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Abstract

Objective: To describe regional differences between eastern and western
Germany with regard to food, nutrient and supplement intake in 9–12-year-old
children, and analyse its association with parental education and equivalent
income.
Design: Data were obtained from the 10-year follow-up of the two prospective
birth cohort studies – GINIplus and LISAplus. Data on food consumption and
supplement intake were collected using an FFQ, which had been designed for
the specific study population. Information on parental educational level and
equivalent income was derived from questionnaires. Logistic regression model-
ling was used to analyse the effect of parental education, equivalent income and
region on food intake, after adjusting for potential confounders.
Setting: Germany.
Subjects: A total of 3435 children aged 9–12 years.
Results: Substantial regional differences in food intake were observed between
eastern and western Germany. Intakes of bread, butter, eggs, pasta, vegetables/salad
and fruit showed a significant direct relationship with the level of parental education
after adjusting for potential confounders, whereas intakes of margarine, meat
products, pizza, desserts and soft drinks were inversely associated with parental
education. Equivalent income had a weaker influence on the child’s food intake.
Conclusions: Nutritional education programmes for school-age children should
therefore account for regional differences and parental education.
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In Germany, in the early 1990s, shortly after reunification,

substantial differences in diet between the eastern and

western parts were reported in adults(1). Although food

consumption patterns have since largely converged, dif-

ferences still existed in 1998(2) and hence they probably

do even today.

Furthermore, socio-economic inequalities in food

choice and dietary intakes have been reported constantly

in the past(3–6). These studies supported the hypothesis

that people from higher socio-economic classes have higher
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intakes of healthy foods, such as whole grains, fish, low-fat

dairy products, fresh fruit and vegetables, and lower intakes

of unfavourable foods, such as meat and added fat, and

were thus more likely meet dietary recommendations than

people from lower socio-economic classes. Although these

associations have been studied mainly in adults, as reviewed

recently(7), it is less clear how parental socio-economic

position influences food intake in school-age children. In

this context, it would be worth knowing whether and how

dietary supplement use in children depends on parental

education and household income, as this has become

common in German children and adolescents over the past

years(8). According to the German Health Interview and

Examination Survey for Children and Adolescents (KiGGS),

15% of 12–13-year-old boys and 23% of 12–13-year-old

girls were taking dietary supplements in 2006(9). Educational

inequalities were found; however, as most dietary supple-

ments are quite expensive, household income is likely to

further limit supplement intake in children.

Detailed knowledge of dietary differences associated

with socio-economic inequalities or region of living has

important implications, both for the analysis of epide-

miological studies and for improving interventions to

promote healthy eating. Therefore, the aim of the present

study was to describe potential differences between

eastern and western Germany and the effect of parental

education and equivalent income on food, nutrient and

supplement intake in our study population of 9–12-year-

old children living in Germany.

We hypothesise that the intake of favourable foods in

children, such as fruit and vegetables, as well as the

intake of clearly unfavourable foods such as sweets and

cakes, shows a social gradient, which is probably mainly

determined by the level of parental education and

equivalent income. We further hypothesise that, in addi-

tion to socio-economic differences, regional differences

between eastern and western Germany exist for particular

foods and food groups.

Methods

Study population

Data from two ongoing German birth cohort studies were

combined for the present analysis.

The GINIplus (German Infant Nutritional Intervention)

study is a prospective birth cohort study that comprises the

GINI intervention study (I) and the GINI non-intervention

study (NI) and was initiated to investigate the influence of

nutritional intervention during infancy, as well as that of air

pollution and genetics on allergy development. Details on

study design, recruitment and exclusion criteria have been

described elsewhere(10,11). In brief, between September

1995 and June 1998, a total of 5991 healthy full-term

newborns were recruited from obstetric clinics in two

regions of Germany (urban Munich and rural Wesel).

Group I (n 2252) included infants with a family history of

allergy. In this prospective, double-blind intervention

trial, newborns were randomized at birth to one of three

hydrolysed formulae or to a conventional cow’s milk

formula. The formulae were provided only if the recom-

mended exclusive breast-feeding for the first 4 months

was not feasible or wanted. Infants with no family history

of allergy (n 2507) or with a positive family history but

from parents who refused to participate in the interven-

tion trial (n 1232) were allocated to the NI group. This

group was sent only the yearly questionnaires and did not

receive any of the additional intervention procedures.

All children (I and NI groups) were followed up with

identical questionnaires at 1, 2, 3, 4, 6 and 10 years of age to

collect information on health outcomes and covariates,

such as children’s nutrition and other lifestyle factors. A

total of 3317 children (55?4%) of the original study popu-

lation participated in the 10-year follow-up. Loss to follow-

up was associated with a lower level of parental education,

a negative history of parental atopy, the absence of atopic

diseases in the child during the first 2 years of life and

residency in Wesel; the presence of older siblings was not

associated with discontinuation of the study.

The LISAplus study is a population-based birth cohort

investigating ‘influences of lifestyle-related factors on

the immune system and the development of allergies in

childhood’. Details on study design are described else-

where(12,13). In brief, between November 1997 and January

1999, a total of 3097 newborns were initially recruited

from four German cities: Munich, Leipzig, Wesel and Bad

Honnef. Questionnaires on family history of atopy, par-

ental education and other lifestyle factors were completed

by parents shortly after delivery. Data on the child’s health

were collected by repeated parental-completed ques-

tionnaires at regular time intervals during the first 10 years

(0?5, 1, 1?5, 2, 4, 6 and 10 years of age). Since the 6-year

follow-up, the influences of traffic emission and genetics

on allergy development have become the focus of the

study. A total of 1761 children (56?9%) of the original study

population participated in the 10-year follow-up. Loss to

follow-up was strongly associated with a lower level of

parental education and residency in Wesel or Leipzig,

whereas the absence of older siblings, a negative history of

parental atopy and absence of atopic diseases in the child

during the first 2 years of life showed a weak association

with discontinuation of the study.

