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Abstract
Background: The importance of healthy school meals have in Sweden been highlighted with a
new legislation from 2011 requiring nutritious school meals. In order for primary schools and
municipalities to evaluate the quality of school meals, a web-based system has been
developed with the purpose of evaluating multilevel aspects of food provision in schools. This
study aimed at validating the food based nutrient criteria (FBNC) in the instrument, including
fat quality, fiber, iron and vitamin D and additionally investigate the inter-rater reliability of
the system by comparing the agreement between two independent raters.
Method: The FBNC were validated against a nutritional analysis of school lunch menus and
agreement was estimated using the measures of Cohen’s weighed kappa, sensitivity and
specificity. The inter-rater reliability was analysed for both categorical and continuous
variables using the same measures, and additionally the intra-class correlation coefficient.
Results: The agreement of the FBNC was moderate or above for iron and fat quality (κ ≥0.5)
with a three grade category scale and the fiber and vitamin D criteria had high sensitivity and
specificity (≥93%) on a two grade scale. The inter-rater reliability of the instrument was of
moderate to substantial agreement for the FBNC (κ ≥0.5) and of substantial or higher
agreement for a majority of the continuous variables (mean ICC 0.62).
Conclusions: This validation study suggests that the following system can be used for
assessment of school meals in Swedish primary schools. A larger study sample is
recommended to increase the strength of the κ-values, however this report point towards good
agreement between a nutritional analysis and a nutrient assessment using the instrument. The
agreement between raters was satisfactory suggesting that questions are understandable and
answered truthfully. With this instrument, Sweden can be the first country to record
comprehensive data on multilevel aspects of school meals, which can act as a base for
research, such as investigating the long term effects of school food provision on health and
educational outcomes.
Introduction
A nutritious diet is vital for optimal health and development, and studies have revealed that
healthy dietary habits that are established during childhood are likely to be sustained
throughout life (1, 2). Children tend to spend many hours of the day in school and this is
consequently an important setting to establish healthy eating behaviors. A sufficient food
intake at lunchtime is an important factor in order to cover the energy needs throughout the
day and reach the recommended daily intake (RDI) of essential vitamins and minerals. School
meals may also have additional positive influences on children such as; developing healthy
food habits, develop taste and liking, improve social behavior and acting against social
inequality. However, an overview of studies in the area demonstrated inconclusive results on
the effects of school food service on learning and cognition as well as for weight reduction
and weight maintenance (3). Long-term effects of school food provision are difficult to
evaluate but the effects of healthy dietary habits throughout life in for example the prevention
of non-communicable diseases are evident (4). Florence et al. (5) showed in a large study of
grade 5 students in Canada, that the overall diet quality was associated with improved
academic performance even when socioeconomic factors and additional confounders were
controlled for. Similar results were observed among Swedish 15-year old students, although
the direction of causality comparing dietary habits and educational achievement was unclear
(6). Data also suggests that multi-level school based strategies involving nutrition and
including physical activity and parental engagement is particularly successful in combating
overweight, a condition which is increasing with alarming rate among children in the western
societies (7).
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The arrangement of school meal services vary considerably between countries. Sweden,
Finland and Estonia are unique in the world in serving free, meals to all school children
regardless of the family’s socioeconomic status. The requirement has in Sweden further
increased, with a legislation that came into effect in July 2011, proposing that school meals
also should be nutritious and in line with the Swedish Nutrition Recommendations (SNR),
however specific guidelines are lacking so far (8, 9). In order for primary schools and
municipalities in Sweden to evaluate the quality of school meals a web-based system has been
developed by researchers at Karolinska Institutet. This instrument, called SkolmatSverige
(School Food Sweden), consists of a web-based questionnaire including questions on food
choice and provision, nutritional adequacy, food safety, service and pedagogic lunch as well
as environmental impact, organization and policy. The intention with the instrument is to
cover several domains of the concept of meal quality and to evaluate nutrient quality and
additional factors in an accurate and user-friendly way.
A nutrient analysis program is a common instrument used to estimate the average nutrition
value of a diet. This method is considered accurate although time consuming. The nutritional
quality assessment using the SkolmatSverige tool is intended to act as an alternative or a
complement to a nutritional analysis by including detailed questions on food choices and
serving frequencies. Since conducting a nutritional analysis requires skilled users it is not
commonly performed by catering managers at school or municipality level. A recent survey
revealed that a majority (99 %) of municipality catering managers believed that nutritious
school food is important/very important while only 53 % registered that they perform
nutritional analyses on a regular basis to evaluate the nutrient content of the lunch menus (10).
These data indicate that the interest for nutritious school food exists, although an appropriate
tool to use by school catering managers and canteen staff is lacking. SkolmatSverige is
developed to be user-friendly, and to give instant feedback to the responder with suggestions
on how to improve school meal quality.
There is a tendency of increased consumption of energy dense foods, particularly high in
saturated fat and sugar, among children during school hours, both in Sweden and abroad (11,
12). This calls for investments in developing national guidelines, particularly directed to
school food services. In England the government introduced food- and nutrient-based
standards for school meals in 2008. A review by Evans et al. (13) investigating the differences
in nutrient quality of school lunches and packed lunches brought from home found that the
nutrition quality of school meals was better than the quality of packed lunches. The difference
increased further after the introduction of food-based standards, even though the increase was
not significant. In Sweden the National Food Agency (NFA) has developed guidelines for
good school meal practice; however specific nutrient and food-based criteria are missing (14).
SkolmatSverige is designed to assess the nutrients identified as being of concern in the diet of
Swedish children and nutrients that have been highlighted as particularly important on the
national agenda (12). These food-based nutrient criteria (FBNC) include fat quality, fiber, iron
and vitamin D. A nation-wide pilot-study to assess the instrument among schools was
performed in the spring of 2011 and SkolmatSverige was received well (15). A validation
study of the nutrient criteria of the instrument was also performed at this point of time
showing good validity of the criteria for fat quality, fiber and vitamin D, while the iron
criterion demonstrated poor validity (16). The menus analysed were compromised of one
meal with two versions of hypothetical accompaniments and did not include vegetarian
options. An additional study looking at the agreement of school catering manager’s results
from SkolmatSverige and recorded available food served in the canteen showed acceptable
agreement for most items (17). Following these studies the system has been under revision
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and changes to improve the understanding of the questionnaire and the criteria for assessment
of the nutrient quality have been made.
The aim of this study is to estimate the validity of the FBNC in the updated version of the
instrument. This will be evaluated against a nutritional analysis of a sample of school meals,
including both main meals and vegetarian options. An additional aim is to compare inter-rater
reliability between the author and the school catering managers with regard to answering the
questionnaire.
Material and methods
Recruitment of participants
The participating schools were selected from municipalities in greater Stockholm. Schools
situated in the Stockholm municipality were excluded due to the risk of having participated in
the pilot-study. Municipalities with schools offering centrally developed lunch menus were
also excluded in order to ensure variability in the school menus. From remaining eligible
municipalities Norrtälje and Nacka were chosen on the basis that they had a high proportion
of in-house kitchens (cooking facilities within the school) and thus likely to have adequate
information on recipes and ingredients, and additionally situated within travel distance from
Stockholm city. The schools from each municipality were listed in alphabetic order and the
school catering managers from each school were contacted from the top to the bottom of the
list. Smaller schools, with four or less grades, were excluded but the sample included both
public and private schools. Seven schools were contacted from each municipality.
Collection of lunch menus
The school catering managers from each school were contacted and informed about the
purpose of the study. In order to retrieve detailed information on the school meals they were
asked to document the types and amounts of ingredients used in a four week menu, including
the main meal and the vegetarian option when this was available. They were also asked to
document the content of the average salad bar as well as drinks and other accompaniments
offered. The schools were informed that their participation was anonymous and that they
would receive results from the nutritional analysis and the evaluation report from
SkolmatSverige at the end of the study. After the four week period of documentation a visit to
the school was organized and the recipes were retrieved and reviewed during an interview
with each school catering manager.
Nutritional analysis
The nutritional analysis was performed in MASHIE, a web-based diet planning program
commonly used by restaurants or catering facilities. Foods and accompaniments with
specified amounts and portions were entered in the system. For processed foods the product
database DABAS was used. For a majority of these products only the energy and
macronutrient content were listed and data on vitamin- and mineral content were insufficient.
Since the validation study includes fat quality (i.e. saturated fat), fiber, iron and vitamin D
these components were mandatory data for each food except in products with known
negligible amounts of any of these components. If insufficient data were retrieved, an
equivalent product/food was chosen from the NFA database with complete nutrient
composition data. In cases where the content of any macronutrient in the original food
differed more than 20 % from the best suitable substitute, the food producer was contacted
and complete data on nutrient content for the specific product was asked for. The amount of
salt used in the cooking procedure was in many cases difficult to estimate for the school
catering managers and was consequently left out in some of the nutritional analyses.
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The estimated average salad bar for each school was constructed based on information from
the school catering managers and on the basis that each child is offered 125 grams of fruit and
vegetables per day, the recommended fruit and vegetable intake during lunch according to the
NFA (14). In cases were a different salad bar was offered each day this was entered separately
in the nutritional analysis. Included in the assessment as accompaniments was also 1 deciliter
of milk per portion, in the fat percentage that the school offered, 22.5 grams of bread, divided
on the types offered by the school, and 7.5 grams of margarine/spread. The nutritional
analysis was performed on the main meal with accompaniments and the vegetarian meal with
accompaniments separately. The results were given in amounts per person per day based on
the average value from the four week period. The criteria of interest; fat quality, fiber, iron
and vitamin D were documented for each 4 week menu and data were divided into three
categories; fulfill recommended intake levels according to SNR, almost fulfill SNR standards
or does not fulfill SNR standards (Table 1). The criteria were set on the basis that a lunch
should contribute with 30 % of RDI for these nutrients. The intervals for the lower criteria
were established in the previous validation study and considered suitable for the assessment of
nutritional quality according to these parameters. Saturated fat was used as a marker for fat
quality and recommendations are a maximum intake of 10 E % from this energy source.
With the purpose of investigating the ability of the instrument to assess menus with two main
meals each day a combination of menus was performed. Original menus with main meals
were randomly combined two by two to attain new menus with two main meals each. The
mean of the two meals was used. An additional aim was to increase the sample size and thus
the nutritional variation within the menus.
Table 1 Nutrient recommendations for lunch and the corresponding requirements (in parenthesis) for children
age 10-13. The definition for almost and does not fulfill SNR standards was arbitrarily defined.
Criteria
Fulfill SNR standards
Almost fulfill SNR
Does not fulfill SNR
standards
standards
Fat quality (saturated fat)
≤ 10 E%
10-11 E %
> 11 E %
Fiber

