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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 during 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.

Keywords: randomized controlled trial; children; dietary advice; vegetables; beef; whole dairy
products; upper respiratory tract infections

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 viruses [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 antibiotics and absences
from work for parents [6,7]. This antibiotic prescription incurs substantial costs for health care systems,
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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 respiratory 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 effect 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 recurrent 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, which are the
origins of the Dutch diet [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. Questionnaires
about dietary habits showed that children with URTIs consumed significantly 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 hypothesized 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 QMinim Online Minimisation®
Program 0.3 [23] was used for this purpose. All pediatricians 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.
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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 version) of the diet was offered only to the dietary advice group
after randomization. Explanation about the dietary intervention took about 3-5 min. No behavioral
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 14 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 questionnaire 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 [24].

Exclusion criteria included immunological deficiencies, cow’s milk allergy (use of an (extensively)
hydrolyzed protein formula), intestinal malabsorption, prophylactic use of antibiotics for longer periods,
disorders requiring 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 consisting 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 52).

The pediatrician instructed parents during the visit in the outpatient clinic. The control group
was not informed about the contents of the dietary advice. They continued 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 [21]. A run-in
period of 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 [25,26].

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
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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 diaries, 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 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 antibiotics during the study,
and differences in the total cholesterol: HDL-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 secondary 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 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 X measurement. The interaction term group X
measurement was added to analyze differences between groups over time. This was conducted for
height, weight, weight for height, and BML

If, despite randomization, 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



Nutrients 2020, 12, 272 50f12

variable (the number of days per month with 2 or more symptoms of an URTT in the last 3 months
of the study, which was highly skewed) and considered as potential confounders if p < 0.10. To
assess the relationship between continuous independent variables (e.g., age, BMI) and the outcome
variable, a Spearman rank correlation analysis was performed. For categorical 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 measuring
were excluded from the analyses. A p-value of <0.05 was considered statistically significant. Statistical
analyses were performed using the software IBM SPSS Statistics version 25 (IBM, New York, NY, USA).

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 pediatrician. A total of 125 patients (80%) 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.

Table 1. Baseline characteristics of the subjects in the dietary advice and control group with median
with interquartile range or mean =+ SD.

. Dietary Advice Control Group
Variable (1 = 58) (1 = 60)
Personal characteristics
Age (years) 24+1.1 24+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) 35+0.6 32+07
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) 145279 144290
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) 20+£1.5 19+15
Parental smoking 35 (60%) 31 (52%)
Number of children (%) with 1 or more 14 (25%) 13 (22%)

antibiotic treatments in run in period

BMI, body mass index; URTIL, 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.

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
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complete loss to follow up (1 = 4). Their characteristics were similar compared with the subjects who
completed the trial.

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.

Table 2. Primary and secondary outcome measures and their relevant components in the dietary advice
group and control group.

RR (95% CI),
Dietary Advice Control Group  Mean Difference

Characteristic (n = 58) (n = 60) (95% CI,
or p-Value
Primary outcome measurements
Two or more symptoms of an URTI (days/month) _ a
In the last 3 months of the study (median, IQR) 48(1.5-95) 77 (40-12.3) p=0.028
No. of infection periods/month (mean, SD) 0.95 (+0.55) 1.13 (+0.49) -0.2(-0.39;0.1)
Secondary outcome measurements
Mean days on antibiotics in 6 months (mean, SD) 2.9 (+12.7) 5.0 (£9.4) p =0.002 b
Number of children (%) Wlth 1 or more antibiotic 10 (17.2%) 27 (45%) 0.39 (0.20; 0.72) &
treatments in 6 months
Days of parental absence of work in 6 months _ b
(mean, SD) 0.2(+0.45) 0.3(+0.66) p =0.893
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) ¢
Fever (mean, SD) 1.2 (+1.4) 2.1 (£1.9) -0.9(-1.5;-0.3) ¢
Blocked nose (mean, SD) 2.5 (£3.9) 4.6 (£5.8) -2.1(-3.9;-0.3) ¢
Runny nose (mean, SD) 6.2 (£6.2) 8.0 (x7.0) —1.8 (—4.2;0.65) ©
Sore throat (mean, SD) 1.0 (£2.0) 1.1 (x1.7) —-0.1(-0.8;0.58) ©
Wheezing (mean, SD) 3.5(+6.7) 4.0(x£7.2) -0.6 (-3.1,2.0) ¢
Otitis (mean, SD) 1.6 (£5.1) 0.6 (+1.6) 0.9 (-0.45;2.3) €

URTI, upper respiratory tract infection; HDL, high density lipoprotein; ? continuous variable, not normally
distributed, with median > 0; median (IQR) and p-value of Mann-Whitney U test are presented. ® continuous
variables, not normally distributed, with median = 0; mean (SD) and p-value of Mann-Whitney U test are presented.
¢ continuous variables, normally distributed; mean (SD) and mean difference (95% CI) are presented. d categorical
variables, relative risk (RR) and 95% CI are presented.

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.
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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
intervention group (Table 2).

In the control group, parents visited their general practitioner more often during the six months
with a mean of 0.9 (SD 1.5) visits in six months compared to 1.6 (SD 2.3) 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.

3.3.3. Other Outcome Measures

To investigate whether the dietary advice would produce its effect by immunomodulation,
we performed laboratory investigations. The only laboratory parameter that showed a between-group
difference was CRP. In the dietary advice group, CRP decreased from 5.35 to 2.46 mg/L (p = 0.044), but
remained unchanged 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, Hb, 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
(Table S3).

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 x measurement interaction.

4. Discussion

The dietary advice significantly decreased the number of days with a URTI and taking antibiotics
as well as the number of children using antibiotics, and symptoms of 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
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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 [25,27].
We incorporated a RCT design with normal eating practices, providing valid reflection of possible
effects on daily life [28]. 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 [29]. 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 Composition
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 positively 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 [12,30-33].

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 probiotics, prebiotics, milk,
fish oil, kiwi fruit, garlic, xylitol, and elderberry [34—41]. 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 Mediterranean diet. In a before-after comparison after the adoption of
the Mediterranean 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 a
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 [42]. However, a metanalysis found low certainty
evidence of harmful effects of red meat in general and concluded that adults can continue to consume
both unprocessed and processed red meat [43].

Our results showed that consuming whole dairy products does not increase the cholesterol/HDL
ratio during six months of following this dietary advice, is in line with other reports [44,45].
Consumption of dairy products 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 [46]. 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 [47]. We found no increased weight gain or increase in BMI after consuming whole dairy products,
beef and green vegetables. This corresponds to a large meta-analysis that also found no increase in
obesity in children drinking whole milk [48]. The strength of our study is that we found no increase
in obesity after consuming whole milk in a clinical trial, which confirms the observational studies.
However, our study lasted 6 months, a study with a longer follow-up could provide more clarity about
long-term growth.
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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% vs. 8%). 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 they were in the group receiving treatment
and therefore were less demanding of antibiotic treatment when visiting a physician.

Implications for Research andjor Practice

Our results showed a significant reduction of days with URTIs and symptoms but failed to reduce
the number of episodes with a URTL This could be due to an assumed delay for the diet to impact
immunity, and more time is needed to observe the impact on the number of infections. On the other
hand, it can also suggest 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 also shorten the duration of URTI in children [34,35,37,40]. We think that
the combination of products has its operating mechanism in its full spectrum. 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 [49].

Since healthcare costs are high for URTI and several often ineffective antibiotic treatments are
prescribed, dietary intervention can potentially reduce healthcare costs [8] through reducing the use of
antibiotics and visits to the general practitioner. 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 symptoms of a URTL 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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