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Handball Cohort
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Martin Asker @ 2

ABSTRACT

Objectives To assess the association between (1)
dietary habits and knee/shoulder injury incidence in male
and female adolescent handball players and (2) menstrual
dysfunction and injury incidence in females.

Methods This study is based on seasons 2020-2022 of
the Swedish Handball Cohort including 1144 participants
(1703 player seasons) free from a substantial knee and
shoulder injury. Participants self-reported meal frequency,
meal timing, nutritional intake and menstrual function
(season 2022/2023) at baseline. Weekly follow-ups
throughout the season assessed training and matches, and
substantial knee/shoulder injuries. Cox regression analyses
estimated a hazard rate ratio (HRR) with the first event of a
knee/shoulder injury (combined), with minutes of handball
training and matches as the timescale.

Results In females, adjusted analyses generated an
HRR for knee/shoulder injuries of 1.46 (95% Cl 1.08, 1.98)
for moderate-high nutritional quality compared with low
quality and an HRR of 1.38 (95% Cl 1.02, 1.86) for >2
unfavourable dietary habits compared with 1 unfavourable
dietary habit. For poor meal timing, adjusted analyses
generated an HRR of 1.20 (95% Cl 0.90, 1.61) compared
with adequate timing in females. In males, adjusted
analyses generated an HRR of 1.23 (95% Cl 0.69, 2.17)
for low meal frequency and an HRR of 0.83 (95% Cl 0.60,
1.15) for poor meal timing.

Conclusions In adolescent female handball players,
moderate-high nutritional quality and >2 unfavourable
dietary habits are associated with higher knee/shoulder
injury incidence; whereas, no or unprecise associations
were found for other dietary habits in females and males
and for menstrual dysfunction in females.

BACKGROUND

Handball is a popular youth team sport
alternating between offensive and defensive
elements including rapid changes of direc-
tion, abrupt landings and repetitive throws.
Given these characteristics, handball is
one of the most injury-prone sports, where
lower limb and shoulder injuries are most
common.' Studies on Swedish adolescent
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Inadequate dietary habits such as low meal fre-
quency and intake of low energy-dense foods are
associated with injuries in adolescent athletes from
weight-sensitive sports. Also, menstrual dysfunc-
tion has been found to be associated with injuries
in female athletes. These associations have been
less studied in team-sport athletes, such as in ad-
olescent handball players at handball-profiled high
schools.

WHAT THIS STUDY ADDS

= This study suggests that female adolescent hand-
ball players with a moderate-high nutritional quality
(ie, moderate-high adherence to the Nordic Nutrition
Recommendations) and >2 dietary habits not in
accordance with sports nutrition recommendations
have a higher rate of knee/shoulder injuries during
the handball season, compared to females with a
low nutritional quality and <2 dietary habits not in
accordance with recommendations. For male ado-
lescent handball players, the results are less certain.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings may be valuable for athletes and
coaches in order to implement nutritional strategies
promoting health and performance. Highlighting the
importance of a proper energy and nutrient intake
in adolescent sports settings, where sports nutrition
recommendations have precedence over national
dietary guidelines, may bring sustainable health

promotion for adolescent athletes.

handball players show a 23% season preva-
lence® of a substantial shoulder problem and
a 32% one-year prevalence’ of a substantial
knee problem, with a substantial problem
being defined as a problem so severe that it
impacts athletes’ training or performance.
Sports
including persistent pain, discontinued sports

injuries may have implications
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participation, loss of social interactions, mental health
problems and poor lifestyle behaviours.*™®

Insufficient energy and nutrient availability in adoles-
cent athletes may compromise recovery and adaptation
to training as well as increase the risk of injuries, poor
bone health and delayed puberty.” Imbalance between
energy intake and expenditure with respect to training
load may result in problematic (long-term/severe) low
energy availability (LEA), manifested as relative energy
deficiency in sports (REDs) with potential impact on
metabolic, cardiovascular and psychological health.®
The prevalence of LEA and REDs indicators (ie, symp-
toms) is estimated to be 23%-80% in female athletes.”
Menstrual dysfunction is identified as a primary indicator
of LEA, affecting an estimated 32% (range 8%-86%) of
female athletes’ and is associated with impaired perfor-
mance,'’ ' bone stress injuries and musculoskeletal
injuries in adolescent females.''™"?

Handball players are recommended to have a suffi-
cient intake of energy and nutrients to maintain health
and performance. Yet, studies report that handball
players, just like athletes in many other disciplines, fail to
meet sports nutrition recommendations for energy and
carbohydrates'*™"® as well as micronutrients.'”™? Meal
skipping® and non-adherence to recommended intakes
of fruits, vegetables and fish®' have been associated with
injuries in adolescent athletes. In a cross-sectional study
of 1040 adolescent handball players,* we found that meal
frequency of >4 meals per day and meal timing before
and after training were in accordance with sports nutri-
tion recommendations; whereas, adherence to general
recommendations of fruits/vegetables intake of >500
grams per day and fish/seafood intake of >2 times per
week was poor. Furthermore, reports on fewer daily meals
and more supplementation of vitamins and minerals
in adolescent female handball players compared with
males® indicate that females may have more restrictive
dietary behaviours and, thus, may be at risk of problem-
atic LEA and injuries."* %’

To the best of our knowledge, cohort studies investi-
gating the association between dietary habits and injury
incidence in adolescent handball players are lacking.
Knowledge about potential risk factors for the most
common and burdensome injuries in this population
is warranted. Therefore, in this study, the primary aim
was to assess the association between dietary habits and
knee/shoulder injury incidence in adolescent male and
female handball players. The secondary aim was to inves-
tigate the association between menstrual dysfunction and
knee/shoulder injuries in adolescent female handball
players.

