects. As the trial 
was considered an exploratory efficacy and not an effectiveness trial, 
complete case analyses were reported based on children that completed 
the study and provided blood samples for assessment of growth factors. 
The following covariate adjustments were also included in the models: 
age, sex, and body weight (only for energy intake). Logarithm- 
transformations were applied to remove right skewness where appro-
priate. If interactions were insignificant, then results were pooled across 
groups. Sensitivity analyses were carried out where between-group 
differences in plasma IGF-1 were evaluated with additional adjust-
ment for height or BMI. In addition, potential sex differences in the ef-
fects were analysed using linear mixed models including a three-way 
(fixed-effect) interaction between sex, intervention group, and visit 
including age as fixed effect covariate and children as random effects. 
Potential differences in compliance between intervention groups and 
between intervention weeks were analysed by one-way ANOVA. Dif-
ferences in compliance between girls and boys were assessed using two- 
sample t-tests. A significance level of 5% was applied. Statistical ana-
lyses were performed using R (R Core Team, 2019), with the extension 
packages lme4, multcomp and lsmeans. 

3. Results 

The study was conducted from January to December 2018. Of 129 
children randomized, 36 (28%) dropped out (Flow chart, Fig. 1). Most of 
the drop-outs occurred within the first week and the main reason was 
that children disliked the intervention products (n = 34). In addition, 4 
children did not provide one or more blood samples, resulting in 89 
complete cases being analysed. The median [IQR] age of the study 
population was 7.8 [7.5;8.2] years, approximately half of the children 
were boys and the majority (78%) were normal weight (Table 1). The 
randomization resulted in well-matched groups except some differences 
with regard to body composition. The Milk group had lower BMI, BMI- 
for-age z-score, waist circumference, FM, FMI and FFMI than the other 
groups. There were no baseline differences between the 89 children 
completing the trial and the 40 children that dropped out or did not 
provide blood samples (P > 0.2) (Supplemental Table 2, Online 
Resource). Total energy and protein E% intake increased in all groups 
during the intervention (P < 0.001) (Table 2). There was no difference 
between the groups in the increase in energy intake after adjustment for 
sex, age and body weight (P > 0.20). At week 4, the adjusted energy 
intake was 812 (95% CI 509; 1116) kJ/day higher than the baseline 
intake across groups. The protein E% intake increased less during the 
intervention in the Blend1 group than the other groups (P < 0.05). This 
group had a higher protein E% intake at baseline. 

There were no differences in changes in plasma IGF-1, IGFBP-3, IGF- 
1/IGFBP-3 or insulin between any of the intervention groups during the 
4 week intervention (Table 3). 

Across groups, plasma IGF-1 increased with an estimated mean of 
18.0 (95% CI 14.0;22.0) ng/mL from baseline to week 4, corresponding 
to approximately 16%. Most of the increase was observed within the first 
week of the intervention, 13.7 (95%CI 9.7;17.7 ng/mL (Fig. 2). As ex-
pected, boys had lower plasma IGF-1 values than girls, − 21.0 (− 34.8;- 
7.1) ng/mL, and both height and BMI were positively associated with 
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changes in IGF-1 (P < 0.001 and P = 0.003). Age was not associated with 
changes in IGF-1 (P = 0.61). Similarly to plasma IGF-1, plasma insulin 
increased by an estimated mean of 33% (16;53) from baseline to week 4 
and by 31% (14;50) from baseline to week 1 across all groups. There was 
a three-way interaction between sex, time and the intervention group 
regarding IGF-1, the molar ratio IGF-1/IGFBP-3 and insulin in the Milk 
group and insulin in the Blend2 group (P < 0.05). Boys in the Milk group 
increased 14.4 (0.8;28.0) ng/L less in IGF-1 and 50% (32:79) less in 
insulin from baseline to week 4 than girls, and boys in the Blend2 group 
increased 61% (38;99) less in insulin than girls in this group. 

There were no differences between the groups with regard to gain in 
weight, FM or FFM. Some differences were observed for gain in height, 
BMI and FFMI, but not FMI (Table 4 and Supplemental Fig. 1 in the 
Online Resource). Point estimates of changes in height were lower for 
the Milk group than the groups receiving rapeseed blends and point 
estimates of changes in BMI and FFMI were higher in the milk than the 
rapeseed blend groups. A few of these group differences were statisti-
cally significant (Table 4). Children in all groups increased in weight, 
FM, FFM, BMI and FFMI (P < 0.05) and increased or tended to increase 
in FMI (P < 0.10) during the 4 week intervention. In the rapeseed blend 
groups children also increased in height (P < 0.001), whereas children in 
the Milk group tended to increase in height (P = 0.08) (Table 4 and 
Supplemental Fig. 1, Online Resource). 

