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UnEl	a	cure	is	found…….	

1.  Insulin Therapy 
2.  Regular Exercise 
3.  A Healthy Diet 









What	is	new	in	type	1	care?	





* 
Mike 

Despite	advances	in	care,	glycemic	control	is	sEll	challenging	in	
T1D,	parEcularly	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.





Recommendations 
•  Prolonged sitting should be interrupted with bouts of light activity every 30 min for 

blood glucose benefits. 
•  Daily exercise is recommended to enhance insulin action. 
•  Adults should ideally perform both aerobic and resistance exercise for optimal glycemic 

and health outcomes (150 min/week or more).  

•  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. 

 Physical Activity Guidelines- Diabetes Care 2016; Lancet Diabetes & Endocrinology 2016 





What	Type	of	‘Aerobic’	Exercise?	

!  Reynolds et al. Diabetologia 2016; 59:2572-2578; Fatone et al., . J Endocrinol Invest 2010; 33:489-95; Little et al., . J Appl Physiol 2011;111:1554-60 

A) 150-170 min/week of brisk walking, post 
meals 

B) 2-3 x 30 min  weekly 
sessions of high intensity 
circuit training 

 C) High intensity interval 
training (e.g. 10 x 60 
second bouts of intense 
cycling, running or even 
brisk walking, spaced with 
2 min breaks) 





Resistance	then	Aerobic	vs.	Aerobic	then	
Resistance:	An	Important	Order	Effect	

Yardley et al. Diabetes Care 2012; 35: 669-675 

resistance 

aerobic resistance 

aerobic 



Immediate	and	long-term	effects	of	exercise	in	type	1	diabetes	

Immediate	effects	
•  Increases	the	effecEveness	of	insulin	

for	~24	hrs	

•  Lowers	blood	sugar	immediately,	and	
blood	sugar	response	to	the	next	meal	
and	overnight	

•  Improves	mood,	energy	levels	and	
sleep	

•  Expends	calories	

Long-term	effects	
•  Lowers	A1C	(0.5-1.5%)	

•  Lowers	body	fat	and	increases	muscle	mass	

•  Helps	protect	the	pancreas,	kidneys,	eyes	
and	nerves	

–  May	be	associated	with	improved	beta	cell	mass	and	
funcEon	

•  Reduces	risk	of	heart	afack,	stroke	and	
premature	death	

Riddell et al., Lancet Diabetes & Endocrinol. 2017; Colberg SR et al. Diabetes Care 2016; Chimen M et al., 
Diabetologia 2012; Armstrong MJ and Sigal RJ. Can J Diabetes 2015. 

BG:	Blood	glucose	



FinnDiane Study Group... Diabetes Care. 2017 Oct 16. 



FinnDiane Study Group... Diabetes Care. 2017 Oct 16. 

Physical activity is 
associated with a 
lower risk of 
premature mortality 
in patients 
with type 1 diabetes 
and CKD 

* note- the following all likely 
matter… 
!  Intensity 
!  Frequency 
!  Duration 



FinnDiane Study Group... Diabetes Care. 2017 Oct 16. 

Physical activity is 
associated with a 
lower risk of 
premature mortality 
in patients 
with type 1 diabetes 
and CKD, even after 
adjusting for common 
known health risks   



Exercise	can	cause	rapid	changes	in	blood	sugar	in	diabetes…	



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

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

Inactive day Active day 



Glucose control during and after 
exercise is challenging… 

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





Bracken, West and Bain, Pre-exercise Insulin and Carbohydrate Strategies in the Exercising T1DM Individual. In Clinical Management of the Athlete 
Editor: Ian Gallen. Springer-Verlag, London 2012 

Planning	for	exercise	requires	vigilance	in	glucose	monitoring,	consideraEon	of	the	type	of	
exercise	being	performed	and	changes	to	nutriEon	and	insulin	therapy	



What	are	your	goals	for	exercise	and	your	diabetes?	

Have more energy 

Improve blood sugars, health and 
fitness 

Weight loss 

Performance and Competition 

1 

2 

3 

4 



Manohar C, et al. Diabetes Care 2012;35:2493-9. 

When is it the safest 
time to perform mild 
aerobic exercise? 

Soon after a meal 

60 minutes of mild exercise can be performed right after a meal without insulin dose adjustments or snacking 



Carbohydrate	“snacking”	to	prevent	exercise-induced	hypoglycemia	

ExCarbs are based on estimated glucose oxidation rates during exercise. These are  
ingested without insulin administration to maintain glucose levels. 

www.excarbs.com 



 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 



Blood	sugar	control	impacts	
exercise	performance	in	T1D?	



