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SUMMARY
It is widely recognized that diet has an important effect on our health. A healthy and varied
diet has the potential to reduce the risk of a number of non-communicable diseases. The
traditional approach in nutrition epidemiology has focused on the relationship between
disease and specific food items or nutrients. However, people do not eat individual foods in
isolation, and data on how the intake of foods is combined and distributed across meals
provide additional information on the food habits of a specific population. Such information
will be useful when formulating food-based dietary guidelines (FBDGs) and when tailoring
interventions for healthy eating to a target population.
The main aim of this thesis was to study how different meals are associated with intakes of
specific food groups and nutrients in a group of adult Norwegians. Moreover, this study
aimed to investigate how meal composition varied according to the participants’ background
characteristics and according to meal-related factors such as meal eating location.
We used data from the national dietary survey Norkost 3 to address these questions. In this
study, two telephone-administered 24-hour dietary recalls were used to assess dietary intake
in 1787 men and women aged 18-70 years old. Meals were labeled by the participants as
breakfast, lunch, dinner, supper/evening meal or snack. The collected meal-specific
information included meal type, place of consumption, time of consumption and intake of
foods and beverages at each meal.
With regard to the various meal types, the results showed that 98% of the participants had
consumed breakfast on at least one recall day, 88% had consumed lunch on at least one recall
day, 99% had consumed dinner on at least one recall day, 71% had consumed supper/evening
meal on at least one recall day and 95% had consumed a snack on at least one recall day.
The study of the intakes of fruits, vegetables, fish and whole grains from different meal types
showed that some meals contribute substantially more to the intakes of these specific food
groups than others. Breakfast was the main contributing meal for the intake of whole grains,
contributing 44% of the total intake of whole grains. Dinner was the main contributing meal
for the intakes of both fish and vegetables, contributing 69% and 72% to the total intakes,
respectively. For fruits, snacks were the main contributing meal, contributing 51%. The main
contributing meal did not change for any of the food groups when studying subgroups of the
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participants according to the level of intake of each food group, educational level or age.
However, a higher intake of fruits for breakfast and snacks was observed in the group with a
college or university education compared to the group without this education. Additionally,
the intake of vegetables from lunch was higher in the higher educated group. With regard to
age, the intake of fruits from snacks was higher in the oldest age group; moreover, the intake
of fish from dinner was higher in the two older age groups compared to the youngest group. A
lower intake of the food groups in question was found on days when the main contributing
meal was skipped.
Snacks contributed to 17 and 21% of the energy intake in men and women, respectively.
Compared to main meals, snacks had a higher fiber density (g/MJ) and contained a higher
percentage of energy from carbohydrates, added sugars and alcohol, whereas the percentages
of energy from fat and protein were lower. The top five energy-contributing food groups from
snacks were cakes, fruits, sugar/sweets, bread and alcoholic beverages. Participants with a
college or university education were more likely to have consumed a snack containing fruits
than participants without higher education. The nutritional compositions of snacks consumed
at home, during visits, at work/school, at restaurants and at trips/meetings/during exercise
were compared. Snacks were primarily eaten at home (58% of all snacks) or at work/school
(23% of all snacks). Snacks consumed at work/school contained less energy, had a higher
percentage of energy from carbohydrates and had lower percentages of energy from added
sugars, alcohol and fat than snacks consumed at home. Snacks consumed during visits to
private households and at restaurants/cafes/fast food outlets contained more energy, had a
higher percentage of energy from fat and had a lower fiber density than snacks consumed at
home.
For dinner meals, the nutritional composition also varied according to eating location. Dinners
consumed during visits to other private households and at restaurants generally had a less
healthful composition compared to home dinners. Restaurant dinners contained less fiber and
had a higher percentage of alcohol consumers whereas dinners at other private households
had a higher percentage of energy from sugar and a higher percentage of consumers of sugarsweetened beverages than home dinners. Most differences between dinners consumed at
different eating locations were also observed when studying dietary intakes for the entire day
according to dinner eating location. Participants consuming a high proportion of their energy

IV

intake outside home or work had a higher energy intake and generally a less favorable dietary
composition than those consuming less energy out of home.
The comparison of side dish choice between dinners with red meat and dinners with fish as
the main protein source showed that fish dinners were more likely to include potatoes and
carrots than red meat dinners, whereas red meat dinners more often contained bread, tomato
sauce and cheese. The comparison of the nutrient content of the two dinner types showed that
red meat dinners contained more energy and iron and had higher percentages of energy from
fat, saturated fat and monounsaturated fat and lower percentages of energy from protein and
polyunsaturated fat than fish dinners. Fish dinners contained more vitamin D, β-carotene and
folate than red meat dinners. Similar differences were found when comparing whole-day
intakes of the same nutrients on days with red meat versus fish dinners.
The findings from the present thesis describe several important aspects of meals. The intakes
of fruits, vegetables, fish and whole grains showed quite meal-specific patterns, with some
meals contributing substantially more to the intake than others. Hence, encouraging the intake
of these food groups from additional meal types, preferably replacing more energy-dense and
nutrient-poor foods, may be a way of facilitating increased intakes and increased dietary
quality in daily living. Because snacks were found to contribute substantially to energy intake,
improved snack composition would contribute to an overall healthier diet. The location where
meals were consumed appeared to be associated with the content of the meal, and some eating
locations were associated with more favorable dietary intakes than others. This was observed
both for dinners and snacks. Improvement of the quality of out-of-home foods will be a way
of contributing to increasing the quality of the diet as a whole, in particular for high
consumers of out-of-home foods. Finally, our results showed that the intakes of some food
groups may be associated with the intakes of other food groups as well, and information about
associated foods will be important both for developing public health guidelines and when
studying associations between dietary factors and health outcomes.
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INTRODUCTION

1.1 The importance of information about dietary intake
in a population
It is widely recognized that diet has an important effect on our health. A healthy and varied
diet has the potential to reduce the risk of a number of non-communicable diseases such as
cardiovascular disease, type 2 diabetes, certain types of cancer, overweight and obesity [1].
These conditions are major causes of morbidity and mortality worldwide, and there is an
explicit need for their prevention. Information about dietary intake is an important part of
monitoring the nutritional status of a population. In addition to providing information about
dietary habits and the identification of challenges in the population as a whole, data collected
in large dietary surveys allow for the identification of groups that may be at risk of inadequate
or excessive intakes of nutrients, foods or potentially harmful substances in food. Results
from national dietary surveys also provide a basis both for formulating dietary advice and for
the development of food and nutrition policies and interventions [2]. Repetitions of dietary
surveys will offer the possibility of studying dietary trends over time.

1.2 Data about dietary intake in Norway
There are three main sources that supply quantitative information about the eating habits of
the Norwegian population: food supply data, data from household budget surveys and data
from dietary surveys [3]. These data originate from different sources and are used for different
purposes.

1.2.1 Food supply data
Norwegian food supply data are collected annually based on information about the import,
export, production and sale of food items [3, 4]. These figures show the amount of food
available for the country as a whole. When calculating the food supply data, exported foods
and foods used for animal feed, for sowing of new plants and other non-food uses are
subtracted. Likewise, spillages during harvest, storage or transportation at the producer stage
are also subtracted. However, spillages from the importer, wholesaler or retailer are not
subtracted [3]. Food supply data are used for calculating intakes of energy and nutrients and
the distribution of macronutrients as percentages of total energy intake. Each food group’s
1

contribution to nutrient intake is also estimated. The data do not provide information about
how much food is actually consumed or how intake may vary in different population groups.
However, food supply data may be used for studying the development of a country’s food
availability over time [4].

1.2.2 Household budget surveys
Household budget surveys are national surveys that mainly focus on consumption expenditure
in private households [3, 5]. With regard to foods, household budget surveys show the
amounts of foods that are bought, taken from own production of foods and received as gifts.
Foods that are purchased and eaten outside the household, such as at restaurants, cafés, etc.,
are not included in the recorded amounts of foods in Norwegian household budget surveys
[3]. However, the amount of money spent on such purchases is recorded. Household budget
surveys do not give information about actual dietary intake in the households because spillage
at the household level is not subtracted. The amounts of recorded foods are divided by the
number of individuals in the household. The dietary data collected may be used for studying
changes in dietary habits over time and for describing the diets of groups of households
according to variables such as geographical region, type of community (city, densely or not
densely populated area), employment situation, socioeconomic status, economy and size/type
of household. Previously (1973-2009), Norwegian household budget surveys were conducted
annually. This has recently changed, and household budget surveys are now conducted every
third year but include more participants each time than previously. The latest Norwegian
household budget survey was conducted in 2012 and included 3363 households (49%
participation) [6]. Statistics Norway is responsible for the Norwegian household budget
surveys.

1.2.3 Dietary surveys
In dietary surveys, the aim is to obtain information about the actual foods and beverages the
participants have consumed. Dietary intake may either be recorded prospectively by recording
consumed amounts of foods and beverages as they are eaten or retrospectively by asking the
participants about prior dietary intakes. The retrospective methods may aim to describe
habitual intake or intake on the preceding day, month or year. A brief description of the most
common dietary assessment methods is provided in Table 1.
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Table 1: Brief description of some common dietary assessment methods [7].
Dietary assessment
Brief description
method
Prospective methods
Record by household All foods and beverages consumed during the study period are
measures
recorded, usually for 3-7 consecutive days. Portion sizes are
estimated from household measures and/or picture booklets/other
aids.
Record by weighing
All foods and beverages consumed during the study period are
weighed and recorded, usually for 3-7 consecutive days.
Double portion
Duplicate portions of all foods and beverages consumed throughout
the day are collected. The identical portions are weighed, and all
foods are analyzed chemically to determine the nutrient content.
Observation
Subjects are observed while eating and drinking, and all foods and
beverages are recorded by the observer.
Retrospective
methods
Diet history

Food frequency
questionnaire
24-hour recall

A detailed interview about eating habits over a relatively long
period, e.g., 6 months or a year, is conducted. Portion sizes are
estimated from household measures and/or picture booklets/other
aids.
A questionnaire asking about frequency of consumption from a list
of foods and beverages over a reference period (often the last year)
is applied. Portion size estimates are often included.
An interview about food and beverage consumption during the
previous day or the preceding 24 hours is conducted. Portion sizes
are estimated from household measures and/or picture
booklets/other aids.

Nationally representative dietary surveys in Norwegian adults
The first nationally representative dietary survey in the Norwegian adult population was
conducted in 1993/94 and included men and women aged 16-79 years (n=3144) [8]. This
survey was later called Norkost. A self-administered food frequency questionnaire (FFQ)
designed to cover the entire diet (approximately 180 food items) was used to collect dietary
information. Norkost 2 was conducted in 1997 (n=2672) using the same FFQ as in the first
Norkost survey [9]. The third Norkost survey was conducted in 2010-2011 using two 24-hour
recalls that were conducted approximately four weeks apart. The data obtained from Norkost
3 are the basis for the present thesis.
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1.3 Meals
“Most food is consumed as part of a meal, and that makes the meal the proper setting or
context for all of these concerns about food. Without considering the meal,
one cannot have a major impact on foods and eating.”
Herbert L. Meiselman, Meals in science and practice (2009) [10]
The traditional approach in nutrition epidemiology has focused on the relationship between
disease and specific food items or nutrients. However, people do not eat individual foods in
isolation, and data on how the intake of foods is combined and distributed across meals
provide additional information on the food habits of a specific population. Such information
will be useful when formulating food-based dietary guidelines (FBDGs) and when tailoring
interventions for healthy eating to a target population.

1.3.1 What is a meal?
The answer to this question will depend on who is asked. In her paper “Deciphering A Meal”
from 1972, the anthropologist Mary Douglas [11] emphasizes that foods and meals have a
social component and encode messages about social relationships: “Drinks are for strangers,
acquaintances, workmen, and family. Meals are for family, close friends, honored guests.
…The meal expresses close friendship. Those we only know at drinks we know less
intimately.” Douglas and other social scientists have described a meal as a highly structured
event [11, 12]. Each food culture has norms for which combinations of foods are suitable for
the different meals throughout the day [13].
According to the Oxford Dictionaries, meals are “Any of the regular occasions in a day when
a reasonably large amount of food is eaten, such as breakfast, lunch, or dinner” [14].
In the world of nutrition research, meals have been defined in different ways by different
researchers. Some have defined meals according to the time of day when they were consumed
[15, 16] or according to the content of the meal [17, 18]. In other studies, the study
participants themselves have defined the meal type of each eating occasion [19, 20]. Some
researchers have used intervals for how many minutes should pass between two eating
occasions for them to be different from one another [21, 22]. A special focus has been
directed toward the distinction between a snack and a meal, and several researchers have
expressed the need for more standardized definitions of what constitutes a meal versus a
4

snack to facilitate comparisons between different populations [23, 24]. A snack has been
separated from a main meal in a number of ways, for instance, as all food intakes in between
breakfast, lunch and dinner [25]; by the absence of a physiological triggering stimulus [26]; or
according to the content of the eating occasion, i.e., some foods are defined as snack foods
[27]. The method of defining a meal will also depend on the dietary assessment method that is
used for collecting dietary data. Open-ended methods such as the 24-hour recall or the
weighed record allow for the participants themselves to define each meal type. Alternatively,
the researchers may determine meal type according to a set of predefined standards. For
FFQs, detailed information about meal-to-meal intake is normally not available, but
questionnaires may include questions about habitual eating frequencies of various meal types.

1.3.2 Historical and cultural perspectives
Food intake and meal habits have varied greatly throughout history and across different
cultures [10]. For instance, a three-meal pattern appears to have been practiced in Roman
times although some considered two meals more healthy than three [28]. Others again
enjoyed a fourth meal late at night. Breakfast, or the “jentaculum”, was a light meal eaten
early in the day. The main meal of the day was called the “cena” and was consumed at
midday in the early days of the Roman Empire. The cena was followed by a light evening
meal called the “vesperna”. Later, the cena would be pushed to later in the day and the
vesperna was no longer needed. Instead, a “prandium”, usually a cold meal, was added at
midday [28]. During the Viking era, there is some evidence for a two-meal-a-day pattern,
although in-between meals were probably eaten [29]. The first meal, dagmál or “day-meal”,
was eaten in the morning, whereas the second meal, náttmál or "night meal", was consumed at
the end of the working day [30]. In the 1880s, a Norwegian journal called “Husmoderen” (the
House Wife) encouraged its readers to send in information about how many meals they
consumed each day and about the main constituents of each meal [31]. The results from this
early dietary survey showed that the respondents reported to have five daily meals in the
summer and four in the winter. Porridge and milk were commonly consumed, and coffee was
consumed twice daily. Fish and meat were also included on a regular basis.
Also in modern days, the timing and contents of meals vary between countries. In some
countries, lunch is considered the largest meal of the day, whereas dinner is the largest meal
in other countries. In Norway, dinner is often consumed quite early, generally at
approximately 5-6 pm [32, 33], whereas it is commonly consumed as late as after 9 pm in
5

Southern European countries such as Spain [34]. Also within quite culturally homogenous
countries such as the Nordic countries, meal habits vary. Although a hot meal is common for
lunch in Sweden and Finland, sandwiches are more common in Denmark and Norway [33].

1.3.3 Data about the Norwegian meal pattern
In the present thesis, we have used the term “meal pattern” to describe the content and
distribution of intake occasions over the course of the day. Table 2 summarizes available data
about Norwegian meal habits. As shown in the table, a pattern of 3-4 main meals per day
appears to be common. Breakfast and dinner appear to be the two meal types that are
consumed by the largest proportion of the population. With regard to content, breakfast and
lunch have generally been cereal-based cold meals, usually consisting of open sandwiches. In
the case of lunch, packed lunches are often brought from home to school or work. However,
many workplaces have staff canteens, and hot lunches are not uncommon [32]. Dinner has
traditionally been a hot meal. Because dinner is eaten quite early, many Norwegians have a
supper/evening meal, which is often cereal-based, similar to breakfast and lunch.

