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Association between food patterns and difficulties in falling asleep
among adolescents in Norway — a descriptive Young-Hunt3 study
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Abstract
Aim Adolescents’ sleep duration has decreased over the past century; this is mainly caused by problems with falling asleep. Short
sleep duration, poor sleep quality, and later bedtimes, in addition to difficulties in falling asleep, are further associated with
adolescents’ increased food intake, poor diet quality, and excess body weight. Obesity has become a major health worldwide
problem, with increasing prevalence among several age groups. In addition, higher body mass index is one of the most
consistently reported correlates of short sleep duration. The aim of this study was to study if short sleep duration, connected
with problems falling asleep, is associated with obesity and weight gain among Norwegian adolescents.
Subject and methods This is a cross-sectional study using data from the Young-HUNT3 cohort study, which comprises the
adolescent part of HUNT3. Young-HUNT3 includes data on 8217 participants aged 13 to 20 years old. Cluster analysis were used
to categorize patterns of similarities in food consumption. Bivariate analyses were conducted to explore associations between
difficulties in falling asleep and unhealthy food patterns.
Results The analyses found statistically significant differences (< 0.001) between adolescents having an unhealthy food pattern,
higher BMIs, and more difficulties with falling asleep than adolescents with a healthy food pattern.
Conclusion This study shows that an unhealthy food pattern is associated with shorter sleep duration among Norwegian adoles-
cents. Health promotion educational interventions focusing on disseminating knowledge to parents and adolescents about
unhealthy food intake and other risk factors related to insufficient sleep ought to be developed.
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Background

A good night’s sleep is critical for people’s health, and is an
important part in the natural process of restoration (Jerath et al.

2014). There is accumulating evidence that shorter sleep dura-
tion is becoming a pervasive problem in today’s society (Hasler
et al. 2004). Reduction of sleep duration may results in meta-
bolic alterations, including glucose intolerance (Spiegel et al.
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1999), confirming that sleep problems, especially among ado-
lescents, need attention. Studies show that reduced sleep is
associated with increased food intake among young males
(Brondel et al. 2010). Furthermore, some adolescents also tend
to have interest in more evening-type activities (Carskadon
et al. 1993), challenging their “biological clock”. Staying
awake in the evenings, especially on weekend nights,
makes it even harder to fall asleep on school nights
(Owens and Group 2014).

The sleep duration of adolescents has decreased, but the
decreased sleep duration also increases with higher age
(Matricciani and Olds 2012). The National Sleep Foundation
has assessed that adolescents need 9 h of sleep. Less than 8 h
of sleep on school nights is considered an inadequate sleep
length (Gradisar et al. 2013). Several studies have shown that
inadequate sleep duration (< 8 h/day) is related to numerous
harmful health outcomes such as hypertension, diabetes, and
risk of suicide in adults (Ayas et al. 2003; Cohen et al. 2009;
Fitzgerald et al. 2011; Knutson and Van Cauter 2008; Kripke
et al. 2002). Other studies of children and adolescents have
shown associations between short sleep duration and lowmeal
frequency (Stroebele et al. 2013), high intake of snacks and
soft drinks (McKnight-Eily et al. 2011), and low intake of
fruits and vegetables (Garaulet et al. 2011). A study of
Norwegian adolescents has shown that sleep duration was
associated with several health-risk behaviors, such as current
smoking or snuffing, irregular meal patterns and intake of
sweets, and poor academic achievement (Stea et al. 2014).
Short sleep duration is also found to be associatedwith obesity
in children and young adults (Nielsen et al. 2011).

Obesity has become a widespread, worldwide health prob-
lem, contributing to a major negative impact on human health
(Lind et al. 2016). The massive increase in obesity observed
over the previous 3 decades could involve a numerous of
reasons, but it is mostly related to an increase in food con-
sumption and a decrease in physical activity (Ogden et al.
2014). Dietary patterns characterized by high meat consump-
tion are found to be associated with unhealthy life styles and
depression symptoms in adults (Gregório et al. 2017).
Unhealthy eating behaviors among adolescents has also been
related to stressful situations such as low levels of social sup-
port and inadequate coping skill (Martyn-Nemeth et al. 2009).