The median [IQR] self-reported intake of the intervention sachets 
was 95% [92; 98] with no difference between intervention groups (P =
0.74) or weeks (P = 0.54). However, boys had 4.8% points (95%CI 
1.4;8.2, P = 0.007) higher compliance than girls. SUN concentration, an 
indicator of recent total protein intake and thereby compliance, showed 
some differences between the groups (Table 3). SUN tended to increase 
more from baseline to week 1 in the Milk group compared to the Blend2 
group (P < 0.10) whereas, the change in SUN from week 1 to week 4 was 
higher in the Blend2 group compared to the Milk group (P < 0.05) 
(Table 3). As seen in Fig. 2, mean SUN peaked at week 1 in the Milk 

group, whereas it gradually increased from baseline to week 1 and 4 in 
the Blend2 group. SUN increased significantly within all groups from 
baseline to week 1 and week 4, respectively (P < 0.001). 

In total 33 mild adverse events were reported among 30 children. Of 
these, 25 were categorized as gastro-intestinal symptoms (e.g. stomach 
pain or discomfort, changes in stool pattern, flatulence), 3 were related 
to skin symptoms and 5 were other symptoms. The number of adverse 
events did not differ between groups (Supplemental Table 3, Online 
Resource). 

4. Discussion 

The results indicate that blends of rapeseed and milk protein stim-
ulate growth factors to the same extent as milk protein alone when given 
to 7–8 year-old healthy children with a mean habitual intake of milk. A 
number of studies have found that intake of milk or milk protein is 
associated with increased IGF-1 levels in children [8,9,11,13,22–24]. 
However, few have investigated the effect of plant, plant versus milk, or 
combinations of plant and milk protein on growth factors in pre-pubertal 
children. A small, randomized, 1-week, cross-over study in 6–8 year-old 
girls from Boston did not find a difference in IGF-1 after daily intake of 
710 mL low-fat milk vs. 710 mL vegetable-based macronutrient substi-
tute made from almond milk, coconut milk and a protein powder of 
unknown origin [13]. Likewise, Mejia et al. reported similar increases in 
IGF-1 in two groups of 2–9 year-old healthy children receiving either a 
soy-based supplement (230 kcal, 7 g protein/day) or an unspecified 
whole milk-based drink for 12 months [25]. These children were from 
low-income families from Bogota, Columbia. In a larger study of 6–9 
year-old Ghanaian children, of which 12% were stunted and 10% 
wasted, intake of skimmed milk powder corresponding to 250 mL milk 
per school day for 3½ or 8½ months resulted in an increase in blood spot 
IGF-1 compared to a control group not receiving any milk. Intervention 
groups receiving half milk and half rice protein (low quality plant 

M30R70 
n=44 

Week 1 
n=32 

Week 4 
n=29 

Analyzed 
n=29 

M100R0 
n=41 

Week 1 
n=33 

Week 4 
n=31 

Analyzed 
n=31 

Invitation letters 
n=12029 

Screened 
n=287 

Randomised 
n=129 

M54R46 
n=44 

Week 1 
n=34 

Week 4 
n=33 

Analyzed 
n=29 

Dropout 
-dislike protein powder, 
n=2 

Dropout 
-dislike protein powder, 
n=12 

Dropout 
-dislike protein powder, 
n=2 
-other, n=1 

Dropout: 
-dislike protein powder, 
n=10 

Dropout 
-dislike protein powder, 
n=1 

Unsuccesfull blood 
samples, n=4 

Dropout 
-dislike protein powder, 
n=7 
-other, n=1 

Fig. 1. Flowchart of study participants. All randomized children received the intervention product. Milk, intervention with 100% milk protein and 0% rapeseed 
protein; Blend1, 54% milk protein and 46% rapeseed protein, Blend2; 30% milk protein and 70% rapeseed protein. 
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protein) or only half milk showed no increase in IGF-1 compared to the 
control group [26]. These studies [13,25,26] indicate that in healthy, 
pre-pubertal, non-malnourished children, milk and high quality plant 
protein may stimulate growth factors equally. 