≥ 30 % of RDI
(≥ 6 g)

25 – 30 % of RDI
(5-6 g)

< 25 % of RDI
(< 5 g)

Iron

≥ 30 % of RDI
(≥ 3.3 mg)

25 – 30 % of RDI
(2.75-3.3 mg)

< 25 % of RDI
(< 2.75 mg)

Vitamin D

≥ 30 % of RDI
(≥ 2.25 µg)

25 – 30 % of RDI
(1.875-2.25 µg)

< 25 % of RDI
(< 1.875 µg)

SNR, Swedish Nutrition Recommendations
RDI, Recommended Daily Intake

Completion of the SkolmatSverige instrument
The web-based instrument was completed by school catering managers within seven days
after the visit to the school and all results were automatically stored. The answers to the
questions in the instrument were based on the same time period as the nutritional analysis
referred to. Schools offering only one meal for all students every day completed the
instrument according to this, while schools offering both the main meal and the vegetarian
option to all students registered that two meals were offered every day.
The instrument was also completed by the author for each school separately based on the four
week menus. These answers were classified as the reference and used for the validation study
since, when an objective rater is applied; the potential influence of user error is eliminated.
For schools that offered a main meal and a vegetarian option SkolmatSverige was completed
in three ways; as if the school offered both meals to all students, as if the school only offered
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the main meal to the students and as if the school only offered the vegetarian meal. Only the
alternative that corresponded to the school catering managers’ answers were used in the study
of inter-rater reliability. The questions analysed included; serving frequency of processed
food including fish, minced meat and chicken, serving frequency of iron rich vegetarian
meals, oily fish, sausage and meat containing meals as well as the use of high fat cheese and
fatty dairy products in cooking.

