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A b s t r a c t

Introduction: In recent years a steady increase in the number of obese peo-
ple has been observed worldwide. This problem is also increasingly applica-
ble to children and adolescents. In this study, we conducted a meta-analysis 
of  studies carried out in Poland over ten years (2005–2015) which anal-
ysed the diet of preschool children and assessed how significantly it affects 
the prevention of diet-dependent disease. 
Material and methods: Two of  the  researchers independently performed 
a  systematic search of  Medline, Embase, Google Scholar, and the  Polish 
Medical Bibliography to find studies published between 2005 and 2015. 
The variance of the means of differences between selected factors in rela-
tion to dietary guidelines and standards for preschool children was estimat-
ed by summing the individual variances of means. The means of differences 
between selected factors across the  studies were pooled using random- 
effects model meta-analysis. 
Results: The analysis included a total of 2095 children. Mean protein con-
tent in the diet of children studied is 111% higher than indicated in dietary 
recommendations for this age group; mean consumption of carbohydrates 
in the  study group is 24% higher than recommended. In moderately high 
calorie diets, analysis showed that the recommended norm is exceeded by 
47%, CE 0.77, p < 0.001. 
Conclusions: Nutrient intake is not compliant with recommendations for 
this age group and could not only inhibit physical development, but also 
increase the risk of diet-dependent diseases. 

Key words: nutrients intake, preschool children, meta-analysis, dietary 
recommendations. 

Introduction

Nutritional intake should be appropriate for a person’s physiological 
developmental stage. It should also improve health and help prevent 
the development of modern civilisation diseases. Abnormalities caused 
by an excessive or insufficient supply of energy or particular nutrients 
can lead to health and development disorders. Deficiencies of  energy, 
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proteins, vitamins, or minerals are all serious 
threats to the developing body of a child. For ex-
ample, without a sufficient supply of calcium and 
vitamin D in childhood, optimum bone density 
cannot be reached in adulthood  [1], while iron 
deficiency negatively affects motor development 
and increases the risk of infection [2]. On the oth-
er hand, excessive consumption of  food causes 
excessive supply of  energy and nutrients, which 
may further cause increased body weight and, lat-
er, also the development of civilisation diseases.

Obesity is the result of many factors, of which 
environmental factors have been receiving 
the greatest attention for many years. In the last ten  
years however, increasing significance has also 
been given to the role of vitamin D3 in the organ-
ism’s metabolism, as well as the effect of vitamin D3  
deficiency on the development of overweight and 
obesity in populations of  children and adoles-
cents, and adults [3–10]. It has been demonstrat-
ed that the  active form of  vitamin D can affect 
the expression of over 200 genes  [3]. When this 
vitamin is deficient, glucose metabolism and oth-
er metabolic processes in adipose tissue and oth-
er tissues can be adversely affected and insulin 
activity can be impeded [8]. Rodríguez-Rodríguez 
et al. [7] demonstrated that vitamin D deficiency 
occurred with visceral obesity and with higher 
body mass index (BMI) values. Gilbert-Diamond 
et al.  [6] found an  inverse relationship between 
vitamin D concentration in blood and the develop-
ment of obesity in school-aged children. Foss [9], 
on the other hand, suggests that simple obesity 
and metabolic syndrome can result from distur-
bances in the winter adaptation of the organism’s 
metabolism, which is mediated by the  decrease 
of  blood calcidiol. When metabolism switches 
physiologically to the winter form, energy reserves 
are accumulated in the form of adipose tissue and 
thermogenesis increases. Foss also suggests that 
the prevalence of obesity is higher in persons in 
whom the winter form of metabolism appears at 
higher vitamin D3 levels, which leads to excessive 
accumulation of adipose tissue. In the population 
of developing children and adolescents, it is also 
significant in the  development of  obesity that 
the number and size of  fat cells increases when 
the  energy balance is positive. The  final num-
ber of  adipocytes stabilises with the  completion 
of adolescence. Excessive increase of the number 
of these cells in childhood can lead to the devel-
opment of obesity in adolescence and adulthood, 
as the  process is irreversible  [11–14]. Data from 
recent years [15–18] indicate that the prevalence 
of overweight and obesity in this social group is be-
coming a global epidemic. According to the Inter-
national Obesity Task Force [19], each year around 
400,000 children in Europe are overweight and 

approximately 85,000 suffer from obesity; one in 
five children has trouble maintaining normal body 
weight, and of  the  74 million young Europeans 
aged 4–18 who are overweight (16–22%), 4–6% 
of them are obese. At a national level, the latest 
data [20] regarding the subject in Poland indicate 
that overweight is diagnosed in 9.1% of preschool 
girls and 9.9% of preschool boys, while obesity is 
diagnosed in 7.2% of girls and 8.4% of boys.