We also speculate that the lack of difference between the groups 
could be because all groups received at least 30% milk protein corre-
sponding to 300 mL milk per day. As the habitual intake of milk was 
approx. 200 mL, the minimum amount of daily milk intake in all chil-
dren during the intervention corresponded to 500 mL. With this amount 
of milk, stimulation of growth factors might have reached a plateau. We 

have not been able to find studies supporting a possible upper limit for 
stimulation of growth factors in response to milk or protein intake. 
However, there may be a dose-response effect with lower milk intake 
levels. In an Indian cohort study, 2 year-old children with an intake of 
>500 mL milk per day had higher IGF-1 levels than children with an 
intake of <250 mL per day [11]. In the ALSPAC cohort, milk and dairy 
intake was also found to be positively associated with IGF-1 and IGFBP-3 
among 7–8 year-old children [24]. The median milk intake in the 
highest quartile was approx. 500 mL/day. A lower limit for stimulation 
of growth factors was observed in the Ghanaian study mentioned above 
[26] since children with a lower intake of milk powder corresponding to 
125 mL/day did not have a higher increase in IGF-1 than the control 
group that did not receive any protein. The habitual milk intake in these 
children was very low. Finally, although no group differences were seen 
in self-reported compliance of study product intake, the SUN biomarker 
of total protein intake tended to decline slightly in the Milk group, which 
may also have influenced the results of the present study and contrib-
uted to the lack of difference in IGF-1 between groups. Besides increased 
protein intake, a higher energy intake of 814 kJ/day in all groups during 
the intervention might also have affected IGF-1. Malnutrition or severe 
energy or protein restriction lead to lower levels of IGF-1 [27,28]. 
However, in the ALSPAC study, associations between milk or dairy 
intake and IGF-1 remained after adjustment for energy intake and po-
tential confounders, but disappeared after adjustment for protein intake. 
This supports that protein per se stimulates growth factors in healthy 
pre-pubertal children [24]. 

Growth factors showed a fast increase in the first week that seemed 
to level off after 4 weeks. The increase was much larger than the normal 
slow increase of around 1 ng/mL per month observed in pre-pubertal 
boys and girls [29]. Hoppe et al. also found a large increase in IGF-1 
[8,9] and insulin [9,14] after daily intake of 1.5 L milk or equivalent 
amounts of casein or whey protein for 1 week. To our knowledge, no 
other studies have evaluated short-term effects of milk on growth fac-
tors. However, Cadogan et al. found a higher increase in IGF-1 in 12 

Table 1 
Baseline characteristics of 7–8 year-old healthy Danish children.   

Milk (n = 31) Blend1 (n = 29) Blend2 (n = 29) 

Sex, boys 16 (52) 16 (55) 12 (41) 
Age (years) 7.7 [7.4;8.2] 7.7 [7.5;8.0] 8.0 [7.6;8.4] 
Height (cm) 129.6 ± 5.6 131.8 ± 6.7 129.7 ± 6.8 
Weight (kg) 24.7 

[22.8;26.4] 
26.7 
[23.9;29.0] 

26.4 
[23.0;29.7] 

BMI (kg/m2) 14.6 
[14.0;15.1] 

15.5 
[14.3;15.9] 

15.7 
[14.7;16.0]  

BMI categories 
Underweight 9 (29) 5 (17) 1 (3) 
Normal weight 22 (71) 23 (79) 24 (83) 
Overweight or obese 0 (0) 1 (3) 4 (14) 
Height-for-age Z 0.7 ± 0.9 1.0 ± 1.1 0.5 ± 0.9 
Weight-for-age Z − 0.1 ± 0.7 0.4 ± 1.1 0.3 ± 0.8 
BMI-for-age Z − 0.8 ± 0.7 − 0.3 ± 1.0 0.02 ± 0.8 
Waist circumference (cm) 53.5 

[51.1;55.5] 
54.4 
[52.8;58.4] 

54.7 
[52.3;58.2] 

Subscapular skinfold 
thickness (mm) 

5.1 [4.5;5.7] 5.6 [4.9;6.5] 5.4 [5.0;5.8] 

Triceps skinfold thickness 
(mm) 

8.0 [7.2;9.4] 9.5 [7.9;10.9] 9.1 [7.6;11.7] 

Fat mass (kg) 4.5 [3.9;5.2] 5.0 [4.2;6.2] 5.4 [4.5;6.1] 
Fat-free mass (kg) 20.0 ± 2.2 21.6 ± 3.2 21.2 ± 2.9 
Fat mass index (kg/m2) 2.7 [2.3;3.0] 2.9 [2.6;3.4] 3.1 [2.9;3.4] 
Fat-free mass index (kg/ 

m2) 
12.0 
[11.5;12.3] 

12.3 
[11.7;12.9] 

12.3 
[12.1;12.9] 

