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Sammanfattning 
 
Bakgrund Mjölk och mjölkprodukter är vanliga delar av den svenska kosten. Fisk, speciellt 
fet fisk, rekommenderas för dess hälsosamma effekter. Pålitlig information om individers kost 
är därför av stor vikt vid undersökning av associationerna mellan kost och hälsa. 
Livsmedelsverket har mot denna bakgrund utvecklat en ny webb-baserad metod, Riksmaten 
Flex (RF), för att undersöka matintaget hos ungdomar. 
Syfte Att undersöka hur väl RF fångar intaget av fisk och mjölkprodukter jämfört med 24-
timmars recall intervjuer. Vidare, att undersöka det rapporterade intaget av dessa 
livsmedelsgrupper från respektive metod med serum koncentrationer av fettsyror, 
biomarkörer för fisk och mjölkprodukter.  
Metod Deltagare i åldrar 11-12, 14-15 och 17-18 år rekryterades från olika skolor i Sverige. 
Ungdomarna kompletterade sedan två dagars kostregistrering i RF och två 24-timmars recall 
intervjuer. Blodprov samlades in och analyserades. 
Resultat Fler flickor än pojkar genomförde studien och det rapporterade median energiintaget 
var högre i RF än i 24-timmars recall intervjuerna (p=0,005). Intaget av mjölkprodukter 
korrelerade med det rapporterade i RF och 24-timmars recall intervjuerna. Intaget av 
mjölkprodukter korrelerade signifikant med pentadekansyra (15:0) i serum kolesterolestrar 
och fosforlipider och med heptadekansyra (17:0) i serum fosforlipider. Det fanns ingen 
signifikant korrelation mellan fettsyror och det rapporterade intaget av fisk från 24-timmars 
recall intervjuerna men däremot för fiskintaget i RF, eicosapentaensyra (EPA) och 
docosahexaensyra (DHA) och totala n-3 fettsyror.  
Slutsats Det konkluderas att svaga korrelationer sågs mellan rapporterat intag i RF, 24-hour 
recalls och biomarkörer för fettsyror i blod. Signifikans hos korrelationerna kan inte avgöras 
på grund av saknad av beräkning för deltagarantal. Lågt deltagarantal, få dagars registrering 
och högt antal avhopp tillhör några av begränsningarna.
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Abstract 
 
Background Milk and dairy products are common compounds of the Swedish diet. Fish, in 
particular oily fish, is recommended for health effects. Accurate dietary information on 
individuals diet is of great importance when studying the associations between diet and 
health. The National Food Agency in Sweden has developed a new web-based method, 
Riksmaten Flex (RF), for assessing food intake in adolescents. 
Objective To investigate how well the web-based method Riksmaten Flex (RF) captures 
intake of fish and dairy products compared to 24-hour recalls. Serum concentrations of fatty 
acids, biomarkers for fish and dairy products, were used to investigate the reported intake of 
fish and dairy products from each respective method.   
Method Participants in the age of 11-12, 14-15 and 17-18 years old were recruited from 
different schools in Sweden. The adolescents completed two days of dietary recordings in RF 
and two 24-hour recalls. Blood samples were taken and analyzed. 
Results More girls than boys completed the study and the reported median energy intake was 
higher in RF compared to 24-hour recalls (p=0,005). Intake of dairy products correlated with 
the reported RF and 24-hour recalls. Intake of dairy products correlated significantly with 
pentadecanoic acid (15:0) in serum cholesterol esters and phospholipids and with 
heptadecaoic acid (17:0) in serum phospholipids.  There was no significant correlation 
between fatty acids and the reported fish intake from 24-hour recalls but however for fish 
intake from RF and eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and total n-3 
fatty acids.  
Conclusion It is concluded that weak correlations were found between the reported intake in 
RF, 24-hour recalls and biomarkers for fatty acids in blood. Significance of the correlations 
cannot be concluded due to the lack of a sample size calculation. Small number of 
participants, few days of registration and a large drop-out rate are some of the limitations. 
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Background 
 
Approximately 30-70% of adults in the European Union countries are overweight and 10-
30% are obese ((WHO), 2017). The Public Health Agency of Sweden showed similar 
figures about the Swedish population in their latest report. Overweight and obesity is 
increasing and 51 percent of the population aged 16-84 years old is now classified as obese 
or overweight (Public Health Agency of Sweden, 2017). Inadequate amounts of physical 
activity and exaggerated food intake lead to overweight and obesity and WHO names these, 
along with an unhealthy diet, as risk factors for the development of non-communicable and 
chronic diseases such as diabetes, heart disease, stroke and cancer (WHO, 2015). The 
current dietary recommendations provided by the Nordic Nutrition Recommendations 
(NNR) suggest a diet rich in vegetables, fruits and berries, nuts and seeds, whole grains, fish 
and seafood and low-fat dairy products to decrease the risk of most chronic diseases (NNR, 
2012). In particular, fish is essential, as it is rich in vitamins and minerals and oily fish, such 
as salmon, is rich in omega-3-acids, eicosapentaenoic acid (EPA) and docosapentaenoic acid 
(DHA) as well as vitamin D (NNR, 2012). Dairy products and milk are important 
compounds in the Nordic diet (Penner Protudjer, 2016), especially for children. The 
National Food Agency in Sweden (NFA) conducts national food surveys to gather 
information on the eating habits of the Swedish population (NFA, 2016). There are 
methodological requirements for the used measurement methods, which need to be validated 
in order to address these public health issues. Furthermore, there are some weaknesses 
concerning dietary assessment methods that need to be addressed when conducting research 
on the area (Gibson, 2005).  