1.3.4 Meal patterns and health
Meal frequency
There has been quite a lot of discussion in regard to the relationship between meal frequency
and health outcomes such as obesity. In 1964, Fabry et al. [35] published results from a crosssectional study in 379 men aged 60-64 years and found that the frequency of food intake was
inversely related to overweight, hypercholesterolemia and diminished glucose tolerance.
Since then, a number of other cross-sectional studies have shown an inverse association
between eating frequency and adiposity, suggesting that eating more frequently is favorable
for maintaining a normal body weight [22, 36]. However, underreporting of energy intake is a
well-known problem in dietary surveys. Although it also occurs in normal weight individuals,
underreporting has often been found to be more pronounced in overweight and obese
individuals [37]. In a review from 2011, McCrory et al. found that the inverse association
between eating frequency and body mass index (BMI) became a positive association when
excluding participants with implausible energy intakes [38], and the authors concluded that
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Follow-up study
(2012) to “A Day
in the Lives of
Nordic People”

A Day in the
Lives of Nordic
People (1997)

In Norway, the mean
number of eating
events per weekday
was 3.7; there were 3.3
events on Sundays (3.9
eating events per
weekday and 3.6 on
Sundays in the three
other countries).

Nationally
representative
samples of 4823
participants from
the Nordic
countries Sweden,
Denmark, Finland
and Norway aged
15 and older
(n=1177 in
Norway, 50%
participation)
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The number of eating
events had increased in
the Norwegian
participants to 3.9 on
weekdays and 3.6 on
weekend days.

3.3-3.4 main meals per
day and 2.0-2.1 snacks,
resulting in a total
number of 5.4-5.5
eating occasions per
day

Nationally
representative
sample of
Norwegian
population aged
16-79 (n=2672,
54% participation)

FFQ to describe dietary
intake. Times of main
meals (breakfast, lunch,
dinner and
supper/evening meal)
and snacks were marked
on two separate
timelines.
Telephone interviews
about dietary intake on
the preceding day.
Intake was recorded as
meals and food items;
amounts were not
included.
All first meals were
called “breakfast”, and
the following meals
were grouped according
to whether they were
cold or hot meals.
Web-based
questionnaire with
questions similar to the
1997 study.
Nationally
representative
sample of 8248
participants aged
15-80 from the
Nordic countries
Sweden, Denmark,
Finland and
Norway (n=1909 in
Norway, 10%
participation)

Meal frequency

Participants

Method

Table 2: Data about Norwegian meal patterns.

Study name
(year conducted)
Norkost 2 (1997)

Roughly the same
distribution of
meals across the
waking hours of the
day as in 1997.

In the Norwegian
sample, there were
peaks between
07:00 and 09:00,
11:00 and 13:00,
and 16:00 and
18:00 and a smaller
peak between 21:00
and 23:00. Very
few consumed
anything during the
night.

Not published

Timing of meals

[33]

Breakfast: Bread was the dominant breakfast
food (included in 78% of breakfasts).
Breakfast cereals were consumed by 8% of
the participants. Milk and coffee were the
most common beverages.
Cold eating events: Bread was the most
common constituent. Coffee and tea were the
most commonly consumed beverages.
Hot meals: 51% of meals on weekdays and
75% on Sundays consisted of meat. The most
common staple with hot dishes was potatoes
(50% of hot dishes included potatoes).
Carrots were the most common vegetable.
NA

[39, 40]

[9]

Reference

NA

Content of meals

Frequency questions
about how often the
participants normally
consumed each meal
(breakfast, lunch, dinner
and supper/evening
meal) during a week.
The response categories
ranged from “seldom or
never” to “every day”.

Nationally
representative
sample of
Norwegian
population aged 15
and older (n=2531,
72% participation)

Postal survey with
questionnaire asking
about intake of
breakfast, lunch, dinner,
supper/evening meal and
snacks, including
information about who
the participants
consumed meals with,
what was eaten and
where the food was
eaten. Separate questions
for weekdays and
weekend days.

Meal frequency
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Main meals per
weekday: 3.4
Main meals per
weekend day: 2.9
Snacks per weekday:
1.7
Snacks per weekend
day: 1.4
Breakfast: 94%/92%
had breakfast on last
weekday/weekend day
Lunch: 86%/54% had
lunch on last
weekday/weekend day
Dinner: 96%/92% had
dinner on last
weekday/weekend day
Supper/evening meal:
64%/56% had
supper/evening meal
on last
weekday/weekend day
Nationally
Eighty-one percent
reported having
representative
breakfast daily,
sample aged 16
and older, (n=6766, whereas the
70% participation) corresponding figures
for lunch, dinner and
supper/evening meal
were 70, 84 and 43%,
respectively

Participants

Method

FFQ, food frequency questionnaire; NA, not available

Survey on living
conditions (2005)

Study name
(year conducted)
The Norwegian
population’s
eating and
drinking habits
(1998)

NA

Breakfast: 07:0009:00 on weekdays
and 09:00-11:00 on
weekends
Lunch: 11:00-13:00
on weekdays and
13:00-15:00 on
weekends
Dinner: 17:0019:00 on weekdays,
15:00-19:00 on
weekends

Timing of meals

Reference
[32, 41]

[42]
(personal
communica
tion Jorun
Ramm,
Statistics
Norway,
Jan. 17th,
2014).

Content of meals
Breakfast: Most breakfasts included bread
(91% on weekdays and 93% on weekends).
Cereals and yogurt were both consumed by
approximately 10% of the participants on
weekdays and on weekends.
Lunch: 88% of weekday lunches and 65% of
weekend lunches included bread. Hot dishes
were included in 13% of lunches on
weekdays and in 25% of weekend lunches.
Dinner: 96% of weekday dinners and 93% of
weekend dinners consisted of a hot meal.

NA

the inverse relationship between eating frequency and adiposity may be an artifact attributed
to an underreporting of eating frequency concomitant with the underreporting of energy
intake. Controlled feeding studies have generally not supported an association between eating
frequency and body weight. A review of feeding studies by Leidy & Campbell [43] suggested
that increasing eating frequency to more than three meals per day has minimal, if any, effect
on appetite control and food intake, whereas reducing eating frequency to less than three
times per day may negatively affect appetite control. Randomized intervention studies have
also looked into the effects of eating frequency on weight loss. Bachman & Raynor [44]
studied the effect of eating frequency on hunger, energy intake and weight loss in a six-month
intervention study. The participants were instructed to eat either three times daily or at least
100 kcal every 2-3 hours. Eating more frequently was associated with a reduction in hunger,
but no significant differences were observed in energy intake or BMI between the groups after
six months of treatment. Berteus Forslund et al. [45] reported results from a one-year weight
loss intervention trial in which the participants were instructed to follow a three meal pattern
with no snacks or a three meal pattern with three snacks. Both intervention groups lost
weight, but no significant differences in weight loss were observed between the groups after
one year of treatment. Both of these studies were included in a recent review by Kulovitz et
al. [46] looking at the potential role of meal frequency in weight loss and health in overweight
or obese adults. They found that although there is no unanimous agreement in the literature, it
does appear that eating more frequently during a hypocaloric dietary intervention can reduce
hunger and increase satiety ratings compared to eating less frequently; however, increased
meal frequency may also lead to a higher overall energy intake. The authors conclude that
there is uncertainty in the literature regarding the optimal meal frequency for obesity
treatment. A previous review by Palmer et al. [47] looking at weight-loss or weightmaintenance trials found no association between eating frequency and weight. Hence, there
does not appear to be sufficient evidence available for providing specific recommendations
with relation to meal frequency for weight loss.
The relationship between meal frequency and blood lipids has also been studied. Similar to
the studies of the relationship between meal frequency and body weight, cross-sectional
evaluations in the general population have found that both total cholesterol and low-density
lipoprotein (LDL) cholesterol are negatively associated with meal frequency [48]. The
findings from intervention studies in normal weight individuals vary between studies, and no
firm conclusions regarding the effects of meal frequency on blood lipids may be drawn. For
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example, Jenkins et al. [49] found reductions in serum concentrations of total cholesterol,
LDL-cholesterol and apolipoprotein B after two weeks of a nibbling diet (17 small meals per
day) compared to a three-meal diet in seven normal weight men. Murphy et al. [50] compared
the effects of a 2-meal and a 12-meal pattern on various measures of lipid and glucose
metabolism in 11 healthy female adults and observed no significant differences in total or
LDL-cholesterol levels according to meal frequency. However, there was a significant
increase in high-density lipoprotein (HDL) cholesterol in subjects following the gorging diet
compared to the nibbling diet. Somewhat more recently, Stote et al. [51] examined the effects
of a one-meal-a-day or a three-meal-a-day pattern on various health indicators in 15 healthy
normal weight adults. When consuming one meal per day, subjects had significant increases
in blood pressure and in total, LDL-, and HDL-cholesterol concentrations. The review by
Kulovitz et al. [46] focusing on overweight and obese individuals also examined the effect of
meal frequency on various markers of coronary artery disease and found that a number of
randomized trials did not show any beneficial effects of increasing meal frequency on total
cholesterol, LDL cholesterol, HDL-cholesterol or triglycerides. Therefore, the authors
concluded that the effects of increasing meal frequency (above three meals per day) on blood
lipid profiles remain unclear in overweight and obese individuals.
Breakfast skipping
With regard to meal skipping, breakfast is by far the most studied meal. A large number of
cross-sectional studies have shown that skipping breakfast is associated with overweight or
obesity [20, 22, 52]. The topic of breakfast consumption and adiposity has also been
investigated in prospective studies. Odegaard et al. [53] examined associations between the
frequency of breakfast consumption and the incidence of metabolic conditions such as weight
gain, abdominal obesity, obesity, metabolic syndrome, hypertension and type 2 diabetes in
3598 participants in the Coronary Artery Risk Development in Young Adults (CARDIA)
study. Participants reporting daily breakfast intake at baseline gained 1.9 kg less weight over
18 years compared to those consuming breakfast 0-3 times per week. A significant inverse
association was found between daily breakfast intake and abdominal obesity, obesity,
metabolic syndrome and hypertension. Van der Heijden et al. [54] investigated the association
between breakfast consumption and weight gain in 20 000 US men participating in the Health
Professionals Follow-up Study and found that breakfast consumption (comparison of
breakfast consumers and breakfast non-consumers) was inversely associated with the risk of 5
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kg of weight gain. The inverse association between breakfast consumption and weight gain
was more pronounced in men with a baseline BMI of 25 kg/m2 or less than in men who were
overweight at baseline.
However, breakfast intervention studies have not supported the findings from the crosssectional and prospective studies. In a 12-week intervention study [55], moderately obese
women were assigned either to a breakfast-eating group or a breakfast-skipping group. The
results showed no differences in weight loss between the groups. However, those who
switched from one breakfast eating behavior to another (those changing from having to not
having breakfast and vice versa) showed a tendency toward greater weight loss than those
who maintained their original breakfast habits. In a more recent 16-week randomized trial,
obese adults were advised to either have or to skip breakfast as part of a weight loss program
[56]. Based on the results from the aforementioned study, randomization was stratified by
pre-intervention breakfast habits. However, no significant differences in weight loss between
the breakfast-consuming and breakfast-skipping groups were observed. Two recent reviews
have pointed to the lack of evidence with regard to a causal relationship between breakfast
skipping and weight gain [57, 58]. It might be equally plausible that an association between
skipping breakfast and increased BMI is caused by overweight individuals skipping breakfast
to control energy intake as it is that skipping breakfast causes increased BMI [59]. Healthy
behaviors, such as high vegetable intake, reduced alcohol consumption, reduced smoking and
increased physical activity, tend to cluster together [60]. Breakfast consumption has been
associated with indicators of a healthy lifestyle [61]. Skipping breakfast, however, has been
associated with health compromising behaviors such as smoking, alcohol use, high BMI and a
sedentary lifestyle [62]. Hence, breakfast consumers may be different from non-consumers in
a number of other lifestyle factors [63], and the independent role of breakfast consumption
may be hard to evaluate even after controlling for available confounders.
Breakfast consumption has also been studied in relation to cognitive function. In children,
breakfast consumption has been suggested to have a positive effect on cognitive function and
academic performance, particularly with regard to mathematics grades and arithmetic and
particularly in children whose nutritional status is compromised and in children from low
socioeconomic backgrounds [64, 65]. With regard to the effects of breakfast consumption on
cognitive function in adults, studies have shown varying results. Some studies have shown

11

positive effects of breakfast on memory tests [66], others have not found such effects [67] or
have found effects on some memory tasks but not on others [68].
The relationship between breakfast composition and the general composition of whole-day
dietary intake has also been investigated. Some of these studies have used data from the
National Health and Nutrition Examination Survey (NHANES). NHANES is a study designed
to assess the health and nutritional status of children and adults in the United States [2]. Each
year, a nationally representative sample of approximately 5000 people participates. In
addition to medical, dental and physiological measurements; laboratory tests; and questions
about demographic, socioeconomic, dietary and health-related factors, participation in
NHANES includes the completion of two 24-hour dietary recalls. Using dietary data from
young adults (n=2615, age 20-39) participating in NHANES 1999-2002, Deshmuch-Taskar et
al. [69] found that the intake of total energy, the percentage of energy from carbohydrates and
the intake of dietary fiber were higher in those consuming a breakfast consisting of ready-toeat cereal than in those skipping breakfast or eating other types of breakfast. Breakfast
skippers had a higher intake of added sugars than the two breakfast-eating groups. Healthy
eating index (HEI) scores were the highest in the ready-to-eat cereal group and higher in the
other breakfast group than in the breakfast-skipping group. In a study using data from almost
20 000 adults participating in the Canadian Community Health Survey [70], participants
defined as “breakfast consumers”, particularly those defined as “ready-to-eat cereal breakfast
consumers”, had significantly higher intakes of fiber and several vitamins and minerals than
breakfast non-consumers. In the US Health Professionals Follow-Up Study (n=29 206 men)
[71], participants consuming breakfast had significantly higher cereal fiber intakes and lower
intakes of alcohol and coffee than breakfast skippers. In data from NHANES 2001-2008,
O’Neil et al. [72] compared nutrient intake from 11 different breakfast types as well as no
breakfast and found that total daily nutrient intakes differed according to what type of
breakfast was consumed. For instance, the intakes of fiber and a range of micronutrients were
higher in those consuming “grains and fruit juice”, “ready-to-eat cereal (either pre-sweetened
or not)”, “cooked cereal” and “low-fat-milk and whole fruits” than in breakfast skippers. In
Australia, results from the National Nutrition Survey conducted in 1995 showed that breakfast
eaters had more adequate overall diets and were significantly more likely to meet
recommended nutrient intakes than breakfast skippers [73]. Hence, it appears that having
breakfast is associated with a more healthful diet than skipping breakfast and that the
breakfast meal contributes valuable components to total dietary intake. However, as regarding
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the relationship between body weight and breakfast consumption, a causal effect is not
necessarily established. Those who eat breakfast may have more healthful meals in general
than those who do not eat breakfast.
The nutritional consequences of skipping meals other than the breakfast meal have not been
studied much, and more research in this area is warranted.
Snacks
Both the frequency of snack consumption [25] and the contribution of snacks to the total
energy intake [25, 74, 75] have been reported to increase over recent decades. Studies from
the USA [25, 75], Canada [76] and Brazil [15] show that 21-24% of the total energy intake is
derived from snacks. In Finland, the percentage of the total energy intake that is consumed as
snacks has been found to be as high as 36-40% [74]. These figures are not necessarily directly
comparable because different researchers have used different dietary assessment methods and
different definitions of meals, snacks and eating events. Nevertheless, it appears to be well
established that snacks constitute an important part of the modern diet. Concern has been
raised regarding the quality of snacks and their contribution to the total energy intake and to
the overall quality of the diet. The effect of snacks on the quality of the diet will naturally
depend on the composition of the snacks. Energy-dense foods such as sweets, desserts, salty
snacks and sugar-sweetened beverages have often been reported to be the main constituents of
snacks [15, 25, 74, 77]. With regard to macronutrient composition, snacks have been found to
be higher in carbohydrates and sugars but lower in fat and protein than main meals [77, 78].
Snacks have also been found to contribute valuable components, such as fruits and vegetables
[74] and micronutrients [79], to the diet. In Finland, Ovaskainen et al. [19] grouped
participants in a national dietary survey according to whether they consumed more than 50%
of their energy intake from snacks. Only a few dietary differences were observed between
participants with a snack-dominated meal pattern and participants with a main meal pattern.
Therefore, the authors concluded that main meals and snacks are parallel ways of composing
the diet with only a few dietary differences. Snack composition and the contribution of snacks
to total dietary intake have not been studied in the Norwegian population previously because
of the use of FFQs for collecting nationally representative dietary data. However, increased
knowledge about snacking habits and the implications for diet quality is of interest both for
public health and dietary counseling purposes.
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Eating location and health
Data from several countries show that the trend of eating out of home is increasing [80-82]. In
Norway, household budget surveys show that restaurant spending has nearly tripled (adjusted
for price increases) since the mid-1970s [83]. This might represent a cause for concern if the
nutritional quality of foods eaten out of home differs from that of at-home foods. International
studies have found that food eaten out of home tends to have a less healthy profile, e.g., a
higher density of fat, saturated fat, sugar and alcohol, than food consumed at home. Lachat et
al. [84] reviewed the association between out-of-home eating and dietary intake. The results
showed that out-of-home eating contributed substantially to energy intake and that out-ofhome eating was a risk factor for higher energy intake, higher fat intake and lower
micronutrient intake. Eating out of home has also been associated with obesity and weight
gain [85-87]. Two recent reviews [88, 89] based on cross-sectional and longitudinal studies
supported an association between out-of-home eating frequency and the risk of becoming
overweight or obese. Weight gain was found to be higher when eating at fast food outlets than
when eating at restaurants.
In spite of the aforementioned findings with regard to associations between out-of-home
eating and adverse outcomes for diet quality and health, results from the European
Prospective Investigation into Cancer and Nutrition (EPIC) study showed that the
composition of out-of-home and at-home eating was quite similar for the Scandinavian study
centers [90]. This may, at least for the Norwegian participants, be explained by most of the
out-of-home eating occurring at work. It is quite common to bring packed sandwiches from
home to work in Norway [91], and the composition of sandwiches eaten at work and at home
may not differ much. However, dietary intakes in other out-of-home eating locations may
have a different composition from what is consumed at work, and the quality of food eaten
out of home is likely to vary according to the specific location where it is consumed. These
associations may also vary between different countries. More location-specific information
about out-of-home eating is required to clarify the role of out-of-home eating on diet
composition, both nationally and internationally.

