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Learning Objectives

● Define insulin resistance and sensitivity

● Compare and contrast the physiology of insulin versus exercise on blood 

glucose levels

● Discuss the impact of exercise on insulin resistance over time 

● Discuss evidence-based exercise recommendations in the clinical setting 

● Explain the socioeconomic implications of exercise in patient populations 



Pre Session Questions
In the prospective study over 6500 British Civil servants without diabetes
at baseline, beta cell function (insulin secretion) increased how many years
prior to the diagnosis of diabetes?

a. 1-2 years
b. 2-3 years
c. 3-4 years
d. No increase prior to diagnosis

Does metformin and/or exercise improve insulin sensitivity?
a. Metformin is better than exercise alone
b. Exercise alone is better than metformin
c. No difference between metformin and exercise compared
to exercise alone
d. Metformin and exercise together have the most improvement

What are the current recommendations for physical activity per week?
a. 30 minutes of vigorous activity three times a week
b. 30 minutes of moderate-intensity activity on five or more
days a week
c. 30 minutes of moderate intensity activity three times a week
d. None of the above



Insulin Resistance vs Sensitivity 

● Insulin resistance = abnormally high level of insulin required to maintain normal 

metabolic homeostasis

○ Lowering postprandial plasma glucose concentrations by stimulating 

glucose uptake in muscle and adipose tissue, and inhibiting hepatic 

glucose production

● Insulin resistance = reduced peripheral sensitivity to insulin, especially in 

skeletal muscle



Epidemiology of Insulin Resistance in the US

● Complicated to specifically measure insulin resistance (usually done for 

research)

● Clinically similar to identifying impaired fasting glucose or prediabetes

● Prediabetes usually occurs in patients with some insulin resistance

○ Patients may not be able to effectively use endogenous insulin or produce 

enough insulin to keep their blood glucose levels in the normal range



Epidemiology of Insulin Resistance in the US

● An estimated 88 million adults ages 18 years or older (34.5% of U.S. adults) 

have prediabetes

● More men (37.4% of U.S. adults) than women (29.2%) have prediabetes

○ The prevalence is similar among men and women across racial and ethnic 

groups and education levels

● Among adolescents ages 12 to 18 years, more than 1 in 6 

(18% of U.S. adolescents) have prediabetes



Progression of Insulin to Diabetes 

● In the early stages of insulin resistance, the pancreas compensates by 

increasing insulin secretion to overcome defects in peripheral insulin action 

● In response to this increased demand, beta cells hypertrophy

● Under fasting conditions, basal compensation is sufficient to maintain normal 

blood glucose levels  

○ However after a meal, the relative lack of insulin due to inadequate 

compensation leads to inability to appropriately uptake glucose 

→ glucose intolerance



Progression of Insulin to Diabetes

Beta Cell Dysfunction 

● Can occur early in the pathogenesis

● This true in both lean individuals, as well as in individuals with diabetes and 

obesity

● Primary defects in beta cell function can occur before the development of 

obesity and insulin resistance



Progression of Insulin to Diabetes 

● Rare that genetic 

mutations/defects in insulin-

signaling cascade contribute to 

insulin resistance

● Lipid oversupply and alterations 

in the substrate metabolism due 

to inactivity are significant 

contributing factors to chronic 

tissue inflammation and insulin 

resistance



Insulin Resistance

How adipose tissue-secreted factors act on muscle and liver to promote insulin resistance



Physiology of Insulin 

● Anabolic peptide hormone produced  

by beta cells of the pancreatic islets

● Regulates carbohydrate, fat, and 

protein metabolism 



Physiology of Exercise 

● Glucose uptake during exercise initially occurs via an insulin-independent 

mechanism

○ Stimulated by muscle contraction → increased need for glucose and 

oxygen and is mediated via increased AMP and other metabolites such as 

nitric oxide

○ Changes in calcium concentrations can also activate glucose uptake, 

mediated via calcium/ calmodulin-dependent protein kinase. 

