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This study investigated the energy, macronutrient, and fluid intakes, as well as hydration status (urine specific gravity), in elite
cross-country skiers during a typical day of training (Day 1) and a sprint skiing competition the following day (Day 2). A total of
31 (18 males and 13 females) national team skiers recorded their food and fluid intakes and urine specific gravity was measured
on Days 1 and 2. In addition, the females completed the Low Energy Availability in Females Questionnaire to assess their risk of
long-term energy deficiency. Energy intake for males was 65 ± 9 kcal/kg on Day 1 versus 58 ± 9 kcal/kg on Day 2 (p = .002) and
for females was 57 ± 10 on Day 1 versus 55 ± 5 kcal/kg on Day 2 (p = .445). Carbohydrate intake recommendations of
10–12 g·kg−1·day−1 were not met by 89% of males and 92% of females. All males and females had a protein intake above the
recommended 1.2–2.0 g/kg on both days and a postexercise protein intake above the recommended 0.3 g/kg. Of the females, 31%
were classified as being at risk of long-term energy deficiency. In the morning of Day 1, 50% of males and 46% of females were
dehydrated; on Day 2, this was the case for 56% of males and 38% of females. In conclusion, these data suggest that elite cross-
country skiers ingested more protein and less carbohydrate than recommended and one third of the females were considered at
risk of long-term energy deficiency. Furthermore, many of the athletes were dehydrated prior to training and competition.
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Cross-country sprint skiing competitions involve four very
high-intensity efforts of 2–4 min, performed over 3–4 hr, com-
mencing with a qualification heat completed as an individual time
trial and followed by three subsequent head-to-head heats sepa-
rated by ∼20–25 min (Sandbakk et al., 2011; Stöggl et al., 2007).
Athletes typically exercise for 2 hr during a sprint skiing competi-
tion, completing four races over undulating terrain with fluctuating
exercise intensities, normally involving periods of high supramax-
imal intensities interspersed by a series of lower intensity warm-up
and cooldown bouts at ∼60–75% HRmax (Andersson et al., 2017;

Sandbakk et al., 2011; Swarén & Eriksson, 2017). Therefore, there
are significant energetic demands on athletes during sprint
skiing competitions over a sustained duration, despite there being
a maximum of only ∼16 min of very high-intensity exercise
(Andersson et al., 2017; Hébert-Losier et al., 2017; Stöggl
et al., 2007).

The availability of carbohydrate as a substrate for muscle
metabolism, muscle function, and central nervous system support
are important factors contributing to performance in prolonged,
intermittent high-intensity, as well as short-term high-intensity
exercise (Balsom et al., 1999; Hargreaves, 1999; Karelis et al.,
2010; Ørtenblad et al., 2011). The ingestion of carbohydrate at
specific times relative to training sessions and competitions in
cross-country sprint skiing is necessary to maintain high carbohy-
drate oxidation rates, to prevent hypoglycemia, and for the main-
tenance and restoration of muscle and liver glycogen content
(Burke et al., 2011; Jeukendrup, 2014). As low levels of muscle
glycogen have been related to impaired short-term exercise perfor-
mance (Balsom et al., 1999; Bangsbo et al., 1992), the amount of
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carbohydrate ingested before, during, and after exercise is a
relevant consideration for athletes competing in sprint skiing races.

A carbohydrate intake of 10–12 g/kg body mass (BM) per day
is recommended during periods of high-intensity or high-volume
training, and during the 36–48 hr prior to competitive events that
require either sustained or intermittent efforts lasting >90 min
(Thomas et al., 2016). Therefore, this recommendation may be
relevant to sprint skiing events, which last approximately 2 hr
(Andersson et al., 2017; Losnegard et al., 2012; Stöggl et al., 2007).
Furthermore, the recommendation of 10–12 g·kg−1·day−1 includes
specific guidelines for the timing of carbohydrate intake, with
a total intake of 1.0–4.0 g/kg in the 1–4 hr prior to exercise, 30–
60 g/hr during exercise, and 1.0–1.2 g·kg−1·hr−1 in the 4 hr
postexercise (Thomas et al., 2016). Elite cross-country skiers’
carbohydrate intakes have been reported to range from 6.0 to
9.6 g·kg−1·day−1, depending on the energy expenditure at different
periods within a training year (Fogelholm et al., 1992). However,
carbohydrate intakes in cross-country skiers have yet to be deter-
mined before, during, and after sprint skiing competitions.