National food surveys 
Thus, continuous information on food consumption and dietary habits in different groups of 
the population are important in order to follow trends in dietary habits, to draw conclusions 
on public compliance to dietary guidelines and recommendations, and to observe the 
consumption of specific substances. Results from national food surveys can be used as a 
valuable input for the development of new dietary guidelines, for legislation and to study the 
influence of dietary habits on health and disease (NFA, 2016). Sweden provides data to the 
European Food Safety Authority (EFSA) for the purpose of developing legislation and 
common rules on food and risks associated with the food chain in the EU (EFSA, n.d.). 
The National Food Agency in Sweden (NFA) has previously conducted national food 
surveys, used for risk evaluations and to gather information on the dietary habits of the 
Swedish consumers. HULK (Hushållens livsmedelsutgifter och kostvanor) 1989 and 
Riksmaten 1997-98 were two of the first large national food surveys that were conducted 
(NFA, 2016). Riksmaten Children 2003, showed that children in the ages of 4, 8 and 11 
years old, consumed too much candy, soft drinks, ice cream, snacks and pastries and too 
little fruit and vegetables. Riksmaten Adults 2010-11, showed that food habits of adults have 
improved but are still not satisfying from a public health perspective. A majority consumed 
too little of vegetables, fruit and whole grain and too much of foods with a high total fat and 
sugar content, soft drinks and salt (NFA, 2016).  
 
A total diet study is conducted to investigate the content of a typical Swedish market basket 
to gain knowledge and information on the amount of nutrients and unwanted substances in 
common food items on the Swedish market. The content is based on a theoretical average 
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consumption for the average Swede and provides an indication for the consumers’ choice of 
food items. The results from the latest study, Market Basket 2015, reveal that the toxins in 
food are generally decreasing, however in a slow rate. Yet, the consumption of some 
unwanted substances, lead, mercury and cadmium, are not decreasing. The results also show 
that the average Swede consumes according to the general recommendations apart from the 
intake of iodine, which is decreasing (NFA, 2016).  
 
However, no surveys have been conducted concerning the consumption patterns of Swedish 
adolescents (NFA, 2016). The NFA has now started a national food survey, Riksmaten 
Ungdom, during 2016-2017 to fill this gap. A new web-based dietary assessment method, 
Riksmaten Flex, was developed and used along with 24-hour recalls and biomarkers for 
dietary intake. A pilot study was conducted during the autumn of 2015 and the spring of 
2016, along with a validation study to validate Riksmaten Flex prior to the main national 
food survey. 

Dietary assessment methods, strengths and limitations 
There are a number of dietary assessment methods available to conduct national food 
surveys and the choice depends on the objectives of the study and the characteristics of the 
study group. 24-hour recalls, weighed and estimated food records, food frequency 
questionnaires (FFQs) and web-based instruments are some of the most common dietary 
assessment methods (Gibson, 2005). Furthermore, there is a development in the methods 
towards more digitalized and web-based methods. Incorporation of e.g. photographs to 
support data collection is one of the developments (Arab, 2011). Web-based recalls are easy 
to use (Baranowski, 2012) and have been shown to provide valid dietary intake reports on 
total energy intake (Arab, 2011). This master’s thesis deals with the two dietary assessment 
methods used in the pilot study. 

24-hour recalls 
A common dietary assessment method is the 24-hour recalls method. The subjects are asked 
to recall their exact food intake during the previous 24-hour period or the preceding day. 
However, a single 24-hour recall is not sufficient to describe an individual’s usual intake of 
food and nutrients. Multiple 24-hour recalls over several days are required for a satisfactory 
results (Gibson, 2005).  

Web-based methods 
Web-based technologies’ are self-administered instruments for either short- or long-term 
dietary assessment. They may involve considerable programming effort and are 
characterized by various software components (e.g. interactive help features, adjustable 
images of portion sizes). They are increasing in popularity as a method to measure of food 
intake and food habits (Illner, 2012).  

General problems in assessing dietary intake 
There are a number of limitations when conducting dietary assessments. Errors and biases 
can occur in the method itself, both with the researcher and with the respondent. Interviewer 
bias could include giving nonverbal cues towards the “right answers”, incorrect recording of 
the answers and biases associated with the interview setting, distractions, confidentiality and 
anonymity of the respondent. Bias regarding the respondent could be a lack of response or 
poor compliance to the method/questions, loss of memory, misunderstanding of the 
method/questions, or a need to give “socially desirable” answers. Over and underreporting 
are also forms of respondent bias, where underreporting is the more common one (Gibson, 
2005). Portion size could also be the subject for bias. The meaning of the description of a 
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“normal portion” could differ between interviewer and respondent. Furthermore, some food 
items may be forgotten, other food items may be remembered although not having been 
consumed within the given time frame. Some food items are not recognized because they are 
part of a dish. This may lead to overestimation or underestimation of intake (Tabacchi, 
2013). 

The number of days needed to assess impact depends on the nutrient under study. It is driven 
by the intraindividual to interindividual variability in intake of that particular nutrient. 
However, in the case of energy intake, a short reference period in a population that adheres 
to a greatly varied diet is valuable (Arab, 2011). 

Validation of dietary assessment methods 
New dietary assessment methods need to be verified to ensure that the results are valid. 
Validation refers to whether a measuring instrument really measures what is intended 
(Block, 1989).  
 
Relative validation is the most commonly used method when validating new dietary 
assessment methods. In this validation the new method is compared to a reference method. 
There are multiple factors to consider when avoiding biases and undue influence. The 
methods need to use the same study objective, time frame and be conducted on the same 
type of subjects. Further aspects such as socioeconomic status, sex, age and day of the week 
need to be taken into consideration (Gibson, 2005). 
 
The reference method could either be another dietary assessment method or an external 
independent marker of intake, e.g. a biomarker (Gibson, 2005). Biomarkers, along with 24-
hour recalls, observations and food records can serve as reference methods when validating 
or comparing results from two or more dietary assessment methods (Nybacka, 2016). 
Furthermore, biomarkers could be used to validate FFQs. EPA and DHA, as blood 
biomarkers, have been used when validating a FFQ (Patterson, 2012). Multiple 24-hour 
recalls, reported by parents and covering both weekdays and days of the weekends have 
been suggested as the best dietary assessment method in children age 4-11 years when 
looking at total energy expenditure and compared to doubly labeled water (Burrows, 2010). 
The European Food Safety Authority (EFSA) recommends prospective food records as the 
dietary assessment method in children from the age of 3 months to 10 years, and 24-hour 
recalls in adolescents of 10 years and older (EFSA, 2014). 