1.3.5 Meals and food-based dietary guidelines
Meal patterns or the distribution of nutrients or energy across different meal types are not
mentioned specifically in the Norwegian FBDGs [92]. The previous Nordic Nutrition
Recommendations (NNR 2004) [93] suggested that 20-25% of daily energy intake should be
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derived from breakfast, 25-35% from lunch, 25-35% from dinner and 5-30% from
intermediate meals of good nutritional quality. However, this suggested distribution of energy
intake across the different meal types was never included in the Norwegian version of the
nutrition recommendations. In the most recent version of the NNR (NNR 2012) [94], the
distribution of energy intake from the different meals is not mentioned. However, several
other countries have guidelines pointing specifically to meal patterns. The Food and
Agriculture Organization of the United Nations (FAO) has an online resource gathering
FBDGs from different parts of the world [95]. Table 3 shows the countries on the FAO
website mentioning topics related to meal patterns in their guidelines.
Table 3: Food-based dietary guidelines mentioning the distribution of foods into meals [95].
Country
Food-based dietary guideline
Brazil
Have your daily meals at regular times. Avoid snacking between meals.
China
Logically divide the daily food intake among the three meals, and choose
suitable snacks.
Croatia
Divide your daily food intake into five or six small meals: breakfast, snack,
lunch, snack and dinner. Breakfast is the most important meal in your diet.
Cuba
A good day starts with breakfast; eat some food in the morning.
Cyprus
Breakfast is the most important part of our daily diet. Lunch should be the
main meal, and the evening meal should be very light.
Dominica Start the day with breakfast.
Finland
In addition eat regularly.
Hungary
Eat four or five times a day and always at the same time if possible.
Macedonia Eat on a regular basis and in a pleasant atmosphere.
Malta
Enjoy your food by eating regular meals in moderate amounts.
Namibia
Eat at least three meals a day.
Spain
Divide your daily food intake into five or six small meals, for example,
breakfast, snack, lunch, snack and dinner. Breakfast is an important meal in
your diet.
Turkey
Three basic meals with two or three snacks (at 2–3 hour intervals) should be
consumed daily. Do not skip meals and try not to be hungry for a long time.
Dietary Guidelines for Americans 2010 [96] include the advice “Eat a nutrient-dense breakfast”, but this
information is not included in the summarized version presented on the FAO website.

1.4 Rationale for the present study
The majority of the foods we consume are consumed as parts of meals, making the meal a
natural starting point for studying dietary habits in a population. Previous nationally
representative dietary surveys in the Norwegian population have not allowed for the study of
individual meal types because data were collected using FFQs. However, use of the 24-hour
recall in the Norkost 3 study has provided us with the opportunity to look closer at the meal
habits of the population and has enabled us to investigate meal-related factors.
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Meal-based information about dietary habits may provide more detailed insight and
understanding of the dietary habits of the population. Such information is useful when
formulating dietary advice, both for the population as a whole and specific population groups
and when providing dietary advice at the individual level. The findings in the present thesis
are expected to contribute to a better understanding of how meals are composed in Norwegian
adults and provide a basis for more targeted food-based dietary guidelines for the population.
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2

AIMS

The overall aim of the present thesis was to study the role of different meal types in the
intakes of foods and nutrients among participants in the Norkost 3 study. Moreover, to
investigate how meal composition varied according to the participants’ background
characteristics and according to meal-related factors such as meal eating location.
The specific aims of the papers included in this thesis are as follows:
1. To study how different meals throughout the day contribute to the intakes of fruits,
vegetables, fish and whole grains in both Norwegian adults in general and in different
subgroups of the population. Moreover, to investigate the potential consequences of
skipping the meal that was the largest contributor to the intake of each food group.
2. To describe the contribution of snacks to dietary intake in Norwegian adults and to
investigate whether the composition of snacks differed according to eating location.
3. To investigate the association between dinner eating location and the nutritional
quality of the diet, both for the dinner meal and for the total diet. Moreover, to
compare the dietary intakes of those who consumed a high percentage of their energy
intake out of home with those who consumed less energy out of home.
4. To investigate whether the choice of side dishes varied in red meat dinners and fish
dinners. Furthermore, to compare the intakes of macronutrients and selected
micronutrients in red meat and fish dinners and to study whether whole-day intakes of
these nutrients differed on days with red meat dinners and days with fish dinners.
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3

METHODS

3.1 Design and participation
Data for the present thesis were obtained from Norkost 3, a Norwegian dietary survey that
was conducted in 2010-11. Data collection began in January 2010 and ended in August 2011.
For this survey, a representative sample (n=5000) of the Norwegian population aged 18-70
years was randomly selected from the National Registry.
Participants were asked to take part using a color brochure informing them about the study
and inviting them to participate. The brochure clearly indicated that participation was
voluntary, and those not wishing to be contacted by the study staff could decline to participate
by telephone, SMS, e-mail, regular mail or on a web page. Participants could also decline to
participate when first contacted by the study staff or during any part of the data collection.
Participants that did not inform the study staff that they did not wish to participate were
contacted by telephone.
Of the 5000 individuals who were invited to participate, 153 were not suitable for
participation (wrong phone number, not Norwegian or mistakenly invited to participate
twice). Of the remaining 4847 eligible participants, 2275 declined to participate, 530 could
not be contacted, 178 agreed to participate but did not respond to subsequent phone calls and
77 completed only one 24-hour recall. Thus, a total of 1787 participants successfully
completed the two 24-hour recalls, which resulted in a participation rate of 37%.
The study was conducted according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving human subjects were approved by the Regional
Committee for Medical and Health Research Ethics. Verbal informed consent was obtained
from all participants and was witnessed and formally recorded.

3.2 Conduction of 24-hour recalls
Dietary intake was assessed using two telephone-administered 24-hour dietary recalls
conducted at least four weeks apart. The 24-hour recalls aimed to include all foods and
beverages consumed by the participants in the period between waking up on the preceding
day and waking up on the interview day. Data were collected on all days of the week. The
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interviews were performed by trained personnel using an in-house data program (KBS version
7.0) linked directly to a food composition database. During the 24-hour recall, the participants
reported the types and quantities of all foods and beverages consumed during the preceding
day. The interview was performed as a three-step process. The first step reviewed the
previous day’s eating occasions including time, location, meal type and a brief description of
the consumed foods and beverages. The second step included detailed information about the
foods and portion sizes including probing questions imbedded in the program, such as “Did
you use butter or margarine on your bread?” for all breads and “Did you have sliced
vegetables, fruits, mayonnaise, etc. as a topping?” for cheese and cold cuts. The third step
consisted of the interviewer reading out loud a list of commonly forgotten food items such as
chewing gum, fruits and cakes and asking the participants whether any of the food items
should be included in the recall. The consumed foods were quantified by household measures,
standard portion sizes and a picture booklet (Appendix 1) containing photographs of foods in
different portion sizes. The picture booklet was mailed to all the participants in advance and
was also available in an online version. Each eating or drinking occasion was defined by the
respondent as either (1) breakfast; (2) lunch; (3) dinner; (4) supper/evening meal; (5) snack;
(6) beverage only; or (7) dietary supplement only. To avoid influencing the participant’s
choice of meal type, the interviewer would ask the question “What was the first thing/the next
thing you had to eat or drink yesterday?” and “What kind of meal would you define this as?”
rather than asking “What did you have for breakfast/lunch/dinner/supper/snack?” For each
eating or drinking occasion mentioned during the 24-hour recall, the place of consumption
was reported. The available locations were (1) home; (2) other private home; (3) work or
school (including work canteens); (4) restaurants, cafés, fast food outlets; (5) meeting, trip,
during exercise; (6) other location; or (7) unknown location. Eating location was defined as
the place of consumption, irrespective of the place of purchase or preparation. After
completing two 24-hour recalls, the participants filled in a food propensity questionnaire
asking about the habitual intake of 217 food items during the past year. The food propensity
questionnaire was developed as described by Subar et al. [97]. These results are not included
in the present thesis, and hence, the food propensity questionnaire will not be further
described. All the participants who completed the two 24-hour recalls and filled in the food
propensity questionnaire were offered a short written feedback on their diet. The feedback
included the mean intake of energy and macronutrients recorded from the two recalls as well
as the mean intake of fruits and berries, juice and vegetables. Every 25th participant
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completing two 24-hour recalls and handing in a completed food propensity questionnaire
received an incentive of 3000 NOK (~500 USD).

3.3 Picture booklet
The picture booklet (Appendix 1) contained photographs of four different portion sizes of 34
different foods. In addition, the booklet contained pictures of plates, glasses and cups of
varying sizes. The amount of bread consumed was estimated using 9 different shapes with 2
or 3 options for slice thickness. In addition, pictures of 9 different rolls were included. The
selection of photographs was determined based on experiences from a Norwegian dietary
survey in children and adolescents [98], the picture booklet used in the Norwegian arm of the
European Food Consumption Validation (EFCOVAL) study [99] and experiences from two
pilot studies conducted prior to the Norkost 3 study.

3.4 Assessment of background variables
After completing each of the two dietary recalls, several background questions were answered
by the participants. The questions included in the analyses in the present thesis are presented
in Table 4. The complete list of questions is provided in Appendix 2.
Table 4: Background questions included in the analyses in the present thesis.
Question
Categories
Coding in papers
Who do you live with?
1. Living alone
Single household: category 1
2. Living with partner and children1 Living with children: categories 2
3. Living with children1, no partner and 3
4. Living with partner, no children1 Living with adults: categories 4-7
5. Living with parents
6. Living with other adults
7. Other type of household
What is your highest
1. None
High school or lower: categories 1-6
level of education?
2. Less than 7 years
College or university education:
3. Junior high school
categories 7 and 8
4. Vocational school, parts of high
school
5. High school
6. High school with extra courses
7. College/university, bachelor level
8. College/university, beyond
bachelor level
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Question
Are you currently
employed?

How tall are you?

Do you know how much
you weigh?
Do you smoke?

How important is a
healthy diet to you?

Categories
1. No, homemaker (or less than
50% work)
2. Yes (at least 50%)
3. Student, pupil
4. Compulsory military service
5. Disabled
6. Unemployed
7. Retired
8. Maternity/paternity leave
In centimeters

In kilograms
1.
2.
3.
1.
2.
3.
4.
5.

No (never or quit)
Yes, daily
Yes, sometimes
Not/slightly important
Slightly important
Moderately important
Important
Very important

Coding in papers
Not working: categories 1, 5 and 6
Working: categories 2, 4 and 8
Student: category 3
Retired: category 7

Used for calculating BMI
BMI was used as a continuous
variable or dichotomized into BMI
<25.0 kg/m2 or ≥25.0 kg/m2
Used for calculating BMI
Non-smoker: category 1
Smoker: categories 2 and 3
No, low or moderate interest:
categories 1-3
High or very high interest:
categories 4 and 5

1

18 years or younger
BMI; body mass index

3.5 Calculation of dietary intake
3.5.1 Nutrients
Dietary intakes of foods and nutrients were calculated using the KBS program, which is
linked directly to the food composition database. The nutrient definitions used by the KBS are
the same as the ones used by the Norwegian Food Composition Table [100]. Carbohydrates
included mono- and disaccharides, oligosaccharides and starch [100]. Added sugar was
defined as “Refined or industrially processed sugar that is added during industrial production
or during home preparation” [100]. Dietary fiber was not included in carbohydrates and was
defined as “plant substances that the body’s own enzymes cannot break down and make use
of” [100]. Protein was calculated based on the analyzed content of nitrogen. The conversion
factor from nitrogen to protein varies according to the amino acid composition, ranging from
5.7-8.8. The most commonly used factor is 6.25 [100]. The fat content was defined as the
food item’s “total content of fat-soluble components”, including fatty acids, glycerol,
cholesterol, plant sterols and phospholipids [100]. The alcohol content of beverages was given
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as g of alcohol per 100 g of beverage [100]. Table 5 shows the calculation factors for
calculating the total energy intake from each of the macronutrients.
Table 5: Energy content in macronutrients.
Macronutrient Energy content,
kJ/g
Fat
37
Protein
17
Carbohydrates
17
Fiber
8
Alcohol
29
kJ; kilojoule

3.5.2 Food grouping
In the KBS program, a general food group classification was developed for the Norkost 3
study as shown in Table 6. This grouping consisted of 19 main food groups and provided the
basis for the regrouping of foods used in the four papers in the present thesis. The majority of
composite dishes included in the KBS database were separated into ingredients and given as
raw/unprepared weight when calculating intakes of the various food groups. The special food
groupings used in the four papers are described in the sections below.
Table 6: Food grouping in the KBS program.
Main food group
Subgroup level 1
Bread
White bread
Semi-dark bread
Dark bread
Unspecified bread
Crisp bread, tortillas, crackers, etc.
Other cereal products
Flour, dry rice, dry pasta
Sweetened breakfast cereals
Unsweetened breakfast cereals
Pasta dish, pie
Cakes
Yeast leavened bakery products
Cookies
Other cakes
Potatoes
Fresh potatoes
Potato powder
French fries
Vegetables
Fresh or frozen vegetables
Canned vegetables
Dry legumes
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Main food group
Fruits and berries

