
relatively few studies have been conducted on a sample 
of young participants (3). The success of young cyclists 
is the result of appropriate training as well as correct 
nutritional intake and eating habits. Many studies con-
ducted on athletes have reported protein and fat intake 
in line with high energy recommendations; however, 
despite the fact that carbohydrate (CHO) intake is an 
important fuel for training and racing performance in 
cyclists (6,7,8), its intake has been reported as low (4,5). 
Fatigue in endurance sports during aerobic and anaero-
bic activities is due to the depletion of muscle and liver 
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Abstract. Background and Aims: Macronutrient intake before, during and after exercise may influence perfor-
mance and inflammatory responses in elite athletes. In this context, we analyze the adequacy of nutritional 
status, daily energy and macronutrient intake as well as intake during and after acute training, energy availa-
bility (EA) and inflammatory response after acute training associated with carbohydrate intake (CHO) in ten 
young male elite cyclists. Methods: Ten Slovenian competitive cyclist, aged between 15 and 30 years partici-
pated in this study. Energy intake (EI) and macronutrient intake were assessed using 3-day dietary protocols. 
Venous blood samples were collected before and after acute exercise to analyse serum biochemical param-
eters, as well as pro-inflammatory (CRP, IL-6 and TNF-α) and anti-inflammatory (adiponectin) cytokines. 
Results: The average macronutrient composition of daily EI was 6.1 g/kg body mass (BM) of CHO, 1.7 g/
kg BM of protein, and 29% EI fat, and in most cases did not meet exercise intensity recommendations. Less 
than 50% of all participants consumed sufficient CHO daily and during exercise (mean intake was 6.1 g/kg 
BM and 32g/h, respectively). Protein intake was the only category in which most participants (70%) met the 
recommended daily amounts (1.7 g/kg BM) and the amounts during and after exercise (0.08 g/kg BM and 
0.5 g/kg BM). Fat intake during (15% EI meal) and immediately after exercise (32% EI meal) exceeded the 
recommended amount and less than 40% of all participants adhered. EI was below estimated requirements 
(45 kcal/kg BM) and most of our participants had subclinical EA (35 kcal/kg FFM). We observed a positive 
correlation between daily CHO and EA (p=0.024) and serum ferritin (p=0.014). Finally, adequate CHO 
intake during and after exercise reduces pro-inflammatory IL -6. Conclusion: Young male elite cyclists did 
not meet energy demands and specific macronutrient requirements. Inadequate carbohydrate intake, low EA, 
and ferritin concentrations may exacerbate inflammation after acute exercise. These findings may have both 
short- and long-term implications for the health and performance of young cyclists.
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Introduction

Implementing a nutrition program is one of many 
important behaviours which can lead to successful ath-
letic performance (1). Adequate nutrition is known to 
enhance an athlete's training and recovery and contrib-
ute to the maintenance of adequate body composition, 
as well as optimal immune, endocrine, and musculo-
skeletal function (2). While specific physiological re-
quirements may vary by sport, and several studies have 
described 24-hour energy and macronutrient intake, 
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glycogen, which makes a high CHO intake at all times 
before, during and after exercise an important target (7).

In accordance with these findings, sports nutri-
tionists recommend that male cyclists undertaking 
high-intensity training or competition consume more 
than half of their daily energy intake in the form of 
CHO to replenish depleted glycogen stores (9). To 
meet the daily macronutrient requirements, athletes 
participating in high-intensity training and com-
petition should consume 7-10 g/kg/day of CHO to 
maintain adequate blood glucose levels and replen-
ish muscle glycogen stores (7,10). Longer training 
sessions of high-performance cyclists may require a 
higher CHO intake (12 g/kg/day) to replenish their 
muscle glycogen stores. In addition, the importance 
of post-exercise CHO intake on the recovery process 
in high-performance cyclists has also been reported in 
the literature (10). However, a combination of simple 
CHO with fructose resulted in increased exogenous 
CHO oxidation during exercise, an important re-
sponse to improve exercise performance (11).

Adequate CHO intake has been shown to reduce 
inflammatory responses associated with increased lev-
els of inflammatory cytokines such as interleukin-6 
(IL-6), tumour necrosis factor α (TNF-α) and 
C-reactive protein (CRP) after exercise (12, 13). 
Moreover, IL-6, which is involved in a variety of pro- 
and anti-inflammatory processes, is commonly meas-
ured to assess the degree of inflammation (12, 13, 14). 
Post-exercise inflammation associated with an increase 
in IL-6 has been recognised as a key stimulus for in-
creased levels of the iron-regulating hormone hepcidin 
(14,15), and is associated with low muscle glycogen 
stores (16). This observation suggests that iron status, 
which is tightly regulated by hepcidin (17), is depend-
ent on CHO intake after exercise (12).

As little is known about macronutrient intake in 
young elite cyclists, this study aimed to investigate the 
daily macronutrient intake during and after acute ex-
ercise in young male elite cyclists. The aim of the study 
was to assess the nutritional status of young male com-
petitive cyclists so as to better understand their dietary 
intake and determine whether their dietary intake is 
in line with the relevant recommendations. Based on 
previous studies, it was hypothesised that the energy 
intake of young male cyclists is below their energy ex-
penditure and does not meet the recommended levels. 

