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KEY POINTS

e The management of fluctuating blood glucose levels in athletes with type 1 diabetes (T1D) is crucial for both safety and performance during
training, sport and competition. Low blood glucose (hypoglycemia) is a major barrier to most forms of exercise, but activity-related high blood
glucose levels (hyperglycemia) can also occur with some forms of intense exercise and when insulin dose adjustments are suboptimal for exercise.

e Continuous glucose monitors (CGM) offer real-time insights into interstitial glucose levels, as a proxy for circulating blood glucose concentrations,
for these individuals and their coaching and support teams.

e Endurance and resistance training present unique challenges in glucose self-management for physically active individuals with T1D, as aerobic
exercise generally decreases glucose levels while anaerobic exercise keeps glucose more stable or can increase it. With competition, glucose
levels may rise because of stress hormones, but then glucose levels can drop into the hypoglycemic range (low blood glucose levels) in recovery.
Proactive blood glucose measures guided by CGM are critical.

e (CGM data helps to inform carbohydrate intake strategies for training and competition, and to help guide more appropriate insulin adjustments
for different forms of activity (e.g., aerobic, anaerobic, mixed), with the primary goal to reduce the occurrence of both hypo- and hyperglycemia.
Post-exercise CGM monitoring is crucial, with the impact on glycemia of a single bout of exercise lasting for at least 24 hr in recovery.

e Time in Range (TIR) metrics from CGM data across a longer period, generally from 24 hr to 3 months, can help guide clinical decision-making by
health care providers for the athletes training and competition. Primary goals include a minimum percent time in the so called “safe” or “target”
glucose range of 70-180 mg/dL (3.9-10.0 mmol/L) for > 70% of time, with minimal exposure to glucose < 70 mg/dL (< 3.9 mmol/L) for

< 3.0% of the time.

INTRODUCTION

Individuals living with type 1 diabetes (T1D) face the unique challenge
of constantly managing fluctuating blood sugar (glucose) levels, a task
that can become even more difficult during sport and exercise activities.
For the athlete with T1D, good glucose management is crucial for both
performance and safety, but the capacity to demonstrate “normal”
glucose responses to exercise and sport is limited by the non-physiologic
delivery of insulin and disruption in endogenous glucagon responses to
exercise (Riddell et al., 2020). While athletes without diabetes typically
have glucose within a relatively tight range in sport and competition
(between 70-120 mg/dL [3.9-10.0 mmol/L]) (Skroce et al., 2024),
athletes with T1D develop hypo- (<70 mg/dL [<3.9 mmol/L]) and/
or hyperglycemia (>180 mg/dL [>10.0 mmol/L]) before and following
activity, even when insulin therapy is intensified, and glucose levels are
monitored (\Weenen et al., 2023).

Despite the additional challenges faced during training and competition,
the visibility of elite-level athletes with T1D have gained attention on a
global scale. These athletes include entire professional sports teams,
such as the Novo Nordisk cycling team, which is comprised solely of
individuals with T1D, and ten-time US Olympic swim medallist Gary Hall
Jr. Additionally, there are athletes who serve as active spokespersons
for diabetes technology companies, such as National Hockey League
(NHL) player and continuous glucose monitor (CGM) user Max Domi.
This increased visibility and/or prevalence in athletes with T1D in sports

may be due, in part, to the progression of diabetes technology in the
past decade. In particular, the advent of CGM which provide real-time
insights into circulating (interstitial) glucose levels and trends, have
revolutionized glucose management for individuals living with T1D. The
aim of this Sports Science Exchange (SSE) article is to provide athletes
with T1D and their coaching team with a guide on how to harness CGM
technology to obtain athletic goals while effectively managing T1D.

