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PROLOGUE

I would like to start with a personal note. When I started working as a paediatrician, 

I was always fascinated by the dietary habits of children. Why do some children eat 

vegetables, meat, bread and cow’s milk, while other children don’t like milk or veg-

etables or don’t eat anything at all? What are the somatic consequences of restricted 

dietary intake? When I work in the outpatient clinic, I always ask about dietary habits, 

and most children have some issues with their diet. Then, I realized that maybe I did 

not see many children with normal eating habits, because they have better health. 

Why do some children get sick and others don’t?

To illustrate this, a study group in Baltimore examined the adenoids and tonsils of chil-

dren after tonsillectomy for the presence of (viral) pathogens. The adenoids or tonsils 

were removed because of respiratory obstruction due to hypertrophy, not because of 

recurrent infections. Although these children had no symptoms of infections, in all 

children, 1 or more pathogens were found in the adenoid or tonsillar tissue. In 40% of 

these children, they found more than 3 pathogens. The authors argued there could 

be a latent or persistent viral infection that explained the positive polymerase chain 

reaction (PCR) findings[1]. These findings were confirmed by another study group, 

they found 97% positive cultures (29/30) in an asymptomatic group of children[2]. If 

many children have positive cultures, indicative for the presence of pathogens, why 

do some children get ill and others stay only carriers of the virus? Can nutritional 

deficiency be one of the factors that have a negative effect on the immune system in 

these children? That was the point when I started with my research, targeting the role 

of nutrition in children’s health in a developing world.



AIMS

In paediatrics, a lot is known about general or specific aspects of development, 

growth, infectious diseases, congenital abnormalities and rare diseases. In contrast, 

much is unknown about common symptoms of modern diseases, such as recurrent 

upper respiratory tract infections (URTIs) or tiredness. Because much is unknown 

about these conditions, no treatment options are available. In the absence of medical 

abnormalities, we tell the parents their child will “grow out” of it. Parents cannot do 

anything in that period, except for buying medication to relieve the symptoms.

This thesis focuses on the effects of nutrition on common symptoms and modern 

diseases without proper treatment options.
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MODERN DISEASES

In 2007, I interviewed a general practitioner, who was 87 years old at that moment 

and still practicing as a family doctor, about modern diseases. He started practicing 

just after the World War II, and the diseases he treated were completely different as 

compared to the diseases in 2007. In the old days, he treated children with epilepsy, 

asthmatic diseases, pneumonia in the winter season and sometimes very serious 

diseases such as cancer or paralysis. The same as in 2007. However, he did not see 

children with tiredness, recurrent infections, obesity, ADHD or allergic diseases. Also, 

the number of children visiting his practice differed. In the beginning of his career, 

he treated only a few children from an entire school, but nowadays, he treats many 

children from just one classroom. He pointed out that today the doctors have a more 

difficult job; the origins of the diseases are less clear and, as a result, the treatment 

options also.

Socioeconomic circumstances have improved since World War II; however, health care 

consumption has increased instead of declined. The illnesses children present with 

are less serious, but more common in society.

We selected a few of these modern diseases in children to investigate whether a 

dietary change can alter the presentation and incidence of these diseases. We chose 

recurrent upper respiratory tract infections (URTIs), tiredness, subclinical hypothy-

roidism (SH) and allergic parameters. The incidence of these diseases is high in our 

Western population, and we do not have a proper treatment or protocol we can use to 

solve them. Therefore, we can use a possible solution to decrease the impact on the 

patients suffering from these diseases.

NUTRITION IN CHILDREN

How do young children eat in The Netherlands? In 2015, a study about dietary habits 

in 1–4 year old children was performed. This study investigated the food intake over 

2 days in 1526 young children. Around 40% of these children did not meet the recom-

mendations of the “schijf van vijf” = “Wheel of Five”[3]. According to the Dutch 

Nutrition Centre, following the Wheel of Five gives your body enough of the products 

that provide health benefits, as well as all the nutrients you need to meet every day 

head-on. In the 2015 dietary intake study, primarily the intake of fruits, vegetables 

and fats for preparation of foods were lacking. In this age group, around 68% did not 

reach the advised 150 grams of fruit per day, with a mean intake of 128 grams per 
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day. Around 38% of the children did not eat the advised portion of 50–100 grams of 

vegetables. The mean intake was only 60 grams of vegetables per day. The consump-

tion of fat for preparation, such as cooking oil or fats, was extremely low; 94% did 

not reach the recommended 15 grams per day. The mean intake was 4 grams per day. 

The advised meat consumption was reached in 40% of the children. Around 85% of the 

children drank more dairy products than advised (300 ml/day). In all, 80% of these 

dairy products consisted of semi-skimmed milk, growing up-milk and follow-up milk.

As a result of this insufficient diet, some undesirable effects in nutrient intake are 

seen. The total energy intake is too high in the young children, mainly because of too 

much sugar and protein. Total fat intake is too low, as is the fibre intake (because of 

lower fruit and vegetable intake). For micronutrients, iron intake (low meat intake), 

omega-3-fatty acids (lack of fish and natural fat intake) and vitamin D (low fat intake) 

are at risk. Vitamin A and natrium are taken too much[4].

In 2008, we investigated in our own study population the dietary habits of children 

with recurrent URTIs. When we asked what they consumed, we did not find any dif-

ferences between 37 children with URTIs and 39 children in the control group with 

respect to the intake of bread, meat (products), vegetables, dairy products, fruits et 

cetera[5]. The children in our study population ate according to the “schijf van vijf”, 

even the recommended amounts, so no deficient intakes were observed [3, 5]. A criti-

cal remark about our study, we used a questionnaire about food instead of the 2-day 

food recall list. These different methods used may be responsible for the differences 

found between both studies.

When we asked the parents in another study what their children did not eat (<1 

time a week), we noticed differences. In all, 16% of the 82 children with URTIs ate 

vegetables <1 time a week as compared to 8% in 399 control children (p<0.05). They 

also consumed less beef (28% vs 17% < 1 time a week, respectively; p<0.05)[6]. We 

saw no differences in the fruit or dairy intake. Thus, children with URTIs seemed to 

eat appropriate amounts, but when the question was asked differently (e.g., what 

they did not eat?), we noticed significant differences. In line with this finding, we 

hypothesized that nutrient rich dietary advice could improve the health of children, 

since a great percentage of children miss important food products.

To accomplish this, we developed dietary advice with four components with respect 

to our previous findings. Within the vegetable and meat group, respectively, green 

vegetables and beef contain the largest amounts of nutrients[7]. The intake of fatty 

acids (with favourable proportions of omega-3 and -6 fatty acids), proteins and fat 
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soluble vitamins was ensured by whole milk and butter (Table 1–4). The dietary advice 

therefore consisted of 3 times a week beef, 5 times a week green vegetables and 

daily whole milk and butter—all in age appropriate portions, according to the Dutch 

recommendations[3]. These products have in common that they all are unprocessed 

fresh food products, rich in nutrients (Table 5). Above all, the components fit in the 

traditional Dutch diet, like it was about a century ago. In our study group, children 

with URTIs, we did not see deficient fruit intake. We therefore did not include fruits 

in the dietary advice.

In the following paragraphs, we put the investigated dietary advice into perspective 

to the specific nutritional needs of children.

Proteins
Proteins are needed for growth and maintenance of the body [8]. In children, higher 

amounts of proteins are necessary as an important source of nitrogen and indispens-

able amino acids. To gauge the quality of a dietary protein source, an indicator has 

been developed. Dietary protein quality is an indicator for the quantity and utilization 

of indispensable amino acids. Most animal products are considered high quality pro-

tein sources, since they contain optimal indispensable amino acids for human needs 

and are highly digestibility. This is in contrast to plant proteins, whose indispensable 

amino acid compounds and/or protein digestibility is often lower [9]. Red meat (beef) 

contains all 8 essential amino acids for adults and all 9 required for children. If excess 

protein is taken (and proteins have fulfilled their role as components of growth and 

maintenance), protein is used as an energy source.
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Table 1. Protein composition of parts of the dietary advice as compared to other food products[7].

Total protein Plant origin Animal origin

g/100 g g/100 g g/100 g

Beef rump steak prepared 29.3 0 29.3

Beef rib steak prepared 34.1 0 34.1

Chicken filet prepared 30.9 0 30.9

Pork filet prepared 28.7 0 28.7

Spinach cooked 2.9 2.9 0

Peas frozen cooked 6.0 6.0 0

Chicory cooked 1.2 1.2 0

Cauliflower cooked 1.8 1.8 0

Carrots cooked 0.7 0.7 0

Butter unsalted 0.7 0 0.7

Margarine 80% fat <24 g sat FA unsalted 0 0 0

Cooking fat liquid 97% fat unsalted 0.4 0.4 0

Olive oil 0 0 0

Milk 3.4% fat 3.3 0 3.3

Buttermilk 3.0 0 3.0

Milk 1.5% fat 3.4 0 3.4

Sweetened dairy drink 3.3 0 3.3

Yoghurt drink (Optimel) 3.0 0 3.0

Sat FA=saturated Fatty Acids

Fats
Dietary fats are a major energy source for the body, but they are also essential struc-

tural components of cell membranes, precursors for bioactive molecules, and regula-

tors of gene expression and enzyme activities, which are all essential components 

for a growing child. Fat is also an important source for essential fatty acids and fat 

soluble vitamins (A,D,E and K)[9]. Recommended daily fat intake is expressed as a 

percentage of total energy intake, around 35–40% of total energy intake for children 

1–3 years old, and 20–35% in children 4 years or older [9]. Young children need higher 

amounts of dietary fats, partly because their rate of fat oxidation (“burn” energy) 

is also increased in relation to total caloric expenditure. This might be due to the 

support of normal growth processes, such as higher rates of protein synthesis, lipid 

storage, and bone growth [10]. Lower fat intake in young children is associated with 

an increased risk for inadequate growth and vitamin deficiencies [11].



Introduction 15

In general, meat from ruminants, such as cows, contains more saturated fatty acids 

as compared to white meat, since all dietary polyunsaturated fatty acids are hydro-

genated by the microbiome during rumination [12]. On the other hand, the total 

amount of saturated fatty acids in meat is relatively small, but not in butter (Table 2). 

Saturated fatty acids have been linked to obesity in the last decades, and its benefits 

are often undermined by the fear of obesity. Mammalian milk, including human milk, 

contains about 50% saturated fatty acids [13]. This is the most natural, sometimes 

only and appropriate food source for young children. From a developmental aspect, 

saturated fatty acids should bring benefits to a developing and growing body, but it 

remains at odds with the obesity fear.

Table 2. Fat composition of parts of the dietary advice as compared to other food products[7].
Total
fat

Sum fatty
acids SFA

Trans
fats

MUFA 
cis PUFA Cholesterol EPA

g/100 g g/100 g g/100 g g/100 g g/100 g g/100 g mg g/100 g

Beef rump steak prepared 3.2 3.0 0.9 0 1.3 0.6 40.7 0

Beef rib steak prepared 10.4 9.9 4.2 0.3 4.1 0.9 59.8 0

Chicken filet prepared 3.8 3.4 1.4 0 1.0 0.8 89 0

Pork filet prepared 4.7 4.3 1.4 0.1 1.8 1.0 45.1 0

Spinach cooked 0.9 0.7 0.1 0 0.1 0.6 0 0

Peas frozen cooked 0.0 0.0 0.0 0 0 0 0 0

Chicory cooked 0.2 0.1 0.0 0 0 0.1 0 0

Cauliflower cooked 0.4 0.3 0.1 0 0 0.2 0 0

Carrots cooked 0.3 0.2 0.1 0 0 0.2 0 0

Butter unsalted 81.1 76.2 52.9 1.5 17.7 2.2 221 0.05

Margarine 80% fat<24 g sat FA 
unsalted 80 76.8 15.4 1.0 22.1 38.4 2 0

Cooking fat liquid 97% fat 
unsalted 97.7 93.8 10.5 1.3 35.5 46.4 2.5 0

Olive oil 100 96 14.3 trace 73.8 7.9 0 0

Milk 3.4% fat 3.4 3.2 2.2 0.1 0.7 0.1 11 0

Buttermilk 0.2 0.2 0.1 0 0 0 2.7 0

Milk 1.5% fat 1.5 1.4 1.0 0 0.3 0 5.6 0

Sweetened dairy drink 0.5 0.5 0.3 0 0.1 0 5 0

Yoghurt drink (Optimel) 0 0 0 0 0 0 0.6 0

Beef rump steak prepared 3.2 3.0 0.9 0 1.3 0.6 40.7 0

SFA=saturated fatty acids, MUFA= monounsaturated fatty acids, PUFA= polyunsaturated fatty acids, 
EPA=eicosapentaenoic acid (omega-3 fatty acid), Sat FA=saturated Fatty Acids
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Relatively low amounts of polyunsaturated fatty acids (n-3 and n-6) are present in 

beef. These n-3 polyunsaturated fatty acids (alpha-linoleic acid) and n-6 polyunsatu-

rated fatty acids (linoleic acid) are essential fatty acids and the n-3 polyunsaturated 

fatty acids can be converted to the beneficial n-3 fatty acids eicosapentaenoic acid 

and docosahexaenoic acid.

Animal products (milk and beef) contain small proportions of trans-fatty acids, pre-

dominantly vaccenic acid, which has not been associated with cardiovascular disease 

[14].

Micronutrients
Micronutrients play a role in optimizing processes (iron, iodine as part of thyroid 

hormones, zinc and calcium) or act as structural components (calcium in bone and 

teeth). Beef is a valuable source of micronutrients (iron and zinc) for children and 

teenagers [15, 16]. A positive association was found between the intake of animal 

meat intake and iron status [17]. By improving the iron status, positive effects can be 

seen on growth and development, cognitive function, immunity, thermoregulation, 

physical activity, and fatigue[18, 19]. Another aspect is absorption and bioavailability. 

Beef contains high amounts of iron and zinc, but can also increase iron and zinc 

absorption from fibre and phytate-rich plant food [20]. Green vegetables are also 

relatively high in calcium, iron and zinc (Table 3).

Vitamins
Vitamins have multiple functions and are involved in metabolic processes (vitamins B1, 

B12, and C), vision (vitamin A), infections (vitamins A and D), genome expression and 

growth (vitamin A), antioxidant function (vitamins C and E), collagen formation (vitamin 

C), hormone regulation (vitamin D), cell differentiation and antiproliferative actions 

(vitamin D), bone health (vitamin D), protection of polyunsaturated fatty acids in cell 

membranes (vitamin E), and prevention of megaloblastic anaemia (vitamin B12)[9].

Beef contains higher amounts of vitamins A, D, and B12 (Table 4) as compared to 

pork and chicken. Despite these absolute low amounts of vitamins, beef is the most 

important source of vitamin D and contributes 25–35% of the vitamin D intake in 

children. Milk is the other important vitamin D contributor with 28%, especially in 

young children (1–3 years old)[21]. Green vegetables are good sources of vitamins A, 

B1, and K.

The NEVO tables do not include flavonoids or anthocyanins, which are also abundantly 

present in green vegetables.
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Diet and the immune system
The role of nutrition and immunology is well known. All components of nutrition, 

including micronutrients, vitamins, fats, fibre, proteins and flavonoids have their 

specific role in immunity[22]. Micronutrients and vitamins serve as regulators in the 

immune system and are potent immunomodulatory agents [23]. Fatty acids can serve 

both as pro-inflammatory and anti-inflammatory agents, depending on the source, 

characteristics and origin of the fatty acids[24-26]. The aforementioned components 

are well described [27-31], but less is known about the role of fibre, proteins and 

flavonoids in immunology.

Table 3. Mineral and salt content. _= no values available in the NEVO tables[7].

Sodium Potassium Calcium Total iron Zinc Iodine

mg mg mg mg mg µg

Beef rump steak 
prepared 53 561 10 2.8 5.53 2.5

Beef rib steak prepared 63 429 14 3.6 11.21 4.3

Chicken filet prepared 53 419 7 0.7 0.74 8.0

Pork filet prepared 57 500 6 0.5 1.91 0.9

Spinach cooked 15 418 84 2.4 1.2 2

Peas frozen cooked 6 163 32 1.8 0.8 2

Chicory cooked 10 183 24 0.2 0.17 0.4

Cauliflower cooked 3 224 25 0.3 0.26 2.5

Carrots cooked 26 214 28 0.2 0.24 2.5

Butter unsalted 5 27 17 0.1 0.09 1.5

Margarine 80% fat <24 g 
sat FA unsalted 0 42 10 0.1 trace 1.5

Cooking fat liquid 97% 
fat unsalted 43 42 10 0.1 0 1.5

Olive oil 0 0 0 0 0 _

Milk 3.4% fat 42 163 124 0 0.46 14.9

Milk 1.5% fat 42 160 123 0 0.41 14.9

Buttermilk 36 136 109 0 0.41 14.9

Sweetened dairy drink 45 135 103 0 0.37 14

Yoghurt drink (Optimel) 42 143 100 0 0.19 12

Sat FA=saturated Fatty Acids
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Table 4. Vitamin content of components dietary advice as compared to other food products.

RAE Retinol
Vit 
D Vit E Btoc

Vit 
K

Vit 
K1

Vit 
B1

Vit 
B12 Vit C

µg µg µg mg mg µg µg mg µg mg

Beef rump steak prepared 25 23 0.5 1.0 0 _ _ 0.05 1.70 0

Beef rib steak prepared 29 27 0.6 1.0 0 _ _ 0.02 1.81 0

Chicken filet prepared 18 18 0.2 1.1 0 _ _ 0.08 0.29 0

Pork filet prepared 14 14 0.3 1.0 0 _ _ 0.75 0.34 0

Spinach cooked 324 0 0 3.5 0 575 575 0.06 0 7

Peas frozen cooked 38 0 0 0.2 0 36 36 0.24 0 14

Chicory cooked 1 0 0 0.2 0 _ _ 0.07 0 0

Cauliflower cooked 0 0 0 0.1 0 28.5 28.5 0.02 0 22

Carrots cooked 847 0 0 0.8 0.1 7.4 7.4 0.03 0 3

Butter unsalted 867 829 0.3 1.9 0.1 29.9 14.9 0.01 0.3 0

Margarine 80% fat <24 g 
sat FA unsalted 800* 800* 7.5* _ _ _ _ trace trace trace

Cooking fat liquid 97% fat 
unsalted 795* 795* 7.5* 32.1* _ _ _ 0 0 0

Olive oil 2 0 0 5.1 _ 53.7 53.7 0 0 0

Milk 3.4% fat 35 34 0 0.1 0 1.4 0.5 0.03 0.40 0

Milk 1.5% fat 16 16 0 0 0 0.7 0.3 0.04 0.45 1

Buttermilk 2 2 0 0 0 2.5 0 0.02 0.17 0

Sweetened dairy drink 15 14 0 0 0 0.6 0.2 0.03 0.18 2

Yoghurt drink (Optimel) 1 trace 0 _ _ _ _ 0.03 0.27 1

RAE= retinol activity equivalence, Btoc= beta-tocopherol, _= no values available in the NEVO 
tables[7].
Sat FA=saturated Fatty Acids

Dietary fibre contributes to a healthy gut, which includes microbiology, anti-

inflammatory effects and innate and adaptive immune responses [32]. They show 

their effect because of cytokine modulation. Dietary fibre stimulates the expression 

of anti-inflammatory cytokines and decreases the expression of pro-inflammatory 

cytokines[33]. In humans, dietary fibre can be found in whole grain products, fruits, 

(green) vegetables and nuts. Diets high in fruits and vegetables show lower levels 

of inflammatory markers in adolescent boys and adults[34-36]. Dietary fibre is also 

known as prebiotics.
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Table 5. Summary of the nutritional composition of the dietary advice[7].

Component 
dietary advice

Substantial amounts of

Beef Amino acids, minerals (iron, zinc, cupper), fat soluble vitamins, vitamin 
B12

Green vegetables Water soluble vitamins, minerals (iron, zinc), dietary fibre, flavonoids, 
chloroplasts

Whole milk Amino acids, favourable composition omega-3 and -6 fatty acids, fat 
soluble vitamins

Butter Favourable composition omega-3 and -6 fatty acids, fat soluble vitamins

Amino acids (found in animal and plant food, such as meat, dairy products, soy beans 

and legumes) were traditionally seen as building blocks for proteins, but they are also 

essential for the immune system. Protein malnutrition decreases concentrations of 

several amino acids and also impairs the immune system in the developed world[37, 

38]. They act in their function as building blocks; several amino acids are responsible 

for the synthesis of specific proteins (including antibodies and cytokines), but they 

regulate more processes. Their roles in the immune system are 1) the activation of 

B- and T- lymphocytes, natural killer cells, and macrophages; 2) lymphocyte prolifera-

tion; and 3) the production of antibodies, cytokines and cytotoxic substances. These 

functions and the role of each specific amino acid are reviewed by Li et al. [39]. Ani-

mal products usually are responsible for the largest amount of amino acid intake[40].

Flavonoids are phytonutrients and mainly known as plant pigments, which are the 

compounds that colour plant products yellow, red or blue. There are around 6000 plant 

flavonoids known, and they are present in large amounts in fruit, vegetable, cocoa, 

wine, tea and soy[41, 42]. Subtypes are anthocyanidins, anthoxanthins, flavanones, 

flavanonols, flavans and isoflavonoids. Flavonoids exhibit antimicrobial, antioxidant, 

and anti-inflammatory activities[43]. There is evidence from in vitro experiments that 

flavonoid molecules modulate immune processes by inhibition of Th1 cytokine produc-

tion[44]. In vivo however, these results are difficult to replicate. Studied immune 

markers, such as IL-6 and TNF-alpha, were greatly influenced in the in vitro study, 

but to a lesser extent in vivo as reviewed by Peluso et al. Remarkably, the authors 

note that the effects were more pronounced in people with a disease as compared to 

healthy subjects, therefore suggesting that the influence of flavonoid-rich foods on 

immunity might be more effective in subjects with a more challenged immune system 

as compared to healthy people with a low degree of inflammation[45].

A self-standing entity are the chloroplasts. They are cell organelles and only found 

in plants. Their main function is photosynthesis, in which the energy of sunlight is 
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converted and stored in energy (ATP and NADPH) with the production of oxygen. 

Chloroplasts play a crucial role in plant defence, together with the nucleus, cell 

membrane and endoplasmic reticulum[46]. Besides that, they have anti-inflammatory 

qualities[47]. Chloroplasts synthesize all the fatty acids in the plant cell. One of 

these is linoleic acid, which is one of the two essential fatty acids for humans. It is 

a precursor for omega-3 fatty acids and also modulates COX-2 mechanisms [46, 48]. 

Chloroplasts also contain carotenoids, cell pigments that inhibit the COX-2 pathway 

and therefore inhibit pro-inflammatory mechanisms[48].

Green vegetables are green because of the presence of chloroplasts. Especially in dark 

green vegetables, other plant pigments (yellow, orange and red) are overshadowed by 

the dark green colour and not visible, but still present.

Since all the components of nutrition have their own specific role, complement each 

other, and interact in the immune system, we believe the effects of nutrition cannot 

be split up into equal parts. Illustrative for the complexity of food are the contents 

of the NEVO tables. These tables contain multiple macro- and micronutrients, but do 

not contain fibre or flavonoids. The NEVO tables would be too elaborate if they would 

contain all possible beneficial contents of nutrition.

We hypothesize the effect of nutrition is more than the sum of all the different com-

ponents (food synergy). The overarching effect of nutrition can only be investigated 

with whole food (nutrients in their food matrix) or dietary advice, not with supple-

ments or a single nutrient.

OUTLINE OF THE THESIS

In Chapter 2, we reviewed the influence of food on the duration and prevention 

of recurrent URTIs. It is the only study that involves both children and adults. We 

searched for randomized controlled trials, meta-analyses and case-control studies for 

all kinds of whole foods, including fruits, dairy, probiotics, fats, et cetera. Our focus 

was on whole foods, which can be bought in a supermarket and are broadly available 

in developed countries.

Chapter 3, 4 and 5 contain retrospective case-control studies. In 2010, we developed 

the investigated dietary advice. This dietary advice consisted of age appropriate 

portions of green vegetables, beef, whole milk and butter. Chapter 3 outlines the ef-

fects of the dietary advice on non-specific elevated IgE levels and clinical symptoms. 



Introduction 21

Chapter 4 describes the results of the dietary advice on fatigue in otherwise healthy 

children. Chapter 5 is a retrospective study about changes in the lipid profile in 

children after introducing this dietary advice. These children all had different reasons 

for starting with this diet.

The next two chapters describe randomized controlled trials. Chapter 6 describes a 

randomized controlled trial of the dietary advice in 120 children with recurrent URTIs. 

The effect of coughing, running or blocked nose, fever, sore throat, otitis and visits to 

the doctor were investigated. Besides that, the possible negative effects on growth 

(body mass index (BMI)) and lipid profile were studied.

In chapter 7, we investigated the effect of the dietary advice on children with SH. 

We examined the effect on thyroid function (thyroid hormones and presence of anti-

thyroid antibodies), lipid profile and growth parameters (weight, height and BMI). In 

addition, we studied the effect of the dietary advice on tiredness, the most common 

clinical complaint of children in our study with SH.

Chapter 8 contains the discussion about the findings of the different studies and 

what it can imply for the patients. Also, future directions and recommendations are 

mentioned.

In chapter 9, a summary of the contents of this thesis is presented, also in Dutch.
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ABSTRACT

Purpose: Upper respiratory tract infections are common in children and adults. An-

tiviral treatments are only available for specific groups of patients, stimulating the 

distribution of over-the-counter medication to relieve the symptoms for the other 

patients. Studies about whole foods and their effect on the incidence and duration of 

upper respiratory tract infections were reviewed.

Methods: Randomised controlled trials and case-control studies available on MEDLINE, 

Web of Science, Cochrane Library and Embase were included.

Results: Thirty studies were included. The incidence of respiratory infections or 

symptoms was shown to be reduced in some studies when probiotics, prebiotics, 

growing-up milk, fish oil, kiwi, garlic and xylitol were taken. Duration was favourably 

influenced by the intake of elderberry, kiwi, probiotics and fish oil. Prudent conclu-

sions can be made in selective patient groups. However, the studies were diverse and 

were only performed by a few study groups.

Conclusions: Food intervention studies are promising for reducing the incidence and 

duration of upper respiratory tract infections. However, further research is necessary 

to make clear and widespread conclusions.
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INTRODUCTION

Acute respiratory infections, including upper and lower respiratory infections, are the 

most common illnesses in children worldwide [1], and also the main infectious reason 

that adults visit the emergency department [2]. These infections are largely caused 

by viruses and are usually self-limiting. In severe infections, only a few antiviral 

drugs, like zanamivir or oseltamivir, are available for treatment. Since the infections 

are very common and only severe infections are treated with anti-viral drugs, most 

patients use over-the-counter drugs like cough syrup or painkillers to relieve the 

symptoms. However, are there also natural products, such as food, that can decrease 

the duration of the infection or influence the incidence of the infection?

In Chinese children, food intake has been shown to have an effect on respiratory in-

fections. Mao et al. showed the relation of daily food intake and recurrent respiratory 

infections through the hair analysis of iron, zinc and copper levels. Children with the 

lowest levels of hair iron, zinc or copper, indicating a lower nutritional intake, showed 

more recurrent respiratory tract infections compared to healthy controls, according 

to this meta-analysis [3]. This study reflects the importance of adequate and varied 

nutrition over a long period of time in preventing respiratory tract infections.

Food synergy is defined as the combined action of health compounds within foods and 

of foods working together [4]. This consists not of a single component but of multiple 

components, all influenced or not by each other. Food consists of macronutrients, i.e., 

fats, proteins and carbohydrates. Food also includes micronutrients like minerals and 

vitamins. Besides these well-known components, food also contains components like 

signal transducers, hormones, sterols, enzymes and enzyme inhibitors, polyphenols 

and fungicides, among others. These compounds are used by the plant or animal to 

stay alive and to protect itself against diseases or pathogens [5]. It is now believed 

that the phytochemicals in plant-based foods are responsible for beneficial health 

effects. Phytochemicals are plant-derived compounds, which are not considered es-

sential for nutrition nor do they have nutritional value. Approximately 20,000 phyto-

chemicals have been described in plants [6]. Specific phytochemicals responsible for 

the colour of a plant/vegetable or fruit, such as anthocyanins, carotenoids, lycopene 

or chlorophyll, are thought to have an effect on health [7,8]. The principle of food 

synergy shows that the combined action of different nutrients has a greater biological 

effect than the sum of the biological effects acquired by individual nutrients [9].

Different strategies in which food influences the human defence mechanism against 

pathogens has been previously described. Many berries and plants have antimicrobial 
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compounds that can respond to microbial invasion and may modulate the bacterial 

flora when ingested. Berries like blueberries, lingonberries and cranberries have 

antibacterial effects against human pathogens [10,11].

Other food components, such omega-3 fatty acids in oily fish or cod liver oil, have im-

munomodulatory capacities [12]. Another way in which food can be used as a defence 

against pathogens is to increase the amounts of antioxidants (kiwi) or to strengthen the 

local, innate or adapted immune system (probiotics). Xylitol can inhibit the growth of 

Streptococcus pneumoniae [13], possibly via the fructose phosphotransferase system.