METHODS

This study is based on data from the Swedish Hand-
ball Cohort (SHC), a cohort study with the overall aim
to investigate risk factors and evaluate implementation

of injury prevention exercise programmes in youth
handball. Accredited handball-profiled high schools

in Sweden were invited to participate. For the schools
that accepted participation in the study, the responsible
handball instructor distributed the study information
to the players. The inclusion criterium in the SHC was
enrolment to any of the handball-profiled high schools
in Sweden that agreed to let their handball players be
asked to participate in 2020-2022. There were no exclu-
sion criteria. The web-based baseline survey and weekly
follow-ups were administered electronically by a survey
platform (lynes Technologies Sweden AB). Participants
responded to the baseline web-survey in the beginning of
the handball season and were monitored with web-based
follow-ups every week on Sundays throughout the season,
for approximately 8months. Two reminders about
responding to the follow-ups were sent through the lynes
smartphone application as well as emails and short text
messages (SMS). Participants who had not responded
within 4 days were reminded by study personnel through
a phone call.

Study population

Thirty-six Swedish handball-profiled high schools with a
total of 1991 potential participants were invited to partic-
ipate in the SHC seasons 2020/2021, 2021/2022 and
2022/2023. Of those, 1251 adolescent handball players
(63%) from 22 schools (61%) agreed to participate.
A total of 107 participants with a substantial knee or
shoulder injury at baseline were excluded, resulting in a
sample of 1144 shoulder and knee injury-free participants
(642 females, 603 males). Season 2020,/2021 included
551 participants (271 females, 280 males), season
2021/2022 included 600 participants (280 females, 320
males) and season 2022/2023 included 552 participants
(244 females, 308 males). A total of 467 participants were
included in more than one season, resulting in 1703
player seasons. The average weekly follow-up rate during
the three seasons was 75%.

Baseline measurements

Participants responded to the baseline survey in the fall
of 2020, and/or 2021, and/or 2022. The survey included
questions about demographics, playing level, playing
position, training and sleep habits, past and current inju-
ries and dietary habits. Questions related to menstrual
function were added for females in the baseline survey
season 2022/2023. A summary of all exposures, outcomes,
covariates and categorisation in the statistical analyses is
presented in online supplemental table 1.

Meal frequency

Daily meal frequency was reported as intake frequency of
main meals and in-between snacks. Low meal frequency
was dichotomised to reporting <4 meals per day.

Meal timing

Meal timing was reported as having a main meal, a
snack or no meal within 3hours before and 1 hour after
training, and consuming carbohydrate-rich foods and
fluids (eg, gels/bars) during matches. Poor meal timing
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was dichotomised to reporting no main meal within
recommended time spans before/after training, as well
as reporting no carbohydrate intake during matches.

Nutritional quality

A food frequency questionnaire (FFQ) developed by
the Swedish Food Agency” was used to assess the diet’s
nutritional quality (NQ) as adherence to the Nordic
Nutrition Recommendations (NNR). The habitual intake
frequency of vegetables/legumes, fruits/berries, whole-
grain bread, crispbread, fried potatoes/French fries,
fish/seafood, sausage, chocolate/candy, pastries, high-fat
cheese and sugarsweetened beverages over the prior 12
months were reported from never or <1 time per month
to >4 times per day. The intake frequency of each food
item corresponds to an NQ score based on adherence to
the NNR (online supplemental table 2). A sum score of
each food item’s score generated an NQ index between 0
and 12 where scoring 0—4 corresponded to low NQ, 5-8
to moderate NQ and 9-12 to high NQ, according to the
Swedish Food Agency.”® ** The reliability and criterion
validity of the NQ index has been shown to be accept-
able.” A moderate-high NQ was dichotomised to an NQ
score 25.

Menstrual function

Menstrual function was assessed in females responding to
the baseline survey in season 2022/2023 with items from
the Low Energy Availability in Females Questionnaire
(LEAF-Q)® including time since last menstrual cycle and
number of menstruations the past 12 months. In females
reporting no use of hormonal contraceptives, menstrual
dysfunction was dichotomised to reporting no menarche
(primary amenorrhea), no menstrual bleeding for >3
consecutive months (secondary amenorrhea) or <8
menstruations the past 12 months (oligomenorrhea).*

Follow-up measurements

The follow-ups were weekly web-based reports sent out
from baseline until May in 2021, 2022 and 2023 including
questions about training and match volume, injury and
lost time from handball participation over the prior
week, as well as the Oslo Sports Trauma Research Center
Overuse Injury Questionnaire (OSTRC-0).*’

Knee/shoulder injuries

A Swedish version® of the OSTRC-O was used to assess
the outcome. The OSTRC-O evaluates injury conse-
quences with respect to sports participation, training
volume, sports performance and pain,” assessed in
participants reporting other than full participation. In
this study, the outcome was the first event of a substan-
tial knee/shoulder injury, defined as reporting having at
least a moderate reduction in training volume or perfor-
mance the past week due to a knee or shoulder problem
(combined).

