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Abstract

The OPUS (Optimal well-being, development and health for Danish children through a healthy New Nordic Diet (NND)) School Meal

Study investigated the effects on the intake of foods and nutrients of introducing school meals based on the principles of the NND covering

lunch and all snacks during the school day in a cluster-randomised cross-over design. For two 3-month periods, 834 Danish children aged

8–11 years from forty-six school classes at nine schools received NND school meals or their usual packed lunches brought from home

(control) in random order. The whole diet of the children was recorded over seven consecutive days using a validated Web-based Dietary

Assessment Software for Children. The NND resulted in higher intakes of potatoes (130 %, 95 % CI 2·07, 2·58), fish (48 %, 95 % CI 1·33, 1·65),

cheese (25 %, 95 % CI 1·15, 1·36), vegetables (16 %, 95 % CI 1·10, 1·21), eggs (10 %, 95 % CI 1·01, 1·19) and beverages (6 %, 95 % CI 1·02,

1·09), and lower intakes of bread (13 %, 95 % CI 0·84, 0·89) and fats (6 %, 95 % CI 0·90, 0·98) were found among the children during the

NND period than in the control period (all, P,0·05). No difference was found in mean energy intake (P¼0·4), but on average children

reported 0·9 % less energy intake from fat and 0·9 % higher energy intake from protein during the NND period than in the control

period. For micronutrient intakes, the largest differences were found for vitamin D (42 %, 95 % CI 1·32, 1·53) and iodine (11 %, 95 % CI

1·08, 1·15) due to the higher fish intake. In conclusion, the present study showed that the overall dietary intake at the food and nutrient

levels was improved among children aged 8–11 years when their habitual packed lunches were replaced by school meals following the

principles of the NND.

Key words: Interactive Web-based dietary assessments: Children: New Nordic Diet: School meal interventions

Life style-related diseases seem to be initiated in childhood(1),

and since diet affects the health, growth and development of

children to a large extent(2), the diet of children is important.

The Danish National Survey of Diet and Physical Activity

(DANSDA) 2003–8 showed that the overall diet of Danish

children contains too many energy-dense, nutrient-poor

foods, too much sugar, salt, fat and saturated fat, and too

little dietary fibre, fruit and vegetables, and fish(3). The same

picture is found when looking at the intake on weekdays

only(4,5). A report has suggested that the intake of fish, fruit

and vegetables should be increased and that the intake of

high-fat meat products should be replaced with lean meat

products in the lunch meals of Danish children. The report

has also suggested that children’s sugar-rich snack meals

should be replaced by fruit, vegetables and whole-grain

products(5). A similar picture was found in the UK, where

Evans et al.(6) in a cross-sectional survey found that few

packed lunches meet the UK school meal standards.

Danish children have been reported to consume 40–45% of

their daily energy intake during school hours and after-school

activities(7). Denmark has no national school food programme,

and 75% of Danish school children aged 7–10 years bring a

packed lunch from home, usually based on open sandwiches

with Danish rye bread(4). The topping is usually sliced meat

products and liver paste. Fruit and, to a lesser extent, vegetables

are also brought from home(4). Most Danish schools (95%)

*Corresponding author: Dr R. Andersen, fax þ45 35 88 71 19, email rian@food.dtu.dk

Abbreviations: AR, acceptable reporters; NND, New Nordic Diet; OR, over-reporters; UR, under-reporters; WebDASC, Web-based Dietary Assessment

Software for Children.
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subscribe to a milk service and a few schools (0·2%) have

vending machines with sugar-sweetened beverages(8).

Since children spend more time in schools than in any other

environment away from home, schools provide an excellent

setting for public health nutritional interventions that will

reach all children regardless of ethnic and socio-economic

background(7,9,10). Social differences in overweight and obes-

ity, especially among boys of parents with low education,

have widened in Denmark(11). Since establishing healthy

eating patterns in childhood has greater prevention potential

than changes later in life(12–14), establishing healthy dietary

habits should start in childhood.

The OPUS School Meal Study was part of the Danish

research project OPUS (Optimal well-being, development

and health for Danish children through a healthy New

Nordic Diet (NND))(7). The aim of the present part of the

OPUS School Meal Study was to assess the impact of serving

school meals based on the principles of the NND compared

with the usual packed lunches on dietary intake and nutrient

status. The effect of the NND on growth, early disease risk

markers, well-being and absence from school, cognitive

function, food waste and cost, as well as social and cultural

features has been investigated by other research groups.

Unlike the OPUS School Meal Study, most published school

intervention studies have been multi-component studies,

in which changes in existing school meals are combined with

physical activity and/or nutritional education(15–24) often focus-

ing on the prevention of obesity in children(9,16,20,23,25–28).

Other school meal interventions have increased fruit and

vegetable intake as the main focus(29–32). In just a few studies,

professional chefs have been hired to train cafeteria staff in

providing healthier, more palatable school meals. One example

is a recent pilot study that aimed at replacing trans and

saturated fats with unsaturated fats, reducing added sugar and

salt, and increasing whole grains and fibre intake as well as

improving the palatability of the meals, and most of these

aims were achieved(33).

