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Objectives
1. Update the health benefits of 

regular PA/exercise for diabetes 

2. Describe the reasons for exercise-
associated dysglycemia in T1D

3. Present some strategies that can 
help minimize dysglycaemia and 
maximizing exercise performance 
for patients



Questions

} 1) Most of the questions about "exercise" (management of glucose or the 
types of exercise to do) come from my patients living with
} A) type 1
} B) type 2
} C) when expressed as a percentage of who I see, both my patient populations struggle 

with exercise



Questions

} 2) In your clinical practice, how often do you get questions about managing 
glucose control with exercise in your patients living with diabetes (type 1 , 
type 2)?
} A) weekly
} B) On occasion
} C) rarely



Questions	about	exercise	and	T1D
} Does it ever get easier to manage Type 1 and exercise?

} I’m experiencing very large drops in blood sugar during exercise. Any suggestions?

} Are there any tricks to avoiding a post-exercise spike in blood sugar?

} Do you have any advice for managing a pump during exercise?

} Is it possible for people to reverse the complications of Type 1 with exercise?

} How do you deal with unpredictable blood sugar changes during predictable workouts?

} How do you deal with unsupportive friends, teachers or coaches?

} Should I scale back my long-acting basal insulin for exercise?

} My son continues to stay very low for hours after a practice. Do you have any advice for him?

} When is the best time of day to exercise?

} How do I balance the snacks need for exercise and my desire to cut calories?

} Before every race, my pre-race adrenaline sends my blood sugar sky-rocketing. Do you have any advice?

} My daughter is a competitive swimmer, but on meet days, she has a hard time controlling her blood sugar due to removing her 
pump. What are her options?

} Any suggestions on how to keep blood sugar up during exercise when you’re doing something that makes it difficult to eat 
while on-the-go, like swimming, or cross country skiing?



How	would	you	answer	this	one?
} ‘Does it ever get easier? I’m new to exercise and I find that the threat of random 

bouts of hypoglycemia really stop me from working as hard or as long as I should. 
How long before my body will get used to it?’

} Do you think the body of a person with T1D ever gets used to exercise?

} Does it ever get any easier?



Problems	with	exercise	do	not	appear	to	
disappear	with	training?

74% risk of developing hypo in the good fitness 
group vs. 38% in the poor fitness level group. Both 
groups had similar pre-exercise blood glucose 
levels.”



2% o4 24 hours=29 
minutes/day below target 

8% o4 24 hours=115 
minutes/day below target 

Inactive day Active day





Exercise	causes	dysglycemia in	T1D…



Mike’s	7	tools	that	should	make	exercise	control	easier:
1. Knowledge (downloads), experience and education
2. CGM
3. Being on a sensor-augmented insulin pump

} Not being on NPH insulin
} Not being on insulin degludec

4. A predictable activity routine
5. Choosing the activity you do based on your glucose concentration

} Selecting interval-type exercise

6. Consume a moderate CHO intake diet
7. Being careful about vigorous exercise in the late afternoon (see number 2)



Glucose control during and after 
exercise is challenging…

• CGM can reveal problems
• CGM allows for proactive adjustments
• A sensor-augmented pump helps overnight



Questions
} 3) In your clinical experience, you find glucose management for exercise in 

type 1 diabetes

} A) reasonably easy to deal with for your patients 
} B) challenging to deal with overall
} C) impossible (brutal) to deal with



Questions:
} 4) In your experience, the majority of clinical challenges related to type 1 

diabetes, physical activity, exercise and sport are related to

} A) hypoglycemia during exercise
} B) hyperglycemia before or after exercise
} C) post exercise late-onset hypoglycemia overnight
} D) all of the above are equally common challenges



How	are	we	doing	with	managing	
type	1	diabetes	at	present?



Islet, bionic 
pancreas

Dexcom/Verily Dexcom G6

630G, Enlite CGM, Dexcom G5

Sensionics



*
Mike

Despite	advances	in	care,	glycemic	control	is	still	challenging	in	
T1D,	particularly	in	youth…

Modified from Miller et al., Diabetes Care. 2015; 38:971
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Episodes of Severe Hypoglycaemia are Common (US Data)
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*Seizure or Loss of Consciousness: 
1 or More Events in 12 Months

Miller et al. Current State of Type 1 Diabetes Treatment in the U.S.: Updated 
Data From the T1D Exchange Clinic Registry. Diabetes Care. 2015; 38:971-8.

