
Introduction
This study investigates the effect from glucose, fructose, and sucrose (table sugar) consumption on endurance exercise 
metabolism and intestinal discomfort. 

Conclusions

Fructose and sucrose are effective, in drink form, at increasing the body's 
utilization of exogenous (from the intestines) carbohydrates to fuel exercise, 
potentially sparing carbohydrates stored in the muscles and liver.

Glucose drinks leads to greater stomach discomfort and there is a possibility of a 
slight effect of consuming fructose or sucrose in drink form leads to reduced 
intestinal cell death. 

Both of these results could lead to better endurance performance. 

Amendments

Study Design & Additional Information

10 young, healthy triathletes (men) were recruited for this study. Participants were training for 
over 3 years and were high level trainees. Their work capacity and maximal oxygen 
consumption (tells the work rate of the muscles) was measured prior to each condition and then 
during the cycling after having consumed each condition. 

Conditions were as follows:
1. Glucose only drink.
2. Glucose + fructose drink (non-disaccharide/not molecularly bonded to each other)
3. Glucose + Sucrose (glucose + fructose molecularly bonded)
4. Water (no carbohydrates, Control)

Same amount of each was consumed. 

They consumed an initial 600 mL of the respective drink at the beginning of the experiment 
(cycling), and then 150mL more every 15 minutes, up to the end (180 minutes of cycling). This 
supplied a total of 1.8g of carbohydrate per minute (324 grams total).

Tests for each condition were separated by 1-4 weeks as a recovery/washout period. 
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Carbohydrate consumption increases endurance type exercise performance. 1.1

Ingested/consumed glucose use by the body for metabolism is increased by the 
consumption of glucose, but is limited by the absorption of glucose ( the transport of 
glucose from the intestine into the blood is the rate limiting step). The sodium dependent 
glucose transporters (SGLT) are responsible for allowing glucose from the intestine into 
the blood stream (through the enterocytes lining the intestinal tract). These transporters 
become saturated, moving glucose as quickly as they are able (creating a rate limiting 
step); however, GLUT5 (another glucose transporter) can also transport fructose, as can 
GLUT2, GLUT8, and GLUT12.
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Sucrose (glucose + fructose combined) can also be transported across the intestinal tract, 
but studies have shown that while it does effectively increase the body's carbohydrate use, 
it does so less effectively than separately consuming fructose.

3.
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I-FABP is a biomarker of intestinal damage and is often raised when hypoperfusion occurs 
(hypoperfusion is a reduced delivery of blood, which reduces the ability for the intestinal 
cells to deliver glucose/fructose, but also reduces the feeding of necessary molecules to 
the intestines). Eating increases intestinal perfusion (increasing blood flow). 

4.

10 young, healthy triathletes (men) were recruited for this study. Participants were training 
for over 3 years and were high level trainees. Their work capacity and maximal oxygen 
consumption (tells the work rate of the muscles) was measured prior to each condition and 
then during the cycling after having consumed each condition. 

Conditions were as follows:
1. Glucose only drink.
2. Glucose + fructose drink (non-disaccharide/not molecularly bonded to each other)
3. Glucose + Sucrose (glucose + fructose molecularly bonded)
4. Water (no carbohydrates, Control)

Same amount of each was consumed. 

They consumed an initial 600 mL of the respective drink at the beginning of the 
experiment (cycling), and then 150mL more every 15 minutes, up to the end (180 minutes 
of cycling). This supplied a total of 1.8g of carbohydrate per minute (324 grams total).

Tests for each condition were separated by 1-4 weeks as a recovery/washout period. 
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Figure 1
This data shows the added CO2 produced [1A] from the ingestion of each liquid (GLU: Glucose, 
GLU+FRU: Glucose + Fructose, GLU+SUC: Glucose + Sucrose, WAT: Water, No 
Carbohydrate), as well as the use of ingested carbohydrates by the cells of the body [1B].

Primary Results
- Carbohydrate oxidation (use by cells) is increased with all conditions.
- Carbohydrate oxidation is further increased by fructose consumption and sucrose consumption 
over glucose alone. 

Take Away: Carbohydrate consumption increases the use, by the cells (likely muscle), of 
carbohydrate metabolism. 

Figure 2
This data shows the amount of each substrate (fat from the fat cells, exogenous carbohydrate 
from the carbohydrate consumption conditions, and the already present carbohydrates like 
glycogen) as the cyclists are cycling for the last 2 hours of cycling.

Primary Results
- Less fat is used for metabolism when glucose and fructose or sucrose is consumed. 
- More exogenous carbohydrate is used in the fructose and sucrose conditions.

Take Away: This data implies the cells are able to access more of a limitless stream of 
carbohydrate substrate if they are offered fructose or sucrose - this would lead the cells to rely 
less on endogenous carbohydrate, thereby extending the time a person can maintain a set 
intensity in exercise for better performance. 
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Figure 4
This data takes a look at the intestinal marker I-FABP (Intestinal Fatty Acid Binding Protein -
specific to the intestinal cells), which indicates the amount of damage to the intestinal cells. 
(GLU: Glucose, GLU+FRU: Glucose + Fructose, GLU+SUC: Glucose + Sucrose, WAT: Water, 
No Carbohydrate)

Primary Results:
- I-FABP in the blood did not change in any condition over time [4A], or in total [4B].

Take Away: There is no decrease in intestinal damage from consumption of carbohydrates 
during exercise.

Note: The p-value for the AUC (total, 4B) is 0.1, so I do believe that if the sample size had been 
larger, there might have been a mild effect detected. 

   New Section 10 Page 8    



   New Section 10 Page 9    



   New Section 10 Page 10    



   New Section 10 Page 11    



   New Section 10 Page 12    