To ensure the  basic metabolism, postprandial 
thermogenesis, meeting physical activity needs, 
and the maintenance of a normal course of growth 
processes related to synthesis of new cells and tis-
sues, human nutrition norms were developed in 
Poland in 2008 and also apply to preschool chil-
dren [21]. These recommendations were updated 
in 2012 [22], and in 2017 [23] recommendations 
on the  use nutraceuticals and functional foods 
were published. Uniform international normal lev-
els were introduced (EAR, RDA, AI, UL) to help not 
only evaluate intake or plan individual and group 
levels, but also facilitate the  exchange of  infor-
mation about epidemiological phenomena such 
as overweight and obesity with other European 
countries. If these recommendations are followed, 
both overfeeding – leading to overweight and 
obesity – and malnutrition – leading to worse de-
velopment – can be avoided, especially since there 
is an increasing amount of proof that the effects 
of  inadequate nutrition are not only observable 
in childhood, but also are the  cause of  poten-
tial health deterioration in adulthood. Taking 
the above into consideration, we decided to de-
termine the dietary intake (energy, macronutrient, 
vitamin and mineral intakes) in the diet of Polish 
children. In this study, we conducted a meta-anal-
ysis of  studies carried out in Poland in the  past 
ten years that analysed the  intake of  the critical 
nutrients important for the  normal development 
of  preschool children, in order to evaluate them 
against dietary recommendations and in terms 
of  their significance in prevention of  civilisation 
diseases.

Material and methods

Literature search

We sought studies analysing the  dietary and 
eating habits of  preschool children (3–6 years) 
conducted in Poland over a ten-year period. Two 
of  the  researchers independently performed 
a  systematic search of Medline, Embase, Google 
Scholar, and the  Polish Medical Bibliography to 
find studies published between 2005 and 2015. 
The search for studies was performed in January 
2016. The  following search strategy terms were 
used: ‘nourishment’, ‘diet’, ‘nutrition’, ‘children’, 
‘kindergarten’, ‘preschool’, ‘3–6 years’, ‘Poland’, 
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cium, magnesium, phosphorus, iron, sodium, po-
tassium). Data were also sought on differences in 
regularity of meals, number of meals per day, and 
snacking between meals, but the  data were too 
limited for analyses.

Comparison with nutritional guidelines

The energy, macronutrient intakes, vitamin, 
and mineral intakes of  the  studied population 
were compared to dietary reference intakes for 
the Polish population, including reference intakes 
for preschool children [34, 35]. The intakes of mac-
ronutrients, as well as intakes of  vitamins A, B

1, 
B

2, B3, B6, B9, C, calcium, phosphorus, magnesium, 
and iron, were compared to Recommended Di-
etary Allowances (RDA) [35]. Intakes of vitamin E,  
sodium, potassium and fibre were compared to 
Adequate Intake (AI)  [35]. Dietary reference in-
takes for the  Polish population do not include 
EAR/RDA for vitamin D; thus the intake of this vi-
tamin was compared to EAR set by the Food and 
Nutrition Board of the Institute of Medicine [36]. 
The  assumed recommended daily energy de-
mand (for person/day) in preschool children was  
1400 kcal [34].

Data analysis

As the ten research papers included in the pres-
ent analysis (Table I) were parts of a single study, 
we analysed them together, giving a  total of  
10 data points in the meta-analysis. We estimated 
the variance of the means of differences between 
selected factors in relation to dietary guidelines 

‘Polish’, ‘eating habits’. The search included com-
binations of  the  terms and the  literature search 
included the reference lists of articles.

Study selection

We identified citations in Medline (172), Em-
base (127), Google Scholar (752), and the Polish 
Medical Bibliography (18). Potentially relevant 
studies were selected by two authors; the selec-
tion was based on pre-defined inclusion criteria 
and analysis of titles, abstracts, and/or full texts. 
The  inclusion criteria were: (i) subjects: healthy 
children (without overweight and obesity) of pre-
school age; (ii) type of  study: original study;  
(iii) time range of publication: 2005–2015. The ex-
clusion criteria were: (i) subjects: children with 
overweight or obesity and children aged over  
6 years; (ii) type of  study: analysis of  children’s 
eating preferences and/or analysis of  menus of-
fered to children in kindergartens. The final report 
(Figure 1) included ten publications  [24–33] that 
met the inclusion criteria.

Data extraction

To obtain information from publications, 
the authors used standardized forms. The follow-
ing data were extracted: (i) characteristics of chil-
dren (number, age, gender); (ii) characteristics 
of  research tools; (iii) the  average energy value 
of the analysed diets, (iv) the average daily intake 
of  selected nutrients in the  analysed diets (pro-
tein, carbohydrates, total fat, fibre, vitamins: A, E,  
C, D, B

1, B2, B3, B6, B9 and mineral substances: cal-

Medline
(n = 172)

44 full text articles 
retrieved for review

Figure 1. Study flow diagram

Polish Medical Bibliography
(n = 18)

Embase
(n = 127)

Google Schoolar
(n = 752)

18 articles identified 4 articles identified7 articles identified 29 articles identified

