
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rjsp20

Journal of Sports Sciences

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rjsp20

Nutritional intake when cycling under racing and
training conditions in professional male cyclists
with type 1 diabetes

Jason P. Pitt, Richard M. Bracken, S. N. Scott, Federico Y. Fontana, Kristina
Skroce & Olivia McCarthy

To cite this article: Jason P. Pitt, Richard M. Bracken, S. N. Scott, Federico Y. Fontana, Kristina
Skroce & Olivia McCarthy (2022) Nutritional intake when cycling under racing and training
conditions in professional male cyclists with type 1 diabetes, Journal of Sports Sciences, 40:17,
1912-1918, DOI: 10.1080/02640414.2022.2118944

To link to this article:  https://doi.org/10.1080/02640414.2022.2118944

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 19 Oct 2022.

Submit your article to this journal 

Article views: 935

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rjsp20
https://www.tandfonline.com/loi/rjsp20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02640414.2022.2118944
https://doi.org/10.1080/02640414.2022.2118944
https://www.tandfonline.com/action/authorSubmission?journalCode=rjsp20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rjsp20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02640414.2022.2118944
https://www.tandfonline.com/doi/mlt/10.1080/02640414.2022.2118944
http://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2022.2118944&domain=pdf&date_stamp=2022-10-19
http://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2022.2118944&domain=pdf&date_stamp=2022-10-19


PHYSIOLOGY AND NUTRITION

Nutritional intake when cycling under racing and training conditions in professional 
male cyclists with type 1 diabetes
Jason P. Pitta, Richard M. Brackena, S. N. Scottb, Federico Y. Fontanac, Kristina Skroced,e and Olivia McCarthya,f

aApplied Sport, Technology, Exercise and Medicine Research Centre (A-STEM), Swansea University, Swansea, UK; bTeam Novo Nordisk Professional 
Cycling Team, Atlanta, GA, USA; cCeRiSM Research Centre for Sport, Mountain, and Health, University of Verona, Rovereto, Trento, Italy; dFaculty of 
Medicine, University of Rijeka, Rijeka, Croatia; eDepartment of Neuroscience, Biomedicine and Movement, University of Verona, Verona, Italy; fSteno 
Diabetes Center Copenhagen, Copenhagen University Hospital, Copenhagan, Denmark

ABSTRACT
This study sought to detail and compare the in-ride nutritional practices of a group of professional cyclists 
with type 1 diabetes (T1D) under training and racing conditions. We observed seven male professional 
road cyclists with T1D (Age: 28 ± 4 years, HbA1c: 6.4 ± 0.4% [46 ± 4 mmol.mol−1], VO2max: 73.9 ± 4.3 ml.kg 
−1.min−1) during pre-season training and during a Union Cycliste Internationale multi-stage road cycling 
race (Tour of Slovenia). In-ride nutritional, interstitial glucose, and performance variables were quantified 
and compared between the two events.    The in-ride energy intake was similar between training and 
racing conditions     (p = 0.909), with carbohydrates being the major source of fuel in both events during 
exercise at a rate of 41.9 ± 6.8 g.h−1 and 45.4 ± 15.5 g.h−1 (p = 0.548), respectively. Protein consumption 
was higher during training (2.6 ± 0.6 g.h−1) than race rides (1.9 ± 0.9 g.h−1; p = 0.051).   A similar amount of 
time was spent within the euglycaemic range (≥70-≤180 mg.dL−1): training 77.1 ± 32.8% vs racing 
73.4 ± 3.9%; p = 0.818. These data provide new information on the in-ride nutritional intake in profes
sional cyclists with T1D during different stages of the competitive season.
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Introduction

The enormous physical demands of professional road cycling 
require a carefully planned feeding strategy before, during, 
and after exercise. Failure to achieve sufficient carbohydrate 
intake while riding can result in endogenous hepatic and 
skeletal muscle glycogen depletion as well as a reduction in 
blood glucose concentrations, with impact on performance 
(Ørtenblad et al., 2013). In order to maintain high carbohy
drate oxidation rates and attenuate liver glycogen break
down during prolonged (>1 hour) endurance exercise, 
exogenous carbohydrates orally ingested at rates of at least 
30–60 g.h−1 up to 90 g.h−1 during exercise are recommended 
by various international organisations and expert consensus 
documents (ACSM, 2016; Jeukendrup, 2014; Stellingwerff & 
Cox, 2014).