Kommentar [WU1]: Flytta ner

For the combined menus with two main meals the instrument was completed as if it were for a
school offering both dishes. The components of the salad bar were computed as the average
from the two combined schools, and if the type of milk and margarine/spread served as
accompaniments differed between the schools all options were recorded in the instrument.
Statistical analyses
Data were analysed using Statistical Package for Social Sciences (SPSS), version 20.0. To
estimate the level of agreement between the nutritional analysis and SkolmatSverige the
kappa (κ) coefficient was used. Kappa is a measure of “true” agreement and takes into
account the agreement that would happen by chance. For categorical, ordinal, data weighted
kappa is appropriate to use since this method emphasizes the difference between ratings, i.e.
that the severity is greater with a disagreement between category 1 and 3 than between 1 and
2 (18, 19). Different methods for weighting exist and can give slightly different κ-values. For
this purpose quadratic weighting was considered the best method and the method most
suitable when comparing the results with the previous validation study of SkolmatSverige
(16). Data were divided into three categories; fulfill SNR standards, almost fulfill SNR
standards and does not fulfill SNR standards according to Table 1 and Supplementary table 3.
For the interpretation of the κ-values the Altman’s scale was used where ≤0=poor agreement,
0.01-0.20=slight agreement, 0.21-0.40=fair agreement, 0.41-0.60=moderate agreement, 0.610.80=substantial agreement and 0.81-1.0=almost perfect agreement (20).
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The validity of the FBNC was also estimated with regard to sensitivity and specificity. Data
were divided into two categories; fulfills SNR standards and does not fulfill SNR standards.
The second category included the menus that for the kappa analysis were categorized as
almost fulfilling SNR or does not fulfill SNR. Sensitivity is defined as the proportion of
menus actually fulfilling SNR which is also identified as doing so with the instrument, and is
a measure of the ability of the instrument to correctly classify the menu as fulfilling the
recommendations. Specificity is on the contrary the proportion of menus not fulfilling SNR
which also fail according to the instrument and is a measure of the ability of the instrument to
correctly classify the menu as not fulfilling the recommendations. Kappa analysis and
sensitivity/specificity tests were performed on the total number of menus and on the menus
with only one main meal served per day.
For the inter-rater reliability study, kappa statistics were used to estimate the agreement of the
FBNC between the raters. For continuous variables, i.e. questions regarding serving frequency
within the four week period, the Intra-class Correlation Coefficient (ICC), interpreted
according to Altman’s scale, was determined in combination with the performance of sign
tests. Significance levels were set at P <0.05.
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Results
Study sample
A total number of 14 schools were contacted; 13 schools agreed to participate of which one
chose to resign from the study due to lack of time and resources. The final 12 schools were
evenly distributed in the municipality of Nacka and Norrtälje. All schools provided
information on their main meal and 4 of the schools also presented data on the vegetarian
option. This resulted in a total of 16 complete 4 week menus. Additionally 12 new menus
were composed by a combination of the 12 original menus with main meals.
Nutritional analysis
The results from the nutritional analysis of the 16 original menus demonstrated four menus
with energy levels above the recommended interval and two of these were categorized as
having unrealistically large portion sizes. To limit the risk of falsely high levels of nutrients
the portion sizes were cut by 25 % (from 4.25 MJ to 3.19 MJ) for the first menu and 7 %
(from 3.44 MJ to 3.21 MJ) for the second menu. The subsequent numbers, after the
adjustments, are presented in Table 2 and illustrate the percentage of lunch menus fulfilling
SNR standards based on a reference population of 10-13 year olds and on the
recommendation that energy providing nutrients should cover at least 25 % of the daily
energy need and other nutrients should provide at least 30 % of RDI for this age group
(Supplementary table 1).
Almost all menus fulfilled the energy standards but the energy distribution did in 94 % of the
cases not follow the dietary guidelines. In general a too high proportion of fat and an
insufficient quantity of carbohydrates were documented. All schools did however fulfill the
fiber criteria. For vitamin D and saturated fat, levels were significantly lower for vegetarian
meals (p=0.004 and p=0.03), while fiber levels were significantly higher in vegetarian meals
compared to main meals (p<0.01). Overall vitamin D, iron, zinc and selenium were nutrients
specifically low in the vegetarian menus. For complete data see Supplementary table 2.
Table 2 Percentage of lunch menus fulfilling SNR standards for children 10-13 years. N=16 (12 menus with
main meals, 4 menus with vegetarian meals)
Nutrient
% (N) of all menus
% (N) of main meals
% (N) of vegetarian meals
fulfilling SNR standards
fulfilling SNR standards
fulfilling SNR standards
Energy
88 (14)
83 (10)
100 (4)
Protein
100 (16)
100 (12)
100 (4)
Carbohydrates
19 (3)
0 (0)
75 (3)
Fat
19 (3)
17 (2)
25 (1)
Saturated fat
25 (4)
17 (2)
50 (2)
Monounsaturated fat
56 (9)
58 (7)
50 (2)
Polyunsaturated fat
75 (12)
75 (9)
75 (3)
Fiber
100 (16)
100 (12)
100 (4)
Vitamin D
0 (0)
0 (0)
0 (0)
Iron
44 (7)
50 (6)
25 (1)
Sodium
13 (2)
8.3 (1)
25 (1)
Folate
100 (16)
100 (12)
100 (4)
Vitamin C
100 (16)
100 (12)
100 (4)
Calcium
63 (10)
58 (7)
75 (3)
Zinc
81 (13)
92 (11)
50 (2)
Selenium
38 (6)
50 (6)
0 (0)
SNR, Swedish Nutrition Recommendations
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Validation of the FBNC
The estimated validity of the four FBNC is presented in Table 3. The crosstabs indicate
symmetrical imbalance in the results, particularly for vitamin D and fiber, due to the low
nutrient variability in the menus. A majority of zero counts in the cells gives rise to
difficulties in obtaining valid κ-values and consequently only κ-values for fat quality and iron
should be considered. These ranged from moderate (iron) to substantial (fat quality)
agreement. The sensitivity could not be calculated for vitamin D as no menus fulfilled the
criteria. A similar scenario was seen for fiber but in this case the specificity could not be
estimated due to the fact that all menus fulfilled the SNR criteria for fiber. The sensitivity was
substantial for iron and fiber (79 % and 93 % respectively) while the specificity was perfect
for vitamin D and fat quality (100 %).
Table 3 Validation of the food-based nutrient criteria in SkolmatSverige compared to a nutritional analysis of
school lunch menus. N=28
Cohens
Accuracy
Sensitivity Specificity
FBNC
weighed κ
(three
(two
(two
(three
categories) categories) categories)
categories)
Vitamin D
Fulfill SNR,
SkolmatSverige
Yes
Almost
No

Kommentar [WU6]: Ta bort?