Fruit juice
Meat and meat products

Fish and fish products

Eggs
Milk and yogurt

Cream and cream products

Cheese

Subgroup level 1
Fresh fruits and berries
Jams and marmalades
Nuts, olives and seeds
Concentrated cordials
No subgroups
Red meat, whole pieces (unprepared)
White meat, whole pieces (unprepared)
Unspecified meat, whole pieces (unprepared)
Ground meat (unprepared)
Salted meat (unprepared)
Sausages and minced meat products (unprepared)
Cold cuts and liver pâté
Other meat products (unprepared)
Meat dishes
Blood and offal (unprepared)
Oily fish (unprepared)
Lean and semi-lean fish (unprepared)
Unspecified fish (unprepared)
Fish products (unprepared)
Fish sandwich spread
Shellfish (unprepared)
Fish offal (unprepared)
Fish dishes
No subgroups
Whole fat milk, 3.8-3.9% fat
Milk, 1-1.5% fat
Milk, 0.5-0.7% fat
Skim milk, 0.1% fat
Milk with added flavor
Yogurt
Unspecified milk
Other milk
Cream and sour cream
Ice cream
Milk and cream-based desserts
High fat cheese
Whole fat cheese
Cheese with reduced fat content
Cheese with unspecified fat content
Whole fat goat cheese1
Goat cheese1 with reduced fat content
Unspecified goat cheese1
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Main food group
Butter, margarine and oil

Sugar and sweets
Beverages

Baby foods

Miscellaneous

Dietary supplements

Subgroup level 1
Margarine, 70-80% fat
Low fat margarine
Butter and butter-based margarine
Unspecified butter or margarine
Oil
Mayonnaise
Dressings
Mayonnaise-based sandwich spread
Other edible fats
Sugar, honey, sweet bread spreads
Chocolate and sweets
Coffee
Tea
Cordials and soft drinks
Drinking water
Beer, wine and liquor
Milk
Baby porridge
Baby food dinners
Fruit mixes
Baby juice
Nutritional supplements
Snacks (potato chips, popcorn, nachos, etc.)
Sauces
Powdered soups, sauces, stew mixes
Spices
Vegetarian products
Other
Water in dishes
No subgroups

1

Whey product made from boiled cow’s and goat’s milk

Paper 1
In this paper, the total intakes of fruits, vegetables, fish and whole grains from each meal type
were calculated. To separate out the total amounts of these foods from mixed products such as
fish cakes, sandwich spreads, fruit or berry jams and bread, all relevant recipes in the KBS
database were split into single ingredients, followed by moving the ingredients of interest into
the appropriate food groups. For instance, fish cakes were assumed to contain 47% fish, and
the remaining ingredients were not included in the calculation of fish intake. Shellfish and
other types of seafood not classified as fish were not included because these foods are not
included in the amount of fish recommended in the Norwegian FBDGs [92]. For canned fruits
and vegetables, only the fruit or vegetable part was included and not the solution of fruit juice,
sugar or salt used for preservation. Likewise, only the fruit or berry part of jams was included.
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All food item amounts calculated by the KBS program are normally given as raw (i.e.,
unprepared) weights. To obtain weights that were comparable to the amounts of ready-to-eat
fish stated in the FBDGs, all fatty fish were reduced in weight by 15%, lean fish types were
reduced in weight by 20%, unspecified fish types were reduced in weight by 17% and fish
offal was reduced in weight by 10%. These are the conversion factors used by the Norwegian
Food Composition Table [100] and by the KBS program. Whole grains were defined to
contain all parts of the entire grain seed. To qualify as a whole grain, processed grains should
deliver approximately the same balance of germ, endosperm and bran as found in the original
grain seed, in agreement with the definition given by the American Association of Cereal
Chemists [101].
Paper 2
In this paper, the top five energy contributing food groups from snacks were calculated. To
determine these top five food groups, the mean two-day energy contribution in kJ from snacks
from the following 23 food groups was calculated: bread; rice and pasta; breakfast cereal;
other cereal products (including flour, grains, pasta dishes and pies); cakes; potatoes
(including boiled, fried or mashed potatoes and French fries); vegetables (excluding vegetable
juices); fresh fruits and berries; jams and canned fruits; nuts and olives; juice
(fruit/vegetable); meat and meat products; fish and fish products (including shellfish); eggs;
milk; yogurt; cheese; ice cream and milk-based desserts; butter, margarine and oil; sugarsweetened beverages; alcoholic beverages; sugar/sweets; and salty snack items (including
potato chips, popcorn, nachos and other salty chips).
Paper 3
In this paper, the use of the main food groups including meat and meat products, fish and fish
products (excluding shellfish) and vegetables (excluding legumes) was presented according to
dinner eating location. The reported weights for both meat and fish refer to amounts of
raw/unprepared foods. In addition, we studied the use of “sugar-sweetened beverages”, i.e.,
soft drinks and cordials containing added sugars.
Paper 4
In this paper, we calculated the intake of red meat and fish and fish products from meals
named “dinner” by the participants. Red meat was defined as all muscle and organ meat from
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pork, beef, mutton and goat [92]. Food weights were given as grams of prepared meat. Frying
fat was not included in the product weight, but meat products such as meatballs were regarded
as 100% red meat although other ingredients may have been added. This approach was
chosen because such meat products are normally regarded as one unit. For composite dishes,
such as pizza or fish au gratin, the dish was broken down into its main constituents. For
example, pizza was broken down into pizza crust (grouped as bread), meat, tomato sauce,
vegetables and cheese, whereas fish au gratin was considered fish, pasta and white sauce. For
the comparison of side dishes eaten with red meat and fish dinners, the food group “bread”
included regular bread, hamburger buns, hot dog buns, pizza crusts, crisp bread, tortillas, taco
shells and salty crackers. ”Rice” included all types of boiled rice, whereas “pasta” included
boiled pasta and noodles. “Boiled potatoes” included all types of boiled potatoes. Fried
potatoes, French fries and potato dishes, such as mashed and gratinated potatoes, are not
presented due to the low percentage of participants consuming these items. “Vegetables”
included fresh, frozen and canned vegetables (excluding dry legumes) but not vegetables
included in tomato sauces because tomato sauce is presented as a separate food group that
includes tomato sauces used on pizza, pasta, tacos, casseroles, ketchup and salsa. Sauces other
than tomato sauce were grouped according to fat content. Finally, the food group “cheese”
included cheeses used for cooking, such as those on pizzas, burgers and pasta.

3.6 Statistical analyses
The analyses presented in the present thesis were conducted using Stata version 13.1 (papers
1, 2 and 4) and SPSS version 19 (paper 3). The significance level was set to p<0.05 unless
otherwise stated. For tables where a large number of comparisons were made, the Bonferroni
correction was used. This procedure has been described in more detail in the relevant papers
(papers 1, 2 and 4).
Differences in the nutritional compositions between individual meals consumed in different
eating locations (papers 2 and 3) or in fish and red meat dinner (paper 4) were compared
using linear (for continuous variables) or logistic (for binomial variables) mixed models with
a variance component (random intercept) for participants. Likewise, analyses comparing
whole-day dietary intakes on individual recall days were conducted using linear or logistic
mixed models (papers 1, 3 and 4). In paper 1, meal-to-meal intakes of the food groups fruits,
vegetables, fish and whole grains were initially analyzed using linear mixed models because
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more than one measurement was obtained from each person, either as food group intakes
estimated from five different meal types or as food group intakes from two individual recall
days. However, in the analyses that determined the main contributing meal and in the analyses
looking at differences in meal-to-meal intakes in different population subgroups, the variance
component for participant was close to zero, and the mixed models could therefore be
replaced by linear regression.
For the comparison of the nutritional compositions of main meals and snack meals (paper 2),
the paired samples t-test was used. Differences in the percentage of consumers of the five
main energy-contributing food groups from snacks between BMI categories and educational
levels were analyzed using logistic regression.
In paper 3, background characteristics of substantial and non-substantial out-of-home eaters
(SOH- and NSOH-eaters) were compared using the independent samples t-test for continuous
variables, whereas the χ2 test was used for values expressed as percentages. Mean two-day
dietary intakes among SOH- and NSOH-eaters were compared using linear regression for the
continuous variables and logistic regression for the dichotomous variables.
In paper 1, which describes meal-to-meal intakes of different food groups, the data contained
a high number of zeros (indicating that the person had not consumed the food group in
question for the respective meal or day in question). This was also the case for the snack
eating location analyses presented in paper 2, in which the percentage of snacks containing
alcohol was quite low. Because the assumption of normally distributed residuals was not
fulfilled, mixed models were combined with case bootstrapping with 1000 repetitions to
obtain more robust estimates of confidence intervals and p-values. To retain the dependency
structure in the bootstrap samples, participants rather than individual observations were
sampled.
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4

RESULTS

4.1 Paper 1
The aim of this paper was to study how different meals contribute to intakes of fruits,
vegetables, fish and whole grains in a group of Norwegian adults and in subgroups of this
population. Moreover, this paper aimed to investigate the consequences of skipping the meal
contributing the most (the main contributing meal) to the intake of each of these food groups.
Dinner was the main contributing meal for fish and vegetables, contributing 69% of vegetable
intake and 72% of fish intake. Snacks were the main contributing meal for fruit intake; 51%
of total fruit intake came from snacks. For whole grains, breakfast was the main contributing
meal, and 44% of whole grain intake was derived from the breakfast meal. The comparison of
meal-to-meal intakes for each food group between participants having an intake in line with
the FBDG for the specific food group and participants having a lower intake showed that both
groups of participants had the same main contributing meal for each food group. Absolute
intakes of the food groups in question from each meal type were significantly lower in the
participants having intakes lower than recommended in the FBDGs, with some exceptions for
meals that were minor sources of intake. Likewise, the main contributing meal did not change
for any of the food groups when studying subgroups of the participants according to
educational level or age. However, some differences in absolute meal-to-meal intakes of some
of the food groups were observed between the two educational levels and between the three
age groups. Participants with a university/college education had a significantly higher fruit
intake from breakfast and snacks than those without a university/college education. Vegetable
intake from lunch was also significantly higher in those with a university/college education
compared to those without this education. The oldest age group had a significantly higher
intake of fruits from snacks compared to the youngest group. Likewise, the intake of fish for
dinner was higher in the two older age groups. A substantially lower intake of the food groups
in question was found on days when the main contributing meal was skipped.

4.2 Paper 2
The aim of this paper was to study the contribution of snacks to the diet and to investigate
whether the composition of snacks differed according to the eating location. The mean
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number of snacks per day was 1.6 for men and 1.9 for women. A total of 93% of men and
97% of women had consumed at least one snack during the two recall days, and snacks
contributed to 17 and 21% of the total energy intake among men and women, respectively.
Collectively for men and women, snacks contributed 19% of energy intake, 11% of protein
intake, 16% of fat intake, 22% of carbohydrate intake, 40% of added sugars intake, 20% of
fiber intake and 48% of alcohol intake. Compared to main meals, snacks were higher in fiber
(g/MJ) and contained a higher percentage of energy from carbohydrates, added sugars and
alcohol, whereas the percentages of energy from fat and protein were lower. The top five
energy-contributing food groups from snacks were cakes, fruits, sugar/sweets, bread and
alcoholic beverages. The percentages of consumers of each of the top five energy-contributing
food groups from snacks were compared according to the participants’ educational level
(university/college education or not) and BMI (BMI greater than 25 kg/m2 or not). A higher
percentage of participants with university/college education reported consuming a snack that
contained fruits compared to participants without a university/college education (73 vs. 62%).
With regard to BMI, the percentage of participants who consumed alcoholic beverages was
lower in the overweight group compared to the group of participants with a BMI<25 kg/m2
(16 vs. 20%).
Snacks were primarily eaten at home (58% of all snacks) or at work (23% of all snacks).
Snacks consumed at work contained less energy, had a higher percentage of energy from
carbohydrates and had lower percentages of energy from added sugars and fat than snacks
consumed at home. Snacks consumed during visits to private households and at restaurants
contained more energy, had a higher percentage of energy from fat and had a lower fiber
density than snacks consumed at home.

4.3 Paper 3
This paper investigated the association between dinner eating location and the nutritional
quality of the specific dinner meal and the whole-day dietary intake. Moreover, we compared
the diets of those consuming less than 25% of energy out of home and at school/work
(NSOH; non-substantial out-of-home eaters) with those consuming at least 25% of energy out
of home and at school/work (SOH; substantial out-of-home eaters).
On average, 34% of the daily energy intake came from dinner. The majority of dinners were
consumed at home (82%). Out-of-home dinners were most commonly consumed during visits
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to other private households (7%) and at restaurants (6%). Dinners at restaurants and other
private households were higher in energy than home dinners. Restaurant dinners contained
less fiber (g/MJ) and had a higher percentage of alcohol consumers compared to home
dinners. For men, the E% from added sugar was also higher in restaurant dinners than in
home dinners. Both genders had a higher E% from added sugar when having dinner at other
private households than when having dinner at home. Men had higher intakes of meat when
having dinner at other private households than at home, whereas women had a higher meat
intake when having dinner at a restaurant than when having dinner at home. Compared to
home dinners, sugar-sweetened beverages were more often consumed with dinners at other
private households and at restaurants for men; this was also found for dinners at other private
households for women.
Most differences between dinners consumed at different eating locations were also observed
in the dietary intakes for the entire day. Both genders had a higher total energy intake on days
when having dinner at other private households than on days when having dinner at home.
Men also had a higher total energy intake on days with a restaurant dinner, whereas women
had a higher energy intake when having dinner during travel/meeting than on days with home
dinners. Both men and women had a lower fiber density on days when having dinner at a
restaurant compared to days with home dinners. Both genders also had a higher intake of
added sugar on days when dinner was consumed at another private household. The percentage
of days involving alcohol consumption was higher on days when dinner was consumed at a
restaurant than when dinner was consumed at home among both men and women.
Twenty-seven percent of men and 29% of women were classified as SOH-eaters. The
comparison of the dietary intakes of SOH- and NSOH-eaters showed that both male and
female SOH-eaters had a higher daily energy intake, a higher percentage of energy from
added sugar and a lower fiber intake than NSOH-eaters. The percentages of consumers of
alcohol and sugar-sweetened beverages were higher among SOH-eaters of both genders. For
men, meat intake was higher in SOH-eaters, whereas in women, SOH-eaters had a lower
vegetable intake compared to NSOH-eaters. Except for a somewhat higher proportion of
NSOH-eaters living with children compared to SOH-eaters, no clear differences in
background characteristics were observed between those who were grouped as SOH- and
NSOH-eaters.
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4.4 Paper 4
This paper investigated whether side dish choices differed between red meat and fish dinners.
Moreover, we compared the intakes of macronutrients and selected micronutrients in red meat
and fish dinners and studied whether the whole-day intakes of these nutrients differed
between days with red meat dinners and days with fish dinners.
A total of 691 fish dinners and 1586 red meat dinners of 1517 participants were included.
Across age groups, bread was more commonly consumed with red meat than fish dinners,
whereas the opposite was observed for boiled potatoes. Vegetables were more commonly
eaten with fish than with red meat dinners, although the difference was only statistically
significant in the middle-aged group (35-54 years), for which 70% of red meat dinners and
86% of fish dinners were accompanied by vegetables. We also examined the total amounts of
vegetables consumed for each dinner type. A statistically significant difference between red
meat and fish dinners was observed only in the youngest age group, in which red meat dinners
contained 73 g of vegetables and fish dinners contained 107 g of vegetables (p=0.001). For
the middle-aged group, red meat dinners were accompanied by 96 g of vegetables, whereas
fish dinners contained 107 g of vegetables (p=0.09). Finally, in the oldest age group, red meat
dinners contained 106 g of vegetables, whereas fish dinners contained 119 g of vegetables
(p=0.08). It should be noted, however, that vegetables included in tomato sauces were not
included in the sum of vegetables. If the amount of tomato sauce and vegetables was
combined, no differences were observed in total amounts of vegetables and tomato sauce
between red meat and fish dinners for either age group. Some distinct differences were found
regarding choice of vegetables; carrots were included in at least 50% of fish dinners for all
age groups, whereas only 15-27% of red meat dinners contained carrots. However, lettuce
was more commonly consumed with red meat than with fish. This difference was statistically
significant in the middle-aged group (p<0.001) and approached significance in the oldest age
group (p=0.007). With regard to sauce, the largest differences between the fish and red meat
dinners were observed for tomato sauce; in the youngest age group, 44% of red meat dinners
and only 5% of fish dinners contained tomato sauce (p<0.001). Cheese was also more often
consumed with red meat dinners, particularly in the youngest age group.
The comparison of energy and nutrient intakes between fish and red meat dinners showed that
fish dinners contained less energy and had a higher percentage of energy from protein than
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meat dinners. Dietary fiber in g/MJ was also somewhat higher in fish dinners. Fish dinners
had lower percentages of energy from total fat, saturated fatty acids and monounsaturated
fatty acids and a higher percentage of energy from polyunsaturated fatty acids than red meat
dinners. The intakes of β–carotene, folate and vitamin D were higher for fish dinners than for
red meat dinners, whereas iron intake was higher for red meat dinners. Differences in wholeday energy and nutrient intakes on days with fish dinners versus days with red meat dinners
were similar to those observed for the comparison of the dinners alone.
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5