TYPE 1 DIABETES

Type 1 diabetes is a form of diabetes mellitus resulting from the
selective autoimmune destruction of the pancreatic B cells and the
complete or near complete absence of insulin production. This form
of diabetes, previously called “juvenile diabetes” or “insulin-dependent
diabetes” accounts for 5-10% of all cases of diabetes, depending on
the geographical region (Liu et al., 2020). While a diagnosis of T1D can
come at any age, the highest incidence rate of diagnosis occurs in the
teenage years (Rogers et al., 2017). Although distinguishing diabetes
type can be challenging when overweight, obese or older individuals
present with hyperglycemia (glucose > 180 mg/dL [> 10.0 mmol/L]),
confirmation of a T1D diagnosis can be performed by measuring T1D-
specific autoimmune biomarkers and/or c-peptide levels (Sacks et al.,
2023). These biomarkers reflect the autoimmune dysfunction within the
pancreatic beta-cells, along with the resultant loss in insulin production
to zero (or near zero), which is exclusively associated with this form of
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diabetes. If left untreated with daily insulin therapy, these individuals
rapidly develop severe hyperglycemia (glucose > 350 mg/dL [> 19.4
mmol/L]) and life-threatening diabetic ketoacidosis.

Clinical Management and Goals

The clinical management of T1D involves daily insulin therapy, which
aims to enhance the individual's quality of life by preventing and
alleviating the disease's acute and chronic complications. Given the
strong relationship between diabetes-related complications (both
micro- and macrovascular disease) and prolonged hyperglycemia
exposure (Gubitosi-Klug & Group, 2014), modern management of
T1D focuses on glucose monitoring with intensive insulin therapy. This
typically includes basal/bolus insulin delivery to help manage glucose
levels overnight, in between meals and after meals. Insulin therapy
could involve either multiple daily injections (MDI) of basal/bolus
insulins (i.e., long-acting and short-acting insulins for between meals
and mealtime, respectively) or the use of a continuous subcutaneous
insulin infusion (CSII) device, commonly known as an insulin pump.
In recent years, automated insulin-delivery (AID) systems, integrating
an algorithm-facilitated insulin pump and CGM to help guide insulin
delivery requirements, have been more widely adopted for better
glucose management in T1D. These AID systems still require manual
insulin boluses at mealtimes, and ideally carbohydrate “counting” to
better estimate insulin needs with nutrition, but have been shown to
increase the overall time that glucose levels are within the target range,
particularly in those who were far from reaching clinical targets for
glucose control (Crabtree et al., 2023). At present, AID systems have
been adopted by ~20% of the North American T1D population (Miller et
al., 2020), while CGM and standard pump use is higher (~66% of youth

Parameter Target*

A1C < 7.0% (< 53 mmol/mol)

Fasting and pre-meal glucose | 80130 mg/dL (4.4-7.2 mmol/L)

Peak post-meal glucose® < 180 mg/dL (< 10.0 mmol/L)

Time in range (TIR: 70-180

mg/dL [3.9-10.0 mmol/L])*

Glucose Coefficient of

Variation (CV)" < 36%

*Less, or more, stringent goals may be appropriate for some individuals
with T1D including age, disease duration, disease complications
including hypoglycemia risk and pregnancy status. Goals should be set
by the health care team in consultation with the individual living with
T1D, and their caregivers if necessary.

#Cannot be assessed without at least three continuous weeks of CGM
data. Adapted from ADAPPC et al., 2023b.

Table 1: Glycemic goals for adults with Type | Diabetes (T1D).
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and young adults with T1D use CGM regularly), but with considerable
regional differences in overall diabetes-related technology adoption,
likely because of various access barriers, costs and insurance coverage
(Prahalad et al., 2024).

Glycemic management goals in diabetes, including individuals with
T1D, are contingent upon the individual's age and pregnancy status,
with various glucose metrics considered when evaluating overall
glucose “control” in T1D (Table 1). These glycemic targets can be
assessed through frequent whole blood glucose monitoring (i.e., 5-7
times daily), regular glycosylated hemoglobin A1C blood tests and, with
regular usage, CGM analytics programs provide substantially more data
interpretation (time in range (TIR), glycemic variability, etc).