In the 10-year follow-up of both studies, an FFQ was

sent to all parents of children who completed the main

questionnaire in advance and who indicated a willingness

to participate in the dietary assessment. Since the FFQ

was provided subsequent to the main questionnaire and

only one written reminder was sent, the participation rate

in the FFQ was overall 67?9 %, based on participation in

the 10-year main questionnaire. Subjects were excluded

because of excessive missing information in the FFQ (n 6)

or because of implausible energy intake (n 6). Thus, the
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present analysis is based on 3435 subjects from GINIplus

(n 2190) and LISAplus (n 1245).

For both studies, approval from the local ethics com-

mittees (Bavarian General Medical Council, University of

Leipzig, Medical Council of North-Rhine-Westphalia) and

written consent from participant’s families were obtained.

FFQ

The FFQ administered to parents was designed to measure

children’s usual food and nutrient intake over the past year,

and more specifically to estimate energy, fatty acid and

antioxidant intake at 10 years of age. The development

including the selection process of the food item list and

validation of the FFQ has been described previously(14).

The FFQ comprised a list of eighty-two food items

accompanied by several questions about the preferred fat

and energy content of products, preparation methods,

diets and food preferences, buying habits and dietary

supplement use. To estimate how often food was con-

sumed by their child on average over the previous year,

parents were asked to choose one of nine frequency

categories, ranging from ‘never’ to ‘four times a day or

more’. In addition, common portion sizes were assigned

for each food item to enable an estimation of quantities.

For food items that are difficult to describe in common

household measures, coloured photographs from the

EPIC (European Prospective Investigation into Cancer

and Nutrition) study showing three different portion sizes

were included(15). The consumption frequencies and

portion size estimates were converted into average con-

sumption in g/d and this information was linked to the

German Food Code and Nutrient Database (BLS) version

II?3?1(16). Where food portions were not illustrated by

pictures, portion size data were obtained from a German

list of portion sizes, and weighting of single foods of

one FFQ item was carried out according to information

obtained from the DONALD (Dortmund Nutritional and

Anthropometric Longitudinally Designed) Study(17) in

order to represent the common consumption frequencies

among the children’s age group. This has been described

in more detail by Stiegler et al.(14). Missing categorical and

continuous variables were replaced by median and mean

frequencies of consumption, respectively, obtained from

the remaining study population.

For food items rich in fat, such as butter, margarine,

sausages and dairy products, additional questions on the

fat content that subjects usually choose were asked and

answers were applied to the relevant items on the list.

Likewise, the energy content of beverages such as soft

drinks and fruit drinks was considered.

Summation questions as introduced by Block et al.(18)

about the average consumption frequencies (per day or

per week) of the food groups bread, fruit, vegetables and

beverages were included at the end of the FFQ as general

consumption frequencies have been assumed to be more

valid than the sum of single frequencies(19). They permit

the adjustment of food consumption to reduce the over-

estimation resulting from the use of a long food item list

while retaining the reported distribution of these foods. If

the sum of the single food items was different from the

overall estimate, individual correction factors were calcu-

lated by dividing the food group intake obtained by the

summation question by the sum of intakes from the single

food items belonging to this food group. Daily food intake

was then multiplied by individual correction factors.

Questions on regular dietary vitamin and mineral sup-

plement use were included at the end of the FFQ. The list

of possible answers included ‘multivitamins’, ‘vitamin C’,

‘vitamin E’, ‘vitamin B’, ‘b-carotene’, ‘Ca’, ‘Mg’, ‘fluorine’ and

‘others’, allowing to specify other supplements regularly

used by the participant. For the purpose of nutrient calcu-

lation, this information was linked to the supplement data-

base of the DONALD Study, which contains detailed data on

all supplement products ever recorded in the study’s 3d

weighted dietary records(17). However, as the contribution

of vitamin intake by supplements was not significant and as

we had only rough information about the dosage and fre-

quency of supplement use, we abstained from including

vitamin intake from supplements for our analyses. Fatty acid

intake by supplementation such as fish oil could anyway

not be considered because this was not recorded in the

DONALD supplement database.

Socio-economic status: parental education

and household income

Parental education was determined on the basis of ques-

tionnaire-derived information about school education

according to the German educational system, and was

defined by the highest grade completed by either the

mother or the father. Thus, children were assigned to the

group of low (less than tenth grade), medium (tenth grade)

or high (more than tenth grade) parental education.

Net household income per month was reported in the 10-

year questionnaire using a 9-point scale ranging from

,h500 to .h3500. The calculation of equivalent income

according to the OECD (Organisation for Economic Coop-

eration and Development) guidelines(20) was carried out by

dividing the net household income by an equivalence fac-

tor, which gives a weight of 1?0 to the first adult, 0?5 to all

other adults and children .14 years, and 0?3 to all children

up to 14 years. As income was measured categorically, we

took the mid-point of each income class to calculate the

income level. For the lowest income level (,h500) we

calculated two-thirds (h333) of this limit, and for the highest

income level (.h3500) four-thirds (h4667), as described

before(21). Finally, the new variable was collapsed into three

groups of low, medium and high household income. To

enable comparing parental education with household

income, a similar class size for both variables was needed.

Therefore, the classification was based on quintiles so that

the percentage of subjects in each group of household

income equals the percentage of children in the respective
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group of parental education. Owing to the different income

structure in the four study areas, classes were calculated

separately for each study centre.

Statistical analysis

Nutrient and food intake data are presented by median

and the 25th and 75th percentiles, stratified by region and

gender. Food intake data are presented in g/d (Table 2)

and as mean contribution to total energy intake (Table 4).

For all nutrients, intake data are given in U/MJ and for

macronutrients the percentage contribution to total daily

energy intake (%E) is also shown (Table 3). Statistically

significant differences between study centres and gender

in food and nutrient intake were tested by the non-

parametric Kruskal–Wallis test.