DISCUSSION

5.1 Methodological considerations
5.1.1 Twenty-four-hour recalls
Validity of the method
The validity of a method is the degree to which the method actually measures what it is
intended to measure. Dietary assessment methods can be validated in several ways, for
example, by comparing the recorded intake to objective reference methods such as
concentration biomarkers for the intakes of various nutrients or recovery biomarkers such as
doubly labeled water (DLW) as a marker for energy intake [102]. The relative validity of a
method may be assessed by comparing the method in question to the results obtained using
one or several other dietary assessment methods. The specific 24-hour recall functionality of
the KBS program used for the present study has not been validated. However, the 24-hour
recall method has been validated in several settings previously. Recently, the European Food
Consumption Validation (EFCOVAL) project validated two non-consecutive dietary recalls
using EPIC-Soft against various biomarkers in blood and urine, including urinary nitrogen
and urinary potassium [103]. Five different European countries participated in EFCOVAL:
Belgium, the Czech Republic, France, the Netherlands and Norway. The results from the
Norwegian participants of the EFCOVAL study showed that protein intake was only
underestimated by 2.7% compared to urinary excretion of nitrogen. For potassium, the
differences between intake and excretion were 6.9% in women and 1.7% in men. On average,
for all the participating countries, both men and women underreported protein intake by 8%,
whereas potassium intake was underreported by 7% for men and 4% for women. Hence, 24hour recalls were found to be sufficiently valid for assessing the mean intakes of protein and
potassium [103]. Fish and fruit/vegetable intakes were also validated in EFCOVAL using
fatty acids in phospholipids and serum carotenoids as biomarkers of fish and fruit/vegetable
intake, respectively [99]. The crude correlation coefficients between usual fish intake and
eicosapentaenoic acid plus docosahexaenoic acids in phospholipids was 0.13 for men and
0.31 for women, whereas the correlations between serum carotenoids and fruit and vegetable
intake was 0.35 in men and 0.41 in women. These low-to-moderate correlations are within the
range usually reported from other validation studies of the 24-hour recall [104-106].
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Freedman et al. [37] compared five large validation studies of 24-hour recalls (at least two
recall days) and FFQs using DLW and urine nitrogen. The review included the Observing
Protein and Energy Nutrition (OPEN) study [107], the Energetics Study [108], the Automated
Multiple Pass Method (AMPM) study [109], the Nutrition Biomarker (NBS) Study [110] and
the Nutrition and Physical Activity Assessment (NPAAS) study [111]. The results showed
underreporting of energy intakes with both FFQs and 24-hour recalls, whereas absolute
protein was underreported with FFQs. Underreporting was found to be greater with a FFQ
than with 24-hour recalls in most of the studies. With both methods, the underreporting of
energy intake was greater than that of protein intake. Thus, protein density was over-reported.
The underreporting of energy intake using FFQs was approximately 30% (range 24–32%)
across all studies, whereas the corresponding percentages for 24-hour recalls were
approximately 10% (range 6–16%) in the OPEN, Energetics, and AMPM studies and
approximately 25% (range 24–28%) in the NBS and NPAAS studies. The review by
Freedman et al. also confirmed previous observations of a higher degree of underreporting of
protein and energy intakes in participants with a higher BMI. In a review from 2009, Poslusna
et al. [112] studied misreporting of energy and micronutrient intake estimated by food records
and 24-hour recalls (1-10 recall days) in 37 studies and found that regardless of method, the
percentage of underreporters was approximately 30%, and energy intake was underestimated
by approximately 15%. Underreporting was estimated mainly by comparison with the
Goldberg cut-off [113, 114] or DLW.
Poppit et al. [115] studied underreporting in women spending 24 hours in a metabolic ward.
The food intake reported from a succeeding 24-hour recall was then compared to observed
food intake. In total, 87.5% of the actual energy intake was reported by the participants in the
metabolic ward. While main meals were accurately reported, energy from foods eaten
between meals was significantly underreported. Snacks considered healthy, such as fruits and
low fat yogurts, were underreported to the same extent as snacks considered unhealthy, such
as chocolate bars or biscuits.
Most 24-hour recall validation studies have been conducted using face-to-face interviews. In
Norkost 3, face-to-face interviews were not possible for economic reasons because Norway is
a widespread country and the travel expenses would have been substantial. Therefore, the
interviews were conducted over the telephone. However, in the EFCOVAL study, telephone
interviews were actually found to be more accurate than face-to-face interviews for estimating
34

protein intake in the Norwegian participants [116]. A calibration study comparing telephone
versus face-to-face interviews was also conducted in Norway in 2000 in connection with the
Norwegian arm of the EPIC study [117]. The results showed that the dietary recalls could be
administered by telephone or as in-person interviews without a significant difference in
estimated dietary intake. Similar conclusions have also been reported from earlier studies in
other countries [118, 119]. Hence, conducting 24-hour recalls over the telephone appears to
be equally valid as conducting face-to-face interviews.
Underreporting in the Norkost 3 study
Sixteen percent of the participants in the Norkost 3 study (15% of men and 17% of women)
were categorized as underreporters of energy intake based on the cut-offs from Goldberg and
Black [114, 120]. In the OPEN study, 10% of men and 13% of women were characterized as
underreporters using the same cut-offs [121]. Because energy intake was underestimated by
12-14% compared to DLW in the OPEN study, the degree of underreporting in the Norkost 3
study was likely at least the same size. A conservative estimate of 10% underreporting (as
suggested for 3 of the 5 studies of 24-hour recalls in the review by Freedman et al. [37])
would result in an increased mean energy intake of approximately 1 MJ per day for both men
and women in the Norkost 3 study. The composition of the omitted foods is difficult to
predict. However, validation studies have previously found that protein is underreported to a
lower extent than energy intake [37]; hence, foods rich in the other energy-providing nutrients
may be more prone to underreporting than protein-rich foods. Uncertainties regarding portion
size estimates from 24-hour recalls may be more relevant for certain food groups than for
others. Souvereign et al. [122] found that portion size uncertainty had greater effects for
vegetables than for fruits and bread. Moreover, as mentioned previously, Poppit et al. [115]
found that eating in between meals was subject to more underreporting than the main meals in
a study of women in a metabolic facility. If this also occurred in the Norkost 3 study, we can
speculate that foods consumed as snacks were underreported to a higher degree than other
foods. As described in paper 2, the five main energy contributing food groups from snacks
were cakes, fruits, sugar/sweets, bread and alcoholic beverages. Intakes of these food groups
may have been higher than reported in the 24-hour recalls if snacks were underreported to a
larger extent than main meals.
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Suitability of the method to collect information about meal habits
Use of the 24-hour recall allowed for the collection of information about meal-to-meal intakes
of foods and beverages and some meal-related variables such as the time of the meal and the
eating location of the meal. The high degree of detail about each eating event and the
possibility of letting the participants themselves define each meal type are advantages of
using the 24-hour recall to collect information about meal habits. However, because only
information about two days of intake was recorded, the habitual meal pattern of the individual
participants could not be studied. Additionally, as described above, there might be a danger of
a higher degree of underreporting of snacks compared to main meals using the 24-hour recall
[115].
Meal types were defined by the participants themselves in the Norkost 3 study. Advantages of
letting the participants define the meal types themselves include the possibility to observe
what the participants regard as a meal without the interference of the researcher while the
researcher still has the possibility of redefining eating events according to a set of criteria on a
later occasion if required. Additionally, the participants might feel less pressured into a meal
pattern that they do not feel comfortable with when being allowed to define each eating event
themselves. Drawbacks of letting the participants themselves define the meal types might be a
more diverse nature of each meal type. For instance, one participant may regard sandwiches
eaten around dinner time as dinner, whereas another participant would report this meal as a
snack and report no dinner on the day in question.

5.1.2 Participation
Obtaining an acceptable participation rate is a challenge in epidemiological studies in general
[123], including dietary studies, and we have witnessed a general decline in participation rates
over the last decades. In the first Norkost study performed in 1993/94, the participation rate
was 63%; this decreased to 54% for Norkost 2 in 1997 [9], whereas the participation rate in
Norkost 3 in 2010/11 was 37%. Moreover, in the Norwegian household budget surveys, the
participation rate has declined from 68% in 1974-76 to 49% in 2012 (personal
communication, Pål Strand, Statistics Norway). A low participation rate was anticipated when
planning the Norkost 3 survey, and prior to the data collection, two pilot studies were
conducted that assessed different measures to increase participation. The initial pilot tested
three different incentives (60 USD, lottery for two prices, one of 1000 USD and one of 2000
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USD, and, finally, four scratch lottery tickets with a maximum price of 200 000 USD) as well
as no incentive. Only small differences were observed in participation according to incentive
groups. However, the participation in pilot 1 was extremely low, with only 17% of the invited
participants completing two recalls. The low participation rates in the first pilot resulted in a
second pilot in which some simplifications were made to the recruitment process and the
initial recruitment letter was replaced with a color brochure. This time, two different
incentives, 50 USD and 100 USD, were compared. The participation rate was considerably
higher in pilot 2, with 38% percent of the invited participants completing two recalls. A
tendency toward higher participation in the group receiving 100 USD was observed (36 vs.
40%). Due to economic constraints, a lottery and the option of feedback on the 24-hour
recalls were used as incentives in the Norkost 3 study (described in more detail in the methods
section).

5.1.3 Implications of low participation rates
The main concern about low participation rates in epidemiological studies is the issue of nonparticipation bias (selection bias) [123]. This bias may cause systematic errors if the reasons
for study participation have a relation to the epidemiological area of interest. An example may
be that persons with a special interest for food and nutrition may be more likely to participate
in a dietary survey than those who are not particularly interested in this topic. The
consequences of such bias depend on the research questions that are addressed and the
importance of having a representative sample for the studied research question. It is wellknown from research in different disciplines that participation rates tend to be higher among
women, those with a higher socioeconomic status (including those with higher education) and
those who are married [123]. These are factors that have often been reported to be associated
with improved health [124, 125] and healthier dietary habits [8, 126, 127]. In the Norkost 3
study, a higher percentage of the participants had a university or college education compared
to the population in general. We also had a lower percentage of single households than in the
general population. Because the main aim of the Norkost 3 study was to describe dietary
intake in the general Norwegian population, the low participation rate is a concern that limits
the generalizability of the results. The implications of the potential bias introduced by the low
participation rate for the comparisons performed in the present thesis are discussed in the
following sections when deemed relevant.
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5.1.4 Background variables and self-report
All the information about the participants in the Norkost 3 survey, with the exception of
gender and age, was based on self-report. Some misreporting because of social desirability
bias is therefore likely to have occurred. Calculation of BMI was based on self-reported
weight and height. Because self-reported weight can be prone to underreporting [128, 129],
this may have led to an underestimation of the proportion of participants with a BMI >25
kg/m2. In the majority of our analyses, BMI was included as a confounding factor. However,
in our comparison of snack choices between normal weight and overweight participants,
underreporting of weight might have influenced the results somewhat because some of the
overweight participants were likely to have been grouped as normal weight, which would
contribute to reducing possible differences between the groups. The extent to which
underreporting of weight occurred is unknown. In a survey conducted by Statistics Norway in
2012 (58% participation), 53% of men and 37% of women had a BMI ≥ 25 kg/m2 based on
self-reported weight and height [130]. These numbers are in line with the percentages found
in the present study (60% of men and 39% of women). In the Nord-Trøndelag Health
(HUNT) Study (HUNT3 2006-08) [131] in which all residents aged 20 years and older in the
Norwegian county of Nord-Trøndelag were invited to participate (53% participation), weight
and height were measured for all the participants. In total, 75% of men and 61% of women
had a BMI ≥ 25 kg/m2, which is higher than that observed in the present study, particularly for
women. These differences in prevalence may be a result of underreporting of self-reported
weight in Norkost 3 and a result of the Norkost 3 sample containing a high number of highly
educated individuals who possibly were less overweight than the HUNT participants. In
HUNT3, 24% of men and 31% of women had a university or college education [132],
compared to 50% of men and 55% of women in Norkost 3. An inverse relationship between
body weight and educational level has often been reported [133]. Furthermore, the population
in Nord-Trøndelag may differ from the population in the country as a whole in areas other
than education.
The use of tobacco may also be prone to underreporting [134], and some of the participants
might have been misclassified with regard to smoking habits. In Norkost 3, 21% of the
participants reported being smokers (daily or occasional smokers), whereas the corresponding
number for the Norwegian population in 2010-2014 was 26% [135]. However, because
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tobacco use was used as a covariate in the analyses rather than as a dependent variable, this
source of error is not likely to be of major importance.
In the present thesis, educational level was used as an indicator of socioeconomic status.
When choosing only one determinant of socioeconomic status, educational level has often
been valued as the most suitable in health matters [136]. The advantages of using educational
level as an indicator of socioeconomic status include that it is easy to report and that it is
regarded as fairly reliable by self-report [137]. However, other indicators of socioeconomic
status, such as occupation and income, are commonly used in studies of associations between
socioeconomic factors and nutrition and health [138]. In the Norkost 3 study, information
about income was not available, but information about the participants’ employment situation
and occupation was collected. However, occupation was not used as an indicator of
socioeconomic status because this would have resulted in somewhat more missing cases
because of missing information about occupation (n=17). Additionally, the group reporting
not being currently employed would have been a quite large (n=475) and heterogeneous
group consisting of both homemakers, students, retirees, unemployed persons, persons on
long-term sick leave and those in compulsory military service.