Physical Activity and T1D

Regular physical activity and planned exercise training sessions are
crucial components of managing T1D. However, managing glucose
levels with exercise and sport is extremely difficult, even for the
experienced athlete with this disorder (Colberg et al., 2021; Lespagnol
et al,, 2020; Moser et al., 2020a, b; Ratjen et al., 2015; Scott et al.,
2020). Nonetheless, regular exercise has numerous health benefits
for the individual living with T1D, including the enhancement of insulin
sensitivity, more time in glucose target range and reductions in various
cardiovascular disease risk factors. For instance, a 45-min walk can
lower glucose levels in adults with T1D if insulin is not reduced enough,
or if carbohydrates are not consumed to offset the activity-induced
increase in insulin sensitivity and enhancement in glucose disposal rate
from contraction-mediated glucose uptake (Rickels et al., 2018).

Inindividuals with T1D, the risk of activity-induced hypoglycemiais around
30-40% if insulin dose adjustments are not made or if carbohydrate
feeding does not occur (Riddell et al., 2019). Endurance athletes with
T1D also need to adjust their insulin regimens daily and consume high
amounts of simple carbohydrates to help maintain optimal glycemia
during training and competition (Pitt et al., 2022; Scott et al., 2019).
Some reduce bolus insulin doses by over 50% during a 5-day cycling
race, while others consume high amounts of carbohydrates (> 60 g/
hr) without taking any bolus insulin (Moser et al., 2020a). Recreational
adults with T1D also experience significant reductions in blood
glucose levels during exercise and thus require significant reductions
in basal and bolus insulin during training and competition (Moser et
al., 2020b). Both competitive and non-competitive athletes with T1D
frequently experience considerable time outside their glucose target
range for competition (70-180 mg/dL [3.9-10.0 mmol/L]) (Lespagnol
etal., 2020; Pitt et al., 2022; Scott et al., 2020; Weenen et al., 2023).
While most endurance activities lower blood sugar levels in individuals
with T1D, brief and intense exercises can cause dramatic increases in
glucose concentration (Riddell & Peters, 2023). The American Olympian
Gary Hall Jr had a large rise in his glucose level from ~140 mg/dL
(7.8 mmol/L) to over 300 mg/dL (16.7 mmol/L) in a single freestyle
swim that lasted under 22 s at the Sydney Olympics, simply because
of the rise in his adrenaline associated with the competition (personal
communication to MC Riddell).
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*Note: these are general CGM trends for activity, but individual glycemic responses to exercise will vary

Flgure 1: General continuous glucose monitor trends in response to activity type and intensity for individuals with type 1 diabetes. (Figure created with BioRender.com)

Exercise Type and Glucose Response in T1D

Each athlete with T1D will have a differing response to any given activity,
which can even vary within an individual on a day-to-day basis depending
on factors including time of day, insulin delivery, hydration status,
carbohydrate consumption and competition stress (Riddell et al., 2017).
In general, as outlined in Figure 1, individuals with T1D will face drops in
glucose with aerobic activity, rises in glucose with anaerobic activity and
mitigating effects if the activity is mixed in nature (Riddell et al., 2017).

CONTINUOUS GLUCOSE MONITORING IN T1D
AND EXERCISE

Due to the rapid, and sometimes unpredictable, changes in glucose
levels during activity, the use of CGM is instrumental in the self-
management of the athlete with T1D (Riddell et al., 2020). It is hoped
that the use of CGM by the athlete with T1D allows for ongoing therapy
evaluation and for more proactive measures to limit glucose fluctuations
during training, competition and recovery (Moser et al., 2020c). The
following sections describe how a CGM works, target glucose ranges
for T1D athletes in the context of competition, nutritional considerations
for the athlete and considerations for the athlete and practitioner
(coaches, support team, etc.) when using a CGM.