Logistic regression modelling was used to analyse the

effect of parental education, equivalent income and region

on food intake adjusting for potential confounders. Food

intake data were dichotomised and the upper 25% of intake

for each gender- and centre-specific subgroup was used

as outcome variable. Adjusted OR and the corresponding

95% CI were computed. First, we examined the association

between parental education and food intake adjusted for

the covariates age and parental atopy. We then calculated a

model that included equivalent income, age and parental

atopy. Owing to the correlation between parental educa-

tion and household income (r 5 0?28; P , 0?0001), mutual

adjustment for these two influencing variables was not

allowed. Furthermore, a model for the effect of living in

Leipzig compared with Munich on food intake was ana-

lysed. For this purpose, gender-specific cut-off points for

defining high food intake were used.

Supplement use is described as a percentage of the

study population for boys and girls. In addition, logistic

regression models were calculated to estimate the prob-

ability of regular supplement intake dependent on parental

education and equivalent income, adjusted for gender,

study centre and age. All computations were carried out

using the statistical software R, version 2?9?1 (R Foundation

for Statistical Computing, Vienna, Austria)(22).

Results

The study population consisted of 3435 children (1683 girls

and 1752 boys) aged 9–12 years (median: 10?7). Altogether,

50?3% and 7?8% of all children lived in the urban areas of

Munich (western Germany) and Leipzig (eastern Germany),

respectively, whereas 37?4% and 4?5% lived in the more

rural areas of Wesel and Bad Honnef (both in western

Germany). Table 1 shows the basic characteristics of the

study population stratified for the four study centres.

Children in Munich and Bad Honnef had a higher parental

education than children in Leipzig and Wesel. Similarly,

the highest equivalent income was reported in Munich,

followed by Bad Honnef, Leipzig and Wesel. The mean

body weight and height were 38?0 (SD 7?5) kg and 147?8

(SD 7?4) cm, respectively. The median (50th percentile)

BMI in the whole study population was 16?8kg/m2, 90%

of all children showed a BMI ,20?7kg/m2 and 97%

,23?2kg/m2. Minor differences in the distribution of these

anthropometric measures among the study centres could

be explained by age differences. An FFQ was mostly com-

pleted in autumn (63?9%) compared with winter (15?5%),

spring (13?3%) and summer (7?3%).

The food group intakes in g/d are presented in Table 2

according to study centre and gender. Children in Munich

consumed less bread, margarine, dairy products and

potatoes and more breakfast cereals (only boys), vege-

table oil and fruit/vegetable juices than did children in the

other study centres. The intakes of cheese, fruit, cake/

pastry and tea were highest in children from Leipzig,

whereas they had the lowest intakes of rice, pizza and

vegetables/salad compared with children from the other

study centres. The highest intake for meat and the lowest

intake for butter were observed in Wesel.

The median nutrient intakes per unit energy are pre-

sented in Table 3 according to study centre and gender.

For boys, total energy intake was lowest in Munich, and

for girls in Bad Honnef, whereas Wesel showed the

highest energy intake for boys and Leipzig for girls. The

macronutrient profiles, including energy derived from

protein, carbohydrates and fat, were similar between the

four study centres. Relying on P values, statistically sig-

nificant differences between the four study centres were

observed for all nutrients, except vitamin C.

The two main sources of total daily energy intake were

dairy products and bread, followed by meat products,

breakfast cereals, pasta and fruit/vegetable juices (Table

4). The food groups with the smallest contribution to total

energy intake (,1 %) were ice cream and fruit gums, eggs

and nuts and seeds. The food group ranking in terms

of %E contribution was similar although not identical

between boys and girls. Regional differences between the

study centres were small and derived from the differences

in daily food intake described in Table 2.

Parental education, household income, region and

food intake

The impact of parental education, equivalent income and

regional effects on children’s food intake was investigated

by logistic regression models (Table 5), where the upper

25% of food intake for each gender- and centre-specific

subgroup was the dependent variable. Food groups that

showed a significant direct relationship with the level of

parental education after adjusting for age and parental atopy

were butter, eggs, vegetables/salad, fruit and vegetable oil.

In turn, the intake of meat products, desserts, snacks and

soft drinks was inversely associated with parental education.

In contrast, equivalent income showed a weaker

influence on the child’s food intake. Children with a

comparatively high equivalent income had lower intakes

Socio-economic determinants of children’s diet 1727

https://doi.org/10.1017/S1368980010003575 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980010003575


of meat products and soft drinks and a higher pasta and

fruit intake than those in the lowest income category. A

model including age, parental atopy, parental education

and equivalent income did not indicate that mutual

adjustment would have any effect on the magnitude of

OR (data not shown).

Table 5 also shows the effect estimates for the associa-

tion between region (Leipzig, eastern Germany) compared

with Munich (western Germany) and gender-specific

high food intake controlling for parental education, age

and parental atopy. Compared with Munich, children

from Leipzig had statistically significant higher intakes

of margarine, dairy products, eggs, potatoes, fruit, cake/

pastry, soft drinks and tea and lower intakes of breakfast

cereals, pasta, rice, pizza and vegetable oil.

Supplement use

In total, the percentage of regular supplement users

was 6?9 among boys and 6?6 among girls. About 9?2 % of

both sexes reported adding supplements irregularly to

their diet (Table 6). Multivitamins were the most common

supplements, used by 57?0 % (boys) and 50?5 % (girls) of

all regular supplement users. Among the single vitamin or

mineral products, vitamins C and E, Ca and Mg were the

most important ones. Fluorine was used by 9?0 % of the

boys and 17?1 % of the girls who were taking supple-

ments regularly. A high proportion of children (28?9 % of

all boys and 27?0 % of all girls) indicated taking dietary

supplements other than the ones presented here. Due

to the large variety of different supplements, they have

been summarised into one heterogeneous group labelled

‘other supplements’. The majority of supplement users

(5?8 % and 4?8 %) reported the use of only one type of

supplement; ,2 % took two or more.

