
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Iron and vitamin D deficiency in children living in Western-Europe
Diagnostic tests, epidemiological aspects, and prevention
Akkermans, M.D.

Publication date
2017
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Akkermans, M. D. (2017). Iron and vitamin D deficiency in children living in Western-Europe:
Diagnostic tests, epidemiological aspects, and prevention. [Thesis, fully internal, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/iron-and-vitamin-d-deficiency-in-children-living-in-westerneurope(9c0ca788-c0d8-4048-b82f-3891f2a2246a).html


Chapter 9



Am J Clin Nutr. 2017 Feb;105(2):391-399.

Akkermans MD, Eussen SR, van der Horst-Graat JM, van Elburg RM,  
van Goudoever JB, Brus F. 

A micronutrient-fortified young 
child formula improves the iron and 
vitamin D status of healthy young 
European children: a randomized, 
double-blind controlled trial 





179

C
H

A
PT

ER
 9

9 A micronutrient-fortified young child formula 
improves the iron and vitamin D status of healthy 
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A B S T R AC T

Background
Iron deficiency (ID) and vitamin D deficiency (VDD) are common among young 
European children because of low dietary intakes and low compliance to vitamin 
D supplementation policies. Milk is a common drink for young European children. 
Studies evaluating the effect of milk fortification on iron and vitamin D status in 
these children are scarce. 

Objective
We aimed to investigate the effect of a micronutrient-fortified young child 
formula (YCF) on the iron and vitamin D status of young European children. 

Design
In this randomized, double-blind controlled trial, healthy German, Dutch and 
English 1-3 year old children were allocated to receive either YCF (1.2mg/100ml 
iron; 1.7µg/100ml vitamin D) or non-fortified cow’s milk (CM) (0.02mg/100ml 
iron; no vitamin D) for 20 weeks. Blood samples were taken before and after the 
intervention. The primary and secondary outcomes were change from baseline 
in serum ferritin (SF) and 25-hydroxyvitamin D (25(OH)D), respectively. ID was 
defined as SF <12µg/l in the absence of infection (hsCRP <10mg/l) and VDD as 
25(OH)D <50nmol/l. Statistical adjustments were made in intention-to-treat 
analyses for sex, country, age, baseline micronutrient status and micronutrient 
intake from food/supplements (and sun exposure in case of vitamin D outcomes). 

Results
The study sample consisted of 318 predominantly Caucasian (~95%) children. 
The difference in SF and 25(OH)D change between the treatment groups were 
+6.6µg/l (95% confidence interval (CI) 1.4 to 11.7 , p=0.013) and +16.4nmol/l 
(95% CI 9.5 to 21.4, p<0.001), respectively. The probability of ID and VDD after 
the intervention was lower in the YCF group compared to the CM group (OR of 
0.42, 95% CI 0.18 to 0.95, p=0.036 and OR of 0.22, 95% CI 0.01 to 0.51, p<0.001, 
respectively). 

Conclusion
Micronutrient-fortified YCF use for 20 weeks preserves iron status and improves 
vitamin D status in healthy young children in Western-Europe. 
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I N T R O D U C T I O N

Deficiency of micronutrients is a global health problem, also in industrialised 
countries, contributing to the global burden of disease. Iron deficiency (ID) 
and vitamin D deficiency (VDD) are two of the most common micronutrient 
deficiencies in young children worldwide.1 ID can lead to iron deficiency 
anemia (IDA)2 and both these conditions are associated with impaired 
neurodevelopment3-6. Vitamin D is suggested to have an important role in 
immune system functioning and in preventing cancers, whereas VDD can  
lead to rickets.7,8

Despite national nutritional recommendations, the iron and vitamin D intake 
of young children in Europe has been shown to be often insufficient to prevent 
ID and VDD.9-13 Furthermore, although the use of vitamin D supplements is 
associated with a lower prevalence of VDD, compliance seems to be low.7,9,10 
To increase compliance, the fortification of commonly used food products has 
been suggested. This produces a more gradual increase in serum micronutrient 
concentration and, if consumed on a regular and frequent basis, fortified products 
will maintain body stores of nutrients more efficiently and more effectively than 
will intermittent supplements.1 

Several international trials have shown beneficial effects of food fortification (i.e. 
milk, bread and margarine) on iron14-23 and on vitamin D24-27 status in children. 
Milk is a popular vehicle for delivering fortification due to its wide availability and 
acceptance. However, randomized controlled trials investigating the effect of this 
strategy in young European children are scarce. Existing studies differ in dosage of 
the fortification and in outcome parameters, which hampers comparison of study 
results.14,15,17,23,25 Moreover, the influence of an infection (e.g. on serum ferritin (SF)) 
or the season (on vitamin D status) on outcome parameters is not always taken 
into account. 