Biomarkers for validation intake 
Dietary biomarkers can be either recovery or concentration biomarkers. The first group is 
based on the physiological balance between intake and output of a compound or chemical 
element (Kaaks, 2002). Urinary excretion of nitrogen over a 24-hour period is one example 
and can be translated into a valid estimate of an individual’s daily protein intake. Another 
example is urinary excretion of potassium, which also represents a relatively constant 
proportion of potassium intake and can therefore be used as an approximate marker for total 
vegetable consumption (Bingham, 1997). The doubly labeled water technique for the 
assessment of daily total energy expenditure (Arab, 2011) is, for subjects in energy balance, 
very close to daily energy intake (Schoeller, 1988). However, due to the high cost, it is not 
so common.  
 
The second group, concentration biomarkers, is known to correlate with dietary intakes of 
different foods or nutrients, although they do not represent the exact level of intake. 
However, there are other factors than intake that could affect what is measured in blood. 
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Concentration biomarkers are based on the measurement of a concentration, at a given point 
in time, of a specific compound. These include serum carotenoids, lipids and vitamins. 
Concentration measurements may be made in blood plasma (e.g. vitamin C, specific 
carotenoids), within a given blood lipid fraction (e.g. the relative fatty acid composition of 
circulating phospholipids), in an adipose tissue biopsy (e.g. the relative composition of fatty 
acids), in urine (e.g. sodium) or in other tissues (e.g. red blood cells) and body fluids 
(saliva). One key characteristic of this class of markers is that they do not have a time 
dimension, meaning their levels are measured and expressed without a time unit. A second 
characteristic is that these markers generally do not have the same quantitative relationship 
with dietary intake levels for every individual in a given study population. Concentration 
biomarkers can therefore not be translated into absolute intake levels per day, but can 
provide a correlation of dietary intake levels (Kaaks, 2002).  

Fatty acids as biomarkers for fat intake 
Concentration of fatty acid biomarkers can be used as estimate of dietary fat intake. Very-
long-chain omega-3 fatty acids, EPA and DHA from plasma PL and CE can be used as 
biomarkers for dietary fish intake (Amiano, 2001 & Patterson, 2012). Pentadecanoic acid 
(15:0) and heptadecanoic acid (17:0) analyzed in plasma PL and CE can be used as a valid 
biomarker for dairy fat intake (Brevik, 2005; Smedman, 1999, Sun, 2007 & Wolk, 2001). 
However, fatty acid biomarkers do not provide an accurate reflection of absolute intake, 
partly because fatty acid composition is influenced by endogenous metabolism (Arab, 2003) 
as well as total dietary fat, blood lipid concentrations, recent dietary changes, smoking 
habits and exercise (Hodson, 2008). Some fatty acids, such as eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) provide a better reflection of the dietary content, while 
others such as saturated fatty acids (SFA) and monounsaturated fatty acids  (MUFA) provide 
a worse estimate of dietary intake because of endogenous metabolism. The biomarker fatty 
acid composition in the phospholipid (PL) and cholesterol ester (CE) fraction of lipoprotein 
particles reflects the dietary fat quality during the last days and weeks, respectively (Arab, 
2003). 

Objective 
The objective of this thesis is to investigate how well the web-based method Riksmaten Flex 
(RF) captures the reported intake of fish and dairy products compared to 24-hour recalls and 
fatty acid biomarkers. In particular, the following were analyzed:  

• The association between the reported intake of fatty acids, milk products and fish 
from two days in RF with the reported intake from two 24-hour recalls. 

• The association between the reported intake of fish from the two methods with total 
omega-3 fatty acids in total, as well as EPA and DHA analyzed in serum CE and PL. 

• The association between the reported intake of milk products from each method 
compared with pentadecanoic acid and heptadecanoic acid analyzed in serum CE and 
PL. 

Material and method 
A literature review was conducted using the database PubMed to identify articles that 
reported on the subject. The following search terms were used: “saturated fat, disease risk, 
validation, dietary assessment, biomarker, fish intake, disease risk, health, cholesterol esters, 
phospholipids, pentadecanoic acid, heptadecanoic acid, web-based dietary record, 24h recall 
interview”. 
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Sample selection and participants 
Sweden has seven Occupational and Environmental Medicine Centre regions. Participants 
were recruited from six of these regions; Umeå, Lund, Göteborg, Uppsala, Stockholm and 
Linköping. One class from each region was selected. The principal at the school was 
contacted through e-mail and a phone call and were then asked to select a class along with a 
contact person. Students in fifth (11-12 years old) and eighth grade (14-15 years old) in 
primary school along with students in second grade in high school (17-18years old) were 
asked to join the pilot study. Students that did not appropriately master the Swedish 
language and those who did not meet the age requirements were excluded. In total 18 
classes, three classes from each region participated and 433 students were invited and 213 
students accepted to take part. A larger number of students did not complete all parts of RF 
and the 24-hour recall, leaving data from only 79 participants for the comparison between 
the methods. Of these 79, blood serum was missing for seven students. Thus, data from 72 
participants was used in the comparison with fatty acids in blood serum. See Figure 1 for a 
depiction of the study sample.  

Design of the pilot study and method for gathering of data 
The pilot study is based on a crossover design where all participants carry out three days of 
RF and two 24-hour recalls. See Figure 2 for a schematic illustration on the pilot study 
design. An invitation with information about the study was sent home to all students by 
mail. The first meeting in each school class consisted of an information appointment where 
the students and teachers were informed about the study, how it was planned to proceed, 
how the two methods worked in practice and any questions were answered. Before the 
second meeting, the participating students were randomly selected into one of two groups. 
One group started with RF and the other group with 24-hour recalls. The students assigned 
to begin with RF were asked to register the previous day and the actual school day. The data 
from the actual school day was not used in the study but served as a way for the students to 
learn the method. During the second visit at the school, height and weight was measured and 
the participants completed the online questionnaire. Personnel from Occupational and 
Environmental Medicine Clinics in the six regions gathered blood samples for the fatty acid 
concentrations during the second visit at the school. 
 After 1-2 weeks the participants were prompted to register the third day in RF. The 
youngest two age groups registered the actual day and the oldest age group registered the 
previous day. The third group was contacted for another 24-hour recalls over the phone. 
  The research team returned for a third school visit after 2-4 weeks. At this visit the 
dietary assessments were repeated in the same way. The author of this thesis did not 
participate in the gathering of data or in the design of the study.  
 The staff from the clinics measured height and weight during the second visit at the 
school. Weight was assessed with light clothing.  
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Figure 1. Flowchart describing recruited and final study sample 
 