Regular supplement use was more common among

children in Munich (7?9 %) and Bad Honnef (8?4 %) than

in Leipzig (4?5 %) and Wesel (5?5 %; data not shown).

The proportion of supplement types varied between

study centres, but because of the small numbers sig-

nificance testing is limited. In Leipzig (66?7 %) and Bad

Honnef (69?2 %), the use of multivitamins was more often

reported than in Munich (54?0 %) and Wesel (48?6 %; data

not shown).

Supplement users were compared with non-users with

respect to parental education and equivalent income in

a multiple logistic regression model (Table 7). Neither

parental education nor equivalent income showed a sta-

tistically significant relationship with regular supplement

use in children, although more regular supplement users

were found among children with medium (7?4 %) or high

(6?8 %) parental education compared with children with

low parental education (4?7 %).

Discussion

The results of the present study suggest an association of

parental education and region with food intake in 9–12-

year-old children, whereas association with the level of

equivalent income was weak. No statistically significant

associations were observed between parental education

or equivalent income and supplement intake in children.

The descriptive food and nutrient intake data of the

present study were partly in very good agreement with

data from the nationally representative eating study

(EsKiMo)(23) as part of the KiGGS study. The absolute

intakes (in g/d) for 10–11-year-old boys in the EsKiMo

study and for 9–12-year-old boys in the present study

Table 1 Basic characteristics of the study population: German children aged 9–12 years, GINIplus and LISAplus studies

Total (n 3435) Munich (n 1730) Leipzig (n 267) Wesel (n 1284) Bad Honnef (n 154)

Mean SD Mean SD Mean SD Mean SD Mean SD

Boys (%) 51?0 51?0 51?7 51?2 48?1
Age (years)

Median 10?72 10?7 10?3 11?0 10?6
P5 10?13 10?2 9?9 10?3 10?0
P95 11?77 11?7 10?9 11?8 11?1

Level of parental education (%)
Low 5?9 3?5 1?1 10?5 3?3
Medium 26?7 16?9 39?7 37?6 22?2
High 67?4 79?6 59?2 52?0 74?5

Equivalent income
Median 1513 1729 1317 1250 1498
P25 1071 1310 972 913 1071
P75 1945 2222 1765 1528 1945

Body height (cm) 147?8 7?4 147?1 7?2 144?5 7 149?5 7?5 146?4 6?2
Body weight (kg) 38 7?5 37?2 7 35?6 6?4 39?6 8?2 37?6 7?4
BMI (kg/m2)

P3 13?8 13?8 14?1 13?8 13?7
P50 (median) 16?8 16?7 16?6 17?1 16?9
P90 20?7 20?1 19?5 21?3 20?9
P97 23?2 22?5 21?8 23?9 22?4

P5, 5th percentile; P95, 95th percentile; P25, 25th percentile; P75, 75th percentile; P3, 3rd percentile; P50, 50th percentile; P90, 90th percentile; P97, 97th percentile.
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were very similar for the food groups bread (105 g and

115 g), cheese (17 g and 15 g), eggs (9 g and 8 g), potatoes

(53 g and 51 g), pasta (37 g and 38 g) and fruit (112 g and

110 g). In contrast, the reported intakes of meat (52 g and

25 g), breakfast cereals (25 g and 9 g), dairy products

(341 g and 244 g) and fruit/vegetable juice (368 g and

193 g) derived from our FFQ were much higher than the

corresponding EsKiMo intake data and may have even

overestimated the true intakes. However, absolute intake

data are in general hardly comparable because of differ-

ent food group definitions and aggregation levels. In any

case, the main sources of total daily energy intake in our

study population were comparable to those reported by

the EsKiMo study. Dairy products (15?5 % and 11 %),

bread (13?8 % and 14 %), fruit/vegetable juices (5?7 % and

7 %) and cake/pastry (5?0 % and 7 %) were ranked among

the first eight food groups in both studies, where the first

value given in brackets corresponds to all boys of the

Table 2 Median intake of food groups per day in the study population by gender and region

Total (n 3435) Munich (n 1730) Leipzig (n 267) Wesel (n 1284) Bad Honnef (n 154)

Food group (g/d) Gender Mean P25 P75 Mean P25 P75 Mean P25 P75 Mean P25 P75 Mean P25 P75 P value*

Bread Boys 115 82 158 104 77 146 124 93 180 134 92 216 124 92 205 ,0?0001
Girls 103 76 141 98 72 137 127 96 170 118 76 176 125 82 162 ,0?0001

Butter Boys 2 0 8 4 1 10 2 1 6 0 0 3 3 0 9 ,0?0001
Girls 2 0 6 4 1 10 4 1 10 0 0 2 2 0 5 ,0?0001

Margarine Boys 1 0 5 0 0 2 3 0 9 4 1 10 1 0 4 ,0?0001
Girls 1 0 5 0 0 1 3 0 10 3 1 9 3 1 6 ,0?0001

Cheese Boys 15 6 35 17 7 36 21 8 38 13 4 33 12 4 23 ,0?0001
Girls 16 6 33 17 7 34 23 12 40 13 5 29 22 8 40 ,0?0001

Meat Boys 52 33 81 45 30 70 46 33 70 64 43 91 47 32 79 ,0?0001
Girls 43 28 64 35 24 55 44 28 61 54 35 79 45 32 65 ,0?0001

Meat products Boys 49 29 75 47 29 73 49 30 73 51 30 82 46 27 74 0?0492
Girls 38 22 59 38 20 57 44 26 60 38 22 63 33 25 52 0?0841

Breakfast cereals Boys 25 8 54 36 11 54 27 9 50 18 7 49 19 9 51 ,0?0001
Girls 19 7 40 21 8 50 20 8 36 18 6 37 22 7 43 0?0074