Statistical analyses
A prevalence ratio with a 95% CI for dietary habit expo-
sures by sex was calculated by dividing the prevalence of

each risk dietary habit in females by the prevalence of
the same habit in males. Crude and adjusted Cox propor-
tional hazard regression models were built to assess the
association between the exposures of low meal frequency,
poor meal timing, moderate-high NQ, =2 unfavourable
dietary habits (ie, low meal frequency, poor meal timing
and/or moderate-high NQ) and menstrual dysfunction
and the outcome knee/shoulder injuries. Associations
were reported as a hazard rate ratio (HRR) with a corre-
sponding 95% CI.

Assumptions for Cox regression analyses were checked
with plots of the Schoenfeld and Martingale residuals
indicating proportional hazards and no non-linearity or
influential observations. Sensitivity analyses with adjust-
ment for being included more than one season were
performed stratified by sex. Total weekly minutes in hand-
ball training and matches were the underlying timescale,
starting from the first week of follow-up throughout the
handball season, where each participant had a cumula-
tive exposure time at risk. Participants lost to follow-up
after baseline were censored.

Since time at risk was based on amount of handball
training and matches, those reporting other reasons
than knee/shoulder injuries for not fully participating in
handball the past week (eg, school break, other injury/
illness) were not censored. Participants were assigned a
unique player season identification number and handled
as a ‘new’ participant in each season, if they participated
more than one season. If re-entering as a new player
season the next season, the participants were included
again despite having an injury during the past season.

Potential confounding factors were chosen a priori
based on clinical experience and scientific literature,
considering their potential role as mediators or colliders,
as illustrated in a directed acyclic graph (DAG) in online
supplemental figure 1. All suggested covariates were
included in the final model. Data management and
statistical analyses were performed in R version 4.2.1
(2022-06-23 UCRT).

Patient and public involvement

The conduct of the SHC originated from the knowledge
of a high burden of injuries in youth handball and the
Swedish Handball Federation was consulted in the plan-
ning and preparation of this study. Nutrition is key for
health as well as sports performance and recovery and
the dietary domains targeted in this study were deter-
mined based on clinical experience, involving active
adolescents and practitioners to ensure relevant ques-
tions to the intended population. None of the above
had any influence on the analyses, interpretation of the
results or manuscript preparation.

RESULTS

Descriptive characteristics of the participants are
presented in table 1. Forty-seven percent were female,
and the mean age was 16.7+0.8 years and 16.7+0.9 years
for males and females, respectively. The majority of the
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Table 1 Baseline participant characteristics presented as player seasons

Male (n=908) Female (n=795)
Age, mean years+SD 16.7+0.8 16.7+0.9
Playing handball, mean years+SD 9.4+2.3 9.8+2.0
School grade, n (%)
1st year 360 (40) 289 (36)
2nd year 322 (35) 275 (35)
3rd year 226 (25) 231 (29)
Playing level past season, n (%)
Regional level* 672 (74) 578 (73)
National level® 236 (26) 217 (27)
Playing position, n (%)
Backcourt player 443 (49) 424 (53)
Wing player 198 (22) 147 (18)
Goalkeeper 133 (15) 123 (15)
Line player 134 (15) 101 (13)
Matches past season, mean n per week+SD 1.1+0.8 1.2+0.9
On-court training past season, mean hours per week+SD  6.5+2.4 6.3+2.3
Off-court training past season, mean hours per week+SD  4.2+2.2 4.1+2.0
Previous knee/shoulder injury, n (%) 497 (55) 434 (55)
Use of dietary supplements, n (%) 260 (29) 188 (24)

*Played for a local club or district team prior season.

TPlayed for a national youth team/summoned to a national camp prior season.

participants played handball on a regional level as back-
court players and went to first year of high school. Also,
the majority of both males and females reported having
had a previous knee or shoulder injury.

The proportion of participants with and without the
potential risk dietary habit exposures at baseline is
presented in table 2. Moderate-high NQ (ie, scoring =5
on the 12-point NQ index) was the most common dietary
habit exposure in both males and females; whereas, low
meal frequency (ie, <4 meals per day) was least common.

It was more common to have one unfavourable dietary
habit than >2 unfavourable dietary habits.

Knee/shoulder injury incidence rate

Thirteen female player seasons (2%) were lost to
follow-up, generating 782 female player seasons. A total
of 199 events of knee/shoulder injuries occurred in
females with a mean time at risk of 220 hours. Total time
at risk was 79 328 hours, giving an incidence rate of 2.51
events/1000 hours of handball training and matches.