 
 

 
 
Figure 2. The crossover design of the validation study Riksmaten Flex conducted in Sweden 
2015/2016 

Ethical aspects 
Since the pilot study collected and handled with ethically sensitive data such as blood 
samples and anthropometric measures, an ethical permission for the pilot study was applied 
for and granted by the Regional Ethical Review Board in Uppsala, Sweden (Registration 
number 2015/190). The Swedish Research Council’s four main ethical basic research 
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principles (Swedish Research Council, 2011) were followed. The first principle, conclusion 
on the exemption from notification, was conducted during information meetings before the 
beginning of the pilot study when the participants were informed on the purpose of the 
study. The second principle, the consideration of approval, was met through an informed 
written consent, signed by both legal guardians (if applicable) and by the participant before 
entering the study. The third principle, which discusses confidentiality, was reached by 
coding of the participants information and blood samples. The fourth principle claims that 
the gathered data and research is only to be used by the researchers in that specific project. 
While the author and fellow students were included in the research group, the data was not 
distributed to or shared with others.    

The Riksmaten Flex method 
RF is a newly developed web-based dietary record method, where the participants register 
the food and drinks they consume on a web page using a computer, smart phone or tablet. 
Participants access the web page with an individual username. The participant also register 
the location of food intake as well as any deviations, e.g. illness or if it was a regular day 
along with when and where the food was consumed. When opening the program, the day to 
register on is chosen. The consumed food and drinks are added by searching for an item. 
The program makes multiple suggestions and the participant chooses the specific item and 
then amount consumed. The same applies to drinks. When the participant has finished the 
registration, the entered data is verified, reminding of easily forgotten food items and drinks. 
A database of food items based on the one created by the NFA, yet adapted to RF after focus 
group interviews with adolescents, was used to assess food consumption and to calculate 
energy and nutrient intake. There were 770 different food items to choose from in the 
database and these were chosen to provide a generic but not too overwhelmingly large range 
of choice (Livsmedelsdatabasen, version Riksmaten ungdom). The participants registered 
intake they consumed the previous day (24-hour recall) or the consumption of the present 
day (food record). Participants in 5th and 8th grade reported intake one day retrospective (day 
1) and two consecutive days (day 2 and 3). Participants in 2nd grade reported two days 
retrospective (day 1 and 3) and one present day (day 2). Food records were chosen for the 
3rd day for the two younger age groups because it was believed that they would have more 
difficulty remembering yesterday’s food intake.  
 
In addition, four short questionnaires were included. One was directed towards the parents 
and contained questions about food habits, meal patterns and education level of the parents. 
The other questionnaires were directed towards the participating youths and involved 
questions about lifestyle. Weekly fish intake was registered in one of the questionnaires. As 
described previously, the participant recorded three days in RF. However, only data from 
day 1 and day 3 were used in the present analysis. Day 2 was not included since it was for 
the purpose of practice.  

24-hour recalls 
The first 24-hour recall was conducted in the school and the second one over the phone. A 
standard protocol, modified to fit the pilot study, was used during the 24-hour recalls. 
Participants were asked to give an over-view on what they consumed during the meals in the 
previous day. After this, the meals were traced back and a more thorough and detail rich 
investigation was conducted. The interviews were finished with the researcher and 
participants’ together repeating what had been reported in order to clear out any 
misunderstandings and make sure nothing had been forgotten. During the first 24-hour 
recall, the same portion guide as in RF was used when the participants were to illustrate the 
portions they consumed. The participants had access to an electronic portion guide, 
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specifically developed for the 24-hour recall. This was used to assess portion sizes during 
the second 24-hour recall. The first 24-hour recall took place during a weekday in school 
and the second one was held during the weekend for a representative view on the habitual 
food intake. The researcher who had conducted the 24-hour recall also coded the 24-hour 
recall and regular quality checks were performed since multiple researchers were involved in 
the interviewing process. Calculation of energy and nutrient intake and assessment of food 
consumption was performed using the same database of food items as the one used for RF 
(Livsmedelsdatabasen, version Riksmaten ungdom) plus the database was originally 
developed for Riksmaten Adults 2010-11 (Livsmedelsdatabasen version, Riksmatenvuxna 
2010-11). Both days of the 24-hour recalls were used in the data analysis. 

Blood samples in serum 
All samples were stored at NFA at -80°C until the analyses were conducted. The blood 
samples were then sent to the Lipid laboratory at the Clinical Nutrition and Metabolism unit 
at Uppsala University where they were analyzed. After thawing, the same laboratory 
technician analyzed the samples by gas chromatography. After extracting serum with a 
hexane-isopropanol solution, cholesterol esters and phospholipids were separated by thin 
layer chromatography before subsequently being transmethylated and analyzed by gas 
chromatography (Hewlett Packard 5890, Avondale, PA, USA) with helium as a carrier gas. 
Individual fatty acids were detected by flame ionization detection (Boberg, 1985). The 
relative concentration of each fatty acid was calculated as a proportion of all fatty acids 
detected. The coefficient of variation between the analytical batches were ≤10% and within 
batches ≤5%. Data of interest concerned levels of pentadecanoic acid (15:0) and 
heptadecanoic acid (17:0) along with EPA (20:5), DHA (22:5) and other fatty acids. 
 
Heptadecanoid acid (17:0) is often present in small amounts in CE blood serum, making it 
difficult to detect. It is therefore difficult to measure in a safe way and if measured, it might 
provide many  “missing values”. The Lipid Laboratory at the Clinical Nutrition and 
Metabolism unit at Uppsala University therefore only provided results for 17:0 in serum PL. 