Adequate protein intake is necessary for muscle protein synthe-
sis (Phillips, 2012; Phillips & Van Loon, 2011), with 1.2–
2.0 g·kg−1·day−1 recommended for elite athletes to provide essential
amino acids and maintain muscle protein balance (Phillips, 2012;
Phillips & Van Loon, 2011). In addition, a total intake of 0.25–
0.30 g/kg in the 2 hr following exercise may increase the rate of
muscle protein synthesis (Phillips & Van Loon, 2011). Previous
studies suggest that protein intake in cross-country skiers is consis-
tent with the current recommendations of Thomas et al. (2016). For
example, Greek national team skiers were found to have a mean
protein intake of 1.2 g·kg−1·day−1 (Papadopoulou et al., 2012), while
Fogelholm et al. (1992) reported that protein intake in elite Nordic
skiers varied across a training year, but remained within the
recommended range of 1.2–2.0 g·kg−1·day−1. However, protein
intakes in relation to a cross-country sprint skiing competition
have not yet been investigated.

General recommendations for athletes indicate that fat intake
should contribute 20–35% of total energy intake (Thomas et al.,
2016), while mean fat intakes of elite cross-country skiers have
previously been reported to range between 30% and 43%
(Ellsworth et al., 1985; Fogelholm et al., 1992). However, whether
cross-country skiers actually require higher relative fat intakes
compared with other athletes, possibly as a strategy to increase
energy density in the diet, is unclear. Cross-country skiers have
high training volumes, high maximal aerobic metabolic power
(Sandbakk et al., 2011), and lean physiques (Stöggl et al., 2010).
With the prevalence of long-term energy deficiency and associated
conditions reported to be high in sports emphasizing leanness, such
as endurance disciplines (Mountjoy et al., 2014), elite cross-
country skiers may be considered as a potential risk population.
Previous studies have reported a prevalence of disordered eating
behavior (DE) of 18.7% in female junior cross-country skiers and
biathletes (Pettersen et al., 2016) and the prevalence of eating
disorders to be 24% and 9%, respectively in female and male
endurance national team athletes including cross-country skiers
(Sundgot-Borgen & Torstveit, 2004). The negative health conse-
quences of long-term energy deficiency with and without DE/
eating disorders include reproductive and gastrointestinal dysfunc-
tion, as well as impaired bone health, neuromuscular endurance and
strength, and athletic performance (Loucks et al., 2011; Mountjoy
et al., 2014; Tornberg et al., 2017).

The aim of this study was to describe for elite cross-country
skiers during a training day (Day 1) and a subsequent simulated

sprint competition day (Day 2): (a) nutritional intakes, including
energy (kcal/kg) and macronutrients (g/kg) and (b) fluid intakes
(ml/kg) and hydration status (urine specific gravity [USG]). The
prevalence of self-reported conditions relating to long-term energy
deficiency was also investigated for the female participants.

Methods

Participants

A total of 31 participants were recruited from the Swedish national
junior and senior cross-country ski teams (Table 1). Participants
were excluded if they had an injury or illness that prevented them
from performing their usual training or racing maximally, or if they
had a history of DE. The regional ethical review board of Umeå
University, Sweden (#2016-443-31M) provided ethical approval,
and all participants provided written informed consent to be
involved in the study. For skiers less than 18 years of age (n =
3), informed consent was provided by a parent or guardian.

Experimental Overview

A 2-day observational study was conducted the day before and on
the day of a cross-country sprint skiing competition that was
designed to simulate the 2017 FIS Nordic World Ski Champion-
ships event, including skiers’ normal training practices prior to the
event. Training and competition were held at an altitude of 700 m,
and the ambient temperature was ∼1 °C during the 2 days. All
participants completed a 2-day weighted food record that was
analyzed for energy, macronutrient composition, and fluid intake,
and a waking urine sample was collected for the measurement of
USG. The training completed over the 2 days is outlined in Table 2.