1/6 to 1/20 persons with type 1 diabetes experience severe hypoglycaemia each year 



From: Estimated Life Expectancy in a Scottish Cohort With Type 1 Diabetes, 2008-2010

JAMA. 2015;313(1):37-44. doi:10.1001/jama.2014.16425

Percentage Surviving by Age Among Those With Type 1 Diabetes Compared With the General Population Without Type 1 DiabetesSee the Methods section for life table 
calculations.



Effects	of	regular	exercise	on	type	1	and	type	2	diabetes

Chimen et al., Diabetologia (2012) 55:542–551



Typical	T1D	Patient	Goals	for	Exercise

Have more energy

Improve blood sugars, health and 
fitness

Weight loss

Performance and Competition

1

2

3

4





Recommendations
• All adults with diabetes should decrease the amount of time spent in daily sedentary 

behavior. B
• Prolonged sitting should be interrupted with bouts of light activity every 30 min for 

blood glucose benefits. C
• Daily physical activity, or at least not allowing more than 2 days to elapse between 

exercise sessions, is recommended to enhance insulin action. B
• Adults should ideally perform both aerobic and resistance exercise for optimal glycemic 

and health outcomes (150 min/week or more). C
• Children and adolescents with diabetes should be encouraged to meet the same physical 

activity goals set for youth in general (60 minutes/day of physical activity). C
• Vigorous-intensity activities at least 3 days per week.
• Activities that strengthen muscle and bone at least 3 days per week.

ADA Physical Activity Guidelines- Diabetes Care 2016



Adherence to PA- Adults

} Most adults with T1D do not engage in regularly physical activity.
} Two longitudinal studies of adults with T1D (Canada, UK) show that 

~60% of patients are inactive (~50% of the general population are inactive)

} Adherence to recommendations generally decreases with age and is 
lower in females

} People with type 1 diabetes now tend to be more obese than non 
diabetics!

Plotnikoff et al., MSSE 2006; Thomas et al., Postgrad Med 2004; Brazeau et al., Diabetes Care 2008; Brazeau et al., Diabetes Metab 2012, Palakodeti et al., 
Diabetic Med 2015; Driscoll et al., Cur Diab Rep 2017



} In the global TEENS study, about ⅔rds of youth with T1D were not 
participating in 30 min of exercise daily

} In a Canadian study,  adolescents with T1D were shown to spend more 
time lying down and resting than non diabetic peers (2.0 vs. 1.3 h/day)

Adherence to PA -Youth

Hanas et al., ISPAD Meeting, Toronto, abstract #217; Lobelo et al., Pediatrics 2010; Mohammed et al., Can J Diabetes 2014.



Associations	between	physical	activity	and	glycemic	control	in	children,	adolescents,	
and	young	adults	with	type	1	diabetes.

N= 296 children, adolescents, and young adults with type 1 diabetes 

Galler et al., Diabetes Care 2011

Note: Youth with T1D spend 20 ± 13 hrs/wk watching television and using computers and  5.1 ± 4.5 hrs/wk engaged in physical 
activity

(0-2 hrs/wk) (>2-4 hrs/wk) (>4-7 hrs/wk) (>7-30 hrs/wk)

PA quartiles and HbA1c



Does	glucose	control	impact	
exercise	performance	in	T1D?



M. C. Riddell, Getting Pumped: An Insulin Pump Guide for Active Individuals with Type 1 Diabetes 2016

140 mg/dL
(8 mmol/L)

180 mg/dL
(10 mmol/L)
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• CSII and CGS
• MOTIVATION!
• Regular predictable physical activity
• Moderate carb diet (nuts, seeds, fruits, vegetables, protein, milk…)
• An SGLT2 antagonist





Larson and Pinsker Int. J. Ped End. 2013



} Adolescents with T1D were shown to spend more time lying down and 
resting than non diabetic peers (2.0 vs. 1.3 h/day)

} In the global TEENS study, about ⅔rds of youth with T1D were not 
participating in 30 min of exercise daily

The fear of hypoglycemia in T1D is a major barrier to exercise

Hanas et al., ISPAD Meeting, Toronto, abstract #217; Lobelo et al., Pediatrics 
2010; Mohammed et al., Can J Diabetes 2014.