Dairy products Boys 341 210 580 294 190 464 358 219 571 449 243 740 335 175 577 ,0?0001
Girls 263 153 427 246 134 369 302 176 471 307 166 521 272 147 397 ,0?0001

Eggs Boys 8 5 16 8 5 16 8 8 16 8 5 16 8 5 19 0?0150
Girls 8 5 9 8 5 8 8 5 14 8 5 10 8 5 8 0?5300

Potatoes Boys 51 29 83 38 23 65 64 41 87 73 46 110 65 43 83 ,0?0001
Girls 46 28 73 32 21 63 52 41 77 63 43 98 63 37 83 ,0?0001

Pasta Boys 38 18 61 38 24 61 38 18 38 38 15 38 38 18 55 ,0?0001
Girls 38 18 61 38 24 61 38 15 38 38 15 38 38 18 61 ,0?0001

Rice Boys 13 7 19 13 7 22 8 7 13 13 7 18 10 6 13 0?0123
Girls 13 7 13 13 7 18 8 4 13 13 7 13 13 7 13 0?0060

Pizza Boys 28 13 33 28 16 47 13 11 28 28 13 33 28 11 33 ,0?0001
Girls 28 11 28 28 13 33 11 6 28 28 11 28 28 11 28 ,0?0001

Fish Boys 17 10 28 17 10 28 19 11 28 17 10 28 18 10 31 0?2765
Girls 14 7 24 16 7 25 17 10 26 12 7 22 12 7 23 0?0214

Vegetables
and salad

Boys 104 65 157 111 69 167 54 24 91 100 62 145 119 79 171 ,0?0001

Girls 115 72 171 123 78 177 54 34 102 106 70 160 109 63 161 ,0?0001
Fruit Boys 110 66 159 110 65 156 131 77 232 108 66 154 110 69 161 ,0?0001

Girls 114 79 162 115 83 162 137 93 234 111 67 157 113 67 156 ,0?0001
Cake and pastry Boys 24 15 38 23 15 37 30 19 49 24 15 38 22 13 34 0?0005

Girls 23 15 37 23 14 35 28 19 53 23 15 38 23 15 32 0?0010
Desserts Boys 10 3 18 10 3 17 10 8 18 10 4 18 8 3 18 ,0?0001

Girls 8 3 14 8 3 14 8 4 14 8 3 16 8 4 14 0?0296
Chocolate Boys 11 6 23 10 5 23 12 7 19 12 7 23 10 4 23 0?0653

Girls 10 5 19 9 4 18 9 5 19 10 5 19 10 6 18 0?0871
Ice cream and

fruit gums
Boys 7 4 12 7 4 12 7 3 16 7 4 12 8 4 15 0?5502

Girls 6 4 11 6 3 11 8 4 14 6 4 11 7 4 12 0?1968
Snacks Boys 4 1 7 2 1 4 4 2 6 4 2 7 2 1 7 ,0?0001

Girls 2 1 6 2 1 4 2 1 4 4 2 7 2 1 4 ,0?0001
Nuts and seeds Boys 1 0 3 1 0 3 1 0 2 1 0 2 1 0 3 0?4357

Girls 1 0 2 1 0 2 1 0 2 1 0 2 1 0 4 0?0670
Vegetable oil Boys 2 1 5 3 2 6 1 1 2 2 1 4 2 1 4 ,0?0001

Girls 2 1 4 3 2 5 1 1 3 2 1 3 2 1 5 ,0?0001
Fruit/vegetable

juice
Boys 368 132 714 429 145 744 313 133 665 328 124 683 248 85 624 0?0184

Girls 331 115 630 367 120 656 363 128 640 283 99 584 313 114 623 0?0478
Soft drinks Boys 34 13 120 31 12 94 36 10 132 42 15 162 30 10 83 0?0008

Girls 22 8 65 18 7 48 27 8 78 28 10 94 24 7 98 ,0?0001
Tea Boys 15 0 79 25 5 104 76 22 276 4 0 25 13 2 53 ,0?0001

Girls 24 4 99 34 7 123 90 24 249 11 0 51 21 0 104 ,0?0001

P25, 25th percentile; P75, 75th percentile.
*Kruskal–Wallis test.
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Table 3 Median nutrient intakes per unit energy in the study population by gender and region

Total (n 3435) Munich (n 1730) Leipzig (n 267) Wesel (n 1284) Bad Honnef (n 154)

Nutrient Gender Mean P25 P75 Mean P25 P75 Mean P25 P75 Mean P25 P75 Mean P25 P75 P value*

Energy (kJ) Boys 8971 7349 11 016 8658 7077 10 499 8855 7388 10 991 9472 7707 11 681 8947 7226 10 908 0?0000
Girls 7708 6295 9352 7604 6250 8991 8261 6519 9948 7854 6334 9698 7432 6261 9557 0?0033

Energy (kcal) Boys 2143 1756 2631 2069 1691 2508 2116 1765 2626 2262 1841 2791 2139 1727 2606 ,0?0001
Girls 1840 1503 2234 1816 1493 2147 1973 1557 2373 1874 1512 2316 1775 1496 2281 0?0034

Protein (%E) Boys 14 11 18 14 12 18 14 12 17 15 11 19 14 12 18 ,0?0001
Girls 14 11 18 14 11 17 14 11 17 15 12 19 15 12 20 ,0?0001

Carbohydrates (%E) Boys 54 44 67 55 44 67 56 45 68 54 43 67 57 42 65 ,0?0001
Girls 55 44 68 54 44 66 54 42 68 54 44 68 58 46 72 0?0093

Total fat (%E) Boys 29 22 37 29 23 37 28 22 36 29 23 38 29 21 37 ,0?0001
Girls 29 22 36 29 22 36 29 23 36 28 23 36 29 24 40 0?0406

SFA (mg/MJ) Boys 3237 2433 4268 3212 2445 4170 3265 2494 4114 3264 2457 4359 3123 2228 4499 0?0000
Girls 3163 2425 4080 3138 2388 4098 3324 2536 4015 3146 2401 3955 3237 2493 4316 0?0202