Table 2 Dietary habit exposure status at baseline

Prevalence ratio*

Male (n=908) Female (n=795) (95% Cl)

Yes No Yes No
Low meal frequencyt, n (%) 82 (9) 826 (91) 107 (13) 688 (87) 1.49 (1.14, 1.96)
Poor meal timing¥, n (%) 353 (39) 555 (61) 311 (39) 484 (61) 1.00 (0.88, 1.14)
Moderate-high NQ§, n (%) 432 (48) 476 (52) 499 (63) 296 (37) 1.32 (1.21, 1.44)
>2 unfavourable dietary habits, n (%) 190 (21) 718 (79) 238 (30) 557 (70) 1.43 (1.22, 1.69)

*Prevalence ratio of dietary habit exposures comparing sex with male as reference group.

T<4 meals per day.

FNo main meal within recommended time spans before/after training and no carbohydrate intake during matches.

§>5 on the 12-point NQ index.

Yl<4 meals per day and/or having no main meal within recommended time spans before/after training and no carbohydrate intake during

matches and/or scoring >5 on the 12-point NQ index.
NQ, nutritional quality.

4 Onell C, et al. BMJ Open Sp Ex Med 2025;11:€002332. doi:10.1136/bmjsem-2024-002332
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A
22 unfavorable dietary habits S e
HRR 1.39 (95% CI1 1.03, 1.86)
Moderate-high nutritional quality ——
HRR 1.41 (95% CI 1.04, 1.90)
Poor meal timing ——
HRR 1.22 (95% C1 0.92, 1.62)
Low meal frequency —t—
HRR 1.09 (95% CI10.72, 1.65) Hazard rate ratio (HRR)*
0.5 1.0 1.5 2.0 25
B
22 unfavorable dietary habits ————
HRR 1.38 (95% Cl 1.02, 1.86)
Moderate-high nutritional quality ——
HRR 1.46 (95% Cl 1.08, 1.98)
Poor meal timing ———
HRR 1.20 (95% C1 0.90, 1.61)
Low meal frequency —_—e—
HRR 1.02 (95% CI 0.67, 1.56) Hazard rate ratio (HRR)*
0.5 1.0 15 2.0 25
Figure 1 Hazard rate ratio with 95% CI of the (A) crude and

(B) adjusted (previous knee/shoulder injury, playing position,
playing level, use of dietary supplements and sleep hours)
associations between dietary habits and knee/shoulder injury
incidence in adolescent female handball players (n=782).
"Hazard rate ratio >1 indicates a higher injury risk, and <1
indicates a lower injury risk.

Fourteen male player seasons (2%) were lost to
follow-up after baseline, generating a total sample of
894 male player seasons. A total of 173 events of knee/
shoulder injuries occurred in males with a mean time
at risk of 238 hours. Total time at risk for males was 87
721 hours, giving an incidence rate of 1.97 events/1000
hours of handball training and matches.

Dietary habits, menstrual dysfunction and the association
with injuries

The crude and adjusted associations between dietary
habits and knee/shoulder injury incidence in females
are presented in figure 1. Crude Cox regression analyses
generated an HRR for knee/shoulder injuries of 1.41
(95% CI 1.04, 1.90) for moderate-high NQ and adjusted
analyses generated an HRR of 1.46 (95% CI 1.08, 1.98).
For 22 unfavourable dietary habits, crude analyses gener-
ated an HRR of 1.39 (95% CI 1.03, 1.86) and adjusted
analyses an HRR of 1.38 (95% CI 1.02, 1.86).

A total of 139 females (17%) reported no use of
hormonal contraceptives at baseline in season 2022,/2023
and were included in the analyses of the association
between menstrual dysfunction and injuries. Of these,

33 (24%) had a menstrual dysfunction. The crude and
adjusted analyses generated an HRR for menstrual
dysfunction of 0.75 (95% CI 0.36, 1.56) and 1.03 (95%
CI 0.45, 2.36), respectively.

Crude and adjusted HRR for the associations between
dietary habits and injuries in males are presented in
figure 2. Crude Cox regression analyses generated an
HRR for knee/shoulder injuries of 1.07 (95% CI 0.61,
1.89) for low meal frequency and adjusted analyses
generated an HRR of 1.23 (95% CI 0.69, 2.17). For poor
meal timing, crude analyses generated an HRR of 0.90
(95% CI 0.65, 1.24) and adjusted analyses an HRR of 0.83
(95% CI10.60, 1.15).

Sensitivity analyses for each exposure of dietary habits
and the outcome, with adjustment for being included
more than one season, are presented in online supple-
mental table 3. Overall, inclusion in more than one
season did not change the associations.

DISCUSSION

Dietary habits and the association with injuries

The main findings of this study were that a moderate-high
NQ and =2 unfavourable dietary habits (not meeting the
sports nutrition recommendations meal frequency, meal

A
22 unfavorable dietary habits —e——
HRR 0.89 (95% CI 0.60, 1.33)
Moderate-high nutritional quality ——
HRR 0.97 (95% C10.72, 1.31)
Poor meal timing 1
HRR 0.90 (95% C10.65, 1.24)
Low meal frequency L
HRR 1.07 (95% CI 0.61, 1.89) Hazard rate ratio (HRR)*
0.5 1.0 15 2.0 25
B
22 unfavorable dietary habits —eT—
HRR 0.89 (95% CI 0.60, 1.33)
Moderate-high nutritional quality ——
HRR 1.04 (95% C10.77, 1.41)
Poor meal timing —e——
HRR 0.83 (95% CI 0.60, 1.15)
Low meal frequency k L 2 1
HRR 1.23 (95% CI1 0.69, 2.17) Hazard rate ratio (HRR)*