Moreover, the study also aimed to test the hypothesis 
that the inflammatory state in young male elite cy-
clists changes in the post-exercise period in relation 
to their CHO intake. To this end, body composi-
tion and biochemical parameters were measured, and 
pro-inflammatory and anti-inflammatory circulating 
cytokines were determined after acute exercise.

Methods

Study design and participants

The aim of this prospective study was to examine 
participants’ daily dietary intake and blood parameters 
before and immediately after a time-to-exhaustion 
test. The study protocol was approved by the Slovenian 
National Medical Ethics Committee (No. 93/07/13). All 
measurements were performed at the Faculty of Heath 
Sciences, University of Primorska, Izola, Slovenia.

Ten healthy Slovenian competitive cyclists, aged 
between 15 and 30 years, who had competed either 
at national level or in European races participated in 
the study. Written informed consent was obtained 
from all subjects prior to their participation in the 
study. The inclusion criteria were: a) having trained for 
at least 6 months and b) being aged between 15 and 
30 years, c) having a body mass index (BMI) of 18.5-
27.0 kg/m2, and d) being free from acute or chronic 
inflammatory disease. Participants recorded their food 
intake in 3-day food diaries and kept a diary of their 
physical activity in the week before the fatigue test. 
On the day of the test, participants’ resting metabolic 
rate measurements and anthropometric measurements 
were taken between 7:00 and 9:00 am after an over-
night fast. The acute exercise test was performed on 
a cycle ergometer (Monark, Model Ergomedic 894E, 
Varberg, Sweden) following a ramp protocol until ex-
haustion. Blood samples were taken before the start of 
the exercise and immediately after exhaustion.

Anthropometric measurements

Participants’ body mass (BM) (kg), body compo-
sition (total percentage of body fat (%BF), percent-
age of fat-free mass (% FFM), percentage of muscle 
mass (% MM), and height (cm) were measured in a 
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standing position, with subjects wearing light clothing 
and no shoes. Body composition was assessed using 
the Tanita BC 418 MA multiple-frequency bioelectri-
cal impedance analysis (BIA) scale (Tanita Corpora-
tion, Arlington Heights, IL) and data were analysed 
with the software provided by the same producer. The 
height of the participants was measured in a standing 
position using a stadiometer (Invicta Plastic, Oadby, 
England) with an accuracy of 0.1 cm. BMI was calcu-
lated as weight/height2 (kg/m2).

Dietary assessment and analysis

Dietary intake was assessed throughout the com-
petitive season using 3-day food diaries and photo-
graphic records. Prior to data collection, all participants 
participated in a hands-on workshop conducted by the 
author to ensure all subjects were familiar with the 
study procedures related to energy intake. Participants 
were asked to record the following information: time 
of day, food description including preparation meth-
ods and brand names, amount prepared, amount re-
maining, volume and type of fluid consumed. They 
were also asked to record their intake of dietary sup-
plements. Participants were asked to photograph eve-
rything they consumed on the days evaluated. After 
submitting their nutrition logs, the records were care-
fully reviewed, and each athlete participated in an in-
terview with the authors to clarify any ambiguities. 
Nutrient composition and energy content were ana-
lysed using the Open Platform for Clinical Nutrition 
web tool (OPEN) http://opkp.si/.

Recommended ranges for energy and macronu-
trient intakes were obtained from Vitale et al. (26) and 
Burke (6) and are shown in Table 2. Intakes were con-
sidered inadequate if values were below or above the 
recommended ranges.

Energy expenditure and physical activity

Subjects’ resting metabolic rate (RMR) was meas-
ured using a handheld indirect calorimeter (MedGem 
Microlife, Golden, CO) under standard conditions and 
in the fasting state. To estimate average daily energy 
expenditure, participants were asked to record their 
activity patterns over the 7-day period. The physical 
activity diary was completed using a 7-level intensity 

scale and was used to record the frequency, type and 
duration of daily physical activity (18). Based on the 
data obtained, metabolic equivalents (METs) and en-
ergy expenditure during physical activity (EEE) were 
calculated. METs for each activity were assigned ac-
cording to a standardised protocol published by Ains-
worth et al. (19). Based on the METs model, the total 
amount of physical activity per day was calculated by 
multiplying the time spent on the activities by the in-
tensity index expressed in MET, where 1 MET equals 
1 kcal/kg/min. Energy availability (EA) was calculated 
as energy intake minus energy expenditure during ex-
ercise (EEE) relative to FFM.

Serum analysis

Venous blood samples for biochemical and hor-
monal analyses were collected after overnight fasting 
and after exercise. Blood samples were collected be-
tween 7 and 9 am into empty 4-ml EDTA-containing 
vacuum tubes and centrifuged. Serum23 was imme-
diately separated, frozen and stored at -20 °C until 
analysis.

Serum concentrations of bilirubin, glucose, tri-
glycerides (TG), total cholesterol, low-density lipo-
protein, (LDL cholesterol), high-density lipoprotein 
(HDL cholesterol), CRP, and ferritin were analysed 
using Olympus reagents and the AU 680 analyser 
(Beckman Coulter). Hct and Hb were analysed with 
the LH780 hematological analyser (Beckman Coulter, 
Sweden) using Beckman Coulter reagents.