Fulfill SNR,
Nutritional analysis
Yes
0
0
0

Almost
0
2
4

No
0
5
17

0.1

0.68

N.A

1.0

N.A

0.93

0.93

N.A

0.67

0.82

0.50

1.0

0.50

0.61

0.79

0.57

Fulfil SNR, Nutritional
analysis

Fiber
Fulfill SNR,
SkolmatSverige
Yes
Almost
No
Fat quality1
Fulfill SNR,
SkolmatSverige
Yes
Almost
No

Yes
26
2
0

Almost
0
0
0

No
0
0
0

Fulfill SNR,
Nutritional analysis
Yes
2
1
1

Almost
0
1
2

No
0
1
20

Fulfill SNR,
Nutritional analysis

Iron
Fulfill SNR,
SkolmatSverige
Yes
Almost
No

Yes
11
3
0

Almost
6
5
2
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No
0
0
1

FBNC, Food-Based Nutrient Criteria. SNR, Swedish Nutritional Recommendations. NA, Not Applicable. Calculation not possible due to a
majority of cells with zero counts
1
Based on energy % saturated fat
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A majority of the menus were classified in the same category according to SkolmatSverige
and nutritional analysis and the accuracy ranged from 61-93 %. The results were in line with
the analysis performed on only the 12 menus with one main meal each day, although the κvalue was somewhat higher for fat quality (0.86) in that study sample (data not shown).
Inter-rater reliability
The inter-rater reliability of the instrument was analysed on answers from the 12 schools
(Table 4). In the comparison of the assessment of the FBNC the best agreement was seen with
questions regarding fiber and iron. Only one case of misclassification was registered for the
fiber criteria and consequently no κ-value could be attained due to the low variability and the
large number of cells with zero counts. Remaining κ-values indicates moderate to substantial
agreement between the raters (0.50-0.68).
For questions regarding serving frequency and use of certain ingredients in cooking the
agreement ranged from slight to almost perfect (ICC 0.19-0.91), although a majority (67 %)
was of substantial or higher agreement (ICC 0.61-0.91). Sign tests indicate that there were no
significant differences between the raters (p>0.05) but the majority of positive differences
indicate that the school catering managers on average over-report the parameters compared to
the author.
Table 4 Inter-rater reliability for the food-based nutrient criteria and continuous variables. N=12
Kappa

Accuracy

Sensitivity Specificity

FBNC
Fat quality

0.50

0.67

0.50

0.90

Iron

0.63

0.83

0.88

0.75

Vitamin D

0.68

0.67

NA

0.75

Fiber

NA

0.92

1.0

NA

Serving frequency of
Processed fish
products
Processed minced
meat products
Processed chicken
products
Iron rich vegetarian
meals
Oily fish
Sausage
Meat-containing main
dishes
Use of high-fat cheese
in cooking
Use of high-fat dairy
products in cooking

ICC (95% CI)

Sign test
P-value Direction1

0.74 (0.34-0.92)

1.0

+

0.67 (0.18-0.89)

1.0

+

0.19 (-0.44-0.68)

1.0

0

0.79 (0.44-0.61)

0.45

+

0.61 (0.11-0.87)

0.13

+

0.75 (0.34-0.92)

0.25

+

0.91 (0.69-0.97)

0.22

-

0.33 (-0.18-0.73)

0.51

+

0.60 (0.58-0.86)

