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ABSTRACT

Objectives This cross-sectional study aimed to describe
dietary habits in Swedish adolescent handball players and
differences with respect to sex and school grade.
Methods Participants in the Swedish Handball Cohort
answered a web-survey assessing adherence to sports
nutrition recommendations for meal frequency and meal
timing, and the Nordic Nutrition Recommendations (NNR)
for fruits/vegetables and fish/seafood, food exclusions and
use of dietary supplements. Differences with respect to sex
and school grade were estimated with generalised linear
models, generating prevalence ratios (PR) with 95% Cls.
Results A total of 1040 participants (16.6+0.9 years,
51% males) were included. Overall, 70% and 90%,
respectively, met recommendations for meal frequency
and meal timing, whereas adherence to recommended
carbohydrate intake during training/game was met by
17%. Adherence to the NNR for fruits/vegetables and
fish/seafood was met by 16% and 37%, respectively.
Twenty-eight per cent reported using dietary supplements.
Females reported lower frequency of meals, especially
morning snacks (—0.6 days/week (95% Cl —0.3 to —0.9))
and evening snacks (—0.8 days/week (95% Cl 0.5 to
—1.1)), higher prevalence of exclusions due to intolerances
(PR 1.66 (95% CI 1.31 to 2.01)) and other reasons (PR
1.36 (95% Cl 1.08 to 1.64)), higher adherence to the NNR
for fruits/vegetables (PR 2.30 (95% Cl 1.98 to 2.62)) and
use of micronutrient supplements (PR 1.72 (95% Cl 1.43 to
2.00)) compared with males. Only small differences were
observed between school grades.

Conclusions Swedish adolescent handball players’
dietary habits are fairly in accordance with sports nutrition
recommendations but not the NNR. Females appear to
display more restrictive habits than males.

INTRODUCTION

Engaging in sports during youth brings
fitness, social connections, better school
achievements and improved mental health'
as well as healthy lifestyle habits later in life.*?
A balanced dietary intake in young athletes
is fundamental to support development in
the transition to emerging adulthood as well
as to sports performance and recovery.'® An

,' Eva Skillgate,"? Anna Melin,® Henrik Kallberg,'*
> Klara Edlund,"” Martin Hagglund,? Pierre Coté,°

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Challenges with meeting energy and nutrient re-
quirements in athletes are well known and may
result in serious implications for health and perfor-
mance. Low adherence to dietary recommendations
in adolescent and adult athletes has previously been
reported, yet dietary habits in adolescent handball
players have until recently been unknown.

WHAT THIS STUDY ADDS

= This study suggests that Swedish adolescent hand-
ball players’ dietary habits are in accordance with
sports nutrition recommendations for meal frequen-
cy and meal timing but not carbohydrate intake
during training/game, which may increase the risk
of low carbohydrate availability during high-intensity
activities. The Nordic Nutrition Recommendations for
fruits/vegetables and fish/seafood, as an estimate of
intake of micronutrients (eg, vitamins and minerals),
are met to a low extent. Females report lower meal
frequency, more exclusion of foods due to intoler-
ances and other reasons, a higher intake of fruits/
vegetables and use of micronutrient supplements
compared with males, which might bring challenges
with meeting energy requirements and, ultimately,
impact health and performance.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The knowledge gained from this study may be
valuable for practitioners in youth team sports by
identifying areas in need of nutritional education.
Highlighting the importance of a proper energy and
nutrient intake in adolescent sports settings brings
sustainable health promotion for active adolescents.

may compromise recovery and adaptation
to training and increase the risk of injuries,
delayed puberty and poor bone health.”
Dietary requirements get increasingly
important with increased training volume
and the substantial energy requirement
might be practically difficult to fulfil.’ Intense
training may have an appetite-suppressing

effect, athletes may eat hours before training
Clara Onell; clara.onell@shh.se  insufficient energy and nutrient availability to prevent gastrointestinal distress and
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training schedules, school obligations and travelling
may limit food availability and time to eat.® Also, athletes
are susceptible to peer pressure and appearance ideals,
which might lead to disordered eating and mental health
problems.”

Carbohydrate intake is a prerequisite for high-intensity
exercise to ensure glycogen stores and substrate.®
Although nutrient-dense foods such as whole grains
and vegetables are recommended as the main source
of carbohydrates for health promotion in the general
population,” energy-dense and low-fibre alternatives®
including pasta, cereals and dried fruit, as well as refined
sugars, are recommended for athletes to ensure adequate
energy and carbohydrate availability.'” This is important
prior to, during and after high-intensity and long
training sessions, and in developing athletes.'’ To meet
these requirements, athletes are recommended to have
a balanced diet including a variety of foods, a frequent
meal pattern with 4-6 meals/day, including carbohydrate
and protein rich foods in concert with training.’®

Handball is a popular team-sport with an estimated
five million youth players. The sport’s intermittent
nature with alternation between offensive and defensive
elements'? impose demands on anaerobic and aerobic
energy systems, in which glycogen is the main energy
substrate.'”” Adult handball players have been reported
to not meet nutrition recommendations.'*"” Studies on
adolescent handball players’ dietary habits are scarce and
no previous studies have, to the best of our knowledge,
examined differences with respect to sex and age. This
study aimed to describe dietary habits in Swedish adoles-
cent handball players and differences with respect to sex
and school grade.