The typical pancreatic response to reduce insulin secretion 
during prolonged exercise is compromised in people with type 
1 diabetes (T1D); hence, blood insulin concentrations are 
instead reflective of the dosing and analogue type of exogen
ous insulin previously injected. For those with T1D, the effects 
of relative hyperinsulinaemia and exercise-enhanced muscle 
cell glucose uptake can combine to exceed the rate at which 
glucose can be endogenously produced, potentiating hypogly
caemia (McCarthy, Deere et al., 2020), with associated conse
quences on energy metabolism (McCarthy, Pitt et al., 2020) and 
cycling performance (Hill et al., 2017). To avoid hypoglycaemia, 
in addition to maintaining performance, exogenous fuelling is 
required. Conversely, athletes with T1D who consume such 

high amounts of carbohydrates to fuel performance in compe
titive events must also consider the risk of hyperglycaemia.

To coincide optimal training status with the competitive 
season, different in- and out-of-ride nutritional strategies can 
be utilised. In athletes without T1D, strategies that focus on 
restricting nutritional intake such as: training when fasted 
before and during exercise; “train low, compete high”; and 
“sleep low, train low”, are prevalent to elicit maximal metabolic 
adaptations from training and maintain appropriate body 
weight (Impey et al., 2018). By contrast, the aforementioned 
guidelines recommend high quantities of in-ride carbohydrate 
consumption during prolonged exercise (ACSM, 2016; 
Jeukendrup, 2014; Stellingwerff & Cox, 2014). The applicability 
of these nutritional strategies in people with T1D has been 
recently reviewed, highlighting the potential risk that drasti
cally changing carbohydrate intake throughout the season may 
have on effectively managing blood glucose and avoiding 
hypoglycaemia (Scott et al., 2019). Ultimately, there is limited 
understanding of the nutritional requirements for prolonged 
exercise in people with T1D. The current evidence base is 
lacking in samples of professional athletes, a cohort who have 
higher demands in terms of performance and nutrition during 
training and races (Gawrecki et al., 2018; Mattsson et al., 2019; 
Murillo et al., 2010; Sane et al., 1988; Scott et al., 2020; Van Dijk 
et al., 2016).

Collapsing the results of multiple studies, carbohydrate 
consumption in people with T1D performing long distance 
endurance events has been shown to average 50 ± 18 g.h−1 
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(Riddell et al., 2020). This rate of consumption is somewhat 
lower than the considered maximum muscle carbohydrate 
oxidation rate achievable via absorption of single transpor
table carbohydrates (i.e. 60 g.h−1) (Jeukendrup & Jentjens,  
2000) and deviates below the upper recommendations for 
carbohydrate consumption for healthy individuals (90 g.h−1) 
achieved via multiple transporter carbohydrates 
(Jeukendrup, 2014).

Though we have recently profiled the glycaemic and insulin 
therapy demands of professional road cyclists during pre- 
season training (McCarthy, Eckstein et al., 2020) and competi
tive stage racing (Moser, Dietrich et al., 2020), there remains 
a dearth in information that characterises the in-ride nutrition 
of athletes with T1D during training compared to racing in the 
competitive season. Hence, the aim of this study was to detail 
and compare the in-ride nutritional practices of a group of 
professional cyclists with T1D under non-competitive pre- 
season training and competitive racing conditions.

Materials and methods

Study design

This was a secondary, cross-over, pooled analysis of data 
collected from two observational, prospective studies (DRKS. 
de: DRKS00019923, DRKS00019928). The studies were car
ried out in accordance with the Declaration of Helsinki and 
International Conference on Harmonisation Good Clinical 
Practice. Ethical approval was granted by Swansea 
University research ethics committee (Ethics Committee 
Reference number: 2018–140). All participants provided 
written informed consent prior to any study-related 
activities.