To our knowledge, no randomised controlled trials have

assessed the impact of introducing a full-meal concept with

recipes and menus developed by chefs to ensure the gastro-

nomic potential of the food covering lunch and all snacks

during the school day, as well as measuring children’s dietary

intake, dietary and nutrient status, physical activity, health and

cognitive function(7).

The aim of the present study was to investigate the effects of

serving NND school meals compared with the usual packed

lunches on the dietary intake at the food level, and on the

average energy, macro- and micronutrient intakes of the 834

Danish children aged 8–11 years who took part in the

OPUS School Meal Study.

Subjects and methods

Design

The OPUS School Meal Study was a cluster-randomised,

controlled, unblinded, cross-over study. For two 3-month

periods during the school year 2011–2, children received

school meals based on the NND or their usual packed lunches

(control) in random order. The overall study design has been

described in more detail previously(7). Written informed

consent was obtained from all parents/guardians of the

children. The study protocol was approved by the Danish

National Committee on Biomedical Research Ethics

(H-1-2010-124). The trial was registered in the database

www.clinicaltrials.gov (no. NCT 01457794)(7).

Subjects

The initial contact was established with thirty-nine schools

from the eastern part of Denmark (Zealand and Lolland-

Falster). Children from forty-six school classes (3rd and 4th

grades) at nine Danish schools were invited to participate in

the OPUS School Meal Study. The inclusion criteria for each

school have been described elsewhere(7). Exclusion criteria

for the children were diseases or conditions that might

obstruct the measurements or put the children at risk if

eating the OPUS school diet (e.g. due to nutrient malabsorp-

tion or food allergies). The recruitment procedure, inclusion

and exclusion criteria have been described in more detail

elsewhere(7). In total, 834 children were included in the

baseline part of the study.

Background information

At baseline, each child accompanied by at least one parent or

guardian underwent a 2 h in-depth interview by a trained

interviewer (including instructions on how to use the dietary

assessment tool), either at the school or at home(7). The

educational level of the household was categorised according

to the standard classifications of Statistics Denmark, i.e. as the

highest level of education achieved by a parent in the house-

hold. The variable was divided into six different groups

depending on the educational level (lower secondary edu-

cation, upper secondary education or equivalent, vocational

education, short higher education, Bachelor’s degree or

equivalent, Master’s degree or higher education).

Dietary intervention

During the 3-month NND intervention period, the children

were offered a mid-morning snack, an ad libitum hot lunch

meal and an afternoon snack served in a small bag(7). The

meals were free of charge for all the children in the invited

school classes, regardless of their participation in the study,

and they were produced locally at each school by trained

chefs and kitchen personnel hired for the study. Small

groups of four to six children took part in the cooking every

day. The snacks and lunch meals were designed to cover

40–45 % of the daily energy intake based on the energy

requirement of an 11-year-old boy(5,34). A 3-week menu was

developed for each of the three seasons (autumn, winter

and spring) and was served repeatedly during the season.

The menus complied with the principles of the NND(7,35,36).

Each week, the menu plan was: Monday soup, Tuesday

meat, Wednesday vegetarian, Thursday fish and a buffet day
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on Fridays consisting of pre-made leftovers from the four 1st

days of the week(7). During the 3-month control period, the

children brought their usual packed lunches from home.

The typical packed lunch consists of open Danish rye bread

sandwiches with various toppings, such as sliced meat

products, chocolate spread and liver paste, and fruit and/or

vegetables(4). Water was served with the NND lunch, but

children with milk subscriptions continued to have their

milk as usual.

Dietary assessment

The whole diet of the children was recorded over seven

consecutivedaysusing an interactiveWeb-basedDietaryAssess-

ment Software for Children (WebDASC) developed for the pur-

pose and validated during the OPUS pilot study(37–39). Briefly,

WebDASC is a self-administered Internet-based interactive

food record tool for use by children aged 8–11 years with or

without support from their parents, completed at the end of

the day. The parents and children were instructed on how to

use the dietary assessment tool by a trained interviewer before

the study. Reminder emails were sent to the parents if the dietary

assessments were not completed on a daily basis during the

assessment periods, reminder telephone calls were made

when dietary assessment was not initiated, and a telephone hot-

line was available for the families at all times in case of questions.

The dietary assessment was recorded during the weeks before

the clinical measurements as described elsewhere(7), and

included a baseline measurement and measurements at the

end of the first and at the end of the second dietary intervention

period. Since the schools joined the study one by one, the first

dietary assessment started between August and November

2011, and data collection ended in June 2012. Children without

access to a computer or the Internet filled in a paper version of a

7 d pre-coded food record based on the food-record used in the

DANSDA 2003–8(3).

Estimation of dietary intake

The intake data were processed by the in-house-developed

General Intake Estimation System, a system originally

developed for the DANSDA(3), which interpreted the recorded

consumption into the ingredients that form the basis for the

further calculations and estimations of intake of food, energy

and nutrients for each individual. For these calculations, intakes

were directly collected by querying the WebDASC data tables.