The primary objective of this study was to investigate the effect of a 
micronutrient-fortified young child formula (YCF) given for 20 weeks on ferritin 
concentrations of healthy 12-36 months old children living in Western-Europe, in 
comparison with the use of non-fortified cow’s milk (CM). Secondary objectives 
were to establish the effect of the intervention on the prevalence of ID and IDA, 
serum 25-hydroxyvitamin D (25(OH)D) concentrations, and the prevalence of 
VDD. 
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S U B J E C T S  A N D  M E T H O D S

This randomized, double-blind controlled trial (RCT) was performed in Western-
Europe from October 2012 to September 2014. Participating countries were 
Germany (9 private pediatric clinics spread throughout the country), the 
Netherlands (Juliana Children’s Hospital/Haga Teaching Hospital in The Hague, VU 
University Medical Center in Amsterdam and Sophia Children’s Hospital/Erasmus 
Medical Center in Rotterdam) and the United Kingdom (UK) (Royal National 
Orthopedic Hospital in London and St. Mary’s Hospital in Newport, Isle of Wight). 
The study was approved by the Medical Ethical Review Board of all participating 
sites. The prevalence of and risk factors for ID and VDD at baseline were previously 
published.9

Inclusion and exclusion criteria
Children aged 12 to 36 months with a stable health status (i.e. without any 
known chronic or recent acute disease) were eligible for this study. The children 
were familiar with and currently drinking milk products, and were expected to 
have a study product intake of at least 150 ml per day. Exclusion criteria were 
being born preterm (<32 weeks or <37 weeks with a birth weight <1800 gram), 
known infection during the last week or infection needing medical assistance or 
treatment during the last two weeks, known hemoglobinopathies, any case of 
anemia treated in the last three months, a blood transfusion received within the 
last six months, the presence of a relevant congenital abnormality, chromosomal 
disorder or severe disease (such as major congenital heart disease or Down’s 
syndrome), having a disorder requiring a special diet (such as food intolerance or 
food allergy or complaints such as reflux, constipation and cramps), the current 
use of anti-regurgitation, anti-reflux or laxative medication, participation in any 
other study involving investigational or marketed products within two weeks 
prior to entering the study, known allergy or intolerance to components of the 
study products (e.g. milk powder, lactose or fish protein), and vaccination with 
a live or live-attenuated vaccine received during the last two weeks. Finally, 
parents had to be able to understand the local language and read and fill out 
questionnaires. 

Study procedure
Subjects were recruited in two ways, based on the local situation at the individual 
sites. In the Netherlands and the UK, parents of eligible subjects were informed 
about the study during a pre-operative visit before an elective, non-emergency 
surgical procedure (e.g. urological surgeries, inguinal or umbilical hernia 
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operations or ear-nose-throat procedures). After written informed consent 
was obtained, the first blood draw was combined with the placement of an 
intravenous catheter needed for administering general anesthesia. The subjects 
from Germany were recruited during a regular visit to their pediatrician. After 
taking the blood sample, the included children were randomly allocated to 
receive either micronutrient-fortified YCF (Test product) or non-fortified CM 
(Control product) for a period of 20 weeks. A computer model was used for block 
randomization in which stratification was applied for country and sex. Parents 
(and their children), investigators and treating physicians were blinded to product 
allocation by coding of the cans containing the study products. Subsequently, 
parents answered questions about their child’s demographic and socio-economic 
characteristics, day care centre attendance, sun exposure and medical history. 
The food intake was measured by a food frequency questionnaire, which was 
adapted and translated from previously published dietary questionnaires.28-30 
Micronutrient intake was calculated using the Dutch nutrient databank called 
‘Nederlands Voedingsstoffenbestand’ (NEVO).31 The results reflected the intake in 
the period of one month before the baseline visit. 

During the intervention period, parents were asked not to change their child’s dietary 
habits, including the use of supplements. After 1, 5 and 15 weeks, parents were 
contacted by phone to discuss study product compliance and completion of diaries. 
These diaries included daily study product intake, possible adverse events (AE) and 
serious adverse events (SAE), and the use of medication. Diaries on stool frequency 
and consistency were completed 7 days before the last 2 scheduled visits (at week 
10 and 20). Stool frequency was measured as the number of stools passed on each 
day of the 7 days and stool consistency was measured on an ordered 5-point scale 
with pictures (1-watery; 2-soft, pudding like; 3-soft formed; 4-dry formed; 5-dry hard 
pellets). Halfway through the study, parents were asked to visit the study center in 
order to collect new study product and to discuss potential issues. After 20 weeks, in 
all three countries, a second venous blood sample was taken while subjects visited 
the hospital or clinic for a last time (Figure 1). During all three visits (baseline, 10 
weeks and 20 weeks), height (length) and weight were measured. Body weight was 
measured to the nearest 0.1 kilogram using a calibrated weighing scale. Height was 
measured to the nearest 0.2 centimeter, standing and without wearing shoes, using 
a calibrated stadiometer. In those children who were not able to stand, length was 
measured lying down with the use of a length board, to 0.2 centimeter precision. 
Weight-for-age Z-scores, height/length-for-age Z-scores and Body mass index 
(BMI) (weight divided by height/length²)-for-age Z-scores following World Health 
Organization (WHO) growth charts were calculated. 
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Figure 1 Flow chart of the study design 

This figure shows the study procedure during the 20-weeks intervention period and the 2-weeks follow-up period. 

Abbreviations: C, phone contact; V, visit. 