0.13

+

FBNC, Food-Based Nutrient Criteria
ICC, Intra-class Correlation Coefficient
NA, Not Applicable. Calculation not possible due to a majority of cells with zero counts
1
+ equals a majority of numbers of over-reporting by school catering managers, - equals a majority of numbers of under-reporting by school
catering managers
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Discussion
This study looked at the validity of the FBNC in a web-based instrument with the purpose of
measuring the quality of school food provision in Swedish compulsory schools. The
agreement of the FBNC was moderate or above for two criteria (iron and fat quality) when
using a three grade category scale and the two remaining criteria (fiber and vitamin D) proved
to have high sensitivity and specificity on a two grade scale. The inter-rater reliability of the
instrument was also investigated proving moderate to substantial agreement for the FBNC and
substantial or higher agreement for a majority of continuous variables. The results from this
study will indicate if further adjustments to the FBNC have to be made and if questions have
to be modified to increase the understanding of the instrument.
Study sample and data collection
The participating schools were selected from two different municipalities in order to
potentially increase the variation of lunch meals. The main goal was to assure that different
schools offered different lunch menus, and participants therefore had to fulfill the criteria of
having in-house school kitchens. Interviews with school catering managers revealed that each
school had a high degree of freedom when composing lunch menus resulting in high
variability of menus. The experience and educational background varied among the school
catering managers but an overall positive response to participate in the study was seen and the
drop-out rate was only 8 % (1 out of 13 schools), limiting the selection bias. The sample may
however be from two municipalities with particular interest in school food and not
representative for the whole nation. Since the main purpose of this study was validate the
FBNC of a web-based instrument against a nutritional analysis, the main importance was to
receive complete information on ingredients and foods used in the food preparation. The
recipes from school catering managers were of varying quality and some schools did not
normally work with pre-written recipes and were not accustomed to documenting amounts.
During the interview the menus were gone through in detail and potential gaps in the recipes
were covered. In some cases the subjects had difficulties recalling amounts of salt and
cooking fat used in the preparation. These were then estimated, but salt added when boiling
pasta/potatoes/rice was not registered in the analysis and as a consequence the sodium content
in the meals is slightly under-estimated.
Validity of nutrient criteria
According to the nutritional analysis all menus fulfilled the fiber criteria but two menus were
classified as almost fulfilling the criteria with the instrument. These menus were both from the
same school and the misclassification was probably due to two reasons. Firstly, the fact that
the particular school used plenty of fiber-rich vegetables in cooking, and secondly because of
a poor selection of coarse vegetables and pulses in the salad bar. The instrument has a
weakness in measuring vegetable content in the main meal and this may result in an
underestimation of the fiber content. Fiber is evaluated according to types and amounts of
accompaniments, including the salad bar and bread, and the frequency of served wholegrain
pasta, rice, couscous and similar carbohydrate rich staple foods (Supplementary table 3). The
instrument is designed so that different fiber-rich foods have different input on the fiber
criteria. A salad bar rich in coarse vegetables and pulses weighs more than if the school serves
for example wholegrain pasta. Consequently a poor salad selection will have higher negative
impact on fiber points than the type of pasta served. This may be the main reason for the
misclassification since this particular school got low points due to a poor selection of
vegetables on the salad bar but had a high vegetable content in the meals. It was however
considered important to retain the weighting in order to highlight the importance of the
National Food Agency’s advice regarding vegetable selection on salad bars, and the fact that
vegetables are a main contributor to fiber. A misclassification in the other direction could be
9
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considered more severe since there would be a risk of approving a school that actually does
not fulfill the fiber recommendations. When comparing this study with the previous validation
study the cut-off point for recommended intake of fiber at lunchtime was different.(16). In
that study the recommendations were set at 7.35 g (based on the mean value of a
recommended fiber intake at lunch) while the chosen cut-off level was set at 6.0 g for this
study (based on the minimum value of a recommended fiber intake at lunch). Since all menus
proved to have a fiber-level above 7.35 g they also fulfilled the recommendations according to
the previous definition.
For vitamin D a low κ-value was seen even though 100 % specificity was recorded. The
limitations with kappa are apparent when an uneven distribution and a large number of cells
with zero counts are present (18). Prevalence is namely a factor that affects the magnitude of
kappa. If the prevalence of a rating in one direction e.g. does not fulfill SNR, is very high the
chance agreement is also going to be high and consequently the κ-value will decrease (18).
The measurements of sensitivity and specificity were considered an appropriate complement
to weighed kappa to give a clear indication if menus actually fulfilling/not fulfilling SNR
standards also were correctly doing so with the instrument.
The relatively high κ-value for fat quality combined with 100 % specificity demonstrates that
the instrument has a good ability to estimate the fat quality of school meals and based on this
sample the likelihood of the instrument approving a school that actually does not fulfill the
recommendations for saturated fat is low. The 50 % sensitivity is based on two menus that are
misclassified. These menus also happened to be vegetarian menus indicating that the
instrument may have difficulties in estimating the fat quality in vegetarian meals; a larger
study sample is however needed to investigate this matter. A larger sample size may have
increased the variation in fat quality and increased the number of schools meeting the
recommendations for saturated fat. Dietary surveys among Swedish school children have
however revealed an excessively high consumption of saturated fat indicating that the fat
quality of school lunches may in general be poor and that a larger sample may therefore not
improve the variation (12).
Unfortunately only four schools reported data on vegetarian meals, limiting the possibility of
performing separate analyses on these data. To maximize the sample size and due to the fact
that the instrument is designed to be able to evaluate the nutritional quality of all meals,
including vegetarian meals, these menus were included in the analysis. As mentioned, the
ability of the instrument to assess vegetarian meals may be inferior to the ability of the system
to assess meat-containing dishes and thus affect the validity negatively. However, when
looking at each criterion, after excluding the vegetarian menus, only the κ-value for fat quality
was higher. A follow-up study including only vegetarian meals is however desirable to be
able to draw conclusions on the instrument’s ability to estimate the total nutrition quality in a
larger sample. Since, at the time being, it is not common with schools offering only vegetarian
food it might be more relevant to analyse a larger sample of schools offering both vegetarian
and meat-containing dishes.
Iron was identified as the FBNC with lowest validity, in agreement with the previous
validation study, although an improvement was seen (16). Following the first validation study
the iron criteria was revised and more questions including iron-rich foods were added to
improve the sensitivity of the instrument. As a result the sensitivity increased for this analysis,
but on the contrary the specificity decreased and the instrument had a tendency to approve
schools not fulfilling the criteria. This may however not be a major problem since iron was
found to be underestimated or missing for some food products in DABAS, even after
10
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requiring data from food manufacturers. A nutritional analysis including semi-processed
foods may therefore have a tendency to under-report the true iron content of a meal.
With the aim to increase the variability of the data-set 12 menus were combined into 12
additional menus. The level of agreement did not change compared to an analysis of only the
original 12 menus. This suggests that SkolmatSverige has a good capacity to estimate the
nutrition quality of school meals compromised of more than one dish per day.
Inter-rater reliability
The agreement between raters was studied in order to assess the similarity of two independent
raters that were assumed to have the same background information….Since the purpose of the
instrument is to estimate if the school fulfill SNR standards according to the FBNC the
agreement of the points achieved for each FBNC were analysed between the raters. Nine
additional parameters were chosen including questions resulting in continuous variables in
order to find out if certain questions were particularly difficult to answer. The inter-rater
agreement for the continuous variables indicates that a majority of the parameters had good
agreement when comparing the two raters. However, the ICC for the serving frequency of
processed chicken products and the use of high fat cheese in cooking were low, demonstrating
that these questions may be difficult to answer. The question regarding cheese in cooking
requires a high level of involvement by the rater since recipes have to be gone through in
detail. This is however also required for the question regarding high-fat dairy products but
results from this analysis indicate that use of dairy products may be easier to record than the
use of cheese in cooking. An explanation could be that cheese is often used as a topping or
flavoring to dishes and amounts are therefore not properly recalled. The low ICC for
processed chicken, nonetheless the non-significant result using a sign test illustrates the
weakness of a sign test since this only look at the number of positive and negative differences
between two raters and does not take into account the absolute difference. No systematic
difference between the raters was recorded for this parameter. The sign test was however
considered an important test in order to record over- or under-reporting and visualize the
direction of this. The low level of agreement for this particular question may be due to the
poor definition of processed chicken products. Most schools receive pre-cooked chicken to
their kitchens and school catering managers may classify this as processed foods; however no
difference in the number of over- and under-reporting was seen and a larger sample size is
warranted to draw any further conclusions. The question will be clarified in the instrument to
increase the understanding of the issue, but a vital point is that this question and remaining
questions regarding processed foods are not included in the nutritional assessment and will
therefore not affect the school’s ability to reach the nutrition recommendations. It is