With this extended literature review, we describe evidence of the effect of natural 

everyday food on the duration and incidence of respiratory tract infections in children 

and adults. Reviews about single foods, like elderberry, probiotics, etc., can be found 

in the literature. However, to our knowledge, no reviews have been conducted about 

upper respiratory tract infections and the possible effects of different types of food 

groups on a specific infection. We did not include studies about supplements or single 

vitamins, since that does not reflect daily life situations. Instead, we included studies 

with whole food, pureed food or extracts to review the possible effect of food synergy.

METHODS

Literature search and study selection
We systematically searched the Cochrane Library, MEDLINE, Embase and Web of Sci-

ence up to November 2018. Studies on respiratory infections were identified with the 

search terms: “respiratory infections”, “flu” and “common cold” (both as medical 

subject headings (MeSH) and free text terms). These were combined, using the set op-

erator “AND”, with the terms: “nutrition”, “nutritional intervention”, “natural food”, 

“vegetables”, “meat”, “dairy”, “fruits”, “berries”, “fish”, “egg” or “oil” (MeSH or 

free text terms). Additional strategies for identifying studies included searching the 

reference lists of the articles included. Acute otitis media (AOM) is often seen as a 

complication of an upper respiratory tract infection (URTI), therefore, studies found 

on this subject were also included in this review (Figure 1).

Abstracts were screened for eligibility. Potential eligible studies were retrieved and 

read in full to assess whether they fulfilled all the inclusion criteria. Inclusion criteria 

were: (1) children aged 1–18 years or adults; (2) with respiratory tract infections or 

prone to respiratory infections; (3) not hospitalised or mechanically ventilated, but in 

an outpatient setting; (4) the food studied should be freely available (e.g. in super-
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markets); (5) the studies should be randomised controlled trials or non-randomised 

controlled trials.

The screening was conducted by two reviewers (EvdG and TH). Disagreement between 

the reviewers was resolved by consensus when possible, or by consulting a third re-

viewer to make the final decision.

RESULTS

Study selection
A total of 2688 papers were identified, of which 179 were retrieved for full text 

review. After reading the full text, 150 studies were excluded (Figure 1). Tables 

1, 2 and 3 list the characteristics of the remaining 30 studies, which included 25 

Records identified through 
database searching

(n=2688)
Additional records identified

through other sources
(n=34)

Records after 
duplicates removed

(n=2408)

Records screened
(n=2408)

Records excluded
(n=2229)

Full-text articles assessed
for eligibility

(n=179)

Studies included in
qualitative analysis

(n=29)

Full-text articles excluded
with reasons (n=150)
- no clinical case-control study (n=68)
- non-food intervention (n=22)
- no respiratory infection outcome (n=10)
- non-human study (n=2)
- age < 1 year (n=10)
- also evaluated in Cochrane (n=25)
- non-English language (n=3)
- not eligible (n=10)

Figure 1. Inclusion flow chart. 
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randomised controlled trials and 1 case-control trial, 1 pretest-posttest design study 

and 3 Cochrane meta-analysis. One Cochrane analysis consisted of just one study, 

therefore, the original study was evaluated in the review.

The clinical diversity between the studies was large with regards to the studied food 

and studied population. Therefore, the study data could not be compared for a meta-

analysis. We evaluated all studies for the risk of bias (Table 4), and half of the studies 

had a low risk of bias.

Fruits

Orange juice
The oldest study concerning respiratory infections and fruit was conducted in 1979 

and investigated how orange juice affected symptoms of the common cold. This study 

examined the effects of the daily intake of 180 ml of synthetic orange juice (no 

vitamin C added), synthetic orange juice with 80 mg artificial added vitamin C, or 

natural orange juice with 80 mg of natural vitamin C, in 362 young adults (ages 17–25 

years) for a period of 72 days [14]. Symptoms of the common cold were noted daily by 

the participants. The total symptoms recorded by the participants, the duration and 

number of episodes of illness in that winter period significantly favoured both natural 

orange juice and synthetic orange juice with added vitamin C. Natural orange juice 

contains flavonoids as well as vitamin C. Other studies have indicated that flavonoids 

can modify the metabolism of vitamin C under defined experimental conditions [15] 

and potentiate its nutritional activity. In the study from 1979, the effect of natural 

orange juice (containing both flavonoids and vitamin C) was not superior to that of 

synthetic orange juice which contained just high doses of vitamin C and no flavonoids. 

Vitamin C is known to stimulate the immune system (increase the activity of natural 

killer (NK) cells, lymphocyte proliferation, chemotaxis and as an antioxidant) as 

reviewed by the groups of Ran et al. and Wintergerst  et al. [16,17].

Kiwifruit
In mouse models, puree kiwifruit (gold) has been shown to enhance immune func-

tion by stimulating antigen-specific antibody production (total Ig and IgG) and the 

proliferation of mesenteric lymph node cells in the gut. Kiwifruit also modulates 

markers of innate immune function (phagocytosis, oxidative burst, T-cell activation, 

cytokine production and NK cells) [18,19]. Two randomised crossover studies were 

performed using kiwifruit (and banana as control fruit) as the intervention for respira-

tory infections. For 32 healthy adults aged over 65 years, the intervention consisted 

of consuming four gold kiwifruits or two bananas daily for four weeks. For 66 children 
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aged 2–5 years, the intervention consisted of two gold kiwifruits or one banana, five 

days a week, also for four weeks.

In the adult population, the incidence of URTI did not decrease in the kiwifruit period, 

but the symptoms during the respiratory tract infection were reduced. The severity 

and incidence of a sore throat and head congestion were reduced significantly.

The adult study was supported by laboratory research. Consumption of kiwifruit 

showed significantly higher blood levels of vitamin C, α-tocopherol, lutein/zeaxanthin 

and red blood cell folate compared to consuming bananas, therefore, suggesting that 

intake of vitamin-rich food can increase vitamin levels in humans and can strengthen 

the host by reducing infectious symptoms [20].

For children, the clinical differences were even more evident. The odds of not having 

a cold- and flu-like illness was 1.8 times greater during the kiwifruit segment of the 

intervention compared to the banana segment of the intervention (Odds Ratio (OR) 

= 0.55; 95% confidence interval (CI) 0.32–0.94; p = 0.03). When the symptoms were 

scored on a severity scale (Canadian Acute Respiratory Illness Flu Scale, CARIFS), 

functional complaints (i.e. symptoms that measure the impact of disease on the 

child’s day-to-day activity) improved most in the kiwifruit period (p = 0.006). During 

the kiwifruit period, the children had a better appetite, felt better, had more energy 

and cried less than the period in which they are bananas [21].

Cranberry
Cranberry juice has an effective preventive capacity against urinary tract infections 

[22,23]. Cranberries produce antimicrobial compounds such as proanthocyanidins. 

These proanthocyanidins are thought to act by inhibiting the adhesion of Escherichia 

coli to uroepithelial cells. However, do these antimicrobial capacities also provide 

protection in respiratory tract infections? A randomised controlled trial was performed 

in 341 children aged 1–7 years who received five ml/kg (up to 300 ml) of cranberry 

juice or a placebo per day, for three months.

The number of respiratory infections and the duration of symptoms did not differ 

between the cranberry group and the placebo group [24].

Oral bacterial carriage and the bacterial fatty acid composition in stools did not 

change, even though cranberries have been found to reduce the adhesion of some 

bacteria in vitro [24].



Review food on duration and incidence of URTI 37

Another randomised double-blind, placebo-controlled study was performed in 45 

healthy adults. The subjects drank 450 ml/day of cranberry juice or a placebo for 

10 weeks. In the cranberry group, the incidence of illness was not reduced, however, 

significantly fewer symptoms of cold and influenza were reported (p = 0.031). The du-

ration of the illness, scored in days missed from work/school, did not differ between 

the two groups. Laboratory parameters showed the improved ability of gamma delta 

(γδ) T cells to proliferate in culture after the adults took the cranberry juice, as well 

as lower the production of an inflammatory cytokine, interleukin 6 (IL-6) [25].

Elderberry
Elderberry, or Sambucus nigra L., has been used in folk medicine as a remedy for the 

common cold and influenza [26]. Elderberry is reported to contain high doses of flavo-

noids and has antiviral [27], antioxidant, anti-inflammatory and immune-modulating 

capacities [28]. It contains anthocyanins, which are considered to be the active 

component of the elderberry [29]. Besides these components, elderberries are rich in 

vitamins (A, B1, B2, B6, B9, C and E), trace elements, minerals and phytochemicals, 

such as carotenoids, phytosterols and polyphenols [30].

Holst et al. reviewed the efficacy of elderberry extract in pregnant women. All clini-

cal studies (n = 3) included in this review showed improvement. Although the total 

number of patients using the elderberry extract from all three studies was only 77 

[31], symptoms were relieved significantly faster in all elderberry groups [31].

When given as an  oral syrup to 60 adult Norwegian patients with proven influenza A or 

B infection, the symptoms were relieved significantly earlier compared to the control 

group. The usage of painkillers and nasal sprays was also significantly less in the 

elderberry group [32].  A study in Panama showed that the same syrup also relieved 

the symptoms significantly earlier in 27 influenza B patients [33].

In China, 64 patients with flu symptoms were also treated with elderberry extract. 

A quick improvement was seen after 24 h in four of six symptom scores (headache, 

nasal congestion fever, muscle aches, but not cough or mucus discharge). After 48 h, 

all six symptoms improved in the elderberry group, whereas the symptoms worsened 

in the placebo group [34].

In 312 economy class air travellers, the risk of developing a respiratory infection 

was present due to stressful circumstances and air conditioning. When the travellers 

took 300 mg of elderberry extract 10 days prior to their overseas travel until 4 days 
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after arrival, the incidence was not influenced, but the duration of the symptoms was 

influenced [30].

Sea buckthorn berries
Sea buckthorn berries were investigated in 254 healthy volunteers in a double blind, 

randomised placebo-controlled trial because of their known immunomodulatory 

properties and positive effects on health. They contain flavonoids and polyphenolic 

compounds, which influence the immune system and inflammatory cells, and they 

have antimicrobial properties. The frozen sea buckthorn puree contained 16.7 mg of 

flavonol glycosides (mostly isorhamnetin) and low doses of vitamin C and E. No clinical 

effect was seen in the number or duration of respiratory tract infections in healthy 

volunteers [35].

Dairy products, pre- and probiotics

Prebiotics
Prebiotics are defined as “non-digestible food ingredients that beneficially affect 

the host by selectively stimulating the growth and/or activity of a limited number 

of bacterial species in the colon” [36]. Prebiotics like galacto- and fructooligosac-

charides aim to increase the load of lactobacilli and bifidobacteria to promote health 

in the host [37]. They also increase faecal short chain fatty acids, which have been 

associated with decreased epithelial permeability [38]. In children, infant formula is 

usually supplemented with prebiotics, which is usually consumed by children younger 

than one year of age. These studies were excluded from this review since this age 

group was in the exclusion criterion. In adults, galactooligosaccharides are supplied 

in packets and can be mixed into any beverage. In the study by Hughes, 427 healthy 

students with stress due to their final exams took 2.5 or 5.0 g of prebiotics or placebo 

for eight weeks. There was no difference in the incidence of common cold or flu 

between the groups. However, galactooligosaccharide supplementation attenuated 

the cold/flu symptoms in specific groups (normal, healthy weight but not in obese 

subjects; moderately stressed but not at highly stressed) [39].

Fermented dairy/probiotics
Probiotics are defined as “live microorganisms administered in adequate amounts 

which confer a beneficial physiological effect on the host”. The natural mechanism 

of action for probiotics is fermentation, one of the oldest techniques for preserving 

dairy food, and their natural occurrence is therefore in fermented food (yoghurt, 

cheese). Nowadays, they are usually administered in milk products or in capsules. The 

exact mechanisms by which probiotics may improve health are not completely clear. 
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There might be several mechanisms like immunomodulation of innate and acquired 

immunity, but also enhancement of local immunity (reviewed in [40]). In our search, 

almost half of the articles about food and respiratory infections studied the effect of 

probiotics.

A Cochrane review in 2015, which involved 3720 participants, concluded that probiot-

ics were better than a placebo in reducing the number of participants who experi-

enced episodes of acute URTI by 47%. The mean duration of an episode of acute URTI 

was reduced by about 1.89 days; antibiotic use and cold-related school absences were 

also reduced. In children, the effect of reducing the number of episodes of URTI was 

greater than in adults, and almost no effect was seen in elderly people. The authors 

concluded that the results favour the probiotic group, however, the quality of the 

evidence was low or very low [41].

Since that review, nine articles that fit our inclusion criteria have been published 

about probiotics and respiratory infections. They are summarised in Table 3 [42-50]. 

In these studies, the study populations and the species of probiotics were different 

(Table 3).

Six of the nine studies showed a decreased incidence of URTI [47,49,50,48,44,45], 

while the other three studies showed no effect of the probiotics on incidence 

[42,46,43]. The effect of the probiotics on duration was described in four of the nine 

studies. Two studies showed a decreased duration [43,45], and the other two studies 

showed no effect on the number of days with symptoms [42,46].

Most studies about probiotics are performed with single strain probiotics, but, can 

mixtures with multiple strains have an additive positive effect? A few studies with 

multiple strains have been conducted. There are several indications for mixtures with 

multiple strains, however, evidence is lacking for their effect on respiratory infec-

tions [51]. One study that investigated a mixture of 12 strains in 1062 children found 

that the same reduction in doctors’ visits and incidence of infections was described 

compared to single strains. Only a decrease in gastrointestinal infections was seen in 

the mixture group [52].

Follow-up/growing-up milk
Follow-up/growing-up milk can contain several added compounds and is usually given 

to children beyond the age of one year as a replacement for cow’s milk. Chatchatee 

studied giving 767 healthy children, with a mean age of 1.5 years, 400–750 ml of 

growing-up milk alone or supplemented with prebiotic short-chain galactooligosac-
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charides (scGOS) and long-chain fructooligosaccharides (lcFOS) and with n-3 long-

chain polyunsaturated fatty acids (LCPUFAs) for 52 weeks. The primary outcome, a 

decreased risk of at least one infection, was borderline significant. A trend towards 

a protective effect for respiratory infections by using growing-up milk was observed, 

though, not very strong despite the large number of participants [53].

In China, Li et al. studied a combination of follow-up milk with docosahexaenoic acid 

(DHA), prebiotics (polydextrose and galactooligosaccharides) and yeast β-glucan in 

264 children aged three to four years of age. In this group, there were fewer episodes 

and a shorter duration of acute respiratory infections [54].

The same combination of supplements from the Chinese study was used in another 

study in Brazil, with a cow’s milk-based beverage given to children one to four years 

of age. This group was younger, and the incidence of asthmatic disease in Brazil is 

higher than in the Asian population, which makes the studies less comparable with 

respect to the study population. In the 256 Brazilian children, there was no beneficial 

effect on the incidence of acute respiratory infections when children were given the 

supplemented drinks for 28 weeks [55].

Fats

LCPUFAs, fish oil and cod liver oil
The LCPUFAs of interest include the omega-3 LCPUFAs, eicosapentaenoic acid (EPA) 

and DHA, and the omega-6 LCPUFA arachidonic acid (ARA), which are all synthesised 

endogenously from the precursors, alpha-linolenic acid (ALA, omega-3) and linoleic 

acid (LA, omega-6). LCPUFAs are important fatty acids for immune cells. There should 

be a balance between n-3 and n-6 LCPUFAs, in favour of n-3 LCPUFAs. Most Western 

diets have an imbalanced intake, with too much of the pro-inflammatory n-6 LCPUFAs. 

Increasing n-3 LCPUFAs should optimise the regulation, maturation and response of 

the immune system [56].

DHA, EPA and ARA serve as cell membrane components as well as precursors for sev-

eral biologic mediators, and they have essential roles in inflammation and immune 

function [12,57]. The human body cannot convert n-6 fatty acids to n-3 fatty acids or 

vice versa. Therefore, the major source of n-3 fatty acids comes from dietary sources.

In Thailand, 170 schoolchildren in aged 9–12 years were supplied with 2 g of either 

soybean or fish oil in their chocolate milk. Fish oil contains the (very long) long-chain 

n-3 PUFAs, EPA and DHA. In the case of this study, the children received 200 mg of EPA 
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and 1 g DHA daily, for 6 months. Significantly fewer children who consumed fish oil 

experienced an illness, and the total days of illness was significantly lower in the fish 

oil group (two days compared to four days in the soybean-oil group, which is rich in 

n-6 LCPUFAs). The authors did not make a difference between diarrhoea illnesses or 

respiratory infections. They mention that the illnesses were “mainly upper respira-

tory tract infections” [58].

Malan et al. performed a study in 321 iron-deficient South African children, to inves-

tigate if fish oil (DHA/EPA) could have a beneficial effect. Iron supplementation in 

iron-deficient patients is known to reduce infectious morbidity due to the optimisa-

tion of the immune system [59,60]. However, iron supplementation can also increase 

morbidity from infections because of the dependence of pathogenic microorganisms 

on iron [61,62]. When iron-deficient children were supplemented with iron, in combi-

nation with DHA and EPA, versus iron alone, the increase in infections because of the 

iron supplementation was attenuated compared to iron supplementation alone [63]. 

One possible mechanism for this outcome is the incorporation of DHA and EPA into the 

macrophage phospholipid bilayers, with improved phagocytosis and less extracellular 

iron, needed for pathogen growth, left unbound. Another mechanism could be DHA/

EPA protection against iron-induced oxidative stress, with reduced immune cell dam-

age and improved immune response [64].

Cod liver oil is a fish-derived oily product, which has been available for hundreds of 

years and contains vitamin A, vitamin D and long-chain omega-3 fatty acids. Cod liver 

oil was first described in 1932 by Holmes to reduce absenteeism from work because of 

colds and respiratory diseases [65,66]. No randomised trials could be found. In 2004, 

Linday et al. investigated the effect of supplementation with one teaspoon of cod 

liver oil and a multivitamin-mineral in 47 children with URTIs in a case control study. 

The total number of infections was not influenced by the cod liver oil. No data were 

available about the duration of the illness [67]. Now, cod liver oil has been displaced 

by synthetic vitamins like vitamin D, with a more pleasant taste. However, a major 

source of fatty acids is lost with this replacement.

Other

Garlic
Garlic contains numerous compounds, some of which are known for their antimicrobial 

and antiviral properties that relieve the common cold. Garlic has been investigated 

in extracts, not as bulbs of garlic. The extract contains immunomodifying compounds 

like apigenin (a flavonoid), a Maillard reaction product, lectins and fructooligosac-
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charides, and it has been shown to improve the proliferation of T cells and NK cells 

[68-70]. Eight studies were investigated for a Cochrane review, of which one met the 

inclusion criteria of both the Cochrane review and our own [71,72].

A garlic supplement (with 180 mg of allicin content) or placebo was administered 

to 146 participants that were randomly divided into two groups. The incidence and 

duration of the common cold decreased significantly in the garlic group [72].

Xylitol
Xylitol is a polyol sugar alcohol, which can be produced from birch trees. Natural 

sources of xylitol include plums, strawberries, raspberries and rowanberries [73]. 

Several studies have been performed with xylitol chewing gum and otitis media. In a 

Cochrane review [74], the authors included four randomised controlled trials (RCTs) 

in a meta-analysis, of which three RCTs were with healthy Finnish children attending 

day care. They showed a reduced risk of AOM in these three RCTs, with a total of 1826 

healthy children, with a relative risk of 0.75 (95% CI 0.65–0.88) [75-77].

The other RCT included 1277 children, also Finnish, suffering from recurrent respira-

tory infections. In this group, xylitol did not reduce the occurrence of AOM [78]. Xylitol 

chewing gum was superior to xylitol syrup in preventing AOM in healthy children. The 

authors’ conclusion was that there is fair evidence for a prophylactic administration 

of xylitol in healthy children attending day care centres to reduce the occurrence of 

AOM from 30% to 22%, but not in sick children or among otitis-prone children [74].

Combinations
A combination of fish oil, vitamin D and wheat protein or a placebo drink was given 

to 42 female athletes for 16 weeks. There were no differences in the number of URTI 

episodes between the groups. When a URTI was present, there were no differences 

in either the severity or duration of the episodes. However, the total number of 

symptom days reported was significantly lower in the supplement group [79].

One study investigated the effect of a mixture of probiotics, xylitol and 50 mg vitamin 

C or a placebo (xylitol chewing gum) in 69 healthy children. In the intervention group, 

the incidence rate of URTI dropped 33% (p = 0.002) and the duration of days with 

symptoms also decreased with 51% (p = 0.006) [80].

Using a pretest-posttest design, Calatayud et al. investigated the effect of the Medi-

terranean diet in 128 children with recurring colds. The Mediterranean diet consisted 

of multiple food products (e.g. fresh fruits, vegetables, dairy products, fish, water, 
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eggs and red meat in moderation) and advices (e.g. consuming unprocessed and lo-

cally produced foods, physical activity, etc.). The incidence rate dropped 2.9-fold (p < 

0.001). Besides the lower incidence, favourable side effects were mentioned, such as 

decreased antibiotic use, emergency room and hospital admissions or complications 

of the infections [81].

DISCUSSION

In this systematic review about whole foods and their effect on URTIs in children 

and adults, 29 studies were included. 25 of them were randomised controlled trials, 

1 was a case control study, 1 was a pretest-posttest design and 2 were Cochrane 

meta-analyses. In these 29 studies, 16 food products were investigated—12 single 

food products, 3 combination food products, and 1 dietary advice. Nine of the fifteen 

food products, which were investigated for their effect on the prevention of URTIs, 

showed a significant positive effect. Of the 11 studies about shortening the duration 

of the URTI, 7 showed a positive effect in selective patient groups. All seven food 

products reduced the duration of symptoms by three to four days (elderberry and 

kiwi), approximately two days (probiotics and fish oil) or one day (growing-up milk) 

(Table 2). To put whole foods into perspective, it is necessary to examine the effect 

of alternative treatments reported in the literature.

Studies that investigated supplements also showed favourable results. A meta-analysis 

on vitamin C was non-conclusive due to heterogeneity of the studies. When extra 

therapeutic doses of vitamin C were added to routine supplements, it was able to 

shorten the duration by a small amount [16]. The orange juice study suggests an 

effect of vitamin C supplementation [14]. However, no consistent effect of vitamin C 

was seen on the duration or severity of colds in a Cochrane meta-analysis [82]. Trials 

with vitamin D supplements were not conclusive in terms of shortening the duration 

of viral URTIs, but most of them did not show any therapeutic effects [83]. Zinc is 

an essential nutrient for normal function of the immune system. Supplementation of 

zinc appears to be promising, but also conflicting based on results in its efficacy for 

respiratory infections in childhood [84,85].

No studies were found that directly compared medication and food. When we 

examined separate studies on drugs like zanamivir or oseltamivir (both antiviral 

medications), the reduction in duration of the illness was shown to be 1–2.5 days 

and 1.5 days, respectively [86-89]. Ergoferon is an antiviral complex drug containing 

released-active forms of antibodies to interferon gamma, CD4 and histamine. It was 
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investigated for efficacy compared to oseltamivir, and both were found to be equally 

effective in reducing the duration of flu-related symptoms [90].

The studies on food products, supplements and drugs cannot be compared to each 

other because of a lack of uniformity in the populations studied and outcomes mea-

sured. However, some food products seem to show a diverse but favourable trend. 

This underscores the concept of food synergy, that the combination of all phytochemi-

cals, micro- and macronutrients, is superior to the sum of each individual component 

[91,4,5]. This is underlined by the supplement studies, since they do not show a clear 

positive effect. Different foods have different pathways by which they influence host 

immunity or the invasiveness of pathogens. In theory, they can also be used simulta-

neously, though this has not been investigated. One combination (probiotics, xylitol 

and vitamin C) of food products and the Mediterranean diet did show a significant 

positive effect, but there was no investigation of whether it is superior compared to 

one food group alone [79].

Other food products, such as synbiotics, honey and raw cow’s milk, have also been 

investigated for recurrent URTIs, but are not included in our review, because none of 

the studies fitted our inclusion criteria [92-96].

Implications for clinical practice
We carried out the review on food products that are easily available, so, there is no 

barrier to using or obtaining the food products.

The literature implicates that antiviral drugs or supplements are not clearly superior 

to food, and therefore, food can serve as a good alternative. The individual patient 

can buy food with health benefits without a prescription or having to visit a doctor.

Another aspect to be considered is health costs. A treatment with oseltamivir, for 

example, costs $46–$116 per treatment, depending on the age and weight of the 

patient [89]. The above amount is only the price of the medication, other costs like 

the number of outpatient visits, costs of other medications, emergency department 

visits or hospitalisation were not considered. Also, the costs of adverse effects of 

oseltamivir (gastrointestinal or neuropsychiatric problems) or oseltamivir resistance 

were not considered. The prices of kiwifruit or elderberry are much lower and do not 

depend on health insurance policies.
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Methodological limitations of the studies reviewed
Because of a lack of uniformity, the studies could not be used for a meta-analysis 

or comparisons between the different food products. As with clinical intervention 

studies, there was some risk for bias (Table 4). Several studies used self-reported 

symptoms, which increases the risk of bias. Furthermore, small sample sizes could 

have resulted in a limited statistical power. Moreover, most of the food products were 

investigated in single studies. When there was more than one study, most of them 

were performed by the same research group.

Table 4. Risk of bias. The studies of Catalayud et al. and Linday et al. were not included since 
they are not RCTs. The Cochrane meta-analyses were also not included.
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Adaim, 2010 ⊕ ⊕ - - ⊕ ⊕
Chatchatee, 2014 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Da Boit, 2015 ? ? ? ? - ⊕
Garaiova, 2015 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Gerasimov, 2016 ⊕ ⊕ ⊕ ? ⊕ ⊕
Hojsak, 2016 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Hughes, 2011 ⊕ ⊕ ⊕ ⊕ ⊕ ?

Hunter, 2012 - - - - ⊕ ⊕
Kalima, 2016 ⊕ ⊕ ⊕ ⊕ - ⊕
Kong, 2009 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Kontiokari, 2005 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Langkamp-Henken, 2015 ⊕ ⊕ ⊕ ⊕ ? ⊕
Larmo, 2008 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Li, 2014 ⊕ ⊕ ⊕ ? ⊕ ⊕
Josling, 2001 ⊕ ⊕ - ⊕ ⊕ ?

McLean Baird, 1979 ? ? ⊕ ⊕ ⊕ ?

Nantz, 2013 ⊕ ⊕ ⊕ ? ⊕ ⊕
Nocerino, 2015 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Pontes, 2016 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Prodeus, 2016 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Pu, 2017 ⊕ ⊕ - ? ⊕ ⊕
Shida, 2015 ? ? ? ? ⊕ ⊕
Strasser, 2016 ⊕ ⊕ ⊕ ? ⊕ ?

Zakay-Rones, 1995 ⊕ ⊕ ⊕ ? - ⊕
Zakay-Rones, 2004 ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
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Because of the diversity in study populations, the results are not generalisable. One 

food group can show distinct effects in different age or patient groups. This implicates 

that the benefits found in a specific study group may not be beneficial to everyone.

Comparison with other reviews
Until now, only (Cochrane) reviews have been published on food and URTIs concern-

ing a single food product [74,41,71]. This is the first study to review all whole food 

products studied and their effect on URTIs. Therefore, our study gives an overview 

and is an important addition to this field of research.

Conclusion
Food interventions are promising for reducing the incidence (growing-up milk, pro-

biotics, prebiotics, fish oil, kiwi, garlic, Mediterranean diet and xylitol) and duration 

(elderberry, probiotics, kiwi, growing-up milk and fish oil) of respiratory infections 

or symptoms in selective patient groups. Still, the studies are diverse and have only 

been performed by a few study groups. Further research is necessary to make clear 

and widespread conclusions.
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ABSTRACT

Background: Non-specific elevated IgE and allergies are common in children and their 

prevalence is increasing. Dietary changes could be a plausible explanation for this 

increase. Zinc, iron, vitamins A, C and E, and polyunsaturated fatty acids all play pos-

sible roles in the aetiology and possible treatment of allergies due to their numerous 

immunomodulating properties.

Objectives: To investigate the immunomodulating effect of a nutrient-rich dietary 

advice consisting of green vegetables, beef, whole milk and full-fat butter.

Methods: We conducted a case-control, non-randomised, retrospective study. Chil-

dren between the ages of 12 months and 18 years with non-specific elevated IgE 

were included. Baseline and follow-up measurements of serum total IgE and clinical 

outcomes were retrospectively collected and compared for 49 children who received 

the dietary advice (consisting of green vegetables, beef, whole milk and full-fat but-

ter) and 56 children who did not.

Results: The initial analysis showed a significantly larger decrease in IgE in the inter-

vention group compared to the control group; a 9.2 kU/l versus a 0.1 kU/l decrease, 

respectively (P=0.02). However, when supplement (vitamin D) use was taken into 

account, no significant difference was produced by the dietary effect alone (unstan-

dardized coefficient= 71.3 kU/l, P=0.16). 53.2% of participants in the intervention 

group reported considerable improvement in symptoms versus 28.6% in the control 

group (P<0.001).