Puberty among girls 
onlya 

2 (13) 2 (15) 2 (12)  

Physical activity levelb 

Sedentary activities 6 (2) 10 (3) 14 (4) 
Light activities 32 (10) 31 (9) 31 (9) 
Moderate activities 55 (17) 59 (17) 52 (15) 
Vigorous activities 6 (2) 0 (0) 3 (1)  

Highest education in the household 
Bachelor or lower 29 (9) 21 (6) 31 (9) 
Masters or higher 71 (22) 79 (23) 69 (20)  

Growth factors 
IGF-1 (ng/mL) 102.0 

[84.7;121.0] 
111.0 
[95.4;138.0] 

113.0 
[98.1;137.0] 

IGFBP-3 (μg/mL) 3.79 ± 0.74 4.18 ± 0.77 4.03 ± 0.69 
IGF-1/IGFBP-3 M ratioc 0.11 

[0.10;0.12] 
0.11 
[0.09;0.12] 

0.11 
[0.10;0.13] 

Insulin (pmol/L) 15.2 [7.5;23.0] 22.5 
[13.2;29.5] 

17.9 
[13.7;23.5] 

Serum urea nitrogen, 
SUN 

4.5 ± 1.1 4.5 ± 1.0 4.6 ± 1.0 

Values are presented as mean ± SDs, median [Interquartile range, IQR] or n (%). 
Milk, 100% milk protein; Blend1, 54% milk protein and 46% rapeseed protein; 
Blend2, 30% milk protein and 70% rapeseed protein; BMI, body mass index; IGF- 
1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding 
protein-3. 

a Girls were considered to have entered puberty if their Tanner stage was 
higher than I. 

b The physical activity level was categorized as sedentary (reading, watching 
TV, playing video games or other sedentary activities), light (biking or walking 
to school for at least 4 h per week), moderate (play a sport for at least 4 h a week) 
or vigorous (professional sports several times a week). 

c The molar ratio was calculated using that 1 ng/mL IGF-1 and IGFBP-3 are 
equivalent to 0.133 nM IGF-1 and 0.033 nM IGFBP-3, respectively. 

Table 2 
Dietary intake of 7–8 year-old children in each intervention group.   

Milk (n = 31) Blend1 (n = 29) Blend2 (n = 29) 

Energy intake, kJ/daya 

Baseline 6646 ± 1488 7197 ± 1209 6568 ± 1633 
Week 1 7465 ± 1218 8274 ± 1479 7419 ± 1154 
Week 4 7289 ± 1134 7959 ± 2081 7612 ± 1671  

Protein, E%a 

Baseline 13.8 ± 1.9 15.1 ± 1.9 13.8 ± 2.1 
Week 1 18.3 ± 2.1 17.8 ± 1.5 18.1 ± 1.6 
Week 4 18.3 ± 1.9 18.4 ± 2.0 18.6 ± 1.9  

Carbohydrate, E%a 

Baseline 55.3 ± 6.3 55.5 ± 6.1 54.1 ± 5.1 
Week 1 56.3 ± 3.7 55.6 ± 4.4 55.9 ± 4.5 
Week 4 54.8 ± 5.9 55.3 ± 3.9 54.5 ± 3.9  

Fat, E%a 

Baseline 30.9 ± 6.1 29.5 ± 5.7 32.1 ± 5.3 
Week 1 24.0 ± 4.1 25.1 ± 4.5 24.5 ± 4.6 
Week 4 25.6 ± 5.5 24.8 ± 4.3 25.5 ± 4.4  

Milk intake from the diet, g/day 
Baseline 194 [130;240] 161 [100;205] 167 [106;249] 
Week 1 105 [68;160] 83 [45;200] 138 [81;223] 
Week 4 117 [39;192] 140 [50;205] 204 [164;258]  

Milk intake from the intervention, g/day 
Baseline NA NA NA 
Week 1 981 [923;1000] 526 [499;540] 285 [254;300] 
Week 4 1000 [929;1000] 501 [463;540] 296 [273;300] 

Values are presented as mean ± SDs or median [Interquartile range, IQR]. Milk, 
100% milk protein, Blend1, 54% milk protein and 46% rapeseed protein, 
Blend2, 30% milk protein and 70% rapeseed protein a Energy intake, protein E 
%, carbohydrate E% and fat E% are calculated based on intake from dietary 
records and the protein powder x compliance percentage. 
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year-old girls with a mean additional daily intake of 300 mL low-fat or 
whole milk compared to an un-supplemented control group [23]. Serum 
IGF-1 was measured at baseline, 6, 12 and 18 months and the difference 
in IGF-1 levels between the groups seemed to increase throughout the 
study. As the study by Cadogan et al. did not assess short-term effects, 
we do not know if the fast increase in growth factors observed in our 
study was related to the large increase in protein intake or if it would 
also be seen with a smaller amount. In addition, most of the girls in the 
Cadogan study had entered puberty, which may also have affected their 
IGF-1 response to the milk intervention. 