What is a CGM and How Does it Work?

A CGM is first and foremost considered “wearable technology” allowing
the user to view their glucose concentrations continuously and in near
real time. However, for the individual living with T1D it is also considered
a part of their “standard of care” for their diabetes management, since
the CGM can help inform insulin dosing and perhaps even inform the
individuals AID system, if they choose to be wearing one.

While many readers may be familiar with the more classic “fingerstick”
blood glucose meter, which provides a snapshot of blood glucose
concentration at the time of testing, a CGM serves a similar purpose
but with enhanced glucose data acquisition rates and analytics. By
continuously measuring a user’s glucose level in the subcutaneous
fluid just under the skin, termed interstitial/sensor glucose, a CGM
device provides information equivalent to ~300 or more fingerstick
measurements per day. This type of glucose monitoring offers the T1D
athlete an idea of the in-between moments and glucose trends, which
may otherwise be overlooked by a fingerstick glucose reading. While
multiple CGM systems are commercially available, they all use three
main components to provide users with glucose readings and additional
information in ~5-min increments (Figure 2):

1. Sensor: A flexible, thin microwire that lies under the skin to
measure glucose in the interstitial space - the area between the
skeletal muscle blood vessels and cells. The sensor is inserted
using an automatic insertion device and secured with adhesive.
Sensors are disposable and last from 10-14 days.

2. Transmitter: A Bluetooth or radio-frequency component, roughly
the size of a dime, that is attached to the sensor filament and
housing adhesive that sits on top of the skin. Transmitters may
be rechargeable or disposable, with sensor life generally lasting
7-14 days. *Note, some newer CGM systems integrate the
sensor and transmitter into one disposable component that lasts
about 10-14 aays.

3. Receiver: A stand-alone device containing proprietary software
that reports the sensor glucose level. The software can be
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installed on the user’s smartphone which can display glucose CGM Targets for the Athlete with T1D

on a secondary device, such as a smartwatch. The display What is time in range? Some CGM platforms will offer the user

(Figure 2) may show several real-time and historic glucose trend reports on time in range (defined as percent time between 70-180 mg/

data such as: dL [3.9-10.0 mmol/L] for people living with diabetes). This, and the
a.  Current glucose readings (i.e. 200 mg/dL [11.1 mmol/L]). other associated metrics, may be displayed over any given period (i.e.,

day, week, month) that an individual’s glucose reading is either low

b Current glucose trend arrow (.. rising, falling, steady). (time below range; TBR), in target range (time in range; TIR) or above

c. Alerts and alarms: Replace sensor, out-of-range, rapid the target range (time above range; TAR). To inform actionable training
glucose rise or fall, high glucose, low glucose, urgent decisions, these percent values can be converted into time durations
low glucose. (hrs, mins). For instance, if an athlete goes on a 1-hr training run

and has 10% TAR, that means they spent 6 min of that run with high

d.  Past glucose trends: A line graph of the last 24-hours.
blood glucose.

Some systems can also show glucose time in range,

patterns and trends for up to the fast 3 months. How could time in range targets differ on training and

e.  User-marked events: Including food intake, insulin competition days? The guidelines for time in range on a training day
delivery, activity, finger-stick calibration. are in line with general recommendations for health in T1D (Riddell et
al., 2020). However, the competition day guidelines are more stringent
(Figure 3). The focus shifts to an increased TIR and limited TBR. Thisis an
important adjustment as low glucose can impact performance and may
even lead to not completing a competition event (Riddell et al., 2020).