MUFA (mg/MJ) Boys 2707 2068 3519 2754 2094 3587 2617 2190 3239 2707 2049 3582 2767 2024 3323 0?0013
Girls 2645 2025 3391 2634 2016 3409 2663 2087 3232 2600 2021 3374 2679 2149 3374 0?1191

PUFA (mg/MJ) Boys 1130 866 1458 1126 863 1455 1073 861 1268 1150 889 1440 1065 865 1387 ,0?0001
Girls 1140 882 1439 1106 848 1391 1048 813 1327 1183 904 1492 1172 985 1516 ,0?0001

Linoleic acid (n-6; mg/MJ) Boys 955 729 1233 959 726 1235 908 707 1085 974 744 1249 905 705 1165 ,0?0001
Girls 960 741 1230 939 714 1185 872 679 1097 1005 766 1287 981 834 1267 ,0?0001

Arachidonic acid (n-6; mg/MJ) Boys 21 15 28 20 14 27 19 14 24 22 16 31 21 16 31 ,0?0001
Girls 20 15 28 19 13 26 19 13 24 22 17 32 22 17 30 ,0?0001

EPA (n-3; mg/MJ) Boys 3767 2038 6845 3713 2014 6895 4454 2674 8068 3603 2054 6431 3817 1909 7358 0?0284
Girls 3498 1898 6904 3695 1946 7487 4124 2210 8338 3301 1782 5802 3052 1913 6730 0?0151

DPA (n-3; mg/MJ) Boys 1262 720 2010 1195 676 1939 1491 827 2127 1259 741 2076 1303 766 1853 0?0022
Girls 1212 691 2068 1199 660 2058 1373 797 2352 1218 703 1993 1068 727 2236 0?1037

Vitamin A (mg/MJ) Boys 114 75 172 117 77 176 117 77 178 108 72 166 122 88 171 0?6453
Girls 121 86 183 128 89 188 117 82 195 112 82 169 126 89 203 0?0098

Vitamin E (mg/MJ) Boys 999 781 1311 1042 802 1374 942 724 1205 959 763 1259 961 835 1207 0?0166
Girls 1077 835 1382 1092 850 1408 1007 751 1211 1053 820 1352 1183 904 1488 0?3731

Vitamin C (mg/MJ) Boys 10 7 14 10 7 14 10 6 14 10 7 13 10 7 14 0?2121
Girls 11 8 15 11 8 15 10 8 15 11 8 16 12 8 16 0?9318

P25, 25th percentile; P75, 75th percentile.
*Kruskal–Wallis test.
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present study population and the second value to 6–11-

year-old boys of the EsKiMo study. This general good

agreement was also reflected on the nutrient level, as

intakes of the macronutrients fat, protein and carbohy-

drates as well as vitamins E and C corresponded to the

values reported by the EsKiMo study. Only total energy

intake in boys (8971 kJ (2143kcal) and 7586kJ (1813kcal))

seemed to be overestimated in the present study.

For children, the KiGGS study suggests no persisting

dietary differences in intakes between children from

eastern and western Germany(24), which is in contrast to

our findings. We compared food group intakes between

metropolitan areas such as Leipzig in the east and Munich

in the west of Germany and observed some significant

differences for the food groups margarine, dairy products,

eggs, potatoes, fruit, cake/pastry, soft drinks, tea, breakfast

cereals, pasta, rice, pizza and vegetable oil. The study

centres Wesel and Bad Honnef have been excluded

from the analysis although they are located in the west

of Germany. Owing to the heterogeneity of the three

western study centres, rural/urban and north/west differ-

ences would be implied in the east/west comparison.

Certainly, the different socio-economic structures of the

two study centres might have contributed to the observed

regional effects as, for example, parents in Munich (79?6%)

more likely had a high educational level than in Leipzig

(59?2%; see Table 1). Thus, the correlation between

parental education and region (r 5 0?17; P , 0?0001) might

have led to residual confounding even after controlling for

parental education. As this could also affect the association

between parental education and food intake, we calcu-

lated gender- and centre-specific cut-off points for defining

high food intake for analysing the association with parental

education to minimise the described effect.

Comparing present findings with other studies is difficult

because various measures for socio-economic position

have been used, including education, income or occupa-

tion, which have been shown not to serve as adequate

proxies for one another(25). According to the findings of

the present study, the intakes of butter, eggs, vegetables/

salad, fruit, vegetable oil, meat products, desserts, snacks

and soft drinks in children varied by level of parental

education. Our findings are thus in line with probably the

most consistent evidence of dietary inequalities in adults,

showing a lower consumption of fruit and vegetables

among socio-economically disadvantaged groups(4). This

has also been reported by a study carried out in German

schoolchildren, a part of WHO’s cross-sectional survey

HBSC (Health Behaviour in School-Aged Children)(26),

showing that the impact of the social situation was parti-

cularly strong for healthy foods, such as raw vegetables,

fruit and wholegrain wheat bread. A Finnish study in

children aged 9–15 years also reported that children of

families with higher socio-economic status used more fruit

than did children of families with lower socio-economic

status, where family’s socio-economic status was defined

according to the father’s educational level, his occupation

and family income(27). Contrary to our findings, they

reported that high socio-economic status was associated

with a higher margarine intake, whereas children of low

Table 4 Mean contribution of food groups to total energy intake in boys and girls

Boys (n 1752) Girls (n 1683)

Food group
Mean contribution to

total energy intake (%) Food group
Mean contribution to

total energy intake (%)