METHODS

The Swedish Handball Cohort

This cross-sectional study is based on the Swedish Hand-
ball Cohort (SHC) aiming to investigate implementation
of injury prevention exercise programmes and identify
risk factors for injuries in youth handball. The SHC
builds on the Karolinska Handball Study with similar
methodology."® The inclusion criterium was enrolment
to a handball-profiled secondary school and the exclu-
sion criterium was inability to understand Swedish.
Participants answered a web-survey in the fall season 2020
or 2021 including questions related to playing handball
(eg, playing position, playing level) and dietary habits.
The survey was administered automatically through
the platform Easy Teams (lynes Technologies Sweden
AB). Adolescent handball players were invited with a
link to the baseline survey through their school hand-
ball coaches, with a reminder if they had not answered.
Participants, and legal guardians for participants below
the age of 15 years, gave their written informed consent
prior to filling out the survey. This study was conducted
in accordance with STrengthening the Reporting of
OBservational Studies in Epidemiology statements. The
protocol complied with local legal requirements as well

as the Declaration of Helsinki for research involving
human subjects.

Dietary habits

Meal frequency

Meal frequency was assessed as intake of breakfast,
morning snack, lunch, afternoon snack, dinner, evening
snack and other snacks (eg, recovery snack) in 0-7 days/
week for each meal. This question has previously been
used to assess meal frequency in young athletes.'?

Meal timing

Meal timing was assessed with questions about having
a meal within 3hours before and within 1hour after
training, respectively. The questions’ readability was eval-
uated in a group of frequently physically active students
generating some rephrasing. Response options included
eating a main meal, a snack or no meal before/after
training. For participants answering no meal, a question
about the reason for this was asked with response options
limit of time, lack of appetite, practical issues or other
(free text). Intake and frequency of fluid and/or food
other than water (such as sport drinks, gainers, gels,
bars) during training/game was assessed as a measure of
carbohydrate intake, with 14 response options ranging
from never or <1 time/month to 4 times/day or more.

Adherence to the Nordic Nutrition Recommendations

Intake of micronutrients was evaluated in accordance
with the Nordic Nutrition Recommendations (NNR)
with a food frequency questionnaire.” Habitual intake
of vegetables/legumes, fruits/berries, potatoes and fish/
seafood during the past 12 months was assessed, with 14
response options ranging from never or <1 time/month
to 4 times/day or more. Participants were asked to only
report portions (eg, not if only one slice of cucumber).
Adhering to the NNR was defined as eating vegetables/
legumes, fruits/berries and/or potatoes (ie, fruits/vege-
tables) >4 times/day (~500g/day) and fish/seafood >2
times/week.

Food exclusions

Adherence to a diet was evaluated with a question devel-
oped for this study, with response options omnivore,
vegetarian, vegan or other. For those answering other
diet, a question regarding what type of diet was asked
(free text). Exclusion of foods due to intolerances (yes/
no) or other reasons (yes/no) was assessed as well as what
type of foods excluded (free text).

Use of dietary supplements

Use of dietary supplements was assessed with a question
about whether the participants used any supplements
(yes/no) and, if so, which type of dietary supplement
(free text) and how often with 14 response options
ranging from never or <1 time/month to 4 times/day or
more.
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Statistical analyses

Meal frequency was presented as average days/week
for each meal and mean differences with 95% CIs to
assess potential differences with respect to sex. Meal
timing, food exclusions, adherence to the NNR and use
of dietary supplements were presented as proportions
and prevalence ratios (PR) with 95% CI for differences
with respect to sex and school grade, estimated using
generalised linear models with a negative binomial link
function. Sex and school grade were included in each
model when comparing dietary habits between sex and
school grade, respectively (eg, when analysing differ-
ences with respect to sex, school grade was adjusted for
and vice versa). Statistical analyses were performed using
RStudio V.1.3.1093.

Patient and public involvement

This is an observational study without interventions and
patients. The SHC was designed due to a high injury inci-
dence in youth handball. Since nutrition plays a major
role for health, performance and recovery, assessment
of dietary habits was performed in this population. The
areas of dietary habits to measure were decided based
on clinical experience, involving practitioners as well as
active youths to ensure relevant questions about dietary
habits targeting the intended population. The knowl-
edge gained from this study will be disseminated through
written reports to handball coaches in each included

secondary school with recommendations how dietary
habits could be addressed.

RESULTS

Thirty-six handball-profiled secondary schools with 1578
potential participants were invited to answer the baseline
survey. Nineteen schools with a total of 1040 adolescent
handball players (66%) agreed to participate (mean
age 16.6+0.9 years, 51% males). Most participants were
enrolled during first grade and backcourt players on a
regional level. Mean weekly time playing handball was 12
hours. Participant characteristics are presented in table 1.