Excluded: 14 duplicates

Excluded (n = 34)
10 incomplete data

24 did not meet inclusion criteria

10 studies included 
in meta-analysis
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and standards for children aged 3–6 years, by 
summing the  individual variances of  means. In 
order to prevent overestimation of the analysed 
parameter due to the small number of tests, we 
multiplied Cohen’s d by an  additional correc-
tive factor J to obtain the  unloaded Hedges’ g. 
The variance of the mean of a selected factor was 
estimated by dividing the  difference of  the  se-
lected factor by the  number of  participants in 
the group; when the S, standard deviation was 
unavailable, the  square root of  the  variance 
gave the standard error (SE) of the mean of this 
factor. Hedges’ categories were used to evalu-
ate the magnitude of the effect size: (i) small if  
0 ≤ | g | ≤ 0.2; (ii) medium if 0.2  <  | g | ≤ 0.5;  
(iii) large if 0.5 < | g | ≤ 0.8; and (iv) extra-large if  
| g | > 0.8 [37]. We provided pooled estimates along 
with their 95% CIs. We pooled the means of differ-
ences between selected factors across the stud-
ies using random-effects model meta-analysis, 

which makes allowance for inter-study heteroge-
neity. The  heterogeneity of  the  studies was as-
sessed using Q and I2 statistics applied to the ES 
means. The Q statistic is the χ2 test for hetero-
geneity with a degree of  freedom equal to one 
minus the number of studies included in the me-
ta-analysis; this assesses whether the observed 
differences of  results between studies are due 
to chance alone  [38]. The  I2 statistic estimates 
the percentage of  total variation across studies 
due to a true difference rather than chance [39]. 
In general, I2 values greater than 60–70% indi-
cate substantial heterogeneity. We assessed 
the  influence of  the  year of  studies and differ-
ences between regions with ANOVA. The impact 
of both examined variables was not statistically 
significant. Statistical tests were two-sided and 
used a significance level of p < 0.05. All calcula-
tions were performed using R [40] with the Meta 
for package [41].

Table I. Characteristics of studies included in the present analysis

Study N Research tool Age of study 
population 

[years]

Survey region Study 
days

Rogalska-
Niedźwiedź 
et al. [24]

394 Estimated food record for intake, made by 
parents. Analyzed using Dieta 2.0 software

4 The whole 
country

7

Gawęcki  
et al. [25]

180 Food frequency questionnaire. Results 
estimated using FOOD software

5–6 Bydgoszcz, 
Dąbrowa 

Górnicza, Gębice

10

Sadowska 
and 
Krzymuska 
[26]

78 Estimated food record for intake, made 
by parents and another one filled in by 

kindergarten staff. Total daily food portions per 
child were compared. Analysis performed using 

Dietetyk 2006 software

4–6 Szczecin 3

Sochacka-
Tatara  
et al. [27]

313 Estimated food record for intake, made by 
parents, analyzed using Nutri-Day software

3 Kraków 3

Sadowska  
et al. [28]

105 Food frequency questionnaire filled in 
by parents and another one filled in by 

kindergarten staff. Total daily food portions per 
child were compared. Analysis performed using 

Dietetyk 2006 software

4–6 Szczecin 3

Starbała  
et al. [29]

31 Estimated food records for menus (2 weekdays 
(70% preschool diet + 30% home diet) and 

1 day of the weekend). Diets analysed using 
Dietetyk software

4–6 Warsaw 3

Kolarzyk  
et al. [30]

324 Food frequency questionnaire filled in by 
parents

3.5–7.5 Kraków NR

Kostecka [31] 200 Food frequency questionnairea,b filled in by 
parents, assessed in Dieta 5.0 software

3–5 Lublin 3

Merkiel [32] 120 Food frequency questionnairea,b filled in by 
parents, assessed in Dieta 4.0 software

6 Nowy Sącz 3

Kostecka [33] 350 Food frequency questionnairea,b (including 1 day 
of the weekend) filled in by parents, assessed 

in Dieta 5.0 application

4–6 South-eastern 
Poland

3

aProprietary questionnaire. bThree-day timetable recording the  type and quantity of  products eaten by the  child; filled in by parents  
and/or kindergarten staff; NR – not reported.
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Results

Participants

The analysis included a total of 2,095 children. 
Only one study had a slight predominance of girls 
(11–58%), three studies  [27, 28, 30] reported no 
gender distribution, and the  in other studies 
the  two genders were roughly equally distribut-
ed. Tables I and II present details of the analysed 
studies. In one of the studies [28], the results were 
reported in two subsets (obese children and nor-
mosthenic children); in accordance with the  as-
sumptions and inclusion criteria, only results for 
normosthenic children were included in the anal-
yses. In the study of Kolarzyk et al.  [30], the age 
range of children included was larger than initially 
assumed (3.5–7.5), but the study was still includ-

ed in the  analysis, as the  mean age was 5.65.  
As individual primary studies used different tools 
to evaluate the  effect (various questionnaires), 
we used the standardized mean difference (SMD). 
We analysed selected factors separately, which 
gave a total of 20 comparisons (Table III). Subsets 
were combined for subsidiary analyses using ran-
dom-effects model meta-analysis.