Serum concentrations of adiponectin (BioVendor, 
Lab.Med.Inc., Brno, Czech Republic), IL-6 and 
TNF-α (both Thermo Fischer Scientific Inc., Rock-
ford, USA) were determined in duplicate on a mi-
croplate reader (Tecan, Männedorf, Switzerland) 
using commercially available enzymatic reagents. The 
inter-assay and intra-assay CVs were typically < 10% 
(for TNF-α 5.2%, for APN 6.3%, for IL-6 7.1%). CVs 
for all other biochemical parameters were < 2.5%.

Statistical methods

Statistical analyses were performed using SPSS 
(version 20.0 IBM, Armonk, NY). Before the analy-
sis, all data which were not normally distributed were 
log-transformed to approximate a normal distribution  
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(4.0) %, and a low percentage of fat mass 10.7 (4.2) %, 
which is also reflected in their high resting metabolic 
rate (1750 (163) kcal/day). All biochemical and haema-
tological parameters were within reference values.

Total energy and macronutrient intake

The mean dietary macronutrient daily intake, 
during and after exercise, and the reference values 
(considered as recommendations) are summarised in 
Table 2. Energy intake versus energy expenditure was 
3119±691 kcal versus 3761± 327 kcal (p = 0.009) (data 
not shown), while EA (35 kcal/kg FFM) was close to 
the lower limit of the reference value. Only 30% of the 
athletes reached the recommended ranges of energy 
intake. Furthermore, the t-test results for both EA 
and energy intake were significantly (p< 0.05) below 
the upper limit of the recommendations (EA: 45 kcal/
kg FFM; energy intake: 80 kcal/kg BM, respectively) 
(Table 2).

(in our experiment: data for the concentration of IL-6). 
Data are presented as mean values ± SD. Pearson cor-
relations were calculated to assess the associations 
between different biochemical variables and diet. A 
one-sample t-test was used to compare the means with 
the lower and upper limits of dietary recommendations 
for carbohydrate (7-10 g/kg BM) and protein (1.4-2 g/
kg BM) intake. Statistical significance was assessed at 
alpha 0.05. In addition, the percentage of athletes with 
adequate reference values was calculated (4).

Results

Table 1 shows the baseline descriptive characteris-
tics of all subjects aged 19.6 ± 1.3 years who participated 
in the study. The average weight (SD) of all subjects was 
68.8 (7.6) kg and their average BMI was 20.8 (1.6) kg/
m2, which was within the recommended values. The 
subjects had a high percentage of lean muscle mass 89.0 

Table 1. Participants’ anthropometric, metabolic, biochemical and haematological characteristics.

Variable Mean (SD) Minimum value (RV) Maximum value (RV)

Height (cm) 181.8 (1.2) 176.3 182.0

Weight (kg) 68.8 (7.6) 59.8 85.5

Fat mass (%) 10.7 (4.2) 5.7 17.30

Fat free mass (%) 89.0 (4.0) 82.6 89.1

Muscle mass (%) 85.1 (3.4) 79.0 85.1 

Water (%) 65.2 (2.9) 60.5 69.1

BMI (kg/m2) 20.8 (1.6) 19.4 24.7

RMR (kcal/day) 1750 (163) 1880 2290

MET (h/day) 13.9 (3.6) 8.9 20.4

Total cholesterol(mmol/l) 4.0 (0.8) 3.1 (4.0) 5.8 (5.2)

Glucose (mmol/l) 4.6 (0.7) 2.8 (3.6) 5.2 (6.1)

TG (mmol/l) 1.1 (0.3) 0.8 (0.6) 1.9 (1.7)

HDL-C (mmol/l) 1.3 (0.3) 0.8 (1.4) 2.1 (2.8)

LDL-C (mmol/l) 2.2 (0.7) 1.4 (2.0) 3.9 (3.5)

Bilirubin (nmol/l) 17 (8) 12 (0) 39 (17)

Ferritin (µg/l) 128 (83) 36 (28) 313 (365)

Hb (g/l) 148 (8) 137 (140) 157 (180)

Hct (1) 0.44 (0.02) 0.41(0.40) 0.47 (0.54)

Values are means (SD). BW, body weight; BMI, body mass index; RMR, resting metabolic rate; MET, metabolic equivalent; TG, triacilglycerides; 
HDL-C, high density lipoproteins; LDL-C, low density lipoproteins; Hb, haemoglobin; Hct, Haematocrit; RV, reference value.
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12±16% was fructose (data not shown). Adequate 
CHOs were consumed after exercise, as 80% of 
all subjects met or exceeded the recommended 
amounts.

The only category in which most participants 
(70%) met the recommended daily amounts, as well as 
amounts during and after exercise, was protein intake. 
The mean daily protein intake was 1.7 g/kg BM and, 
the mean post exercise protein intake was 0.5 g/kg  
BM, which was close to the upper limit of the ref-
erence value, while its intake during exercise was low 
(0.08 g/kg BM).

Less than 50% of all participants consumed suf-
ficient CHO on a daily basis and during exercise. The 
mean total daily intake of CHO (6.1±1.4 g/kg BM /day)  
was below the recommended value. 23±8% of the total 
CHO was sugar, and a large proportion of this was 
fructose (23±13%, data not shown).

The mean CHO intake during exercise (32±19 
g/h) was within the recommended values; however, 
the observed CHO intake during exercise was sig-
nificantly lower than the upper limit according to 
the t-test (p=0.000). Half of the CHO intake dur-
ing exercise consisted of sugars (51±37%), of which 

Table 2. Macronutrient Intakes vs. Recommendations.