Based on the presented background, the aim of this study is
to investigate associations between BMI, unhealthy diets, and
difficulties in falling asleep among adolescents, using epide-
miological data from the Norwegian Young-HUNT3 study.

Methods

The HUNT Study in Norway includes a unique database of
self-reported and clinical data on personal and family medical
histories connected to health and lifestyle (Krokstad et al.

2013). The Young-HUNT3 population contained 8217 teen-
agers from the age of 13 to 20 years old. We have used de-
scriptive statistics to explore the associations.

Data collection

In the Young-HUNTsurveys, students in junior high and high
school first received written information about the purpose of
the study. For all junior high school students, a written consent
from a parent or guardian was also required. This consent was
distributed along with the written information, which was
returned and signed at the school before being passed on to
the HUNT Research Center. The students signed a written
consent to participate in school before they were included in
the study. Students who were absent on the day of the self-
reported questionnaire session had to sign their consent when
they participated in the clinical part of the survey. Youths
absent from school got both the questionnaires and written
consent by post to their home address; these were completed
and returned by post to the HUNT Research Center.

Demographic cohort

Nord-Trøndelag County is situated in the middle of Norway and
has a population size of about 130.000 inhabitants. The county
is mostly rural with no large cities, but several small towns. The
county is representative of Norway with regard to geography,
economy, industry, sources of income, age distribution, morbid-
ity, and mortality. From 2017 Nord-Trøndelag County merged
with Sør-Trøndelag County and became Trøndelag County.

Measurements

The data in this study consist of measurements assessing BMI,
diet, and sleeping habits. Sleeping habits were assessed using
questions created by the Norwegian Institute of Public Health
and especially for Young-HUNT, “During the last month
have you: had difficulty falling asleep in the evening?”. The
question is also used in other studies assessing sleep habits
(Sivertsen et al. 2015). Eating habits were measured using
seven items of the validated Eating Attitudes Test (EAT)
(Garner and Garfinkel 1979), while food consumption was
collected by asking how often the participants normally ate
or drank different kinds of food and drinks (e.g., fruits, vege-
tables, boiled potatoes, oily fish, whole-grain bread, white and
semi-grain bread, chocolate/candy, pasta, sausages, water,
sugar-free and sugary soft drinks, whole milk, and juice).

Statistical analyses

Data were analyzed using IBM SPSS Statistics (version 22).
We used descriptive statistics to describe food patterns and
chi-square statistics to explore food group consumption
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frequency variations (André et al. 2017). A p value of < 0.05
was set as the cut-off point for statistical significance, but the
phi coefficient from the chi-square statistics was also checked
to evaluate the strength of the associations. Food patterns were
identified with the use of cluster analysis (André et al. 2017).
K-means cluster analysis is appropriate for data with big sam-
ple dimensions (André et al. 2017). This analysis generates
clusters with comparable characteristics (Gregório et al. 2017)
where the respondents are categorized into distinct clusters
(André et al. 2017). Food variables were re-coded into contin-
uous variables by calculating the normal intake for 1 week
(André et al. 2017). We then checked for and excluded ex-
tremes or outliers. Therefore, the continuous variables were
consistent before consecutive rounds of K-means cluster anal-
ysis were used to confirm that the clusters were not
predisposed by food groups with exact occurrence
(Magidson and Vermunt 2002). The final model met the as-
sumptions of K-means clustering.

Ethical issues

The information pamphlets for the Young-HUNT3 study were
developed in cooperation with the Data Inspectorate of

Norway, the Health Directorate of Norway, and the Regional
Committees for Medical and Health Research Ethics. The
written consents from both the participants and their guardians
were stored in the HUNT databank. Both HUNT and the
Regional Committees for Medical and Health Research
Ethics (REK, 2015/1211) have accepted this study.

Results

Table 1 presents the attendance rates for the Young-HUNT3
Survey, showing an attendance rate for both questionnaire and
clinical data of 73.7% (n = 7716).