5.1.5 Eating location
Definition of eating location and out-of-home eating
In the present study, eating location was defined as the location of consumption rather than
the location of preparation or purchase. This is in agreement with the definition used by
Orfanos et al. [90] but different from that of Lin et al. [139] and Burns et al. [140], who
defined location according to where the food was obtained. Each definition has its own
inherent strengths and weaknesses. When defining eating location according to the place of
consumption, a take-out pizza eaten at home will be defined as food eaten at home. Likewise,
packed sandwiches made at home and eaten at work will be classified as out-of-home eating.
These factors may contribute to making at-home foods and out-of-home foods appear more
similar. However, if eating location is defined according to the place of preparation, foods
brought to different locations will be grouped according to the place of preparation. Some
examples may be a home-made cake brought to a party or a cup of cocoa consumed during
hiking. The use of place of consumption rather than place of preparation puts more emphasis
on the context in which the food is consumed than where it is prepared. From the participants’
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point of view, information about the place of consumption would most likely be easier to
provide because the place of preparation may in some occasions be unknown. Ideally, both
the place of preparation and the place of consumption should be available.
The composition of out-of-home foods
Often, less is known about the composition of food eaten out of home. Participants might be
able to correctly identify the main components of an out-of-home meal, but less is known
about the composition of sauces, frying fats and types of dairy products used. For some of the
most commonly consumed fast food meals from McDonald’s and Burger King, the nutritional
composition of certain dishes has been analyzed chemically for the Norwegian Food
Composition Table [100], thus providing as least as reliable information about the nutritional
composition as for most home-cooked meals. However, for the majority of restaurant meals,
standard recipes that could also be used for home-cooked meals were utilized. This is clearly
a source of error, but this error would most likely contribute to making restaurant and home
dinners more alike and not more different. The composition of the main parts of the meal,
such as the meat component, starch component and vegetable component, may not vary so
much in restaurant meals compared to home-cooked meals. For example, pasta at a restaurant
most likely contains approximately the same ingredients as pasta eaten at home, whereas the
composition of the sauce is likely to vary.

5.1.6 Statistical considerations
Mixed models
In linear regression, after adjusting for covariates, the error terms (residuals) are assumed to
be independent. However, the analyses of the Norkost 3 data often included more than one
meal from each person, thus violating the assumption of independence because meals derived
from the same individual are likely to be more similar than meals derived from different
individuals. One example is the comparison of the compositions of dinners or snacks
consumed in different locations. Although some participants had only consumed one snack or
one dinner, others contributed more than one eating occasion to the analyses. To adjust for
this dependency in the data, mixed models were used. Mixed models are often also called
random coefficient models, mixed-effect models, multilevel regression models, hierarchical
linear models or multilevel covariance structure models [100], and they can be used to study
data that are hierarchical in structure. Examples of this may be students nested within schools
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or patients who are treated by the same doctor [101]. This approach may also be used for
studying data that contain repeated measurements from the same person; in this case, the
measurements are nested within the person (Figure 1). Both fixed and random effects may be
added to a mixed model. The fixed effects contain the main variables of interest and the
confounding variables that were adjusted for in the analyses, whereas the random effects
model the dependency structure of the data.
Figure 1: Multilevel models for repeated measurements from the same person.

The figure shows how more than one measurement is nested within each person; in this case,
two meals for each person.
Bootstrapping
In some of the statistical analyses, the outcome variable included a large number of zeroes,
hence violating the assumption of normally distributed residuals. This was the case when
evaluating the meal-to-meal intakes of the food groups fruits, vegetables, fish and whole
grains in paper 1. To overcome this problem, bootstrapping with 1000 repetitions was
performed on all these analyses. Bootstrapping is a nonparametric method that can be used
when there is doubt that the distributional assumptions are valid [101]. Bootstrapping allows
for robust estimations of standard errors, confidence intervals and p-values. The standard
procedure is to repeatedly draw samples with replacement from the observed data to create
new datasets, called bootstrap samples. The basic idea behind bootstrapping is that the
bootstrap samples are approximate draws from the true underlying data distribution. Each
bootstrap sample has the same number of observations as the original sample; however, some
observations appear several times and others never. The statistic of interest is first estimated
for each bootstrap sample, and then, the standard errors and confidence intervals are
calculated based on these individual estimates [101]. The bootstrap procedure explained
above, which was used in the present thesis, is called the case bootstrap. However, several
other bootstrap approaches exist, such as the residual bootstrap, the parametric bootstrap and
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the wild bootstrap [102]. In spite of the non-normal distribution of the residuals observed for
some of the analyses presented in the thesis, application of the bootstrap did not have a
decisive effect on the results because only minor changes were observed in p-values and
confidence intervals compared to the analyses that did not use bootstrapping. This was likely
because of the relatively large number of observations included in the analyses.

5.2 Interpretation of results
5.2.1 Meal patterns
In the scientific literature, some concern has been raised regarding a possible breakdown of
traditional meal patterns toward a pattern of less structured eating with more snacking and
fewer main meals (i.e., grazing) [10, 141, 142]. Based on the results in the present study
regarding consumption of the four main meals (paper 1), the traditional Norwegian meal
pattern may appear to be maintained. However, because the participation rate was low, this
finding is not necessarily generalizable to the entire population. Non-participants may have
different meal habits from the ones who agreed to participate. Nonetheless, our results are in
accordance with the results from an interview survey in 2005 with a higher participation rate
(70%) showing that 81% of the participants reported consuming breakfast daily, whereas the
corresponding figures for lunch, dinner and supper were 70, 84 and 43%, respectively,
suggesting that a large portion of the population routinely consumes each of the main meals
(personal communication Jorun Ramm, Statistics Norway, Jan. 17th, 2014) [42]. These results
are also supported by both the “A Day in the Lives of Nordic People” study and the 2012
follow-up study in which the most common pattern in all the participating countries was to eat
three or four meals a day [39]. Kant et al. [75] studied the development in meal patterns in the
US based on NHANES data from 1971-74 and 2009-10. The percentage of participants
reporting consuming all three main meals (breakfast, lunch and dinner) decreased somewhat
over the time period from 73% and 75% in men and women, respectively, in 1971-74 to 59%
and 63% in 2007-2010. The percentage of energy derived from snacks increased from 20% in
men and 18% in women in 1971-74 to 23% in both genders in 2007-10. In 2007-10, breakfast
was still consumed by 81% of both men and women, lunch by 78% of men and 79% of
women and dinner by 92% of men and 93% of women. Thus, the main meals still appear to
be consumed by the majority of the population in the US. Mestdag [142] examined meal
patterns in Flanders in 1988 and 1999 and found that the three meal pattern remains the most
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common pattern. Hence, available data do not appear to suggest a general breakdown of meal
patterns into unstructured grazing throughout the day.

5.2.2 Meals as sources of foods
In the Norwegian FBDGs, quantitative recommendations for minimum intakes are given for
fruits, vegetables, fish and whole grains. Our comparison of the meal-to-meal intakes of these
food groups (paper 1) showed a clear tendency of some meals contributing more to the
intakes of each food group than others. Breakfast was the main contributing meal to whole
grain intake, dinner was the main contributing meal to fish and vegetable intakes, and snacks
were the main contributing meal type to the intake of fruits. The intakes of each food group
were lower when the main contributing meal was skipped, indicating that the food groups
mainly coming from the missed meal are not fully compensated for in the remaining meals of
the day when the main contributing meal is not included in the diet. In the scientific literature,
there are few studies looking at the contribution of individual meal types to intakes of foods
and nutrients. However, in accordance with the results from the present study, Kearney et al.
[143] studied the meal-to-meal intakes of nutrients and food groups in Dutch dietary data
from 1997-98 and found that dinner was the most important meal for the intakes of both fish
and vegetables. Dinner also provided more than 50% of the meat, potato and legume intakes.
With regard to breakfast, Sandvik et al. [144] studied intake of bread in the most recent
Swedish national dietary survey (2010-2011) and found that almost half (42%) of the reported
bread intake was consumed for breakfast while approximately 20% was consumed for each of
the remaining meal types, namely lunch, dinner and snacks. Parallel to our findings of a lower
intake of whole grains on days when breakfast was not consumed, the observation that intakes
of food groups rich in fiber and micronutrients are lower when breakfast is not consumed has
also been found by others [69].
To achieve increased intakes of fruits, vegetables, fish and whole grains, it appears sensible to
promote the intake of these food groups from more meal types, both to increase total intake
and to make intake less dependent on one single meal. Although intakes of fish and
vegetables were centered around the dinner meal, these food groups could quite easily be
incorporated into other meal types, for example, as bread spreads and toppings, preferably at
the expense of more energy-dense foods such as sweet spreads or cold cuts rich in saturated
fat. Fish could also be included in salads, such as for lunch. Although fruit intake was
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relatively high from snacks in the Norkost 3 study, vegetables were not consumed in large
amounts as snacks. Hence, intake patterns were quite different for fruits and vegetables.
Naturally, vegetables requiring some sort of preparation before consumption might not be
suited for consumption as snacks, but vegetables that can be eaten fresh, such as cherry
tomatoes, carrots, sugar snap peas and avocadoes, could be possible snack options. Further
product development to increase the availability and accessibility of vegetables may increase
the acceptance of vegetables as snacks for the consumers. However, what is replacing what
always matters when making a dietary change. The benefit of including more vegetables as
snacks would be larger if replacing unhealthy snack options with vegetables than if replacing
fruits with vegetables.
With regard to whole grains, intake was somewhat more evenly distributed across meals than
the other food groups, but breakfast was still the largest contributor to whole grain intake.
However, intake from dinner was generally low. This was caused both by the selection of
foods not containing grains for dinner and the fact that the chosen grains, such as rice and
pasta, were generally not the whole grain varieties. Only 8 and 19% of the rice and pasta
intakes from dinner consisted of the whole grain varieties, respectively. Because a
considerable number of dinners contained rice or pasta (paper 4), the increased use of the
whole grain varieties would contribute to increased intakes of whole grains from dinner.

5.2.3 The role of snacks
In the present study, snacks were found to contribute to approximately one-fifth of the total
energy intake (paper 2). This is in the lower range of what has been reported in studies from
other countries. For example, results from adults participating in NHANES 2011-12 in the US
showed that 24% of energy intake was derived from snacks [145]. The same number was
found in the Canadian Community Health Survey from 2004 [76]. The relatively low energy
intake from snacks in the present study was partly caused by the fact that we included the
supper/evening meal as a main meal rather than a snack. Publications from other countries
focusing on snack consumption have generally used a three-meal pattern and would therefore
have regarded the supper/evening meal as a snack instead of as a main meal. However, as
mentioned previously, supper/evening meal is generally regarded a separate meal in Norway,
and 71% of the participants reported having supper/evening meal on at least one of the two
recall days (paper 1). Additionally, the compositions of supper/evening meals were generally
different from those of snacks in that they contained more bread and less fruits, cakes,
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sugar/sweets and alcoholic beverages than snacks. If the supper/evening meal was regarded as
a snack, 29% of the energy intake would come from snacks in men and 31% of the energy
intake would come from snacks in women (paper 2).
Similar to other studies [77, 78], we found that the percentage of energy from carbohydrates
was higher, whereas the percentages of energy from fat and protein were lower, in snacks
compared to main meals (paper 2). Moreover, the percentages of energy from alcohol and
added sugars were higher from snacks than from the main meals. The top five energy
contributing food groups from snacks contained both the food groups “cakes” and
“sugar/sweets”, which are food groups that contain a high level of added sugars. However,
fruits were also commonly consumed as snacks, and as mentioned, snacks were the main
contributing meal type for fruit intake (paper 1). Approximately 2/3 of the participants had
consumed at least one snack containing fruits. Studies in other populations have also found
that fruits are a common component of snacks. In Brazil, fruits were one of the top five most
commonly consumed snacks in a nationwide dietary survey conducted in 2008-2009 [15]. In
NHANES 2003-2006 [25], fresh fruits and fruit juices provided 9% of energy from snacks.
The contribution of snacks to the intakes of foods and nutrients is likely to vary between
different populations. For example, fruits were not found to be major components of snacks in
French adults [78] or elderly Swedish women [146]. However, findings from different
countries, including Norway, appear to suggest that snacks contribute to the diet with both
health-promoting and less health-promoting foods.
Because a considerable proportion of energy intake comes from snacks, the composition of
the snacks is important for total dietary intake and consequently for the diet and health of the
population. Lloyd-Williams et al. [147] estimated the effects of replacing one unhealthy snack
with a healthy one on cardiovascular mortality in the UK population and estimated that this
one dietary modification could prevent approximately 6000 cardiovascular deaths annually.
Unhealthy snacks were defined as chocolates, chips, pies, sausage rolls, cakes and pastries,
whereas healthy snacks were composed of dried fruits, unsalted nuts and seeds and fresh
fruits. Although not necessarily directly transferrable to the Norwegian situation, it is
certainly interesting to see that a quite modest dietary modification might have such
considerable public health effects.
To be able to provide effective interventions to promote healthy snacking both at the
individual and the population level, more knowledge about what influences our snack choices
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is required. In a representative sample of the Dutch population, Verhoeven et al. [148] found
that “enjoying a special occasion” was the most important reason for enjoying an unhealthy
snack. Other important reasons were “opportunity-induced eating”, “to gain energy”, “to
reward oneself”, “because of social pressure” and “to cope with negative emotions”. It would
be useful to know more about what cues are important when selecting a healthy as opposed to
an unhealthy snack.