April 10,2024

250 mg/dL

Training Competition

180 mg/dL

54 mg/dL

{ o)

>180 mg/dL

2% Very High

D 74% Time in Range ldast 90
ays

) 4% Low
L}

1% Very Low

Connected with: Mom, Alex, Coach John

72-180 mg/dL

(A) Current glucose level (in mg/dL) and trend
(B) Same-day glucose tracing with events and alarms

(C) Panel indicating possible alarms and user-marked events

<72 mg/dL <4% <5%

(D) Percent time in range values from the past 90-days
<54 mg/dL <1% 0%

(E) Indication of Bluetooth connection to CGM followers i o
TAR, time above range; TIR, time in range (70-180 mg/dL [3.9-10.0

Note: different CGM systems will use slightly different dashboards to mmol/L]); TBR, time below range.

display information to the user. ) ) o
Adapted from Riddell et., (2020) with permission.

Figure 2: Example of the information which can be displayed on an individual’s
continuous glucose monitor (CGM) receiver. (Figure created with BioRender.com)

Figure 3: Percent time in range (%TIR) goals for the athlete with type 1 diabetes
during training and competition days.
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How can the visibility of CGM trends inform training and
competition? As discussed above, different forms of exercise can have
varying effects on an athlete’s glucose. One of the most significant
advantages of using a CGM for athletes with T1D - along with their
coaches, teammates and family members, where applicable - is the
ability to observe real-time interstitial glucose levels and trends. This
visibility enables athletes to make proactive decisions regarding high
or low glucose levels, which may otherwise impair their performance
and possibly safety as acute changes in glucose are linked to mild
cognitive dysfunction (Cox et al., 2005). Moreover, since CGM systems
store data on various platforms, individuals can retrospectively examine
their patterns related to different types of training, durations, timings,
intensities, days and even competition stress. This could help determine
the effectiveness of their performance strategies. While dedication and
support are crucial, using CGM may help the athlete with T1D achieve
the recommended glucose targets and enhance performance.

Using CGM for fuelling during sport and exercise. While CGMs
offer glucose trends, tracings, alerts and reports (Figure 4), a CGM
will not offer treatment solutions. It is the athlete with T1D, their
coaching staff and support team who will ultimately make treatment
decisions and Figure 4 outlines how CGM tracings and trends can
inform treatment decisions for an athlete with T1D.

CGM trends to inform fuelling. Based on a recent CGM exercise
consensus document (Moser et al., 2020c), Table 2 offers some
guidance on how CGM can inform fuelling during activity.

250 mg/dL

180 mg/dL

ot

Sports Science Exchange (2024) Vol. 37, No. 256, 1- 11

Nutritional requirements for the athlete with T1D. Nutritional
recommendations for athletes with T1D should be individualized,
considering factors like weight goals, energy requirements, type
of exercise routine, environmental factors and overall glycemia as
measured by CGM or self-monitoring of blood glucose levels. Figures 5
and 6 depict real-world tracings from athletes living with T1D, shedding
light on the individuality of nutrition and treatment decisions for athletes
managing T1D.

The American Diabetes Association Standards of Care now emphasize
foods, food selections and dietary patterns (ADAPPC, 2023a). They
underscore that nutrition therapy is important in the overall management
of diabetes and advocate for individualized eating plans. Athletes with
T1D do not appear to have different nutritional requirements from non-
diabetic athletes, but they often need to modulate their carbohydrate
(CHO) intake based on their glucose levels, and they need to change
their insulin management plan (i.e., amount of insulin administered)
accordingly for different meals and for exercise (Cavallo et al., 2024;
Gallen et al., 2011; Riddell et al., 2020). Additionally, a pre-race taper
period (i.e., maintenance of high intensity and lower training volume)
can interfere with daily glucose trends as well as insulin requirements.
Individual, day-by-day approaches can temper glucose oscillations.
Post exercise recovery also requires a modification to insulin therapy
(typically a reduction in insulin delivery), along with appropriate re-
fuelling with carbohydrates and protein, and vigilant glucose monitoring
to help guard against post-exercise dysglycemia (Scott et al., 2021).