Dairy products 15?5 Bread 14?3
Bread 13?8 Dairy products 13?6
Meat products 8?7 Meat products 7?7
Breakfast cereals 6?6 Pasta 7?2
Pasta 6?4 Fruit/vegetable juices 6?1
Fruit/vegetable juices 5?7 Breakfast cereals 5?8
Meat 5?5 Cake and pastry 5?5
Cake and pastry 5?0 Meat 5?3
Chocolate 3?9 Fruit 4?5
Fruit 3?5 Chocolate 3?9
Cheese 3?0 Cheese 3?3
Soft drinks 3?0 Butter 2?9
Butter 2?9 Rice 2?8
Potatoes 2?5 Potatoes 2?6
Rice 2?4 Soft drinks 2?3
Vegetable oil 1?7 Vegetable oil 1?8
Pizza 1?6 Vegetables, salad 1?7
Fish 1?4 Pizza 1?5
Vegetables and salad 1?3 Fish 1?4
Margarine 1?2 Margarine 1?3
Desserts 1?2 Desserts 1?1
Snacks 1?2 Snacks 1?1
Ice cream and fruit gums 0?8 Ice cream and fruit gums 0?8
Eggs 0?7 Eggs 0?7
Nuts and seeds 0?7 Nuts and seeds 0?7
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Table 5 Results of logistic regression models of parental education, equivalent income and region on children’s food intake (defined as the upper 25 % of each gender- and center-specific
subgroups)

Parental education Equivalent income Region

Medium v. low (n 888) High v. low (n 2236) Medium v. low (n 699) High v. low (n 2401) Leipzig v. Munich (n 267)

Food group (g/d) aOR* 95 % CI aOR* 95 % CI aOR* 95 % CI aOR* 95 % CI aOR- 95 % CI

Bread 0?89 0?61, 1?29 1?16 0?82, 1?65 0?68 0?48, 0?95 0?90 0?66, 1?22 1?05 0?75, 1?48
Butter 1?11 0?73, 1?67 1?88 1?28, 2?78 1?06 0?74, 1?54 1?37 0?98, 1?92 0?99 0?70, 1?40
Margarine 1?09 0?77, 1?54 0?79 0?57, 1?09 0?95 0?68, 1?32 0?79 0?58, 1?07 3?89 2?85, 5?32
Cheese 0?95 0?66, 1?37 1?12 0?80, 1?58 0?76 0?54, 1?05 0?79 0?58, 1?06 1?19 0?85, 1?65
Meat 1?10 0?78, 1?57 0?81 0?58, 1?14 1?04 0?74, 1?46 0?95 0?70, 1?30 1?15 0?82, 1?60
Meat products 0?78 0?55, 1?10 0?64 0?46, 0?88 0?82 0?59, 1?14 0?68 0?50, 0?92 1?03 0?74, 1?44
Breakfast cereals 1?34 0?91, 1?96 1?43 0?99, 2?07 0?84 0?60, 1?17 0?87 0?64, 1?18 0?64 0?45, 0?92
Dairy products 1?06 0?74, 1?50 0?85 0?61, 1?18 0?82 0?59, 1?14 0?78 0?58, 1?05 1?81 1?31, 2?48
Eggs 1?39 0?94, 2?04 1?45 1?01, 2?09 1?17 0?83, 1?65 1?02 0?74, 1?39 1?39 1?00, 1?92
Potatoes 0?92 0?65, 1?31 0?89 0?64, 1?25 0?87 0?63, 1?21 0?74 0?55, 1?00 2?23 1?63, 3?05
Pasta 1?09 0?79, 1?50 1?25 0?92, 1?69 1?07 0?78, 1?46 1?36 1?02, 1?81 0?42 0?29, 0?59
Rice 1?11 0?80, 1?56 1?09 0?80, 1?50 1?23 0?88, 1?72 1?25 0?92, 1?70 0?60 0?43, 0?83
Pizza 0?85 0?61, 1?17 0?77 0?57, 1?05 1?05 0?76, 1?45 0?99 0?74, 1?33 0?27 0?18, 0?41
Fish 0?83 0?58, 1?18 0?85 0?61, 1?19 1?00 0?71, 1?40 0?93 0?68, 1?27 1?08 0?77, 1?50
Vegetables and salad 1?43 0?95, 2?14 1?70 1?16, 2?51 1?07 0?75, 1?52 1?08 0?78, 1?49 0?73 0?51, 1?05
Fruit 1?99 1?27, 3?10 2?44 1?60, 3?74 1?16 0?80, 1?68 1?44 1?03, 2?02 2?32 1?69, 3?18
Cake and pastry 1?16 0?80, 1?68 1?10 0?77, 1?56 0?85 0?61, 1?19 0?78 0?58, 1?06 1?94 1?42, 2?66
Desserts 0?66 0?48, 0?91 0?53 0?39, 0?73 0?88 0?64, 1?22 0?89 0?66, 1?19 1?15 0?84, 1?58
Chocolate 0?88 0?63, 1?24 0?73 0?53, 1?01 1?00 0?71, 1?41 0?95 0?70, 1?29 0?86 0?61, 1?21
Ice cream and fruit gums 1?01 0?71, 1?43 0?83 0?60, 1?17 1?17 0?84, 1?64 0?86 0?63, 1?17 1?18 0?85, 1?63
Snacks 1?07 0?78, 1?48 0?73 0?54, 0?99 0?95 0?70, 1?29 0?77 0?58, 1?03 1?19 0?88, 1?62
Nuts and seeds 1?14 0?79, 1?64 1?14 0?81, 1?61 1?04 0?74, 1?45 0?88 0?65, 1?19 0?78 0?55, 1?11
Vegetable oil 1?28 0?86, 1?92 1?68 1?15, 2?45 1?24 0?86, 1?80 1?37 0?98, 1?92 0?20 0?12, 0?34
Fruit/vegetable juice 1?06 0?74, 1?52 1?00 0?71, 1?40 1?25 0?87, 1?78 1?16 0?84, 1?61 0?84 0?60, 1?19
Soft drinks 0?67 0?49, 0?93 0?44 0?32, 0?59 0?81 0?59, 1?12 0?63 0?47, 0?84 1?44 1?04, 2?00
Tea 1?03 0?71, 1?49 1?14 0?80, 1?61 0?78 0?55, 1?09 0?82 0?60, 1?10 2?55 1?86, 3?49

aOR, adjusted OR.
Low parental education, low family income and the study centre in Munich formed the reference category.
*OR adjusted for age and parental atopy; centre- and gender-specific cut-off points were used to define high intake (upper 25 %).
-OR adjusted for parental education, age and parental atopy; gender-specific cut-off points were used to define high intake (upper 25 %)
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socio-economic status had a higher intake of butter.