Variable Mean (SD) RV a,b
% of Athletes that had 

Adequate Intake
p-value vs. Lower 

End of RV
p-value vs. Upper 

End of RV

Daily energy and macronutrient intake

Energy availability
kcal/kg FFM 35 (3) 30-45 60 0.083 0.003

Energy intake
kcal/kg BM 45 (8) 50-80 30 0.116 0.000

Carbohydrates
g/kg BM
g

6.1 (1.4)
422 (105)

7-10
-

40
-

0.084
-

0.000
-

Proteins
g/kg BM 1.7 (0.5) 1.4-2 70 0.062 0.102

Fats
% Energy intake 29 (5) 20-30 100 0.000 0.658

Saturated fatty acids
% Energy intake 10 (4) ≤ 10 50 0.000 0.982

Intake during exercise

Carbohydrates (g/h) 32 (19) 30-70 50 0.748 0.000

Proteins (g/kg BM) 0.08 (0.06) 0-0.25 100 0.003 0.000

Fats (% Energy intake meal) 15 (12) 0-10+ 40 0.004 0.854

Intake post exercise

Carbohydrates (g/kg BM) 1.2 (0.5) 1-1.3 80 0.137 0.783

Proteins
g/kg BM 0.5 (0.2) 0.2-0.5 90 0.003 0.927

g 35 (17) 20 90 0.000 -

Fats
% Energy intake meal
g

32 (8)
26 (10)

0-20+ 20 0.000 0.001

Text in bold italics indicates where macronutrient intake is significantly (p < .05) less than recommended intake, text in bold indicates where intake is 
significantly (p < .05) greater than recommended intake at the upper or lower end of the ranges as indicated (one-tailed single-sample t-test). +avoid 
high fat meal; RV, recommended values; a (Vitale and Getzin. 2019); b (Burke 2001); FFM, fat free mass; BM, body mass; * p < 0.05
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statistically significant. The same trend was observed 
for IL-6 serum levels after exercise; when CHO intake 
was adequate during or after exercise, IL-6 levels were 
lower. However, even in this case, the differences be-
tween the groups were not statistically significant.

Correlation analyses were performed to investi-
gate the possible relationship between CHO and daily 
fructose intake, CHO intake during and after training, 
EA and serum ferritin levels, and anti-inflammatory 
APN and pro-inflammatory IL-6 in elite cyclists after 
acute training (Table 4). Daily CHO intake correlated 
positively with EA (r=0.701, p=0.024) and serum fer-
ritin (r=0.743, p=0.014) (Fig. 2A). Moreover, daily 
fructose intake correlated significantly with serum fer-
ritin levels (r=0.901, p=0.000) (Fig. 2B).

Discussion

One of the main findings of this study was that 
young Slovenian elite cyclists had inadequate energy 
and macronutrient intakes; only 40% of young cyclists 
had adequate daily CHO intakes and only 30% had 
adequate daily energy intakes, while 50% had adequate 
CHO intakes during exercise. Moreover, participants 
with inadequate daily CHO or inadequate CHO in-
take during and after exercise had higher serum levels 
IL -6 after exercise; however, these differences were 
not statistically significant. Another finding of the 
present study was that daily CHO and fructose intake 
were significantly and positively related to serum fer-
ritin levels.

Athletes participating in weight-sensitive sports, 
such as endurance road cyclists, seem to have a 

In addition, daily fat intake (29.2±5.4% of energy 
intake) was at the upper limit of the recommended 
values. The mean intake of fat and saturated fat was 
significantly higher (p=0.000) than the lower limit of 
the recommended ranges. In addition, fat intake dur-
ing exercise was significantly higher than the lower 
limit (p=0.004), and most participants (60%) showed 
inadequate fat intake. Post-exercise fat intake was sig-
nificantly above the upper limit of the recommended 
range (p=0.001). Only 20% of the subjects complied 
with the recommended amounts.

Circulating pro- and anti-inflammatory cytokine levels

The values of anti-inflammatory (adiponectin) 
and pro-inflammatory cytokines (CRP, TNF-α and 
IL-6) after acute exercise training are summarised in 
Table 3. The results show an increase in inflammation 
after exercise, with a significant difference observed be-
tween pre- and post-exercise only for circulating IL-6 
(p<0.001). On the other hand, no significant differ-
ences were observed for circulating pro-inflammatory 
CRP and TNF-α levels before and after acute exercise, 
and adiponectin also remained unchanged.

Figure 1 shows the basal and post-exercise IL-6 
levels corresponding to adequate and inadequate CHO 
intake before, during, and after exercise, respectively. In 
the present study, daily, during and post-exercise CHO 
intakes reached the recommended values in 40 %, 50 
%, and 80 % of athletes, respectively.

Basal IL-6 levels were lower when the daily CHO 
(> 7 g/kg BM) and post-exercise (> 1.3 g/kg BM) in-
takes were within recommended levels (Figure 1); 
however, the differences between groups were not 

Table 3. Mean serum concentrations of pro-inflammatory and anti-inflammatory biomarkers before and immediately after the com-
pletion of an acute exercise.