T

72 mg/dL

54 mg/dL

[ Glucose target [ ] Aerobic exercise

Sleeping ] Resistance exercise W Correction Bolus

User-initiated meal
bolis . Snack

| Hypoglycemia
treatment

S Pre-exercise strategies: Medical identification, all diabetes supplies (i.e., CGM, needles, insulin pump) available, hypoglycemia
L-{ carbohydrate snacks, emergency glucagon, temporary insulin reductions and/or exercise mode initiated (if on a pump)

Bedtime séa;aéegies: Hypoglycemia carbohydrate snacks on hand, correction boluses, basal insulin reductions (if on a pump)

when nee

Flgure 4: Example continuous glucose monitor (CGM) tracing and marked events over a training day for an athlete living with type 1 diabetes. (Figure created with BioRender.com)
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Current Glucose and
Trends at Exercise Start
and During Exercise

Arrows indicate CGM rates of change*

<70 mg/dL
(<3.9 mmol/L)
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>250 mg/dL
(>14.0 mmol/L)

»

>

An individual’s glucose may fluctuate between columns in any given exercise session

Glucose is quickly rising
(>30 mg/dL per 15
minutes or >1.67mmol/L
per 15 minutes)

Glucose is slowly rising
(15-30 mg/dL per 15
minutes or 0.83-1.67
mmol/L per 15 minutes)

Glucose is relatively
steady (change <15 mg/
dL per 15 minutes or
<0.83 mmol/L per

15 minutes)

Glucose is slowly
dropping (15-30 mg/
dL per 15 minutes or
0.83-1.67 mmol/L per
15 minutes)

Glucose is quickly
dropping (>30 mg/
dL per 15 minutes or
>1.67mmol/L per
15 minutes)

+

Consume ~15 g of CHO
before exercise. Wait to
exercise until glucose is
>70 mg/dL. If symptoms of
hypoglycemia are present
(shakiness, tremors,
confusion, disorientation,
etc.) delay exercise and
confirm glucose with a
blood glucose meter.

Ok to start exercise.
During exercise, consider
fuelling with CHO for
performance and glucose
management and maintain
hydration status.

Ok to start exercise but
consume CHO (~15-30 g)
if CGM reads <125 mg/dL
(<7.0 mmol/L).

Ok to start exercise.
During exercise, maintain
hydration status.

If blood ketones are

<1.5 mmol/L, ok to start
exercise. Consider an
insulin correction bolus if
ketones are elevated >=1.5
mmol/L. Consider mild to
moderate intensity exercise
as a warmup.

Proper hydration
is required.

Ok to start exercise.
During exercise, consider
fuelling with CHO for
performance and glucose
management and maintain
hydration status.

Additional Carbohydrate (CHO) Fuelling Considerations

Ok to start exercise.

Proper hydration
is required.

Once exercise starts, fuel with CHO as needed (up to 60 g/hr of exercise) and maintain hydration status during exercise
(Belval et al., 2019).

Consuming fast-acting carbohydrates, such as Gatorade drinks, can help to prevent and address low blood glucose (hypoglycemia)
during exercise, particularly if it is aerobic in nature.

Athletes in mixed or anaerobic-focused sports, which typically maintain or elevate blood glucose levels, can likely reduce the amount of
carbohydrates consumed.

Continuous monitoring of the CGM post-exercise is essential. Delayed onset hypoglycemia, occurring 6-8 hr after activity or overnight,

iS not uncommon.

Insulin requirements and carbohydrate feeding vary from athlete to athlete depending on factors such as training status and prior
exercise experiences.

Insulin is always required; athlete should avoid severe hypoinsulenemia due to risk of diabetic ketoacidosis.

*different CGM companies can have different rate of change trend arrows.