Anthropometric Measures and Hydration Status

Anthropometric measures were performed on Day 1 in a fasted
state between 06:30 a.m. and 08:30 a.m. Standing height (cm) was
measured using a wall-mounted stadiometer and BM (kg) was
measured using a bioelectrical impedance assessment analyzer
(Tanita Corp., Arlington Heights, IL), with participants wearing
underwear only. Hydration status (USG) was measured using a
digital handheld refractometer (PAL; Atago USA Inc., Bellevue,
WA) on Days 1 and 2 using previously established methods
(Sawka et al., 2007). Participants were deemed dehydrated
when USG was >1.020 (Sawka et al., 2007).

Table 1 Participant Characteristics

Males
(n = 18)

Females
(n = 13)

Age (years) 22 ± 4 21 ± 3

BM (kg) 75.5 ± 8.1 64.1 ± 5.5

Height (cm) 183.8 ± 7.2 170.5 ± 4.6

BMI 22.5 ± 1.5 21.9 ± 1.5

Current training (hr/month) 69 ± 11 60 ± 16

Training history (years of
sport-specific training)

7 ± 5 6 ± 3

Note. BM = body mass; BMI = body mass index.
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Nutritional Intake

During all meals (breakfast, lunch, dinner, and snacks), participants
ate ad libitum from a buffet with various familiar dishes and foods.
Participants received detailed verbal and written instructions on
how to record their nutritional intake prior to the commencement of
the study. For 48 hr, participants weighed all consumed food using
digital scales (Coline; Clas Ohlson, Dalarna, Sweden) under the
supervision of the research team to ensure all portion sizes were
accurately quantified, but without influencing the participants’
dietary choices. Each food record was documented as a hard
copy and participants provided a description of each item con-
sumed (e.g., brand, type, and mass) and the recipes of all dishes
were obtained from the chef. All food records were analyzed for
total calories, macronutrient composition, and fluid intake using a
food analysis database (Dietist XP version 2016; Diet and Nutrition
Data AB, Bromma, Sweden). Food and fluid ingestion were
recorded as daily intake at preexercise, during exercise, and
postexercise time points. Analyses of food records were conducted
in consultation with a registered dietitian.

Long-Term Energy Deficiency

The prevalence of conditions related to a long-term energy defi-
ciency was assessed in the female participants using the Low
Energy Availability in Females Questionnaire (LEAF-Q; Melin
et al., 2014). Currently, there is no validated questionnaire for the
assessment of long-term energy deficiency in males. In brief, the
LEAF-Q consists of 25 items focusing on symptoms related to
injuries, gastrointestinal, and reproductive function over the past
year and a score of ≥8 indicates a risk of a long-term energy
deficiency (Melin et al., 2016).

Statistical Analyses

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS 24.0; IBM Corp., Armonk, NY). Energy intake
(kcal/kg), macronutrient intake (g/kg), fluid intake (ml/kg), USG,
and numerical total scores from the LEAF-Q were reported as
mean ± SD. After conducting normality tests (Shapiro–Wilk test)
and manual inspection of Q–Q plots, a two-way repeated measures
analysis of variance was performed for energy intake, macronutri-
ent intake, and fluid intake. Data for males and females were
analyzed and reported separately for all variables, since nutritional
intake in athletes differs between sexes (Burke et al., 2001). Each
variable was compared in terms of the total value for Days 1 and 2,
as well as at specific time points relative to exercise. Carbohydrate,

protein, and fluid intakes were compared with the current American
College of SportsMedicine guidelines (Thomas et al., 2016).When
a significant interaction effect was present, a test of simple main
effects was conducted to determine the difference between Days 1
and 2 at the relevant time point. Paired Student’s t tests were used to
compare hydration status between Days 1 and 2. Two-tailed
statistical significance was set a priori at an alpha level of p < .05.

Results

The energy intake for males on Day 1 was 4,862 ± 449 kcal (65 ±
9 kcal/kg), which was higher than on Day 2 (4,304 ± 504 kcal
[58 ± 9 kcal/kg]; p = .002). Energy intake for females did not differ
between Days 1 and 2 (3,643 ± 664 kcal [57 ± 10 kcal/kg] vs.
3,541 ± 532 kcal [55 ± 5 kcal/kg]; p = .445).