Test and Control product: YCF and CM
The detailed nutrient profiles of both study products are shown in Table 1. The 
Test product was a commercially available micronutrient-fortified YCF containing 
1.2 mg/100 ml iron and 1.7 µg/100 ml vitamin D. The Control product was a non-
fortified CM that contained 0.02 mg/100 ml iron and no vitamin D. The energy 
levels of both products were comparable (i.e. 46 kcal/100 ml for CM compared to 
50 kcal/100 ml for YCF). Both YCF and CM were supplied in powdered form with 
instructions for preparing the milk by diluting the powder with water. The study 
products were produced, provided and coded (for blinding purposes) by Nutricia 
Cuijk B.V., Cuijk, the Netherlands (commissioned by Danone Nutricia Research, 
Utrecht, the Netherlands).

1050 1

V1

Randomization

Time: (weeks)

C1 C2 C3 C4

V2 V3

15 20 22

Cow's Milk (Control product)

Young Child Formula (Test product)

Questionnaire:
demographics, medical history, 
food intake, stool details, sun 
exposure

Questionnaire:
stool details

Diaries on study product intake, the occurrence of (serious) 
adverse events and medication use

Blood sample 1 Blood sample 2

Questionnaire:
food intake, stool details, sun 
exposure
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Definitions & laboratory analyses
Blood samples were stored at Nutricia Research Analytical Science Laboratory 
(ISO-9001 certified) at -80° Celsius in the Netherlands before being analyzed in 
4 batches. Some parameters were analyzed at an external laboratory: Reinier de 
Graaf Groep Laboratory (ISO 15189:2003 certified), the Netherlands.  

Table 1 Content of YCF and CM per 100ml of prepared product

CM YCF

Macronutrients   

Proteins (g) 3.5 1.1

Carbohydrates (g) 5.2 6.6

Fat (g) 1.7 1.9

Fibres (g) 0.0 0.8

Micronutrients   

Sodium (mg) 40.0 20.0

Potassium (mg) 174.0 56.0

Chloride (mg) 101.0 31.0

Calcium (mg) 127.0 110.0

Phosphorus (mg) 100.0 67.0

Magnesium (mg) 12.0 10.0

Iron (non heme) (mg) 0.02 1.2

Zinc (mg) 0.40 0.90

Copper (µg) 2.4 59.0

Manganese (µg) 0.91 16.0

Selenium (µg) 0.90 2.3

Iodine (µg) 9.8 17.0

Vitamin A (µg RE) 13.0 65.0

Vitamin D3 (µg) 0.0 1.7

α-Tocopherol (vitamin E) (mg) 0.0 1.3

Vitamin K (µg) 0.0 5.0

Thiamin (B1) (µg) 28.0 70.0

Riboflavin (B2) (µg) 142.0 87.0

Vitamin B6 (µg) 30.0 60.0

Folic acid (µg) 1.6 18.0

Vitamin B12 (µg) 0.24 0.13

Biotin (µg) 2.0 1.7

Vitamin C (mg) 0.55 14.0

Abbreviations: CM, cow's milk; YCF, young child formula.
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SF and serum 25(OH)D were analyzed by using an Abbott Architect i2000 
immunology analyzer with a chemiluminescent immunoassay and a 
chemiluminescent micro-particle immunoassay, respectively. 

ID was defined as SF <12 µg/l, according to criteria of the WHO.2 IDA was 
defined as ID in combination with a hemoglobin (Hb) concentration <110 g/l, 
also according to the WHO.2 Ferritin is an acute phase protein that may increase 
when an infection is present, even in the presence of low iron stores. Therefore, 
high sensitivity C-reactive protein (hsCRP), also an acute phase protein, was 
determined in all venous blood samples, and all children with elevated hsCRP 
concentrations (≥10 mg/l) were excluded from the analyses regarding ID and IDA. 

VDD was defined as serum 25(OH)D <50 nmol/l as this is the cut-off level 
recommended by most experts.7,10,32 As previously described9, mean annual 
vitamin D concentrations were calculated from the single values to adjust for 
seasonal variation in circulating 25(OH)D concentrations, by using the cosinor 
model of Sachs et al33. 

Statistical analysis
Sample size calculations were based on the primary parameter (SF) applying data 
from a study of Szymlek-Gay et al.20 Assuming a difference between treatment 
groups in SF change (from baseline to endpoint) of 8.1 µg/l (± 21 µg/l), a total of 
216 subjects (108 per group) were required for a statistical power of 0.8, using an 
alpha of 0.05 in a two-sided t-test. In addition, in order to account for stratification 
and dropout (estimated at 25%), a total of 288 subjects were anticipated to be 
required for inclusion in the study. 