Table 2: Using current glucose and trends to inform carbohydrate (CHO) feeding and exercise safety.
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(A) ) .~ Breakfast Warm up and race ~ Food Snack Dinner

250 mg/dL

& & o

180 mg/dL

72 mg/dL

54 mg/dL

00:00 12:00
Time of the day [0-24h]

(B)

250 mg/dL

180 mg/dL m

Gel (25g CHO)

72 mg/dL

54 mg/dL
0:00:00 0:10:00 0:20:00 0:30:00 0:40:00 0:50:00 0:60:00 01:10:00

Exercise duration [min]

Panel (A) illustrates the full-day glucose profile, while panel (B) provides a closer look at the glucose profile during the race. The red horizontal line represents time
below range 2, the dark orange line represents time below range 1, and the yellow line represents time above range 1. The shaded green region indicates time spent
in range. Red circles denote bolus insulin (rapid-acting insulin analogue, Aspart) dosage in international units, while the blue circle indicates basal insulin (long-
acting basal, insulin Degludec) dosage in international units. The athlete consumed sports gels (25 g of carbohydrates each, with a 0.8:1 fructose-to-glucose ratio,
caffeine-free) on two occasions: 10 min before the race start and 35 min into the race, as indicated by red arrows (panel A) or depicted in the gel image (panel B).

Figure 5: Continuous glucose monitor (CGM) tracing profile during an 18 km trail race won by a professional trail runner with type 1 diabetes who uses multiple daily insulin injections.
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(A)

350 mg/dL

"Breakfast‘ Workout: 6h endurance ride Lunch Snack  Dinner

250 mg/dL

180 mg/dL

72 mg/dL

54 mg/dL
00:00 12:00 [ Time < 54 mg/dL

Time of the day [0-24h] [ ] Time 54-72 mg/dL
[ ] Time 72-180 mg/dL
(B) Time 180-250 mg/dL

1t hour 3 hour 4" hour 5™ hour 6™ hour
=479 CHO =20g CHO =25¢ CHO =45¢ CHO =102g CHO [ ] Time > 250 mg/dL

350 mg/dL
0% 0% gy

250 mg/dL

180 mg/dL

72 mg/dL

54 mg/dL

(C)

HR [bpm] Elevation [m]
1000

3:00:00 4:00:00
Exercise duration [min]

150
800

600
400
200

20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0
Exercise duration [km]

Panel (A) shows 24-hour CGM tracing and time in range pie chart; Panel (B) indicates the in-ride carbohydrate consumption per hour denoted above the CGM profile
and a time in range pie chart; Panel (C) denotes the total distance cycled is on the x-axis, the left y-axis and red tracings show heart rate, and the right y-axis and
shaded region denote elevation gain. In all CGM tracings, the red horizontal line represents time below range 2, the dark orange line represents time below range
1, the yellow line represents time above range 1, and the light orange line represents time above range 2. The shaded green region indicates time spent in range.
The athlete experienced hyperglycemia throughout the ride.

Figure 6: Continuous glucose monitor (CGM), heart rate, and elevation gain profiles of a professional cyclist who lives with type 1 diabetes and experienced some hyperglycemia over a
6-hour endurance workout. Data courtesy of Team Novo Nordisk, January 2024 training camp data collection.
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Flexibility in food choices and meal timings is crucial given the profound
impact of food intake on min-by-min glycemia for individuals with T1D,
which can be highlighted using a CGM. For instance, an endurance
athlete with T1D may require over 90 g/hr of simple CHO, along with
fluids, to sustain glycemia and endurance performance (Pitt et al.,
2022). Current guidelines suggest consuming 5-12 g CHO/kg body
mass/day (depending on training load) in athletes with T1D (Gallen et
al., 2011). Conversely, some individuals may opt to restrict CHO intake
to mitigate total daily insulin requirements and minimize post-meal
hyperglycemia or hypoglycemia (CDC, 1987; Schmidt et al., 2019).
Protein consumption might need to be higher during training sessions
than during competitions to support optimal muscle maintenance and
repair (Pitt et al., 2022). Many individuals with T1D may aim for weight
loss, thus attempting to restrict total caloric intake while mitigating the
risk of insulin or activity-induced hypoglycemia (Colberg et al., 2021).
In summary, there's no one-size-fits-all approach to nutrition therapy,
however, the use of CGM can highlight glycemic responses in everyday
situations and throughout training and competition may help inform the
correct approach for the athlete with T1D.