Participant characteristics

Seven male athletes with T1D from one professional cycling 
team who undertook nine days of pre-season training as part 
of a performance camp (January 2019, Altea, Spain) and com
peted in a 5-day competitive stagerace (June 2019, Tour of 
Slovenia, Slovenia 2.HC level race [stage race in the second tier 
of competitive road cycling]) volunteered to participate in this 
research study. During the training camp, cyclists performed 
a cardio-pulmonary exercise test (CPET) to volitional exhaustion 
on their bicycle (Colnago, C60) attached to a cycle trainer (Cyclus 
2, RBM elektronik-automation GmbH, Germany) as previously 
described (McCarthy, Eckstein et al., 2020). The anthropometric 
and diabetes characteristics alongside the CPET results of parti
cipants are presented in Table 1. All riders were using multiple 
daily injections of insulin therapy via pen administration consist
ing of a range of bolus (bold) and basal insulins (Training: n = 6 
FiaspTM, n = 1 NovorapidTM, n = 4 LantusTM, n = 2 LevemirTM, 
n = 1 ToujeoTM; Race: n = 7 FiaspTM, n = 4 LantusTM, n = 2 
LevemirTM, n = 1 ToujeoTM).

Cycle training regime

Between the 18th and 27th of January 2019, riders attended 
a pre-season training camp in Altea, Spain. During the camp, 

riders performed eight training rides over nine days on roads 
through mostly mountainous terrain with one day dedicated to 
CPET. Riders covered approximately 1290 km over the 
eight days of road training (average temperature 12.4°C). 
During training camp, riders performed all sessions on an indi
vidual time-trial basis with individualised training zones pre
scribed by the exercise physiology team.

Cycle racing regime

Later in the racing season, the same seven riders competed in 
the Tour of Slovenia - a 5-day Union Cycliste Internationale 
(UCI) road-cycle race held between the 19th and 23rd of 
June 2019. The Tour of Slovenia included 18 teams, consisting 
of five UCI World Tour teams, eight UCI professional 
Continental teams, five UCI Continental teams, and one 
national team. Riders covered approximately 823 km over the 
five consecutive days of road racing (average temperature 
26.2°C).

Profiling of performance and physiological responses 
during exercise

Athletes rode with a mobile power-meter (Pioneer, USA) and 
a cycle computer (Wahoo, Wahoo fitness, USA) mounted on 
their bike that monitored physiological and performance 
metrics during exercise (i.e., power, cadence, velocity, distance 
and duration). Heart rate (HR) was measured via a portable 
monitor strapped onto the chest (Wahoo, Wahoo Fitness, 
USA). Cycle metrics were logged and retrospectively uploaded 
via a computerised cloud-based package (Training PeaksTM, 
USA) that facilitated data analysis.

Table 1. Anthropometric, diabetes and maximum cardiopulmonary exercise test 
performance characteristics of study participants (n = 7).

Characteristic Mean ± SD (Range)

Age (years) 28 ± 4 (23–35)
Diabetes duration (years) 10 ± 6 (1–18)
Height (m) 1.8 ± 0.1 (1.7–1.9)
Body mass (kg) 
(p = 0.47)

Training Racing
68.3 ± 5.6 (61.0–76.0) 67.7 ± 4.5 (62.8–75.4)

BMI (kg.m−2) 
(p = 0.47)

Training Racing
21.4 ± 1.6 
(19.0–23.0)

21.2 ± 1.2 
(19.6–22.6)

HbA1c (%) 6.4 ± 0.4 (5.9–7.1)
HbA1c (mmol.mol−1) 46 ± 4 (41.0–54.1)
HRmax (bpm) 187 ± 11 (173–202)
POmax (W) 409 ± 41 (340–460)
POmax (W.kg−1) 6.0 ± 0.6 (5.2–6.7)
VO2max (L.min−1) 5.0 ± 0.3 (4.7–5.4)
VO2max (mL.kg −1.min−1) 73.9 ± 4.3 (68.6–79.2)
Basal insulin (Insulin Units) 
(p = 0.21)

Training Racing
14 ± 8 
(4–25)

12 ± 7 
(2–23)

Bolus insulin (Insulin Units) 
(p = 0.82)

Training Racing
12 ± 5 
(5–18)

11 ± 6 
(5–15)

