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The incidence of diabetes both in the United States and worldwide 
is alarming. Estimations for worldwide prevalence range 200 -366 
million people [1] with current estimates in the United States at @ 30 
million [2]. Estimations are for a worldwide prevalence of 551 million 
by 2030 [2]. This accounts for approximately 10% of the US population. 
In the US alone the estimated costs of diabetes, both direct and indirect, 
are a staggering $245billion [2].  These figures are particularly alarming 
for a condition that by and large is caused by lifestyle and therefore for 
many people has a potentially straightforward remedy. Simply put in 
the CDC National Diabetes Statistics Report “Many people with type 
2 diabetes can control their blood glucose by following a healthy meal 
plan and a program of regular physical activity, losing excess weight, 
and taking medications” [2]. The increase in diabetes is particularly 
disturbing given the abundance of information available on exercise, 
diet, lifestyle choices etc. To date these educational materials appear 
ineffective in treating the larger issue.

Arguably the most effective approach to treatment of diabetes is 
through a balanced program of exercise and dietary adjustment [3]. 
The interest of this short paper is primarily in the use of exercise as a 
treatment mechanism. While exercise is widely regarded as a therapy 
for many ailments, particularly diabetes, not all exercise programs 
appear to be effective and there are gross misunderstandings in the 
practice of exercise prescription. I would suggest that this may be due 
to the complexity of metabolic energy production and substrate usage 
that changes during exercise. In layman’s terms, many people assume 
that more intense exercise is better exercise. In the case of exercise as a 
treatment for diabetes and weight control, I would argue that exactly the 
opposite is true. In previous work I have suggested that the anaerobic 
threshold, a commonly used term in exercise and sports physiology, 
might be of great benefit to the weight loss population [4]. A brief 
review of this phenomenon would help place its value in perspective.

The anaerobic threshold (AT) is also known by numerous other 
terms including lactate threshold and ventilatory threshold [5]. 
Typically, whichever term is used indicates how it was assessed 
clinically. As humans exercise energy must be produced to facilitate 
muscle contraction. At lower intensities, slow oxidative (slow twitch) 
muscle fibers produce most force and energy. They do this as oxygen 
to the mitochondria is in ample supply and this allows most energy 
to be produced using lipid (or fat) metabolism. However, as exercise 
intensity increases and relative oxygen supplies diminish, muscle 
force and energy production levels must still increase to allow 
continued performance and this demand is met by an increasing 
recruitment of fast glycolytic (fast twitch) muscle fiber. As the term 
implies these fibers are more glycolytic in nature and the preferred fuel 
substrate is carbohydrate. The metabolic by-product of glycolysis is 
an accumulation in lactic acid. Hence the term lactate threshold. In 
essence, the point occurs on the time-intensity continuum whereby the 
body must markedly elevate respiration, energy production, hydrogen 
ion buffering and measurably heart rate, to continue performing. 
This point is invariably known as the anaerobic threshold and is ably 
measured using blood markers, ventilation gases, or heart rate [5]. For 
the purposes of this short commentary, one could argue that it signifies 

the point where metabolically there is a reduction in lipid metabolism 
and an increase in carbohydrate metabolism. In practical terms, it 
indicates the intensity or work-rate that an individual should not 
exceed if losing weight (burning fat) is the primary objective. In other 
words, if people work too hard they will reduce their potential weight 
loss benefits.

The anaerobic threshold is a scientific marker that has been 
traditionally used only in sports performance settings, where athletes 
have focused on training programs to improve their AT. However, 
I am confident that this marker has significant value in the exercise 
prescription realm for the treatment of diabetes and overweight.  
Moreover, properly used it can significantly increase the level of lipid 
metabolism for a given exercise bout thereby enhancing fat reduction. 
To illustrate this point consider the use the ‘respiratory quotient’ (RQ) 
an often used indicator of substrate utilization in sports performance 
laboratory measures. The RQ is the ratio of carbon dioxide produced 
to oxygen consumed and allows one to calculate the percent of energy 
production that comes from either lipids or carbohydrates at any 
given work-rate (with the assumption of limited protein metabolism). 
Strictly speaking the RQ occurs at the cellular level and is not easy to 
determine. Therefore, we use gas exchange at the mouth and refer to 
it as the respiratory exchange ratio (RER). The Table 1 below shows 
an adapted RQ Table [6] along with some illustrative calculations 
examples of how it can be used. 

Let’s assume we have a 95 kg male who exercises under two typical 
exercise conditions.

1. A brisk speed of 5 mph for 30 minutes. This represents hard
exercise intensity and elicits at RER of .94. (O2=3.8 L/min, VCO2 4.04 
L/min). 

RQ Value Kcals L/O2 % Carbohydrate % Fat
0.70 4.686 0.0 100.00
0.76 4.751 19.2 80.8
0.80 4.801 33.4 66.6
0.86 4.875 54.1 45.9
0.90 4.924 67.5 32.5
0.94 4.973 80.7 19.3
1.00 5.047 100.0 0.0

Table 1: An adapted RQ Table.
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Kcals/L at 0.94 = 4.973

4.973 kcals/min x 3.8 L/min = 18.89 kcals/min

So, we calculate at this intensity @80.7% of calories came from 
carbohydrates and only 19.3 came from lipids. Total energy expenditure 
over the 30 minutes is 30×18.89 = @566 kcals. In real terms this 
amounts to 456 kcals from carbohydrate and 109 kcals from fat.

2. A moderate/easy speed of 3.5 mph for 30 minutes. This
represents an easy intensity for him and elicits an RER of .86 (O2 = 
3.0L/min, VCO2 = 3.48L/min).

Kcals at 0.86 = 4.875

4.875 kcals/min x 3.0 L/min = 14.62 kcals/min

So, we calculate at this intensity 54.1% of calories came from 
carbohydrate and 45.9% of calories came from lipids. Total energy 
expenditure over the 30 minutes is 30×14.62 = @439 kcals. In real terms 
this amounts to 237 kcals from carbohydrate but 202 kcals from fat.

We can see that in condition 2 significantly more lipids are used 
despite a reduction in the total kcals used during the exercise session. 
Admittedly, this is a simplification of a more complex occurrence. 
However, what is significant is that if subjects can select a more 
appropriate intensity of exercise they can dramatically increase the 
total lipid usage during exercise. In addition, there are several other 
points to consider. 

1. The anaerobic threshold occurs is most untrained individuals
at around 85% of maximum heart rate and actually serves
as a convenient threshold where the substrate usage is
approximately 50/50 for carbohydrate and fat. Therefore, it
would serve well as an exercise intensity gauge for selecting
intensity with a high lipid oxidation rate.

2. Exercising at a more moderate intensity will result in less
fatigue and increases the likelihood that subjects can exercise

for a longer period of time thereby expending more energy. 
Higher exercise intensities result in shorter exercise bouts.

3. Exercising at lower intensities results in more cardiovascular
versus biochemical adaptation resulting in greater lipid
oxidation ability overall.

There is a general belief that harder exercise is better. However, that 
depends on the population and their objectives. While higher intensity 
exercise may indeed be preferred for sports performance objectives, I 
do not believe this is the case for subjects primarily interested in weight 
loss. In fact, some basic number crunching suggests that lower intensity 
exercise may in fact be more beneficial. I would therefore conclude that 
clinicians, working specifically with patients whose primary objective is 
weigh reduction, consider using the concept of anaerobic threshold as 
a mechanism to regulate exercise intensity and thereby maximize lipid 
utilization during exercise. 
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