Table 2 presents the descriptive data of BMI and how often
the adolescents found it difficult to fall asleep in the evening.

Food consumption

More than half of the adolescents in the survey reported eating
potato chips (53.2%) and candy/chocolate (64.1%) every week.
Only approximately one third ate whole-grain bread several
times a day, and almost half of the sample (47.3%) consumed
fish (salmon, trout, and mackerel) less than every week. Daily, a

Table 1 Attendance rates for the Young-HUNT3 Survey

Surveys Number invited:
n

Response to
questionnaire: n (%)

Response to clinical
data: n (%)

Response to questionnaire
and clinical data: n (%)

Junior high 5614 4749 (84.6) 4801 (85.5) 4615 (82.2)

High school 4357 3336 (76.6) 3294 (75.6) 3017 (69.2)

Not in school 493 115 (23.3) 97 (19.7) 84 (17.0)

TOTAL 10,464 8200 (78.4) 8192 (78.3) 7716 (73.7)

Fig. 1 Cluster centers describe
the average value for each
variable within each cluster and
reflect the characteristics of the
typical case for each cluster
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significantly greater proportion of boys than girls consumed oily
fish, potato chips, candy, chocolate, and cheese. A higher num-
ber of girls than boys consumed fruit and vegetables daily.

Cluster analysis

The cluster analysis resulted in two clusters based on similar-
ities in reported food consumption among the adolescents.
Cluster 1 consisted of adolescents with an unhealthy food
pattern reporting a larger consumption of chocolate/candy,
pasta, sausages, sugar-free and sugary soft drinks, whole milk,
juice, and white and semi-grain breads than adolescents in
cluster 2, which had a healthy food pattern involving higher
consumption of fruits, vegetables, boiled potatoes, oily fish,
whole-grain bread, and water.

Lifestyle characteristics

Table 3 presents the results from the bi-variate analyses ex-
ploring differences between sleeping habits and food patterns
(healthy cluster 2 versus unhealthy cluster 1), and between

BMI and the food patterns. These analyses show statistically
significant associations between difficulties in falling asleep
and adolescents with an unhealthy food pattern (cluster 1), and
statistically significant associations between BMI and food
patterns. There are fewer adolescents with an unhealthy food
pattern (cluster 1) and low BMI, and there are more adoles-
cents with an unhealthy food pattern (cluster 1) and high BMI.

Discussion

The aim of this study was to investigate the associations be-
tween BMI, food patterns, and difficulties in falling asleep
among Norwegian adolescents. Our study confirmed findings
from other studies (Gregório et al. 2017; Lien et al. 2001)
showing that higher BMI is associated with eating unhealthy
food. There may be, however, many reasons why adolescents
eat unhealthily. Other studies have shown that poor eating
habits also are linked to larger food intake, reduction in exer-
cise (Lind et al. 2016), feeling stressed (Martyn-Nemeth et al.
2009), too much TV viewing, and inactivity (Pearson et al.
2014). However, other studies have found that adolescents
who are living alone with little or no peer support have an
unhealthier diet (Fitzgerald et al. 2013).

Findings in this study confirmed the findings from another
study (Brondel et al. 2010), showing statistically significant
associations between problems with falling asleep among ad-
olescents and unhealthy food patterns. Other studies have
shown associations between short sleep duration, low meal
frequency (Stroebele et al. 2013), and high intake of snacks
and soft drinks (McKnight-Eily et al. 2011), both food choices
that are characteristics of an unhealthy diet.

Our bi-variate analyses detected that adolescents having
difficulties with falling asleep also had an unhealthy food
pattern and a higher BMI. To target adolescents’ food intake,
prevention programs designed to support health dietary
choices are warranted (Fitzgerald et al. 2013). Furthermore,

Table 2 Difficulty falling asleep and BMI, according to gender

Total: n Girls: n (%) Boys: n (%)

How often have you during the last month had difficulty falling asleep in
the evening?