interesting to document the higher level of over-reporting by school catering managers
irrespective if they are healthy or not. The tendency in dietary recordings is otherwise known
to be correlated to energy under-reporting (21, 22).
Nutritional analysis
The number of participating schools was limited to 12 schools to be able to perform accurate
and detailed nutritional analyses within the time frame of the project. Although different
menus were offered in all schools the final variation in the nutrient content was low. The low
variation and relatively small data sample will have a negative effect on the magnitude of
kappa. In a larger sample we would probably retrieve higher κ-values due to a higher
probability of increased nutrient variation, although the accuracy may not be improved. The
nutrient quality of these menus were in line with the latest national food survey on Swedish
children, showing a high intake of saturated fat and salt and a low intake of vitamin D (12).
Problems occurred when nutrient data was missing for many processed foods and similar
11
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products were not found in the National Food Agency database. It is a source of major error if
using only the energy providing nutrients of the food product in the analysis since this will
result in an under-estimation of the nutrient content. It is also problematic if the food product
is exchanged to a similar product to obtain full nutrient data when in fact the nutrient
composition may not be equivalent to the original food. With the new legislation requiring
nutritious school meals a demand on food producers to report full nutrition data on their
products is desirable. When contacting manufactures, some companies did not have the
information required and in some cases the values given by the manufactures did not
correspond to values seen in MASHIE. Amounts were always controlled if reasonable and at
the end of the analysis all components had the required nutrient data, although some data were
taken from similar products, which allow for conclusions about nutrient content for all menus.
A slight under-reporting of iron-levels may be present since iron content in processed foods in
some cases was difficult to retrieve. This problem is although limited in this study but will be
enlarged if the analysis is performed by a person with less knowledge in nutrition and with
limited time to complete the analysis. This thorough work is a strength for this study and an
additional advantage is that the analysis was performed over a four week period which should
provide a good estimate of an average daily nutrient intake at lunch and cover a variety of
dishes and ingredients.
The data obtained on ingredients were considered sufficient, with the exception of salt used in
cooking and amounts of fat used for frying or to grease roasting pans. Two menus were
however particularly high in energy (up to 25% above recommendations). This may be due to
a mistake in the recall of the number of portions prepared or that the reference population
used in this study did not correspond with the average age of the children in the school. The
decision to cut nutrient values with 25 % was taken to avoid that the nutrient intake would be
over-estimated and that the school would fulfill the SNR guidelines without actually doing so.
By cutting the nutrient values by this much it may however have affected the comparison with
the instrument slightly, since questions regarding amounts may have been over-reported in the
instrument compared to the analysis.
Even though milk was included as an accompaniment in the analysis, in contrast to the
previous validation study, the recommended intake of vitamin D proved still difficult to reach
(16). When increasing the amount of milk in the analysis, from 1 to 2 deciliters, the number of
menus reaching the recommended intake at lunch increased from 0 to 31 % indicating that
fortified milk is a good source for vitamin D but still insufficient to meet the guidelines. Since
water is also recommended as a mealtime beverage it is desirable that schools should be able
to fulfill vitamin D recommendations without including milk in the analysis, explaining why
only 1 deciliter per person was used in this study, and highlighting the importance of
including other foods rich in vitamin D. If servings of fatty fish would increase, the likelihood
of reaching recommended levels would increase substantially. Only two schools in the survey
had fatty fish on the menu and these were also the menus with the highest content of the
vitamin. The generally poor levels are in line with the low levels registered in the latest
nation-wide dietary survey on children and the most recent assessment of school lunches in
191 Swedish primary schools (12, 15).
Looking at the nutritional quality, vegetarian meals were better than main meals in some
aspects. The fat quality was better, the energy distribution was more equal to guidelines and
fiber and calcium content higher. The vitamin D content was however lower, probably due to
the exclusion of fatty fish, as were iron levels. This highlights the importance of improving
the knowledge in meal planning of vegetarian meals to fulfill nutritional requirements but also
suggest that a mixed diet, incorporating more vegetarian meals in school lunches, may be
12
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beneficial for the overall nutrient value. The small study sample does however not allow for
any general conclusions on the diet quality of Swedish school food, particularly in regards to
vegetarian meals.
Strengths and limitations
This study contributed important knowledge to the development of the SkolmatSverige
instrument and had the advantage of comparing an accurate nutritional assessment with the
results from the instrument, making it a suitable validation study. By using real menus
collected in person the sample reflects true data on school food composition and conclusions
on the nutrition quality of the menus could be drawn. This was additionally beneficial since
school catering managers always could be contacted during the procedure if specific
information was missing. To eliminate the source of error that appear when the school
answers the instrument the rating of a neutral person was instead used as reference. The
purpose of the instrument is of course to be able to assess this when a school acts as a user
and this study also investigated this matter by assessing the inter-rater reliability. The main
disadvantage of this study is however the small sample size, which resulted in difficulties to
analyse validity due to low variation in the nutrition quality of the menus. Priority was given
to perform accurate nutritional analyses and due to this time-consuming work the dataset had
to be limited. The sample size does not allow for conclusions about nutritional quality of
school food nation-wide and the participating schools may not be representative for all
Swedish schools. The sample size could have manipulatively been enlarged further by more
combinations of menus but this would probably not increase the variation in nutrition quality
since the original data would be constant and a combination of menus did in this study not
change the results. Although a nutritional analysis is considered a valid method it is not
completely reliable, since a number of errors are hidden in the system; such as lack of
information on all nutrients, numbers based on aged chemical analyses and the personal error
that exist when data is entered into a nutrient analysis program. Overall, this study adds to
previous research and was valuable for the further development of the instrument.
The future of the instrument
Data on school meals and school performance is scarce, and an association between the
factors is difficult to prove (23, 3). With this instrument Sweden can be the first country to
record comprehensive information on a variety of aspects in regards to school meal quality
which can act as a base for research, such as investigating the long term effects of school food
provision on health and educational outcomes. For many years it has been evident in high
income countries that educational status is positively correlated to health status. Recently the
WHO concluded that there is also a causal relationship in the other direction, that a better
health status improves educational outcomes (23). Currie (24) continues on the same line
saying that even in relatively well nourished populations improved nutrition may enhance
cognitive development. These results demonstrate the importance of highlighting health,
including optimal nutrition, in order to optimize children’s school performance. This
instrument can collect and store nation-wide data on various aspects of school food provision
and the data can be linked to other national registers on child educational achievements and
research on child health, in order to investigate the relationship further. Moreover, the
nutritional quality of school lunch consumption has been suggested as a good marker for the
overall dietary pattern and nutrition quality in adolescents indicating the value of measuring
intake at lunchtime to identify children in risk of having an overall poor diet (25). The FBNC
will be validated again when the instrument is launched and a larger quantity of data is
available.
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Another benefit with the instrument is that it can easily be re-designed to suit other food
systems in the society; such as food provision in pre-school, at hospitals or elderly homes, as
well as transferred to other countries. Although the instrument assesses nutritional quality
only according to four nutrients these seem to reflect the whole nutritional content well. If
official standards on other nutrients will be published the instrument may be further
developed to include these, however the length of the questionnaire is a limitation to this.
With the new legislation on nutritious school lunches the aspect of ensuring that all Swedish
schools have a high quality food provision has been emphasized. At the time being there are
big differences between compulsory schools regarding variety and quality of school food
provision. This instrument can assist in evaluating their organization, give guidelines in how
to improve the system and put this important issue on the agenda. A healthy, nutritious school
meal may not compensate for an overall unhealthy diet, but it is an action in the right
direction to combat health inequalities in the society. By guaranteeing high quality school
food provision to all children, with food that is healthy, tasty and attractive, it is likely that
children with poor nutrition will improve their nutritional status.
Conclusions
In conclusion, the validity of the FBNC are considered acceptable with valid κ-values above
0.5 for two criteria and high sensitivity and specificity for the other two criteria. The small
sample is a limitation, however the accuracy points towards good agreement between the
nutritional analysis and an assessment of the nutritional quality using the FBNC of the
SkolmatSverige instrument. Investigating the agreement between raters also proved
acceptable, suggesting that similar conclusions on nutritional quality would be drawn when
using the answers from the school catering managers. The instrument is thus, after some
revision and slight adjustments, ready to be launched nation-wide.
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Supplementary table 1 Proposed energy- and nutrient standards for school lunches in three age groups. The
reference population used in the present study is children aged 10-13.
Energy/Nutrient