Variable PRE POST 95 % CI

CRP (mg/l) 0.46 (0.32) 0.57 (0.34) (-0.227, 0.007)

APN (µg/ml) 19.64 (11.87) 19.64 (7.92) (-5.568, 5. 554)

Log10IL-6 0.52 (0.39) 1.11 (0.35) (-0863, -0.407)*

TNF-α (pg/ml) 1.07 (0.68) 1.28(0.95) (-0.821,-0.358)

Values are means (SD). APN, adiponectin; CRP, reactive protein C; TNF-α, tumour necrosis factor α; IL-6, interleukin 6. Serum inflammatory and 
anti-inflammatory markers concentrations were measured before (PRE) and immediately after completion of an acute exercise (POST). PRE and 
POST values were compared using paired samples t-test * p < 0.001
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which is consistent with our results showing that only 
30% of cyclists recorded adequate energy intake. On 
the other hand, a positive energy balance has been 
observed on cyclists’ rest days (21) and on their rest 
days during stage races (23). Low energy intake leads 
to low EA. Most studies (5,21) have shown that the 
EA values of cyclists are far below the EA threshold 
for low EA classification (30 kcal/kg FFM/day). We 
found that most of our participants had subclinical EA 

particularly suboptimal energy intake and are at risk 
of low EA (20). In the present study, subjects’ reported 
daily energy expenditure was 17% higher than their 
daily energy intake, while EA (35 kcal/kg FFM) was 
well below the recommended levels. Energy expendi-
ture and energy intake vary greatly between training 
periods. Male competitive cyclists tend to have large 
energy deficits during training camps (21) and races 
(22,23), as well as during entire cycling seasons (5), 
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the endogenous and/or exogenous CHO supply (24). 
There is ample evidence suggesting that strategies for 
reaching high CHO availability are associated with 
improvements in exercise capacity and sports perfor-
mance (10, 25). The sports nutrition literature pro-
vides guidelines for CHO intake before, during, and 
after specific training sessions, as well as for total 
daily intakes (7, 26). While general sports nutrition 
guidelines recommend a daily CHO intake of 7-10 
g/kg  (10), in the present study only 40% of young 
cyclists met or exceeded the recommended amounts. 

(30-45 kcal/kg FFM). Long-term low EA and energy 
deficits can have negative effects on health and perfor-
mance, and they also increase the risk of injury (20). 
Low energy intakes, and specifically low CHO in-
takes, appear to be the main cause of low EA in cy-
clists. Similar to the study by Viner et al. (5), we found 
that participants with high EA recorded the highest 
daily CHO intake (p= 0.024).

CHO availability describes the balance between 
the CHO requirements of the muscle and central 
nervous system during an exercise session relative to 

Table 4. Associations between pro-inflammatory and anti-inflammatory biomarkers, biochemical parameters and macronutrients 
intake.

Log10

IL-6post

APNpost

(µg/ml)
Ferritin

(µg/l)
EA

(kcal/kg FFM)

CHOdaily (g) -0.137
0.705

0.434
0.210

0.743
0.014*

0.701
0.024*

CHOduring (g/h) -0.443
0.199

-0.409
0.240

0.049
0.893

-0.036
0.921

CHOpost (g/kg) -0.013
0.971

-0.184
0.416

0.182
0.843

0.048
0.894

Fructosedaily (g) -0.137
0.706

0.409
0.240

0.901
0.000**

0.166
0.648

EA (kcal/kg FFM) 0.287
0.421

0.252
0.482

0.462
0.179

1

All associations are presented as Pearson’s correlation coefficients (r). CHOdaily, carbohydrates daily intake; CHOduring, carbohydrates intake during 
exercise; CHOpost, carbohydrates intake in first meal post exercise; EA, energy availability; Fructosedaily, fructose daily intake; APN, adiponectin; IL-6, 
interleukine-6. *p < 0.05; ** p < 0.001.
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intervals) (9, 34). Consumption of up to 20 g (0.2-0.5 
g/kg) of protein within 30-60 min of endurance train-
ing, along with CHO (1-1.3 g/kg), has been shown 
to help stimulate protein synthesis and attenuate any 
breakdown that may occur (34). In addition, protein 
intake decrease lactate dehydrogenase and creatine 
kinase levels and may protect athletes from exercise-
induced muscle damage(35). Therefore, adequate pro-
tein intake after exercise support rapid recovery from 
endurance training and glycogen synthesis (34). In 
terms of post-exercise macronutrient intake, we found 
that male cyclists consumed adequate CHO and pro-
tein amounts, similar to the results reported by Baker 
et al. (3).

Our finding that the daily CHO intake of young 
male cyclists was lower than expected and similar to 
values previously reported in the literature (3, 4, 5) 
deserves some attention. Studies with acute (36) and 
chronic (37) low CHO availability in athletes’ diets 
have shown a significant increase in the post-exercise 
IL-6 response compared to conditions with high 
CHO availability. Consistent with these studies, cy-
clists with adequate CHO daily intake and adequate 
CHO intake during exercise in the present study ex-
hibited lower IL-6 post-exercise levels; however, the 
differences were not statistically significant. Factors 
affecting the release of IL-6 during exercise include 
exercise intensity, participant training status, and also 
muscle glycogen stores (38, 39). Diets with a low to-
tal daily CHO intake may be insufficient to replen-
ish muscle and liver glycogen stores which have been 
depleted during training or competition (10) and may 
negatively impact health and performance, as well 
as increase inflammation and the risk of injury (39). 
Recent evidence suggests that adequate pre-exercise 
energy intake is an important factor in attenuating 
exercise-induced IL-6 by preserving muscle glycogen 
(39). Although increased production of IL-6 has been 
demonstrated as a response to running or cycling for 
≥2 hours at moderate to high intensities, this response 
may be attenuated if CHO is consumed during ex-
ercise to maintain blood glucose concentrations and 
muscle glycogen stores (38). On the other hand, CHO 
intake during exercise has been shown to have a mini-
mal effect on IL-6 levels when exercise lasts 2 hours; 
unless exercise starts with low muscle glycogen stores 

Similar results have been reported in other studies 
on young endurance athletes (4) and national-level 
cyclists (5). On the other hand, the intake of CHO 
seems to be higher in high-level cyclists (>12 g/kg), 
who more often meet macronutrient intake recom-
mendations (6, 21, 27, 28).