Conclusion: Overall, the effects of nutrients and vitamins on the decrease in IgE are 

promising. The separate contributions of dietary advice and/or supplements need to 

be investigated in the future.
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INTRODUCTION

Atopic diseases, such as allergic rhinitis, asthma and constitutional eczema, are com-

mon ailments in paediatric medicine and there is evidence that their incidence is 

increasing in Western countries [1-3]. The burden of atopic disease, such as high use 

of medical facilities and high healthcare costs [4], should not be neglected and atopic 

disease is a major public health issue that urgently needs to be addressed.

An important factor in the aetiology of allergy in children is believed to be the imma-

turity of the immune system and an imbalance between T-helper(Th)-1-lymphocyte 

and Th-2-lymphocyte driven immunity. In young children Th-2-type reactions, which 

play a role in immunity against parasites and allergens, often dominate. For effective 

protection against viral and bacterial infections a shift towards Th1-type reactions 

is required [5]. A diagnostic tool in the management of allergic disease is the total 

serum immunoglobulin E (IgE). IgE plays a central role in the aetiology of type I 

allergic reactions via stimulation of mast cell activation and the subsequent release 

of inflammatory mediators such as histamine [6,7]; elevated levels of total serum 

IgE have a high specificity for the diagnosis of allergy [8]. The production of IgE is 

stimulated by the Th2-cytokine interleukin-4 (IL-4) and inhibited by the Th1-cytokine 

interferon-γ (IFN-γ) [5,9,10], suggesting that a shift from Th2- to Th1-mediated im-

munity should also lead to a decrease in IgE.

There is increasing evidence in the literature that suggests nutrition could play an 

essential role in the development and function of the immune system, including 

achieving the balance between Th1- and 2-type reactions [11]. Due to the fact that 

the increase in allergy incidence is not as marked in developing countries, a popular 

theory is that the increase is related to the changes in dietary habits and/or nutrient 

status seen in developed countries. It is suggested that a more “Western” diet high 

in refined grains and saturated fats and low in vegetables and fish is a risk factor for 

the development of allergic disease [2,12,13]. Two hypotheses regarding nutrition and 

atopy are the lipid hypothesis and the antioxidant hypothesis.

The lipid and antioxidant hypotheses
The potential health benefits of PUFA (polyunsaturated fatty acids), and especially n-3 

long-chain PUFA, which can be found in fish oil, have been studied extensively [14-

17]. In recent years the dietary intake of n-6 PUFA has increased in the Western world 

while the intake of n-3 has decreased, and it is thought that this imbalance plays a 

key role in the increased incidence of allergies [18,19]. Arachidonic acid (AA), a n-6 

PUFA, is found in many immune cells and is a substrate for the synthesis of different 
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eicosanoid mediators, such as prostaglandins (PG) and leukotrienes, which modulate 

inflammatory responses. PGE2 promotes the production of IgE via stimulating Th0 

(naïve T cells) cells to produce IL-4 and -5. N-3 PUFA competes with n-6 PUFA for 

incorporation in the membranes of inflammatory cells. If n-3 PUFA partially replace 

the AA in cells, then the production of pro-inflammatory eicosanoids decreases. N-3 

PUFA are therefore thought to be anti-inflammatory [15,20]. However, the exact net 

effect of (dietary) PUFA on the production of various cytokines, and consequently the 

balance between Th1- and Th2-mediated immunity, remains unclear [21].

The increase in atopy incidence has also been linked to the fact that the Western diet 

is increasingly deficient in antioxidants due to a decrease in vegetable consumption, 

especially green vegetables and potatoes [12,22]. Oxidative stress is thought to play a 

key role in the pathogenesis of asthma and allergies; therefore, increasing the dietary 

intake of antioxidants could have a beneficiary effect on these diseases [23]. Vitamins 

C, E, and, to a lesser extent, A all act as antioxidants [11,12]. Furthermore, all three 

vitamins play a role in lymphocyte proliferation, thereby further supporting the 

functioning of the immune system [11,24]. Vitamin E has numerous anti-antioxidant 

properties such as the stimulation of Th1-reactions [25]. Higher dietary intake of 

vitamin E has also been found to decrease serum IgE [26].

A nutrient-rich dietary advice
Using information from the Dutch Nutrient Database, Leegsma et al. [27] composed a 

dietary advice of nutrient-rich products consisting of age dependent, child adequate 

portions of green vegetables five times a week, beef three times a week and daily 

consumption of full-fat milk/yogurt and butter. This dietary advice contains a more 

balanced composition of n-3 PUFA and n-6 PUFA and more antioxidants compared to 

comparable alternative food groups [28]. Ten Velde et al. [29] performed a pilot study 

to assess the clinical effect of this diet in children with recurrent respiratory tract 

infections. The result was a significant increase in illness-free days and a decrease 

in the use of antibiotics. In the discussion the authors hypothesised that the clinical 

effect of the dietary advice could be caused by a shift from Th2- to Th1-mediated 

immunity.

The aim of the present pilot study is to investigate the immunomodulating effect of 

this dietary advice in children with non-specific elevated IgE. To measure this effect, 

total serum IgE was used as a marker of the balance between Th1 and Th2 mediated 

immunity.
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2. SUBJECTS AND METHODS

2.1. Study design and study population
The study was a case-control, non-randomised, retrospective study performed at the 

general paediatric outpatient clinic of Hospital Group Twente (ZGT), The Netherlands. 

The participating children with indications for allergy were referred by a general 

practitioner and were evaluated by one of the eleven paediatricians on the paediatric 

outpatient clinic. Presenting symptoms were recurrent upper respiratory tract infec-

tions, unexplained fatigue, atopic syndrome or bronchial hyper-responsiveness. The 

inclusion period was from October 2008 to March 2012. Children between twelve 

months and eighteen years of age who presented with allergy symptoms and a non-

specific elevated total serum IgE were included. An elevated total serum IgE was 

defined according to the age-related reference values of the laboratory [30]. For 

example, children under the age of 4 years should have IgE values below 10 kIU/l. 

Under ten years the IgE should not exceed 50 kIU/l. An additional criteria for inclusion 

was a follow-up IgE measurement within one year after t=0. Exclusion criteria were 

immunological abnormalities upon laboratory analysis, like immunoglobulin deficien-

cies or neutropenia. Other exclusion criteria were complicated medical disorders 

like anatomical or chromosomal abnormalities (schisis, 22q11 deletion), milk allergy, 

malabsorption syndromes and treatment with anti-parasitic medication.

In standard patient care, when only a non-specific elevated IgE is found, no medical 

therapy is indicated. In our hospital, these patients received a scheduled follow up 

appointment in 3–6 months to evaluate the allergy symptoms and repeat the blood 

tests. The control group received this standard care.

To find an alternative way to lower IgE production, the hypothesis for the nutrient rich 

diet was introduced in 2011. We asked the parents of children with allergy symptoms 

who visited the outpatient clinic from 2011–2012 to consume the nutrient rich dietary 

advice. The intervention group was included in a 2 year time period from 2011–2012. 

They also received a scheduled appointment in 3–6 months to evaluate clinical findings 

together with the blood test results. All data was analysed retrospectively. Control 

patients, receiving standard care, could be collected back to 2008. This was a large 

database, so the two groups could be matched based on age upon inclusion, IgE at 

t=0, follow-up duration and gender.

2.2. Intervention
The participants in the intervention group received a dietary advice consisting of 

age-appropriate quantities of green vegetables five times a week, beef three times 
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a week, 200 ml of whole milk or yogurt daily and full-fat butter on one to two sand-

wiches daily (Table 1). These age appropriate quantities were advised on a diet sheet, 

which parents could take with them.

Otherwise the participants were permitted to follow their usual dietary pattern. 

The dietary advice was implemented for three months with a follow-up appointment 

around that time.

The control group consisted of patients with the same symptoms and non-specific 

elevated IgE. Since no medical therapy was indicated, they received standard patient 

care, which was a scheduled follow up appointment to evaluate the allergy symptoms 

and repeat the blood tests. No changes to their dietary habits were made.

2.3. Measurements
Upon presentation the included participants were evaluated for immunological disor-

ders according to the Dutch flow chart for the evaluation of immunological disorders 

[31]. During the intake consultation with the paediatrician, the symptoms were 

documented along with the baseline length and weight. The Z-score of the weight 

for height was calculated via paediatric calculators on UpToDate [32-34]. One month 

later, the blood results were discussed with the parents of the child. When a medical 

condition was found, this condition was treated.

Non-specific elevated IgE was measured in the serum of non-fasting children. We used 

a serum blood tube from Becton Dikison. We analysed fresh samples with the Solid 

Phase Chemiluminiscent Immunometric Assay, Siemens. CVs at 50, 107, 223 and 600 

IU/ml are respectively, 5.1, 6.7, 6.7 and 6.4%.

After approximately three months the participants returned to the outpatient clinic 

for a follow-up appointment and the serum IgE analysis was repeated. The duration of 

the follow-up was recorded as the difference between publication of the intake and 

follow-up blood analyses. During the follow-up consultation the parents were asked if 

they had noticed a subjective change in symptoms compared to their previous visit. 

Table 1. Advised age appropriate portions for children aged 1-4 years

Product 1-4y

green vegetables with supper 5 times a week; 50-100 g

beef with supper 3 times a week; 50-60 g

200 mL of whole bovine milk daily; 200 mL

whole dairy butter on bread daily. 5 g/slice 
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This was recorded in the database as ‘none’, ‘moderate’ or ‘considerable’. The weight 

and height measurements were repeated. If this was omitted during the follow-up 

consultation, measurements up to one and a half months around the consultation date 

were included in the database.

Because the dietary advice included full fat milk/yogurt and butter, we measured 

growth parameters before and after the dietary advice.

Finally, in the intervention group compliance with the dietary advice was determined 

based on oral feedback. Compliance (adherence to the dietary advice) was calculated 

based upon each component of the diet separately and for the dietary advice as a 

whole. Less than 50% compliance was recorded as ‘no compliance’, between 50 and 

75% as ‘moderate compliance’ and >75% as ‘full compliance’. The overall compliance 

was the sum of the partial compliance scores.

2.4. Statistical analysis
Continuous normally distributed and non-normally distributed baseline characteristics 

were recorded as the mean and standard deviation (SD) or the median with the 25th 

and 75th percentiles, respectively. Categorical baseline characteristics were recorded 

as amounts with percentages of the total. Differences in continuous variables between 

two groups were compared using the Student’s T-test or the Mann-Whitney U test, 

depending on normal distribution. Categorical variables were analysed using the Chi-

squared test. Where the association between two continuous variables was analysed, 

the Spearman’s rank or Pearson’s test was used as appropriate. Repeated measure-

ments were compared with a paired t-test or Wilcoxon signed rank test depending on 

normal distribution. Multivariate linear regression was used to analyse the effect of a 

group on change in IgE corrected for confounders.

A value of p<0.05 was considered significant. All analyses were conducted using IBM 

SPSS Statistics (version 20.0.0, 2011, IBM Corp.).

2.5. Ethics
This study was a retrospective study using information from the patients’ files. 

Therefore evaluation by an ethical committee was not required. In 2008 the Central 

Committee on Research involving Human Subjects was consulted for the dietary 

advice. They judged the dietary advice that was used as intervention contained age-

appropriate standard nutritional components and confirmed that it did not constitute 

a major lifestyle change.
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3. RESULTS

3.1. Description of study subjects
In total 105 patients were included. Forty-nine received the dietary advice and were 

evaluated in the intervention group, and the control group consisted of 56 patients 

who did not receive a dietary advice. The characteristics of both groups are shown 

in Table 2. There was no significant difference found between age upon inclusion, 

baseline IgE and gender because the groups were matched for these criteria. The 

follow-up duration was longer in the control group compared to the intervention 

group. The use of medication was significantly different between the intervention 

group and the control group. The intervention group used more vitamin D supplements 

and less inhalation medication or histamine antagonists. Vitamin D supplementation 

was given as single therapy, not with combination medications or cod liver oil. The 

possible effect of confounders is described in section 3.3.

3.2. Change in IgE: intervention versus control group
Table 3 compares the change in IgE between the intervention group and control 

group before taking the effect of possible confounders into account. The absolute 

Table 2. Descriptive characteristics of the Intervention and Control groups.

Intervention
(n=49)

Control
(n=56)

P-value

Age at inclusion (years)a 4.73 (2.13-9.14) 4.57 (2.10-9.69) 0.93

Baseline IgE (kIU/l) a 150.0 (34.3-452.0) 142.0 (29.7-472.8) 0.88

Follow-up duration (months) a 3.80 (3.45-4.78) 6.22 (3.08-9.48) 0.09

Males b 30 (61.2%) 32 (57.1%) 0.67

Indication/presenting symptoms b

  Recurrent upper respiratory tract 
infections

 Fatigue/general malaise
  Asthma/bronchial hyper 
responsiveness

 Other

22 (44.9%)

12 (24.5%)
8 (16.3%)

7 (14.3%)

17 (30.4%)

10 (17.9%)
17 (30.4%)

12 (21.4%)

0.12

0.41
0.09

0.34

Medication b

 None
 Inhalation medication
 Vitamin D supplementation
 Histamine antagonist
 Other

17 (34.7%)
7 (14.3%)
20 (40.8%)
6 (12.2%)
10 (20.4%)

9 (16.1%)
31 (55.4%)
7 (12.5%)
13 (23.2%)
15 (26.8%)

0.03
<0.001
0.001
0.15
0.44

Ear, nose, throat operation b 3 (6.1%) 6 (10.7%) 0.50
a Continuous variables as median and 25th and 75th percentiles.
b Categorical variables as number and percentages.
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value of the median follow up IgE was lower in the intervention group, but the wide 

interquartile range could have an effect on its significance. The median decrease in 

IgE was higher in the intervention group, with a decrease of 9.2 kU/l vs. 0.1 kU/l in 

the control group, and this was significant (p=0.02). The IgE value normalised in 11 pa-

tients in total, of which four were in the intervention group. This was not significantly 

different from the control group.

3.3. Selection of confounders
The effect of presentation with recurrent upper respiratory tract infections or asthma/

bronchial hyper-responsiveness was found to have no significant effect on the change 

in IgE. There was no significant difference in change in IgE between the patients who 

used medication and those who used none (p=0.54). The use of histamine antagonists 

was also found not to have a significant effect on the decrease in IgE (p=0.70). Patients 

who used vitamin D had a larger decrease in IgE, 49 kU/l vs. 0.5 kU/l, than those who 

did not use vitamin D. This difference was found to be significant, with a p-value of 

<0.001. The use of inhalation medication had the opposite effect; those who used 

inhalation medication had a lower decrease in IgE than those who did not (0.5 vs. 

5.6 kU/l with p=0.07). Therefore, vitamin D use and inhalation medication use were 

included as confounders in the multivariate linear regression analysis.

3.4. Change in IgE: multivariate linear regression
In the first multivariate linear regression model inhalation medication was not found 

to be a significant confounder for the decrease in IgE (p= 0.83). This variable was 

therefore excluded as a confounder from the final analysis.

In the intervention group the IgE decrease was 71.3 (kU/l) more than in the control 

group when vitamin D use was taken into account. However, this difference was not 

found to be significant (p=0.16). Vitamin D use was still found to be a significant factor 

for determining the decrease in IgE in this final model, with a p-value of 0.048.

Table 3. Change in IgE depending on the Study group.

Intervention Control p-value

Baseline IgE (kU/l) a 150.0 (34.3-452.0) 142.0 (29.7-472.8) 0.88

Follow-up IgE (kU/l) a 94.7 (25.5-394.0) 130.5 (35.4-576.8) 0.41

Decrease in IgE (kU/l)a 9.2 (-5.1- 83.3) 0.1 (-78.3-21.5) 0.02*

a Continuous variables as median and 25th and 75th percentiles.
* Significant values (p<0.05) are printed in bold.
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3.5. Secondary outcomes
The change in symptoms was recorded for 47 of 49 patients in the intervention group 

(95.9%) and all of the control patients (Figure 1).

More patients reported a considerable improvement in symptoms in the intervention 

group than in the control group, with percentages of 53.2% vs. 28.6%, respectively. 

Only 17% reported no improvement in symptoms in the intervention group compared 

with 64.3% in the control group. This difference in symptom improvement was signifi-

cant (P <0.001).

Compliance data was available for 42 patients with regard to the use of full fat prod-

ucts (85.7%) and for 44 patients with regard to the use of beef and green vegetables 

(89.8%). Total compliance was calculated for 43 patients (87.8%). A smaller percentage 

of patients were compliant for the use of full fat products than for the use of beef and 

green vegetables, with 38% vs. 70% of patients having full compliance, respectively. In 

total, only 2% had less than 50% compliance to the entire dietary advice.

In the intervention group the height and weight was recorded for 35 children at intake 

(71%) and 29 children at follow-up (59%). The mean Z-scores are shown in Table 4. No 

significant change in the weight for height Z-score was found during the study period 

in either the intervention group or the control group.

Figure 1: Subjective Improvement in Symptoms
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DISCUSSION

In this study we found a beneficial effect of nutrients and/or vitamin D supplementa-

tion on total IgE levels in children with non-specific allergic complaints. We started 

to investigate the effect of dietary advice consisting of beef, green vegetables, whole 

milk or yogurt and full fat butter on serum total IgE. The initial results were promis-

ing, showing a significantly larger decrease in IgE in the study group when compared 

to the group that did not receive dietary advice (p= 0.02). However, we found that 

the intervention group also used vitamin D supplementation more frequently. When 

this confounder was included in the final analysis, the dietary advice alone was found 

to have no significant effect on IgE (p= 0.16).

Vitamin D was found to have a significant effect on the decrease in IgE in our final 

analysis. The children who used vitamin D supplementation had an IgE decrease that 

was 20% higher when compared to those who did not take vitamin D. Vitamin D has 

many known effects on the immune system, including modulating the balance be-

tween Th1 and Th2 responses [13,35,36], and deficiency has been found to increase 

IgE level [37]. Was there also a higher vitamin D content in the dietary advice? In 

absolute terms, the dietary advice was not rich in vitamin D.  The vitamin D content of 

beef is suggested as a dietary source of vitamin D [46], but since there is no consensus 

upon bioavailability factors, this remains a subject for discussion [47]. Bioavailability 

is also a subject of discussion concerning whole milk and butter. The absolute content 

of the fat soluble vitamin D in whole milk and butter is lower compared to artificially 

fortified butter, but the bioavailability has not been investigated.

Although there are multiple studies discussing the theoretical and in vitro immuno-

modulatory effects of nutrition on allergic markers, the epidemiological and clinical 

evidence is still inconclusive. Kremmyda et al. [15] carried out a systematic review 

of the literature regarding the effect of dietary n-3 PUFA. They found that 9 out of 

14 epidemiological studies “showed a protective effect of fish intake during infancy 

or childhood on atopic outcomes” although the decrease in risk varied greatly be-

tween these studies. The effect of maternal fish intake during pregnancy seems more 

Table 4. Weight for Height Z-scores at Intake and Follow-up.

Intake (n=35) Follow-up (n=29) Difference (n=25) p-value *

Intervention group a -0.02 ±1.25 -0.03 ± 1.09 0.20 ± 0.71 0.18

Control group a -0.37 ±1.18 -0.32 ± 1.29 0.11 ± 0.56 0.32
**Significant values (p<0.05) are printed in bold.
a Mean Z-score ± SD.
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promising. Studies by Litonjua et al. [13], Devereux et al. [12] and Nurmatov et al. 

[38] reviewing the literature regarding the effect of vitamin status and supplementa-

tion on the incidence of allergy did not find a significant beneficial effect of these 

vitamins. They all concluded that further research is needed, especially in the form 

of clinical trials.

Calder et al. [20] suggested that a possible reason for the varying clinical benefits of 

n-3 PUFA supplementation in atopic disease could be that the intervention is given 

too late, an opinion shared by Devereux et al. [12]. This could explain the lack of 

any significant effect of the dietary advice on IgE in our study, as the mean age of 

the children in our intervention group was almost five years upon inclusion. At this 

age it is possible that the development of allergy is already finalised and any dietary 

interventions need to have taken place earlier; either during the first few years of 

infancy or via maternal supplementation.

Although the effect of the dietary advice itself on IgE was not proven, the participants 

in the intervention group subjectively experienced a significantly better improve-

ment in symptoms when compared to the control group. The aetiology of allergies is 

complex, and the previous view that a skewed Th1/Th2-response balance in favour 

of Th2-responses is the most important underlying cause is currently being replaced 

by newer theories. This is especially so due to the fact that there is no definitive 

evidence that Th1-reactions are impaired in the case of atopy [16]. It is therefore 

plausible that the dietary advice did have a positive immunomodulatory effect, but 

one that did not have an effect on IgE. It is also possible that the significant differ-

ences in clinical outcomes were solely due to the difference in vitamin D usage.

We found greater compliance with the use of beef and green vegetables than with the 

use of full-fat products. This was expected, due to the negative views regarding the 

use of full-fat products that many parents voiced when the dietary advice was given. 

The American Heart Association also recommends fat-free or low-fat dairy products 

for children [39], mainly due to the generally accepted view that increased intake of 

full-fat products leads to increased incidence of obesity and obesity-related diseases 

[40]. In our study population we addressed this concern and found no significant 

increase in weight for height Z-score, either in the intervention group or the con-

trol group. This is in concordance with multiple recent studies suggesting that the 

intake of full-fat dairy products is not associated with increased body mass index in 

preschoolers [41,42]. Although our preliminary results were positive, the long-term 

effects of the dietary advice on weight and health still remain to be investigated.
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There were also major limitations to this study. First, the dietary advice did not 

consist of absolute amounts of each product, but parents were advised to give “age-

appropriate servings” and were given freedom as to choice in application of the diet. 

The wide variations in nutrient content in different products and the fact that the 

exact dietary intake of neither the intervention nor the study group was investigated 

make it difficult to draw conclusions concerning the exact differences in nutrient in-

take between the two study groups. Although a stricter diet and/or vitamin/nutrient 

supplementation may be a better intervention to achieve the desired immunomodula-

tory effect, we believe that the ease of application of the dietary advice is a crucial 

advantage of this intervention that leads to better compliance. This is reflected in our 

results; around 50% of participants were fully compliant with the dietary advice. This 

is contrary to what is generally reported in the literature, namely, that changes in 

dietary patterns are difficult to adhere to [43,44]. However, it is possible that greater 

compliance with the dietary advice was reported than was the case in reality [45].

Another major limitation is that the study was a case-control, non-randomised, ret-

rospective study. The discrepancies in duration of follow-up and the frequency of use 

of certain medications between the two study groups, which had a significant effect 

on the outcome of the study, highlight these limitations. The greater use of inhalation 

medication could be reflected in a higher burden of illness in the control group, but 

it could also be an attempt to improve symptoms, since doing nothing is frustrating 

for some parents. Also, due to the small population size, we included patients of the 

paediatrician who gave the dietary advice and other paediatricians in the control 

group, but only patients of the paediatrician who gave the dietary advice in the 

intervention group. This increased the chance of selection bias in the intervention 

group, as it is plausible that the parents who were motivated to try the dietary advice 

also have a healthier lifestyle in general.

In the study design, the change in IgE as the primary outcome is a clear outcome. 

The secondary outcomes, however, are less objectified, like oral feedback related to 

the dietary intake and subjective evaluation of the improvement.  These subjective 

changes can also be caused by the Hawthorne effect; the patients improved in their 

behaviour in response to their awareness of being observed. In the control group this 

was not the case, since this group was studied retrospectively.

We calculated the additional costs of the dietary advice, which was €0.67 /week. 

Most parents did not think the costs formed an obstacle to starting the diet.  In the 

future, further research is needed in the form of a randomised controlled trial to 

further study the possible effects of the dietary advice.
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Conclusion
Overall, the benefits of nutrition and vitamin D on the decrease in IgE are promising. 

A dietary advice consisting of beef, green vegetables, full-fat butter and whole milk 

and/or yogurt and vitamin D supplements did decrease IgE levels in children with non-

specific allergic symptoms when compared to children who did not receive the dietary 

advice. Due to methodological flaws in this pilot study, the separate contributions of 

the dietary advice and/or supplements need to be investigated in the future.
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ABSTRACT

Many children deal with fatigue for which no proper treatment can be given. A pos-

sible explanation for their fatigue is a micro deficiency of minerals and vitamins. In 

this non-randomized controlled trial, we clinically evaluated symptoms of fatigue in 

children for whom a nutrient-rich diet was advised. A group of 98 children (2–18 years 

old) with unexplained symptoms of fatigue was examined. The dietary modifications 

consisted of green vegetables, beef, whole milk and full-fat butter. Children in the in-

tervention group were asked to follow the diet for three months, whereas the control-

group followed their normal diet. The primary outcome was symptoms of fatigue, as 

determined by a PedsQL Multidimensional Fatigue Scale, and secondary outcomes 

were compliance with the diet and BMI. Children, who followed the diet showed a 

significant decrease in the need to sleep (CI 0.83; 14.86, p = 0.03). They slept better 

through the night and took fewer naps. When analyzing components of the advised 

diet separately, a significant larger decrease in cognitive fatigue symptoms was seen 

for eating green vegetables according to the diet guidelines (CI 2.27; 30.63, p = 

0.024). Furthermore, a lower need to sleep was seen when whole milk was consumed 

almost daily (CI 0.02; 14.62, p = 0.049). Our study showed that nutritional advice is an 

elegant, and effective method for decreasing some symptoms of medically unresolved 

fatigue in children.
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1. INTRODUCTION

Unresolved fatigue affects many children: 1.4% of children under 12% and 2.6% of 

children between 12 and 18 in the Netherlands experience fatigue, as reported by 

general practitioners [1]. Self-reporting of fatigue is even higher at 23%–26% in chil-

dren under 12 and up to 34%–46% in teenagers [1,2,3]. Fatigue in children can cause 

many problems. They experience cognitive problems such as decreased concentration 

and school absenteeism, often resulting in less or a lower level of education [1,4,5]. 

Children who suffer from fatigue are less resilient, have lower immune resistance [6], 

and experience sleep disturbances [7]. Although fatigue is hard to define, it is often 

under-diagnosed by both general practitioners and pediatricians.

Fatigue can have many different causes; however, without a medical cause for the 

fatigue, pediatricians or general practitioners cannot start a therapy. Once infections, 

anemia, chronic disease, and psychosocial imbalance are ruled out, there is still a 

group of patients without a clear cause and children for whom adequate medical 

therapy does not help. A possible cause for children with unresolved fatigue is a 

micro deficiency of vitamins and minerals, which can be difficult to detect [8,9]. 

Iron deficiency without anemia has been shown to cause fatigue and impair cognitive 

function in children and adolescent girls [10,11]. Individual micronutrients including 

iron [10,11], magnesium [12,13], vitamin B [14], vitamin C [15], vitamin E [16,17], 

and fatty acids [18,19] have been shown to have an effect on fatigue. Clinical studies 

show that approximately 20% of children under eight do not eat enough fruit and 

vegetables and do not reach the minimum level of dairy intake (according to European 

guidelines: EFSA) [20,21,22].

A further problem that can develop is chronic fatigue syndrome (CFS). More research 

has been done about the effects of nutrients on clinical symptoms in patients with 

CFS. A diet with enhanced vitamins and minerals in combination with psychologi-

cal training significantly improves symptomatology and fatigue in CFS-patients [23]. 

However, the patients in the CFS study were individually selected for the combined 

intervention and without a control group it is difficult to prove statistical significance 

and apply their results in the clinic.

Finally, previous studies in our hospital have shown that a nutrient-rich diet had a 

positive effect on recurrent upper airway infections and on subclinical hypothyroidism 

in children [6,24]. The components were chosen based on their high vitamin and 

mineral content [25]. The advised diet contains more vitamins A, B2, B12, C, D and E, 
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iron, folic acid, zinc, calcium, phosphorus, Beta-carotene, and (alpha)-linoleic acid 

than a regular diet (Table 1 and Table S1 in supplementary materials) [25].

This study was conducted as a prospective, non-randomized controlled trial, which 

focuses on a dietary advice as an intervention to reduce fatigue in children.

2. ExPERIMENTAL SECTION

2.1. Study Population
Children (2–18 years old) who were referred by a general practitioner to a pediatri-

cian with (subjective) complaints of fatigue between September 2011 and February 

2012 were included in this study. Their fatigue could not be explained by interview, 

physical examination, or laboratory blood tests (Hb, Ht, MCV, MCH, MCHC, RDW, 

thrombocytes, leukocytes (including differentiation), TSH, FT4, 25-OH-vitamin-D3, 

IgE and allergy screening). In cases of a possible medical condition, a treatment was 

started and they were no longer appropriate for this study.

Children with fatigue due to an untreated underlying somatic or mental disease or 

with low pediatric quality of life inventory (PedsQL) scores (>98.0) were excluded.

When children were treated for their underlying somatic disease, and there was no 

improvement of the fatigue with appropriate treatment (e.g., supplementation of 

vitamin D or the use of anti-histamine), they could also be included.

The control group consisted of children that visited the same outpatient clinic for 

fatigue symptoms, in the period from March 2011 until August 2011 (six months before 

the treatment group). The same inclusion and exclusion criteria were used for both 

the control and the intervention group.
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Table 1. Comparison regular diet and advised diet based on regular dietary intake for a child 
7 years of age.