Almost every night 440 290 / (65.9) 150 / (34.1)

Often 810 513 / (63.3) 297 / (36.7)

Sometimes 3379 1867 / (55.3) 1512 / (44.7)

Never 3222 1328 / (41.2) 1894 / (58.8)

TOTAL 7851 3998 / (50.9) 3853 / (49.1)

BMI

< 25.0 6211 3117 (41.1%) 3094 (40.8%)

25.0–29.9 1061 524 (6.9%) 537 (7.1%)

≥ 30.0 320 150 (2.0%) 170 (2.2%)

Table 3 Difficulties with falling
asleep, BMI, clusters 1 and 2 Total: n (%) Cluster 1: n (%) Cluster 2: n (%) P value

Frequency of difficulty falling asleep in the evening during the last month < 0.001

Almost every night 439 (5.6%) 272 (7.9%) 167 (3.8%)

Often 808 (10.3%) 427 (12.5%) 381 (8.6%)

Sometimes 3371 (43.0%) 1499 (43.4%) 1883 (42.7%)

Never 3218 (41.4%) 1240 (36.2%) 1978 (44.9%)

TOTAL 7836 (100%) 3427 (100%) 4409 (100%)

BMI < 0.001

< 25 6152 (81.9%) 2578 (79.3%) 3574 (83.8%)

25–29.99 1048 (13.9%) 504 (15.5%) 544 (12.8%)

≥ 30 315 (4.2%) 169 (5.2%) 146 (3.4%)

TOTAL 7515 (100%) 3251 (100%) 4264 (100%)

Chi-square analyses, p value < 0.05
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short sleep durations due to difficulties falling asleep are both
a health and an educational advancement risk for adolescents
(Ayas et al. 2003; Fitzgerald et al. 2011; Knutson and Van
Cauter 2008; Kripke et al. 2002; Stea et al. 2014).

Previously, when giving adolescents lifestyle recommen-
dations, the focus has been on food consumption and exercise;
here, we show the importance of good sleep patterns, and
point to the importance of including factors such as sleep
quality and duration in such recommendations (Chaput
2014). Adolescents’ overall health may be at risk by not get-
ting an adequate amount of sleep. More attention towards
innovative solutions to reduce poor sleeping habits are there-
fore needed (Chaput 2014). Health personnel, e.g., pediatri-
cians (Owens and Group 2014) or school health nurses,
have the potential to advocate for educational, adminis-
trative, and health policies that promote healthy sleep
habits in adolescents. Health education classes and
school-based interventions may also be valuable strate-
gies to prevent unhealthy eating and to advocate better
sleep patterns. To register patterns and changes among
adolescents in relation to diet and food consumption, it
will be important to collect longitudinal data that detects these
changes (Gonsalves and Hawk, 2014).

Strengths and limitations

The strength of this study is that we are working with a pop-
ulation that has been found to be representative for the
Norwegian population, with a detailed registration of food
intake, BMI, and sleep patterns, making it possible to compare
the findings from this study with other studies. Food patterns
and diet are influenced by culture, making the validity and
reliability of the food intake questionnaires culturally condi-
tioned. This may be a limitation when comparing our findings
with other studies from non-western cultures. Another limita-
tion is the descriptive design, as it does not allow for causal
explanations of the associations between difficulties in falling
asleep and unhealthy food patterns. Another important limita-
tion to address is the sleep pattern questions that were devel-
oped especially for the Young-HUNT 3 study and are thus not
validated. This must be taken into consideration when com-
paring the findings of this study with other studies.

Conclusion

This study found a statistically significant association between
unhealthy food patterns and difficulties in falling asleep
among Norwegian adolescents. The mechanisms explaining
why this association is present needs further investigation.
The importance of sleep in relation to obesity should be in-
cluded in lifestyle recommendations for adolescents, as these
conventionally have focused only on food consumption and

exercise. Thus, the knowledge about associations between
BMI, food patterns, and difficulties in falling asleep among
Norwegian adolescents should be used in developing educa-
tional programs for both parents and adolescents to promote
healthier sleeping and eating habits.
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