Carbohydrate intake for males on Day 1 was 8.2 ± 2.3 g/kg,
which was lower than on Day 2 (8.9 ± 2.3 g/kg; p = .002). Carbo-
hydrate intake for females on Day 1 (7.0 ± 1.5 g/kg) was also lower
than on Day 2 (8.5 ± 1.7 g/kg; p = .003). Details of the morning and
afternoon carbohydrate intakes preexercise, during exercise, and
postexercise for males and females are presented in Tables 3 and 4,
respectively. On Days 1 and 2, respectively, 89% (n = 16) and 67%
(n = 12) of the males did not meet the recommended carbohydrate
intake when compared with the American College of Sports Medi-
cine guidelines (Table 5). Moreover, none of the males met the
carbohydrate intake recommendations during any of the training
sessions, and 72% of the males (n = 13) failed to meet the carbohy-
drate intake recommendations during the competition on Day 2. On
Days 1 and 2, respectively, 92% (n = 12) and 85% (n = 11) of the
females did not achieve the recommended daily carbohydrate intake
(Table 6). Again, none of the female participants consumed ade-
quate amounts of carbohydrate during any training session, and 69%
(n = 9) had inadequate carbohydrate intake during the competition.

Males had a mean protein intake of 3.6 ± 0.5 g/kg on Day 1,
which was not different to Day 2 (3.3 ± 0.6 g/kg; p = .065). The
mean daily protein intake for females was 3.0 ± 0.6 g/kg on Day 1,
which was similar to the mean intake on Day 2 (2.8 ± 0.4 g/kg;
p = .197). Details of the morning and afternoon postexercise
protein intakes for males and females are presented in Tables 3
and 4, respectively. Mean daily and postexercise protein intakes
exceeded the recommended intakes for all males and females on
both days (Tables 5 and 6).

Mean fat intake for males was 32 ± 4% of the total daily
energy intake on Day 1 and 35 ± 4% on Day 2 (p = .436). Mean
fat intake for females was 28 ± 5% on Day 1 and 32 ± 4% on
Day 2 (p = .605). On Day 1, 11% of males (n = 2) exceeded the

Table 2 Training Durations, Mean ± SD HR, and Exercise Mode for Sessions Completed in the Mornings and
Afternoons on Days 1 and 2

Males (n = 18) Females (n = 13)

Duration (min) HR (beats/min) Mode Duration (min) HR (beats/min) Mode

Day 1

morning 105–130 125 ± 10 C 75–150 128 ± 13 C

afternoon 90–120 134 ± 11 C/S 90 139 ± 8 C/S

Day 2

morning Simulated sprint competition

afternoon 60–120 124 ± 11 C 75–105 133 ± 14 R/C

Note. C = classical skiing; HR = heart rate; R = running; S = skate skiing.
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recommendations for fat intake, while 17% of males (n = 3)
exceeded the fat recommendations on Day 2 (Table 5). On both
Days 1 and 2, 8% of females (n = 1) exceeded the fat intake
recommendations (Table 6).

The mean total score on the LEAF-Q was 6 ± 5, and a detailed
analysis of the responses to key elements of the questionnaire is
presented in Table 7. Four out of the 13 females (31%) obtained a
total score of ≥8 and, therefore, were categorized as being at risk of
a long-term energy deficiency.

Males had a higher fluid intake on Day 1 (75.8 ± 14.5 ml/kg)
compared with Day 2 (64.1 ± 16.3 ml/kg; p = .001). For females,
the total fluid intake on Day 1 (70.6 ± 10.8 ml/kg) was not different
to Day 2 (62.2 ± 16.6 ml/kg; p = .083). Details of the morning and
afternoon fluid intakes preexercise, during exercise and postexer-
cise for males and females are presented in Tables 3 and 4,
respectively. In addition, the percentage of males and females
meeting the fluid intake recommendations preexercise and during
exercise is outlined in Tables 5 and 6, respectively. For males, the
mean USG on Day 1 was 1.019 ± 0.006, which was similar to Day
2 (1.021 ± 0.005; p = .189). Likewise for females, the mean USG
on Day 1 was 1.020 ± 0.006, which was similar to Day 2 (1.019 ±
0.005; p = .428). On Days 1 and 2, respectively, 50% (n = 9) and
56% (n = 10) of the males were dehydrated, while 46% (n = 6) and
38% (n = 5) of the females were dehydrated.