Data are presented as mean ± SD (range). BMI: body mass index. HbA1c: glycated 
haemoglobin. HRmax: maximum heart rate. Pmax: maximum power. VO2max: 
Maximum volume of inhaled oxygen. P-values represent the degree of statistical 
difference in data between training and racing conditions.
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Continuous glucose monitoring

In each period of data collection, riders were provided with 
unblinded real-time continuous glucose monitors ([rtCGM] G6, 
Dexcom Inc., San Diego, California). The subcutaneous sensor 
was worn on the posterior upper arm or on the hip, depending 
on rider preference. On the final day of both the training and 
racing events, each rider’s rtCGM data were downloaded from 
the online Dexcom Clarity™ platform.

Nutritional tracking and macronutrient reporting

During exercise, dietary intake was recorded via the provision of 
individualised rider feed bags containing a selection of items 
routinely used by the team throughout the cycling calendar. 
Before each cycling session, riders’ pre-race food was quantified. 
Food and drinks handed from the team cars during the race were 
recorded as well as food given to each rider at the feed zone(s). 
Food items in the riders’ pockets not consumed at the end of 
each race was quantified and subtracted from that given out. 
These data were verified by recall by the athletes following each 
stage. When there was uncertainty, for example, where one 
athlete collected numerous items from the team car to distribute 
to their teammates, food items were split evenly between riders. 
Nutrition content for each product was quantified using the 
Nutrition Facts labels. Individual drinks and gels were classified 
as liquid snacks while all other individual foods were classed as 
solid snacks (plain water was excluded from this analysis).

Data analysis

All descriptive and statistical analyses were carried out using SPSS 
26.0 statistical software (SPSS, Chicago, Illinois, USA). Alpha was set 
at 0.05, and statistical significance was accepted when p ≤ alpha. 
Differences between training versus racing data were assessed via 
paired sample t-tests. Single stepwise linear regression was used 
to explore relationships between in-ride nutritional intake, glycae
mia, and exercise performance variables.

rtCGM data as percentage time spent were stratified into 
pre-defined glycaemic ranges in accordance with a recent inter
national consensus statement (Battelino et al., 2019): level 2 
hypoglycaemia (<54 mg.dL−1 [<3.0 mmol.L−1]), level 1 hypogly
caemia (≥54 – ≤69 mg.dL−1 [≥3.0 – ≤3.8 mmol.L−1]), euglycae
mia (≥70 – ≤180 mg.dL−1 [≥3.9 – ≤10.0 mmol.L−1]), level 1 
hyperglycaemia (≥181 – ≤250 mg.dL−1 [≥10.1 – ≤13.9 mmol. 
L−1]) and level 2 hyperglycaemia (>250 mg.dL−1 

[>13.9 mmol.L−1]).

Results

Performance metrics and heart rate responses to exercise

The means of riders’ performance variables of exercise are 
presented in Table 2. Despite equivalent exercise durations, 
power outputs, and cycling cadences, riders traversed further 
distances at quicker speeds with higher HR responses under 
racing conditions than during the training sessions (Table 2).

In-ride energy intake and macronutrient contributions

Carbohydrate intake was similar during exercise under both 
training and racing conditions (Table 3). Irrespective of the 
exercising event, carbohydrate contributed most to the total 
energy intake during cycling (>80% in both conditions).

Protein intake during exercise was higher during training in 
absolute amounts (p = 0.046) and when expressed as a % 
contribution to the total energy intake, yet fell outside signifi
cance when intake was relativised to time (Table 3). There was 
no difference in fat intake between events. Linear regression 
revealed that total in-ride carbohydrate intake was considered 
a potential predictor of power output during exercise 
(β = 0.411, p < 0.001) with an R2 of 0.169.

Rate and form of fuel intake during cycling

Riders consumed an average of 9 ± 3 vs 8 ± 1 (p = 0.310) snacks 
per ride, equating to 2 ± 1 vs 2 ± 0 (p = 0.088) snacks per hour, 
in racing and training, respectively. A preference to consume 
snacks classed as solid vs snacks classed as fluid was shown 
during training (p < 0.001), while there was no preference in 
snack type usage during race conditions (p = 0.282). Figure 1 
details the percentage contribution of number of solid and 
liquid foods to the total number of in-ride sacks both in racing 
and training conditions.