Dependent variable Regular Diet Advised Diet

Vitamin A (μg) 169.00 198.80

Vitamin C (mg) 38.25 47.75

Vitamin D (μg) 1.57 0.51

Vitamin E (mg) 2.79 12.56

Vitamin B2 (mg) 2.39 2.30

Vitamin B12 (μg) 4.82 5.29

Iron (mg) 4.37 5.42

Zinc (mg) 5.48 11.24

Folic Acid (μg) 192.51 337.96

Phosphor (mg) 1745.80 1710.30

Calcium (mg) 1485.80 1327.30

Beta-caroten (μg) 5122.90 6035.90

(alpha)-linoleic acid (%) 40.62 44.74

The portions are based on a normal day menu according to the recommended daily 

intake for a child, 7 years of age, from the “Voedingscentrum”, the Netherlands.

2.2. Ethics
All children and their parents received oral information about the study and were 

asked to give their informed consent. The central committee on research involving 

human subjects judged that dietary advice that includes regular food is not a major 

lifestyle change, and therefore an evaluation by an ethics committee was not neces-

sary for this study. The control group was treated with standard care and followed up 

as usual as no extra interventions were necessary.

2.3. Intervention
Both groups received standard care. Standard care includes advice to keep an active 

lifestyle and to not spend too much time in bed. Furthermore a pediatrician followed 

up with regular checkups for all of the children. Children in the intervention group 

together with their parents received dietary advice from a pediatrician, which was 

comprised of four key components: green vegetables, beef, whole milk, and full-fat 

butter. Green vegetables should be eaten 5 times per week, in appropriate portions 

for the child’s age (e.g., 2–3 tablespoons per day for toddlers). Beef should be eaten 

3 times per week (e.g., 1–2 tablespoons per day for toddlers). Furthermore, one cup 

(200 mL) of whole milk per day and full-fat butter on bread was recommended. All 

parts of the diet were weighted equally, with a total possible score of 100% (e.g., 

vegetables 4 times per week is 80% compliance for the vegetable part, and 20% of the 
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total compliance score). For children under 12 years of age, their parents were asked 

to cook together with the children and keep a diary to measure compliance. The 

pediatrician checked up monthly to control compliance with a specific questionnaire. 

The pediatrician (E. van der Gaag) designed a questionnaire, which has been used in 

earlier studies [6,24].

The intervention was started one month after the screening and laboratory blood 

tests were done. The diet was followed over the course of at least 3 months, in which 

a pediatrician saw the children twice and checked up with them by phone monthly. 

After three months all children were evaluated with the PedsQL questionnaire.

2.4. Measurements
The PedsQL multidimensional fatigue scale (MAPI Research Trust), designed by Varni 

and colleagues, was used to evaluate fatigue before starting the diet and three months 

after the advice was given [26]. The PedsQL scale is a validated method to measure 

fatigue in children [26,27]. Fatigue was measured in three different ways: general 

fatigue, cognitive fatigue, and the need to sleep or rest, with 6 questions for each 

type. General fatigue measures the level of energy for normal daily activities (e.g., 

“I feel too tired to do the things I like.”), cognitive fatigue measures the impact of 

fatigue on the level of concentration (e.g., “It is hard for me to keep my attention 

on things.”), and the need to sleep measures how much time a child spends in bed or 

needs to rest (e.g., “I rest a lot.”). Each question was answered on a five-point scale 

(0 = never, 1 = almost never, 2 = sometimes, 3 = almost always and 4 = always). Each 

score from the questionnaire was transformed to a 0–100 scale, where a higher score 

reflects a lower impact of symptoms. Results were excluded when less than half of 

the questionnaire was filled out.

To check the compliance to the diet we used a simple questionnaire, which has been 

used in earlier studies with the same advised diet [6,24].

Furthermore, weight and height were measured with the same measurement devices at 

the start and after 3 months so that body mass index (BMI) changes could be evaluated.

2.5. Statistics
Continuous variables are displayed as means (standard deviation (SD)) and categorical 

variables are displayed as numbers with corresponding percentages.

We used descriptive statistics to explore our results. A chi-square test was used to 

compare baseline categorical characteristics of the intervention and control groups, 
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whereas an independent sample t-test was used for continuous variables, such as 

BMI. Afterwards, compliance with the diet between both groups was analyzed with 

an independent sample t-test. Furthermore, the effect of the diet on fatigue was 

analyzed with an analysis of covariance (ANCOVA). The data were first analyzed on an 

“intention to treat” basis, comparing the intervention group with the control group. 

Finally, a “per protocol” analysis was done, in which patients that did not follow the 

diet were removed, to evaluate the maximum possible effect. In the “per protocol” 

analysis children following the diet with a great than 75% score were included in the 

study. To correct for possible confounders, a multiple linear regression analysis was 

done for the overall diet and for the separate components.

To analyze the correlation between the compliance to the advised diet and change in 

score on the PedsQL a Spearman rank correlation analysis was performed.

For all analyses a p-value of 0.05 was used to define a significant difference. For the 

selection of confounders a p-value of 0.15 was used.

All statistical analyses were done with the program SPSS version 22.0.

3. RESULTS

3.1. Study Population
109 children were recruited, of which 98 were analyzed: 48 children were included 

between March 2011 and September 2011 and served as controls, 50 children were 

included between September 2011 and March 2012 and were put in the intervention 

group. Eleven children were excluded, as they did not meet the inclusion criteria: 

3 children had an explanation for their fatigue, 2 children were too young, 3 chil-

dren scored too high on the PedsQL questionnaire (PedsQL > 98; which means their 

subjective feeling of fatigue could not be found in objective questionnaires), and 3 

children from the control group were lost to follow-up. In the “per protocol” analysis 

88 children were included: 48 in the control group and 40 in the intervention group.

Demographic characteristics of the study population are shown in Table 2. In the 

intervention group 27 children (54%) had comorbidity on top of their fatigue, com-

pared to 26 children (54%) in the control group. These comorbidities included asthma 

or upper respiratory tract infection (URTI) or subclinical hypothyroidism and were 

similar for both groups (see Table S2 for more details).
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3.2. Compliance of Intervention Group
At the start of the study, children from the control group already followed the dietary 

advice for 29%, whereas children in the intervention group did also for 29%. The 

compliance increased spontaneously to 32% in the control group and to 85% in the 

intervention group. This difference in compliance was statistically significant (95% CI 

−0.58; −0.44, p = 0.00).

3.3. Clinical Outcomes
A decline in symptoms was seen across all components of the total PedsQL score in 

both groups, but with a stronger decline in the intervention group (see Table 3). In the 

intervention group the mean score for the need to sleep or rest increased with 12.0 

points, compared to an increase of 4.4 points in the control group (95% CI 0.83; 14.86, 

p = 0.03). This means, the children showed a decreased need to sleep or take naps 

and spent less time in bed during the day. General fatigue improved with 9.5 points 

compared to 6.4 points in the control group and cognitive fatigue with 8.1 points and 

2.9 for the intervention and control group respectively. However, the results were 

not significantly different (general fatigue: 95% CI −3.35; 11.09, p = 0.29; cognitive 

fatigue: 95% CI −6.58; 11.90, p = 0.57, respectively).

Table 2. Demographic characteristics baseline.

N = 98 Intervention Group (n = 50) Control Group (n = 48) p-value

Sex (M/F) 24/26 21/27 0.69

Age mean (SD) (years) 7.44 (5.0) 7.0 (4.8) 0.66

FU time mean (SD) (days) 137.1 (67.0) 141.9 (72.8) 0.73

General fatigue * 49.6 (19.0) 47.9 (24.2) 0.70

Cognitive fatigue * 55.3 (22.1) 60.0 (24.6) 0.33

Sleep/need to rest * 57.1 (20.4) 55.8 (18.7) 0.74

Comorbid diagnosis (%) 27 (54) § 26 (54) § 0.41

Medication (%) 25 (50) § 28 (58) § 0.99

Compliance to the total diet (%) 29.8 29.3 0.91

Compliance to green vegetables 
(%)

47.1 56.5 0.26

Compliance to beef (%) 40.6 54.9 0.13

Compliance to whole milk (%) 17.0 8.6 0.24

Compliance to full fat butter (%) 12.5 2.5 0.09

* Expressed as points on PedsQL scale (range 0–100); § Specified in Table S2 in supplementary 
materials.
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Table 3. Mean scores (range) after following the diet for three months and change (SD) in symp-
toms of fatigue measured by pediatric quality of life (PedsQL) scores.

Dependent variable Intervention Group (N = 40) Control Group (N = 48)

Second score (range) PedsQL

General fatigue 59.1 (16.7–91.7) 54.4 (4.2–100.0)

Cognitive fatigue 66.7 (0.0–100.0) 63.8 (16.7–100.0)

Need to sleep 66.5 (29.2–95.8) 60.1 (16.7–100.0)

Change (SD) in score PedsQL

General fatigue 9.5 (17.5) 6.4 (19.2)

Cognitive fatigue 8.1 (21.4) 2.9 (18.4)

Need to sleep 12.0 * (17.8) 4.4 * (16.3)

PedsQL scale: 0–100; Change shown as second score minus baseline score; * p < 0.05 for difference 
between intervention and control group.

Analyzing the correlation between the rate of compliance and the effect of the 

advised diet showed similar results. A significant correlation was only seen for the 

variable “need to sleep” (data shown in Figure S1 in supplementary materials).

The difference in fatigue symptoms was also studied for the individual components of 

the diet, while taking confounders into account (e.g., first measurement of fatigue 

symptoms and a change in BMI).

Green vegetables were shown to have a significant effect on cognitive fatigue (dif-

ference: 16.45, 95% CI 2.27; 30.63, p = 0.024). Green vegetables also showed a trend 

to improve general fatigue and reduced the need to sleep but not to significant 

difference. Furthermore, whole milk had a significant impact on the need to sleep 

(difference: 7.32, 95% CI 0.02; 14.62, p = 0.049) (Table 4).

Table 4. Analysis of Covariance of the effect of components of the diet on symptoms of fatigue.

Dependent variable Green Vegetables Beef Whole Milk Full-Fat Butter

N = 88 B * 95% CI B * 95% CI B * 95% CI B * 95% CI

General fatigue 8.88 −1.23; 18.99 1.32 −10.12; 12.75 3.62 −6.26; 13.50 −2.55 −12.07; 6.97

Cognitive fatigue 16.45 2.27; 30.63 3.83 −7.44; 15.10 −1.70 −11.26; 7.86 −1.20 −10.47; 8.08

Need to sleep 8.12 −2.74; 18.98 7.56 −0.94; 16.06 7.32 0.02; 14.62 2.63 −4.69; 9.96

All analyses were corrected for the baseline values of the fatigue symptoms as well as for the 
change in BMI between the baseline and follow-up measurement. * B represents the difference 
between the intervention and control group. A positive difference is in favor of the intervention 
group.
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3.4. Impact on BMI
For 35 children a change in BMI was measured (17 in the control group, 18 in the in-

tervention group. Generally, full-fat products like whole milk and butter are expected 

to lead to weight gain. However, measurements before and after the diet showed a 

change in BMI in the control group of −0.39 and in the intervention group of 0.06 (95% 

CI −0.147; 1.03, p = 0.139).

4. DISCUSSION

4.1. Benefits of a Nutrient-Rich Diet
This non-randomized controlled study showed a decline in clinical complaints of fa-

tigue in children following the advised diet, especially in the need to rest and sleep. 

Patients took fewer naps and spent less time in bed during the day when following the 

advised diet. The observed positive effect on fatigue can be explained by an increased 

intake of minerals, vitamins and fatty acids [18,19,28,29]. Four further factors can 

explain these results, including a beneficial effect of combining nutrients, effects of 

anti-oxidants, better sleep behavior due to the high concentration of melatonin in 

milk [30], and an improvement of the immune function.

Vitamins and minerals have been shown to mutually benefit their absorption when 

consumed simultaneously. The intake of green vegetables appeared to have the 

strongest impact on fatigue, especially for cognitive fatigue. This could be because 

vitamins A and C in green vegetables improve the absorption of other minerals such as 

zinc [31,32], magnesium [33] and iron [34]. Vitamin A can even reduce iron-dependent 

anemia [34,35]. Previous studies focused on individual nutritional supplements rather 

than on diets, which do not fully take into account this mutually beneficial effect. On 

top of this, it has been shown that pure nutrients are absorbed better than artificial 

nutrients [33]. For example, a study with an artificial polynutrient supplement (mul-

tivitamin pill) did not result in a significant difference in the feeling of fatigue [36]. A 

stronger impact on fatigue could therefore be explained by the pure nutrients in the 

advised diet versus artificial supplements.

Beside vitamins and minerals, green vegetables and melatonin in whole milk contain 

many anti-oxidants, which can reduce oxidative stress in the human body [30,37,38], 

which is associated with fatigue in children [16,39]. A reduction of oxidative stress 

by an increased consumption of green vegetables and whole milk could partly explain 

the decrease in fatigue.
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Melatonin has more beneficial properties on fatigue, especially on sleep behavior. 

Whole milk is known to contain high melatonin levels [40], which has been shown 

to be effective in improving sleep onset, maintenance of sleep, and prolongation of 

sleep [30,40]. Our study demonstrated that whole milk is significantly associated with 

a decreased need to sleep or rest, and that there was a stronger decline in fatigue in 

children who drank more whole milk than in children who drank less whole milk. As 

most children did not drink whole milk before the start of the diet, an increased sup-

ply of melatonin may have improved their sleeping behavior and feeling of wellbeing 

as well.Surprisingly, the effect of drinking whole milk was not related to the time it 

was consumed, as the result was also found when it was consumed in the morning or 

afternoon. We hypothesize that an increased ingestion of melatonin stimulates the 

body’s own production of melatonin at night.

Additionally, the components of the advised diet can improve the immune function in 

children. Earlier studies in our hospital showed that this diet has a beneficial effect on 

recurrent upper respiratory tract infections [6]. This is supported in the literature by 

an improvement of the immune functions by vitamins and minerals, which are present 

in high concentrations in the advised diet [41,42]. Even without recurrent infections, 

improvement of the immune system can be reflected in the general wellbeing, and an 

increase in energy due to less pro-inflammatory cytokines [43].

Finally, no significant change in BMI was measured in our study. We evaluated the ef-

fect of the advised diet on the BMI as full fat dairy products are generally not advised 

for children [44]. However, beneficial effects of full fat dairy products on asthma [45] 

and metabolic syndrome in children have been observed before, without an increase 

in BMI [29,46,47,48,49,50]. We therefore encourage the advised normal portions of 

full fat dairy products.

As the prevalence of fatigue in children is high, therapeutic options are limited, 

and there is little research on the impact of nutrition, this study is highly clinically 

relevant. We saw a clear clinical improvement in fatigue, which was also noticed 

by the children’s parents. Children seemed healthier and more resilient, and their 

parents observed less need to sleep or rest and more energy for daily activities. 

Moreover, the diet is an elegant, safe, low-cost, and easy treatment for fatigue and 

can be combined with therapy for other medical conditions.

4.2. Limitations and Future Perspectives
Although the results of this study are highly relevant, there are several limitations. 

Firstly, the study groups were small and not randomized because this was the first 
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trial to investigate the effect between a nutrient rich diet and fatigue. Furthermore, 

the intervention was not performed in a double-blind fashion. Although the PedsQL 

is a validated method for objectifying fatigue [26,27], it remains a subjective mea-

sure. The group of children studied consists of children who are simply fatigued and 

children with comorbidities and use of medication. The percentage of children with 

comorbidities and medication-usage was the same in both groups but could still influ-

ence the effect of the advised diet. A sensitivity analysis showed that the difference 

in effect observed in PedsQL between the children with and without the diet was even 

greater. While the children with the advised diet showed similar results, children in 

the control group showed minimal improvement (data not shown). This indicates that 

also in children without comorbidities and use of medication, the observed effect 

of the advised diet was present and that this effect might even be underestimated. 

However, the group in which the sensitivity analysis was performed was very small and 

therefore statically relevant conclusions cannot be drawn from this analysis.

Second, laboratory markers were not analyzed to show the effect or the mechanism of 

the diet on micronutrient deficiencies, as this study focused on the clinical effect. In 

our study group, laboratory values could not be used, since micro deficiencies are not 

measurable and patients were excluded once abnormalities were found in the initial 

laboratory research. It would be interesting to measure laboratory markers, to clarify 

the mechanism through which the effect of the diet has occurred. A future study could 

focus on measuring laboratory markers and further quantifying the mechanism of the 

diet.

A third restraint is the possibility that the period in which children were included 

in the control group and intervention group affects the results. The control group 

was studied in the summer (March to August), whereas the intervention group was 

studied in the winter (September to February). Children visit a general practitioner 

or pediatrician more often during the winter months than in summer for all kinds of 

illnesses [51,52], and a decrease in vitality is reported during winter in adolescent 

girls [53]. This suggests that within both the intervention group and the control group, 

children could be on the up- or the downswing of a seasonal cycle. For example, a 

child that starts the diet in February may feel less tired in May regardless of the diet. 

Overall, it would be interesting (and fair) to evaluate the effect of the advised diet in 

a simultaneous period and potentially with a longer follow-up.

Fourth, the different components of the diet were valued at the same level. However, 

this does not reflect the consumption of each of the components, and potentially 
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does not reflect the relative benefits of each of the components. Furthermore, the 

questionnaire used to measure compliance is not validated.

Finally, parents and children only received advice and an explanation about why the 

components in the diet are important, rather than a prescription to follow the diet. 

We used a non-validated questionnaire to check the compliance to the advised diet. 

However, this questionnaire appeared adequate in other studies in which we used it 

to check the compliance to the same advised diet [6,24]. The “per protocol” analysis 

showed that the effect of the diet was stronger when it was followed more strictly 

(“intention to treat” analysis is not shown). Furthermore, a significant relationship 

between the degree of compliance and the need to sleep was found, which mirrors 

the results for the total sample.

In a new study, more rigorous check-ups with parents and children to ensure it is 

followed could increase the effectiveness of the diet.

5. CONCLUSIONS

Many children deal with the impact of fatigue for which an explanation is lacking and 

good treatment is unavailable. A nutrient-rich diet is an elegant, effective, and low-

cost method to demonstrate clinical improvement in children with these unexplained 

symptoms of fatigue. The micronutrients in green vegetables and in whole milk have 

an especially strong effect on fatigue. More research in a larger, randomized trial with 

more supervision on the dietary intake could further validate the results shown here.
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SUPPLEMENTARy MATERIALS
Table S1. Nutrients per 100 gram.

Dependent variable 
Green Vegetables

Beef Full-Fat Butter Whole Milk
Salad Spinach

Vitamins

Vit A1 (ug) 0.00 0.00 62.00 829.00 34.00

Vit B1 (mg) 0.04 0.05 0.07 0.01 0.03

Vit B2 (mg) 0.05 0.15 0.16 0.03 0.18

Vit B12 (ug) 0.00 0.00 2.31 0.30 0.39

Vit B6 total (mg) 0.06 0.08 0.17 0.00 0.034

Folate (ug) 24.50 124.50 12.80 Trace 6.50

Vit C (mg) 2.00 7.00 7.00 0.00 0.00

Vit D total (mg) 0.00 0.00 0.50 1.20 0.00

Vit E total (mg) 0.20 3.50 2.40 1.90 0.10

Essential fatty acids

Linoleic acid (mg) - - - 1.30 1.70

α-Linoleic acid (mg) - - - 0.60 1.10

Minerals

Sodium (mg) 14.00 15.00 440.00 - 43.00

Potassium (mg) 300.00 711.00 424.00 - 165.00

Calcium (mg) 51.00 84.00 19.00 - 102.00

Phosphor (mg) 35.00 71.00 218.00 - 102.00

Magnesium (mg) 14.00 77.00 27.00 - 12.00

Iron total (mg) 0.80 2.40 2.80 - 0.00

Iron haem (mg) 0.00 0.00 1.60 - 0.00

Iron non haem (mg) 0.80 2.40 1.20 - 0.00

Copper (mg) 0.04 0.08 0.10 - 0.00

Selenium (ug) 0.00 0.00 11.00 - 1.00

Zinc (mg) 0.33 1.20 6.27 - 0.46

Iodine (ug) 1.90 2.00 5.20 - 7.00
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Table S2. Specification of comorbid diagnosis and medication.

Dependent variable Intervention Group (n = 50) Control Group (n = 48)

Comorbid diagnosis

Asthma/URTI 12 9

Subclinical hypothyroidism 5 6

Hyperthyroidism 0 1

Concentration disorder 3 3

Hypovitaminosis D 3 2

Anemia 1 2

Thalassemia 0 1

Obstipation 1

Coeliac disease 2 1

Sleep apnea 2 1

Migraine 1 0

IgA deficiency 1 0

Selective immunoglobulin synthesis 
defect

0 1

Diabetes mellitus type 1 1 0

Down syndrome 1 0

Epilepsy 0 2

Recidivate tachycardia 0 1

Hearing loss 0 2

Medication

Vitamin D 14 9

Inhalation sympathicomimetica 9 3

Inhalation corticosteroids 3 3

Inhalation antihistamine 4 1

Polyethylene glycol electrolyte solution 3 1

Clarithromycin 1 0

Co-trimoxazole 1 0

Amoxicillin 0 1

Ferrofumarate tablets 1 6

Thyrax 1 3

Insulin pomp 1 0

Levonorgestrel/-ethinylestradiol 1 1

Ritalin. 0 1

Depakine 0 1

Melatonin 0 2
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Figure S1. Correlation between the compliance to the advised diet and change in symptoms 
of fatigue (second score minus baseline score). (a) Correlation between compliance to the 
diet and change in the general fatigue score on the PedsQL; (b) Correlation between compliance 
to the diet and change in the cognitive fatigue score on the PedsQL; (c) Correlation between 
compliance to the diet and change in the need to sleep score on the PedsQL. * Correlation is 
significant at the 0.05 level (2-tailed). 
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0.05 level (2-tailed).
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ABSTRACT

In children, little is known about lipid profiles and the influence of dietary habits. In 

the past, we developed a dietary advice for optimizing the immune system, which 

comprised green vegetables, beef, whole milk, and full-fat butter. However, there 

are concerns about a possible negative influence of the full-fat dairy products of 

the diet on the lipid profile. We investigated the effect of the developed dietary 

advice on the lipid profile and BMI (body mass index)/BMI-z-score of children. In this 

retrospective cohort study, we included children aged 1–16 years, of whom a lipid 

profile was determined in the period between June 2011 and November 2013 in our 

hospital. Children who adhered to the dietary advice were assigned to the exposed 

group and the remaining children were assigned to the unexposed group. After follow-

ing the dietary advice for at least three months, there was a statistically significant 

reduction in the cholesterol/HDL (high-density lipoproteins) ratio (p < 0.001) and 

non-HDL-cholesterol (p = 0.044) and a statistically significant increase in the HDL-

cholesterol (p = 0.009) in the exposed group, while there was no difference in the BMI 

and BMI z-scores. The dietary advice has no adverse effect on the lipid profile, BMI, 

and BMI z-scores in children, but has a significant beneficial effect on the cholesterol/

HDL ratio, non-HDL-cholesterol, and the HDL-cholesterol.

1. INTRODUCTION

Little is known about cholesterol and lipid profiles in children, except from children 

known to have familiar dyslipidemia. However, concerns about the cholesterol levels 

are troubling parents when doctors advise to give full-fat dairy products to their 

children. Are these concerns realistic or not? At this moment, adult recommenda-

tions are also used for children. There are circumstances when full-fat dairy products 

are investigated for their possible positive contribution to different health aspects 

in children. One aspect is the functioning of the immune system, which is partly 

dependent on the nutritional status. Nutrients, such as vitamins and minerals, play 

an important role in the strengthening of the immune system. As a consequence, an 

adequate nutritional status, and thereby a strong immune system, might prevent 

infections [1–7].

In a previous study, we compared the dietary intake of children with recurrent respi-

ratory infection (without immunological disorders) and healthy children [8]. These 

children usually have respiratory complaints without an adequate explanation, like 

immunological deficiencies. The outcomes showed that the group of children with 
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recurrent infections eats less beef, natural milk, and green vegetables compared to 

the healthy children.

Following this study, a nutrient-rich diet has been developed as a possible intervention 

for recurrent infections using the NEVO (Nederlands Voedingsstoffenbestand) tables, 

a Dutch nutrient database containing information about the nutrients of each food 

[9]. There are more international databases containing macro and micronutrients. We 

choose this database because this database contains the most information about the 

regular food that is eaten and sold in The Netherlands.

The diet is based on foods high in nutrients that could support the immune system, 

namely green vegetables, beef, whole milk, and butter (Table 1). This are also the 

food groups that are not frequently consumed by children with recurrent infections. 

Compared to other vegetables, green vegetables contain more zinc, vitamin A, and 

vitamin C. Beef contains more iron, zinc, vitamin A and vitamin E compared with other 

types of meat [9]. These nutrients have immune supporting effects and play a role in 

the antiviral mechanisms, which could positively affect recurrent upper respiratory 

tract infections [2–7]. Looking at the full-fat dairy products, whole milk, and butter 

are a source of lipids, vitamins, and essential fatty acids, such as linoleic acid and 

alpha-linolenic acid [9]. The lipids can act as a carrier for vitamins A, D, E, and K, [10] 

which can have a positive effect on the immune system [9,10]. In addition, the extra 

fats in whole milk have anti-microbial properties and can act as bacteriostatics [9,11].

This previous study showed that the dietary advice had significant positive effects on 

the length and gravity of respiratory tract infections in children [14]. Furthermore, 

another study showed that the same dietary advice decreases some symptoms of 

medically unresolved fatigue in children [1,15].

Strengthening the immune system just by changing food habits might be a solution 

for many patients with recurrent infections but without an immunological disorder 

or for patients with medically unresolved fatigue. However, there are thoughts that 

the saturated fats in the recommended whole milk and butter could have a negative 

influence on the lipid profile and/or the risk of cardiovascular disease. The National 

Heart Foundation of Australia states that the intake of saturated fatty acids is highly 

associated with an increased risk of coronary heart disease due to elevated LDL-

cholesterol (low-density lipoproteins cholesterol) and serum cholesterol levels [16]. 

The American Heart Association (AHA) and American Academy of Pediatrics advise the 

use of dairy products that are fat-free or low in fat, in order to minimize the intake of 

saturated fat. They mention that a decline in saturated fat and cholesterol intake has 
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been associated with a reduction in cardiovascular disease [17]. The Dutch Centre of 

Food recommends replacing saturated fats with unsaturated fats, which should lower 

the risk of cardiovascular disease [18].

Recently, conflicting findings have been reported regarding the association of satu-

rated fats and the risk of cardiovascular disease. Several studies show no evidence 

for the assumed association and some even describe an inverse association [19–21].

The aim of our study was to determine whether the developed dietary advice—rela-

tively high in saturated fats—has an influence on the BMI (body mass index) of children 

and on risk factors of cardiovascular disease. The total cholesterol/HDL (high-density 

lipoproteins) ratio is an important predictor of later risk of cardiovascular disease 

[22,23]. Additionally, the American Academy of Pediatrics recommends non-HDL 

concentration as an important benchmark for the screening of cardiovascular risk in 

children [24]. Therefore, we used the lipid profile of children in order to determine 

whether the dietary advice with its beneficial effect on at least respiratory tract 

infections in children can be safely used.

2. MATERIALS AND METHODS

The present study is a non-randomized retrospective cohort study. The determination 

of the lipid profile of the children was executed by blinded laboratory workers. The 

measurements of weight and height were not blindly executed.

We performed a laboratory search in our laboratory database for patient blood 

samples. Included in the search were children aged from 1 to 16 years with at least 

two measurements of a lipid profile in the period between June 2011 and November 

2013 at hospital ZGT (Hospital Group Twente) Hengelo/Almelo in the Netherlands. 

Patient charts were hand-searched for dietary habits/advice.

If no details were given in the patient charts, dietary habits were addressed as un-

known. When no abnormalities were noted, we assumed it was according to the Dutch 

dietary guidelines [12]. Children who had followed the dietary advice were assigned 

to the exposed group and the remaining children were assigned to the unexposed 

group. A schematic overview of the data collection is shown in Figure 1.

The aim of our study was to determine whether the developed dietary advice—rela-

tively high in saturated fats—has an influence on the BMI (body mass index) of children 
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and on risk factors of cardiovascular disease. The total cholesterol/HDL (high-density 

lipoproteins) ratio is an important predictor of later risk of cardiovascular disease 

[22,23]. Additionally, the American Academy of Pediatrics recommends non-HDL 

concentration as an important benchmark for the screening of cardiovascular risk in 

children [24]. Therefore, we used the lipid profi le of children in order to determine 

whether the dietary advice with its benefi cial eff ect on at least respiratory tract 

infections in children can be safely used.

2. MATERIALS AND METHODS

The present study is a non-randomized retrospective cohort study. The determination 

of the lipid profi le of the children was executed by blinded laboratory workers. The 

measurements of weight and height were not blindly executed.