Although daily CHO intake is an important 
component of sports nutrition, athletes also require 
exogenous carbohydrates during exercise to meet their 
energy needs, delay fatigue, and improve their per-
formance during prolonged continuous and intermit-
tent high-intensity activities (10,12). In our study, the 
majority of athletes (50%) consumed less CHO than 
recommended during exercise; similar results have also 
been observed in young team athletes (3), while pro-
fessional cyclists have generally been reported to reach 
adequate CHO intake levels (>90 g/h) (29). In terms 
of post-exercise nutrient intake, we found that athletes 
consumed sufficient CHO (1.2 g/kg). Current sports 
nutrition guidelines recommend that athletes consume 
CHO (1.0–1.2 g/kg/h) to optimise their muscle gly-
cogen replenishment during recovery from endurance 
exercise (10, 30).

The lower CHO intake levels reported in the pre-
sent study could be attributed to increased protein and 
fat consumption (31). In our study, cyclists’ daily fat 
intake was at the upper limit of the recommendations 
for athletes (29% of total energy intake, with recom-
mendations stating 20-30% of total energy intake), 
and similar results have been reported for other elite 
cyclists (28,31,32). Fat intake during exercise was at 
the upper limit, while fat intake after exercise exceeded 
the recommended levels (32% of energy intake from 
meals); similar results have been reported for other 
elite cyclists for fat intake during exercise, while fat in-
take after exercise was around 17-22% (28,32). There 
is evidence that a high-fat meal after exercise contrib-
utes to a slow replenishment of glycogen stores (33).

Consistent with other studies (4, 5, 6), the pro-
tein intake of our participants was in line with the 
recommended values. During periods of intense 
training, protein requirements may be higher even 
in well-trained athletes, leading to higher intakes in 
professional athletes (6,8). However, more important 
than total daily protein intake is the distribution of 
protein intake throughout the day (20 g in 3-4 hour 
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associated with low EA, high inflammation, and low 
ferritin concentration. These findings may have both 
short- and long-term implications for the health, per-
formance, and physical development of young cyclists.

References

1.	Rodriguez NR, DiMarco NM, Langley S. Position of the 
American Dietetic Association, Dietitians of Canada, and the 
American College of Sports Medicine: Nutrition and ath-
letic performance. J Am Diet Assoc 2009;109(3):509-527. 
DOI: 10.1016/j.jada.2009.01.005

2.	Nepocatych S, Balilionis G, O'Neal EK. Analysis of dietary 
intake and body composition of female athletes over a com-
petitive season. Monten J Sports Sci Med 2017;6(2):57-65. 
DOI: 10.26773/mjssm.2017.09.008

3.	Baker LB, Heaton LE, Nuccio RP, Stein KW. 
Dietitian-observed macronutrient intakes of young skill 
and team-sport athletes: adequacy of pre, during, and 
post exercise nutrition. Int J Sport Nutr Exerc Metab 
2014;24(2):166-176. DOI: 10.1123/ijsnem.2013-0132

4.	Coutinho LAA, Porto CPM, Pierucci APTR Critical eval-
uation of food intake and energy balance in young modern 
pentathlon athletes: a cross-sectional study. J Int Soc Sports 
Nutr 2016;13(1):1-8.

5.	Viner RT, Harris M, Berning JR, Meyer NL. Energy avail-
ability and dietary patterns of adult male and female com-
petitive cyclists with lower than expected bone mineral 
density. Int J Sport Nutr Exerc Metab 2015;25(6):594-602. 
DOI: 10.1123/ijsnem.2015-0073

6.	Burke LM, Cox GR, Cummings NK, Desbrow B. 
Guidelines for daily carbohydrate intake: do athlets 
achive them? Sports Med 2001;31(4):267-299. DOI: 
10.2165/00007256-200131040-00003

7.	Impey SG, Hearris MA, Hammond KM, et al. Fuel for 
the work required: a theoretical framework for carbohy-
drate periodization and the glycogen threshold hypoth-
esis.  Sports Med 2018;48(5):1031-1048. DOI:  10.1007/
s40279-018-0867-7

8.	Muros JJ, Sánchez-Muñoz C, Hoyos J, Zabala M. Nu-
tritional intake and body composition changes in a UCI 
World Tour cycling team during the Tour of Spain. Eur J 
Sport Sci 2019; 19(1):86-94.