Outcomes

Meta-analysis of  combined results from all 
studies provided a  statistically significant cumu-
lative effect (Figure 2). It also improved the  reli-
ability of  effect assessment. In random-effects 
model analysis, the  obtained cumulative effect 
(CE) for proteins was statistically significant 
(p  <  0.001) at 2.74 (95% CI: 2.09–3.39), which 

Study			                              Standardized mean difference (95% CI)

	  N	 Mean

Protein
Rogalska-Niedźwiedź et al. (2008)	 394	 61.80					     2.63 (2.44–2.82)
Sadowska and Krzymuska (2010)	 78	 58.90 					     4.50 (3.91–5.09)
Sadowska et al. (2008)	 105	 56.50					     3.16 (2.75–3.56)
Sochacka-Tatara et al. (2008)	 313	 50.60					     2.13 (1.94–2.33)
Starbała et al. (2009)	 31	 57.30					     2.37 (1.72–3.03)
Kolarzyk et al. (2010)	 324	 76.13					     2.70 (2.49–2.91)
Kostecka (2013/2014)	 350	 37.09					     1.83 (1.65–2.00)

RE for protein (I2 = 97.8%, p = 0.001)							       2.74 (2.09–3.39)

Carbohydrates
Rogalska-Niedźwiedź et al. (2008)	 394	 15.5					     0.35 (0.21–0.49)
Starbała et al. (2009)	 31	 13.9					     –0.02 (–0.52–0.48)
Kostecka (2013)	 200	 4.0					     –3.00 (–3.29 to –2.72)
Kostecka (2013/2014)	 350	 11.9					     –0.45 (–0.60 to –0.30)
Gawęcki et al. (2005)	 180	 68.0					     0.77 (0.56–0.99)
Rogalska-Niedźwiedź et al. (2008)	 394	 68.0					     0.74 (0.59–0.88)
Sadowska and Krzymuska (2010)	 78	 66.2					     1.08 (0.75–1.42)
Sadowska et al. (2008)	 105	 64.1					     0.58 (0.30–0.85)

RE for carbohydrates (I2 = 94.4%, p = 0.027)							       0.34 (0.04–0.64)

Fat
Sochacka-Tatara et al. (2008)	 313	 47.8					     –0.42 (–0.58 to –0.26)
Starbała et al. (2009)	 31	 52.9					     –0.07 (–0.57–0.43)
Kolarzyk et al. (2010)	 324	 68.5					     0.51 (0.36–0.67)
Kostecka (2013/2014)	 350	 47.3					     –0.34 (–0.49 to –0.19)
Gawęcki et al. (2005)	 180	 225.0					     0.25 (0.04–0.46)
Rogalska-Niedźwiedź et al. (2008)	 394	 275.8					     0.90 (0.75–1.05)
Sadowska and Krzymuska (2010)	 78	 222.0					     0.45 (0.14–0.77)
Sadowska et al. (2008)	 105	 203.0					     –0.15 (–0.43–0.12)

RE for fat (I2 = 96.7%, p = 0.07)							       0.36 (–0.03–0.74)

Fiber
Sochacka-Tatara et al. (2008)	 313	 232.9					     0.38 (0.22–0.54)
Starbała et al. (2009)	 31	 210.2					     0 (–0.50–0.50)
Kolarzyk et al. (2010)	 324	 282.88					     0.93 (0.77–1.10)
Kostecka (2013/2014)	 350	 194.7					     –0.17 (–0.32 to –0.03)

RE for fiber (I2 = 99.5%, p = 0.302)							       –0.78 (–2.27–0.70)

Total random model effect for above factors.							       0.80 (0.25–1.35)

	            –4.0    –3.0     –2.0     –1.0         0        1.0       2.0       3.0

				     SMD

Figure 2. Effect size for standardised mean difference of selected meal parameters
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Study		                                   Standardized mean difference (95% CI)

	  N	 Mean

Kostecka (2013/2014)	 350	 1473.2				    0.31 (0.16–0.46)

Merkiel (2014)	 82	 1820				    1.33 (0.99–1.67)

Kostecka (2013)	 200	 1504				    0.29 (0.09–0.49)

Kolarzyk et al. (2010)	 324	 1982.8				    1.00 (0.84–1.17)

Starbała et al. (2009)	 31	 1496				    0.29 (–0.22–0.79)

Sochacka-Tatara et al. (2008)	 313	 1516.6				    0.33 (0.17–0.48)

Sadowska et al. (2010)	 105	 1615				    0.59 (0.32–0.87)

Sadowska and Krzymuska (2010)	 78	 1722 				    1.61 (1.25–1.97)

Rogalska-Niedźwiedź et al. (2008)	 394	 1912.3				    1.05 (0.91–1.20)

Gawęcki et al. (2005)	 180	 1739				    0.94 (0.72–1.15)

RE for calorie (1400) (I2 = 95.1%, p < 0.001)					     0.77 (0.47–1.07)

			      –1.0	    0         1.0         2.0         3.0
			             Standardized mean difference

Figure 3. Effect size for standardised mean difference of calorie content 1400 kcal

means that the mean protein content in the diet 
of children studied was 111% higher [42] than in-
dicated in dietary recommendations for this age 
group. Similarly, the results for carbohydrates de-
viate from dietary recommendations, as the  CE 
(p = 0.027) was 0.34 (95% CI: 0.04–0.64), which 
means that the  mean consumption of  carbohy-
drates in the  study group was 24% higher than 
recommended. In moderately high calorie diets, 
the analysis showed that the recommended norm 
is exceeded by 47%, CE 0.77, p < 0.001 (95% CI: 
0.47–1.07) (Figure 3).