Meal frequency

Meal frequency and mean differences between sex are
presented in table 2. Seventy per cent reported eating 4-6
meals/day. Mean days/week of eating main meals (break-
fast, lunch and/or dinner) were 6-7days/week (range
0-7) and in-between snacks 3.5-5.0 (range 0-7) days/
week. Meal frequency was lower for females than males
for all meals, with the biggest difference in morning
snack, evening snack and other snacks.

Meal timing

Meal timing and comparison with respect to sex and
school grade is presented in online supplemental
appendix tables 1 and 2. Eighty-eight per cent reported
having a meal within 3hours before training and 90%

Table 1 Participant characteristics
All Male Female

Variables (n=1040) (n=532) (n=508)
Age, mean years+SD 16.6+0.9 16.6+0.9 16.6+0.9
Years of playing handball, mean+SD 9.4+2.1 9.3+2.3 9.5+2.0
School grade, n (%)

1st year 498 (48) 266 (50) 232 (46)

2nd year 295 (28) 149 (28) 146 (29)

3rd year 247 (24) 117 (22) 130 (26)
Playing level past season, n (%)

Regional level* 805 (77) 403 (76) 402 (79)

National levelt 235 (23) 129 (24) 106 (21)
Playing position past season, n (%)

Goalkeeper 144 (14) 70 (13) 74 (15)

Backcourt player 541 (62) 264 (50) 277 (55)

Line player 141 (14) 76 (14) 65 (13)

Wing player 214 (21) 122 (23) 92 (18)
Games past season, mean n/week+SD 1.1+0.8 1.1+0.8 1.1+0.8
On-court training past season, mean h/week+SD 6.2+2.4 6.2+2.4 6.2+2.4
Off-court training past season, mean h/week+SD 4.2+2.2 4.2+2.2 4.242.2
Participation in other forms of physical activities (eg, other sports) past season, n (%) 251 (24) 166 (31) 85 (17)

*Played for a local club or district team the past season.

TPlayed for a national youth team or summoned to a national camp the past season.
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Table 2 Meal frequency in mean days/week+SD for all participants and stratified by sex

All Male Female
Meal intake (n=1040) (n=532) (n=508) Mean difference (95% Cl)
Breakfast 6.3+1.4 6.4+1.3 6.3+1.5 —-0.1 (-0.1 to -0.3)
Morning snack 3.5£2.3 3.8£2.3 3.2+2.2 -0.6 (-0.3 to -0.9)
Lunch 6.7+0.7 6.9+0.5 6.6+0.9 -0.3 (-0.2 to -0.4)
Afternoon snack 5.0+1.9 5.1+2.0 4.9+1.9 -0.2 (-0.0 to -0.4)
Dinner 6.9+0.7 6.9+0.7 6.8+0.8 -0.1 (-0.0to -0.2)
Evening snack 4.6+2.2 5.0+2.1 4.2+2.2 -0.8 (-0.5t0 -1.1)
Other snack 1 1.9+2.2 22+2.4 1.5+1.9 —-0.7 (-0.4 to -1.0)
Other snack 2 1.2+1.9 1.4+2.1 1.0+1.6 -0.4 (-0.2 to -0.6)

within 1 hour after. Of these, 54% and 76% reported
having a main meal before morning and evening training,
respectively (notin table). The most common reasons for
not eating before/after training were lack of appetite and
limit of time. Intake of carbohydrates during training/
game was reported by 17%. Among these, 6% reported
daily intake, 64% weekly intake and 30% monthly intake.
There were no differences with respect to sex or school
grade.

Adherence to the Nordic Nutrition Recommendations
Adherence to the NNR for fruits/vegetables and fish/
seafood intake was 16% and 37%, respectively. Compar-
ison with respect to sex and school grade is presented in
table 3, showing a higher adherence to fruits/vegetables
recommendations in females compared with males (PR
2.30 (95% CI 1.98 to 2.62)). No difference was observed
with respect to school grade. Likewise, there was no
difference with respect to sex or school grade for fish/
seafood recommendations.

Food exclusions

Food exclusions are presented in table 4. Ninety-seven
per cent reported following an omnivore diet and 2%
reported following a vegetarian diet. Thirteen per cent
reported having food intolerances where lactose, dairy,
gluten, nuts and drupes were most common. Females
reported having food intolerances to a larger extent than
males (PR 1.66 (95% CI 1.31 to 2.01)) and participants in
third school grade reported having food intolerances to
alarger extent compared with first school grade (PR 1.67
(95% CI1.29 to 2.05)).

Excluding food due to other reasons was reported by
20% of the participants. Most common food groups to
exclude were seafood, fruits/vegetables, red meat and
energy-dense foods (ie, candy, fast food, sugarsweetened
beverages). Females reported excluding foods due to
other reasons than intolerances to a larger extent than
males (PR 1.36 (95% CI 1.08 to 1.64)). Participants in
third school grade reported excluding food items to a
less extent compared with those in first school grade (PR
0.62 (95% CI 0.25 to 0.99)).