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

8 mmol/L 10 mmol/L 
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•  Pump and continuous glucose monitoring 
•  MOTIVATION! 
•  Regular predictable physical activity 
•  Moderate carb diet (nuts, seeds, fruits, vegetables, protein, milk…) 
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Larson and Pinsker Int. J. Ped End. 2013 



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” 



The British Medical Journal 1926 

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



Glucose	Infusion	Rates	(GIR)	to	Maintain	Euglycemia	during	and	aKer	exercise	in	
T1D:	Biphasic	Glucose	Requirements	

Mcmahon et al., JCEM 2007 

*p<0.05 
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Consider the timing of exercise relative to insulin 
administration 

Exercise 
within 1-2 
hours after an 
insulin bolus 

"  Reduce pre-exercise meal bolus insulin 
dose by 25-75% and consume 
carbohydrates with a low glycaemic 
index at the meal before exercise1–5 

Exercise >2 
hours after a 
bolus 

"  Consider basal insulin rate reduction 90 
minutes before exercise onset (CSII 
only) and/or consume fast acting 
carbohydrates before/during the activity 
as necessary 

AdjusEng	insulin	to	prevent	exercise-induced	hypoglycemia	

Riddell MC et al., Lancet Diabetes Endocrinol. 2017 

Low glycemic index carbs include whole wheat or pumpernickel bread, oatmeal, beans and 
lentils, whole fruit and non starchy vegetables , pasta and whole milk (or soy milk) 



Bolus	reducEons	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. 



Zaharieva et al., OMNI-TIME Study-in progress 

Exercise and basal adjustments 
(CSII) 



Recommended	Eming	of	basal	rate	reducEons	(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). 



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…	



PaEent	Variability	



Individual	changes	in	the	blood	glucose	response	to	45	min	of	standardized	
aerobic	exercise	(cycling)	in	youth	with	T1D	(with	no	insulin	adjustments	or	
snacks)	
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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 (red 
bars) 

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



Zaharieva et al., ADA, 2017 

Starting glucose and 
change in glucose 
during 60-min 
aerobic exercise in 
120 patients with 
T1D. 

~11 mmol/L 

5.5 mmol/L 

3.9 mmol/L 

↓↓↓
↓ ↓ 



ConEnuous	aerobic	exercise	vs.	circuit	training	exercise	(pump	off)	in	
T1D	

Circuit Training Exercise
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Zaharieva et al., Diabetes Technol Ther 2017 
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“Drop with pump on is ~65 mg/dL” 

Individual participant data extracted from Admon et al., Pediatrics. 
2005; 116:e348-55 and DirecNet Study Group, Diabetes Care. 2006; 
29:2200-4. 



Taking	the	pump	off	for	45	minutes	of	aerobic	exercise	is	usually	ok	

Zaharieva et al., Diabetes Tech Ther. 2017 
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“drop in glucose with pump off is ~30 mg/dL” 

Individual participant data extracted from Admon et al., Pediatrics. 
2005; 116:e348-55 and DirecNet Study Group, Diabetes Care. 2006; 
29:2200-4. 
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In the very near future, 
we may be able to 
administer mini dose 
glucagon for aerobic 
exercise to help prevent 
hypoglycemia… 

Rickels et al., ADA 2017 

40 g Dextrose 

MDG 



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



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



Carbohydrate	(CHO)	Intake	for	Aerobic	Exercise	

Riddell MC et al., Lancet Diabetes Endocrinol. 2017 



Low	blood	sugar	overnight	aper	exercise	

!  In	youth	with	type	1	diabetes,	most	episodes	of	severe	
hypoglycemia	occurs	during	sleep	

!  Increased	exercise	and	a	previous	low	during	the	acEvity	
increases	risk	for	another	low	overnight	

!  Real-Eme	CGM	provides	alarms	that	can	wake	you	up	
!  SomeEmes	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 



Overnight	Glucose	Control	
!  Medtronic	pumps	and	prevenEng	lows	

!  Threshold	suspend	on	low	(suspend	on	low)	(Medtronic	630G	with	SmartGuardTM	
Technology)	

!  PredicEve	low		glucose	suspend	(Medtronic	640G)	

!  Full	Closed-loop	at	night	(Medtronic	670G)	





Low	Glucose	Suspend	overnight	(aper	usual	day	and	aper	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…	



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 7 mmol/L. Ten minutes after the race I 
tested again. I was at 22 mmol/L. 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. 



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	



The	Dskate	Camp	Sprint	Study	(Milton	2016)	
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Mean = 0.94 mmol/L

~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., Pediatric Diabetes, in preparation 
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Lab	Exercise	
(simulated	hockey	
game)	

True	Hockey	Game	

Miadovnick et al., manuscript in progress 



Heart	rate	responses	to	4	separate		~15	
min	intense	circuit	training	sessions	in	T1D	
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Riddell & Aronson, in progress 
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Riddell & Aronson, in progress 



With diabetes and exercise, 
assuming the ‘average’ 

patient response is often  
misleading 



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





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

My	vision	of	the	near	future	for	T1D…	



!  People with type 1 diabetes can achieve all levels of sporting performance 
!  Insulin pumps help by allowing us to change the insulin delivery for exercise (and 

after exercise) and CGM allows us to see our sugars in real time 
!  Choose you activity based on your blood sugar 

!  Pure aerobic exercise (walking, cycling), sugars tend to drop 
!  Heavy/intense exercise (hockey, soccer, basketball, weight training, intervals), sugars can rise 
!  For aerobic exercise to be done soon after meals, try a 50% bolus reduction at the meal 

before 
!  For aerobic exercise done before meals, try an 80% basal rate reduction (pumpers) done 

60-90 min before the exercise starts 

!  A sensor-augmented pump with CGM can offer protection, particularly overnight 

Summary 