In the  case of  micronutrients (Figure 4), statis-
tically significant results were obtained for mag-
nesium CE 1.48 (95% CI: 0.73–2.24), phospho-
rus CE 2.05 (95% CI: 1.28–2.83), calcium CE –1.13  
(95% CI: –1.63 to –0.63), and sodium CE 2.02  
(95% CI: 0.65–3.39). The obtained results indicate 
significant exceedance of the recommended con-
sumption norms for magnesium (by 72%), phos-
phorus (by 83%), and sodium (by 82%), while 
about 63% insufficiency was observed for calcium. 
Regarding vitamins (Figure 5), the  findings were 
as follows: severe (about 164%) vitamin D insuf-
ficiency CE –4.05 (95% CI: –5.68 to –2.42), severe 
exceedance of  the  recommended norm for B vi-
tamins: B1 – 71%, CE 1.45 (95% CI: 0.78–2.11), B2 – 
96%, CE 2.36 (95% CI: 1.44–3.28), B3 – 64%, CE 1.23 
(95% CI: 0.19–2.26), B6 – 112%, CE 2.76 (95% CI: 
0.50–5.02), and exceedance of the recommended 
daily dose of vitamin C by 55%, CE 0.96 (95% CI: 
0.46–1.47).

The calculated Q and I2 values indicate that 
the  studies were highly heterogeneous, which 
may be due to inter-study variability caused by 
the use of different measurement tools and differ-

ent methods to calculate the analysed parameters 
in individual studies.

Discussion

A properly formulated children’s diet, under-
stood primarily as nutrient intake adequate to 
the demand and meeting energy needs [43], con-
tributes to normal physical development, ensuring 
optimum weight and height gain, mental capac-
ity, and general health condition. Moreover, low 
physical activity is not a  significant obesity risk 
factor in children aged 7 to 9 years [44]. In early 
childhood, somatic development is especially sen-
sitive even to the slightest nutrition inadequacies; 
moreover, this is the age at which Polish children 
receive double nutrition (at the kindergarten and 
at home). Double nutrition means eating meals 
twice. Most parents and grandparents in Poland 
collect their children from preschool facilities in 
the early afternoon hours, immediately or short-
ly after lunch. Once at home, the child may often 
eat a  second lunch with their parents or grand-
parents, and are encouraged and praised for eat-
ing the whole two-course meal. Carers collecting 
their children later give them a large warm supper, 
with the presumption that the child has not eaten 
enough at preschool. While they provide the cor-
rect number (5–6) of  meals, carers give children 
significantly larger amounts of high-calorie foods, 
rich in carbohydrates and animal protein, which 
can promote the development of overweight and 
obesity. This has been confirmed by the above re-
sults. The results revealed a series of irregularities 
in the eating habits of small children. The notably 
very high intake of protein with vitamins B

2 and B6 
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Study			                                Standardized mean difference (95% CI)

	 N        Mean
Phosphorus
Sadowska and Krzymuska (2010)	 78	 992.0 					                  3.42 (2.93–3.92)
Sadowska et al. (2010)	 105	 968.0					                  2.32 (1.97–2.67)
Sochacka-Tatara et al. (2008)	 313	 868.1					                  1.51 (1.33–1.69)
Starbała et al. (2009)	 31	 1079.5					                  2.01 (1.40–2.63)
Kostecka (2013)	 200	 1078.6					                  2.58 (2.31–2.84)
Kostecka (2013/2014)	 350	 641.6					                  0.57 (0.42–0.72)
RE for phosphorus (I2 = 96.6%, p = 0.001)						      	              2.05 (1.28–2.83)

Magnesium
Sadowska and Krzymuska (2010)	 78	 221.0					                  2.77 (2.33–3.20)
Sadowska et al. (2010)	 105	 215.0					                  1.49 (1.18–1.79)
Sochacka-Tatara et al. (2008)	 313	 188.2					                  1.08 (0.92–1.25)
Starbała et al. (2009)	 31	 235.8					                  1.74 (1.15–2.33)
Kostecka (2013/2014)	 350	 166.5					                  0.43 (0.28–0.58)
RE for magnesium (I2 = 96.4%, p = 0.001)							                    1.48 (0.73–2.24)

Potassium
Sadowska and Krzymuska (2010)	 78	 2833.0 					                  –0.74 (–1.07 to –0.42)
Sadowska et al. (2010)	 105	 2732.0					                  –0.60 (–0.88 to –0.32)
Sochacka-Tatara et al. (2008)	 313	 2250.1					                  –1.30 (–1.47 to –1.13)
Starbała et al. (2009)	 31	 2688.8					                  –0.59 (–1.10 to –0.08)
Kostecka (2013/2014)	 350	 1552.7					                  –8.61 (–9.09 to –8.14)
RE for potassium (I2 = 98.5%, p = 0.131)							                    –2.37 (–5.44 to 0.70)