Use of dietary supplements

Use of dietary supplements was reported by 28% as
presented in online supplemental appendix table 3. Of
these, 44% reported using supplements daily, 47% weekly
and 9% monthly. The most common supplements were

Table 3 Adherence to the Nordic Nutrition
Recommendations n (%), and comparison between sex and

school grade

Eating fruits/
vegetables
>4 times/day, n

Prevalence ratio
of eating fruits/
vegetables >4 times/

(%) day (95% CI)
All (n=1040) 169 (16)
Sex
Male (n=532) 53 (10) 1 (Ref)*
Female 116 (23) 2.30 (1.98 to 2.62)
(n=508)
School grade
1st (n=498) 83 (17) 1 (Ref)t
2nd (n=295) 48 (16) 0.95 (0.60 to 1.30)
3rd (n=247) 38 (15) 0.88 (0.51 to 1.25)
Eating fish/ Prevalence ratio of
seafood eating fish/seafood
>2 times/week, >2 times/week
n (%) (95% Cl)
All (n=1040) 386 (37)
Sex
Male (n=532) 195 (37) 1 (Ref)*
Female 191 (38) 1.03 (0.83 to 1.23)
(n=508)
School grade
1st (n=498) 188 (38) 1 (Ref)t
2nd (n=295) 110 (37) 0.99 (0.77 to 1.21)
3rd (n=247) 88 (36) 0.94 (0.70 to 1.18)

*Adjusted for school grade.

TAdjusted for sex.
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Table 4 Food exclusions n (%), and comparison between
sex and school grade

Prevalence
Food exclusion ratio of food
due to intolerance, intolerance
n (%) (95% Cl)
All (n=1040) 136 (13)
Sex
Male (n=532) 52 (10) 1 (Ref)*
Female (n=508) 84 (1 1.66 (1.31 to 2.01)
School grade
1st (n=498) 55 (11) 1 (Ref)t
2nd (n=295) 34 (12) 1.03 (0.61 to 1.45)
3rd (n=247) 47 (19) 1.67 (1.29 to 2.05)
Food exclusion due
to other reasons Prevalence ratio
than intolerance, of food exclusion
n (%) (95% Cl)
All (n=1040) 205 (20)
Sex
Male (n=532) 90 (17) 1 (Ref)*
Female (n=508) 115 (23) 1.36 (1.08 to 1.64)
School grade
1st (n=498) 109 (22) 1 (Ref)t
2nd (n=295) 62 (21) 0.95 (0.65 to 1.25)
3rd (n=247) 34 (14) 0.62 (0.25 to 0.99)

*Adjusted for school grade.
TAdjusted for sex.

protein/creatine, omega-3 fatty acids, vitamin C, vitamin
D, iron and magnesium. Using micronutrient supple-
ments was more common in females than males (PR 1.72
(95% CI 1.43 to 2.00) whereas using protein/creatine
supplements was less common in females (PR 0.06 (95%
CI 0.00 to 1.06)) compared with males. Using protein/
creatine supplements was more common in third school
grade compared with first school grade (PR 1.42 (95% CI
0.95 to 1.89)).

DISCUSSION

This study found that dietary habits in Swedish adoles-
cent handball players are somewhat in accordance with
nutrition recommendations. Most participants reported
eating 4-6 meals/day and time meals in concert with
training. In contrast, adherence to recommendation of
carbohydrate intake during training/game was poor,
which is in accordance with previous studies showing an
insufficent carbohydrate intake in team-sport athletes.'’
Also, the NNR for fruits/vegetables and fish/seafood
were adhered to only to a low extent, which is in line
with studies on non-athlete’ and athlete'” adolescent
populations, including handball players. Adolescents
are recommended to meet minimal recommended

intakes of food groups such as fruits, vegetables and fish
to ensure a sufficient intake of micronutrients, omega-3
fatty acids and fibre, among others, and gain their health-
promoting benefits.” Lack of appetite and limit of time
were the most common reasons for not eating in concert
with training, which are known concerns for meeting
energy requirements in athletes.® ' Having an insuffi-
cient energy intake might be intentional (eg, dieting) or
unintentional (eg, suppressed post-training appetite), yet
result in problematic low energy availability** which may
manifest as relative energy deficiency in sports (REDs).
REDs is a serious syndrome impacting for example, repro-
ductive, metabolic, cardiovascular and mental health.?
Low energy availability and REDs have historically been
mostly discussed in relation to weight-sensitive sports,
however, a recent study shows that these conditions are
prevalent also in female handball players.** Although
energy and nutrient requirements can be met through
well-balanced meals,” timing of carbohydrate and protein
intake is key for enhancing adaptive responses to exer-
cise.” This is particularly important in athletes with a
high training load as in this study, with a weekly training
volume of on average 12 hours. A high meal frequency
should be encouraged and timed with training as it
facilitates the possibility of meeting energy and nutrient
requirements,” improves within-day energy balance® and
ensures recovery and restoration of glycogen.’