The General Intake Estimation System used recipes developed

for the WebDASC covering both ordinary and OPUS foods. The

nutrient data were obtained from the Danish Food Composition

Databank, revision 7(40), supplied with data compiled in-house

for the new Nordic foods. Dietary intake was estimated for each

child as an average of the days recorded. Dietary intake was

estimated for thirteen food groups, energy intake, energy

distribution, nine macronutrients and nineteen micronutrients

(ten vitamins and nine minerals).

Energy density was calculated as energy (kJ) divided by

weight (g) for food and beverages separately. Food was defined

as solid food and liquids consumed as food (e.g. soups and

yogurt). Beverages were defined as either energy-containing

(e.g. milk, sweetened drinks and juice) or non-energy-contain-

ing (e.g. water and artificially sweetened drinks).

Under-, acceptable and over-reporters

Under-reporters (UR), acceptable reporters (AR) and over-

reporters (OR) were determined by the subjects’ EI:BMR ratio

(EI; mean reported energy intake) and classified by cut-offs

suggested by Black(41) as follows: EI:BMR # 1·05 for UR,

EI:BMR ¼ 1·06–2·27 for AR and EI:BMR $ 2·28 for OR, using

a physical activity level of 1·55. The BMR was calculated from

descriptive equations (Oxford prediction) using height,

weight, sex and age(42).

Statistical analysis

Analyses included standard descriptive statistics. All means and

medians include both eaters and non-eaters (with zero intakes).

Hierarchical mixed models were used to investigate the effect

of eating the NND compared with the control separately for all

food groups, energy intake, energy distributions, energy density,

micro- and macronutrients. Since the children were nested in

classes, and the classes were nested in schools, the models

included three random effects (child, class and school). The

models also included fixed effects: sex (boy and girl); grade

(3rd and 4th); season (autumn, winter and spring), BMI (in four

groups of approximately similar size: BMI #15·6 kg/m2,

15·6 , BMI # 16·6 kg/m2, 16·6 , BMI # 18·6 kg/m2 and

BMI . 18·6 kg/m2); diet (packed lunch and NND); dietary

period; household education (lower secondary education,

upper secondary education or equivalent, vocational education,

short higher education, Bachelor’s degree or equivalent, Master’s

degree or higher education).

Possible carry-over effects were tested by the interaction

between diet and dietary period, allowing for different effects

of the NND in the first and second dietary periods.

Some children had zero intakes of some of the food groups

(e.g. cheese, potatoes, poultry or fish), which means that the

assumptions behind the normal models are not fulfilled, and

these semi-continuous outcomes were therefore analysed in

two steps(43): first, a logistic regression model with random

effects for the binary outcome (intake v. no intake) giving

the odds of having a zero intake, and then the above-

mentioned hierarchical mixed model for the continuous

outcome for the children with a positive intake only.

In separate hierarchical mixed models, the effect of reporting

(UR, OR and AR) was included together with sex (boy and girl),

grade (3rd and 4th), diet (packed lunch and NND) and dietary

period. The main reason for this was to see whether the effect

of diet was influenced by this change in the model.

A separate hierarchical mixed model was also used to test

whether children who dropped out of the study differed

from the rest of the children with regard to energy intake

and energy distributions at baseline.

The assumptions underlying the models were tested using

residual plots and quartile-quartile (QQ) plots.
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The outcomes were all continuous variables, and most vari-

ables (all food groups, all micronutrients and dietary fibre)

were transformed using the natural logarithm (log2). All trans-

formed variables were back-transformed using the anti-log

when presenting the results.

All statistical analyses were performed using SAS version 9.3

(SAS Institute, Inc.). The significance level chosen was P,0·05.

Results

In total, 834 children were included in the present study: 798

(95·7%) completed the first dietary assessment sufficiently

(intake registered 4–7d), twenty-six completed the dietary

assessment insufficiently (0–3 d) and ten dropped out; 741

(88·8%) completed the second dietary assessment sufficiently,

thirty completed the dietary assessment insufficiently and

twenty-seven dropped out; and 663 (79·5%) completed the

third dietary assessment sufficiently, forty-nine completed the

dietary assessment insufficiently and thirty-one dropped out.

During the first, second and third dietary assessments, six, five

and four children used the paper version, respectively. The base-

line characteristics of the children included are shown in Table 1.

All results are based on average total daily intakes.

Carry-over effects

For most variables, no carry-over effect of the dietary period

was observed. A carry-over effect was found for vitamin D

(P¼0·007), vitamin E (P¼0·04) and vitamin C (P¼0·02), but

this was found to be due to seasonal variation, because the

carry-over effect disappeared when we adjusted for seasonal

variation (P¼0·3, 0·7 and 0·8, respectively).