As expected boys had lower IGF-1 values than girls. This has been 
reported in many studies [24,30,31]. Height, BMI and puberty were 
positively associated with changes in IGF-1. IGF-1 is consistently re-
ported to be associated with height and puberty [29–32] but not all 
studies confirm an association with BMI [29]. Some sex interactions 
were observed in the Milk and Blend2 groups as IGF-1, the molar ratio 
IGF-1/IGFBP-3 and insulin in the Milk group and insulin in the Blend2 
group increased less in boys than in girls from baseline to week 4. 
Although sex differences have often been reported in relation to intake 
of milk or milk-based infant formula and growth factors [24,26,33,34], 
we have no clear interpretation of these findings. 

Children in the Milk group grew approximately 0.3 cm in height 
whereas children in the groups receiving rapeseed blends groups grew 
0.6 and 0.8 cm during the 4 week intervention. Only the difference 
between the Milk and Blend 2 group tended to be significant. The 
average height gain in this age group is approximately 0.5 cm per month 
for both boys and girls [35,36], which means the linear growth of the 
study children almost followed the standard. The tendency to slightly 
lower linear growth in the Milk group could be a chance finding or could 
be related to the baseline differences between the groups with thinner 
children and slightly lower baseline IGF-1 values in the Milk group. As 
all groups increased at similar rates in weight (0.6–0.7 kg), FM (0.2 kg) 
and FFM (0.4–0.5 kg), minor group differences were observed in the 
height-adjusted indexes, due to the difference in height measures. BMI 
increased 0.19 kg/m2 more in the Milk group than the Blend2 group, 
mainly explained by a 0.14 kg/m2 higher increase in FFMI. The estimate 
of the difference in BMI change between Milk and Blend1 was 0.16 
(− 0.03;0.34) kg/m2, explained by a difference in FFMI of 0.13 
(0.009;0.24) kg/m2. 

All groups gained in BMI and especially in FFMI. Other studies have 
also found that a high protein intake in this age group is associated with 
mainly lean mass accretion. Milk intervention studies have found that 

Table 3 
Changes in growth factors and serum urea nitrogen in 7–8 year-old children in response to protein interventions.   

Changes within groups* Differences in changes between groups* 

Milk (n = 31)# Blend1 (n = 29) Blend2 (n = 29) Blend1 vs Milk Blend2 vs Milk Blend1 vs Blend2 

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

IGF-1 (ng/mL) 
Wk1 vs 

wk0 
15.3 9.2, 22.1 14.2 7.1, 21.3 11.5 4.5, 18.6 − 1.1 − 10.8, 8.6 − 3.7 − 13.5, 6.0 2.7 − 7.3, 12.7 

Wk4 vs 
wk0 

17.2 10.4, 24.0 20.8 13.7, 27.9 16.0 9.0, 23.1 3.6 − 13.5, 6.0 − 1.2 − 10.9, 8.5 4.8 − 5.2, 14.8 

Wk4 vs 
wk1 

1.9 − 4.9, 8.7 6.6 − 0.4, 13.7 4.5 − 2.6, 11.5 4.7 − 5.1, 14.5 2.6 − 7.3, 12.4 2.1 − 7.9, 12.1  

IGFBP-3 (ug/mL) 
Wk1 vs 

wk0 
0.21 0.05, 0.38 0.10 − 0.08, 0.27 0.11 − 0.06, 0.28 − 0.12 − 0.36, 0.12 − 0.10 − 0.34, 0.13 − 0.01 − 0.26, 0.23 

Wk4 vs 
wk0 

0.22 0.06, 0.40 0.16 − 0.005, 
0.34 

0.16 − 0.009, 
0.34 

− 0.06 
0.06 

− 0.30, 0.18 − 0.06 − 0.30, 0.17 0.004 − 0.24, 0.25 

Wk4 vs 
wk1 

0.01 − 0.15, 0.18 0.07 − 0.10, 0.24 0.05 − 0.12, 0.23 − 0.12 − 0.18, 0.30 0.04 − 0.20, 0.28 0.01 − 0.23, 0.26  