0.5 1.0 1.5 2.0 2.5
Figure 2 Hazard rate ratio with 95% ClI of the (A) crude and
(B) adjusted (previous knee/shoulder injury, playing position,
playing level, use of dietary supplements and sleep hours)
associations between dietary habits and knee/shoulder
injury incidence in adolescent male handball players (n=894).
"Hazard rate ratio >1 indicates a higher injury risk, and <1
indicates a lower injury risk.
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timing or having a moderate-high NQ) were associated
with a 46% and 38% higher injury incidence in female
adolescent handball players, respectively, compared with
low NQ and only one unfavourable dietary habit. The
motivation for including a variable with >2 unfavourable
dietary habits was to capture a potential additional effect
by having more than one dietary habit not according to
recommendations. For example, participants with a low
meal frequency may have the chance to meet their daily
energy requirements even with fewer energy-dense meals
than the recommended 4-6 daily meals. However, partic-
ipants with a low meal frequency who have a moderate
or high NQ (ie, likely an overall less energy-dense diet)
might have more challenges with meeting the energy
requirements, hence, be at higher risk of problematic
LEA. Given that this study found an association between
22 unfavourable dietary habits and injuries, this is a
possible explanation. Furthermore, poor meal timing
was associated with a 20% increased injury incidence in
females, but the results were unprecise given the wide CI
including the null association. Also, no associations were
found between low meal frequency and injuries, which
contradicts a previous study in adolescent female skaters
where meal skipping was associated with injuries.*’

The associations between low meal frequency and
poor meal timing, respectively, and injuries in male
adolescent handball players, were unprecise with a wide
CI including the null association. Also, no associations
were found for moderate-high NQ in males. This could
be explained by this group of male athletes having suffi-
cient energy intakes in relation to their demands or due
to misreporting of dietary habits. However, it should be
emphasised that LEA, as well as disordered eating and
eating disorders, are prevalent among male team-sport
athletes,” and more studies assessing REDs in males and
the potential impacts on health and performance are
needed.?! Also, future studies are warranted that investi-
gate the potential sex differences in diet-energy balance
in team sports to further deepen the understanding of
dietary habits and injuries in males.

This study found that a moderate-high NQ (ie,
moderate-high adherence to the NNR) was a potential
injury risk factor in females. The NNR aim to promote
healthy eating in the general population to prevent
lifestyle-related conditions of public health concern such
as obesity, type 2 diabetes and cardiovascular diseases.
Therefore, the NNR include a high intake of nutrient-
dense foods (eg, fruits/vegetables, fish, whole grains,
fibre) and low intake of energy-dense foods with less
nutrients (eg, refined grains, fast foods, candy and sugar-
sweetened beverages). Although adhering to the NNR
increases the chance of meeting requirements of essen-
tial micronutrients in athletes as well as non-athletes, the
general recommendations are less suitable for athletes.”
There are several challenges associated with meeting the
extensive energy and carbohydrate requirements as an
adolescent athlete, including exercise-induced appetite-
suppression and limited food availability” as well as

restrictive eating behaviours.” Adolescent athletes are
recommended to have a sufficient intake of carbohy-
drates and energy-dense foods,” ** yet female field-based
team sports athletes tend to have insufficient intakes of
energy as well as carbohydrates.”* A low energy-dense diet
high in fibre, as promoted through the NNR, has been
associated with problematic LEA in female athletes.”
Our crosssectional study”® in adolescent handball
players, with a population included also in the current
study, found a tendency towards restrictive dietary habits
in females, which might explain the association between
a moderate-high NQ and injuries in the current study.

Menstrual dysfunction and the association with injuries in
females
Only a small proportion (17%) of the females reported
no use of hormonal contraceptives at baseline and were
included in the analyses. The prevalence of menstrual
dysfunction of 24% is what would be expected compared
with previous reports of female athletes.” *® No associa-
tions were found with injuries with a wide Cl including the
null association, in contrast with previous findings.'"™"?
Several possible reasons exist to explain the conflicting
findings. First, only 33 females were included in the
Cox regression analyses. It is furthermore possible that
menstrual dysfunction in the included females could be
due to other reasons than LEA, such as polycystic ovary
syndrome or not having established regular menstrual
bleeding due to young age,” or that a potential under-
lying LEA was not long-term/severe but could have
impacted injury risk if followed for a longer period of
time. Alternatively, there might be no association or asso-
ciations between menstrual dysfunction and other injury

types.