However, although the parental education level was

lower in Leipzig compared with Munich, fruit intake was

higher in this eastern German city. This result strongly

points to the additional impact of further influencing

factors on food intake.

Another study showed that among several potential

predictors of fruit and vegetable consumption analysed in

pre-school children, maternal education emerged to be

positively associated with children’s vegetable consump-

tion whereas no effect of fruit intake was reported(28).

Although the dependence of healthy food intake, such as

fruit and vegetables, on social class has been studied well,

the situation is less clear for some of the foods for which

significant associations have been described in the pre-

sent study. Within the ALSPAC (Avon Longitudinal Study

of Parents and Children) study(29), a positive association

between maternal education and intake of meat products

and soft drinks was shown in 18-month-old children.

Compared with school age, food choice at this age is

completely under the control of parents, which is why

parental socio-economic position might have a different

effect than later in childhood.

Several possible limitations of the study should be

considered. First, it should be noticed that the present

findings are based on a cross-sectional analysis within the

two cohort studies – LISAplus and GINIplus. Even though

study sampling was primarily population-based, the study

population is, as almost every cohort study, subject to

selection bias, and thus the findings are not representative

for Germany. Owing to non-random loss to follow-up,

both cohorts on which the present analysis is based under-

represent children from lower social classes. The true

social inequalities might therefore even be stronger than

reported here. Furthermore, the intakes of a large number

of nutrients and foods were examined, many of which are

correlated with one another. As a result there is the pos-

sibility of type I errors occurring. However, the significant

associations that we have found are either similar to pre-

vious findings or are in line with our previous hypothesis,

which leads us to believe that they are unlikely to be

the result of type I error. Certainly, it has to be considered

that the FFQ was actually not designed to measure, for

example, carbohydrate and protein intakes. However,

since total energy intake as well as the percentage con-

tribution to total daily energy intake of carbohydrates and

protein shows plausible values, we think that this justifies

the analysis of the respective macronutrients. However, it

has to be considered that the food item list included only

those foods that significantly contribute to the intake of

total energy, fatty acids and selected antioxidants.

Unfortunately, we do not have any information on

whether fortified foods were consumed. However,

according to a recent publication(30), the contribution of

fortified foods to total nutrient intake is rather low in

Germany, in particular for vitamins E and A. The authors

further conclude that the base diet is the major con-

tributor to intakes of all nutrients in Europe. When we

included nutrients from supplement intake in our ana-

lyses, the numbers did not change substantially, as the

rather low frequency of regular supplement use in our

study population (,7 %) let assume. However, the rather

Table 6 Prevalence of supplement use in boys and girls

Boys Girls

n % n %

Number of supplements (n 1752) (n 1683)
0 1631 93?1 1572 93?4
1 101 5?8 80 4?8
$2 20 1?1 31 1?8

Frequency
Regular supplement use 121 6?9 111 6?6
Irregular supplement use 161 9?2 155 9?2

Specification (only regular
supplement user)*

(n 121) (n 111)

Multivitamins 69 57?0 56 50?5
Vitamin C 26 21?5 28 25?2
Vitamin E 16 13?2 13 11?7
Vitamin B 3 2?5 7 6?3
b-Carotene 1 0?8 4 3?6
Ca 12 9?9 19 17?1
Mg 18 14?9 16 14?4
Fluorine 11 9?0 19 17?1
Zn 12 9?9 13 11?7
Iodine 5 4?1 9 8?1
Fe 4 3?3 8 7?2
Others 35 28?9 30 27?0

*Multiple answers possible.

Table 7 Results of logistic regression models of parental education and equivalent income on children’s supplement use

Parental education Equivalent income

Low (n 193) Medium (n 888) High (n 2236) Low (n 335) Medium (n 699) High (n 2401)

n % n % n % n % n % n %

User v. non-user 9 4?7 66 7?4 153 6?8 25 7?5 47 6?7 160 6?7

aOR* 95 % CI aOR* 95 % CI aOR* 95 % CI aOR* 95 % CI

1?00 1?62 0?83, 3?55 1?48 0?78, 3?18 1?00 0?89 0?54, 1?50 0?88 0?58, 1?40

aOR, adjusted OR.
*Adjusted for gender, study centre and age.
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vague estimation of nutrient intake from supplements

and the missing information on fortified foods could

have led to misclassification of nutrient intake. However,

the statistical models for the association between socio-

economic factors and region on food intake are not

affected by this matter.

One of the major strengths of the present study was the

food selection method underlying the dietary assessment

method as described previously(14). In brief, this newly

developed FFQ was designed for the specific purpose of

measuring diet, especially fatty acid and antioxidant intake,

in school-age children. The food selection method was

based on a regression approach using data from 9–11-year

old children from the German DONALD Study. The FFQ has

been validated against one 24h dietary recall and has shown

good practicability in the past. In summary, even if the FFQ

is generally believed to overestimate dietary intakes(31), we

believe that this FFQ is valid to rank individuals according

to their dietary intakes and to detect differences between

levels of socio-economic status. Furthermore, this is one of

the few studies in children collecting specific information on

dietary supplement use.

In conclusion, we have found that food intake in

school-age children differs by the level of parental edu-

cation and area of living, but the differences cannot be

attributed to healthy or unhealthy dietary habits. This

suggests that particular efforts should be made to adjust

nutrition education programmes to the target population

characterised not only in terms of education but also by

considering regional particularities.
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