We performed a laboratory search in our laboratory database for patient blood 

samples. Included in the search were children aged from 1 to 16 years with at least 

two measurements of a lipid profi le in the period between June 2011 and November 

2013 at hospital ZGT (Hospital Group Twente) Hengelo/Almelo in the Netherlands. 

Patient charts were hand-searched for dietary habits/advice. If no details were given 

in the patient charts, dietary habits were addressed as unknown. When no abnormali-

ties were noted, we assumed it was according to the Dutch dietary guidelines [12]. 

Children who had followed the dietary advice were assigned to the exposed group and 

the remaining children were assigned to the unexposed group. A schematic overview 

of the data collection is shown in Figure 1.

Included in the search were children aged from 1 to 16 years with at least two measurements of a 

lipid profile in the period between June 2011 and November 2013 at hospital ZGT (Hospital Group 

Twente) Hengelo/Almelo in the Netherlands. Patient charts were hand‐searched for dietary 

habits/advice. If no details were given in the patient charts, dietary habits were addressed as 

unknown. When no abnormalities were noted, we assumed it was according to the Dutch dietary 

guidelines [12]. Children who had followed the dietary advice were assigned to the exposed group 

and the remaining children were assigned to the unexposed group. A schematic overview of the data 

collection is shown in Figure 1. 

 

Figure 1. Schematic overview of the data collection. 

 

We excluded all children with a disorder that might influence the lipid profile, such as familiar 

hypercholesterolemia, hypothyroidism, diabetes mellitus type I and II, obesity, metabolic disorders, 

and medication which influences the lipid profile (according to [25]). As shown in Table 2, in the 

exposed group six patients were excluded based on the exclusion criteria described above, and one 

patient withdrew informed consent. Following the exclusion criteria, 26 patients were excluded in 

the unexposed group. 

The children visited the pediatric outpatient clinic for several complaints. In the exposed group, 

most of them suffered from recurrent infections, subclinical hypothyroidism or tiredness. The 

Figure 1. Schematic overview of the data collection.
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We excluded all children with a disorder that might infl uence the lipid profi le, such 

as familiar hypercholesterolemia, hypothyroidism, diabetes mellitus type I and II, 

obesity, metabolic disorders, and medication which infl uences the lipid profi le (ac-

cording to [25]). As shown in Table 2, in the exposed group six patients were excluded 

based on the exclusion criteria described above, and one patient withdrew informed 

consent. Following the exclusion criteria, 26 patients were excluded in the unexposed 

group. The children visited the pediatric outpatient clinic for several complaints. In 

the exposed group, most of them suff ered from recurrent infections, subclinical hy-

pothyroidism or tiredness. The unexposed group consisted of children with recurrent 

infections, abdominal complaints, epilepsy, failure to thrive, behavioral disorders. 

Children (1–16 years) with 2 or more measured lipid profi les

Table 2. Overview of excluded patients

Exposed group (n=55) - Unexposed group (n=66) -

Incomplete lipid profi le 2 Incomplete lipid profi le 5

Familiar hypercholesterolaemia 2 Familiar hypercholesterolaemia 3

Obesity 1 Obesity 13

Age < 1 year or >16 years 1 Age < 1 year or > 16 years 1

Diabetes mellitus 0 Diabetes mellitus 3

Metabolic disorder 0 Metabolic disorder 1

Medication 0 Medication 0

Dropouts 1 Dropouts 0

Exposed group (n=48) Unexposed group (n=40)

The dietary advice, based on the NEVO tables [9], consists of eating beef three times 

a week, green vegetables fi ve times a week (both age-related portions, according to 

the Dutch Center of Food), at least one glass (200 mL) of full-fat milk (3.4% fat) each 

day, and the use of fi ve grams per slice of bread of natural butter (80% fat) for at least 

three months. Each item of the advice counted for 25% and children had to score at 

least 75% to meet the criteria of the exposed group. All other dietary habits remained 

unchanged. The children who did not follow the dietary advice were included in the 

unexposed group. For ethical reasons we were not allowed to approach them and had 

to assume that there were no large changes in their food habits during the period of 

follow-up.

We recorded information of all children from both groups: gender, age, weight, height, 

duration, and degree of following the dietary advice, lipid profi le at the time of 

presentation, and follow-up. The height of the children was measured with a vertical 

ruler. The children were weighed in underwear and all measurements were performed 

by a pediatrician. The children’s BMI was calculated by dividing their weight in kilo-
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grams by the square of their height in meters. The BMI z-score is calculated on the 

basis of gender, age, height, and weight [26]. The BMI z-score can be calculated only 

from the age of 24 months. This means that no BMI z-score was calculated in children 

younger than two years. These data were calculated, but not added in the tables, due 

to lacking data in the younger children.

Both for the start of the dietary advice, and at the end of the follow-up, the lipid pro-

file was determined in all children. At the time of blood collection by venapuncture 

the children had an empty stomach, as nutrition can affect LDL and triglyceride con-

centrations [27]. The lipids from the lipid profile are total cholesterol, high-density 

lipoprotein cholesterol (HDL-C), cholesterol/HDL ratio, low-density lipoprotein cho-

lesterol (LDL-C), triglycerides (TG), and non-HDL. The lipid profile was measured by 

enzymatic colorimetric techniques with the COBAS 6000 (Roche Diagnostics, Almere, 

The Netherlands). The LDL was calculated with Friedewald’s formula: LDL=total 

cholesterol-HDL-(0.45xTG). The primary outcome of this study, the cholesterol/HDL 

ratio, was calculated by dividing the total cholesterol by HDL cholesterol [23]. The 

non-HDL can be calculated by the following formula: total cholesterol-HDL cholesterol 

= non-HDL cholesterol (non-HDL).

We used SPSS Statistics 20 (SPSS Inc., Chicago, IL, USA) to execute our data analysis. 

Normality was checked by visual expectation of histograms and Shapiro-Wilk test. 

Continuous variables were expressed as the mean with the standard deviation (SD) or 

the median with the interquartile range (IQR); categorical variables were expressed 

as counts with corresponding percentages. Differences in baseline characteristics 

between groups was tested using an independent t-test or Mann-Whitney (continuous 

variables) or Pearson’s chi-square (categorical). To test changes of the lipid profile 

between measurements within each group a paired T-test or Wilcoxon was used. Con-

cerning the BMI and BMI z-score, several data were lacking. Therefore, the BMI and 

BMI z-scores were tested using mixed models analysis. For all comparisons, a p-value 

<0.05 was regarded as significant.

3. RESULTS

3.1. Baseline Data
The baseline data of the unexposed and exposed group are presented in Table 3. 

The demographic characteristics, period of follow-up, the lipid profiles, and the BMI 

characteristics did not differ significantly at the start of this study.
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Table 3. Baseline characteristics of the unexposed and exposed group

Unexposed group
n=40

Exposed group
n=48

P-value

Gender (n,%)
   Men
   Women

24 (60%)
16 (40%)

25 (52%)
23 (48%)

.457

Age (years) (median, IQR) 4.7 (2.3–9.0) 2.6 (1.6–8.0) .102

Follow-up (months)
(median, IQR)

5.0 (4.0–8.0) 4.5 (4.0–8.8) .744

BMI (median, IQR) 15.9 (15.1-17.5) 16.7 (15.4-18.5) .408

IQR (interquartile range); SD (standard deviation).

3.2. Changes within Groups
The baseline, follow up and differences in lipid profile within the two groups between 

the start and follow-up are shown in Table 4. In the exposed group, the HDL-choles-

terol increased significantly with 0.14 mmol/L (p = 0.009), 95% CI (-0.24 to -0.04) 

(confidence interval). The cholesterol/HDL ratio was significantly reduced (p < 0.001), 

95% CI (0.35–0.84), as was the non-HDL (p = 0.044), 95% CI (0.01–0.34). The decrease 

in the cholesterol/HDL is caused by the significant increase in the HDL-cholesterol. 

The total cholesterol did not change significantly and barely affects the cholesterol/

HDL ratio. No significant changes occurred in the BMI and BMI z-score (a change of 

-0.06) in the exposed group. There were no significant changes of the lipid profile or 

BMI and BMI z-score (change of 0.09) in the unexposed group.

4. DISCUSSION

Our research shows that consumption of green vegetables, beef, whole milk, and but-

ter has no adverse effect on the lipid profile in children. The dietary advice, no advice 

with respect to carbohydrate intake, but relatively high in saturated fats is even 

shown to have a favorable effect on the lipid profile: it gave a significant increase 

in HDL cholesterol, and a decrease in non-HDL cholesterol and the cholesterol/HDL 

ratio.

In a previous study the dietary advice has been shown to have a significant improving 

effect on the incidence and duration of recurrent respiratory tract infections [15]. 

This nutritional advice will probably be discouraged by major national and interna-

tional organizations since the idea exists that saturated fats have a negative effect 

on the lipid profile and/or the cholesterol/HDL ratio and, thus, increases the risk of 

cardiovascular disease.
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The American Heart Association and the American Academy of Pediatrics recommend 

not offering any whole-milk products to children, because of the higher concentrations 

of saturated fats and, therefore, the increased risk of later cardiovascular disease 

[17]. The Dutch Nutrition Centre recommends that children should not eat full-fat 

products at all, due to the relatively high concentration of saturated fats. According 

to the nutrition center the intake of saturated fats has a negative impact on the cho-

lesterol/HDL ratio and, therefore, increases the risk of cardiovascular disease [18].

Over the years, various studies have been published discussing the relationship 

between saturated fatty acids and cardiovascular disease. The idea that consuming 

saturated fats can lead to death from cardiovascular disease has certainly not been 

confirmed by all studies. A meta-analysis of randomized trials showed that saturated 

fat has an increasing effect on HDL cholesterol. The increase in the HDL-cholesterol 

is greater when consuming saturated fats, compared to consuming unsaturated fats 

[28], which can contribute to a decrease in total cholesterol/HDL cholesterol ratio 

[29]. The Lancet published a systematic review of 61 prospective studies, which 

showed that higher HDL cholesterol levels reduce the risk of death from cardiovascu-

lar disease [30].

Contrary to expectations, a large meta-analysis by Siri-Tarino and colleagues shows 

that there is no significant link between the consumption of saturated fats and an 

increased risk of cardiovascular disease in general and coronary heart disease in par-

ticular [20]. In line with this, a meta-analysis by Skeaf and Miller commissioned by the 

World Health Organization concluded that the amount of saturated fats in a diet does 

not have an impact on the risk of coronary heart disease [31]. The American Heart 

Association claims that replacing saturated fat with carbohydrates lowers the risk of 

cardiovascular disease. In contrast, a meta-analysis of prospective studies shows that 

replacing saturated fat with carbohydrates leads to a significantly increased risk of 

cardiovascular disease [32].

This is supported by Musunuru, who concluded that it is not the saturated fats, but 

the carbohydrates in a diet that cause atherogenic dyslipidemia [33]. Next to the 

inconsistent data about dairy fats and cardiovascular risk factors, there are also 

inconsistent data about the risk of dairy fat on developing diabetes mellitus. A recent 

study from the Nurses’ Health Study and the Health Professionals Follow-Up Study 

show a protective effect of high plasma dairy fatty acid concentrations and lower 

incidence of diabetes mellitus [34].
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As an alternative to butter with its saturated fats, margarine was developed. This 

“skinny” dairy product is enriched with “healthy” omega-6 fatty acids. However, the 

replacement of saturated fatty acids and trans-fatty acids by omega-6 fatty acids 

is associated with an increased risk of coronary heart disease and overall mortality 

[35]. We now know that omega-6 fatty acids have pro-inflammatory characteristics 

while omega-3 fatty acids have anti-inflammatory ones. A diet with a large amount 

of omega-6 fatty acids and a high omega-6/omega-3 ratio enhances the development 

of diseases such as cancer, cardiovascular disease, inflammatory and autoimmune 

diseases. In contrast, high levels of omega-3 fatty acids have suppressive effects 

on those diseases [36]. The investigated dietary advice contributes to a good fatty-

acid balance due to its green vegetables, which contain a relatively high amount 

of omega-3 fatty acids and are low in omega-6 fatty acids [9]. Recently, a study 

showed that people who eat a lot of green leafy vegetables have a 32% lower risk of 

myocardial infarction [37].

 In addition, green vegetables have other positive effects concerning health, such as 

reducing the risk of many forms of cancer [38,39]. Additionally, the dietary advice 

contributes to the inhibition of oxidation of LDL cholesterol, a crucial step in athero-

sclerosis, with its relatively high levels of Vitamin A and E in beef, compared to other 

types of meat [40].

The BMI and BMI z-scores in the exposed group did not significantly change during the 

months of follow-up. If we calculate the caloric intake of the dietary advice, using 

age-adequate quantities advised by the Dutch Food Center [12], the diet contains 

94 more calories compared to a diet with identical quantities of low-fat milk and 

margarine [9]. By contrast, beef contains 1.5 times fewer calories compared to, for 

example, pork, which has 82 calories per serving [9,41]. This almost neutralizes the 

extra calories ingested by a child with the intake of whole milk and butter. Addition-

ally, whole milk has a favorable glycemic control and, thereby, possibly an inhibitory 

effect on appetite and food intake [42]. Several investigations show that a higher 

intake of dairy products does not increase body weight, results that are consistent 

with the results of our study [43,44].

This study suggests that diet quality can have some benefits for children. However, 

one of the limitations of this study is the retrospective design. Adherence to the 

dietary advice was retrospectively controlled through evaluative questions during the 

consultation with the pediatrician. A more reliable way of checking the nutritional 

advice is to let patients fill out a daily food questionnaire.
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Due to the retrospective design the food habits of the unexposed group could not all 

be traced. In this case we had to assume that they did not consume full fat dairy (in 

The Netherlands semi-skimmed milk and low-fat butter are advised) and no changes in 

diet occurred during follow-up. In a research design such as a randomized controlled 

trial, the unexposed group could also fill out a food questionnaire so that any changes 

in diet can be detected. Following the retrospective design of this study the unex-

posed and exposed group could not be randomized. A probable advantage is that the 

patients (and/or their parents) in the exposed group were possibly more motivated to 

follow the diet given the fact that they chose to follow the diet themselves.

There were missing values in the BMI and, thereby, the BMI z-scores of the children, so 

that the conclusions of BMI and BMI z-score are based on a smaller number of patients 

than we included.

Furthermore, the mean period of follow-up was 4.4 months, which means that we 

cannot draw conclusions about these outcomes in the long term. We require long-

term follow-up studies to evaluate the course of the lipid profile.

5. CONCLUSIONS

This retrospective study shows diet quality in childhood can have some useful ben-

efits. Earlier, it was shown that a dietary advice of green vegetables, beef, whole 

milk, and full-fat butter reduces the number of days with a respiratory tract infection 

in children. In this study we have shown that the dietary advice has no adverse effect 

on the lipid profile, BMI, and BMI z-score in children. Conversely, the dietary advice 

has a significant beneficial effect on the HDL-cholesterol, cholesterol/HDL ratio, and 

non-HDL-cholesterol. The dietary advice can, therefore, be safely recommended and 

might be beneficial for children with recurrent respiratory tract infections. However, 

the findings of this retrospective study should be further investigated in randomized 

controlled trials.
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ABSTRACT

Background: Since no treatment exists for children suffering from upper respiratory 

tract infections (URTIs) without immunological disorders, we searched for a possible 

tool to improve the health of these children. 

Aim: We evaluated whether dietary advice (based on food matrix and food synergy), 

including standard supportive care, can decrease the number and duration of URTIs in 

children with recurrent URTIs. 

Design and Setting: This study was a multicenter randomized controlled trial in two 

pediatric outpatient clinics in the Netherlands, with 118 children aged one to four 

years with recurrent URTIs. The dietary advice group received dietary advice plus 

standard supportive care, while the control group received standard supportive care 

alone for six months. The dietary advice consisted of green vegetables five times per 

week, beef three times per week, 300 mL whole milk per day, and whole dairy butter 

on bread every day. Portion sizes were age-appropriate. 

Results and Conclusion: Children in the dietary advice group had 4.8 (1.6–9.5) days 

per month with symptoms of an URTI in the last three months of the study, compared 

to 7.7 (4.0–12.3) in the control group (p = 0.028). The total number of URTIs dur-

ing the six-month study period was 5.7 (±0.55) versus 6.8 (±0.49), respectively (p = 

0.068). The use of antibiotics was significantly reduced in the dietary advice group, 

as well as visits to a general practitioner, thereby possibly reducing healthcare costs. 

The results show a reduced number of days with symptoms of a URTI following dietary 

advice. The number of infections was not significantly reduced.
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1. INTRODUCTION

Upper respiratory tract infections (URTIs) are the most frequently diagnosed diseases 

in children, especially those aged one to six years. On average, the youngest children 

have six to eight infections per year [1-3]. Incidence varies seasonally with peaks in 

autumn and winter [1]. The severity and frequency of URTIs is inversely proportional 

to age, suggesting a build-up in immunity through repeated contact with causative vi-

ruses [2, 4]. In children with frequent, long-lasting, or clinically severe infections, the 

clinician should consider an immunodeficiency [5]. Despite the majority of episodes 

being self-limiting, URTIs cause frequent and unnecessary prescription of antibiot-

ics and absences from work for parents [6, 7]. This antibiotic prescription incurs 

substantial costs for health care systems, especially when a substantial proportion 

consists of non-indicated and ineffective treatments [8]. The use of more than two 

antibiotic courses for a respiratory infection in the preceding year for a child is a good 

prognostic marker for response failure to the present treatment of the respiratory 

infection [9], implying a need to minimize antibiotic prescriptions for these respira-

tory infections in young children.

Multiple clinical and non-clinical trials investigated the role of varied single nutrient 

supplementation on (respiratory) infection. The results of these trials are unclear. For 

example, administration of vitamin D and iron showed conflicting results, whereas 

vitamin C administration showed a 18% decrease in duration of colds in children [10-

13]. The lack of success of some supplementations may be due to a single nutrient 

model lacking synergy with other nutrients as part of a dietary lifestyle [14]. However, 

the effects of dietary interventions (with multiple components) on upper respiratory 

tract infections have not been widely investigated. Calatayud et al. studied the ef-

fect of a change toward the Mediterranean lifestyle in a prospective before–after 

comparison study. They found that the Mediterranean diet (fresh, locally produced, 

and non-processed food) had a significantly beneficial effect in patients with recur-

rent common cold and respiratory infections [15]. In a Nordic country (Sweden), with 

other locally produced food, a prospective population-based study showed no effect 

of this locally produced diet (Nordic diet) on URTIs. Only high physical activity was 

associated with lower URTI risk [16].

The Netherlands are located in between the Nordic and Mediterranean countries, and 

also the origins of the Dutch diet are in between the Nordic and Mediterranean [17]. 

In the Netherlands, a large proportion of the total diet traditionally consists of dairy 

products [18], mostly cheese, milk, yoghurt, and butter. In 2009, we investigated 

the dietary patterns of children with recurrent URTI compared to control children. 
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Questionnaires about dietary habits showed that children with URTIs consumed signifi-

cantly fewer vegetables and beef compared to control children [19]. These products, 

however, have a high nutrient density [20]. Combining these findings, we selected four 

nutrient-dense food products to compose dietary advice fitting the latitude-specific 

food habits: green vegetables, beef, whole milk, and butter. The diet was constructed 

using data from the Dutch Food Composition Database (NEVO) and the Netherlands 

Nutrition Centre (for age-appropriate amounts) for optimal nutritional values of iron, 

zinc, and vitamins A, C, D, and E (Table S1) [20, 21].

 Later, we performed a prospective before–after pilot study in children with dietary 

advice consisting of green vegetables, beef, and whole dairy products that were fresh 

and locally produced. We observed a drop in days with symptoms of the common cold 

of four days per month during the treatment period [22].

In the present study, we hypothesised that dietary advice could decrease the number 

and duration of upper respiratory tract infections compared with standard supportive 

care alone in children aged one to four years with recurrent upper respiratory tract 

infections. We also assessed whether the advice would reduce the number of days of 

parental absence from work and the number of prescribed antibiotics.

2. MATERIALS AND METHODS

2.1. Study Design
We conducted a randomized controlled trial out in outpatient clinics of the Hospital 

Group Twente and the Medical Spectrum Twente. Both regional hospitals lie in the 

eastern part of the Netherlands. After inclusion, subjects were randomly allocated 

through minimization on a central remote computer, stratifying for age, day care 

attendance, and parental smoking. The MinimPy Program 0.3 (available at http://

minimpy.sourceforge.net) was used for this purpose. All paediatricians who included 

patients had to log into the central computer with a code, which was conducted in 

the presence of the child and their parents. The parents and the child witnessed, but 

could not influence, the process when the central computer allocated the group.

Both groups (intervention and control group) received standard supportive care 

for (recurrent) URTIs, e.g., painkillers, resting in bed, and antibiotics if necessary 

prescribed by their own, independent, general physician. The dietary advice group 

additionally received dietary advice. A detailed explanation (orally and a printed ver-

sion) of the diet was offered only to the dietary advice group after randomization. 
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Explanation about the dietary intervention took about 3–5 minutes. No behavioural 

approaches were offered or used during the study period. The control group did not 

receive dietary advice and were supposed to continue their usual dietary habits. 

The governing medical ethics committee of both hospitals approved the protocol 

(METC Enschede P14-39, NL50373.044.14). The trial was registered in the Dutch Trial 

Register (NTR4898, www.trialregister.nl).

2.2. Participants
Children 1–4 years, referred by their general physician with recurrent URTIs, were 

recruited if they had a minimum of 3 URTIs in the last 3 months. This had to be 

confirmed by the physician in the outpatient clinic by completing a daily question-

naire for a minimum of 1 month and asking the parents if this was representative for 

the last months. If more than two URTI episodes were noted and representative, they 

were included. If one or no URTI episode was noted, they were asked whether they 

had 3 episodes within 3 months. An URTI was defined as any combination of at least 

two of the following symptoms: cough, fever, blocked or running nose, sore throat, 

wheeze, and/or ear discharge. A new URTI was counted after a minimum of two days 

with only one or zero symptoms; this definition is similar to that used in other studies 

[23].

Exclusion criteria included immunological deficiencies, cow’s milk allergy, intestinal 

malabsorption, prophylactic use of antibiotics for longer periods, disorders requir-

ing a special diet, or any relevant congenital abnormality, anatomical abnormality, 

chromosomal disorder, or severe disease (altering metabolism and immune function). 

Written informed consent was obtained from parents and/or legal custodians.

2.3. Intervention
Participants in the dietary advice group were advised to follow dietary advice consist-

ing of five times per week green vegetables at dinner, three times per week of beef at 

dinner, 300 mL whole cow’s milk daily, and whole dairy butter on each slice of bread. 

The advice was provided with age-specific portion sizes adhering to the guidelines and 

advice of the Netherlands Nutrition Centre (Table S2).

The paediatrician instructed parents during the visit in the outpatient clinic. The 

control group was not informed about the contents of the dietary advice. They contin-

ued their normal dietary habits consisting of the national advice by the Netherlands 

Nutrition Centre. The national advice only specifies not to eat processed or fatty 

meat; it provides no differentiation between types of vegetables and it suggests dairy 

intake should mainly come from regular or skimmed products [20]. A run-in period of 



120 Chapter 6

one month was used before incorporation of the advice into daily life, which served 

as a baseline measurement of respiratory complaints. We scheduled contacts with 

the clinic at three and six months. To minimize seasonal influences, participants were 

included in 2 consecutive years all year round.

2.4. Data Collection
Baseline data and patient characteristics were collected around the inclusion period 

by the clinician. Parents recorded cough, fever, blocked or runny nose, sore throat, 

wheeze, respiratory distress, and/or ear complaints daily via a monthly diary for a run-in 

period of 1 month and for 6 months during the dietary intervention. Parents used self-

diagnosis diaries to report the URTI symptoms. This is assumed to be the most reasonable 

approach to record common cold symptoms for clinical research studies [24, 25].

Parents also reported contacts with physicians, antibiotics administered, and parental 

absence from work due to the illness of the child. Parents of children in the dietary 

advice group recorded their adherence to the dietary advice weekly (e.g., how many 

days a week did they drink whole milk, eat butter on bread, green vegetables, or 

beef). Adherence to the diet was expressed in percentages. These percentages were 

derived by dividing the number of portions patients provided, according to their dia-

ries, by the total number of portions they were instructed to take. For example, when 

the children ate green vegetables four times, this was 4/5 (80%) of the recommended 

amount of green vegetables that week. Green vegetables are one of the four products 

and therefore composed 25% of the total dietary advice, so 80% of 25% = 20% of the 

total advice. The same calculation was used for the other food groups. The intake was 

calculated per week for 6 months. Parents of children in the control group recorded 

their children’s dietary routine via a grouped checklist for the products advised for 

the dietary advice group, which was less specific (e.g., what type of milk, butter, 

meat, or vegetables did they eat on a daily basis). The same method was used to 

calculate their weekly intake with respect to the parts of the dietary intake they 

spontaneously took. Diaries were collected and children were checked and measured 

at the clinic visits. Blood samples were obtained prior to the intervention and after 

six months at least seven days after an infectious episode. The complete blood count 

with differential, C-reactive protein, ferritin, immunoglobin A (IgA), IgG, IgM, IgE, 

zinc, and cholesterol profile were measured.

2.5. Outcome Measures
The primary outcome measures were (1) the number of days per month with two or 

more symptoms of an upper respiratory tract infection in the last three months of the 

study, assuming a certain delay for the diet to impact on immunity, gathered through 
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the monthly diaries; (2) the total number of upper respiratory tract infections during 

the 6-month study period.

Secondary outcome measures were the number of days of parental absence from 

work due to a child with a URTI during the study, the number of prescribed antibi-

otics during the study, and differences in the total cholesterol: HDL (High-Density 

Lipoprotein)-ratio between groups and over time (since full fat products are a major 

part of the dietary advice).

2.6. Sample Size
According to a previous pilot study, the hypothesis was that dietary advice could 

reduce the number of days with at least two symptoms of a URTI from 12 (± 8) to 

8 (± 6) days per month [22]. This reduction was deemed achievable and clinically 

relevant in our patient population with recurrent URTIs. Calculations showed that 53 

subjects were required in each group, with a power of 80% with two-sided testing at 

a significance level of 0.05, and assuming a non-normal distribution. A total of 120 

patients were required for inclusion, assuming a 10% loss to follow up.

2.7. Statistical Methods
Descriptive statistics describe baseline demographic features. The primary and sec-

ondary outcome measures were analyzed according to their characteristics with a 

Mann–Whitney U, Wilcoxon signed rank, and independent or paired sample t-tests, 

as appropriate. Data are reported as mean (±SD) or a median (inter-quartile range, 

IQR) depending on the distribution. Some data (mean days on antibiotics and parental 

absence from work) were not normally distributed with median values are 0. In these 

cases, mean values with SD instead of median values are presented in Table 2 for 

interpretability, but tests were performed with Mann–Whitney U tests. For growth 

parameters, a mixed model analysis was used, where group and measurement were 

both added as fixed variables. The model we used for body mass index (BMI) SD = 

group measurement group × measurement. The interaction term group × measurement 

was added to analyze differences between groups over time. This was conducted for 

height, weight, weight for height, and BMI.

If, despite randomisation, relevant differences in baseline characteristics between 

the two groups existed, these were analyzed for influence on the outcome measures. 

Baseline characteristics that differed between the study groups (p ≤ 0.10) were 

tested for an association with the primary outcome variable (the number of days per 

month with 2 or more symptoms of an URTI in the last 3 months of the study, which 

was highly skewed) and considered as potential confounders if p ≤ 0.10. To assess 
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the relationship between continuous independent variables (e.g., age, BMI) and the 

outcome variable, a Spearman rank correlation analysis was performed. For categori-

cal variables (e.g., sex) a Mann–Whitney U test was performed. Ultimately, as can 

be expected in a randomized controlled trial, no corrections for confounders were 

necessary. The analyses were conducted according to the modified intention-to-treat 

principle. Patients lost to follow up before the start of the first month of measur-

ing were excluded from the analyses. A p-value of <0.05 was considered statistically 

significant. Statistical analyses were performed using the software SPSS Statistics 

version 25 (IBM, Chicago, Illinois, USA).

Table 1. Baseline characteristics of the subjects in the dietary advice and control group with 
median with interquartile range or mean ± SD.

Variable
Dietary advice
(n = 58)

Control group
(n = 60)

Personal characteristics

Age (years) 2.4 ± 1.1 2.4 ± 1.0

Girls (%) 21 (37%) 36 (63%)

BMI-for-age standard score –0.13 ± 1.16 –0.06 ± 1.26

Height-for-age standard score 0.02 ± 1.20 –0.25 ± 0.89

Perinatal characteristics

Delivery (vaginal) 33 (46%) 39 (54%)

Gestational age (weeks) 39.0 (38–40) 38.5 (38–40)

Birth weight (kg) 3.5 ± 0.6 3.2 ± 0.7

Duration of breastfeeding (months) 1 (0–3) 1 (0–3)

Clinical characteristics

Two or more symptoms of URTI in the run-in period (days/
month)

14.5 ± 7.9 14.4 ± 9.0

Infection episodes in run in period (n/month) 2.0 (1.0–3.0) 1.5 (1.0–2.0)

Day care attendance (days/week) 2.0 ± 1.5 1.9 ± 1.5

Parental smoking 35 (60%) 31 (52%)

Number of children (%) with 1 or more antibiotic treatments in 
run in period

14 (25%) 13 (22%)

BMI, body mass index; URTI, upper respiratory tract infection; mean values = age, BMI-for-age 
standard score, height-for-age standard score, birthweight, URTI symptoms in run-in period, day 
care attendance; median values = gestational age, infection episodes run-in period.