Fluid snacks had no protein or fat content and fewer calories 
on average compared to solid snacks in both racing (Fluid 
71.5 ± 8.9 vs Solid 134.6 ± 12.0 kcals, p < 0.001) and training 
(Fluid 65.9 ± 22.7 vs Solid 133.0 ± 10.26 kcals, p < 0.001) events. 
Riders favoured a carbohydrate-rich branded sports drink and 
a branded sports gel during the race, whereas a sports bar and 
the same sports drink were the most common snacks con
sumed during training. Other popular snacks included fruit 
and biscuits. Out of the top five preferred snacks in training, 
three of the same snacks were also used during the race (9 out 

Table 2. The performance variables of exercise under pre-season training and racing conditions.

Parameter Training Racing P-value Effect size

Duration (h) 4.5 ± 0.2 (0.7–6.3) 4.1 ± 0.2 (3.7–5.1) 0.120 0.68
Distance (km) 134 ± 10 (18–189) 164 ± 2 (144–175) <0.001* 2.66
Speed (m.s−1) 8.5 ± 0.2 (6.8–10.3) 10.7 ± 0.3 (9.4–11.7) <0.001* 7.70
Cadence (rpm) 80 ± 3 (67–123) 76 ± 8 (60–84) 0.236 0.50
Power (W) 198 ± 24 (104–255) 207 ± 18 (139–266) 0.179 0.43
Power (W.kg−1) 2.9 ± 0.2 (1.65–3.58) 3.1 ± 0.2 (2.2–3.7) 0.173 0.59
Power (%max) 49 ± 4 (27–64) 51 ± 2 (41–62) 0.186 0.56
HR (bpm) 132 ± 6 (93–163) 141 ± 4 (127–153) 0.011* 2.87
HR (%max) 71 ± 3 (52–80) 76 ± 8 (69–83) 0.016* 2.49

Data are average per ride, presented as mean ± SD (range). Power %max derived from CPET power at VO2max. HR: heart rate. * 
Denotes p ≤ 0.05.
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of a combined total of 15 different snacks were the same in 
both events).

In-ride glycaemia

Table 4 outlines the interstitial glucose (iG) responses to exer
cise under training and racing conditions; there were no differ
ences between glycaemic responses in the two events.

Discussion

This study sought to characterise the in-ride nutritional prac
tices of professional cyclists with T1D and compare these data   

under pre-season training and competitive racing conditions. 
Cycling load was similar in terms of volume and intensity para
meters between training and competition rides; however, 
increased cycling speed and higher heart rates reflect the 
greater exertion performed during race events. The findings 
reveal a key role for carbohydrates in supporting cycling per
formance with in-ride energy intake similar between racing and 
training environments. Riders consumed ~43 g carbohydrates 
per hour of cycling (~0.7 g.kg−1.h−1) and the amount of carbo
hydrates was a potential predictor variable for cycling power. 
Despite differences in exercise intensity, riders spent 
a comparable amount of time within the euglycaemic range 
in training and racing.

Table 3. In-ride energy and macronutrient intake of professional road cyclists with type 1 diabetes under pre-season training and competitive 
road cycle racing conditions (n = 7).