More than one-fourth reported using dietary supple-
ments, which is higher than previously reported in adult
handball players.”® #’ Athletes and non-athletes living
in high-latitude countries may be at risk of vitamin D
deficiency, and hence benefit from supplementation.’
Vitamin C supplementation, on the other hand, was
frequently reported although deficiency is very rare,
and requirements are easily fulfilled from the diet.”®
Moreover, iron was one of the most used supplements,
especially in females. The risk of iron deficiency is high
in female athletes through loss via menstrual bleeding,
sweating and erythrocyte destruction.” Iron intake below
the recommended dietary allowance and low ferritin
levels have previously been reported in female handball
players.™® Unfortunately, it is not known whether the
athletes in this study used iron supplementation ordi-
nated by a physician, but it is important to emphasise that
supplementation without deficiency should be avoided
as it might result in toxicity.” It is important to mention
that dietary supplements cannot overcome the deficits of
poor nutrition,”® and an unduly focus on supplements
might lead to less focus on having healthy dietary habits,
as well as increase the risk of unintentional doping.” The
priority for health, growth and performance in adoles-
cent athletes is to ensure energy intake matching the
level of physical activity, to facilitate nutrient intakes.
Focus should, therefore, be on adequate dietary habits.

In this study, almost all participants reported adhering
to an omnivore diet, which is in line with reports of
non-athlete Swedish adolescents.’ The results differ
from previous studies reporting a higher prevalence of
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adhering to a vegetarian diet in adolescent athletes in
several countries,” which could be explained by cultural
differences in non-Western populations. The most
reported food intolerances were lactose, dairy, gluten,
nuts and drupes, similar to intolerances in female endur-
ance athletes.” The prevalence of food intolerances was
higher in this study, and it is not clear to what extent
these were medically rationalised or adopted based on
a perception of health benefits. Adherence to special
diets to prevent gastrointestinal distress by excluding
groups of carbohydrates has previously been reported in
athletes™ * but was not observed in this study. Excluding
foods due to other reasons than an intolerance might
make it even more difficult to meet the substantial
requirements in an already vulnerable group at risk of
inadequate intakes.'*°

Females reported lower frequency of all meals,
higher prevalence of food exclusions, higher intake
of fruits/vegetables and use of micronutrient supple-
ments compared with males. The lower intake of fruits
and vegetables in males has earlier been reported,'” *!
although both males and females overall failed to meet
the NNR in this study. Furthermore, type of dietary
supplements differed between females and males in this
study. The more frequent use of protein/creatine supple-
mentation in males could be related to different views on
physical attributes expected in male and female athletes,
where concerns about weight and body shape are more
common in females and concerns about insufficient
muscularity is more common in males.”® The results of
this study indicate that females may display more restric-
tive dietary habits compared with males, with a potential
lower energy intake and increased risk of REDs.

The prevalence of food intolerances was higher in
higher school grades, which is surprising given that food
intolerances often are less common with increased age.
At the same time, food exclusions due to other reasons
than intolerances decreased with higher school grades,
while the use of protein/creatine supplements increased
with higher school grades. These findings could, hypo-
thetically, be explained by a higher interest in nutrition
with increased age resulting in reporting exclusion of
certain food groups due to a perceived health effect as
intolerances.”

Methodological discussion

This is the largest known study with a representative
sample of adolescent handball players with a high
inclusion rate of participants from the majority of the
Swedish handball-profiled secondary schools. The results
are likely generalisable to other team-sport athletes in
similar cultural contexts and training schedules. Besides
including a validated food frequency questionnaire,*
questions to deepen the knowledge about dietary habits
in a bigger context were developed, including measures
that describe the possibility to meet energy and nutrient
requirements without focusing on assessing actual
nutrient and energy intakes through objective measures.

This is considered a strength since self-registered data
on energy and nutrient intakes is demanding and gener-
ally reflects a limited number of days, not capturing the
habitual intake, and one of the reasons why nutritional
epidemiology has shifted focus from assessing single
nutrients to instead evaluating overall dietary habits.”’

Limitations

This study is not without limitations. The risk of
misclassification would likely be lower using validated
measures of dietary habits specifically targeting popu-
lations of young team-sport athletes. It is also possible
that the differences in dietary habits with respect to
sex are explained by other systematic differences in
these groups (eg, socioeconomic status). Furthermore,
the dietary habits assessed in this study are a proxy for
nutrient and energy intakes, but do not reveal actual
intakes, which fulfilment is the primary consideration
as an athlete. Although assessing nutritional intakes in
observational studies often are challenging (eg, due to
underreporting), the knowledge about dietary habits
in adolescent handball players would be further deep-
ened if this study also included accurate measures on
energy and nutrient intakes, as well as anthropometric
data (eg, body composition) and energy expenditure to
quantify energy requirements. Another limitation is the
absence of measurement of eating attitudes including
disordered eating and eating disorders as well as symp-
toms of REDs. Given that these problems are common
in young athletes, and not yet studied in adolescent
handball players, this knowledge would further deepen
the understanding about the most relevant questions
related to dietary habits to address in this population,
especially with regard to the sex differences observed
where females display potentially more restrictive dietary
habits. In future studies, health aspects such as injury
prevalence, menstrual dysfunction and sleep impair-
ments may act as proxies for energy availability and
REDs in adolescent athletes and can be used to further
deepen the knowledge about dietary habits and athletes’
health. Finally, dietary habits were self-reported which
is a limitation given that health behaviours tend to be
reported in accordance with social desirability.