9.	Thomas DT, Erdman K A, Burke LM. American college 
of sports medicine joint position statement. nutrition and 
athletic performance.  Med sci sports exerc 2016;48(3): 
543-568. DOI: 10.1249/MSS.0000000000000852

10.	Burke LM, Hawley JA, Wong SH, Jeukendrup AE. Car-
bohydrates for training and competition. J Sports Sci 2011; 
29(01):S17–S27. DOI: 10.1080/02640414.2011.585473

11.	Johnson RJ, Murray R. Fructose, exercise, and health. 
Curr Sports Med Rep 2010;9(4): 253-258. DOI: 10.1249/
JSR.0b013e3181e7def4

(38). In the present study, young cyclists likely had low 
muscle glycogen stores, which is why CHO ingestion 
during exercise bouts of less than 2 hours had an im-
pact on the IL-6 response to training.

As shown by Peeling et al. (38), a post-exercise 
increase in IL-6 levels contributes significantly to the 
subsequent post-exercise hepcidin increase. Given the 
relationship between IL-6 and hepcidin activity, an in-
creased IL-6 response resulting from training with low 
CHO availability and/or low muscle glycogen stores may 
increase post-exercise hepcidin levels, which could, in 
turn, have a negative effect on iron regulation in athletes.

Fructose intake plays an important role in the 
replenishment of glycogen stores. Recent evidence 
suggests that a combination of fructose-based CHO 
sources leads to higher total glycogen stores (30). In-
deed, in the present study we found a significant posi-
tive correlation between daily CHO intake and ferritin 
and daily fructose intake and ferritin, but, unfortu-
nately, we did not measure serum hepcidin levels. We 
should also not neglect the fact that pre-exercise iron 
status (serum ferritin < 30 μg·L−1) is another impor-
tant regulator of exercise-induced hepcidin (37840).

Limitations

Limitations of the present study include the inher-
ent risk of bias due to reliance on self-reports of food 
intake (41). However, we conducted detailed monitor-
ing of dietary intake to determine what the young cy-
clists consumed before, during, and after training. The 
simultaneous use of different methods, such as food 
records, digital food records and interviewing applied 
in the present study, help to overcome these limita-
tions. This study examined a relatively small sample, 
which consisted only of young male elite cyclists. In 
addition, hepcidin levels were not analysed in the pre-
sent study; therefore, no associations between CHO 
intake, iron status, inflammation, and hepcidin levels 
could be presented.

Conclusion

Despite the aforementioned limitations of our 
study, our results indicate that low CHO intake is 



Progress in Nutrition 2022; Vol. 24, N. 3: e2022096 11

of diet-exercise strategies to manipulate fuel availability for 
training and competition preparation in endurance sport. 
Int J Sport Nutr Exerc Metab 2018;28 (5):451–463. DOI: 
10.1123/ijsnem.2018-0289

25.	Stellingwerff T, Cox GR. Systematic review: Carbohydrate 
supplementation on exercise performance or capacity of var-
ying durations. Appl Physiol Nutr Metab 2014;39(9):998–
1011. DOI: 10.1139/apnm-2014-0027

26.	Vitale K, Getzin A. Nutrition and supplement update for 
the endurance athlete: review and recommendations. Nutri-
ents 2019;11(6):1289. DOI: 10.3390/nu11061289.

27.	Rehrer NJ, Hellemans IJ, Rolleston AK, Rush E, Miller BF. 
Energy intake and expenditure during a 6-day cycling stage 
race. Scand J Med Sci Sports 2010;20(4):609-618. DOI: 
10.1111/j.1600-0838.2009.00974.x

28.	Sanches-Munoz C, Zabala M, Muros JJ. Nutritional in-
take and anthropometric changes of professional road cy-
clists during a 4-day competition. Scand J Med Sci Sports 
2016;26(7):802-808. DOI: 10.1111/sms.12513

29.	Muros JJ, Sánchez-Muñoz C, Hoyos J, Zabala M. Nutri-
tional intake and body composition changes in a UCI World 
Tour cycling team during the Tour of Spain. Eur J sport Sci 
2019;19(1):86-94. DOI: 10.1080/17461391.2018.1497088

30.	Podlogar T, Wallis GA. Impact of post-exercise fructose-
maltodextrin ingestion on subsequent endurance perfor-
mance. Front Nutr 2020; 7:82. DOI: 10.3389/fnut.2020.00082

31.	Sánchez-Benito JL, Soriano ES The excesive intake of ma-
cronutrients: does it influence the sportive performances of 
young cyclists?. Nutricion hospitalaria 2007;22(4):461-470.

32.	Garcia-Roves PM, Terrados N, Fernandez SF, Patterson AM. 
Macronutrients intake of top level cyclists during continu-
ous competition-change in the feeding pattern. Int J Sports 
Med 1998;19(1):61-67. DOI: 10.1055/s-2007-971882

33.	Décombaz J. Nutrition and recovery of muscle energy stores 
after exercise.  Schweizerische zeitschrift fur sportmedizin 
und sporttraumatologie 2003;51(1):31-38.

34.	Moore DR, Areta J, Coffey VG, et al. Daytime pattern 
of post-exercise protein intake affects whole-body protein 
turnover in resistance-trained males. Nutr metab 2012; 9(1): 
1-5. DOI: 10.1186/1743-7075-9-91

35.	Jovanov P, Sakač M, Jurdana M, et al. High-Protein Bar 
as a Meal Replacement in Elite Sports Nutrition: A Pilot 
Study. Foods 2021;10(11): 2628.