Statistical methods 
The dietary data was prepared and merged together in MS Excel files. Food groups were 
constructed by adding together data from multiple variables. Dairy products include milk, 
yoghurt, cheese, cream, butter and milk based spreads (Bregott). Fish include white lean fish 
(such as cod fishes), salmon, trout, char and pike. No sample size calculation was conducted. 
All missing values were coded with “999” and the data set was then inserted in the program 
IBM SPSS (Statistical Package for Social Science) Statistics, version 23.0 (SPSS Japan 
Inc.). The normality of the data was checked with the Kolmogorov-Smirnov test and the 
Shapiro-Wilk test. Plasma fatty acids in PL and CE are shown as percentage of total fatty 
acids. BMI was not calculated for the adolescents due to the special regard needed for age 
according to the iso-BMI table (Cole, 2000) and the provided data did not include specific 
ages but rather which school class the participant belonged to. Food groups, nutrient intakes 
and fatty acids from intake were adjusted for total energy intake using the residual method 
(Willett, 1997) and in g/MJ. This was done to separate the effects of the fatty acids from the 
effects of the extra amount of energy derived from the fatty acids. 

Due to random measurement error, especially if errors in the test and reference 
measures are independent, one would not expect the mean values to be identical. However, a 
paired t-test of the difference between the mean values will reveal whether they are 
statistically equivalent (Gleason, 2010). Yet, since the majority of the variables were not 
normally distributed, non-parametric tests were used based on the results. A Wilcoxon rank 
sum test was therefore used to perform a comparison between the means instead of a paired 
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t-test. The mean and median was calculated along with quartiles, maximum, minimum, and 
standard deviation for the characteristic variables age, height and length. The same was then 
calculated for the intake of energy, fish and milk products.  
 The association between the two methods was analyzed using Spearman’s 
correlation coefficient, as suggested by (Gleason, 2010). The 24-hour recalls was used as a 
reference method when comparing with RF. Each respective method was then compared to 
the plasma concentrations of EPA, DHA, pentadecanoic acid and heptadecanoic acid. 
Correlation coefficients were judged as poor (<0.3), moderate (0.3 to 0.6), and good (>0.6) 
(Patterson, 2012). Values of p<0.005 were considered significant. 
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Results 
Background and participant characteristics 
The general characteristics of the participants (n=79) are presented in Table 1. Distribution 
of age was almost equal between 5th grade students (n=24; 30 %) and 2nd grade students 
(n=22; 28 %), while the group of 8th grade students (n=33; 42 %) was larger. More than 
twice the number of girls (n=54; 68 %) participated compared to boys (n=25; 32 %).  
 
Table 1. Characteristics of the study sample (n=79)  
  
 n (%) 
Participants 79 (100) 
Age (years)  
Grade, 5th (11-12)  24 (30) 
Grade, 8th (14-15)  33 (42) 
Grade, 2nd (17-18) 22 (28) 
Gender  
Girls 54 (68) 
Boys 25 (32) 
  
 Mean ± SD 
Weight (kg) 55.3 ± 13.6 
Height (m) 1.62 ± 0.11 
Presented as number of observations (n), proportion (%), mean ± standard deviation (SD). 
 
The relative proportions of fatty acids measured in serum PL and CE are illustrated in Table 
2.  
 
Table 2. Proportion (% of total) fatty acids estimated in serum phospholipids and cholesterol esters 
respectively (n = 72) 
     
 Phospholipids  Cholesterol esters  
Fatty acid Mean ± SD Median (IQR) Mean ± SD Median (IQR) 
Σ SFA 45.1 ± 1.8 45.2 (1; 79) 12.8 ± 0.9 12.8 (1; 42) 
Pentadecanoic acid, 15:0 0.24 ± 0.04 0.23 (0; 04) 0.21 ± 0.05 0.21 (0; 05) 
Heptadecanoic acid, 17:0 0.44 ± 0.05 0.44 (0; 06)   
Σ MUFA 13.5 ± 1.2 13.4 (1; 39) 25.4 ± 1.9 25.4 (3; 06) 
Σ PUFA 41.4 ± 1.6 41.6 (2; 34) 17.2 ± 2.3 16.9 (2; 81) 
Σ n-6 35.0 ± 1.7 35.1 (2; 48) 14.3 ± 2.2 14.0 (2; 73) 
Σ n-3 6.4 ± 1.0  6.2 (1; 63) 2.9 ± 0.6 2.8 (0; 67) 
EPA, 20:5 n-3 1.2 ± 0.4 1.1 (0; 47) 1.0 ± 0.4 1.0 (0; 44) 
DHA, 22:6 n-3 3.8 ± 0.7 3.7 (1; 17) 0.6 ± 0.1  0.6 (0; 20) 
Presented as mean values and standard deviations (SD), median and interquartile range (IQR). 
 

Comparison between the two dietary methods 
The comparison between the energy-adjusted intakes from the two methods is illustrated in 
Table 3. Reported median energy intake was significantly higher with RF than 24-hour 
recalls. However, there was a significant correlation between the reported energy intake in 
RF and 24-hour recalls. Intake of dairy products also correlated significantly with the 
reported RF and 24-hour recalls. 
 
Weekly fish intake reported in the questionnaire correlated significantly with EPA (r=0,26), 
DHA (r=0,33) and total n-3 in serum PL (r=0,33) and with DHA in CE (r=0,29). However, 
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there was no significant correlation between weekly fish intake and EPA (r=0,25) and total 
n-3 (r=0,22) in serum CE.  
 
Table 3. Energy adjusted (g/MJ) intakes from RF and 24-hour recall 
     
 RF 24-hour recalls   
 Median (IQR) Median (IQR) P-valueb  Spearman’ r 
Energy intake (MJ) 8.4 (6.9; 10.7) 7.6 (2.8-9.6) 0.005 0.50*** 
Dietary fat intake     
Total fat 9.6 (8.6-10.6) 9.1 (8.2-10.3) 0.168 0.03 
SFA 4.1 (3.4-4.5) 3.6 (3.2-4.2) 0.014 0.06 
MUFA 3.5 (3.1-4.2) 3.4 (3.0-4.0) 0.435 0.11 
PUFA 1.1 (0.9-1.3) 1.1 (0.9-1.4) 0.787 0.45*** 
Total fat from dairy 
products 

1.7 (0.7-2.7) 0.9 (0-2.5) 0.044 0.04 

Total fat from fish 14.5 (12.4-16.1) 12.6 (3.3-14.3) 0.688 -0.37 
Intake of food 
groups 

    