OTHER CGM CONSIDERATIONS

Sensor Accuracy and Lag Time

CGM accuracy, determined by how close an interstitial glucose value
is to a true blood glucose sample taken at the same time, is relatively
good for all CGM systems (within a 15% difference). However, it is
crucial for athletes and their support systems to understand that
CGMs measure interstitial glucose values, which can potentially lag
behind changes in blood glucose by ~10-20 min (Wadwa et al., 2018;
Zaharieva et al., 2019), especially during rapid glucose changes during
exercise (Jin et al., 2023; Zaharieva et al., 2019). Therefore, if athletes
experience symptoms of high or low glucose, they should confirm using
a fingerstick, and calibrate the CGM to this reading if they differ. To stay
proactive, athletes could also consider adding fingerstick calibrations
during specific times their sport allows, such as during a bench period
in soccer or basketball.

Another common period of inaccuracy occurs when a sensor
experiences undue pressure resulting in falsely low glucose readings,
termed "compression lows”, or lost connections (Mensh et al., 2013).
This can occur with tight compression clothes worn with some sports
(i.e., cycling shirt) or most often, it is seen during sleep when an
individual lies on their sensor. If athletes with T1D exhibit patterns of
overnight high or low glucose, proactively setting additional alarms to
confirm glucose readings during this period may prove beneficial. Lastly,
some CGM readings are influenced by external factors like hydration
status, heat or medications (e.g., aspirin, Tylenol). It's essential to
consult specific CGM manufacturer guidelines for further information
on managing these influences.

Wearability

1. Sensor placement: Sensor placement locations, such as the
back of the upper arm, abdomen, lower back and/or buttocks,
may vary slightly among CGM systems. Ensure the sensor is
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positioned at least one inch away from insulin injection sites

(for MDI users) or infusion sites (for pump users). While rotating
sites with each sensor insertion is important, athletes with T1D
may also need to consider their sport-specific requirements. For
instance, an individual who plays a contact sport may need to
consider an area where the CGM will be less likely to be hit or
pulled off, while a gymnast may wish to avoid an area like the
lower back where rolling on the sensor could occur.

2. Skin reactions: Some individuals with T1D experience skin
reactions to the CGM adhesive, which could be intensified by
sweat and heat - conditions commonly experienced by athletes.
Cleansing the skin with alcohol wipes or soap and water, letting
the skin dry completely before insertion and/or using a skin
barrier (such as a liquid barrier wipe, spray or tape with a
hole cut in the centre for sensor insertion) may mitigate
skin reactions.

3. Keeping the sensor on: Sweat, heat, water and contact are
all conditions faced by athletes with T1D which can cause the
CGM adhesive to wear down and the CGM to fall off before the
end of the wear period. Using a liquid adhesive before putting
on the sensor or an overlay patch or medical tape over the
sensor following insertion may help.

4. Water sports: All CGMs are water-resistant, but to avoid failure,
individuals should consult manufacturer specific guidelines
on water submersion depth and time. Water submersion can
reduce Bluetooth connectivity, so athletes participating in water
sports may need to ensure the sensor and receiver are within a
closer range during training and/or competition.

CONCLUSION

Continuous glucose monitoring is one of the most beneficial tools
for the management of T1D during sports and exercise. By providing
real-time insights into glucose levels and trends, CGM can inform
proactive adjustments in insulin dosing, carbohydrate feeding and even
training decisions to improve diabetes management for the athlete
with T1D. Integrating CGM data into decision-making for individuals
with T1D and their support teams may enhance the experiences and
accomplishments of athletes with T1D.
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