Limitations

This study includes a large sample of adolescent
handball players from the majority of the handball-
profiled high schools in Sweden with a high follow-up
rate, which reduces the risk of selection bias. Also, a
cohort without the outcome at baseline strengthens
the validity of a causal association. Yet, residual or
unmeasured confounding cannot be ruled out, and
ascertaining causality is therefore not possible. As
an example, it is possible that non-reported injuries
in other body areas than knee and shoulders could
have had an impact on the choice of dietary habits
prior to enrolment in the study. Moreover, measures
of other potential confounders that might explain
the found associations, such as psychosocial factors,
are lacking, and should suggestively be included in
future studies. The rationale for including different
measures of dietary habits was based on the fact that
self-registered methods for ascertaining energy and
nutrient intakes (eg, weighed food record) are not
feasible in large observational studies. However, self-
reported health behaviours tend to be reported in
accordance with social desirability. Using questions
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about dietary habits validated in adolescent athletes
would possibly reduce the risk of misclassification of
the exposures. Menstrual dysfunction was measured
as a proxy for problematic LEA, yet collected only
during one season, which likely could introduce
a sparse-data bias considering the findings with
relatively wide Cls. Evaluating these symptoms for
problematic LEA during several seasons would yield
more comprehensive insights. Since the SHC is
ongoing and a new cohort of adolescent handball
players is included every season, we will be able to use
extensive menstruation data across multiple seasons
in the future to assess its relationship with injuries.
Also, the lack of measurements of eating attitudes
and other symptoms of REDs in females (eg, mental
problems) as well as in males (eg, libido) is a limita-
tion.

The injury assessment was conducted based on best-
practice recommendations® including the widely
adopted OSTRC-O for capturing gradual and sudden
onset injuries, where impact on athletes’ participa-
tion and sporting performance defined the severity of
the problem (ie, substantial injury). Instead, having
asked about injuries without accounting for impact
on training/performance would likely have biased
the results since many athletes train despite injuries
and pain.37 Yet, if the association between dietary
habits and injuries differs between injury types,
the results may not be generalisable. A substantial
problem captured based on impact on training and
performance might introduce random errors such as
choosing the wrong answer in the survey. Also, the
OSTRC-O captures a problem but does not assess
what type of problem (eg, pain, stiffness). To yield
more nuanced insights about injuries, future studies
using the OSTRC-O could consider also stratifying
injuries by type or severity.

This study included participants throughout three
seasons and 41% of the participants were enrolled
in more than one season. Sensitivity analyses with
adjustment for being included in the SHC more than
one season were performed, however, did not change
the associations. It is also reasonable to assume that
enrolment in several seasons is not associated with
dietary habits.

CONCLUSIONS

In adolescent female handball players, a moderate-
high nutritional quality and having more than one
unfavourable dietary habit are associated with higher
knee/shoulderinjuryincidence while no or unprecise
associations were found for meal frequency, meal
timing and menstrual dysfunction, as well as for male
adolescent handball players. This study sheds light
on the potential importance of promotion of sports
nutrition recommendations for athletes for a healthy
athletic career.

Open access

Author affiliations

"Handball Research Group, Department of Health Promoting Science,
Sophiahemmet University, Stockholm, Sweden

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

*Institute for Disability and Rehabilitation Research and Faculty of Health Sciences,
Ontario Tech University, Oshawa, Ontario, Canada

“Capio Ortho Center Skane, Malmé, Sweden

SSport Without Injury Programme (SWIPE), Department of Health, Medicine and
Caring Sciences, Linkoping University, Linkoping, Sweden

%Department of Public Health, Analysis and Data Management, Public Health
Agency of Sweden, Solna, Sweden

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

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

°Department of Sport Science, Linnaeus University, Vaxjo/Kalmar, Sweden, Swedish
Olympic Research Fellow

X Markus Waldén @MarkusWalden, Martin Hagglund @MHgglund and Anna Melin
@AnnaMelin4

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, MW, MH 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 AM, KE, HK, ES, PC, MW, MH and MA. CO, AM, KE, HK,
ES, PC, MW, MH and MA contributed to the interpretation of the findings, 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 2022/10 P2023-0105, 2021/9 P2022-0167
and 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 The Swedish Ethical Review Authority (reference no. 2019—
03905, 2020-04797, 2021-04115 and 2022-02660-02) gave ethical approval for
the study and participants gave their written informed consent prior to enrolment.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The
datasets analysed during the current study are not publicly available due to
the protection of personal information and integrity but are available from the
corresponding author 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
Pierre Coté http://orcid.org/0000-0002-6986-6676
Markus Waldén http://orcid.org/0000-0002-6790-4042

Onell C, et al. BMJ Open Sp Ex Med 2025;11:€002332. doi:10.1136/bmjsem-2024-002332

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 9z0z Arenuer g uo wodlwg wasuadolwg//:sdiny wolj papeojumoq ‘'GZ0zZ YdIeN £ U0 ZEEZ00-720z-waslwag/oeTT 0T Se paysignd 1siiy :auidipapy asiaiax3 % 1ods uado rING


https://x.com/MarkusWalden
https://x.com/MHgglund
https://x.com/AnnaMelin4
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4410-0981
http://orcid.org/0000-0002-6986-6676
http://orcid.org/0000-0002-6790-4042

Martin Hagglund http://orcid.org/0000-0002-6883-1471

Klara
Anna

Edlund http://orcid.org/0000-0002-2614-5174
Melin http://orcid.org/0000-0002-8249-1311

Martin Asker http://orcid.org/0000-0002-5387-3572

REF
1

10
11
12

13
14

15

ERENCES

Vila H, Barreiro A, Ayan C, et al. The Most Common Handball
Injuries: A Systematic Review. Int J Environ Res Public Health
2022;19:10688.