IGF-1/IGFBP-3a 

Wk1 vs 
wk0 

0.009 0.004, 0.01 0.01 0.006, 0.02 0.008 0.003, 0.01 0.002 − 0.005, 
0.009 

− 0.001 − 0.008, 
0.006 

0.003 − 0.004, 
0.010 

Wk4 vs 
wk0 

0.01 0.006, 0.02 0.01 0.01, 0.02 0.01 0.006, 0.02 0.004 − 0.003, 
0.011 

0.0005 − 0.006, 
0.007 

0.003 − 0.003, 
0.010 

Wk4 vs 
wk1 

0.02 − 0.003, 
0.006 

0.003 − 0.001, 
0.008 

0.003 − 0.002, 
0.008 

0.002 − 0.005, 
0.009 

0.001 − 0.005, 
0.008 

0.0004 − 0.0007, 
0.007  

Insulin (%)b 

Wk1 vs 
wk0 

34 5, 70 27 − 0.3, 62 31 3, 67 − 5 − 33, 33 − 2 − 30, 37 − 3 − 31, 37 

Wk4 vs 
wk0 

47 17, 86 23 − 4, 56 29 2, 65 − 17 − 41, 16 − 12 − 37, 23 − 5 − 33, 33 

Wk4 vs 
wk1 

10 − 13, 40 − 4 − 24, 23 − 1 − 22, 26 − 12 − 38, 23 − 12 − 36, 26 − 2 − 31, 38  

SUN (mmol/L) 
Wk1 vs 

wk0 
0.98 0.66, 1.31 0.66 0.32, 0.99 0.58 0.25, 0.92 − 0.33 − 0.79, 0.14 − 0.40 − 0.86, 0.06 0.07 − 0.40, 0.55 

Wk4 vs 
wk0 

0.59 0.26, 0.91 0.61 0.28, 0.95 0.72 0.39, 1.06 0.03 − 0.44, 0.49 0.14 − 0.32, 0.60 − 0.11 − 0.58, 0.36 

Wk4 vs 
wk1 

− 0.40 − 0.73, 
− 0.07 

− 0.05 − 0.38, 0.29 0.14 − 0.20, 0.47 0.35 − 0.12, 0.82 0.54 0.07, 1.0 − 0.19 − 0.66, 0.29 

Milk, 100% milk protein; Blend1, 54% milk protein and 46% rapeseed protein; Blend2, 30% milk protein and 70% rapeseed protein; IGF-1 Insulin-like growth factor-1, 
IGFBP-3 Insulin-like growth actor binding protein-3, SUN, serum urea nitrogen. 

* Changes within and between groups was analysed by multiple linear mixed models with an interaction term group*week, age and sex as fixed effects and children 
as random effect. 

# Milk, n = 29 for insulin and n = 30 for SUN at week 1. 
a The molar ratio IGF-1/IGFBP-3 was calculated using that 1 ng/mL of IGF-1 and IGFBP-3 are equivalent to 0.133 nM IGF-1 and 0.033 nM IGFBP-3, respectively; 

bModel with log-transformed data. 
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milk or dairy product intake was associated with lean mass but not fat 
mass accretion [4]. In the Generation R cohort study, a 5 E% increase in 
protein intake at 8 years of age was associated with higher risk of 
overweight and obesity at 10 years evaluated by BMI [37], but mainly 
due to an increase in FFMI. Both animal and plant protein were asso-
ciated with higher FFMI increase in the Generation R study, but the 

association was stronger for plant protein. In addition, plant protein 
intake tended to be associated with a reduction in FMI whereas animal 
protein tended to be associated with increased FMI [37]. 

The study is one of the first to report effects of combinations of plant 
and animal source protein on growth factors in children. Due to tech-
nical issues with low solubility of the rapeseed protein concentrate, the 

