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Objectives

•Explain the effects of exercise on blood 
sugar

•Discuss benefits of exercise in patients with 
diabetes

•Analyze treatment considerations when 
exercising with diabetes



Diabetes and Exercise
•Format: understand basics of diabetes and 
exercise, and introduce/review concepts to 
support new ADA Position Statement (2016)

•Background and Metabolism

•Benefits and Harms

•Treatment Considerations

•Review ADA Positon Statements 



How does exercise 
affect blood sugar?



Exercise, Carbohydrate Metabolism, 
and Diabetes

What is reliably known?
•Hormones change to favor substrate availability
•Glucose and ATP stores used first during exercise
• Intracellular glucose and glycogen

•Muscle glucose uptake increases
•Blood glucose may decrease 

•Hepatic glucose production increases 
•Training adaptation



Whole body glucose metabolism

Adapted from Saltiel & Kahn. Nature, 2001
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Hormonal changes during brief  exercise

• Decrease Insulin

• Increase Catecholamines

• Increase Growth Hormone

• Increase Glucocorticoids

• Mild increase glucagon

• Slight increase in fatty acids

• Together lead to decline in BG
• Compensate with carbohydrate ingestion or endogenous glucose production



Whole body glucose metabolism: 
Type 1 Diabetes

Adapted from Saltiel & Kahn. Nature, 2001
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Guelfi, et al. Diab Care 2005; 28:1289-1294

Brief  example from recent 

data demonstrating 

hormonal responses to 

exercise are 

consistent/similar with 

diabetes



Guelfi, et al. Diab Care 2005; 28:1289-1294

Intermittent High Intensity () vs. Moderate Intensity Exercise (o) in T1DM



Glucose Utilization During Exercise

•Insulin-mediated glucose uptake

•Insulin-independent glucose uptake



adapted from Goodyear & Kahn, Ann Rev Med, 1998

Glucose Transport into Muscle



Jessen & Goodyear. J Appl Physiol, 2005

Biochemical Mechanism of  
Glucose Uptake with Exercise



adapted from Goodyear & Kahn, Ann Rev Med, 1998

Glucose Transport into Trained Muscle

Glycogen

ATP

Cr-Pi

AMPK, 

etc.

FFA



Basic Exercise Carbohydrate Metabolism

• Muscle metabolism
• Stored glycogen (“20-30 minutes”)
• Insulin dependent glucose uptake and enhanced insulin sensitivity
• Insulin-independent glucose uptake with exercise
• Aerobic vs. anaerobic glycolysis
• Fatty acid as fuel substrate

• Dietary carbohydrates supplement fuel through Blood 
Glucose

• Endogenous glucose production maintains blood glucose
• Hepatic glycogenolysis
• Gluconeogenesis



Benefits of  Exercise in Diabetes

•Preventive benefits

•Glycemic benefits

•Reduction in complications

•Mortality benefit

•Benefits unrelated to diabetes



Prevention of  Type 2 Diabetes
Diet + Exercise Intervention for IGT Reduction in progression

to diabetes (%)

Diabetes Prevention Program

N=3234, 2.8 years 58
Low-fat diet + exercise

Finnish Study

N=522, 3.2 years 58
Low-fat diet + exercise

Da Qing Study

N=577, 6.0 years 31–46 
Diet and/or exercise

DPP Research Group. N Engl J Med. 2002;346:393-403; Tuomilehto J et al. 

N Engl J Med. 2001;344:1343-1350; Pan XR et al. Diabetes Care. 1997;20:537-544



Prevention of  Type 2 Diabetes
Lifestyle Intervention

• Nutrition
– Seek 5% to 7% weight reduction 

(50% and 43% achieved this in Diabetes Prevention Program 

and Finnish trials, respectively)

– <30% calories from fat

• Physical activity
– Moderate exercise, 150 to 210 min/week 

(equivalent to 30-min sessions 5 to 7 days/week;

74% and 86% achieved this in Diabetes Prevention Program 

and Finnish trials, respectively)

DPP Research Group. N Engl J Med. 2002;346;393-403; 