● Transient insulin-dependent pathway is activated and can last for several 

hours even after exercise

● Exercise increases muscle mass, GLUT4 concentrations, and better free fatty 

acid oxidation



RISC Study  

● Cross-section study of 346 men and 455 women in 18 clinical centers in 13 

European countries. 

● A single bout of exercise causes increased glucose uptake into skeletal muscle 

by at least 40% during the exercise and for hours afterwards 

● If exercise is repeated regularly in non-insulin resistant people, it produces 

long-term improvements

○ Reduces basal and glucose-stimulated insulin levels, due to reduced 

secretion by the β-cells of the pancreas and improved mitochondrial 

function. 



Insulin secretion and sensitivity

The inverse relationship between insulin secretion and sensitivity



Modes of Exercise 

● Intensity

● Mode of Exercise

● Acute vs Habitual

Not enough evidence to support one type over 

another – possible regimen be a habitual 

program of all types of exercise done on 

different training days



Metformin and Exercise

● Double-blinded, randomised clinical trial

● Goal to assess the interaction between metformin and exercise training on 

postprandial glucose in glucose-intolerant individuals

● Inclusion criteria:

○ Glucose-intolerant (2 h OGTT glucose of 7.8-11.0 mmol/l and/or HbA1c of 5.7-

6.5%

○ Glucose-lowering-medication naive type 2 diabetes

○ overweight/obese (BMI 25-42)

● Methods: individuals randomly assigned to placebo (n=15) or a metformin study group 

(n=14), and underwent 3 experimental days

○ Baseline (before randomisation)

○ Medication (after 3 weeks of metformin or placebo Tx)

○ Training (after 12 weeks of exercise training + metformin/placebo Tx)

● Training = supervised 45 min bicycle interval sessions, 4 times/week

● Primary outcome = postprandial glucose during a mixed meal tolerance test (MMTT)



Metformin and Exercise

● Conclusions/interpretation: Metformin plus exercise training was not superior to 

exercise training alone in improving postprandial glucose. The differential time 

effects during the MMTT suggest an interaction between the two modalities.





Clinical Implications

● What is moderate-intensity exercise?

● What is high-intensity exercise?



Clinical Implications 
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Socioeconomic Implications 

● Access to fitness clubs or classes

● Affordability of home equipment

● Safety in one’s neighborhood

● Time
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Post Session Questions
In the prospective study over 6500 British Civil servants without diabetes
at baseline, beta cell function (insulin secretion) increased how many years
prior to the diagnosis of diabetes?

a. 1-2 years
b. 2-3 years
c. 3-4 years
d. No increase prior to diagnosis

Does metformin and/or exercise improve insulin sensitivity?
a. Metformin is better than exercise alone
b. Exercise alone is better than metformin
c. No difference between metformin and exercise compared
to exercise alone
d. Metformin and exercise together have the most improvement

What are the current recommendations for physical activity per week?
a. 30 minutes of vigorous activity three times a week
b. 30 minutes of moderate-intensity activity on five or more
days a week
c. 30 minutes of moderate intensity activity three times a week
d. None of the above



Post Session Questions - Answers
In the prospective study over 6500 British Civil servants without diabetes
at baseline, beta cell function (insulin secretion) increased how many years
prior to the diagnosis of diabetes?

a. 1-2 years
b. 2-3 years
c. 3-4 years
d. No increase prior to diagnosis

Does metformin and/or exercise improve insulin sensitivity?
a. Metformin is better than exercise alone
b. Exercise alone is better than metformin
c. No difference between metformin and exercise compared
to exercise alone
d. Metformin and exercise together have the most improvement

What are the current recommendations for physical activity per week?
a. 30 minutes of vigorous activity three times a week
b. 30 minutes of moderate-intensity activity on five or more
days a week
c. 30 minutes of moderate intensity activity three times a week
d. None of the above
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