Fig. 2. Growth factors and serum urea nitrogen concentrations in 7–8 year old children during a protein intervention study. Data are presented as adjusted means 
(±SE) from multiple linear mixed models with an interaction term group*week, age and sex as fixed effects and children as random effect. IGF-1, Insulin-like growth 
factor-1; IGFBP-3, Insulin-like growth factor binding protein-3; Milk, 100% milk protein and 0% rapeseed protein; Blend1, 54% milk protein and 46% rapeseed 
protein; Blend2, 30% milk protein and 70% rapeseed protein; Molar ratio, the molar ratio was calculated using that 1 ng/mL of IGF-1 and IGFBP-3 are equivalent to 
0.133 nM IGF-1 and 0.033 nM IGFBP-3, respectively; SUN, serum urea nitrogen. 
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study did not have a pure rapeseed intervention arm, which could have 
shown if rapeseed protein alone stimulates growth factors on par with 
milk protein in children with a habitual milk intake. The high drop-out 
rate of 28%, mainly due to poor taste of the protein powder, compro-
mised the power of the study with slightly increased risk of type 2 error. 
However, as there was an even dropout between the groups and baseline 
characteristics of children dropping out did not differ from character-
istics of children completing the study, this is unlikely to have caused 
bias. Moreover, as there were no tendencies to group differences in any 
of the growth factors, a larger sample size may not have led to a different 
conclusion. Finally, the study population consisted of mainly normal 
weight children from households with relatively high educational level, 
why other studies are needed to confirm the results among e.g. children 
with obesity or who are less well-nourished. 

In conclusion, we found no difference in increase of plasma IGF-1 
and insulin in 7–8 year old healthy Danish children after intake of 35 
g milk protein or a blend of 35 g milk and rapeseed protein (ratio 56:46 
or 30:70). All groups showed increases in growth factors, mainly in the 
first week of the intervention. This indicates that milk and a combination 
of milk and rapeseed protein stimulates growth factors equally in 
healthy, well-nourished children with a habitual milk intake. All groups 
increased in BMI mainly due to an increase in FFMI. The Milk group 
tended to have a lower linear growth increment than the Blend2 group 
and had a higher FFMI increment than the groups receiving rapeseed 
blends. Partial replacement of milk protein with plant protein in diets for 
children could potentially reduce the environmental impact of food 
production. In addition, if high-quality plant protein partly can substi-
tute milk protein in specialised foods for malnourished children without 
affecting stimulation of growth factors, it may have implications for 
future treatment of these children. More studies are needed to investi-
gate the optimum amount and source of protein to support healthy 
growth and development of children. 
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Table 4 
Changes in growth and body composition in 7–8 year-old children in response to protein interventions.   

Changes within groups* Differences in changes between groups* 

Milk (n = 31)# Blend1 (n = 29) Blend2 (n = 29) Blend1 vs milk Blend2 vs milk Blend1 vs Blend2 

β 95% CI β 95% CI В 95% CI β 95% CI β 95% CI β 95% CI 

Height (cm) 
Wk1 vs wk0 0.04 − 0.30, 0.39 0.25 − 0.11, 0.60 0.54 0.18, 0.89 0.20 − 0.28, 0.69 0.50 0.009, 0.98 − 0.29 − 0.80, 0.21 
Wk4 vs wk0 0.31 − 0.04, 0.65 0.56 0.21, 0.92 0.75 0.49, 1.10 0.26 − 0.24, 0.75 0.45 − 0.04, 0.94 − 0.19 − 0.69, 0.31 
Wk4 vs wk1 0.26 − 0.08, 0.61 0.32 − 0.03, 0.67 0.21 − 0.14, 0.57 0.05 − 0.45, 0.55 − 0.05 − 0.55, 0.45 0.10 − 0.40, 0.60  

Weight (kg) 
Wk1 vs wk0 0.30 0.17, 0.44 0.29 0.15, 0.43 0.25 0.11, 0.39 − 0.01 − 0.21, 0.18 − 0.05 − 0.25, 0.14 0.05 − 0.16, 0.25 
Wk4 vs wk0 0.70 0.57, 0.84 0.58 0.43, 0.72 0.62 0.48, 0.77 − 0.13 − 0.32, 0.07 − 0.07 − 0.27, 0.12 − 0.05 − 0.25, 0.15 
Wk4 vs wk1 0.40 0.26, 0,54 0.28 0.14, 0.42 0.38 0.23, 0.52 − 0.12 − 0.32, 0.08 − 0.02 − 0.22, 0.17 − 0.09 − 0.29, 0.11  

FM (kg) 
Wk1 vs wk0 0.04 − 0.06, 0.14 0.08 − 0.03, 0.18 0.03 − 0.08, 0.13 0.04 − 0.11, 0.18 − 0.01 − 0.16, 0.13 0.05 − 0.10, 0.20 
Wk4 vs wk0 0.20 0.09, 0.30 0.17 0.07, 0.28 0.18 0.07, 0.28 − 0.02 − 0.17, 0.12 − 0.02 − 0.16, 0.13 − 0.007 − 0.16, 0.14 
Wk4 vs wk1 0.15 0.05, 0.26 0.09 − 0.01, 0.20 0.15 0.04, 0.26 − 0.06 − 0.21, 0.09 − 0.003 − 0.15, 0.15 − 0.06 − 0.21, 0.09  