Fish 0 (0-6.7) 0 (0-3.8)  0.642 -0.11 
Dairy productsa 42.1 (19.9-61.9) 37.4 (20.5-64.9) 0.395 0.93** 
Abbreviations: RF, Riksmaten Flex.  
Presented as median and interquartile range (IQR) and Spearman’s correlation (r) 
a Dairy products include milk, yoghurt, cheese, cream, butter and milk based spreads (Bregott). 
b Wilcoxin rank sum test. 
*p<0.05; **p<0.01; ***p<0.001 
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Correlations between fish intake and serum concentrations 
The correlation between fish intake in RF and serum concentration from fatty acids is 
illustrated below in Table 4a. Reported fish intake from RF correlated significantly with 
EPA, DHA and total n-3 fatty acids measured in both serum PL and CE. The strongest 
correlation was between total n-3 fatty acids in serum CE and fish intake (r 0,403; P<0,01) 
from RF. Table 4b illustrates the correlation between fish intake in 24-hour recalls and 
serum concentration from fatty acids. Reported fish intake from 24-hour recalls did not 
correlate significantly with any of the fatty acids measured in CE or PL.  
 
Table 4a. Correlation coefficient (r) between fish intakea estimated in RF and specific serum fatty acids (% of 
total fatty acids)  
    
 Fish intakea (g/d) Total fat from fisha (g/d) PUFA from fisha (g/d) 
Fatty acid Spearman’s r Spearman’s r Spearman’s r 
Cholesterol esters    
EPA 0.34** 0.24* -0.05   
DHA 0.28* 0.22 0.07 
Total n-3 0.40** 0.38** 0.11 
Phospholipids    
EPA 0.28* 0.18 -0.08 
DHA 0.30* 0.22 0.08 
Total n-3 0.34** 0.27* 0.02 
Abbreviations: RF, Riksmaten Flex. 
aResidual adjusted. 
*p<0.05; **p<0.01 
 
 
Table 4b. Correlation coefficient (r) between fish intakea estimated in 24-hour recalls and specific serum fatty 
acids (% of total fatty acids) 
    
 Fish intakea (g/d) Total fat from fisha (g/d) PUFA from fisha (g/d) 
Fatty acid Spearman’s r Spearman’s r Spearman’s r 
Cholesterol esters    
EPA 0.06 0.19 0.19  
DHA 0.07 0.14 0.14 
Total n-3 0.03 0.32** 0.32** 
Phospholipids    
EPA 0.09 0.17 0.16 
DHA 0.04 0.12 0.13 
Total n-3 0.06 0.19 0.19 
aResidual adjusted. 
**p<0.01 
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Correlations between dairy intake and serum concentrations 
Table 5a illustrates the correlation between dairy intake in RF and serum concentration 
from fatty acids. Reported intake of dairy products from RF correlated with 15:0 measured 
in both serum CE and PL and with 17:0 measured in serum PL. The correlation between 
dairy intake in 24-hour recalls and serum concentration from fatty acids is illustrated below 
in Table 5b. Reported intake of dairy products from 24-hour recalls only correlated 
significantly with 15:0 measured in serum PL.  
 
 
Table 5a. Correlation coefficient (r) between the intake of dairy productsa estimated in RF and specific serum 
fatty acids (% of total fatty acids) 
    
 Dairy 

productsa (g/d) 
Total fat from dairy 
productsa (g/d) 

SFA from dairy 
productsa (g/d) 

Fatty acid Spearman’s r Spearman’s r Spearman’s r 
Cholesterol esters    
15:0 0.27* 0.20 0.18  
Phospholipids    
15:0 0.35** 0.29* 0.29* 
17:0 0.28* 0.22 0.22 
Abbreviations: RF, Riksmaten Flex. 
a Residual adjusted. 
*p<0.05; **p<0.01 
 
Table 5b. Correlation coefficient (r) between the intake of milk productsa estimated in 24-hour recalls and 
specific serum fatty acids (% of total fatty acids) 
    
 Dairy 

productsa (g/d) 
Total fat from dairy 
productsa (g/d) 

SFA from dairy 
productsa (g/d) 

Fatty acid Spearman’s r Spearman’s r Spearman’s r 
Cholesterol esters    
15:0 0.25 0.18 0.09  
Phospholipids    
15:0 0.34* 0.23 0.17 
17:0 0.12 0.33** 0.09 
a Residual adjusted. 
*p<0.05; **p<0.01 
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Discussion 
This master thesis aimed at examining the association between the intake of fish and dairy 
products, respectively, in children and adolescents with the web-based method RF, 
comparing it with the reported intake in 24-hour recalls and with serum fatty acid 
concentrations.  

Discussion of results 
The results show that the reported energy intake was significantly higher with RF than 24-
hour recalls and that there was a significant correlation of energy intake between the 
methods. Note that, this does not say anything about the level of accuracy for either RF or 
24-hour recalls. Also, the dietary assessment methods provide information only on the 
reported intake and not on the absolute intake of the food groups. 
 
Drop-out 
A large part of the participants (n=129) decided not to continue with the third day of RF 
after the first two days of registration. Furthermore, participants that did not complete the 
24-hour recalls to a satisfactory level, i.e. did not provide answers to all of the questions, 
lack of details or did not provide answers that were possible to insert into the calculation 
program, were also excluded.  
 
Possible explanations could be poor compliance to the method/questions, loss of memory or 
misunderstanding of the method/questions (Gibson, 2005). Notably, more girls than boys 
decided to continue with the 24-hour recalls after completing RF.  
 
Correlations between fish intake and respective method 
No significant correlation for fish intake was found between the two methods. This could be 
caused by the rather small intake of fish and/or the small sample. However, reported fish 
intake from RF correlated significantly with EPA, DHA and total n-3 fatty acids measured 
in both serum PL and CE, consistent with previous results by Warensjö Lemming et al. 
(2015). These results are further strengthened by Lassale et al. (2016), that found a 
moderately strong correlation between fish intake and EPA, DHA and total n-3. Yet, the 
reported fish intake from 24-hour recalls did not correlate significantly with any of the fatty 
acids measured in CE or PL. Fish was consumed once to a couple of times per week by the 
participants. The registration of food intake in RF and 24-hour recalls only occurred for two 
days, i.e. this could be too few days to draw any conclusions on the fish intake. A longer 
registration period might detect a significant correlation. Notably, weekly fish intake 
reported in the questionnaire correlated significantly with EPA, DHA and total n-3 in serum 
PL, also shown by Warensjö Lemming et al. (2015) and with DHA in CE. 
 