Effects of the New Nordic Diet on the intake of
food groups

All children reported consuming milk, bread and other cereals,

vegetables, fruit, meat, eggs, fats, sugar and candy, and bev-

erages (excluding milk) on a daily basis. However, certain

food groups (cheese, potatoes, poultry and fish) were not

eaten by all children during the control and intervention periods

(Table 2). The children had significantly higher odds of eating

cheese (OR 2·66, 95% CI 1·24, 5·68), potatoes (OR 16·2,

95% CI 3·84, 68·39) and fish (OR 3·79, 95% CI 2·80, 5·15)

during the NND period than in the control period, but this

was not the case for poultry (P¼0·23) (Table 3).

Among the consumers (intake above zero), significantly

(P,0·0001) higher intakes (% increase) of potatoes and potato

products (130%, 95% CI 2·07, 2·58), fish and fish products (48%,

95% CI 1·33, 1·65), cheese and cheese products (25%, 95% CI

1·15, 1·36), vegetable and vegetable products (16%, 95% CI 1·10,

1·21) and eggs (10%, 95% CI 1·01, 1·19), as well as beverages

(excluding milk) (P¼0·0004) (6%, 95% CI 1·02, 1·09) were

reported during theNNDperiod than in the control period. Signifi-

cantly lower intakes (% decrease) of bread and other cereal

products (13%, 95% CI 0·84, 0·89; P,0·0001) and of fats

(6%, 95% CI 0·90, 0·98; P¼0·006) were reported during the NND

period than in the control period (Table 3). No differences in the

reported intake of milk and milk products (P¼0·87), fruit and

fruitproducts (P¼0·46),meat andmeatproducts (P¼0·66),poultry

and poultry products (P¼0·42) or sugar and candy (P¼0·29) were

found between the two periods (Table 3).

Effect of the New Nordic Diet on energy intake, energy
distributions and energy densities

No difference was found in the average energy intake per d

between the NND and control periods (P¼0·44) (Table 4).

However, the energy density from food (P,0·0001) and bev-

erages (P¼0·001) was lower during the NND period than in

the control period. On average, energy density was 0·5 kJ/g

less from food and 0·04kJ/g less from beverages during the

NND period than in the control period (Table 4). Finally, the

energy distributions from fat and protein were both statistically

different (P,0·0001) between the two periods, with children

reporting on average 0·9% lower energy intake from fat and

0·9% higher energy intake from protein during the NND

period than in the control period with packed lunches. No

differences in energy distribution from carbohydrate and

added sugar were found between the two periods (P¼0·72

and 0·56) (Table 4).

Effect of the New Nordic Diet on the intake of
macronutrients

Children reported a significantly lower average daily intake of

total fat (2·4 g, P¼0·0007), saturated fat (1·3 g, P,0·0001), mono-

unsaturated fat (0·7 g, P¼0·01) and trans-fatty acid (0·05 g,

P¼0·02) during the NND period than in the control period, and

they reported an average higher daily intake of protein (3·4 g,

P,0·0001) (Table 4). The intake of dietary fibre was borderline

significantly higher during the NND period than in the control

period (P¼0·05). No differences in the intake of polyunsaturated

fat (P¼0·82), carbohydrate (P¼0·71) and added sugar (P¼0·27)

were found between the two periods (Table 4).

Effect of the New Nordic Diet on the intake of
micronutrients

For the majority of the micronutrients, the NND period

resulted in higher reported average daily intakes than in the

control period with packed lunches (Table 5).

Table 1. Baseline characteristics of the children included in the study

(Mean values and standard deviations)

All (n 798) Boys (n 471) Girls (n 381)

Mean SD Mean SD Mean SD

% 100 52·3 47·7
Age (years) 9·98 0·6 10·4 0·6 9·9 0·6
Weight (kg)* 35·0 7·1 35·4 7·2 34·7 6·9
Height (cm)† 142·5 7·1 142·7 7·2 142·1 7·0
BMI (kg/m2)* 17·1 2·4 17·2 2·4 17·1 2·4

* n 792.
† n 793.
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The largest effect was found in the intake of vitamin D

(P,0·0001), with a 42 % higher intake during the NND period

than in the control period. The children reported 5–8 % higher

intakes of vitamin E (P,0·0001), niacin (P,0·0001), vitamin

B6 (P,0·0001), folate (P¼0·0006) and vitamin C (P¼0·0003)

during the NND period than in the control period. No differ-

ences were found in the intakes of vitamin A (P¼0·32), B1

(P¼0·16), B2 (P¼0·70) and B12 (P¼0·07) (Table 5).