Clinical implications

The knowledge gained from this study may be valuable for
identifying areas in need of nutritional education/inter-
ventions in handball-profiled secondary schools, as well
as similar contexts with adolescent team-sport athletes, to
improve health in active adolescents. This is also in line
with the United Nations’ Agenda 2030, aiming to ensure
healthy lives and promote well-being for all at all ages.
To further inform practitioners about the importance
of dietary habits in youth handball, prospective studies
investigating how the findings of this study are related
to adolescent handball players’ health and performance
with regards to injury risk are warranted.

6 Onell C, et al. BMJ Open Sp Ex Med 2023;9:¢001679. doi:10.1136/bmjsem-2023-001679
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CONCLUSIONS

Swedish adolescent handball players’ dietary habits
regarding meal frequency and timing seem to be in
accordance with sports nutrition recommendations,
while adherence to recommendations for intake during
training/game and the NNR for fish/seafood and fruits/
vegetable intake is low. Females seem to display more
restrictive dietary habits than males.

Author affiliations

'Department of Health Promotion Science, Sophiahemmet University, Stockholm,
Sweden

2Unit for Intervention and Implementation Research in Worker Health, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden

®Department of Sport Science, Linnaeus University, Vixjé/Kalmar, Sweden
“Department of Public Health, Analysis and Data Management, The Public Health
Agency of Sweden, Solna, Sweden

SUnit of Public Health, Department of Health, Medicine and Caring Sciences,
Linkdping University, Linkoping, Sweden

8Capio Ortho Center Skéne, Malmd, Sweden

"Division of Psychology, Department of Clinical Neuroscience, Karolinska Institutet,
Stockholm, Sweden

8Unit of Physiotherapy, Department of Health, Medicine and Caring Sciences,
Linkdping University, Linkdping, Sweden

%Institute for Disability and Rehabilitation Research, Faculty of Health Sciences,
University of Ontario Institute of Technology, Oshawa, Ontario, Canada
'ONaprapathégskolan - Scandinavian College of Naprapathic Manual Medicine,
Stockholm, Sweden

Twitter Markus Waldén @MarkusWalden

Acknowledgements We would like to show our sincerest gratitude towards
all participants in the Swedish Handball Cohort and to the Swedish Handball
Federation for their support.

Contributors MA conceptualised the SHC together with ES, MW and MH. This
specific study was conceptualised by CO, AM, KE, HK, ES, PC and MA. Data
collection and administration were performed by MA, ES and CO. CO did the

formal statistical analyses and manuscript preparation of the first draft which was
critically revised by all authors. All authors contributed to the interpretation of the
findings as well as read and approved the final version of the manuscript. MA is the
study guarantor.

Funding This work was supported by The Swedish Research Council for Sport
Science Agency under grant number 2021/9 P2022-0167 and grant number
2020/3 P2021-0147.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
Swedish Ethical Review Authority (reference no. 2019-03905, 2020-04797 and
2021-04115). Participants gave informed consent to participate in the study before
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Clara Onell http://orcid.org/0000-0002-4410-0981
Markus Waldén http://orcid.org/0000-0002-6790-4042

REFERENCES

1 Cadenas-Sanchez C, Mena-Molina A, Torres-Lopez LV, et al.
Healthier minds in fitter bodies: a systematic review and meta-
analysis of the association between physical fitness and mental
health in youth. Sports Med 2021;51:2571-605.

2 Palomaki S, Hirvensalo M, Smith K, et al. Does organized sport
participation during youth predict healthy habits in adulthood? A 28-
year longitudinal study. Scand J Med Sci Sports 2018;28:1908-15.

3 Torstveit MK, Johansen BT, Haugland SH, et al. Participation
in organized sports is associated with decreased likelihood of
unhealthy lifestyle habits in adolescents. Scand J Med Sci Sports
2018;28:2384-96.

4 Desbrow B, McCormack J, Burke LM, et al. Sports dietitians
Australia position statement: sports nutrition for the adolescent
athlete. Int J Sport Nutr Exerc Metab 2014;24:570-84.

5 Desbrow B, Burd NA, Tarnopolsky M, et al. Nutrition for special
populations: young, female, and masters athletes. Int J Sport Nutr
Exerc Metab 2019;29:220-7.

6 Kerksick CM, Wilborn CD, Roberts MD, et al. ISSN exercise & sports
nutrition review update: research & recommendations. J Int Soc
Sports Nutr 2018;15:38.

7 Wasserfurth P, Palmowski J, Hahn A, et al. Reasons for and
consequences of low energy availability in female and male athletes:
social environment, adaptations, and prevention. Sports Med Open
2020;6:44.

8 Thomas DT, Erdman KA, Burke LM. Position of the Academy of
nutrition and dietetics, dietitians of Canada, and the American
college of sports medicine: nutrition and athletic performance.

J Acad Nutr Diet 2016;116:501-28.