Statistical analyses, described in a statistical analysis plan which was finalized 
before unblinding of the study, were performed using Statistical Package for the 
Social Sciences (SPSS) (version 21.0; SPSS Inc., Chicago, IL, USA). As a first step, the 
distribution of variables was assessed using histograms/Q-Q-plots. Subsequently, 
categorical variables were summarized by frequency and percentage 
distributions, and normally distributed continuous variables were summarized 
by means and standard deviations (SD). Non-normally distributed continuous 
variables were expressed as medians and 25th and 75th percentiles (Q1 and Q3). 
The basic principle of our analyses was to analyze data on an intention-to-treat 
(ITT) basis, in which all children of whom there is information, are analyzed in 
the groups to which they were originally allocated, irrespective of whether they 
actually followed the treatment regime. Vitamin D status and Hb concentrations 
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were analyzed in this ITT study sample. Subsequently, analyses regarding iron 
status (including IDA) were performed in the modified ITT study sample. This 
sample included all subjects from the ITT study sample in whom normal hsCRP 
concentrations (<10 mg/l) were measured at both baseline and at the end of the 
study. 

The effect of the study products on SF and serum 25(OH)D concentration was 
investigated using linear regression analyses, while its effect on the prevalence of 
both micronutrient deficiencies was determined by performing logistic regression 
analyses. In principle, these analyses were performed while adjusting for sex and 
country (stratification factors), age, micronutrient status at baseline and iron or 
vitamin D intake (from food and supplements) at baseline. In case of vitamin D 
analyses, we also performed adjustment for sun exposure (‘at least 1 hour outside 
per day’). 

Finally, all above mentioned analyses, including adjustments for the predefined 
variables, were also performed in the two ‘Per Protocol’ (PP) samples. These 
samples consisted of subjects from the ITT and the modified ITT sample that 
demonstrated “good compliance” with instructions for consuming the assigned 
study product. “Good compliance” was defined as consuming at least 151 ml 
of study product per day on at least 80% of the days during the last 28 days of 
study product intake. All confidence intervals (CI) are presented two-sided with a 
confidence level of 95%. Statistical significance was defined as p<0.05. 
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R E S U LT S

Study sample and baseline characteristics
Because of a higher rate of dropouts than anticipated, 318 subjects were finally 
included in the ITT study sample: 158 in the YCF group and 160 in the CM group 
(Figure 2). This ITT sample consisted of 264 children from Germany (83.0%), 42 
children from the Netherlands (13.2%) and 12 children from the UK (3.8%). Table 
2 and Table 3 show the baseline characteristics and the baseline iron and vitamin 
D status of the two treatment groups, respectively. These tables show a higher 
educational level and working status of the parents of the YCF group than of the 
CM group, although more data on this are missing in the CM group than in the 
YCF group. Furthermore, the CM group had a higher iron intake from milk and a 
higher vitamin D intake from food than the YCF group (Table 2).

Figure 2 shows the numbers of children included in our different study groups 
and analysis sets. There were no differences in the number of or reasons for 
early termination (Figure 2) or in the percentage of children demonstrating 
“good compliance” (69.6% vs. 71.9%, p=0.659) between YCF and CM users. The 
aforementioned observed differences in education level, working status and iron 
and vitamin D intake between CM and YCF users were also found in our modified 
ITT sample and the PP/modified PP sample (data not shown). 
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Figure 2 Flow chart of the study sample

Modified 
PP-CM
Iron analyses
n=100

Modified ITT-CM
Iron analyses
n=143

Poor
compliance
n=43

No ITT-CM (n=3)
- 1 randomization 
 error (low birth 
 weight)
- 2 no blood 
 sample available

No ITT-YCF (n=4)
- 4 no blood 
sample available

hsCRP≥10mg/l
n=17

ITT-CM*1

n=160

CM Group
n=163

Subjects randomized
n=325

Subjects screened
n=329

YCF Group
n=162

Screen failure
n=4

ITT-YCF*2

n=158

hsCRP≥10mg/l
n=11

Poor
compliance
n=45

Poor
compliance
n=45

Poor
compliance
n=48

PP-CM
Vitamin D 
analyses
n=115

ITT-CM
Vitamin D 
analyses
n=160

Modified 
PP-YCF
Iron analyses
n=102

Modified ITT-YCF
Iron analyses
n=147

PP-YCF
Vitamin D 
analyses
n=110

ITT-YCF
Vitamin D 
analyses
n=158

*1 Completion of study: CM Group

Yes n=113 (70.6%)

No n=47 (29.4%)

 - (Serious) adverse event n=2

 - Withdrawal by subject n=22

 - Lost to follow-up  n=10

 - Other     n=13

*2 Completion of study: YCF Group

Yes n=114 (72.2%)

No n=44 (27.8%)

 - (Serious) adverse event n=6

 - Withdrawal by subject n=23

 - Lost to follow-up  n=3

 - Other     n=12
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This figure illustrates the flow of our study sample. Children with elevated hsCRP 
concentrations (≥ 10 mg/l) were excluded from the analyses regarding iron 
status to prevent falsely elevated or normal ferritin concentrations in case of an 
infection. Subsequently, the PP groups consist of children that demonstrated 
“good compliance” with instructions for consuming the assigned study product. 
“Good compliance” was defined as consuming at least 151 ml of study product 
per day on at least 80% of the days during the last 28 days of study product 
intake. 
Abbreviations: CM, cow’s milk; hsCRP, high sensitivity C-reactive protein; ITT, 
intention-to-treat; PP, per protocol; YCF, young child formula. 
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Table 2 Baseline characteristics of the intention-to-treat study sample (n=318)

CM (n=160) YCF (n=158)