The largestdifference in the intakeofmineralsbetween theNND

andcontrol periodswas found for the intakeof iodine (P,0·0001),

where the intake in the NND period was 11% higher than that in

the control period with packed lunches. The average reported

intakes of P (P,0·0001), Mg (P¼0·002), Fe (P,0·0001), Se

(P,0·0001) and K (P,0·0001) were 3–8% higher during the

NND period than in the control period. The intake of Zn was

borderline significantly higher during the NND period than in

Table 2. Median daily food intakes in children during the control period with packed lunches and
during the intervention period with New Nordic Diet (NND) lunches

(Median values with their 10th and 90th percentiles)

Control (n 704) NND (n 700*)

Percentile Percentile

Food group (g/d) Median 10 90 Median 10 90

Milk and milk products 322 104 609 323 113 650
Cheese and cheese products 17 4 40 22 5 50
Bread and other cereal products 193 130 283 170 104 248
Potatoes and potato products 37 2·4 100 82 26 176
Vegetables and vegetable products 112 45 207 126 60 227
Fruit and fruit products 114 28 244 103 36 239
Meat and meat products 88 39 161 88 38 163
Poultry and poultry products 17 0 55 17 0 52
Total fish and fish products 9 0 50 22 1 64

Fat fish and fish products 0 0 29 5 0 36
Lean fish and fish products 3 0 27 10 0 41

Eggs 14 3 37 16 5 37
Fats 23 10 41 21 10 37
Sugar and candy 40 14 77 41 13 78
Beverages† 692 346 1161 720 367 1257

* n 699 for milk and milk products.
† Excluding milk.

Table 3. OR of non-zero intakes for the New Nordic Diet (NND) compared with packed lunch (model 1) and the effect of the NND on food
groups compared with the control (model 2)

(Odds ratios or estimates and 95 % confidence intervals)

Model 1* Model 2†

n P OR 95 % CI n P Estimate 95 % CI‡

Milk and milk products – – – – 745 0·87 1·00 0·95, 1·04
Cheese and cheese products 750 0·012 2·66 1·24, 5·68 740 ,0·0001 1·25 1·15, 1·36
Bread and other cereal products – – – – 745 ,0·0001 0·87 0·84, 0·89
Potatoes and potato products 750 0·0002 16·2 3·84, 68·39 742 ,0·0001 2·31 2·07, 2·58
Vegetables and vegetable products – – – – 745 ,0·0001 1·16 1·10, 1·21
Fruit and fruit products – – – – 745 0·46 0·97 0·91, 1·04
Meat and meat products – – – – 745 0·66 0·99 0·94, 1·04
Poultry and poultry products 750 0·23 0·85 0·65, 1·11 695 0·42 1·05 0·94, 1·17
Total fish and fish products 750 ,0·0001 3·79 2·80, 5·15 691 ,0·0001 1·48 1·33, 1·65

Fat fish and fish products 750 ,0·0001 1·61 1·29, 1·99 522 0·02 1·19 1·03, 1·38
Lean fish and fish products 750 ,0·0001 1·87 1·49, 2·34 612 ,0·0001 1·47 1·30, 1·65

Eggs – – – – 745 0·03 1·10 1·01, 1·19
Fats – – – – 745 0·006 0·94 0·90, 0·98
Sugar and candy – – – – 744 0·29 0·97 0·91, 1·03
Beverages§ – – – – 745 0·0004 1·06 1·02, 1·09

n, number of children who contributed to the analyses.
* Model 1 includes children with zero intakes. Analysed by logistic regression models for the binary outcome (intake v. no intake) with random effects to take

the design into account. The analyses were carried out for the food groups for which the children had a zero intake, controlling for sex, grade and dietary period
(the OR of non-zero intakes in the NND group compared with packed lunch).

† Model 2 includes children with intakes greater than zero. Analysed by hierarchical mixed models, controlling for random effects (child, class and school) and fixed
effects (sex, grade, dietary period, BMI, season eating the NND and household education).

‡ All food groups were log2 transformed; hence estimates are expressed in percentages.
§ Excluding milk.
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the control period (P¼0·05). No differences in the intakes of Ca

(P¼0·06) and Na (P¼0·07) were found between the two periods

(Table 5).

Sex and grade differences

With the exception of vitamin C, significant sex differences

(P,0·05) were found between the reported intakes for all

macro- and micronutrients, total energy intake and food

energy density, with the girls having a lower intake than

boys. The same pattern was found for several of the food

groups (bread/cereals, meat, fats, sugar/candy and bev-

erages). Fruit intake was higher in girls than in boys. However,

no differences were found between boys and girls (P.0·05)

for the intakes of milk, cheese, potatoes, vegetables, poultry,

fish and eggs, and energy density or energy intake distri-

butions from fat, carbohydrate, added sugar and protein.

For thirteen of the nineteen micronutrients, differences

were found between the children attending the 3rd and 4th

grades (P,0·05), with the children attending the 3rd grade

reporting higher average intakes than those in the 4th grade

(vitamin A, vitamin B1, vitamin B2, niacin, vitamin B6, folate,

vitamin B12, C, Ca, P, Mg, Se and K). There was also a

borderline significant difference for milk. For the remaining

variables, no differences between the children attending the

3rd and 4th grades (P.0·05) were observed.