Discussion

This is the first investigation to observe nutritional practices
specific to training and racing in elite skiers before, during, and
after a simulated cross-country sprint skiing competition. In gen-
eral, carbohydrate intake was below the currently recommended
daily intake of 10–12 g/kg for both males and females and during
all training sessions when compared with the recommended 30–
60 g/hr during exercise. In contrast, protein intake was higher than
the recommended daily intake of 1.2–2.0 g/kg, and higher than the
recommended ingestion rate of 0.25–0.30 g/kg following exercise,
for both males and females. Furthermore, more than 50% of the
males (Day 1: n = 9 and Day 2: n = 10) and 40% of the females
(Day 1: n = 6 and Day 2: n = 5) were dehydrated prior to both
training and competition and 31% of the females (n = 4) were at
risk of a long-term energy deficiency.

In this study, only 33% of males (n = 6) and 15% of females
(n = 2) met the recommended 10–12 g/kg of carbohydrate on the
day of the simulated sprint competition (Day 2), and only 11% of
males (n = 2) and 8% of females (n = 1) met these recommenda-
tions on the training day (Day 1). That so few athletes met the
carbohydrate intake recommendations supports earlier findings,
whereby only one third of elite tennis players and triathletes met
carbohydrate ingestion guidelines during competition (Baker et al.,

Table 3 Carbohydrate, Protein, and Fluid Intakes for Male Participants on Days 1 and 2

a.m. p.m.

Day 1 Day 2 p value Day 1 Day 2 p value

Preexercise

carbohydrate (g/kg BM) 1.8 ± 0.6 1.6 ± 0.5 .037 1.1 ± 0.6 1.6 ± 0.5 <.001

fluid (ml/kg BM) 11.8 ± 4.6 7.2 ± 3.4 .001 11.5 ± 8.7 4.6 ± 4.5 .006

During exercise

carbohydrate (g/kg BM) 0.2 ± 0.2 1.0 ± 0.5 <.001 0.1 ± 0.1 0.1 ± 0.1 .447

fluid (ml/kg BM) 11.0 ± 4.4 17.5 ± 9.4 .031 7.4 ± 6.4 4.9 ± 8.4 .344

Postexercise

carbohydrate (g/kg BM) 2.1 ± 1.2 3.5 ± 1.2 <.001 2.8 ± 1.0 4.1 ± 1.2 <.001

protein (g/kg BM) 1.8 ± 0.4 1.4 ± 0.4 .057 1.2 ± 0.3 1.2 ± 0.3 .594

fluid (ml/kg BM) 13.3 ± 3.9 12.4 ± 4.8 .516 20.8 ± 7.1 17.4 ± 8.4 .153

Note. BM = body mass.

Table 4 Carbohydrate, Protein, and Fluid Intakes for Female Participants on Days 1 and 2

a.m. p.m.

Day 1 Day 2 p value Day 1 Day 2 p value

Preexercise

carbohydrate (g/kg BM) 1.6 ± 0.4 1.6 ± 0.5 >.99 1.2 ± 0.4 0.9 ± 0.5 .082

fluid (ml/kg BM) 8.9 ± 5.6 7.6 ± 2.4 .441 9.4 ± 6.9 7.4 ± 4.1 .465

During exercise

carbohydrate (g/kg BM) 0.3 ± 0.2 1.3 ± 0.3 <.001 0.1 ± 0.1 0.0 ± 0.0 .068

fluid (ml/kg BM) 10.8 ± 4.8 19.5 ± 7.7 .004 5.5 ± 6.6 0.7 ± 2.4 .040

Postexercise

carbohydrate (g/kg BM) 1.4 ± 1.1 2.6 ± 1.3 .001 2.4 ± 1.1 2.0 ± 0.4 .023

protein (g/kg BM) 1.1 ± 0.5 1.0 ± 0.2 .545 1.2 ± 0.2 0.9 ± 0.2 <.001

fluid (ml/kg BM) 9.8 ± 2.4 8.9 ± 3.0 .337 26.1 ± 8.1 19.6 ± 8.4 .030

Note. BM = body mass.