3. RESULTS

3.1. Population
Between March 2015 and October 2017, 156 patients with recurrent URTIs were eligible 

for inclusion after being examined by a paediatrician. A total of 125 patients (80%) 
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agreed to participate and informed consent was provided by parent(s) or caregiver(s). 

These patients were randomized to the dietary advice plus supportive care (dietary 

advice group), or supportive care alone (control group). Their characteristics are 

listed in Table 1. No differences were found in the parental demographics in terms 

of educational attainment or socio-economic status. After inclusion, seven patients 

(6%, two in the intervention and five in the control group) dropped out during the 

first three months of the study and were not included in the analyses. The reasons 

for these exclusions were failure to record infectious episodes and symptoms in the 

diary (n = 3) or complete loss to follow up (n = 4). Their characteristics were similar 

compared with the subjects who completed the trial.

Table 2. Primary and secondary outcome measures and their relevant components in the di-
etary advice group and control group.

Characteristic
Dietary 
advice
(n = 58)

Control Group
(n = 60)

RR (95% CI), 
mean difference
(95% CI, or p-value

Primary outcome measurements

Two or more symptoms of an URTI (days/
month)
In the last 3 months of the study (median, 
IQR)

4.8 (1.5–9.5) 7.7 (4.0–12.3) p = 0.028a

No. of infection periods/month (mean, SD) 0.95 (±0.55) 1.13 (±0.49) –0.2 (–0.39; 0.1)c

Secondary outcome measurements

Mean days on antibiotics in 6 months (mean, 
SD)

 2.9 (±12.7) 5.0 (±9.4) p = 0.002b

Number of children (%) with 1 or more 
antibiotic treatments in 6 months

10 (17.2%) 27 (45%) 0.39 (0.20; 0.72)d

Days of parental absence of work in 6 
months
(mean, SD)

0.2(±0.45) 0.3(±0.66) p = 0.893b

Symptoms in last 3 months;
no. of days/month

Coughing (mean, SD) 5.3 (±4.9) 8.2 (±6.0) –3.0 (–5.0; –1.0)c

Fever (mean, SD) 1.2 (±1.4) 2.1 (±1.9) –0.9 (–1.5; –0.3) c

Blocked nose (mean, SD) 2.5 (±3.9) 4.6 (±5.8) –2.1 (–3.9; –0.3) c

Runny nose (mean, SD) 6.2 (±6.2) 8.0 (±7.0) –1.8 (–4.2; 0.65) c

Sore throat (mean, SD) 1.0 (±2.0) 1.1 (±1.7) –0.1 (–0.8; 0.58) c

Wheezing (mean, SD) 3.5 (±6.7) 4.0 (±7.2) –0.6 (–3.1; 2.0) c

Otitis (mean, SD) 1.6 (±5.1) 0.6 (±1.6) 0.9 (–0.45; 2.3) c

URTI, upper respiratory tract infection; HDL, high density lipoprotein; acontinuous variable, not nor-
mally distributed, with median > 0; median (IQR) and p-value of Mann–Whitney U test are presented. 
b continuous variables, not normally distributed, with median = 0; mean (SD) and p-value of Mann–
Whitney U test are presented. c continuous variables, normally distributed; mean (SD) and mean 
difference (95% CI) are presented. d categorical variables, relative risk (RR) and 95% CI are presented
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3.2. Adherence to Dietary Advice
The adherence to the dietary advice was 88% for the whole diet during the six months 

of the study. Adherence was lowest for green vegetables (82%) compared to beef, 

whole milk, and whole butter (92%, 90%, and 91%, respectively). The regular dietary 

intake (without dietary advice) of the control group reported by their diaries followed 

34% of the dietary advice, mainly by their intake of beef and green vegetables. The 

regular dietary intake of the control group met 48% of the green vegetable advice, 

60% of the beef advice, 10% of the whole milk, and 18% of the butter advice.

3.3. Outcome Measures

3.3.1. Primary Outcome Measures: Duration and Number of Infections
The median (IQR) number of days per month with two or more symptoms of a URTI 

in the last three months of the study was 4.8 (1.6–9.5) in the dietary advice group 

compared to 7.7 (4.0–12.3) in the control group (p = 0.028). The total number of URTI 

episodes during the study period of 6 months was 5.7 (±0.55) in the intervention group 

compared to 6.8 (±0.49) episodes in the control group. The primary and secondary 

outcome measures are presented in Table 2.

Some data were not normally distributed (e.g., days on antibiotics and parental 

absence), and median values were zero. In these cases, mean values are presented in 

Table 2 for interpretability, but Mann–Whitney U tests were performed.

3.3.2. Other Clinical Outcomes
The number of days with antibiotic use and the percentage of children who received 

antibiotic treatment during the six months of study were significantly lower in the 

dietary advice group. We noted a significant difference between groups in the number 

of days with fever in the last three months of the study; the median was 0.83 (0.0–1.7) 

in the dietary advice group versus 1.7 (0.7–3.0) in the control group (p < 0.01). The 

days the children coughed and suffered from a blocked nose were fewer in the inter-

vention group (Table 2).

In the control group, parents visited their general practitioner more often during the 

six months with a mean of 1.6 (SD 2.3) visits in six months compared to 0.9 (SD 1.5) 

visits in the dietary advice group (Mann–Whitney U test, p = 0.031). Parents in the 

dietary advice group were not significantly less absent from work due to child illness.
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3.3.3. Other Outcome Measures
To investigate whether the dietary advice would produce its effect by immunomodula-

tion, we performed laboratory investigations. The only laboratory parameter that 

showed a between-group difference was C-reactive protein (CRP). In the dietary 

advice group, CRP decreased from 5.35 to 2.46 mg/L (p = 0.044), but remained un-

changed in the control group (p = 0.82) with a difference between groups over time 

(p = 0.034), possibly suggestive of a lower grade of inflammation in the intervention 

group. The clinical meaning of this decrease should be used with caution since CRP 

values <10 mg/L are regarded as non-elevated values. Other laboratory values did not 

differ between the groups after six months of follow up (Table S3).

Laboratory analyses showed that the cholesterol/HDL ratio was slightly lowered in 

both groups during the study (dietary advice group −0.56, p < 0.001); control group 

−0.36, p = 0.06) but not different between both groups (p = 0.40). Within groups, we 

observed some slight increases or decreases during the six months of follow up. In 

the dietary advice group, hemoglobin (Hb), Mean Corpuscular Volume (MCV), zinc, 

IgE, total cholesterol, and HDL increased, while leucocytes, lymphocytes, ferritin, 

IgM, and triglycerides decreased significantly compared with the starting values after 

six months of following the dietary advice. In the control group, zinc increased, and 

triglycerides and lymphocytes decreased significantly for the same period.

We found no significant changes in height or weight gain between groups. Table 3 

provides full details on biometry values. No harmful or unintended effects were noted 

during the study.

Table 3. Biometrics of participants (SD according to standardized Dutch growth graphs).

Parameter Dietary advice Control Group p-value

T = 0 T = 3 T = 6 T = 0 T = 3 T = 6

Weight in SD –0.101 –0.061 –0.053 –0.231 –0.141 –0.089 0.6

Height in SD 0.023 0.086 0.052 –0.228 –0.217 –0.295 0.6

Weight for height in SD –0.074 –0.072 –0.020 –0.073 0.016 0.178 0.4

BMI in SD –0.136 –0.111 –0.098 –0.061 0.038 0.207 0.14

Mixed model analysis. p-values indicate the group × measurement interaction. T = 0, 3 and 6 
months after inclusion.

4. DISCUSSION

The dietary advice significantly decreased the number of days with a URTI and tak-

ing antibiotics as well as the number of children using antibiotics, and symptoms of 
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coughing, fever, and blocked nose. No difference in the number of URTIs was observed. 

This suggests a shorter duration of infection. The diet did not reduce the number of 

days of parental absence from work. The study was, however, not designed to detect 

differences between groups in these secondary outcome measurements. Laboratory 

parameters did not significantly change over time between the two groups to explain 

the observed clinical differences.

The main strength of this study is the uniqueness of applying a randomized controlled 

trial (RCT) design to evaluate the effects of a full diet intervention. We tried to 

adhere to the most frequently used outcome measures in nutritional interventions in 

children with respiratory infections, as indicated by the COMMENT Initiative as well 

as daily questionnaires on common cold symptoms [24, 26]. We incorporated a RCT 

design with normal eating practices, providing valid reflection of possible effects on 

daily life [27]. Our dietary advice was based on the qualities of the food matrix and 

food synergy in relation to fresh, locally produced, and traditional food. The food 

matrix is based on structural capacities of foods, in which macro and micronutrients 

are offered. This food structure makes the difference between biological and health 

outcomes [28]. Food synergy is based on the proposition that the interrelations 

between constituents in foods are important, as well as the interactions between 

foods, and that the total effect on health is greater than just the sum of all individual 

effects [14]. The studies mentioned in the introduction focused on a limited number 

of supplementations, each with their own working mechanism [10-13]. Our dietary 

advice provides the proper nutritional values while leaving the food matrix intact. 

However, the specific mechanisms of action are still unknown.

The dietary advice was based on food composition derived from the Dutch Food Com-

position Database [20]. The diet contains proper quantities of vitamins A, C, D, and 

E, zinc, iron, and fatty acids (Table S1). All these components show potential to posi-

tively influence the immune response in children. Numerous immunological effects of 

various nutrients have been published as well as the routing of the activated immune 

cells to the airways, thereby linking the dietary components to chronic inflammation 

by means of the intestine–airway axis [12, 29-32].

Studies with RCTs and whole foods for URTI are scarce. Positive effects on the duration 

or prevention of URTIs in adults or children were observed with the intake of probiot-

ics, prebiotics, milk, fish oil, kiwi fruit, garlic, xylitol ,and elderberry [33-40]. The 

studies focused on a single whole food product, not a combination of food products. 

In another study, the combination of food products was investigated with the Mediter-

ranean diet. In a before–after comparison after the adoption of the Mediterranean 
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diet, Calatayud et al. found a reduction in URTIs from 7.45 ± 1.74 to 2.88 ± 1.60 

episodes over one year in children aged one to five years [15]. Due to the absence of a 

control group, it was hard to assess causality, since the number of infections declines 

with advancing age [1].

Due to public opinion, parents are sometimes afraid about possible side effects of 

adhering to dietary advice including beef and whole dairy products. Red meat has 

been under scrutiny due to possible carcinogenic attributes. The role of beef in this 

matter remains questionable, since red meat is a catch-all for beef, pork, veal, lamb, 

horse, etc. The carcinogenic role of meat seems to be more applicable to processed 

meat instead of red meat [41].

Our results showed that consuming whole dairy products does not increase the cho-

lesterol/HDL ratio during six months of following this dietary advice, in line with 

other reports [42, 43]. Dairy products consumption has been associated with a lower 

risk of mortality and major cardiovascular disease events in a diverse multinational 

cohort, without added risk by intake of whole fat dairy products [44]. These findings 

are consistent with insights that fats from animal origin (intake from fats by dairy or 

meat consumption) increase HDL levels and decrease the cholesterol/HDL ratio [45].

Some limitations must be considered. The loss to follow up was slightly greater in the 

control group, but the number of patients dropping out was small (3% from the control 

group vs. 8% from the intervention group). We therefore think that these patients did 

not influence the results.

Blinding of participants to the dietary advice was impossible. Although parents in the 

control group were not aware about the specifics of the dietary advice, it is possible 

that subjects in the control group may had heard about it due to earlier studies by 

the primary investigator. They may have chosen to incorporate (parts of) the diet 

into their daily lives. Data from the diaries of both groups showed this influence to 

be limited: children in the intervention group adhered to the dietary advice by 89% 

versus 34% in the control group. We interpreted the diet of the control group as 

normal child eating habits in our region. Possible contamination bias in the control 

group would therefore only complicate the detection of differences between groups.

The finding that fewer antibiotic courses were prescribed and a lower number of 

visits to the general practitioner was reported in the dietary advice group may also be 

influenced by not blinding participants. Parents may have been influenced by knowing 
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they were in the group receiving treatment and therefore were less demanding of 

antibiotic treatment when visiting a physician.

4.2. Implications for Research and/or Practice
Our results showed a significant reduction of days with URTIs and symptoms but failed 

to show a significant reduction in the number of episodes with a URTI. This could 

be due to an assumed delay for the diet to impact immunity but also suggests that 

adjusting the dietary intake can influence the course or duration of infections rather 

than preventing the child from falling ill. The Cochrane review on vitamin C also 

showed beneficial effects of vitamin C on the common cold [12]. We do not think 

that the effect of the investigated dietary advice is solely explained by the vitamin C 

content of the diet, since other food products low in vitamin C (like probiotics or fish 

oil) also shorten the duration of URTI in children [33-36, 39]. We think that the com-

bination of products like in a dietary advice has its operating mechanism in multiple 

immune-fortifying mechanisms, and not just by one mechanism. Overall, exposure 

to certain viral pathogens in childhood is necessary for achieving a proper immune 

function. Normal exposure to pathogens and decreasing severity of contracted illness 

shows the adaptability that reflects a good state of health [46].

Since healthcare costs are high for URTI and several often ineffective antibiotic treat-

ments are prescribed, dietary intervention can potentially reduce healthcare costs 

through reducing the use of antibiotics and visits to the general practitioner [8]. 

Due to decreased antibiotic prescriptions, the treatment could help reduce antibiotic 

resistance or response failure in the future.

Our findings can further strengthen the scientific evidence supporting national and 

global nutritional guidelines. The low-cost nature of the intervention makes the 

dietary advice easily applicable for widespread preventive care for parents. The costs 

are a little higher due to the higher costs of beef compared to chicken or pork. Due 

to the small portion sizes consumed by young children, the estimated extra costs in 

the Netherlands are €0.67 per week. Since no treatment exists for children suffering 

from URTI without immunological disorders, this diet provides parents with a tool to 

improve the health of their children.

5. CONCLUSIONS

We found that a diet of green vegetables, beef, and whole dairy products in children 

with recurrent URTIs can decrease the number of days per months with multiple 
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symptoms of a URTI. The dietary advice also leads to fewer prescribed antibiotics and 

can therefore be a possible tool to help reduce antibiotic prescriptions.
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SUPPLEMENTARy MATERIALS
Table S1. Average daily nutritional values from the dietary advice alone[20]. This does not contain 
additional nutrients from other meals, snacks and beverages.

Vit A (μg) Vit C (mg) Vit D (μg) Vit E (mg) Zinc (mg) Iron (mg)

Diet RDA Diet RDA Diet RDA Diet RDA Diet RDA Diet RDA

Minimum 275
400

14
40

0.9
10*

1.9
5.5

4.7
4

2.1
7

Maximum 445 18 0.9 2.6 7.9 2.8

* Supplementation according to national guidelines. RDA = recommended daily allowance.

Table S2. The dietary advice with age specific portion sizes[21].

Product Frequency Portion size (1-4y)

Green vegetables 5 times per week 50-100 g

Beef 3 times per week 50-60 g

Bovine milk Daily 300 mL

Whole dairy butter on bread Daily 5 g/slice

Table S3. Laboratory values of both groups at baseline (T0). at 6 months (T6) and p-values for dif-
ferences between groups and in time.

Dietary Advice
N=58

Control Group
N=60

p-value
(between groups)

T=0 T=6 p-value T=0 T=6 p-value

Hb (mmol/l) 7.34 7.59 <0.001 7.36 7.54 0.003 0.4

MCV (fl) 77.9 78.8 0.007 78.5 78.9 0.18 0.3

Leucocytes (x109) 10.3 9.26 0.024 9.35 8.88 0.36 0.3

Lymphocytes (x109) 4.91 4.34 0.007 4.81 4.15 0.019 0.8

Neutrophils (x109) 4.04 3.88 0.41 3.34 3.57 0.54 0.3

CRP (mg/l) 5.35 2.46 0.044 2.98 3.02 0.83 0.034

Ferritin (ug/l) 43.3 33.0 0.08 51.6 41.5 0.38 0.7

Zinc (umol/l) 11.2 12.8 <0.001 11.5 12.3 0.033 0.2

IgA (g/l) 0.62 0.58 0.82 0.67 0.68 0.27 0.5

IgG (g/l) 7.25 7.21 0.73 7.74 7.49 0.40 0.7

IgM (g/l) 0.97 0.89 0.018 0.96 0.89 0.48 0.4

IgE (g/l) 33.9 58.9 0.004 37.1 62.0 0.31 0.16

Cholesterol (mmol/l) 3.99 4.12 0.047 3.97 3.97 0.93 0.20

Triglycerides (mmol/l) 1.46 1.08 0.005 1.45 1.20 0.042 0.6

HDL (mmol/l) 1.11 1.29 <0.001 1.14 1.21 0.16 0.11

LDL (mmol/l) 2.22 2.35 0.05 2.29 2.28 0.85 0.20

Cholesterol/HDL ratio 3.95 3.32 <0.001 3.77 3.47 0.06 0.4

Normally distributed, student -test and mean values; Hb, MCV, leucocytes, lymphocytes, Neutro-
phils, IgA, IgG, Cholesterol, triglycerides, HDL, LDL, Cholesterol/HDL ratio
Not normally distributed, Mann Whitney test and median values; CRP, ferritin, IgM, IgE
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ABSTRACT

Background; Subclinical hypothyroidism (SH) in children and adults is a subject for 

discussion whether to treat it or not with respect to the short-term clinical implica-

tions and consequences of SH for the long term. If treatment with thyroxine supple-

mentation is not indicated, no other treatment is available. We investigated whether 

a dietary intervention improves or normalizes SH or decreases Thyroid Stimulating 

Hormone (TSH) and/or tiredness.

Methods; we randomized children aged 1-18 years with SH to the control group (stan-

dard care = no treatment) or intervention group (dietary intervention). The dietary 

intervention consisted of green vegetables, beef, whole milk and butter for 6 months. 

The rest of the diet remained unchanged. We measured TSH, FreeT4, Lipid profile, 

BMI and Pediatric Quality of Life (PedQL) multidimensional fatigue scale scores.

Findings; 62 children were included. After 6 months, TSH decreased in both groups 

without a significant difference between the groups (p=0.98). PedQL fatigue scores 

for sleep (p=0.032) and total fatigue scores (p=0.039) improved significantly in the 

intervention group, compared to the control group. No unfavorable effects occurred 

in the lipid profile or BMI.

Interpretation; The dietary intervention did not normalize SH and TSH levels, but it 

significantly reduced tiredness. These results suggest that children’s well-being can 

be improved without increasing risk factors for the long term.
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INTRODUCTION

Subclinical hypothyroidism (SH) is a biochemical condition defined as subclinical be-

cause only the serum level of thyroid stimulating hormone (TSH) is slightly increased. 

Other thyroid hormones like FreeT4 (FT4) are in the normal range (1). Subclinical 

hypothyroidism is present in about 2% of the children compared to about 15% in adults 

(2-5). A chronic auto-immune thyroiditis is the most common cause for SH (about 50-

80%), with or without high thyroid peroxidase antibodies (6). About 1% of the children 

with SH develops a clinical hypothyroidism (4).

In theory, a child with subclinical hypothyroidism would not have any clinical symp-

toms, since only the TSH is increased and the functional hormone (FT4) is not involved. 

Despite the apparent lack of relation between thyroid biochemical parameters and 

clinical symptoms, multiple complaints related to SH have been found in daily prac-

tice and medical surveys. Tiredness, weight gain, disturbed lipid profiles, impaired 

growth velocity, excessive sleepiness and physical weakness are described (2, 7, 8). 

Children and adults with SH have higher incidences of panic attacks, problems with 

their short term memory, and concentration problems (9, 10).

On the long term, children with SH have higher blood pressure levels and dyslipid-

emia. Higher levels of triglycerides and LDL can be found, as well as decreased levels 

of HDL. The mechanism however is unknown at this moment (5, 11-13). Finally, SH 

causes higher cardiovascular morbidity and mortality in young adulthood (14).

A treatment for SH is lacking, except for supplementation of thyroxine when TSH 

rises above 10 mU/l, with some exceptions (e.g. goiter or clear symptoms of hypo-

thyroidism)(15, 16). A meta-analysis in adults with SH studied the benefits of thyroid 

supplementation and its effect on thyroid related symptoms. In this analysis of 21 

studies, the TSH levels decreased to normal ranges after hormone therapy, but the 

thyroid related symptoms, such as tiredness, and quality of life did not improve (17). 

In a study in children no relation was shown between the neurocognitive function 

of children (and their developing brain) and the use of thyroxin therapy (8). This 

shows the unclear relationship between clinical complaints and disturbed biochemical 

thyroid values.

Alternative approaches to treat SH have been tested, such as the supplementation 

of nutrients, selenium in particular. Selenium is used for the production of seleno-

proteins, essential for protection and metabolism of the thyroid gland. Nutritional 

sources of selenium are meats, dairy, grains and seafood. Dietary selenium intake 
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measured with food frequency questionnaires showed an inverse association with SH, 

independent of the intake of energy (kcal) and other nutrients. The more selenium 

Brazilian adults consumed with their daily food intake, the lower the incidence of 

SH (18). When evaluated in a meta-analysis, selenium as a supplement did not alter 

thyroid function nor did it improve clinical symptoms (19). Selenium rich foods (e.g. 

higher selenium content) instead of a single selenium supplement could therefore be 

related to prevention of SH.

With this present study, we aimed to investigate the effect of a nutrient rich dietary 

advice intervention on TSH levels in children with SH, since single nutrient supple-

mentation was not successful. We chose a diet with multiple ingredients instead of 

one or two supplements because we wanted to study the influence of nutrition instead 

of supplementation.

The dietary advice consisted of unprocessed food: beef, green vegetables, whole 

milk and butter. The dietary advice intervention is particularly rich in minerals like 

selenium, vitamin A, iron and omega-3 fatty acids (20). We hypothesized that the 

dietary intervention can replenish possible (subclinical) deficiencies and thus improve 

thyroid functioning. In our outpatient clinic, parents often report tiredness in their 

child with SH as the main clinical complaint. Therefore, we also looked at tiredness 

with sub scores on general tiredness, sleep and cognitive functioning. To evaluate 

the possible negative long-term effects of the dietary intervention, we looked at 

the BMI and lipid profile to investigate the development of potentially unfavorable 

dyslipidemia profiles. As far as we know, this is the first randomized controlled trial 

with a dietary intervention for children with SH.

MATERIAL AND METHODS

Population
The research population consisted of children with SH at the outpatient clinics (gen-

eral paediatrics) of 2 medium sized hospitals in the eastern region of The Netherlands. 

Inclusion criteria were age 1-18 years, diagnosis of SH confirmed by a paediatrician, 

understanding of the Dutch language by the parents. Exclusion criteria were clinical 

hypothyroidism (FT4<10pmol/l), treatment with thyroid hormone (like (levo)thyrox-

ine), immunological abnormalities, cow’s milk allergy, known or suspected disorder 

of the intestinal absorption (e.g. celiac disease), disorders requiring a special diet, 

any relevant congenital or anatomical abnormality, chromosomal disorder or severe 

disease.
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Recruitment and randomisation
General physicians or paediatricians referred the children with SH to the investiga-

tors if there was a diagnosis of subclinical hypothyroidism (TSH > 4,2 mU/l and FT4 

within the normal range). The children’s’ parent(s) and/or legal guardian(s) (hereaf-

ter named parents) were provided with an information brochure of the study and an 

appointment with one of the paediatricians participating in the study was scheduled. 

The paediatrician saw the child in the outpatient clinic, took a history, and performed 

a physical investigation including measurements of weight and height. If there were 

any suggestions of an underlying disease causing the subclinical hypothyroidism, the 

paediatrician investigated and treated accordingly.

The investigator answered any questions parents might have. If parents agreed for the 

child to participate in the study, informed consent was signed. Parents had a period 

of one week to rethink the information before signing. After the signing of informed 

consent, the child was randomised into either the treatment or control group. The 

children were randomised with the MinimPy minimisation software (Minimpy 0.3) on 

a central computer. The (known and potential) confounders age and BMI were equally 

distributed between the two groups.

Study protocol
After randomisation the dietary advice was revealed to the dietary intervention 

group, but not to the control group. The control group was advised to continue their 

dietary habits as usual.

Parents and subjects of both groups received the information about the nature of 

subclinical hypothyroidism, the natural course, and the standard supportive care 

(conservative management, no intervention required). The diary to record compli-

ance to the dietary advice was handed out to the parents, along with the explanation 

how to use it properly. The control group filled out a diary to specify their intake of 

dairy products, vegetables and meat.

Visits to the clinic were scheduled at inclusion, 3 and 6 months. Laboratory diagnostics 

were performed at inclusion and about one to two weeks before the visit at 3 months 

and 6 months. A telephone consultation was scheduled after the inclusion to discuss 

the lab results, the paediatrician excluded a child from the study if necessary. During 

each visit, PedQL multidimensional fatigue scale questionnaires were filled out by the 

parents, height and weight were measured.
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The protocol was approved by the local medical ethical committee and registered in 

the Netherlands National Trial Register (NL4891 (NTR5138)). All parents gave permis-

sion for the study in a written informed consent.

INTERVENTION

The intervention was a dietary advice consisting of beef 3 times a week, green veg-

etables 5 times a week, and a daily portion of full fat milk (300 ml) and butter (5 

grams on each slice of bread). All components in age appropriate portions according 

to the Dutch guidelines (21). All the other dietary habits remained unchanged. Parents 

were advised to follow it for 6 months. These foods were chosen because they are rich 

in the most important nutrients for thyroid: iron, selenium, vitamin A, and, to a lesser 

extent, iodine (20, 22, 23).

Measurements
Subclinical hypothyroidism is defined as an increased TSH (>4,2 mU/l) and a normal 

Ft4 (10-25 pmol/l) (1). Both before the start of the dietary advice, at t=3 months 

and t=6 months, TSH, FT4 and the lipid profile was determined in all children. At t=0 

and t=6 months, anti-TPO values were measured. TSH was measured with electro-

chemiluminescence sandwich immunoassay and FT4 with 2 step ECLIA (both on COBAS 

6000 Roche Diagnostics). Anti-TPO was measured with chemiluminescence immune 

assay (Advia Centaur, Siemens). The lipids from the lipid profile are total cholesterol, 

high-density lipoprotein cholesterol (HDL-C), cholesterol/HDL ratio, low-density 

lipoprotein cholesterol (LDL-C), triglycerides (TG), and non-HDL. The lipid profile was 

measured by enzymatic colorimetric techniques with the COBAS 6000 (Roche Diagnos-

tics, Almere, The Netherlands). The LDL was calculated with Friedewald’s formula: 

LDL = total cholesterol − HDL − (0.45 × TG).

The height of the children was measured with a vertical ruler. The children were 

weighed in underwear and all measurements were performed by a pediatrician. The 

children’s BMI was calculated by dividing their weight in kilograms by the square of 

their height in meters. The BMI z-score was calculated on the basis of gender, age, 

height, and weight.

Questionnaires
Tiredness questionnaires were filled out by the parents (age-dependent for 2-4y, 5-7y, 

8-12y) or by the children themselves (13-18y) (recorded by Paediatric QoL Multidi-

mensional Fatigue Scale, kindly provided by Mapi Research Trust). Scores could be 



A dietary intervention reduces tiredness in children with subclinical hypothyroidism 143

noted in 5 ways; never, almost never, sometimes, almost always, or always. Scores 

were inversely related; the higher the score on a scale from 0-100, the less tiredness 

the child showed.

Parents received a questionnaire with various baseline characteristics (e.g. family 

history of thyroid disorders, social environment, educational levels of parents, and 

presence of tiredness). The intervention and control group kept a daily diary about 

their intake concerning the four components; what kind of milk, butter, meat or 

vegetables they ate that week.

STATISTICAL ANALySIS

Data was analysed with the software program SPSS® for Windows version 25 (IBM, 

Chicago, IL, USA). Between-group differences in patient characteristics, growth pa-

rameters and lipid profiles at baseline were compared with Student’s t-test when Nor-

mally distributed, or a Mann Whitney test when not Normally distributed. Categorical 

values were evaluated with crosstabs and Chi-square tests. Repeated measurements 

of TSH, lipid profile and growth parameters over time were analysed mixed model 

repeated measurements analysis. Corrections for BMI-z and TSH1 at t=0 are used 

for all PedQL fatigue scale scores, growth parameters (except BMI), thyroid values 

(except TSH), and lipid profile values during the follow up in time, not at baseline 

measurements. Correlation between TSH start levels and PedQL total fatigue scores 

were evaluated with a Pearson correlation test. For all comparisons, a p-value ≤ 0.05 

was regarded as significant.

Power analysis was performed based on a spontaneous normalisation rate of 40% in TSH 

in children (24). In a previously performed case-control study with the investigated 

dietary advice, we found a normalisation rate of 72% (25). An expected difference be-

tween the groups in normalisation rate of 35% was used for power analysis. A power of 

0.8 was used and with a significance of p<0.05 a minimum of 54 patients was required.