9 Blomhoff R, Andersen R, Arnesen EK. Nordic nutrition
recommendations 2023: integrating environmental aspects; 2023.

10 Melin A, Tornberg AB, Skouby S, et al. Low-energy density and
high fiber intake are dietary concerns in female endurance athletes.
Scand J Med Sci Sports 2016;26:1060-71.

11 Burke LM, Castell LM, Casa DJ, et al. International association
of athletics federations consensus statement 2019: nutrition for
athletics. Int J Sport Nutr Exerc Metab 2019;29:73-84.

12 Wagner H, Finkenzeller T, Wirth S, et al. Individual and team
performance in team-handball: a review. J Sports Sci Med
2014;13:808-16.

13 Michalsik LB, Aagaard P, Madsen K. Technical match characteristics
and influence of body anthropometry on playing performance in
male elite team handball. J Strength Cond Res 2015;29:1126-38.

14 Mora-Fernandez A, Lopez-Moro A, Chirosa-Rios LJ, et al. A
systematic review of the effects of nutrient intake in handball players
on exercise performance. Applied Sciences 2022;12:12378.

15 Jenner SL, Buckley GL, Belski R, et al. Dietary intakes of
professional and semi-professional team sport athletes do not meet
sport nutrition recommendations-A systematic literature review.
Nutrients 2019;11:1160.

16 Wardenaar F, Brinkmans N, Ceelen |, et al. Macronutrient intakes
in 553 Dutch elite and sub-elite endurance, team, and strength
athletes: does intake differ between sport disciplines? Nutrients
2017;9:119.

17 von Rosen P, Frohm A, Kottorp A, et al. Too little sleep and an
unhealthy diet could increase the risk of sustaining a new injury in
adolescent elite athletes. Scand J Med Sci Sports 2017;27:1364-71.

18 Asker M, Waldén M, Kallberg H, et al. A prospective cohort study
identifying risk factors for shoulder injuries in adolescent elite
Handball players: the Karolinska Handball study (KHAST) study
protocol. BMC Musculoskelet Disord 2017;18:485.

19 Halvarsson K, Lunner K, Westerberg J, et al. A longitudinal study of
the development of dieting among 7-17-year-old Swedish girls. Int J
Eat Disord 2002;31:32-42.

20 Sepp H, Ekelund U, Becker W. Enkétfragor om kost och
fysisk aktivitet bland vuxna - Underlag till urval av fragor i
befolkningsinriktade enkater. Rapport 21 - 2004. Livsmedelsverket;
2004.

Onell C, et al. BMJ Open Sp Ex Med 2023;9:¢001679. doi:10.1136/bmjsem-2023-001679

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z AeN Tz uo wodfwg wasuadolwg//:sdny woly papeojumoq "€20Z 1oquiadag TZ Uo 629T00-S20z-waslwa/oeTT 0T Se payslgnd 1siiy :auIdipapy asialax3 ¥ uods uado rINg


https://twitter.com/MarkusWalden
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4410-0981
http://orcid.org/0000-0002-6790-4042
http://dx.doi.org/10.1007/s40279-021-01520-y
http://dx.doi.org/10.1111/sms.13205
http://dx.doi.org/10.1111/sms.13250
http://dx.doi.org/10.1123/ijsnem.2014-0031
http://dx.doi.org/10.1123/ijsnem.2018-0269
http://dx.doi.org/10.1123/ijsnem.2018-0269
http://dx.doi.org/10.1186/s12970-018-0242-y
http://dx.doi.org/10.1186/s12970-018-0242-y
http://dx.doi.org/10.1186/s40798-020-00275-6
http://dx.doi.org/10.1016/j.jand.2015.12.006
http://dx.doi.org/10.1016/j.jand.2015.12.006
http://dx.doi.org/10.1111/sms.12516
http://dx.doi.org/10.1123/ijsnem.2019-0065
http://dx.doi.org/25435773
http://dx.doi.org/10.1519/JSC.0000000000000735
http://dx.doi.org/10.3390/app122312378
http://dx.doi.org/10.3390/nu11051160
http://dx.doi.org/10.3390/nu9020119
http://dx.doi.org/10.1111/sms.12735
http://dx.doi.org/10.1186/s12891-017-1852-2
http://dx.doi.org/10.1002/eat.10004
http://dx.doi.org/10.1002/eat.10004

21 Warensjé Lemming E, Moraeus L, Petrelius Sipinen J, et al. review, from vitamin classification, metabolic functions,

Riksmaten ungdom 2016-17. Livsmedelskonsumtion bland absorption, utilization, to balancing nutritional requirements. Peerd
ungdomar i Sverige: Resultat frdn en matvaneundersékning bland 2021;9:e11940.

ungdomar i arskurserna 5, 8 och 2 p& gymnasiet. Rapport nr 14 - 29 McClung JP, Murray-Kolb LE. Iron nutrition and premenopausal
2018. Livsmedelsverket; 2018. women: effects of poor iron status on physical and

22 Burke LM, Lundy B, Fahrenholtz IL, et al. Pitfalls of conducting and neuropsychological performance. Annu Rev Nutr 2013;33:271-88.
interpreting estimates of energy availability in free-living athletes. Int 30 Ahmadi A, Enayatizadeh N, Akbarzadeh M, et al. Iron status in
J Sport Nutr Exerc Metab 2018;28:350-63. female athletes participating in team ball-sports. Pak J Biol Sci

23 Mountjoy M, Ackerman KE, Bailey DM, et al. International Olympic 2010;13:93-6.

Committee’s (I0OC) consensus statement on relative energy 31 Kozhuharov VR, Ivanov K, Ivanova S. Dietary supplements as source
deficiency in sport (Reds). Br J Sports Med 2023;57:1073-97. of unintentional doping. Biomed Res Int 2022;2022:8387271.