FFM (kg) 
Wk1 vs wk0 0.26 0.12, 0.40 0.21 0.07, 0.36 0.22 0.08, 0.37 − 0.05 − 0.24, 0.15 − 0.04 − 0.24, 0.16 − 0.007 − 0.21, 0.20 
Wk4 vs wk0 0.49 0.35, 0.63 0.40 0.36, 0.55 0.44 0.30, 0.59 − 0.09 − 0.29, 0.11 − 0.05 − 0.25, 0.15 − 0.04 − 0.24, 0.16 
Wk4 vs wk1 0.23 0.09, 0.37 0.19 0.05, 0.33 0.22 0.08, 0.37 − 0.04 − 0.24, 0.16 − 0.005 − 0.21, 0.20 − 0.03 − 0.24, 0.17  

BMI (kg/m2) 
Wk1 vs wk0 0.17 0.03, 0.27 0.11 − 0.03, 0.25 − 0.004 − 0.14, 0.13 − 0.05 − 0.24, 0.13 − 0.17 − 0.36, 0.02 0.11 − 0.08, 0.31 
Wk4 vs wk0 0.36 0.22, 0.49 0.20 0.06, 0.34 0.16 0.03, 0.30 − 0.16 − 0.34, 0.03 − 0.19 − 0.38, − 0.005 0.04 − 0.15, 0.23 
Wk4 vs wk1 0.19 0.06, 0.33 0.09 − 0.04, 0.23 0.16 0.03, 0.30 − 0.10 − 0.29, 0.09 − 0.02 − 0.21, 0.17 − 0.08 − 0.27, 0.12  

FMI (kg/m2) 
Wk1 vs wk0 0.02 − 0.06, 0.10 0.04 − 0.05, 0.12 − 0.03 − 0.11, 0.06 0.02 − 0.10, 0.13 − 0.05 − 0.17, 0.07 0.07 − 0.05, 0.19 
Wk4 vs wk0 0.10 0.01, 0.18 0.07 − 0.01, 0.16 0.05 − 0.04, 0.13 − 0.02 − 0.14, 0.10 − 0.05 − 0.17, 0.07 0.03 − 0.09, 0.15 
Wk4 vs wk1 0.07 − 0.01, 0.16 0.04 − 0.05, 0.12 0.08 − 0.009, 0.16 − 0.04 − 0.16, 0.08 − 0.002 − 0.12, 0.12 − 0.04 − 0.16, 0.08  

FFMI (kg/m2) 
Wk1 vs wk0 0.14 0.06, 0.22 0.07 − 0.01, 0.16 0.02 − 0.06, 0.11 − 0.07 − 0.19, 0.04 − 0.12 − 0.24, − 0.005 0.05 − 0.07, 0.17 
Wk4 vs wk0 0.25 0.17, 0.34 0.13 0.04, 0.21 0.12 0.03, 0.20 − 0.13 − 0.24, − 0.009 − 0.14 − 0.25, − 0.02 0.01 − 0.11, 0.13 
Wk4 vs wk1 0.11 0.03, 0.19 0.05 − 0.03, 0.14 0.09 0.008, 0.18 − 0.05 − 0.17, 0.06 − 0.02 − 0.13, 0.10 − 0.04 − 0.16, 0.08  
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[21] M. Fleddermann, A. Fechner, A. Rößler, et al., Nutritional evaluation of rapeseed 
protein compared to soy protein for quality, plasma amino acids, and nitrogen 
balance–a randomized cross-over intervention study in humans, Clin. Nutr. Edinb. 
Scotl. 32 (2013) 519–526, https://doi.org/10.1016/j.clnu.2012.11.005. 

[22] L.-Q. Qin, K. He, J.-Y. Xu, Milk consumption and circulating insulin-like growth 
factor-I level: a systematic literature review, Int. J. Food Sci. Nutr. 60 (Suppl. 7) 
(2009) 330–340, https://doi.org/10.1080/09637480903150114. 

[23] J. Cadogan, R. Eastell, N. Jones, M.E. Barker, Milk intake and bone mineral 
acquisition in adolescent girls: randomised, controlled intervention trial, BMJ 315 
(1997) 1255–1260, https://doi.org/10.1136/bmj.315.7118.1255. 

[24] I. Rogers, P. Emmett, D. Gunnell, et al., Milk as a food for growth? The insulin-like 
growth factors link, Public Health Nutr. 9 (2006) 359–368, https://doi.org/ 
10.1079/PHN2006853. 
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