Tuomilehto J et al. N Engl J Med. 2001;344:1343-1350



Physical Activity 
Prevents T2DM
Type 2 Diabetes Among Persons at Increased Risk: A 
Systematic Review for the Community Preventive 
Services Task Force
• Combined diet and physical activity promotion 

programs are effective at decreasing diabetes 
incidence and improving cardiometabolic risk 
factors in persons at increased risk

• 53 studies
• Variable effects per intensity
• More intensive programs are more effective

• Overall reduction ~40%

Balk, et al. Ann Intern Med. 2015;163:437-451



Sedentary time is bad for glucose control
(>8300 subjects without diabetes in AusDiab)

Dunstan, et al, AusDiab. Diabetes Care 30:516–522, 2007

(144 mg/dl)

(98 mg/dl)

(108 mg/dl)

(90 mg/dl)

Kill your TV



Guelfi, et al. Diab Care 2005; 28:1289-1294

Intermittent High Intensity Exercise (  ) vs. Moderate Intensity Exercise ( o ) in T1DM

Moderate Exercise 

100 mg/dl

Intermittent High Intensity Exercise 

50 mg/dl

Exercise Decreases BG in DM



Aerobic, Resistance and Combined 
Exercise Effects on Glycemia

Snowling & Hopkins. Diabetes Care 29:2518–2527, 2006



Physical Activity in Type 2 Diabetes:
Look AHEAD “a negative trial”

Look AHEAD Research Group – Wing, et al. N Engl J Med. 2013, 369(2):145-54

“At a median follow-up of 
almost 10 years, there was no 
significant difference 
between the two groups in 
cardiovascular morbidity and 
mortality”



Physical Activity in Type 2 Diabetes:
Look AHEAD, not “a negative trial”?

• weight loss
• cardiorespiratory fitness
• blood glucose control 
• blood pressure
• lipids with fewer medications
• severe diabetic kidney disease and retinopathy
• sleep apnea
• depression
• sexual dysfunction
• urinary incontinence
• knee pain 
• physical mobility maintenance
• quality of life
• lower overall health care costs

Pi-Sunyer. Curr Nutr Rep. 2014; 3(4): 387–391
Look AHEAD Research Group – Wing, et al. N Engl J Med. 2013; 369(2):145-54



Effects of  Total Physical activity on Mortality 
and CVD in T2DM (prospective data)

Sluik, et al. Arch Intern Med. 2012;172(17):1285-1295

Increasing total activity improves mortality and CVD mortality in 
the EPIC Study of >5800 subject followed for median 9.4 years   



Effects of  Total Physical activity on 
Mortality and CVD in T2DM (meta analysis)

Sluik, et al. Arch Intern Med. 2012;172(17):1285-1295

CVD Mortality

Mortality



Potential Harms of  Exercise

•Hypoglycemia

• Injuries

•Special considerations

•Retinopathy
•Foot problems
•Heart Disease



Diabetes Treatment 
Considerations with Exercise
•Know what to expect

•Oral agents

•Insulin

•Adjusting carbohydrate intake

•Changing methods of exercise

•Intensity and duration



Diabetes Treatment 
Considerations with Exercise
•Oral and non-insulin agents

•Insulin

•Adjusting carbohydrate intake

•Changing methods of exercise

•Intensity and duration

Sulfonyl-ureas – risk of hypoglycemia
Metformin – risk of lactic acidosis, ?late low glucose
Thiazoladinediones- no noted risks
Acarbose – simple sugar for carbohydrate supplement
DPP4-inhibitors – no noted risks
SGLT-2 inhibitors – avoid dehydration
GPL1-receptor agonists – no noted risks



Diabetes Treatment 
Considerations with Exercise
•Oral agents

•Insulin

•Adjusting carbohydrate intake

•Changing methods of exercise

•Intensity and duration



Diabetes Treatment 
Considerations with Exercise
•Insulin (+risk of hypoglycemia)
•Expect greater insulin sensitivity
•Reduce basal insulin if feasible
•Reduce pre-exercise meal bolus if feasible
•Be consistent
•Be ready to supplement with carbohydrate



Diabetes Treatment Considerations 
with Exercise
•Insulin (+risk of hypoglycemia)
•Expect greater insulin sensitivity
•Reduce pre-exercise meal bolus if feasible