IJSNEM Vol. 29, No. 3, 2019

276 Carr et al.



Table 5 The Percentage of Male Athletes Meeting the Current Nutritional Guidelines
(Thomas et al., 2016) During Days 1 and 2

Met recommendations,
n (%)

Nutritional intake Recommendation Day 1 Day 2

Carbohydrate

total daily intake 10–12 g/kg BM 2 (11) 6 (33)

preexercise (a.m.) 1–4 g/kg BM (1–4 hr pre) 16 (89) 16 (89)

preexercise (p.m.) 1–4 g/kg BM (1–4 hr pre) 18 (100) 18 (100)

during exercise (a.m.) 30–60 g/hr 0 (0) 5 (28)

during exercise (p.m.) 30–60 g/hr 0 (0) 0 (0)

postexercise (a.m.) 1–1.2 g/kg BM/hr (4 hr post) 10 (56) 4 (22)

postexercise (p.m.) 1–1.2 g/kg BM/hr (4 hr post) 11 (61) 2 (11)

Protein

total daily intake 1.2–2.0 g/kg BM 0 (0) 0 (0)

postexercise (a.m.) 0.25–0.3 g/kg (2 hr post) 0 (0) 0 (0)

postexercise (p.m.) 0.25–0.3 g/kg (2 hr post) 0 (0) 0 (0)

Fat

total daily intake 20–35% of total energy intake 16 (89) 15 (83)

Fluid

preexercise (a.m.) 5–10 ml/kg BM (2–4 hr pre) 18 (100) 15 (83)

preexercise (p.m.) 5–10 ml/kg BM (2–4 hr pre) 18 (100) 18 (100)

during exercise (a.m.) 0.4–0.8 L 16 (89) 15 (83)

during exercise (p.m.) 0.4–0.8 L 11 (61) 5 (28)

Note. BM = body mass.

Table 6 The Percentage of Female Athletes Meeting the Current Nutritional
Guidelines (Thomas et al., 2016) During Days 1 and 2

Met recommendations,
n (%)

Nutritional intake Recommendation Day 1 Day 2

Carbohydrate

total daily intake 10–12 g/kg BM 1 (8) 2 (15)

preexercise (a.m.) 1–4 g/kg BM (1–4 hr pre) 12 (92) 12 (92)

preexercise (p.m.) 1–4 g/kg BM (1–4 hr pre) 13 (100) 13 (100)

during exercise (a.m.) 30–60 g/hr 0 (0) 4 (31)

during exercise (p.m.) 30–60 g/hr 0 (0) 0 (0)

postexercise (a.m.) 1–1.2 g/kg BM/hr (4 hr post) 4 (31) 5 (38)

postexercise (p.m.) 1–1.2 g/kg BM/hr (4 hr post) 7 (54) 0 (0)

Protein

total daily intake 1.2–2.0 g/kg BM 0 (0) 0 (0)

postexercise (a.m.) 0.25–0.3 g/kg (2 hr post) 0 (0) 0 (0)

postexercise (p.m.) 0.25–0.3 g/kg (2 hr post) 0 (0) 0 (0)

Fat

total daily intake 20–35% of total energy intake 12 (92) 12 (92)

Fluid

preexercise (a.m.) 5–10 ml/kg BM (2–4 hr pre) 11 (85) 10 (77)

preexercise (p.m.) 5–10 ml/kg BM (2–4 hr pre) 13 (100) 13 (100)

during exercise (a.m.) 0.4–0.8 L 11 (85) 11 (85)

during exercise (p.m.) 0.4–0.8 L 7 (54) 0 (0)

Note. BM = body mass.
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2014; Cox et al., 2010). The importance of carbohydrate oxidation
during cross-country sprint skiing has recently been demonstrated,
with total muscle glycogen decreasing by ∼23% during a sprint
effort within a simulated sprint race (Gejl et al., 2017). More
generally, the carbohydrate intakes quantified in the current inves-
tigation could potentially indicate an insufficient habitual carbo-
hydrate intake in the participating athletes.

Carbohydrate availability is particularly important for cross-
country skiers, since utilization has been reported to increase when
exercising at altitude and in cold climates (Meyer et al., 2011),
conditions in which skiers typically train and race. This increased
carbohydrate utilization when exercising in the cold may be due to
reduced blood flow to active muscles (Doubt, 1991). At altitude,
there is an acute decrease in VO2max (Wehrlin & Hallén, 2006)
and a resulting increase in relative training intensity (Saunders
et al., 2009), which increases the requirement for carbohydrate
intake in comparison with exercise performed at a similar relative
exercise intensity at sea level. Accordingly, when training or racing
at low-to-moderate terrestrial altitudes, athletes have a larger
potential for muscle glycogen depletion than at sea level. More-
over, dehydration, which can further increase glycogen utilization
with attendant negative effects on performance (Sawka et al.,
2007), was apparent in almost 50% of all participants in this study.