Macronutrient Training Racing P-value Effect size

Energy (kJ) 3904 ± 519 (439–9138) 3954 ± 1360 (1477–7268) 0.909 0.04
Energy (kJ.h−1) 849 ± 134 (188–1778) 933 ± 326 (364–1678) 0.419 0.33
Energy (kJ.kg−1.h−1) 11.97 ± 3.10 (0.00–25.02) 13.77 ± 4.60 (5.48–23.51) 0.426 0.44
Energy (kcal) 933 ± 124 (105–2184) 945 ± 325 (353–1737) 0.909 0.04
Energy (kcals.h−1) 203 ± 32 (45–425) 223 ± 78 (87–401) 0.419 0.33
Energy (kcals.kg−1.h−1) 2.86 ± 0.74 (0.00–5.98) 3.29 ± 1.10 (1.31–5.62) 0.426 0.44
Carbohydrates (g) 192 ± 27 (21–451) 192 ± 64 (80–375) 0.991 0.00
Carbohydrates (% Energy) 82.7 ± 5.3 81.8 ± 4.4 0.662 0.17
Carbohydrates (g.h−1) 41.9 ± 6.8 (10.4–90.4) 45.4 ± 15.5 (19.7–83.3) 0.548 0.24
Carbohydrates (g.kg−1.h−1) 0.6 ± 0.2 (0.00–1.32) 0.67 ± 0.22 (0.30–1.18) 0.537 0.36
Protein (g) 11.4 ± 2.1 (1.0–26.5) 7.8 ± 4.1 (0.0–21.0) 0.046* 0.95
Protein (% Energy) 4.9 ± 0.9 3.1 ± 1.0 0.014* 1.29
Protein (g.h−1) 2.6 ± 0.6 (0.2–6.6) 1.9 ± 0.9 (0.2–4.6) 0.051 0.92
Protein (g.kg−1.h−1) 0.04 ± 0.01 (0.00–0.10) 0.03 ± 0.01 (0.00–0.07) 0.049* 0.77
Fat (g) 14.5 ± 6.0 (0.0–47.0) 15.4 ± 7.5 (2.0–37.0) 0.373 0.36
Fat (% Energy) 12.4 ± 5.4 15.0 ± 4.8 0.196 0.55
Fat (g.h−1) 3.1 ± 1.3 (0.0–9.6) 3.6 ± 1.7 (0.4–8.5) 0.059 0.88
Fat (g.kg−1.h−1) 0.04 ± 0.02 (0.00–0.13) 0.05 ± 0.03 (0.01–0.12) 0.078 1.12

Data are average per ride, presented in absolute amounts, as a percentage contribution to the total in-ride energy yield (%), and relativised to both 
exercise duration in hours and body mass (kcals.kg−1.h−1 or g.kg−1.h−1).

Figure 1. Number of snacks consumed per ride and relative contribution of Fluid and Solid snacks. Percentage contributions of snack type usage between the two 
event types were statistically significant (p < 0.001). Data expressed as averages of riders in each event with SEM bars.
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Energy intake and composition

We found a similar energy intake during exercise between 
training and racing conditions, with a heavy emphasis (>80% 
of total energy intake during exercise in both events) on carbo
hydrates as the predominant source of fuel. To align with 
guideline recommendations and maximise performance, it is 
intuitive that both training and race conditions would reflect 
high carbohydrate consumption to match the high workload 
demands in both settings. However, intensity of training fluc
tuates according to season stage and training periodisation 
(Stellingwerff et al., 2007); hence, the dietary intake observed 
during the high-volume training camp is more likely to match 
the high volume and intensity of a stage race than other 
periods of the athlete training schedule (e.g., general training, 
rest and recovery; Scott et al., 2019). Indeed, cross-sectional 
data from multiple studies suggest a wide range of daily carbo
hydrate consumption in athletes with type 1 diabetes, yet 
reflect only acute dietary strategies (Riddell et al., 2020).

We also observed that in-ride carbohydrate intake was con
sidered a potential, albeit weak, predictor of power output 
during exercise. As muscle glycogen stores deplete during 
prolonged exercise, blood glucose becomes the major source 
of carbohydrates for working skeletal muscle tissue (Coggan & 
Coyle, 1991; Coyle et al., 1986). Hence, as endogenous glucose 
production via hepatic gluconeogenesis is rate-limited, the 
ingestion of exogenous carbohydrate during the later stages 
of exercise is the predominant means of ensuring blood glu
cose availability and oxidation. With this in mind, the ergogenic 
potential of carbohydrate supplementation during prolonged 
exercise in postponing fatigue and enhancing muscular perfor
mance is well established (Coggan & Coyle, 1991, 1987; Coyle 
et al., 1986; Temesi et al., 2011) and recognised by its inclusion 
in several sports nutrition consensus guidelines (ACSM, 2016; 
Thomas et al., 2016). It should be noted that in athletes with 
(and without) T1D carbohydrate consumption during exercise 
may not be consistent throughout the training season as dif
ferent nutritional strategies can help elicit different training 
adaptations (Scott et al., 2019).