Outcomes
Primary outcomes were TSH level and FT4 level at t=0, t=3 and t=6 months. Secondary 

outcomes were the presence or change in anti-TPO (t=0 and t=6 months), growth 

parameters (height, weight, BMI-z scores), multidimensional fatigue scale question-

naires and the lipid profile at t=0, t=3 and t=6 months.
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RESULTS

Patient descriptives
In a period of two and a half years (January 2016-September 2018), 65 patients were 

included. Four patients dropped out of the study, three in the intervention group 

and one in the control group. One patient thought the study was finished after three 

months and discontinued the dietary intervention. One patient (the parents) found 

they already ate healthy and saw no benefits of changing their diet. One patient 

repeatedly was a no show and the last patient (from the control group) was not 

motivated to finish the study. Of the included patients, 29 comprised the intervention 

group and 32 the control group. Patient characteristics did not differ between both 

groups (table 1).

Table 1. Patient characteristics

Intervention group Control group p-value

n=29 n=32

Male:female 15:14 16:16 0.89

Age in years (SD) 7.7 (3.1) 8.1(3.3) 0.67

2-Parents family 27 (51%) 26 (49%) 0.23

Parental education (only primary or high school) 6 (20.6) 1 (3.3%) 0.32

Tiredness (according to parents) 23 (79%) 22 (73%) 0.59

Positive family history for thyroid diseases (%) 16 (55%) 15 (52%) 0.55

TSH start (mIU/l) (SD) 6.14 (1.4) 5.69 (1.4) 0.15

FT4 start (pmol/l) (SD) 16.6 (2.1) 15.7 (1.6) 0.06

Anti-TPO positive (%) start 2 (7%) 4 (12%) 0.46

Total Cholesterol (mmol/l) (SD) 4.16 (0.7) 4.35 (0.7) 0.29

HDL-C (mmol/l) (SD) 1.44 (0.4) 1.45 (0.4) 0.93

Cholesterol/HDL ratio (mmol/l) (SD) 3.07 (0.9) 3.28 (1.2) 0.44

TG (mmol/l) (IQR) 0.9 (0.7-1.3) 1.00 (0.6-1.4) 0.88

LDL-C (mmol/l) (SD) 2.22 (0.6) 2.37 (0.7) 0.35

Height (cm) (SD) 126 (18) 132 (24) 0.26

Weigth (kg) (IQR) 24.9 (21-34) 31.1 (20-46) 0.16

BMI (kg/m2) (IQR) 16.0 (15-17) 17.0 (16-20) 0.05

(Chi square tests; sex, 2-parents family, parental education, tiredness, family history, presence 
anti-TPO. Independent t-test; age, TC, HDL, Cholesterol/HDL ratio, LDL, height. Mann Whitney; 
TG, weight, BMI.

Outcomes
No significant changes were seen in TSH levels after 6 months between the groups 

(table 2). The intervention group started with higher TSH values compared to the 
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control group. In both groups, TSH values decreased over time. No effect was seen by 

introduction of the dietary intervention. No significant differences were seen in FT4 

values between the groups. Once the TPO antibodies were present, they remained 

present. No patients became anti-TPO positive during the course of the study or low-

ered their antibodies. In the control group, one patient increased with his TSH levels 

above 12, therefore meeting the criteria to start with thyroxine supplementation. In 

the intervention group, all TSH levels stayed below 10.

Table 2. thyroid hormones and fatigue scale scores during the 6-months intervention.

Intervention Control p-value

t=0 t=3 t=6 t=0 t=3 t=6

TSH (mIU/L) 6.14 5.48 5.24 5.69 4.75 4.82 0.98

FT4 (pmol/l) 16.6 17.1 16.6 15.7 16.1 15.4 0.51

PedQL total 61.8 67.9 74.1 70.9 70.5 72.8 0.04

PedQl general 59.4 65.6 72.9 67.2 67.9 72.3 0.14

PedQl sleep 62.5 69.9 77.8 72.5 73.1 75.9 0.03

PedQl cognitive 62.9 67.1 70.4 73.9 71.4 71.1 0.19

Tiredness
During the 6 months of the study, the intervention group showed an improvement over 

time on all PedQL fatigue scale domains (table 2). In comparison to the control group, 

the intervention group showed significant improvement in the total PedQL fatigue 

scale scores and PedQL sleep scores.

In the control group, most of the PedQL fatigue scale domains and its sub scores 

remained in the same range during the study period (table 2).

The control group started with slightly higher PedQl fatigue scale scores compared to 

the intervention group, so this group started with higher energy levels compared to 

the intervention group. To see if there was a relation with the higher PedQL fatigue 

scale scores and the lower TSH levels, we performed a correlation analysis but there 

was no correlation (r=0.0; p=0.99).

Growth
No significant changes were seen in growth parameters (table 3). At the start of 

the study, children in the intervention group had slightly lower heights and weights 

compared to the control group. This remained the same during the study period. They 

grew a bit more than expected, as well in height as weight, but not significantly.
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Table 3. growth parameters and lipid profile during the 6-month intervention

Intervention Control p-value

t=0 t=3 t=6 t=0 t=3 t=6

SD height -0.28 -0.29 -0.21 0.1 0.16 0.11 0.18

SD weight 0.18 0.2 0.28 0.78 0.83 0.8 0.24

SD BMI 0.34 0.37 0.4 0.83 0.84 0.84 0.89

TC (mmol/l) 4.23 4.33 4.34 4.29 4.19 4.22 0.16

HDL (mmol/l) 1.4 1.44 1.52 1.47 1.43 1.46 0.20

cholesterol/HDL ratio 3.21 3.15 2.99 3.19 3.14 3.09 0.78

TG (mmol/l) 1.14 1.32 0.91 1.15 0.98 0.98 0.35

LDL (mmol/l) 2.31 2.38 2.42 2.3 2.31 2.3 0.57

Lipid profile
As for long term risk factors like disturbed lipid profiles, no significant changes were 

seen at the end and during the study period. Minor, non-significant trends were seen; 

total cholesterol values and LDL values increased slightly in the intervention group, 

but also favourable lipids. HDL increased in time, and the ratio total cholesterol/HDL 

as well as triglycerides decreased in time.

Compliance to the diet
The overall compliance to the diet was 88.5% in the intervention group and 40% in the 

control group (p<0.001). The consumed amounts were not normally distributed; some 

children ate almost 100% of the dietary advice, others only a few components. From 

the four components of the dietary advice, the control group consumed a median of 

58.5% of the beef advice (e.g. 100% beef advice is 3 times beef per week), 0% whole 

milk (e.g. 100%=every day 300 ml whole milk), 0% butter (e.g. 100%= every day butter 

on their bread) and 80% of the green vegetables advice (e.g. 100%=5 times green 

vegetables per week). The intervention group consumed a median of 81% of the green 

vegetables, a median 96.5% of the beef advice, a median 94.2% of the whole milk and 

a median 94.2% of the butter advice.

DISCUSSION

While TSH levels of the children with SH decreased during the course of this study, this 

decrease cannot be attributed to our dietary intervention since both groups decreased 

in their TSH levels to the same extent. Furthermore, FT4 values did not change during 

the course of the study. Therefore, advising green vegetables, beef, whole milk and 

butter did not change thyroid functioning. However, short term clinical parameters 
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such as total PedQL fatigue scale scores and sleep quality, did improve during the 

dietary intervention.

Hence, the effect of the dietary intervention seemed to work independently from 

thyroid functioning. The absence of the relation between thyroid hormones and 

clinical parameters was also described by Feller et al. They reviewed clinical pa-

rameters in adults with SH including BMI, blood pressure, general quality of life and/

or neurocognitive functioning after supplementation with thyroxine. Even though 

the biochemical values were normalized, clinical complaints remained unchanged as 

evaluated in their meta-analysis (17). Tiredness was investigated in the TRUST study 

in elderly people with SH. They received low dose thyroxine (25 or 50 ug/day). After 1 

year, no improvement was seen in tiredness, yet the mean TSH levels normalized(26). 

In our study, tiredness in children was measured in various domains with the PedQL 

multidimensional fatigue scale: general tiredness, sleep quality, cognitive functioning 

and the sum of these three (total score). Sleep and the total score both improved 

significantly. In children without SH, the same dietary advice also improved tiredness 

scores. In that case-control study, mainly the sleep domain was improved by the diet 

and the intake of green vegetables and whole milk showed to have the strongest rela-

tion with the improvement (27). In our present study, the control group also consumed 

many green vegetables. This minimal difference in green vegetable intake might have 

suppressed some effects of the dietary intervention, in respect to the findings of the 

previous study.

The Mediterranean diet and its effect on fatigue was studied in two studies. Exercise 

performance (endurance) improved in healthy adults (mean age 28 years) despite 

similar heart rates and efforts after using a Mediterranean diet for 4 days compared 

to a Western diet for 4 days (28). A Mediterranean-style eating pattern also improved 

fatigue in overweight adults, independent of the intake of red meat (beef or pork) 

(29).

Possible mechanisms of nutrition to minimize fatigue are to supplement deficiencies 

like iron or vitamin D deficiency (30, 31). Antioxidants can be supplied, which reduce 

free radicals and possibly improve the function of mitochondria (32, 33). Another 

possible mechanism is by adding n-3 polyunsaturated fatty acids (n-3 PUFA) to prevent 

metabolic dysfunction of skeletal muscle, however evidence for this is not convincing 

(34).Our studied dietary advice is rich in minerals and vitamins like iron and vitamin 

D, has a favourable n-3 PUFA n-6 PUFA ratio and contains antioxidants (20).
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Cardiovascular risks are a possible consequence of SH in children, although consensus 

has not been reached yet (11, 12, 35). Besides the thyroid functioning, an elevated 

BMI is a possible additional risk factor. Our dietary advice consisted both of high 

energy products (whole milk and butter) and low energy products (green vegetables 

and beef). When all four components are consumed, it should not largely increase 

the total energy intake. As a possible result, the intervention group started and 

stayed with their BMI a little above the 0 SD line (normal values). BMI was therefore 

not influenced by the dietary advice. Dyslipidaemia is another possible risk factor, 

especially low HDL and/or high Cholesterol/HDL ratio. In the children following our 

dietary intervention, HDL tended to increase, and the Cholesterol/HDL ratio tended 

to decrease, both moving towards the prognostic favourable values. Although these 

changes were not significant, they are indicating a favourable effect that is in line 

with previous findings (27).

Limitations and future directions
This study included several possible sources of bias. First, the design of the study is 

open and not blinded. Since the parents had to prepare the food based on the dietary 

advice, it was not possible to blind the studied intervention. Secondly, the children 

in the control group had higher PedQL multidimensional fatigue scale scores at the 

start of the study compared to the intervention group. The parents filled out the 

PedQL questionnaire after they were randomised, we noticed these differences after 

processing the questionnaires. Thirdly, we noted some overlap in diet: both the con-

trol group and the intervention group ate considerable amounts of green vegetables 

and beef. The big differences were found in the consumed amount of whole milk and 

butter and to a lesser extent beef. The control group was not informed about the diet, 

but they might have heard about it informally.

A suggestion for further research could be to investigate other risk markers for car-

diovascular disease in SH like serum concentrations of dimethylarginine (marker for 

endothelial dysfunction) or intima thickness. These measurements are influenced by 

prolonged elevated TSH levels. What will happen to these markers when TSH stays 

high? TSH levels are not influenced by our dietary advice, but how about these risk 

markers?

Implications
As far as we know, this is the first study introducing a dietary intervention as a possible 

approach to alleviate complaints related to SH. Up until now, the only treatment for 

children with SH is to keep track of thyroid hormonal levels and to provide thyroxine 

medication when TSH increases above 10 IU/l. However, for the ‘in-between’ children 
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with levels above 4.2 but below 10 IU/l, generally no medication is given, and parents 

cannot do anything to alleviate the complaints of their children. For these children, 

the dietary intervention tested in this study can help to reduce tiredness and hence 

improve well-being, without increasing risk factors for long term consequences.

Conclusion
In children with SH, a dietary intervention consisting of green vegetables, beef, whole 

milk and butter did not improve thyroid function in terms of thyroid hormone produc-

tion, but significantly reduced tiredness. Hence, this dietary intervention can be a 

possible tool to improve well-being of children with SH, independently of thyroid 

functioning.
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Food or medication?
Modern diseases in children are conditions that were not present about 100 years 

ago. They include (but are not limited to) tiredness, recurrent upper respiratory 

tract infections (URTIs), non-specific allergic complaints and subclinical hypothyroid-

ism. These modern diseases do not have specific treatments, since the causes of 

the conditions are unknown. With an intervention of nutrient rich dietary advice, as 

investigated in this thesis, clinical complaints decline.

Are modern diseases a result of present-day food habits? We do not know. The results 

are suggestive for that hypothesis, but large prospective follow-up studies are needed 

to test that hypothesis.

At this moment, when I am writing the discussion of my thesis, food is more attrac-

tive as compared to medication. When using food, the responsibility of the clinical 

condition shifts towards the parents, the costs for society decrease and there are 

no significant side effects known at this point. Children with an allergy to one of the 

components of the dietary advice were excluded from the trials; in a later stage, an 

alternative should be found for these children.

The benefits of food are in contrast to medication, as almost all medication, such as 

antibiotics or antiviral medication, have side effects [1] and costs as well as become 

the responsibility of the doctor.

In this discussion, we would like to present a patient case to illustrate the everyday 

practice of a general paediatrician, nutritional needs in children, discuss our findings 

as compared to the literature, costs of health care and (possible) concerns of parents 

in relation to three components of the dietary advice: whole milk, butter and beef.

Peter and Karen have been in love since 2009. Peter is a lawyer, and Karen works as 

a hairdresser. Now, 6 years into their relationship, both are settled, and they agree 

that it is the time for an expansion of their family. The first attempts were not 

successful, no matter what they did. However, after 2 years, they became pregnant!

Karen was very excited, and she felt fully pregnant after 4 weeks. Her appetite 

was very good in contrast to many other women, and she quickly gained weight, 

especially since chocolate was her favourite food. Karen always made jokes. She was 

a real woman, since she could have chocolate for breakfast, lunch and dessert. With 

her good appetite and hormones, her chocolate intake tripled, at the cost of fruits 

and vegetables. She heard the customers in the hair salon talk about the health 
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effects of red meat, and she decided to stop eating meat products. Well, not all meat 

products. She could not resist McNuggets or Kentucky Fried Chicken, so she allowed 

herself the indulgence as part of her diet. When her weight increased quickly, she 

decided to lower her carbohydrate intake by decreasing bread intake (bread with 

margarine and chocolate chunks). She changed from whole meal bread to Chocopops 

with soy milk. At other moments, she also changed to a liquid breakfast called “drink 

ontbijt”. It contains everything her supermarket advertised: dairy, fruits and grains. 

On top of that, it saves time since you can drink it and do not have to chew. Peter 

agrees with the choices his wife makes. As long as his wife is happy, he is also happy.

Karen’s regular check-ups with her mid-wife were good. She was an example for oth-

ers; she did not smoke, did not drink, played sports and her weight was normalizing. 

The mid-wife asked Karen if she ate healthy, and Karen agreed. Her diet consisted 

of three meals a day, soy milk, low in carbs and fats and maybe a little high in 

chocolate.

Meanwhile, her child was growing inside her body, fully dependent on the nutrients 

provided by her (the mother).

The focus of this thesis are the health promoting effects of nutrition in children. Most 

parents are willing to start with dietary advice when their child has a health problem. 

Looking in chronological order and from a preventive point of view, it would be wise 

to start earlier, since nutrition is also important in the stages before a health problem 

arises.

Most advice about pregnancy is about things the pregnant woman should not take to 

protect the child from the adverse effects of drugs, alcohol, tobacco, raw fish, raw 

milk, raw meat, et cetera. Few guidelines are given about diet and diet quality in 

pregnancy, just to eat healthy. However, current insights emphasize the importance of 

the first 1000 days of life, starting at the conception date up to 2 years of age. These 

1000 days are crucial for the prevention of diseases in adulthood [2]. Remarkable is 

the start of the 1000 days, which is at the time of conception, not at birth (which is 

after 9 months, about 270 days, after conception). Periconceptional maternal condi-

tions, such as obesity or excessive weight gain during pregnancy, are also important 

for child conditions, as they are related to high birth weight, obesity and increased 

cardiometabolic risks in adult life [3].

The day Jayson was born, was a very special day. Breastfeeding was started and 

Jayson tolerated it really well. The child health care centre checked Jayson and no 
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abnormalities were noticed, except for recurrent upper respiratory tract infections, 

which started around the introduction of supplementary feeding. They provided 

dietary advice regarding formula feeding and supplementary feeding on a regular 

basis until the age of one. After that, he is supposed to join the family meals.

After his first birthday, Jayson did not like the family meals, only infant food in jars, 

which was still on the shopping list of his parents. His mother lets him choose be-

tween the different dairy products and he does not like natural milk, only artificially 

flavoured and coloured milk (“the pink milk”). His mother did not think that was a 

problem, since pink milk is also a dairy product. Meat was also a problem, because 

chewing is not very easy with a blocked nose full of mucus. His father works the 

entire day and comes home late in the evening. When his father comes home, his 

mother goes to work, since her hair salon is open in the evenings. They do not have 

time to spend hours at the table because of their busy schedules, and Karen buys 

ready to eat meals for their convenience.

At that time, Jayson was eating half a sandwich (without crusts) with pink milk in 

the morning and at lunchtime. In the evening, he was eating infant food from a jar 

with a “danoontje” as a dessert. The in between snacks were “knijpfruitjes”, fruits 

in a liquid form that he can drink so he does not have to chew. He did not grow well 

anymore according to the child health care centre, and his upper respiratory tract 

infections kept on bothering him; he was tired.

Karen made an appointment with the general practitioner, because she is convinced 

Jayson is not eating because of the recurrent infections. The general practitioner 

could not find any abnormalities at the physical examination and (after Karen insist-

ing) refers Jayson to the paediatrician. The paediatrician performed a physical and 

laboratory examination but could not find any abnormalities and could not offer a 

treatment.

Karen kept on searching for a possible solution, because she believes a continuously 

blocked nose is not normal. At a second opinion, the paediatrician also could not find 

abnormalities but has just visited a conference and can possibly improve the clinical 

complaints of Jayson by changing his diet.

Karen thinks, “Can it really be that simple?“
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Nutritional needs early in life
Daily recommended intakes are the results of a worldwide consensus, adjusted to the 

specific needs of a country or population. In the Netherlands, these guidelines are 

described in an official guideline from the Gezondheidsraad (Dutch Health Council) 

[4]. However, only guidelines for adults are published at this moment (since 2018); 

guidelines for infants and children are under construction at the moment (December 

2019). The Gezondheidsraad website mentions they follow guidelines from the Eu-

ropean Food Safety Authority (EFSA). On the EFSA website, the Daily Recommended 

Intakes (RDIs) for infants and children are published [5].

Compared to adults, children need relatively higher amounts of:

- Proteins

- Fats

- Micronutrients such as iron, zinc, calcium and iodine

- Vitamins such as thiamine (B1), B11, B12, A, C, D and E

Because of the growth and development of their body, children have higher specific 

nutritional needs as compared to adults, since needs of adults are primarily focused 

on maintenance. Young pre-schoolers (<4 years) especially have higher nutritional 

demands as compared to school-aged children and adolescents.

These facts, together with the results of our studies, underscore the importance of 

nutrition during the first 1000 days of life.

Fatigue
In modern diseases, we noticed clinical improvement in symptoms, such as fatigue, 

after following dietary advice. This was also observed in children with fatigue due 

to subclinical hypothyroidism, irrespective of normalization of laboratory findings. 

Another study in iron deficient women also showed clinical improvement with di-

etary intervention, independent from laboratory results [6]. In this study, iron was 

administered as a supplement or with a diet rich in iron (with “meat vouchers”). Iron 

status improved more in the supplement group as compared to the dietary group, 

but fatigue and general well-being improved in both groups to the same extent [6]. 

Therefore, the beneficial effect of food cannot be fully explained by supplementa-

tion of micronutrients to a normal level, since the clinical improvements exceed the 

laboratory improvements.

The effect of beef on cognitive function (also a part of the tested fatigue scale) 

in children has been reviewed by An et al. They concluded beef seems to improve 
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cognitive domains (e.g., as shown with school exams) [7], although only small and 

heterogeneous studies were performed.

Thyroid
Why did we not see any effects on thyroid functioning after the dietary advice? The 

potential cause of subclinical hypothyroidism is still unknown. We hypothesized 

nutrition could have a role in the development of subclinical hypothyroidism. Our 

hypothesis about the effects of nutrition on thyroid functioning by possibly supple-

menting subclinical micronutrient deficiencies was not supported. Additionally, the 

second hypothesis, decreasing the auto-inflammatory state of the immune system, 

with involvement of the thyroid, results in decreased production of auto-antibodies 

against the thyroid, was not confirmed. In our study, only 6/61 (9%) patients showed 

increased anti-thyroid peroxidase antibodies (anti-TPO), suggestive for an immuno-

logical abnormality. Neither the number of patients nor the level of anti-TPO values 

changed in both groups during the study.

We hypothesize another pathway is involved as a cause of subclinical hypothyroidism 

in our study population. As the cause is not yet known, we can only speculate. In 

conversation with the parents, we observed a decrease in stress factors in children 

who spontaneously normalized with their thyroid hormone levels. This observation is 

also supported by animal studies, in which thyroid dysfunction is induced by long-term 

stress [8]. This might be a direction for further research.

Infections
The clinical symptoms of infections did reduce after the dietary advice. The number 

of days with infections decreased, but not the total number of infections, suggesting 

a shorter duration. The diet contained proper quantities of vitamins, proteins, micro-

nutrients, and fatty acids. All these components have shown the ability to positively 

influence the immune response in children [9–11]. Numerous immunological effects of 

various nutrients have been published as well as the routing of the activated immune 

cells to the airways, thereby linking the dietary components to chronic inflammation 

by means of the intestine-airway axis [12, 13].

RCTs with whole foods and URTIs are scarce. Positive effects on the duration or pre-

vention of URTIs in adults or children were seen after intake of probiotics, prebiot-

ics, growing-up milk, fish oil, kiwi fruit, garlic, xylitol and elderberry [14–21]. The 

aforementioned studies are studies with a single whole food product, not with a 

combination of food products. A combination of food products was investigated with 

regard to the Mediterranean diet. In a before-after comparison after the adoption of 
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the Mediterranean diet, Calatayud et al. found a reduction of URTIs in children aged 

1–5 years [22]. Due to the absence of a control group, it was hard to assess causality, 

since the number of infections declined with advancing age [23]. An RCT would solve 

this.

Why did the dietary advice have an effect on respiratory infections? We did not see 

any change in the investigated immunological parameters, such as immunoglobulins, 

micronutrients, or white blood cells (chapter 6), after the dietary advice. We did not 

measure inflammatory markers, such as inflammatory cytokines, subsets of T-cells or 

prostaglandins. The dietary effects may be influencing the latter inflammatory mark-

ers. Another possibility is a potential similarity with the thyroid study, with clinical 

improvements exceeding the laboratory improvements.

IMPLICATIONS FOR THE HEALTH CARE SySTEM

Cost aspects
Another aspect in the disease burden of modern diseases (and nutrition) to be 

considered is health care costs. In children with recurrent URTIs, a clear bacterial 

respiratory infection needs antibiotic treatment; there is no discussion about it. In 

clinical practice, it usually is not that straightforward. Most of the time, doctors are 

visited and ineffective antibiotics are prescribed [24].

For subclinical hypothyroidism, there are no direct costs involved, apart from re-

peated laboratory investigations for follow up of TSH and FT4, doctors’ visits, and 

only in rare cases thyroid hormone medication (levothyroxine (Euthyrox)).

Fatigue is usually accompanied by many repetitive laboratory investigations to rule 

out anaemia, deficiencies of vitamins and minerals, serologic investigations for 

Epstein-Barr virus, cytomegalovirus, Lyme disease, et cetera. A real treatment is 

difficult when laboratory abnormalities are absent, but vitamin supplementation, 

such as vitamin D or B12, is frequently prescribed, even when minimal or borderline 

deficiencies are found.

The extra costs of our dietary advice were 0.67 euro per week per child. This was 

calculated in 2014 (prices of Albert Heijn Supermarket) based on the differences in 

prices of four products: full fat milk and the average prices of semi-skimmed milk, 

Optimel and yoghi. In addition, calculations were made between butter and the mean 

prices of margarine and low-fat margarine as well as the costs of beef as compared 
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with pork, chicken and fish. It was calculated with the mean portion size of children 

1–4 years old, which could explain the minimal increase in costs per week.

These costs are for the parents and not for society or health insurance companies. 

We think this is a good thing. It is the main responsibility of the parents to guide 

their children to healthy adulthood. When the extra costs are for the parents, they 

usually feel more responsible for the result and the need for their children to eat the 

products. They paid a little extra for it, so it would be a waste to throw it away. In 

addition, the extra costs are not too high, making it affordable for all parents.

Medication for URTIs, usually non-effective antibiotics or hardly ever anti-viral medi-

cation, have their costs; oseltamivir costs $46–$116 per treatment, depending on the 

age and weight of the patient [25]. Antibiotics are less expensive, around 8 euro per 

treatment, without the costs of the doctor’s visit [1]. The above amounts are only the 

price of the medication; other costs, such as the number of outpatient visits, costs of 

other medications, emergency department visits or hospitalisations, were not consid-

ered. Also, the costs of adverse effects (such as gastrointestinal or neuropsychiatric 

side effects of oseltamivir use) were not considered.

Health concerns of parents
The health benefits of the different components of the dietary advice are described in 

the introduction of this thesis. Due to public opinion (e.g., consuming red meat causes 

cancer and you can get a heart attack from whole dairy products), parents are often 

afraid to give these products to their children. What does the scientific evidence say 

at this moment?

Butter is a food product high in saturated fatty acids, about three times more as 

compared to margarine, cooking fats or olive oil (Table 2 of the Introduction). Yet, 

dairy fats seem to provide cardiovascular benefits. No RCTs have been performed with 

regard to butter and cardiovascular risks. A large pooled meta-analysis of 201,628 

participants showed a protective effect of 14 grams of butter (3 slices of bread) daily 

for the development of type 2 diabetes mellitus (RR=0.96 (CI=0.93,0.99); P=0.021) 

[26].

Milk. Since the 1980s, modern society has associated saturated fatty acids with obe-

sity, and saturated fats, including whole dairy products, were banned. However, the 

obesity epidemic is still increasing.
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How does (whole) milk fit in? Protein intake (present in dairy food) tends to be more 

satiating than other macronutrients. Ad libitum high protein diets tend to increase 

satiety and increase weight loss as compared to high-carbohydrate diets [27].

Milk (including, high-fat, low-fat and fermented milk products) was not associated 

with risk of all-cause mortality, with relative risks between 0.96 and 1.01 in 938,817 

participants [28].

In a large prospective cohort study, 120,877 adults were followed for 24 years to 

identify specific dietary risk factors for long-term weight gain. Whole milk and low-fat 

milk were not related to weight gain. Vegetable and yoghurt intakes were related to 

weight loss. The following possible mechanisms are hypothesized: effects on hunger 

and fullness, effects on hormonal responses with respect to glucose and insulin, ef-

fects on de novo fat synthesis by the liver, effects on gut microbiome responses and 

effects on the body’s metabolic rate [29]. Besides these findings, a systemic review 

and meta-analysis of 184,802 participants showed a healthier body composition after 

dairy consumption. Dairy consumption resulted in a reduction of fat mass and waist 

circumference and an increase in lean body mass. Based on the results of these large 

study populations, the type of dairy product (milk, cheese, yoghurt or processed 

yoghurt drinks) seems more important for preventing weight gain than the dairy fat 

content [30]. Our studies did not measure lean fat mass or waist circumference, 

but our results on the growth parameters are in line with these findings and do not 

support the hypothesis that ingestion of saturated fats in dairy causes obesity.

Milk and beef (and other natural products of ruminants) contain small amounts of 

trans fatty acids. However, these ruminant trans fatty acids have different effects 

on the human body as compared to industrial trans fatty acids (processed in some 

margarines, fried fast food and bakery goods, such as muffins and doughnuts). Indus-

trial trans fatty acids promote inflammation, fat storage in the liver and cholesterol 

synthesis, whereas ruminant trans fatty acids do not [31–33].

Beef intake in school-aged children also influences body composition, with an in-

crease of fat free mass after 5 years in the adolescent age [34]. These findings were 

in contrast to other studies, although the latter meta-analysis was performed only in 

adults and not in children [35].

Red meat is under scrutiny because of possible hazardous health effects, such as 

cancer (colon, gastric and rectal), dyslipidaemia, and cardiovascular disease [36]. 