Demographic and general characteristics   

Male sex (n) 91 (56.9%) 89 (56.3%)

Caucasian race (n) 151 (94.4%) 152 (96.2%)

Age (years) 20.5 (± 7.7) 20.8 (± 7.3)

Gestational age (weeks) 39.0 (± 1.9) 39.3 (± 1.4)

Birth weight (grams) 3238 (± 553) 3400 (± 513)

Highest educational level of either parent (n)

None 1 (0.6%) 0 (0%)

Primary school 30 (18.8%) 21 (13.3%)

High school/trade school 66 (41.2%) 80 (50.6%)

University 30 (18.8%) 35 (22.2%)

Unknown 33 (20.6%) 22 (13.9%)

Professional status of parents (n)

At least one working 118 (73.8%) 126 (79.7%)

None working 3 (1.9%) 8 (5.1%)

Unknown 39 (24.3%) 24 (15.2%)

Daycare attendance (n)

Yes 75 (46.9%) 66 (41.8%)

No 84 (52.5%) 91 (57.6%)

Unknown 1 (0.6%) 1 (0.6%)

At least 1 hour spent outside per day (n)

Yes 135 (84.4%) 124 (78.5%)

No 25 (15.6%) 34 (21.5%)

Use of sunscreen or protective clothing (n)

Yes 37 (23.1%) 51 (32.3%)

No 117 (73.1%) 103 (65.2%)

Unknown 6 (3.8%) 4 (2.5%)

Characteristics at baseline   

Weight-for-age z-score 0.15 (± 0.98) 0.28 (± 0.92)

Height/length-for-age z-score 0.19 (± 0.99) 0.11 (± 1.00)

BMI-for-age z-score 0.3 (± 1.1) 0.3 (± 1.0)

Main type of milk intake during previous month

Use of primarily cow's milk (n) 68 (42.5%) 73 (46.2%)

Use of primarily formula (n) 85 (53.1%) 79 (50.0%)

Use of other type of milk (n) 7 (4.4%) 6 (3.8%)

Amount of milk per day (milliliter) 517 (± 223) 512 (± 230)
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Use of supplements containing iron (n)

Yes 2 (1.3%) 3 (1.9%)

No 152 (95.0%) 151 (95.6%)

Unknown 6 (3.7%) 4 (2.5%)

Use of supplements containing vitamin D (n)

Yes 51 (31.8%) 43 (27.2%)

No 103 (64.4%) 111 (70.3%)

Unknown 6 (3.8%) 4 (2.5%)

Iron and vitamin D intake at baseline   

Iron

Iron intake from milk1,2 (mg/day) 3.1 (0.0-5.2) 2.3 (0.0-4.8)

Iron intake from food1 (mg/day) 6.8 (5.0-9.9) 6.7 (4.3-10.1)

Vitamin D

Vitamin D intake from milk1,2 (µg/day) 4.4 (0.0-7.0) 4.4 (0.0-6.3)

Vitamin D intake from food1 (µg/day) 5.3 (1.1-7.7) 2.0 (0.8-7.0)

This table shows the baseline characteristics of our intention-to-treat study sample. Data are expressed as means 

(with standard deviation) or numbers (with percentage), unless otherwise noted. 1No normal distribution and 

therefore we report the median with IQ25-75. 2Milk includes formula milk and cow's milk. Abbreviations: BMI, body 

mass index; CM, cow's milk; YCF, young child formula. 
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Iron status and ID/IDA prevalence
In the (complete) modified ITT sample, the difference in change from baseline  
in SF between the treatment groups was +6.6 µg/l (95% CI 1.4 to 11.7, p=0.013). 
The estimated mean (± standard error of the mean (SEM)) change in SF 
concentration from baseline was -4.9 ± 2.2 µg/l for the CM group and +1.7 ± 2.4 
µg/l for the YCF group (Table 3). Subsequently, we performed explorative analyses 
in which the modified ITT sample was divided into four subgroups representing 
categories of  ‘most frequently consumed daily volume during the last four weeks’ 
(1-150ml/day, 151-300ml/day, 301-500ml/day and >500ml/day). The effect sizes 
in these subgroups were analyzed while adjusting for sex, country and baseline 
SF concentration. In children consuming >500ml/day, the group difference in 
change from baseline in SF was +11.2 µg/l (95% CI 1.8 to 20.6).

Table 3 Adjusted mean change in iron and vitamin D status after the intervention

CM YCF

Iron status (and anemia)   

Serum ferritin (µg/l) (n=143) (n=147)

Baseline (mean ± SD) 28.9 ± 17.1 25.6 ± 14.8

20 weeks (mean ± SD) 22.0 ± 17.5 27.9 ± 17.4

Change from baseline (mean ± SEM)1 - 4.9 ± 2.2 + 1.7 ± 2.4*

Hemoglobin (g/l) (n=160) (n=158)

Baseline (mean ± SD) 118.5 ± 10.7 119.8 ± 8.8

20 weeks (mean ± SD) 121.9 ± 9.8 123.9 ± 8.2

Change from baseline (mean ± SD) + 3.5 ± 9.1 + 3.1 ± 8.9

Vitamin D   

Serum 25-hydroxyvitamin D (nmol/l) (n=160) (n=158)