Correlations between dairy intake and respective method 
Intake of dairy products correlated significantly with the reported RF and 24-hour recalls. 
This is not surprising due to the fact that dairy products were consumed every day and in 
large amounts. Total fat from dairy products was significantly higher in RF than in 24-hour 
recalls but there was no significant correlation found for either total fat from dairy products 
or total fat from fish. Reported intake of dairy products from RF correlated with 15:0 
measured in both serum CE and PL and with 17:0 measured in serum PL. These results are 
strengthened by those of Warensjö Lemming et al. (2015), however, they did not find a 
significant correlation between intake of dairy products and 17:0. Reported intake of dairy 
products from 24-hour recalls only correlated significantly with 15:0 measured in serum PL. 
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The same fatty acid, 15:0 measured in serum PL, correlated significantly with total fat from 
dairy products and SFA from RF, a result also found by Warensjö Lemming et al. (2015).  
 
Strength of correlations 
Correlations found in this thesis were rather weak compared to those found in similar studies 
(Patterson, 2012). The same found predominantly moderate correlations between reported 
intake in FFQs, food records and blood biomarker fatty acids. The highest correlation 
between biomarker and food record was found in the analysis between blood biomarker 
percent n-3 highly unsaturated fatty acids in total highly unsaturated fatty acids and EPA 
(r=0,44), as well as DHA (r=0,42) (Patterson, 2012). The highest correlation found in the 
present analyses was between reported intake of PUFA from fish in 24-hour recalls and total 
n-3 (r=0,32). The correlations between RF and fatty acids in blood were much weaker. Food 
records had a tendency to have stronger correlations with plasma concentrations than other 
types of dietary assessment methods (Patterson, 2012). Furthermore, due to the absence of a 
sample size calculation, it cannot be concluded that the correlations are indeed significant.  
 
Proportions of fatty acids 
The proportions of fatty acids in serum PL and CE are in the same range as those of other 
studies (Södergren, 2001; Warensjö Lemming et al., 2015 & Warensjö, 2008). However, 
one study found a lower fatty acid proportion of EPA and DHA in plasma PL and CE 
(Warensjö, 2008) and another study found a higher proportion of DHA in plasma PL (Lund-
Blix, 2016). Generally PL is thought to be a better marker for fish than CE, which is 
consistent with the results from the present study. CE is also thought to be a better marker 
for dairy products. However, this is not consistent with the results from the present analysis 
where they are higher in PL than in CE. Furthermore, MUFA is higher in CE than in PL. 

Discussion of method 
 
Strengths and limitations with 24-hour recalls 
24-hour recalls hold a number of strengths and the various application approaches is one of 
them. It can be administered by paper or be computer-based, in person or over telephone and 
include portion size models or measurement aids. Furthermore, literacy is not required and 
there is a relatively low respondent burden. If it is computer-based, the interviews can be 
standardized. The 24-hour recall shows quantified and detailed intake data, information on 
the individual meal and eating frequency and cooking practices and at the same time, does 
not affect eating behavior (Illner, 2012). Two 24-hour recalls were conducted as the other 
method of gathering data on habitual food intake in the pilot study. A single 24-hour recalls 
might not provide sufficient data for drawing conclusions and (Carroll, 2012) showed that 
usage of 2-4 24-hour recalls alone is superior to the use of FFQ data alone. However, it is 
concluded that a combination of 24-hour recalls and FFQs would be ideal for the assessment 
of individual usual intake. Others share this conclusion as well (Conrad, 2017). The 
respondent burden is small in a 24-hour recalls meaning the compliance ought to be 
generally high. Furthermore, it is a quick method, relatively inexpensive and can be applied 
to both literate and illiterate subjects (Gibson, 2005). It is therefore applicable to the study 
group of adolescents. 
 
Respondent burden is higher in estimated dietary food records than in 24-hour recalls, 
meaning individuals may be less willing to cooperate (Gibson, 2005). This may however, 
not explain the rather large number of dropouts in the first day of 24-hour recalls. 
Furthermore, although dietary food records are known to be problematic in terms of 
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reactivity, theoretically they do not suffer from the memory limitations of 24-hour recalls (if 
completed throughout the reporting day as opposed to the end of a reporting day) (Carroll, 
2012). 
 
Yet, 24-hour recalls have some limitations. The method relies on memory and multiple days 
are required to estimate general intake. It is costly and the interviewer needs training to 
accurately conduct the interviews. Furthermore, it is likely that the participant omits foods 
consumed infrequently. The method requires specific statistical procedures to estimate the 
usual intake and there is a possibility of interviewer bias (Illner, 2012). 
 
Strengths and limitations with RF 
The self-assisted web-based dietary record, RF, was used as one of the methods for 
gathering data on habitual dietary intake. There are a number of advantages with a web-
based dietary record. For example, data is stored immediately meaning that time for data 
coding can be reduced, many tools have the ability of a direct calculation of nutrient and 
food group intakes and self-administration is promising in terms of cost reduction (Conrad, 
2017). Further advantages with a web-based dietary record is that data can be collected at a 
time and location that is convenient for the study participant, meaning that compliance may 
be increased and multiple administrations may be more feasible compared with conventional 
instruments (Conrad, 2017). RF included pictures of the different foods along with pictures 
of examples of amounts in order to guide the participant to the choice that most resembled 
the actual intake. Carroll (2012) concluded that newer food record tools, which include 
digital photography, may greatly improve portion-size estimates and may better facilitate 
real-time recording.  
 
It has been suggested that the high costs of administering and coding food records pose a 
barrier to their use in large studies (Carroll, 2012). This might not pose a problem in this 
pilot study due to the rather low sample size but may be a factor to consider for the larger 
Riksmaten Ungdom study that is currently taking place in Sweden. Furthermore, cognitive 
immaturity in younger children, as shown by Baranowski (2012), is suggested as a barrier to 
correct understanding of questions in a web-based recall.  
 