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



Diabetes Treatment 
Considerations with Exercise
•Oral agents

•Insulin

•Adjusting carbohydrate intake

•Changing methods of exercise

•Intensity and duration



Diabetes Treatment 
Considerations with Exercise
•Adjusting carbohydrate intake

Ingest 0.5-1 g/kg of carbohydrate per hour 
of exercise

Depends on intensity

May require 15-30 g bolus up-front, 
especially if starting blood sugar is low

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



Diabetes Treatment 
Considerations with Exercise
•Oral agents

•Insulin

•Adjusting carbohydrate intake

•Changing methods of exercise

•Intensity and duration



Effect of  10-s sprint on blood glucose after 

moderate-intensity exercise 

Bussau et al. Diab Care 2006;29:601-606

o control

 +10 s. sprint



ADA Recommendations - 2016:
(those with strongest support – A&B)

• All adults, and particularly those with type 2 diabetes, should 
decrease the amount of time spent in daily sedentary behavior. B

• Daily exercise, or at least not allowing more than 2 days to elapse 
between exercise sessions, is recommended to enhance insulin 
action. B

• Structured lifestyle interventions that include at least 150 min/week 
of physical activity and dietary changes resulting in weight loss of 5%–
7% are recommended to prevent or delay the onset of type 2 
diabetes in populations at high risk and with prediabetes. A

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



• Youth and adults with type 1 diabetes can benefit from being 
physically active, and activity should be recommended to all. B

• Blood glucose responses to physical activity in all people with type 1 
diabetes are highly variable based on activity type/timing and require 
different adjustments. B

• Additional carbohydrate intake and/or insulin reductions are typically 
required to maintain glycemic balance during and after physical 
activity. Frequent blood glucose checks are required to implement 
carbohydrate intake and insulin dose adjustment strategies. B

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079

ADA Recommendations - 2016:
(those with strongest support – A&B)



ADA Recommendations - 2016:
(those with strongest support – A&B)

• Pre-exercise medical clearance is generally unnecessary for asymptomatic 
individuals prior to beginning low- or moderate-intensity physical activity 
not exceeding the demands of brisk walking or everyday living. B

• Most adults with diabetes should engage in 150 min or more of moderate-
to-vigorous intensity activity weekly, spread over at least 3 days/week, with 
no more than 2 consecutive days without activity. Shorter durations 
(minimum 75 min/week) of vigorous-intensity or interval training may be 
sufficient for younger and more physically fit individuals. B for type 2 
diabetes

• Adults with diabetes should engage in 2–3 sessions/week of resistance 
exercise on nonconsecutive days. B for type 2 diabetes

• To gain more health benefits from physical activity programs, participation 
in supervised training is recommended over nonsupervised programs. B

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



ADA Recommendations - 2016:
(those with strongest support – A&B)

• Insulin regimen and carbohydrate intake changes should be used to 
prevent exercise-related hypoglycemia. Other strategies involve 
including short sprints, performing resistance exercise before aerobic 
exercise in the same session, and activity timing. B

• Physical activity with vascular diseases can be undertaken safely but 
with appropriate precautions. B

• Physical activity done with peripheral neuropathy necessitates proper 
foot care to prevent, detect, and prevent problems early to avoid 
ulceration and amputation. B

• Targeted behavior-change strategies should be used to increase 
physical activity in adults with type 2 diabetes. B

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



ADA Recommendations - 2016:

Physical Activity/Exercise and Diabetes: A Position Statement of the ADA. Diabetes Care 2016;39:2065–2079



Objectives

•Explain the effects of exercise on blood 
sugar

•Discuss benefits of exercise in patients with 
diabetes

•Analyze treatment considerations when 
exercising with diabetes



Questions?



My Approach:

•Get started

•10 minutes, then advance to 45 minutes daily

•Be consistent

•Do what you can do

• Join a formal program
• VA MOVE!

•Ask every visit



My Approach:

•Check blood sugar

•How much does it drop, determine safe starting point

• Too low, have some sugar

• Temporary Basals for pump users

•Reduce meal bolus before exercise by 25-50%

•Gel or exercise-drink during exercise

•Check blood sugar