Baseline (mean ± SD) 70.2 ± 26.7 69.4 ± 27.0 

20 weeks (mean ± SD) 62.0 ± 29.9 77.8 ± 26.6 

Change from baseline (mean ± SEM)1 - 7.2 ± 2.5 + 9.2 ± 2.8*

* Group difference in change from baseline in serum ferritin and serum 25-hydroxyvitamin D between treatment 

groups was +6.6 µg/l (95% CI 1.4 to 11.7, p=0.013) and +16.4 nmol/l (95% CI 9.5 to 21.4, p<0.001), respectively. This 

table shows the adjusted mean change in iron and vitamin D status after the intervention. 1The change from baseline 

in serum ferritin and serum 25-hydroxyvitamin D were analyzed while adjusting for sex and country (stratification 

factors), age, micronutrient status at baseline and the iron or vitamin D intake from food and supplements (and also 

sun exposure in case of vitamin D). The iron analyses were performed in the modified intention-to-treat sample in 

which the children with an elevated high-sensitivity C-reactive protein were excluded to prevent falsely elevated 

or normal ferritin concentrations in case of an infection. Abbreviations: CI, confidence interval; CM, cow's milk; SD, 

standard deviation; SEM, standard error of the mean; YCF, young child formula.
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Table 4 shows the prevalence rates of ID and IDA before and after the 
intervention. The probability of ID after the intervention was lower in the YCF 
group compared to the CM group (odds ratio (OR) of 0.42, 95% CI 0.18 to 0.95, 
p=0.036). The IDA prevalence rates were too low to evaluate the effect of the 
intervention on IDA prevalence. 

Hb concentrations and anemia
At baseline, 18.9% (60/318) of the children were anemic; 23 children in the YCF 
group and 37 children in the CM group. After the intervention, 4 YCF users and  
13 CM users were anemic (p=0.021). In contrast, the mean change from baseline 
in Hb was comparable for YCF and CM users (Table 3). 

Table 4 Iron and vitamin D deficiency before and after the intervention

CM YCF OR (95% CI) 

Iron status (and anemia)    

Iron deficiency (n (%)) 0.42 (0.18, 0.95)*

Baseline 17/143 (11.9%)  21/147 (14.3%)

20 weeks 29/98 (29.6%) 14/101 (13.9%)

Iron deficiency anemia (n (%)) -

Baseline 8/143 (5.6%) 4/147 (2.7%)

20 weeks 4/99 (4.0%) 0/103 (0.0%)

Vitamin D    

Vitamin D deficiency (n (%)) 0.22 (0.01, 0.51)*

Baseline 35/160 (21.9%) 40/158 (25.3%)

20 weeks 37/111 (33.3%) 15/111 (13.5%)  

This table shows the prevalence rates of iron deficiency, iron deficiency anemia and vitamin D deficiency before 

and after the intervention. Iron deficiency was defined as serum ferritin <12µg/l in children without an elevated 

high sensitivity C-reactive protein. Iron deficiency anemia was defined as iron deficiency in combination with a 

hemoglobin concentration <110g/l. VDD was defined as serum 25-hydroxyvitamin D <50nmol/l. The right column 

shows the odds of having iron deficiency and vitamin D deficiency in YCF users compared to CM users. These odds 

ratio's were calculated while adjusting for sex and country (stratification factors), age, micronutrient status at baseline 

and the iron or vitamin D intake from food and supplements (and also sun exposure in case of vitamin D). *statistically 

significant between YCF and CM users with p<0.05. Abbreviations: CI, confidence interval; CM, cow's milk; OR, odds 

ratio; YCF, young child formula.
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Vitamin D status and VDD prevalence 
In the (complete) ITT sample, the difference in change from baseline in 25(OH)D 
between the treatment groups was +16.4 nmol/l (95% CI 9.5 to 21.4, p<0.001). 
The estimated mean (± SEM) change in 25(OH)D concentration from baseline was 
-7.2 ± 2.5 nmol/l for the CM group and +9.2 ± 2.8 nmol/l for the YCF group (Table 
3). Subsequently, we performed explorative analyses in which we determined 
the effect sizes in subgroups based on ‘most frequently consumed daily volume 
during the last four weeks’ while adjusting for sex, country and baseline 25(OD)D 
concentration. In children consuming >500ml/day, the group difference in change 
from baseline in 25(OH)D was +18.1 nmol/l (95% CI 3.0 to 33.2). 

Table 4 shows the prevalence rates of VDD before and after the intervention.  
The probability of VDD after the intervention was lower in the YCF group 
compared to the CM group (OR of 0.22, 95% CI 0.01 to 0.51, p<0.001). 

Iron and vitamin D deficiency 
At baseline, 8.2% (12/147) of the YCF group and 5.6% (8/143) of the CM group 
were iron as well as vitamin D deficient. These prevalence rates increased in the 
CM group to 15.3% (15/98) and decreased for YCF users to 4.0% (4/101), after  
20 weeks of study product intake. 

Per protocol analyses
PP and modified PP analyses confirmed the results from the ITT/modified ITT 
analyses, although the effect sizes were larger in the PP analyses (data not shown). 