6-9 years

10-13 years

14-17 years

Energy (MJ)

1.9-2.7 (2.3)

2.3-3.2 (2.8)

2.7-3.8 (3.3)

Energy (kcal)

460-650 (550)

550-770 (670)

650-910 (790)

Protein (E%)

10-20 (15)

10-20 (15)

10-20 (15)

Fat (E%)

25-35 (30)

25-35 (30)

25-35 (30)

Saturated fat (E%)

Maximum 10

Maximum 10

Maximum 10

Monounsaturated fat (E%)

10-15

10-15

10-15

Polyunsaturated fat (E%)

5-10

5-10

5-10

Carbohydrates (E%)

50-60 (55)

50-60 (55)

50-60 (55)

Fiber (g)

Minimum 5

Minimum 6

Minimum 7

Vitamin C (mg)

12

15

22.5

Vitamin D (µg)

2.25

2.25

2.25

Folate (µg)

39

60

90

Iron (mg)

2.7

3.3

4.5

Zinc (mg)

2.1

3.3

3.6

Calcium (mg)

210

270

270

Selenium (µg)

9

12

15

Sodium (mg)

Maximum 690

Maximum 690

Maximum 690
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Supplementary table 2 Nutrient data from original school menus
Menu1
A12
B1

2

C1

2

D1

2

E1
F1

2

2

G1

2

H1

2

I12
J12
K12
L1

2

Energy
MJ
(kcal)
2,72
(651)
3,18
(762)
3,21
(768)
2,38
(571)
3,21
(768)
3,18
(762)
3,04
(726)
3,19
(763)
2,83
(681)
2,71
(649)
2,99
(716)
3,00
(717)

Protein
g (E%)

Fat g
(E%)

Saturated fat
g (E%)

Polyunsaturated
fatty acids
g (E%)
4,2 (5,7)

Carbohydrates
g (E%)

Fiber
g

Vit. D
µg

Folate
µg

9,6 (13,0)

Monounsaturated
fatty acids
g (E%)
10,3 (14,0)

25,9
(16,1)
27,4
(14,6)
31,8
(16,9)
26,9
(19,2)
29,4
(15,5)
31,4
(16,7)
24,5
(13,7)
29,8
(15,9)
33,0
(19,8)
25,4
(15,9)
32,7
(18,6)
27,5
(15,6)

30,0
(40,8)
39,5
(45,9)
30,8
(35,5)
21,1
(32,8)
33,3
(38,3)
36,6
(42,6)
40,0
(48,7)
31,0
(35,9)
24,9
(32,6)
30,4
(41,4)
30,1
(37,3)
31,8
(39,3)

66,6 (43,9)

7,9

2,0

66,7

13,2 (15,4)

14,8 (17,1)

6,5 (7,5)

70,9 (39,9)

8,0

1,1

91,7

10,0 (11,5)

10,6 (12,2)

4,7 (5,4)

87,0 (48,4)

9,3

1,7

8,3 (12,9)

6,9 (10,7)

2,7 (4,1)

63,8 (48,3)

8,2

8,5 (9,8)

14,0 (16,1)

6,2 (7,2)

83,1 (46,8)

13,1 (15,3)

12,8 (14,9)

5,2 (6,0)

11,2 (13,7)

17,5 (21,3)

10,7 (12,4)
8,0 (10,4)

Ascorbic
acid
mg
54,4

Sodium
g

Calcium
mg

1,0

245,8

67,8

1,4

92,5

46,5

1,7

96,5

11,5

2,0

73,2 (41,2)

8,4

7,5 (9,1)

63,9 (38,1)

9,5 (11,0)

4,3 (5,0)

7,4 (9,7)

3,6 (4,7)

7,8 (10,7)

8,3 (11,3)

12,7 (15,7)
7,8 (9,6)