Asker M, Holm LW, Kéllberg H, et al. Female adolescent elite
handball players are more susceptible to shoulder problems than
their male counterparts. Knee Surg Sports Traumatol Arthrosc
2018;26:1892-900.

Asker M, Hagglund M, Waldén M, et al. The Effect of Shoulder

and Knee Exercise Programmes on the Risk of Shoulder and Knee
Injuries in Adolescent Elite Handball Players: A Three-Armed Cluster
Randomised Controlled Trial. Sports Med Open 2022;8:91.
Reardon CL, Hainline B, Aron CM, et al. Mental health in elite
athletes: International Olympic Committee consensus statement
(2019). Br J Sports Med 2019;53:667-99.

DiFiori JP, Benjamin HJ, Brenner JS, et al. Overuse injuries

and burnout in youth sports: a position statement from the
American Medical Society for Sports Medicine. Br J Sports Med
2014;48:287-8.

Silva AM, Nunes CL, Jesus F, et al. Effectiveness of a lifestyle
weight-loss intervention targeting inactive former elite athletes:

the Champ4Life randomised controlled trial. Br J Sports Med
2022;56:394-401.

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.

Mountjoy M, Ackerman KE, Bailey DM, et al. 2023 International
Olympic Committee’s (IOC) consensus statement on Relative Energy
Deficiency in Sport (REDs). Br J Sports Med 2023;57:1073-98.
Taim BC, O Cathain C, Renard M, et al. The Prevalence of Menstrual
Cycle Disorders and Menstrual Cycle-Related Symptoms in
Female Athletes: A Systematic Literature Review. Sports Med
2023;53:1963-84.

Vanheest JL, Rodgers CD, Mahoney CE, et al. Ovarian suppression
impairs sport performance in junior elite female swimmers. Med Sci
Sports Exerc 2014;46:156-66.

Ihalainen JK, Kettunen O, McGawley K, et al. Body Composition,
Energy Availability, Training, and Menstrual Status in Female
Runners. Int J Sports Physiol Perform 2021;16:1043-8.
Thein-Nissenbaum JM, Rauh MJ, Carr KE, et al. Menstrual
irregularity and musculoskeletal injury in female high school athletes.
J Athl Train 2012;47:74-82.

Rauh MJ, Nichols JF, Barrack MT. Relationships among injury and
disordered eating, menstrual dysfunction, and low bone mineral
density in high school athletes: a prospective study. J Athl Train
2010;45:243-52.

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.

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.

Castillo M, Lozano-Casanova M, Sospedra |, et al. Energy and
Macronutrients Intake in Indoor Sport Team Athletes: Systematic
Review. Nutrients 2022;14:4755.

Molina-Lépez J, Molina JM, Chirosa LJ, et al. Implementation of a
nutrition education program in a handball team; consequences on
nutritional status. Nutr Hosp 2013;28:1065-76.

Molina-Lépez J, Molina JM, Chirosa LJ, et al. Effect of folic acid
supplementation on homocysteine concentration and association
with training in handball players. J Int Soc Sports Nutr 2013;10:10.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Allison RJ, Close GL, Farooq A, et al. Severely vitamin D-deficient
athletes present smaller hearts than sufficient athletes. Eur J Prev
Cardiol 2015;22:535-42.

Jederstrdm M, Agnafors S, Ekegren C, et al. Determinants of Sports
Injury in Young Female Swedish Competitive Figure Skaters. Front
Sports Act Living 2021;3:686019.

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. Scandinavian Med Sci Sports
2017;27:1364-71.

Onell C, Skillgate E, Melin A, et al. Dietary habits in adolescent male
and female handball players: the Swedish Handball Cohort. BMJ
Open Sport Exerc Med 2023;9:e001679.

Sepp H, Ekelund U, Becker W. Enkétfrdgor Om Kost Och

Fysisk Aktivitet Bland Vuxna - Underlag till Urval Av Fragor i
Befolkningsinriktade Enkéter. Uppsala: Livsmedelsverket, 2004.
Enghardt Barbieri H. Synen pa bra matvanor och kostrad - en
utvardering av livsmedelsverkets rad. Uppsala: Livsmedelsverket;
2013.

Melin A, Tornberg AB, Skouby S, et al. The LEAF questionnaire: a
screening tool for the identification of female athletes at risk for the
female athlete triad. Br J Sports Med 2014;48:540-5.

Elliott-Sale KJ, Minahan CL, de Jonge XAKJ, et al. Methodological
Considerations for Studies in Sport and Exercise Science with
Women as Participants: A Working Guide for Standards of Practice
for Research on Women. Sports Med 2021;51:843-61.

Clarsen B, Myklebust G, Bahr R. Development and validation of a
new method for the registration of overuse injuries in sports injury
epidemiology: the Oslo Sports Trauma Research Centre (OSTRC)
overuse injury questionnaire. Br J Sports Med 2013;47:495-502.
Ekman E, Frohm A, Ek P, et al. Swedish translation and validation
of a web-based questionnaire for registration of overuse problems.
Scand J Med Sci Sports 2015;25:104-9.