Safety of study products: adverse events, gastrointestinal tolerance  
and growth
Overall, there were no statistically significant differences in the number and 
severity of reported AEs between the YCF and CM group (data not shown).  
Of the reported AEs (in total, 939 in 258 subjects), 33 events in 27 subjects were 
considered to be related to the study product. The majority of these supposedly 
related AEs compromised gastrointestinal complaints. In total, there were 30 
reports of diarrhea in 26 subjects (17%) from the YCF group versus 17 reports 
of diarrhea in 14 subjects (9.2%) from the CM group (p=0.061). In both groups, 
most of these reports were documented in the first week after the start of the 
study product and the diarrhea lasted for less than five days (data not shown). 
The complaints were not severe and most of the complaints resolved without any 
medication. Furthermore, there were 9 SAEs reported in 8 subjects. These events 
were diverse and evenly distributed over the treatment groups (data not shown). 
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All were considered not to be related to the study product. 
Table 5 shows the stool characteristics (frequency and consistency) recorded 
before each hospital/clinic visit, by treatment group. No statistically significant 
differences in gastrointestinal tolerance were observed between the treatment 
groups. 

Finally, there were also no statistically significant differences in the 
anthropometric data (i.e. weight-for-age Z-score, height/length-for-age Z-score 
and BMI-for-age Z-score) between the two treatment groups during the 
intervention period (data not shown). 

Table 5 Gastrointestinal tolerance: stool frequency and consistency

CM YCF

Stool frequency (number of stools/day)1 n=153 n=153

Visit 1 (baseline) 2 (1-2) 2 (1-2)

Visit 2 (10 weeks) 1 (1-2) 1 (1-2)

Visit 3 (20 weeks) 2 (1-2) 1 (1-2)

Stool consistency (on an ordered scale)2 n=153 n=153

Visit 1 (baseline) soft formed (54.6%) soft formed (55.3%)

Visit 2 (10 weeks) soft formed (52.8%) soft formed (45.0%)

Visit 3 (20 weeks) soft formed (57.8%) soft formed (47.1%)

This table shows the stool frequency and consistency of the included children during the intervention period. There 

were no statistically significant differences between the two treatment groups. These analyses were performed in 

all children from the intention-to-treat sample that actually drank any study product. 1Data are presented as median 

with 25th and 75th percentiles. At baseline, the stool frequency value was recorded as a single integer value. At visit 

2 and 3 it was derived from seven daily frequency values. 2Data are presented as the most frequently recorded stool 

consistency (%). The following options were present: watery, soft pudding like, soft formed, dry formed, dry hard 

pellets. Abbreviations: CM, cow's milk; YCF, young child formula.
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D I S C U S S I O N

This is the first randomized double-blind controlled trial to describe the effect of 
micronutrient-fortified YCF on both the iron and vitamin D status of healthy 12-36 
months old children in Western-Europe. The results of this study indicate that daily 
consumption of YCF for a period of 20 weeks preserves iron status and improves 
vitamin D status in young European children. Furthermore, neither study product was 
related to the incidence of serious adverse events. The use of YCF may therefore be an 
effective and practical strategy to prevent ID and VDD in young European children. 

Iron status
We observed a modest increase in SF in the children consuming YCF. Explorative 
analyses based on type of milk before start of the study (formula or cow’s milk) 
showed a higher increase in SF in original cow’s milk users than in original formula 
users (data not shown). Therefore, young children consuming cow’s milk will probably 
benefit the most from micronutrient-fortified YCF. Normally, you expect a decrease 
of SF over time since blood volume expands rapidly during growth requiring 
increasing erythropoiesis with use of stored iron and subsequent decrease of SF 
concentrations.14,15,20,23 Since the SF concentration increased modestly in the YCF 
group, we suggest that the use of micronutrient-fortified YCF preserves iron stores in 
young European children. 

Four European studies also report on the effect of fortified formula on iron 
status14,15,17,23, although only two of them14,17 used formula with a comparable iron 
content of 1.2 mg/100 ml. First, Daly et al. investigated the hematological effects 
of a follow-on formula in a group of inner city toddlers whose mothers had already 
switched to pasteurised cow’s milk by 6 months of age. SF concentrations in formula 
users remained stable, while these decreased significantly in the toddlers that 
continued on cow’s milk.14 The second study that used the same iron dosage, focused 
on the mental and psychomotor developmental indices at the age of 18 months 
after 9 months use of fortified formula. The authors report significantly higher SF 
concentrations at 18 months in the fortified formula users compared to non-fortified 
formula and cow’s milk users. Unfortunately, they do not report on SF concentrations 
at baseline.17 Therefore, the results of our study are only comparable to the study 
from Daly et al. However, they included younger children, had a longer intervention 
period, and did not specify details on the ethnicity and socioeconomic status of the 
participating children. Furthermore, they did not take into account the influence of 
a possible infection on SF concentrations. These differences in study design make it 
difficult to compare results. 
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Vitamin D status
Our observed increase in serum 25(OH)D concentrations in the YCF group is 
confirmed by a study from Hower et al. among German children.25 In contrast, 
Madsen et al. found a decrease in serum 25(OH)D concentration in both formula 
and cow’s milk users in Denmark.26 In this latter study, a lower fortification dosage 
of only 0.38 µg vitamin D/100 ml was used as compared to 1.7 µg/100 ml in our 
YCF. This lower fortification dosage may not be sufficient to maintain adequate 
serum 25(OH)D concentrations. 