Benefits	of	RT	CGM	and	CHO	feeding	for	activity	in	T1D

Riddell	and	Millikin,	Diabetes	Technology	&	Therapeutics,	2011	



The	main	challenge	with	T1D	and	exercise	is	the	limited	glucose	
storage	in	blood…

4 grams
100-150
grams

Liver 
Glycogen

Blood
Glucose

Muscle
Glycogen

400-600
grams

Typical Carbohydrate Stores of a 170lb male “athlete”



Illustration by Anne Greene, Senior Medical Illustrator. Reproduced with permission from: Riddell MC. Management of exercise for children and adolescents with type 1 
diabetes mellitus. In: UpToDate, Post TW (Ed), UpToDate, Waltham, MA. (Accessed on [Date].) Copyright © 2017 UpToDate, Inc.

Various	types	of	exercise	can	do	different	things	to	blood	
glucose…



Glycemic	responses	to	prolonged	aerobic	exercise	is	
variable	in	T1D…

Yardley et al., Canadian Journal of Diabetes 2014 

In the zone



Individuality	in	the	blood	glucose	response	to	aerobic exercise	with	no	
CHO	snack	or	change	in	insulin…
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Zaharieva et al.,  ADA June 2017

n= 121 youth with T1D (individual 
data rank order),45 min aerobic 
exercise

~ 55% develop hypoglycemia 

Mean drop 3.6 mmol/L (65 mg/dL)



The	Dskate Camp	Sprint	Study	(Milton	2016)

~90 kids with T1D performed pre 
and post blood sugars with 
sprinting . Each participant was 
ranked from largest decrease to 
greatest rise in glycemia…

Riddell et al., in preparation
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The Sprint Challenge - Change Post 30 Minute Recovery

Mean = 0.94 mmol/L

Individuality	in	the	blood	glucose	response	to	intense	anaerobic exercise	
with	no	CHO	snack	or	change	in	insulin…



Identifying general trends and reasons for patient 
variability in blood glucose responses to exercise in T1D

Riddell MC et al., Lancet Diabetes Endocrinol. 2017



The British Medical Journal 1926

Aerobic	exercise	has	long	been	
know	to	act	like	insulin	to	lower	
blood	glucose	levels



Insulin	sensitivity	changes	in	response	to	afternoon	aerobic	exercise	in	a	
biphasic	manor	in	T1D

Mcmahon et al., JCEM 2007

*p<0.05
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Normal	Mechanisms	of	Glucose	Provision	For	Aerobic	Exercise

Liver Glycogen
(70–80 g)

Muscle Glycogen
(350–800 g)

ADRENALS

MUSCLE

LIVER

PANCREAS

Glucose production matches 
utilization

↓ insulin
↑ glucagon

↑ catecholamines
(epi, norepi)

Glucose uptake 
facilitated by 
contraction-mediated 
glucose transport



Mallad et al, Am J Physiol Endo Metab, 2015

Aerobic	Exercise-Post	Prandial	Dysfunction	in	Insulin	and	
Glucagon	levels	in	T1D

Basal insulin pump rates 
were not changed during 
the study duration

16 T1D “pumpers” 
exercising 120 minutes 
after a meal (75g CHO) 
with usual basal/bolus 
insulin

Glucagon response flat? 



Mechanisms	of	Exercise-Induced	Hypoglycemia	in	T1D

ADRENALS

MUSCLE

LIVER

PANCREAS

Glucose production impaired

↑Insulin
ΔGlucagon

↑catecholamines
(epi, norepi)

Glucose uptake 
facilitated by 
contraction-mediated 
glucose transport

Glucose 
drops 1-3+ 
mg/dL/min

Liver Glycogen
(70–80 g)

Muscle Glycogen
(350–800 g)





PRESENTING	SPONSOR

NEW (CONSENSUS) EXERCISE DECISION TREE FOR T1D

Riddell MC et al., Lancet Diabetes Endocrinol. 2017





Bolus	reductions	for	post	meal	aerobic	exercise

Riddell MC et al., Lancet Diabetes Endocrinol. 2017

For aerobic exercise to be performed after a meal, take ~50% less insulin.



Recommended	timing	of	basal	rate	reductions	(pump)

Riddell MC et al., Lancet Diabetes Endocrinol. 2017

For aerobic exercise performed before meals, reduce basal insulin by 50-80% well in 
advance of exercise (60-90 min pre exercise).



Suspending	insulin	delivery	on	a	pump	does	not	sufficiently	prevent	the	
drop	in	glucose	during	aerobic	exercise

Zaharieva et al., Diabetes Tech Ther. 2017

Nocturnal glycemia



Efficacy	of	insulin	basal	rate	reductions	for	exercise	in	T1D

Zaharieva et al., in progress



What	if	you	don’t	bother	with	
changing	insulin	delivery- can	you	
still	exercise?