Iron
mg

Zinc
mg

Selenium
µg

3,1

3,5

8,6

284,5

3,3

3,6

11,8

1,5

288,1

3,8

4,1

12,0

28,9

7,2

224,6

2,8

3,6

13,1

103,8

43,0

1,2

303,5

3,8

3,9

13,3

2,1

88,0

51,0

1,5

282,5

3,7

4

9,7

8,9

1,9

100,3

53,8

7,4

231,8

2,9

3,5

10,3

87,3 (48,1)

6,3

1,4

94,5

42,1

1,4

267,5

3,2

3,8

13,7

77,1 (49,0)

9,7

1,7

111,3

51,8

1,0

278,0

3,4

3,7

12,1

3,1 (4,3)

65,4 (43,6)

9,0

1,8

86,7

73,2

7,4

244,9

4,0

3,4

10,9

9,7 (12,0)

4,6 (5,7)

74,3 (44,8)

9,5

1,8

108,1

62,8

8,8

302,6

3,6

4,7

13,8

12,9 (16,0)

5,8 (7,1)

77,2 (46,0)

8,6

1,6

75,4

39,7

6,0

288,6

2,9

3,3

12,5

Supplementary table 3 Point system for the food based nutrient criteria in SkolmatSverige
Criteria

Sub criteria

2 points

1 point

0 points

Fat quality

Fatty fish is served

3 days in 4 weeks or more often

2 days in 4 weeks

Less than 2 days in 4 weeks

Type of spread served

Keyhole labeled light margarine (maximum 41%
fat) or keyhole labeled margarine + light margarine

Light margarine (maximum 43% fat) other sorts
may also be served

Margarine/fat blend/butter (minimum 43%
fat) as main product

Source of cooking fat

Only liquid margarine/oils

Both solid fats/butter and liquid margarine/oils

Only solid fats/butter

Dressing based on oil is
served

Every day

1-4 days per week

Less than 1 day per week

Dressing with dairy
products above 15% fat
is served

Never

1-3 times/month

Once a week or more often

Sausage is served

Maximum 3 days in 4 weeks

4 days in 4 weeks

5 days in 4 weeks or more often

Keyhole labeled
sausage (maximum
10% fat) is served

At least 50% of the times/alternatively sausage is
not served

Less than 50% of the times

Dairy products with
30% fat or above is
used for cooking in
amounts of 2 kg or
more per 100 portions

Never

1-3 days in 4 weeks

4 days in 4 weeks or more often

Cheese with 20% fat or
above is used for
cooking in amounts of
2 kg or more per 100
portions

Never

1-3 days in 4 weeks

4 days in 4 weeks or more often

Type of milk as
beverage

Low fat milk every day. Skimmed milk/standard
milk maximum 3 times/month

Alt 1: Semi-skimmed milk 1-4 times/week or
more often, low fat milk may be served, standard
milk maximum 3 times/month. Alt 2: Low fat
milk 1-4 times/week and other types less often.

Standard milk minimum once a week, other
types may be served.

TOTAL POINTS
FAT QUALITY

16-22 p (probably fulfill SNR standards)

14-15 p (may have problems fulfilling SNR
standards, a nutritional analysis is
recommended)

0-13 p (probably not fulfill SNR standards,
a nutritional analysis is recommended)

Category
weighed/comment

x2

0 points

Category
weighed/comment

Less than 1 day in 4 weeks

x2

12-15 days in 4 weeks

0-14 days in 4 weeks

x2

80-100%

60-79%

Less than 60%

x2 These points will not be
included in the total points if
vegetarian meals are served
less than 4 times in 4 weeks

Pulses in the salad bar

2 or more types

1 type

Not served

Whole grain pasta is
served

At least 50% of the times

Less than 50% of the times

Whole grain bread is
served

At least 50% of the times

Less than 50% of the times

TOTAL POINTS
IRON

8-18 p (probably fulfill SNR standards)

6-7 p (may have problems fulfilling SNR
standards, a nutritional analysis is
recommended)

0-5 p (probably not fulfill SNR standards, a
nutritional analysis is recommended)

Fatty fish is served

3 days in 4 weeks or more often

2 days in 4 weeks

Less than 2 days in 4 weeks

Fat for cooking is
fortified with vitamin D

Always

Not always, but at least 50% of the times

Less than 50% of the times

Spreads are fortified
with vitamin D

Always

Not always, but at least 50% of the times

Less than 50% of the times

Milk as beverage is
fortified with vitamin D

Always

Not always, but at least 50% of the times

Less than 50% of the times

Milk for cooking is
fortified with vitamin D

Always

Not always, but at least 50% of the times

Less than 50% of the times

TOTAL POINTS
VITAMIN D

10-16 p (probably fulfill SNR standards)

8-9 p (may have problems fulfilling SNR
standards, a nutritional analysis is
recommended)

0-7 (probably not fulfill SNR standards, a
nutritional analysis is recommended)

Criteria

Sub criteria

2 points

Iron

Black pudding/liver is
served

1 day in 4 weeks or more often

Meat, fish or poultry is
served

16-20 days in 4 weeks

Percentage of
vegetarian options with
iron rich protein source
(e.g. pulses, soy
protein, eggs as main
ingredient)

Vitamin D

1 point

1

x0.5

x4, 1 day in 4 weeks = 0.5
points

Criteria

Sub criteria

2 points

1 point

0 points

Category
weighed/comment

Fiber and
wholegrain

The content of the salad
bar includes

At least 3 types of coarse vegetables (pulses
included)

2 types of coarse vegetables (pulses included)

Less than 2 types of coarse vegetables (pulses
included)

x4

Whole grain pasta is
served

At least 50% of the times

Sometimes, but less than 50% of the times

never/is not served

Whole grain rice is
served

At least 50% of the times

Sometimes, but less than 50% of the times

never/is not served

Whole grain bread is
served

At least 50% of the times

Bulgur, quinoa, pearl
barley, wheat berries or
whole grain couscous is
served
TOTAL POINTS
FIBER AND
WHOLEGRAIN

Less than 50% of the times/is not served

4 days in 4 weeks or more often

1-3 days in 4 weeks

Not served the last 4 weeks

10-16 p (probably fulfill SNR standards)

7-9 p (may have problems fulfilling SNR
standards, a nutritional analysis is
recommended)

0-6 (probably not fulfill SNR standards, a
nutritional analysis is recommended)
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