Despite the need for high carbohydrate intakes, performing
selected training sessions in a glycogen-depleted state can promote
training adaptations, such as increased fat oxidation (Bartlett et al.,

2015; Philip et al., 2012), which may be a favorable physiological
adaptation during base-phase training. Therefore, a periodized
approach to carbohydrate intake may be optimal (Stellingwerff
et al., 2007). Increased carbohydrate intake would be required prior
to competition to optimize liver glycogen stores and support
performance (Burke et al., 2011). Furthermore, carbohydrate
ingestion may reduce immunosuppression associated with high
intensity or prolonged exercise (Bermon et al., 2017). It has
previously been suggested that endurance athletes with a low
carbohydrate intake may experience a greater risk of infection
during heavy training phases (Gleeson et al., 2004). However, as
the current investigation consisted of only 2 days of dietary
registration, the results should be primarily interpreted as explor-
ative. There is an ongoing need for studies that monitor the
nutritional practices of elite cross-country skiers over longer
durations, which could provide more detailed information about
their habitual nutritional intakes.

Adequate levels of muscular strength, ski-specific muscle
power, and a relatively high proportion of lean BM are some of
the factors that contribute to superior cross-country sprint skiing
performance (Hébert-Losier et al., 2017), suggesting that a suffi-
ciently high protein intake may be important to the athletes in this
study. Results showed that they ingested protein every 3–5 hr, which
is in accordance with the current guidelines, although protein intake
was noticeably higher than recommended values (Thomas et al.,
2016). This may explain why carbohydrate intake was below current
recommendations in this study, as higher protein intakes have been
reported to increase satiety (Phillips & Van Loon, 2011). The
relatively high energy intake may also have increased protein intake,
which has been reported to occur even when energy intakes are
lower than those observed in this study (Macnaughton et al., 2016). It
was recently reported that a protein intake of 40 g (approximately
twice the current recommendations) following whole-body resis-
tance exercise was associated with increased muscle protein synthe-
sis when compared with a 20 g (Macnaughton et al., 2016).
Therefore, higher protein intakes may be beneficial for athletes,
particularly postexercise, but it is yet to be determined whether these
results can be extrapolated to cross-country skiers.

Nutritional intakes in the current investigation were interpreted
in the context of nutritional guidelines for athletes, which present a
range of macronutrient intake guidelines aligned with different
training and competition demands (Phillips, 2012; Phillips & Van
Loon, 2011; Thomas et al., 2016). However, there is a lack of
nutritional guidelines specific to cross-country skiers, which pre-
sents a limitation to the analysis of results in this study. The high
maximal aerobic power (Losnegard et al., 2012) and the large
muscle masses used for forward propulsion in elite cross-country
skiers (Stöggl et al., 2010) contribute to creating unique nutritional
considerations and demands during training and racing (Meyer
et al., 2011). Furthermore, exposure to altitude and cold climates
can result in an increased metabolic rate (Butterfield et al., 1992;
Stocks et al., 2004) and appetite suppression can occur at high
altitudes (Butterfield et al., 1992; Kayser, 1992). Future investiga-
tions involving nutritional data collected over a longer period of
time and across a range of training and racing environments, as well
the assessment of energy demands during training and racing, are
required to provide specific recommendations and guidelines for
cross-country skiers.