5.2.4 Eating location and nutritional composition
Prevalence of out-of-home eating
The majority of both dinners (82%) and snacks (58%) in the present study were consumed at
home (papers 2 and 3). Out-of-home dinners were most commonly consumed when visiting
other private households (7%) and at restaurants (6%), whereas out-of-home snacks were
most commonly consumed at work (23%). Although the amount of money spent in
restaurants has increased in Norway over the last decades [83], eating at restaurants may not
be as common in Norway as in several other countries. Results from the EPIC study showed
that Norway actually had the lowest contribution of energy intake from restaurants among the
10 participating European countries [87]. Out-of-home eating has often been found to be more
common in younger adults [81, 149]; hence, the low participation rate among young adults in
the present study might have contributed to the relatively low number of restaurant dinners.
Although an emphasis was placed on including all days of the week during data collection,
Fridays and Saturdays were somewhat underrepresented (14% of days were either Friday or
Saturday) because of difficulties of obtaining contact with the participants on Saturdays and
Sundays. Eating at restaurants has been reported to be more common during the weekends
[150], and the inclusion of a low number of Fridays and Saturdays might have contributed to
the low number of meals consumed at restaurants.
Impact of out-of-home eating
Several studies have suggested that out-of-home eating may contribute to a lower quality diet
and possible adverse health outcomes such as increased BMI [88]. As our results showed,
some eating locations were associated with more favorable dietary intakes than others (papers
2 and 3). Meals consumed at work, including both dinners and snacks, did not appear to have
a less healthful composition than meals consumed at home. This finding is probably more
robust for snacks because few dinners were consumed at work. Others have also studied
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snack intake in different locations. Kwon et al. [151] found that snacks consumed out of home
appeared to contain more energy than snacks consumed at home in Korean adults
participating in the 2007-2009 Korea National Health and Nutrition Examination Survey. Liu
et al. [152] examined associations between eating occasions and places of consumption in US
adults and found that eating at work was associated with greater odds of consuming both
healthy and unhealthy snacks compared to eating at home. One explanation for the relatively
favorable composition of snacks consumed at work observed in our study may be that snacks
consumed at work are planned to a larger extent than snacks consumed in the other locations.
Additionally, many Norwegian workplaces provide fruits free of charge, and subsidized or
free provision of fruits and vegetables is also recommended in the national guidelines for food
and health at the workplace [153]. There might also be less focus on food indulgence at work
compared to other out-of-home eating locations.
The worksite may play an important role in promoting a healthy dietary intake for the
employees. Internationally, several studies have evaluated the quality of foods eaten at work.
In Ireland, Geaney et al. [154] found several whole-day dietary differences between
employees at a hospital with an implemented catering initiative designed to provide nutritious
foods and employees at a control hospital. In Denmark, the served amount of fruits and
vegetables in five different workplace canteens increased after an intervention promoting the
inclusion of fruits and vegetables in both hot and cold dishes [155]. Examples of strategies for
increasing fruit and vegetable intakes were replacing part of the meat of mixed dishes with
fruits and vegetables, adding vegetables into ground meat dishes, increasing the serving sizes
of fruits and vegetables, thickening soups and sauces with pureed vegetables and positioning
fruits and vegetables within the canteen area. These are suggestions that may be useful not
only for workplace canteens but also for other caterers such as restaurants and fast food
outlets. In data from the Oslo Health Study, Kjøllesdal et al. [91] found that frequent eating in
a staff canteen was associated with unhealthy dietary habits. However, this study did not
provide information about what specific foods had been eaten in staff canteens; thus, it was
not possible to measure the actual effect of the canteen eating on dietary intake. Contrary to
the Norwegian findings, a similar study from Finland found that those eating at a staff canteen
were more likely to follow the Finnish FBDGs compared to those not eating at a staff canteen
[156]. In Finland, public catering services have a long history, and a free school meal is
provided in both primary and secondary education [157]. In 1971, specific recommendations
for eating arrangements at work were given by the Finnish Institute of Occupational Health
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stating that all employees should be able to eat a proper meal during the working day [157,
158]. Furthermore, in the North Karelia Project, in which the focus was on reducing
cardiovascular disease in the province of North Karelia in eastern Finland, several worksite
canteens were involved in implementing healthier habits for their employees [159]. A similar
focus on healthy choices in workplace canteens has not been present in Norway, which
potentially explains some of the different findings between countries. Hence, associations
between eating locations and dietary intake are not necessarily directly transferrable from one
country to another.
In our relatively highly educated sample, participants from jobs not requiring higher
education, such as various manual professions, drivers, shop assistants, etc., were likely to be
underrepresented. Hence, the composition of snacks consumed at work by these portions of
the population may differ from what we observed in the Norkost 3 study. More research about
foods and beverages consumed during the working hours in various professions is warranted
to provide a basis for more targeted interventions for healthy eating at the workplace.
With regard to dinner, we found that the nutritional composition of dinners consumed in some
of the out-of-home eating locations had a less favorable nutritional composition than dinners
consumed at home (paper 3). A more detailed description of eating locations than what was
available in the present study would be beneficial when studying this topic in detail because
the use of fast food restaurants and other types of restaurants may show different associations
with dietary quality and health outcomes. However, because relatively few restaurant dinners
were consumed in Norkost 3, a further categorization of restaurant meals into subgroups
according to restaurant type would have resulted in very small sample sizes. Duffey et al.
[160] compared the frequency of consuming either breakfast, lunch or dinner in a fast food
restaurant or a restaurant/cafeteria with BMI and found that the frequency of eating in a fast
food restaurant was positively associated with BMI. This was not the case for the frequency
of eating in a restaurant/cafeteria, in which a slight inverse and non-significant association
was found between BMI and the frequency of restaurant/cafeteria visits. Furthermore, an
increase in the frequency of visits to a fast food restaurant of once per week was associated
with a 0.16 kg/m2 higher BMI three years later. This association was not observed for the
frequency of restaurant/cafeteria use. Likewise, Larson et al. [161] found that in young adults,
those who reported eating at a fast food restaurant primarily serving burgers and fries had a
higher risk of being overweight or obese. This was not observed for those who reported
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frequent use of fast food restaurants primarily serving sandwiches or subs or for those who
reported frequent use of full-service restaurants. However, location-specific information about
dietary intake was not available for these studies, and it cannot be ruled out that those
frequenting fast food restaurants on a regular basis also had a less favorable diet in general.
What are the reasons why the composition of a dinner consumed out of home might be
different from a dinner consumed at home? One explanation may be that people who eat at
restaurants have different dietary habits in general compared to those who have dinner at
home, and consequently, their dinners would have also been different if they had been
consumed at home. However, in our analyses, we adjusted for a number of possible
confounders such as age, BMI, interest in a healthy diet, weekend/weekday and whether the
day was a normal day or not with regard to food and beverage intake. We also compared the
composition of at-home dinners between participants having consumed dinner at home on
both recall days and participants who had consumed one dinner at home and one dinner at a
restaurant. The energy intake from the dinner at home did not differ between these two
groups, suggesting that dietary intakes may not necessarily differ in general. Moreover, the
comparison of the compositions of non-dinner intakes (meaning the intake of foods,
beverages and nutrients from meals other than dinner) according to dinner eating location did
not show differences similar to those observed for the dinner meal. However, eating outside
the home may be a way to mark a special occasion in which one may allow oneself different
dietary choices from the usual ones. An Irish qualitative study looking into parent and child
perspectives on family out-of-home eating [162] found that families perceived out-of-home
eating as a treat and that health was not an important priority when eating out of home. In the
Irish study, out-of-home eating was defined as “any food or beverage that has been cooked
outside the family home for a family to eat together, including takeaways but not including
ready meals purchased in a supermarket”. Other explanations for differences between
restaurant and home dinners may be a greater availability of energy-dense foods, beverages
and desserts, a lack of healthy food options and the lack of nutrition information about foods
eaten out. The portion sizes may also be larger when eating out [163], contributing to a higher
energy intake. Lastly, it has been suggested that eating in larger groups may increase food
consumption [164]. Dinners at restaurants or in other private households may be occasions
where more people are likely to be present.
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In the present study, many of the differences in composition found between dinners consumed
at various eating locations were also observed in corresponding intakes for the entire day
(paper 3). This underlines the nutritional importance of the dinner meal and highlights that
changing its composition is likely to have consequences for the nutritional quality of the diet
as a whole. The importance of dinner is also supported by the results from paper 1 showing
that intakes of fish and vegetables were lower on days when dinner was not consumed. Total
energy intake was higher on days when dinner was consumed at a restaurant compared to
days with dinners at home for men, but no such significant differences were observed for
women, although energy intake from restaurant dinners was significantly higher than energy
intake from home dinners for women as well (paper 3). Women, who, in general, are more
health conscious than men [165], may be more likely to reduce energy intake from other
sources after (or in anticipation of) eating a restaurant dinner than men. In our sample, 64% of
women reported that having a healthy diet was important or very important to them. For men,
the corresponding figure was 48%. Also other studies have found different associations
between restaurant eating and BMI for men and women. In data from the EPIC study, Naska
et al. [87] found that eating at restaurants (including fast food outlets) was positively
associated with BMI in men but not in women. Similarly, Binkley et al. [166] found that
eating at restaurants (not including fast food outlets) was significantly associated with a
higher BMI in men but not in women. However, Kant et al. [80] found a modest positive
association between the number of commercially prepared meals per week and BMI in
women but not in men using data from NHANES 1999-2000. Further research is required to
determine whether gender differences really exist in this area and, if so, in what direction they
occur and what their causes are.
The comparison of the dietary intakes of SOH- and NSOH-eaters showed a generally less
favorable diet in those who were defined as SOH eaters (paper 3). Total daily energy intake
was also higher in the SOH eaters. However, no differences in BMI were observed between
the groups for men or women. This may have different explanations; the persons reporting to
consume a high proportion of energy intake out of home on the two recording days may not
necessarily consume an equally high percentage of food out of home on a regular basis.
Moreover, the physical activity level may differ between the groups. A higher energy intake
among SOH eaters has also been found by others. Vandevijvere et al. [81] found that Belgian
SOH-eaters (defined in the same way as in the present study except that energy consumed at
work or school was regarded as out-of-home eating in the Belgian study) had a higher energy
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intake than NSOH-eaters. They also found a lower intake of fruits and vegetables in SOHeaters, whereas the intakes of snacks, soft drinks and alcohol were higher in SOH-eaters.
These results are quite comparable to our results because SOH-eaters in the Norkost 3 survey
also had higher intakes of sugar, and a higher percentage of SOH-eaters compared to NSOHeaters had consumed sugar-sweetened beverages or alcohol during the two recall days. Our
comparison of the dietary intakes of SOH- and NSOH-eaters is likely to be influenced by the
characteristics of our study sample, which was a sample with a relatively high proportion of
highly educated individuals. Had the participation rate been higher, one might have expected
somewhat higher intakes of foods regarded as unhealthy and a lower intake of foods regarded
as health-promoting such as fruits and vegetables. However, how the intakes of favorable and
less favorable foods would be distributed across the various eating locations is difficult to
forecast. More research is required about the food habits of the part of the population that
usually does not choose to participate in dietary surveys, both with regard to their general diet
and with a specific focus on the eating locations of the foods consumed. Naturally, the
challenge is to find ways to motivate participation in this population group.

5.2.5 Side dish choice and associated foods
Information about the composition of specific meals, such as information obtained from 24hour recalls, allows us to study how foods are combined in meals in daily living. Information
about foods that are eaten together is important when attempting to elucidate relationships
between dietary factors and health. When specific foods are often combined in a meal, a diet
high in one food is likely to be high in the associated foods as well. An example may be fish
and carrots, which was found in the present study (paper 4). Depending on the health effect in
question, the associated foods may contribute to, have no influence on or counteract the
effects of the studied food item. Neglecting to take the possible confounding effects of the
associated foods into account may therefore lead to an over- or underestimation of the studied
association. These associations may be culture specific or more general and apply to various
populations. The comparison of red meat and fish dinners showed that side dish choices
varied between these two types of dinners (paper 4), and in the middle-aged group (age 3554), fish dinners were more often accompanied by vegetables than dinners with red meat.
Associations between fish intake and the intake of other foods considered healthy have also
been identified in other studies. For example, Wennberg et al. [167] found that the
frequencies of both fruit and vegetable intakes were higher in Swedish men and women
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consuming fish at least three times per week compared to those with lower intakes. In French
elderly aged 65 years and older, Barberger-Gateau et al. [168] found that those who consumed
fish at least once weekly also had higher intakes of pulses, fruits and vegetables compared to
the participants eating fish less frequently. Results from the first Norkost study (1993/1994)
[169] showed that the quartile of participants with the highest intake of very long chain
omega-3 fatty acids also had higher intakes of fruits and vegetables.
When comparing the nutrient content of red meat and fish dinners, we found that fish dinners
generally had a more favorable composition than red meat dinners, and these differences were
also observed when comparing whole-day intakes on days with red meat dinners compared to
days with fish dinners (paper 4). Hence, the inclusion of more fish dinners in the diet may
result in a generally more favorable dietary composition. However, this is of course a
simplification of the real world scenario because we do not know whether the “new” fish
dinners will have a similar composition as the fish dinners consumed in the Norkost 3 survey.
To better evaluate the effects of implementing the FBDGs, more information is required about
which real-life replacements are made when individuals and families switch the main protein
source of the dinner meal from red meat to fish.
The side dish comparison might have been influenced by the overrepresentation of
participants with a higher education in our sample, and a somewhat higher frequency of
healthier side dishes may have been observed than what would have been the case in the
general population. However, this is likely to have affected both fish and red meat dinners
because the percentages of participants with higher education were similar among the
consumers of fish dinners and the consumers of red meat dinners (paper 4).
The choice of side dishes with different dinner types has not been an area of much focus in
the scientific literature. However, Verbeke et al. [170] examined side dishes from a slightly
different perspective by studying the choice of side dishes with pork as the meal center in five
European countries. Men were found to be more likely to combine pork with caloric drinks
(wine, beer, juices, soft drinks) and low levels of vegetable intake compared to women.
Younger consumers were more likely to combine pork with low levels of vegetable intake and
were less likely to combine pork with sauces and condiments. Moreover, those who were
grouped as heavy users of pork were more likely to combine pork with sauces or condiments
than less frequent pork users. Overweight or obese participants were more likely than their
leaner counterparts to combine pork with carbohydrate-rich staples (rice, potatoes, pasta) and
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caloric drinks. A recently published study from the Norwegian Women and Cancer Cohort
[171] compared high and low consumers of potatoes. High consumers were defined as those
consuming at least two potatoes every day, whereas low consumers consumed one or less
than one potato per day. Several differences in dietary intakes were observed between the
groups, but of special interest in this regard was the higher intake of fish in the high potato
consumption group, suggesting a relationship between the intake of fish and potatoes, similar
to what we observed in the present study.

5.2.6 Diet and subject characteristics
It is widely recognized that dietary behaviors vary within different subgroups of the
population. Background characteristics such as age and socioeconomic status have been found
to be related to dietary intake in both Norwegian and international studies [8, 138, 172]. In the
present thesis, the meal-to-meal comparison of food group intakes according to educational
level showed some differences between the groups for some of the meal types (paper 1). For
fruits, intake was higher in the highly educated group compared to those without a university
or college education from both breakfast (32 g vs 46 g, p<0.001) and snacks (95 g vs 116 g,
p<0.001). The findings that the intake of fruits from snacks is higher in those with a higher
education was also supported by the results presented in paper 2, in which those with a higher
education were found to be more likely to have consumed a snack containing fruits than those
without this education. Collectively, the difference in fruit intakes between those with and
without higher education was 40 g per day. Although a rather modest difference, a recent
meta-analysis found a 6% reduction in all-cause mortality (CI 0.90-0.98, p=0.002) with each
additional serving of fruit per day [173]. One serving was estimated to equal 80 g of fruit.
Hence, in our study, the difference in fruit intake according to educational level was
approximately half of this serving size.
We observed a somewhat lower intake of vegetables for lunch in the group without higher
education compared to the group with a university or college education (paper 1). This may
be explained in part by availability because those with a higher education may be more likely
to have non-manual jobs with cafeterias at their worksites where vegetables may be available.
The overrepresentation of highly educated individuals in our sample might have led to an
apparently higher lunch intake of vegetables than what would have been observed had the
sample been more representative. Nonetheless, the lunch intake of vegetables was modest in
all cases, with 32 g per lunch for those with a university or college education and 17 g per
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lunch for those without such an education. Efforts to increase fruit and vegetable intake from
both packed lunches and lunches obtained from other locations are necessary. For meal types
other than lunch, only minor differences in vegetable intakes were observed according to
educational level. This may be in part because of the low participation rate, resulting in the
recruitment of primarily the most health conscious individuals in both educational groups,
thus reducing the differences in vegetable intake between the groups that might otherwise
have been observed.
For fish and whole grains, no large differences in meal-to-meal intakes were observed
according to educational level.
It is well known that fish intake is higher in the older age groups of the Norwegian population
[9]. This was also observed in the present study (paper 1). The difference in fish intake across
age groups appeared to be caused by differences in fish intake for dinner because no
differences in intakes from the other meal types were observed between the three studied age
groups. Although, to our knowledge, age group comparisons at the meal-to-meal level are not
available from other countries, a higher total intake of fish in older age groups has also been
found in studies in other populations [174]. Increasing fish intakes, particularly in the younger
age groups, appears to be an important dietary challenge. Rather “new” dishes from a
Norwegian perspective, such as sushi, might help increase fish intake, at least in some groups
of young adults. Interestingly, we found that rice was more commonly consumed with fish
dinners than with red meat dinners in the youngest age group (aged 18-34) (paper 4).
Approximately one-third of the rice-containing fish dinners consisted of sushi in this age
group. The increased popularity of sushi is also visible from sales data; sushi sales from
grocery stores increased by 23% from May 2014 to May 2015 (personal communication, Lise
Mette Kjellberg, ICA, Norway, May 6th 2015).
However, there is some evidence that fish intake is likely to increase with increasing age;
thus, those who are the young people of today will increase their intake of fish as they grow
older. The Norwegian Monitor Survey is a nationally representative and repeated crosssectional survey of adults aged 15 to 95 years. The survey has been conducted biannually
since 1985 and covers a wide range of topics, including the frequency of fish consumption.
Gustavsen et al. [175] used data from the Norwegian Monitor survey to model future fish
intake by adjusting for a number of confounders and found that the probability of consuming
fish for dinner at least once a week increased with age in both males and females and in both
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those with and without higher education. Except for males without college education, the
older cohorts actually had lower probabilities of eating fish than the younger cohorts,
indicating that fish consumption is likely to increase in the future. The authors explain the
somewhat surprising results with a higher emphasis on nutrition and health, including
increased information about the importance of fish consumption, when the younger cohorts
grew up compared to the older cohorts. Another suggested factor is product development:
many new fish products have emerged on the market, possibly appealing more to the younger
cohorts than to the older cohorts. The future will show whether these predictions are correct.
With regard to out-of-home eating, we found few differences in the background
characteristics between SOH- and NSOH-eaters (paper 3). Other publications have often
shown that out-of-home eating is more common in younger age groups and among those with
higher education [81, 176]. Our comparison of SOH- and NSOH-eaters showed a somewhat
higher proportion of NSOH-eaters living with children compared to SOH-eaters. Moreover,
the proportion of participants with a higher education was slightly higher among SOH-eaters
for both men and women, but this difference was not statistically significant, nor was there a
significant difference in age between the groups. Both SOH- and NSOH-eaters appeared
equally interested in having a healthy diet for both men and women. Hence, based on the
results presented in the present thesis, we cannot identify clear differences in background
characteristics between those who were grouped as SOH- and NSOH-eaters.