Sodium
Sadowska and Krzymuska (2010)	 78	 1454.0					                  1.99 (1.61–2.37)
Sadowska et al. (2010)	 105	 1392.0					                  1.19 (0.90–1.48)
Sochacka-Tatara et al. (2008)	 313	 1048.9					                  0.13 (–0.02–0.29)
Starbała et al. (2009)	 31	 2688.8					                  2.48 (1.82–3.15)
Kostecka (2013/2014)	 350	 2554.7					                  4.33 (4.06–4.60)
RE for sodium (I2 = 98.9%, p = 0.004)							                    2.02 (0.65–3.39)

Calcium
Sadowska and Krzymuska (2010)	 78	 601.0 					                  –1.64 (–2.00 to –1.28)
Sadowska et al. (2010)	 105	 554.0					                  –1.49 (–1.80 to –1.19)
Sochacka-Tatara et al. (2008)	 313	 601.3					                  –0.84 (–1.00 to –0.67)
Starbała et al. (2009)	 31	 754.0					                  –0.18 (–0.68–0.33)
Kostecka (2013)	 200	 404.0					                  –0.79 (–2.02 to –1.56)
Kostecka (2013/2014)	 350	 553.25					                  –0.76 (–0.91 to –0.61)
RE for calcium (I2 = 99.4%, p = 0.001)							                    –1.13 (–1.63 to –0.63)

Iron
Sadowska and Krzymuska (2010)	 78	 9.42 					                  –0.43 (–0.75 to –0.12)
Sadowska et al. (2010)	 105	 8.42					                  –0.83 (–1.11 to –0.55)
Sochacka-Tatara et al. (2008)	 313	 7.0					                  –1.67 (–1.86 to –1.49)
Starbała et al. (2009)	 31	 9.2					                  –0.30 (–0.81–0.20)
Kostecka (2013)	 200	 4.4					                  –2.82 (–3.10 to –2.55)
Kostecka (2013/2014)	 350	 6.64					                  –1.47 (–1.64 to –1.31)
RE for iron (I2 = 99.9%, p = 0.002)							                    –1.27 (–2.02 to –0.51)

Total random model effect for above factors							                    0.12 (–0.68–0.92)

		             –4.0    –3.0    –2.0    –1.0         0        1.0      2.0      3.0      4.0       5.0

			            Standardized mean difference

Figure 4. Effect size for standardised mean difference of selected factors

can be due to the consumption of large amounts 
of  meat. In preschool years, physical growth is 
extremely intensive and the consumption of pro-
tein is important during that period. However, 
protein should not be eaten in large amounts as 
it places a strain on the liver and kidneys due to 
the  fact that nitric compounds are then excret-
ed [45]. Authors from other countries who analyse 
preschool children’s diet have also noted exces-
sive consumption of  protein in their countries. 
Values for protein slightly lower than in Poland, 
but exceeding recommendations, were found 
in 2.5–6.5-year-old  [46] and 4–6.5-year-old  [47] 
children in Belgium, in 7-year-old children in 
the south-west of England [48], and 3–5-year-old 
children in Greece [49], while values even higher 
than those found in our meta-analysis were found 

in 4–5-year-old children in Vietnam  [50] and 
6–7-year-old children in Spain  [51]. A  reduction 
in animal protein intake is recommended as long-
term excessive intake of  protein entails an  in-
creased risk of diabetes [52], as well as premature 
pubertal onset, which may contribute to a higher 
risk of breast cancer in women [53].

Positive energy balance is another factor pro-
moting formation of  adipose tissue, which was 
found in the meta-analysis. Considering the  fact 
that the  number of  overweight children is con-
stantly on the  increase  [15–19], the  results ob-
tained by our meta-analysis and reports from au-
thors in other countries (similarly high exceedance 
of  recommendations was reported in 5–11-year-
old children in France  [54], in 6–7-year-old chil-
dren in Spain  [41], in 5.7–7.6-year-old children 
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in Crete  [55], and in Portugal – where the norm 
was exceeded by over 80% in 7–9-year-old chil-
dren) [56] – collectively indicate that it is a serious 
global problem. In the case of children age 2.5–6.5 
years in Belgium [46], 4–5 years in Greece [49] and 
7 years in England [56], the norm was exceeded 
only in boys, by about 10%. In the case of children 
aged 4–5 years in Vietnam [50] and < 6 years in 
the United States [57], the norm was exceeded in 
both sexes.

As Pawlak  [58] has reported, adults in Poland 
also significantly exceed the  recommendations 
of proper nutrition and pass on this habit to their 
children. According to FAO 2012, energy intake per 
person in Poland in 2006–2008 was 3410 kcal, 
which is equivalent to 173% of the minimum dai-
ly demand. The consumption of protein was also 

significantly exceeded (101 g/person/day), which 
is over two times more than the level indicated in 
the recommendations for proper nutrition.