Clarsen B, Bahr R, Myklebust G, et al. Improved reporting of
overuse injuries and health problems in sport: an update of the Oslo
Sport Trauma Research Center questionnaires. Br J Sports Med
2020;54:390-6.

Baldo Vela D, Villarino Marin AL, Bonfanti N, et al. Prevalence of
eating disorders on male team sports players. BMJ Open Sport
Exerc Med 2021;7:e¢001161.

Hackney AC, Melin AK, Ackerman KE, et al. REDs alert: male
athletes be wary and scientists take action! Br J Sports Med
2023;57:1066-7.

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

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.

Renard M, Kelly DT, Chéilleachair NN, et al. How Does the
Dietary Intake of Female Field-Based Team Sport Athletes
Compare to Dietary Recommendations for Health and
Performance? A Systematic Literature Review. Nutrients
2021;13:1235.

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.

von Rosen P, Heijne A, Frohm A, et al. Menstrual irregularity
and use of oral contraceptives in female adolescent athletes
in Swedish National Sports High Schools. Int J Adolesc Med
Health 2017;0.

Bahr R, Clarsen B, Derman W, et al. International Olympic
Committee Consensus Statement: Methods for Recording

and Reporting of Epidemiological Data on Injury and lliness in
Sports 2020 (Including the STROBE Extension for Sports Injury
and lliness Surveillance (STROBE-SIIS)). Orthop J Sports Med
2020;8:2325967120902908.

Onell C, et al. BMJ Open Sp Ex Med 2025;11:2002332. doi:10.1136/bmjsem-2024-002332

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 9z0z Arenuer g uo wodlwg wasuadolwg//:sdiny wolj papeojumoq ‘'GZ0zZ YdIeN £ U0 ZEEZ00-720z-waslwag/oeTT 0T Se paysignd 1siiy :auidipapy asiaiax3 % 1ods uado rING


http://orcid.org/0000-0002-6883-1471
http://orcid.org/0000-0002-2614-5174
http://orcid.org/0000-0002-8249-1311
http://orcid.org/0000-0002-5387-3572
http://dx.doi.org/10.3390/ijerph191710688
http://dx.doi.org/10.1007/s00167-018-4857-y
http://dx.doi.org/10.1186/s40798-022-00478-z
http://dx.doi.org/10.1136/bjsports-2019-100715
http://dx.doi.org/10.1136/bjsports-2013-093299
http://dx.doi.org/10.1136/bjsports-2021-104212
http://dx.doi.org/10.1123/ijsnem.2018-0269
http://dx.doi.org/10.1123/ijsnem.2018-0269
http://dx.doi.org/10.1136/bjsports-2023-106994
http://dx.doi.org/10.1007/s40279-023-01871-8
http://dx.doi.org/10.1249/MSS.0b013e3182a32b72
http://dx.doi.org/10.1249/MSS.0b013e3182a32b72
http://dx.doi.org/10.1123/ijspp.2020-0276
http://dx.doi.org/10.4085/1062-6050-47.1.74
http://dx.doi.org/10.4085/1062-6050-45.3.243
http://dx.doi.org/10.3390/nu11051160
http://dx.doi.org/10.3390/nu9020119
http://dx.doi.org/10.3390/nu14224755
http://dx.doi.org/10.3305/nh.2013.28.4.6600
http://dx.doi.org/10.1186/1550-2783-10-10
http://dx.doi.org/10.1177/2047487313518473
http://dx.doi.org/10.1177/2047487313518473
http://dx.doi.org/10.3389/fspor.2021.686019
http://dx.doi.org/10.3389/fspor.2021.686019
http://dx.doi.org/10.1111/sms.12735
http://dx.doi.org/10.1136/bmjsem-2023-001679
http://dx.doi.org/10.1136/bmjsem-2023-001679
http://dx.doi.org/10.1136/bjsports-2013-093240
http://dx.doi.org/10.1007/s40279-021-01435-8
http://dx.doi.org/10.1136/bjsports-2012-091524
http://dx.doi.org/10.1111/sms.12157
http://dx.doi.org/10.1136/bjsports-2019-101337
http://dx.doi.org/10.1136/bmjsem-2021-001161
http://dx.doi.org/10.1136/bmjsem-2021-001161
http://dx.doi.org/10.1136/bjsports-2023-106719
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/10.1186/s40798-020-00275-6
http://dx.doi.org/10.3390/nu13041235
http://dx.doi.org/10.1111/sms.12516
http://dx.doi.org/10.1515/ijamh-2017-0113
http://dx.doi.org/10.1515/ijamh-2017-0113
http://dx.doi.org/10.1177/2325967120902908

	Dietary habits and knee and shoulder injury incidence in adolescent male and female handball players: the Swedish Handball Cohort
	Abstract
	Background﻿﻿
	Methods
	Study population
	Baseline measurements
	Meal frequency
	Meal timing
	Nutritional quality
	Menstrual function
	Follow-up measurements
	Knee/shoulder injuries
	Statistical analyses
	Patient and public involvement

	Results
	Knee/shoulder injury incidence rate
	Dietary habits, ﻿﻿menstrual﻿﻿ dysfunction and the association with injuries

	Discussion
	Dietary habits and the association with injuries
	Menstrual dysfunction and the association with injuries in females
	Limitations

	Conclusions
	References