55

6

CONCLUSIONS

To improve the dietary habits of a population, it is essential to obtain information about
present food choices to be able to identify areas in need of improvement and whether specific
groups of the population are more at risk than others. Meals make a natural unit for studies in
food and nutrition because foods are rarely eaten in isolation. Studying individual meals
offers more detailed information about dietary habits that may be useful when planning
dietary interventions, including information about how intakes of foods are distributed and
combined in meals and information about meal-associated factors that may be of importance
to food intake, such as where the food is consumed.
The results presented in the present thesis show that the choice of foods varies between the
different meals throughout the day. The intakes of fruit, vegetable, fish and whole grain food
groups were dependent on one main contributing meal type. Whereas breakfast was the main
contributing meal for the intake of whole grains, dinner was the most important meal for
intakes of fish and vegetables. Snacks provided approximately half of the fruit intake. These
patterns appeared rather stable in the studied population: the same main contributing meals
were found in participants with high and low intakes of the food groups in question and across
age groups and educational levels. For each of the four food groups, the intake was lower on
days when the main contributing meal of intake was not included in the diet. The inclusion of
beneficial foods in a broader spectrum of meal types, preferably by replacing energy-dense
nutrient-poor foods, should be promoted to increase intake.
Snacks were consumed by the vast majority of the participants and contributed to
approximately one-fifth of their daily energy intake. The primary constituents of snacks were
both favorable foods, such as fruits, and less favorable foods, such as cakes and sugar and
sweets. Because snacking provides a substantial portion of total energy intake, healthy snack
options will contribute to improving diet quality.
The location where the food was consumed was associated with the nutritional composition of
the meal or snack. Different out-of-home eating locations are likely to be associated with
dietary intake in different ways. Our data showed that dinner eating location was associated
with the nutritional quality of the diet, both for the specific dinner meal and for whole-day
dietary intake. Restaurant dinners and dinners consumed at other private households generally
had a less healthy dietary composition than dinners consumed at home. Moreover, the
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composition of snacks differed according to the place of consumption. Snacks eaten at home
or at work were generally healthier than snacks consumed during visits to other private
households and snacks consumed at restaurants. A high consumption of foods out of home or
work (i.e., consuming at least 25% of energy intake out of home or work) was associated with
less favorable dietary intakes than consuming more energy at home or at work.
We also examined the dinner meal in greater detail to determine how the compositions of fish
and red meat dinners differed from one another. Fish dinners were accompanied by different
side dishes compared to red meat dinners. Whereas bread, tomato sauce, cheese and
ingredients often found in salads were more common with red meat, potatoes and carrots were
more common with fish. With regard to nutrient content, fish dinners appeared to have a
healthier nutritional profile than red meat dinners, including a higher intake of some nutrients
for which the fish itself was not contributing much to the intake. However, iron intake was
higher for red meat dinners. Differences in whole-day energy and nutrient intakes on days
with fish dinners versus days with red meat dinners were similar to those observed for the
comparison of the dinners alone. These results are of interest when evaluating possible
positive and negative effects of adjusting dietary intake as recommended in the FBDGs.
Information about associated foods will be useful both for developing public health guidelines
and when studying associations between dietary factors and health outcomes.

6.1 Future research and implications for health
promotion
From our studies of how different meals contribute to the intakes of different food groups that
we are encouraged to eat more of by the health authorities, we found that some meals
contribute substantially more to intakes than others, and encouraging intakes from more meal
types would therefore be beneficial. An interesting question in this regard is what is left out of
the diet if more healthful foods are introduced. Replacing chocolate spread with mackerel in
tomato sauce would be regarded as beneficial, but would the replacement of banana with
caviar spread be equally beneficial? The benefits are the easiest to evaluate when two
extremes in terms of nutritional quality are compared. As shown in our comparison of red
meat and fish dinners, the intake of one food item may be associated with the intakes of other
foods as well. Hence, more information about what replacements are made when changing
dietary intake would be useful.
57

With regard to snacks, our investigation of their role in the diet revealed both positive and less
positive aspects of snack composition. Increased choices of healthy snack options would
undoubtedly contribute to better dietary quality in large groups of the population. In this
respect, cooperation with the food industry for aiding in the development of healthy snack
foods, preferably foods that are tempting, easy to consume “on the run” and not too
expensive, would be an important aspect. Access to these healthy snack food options in
environments such as gas stations, cafés and vending machines would improve availability
and hopefully increase the consumption of healthier snacks, particularly in out-of-home
locations.
When working with the topic of out-of-home eating, our results show that it is important to
distinguish between different out-of-home locations. Hence, the grouping all foods and
beverages consumed outside the home together may obscure meaningful associations between
specific eating locations and dietary quality. Therefore, more location-specific analyses are
important when studying this matter. Associations may also be culture specific, indicating that
care should be taken when extrapolating results from one country to other countries or
populations.
In the Norkost 3 study, relatively few restaurant dinners were consumed. This might at least
partly be a result of the non-representative sample and low participation rate. Hence, more
information about who the restaurant consumers are, what dietary choices they make and
what influences their choices is required.
The Norwegian Directorate of Health has published a set of guidelines for foods served at
cafés, hotels, restaurants and fast food outlets that is based on the Norwegian FBDGs but
adapted to the catering sector [177]. To further develop and improve the usefulness of these
recommendations, more detailed examples of preparation methods and ways of including
healthful foods in the menus are required. In the development of more detailed guidelines and,
later on, in the implementation of the guidelines, a close cooperation with restaurant chefs
would probably be beneficial to make the guidelines practically feasible and acceptable for
the catering business. Hence, more knowledge about their attitudes toward the topic and their
opinions about possibilities and barriers are required. Attractive options include modifications
of existing dishes, for example, by increasing the content of fruits and vegetables, introducing
whole grain products, modifying fat quality and introducing healthy menu options. However,
solely focusing on introducing new healthy menu options may not reach those most in need
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because these menu options will most likely be consumed by those who are already interested
in maintaining a healthy diet.
To capture changes in the composition of restaurant foods and more accurately describe their
effects on total dietary intake, more information is necessary about the composition of these
foods. In the Norkost 3 study, the same recipes were often used for restaurant foods and home
foods. This may not be appropriate in many cases. Hence, both chemical analyses and more
information about recipes and cooking methods used in the commercial sector are required to
improve food composition data of out-of-home foods.
Another interesting topic for further research is foods consumed at work. Our data indicate
that foods consumed at work appear to have a favorable composition compared to other outof-home eating locations. However, this situation may vary according to the type of work the
individual is employed in. Again, the low participation rate has left us with a sample
including few workers in manual professions. It would be interesting to gain more knowledge
about foods consumed during the working hours for persons working in non-office jobs. To
gain access to such information, approaching specific companies or working places may be a
way to try to obtain an acceptable number of participants. If the results of such studies
indicate a need for improvement of dietary quality, this may be one of several approaches to
reduce social inequalities because those who are employed in non-office work are more likely
to have a lower educational level and hence a lower socioeconomic status.
With regard to FBDGs, it has been suggested that public health advice may benefit from
focusing more on meal types to be understandable and easily adaptable for the public [178].
In the Norwegian FBDGs from 2011, meals are mentioned, but perhaps a clearer emphasis on
practical implementation in meals in everyday life would facilitate the change of dietary
practices. Some examples for the food groups discussed in the present thesis might be as
follows:


Use whole grain products such as whole grain pasta and whole grain rice for dinner
and in other dishes.



Include vegetables in all meal types, both in the form of toppings on sandwiches and
in salads and hot dishes.
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On days when you do not have dinner, make sure to include vegetables in the
remaining meals of the day.



Remember to include fish-based sandwich spreads in your daily meals and use them
for breakfast, lunch or supper/evening meal.



Choose snacks low in sugar and saturated fats, such as fruits, vegetables and whole
grain products, rather than cakes and sweets.



Be aware of the composition of meals eaten outside the home. When eating at a
restaurant, why not make fish the main course! Pick meals rich in vegetables or ask for
extra servings of vegetables. Choose sugar-free beverages.



Serve your dinner guests dishes rich in vegetables, fish and whole grain products.
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Appendix 1 – Picture booklet

En landsomfattende kostholdsundersøkelse
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med porsjonsstørrelser
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Størrelse på tallerkenene som er brukt i bildeheftet
Dype tallerkener
Glass
Kopper
Plast- og pappkrus
Grovhetsmerker for brød
Rundstykker
Ovale brødskiver, fasong og tykkelse
Firkantede brødskiver, fasong og tykkelse
Smør, margarin på brødet
Kaviar
Leverpostei
Syltetøy
Ost
Frokostblanding
Cornflakes
Grøt
Suppe
Omelett
Lasagne
Kjøttsaus
Pizza
Pizza, firkanter
Wok
Gryterett
Kjøtt i strimler
Helt kjøtt
Fisk
Reker
Spagetti og annen pasta
Ris
Pommes frites
Saus
Salat
Grønnsaksblanding
Brokkoli
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Jordbær
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Tegningene av brød er hentet fra EPIC-SOFT bildebok - laget til Kvinner og kreft-studien ved Universitetet i Tromsø, Norge.
Grovhetsmerker for brød: Ordningen eies av Næringsmiddelbedriftenes Landsforening (NBL)
og Baker- og Konditorbransjens Landsforening (BKLF).
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1
2
3
4

A

B

C

D

5
6
7
8
9
10
11
12
13
14

27. Helt kjøtt

15
16
17

A

B

C

D

18
19
20
21
22
23
24
25
26
27

18

28. Fisk

0
1
2
3

A

B

4
5
6
7
8
9

C

D

10
11
12
13

29. Reker

14
15
16
17

A

B
18
19
20
21
22
23

C

D

24
25
26
27

19

0

30. Spagetti og annen pasta

1
2
3
4

A

B

C

D

5
6
7
8
9
10
11
12
13
14

31. Ris

15
16
17

A

B

C

D

18
19
20
21
22
23
24
25
26
27

20

0

32. Pommes frites

1
2
3

A

B

4
5
6
7
8
9

C

D

10
11
12
13

33. Saus

14
15
16
17

B

A

18
19
20
21
22
23

C

D

24
25
26
27

21

0

34. Salat

1
2
3
4

A

B

C

D

5
6
7
8
9
10
11
12
13
14

35. Grønnsaksblanding

15
16
17

A

B

C

D

18
19
20
21
22
23
24
25
26
27

22

0

36. Brokkoli

1
2
3

B

A

4
5
6
7
8
9

C

D

10
11
12
13

37. Druer

14
15
16
17

B

A

18
19
20
21
22
23

C

D

24
25
26
27

23

38. Jordbær

A

B

C

D

39. Is

A

B

C

D

24

0

40. Formkake

1
2
3

A

B

4
5
6
7
8
9

C

D

10
11
12
13

41. Bløtkake

14
15
16
17

A

B
18
19
20
21
22
23

C

D

24
25
26
27

25

42. Nøtter

A

B

C

D

43. Potetgull

A

B

C

D

26

© Utviklet av

Appendix 2 – Background questions

Question
Recall 1
How many people, including yourself, live in
your household

Who do you live with?

What is your highest level of education?

Are you currently employed?

What is your job?
In which country were you born?

In which country was your mother born?

In which country was your father born?

How tall are you
Do you know how much you weigh?

Answer/categories
Alone
Two persons
Three persons
Four persons
Five persons
Six persons
More than six persons
It varies
Living alone
Living with partner and children1
Living with partner, no children1
Living with children1, no partner
Living with parents
Living with other adults
Other type of household
None
Less than 7 years
Junior high school
Vocational school, parts of high school
High school
High school with extra courses
College/university, bachelor level
College/university beyond bachelor level
No, homemaker (or less than 50% work)
Yes (at least 50%)
Student, pupil
Compulsory military service
Disabled
Unemployed
Retired
Maternity/paternity leave
Coded according to Statistics Norway’s
classification system.
Norway
Sweden
Denmark
Other (write down country)
Missing
Norway
Other Western country (write down country)
Non-Western country (write down country)
Missing
Norway
Other Western country (write down country)
Non-Western country (write down country)
Missing
In centimeters
In kilograms

Question
Do you smoke?

How many cigarettes do you smoke per day?

Do you use snuff?

Do you have diabetes?

How important is a healthy diet to you?

Do you actively modify your diet to try to
change your weight?

Do you have any allergies or food intolerances?

How often do you usually eat vegetables?

Answer/categories
No (never or quit)
Yes, daily
Yes, sometimes
Non-smoker
Less than one
1-5
6-10
11-20
More than 20
Only cigar or pipe
Missing
No
Yes, daily
Yes, sometimes
Missing
No
Yes, type 2
Yes, type 1
Don’t know
Missing
Not/slightly important
Slightly important
Moderately importance
Important
Very important
Missing
No
Yes, I’m trying to lose weight
Yes, I’m trying to gain weight
Yes, I’m trying to keep my weight stable
Missing
No
Yes (write down what)
Don’t know
Missing
Seldom/never
1-3 times per month
1-2 times per week
3-4 times per week
5-6 times per week
Once daily
3 times daily
4+ daily
Missing

Question
How often do you usually eat fruits and berries?

How often do you usually eat fish or other
seafood as bead spread?

How often do you usually eat fish or other
seafood for dinner or in another hot meal?

Recall 2
During the past week, how has your activity
level been during the daytime, meaning at
work/school etc.?

During how many of the past 7 days have you
been moderately physically active for 30
minutes or more?

Answer/categories
Seldom/never
1-3 times per month
1-2 times per week
3-4 times per week
5-6 times per week
Once daily
3 times daily
4+ daily
Missing
Seldom/never
1-3 times per month
1-2 times per week
3-4 times per week
5-6 times per week
Once daily
3 times daily
4+ daily
Missing
Seldom/never
1-3 times per month
1-2 times per week
3-4 times per week
5-6 times per week
1+ daily
Missing
Sitting
Mostly sitting, some movement
Standing
Standing and moving about
Hard physical work
Doesn’t work/go to school
Missing
No days
1 day
2 days
3 days
4 days
5 days
6 days
Every day
Missing

Question
How much time did you spend being moderately
physically active during the past 7 days?

Answer/categories
No time
Less than one hour
1-2 hours
2-3 hours
4-5 hours
5-6 hours
6+ hours
Missing
Have you been doing hard physical activity for
No days
at least 20 minutes during the past 7 days? If so, 1 day
on how many days?
2 days
3 days
4 days
5 days
6 days
Every day
Missing
How much time did you spend doing hard
No time
physical activity during the past 7 days?
Less than ½ hour
½-1 hours
1-2 hours
2-3 hours
3+ hours
Missing
Were the past 7 days representative for your
Yes
usual physical activity level?
No, was less active than usually
No, was more active than usually
Missing
How many hours have you spent watching TV
No time
each day on your spare time during the past 7
Less than one hour
days?
1-2 hours
2-3 hours
3-4 hours
4+ hours
Missing
How many hours have you spent using the
No time
computer each day on your spare time during the Less than one hour
past 7 days?
1-2 hours
2-3 hours
3-4 hours
4+ hours
Missing
1

18 years or younger