An unbalanced diet causes insufficient intake 
of  important nutrients, which in turn has a det-
rimental effect on the  development of  young 
organisms. Recently, the diet of children in high-
ly developed countries has been characterized 
not only by high-energy foods and high con-
tent of protein and fat, but also by low content 
of  vitamins and minerals. This is confirmed in 
the  meta-analysis which demonstrated insuffi-
ciency of vitamin D. Vitamin D insufficiency leads 
to disturbed homeostasis of calcium in the body, 
which can lead to disturbed development 
of  the  skeletal system and can adversely affect 
teeth [59, 60]. Studies also imply that vitamin D 

Study				                    Standardized mean difference (95% CI)

	  N         Mean
Vit. A

Sadowska and Krzymuska (2010)	 78	 1662.0					                        0.22 (–0.09–0.54)
Sadowska et al. (2010)	 105	 1214.0					                        –0.36 (–0.64 to –0.09)
Sochacka-Tatara et al. (2008)	 313	 1194.0					                        –0.37 (–0.53 to –0.21)
Starbała et al. (2009)	 31	 1230.3					                        –0.38 (–0.89–0.12)
Kostecka (2013/2014)	 350	 2670.0					                        4.02 (3.76–4.27)

RE for vit. A (I2 = 99.5%, p = 0.464)							                          0.63 (–1.05–2.30)

Vit. B1

Sadowska and Krzymuska (2010)	 78	 0.96 					                        2.39 (1.98–2.80)
Sadowska et al. (2010)	 105	 0.88					                        1.27 (0.97–1.56)
Sochacka-Tatara et al. (2008)	 313	 0.77					                        0.76 (0.60–0.92)
Starbała et al. (2009)	 31	 1.02					                        1.43 (0.87–1.99)
RE for vit. B1 (I

2 = 99.1%, p = 0.001)							                          1.45 (0.78–2.11)

Vit. B2

Sadowska and Krzymuska (2010)	 78	 1.56 					                        3.29 (2.81–3.78)
Sochacka-Tatara et al. (2008)	 313	 1.30					                        1.75 (1.56–1.93)
Starbała et al. (2009)	 31	 1.78					                        2.08 (1.46–2.70)
RE for vit. B2 (I

2 = 93.7%, p = 0.001)							                          2.36 (1.44–3.28)

Vit. B3

Sadowska and Krzymuska (2010)	 78	 12.95 					                        2.38 (1.97–2.79)
Sadowska et al. (2010)	 105	 12.50					                        1.65 (1.34–1.97)
Sochacka-Tatara et al. (2008)	 313	 7.70					                        –0.11 (–0.27–0.04)
Starbała et al. (2009)	 31	 11.40					                        1.02 (0.49–1.55)
RE for vit. B3 (I

2 = 92.6%, p = 0.021)							                          1.23 (0.19–2.26)

Vit. B6

Sadowska and Krzymuska (2010)	 78	 1.62					                        5.08 (4.43–5.72)
Sochacka-Tatara et al. (2008)	 313	 1.30					                        1.66 (1.48–1.85)
Starbała et al. (2009)	 31	 1.71					                        1.57 (0.99–2.14)
RE for vit. B6 (I

2 = 98.7%, p = 0.017)							                          2.76 (0.50–5.02)

Vit. B9

Sochacka-Tatara et al. (2008)	 313	 0.19					                        –0.17 (–0.32 to –0.01)
Starbała et al. (2009)	 31	 0.20					                        0.00 (–0.50–0.50)
Kostecka (2013/2014)	 350	 0.06					                        –1.40 (–1.56 to –1.23)
RE for vit. B9 (I

2 = 94.6%, p = 0.222)							                          –0.54 (–1.40–0.33)

Vit. C
Sadowska and Krzymuska (2010)	 78	 75.6 					                        1.97 (1.59–2.36)
Sadowska et al. (2010)	 105	 75.8					                        0.49 (0.22–0.77)
Sochacka-Tatara et al. (2008)	 313	 90.3					                        0.73 (0.57–0.89)
Starbała et al. (2009)	 31	 85.8					                        0.81 (0.29–1.33)
Kostecka (2013/2014)	 350	 90.2					                        0.85 (0.70–1.01)
RE for vit. C (I2 = 98%, p = 0.001)							                          0.96 (0.46–1.47)

Vit. D
Sochacka-Tatara et al. (2008)	 313	 120.0					                        –4.74 (–5.05 to –4.43)
Starbała et al. (2009)	 31	 97.6					                        –5.10 (–6.13 to –4.07)
Kostecka (2013/2014)	 350	 234.0					                        –2.44 (–2.64 to –2.25)
RE for vit. D (I2 = 99.3%, p = 0.001)							                          –4.05 (–5.68 to –2.42)

Vit. E
Sadowska and Krzymuska (2010)	 78	 7.7					                        1.21 (0.87–1.55)
Sadowska et al. (2010)	 105	 7.5					                        0.56 (0.29–0.84)
Sochacka-Tatara et al. (2008)	 313	 5.3					                        –0.33 (–0.49 to –0.18)
Starbała et al. (2009)	 31	 8.2					                        0.64 (0.13–1.15)
Kostecka (2013/2014)	 350	 4.02					                        –2.47 (–2.67 to –2.28)
RE for vit. E (I2 = 97.3%, p = 0.895)							                          –0.09 (–1.35 to 1.18)