Adherence to in-ride carbohydrate consumption 
guidelines

International position statement guidelines advocate the intake 
of 30–90 g.h−1 of exercise to enhance or maintain performance 
during endurance exercise lasting longer than 60 minutes 

(ACSM, 2016). While this applies to people without T1D, it is 
apparent from our data that the riders with T1D met these 
recommendations, consuming 41.9 g.h−1 of carbohydrates dur
ing training rides and 45.4 g.h−1 of carbohydrates during com
petition. Furthermore, recent research detailing the nutritional 
requirements of elite athletes with T1D advocates consuming 
0.4–1.3 g.kg−1.h−1 to prevent hypoglycaemia and enhance per
formance (Riddell et al., 2020). The riders from the current study 
consumed approximately 0.6 g.kg−1.h−1, falling within the gui
dance specific to those with T1D. While there is scope for the 
mechanism of the ergogenic effect of carbohydrate supple
mentation to differ between exercise modalities (Tsintzas & 
Williams, 1998), previous literature has described similar inges
tion rates in endurance running, skiing, and walking (Riddell 
et al., 2020).

It is clear that, in these cyclists, nutritional intake must be 
carefully balanced between two major factors 1) the need to 
support optimal performance and 2) the management of gly
caemic excursions. Hence, beyond the ergogenic potential of 
carbohydrate in aiding sports performance, carbohydrate prior
itisation during exercise in the present study may reflect 
a glycaemic management strategy used by riders to support 
glucose both within and beyond the exercising event. Indeed, 
carbohydrate ingestion during exercise can evoke a sparing 
effect on hepatic glucose production, thereby reducing the 
extent of liver glycogen depletion. We have previously shown 
higher rates of nocturnal hypoglycaemia in professional cyclists 
with T1D compared to day-time hypoglycaemia, the conse
quence of which was an increased chance of experiencing 
a further hypoglycaemic event during the following day’s ride 
(McCarthy, Eckstein et al., 2020). Given the direct links between 
blood glucose and muscular performance, as well as the clinical 
repercussions of hypoglycaemia (McCarthy, Pitt et al., 2020), 
nutritional strategies that help mitigate risk are critical in those 
with T1D.

Selection of in-ride fuelling

There was a greater consumption of fluid versus solid types of 
carbohydrate snacks during race conditions than during train
ing sessions. Previous research has suggested that using fluid- 
based snacks is an efficacious strategy in endurance events in 
maintaining hydration status during the ride whilst being con
venient to consume macronutrients (Von Duvillard et al., 2004). 
Individual preference of avoiding solid foods which contained 
more fat, protein, and fibre, may also be made in the effort to 

Table 4. Glycaemic responses to exercise under training and racing conditions.

Parameter Training Racing P-value Effect size

Mean iG (mg.dL−1) 143.0 ± 42.2 (97.1–256.8) 158.3 ± 5.0 (115.5–222.4) 0.409 0.52
CoV iG (%) 17.8 ± 7.0 (7.6–40.0) 18.6 ± 2.9 (5.9–31.9) 0.787 1.19
TAR L2 (%) 6.3 ± 11.1 (0.0–72.7) 3.1 ± 3.5 (0.0–23.1) 0.441 0.67
TAR L1 (%) 15.5 ± 22.1 (0.0–94.1) 23.5 ± 4.2 (0.0–72.2) 0.495 0.55
TIR (%) 77.1 ± 32.8 (0.0–100.0) 73.4 ± 3.9 (7.7–100.0) 0.804 0.40
TBR L1 (%) 1.1 ± 1.5 (0.0–20.6) 0.0 ± 0.0 (0.0–0.0) 0.179 0.67
TBR L2 (%) 0.0 ± 0.0 (0.0–0.0) 0.0 ± 0.0 (0.0–0.0) – –