Carbohydrate	(CHO)	Intake	for	Aerobic	Exercise

Riddell MC et al., Lancet Diabetes Endocrinol. 2017



When	it	comes	to	exercise	and	
T1D,	on	board	insulin	matters!



Starting	blood	glucose	levels	
and	relative	‘on	board’	or	
‘active’	insulin	levels	and	
what	to	do	for	prolonged	
aerobic	exercise

Zaharieva and Riddell Can J Diabetes 2017



In the very near future, we will 
be able to take minidose
glucagon (prefilled needle) 
before exercise to prevent 
hypoglycemia during exercise

Rickels et al., ADA 2017



Nocturnal	Hypoglycemia

} In	children,	~75%	of	severe	hypoglycemia	occurs	during	
sleep

} Increased	physical	activity	and	hypoglycemia	during	the	
activity	increases	risk

} Real-time	CGM	provides	nocturnal	alarms
} But	71%	of	alarms	are	not	responded	to

DCCT, Diabetes Care 18:1415, 1995
Davis, Diabetes Care 20:22, 1997
Buckingham, DTT 7:440, 2005



Exercise	can	transiently	cause	hyperglycemia…..
Then	late-onset	hypoglycemia….

hockey



Nocturnal	Hypoglycemia	Prior	to	a	Seizure	- 16	year	old	
Buckingham,	Diabetes	Care	31:2110,	2008

Seizure
2 hr 15 min



Overnight	Glucose	Control
} Medtronic	pumps	and	preventing	lows

} Threshold	suspend	on	low	(suspend	on	low)	(Medtronic	630G)
} Predictive	low		glucose	suspend	(Medtronic	640G)
} Full	Closed-loop	at	night	(Medtronic	670G)



Low	Glucose	Suspend	overnight	(after	usual	day	and	after	exercise	day,	n=	50	subjects)
DTT	(2012)	14:205

Threshold of 80 mg/dl

30 Minute Horizon



Medtronic	670G

Enlite 3 sensor



Open	Loop	Compared	to	Closed-Loop



Exercise	of	different	types…



Insulin	needs	and	the	exercise	spectrum

M.C. Riddell. Getting Pumped: A Insulin Pump Guide for Active Individuals with Type 1 Diabetes



Type 1 Diabetes Controls

Fahey AJ et al. J Clin Endocrinol Metab 2012

Blood	glucose	response	to	a	10s	anaerobic	sprint	in	adolescents	with	
and	without	T1D



Lab	Exercise	
(simulated	hockey	
game)

True	Hockey	Game

Miadovnick et al., manuscript in progress



Exercise and Hyperglycemia-
the importance of Monitoring

“You have to test your blood glucose levels 
often, the more the better….Nerves will send 
my levels sky high... When I broke the American 
record, I tested ten minutes before my race. I 
was at 140. Ten minutes after the race I tested 
again. I was at 388. The race lasted 21 seconds.”

Gary Hall, Jr. (born September 26, 
1974, diagnosed T1D in 1999)- US 
swimmer who competed in the 
1996, 2000, and 2004 Olympics and 
won ten Olympic medals.



What is the “best” post 
exercise high glucose 
correction bolus that won’t 
result in recovery hypo? 270 mg/dL

180 mg/dL



Before the 2002 Winter Olympics in Salt Lake City, 
he was diagnosed with Type 1 diabetes





delayed CHO feeding 

This 18-year-old male used RT-CGM while training for and competing in a 13h Ironman 
Triathlon

Larson and Pinsker Int. J. Ped End. 2013



Jacobs et al., Diabetes Obes Metab. 2016 Nov;18(11):1110-1119.

In the very near 
future, we will be 
using “exercise 
smart” artificial 
pancreases!



PRESENTING	SPONSOR

JDRF Performance in Exercise and Knowledge (PEAK) Program



} Many patients with T1D remain in suboptimal control and struggle with being 
physically active

} Glucose control remains challenging in active patients
} Hypoglycemia is the major barrier for exercise in T1D
} Hyperinsulinemia and a failure in glucagon to rise contribute to hypo risk
} Basal rate insulin reductions do not prevent the drop in glucose if done at the time 

start of exercise
} For aerobic exercise done soon after meals, a 50% bolus reduction
} For aerobic exercise done before meals, an 80% basal rate reduction needs to 

occur well in advance (-90 min)
} A sensor-augmented pump with CGM can offer protection, particularly 

overnight

Summary