However, not all studies show a clear relation between the intake of red meat and an 
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increased cancer risk (e.g., gastric cancer) [37]. An increased risk for colon cancer is 

found in epidemiological studies with markedly elevated amounts of meat intake and 

lower consumption of fruits, vegetables and whole grains. Besides that, experimental 

studies with protective dietary compounds next to meat consumption (such as fruits, 

vegetables and whole grains) showed protection against colon cancer [38]. This em-

phasizes the importance of a balanced diet; an unbalanced diet with predominantly 

meat products is not healthy, but meat products in normal portion sizes, together 

with vegetables and fruits, is an important source of nutrients, which cannot be sup-

plied by vegetables and fruits alone.

Beef is a kind of red meat, but red meat is not only beef. Red meat is the collective 

name for beef, veal, pork, goat, lamb, and horse meat. A recent review advises cau-

tion with the interpretation of the results of “muscle foods” and chronic diseases, 

since different types of muscle foods are not clearly categorized. Therefore, obser-

vational studies and experimental studies are only partly overlapping and sometimes 

investigate processed meat, luncheon meat, fish, pork, poultry or red meat. Since the 

studied muscle foods are not clearly defined groups, the results cannot be extrapo-

lated to a single kind of meat [39]. A Japanese study makes a distinction between the 

different kinds of meat subtypes and the risk for developing colorectal cancer in a 

large pooled study of six cohort studies. Of the different meat subtypes, beef had the 

lowest hazard ratio as compared to processed red meat or pork [40].

No unfavourable effects of green vegetables are known. Patients using vitamin K 

antagonists for anticoagulation are sometimes advised to modify their dietary intake 

with respect to vitamin K, which is abundant in green vegetables. A recent review 

shows results are conflicting, and they conclude there is no support from evidence to 

modify dietary habits to improve anticoagulation quality with vitamin K antagonists. 

The authors advise to maintain stable dietary habits and not to change intake of 

vitamin K [41].

Like with most things in life, “too much” can be damaging. Beef is an important source 

of high-quality dietary protein and nutrients, such as iron, zinc and vitamin B12, for 

a major part of the global population. Some of these nutrients can be supplied by 

fruits and vegetables, but these fruits and vegetables are not always available in all 

parts of the world, unlike meat sources. Excessive meat consumption, however, is 

often associated with overconsumption of energy and fat, resulting in overweight and 

an increased risk for chronic diseases [42]. We therefore advocate modest intake of 

beef, as well as the other three components of the dietary advice (fitting in a sustain-
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able use of food). It is about the balance in the diet and not about excess amounts to 

get extra good health effects.

Lipid profile as a prognostic marker
Most importantly, whole dairy products in combination with green vegetables and 

beef did not cause prognostic unfavourable lipid profiles, but rather caused prognos-

tic good lipid profiles in children (chapter 5, 6 and 7). These findings are consistent 

with recent insights, in which fats from animal origin (dairy or meat consumption) 

increases HDL levels and decreased the cholesterol-HDL ratio [43]. The mechanism 

by which dairy fats increase HDL are not well understood, but a few hypotheses are 

mentioned. First, as found by Kiessling et al., sphingolipids present in dairy fat and 

the cell walls of bacteria are thought to be involved in raising HDL levels in women 

who were supplemented with fermented dairy products [44]. Second, fermented dairy 

products by lactic acid bacteria or bifidobacteria can directly bind to bile acids in the 

gut, interfering with cholesterol absorption and uptake of cholesterol particles in the 

nearness of bile salts [45]. Third, almost all dairy products, such as milk, cheese and 

yoghurt, are sources rich in calcium. Calcium can bind to fatty acids and bile acids, 

thereby forming irresolvable emulsifications which prevent fat uptake, followed by 

increased bile and fat excretions in the faeces [46, 47].

Future perspectives and recommendations
Our study focused on children with medical problems, in which a dietary intervention 

improved clinical complaints. However, this intervention was performed during the 

last 365 days of the first 1000 days of life. It would be useful to investigate the effects 

of dietary advice earlier in life or in the prenatal period (first 635 days). For example, 

dietary advice in pregnant women or for infants in the weaning period.

We now have investigated dietary advice in children with health problems, such as 

recurrent URTIs, subclinical hypothyroidism and fatigue. Therefore, we recommend 

to pay more attention to the dietary habits of children in relation to modern diseases.

At the stage of health problems, most parents are willing to consider a behavioural 

change because of a reduction in the problem for their child and themselves. It would 

be a challenge to start sooner, to investigate the effects of a healthy diet in children 

as a primary prevention. Those children are not visible for the paediatrician, since 

they are healthy.

Limited research is available with regard to whole foods; most research has been 

performed on single nutrients. For the future, research on whole foods could become 
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more interesting, since the food matrix in which the nutrients are embedded adds a 

new perspective. Much is unknown about that topic, and it would be interesting to 

reveal its secrets. Besides that, the processing of foods is also becoming more visible 

as a contributing factor to health effects or harmful effects on the patient.

Besides the single foods and food matrix, the dietary pattern should be investigated. 

Children and adults do not eat a single product the entire day and week. They make 

many choices everyday about what to eat. Dietary patterns, such the Mediterranean 

diet, Paleo diet, Nordic diet, or dietary habits with preferences for processed or un-

processed foods would be useful to investigate. Adults can be helped making choices 

if they have a viewpoint or belief why they would choose certain groups of food 

products. For example, if they support the ideas of the Nordic diet, they can more 

easily resist a bottle of Coca-Cola. Diets can serve as part of a lifestyle. Studies about 

the Mediterranean diet (and lifestyle when combined with exercise) are emerging, 

but they do not fit in every country. Country-specific dietary habits could fill this gap.

Processed food, or ultra-processed food, is adjusted food and the original food matrix 

is manipulated. Like in whole grains, the fibres are removed and a highly palatable 

product remains (white flour). However, the protective fibres are removed from the 

product. What are the health effects of that process? This topic is of growing interest 

to public health, and I think research should shift from the nutritional content of food 

to nutritional content AND preparation and additives of food.

Subsequently, the behavioural aspects of nutrition and modern diseases would be 

interesting to explore. Recent insights show relations between behaviour, diet quality 

and the microbiome. The microbiome seems to be a missing link between behaviour/

stress and physical effects of low-quality diets [48–51]. The mechanism behind this 

phenomenon seems to be the gut-brain axis, with an important role for the gut micro-

biome in the biochemical signalling between the gastrointestinal tract and the central 

nervous. In low-quality diets (e.g., low in fibre), other (less beneficial) microorganisms 

populate the gut. Humans have a mutualistic relation with their gut microbiomes, 

since the gut microbiome is responsible for energy collection, production of vitamins 

B and K and the metabolism of sterols and bile acids. It therefore functions like an 

endocrine organ [52, 53]. If less beneficial microorganisms populate the gut, these 

functions can be performed poorly. This might also explain some medical complaints, 

without any medical abnormalities in physical or laboratory investigations. This inter-

esting field needs further exploration for the possible pathways.
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Conclusion
As a result of our studies, we especially like to recommend the components of our 

dietary advice to the Dutch children with physical complaints without medical ab-

normalities. A diet with green vegetables, beef, whole milk and butter results in 

decreased URTIs in young children and decreased tiredness. It has shown beneficial 

effects in the investigated “modern” diseases: tiredness, subclinical hypothyroidism 

and recurrent URTIs. This can be due to favourable components of the dietary advice 

or because of elimination of unhealthy food components, such as trans fatty acids, 

now frequently present in the diets of children. Every food product has its own ca-

pacities and effects on human health, and they can augment and interact with each 

other, instead of eating a single (super)food.

The investigated diet consists mainly of unprocessed food and components of a tra-

ditional Dutch diet. These components can be incorporated in the Mediterranean, 

Asian or other kitchen, but the components can still meet the ingredients of our 

investigated diet.
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The results of the review, presented in chapter 2, suggest beneficial effects of whole 

food in the prevention of, and shortening in duration of, upper respiratory tract infec-

tions (URTI). 

Some food products show clear preventive or shortening effects on URTI; e.g. kiwi, 

elderberry, pre- and probiotics, fish oil and garlic [1-8]. 

In patients with recurrent URTI, intervention with a single whole food product can 

therefore be beneficial. A dietary intervention with multiple food products for URTI is 

rarely investigated, except for the effects of the Mediterranean diet in children with 

recurring colds and frequent complications in Spain. This before-after study found 

decreased URTIs after a change in lifestyle [9]. The effects of the Mediterranean diet 

are based on the concept of food synergy, meaning that the effects of a combination 

of foods are much stronger than the effects of single supplements with nutrients [10]. 

Chapter 3 describes the effects of a nutrient rich diet, consisting of beef (3 times a 

week), green vegetables (5 times a week), 300 mL whole milk daily and butter, on 

IgE levels in children. In this retrospective case-control study in 105 children, we 

observed a decrease in IgE of 9.2 kU/L (= 22 ug/L) after the dietary advice had been 

followed for 4 months. We did not observe a change in IgE-levels in the control group. 

Subjective improvements in clinical complaints were recorded in 53% of the children 

in the intervention group and 29% in the control group (p<0.001).

In chapter 4 we investigated the effect of the same dietary advice on fatigue in 

children. In this non-randomized controlled study in 98 children with unexplained 

symptoms of fatigue, the sleep domain improved in the intervention group. We evalu-

ated every single food component (of the four in total) and its effect on fatigue in 

the studied population. Green vegetables improved cognitive tiredness scores signifi-

cantly, while whole milk improved the sleep domain significantly.

Lipid profiles in young children are scarcely investigated when there is no relation 

with familial dyslipidaemia. What are the consequences for the lipid profile when full 

fat dairy products are introduced into the diet of young children? Chapter 5 describes 

the results of a retrospective case-control study on the lipid profiles of children with 

and without the dietary advice. After 5 months, the intervention group did not show 

unfavourable lipid profiles. On the contrary, HDL-cholesterol (a favourable prognostic 

factor for cardiovascular disease) increased significantly after following the dietary 

advice. Also, the cholesterol/HDL ratio and the non-HDL-cholesterol improved fa-

vourably following the dietary advice. No unfavourable trends in lipid profiles were 
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observed. In addition, the body mass index (BMI) and BMI-z scores were not adversely 

affected by introducing full fat dairy products together with green vegetables and 

beef. 

As part of this thesis, a randomized controlled dietary intervention was performed 

with a dietary change in 118 young children (1-4 years) with recurrent URTI. Again, 

we evaluated the dietary advice, consisting of green vegetables, beef, whole milk and 

butter, over 6 months. We found a significant decrease in infection days, catarrhal 

episodes, coughing and days with fever. Also, antibiotic use decreased by 66.6% over 

the 6-month period (chapter 6). No significant weight gain or increase in BMI was 

seen in the intervention group. Laboratory parameters showed decreased C Reactive 

Protein (CRP) levels, suggestive a lower grade of inflammation in the intervention 

group, but this finding should be considered with caution since the values are still in 

the normal range.

Fatigue scores improved in children with a subclinical hypothyroidism in our random-

ized controlled trial (RCT), after following the dietary advice for 6 months (chapter 

7). Scores improved in the different fatigue domains, especially in the domains of 

sleep and total tiredness. The function of the thyroid, expressed by the values of TSH 

and FT4, was not influenced by the dietary advice. In this study, we could not find 

an effect of green vegetables on cognitive tiredness, probably because our control 

group also consumed considerable amounts of green vegetables, and the difference 

between the groups for this food product was less clear.

Laboratory Observations

Recurrent infections
In the RCT of children with recurrent URTI, after following the dietary intervention for 

6 months (chapter 6), we observed no significant changes in laboratory parameters 

between the groups, except for CRP levels. These levels were significantly reduced 

in the intervention group compared with the control group, possibly indicating lower 

chronic inflammation, but this should be approached with caution since the values are 

still in the normal range.

Within the intervention group, significant changes could be found after 6 months 

compared to the same laboratory parameters at the start of the study. Some changes 

were also seen in the control group. Significant changes found only in the interven-

tion group were: increased Mean Corpuscular Volume (MCV), decreased leucocytes, 

decreased ferritin, decreased IgM and increased IgE. Some parameters suggested a 
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decreased immunologic activity (leucocytes, ferritin (since ferritin was significantly 

correlated with CRP levels) and IgM). Surprisingly, IgE levels were increased after 6 

months in both our intervention group and control group, with results of 25.0 and 24.9 

ug/L, respectively. The absolute difference in IgE levels between the intervention 

and control group was minimal, although the increase in the intervention group was 

significant due to a lower standard deviation (106 in the intervention group compared 

to 148 in the control group). This is in contrast to the decreased IgE levels observed 

in the case-control study described in chapter 3. In the retrospective case-control 

study, the effect of dietary advice disappeared due to vitamin D supplementation. In 

the randomised controlled study, the children were between 1 and 4 years of age. 

The national advice in this group is to use vitamin D supplementation. In the latter 

study vitamin D is therefore not a confounder. At this time, we cannot estimate the 

contribution of the dietary intervention to an allergic constitution. We observed that 

the IgE values are very widespread with some outliers, which makes the results dif-

ficult to interpret. 

Thyroid and fatigue
No effects were seen on thyroid functioning in subclinical hypothyroidism in our RCT 

after the dietary intervention; Ft4, TSH and anti-TPO levels did not change signifi-

cantly (chapter 7). Therefore, the dietary intervention did not act on the thyroid 

pathways that were measured in our study. Clinical improvements of fatigue (similar 

to those in chapter 4) were seen, but we could not relate them to the functioning of 

the thyroid. 

Lipid profile
During our outpatient consultations, many parents had concerns about the lipid 

profiles of their children when starting a diet with whole dairy products. In all of our 

studies, there was a consistent trend in the lipid profile after the dietary advice was 

followed. In all 3 studies (both RCTs and the case control study, chapters 5, 6 and 7), 

HDL levels increased and the cholesterol/HDL ratio decreased towards prognostically 

favourable values. Total cholesterol and LDL remained the same or increased slightly. 

Triglycerides, which are highly dependent on the last ingested meal, showed no 

particular trend, remaining the same, increasing or decreasing in individual studies. 

Over the years there has been a change in the moment at which the venipuncture was 

taken for the laboratory tests. In the beginning, patients had to come with an empty 

stomach, but in recent years it was determined at any point in the day, unrelated with 

the ingested meals. These instructions were given by the laboratory.
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Growth
In both RCTs (chapters 6 and 7) we included measurements on growth parameters, 

mainly because of the fear of obesity when full fat dairy products are introduced into 

the diet. 

No significant changes in growth were seen in either trial, neither did we see any 

unfavourable trends; after 6 months of follow up, the height growth remained the 

same in both control groups but increased slightly in the intervention groups, by 0.03 

SD in the URTI study and 0.07 SD in the subclinical hypothyroidism study. These are 

small changes in a relative short period, and it remains to be seen whether this has 

any clinical meaning. 

As for BMI, in the control group it increased after 6 months, by 0.27 SD in the URTI 

study and 0.01 SD in the subclinical hypothyroidism study. After the dietary change to 

full fat dairy products the BMI increased 0.04 SD in the URTI study and 0.06 SD in the 

subclinical hypothyroidism study. This does not suggest a BMI increase in children as 

a result of the consumption of whole dairy foods in combination with beef and green 

vegetables.
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Dit proefschrift is ontstaan door het ontbreken van therapieën voor alledaagse licha-

melijke klachten en problemen die ik als kinderarts tegenkwam. Veel voorkomende 

problemen zoals steeds terugkerende luchtweginfecties (het chronisch verkouden 

zijn), vermoeidheid, aspecifieke allergieën, een verstoorde maar nog net redelijk 

goed functionerende schildklier hebben vaak geen medische verklaring. Door het 

ontbreken van een medische verklaring, houdt het ook in dat er geen therapie voor-

handen is, en dat je als arts niet iets kan bieden aan de ouders. In onze onderzoeken 

hebben we onderzocht of een voedingsadvies een mogelijke behandeling kan zijn, 

aangezien grote groepen kinderen niet alle voedingsstoffen binnenkrijgen en een 

aanzienlijk percentage kinderen (met name de kinderen die kwakkelen) minder dan 

één keer per week groente eet. Wij ontwikkelden hiervoor een voedingsadvies met 

onbewerkte producten; 5x per week groene groenten bij de avondmaaltijd, 3x per 

week rundvlees bij de avondmaaltijd, dagelijks 300 ml volle zuivel (volle melk of volle 

yoghurt) en roomboter op brood. Alles in leeftijdsadequate hoeveelheden volgens het 

voedingscentrum. De achtergronden en het ontstaan van het voedingsadvies worden 

beschreven in hoofdstuk 1. 

Hoofdstuk 2 beschrijft een overzicht van uitkomsten van reeds gepubliceerde lite-

ratuur (een review) over de effecten van verschillende soorten voeding op lucht-

weginfecties bij kinderen en volwassenen. De resultaten van andere onderzoekers 

suggereren gunstige effecten van voeding bij het voorkomen en verkorten van de 

duur van infecties van de bovenste luchtwegen. De voedingsproducten die dit kunnen 

bewerkstelligen zijn bijvoorbeeld; kiwi, vlierbessen, pre- en probiotica, visolie en 

knoflook.

Bij patiënten met terugkerende infecties van de bovenste luchtwegen kan een advies 

met één enkel voedingsproduct dus gunstig zijn. Een dieetinterventie met meerdere 

voedingsproducten voor luchtweginfecties is zelden onderzocht, met uitzondering 

van de effecten van het mediterrane dieet in Spanje. In dit voor-na onderzoek werd 

een afname van luchtweginfecties vastgesteld na een verandering in de leefstijl 

(combinatie van mediterrane eetgewoontes en lichamelijke beweging). De effecten 

van het mediterrane dieet zijn gebaseerd op het concept van voedselsynergie; de 

effecten van (een combinatie van) voedsel zijn veel sterker zijn dan de effecten van 

het aanvullen van een enkele voedingsstof of product (zoals bv het aanvullen van 

vitamine C of alleen kiwi). Door de synergie heeft het meerdere aangrijpingspunten 

waarbij het de afweer kan versterken. Sommige mechanismes zijn al bekend, maar er 

zijn ook nog niet ontdekte mechanismes.
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Hoofdstuk 3 beschrijft de effecten van ons dieetadvies, bestaande uit rundvlees (3 

keer per week), groene groenten (5 keer per week), dagelijkse 300 ml volle melk 

en roomboter, op het IgE-gehalte bij kinderen met luchtwegklachten. Een verhoogd 

IgE gehalte wordt o.a. gevonden bij allergieën. In deze retrospectieve case-control 

studie bij 105 kinderen zagen we een daling van het IgE gehalte van 9,2 kU/l (=22 

ug/l) na 4 maanden volgen van het voedingsadvies. We hebben geen verandering 

in de IgE-gehaltes in de controlegroep waargenomen. Bij 53% van de kinderen in 

de voedingsadviesgroep en 29% in de controlegroep (p<0.001) werden subjectieve 

verbeteringen van de klinische klachten genoemd door de ouders.

In hoofdstuk 4 hebben we het effect van hetzelfde voedingsadvies op de vermoeidheid 

bij kinderen onderzocht. In dit niet-gerandomiseerde gecontroleerde onderzoek bij 

98 kinderen met onverklaarde vermoeidheidsverschijnselen verbeterde de slaap in 

de interventiegroep (de voedingsgroep). We evalueerden elk afzonderlijk voedings-

bestanddeel (van de vier in totaal) en het effect daarvan op de vermoeidheid in de 

onderzochte populatie. Groene groenten verbeterden de cognitieve vermoeidheids-

scores significant en volle melk verbeterde het slaapdomein significant.

Het Lipidenprofiel (cholesterol spectrum) wordt nauwelijks onderzocht bij jonge 

kinderen wanneer er geen relatie is met familiaire dyslipidemie (een aangeboren 

aanleg voor afwijkingen in de cholesterol stofwisseling). Het grootste gedeelte van 

de kinderen heeft dat niet. Wat zijn de gevolgen voor het lipidenprofiel wanneer kin-

deren zonder deze afwijking volvette zuivelproducten in hun dieet introduceren? In 

hoofdstuk 5 zijn de resultaten beschreven van een retrospectieve case-control studie 

op de lipidenprofielen van kinderen met en zonder het voedingsadvies.  Na 5 maanden 

liet de voedingsadviesgroep geen ongunstige lipidenprofielen zien. Integendeel, HDL-

cholesterol (een prognostische gunstige risicofactor voor hart- en vaatziekten) nam 

na het volgen van het voedingsadvies aanzienlijk toe, evenals de cholesterol/HDL-

verhouding en het niet-HDL-cholesterol. Alle drie de waardes veranderden naar de 

gunstige richting. Er werden geen ongunstige trends in de lipidenprofielen waargeno-

men. Ook werden de BMI- en BMI-z-scores niet negatief beïnvloed door de introductie 

van volvette zuivelproducten in combinatie met groene groenten en rundvlees.  

Als onderdeel van dit proefschrift werd een gerandomiseerde gecontroleerde dieet-

interventie uitgevoerd met een dieetverandering bij 118 jonge kinderen (1-4 jaar) 

met terugkerende infecties van de bovenste luchtwegen. Ook hier hebben we het 

voedingsadvies bestaande uit groene groenten, rundvlees, volle melk en roomboter 

gedurende 6 maanden geëvalueerd. We vonden een significante afname in infectieda-

gen, verkoudheid episodes, hoesten en dagen met koorts. Ook het antibioticagebruik 
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daalde met 66,6% over een periode van 6 maanden (hoofdstuk 6). Er werd geen 

significante gewichtstoename of verhoging van de BMI gezien in de interventiegroep. 

Vermoeidheidsscores verbeterden in onze tweede gerandomiseerde studie bij kinde-

ren met een subklinische hypothyreoïdie, na het volgen van het voedingsadvies voor 6 

maanden (hoofdstuk 7). Als we kijken naar de verschillende vermoeidheidsdomeinen, 

verbeterden vooral de domeinen van de slaap en de totale vermoeidheidsscore. 

De functie van de schildklier, uitgedrukt in de waarden van TSH en FT4, werd niet 

beïnvloed door het voedingsadvies. In deze studie konden we geen effect van groene 

groenten op de cognitieve vermoeidheid vinden (wat we wel in hoofdstuk 4 gevonden 

hebben), waarschijnlijk omdat in de huidige studie onze controlegroep aanzienlijke 

hoeveelheden groene groenten consumeerde en het verschil tussen beide groepen 

voor de inname van groene groentes minder groot was.

Effecten van het voedingsadvies op laboratoriumparameters

Luchtweginfecties
Na het volgen van de dieetinterventie gedurende 6 maanden in de gerandomiseerde 

luchtweginfectie studie hebben we geen significante veranderingen in laboratorium-

parameters tussen de groepen waargenomen, met uitzondering van de CRP-waardes. 

Deze waardes werden significant verlaagd in de interventiegroep in vergelijking met 

de controlegroep, wat mogelijk wijst op een lagere chronische ontsteking. Deze 

bevinding moet echter wel in perspectief gezien worden, aangezien de waardes nog 

steeds in het normale bereik liggen (hoofdstuk 6).

Binnen de interventiegroep werden na 6 maanden significante veranderingen ge-

vonden ten opzichte van dezelfde laboratoriumparameters bij de start van het on-

derzoek. Ook in de controlegroep werden enkele veranderingen gezien. Significante 

veranderingen die alleen in de interventiegroep werden gevonden waren; toegenomen 

gemiddeld corpusculair volume (MCV), verminderde leukocyten, verlaagd ferritine, 

verlaagd IgM en toegenomen IgE. Sommige parameters suggereerden een verminderde 

immunologische activiteit (leucocyten, ferritine (aangezien ferritine significant ge-

correleerd was met de CRP-waardes), en IgM). Verrassend genoeg werden IgE waardes 

verhoogd na 6 maanden in onze RCT in zowel onze interventiegroep en controlegroep 

met 25.0 en 24.9 ug/l, respectievelijk. Het absolute verschil in IgE-waardes tussen 

de interventie- en controlegroep was minimaal, hoewel het statistische verschil in 

de interventiegroep significant was door een lagere standaardafwijking (106 in de 

interventiegroep ten opzichte van 148 in de controlegroep). Deze bevinding was deels 

tegenstrijdig aan de bevinding van de verlaagde IgE-waardes in een case-control studie 
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(hoofdstuk 3). In de retrospectieve case-control studie verdween het effect van het 

voedingsadvies door suppletie van vitamine D. In de gerandomiseerde gecontroleerde 

studie zijn de kinderen tussen de 1 en 4 jaar oud. Het landelijke advies in deze 

groep is om vitamine D te gebruiken. In de laatste studie is vitamine D dan ook geen 

confounder. Op dit moment kunnen we de bijdrage van de voedingsinterventie aan 

een allergische constitutie niet inschatten. We hebben geconstateerd dat de waarden 

van IgE aanzienlijk uiteenlopen met enkele uitschieters, wat de interpretatie van de 

resultaten bemoeilijkt. 

Schildklier en vermoeidheid
We zagen geen effecten op het functioneren van de schildklier na de dieetinterventie 

in onze gerandomiseerde studie in patiënten met subklinische hypothyreoïdie. Ft4, 

TSH noch anti-TPO niveaus veranderden significant (hoofdstuk 7). Daarom heeft de 

voedingsinterventie geen meetbaar effect gehad op de schildklier.  Klinische verbe-

teringen van de vermoeidheid (vergelijkbaar met die in hoofdstuk 4) werden gezien, 

maar deze stonden los van de werking van de schildklier. 

Lipiden profiel
Tijdens onze contacten met ouders werd vaak door ouders de angst uitgesproken voor 

het cholesterol (lipidenprofiel) van hun kinderen als ze een dieetadvies met volle 

zuivelproducten gaan eten. In al onze onderzoeken zagen we een consistente trend 

in het lipidenprofiel na het volgen van het voedingsadvies. Prognostisch gunstige HDL-

waarden stegen in alle 3 de studies (zowel in de gerandomiseerde studies als de case 

control studie, hoofdstuk 5,6 en 7) en ook de cholesterol/HDL-verhouding daalde naar 

prognostische gunstige waarden (alle 3 de studies). Het totale cholesterolgehalte 

en LDL bleven gelijk of namen licht toe. Triglyceriden zijn sterk afhankelijk van de 

laatste ingenomen maaltijd. Deze bleven gelijk, stegen of daalden; in elke studie 

in een andere richting. Een verschil in de afgelopen jaren is het moment van het 

bloedprikken voor de laboratoriumtesten. In het begin moesten de patiënten nuchter 

komen, maar in de afgelopen jaren was dit op elk moment van de dag mogelijk, niet 

gerelateerd aan een nuchtere maag. Deze instructies werden door het laboratorium 

gegeven. Mogelijk dat dit de veranderingen in triglyceriden kan verklaren.

Groei
In beide gerandomiseerde gecontroleerde studies (hoofdstuk 6 en 7) hebben we 

metingen verricht naar de groeiparameters, voornamelijk vanwege de angst voor 

overgewicht bij het starten van volle zuivelproducten in het dieet. 
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In beide gerandomiseerde studies zagen we geen significante veranderingen in de 

groei. Ook zagen we geen ongunstige trends; na 6 maanden follow-up bleef de leng-

tegroei in beide controlegroepen gelijk, maar steeg de lengtegroei iets meer in beide 

interventiegroepen (dwz. Een deel gewone groei en een minimaal deel inhaalgroei). 

Dit zijn kleine veranderingen in een relatief korte periode, follow-up studies moeten 

verricht worden of dit een klinische betekenis heeft. 

Wat betreft de body mass index (BMI), in de controlegroep steeg de BMI na 6 maanden 

met 0,27 SD in de luchtweginfectie-studie en 0,01 SD in de schildklier-studie. Na de di-

eetverandering naar volle zuivelproducten steeg de BMI met 0,04 SD in de URTI-studie 

en met 0,06 SD in de SH-studie. Dit suggereert geen effect van volle zuivelproducten 

in combinatie met rundvlees en groene groenten op de BMI bij kinderen.

Conclusie
Naar aanleiding van onze onderzoeken adviseren wij het door ons onderzochte voe-

dingsadvies aan Nederlandse kinderen met luchtweginfecties zonder immunologische 

afwijkingen of vermoeidheid zonder medische verklaring. Een dieet met groene 

groenten, rundvlees, volle melk en roomboter resulteert in minder luchtwegklach-

ten bij jonge kinderen en minder vermoeidheid. Dit kan te wijten zijn aan gunstige 

bestanddelen van het voedingsadvies of aan de eliminatie van ongezonde voedings-

bestanddelen zoals transvetzuren, die nu vaak aanwezig zijn in de voeding van kin-

deren. Elk voedingsproduct heeft zijn eigen kwaliteiten en effecten op de menselijke 

gezondheid en meerdere voedingsproducten kunnen elkaar aanvullen en met elkaar 

reageren. Door de combinatie van meerdere producten kunnen er bredere effecten in 

gang gezet worden in plaats van de effecten van één enkel (superfood)voedsel.

Het onderzochte dieet bestaat voornamelijk uit onbewerkt voedsel, en componenten 

van een traditioneel Nederlands dieet. Deze componenten kunnen worden verwerkt 

in de mediterrane, Aziatische of andere keuken, al naar gelang de eetgewoontes van 

het gezin. Zelfs als ze verschillend verwerkt worden, kunnen de componenten nog 

steeds voldoen aan de ingrediënten van ons onderzochte dieet, en de gezondheid van 

kinderen bevorderen.  
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