Over- and under-reporters

In the three dietary assessments, 9–14 % of the children were

classified as UR and 2–3 % as OR. The effect of eating the

NND on most variables was the same whether the child was

an UR, an AR or an OR. However, for monounsaturated fat,

trans-fatty acids and fats, the effect changed from a significant

(P values shown in Tables 3 and 4) to a non-significant

(P.0·05) decrease. For vitamin B12 and Ca, the effect of

eating the NND changed from being a non-significant

(P values shown in Table 5) to a significant (P,0·05) increase.

The variables with a borderline significance (dietary fibre and

Zn; P values shown in Tables 4 and 5) changed to having a

significant increase.

Dropouts

Of the total children, sixty-eight dropped out of the study. Of

these, fifty-five completed the dietary assessment at baseline.

Their total energy intake and the energy distribution from

fat and carbohydrate were not different from the remaining

children (P.0·05). Their energy distribution from added

sugar was significantly higher (P¼0·0002), and their energy

distribution from protein was significantly lower (P¼0·03)

than those in the children who continued in the study. More

detailed dropout analysis has been described previously(7).

Discussion

In the present cluster-randomised, cross-over, school-based

intervention study with Danish children aged 8–11 years,

the overall diet was nutritionally improved during the period

when the children were offered free school lunch and

snacks based on the principles of the NND compared with

their habitual diet during a school day. Other effects of the

NND on health and function outcomes and economic

considerations will be reported elsewhere.

Since the intervention replaced lunch packs traditionally

based on cold sandwiches with hot meals, it is not surprising

that the intake of bread decreased during the intervention

period and the intake of potatoes increased. The increased

Table 4. Mean daily energy and macronutrient intakes in children during the control period with packed lunches and during the intervention period with
New Nordic Diet (NND) lunches and the effect of the NND on energy and macronutrients compared with the control

(Mean values and standard deviations; estimates and 95 % confidence intervals)

Control (n 704) NND (n 700) Effect*

Energy and macronutrients Mean SD Mean SD P Estimate 95 % CI

Energy (MJ/d) 7·5 1·9 7·4 2·0 0·44 250·5 2177·8, 76·9
Energy density from food (kJ/g) 7·8 1·2 7·4 1·2 ,0·0001 20·46 20·56, 20·37
Energy density from beverages (kJ/g) 0·88 0·38 0·84 0·37 0·001 20·04 20·06, 20·02
Energy from fat (%) 33 4 32 4 ,0·0001 20·94 21·27, 20·61
Energy from total carbohydrate (%) 52 5 52 5 0·72 0·07 20·32, 0·47
Energy from added sugar (%) 11 5 11 5 0·56 20·10 20·45, 0·24
Energy from protein (%) 15 2 16 3 ,0·0001 0·86 0·67, 1·06
Total fat (g/d) 66 20 64 20 0·0007 22·39 23·77, 21·01
Saturated fat (g/d) 26 9 25 8 ,0·0001 21·30 21·91, 20·69
Monounsaturated fat (g/d) 24 7 23 8 0·01 20·67 21·21, 20·13
Polyunsaturated fat (g/d) 10 3 10 3 0·82 20·03 20·26, 0·20
Trans-fatty acids (g/d) 1·4 0·56 1·4 0·54 0·02 20·05 20·09, 20·01
Carbohydrate (g/day) 237 61 236 65 0·71 20·81 25·1, 3·48
Added sugar (g/d) 51 26 50 27 0·27 21·06 22·96, 0·83
Dietary fibre (g/d) 17 6 18 6 0·05† 1·03‡ 1·00, 1·05
Protein (g/d) 67 19 71 21 ,0·0001 3·37 1·99, 4·74

* Analysed by hierarchical mixed models, controlling for random effects (child, class and school) and fixed effects (sex, grade, dietary period, BMI, season eating the NND and
household education).

† Borderline significant.
‡ Dietary fibre was log2 transformed; hence this estimate is expressed in percentages.
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fish andvegetable intakewas in agreementwith theprinciples of