24 Miralles-Amoros L, Asencio-Mas N, Martinez-Olcina M, et al. Study 32 Pelly FE, Burkhart SJ. Dietary regimens of athletes competing at the
the effect of relative energy deficiency on physiological and physical Delhi 2010 Commonwealth games. Int J Sport Nutr Exerc Metab
variables in professional women athletes: a randomized controlled 2014;24:28-36.
trial. Metabolites 2023;13:168. 33 Fahrenholtz IL, Melin AK, Wasserfurth P, et al. Risk of low energy

25 Fahrenholtz IL, Sjédin A, Benardot D, et al. Within-day energy availability, disordered eating, exercise addiction, and food
deficiency and reproductive function in female endurance athletes. Intolerances in female endurance athletes. Front Sports Act Living
Scand J Med Sci Sports 2018;28:1139-46. 2022;4:869594.

26 Mufioz A, Lépez-Samanes A, Dominguez R, et al. Use of sports 34 Lis D, Ahuja KDK, Stellingwerff T, et al. Food avoidance in
supplements in competitive Handball players: sex and competitive athletes: FODMAP foods on the list. Appl Physiol Nutr Metab
level differences. Nutrients 2020;12:3357. 2016;41:1002-4.

27 Sekulic D, Tahiraj E, Maric D, et al. What drives athletes toward 35 Lis DM, Stellingwerff T, Shing CM, et al. Exploring the popularity,
dietary supplement use: objective knowledge or self-perceived experiences, and beliefs surrounding gluten-free diets in Nonceliac
competence? Cross-sectional analysis of professional team-sport athletes. Int J Sport Nutr Exerc Metab 2015;25:37-45.
players from southeastern Europe during the competitive season. 36 Grogan S. Body Image: Understanding Body Dissatisfaction in Men
J Int Soc Sports Nutr 2019;16:25. Women and Children, 3rd ed. 2016.

28 Ofoedu CE, Iwouno JO, Ofoedu EO, et al. Revisiting food-Sourced 37 Hu FB. Dietary pattern analysis: a new direction in nutritional
vitamins for consumer diet and health needs: a perspective epidemiology. Curr Opin Lipidol 2002;13:3-9.

8 Onell C, et al. BMJ Open Sp Ex Med 2023;9:¢001679. doi:10.1136/bmjsem-2023-001679

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z AeN Tz uo wodfwg wasuadolwg//:sdny woly papeojumoq "€20Z 1oquiadag TZ Uo 629T00-S20z-waslwa/oeTT 0T Se payslgnd 1siiy :auIdipapy asialax3 ¥ uods uado rINg


http://dx.doi.org/10.1123/ijsnem.2018-0142
http://dx.doi.org/10.1123/ijsnem.2018-0142
http://dx.doi.org/10.1136/bjsports-2023-106994
http://dx.doi.org/10.3390/metabo13020168
http://dx.doi.org/10.1111/sms.13030
http://dx.doi.org/10.3390/nu12113357
http://dx.doi.org/10.1186/s12970-019-0292-9
http://dx.doi.org/10.1186/s12970-019-0292-9
http://dx.doi.org/10.7717/peerj.11940
http://dx.doi.org/10.1146/annurev-nutr-071812-161205
http://dx.doi.org/10.3923/pjbs.2010.93.96
http://dx.doi.org/10.1155/2022/8387271
http://dx.doi.org/10.1123/ijsnem.2013-0023
http://dx.doi.org/10.3389/fspor.2022.869594
http://dx.doi.org/10.1139/apnm-2015-0428
http://dx.doi.org/10.1123/ijsnem.2013-0247
http://dx.doi.org/10.4324/9781315681528
http://dx.doi.org/10.4324/9781315681528
http://dx.doi.org/10.1097/00041433-200202000-00002

	Dietary habits in adolescent male and female handball players: the Swedish Handball Cohort
	Abstract
	Introduction﻿﻿
	Methods
	The Swedish Handball Cohort
	Dietary habits
	Meal frequency
	Meal timing
	Adherence to the Nordic Nutrition Recommendations
	Food exclusions
	Use of dietary supplements

	Statistical analyses
	Patient and public involvement

	Results
	Meal frequency
	Meal timing
	Adherence to the Nordic Nutrition Recommendations
	Food exclusions
	Use of dietary supplements

	Discussion
	Methodological discussion
	Limitations
	Clinical implications

	Conclusions
	References