Total random model effect for above factors							                          0.57 (–0.11–1.26)

	                    –7.0                                –3.5           –2.0                    0        1.0       2.0           3.5                                    7.0

				    Standardized mean difference

Figure 5.  Effect size for standardized mean difference of selected factors (cont.)
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deficiency negatively affects insulin resistance 
and β-cell function [61, 62]. Although vitamin in-
takes cannot be compared directly to the results 
of other studies (because of the age differences 
among the  studied populations of  children), it 
is interesting to note that similar, or even low-
er intakes of vitamin D were observed in British 
7-year-olds [47], as well as in Spanish 6–9-year-
olds  [63] and Belgian 4–6.5-year-olds  [46]. In 
combination with very low calcium intake (which 
was also confirmed by our meta-analysis), this 
effect can be exacerbated and lead to rickets or 
low final weight of the bone tissue, which in turn 
may lead to osteopenia or even osteoporosis, 
as well as an increase in the risk of fractures at 
an older age [64]. The results obtained for calci-
um are significantly lower than in other European 
countries (Belgium [46], Spain [51], Portugal [56] 
and England [65]). This is very surprising, taking 
into consideration the  very strong promotion 
of drinking milk in Poland in recent years. Addi-
tionally, it is worth noting that the meta-analy-
sis demonstrated that the  level of phosphorous 
intake is significantly excessive. Maintaining 
the normal proportion of calcium and phospho-
rous is very important, but immensely difficult at 
the same time. Improper Ca : P ratio in the con-
sumed food portions significantly deviating 
from the  value accepted as normal can disturb 
the calcium-phosphorous balance, as well as reg-
ulatory processes and the  metabolism of  many 
substances in the  body. This can result in, for 
example, a  reduction of  the peak bone mass in 
children and adolescents, and subsequently in 
an  increase of bone deformations and fractures 
as well as osteoporosis [66].

The content of  sodium is another index 
of a healthy diet. Similarly to vitamin intakes, min-
eral intakes are not directly comparable to other 
studies. It is important to note that in all the stud-
ies analysed by our authors  [46, 48, 51, 55, 57, 
63, 65], sodium intake in children was between 
100% and 250% higher than the  recommended 
value. These results confirm the  need to imple-
ment a programme limiting the intake of sodium, 
as it promotes water retention in the body and is 
one of the causes of arterial hypertension in adult 
life  [67, 68]. It is important to note that lifelong 
dietary habits are formed during childhood. There-
fore, a high prevalence of salty foods in childhood 
may lead to a preference for salty tastes later in 
life. Additionally, excessive sodium intake may 
disturb the  absorption of  calcium, since sodium 
enhances excretion of calcium in urine [69].

Moreover, the  intake was too high for magne-
sium and six of the nine analysed vitamins. Similar 
results were obtained in Belgium [46], Greece [55], 
and England [65].

There are several strengths of this study. An ob-
vious one is that by combining studies, a  meta- 
analysis increases the sample size and thus the 
power to study effects of  interest. As far as is 
known, this is the first meta-analysis on nutrition 
of Polish preschool children in comparison to ex-
isting recommendations. Our research allows con-
clusions to be drawn about increased risk of diet- 
dependent diseases in the  later life of preschool 
children.

The meta-analysis detailed herein has certain 
limitations. Firstly, in the  systematic review we 
identified 21 studies analysing the eating habits 
of children in Poland in the last decade, but only 
10 of them could be used in the meta-analysis due 
to significant differences in the method of results 
presentation. Secondly, most of  them are based 
on small samples. Thirdly, the  greatest problem 
is the variety of measurement tools, which were 
not standard international tools, rendering com-
parison of  results with other countries difficult.  
Often authors of  these papers used their own 
tools for which they provided no information re-
garding the  reliability and precision. This factor 
was the major cause of study heterogeneity.

In conclusion, the  outcomes suggest that:  
(i) nutrient intake is not compliant with recom-
mendations for this age group; (ii) the observed 
abnormalities may not only negatively affect 
the physical development of children, but also in-
crease the risk of diet-related diseases in mature 
age – numerous studies demonstrate that cardio-
vascular risk factors and components of the met-
abolic syndrome with onset in childhood persist 
into adult life  [70, 71], and obese children grow 
up into obese adults; (iii) the obtained results sug-
gest that educational programmes (maybe even 
formal interventions) about proper diet need to be 
implemented for preschool children and their par-
ents (e.g. the  15-week intervention programme 
“Junior for Seniors” concerning physical activity 
and nutrition conducted in 2015 [72]) – nutrition-
al education at the earliest age can be a practical 
element of creating dietary behaviours, especially 
as the  preschool period is a  time when children 
have limited independent access to non-recom-
mended foods, e.g. sweets and much depends on 
the  behaviour of  their parents or carers; (iv) no 
studies using standardized measurement tools 
have been carried out in Poland.
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