the NND(35), but this was not the case for the higher intake of

cheese during the NND period than in the control period. This

could be a consequence of using cheese as a flavouring, for

example with potatoes and vegetables, and as a supplement to

soups. Moreover, skyr (an Icelandic cultured low-fat, high-

protein dairy product) was used in several sauces and dressings

and was categorised as cheese (similar to curd cheese). The

increased fish intake was mirrored in an increased intake of

vitamin D and iodine, and the increased potato intake was mir-

rored in an increased intake of K. Fruit is an important part of the

NND, and fruit (mainly apples, pears and dried berries) was

offered to the children every day at school, either as part of

the lunch or as an afternoon take-away snack. It was therefore

unexpected that the reported fruit intake during the NND

period was not greater than that in the control period, and it

must be assumed that the fruit was either not eaten or not

registered, or that fruit was already a part of the packed lunch

brought from home during the control period. Fruit intake has

been a focus point in Danish schools for several years in the

form of, for example, ‘fruit breaks’(44), and the fruit intake

among Danish children is in the high end compared with

other European countries(45). Some other intervention studies

have focused on fruit and vegetables, but only improved the

fruit intake, not the vegetable intake(30), so although the fruit

intake was not improved in the present study, it was gratifying

that the intake of vegetables increased. The intake of fats

decreased and the fat quality improved during the NND

period compared with the control period, and this result was

in accordance with the principles of the NND, which aim to

fulfil the official nutrition recommendations(34). No differences

were seen in the overall energy intake between the NND and

control periods; however, the aim of the OPUS School Meal

Study was not weight loss. The energy intake from fat was also

reduced and the energy intake from protein increased during

the NND intervention period. The total energy intake in the

children taking part (7·4–7·5 MJ/d) was lower than the data

from a similar age group in the DANSDA 2003–8 (8·4 MJ/d)(3),

but higher than that found in the OPUS pilot study (7·2 MJ/d),

when flu was prevalent during the dietary assessment

period(39). However, the energy distributions of the dietary

intakes during both the NND and control periods were similar

to both the National Survey and the pilot study(3,39). It was

found that the intervention had no impact on the total intake

of added sugar (and carbohydrate). It can be speculated that

any changes in the dietary intake during school hours might

have been compensated for outside school hours and thus be

responsible for this lack of difference(18). Further analyses are

needed to evaluate whether and how consumption of NND

school meals may have an impact on food choices outside of

school hours.

The differences in the intakes of some nutrients and food

groups between the NND intervention period and the control

period were small, and it can be questioned whether a 3–8%

increase in the intake of some micronutrients has relevant

nutritional beneficial effects for apparently healthy Danish

children. However, the overall quality of the diet was improved

(e.g. more fish and vegetables and less saturated fat).

Table 5. Median daily micronutrient intakes in children during the control period with packed lunches and during the intervention period
with New Nordic Diet (NND) lunches and the effect of the NND on micronutrients compared with the control

(Median values with their 10th and 90th percentiles; estimates and 95 % confidence intervals)

Control (n 704) NND (n 700)

Percentile Percentile Effect*

Micronutrients Median 10 90 Median 10 90 P Estimate 95 % CI†

Vitamin A (RE/d) 628 287 1453 609 292 1193 0·32 0·98 0·93, 1·02
Vitamin D (mg/d) 1·9 0·98 5·5 2·39 1·10 11·9 ,0·0001 1·42 1·32, 1·53
Vitamin E (a-TE/d) 5·5 3·3 8·1 5·8 3·5 9·2 ,0·0001 1·08 1·05, 1·12
Vitamin B1 (mg/d) 1·0 0·7 1·5 1·0 0·7 1·5 0·16 0·98 0·96, 1·01
Vitamin B2 (mg/d) 1·3 0·9 2·0 1·3 0·8 2·1 0·70 1·00 0·98, 1·03
Niacin (NE/d) 22 14 31 23 15 33 ,0·0001 1·05 1·03, 1·08
Vitamin B6 (mg/d) 1·2 0·8 1·6 1·2 0·8 1·8 ,0·0001 1·07 1·05, 1·09
Folate (mg/d) 225 146 336 233 147 349 0·0006 1·05 1·02, 1·07
Vitamin B12 (mg/d) 4·3 2·2 7·6 4·3 2·4 7·5 0·07 1·03 1·00, 1·07
Vitamin C (mg/d) 70 36 132 76 36 143 0·0003 1·08 1·04, 1·13
Ca (mg/d) 845 533 1258 872 523 1366 0·06 1·02 1·00, 1·05
P (mg/d) 1195 815 1680 1249 822 1799 ,0·0001 1·04 1·02, 1·06
Mg (mg/d) 248 173 351 258 170 372 0·002 1·03 1·01, 1·05
Fe (mg/d) 8·3 5·5 12 8·7 5·7 12 ,0·0001 1·05 1·03, 1·07
Zn (mg/d) 9·2 6·1 13 9·4 6·0 14 0·05‡ 1·02 1·00, 1·04
I (mg/d) 170 109 283 194 112 318 ,0·0001 1·11 1·08, 1·15
Se (mg/d) 36 23 56 38 24·2 60 ,0·0001 1·05 1·03, 1·08
Na (g/d) 2·9 1·9 4·0 2·8 1·9 4·0 0·07 0·98 0·96, 1·00
K (g/d) 2·3 1·6 3·3 2·6 1·6 3·6 ,0·0001 1·08 1·06, 1·11

RE, retinol equivalent; TE, tocopherol equivalent; NE, niacin equivalent.
* Analysed by hierarchical mixed models, controlling for random effects (child, class and school) and fixed effects (sex, grade, dietary period, BMI, season eating

the NND and household education).
† All micronutrients were log2 transformed; hence estimates are expressed in percentages.
‡ Borderline significant.
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A reduced risk of CVD has been suggested among adults with

an increased intake of fruit and vegetables, or an increased

intake of fish, or a reduced intake of saturated fat(46–48). The

long-term implications and improvements in health are diffi-

cult to predict, but consumptions of traditional Nordic foods

have been associated with reduced mortality in adults, and

randomised trials in high-risk individuals have shown

improvements in the risk markers of CVD(49,50). Although

some of the changes are small, they are all in the direction

of a diet and nutritional improvement. Moreover, the positive

effects shown are the result of just one lunch meal and two

snack meals eaten only on weekdays over 3 months, and

the effects are therefore ‘diluted’ by food eaten outside

school. This school meal intervention based on the principles

of the NND(35) introduced many new foods and flavours to the

children. Additionally, eating foods from one’s own geo-

graphical region may have environmental implications by

reducing the burden of transport and production(35).