Data are reported as mean ± SD. iG: interstitial glucose. CoV: coefficient of variation. TBR L2: time below range level 2 (<54 mg. 
dL−1[<3.0 mmol.L−1]), TBR L1: time below range level 1 (54–69 mg.dL−1[3.0–3.8 mmol.L−1]), TIR: time in range (70–180 mg.dL−1 [TIR; 
3.9–10.0 mmol.L−1]), TAR L1: time above range level 1 (181–250 mg.dL−1[10.1–13.9 mmol.L−1]) and TAR L2: time above range level 2 
(>250 mg.dL−1 [TAR 2; >13.9 mmol.L−1]).
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avoid gastrointestinal issues (De Oliveira et al., 2014); however, 
the preference for gels and drinks in our observations may be 
due to the higher ambient temperature under racing condi
tions in these observations. Despite an overall preference 
towards fluid drinks during the race, riders exhibited continuity 
in their fuelling preferences from training in terms of the num
ber and amount (carbohydrate mass) of carbohydrate snacks 
consumed. Future research that determines the exact timing of 
food consumption during rides, alongside insulin and rtCGM 
data, would enhance our understanding of exogenous fuelling 
for (prolonged) exercise. This information, in addition to the 
type and quantity of food we have described, could help clarify 
the allocation of nutritional intake in the context of the antici
pation of declining blood glucose; reactions to feelings of 
fatigue, hypoglycaemia, or hunger; or the implementation of 
a nutrition strategy for performance.

Time in range

Riders spent a commendable amount of time in the range during 
exercise (>70% in both groups), with euglycaemic mean inter
stitial glucose concentrations observed in both conditions. These 
values fall well within the clinical recommendations for the 
amount of time spent with sensor glucose in target range (i.e., 
>70% of daily values within 70–180 mg.dL−1 [3.9–10.0 mmol.L−1]; 
Battelino et al., 2019) as well as exercise-specific position state
ments advocating the maintenance of sensor glucose between 
90  and 180 mg.dL−1 (5.0–10.0 mmol.L−1) during exercise in 
people with T1D (Moser, Riddell et al., 2020). That riders in the 
present study achieved these targets during successive days’ 
worth of ~4.5-hour daily rides at intensities of >70% HRmax is 
particularly admirable given the difficulties of maintaining nor
moglycaemia and avoiding hypoglycaemia during prolonged 
intense exercise even in those without T1D (Hill et al., 2017).

We observed one rider who spent considerably more time in 
hyperglycaemic ranges during training compared to other 
riders. Under race conditions, the same rider averaged high- 
normoglycaemic concentrations (166 mg.dL−1) and spent 
a comparable time in range to others in the group. Despite 
being close to the hyperglycaemic threshold (180 mg.dL−1) in 
both conditions, the tendency to spend time above this thresh
old in hyperglycaemia during training may explain the greater 
standard deviations in the training group rtCGM metrics. This 
example highlights the importance of individual monitoring in 
the racing group or self-reflection for solo athletes to identify 
methods for improved in-ride glucose management.

Unsurprisingly, loss of glycaemia during exercise constitutes 
the leading barrier dissuading regular participation for people 
with T1D (Brazeau et al., 2008). In these data, the management 
of glycaemia during prolonged exercise in T1D is achievable 
without detriment to acute glycaemic control and may offer 
encouragement to the wider T1D community when looking to 
undertake regular physical activity.

Strengths and limitations

The strength of this work is the provision of data that lends 
insight into the in-ride nutrition of a unique cohort of elite 
professional cyclists with type 1 diabetes during two differing 

periods of the racing calendar and their comparison. Marrying 
nutrition information with rtCGM data provides additional rele
vance to glucose management during exercise performance; 
however, further research would benefit from identifying the 
timing of in-ride nutrition. The small sample size of the study is 
similar to that of other studies in elite athletes in this area, yet 
we acknowledge this limits the power of statistical comparison.

Conclusion

We have characterised the in-ride nutritional fuelling of athletes 
with T1D athletes and shown that carbohydrate intake in train
ing and competition to be similar, albeit below the upper limits 
of consumption recommended in healthy individuals. Despite 
performing prolonged periods of intense activity, riders were 
able to average euglycaemic glucose concentrations and 
achieve TIR percentages that meet clinical recommendations. 
These data provide novel insight into the in-ride nutritional 
strategies employed by professional cyclists with T1D who 
successfully manage their glycaemia during prolonged intense 
exercise events at different stages of the racing calendar, but 
also show a great individual variability in glycaemic and per
formance profiles even though the group was small and appar
ently similar.
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