In this study, four of the 13 female athletes (31%) were
considered to be at risk of long-term energy deficiency and the
incidence of self-reported current or prior secondary amenorrhea
was 38% (n = 5), compared with the 31% (n = 32), which was

Table 7 Responses to Key Elements of the LEAF-Q for
Females (n = 13)

n (%)

Currently using hormonal contraceptives

yes 3 (23)

no 10 (77)

Number of days absent from training or competition during past 6 months
(overload injuries)

0 8 (62)

1–7 2 (15)

8–14 0 (0)

15–21 2 (15)

>22 0 (0)

information not provided 1 (8)

Secondary amenorrhea (period stopped for >3 months)

no experience of secondary amenorrhea 8 (62)

yes—previously experienced secondary amenorrhea 4 (31)

yes—currently experiencing secondary amenorrhea 1 (7)

Exercise-related menstrual changes

bleeding less 1 (7)

menstruation stops 4 (31)

bleeding more 1 (7)

no changes previously experienced 7 (55)

Gastrointestinal function changes

daily 0 (0)

weekly 2 (15)

seldom 4 (31)

never 7 (54)

Note. LEAF-Q = Low Energy Availability in Females Questionnaire.
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previously reported among female national team endurance ath-
letes including cross-country skiers (Torstveit & Sundgot-Borgen,
2005). Collectively, these findings suggest that female cross-
country skiers may be at risk of developing energy deficiency.
However, our finding is limited to a small number of participants
and was obtained through the administration of a questionnaire
designed to assess the prevalence of conditions related to long-term
energy deficiency, rather than amenorrhea, specifically. Future
studies should include clinical assessment of energy deficiency
with and without DE in both female and male skiers (Mountjoy
et al., 2014). Such investigations would contribute to the current
discussions around long-term energy deficiency, which appears to
exist in both male and female endurance athletes (Barrack et al.,
2013; Riebl et al., 2007; Viner et al., 2015; Vogt et al., 2005).
Future studies could incorporate alternative methods of recording
dietary intake, such as replicating and recording the usual diet in the
athlete’s home environment (Jeacocke & Burke, 2010). In the
current investigation, a chef prepared all meals and participants
were supervised during meal times by the research team. This
method was implemented to allow accurate quantification of
nutritional intake. However, it has been reported that nutritional
intakes in athletes, including young athletes, can be modified
during training camps or when residing in different locations, as
well as when their dietary practices are closely monitored (Baker
et al., 2014; Jeacocke & Burke, 2010; Reilly et al., 2007).

Fluid intake is a relevant consideration for sprint skiing, since
exposure to cold and altitude can lead to additional fluid loss
(Meyer et al., 2011), and insufficient fluid intake can lead to
dehydration, which can compromise aerobic capacity and impair
performance (Sawka et al., 2007; Thomas et al., 2016). Despite
this, dehydration was evident in more than 50% of the males (Day
1: n = 9 and Day 2: n = 10) and over 40% of the females (Day 1: n =
6 and Day 2: n = 5) in the current investigation. There was a low
fluid intake during exercise, particularly during the afternoon
training sessions, which could have contributed to the high inci-
dence of dehydration. A limitation of the current investigation was
that postexercise BM was not measured due to logistical con-
straints, which would have otherwise allowed for a comparison of
postexercise fluid consumption relative to the deficit in BM.
Another possible explanation for the observed dehydration could
be high sweat rates, which, although not measured in this study,
have been reported in winter-sport athletes exercising in cold
climates (Meyer et al., 2011; Sawka et al., 2007). Further inves-
tigations could more precisely quantify fluid balance during skiers’
training and competitive events. Furthermore, it is necessary that
future studies examine the relationship between performance and
dehydration rates in cross-country skiers. Dehydration has been
reported to result in performance deficits through a diverse range of
mechanisms, including increased core temperature, elevated car-
diovascular strain, increased glycogen utilization, altered meta-
bolic function, and increased oxidative stress (Hillman et al., 2011;
Sawka et al., 2007). Nevertheless, it has been demonstrated that
after hypohydration with a 3% loss in BM, performance impair-
ments were less in cold (2 °C) than in mild (20 °C) temperatures
(Cheuvront et al., 2005). Therefore, it is necessary to determine
whether dehydration of cross-country skiers is actually detrimental
to performance.

Novelty Statement

Carbohydrate intake in elite cross-country skiers was lower than
currently recommended, particularly during exercise, whereas

protein intake was above the recommended intake. Moreover,
self-reported data indicate that female cross-country skiers may
be at risk of long-term energy deficiency.

Practical Applications

It is recommended that cross-country skiers prioritize carbohydrate
intake, particularly during training sessions conducted 36–48 hr
prior to sprint races and during sprint races. Carbohydrate-rich
foods or fluids suitable for consumption in cold environments
could be ingested during rest periods within training sessions and
between heats in sprint competitions.
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