36.	Badenhorst CE, Dawson B, Cox GR, Laarakkers CM, 
Swinkels DW, Peeling P. Acute dietary carbohydrate ma-
nipulation and the subsequent inflammatory and hepcidin 
responses to exercise. Eur J Appl Physiol 2015;115(12):2521-
2530. DOI: 10.1007/s00421-015-3252-3

37.	McKay AK, Peeling P, Pyne,DB, et al. Chronic adher-
ence to a ketogenic diet modifies iron metabolism in elite 
athletes.  Med Sci Sports Exerc 2019;51(3):548-555. 
DOI: 10.1249/MSS.0000000000001816

38.	Peeling P, McKay AKA, Pyne DB, et al. Factors influencing 
the post-exercise hepcidin-25 response in elite athletes. Eur 
J Appl Physiol 2017;117(6):1233–1239. DOI:  10.1007/
s00421-017-3611-3

12.	Febbraio MA, Steensberg A, Keller C, et al. Glucose in-
gestion attenuates interleukin-6 release from contracting 
skeletal muscle in humans. J Physiol 2003;549(2): 607-612. 
DOI: 10.1113/jphysiol.2003.042374

13.	Villarino AV, Huang E, Hunter CA. Understanding the 
pro- and anti-inflammatory properties of IL-27. J Immunol 
2004;173(2):715-720. DOI: 10.4049/jimmunol.173.2.715

14.	Sim M, Dawson B, Landers G, et al. The effects of car-
bohydrate ingestion during endurance running on 
post-exercise inflammation and hepcidin levels. Eur J 
Appl Physiol 2012;112(5):1889-1898. DOI: 10.1007/
s00421-011-2156-0

15.	McClung JP, Martini S, Murphy NE, et al. Effects of a 
7-day military training exercise on inflammatory biomark-
ers, serum hepcidin, and iron status. Nutr J 2013;12(1):1-4. 
DOI: 10.1186/1475-2891-12-141

16.	Chan MH, McGee SL, Watt MJ, Hargreaves M, Febbraio 
MA. Altering dietary nutrient intake that reduces glycogen 
content leads to phosphorylation of nuclear p38 MAP kinase 
in human skeletal muscle: association with IL-6 gene tran-
scription during contraction. FASEB J 2004;18(14):1785-
1787. DOI: 10.1096/fj.03-1039fje

17.	Nemeth E, Tuttle MS, Powelson J, et al. Hepcidin regulates 
cellular iron efflux by binding to ferroportin and inducing 
its internalization. Science 2004; 306(5704):2090-2093. 
DOI:10.1126/science.1104742

18.	Vermorel M. Measurements of energy intakes and energy ex-
penditures in children and adolescents of high-level of train-
ing. Cahiers de Nutrition et de Dietetique 2004;39:33–40

19.	Ainsworth BE, Haskell WL, Herrmann SD, et al. Compen-
dium of Physical Activities: a second update of codes and 
MET values. Med Sci Sports Exerc 2011;43(8):1575-1581. 
DOI: 10.1249/MSS.0b013e31821ece12

20.	Sundgot-Borgen J, Meyer NL, Lohman TG, et al. How 
to minimise the health risks to athletes who compete 
in weight-sensitive sports review and position state-
ment on behalf of the Ad Hoc Research Working Group 
on Body Composition, Health and Performance, un-
der the auspices of the IOC Medical Commission.  Br 
J sports med 2013;  47(16):1012-1022. DOI:  10.1136/
bjsports-2013-092966

21.	Vogt S, Heinrich L, Schumacher YO, et al. Energy in-
take and energy expenditure of elite cyclists during pre-
season training. Int J Sport Med 2005;26(8):701–706. 
DOI:10.1055/s-2004-830438

22.	Geesmann B, Gibbs JC, Mester J, Koehler K. Association 
between energy balance and metabolic hormone suppression 
during ultra-endurance exercise. Int J Sports Physiol Per-
form 2017;12(7):984–989. DOI: 10.1123/ijspp.2016-0061

23.	Heikura IA, Quod M, Strobel N, Palfreeman R, Civil R, 
Burke L M. Alternate-day low energy availability dur-
ing Spring Classics in professional cyclists. Int J Sports 
Physiol Perform 2019;14 (9):1233–1243. DOI:  10.1123/
ijspp.2018-0842

24.	Burke LM, Hawley JA, Jeukendrup A, Morton JP, Stel-
lingwerff T, Maughan RJ. Toward a common understanding 



Progress in Nutrition 2022; Vol. 24, N. 3: e202209612

Correspondence:
Tadeja Jakus,
University of Primorska, Faculty of Health Sciences
Polje 42, SI-6310 Izola, Slovenia
Tel: (00386) 05-662-6464;
E-mail: tadeja.jakus@fvz.upr.si;
ORCID: https://orcid.org/0000-0001-8784-9178

39.	Hennigar SR, McClung JP, Pasiakos SM. Nutritional in-
terventions and the IL6 response to exercise. FASEB J 
2017; 31(9):3719-3728. DOI: 10.1096/fj.201700080R.

40.	Burden RJ, Pollock N, Whyte GP, et al. Effect of intrave-
nous iron on aerobic capacity and iron metabolism in elite 
athletes. Med Sci Sports Exerc 2015;47(7):1399–1407. 
DOI: 10.1249/MSS.0000000000000568

41.	Costello N, Deighton K, Dyson J, McKenna J, Jones B. Snap-N-
Send: A valid and reliable method for assessing the energy intake 
of elite adolescent athletes. Eur J Sport Sci 2017;17(8):1044-
1055. DOI: 10.1080/17461391.2017.1337815