The VDD prevalence in our study decreased in the YCF group, while it increased 
in the CM group (to 33.3%). In the previously mentioned study of Hower et al., 
higher prevalence rates up to 79.2% were found in cow’s milk users.25 In this 
study, the influence of vitamin D fortified formula (2.85 µg vitamin D/100 ml) on 
vitamin D status was investigated in older children (2-6 years). Vitamin D status 
was determined before (October/November) and after winter (late February). It 
is known that the risk for VDD increases during the winter7,10, which may explain 
that their VDD prevalence rates are higher than in our study. 

Only a minority of the children (~30%) in our study received vitamin D 
supplements (mean content 10.7 µg/day), although policies regarding vitamin 
D supplementation exist in all three participating countries. This emphasizes the 
need for new strategies, like the use of fortified food products. 

Advantage of fortification with iron and vitamin D (and other 
micronutrients)
Most of the previously mentioned RCTs studied the effect of single iron- or single 
vitamin D-fortified food products. However, a comprehensive review by Best 
el al. showed that multi-micronutrient fortification, like our YCF, results in more 
positive effects on biochemical indicators of micronutrient status.34 In general, 
it is believed that micronutrients can interact with each other (for example, by 
competing for the same transporter) and hereby lead to a different absorption of 
other micronutrients.34,35 

For example, ID and VDD seem to influence each other in a negative way, but the 
precise pathogenesis is unclear.36-39 Vitamin D is suggested to increase the storage 
and retention of iron by reducing the activity of pro-inflammatory cytokines 
that inhibit iron absorption. On the other hand, it is known that ID impairs the 
intestinal absorption of fat and the fat-soluble vitamin A and therefore maybe 
also the absorption of fat-soluble vitamin D. Moreover, iron is a cofactor for the 
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enzyme 1α-hydroxylase which is responsible for the hydroxylation of 25(OH)D 
to 1,25(OH)2D(40). Combined fortification of iron and vitamin D may therefore 
have a synergistic effect on iron and vitamin D status. On the other hand, the 
bioavailability of iron also depends on the composition of the diet. Food products 
containing heme iron (e.g. meat) are better absorbed than those containing 
non-heme iron (e.g. vegetables, milk). Furthermore, several factors enhance (e.g. 
vitamin C) or inhibit (e.g. calcium) iron absorption. The amount of calcium is lower 
and the amount of vitamin C is higher in our YCF than in our CM and this could 
have also influenced the found effect of our YCF on change in iron status. Another 
impact of multi-micronutrient fortification is that, besides iron, several other 
micronutrients can also influence Hb concentrations.34 

Safety of micronutrient-fortified YCF
Iron could theoretically increase pro-oxidant stress with potential adverse 
effects, including infection risk, while it may affect stool pattern as well. 
However, consistent with previous reports41, we neither observed a difference 
in the frequency and severity of adverse events15 nor in the stool characteristics 
between YCF and CM users. Consistent with two other studies, we also did not 
find differences in anthropometric parameters between YCF and CM users.14,17 

Strengths and limitations
The strength of our study is that it was a randomized double-blind controlled trial 
in a well-defined sample of healthy young Caucasian children in Western-Europe. 
Furthermore, we took into account the influence of infections and the season on 
iron and vitamin D status parameters, respectively. 

The majority of our study sample consisted of German children and almost all 
children were from the Caucasian race. This may hamper generalization of our 
results to other parts of the world with non-Caucasian children. However, we 
believe that country and race may influence baseline status, but not modify the 
effect of our intervention. Another limitation of our study is the use of an adapted 
food frequency questionnaire that was not validated for determining iron and 
vitamin D intake in young children. However, these kind of questionnaires have 
been found suitable for determining iron and vitamin D intake in infants and 
preschoolers.42 Finally, the percentages of dropout (mostly due to non-acceptance 
of the study product), although similar for both treatment groups, were higher 
than expected. Around 40% of the children consumed cow’s milk prior to the 
start of the study. During the intervention period, these children were exposed 
to milk with a different consistency and possibly a different taste. This can explain 
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the refusal of some children to drink the study products. Future studies should 
therefore investigate the best form and taste of fortified YCF. 

CO N C LU S I O N

Daily use of micronutrient-fortified YCF, instead of non-fortified CM, during 20 
weeks preserves iron status and improves vitamin D status in 12-36 months old 
children in Western-Europe. The current recommendations state that cow’s milk is 
acceptable after the age of 1 year, although the iron and vitamin D intake in these 
children, including the use of vitamin D supplements, is insufficient to prevent 
ID and VDD. YCF, as part of a toddler’s diet, could play a role in ensuring sufficient 
intake of certain micronutrients. The long-term benefits of fortified YCF on 
neurodevelopment and overall health remain to be elucidated in future studies. 
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