There are many strengths with web-based methods despite the number of challenges. First, 
these use automated data collection systems, meaning a reduction in interviewer workload 
and costs. Secondly, the participants can complete the registration at any time and location. 
Third, there are no additional costs to increase the number of participants and fourth, these 
can include interactive audible and visual aids. Furthermore, facilitated applicability to large 
populations and cost were seen as the primary reasons for recent innovations of web-based 
technologies (Illner, 2012). 
 
However, there are some weaknesses with web-based methods. The methods require 
literacy, computer skills and internet access by the participants. Furthermore, there is the 
issue of potential non-response bias and the possibility of altered response behavior because 
of design issues and technical prerequisites (Illner, 2012). Particularly, the level of detail 
could pose as a burden to younger participants who are unable to provide accurate recounts 
(Biltoft-Jensen, 2014). Also it has been shown that a particular challenge is the integration 
of innovative technologies in large-scale studies, as standardized, cost-efficient and low-
burden assessment methods and databases and their requirement to capture the geographical 
and cultural dietary diversities that exist within a country as well as across countries (Illner, 
2012).  
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General strengths  
Biomarker as a reference method have been used before with valid results (Lassale, 2016). 
This is one of the strengths in the pilot study. Biomarkers contribute with an objective 
measurement of the habitual intake and the quality is raised by the fact that all analyses were 
performed in one laboratory.  
 
In general, using a dietary method as a reference is difficult since they seldom meet the 
criteria that the errors in the methods are independent (Gibson, 2005). Biomarkers do not 
offend this criterium. Ideally using a ‘golden standard’ method, validation could consist of a 
comparison between the ‘gold standard’ and a test method. If the errors in the test method 
are sufficiently small, it is considered valid, and may be substituted for the ‘gold standard’ in 
future studies.  However, there is no agreement on what should be considered as a ‘gold 
standard’ method (Kaaks, 2002) and the inclusion of two reference methods, estimated 
records and biomarkers, is therefore considered a strength of this study (Timon, 2016). 
Furthermore, fatty acids fractions from both CE and PL were used in the comparison with 
RF and 24-hour recalls while many studies only use PL (Warensjö Lemming, 2015 & Lund-
Blix, 2016). Another strength is that RF was specifically designed for the purpose and 
connected to a database constantly updated with food items and their content. The 
participants were also recruited from different geographical areas, providing a spread in the 
sample.  
 
General limitations 
Weighed food records could have been used instead of estimated ones. However, the 
weighed food records require participants to be motivated, numerate and literate (Gibson, 
2005). This could have further increased the number of participants not completing the 
second part of the pilot study, resulting in an even larger drop out rate, less data and lower 
power in the results. Yet, reproducibility is greater in the weighed record than in the 
estimated record method because the portion sizes are weighed. Significant underreporting 
may, however, still occur (Gibson, 2005). Compared to 24-hour recalls, the weighed and 
estimated food records often capture a longer time frame. It provides quantified (if weighed) 
and detailed intake data and can use an open-ended format with a relatively accurate caption 
of reality (Illner, 2012). 
 
There are some limitations in the pilot study. Underreporting could be a major limitation in 
both methods, as it is common in all dietary assessment methods (Gibson, 2005). 
Furthermore, the two days of registration should have been the exact same days for both RF 
and 24-hour recalls in order to conduct a correct comparison between the methods. Due to 
lack of time for the researchers that were to visit the school to conduct the 24-hour recalls, 
this was not possible. As previously discussed, the sample size was quite small and due to 
lack of power, the variables were energy adjusted. If the sample size would have been larger, 
say in the ongoing larger Riksmaten Ungdom study, adjustment could have been made for 
other affecting variables such as sex and age in the participants. Another limitation is that no 
drop-out analysis was conducted after the pilot study. Though efforts were made to decrease 
this number of drop-outs in the main study Riksmaten Ungdom. These efforts included a 
reminder sent to the participants via text message and e-mail upon time for the third day of 
registration in RF. 
 
Gibson (2005) discuss that dietary measurement errors could attenuate correlations between 
nutrient intake and the outcome variable (biomarker) so that important relationships between 
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the two might be obscured. By limiting the possible dietary measurement errors, the risk of 
attenuation bias might be decreased. Furthermore, other tests for validity could have been 
performed in addition to the use of correlation coefficient tests hence the validity of the 
results are strengthened by inclusion of more than one test for validity. Lombard (2015) 
showed in a review that use of correlation coefficients to determine validity of a dietary 
assessment method as sole statistical test remains very common (7 of the 60 studies, all 
published in the past five years). The validation outcomes of these studies would thus only 
reflect strength and direction of association at individual level. Further tests and analyses 
would therefore benefit the validity of the dietary methods.  

Theoretical and practical importance 
This thesis contributes with information on the use of a web-based dietary assessment 
method as a dietary assessment method in pursuit of capturing the consumption of foods and 
food groups in a group of Swedish adolescents. This is an important stepping-stone and a 
basis for future research on the subject, for development of nutritional guidelines and 
recommendations for this age group. The nutritional and dietetic perspective along with the 
professions in the field draws importance from RF and the results of this thesis due to the 
insight into new dietary methods, that there is reference data and what this is built upon. It is 
also of importance for the professions of this area to keep up to date on actual research, 
dietary recommendations and national food surveys that are being conducted. 

Conclusion 
To summarize, this thesis shows a comparison and correlation for dietary intake of dairy 
products and fish with the reported intake in the web-based dietary assessment method, RF, 
and 24-hour recalls as well as with fatty acid biomarkers. However, it is difficult to conclude 
how good RF is as a dietary assessment method since an estimation on absolute intake is not 
present. Due to the small sample size, large drop-out rate and few days of recording, it is not 
surprising that there are weak correlations found between the investigated methods and 
respectively biomarkers. Furthermore, there is no evidence for the significance of the 
correlations due to the absence of a sample size calculation. Other aspects are in need of 
investigation, along with other biomarkers, in order to draw conclusions whether RF could 
be used to investigate other food groups and items. Future research is challenged with the 
development of a dietary assessment method that deals with underreporting.  
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