The differences found between the 3rd and 4th grade

children may be explained by the fact that children in the

3rd grade are often supervised by teachers during most activi-

ties during the day, while this is not the case for many of the

4th graders. During the OPUS School Meal Study, observations

by the researchers present at the schools strongly suggested

that the 3rd graders followed the guidelines of the teachers

and the encouragements of the chefs and other kitchen staff

to taste the food, whereas the 4th graders were often less

guided by the teachers and typically in a hurry to get outside

to play after the lunch break. Moreover, the 3rd graders may

have received more parental aid with the dietary assessment

in the WebDASC than the 4th graders. Sex differences may

be explained by a combination of a slightly higher body

weight (700 g) and a relatively higher proportion of lean

body mass in boys.

The NND school meals were free and inevitably cheaper

than the packed lunches brought from home. The present

study was thus an artificial situation designed for research

purposes, where the focus was on testing the effect of the

NND on multiple outcomes. If a school meal programme is

rolled out in Denmark, meals will not be free. However, the

price could be differentiated depending on the income of

the parents, as seen at a school meal project in Copen-

hagen(51). Whether this price principle could be employed

over the entire country is uncertain. The economic aspects

of a school meal programme are crucial for its success in

real life, and the costs of NND school meals will be addressed

separately. However, schools provide an excellent setting for

public health nutritional interventions, because they give the

potential to reach all children regardless of ethnic and socio-

economic background.

To our knowledge, no randomised controlled trial has

assessed the impact of introducing a full-meal concept

prepared by chefs and covering lunch and snacks during the

school day, including the measurement of children’s dietary

and nutrient intake using a Web-based dietary assessment

tool especially developed for children. However, good inten-

tions with high-quality food prepared by professional chefs

based on new recipes and ingredients and the use of a

child-friendly tool to assess the intake will not lead to any

improvements in the diet, health and development of the chil-

dren if the foods are not consumed by the children(52). Several

factors are known to influence the intake of food, including

adequate time to eat the food, a feeling of ownership of the

food, the presentation of the food, food being recognisable

to the children and a pleasant eating environment(53). In the

OPUS School Meal Study, several actions were taken to meet

these challenges. The lunch break was extended during the

NND period from the normal 15 to 20–25 min. Small groups

of children took part in the cooking every day; they presented

the foods to their classmates and helped with the serving of

the food, in order to create a feeling of ownership of the

food. Moreover, the children were encouraged to taste all

the food served and to have a reasonable plate distribution

between meat/fish, vegetables and starchy foods. The

weekly menu of the season was repeated every 3 weeks,

which increased the likelihood of the food being recognisable

to the children. Finally, the food was served at set tables in the

classroom or in a common eating area depending on the

facilities of the schools.

The general strengths and limitations of the study have been

described elsewhere(7). The novel interactive Web-based diet-

ary assessment tool developed for children was a help for the

families who took part, because they found it relatively easy to

use(37). However, one limitation was that some of the families

had no access to their own computer. During the lunch

breaks, a lot of effort was put into motivating the children to

try new foods and dishes. However, one limitation was not

having adult ‘food ambassadors’ encouraging the children to

eat the food at every school in the same way. The pilot

study was conducted during the winter season, and the

recipes used in the pilot study therefore included winter-

season recipes. However, the main OPUS School Meal Study

was conducted over three seasons (autumn, winter and

spring), and one possible limitation of the study was that

the autumn- and spring-season recipes had not been tested

on a large scale beforehand. The eating environment during

the NND period was not the same as that of the control

period, favouring the NND meals (longer lunch break and

nicer eating environment). Finally, since NND meals were

very different from packed lunch, 3 months might not have

been enough time to familiarise the children to the NND.

Under- and over-reporting of energy intake can affect dietary

surveys(54). In the present study, the effect of the NND with

regard to reducing intakes of monounsaturated fat, trans-

fatty acids and fats became non-significant after adjusting for

the reporting status (OR, UR and AR), which could indicate

differential reporting of fat intake for the three types of repor-

ters. The children who dropped out of the present study did

not differ from those who continued in the study with

regard to their average total energy intake, but they did

have a higher energy distribution from added sugar and a

lower energy distribution from protein. This emphasises the

importance of schools as a setting to reach all children

regardless of their nutritional background in order to help

the children who are most in need(55).
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In conclusion, the present study showed that the overall

dietary intake at the food and nutrient levels was improved

among children aged 8–11 years when their habitual packed

school lunches were replaced by school meals following the

principles of the NND.
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