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(57) ABSTRACT

A method for analyzing the mitochondrial function of a sub-
jectinvolves: conducting a first test wherein the average oxy-
gen consumption of the subject during exercise is measured
while the subject is breathing air having a first oxygen con-
centration, preferably room air having a concentration of
20-21% by weight; conducting a second test wherein the
average oxygen consumption of the subject during exercise is
measured while the subject is breathing air having a second
oxygen concentration, preferably air having an oxygen con-
centration of 30-33% by weight; measuring first and second
energy quotients obtained from the first and second tests,
respectively; and then using the energy quotients to calculate
the subject’s Mitochondrial Factor. The Mitochondrial Factor
is directly proportional to the subject’s mitochondrial effi-
ciency and function. If conducted periodically, the method
can be used to determine whether the subject’s mitochondrial
efficiency is increasing or decreasing over time. The rate of
increase or decrease will indicate the subject’s risk of devel-
oping one or more age-related diseases.

9 Claims, No Drawings
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METHOD FOR ANALYZING
MITOCHONDRIAL FUNCTION

BACKGROUND OF THE INVENTION

This invention relates generally to a method for analyzing
a subject’s mitochondrial function.

In U.S. Pat. No. 7,273,453, which is hereby incorporated
by reference in its entirety, the present inventor described a
number of methods for analyzing the biological age of a
subject. The methods analyzed the biological age as it related
to a number of factors indicating levels of health, energy
production and metabolism.

Tt has been found that as a subject ages, his or her mito-
chondrial efficiency decreases, leading to a risk of developing
one or more age-related diseases. Mitochondria are intracel-
lular inclusions that convert oxygen into energy and water.
Fach cell has from hundreds to thousands of mitochondria.
Mitochondrial efficiency in converting oxygen into energy
and water, i.e., the amount of energy produced per molecule
of oxygen consumed, is important in the aging process. In
addition, the risk of acquiring an age-related disease is con-
tingent at least in part on the efficiency of this conversion.
Mitochondrial efficiency in making the conversion is known
to gradually and continually decrease as one ages beyond
thirty-forty years old.

One reason for decreased mitochondrial efficiency during
aging is that less oxygen is being delivered to the mitochon-
dria. This may happen because of decreased circulation,
decreased capacity for blood to deliver oxygen (i.e., anemia),
or decreased absorption of oxygen through the lungs. Another
reason for decreased mitochondrial efficiency during aging is
the decreased functioning of the mitochondria themselves.

It is desirable to provide an accurate method for analyzing
a subject’s mitochondrial function.

SUMMARY OF THE INVENTION

In light of the present need for an accurate method for
analyzing the mitochondrial function of an individual, a brief
summary of the present invention is presented. Some simpli-
fications and omissions may be made in the following sum-
mary, which is intended to highlight and introduce some
aspects of the present invention, but not to limit its scope.
Detailed descriptions of a preferred exemplary embodiment
adequate to allow those of ordinary skill in the art to make and
use the invention concepts will follow in later sections.

The present invention is directed to a method for analyzing
a subject’s mitochondrial function, involving:

1) obtaining age, body fat percentage, weight and sex infor-

mation from the subject;

2) calculating the subject’s predicted maximum oxygen
consumption at a specified respiratory exchange ratio,
the predicted maximum oxygen consumption being
based on the subject’s sex, body fat percentage, weight
and age in years, wherein the age in years of a subject
over a predetermined age is a default age, and the age in
years of a subject under a predetermined age is the
subject’s actual age;

3) conducting a first test while the subject is breathing air
having a first concentration of oxygen (preferably room
or ambient air, which generally has an oxygen content of
about 20-21% by weight), involving:

a) measuring the subject’s average oxygen consumption
at the specified respiratory exchange ratio when the
subject is exercising; and
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b) calculating a first energy quotient for the subject by
dividing the subject’s average oxygen consumption
measured in step 3a) by the subject’s predicted maxi-
mum oxygen consumption to obtain a first energy
quotient for the subject;

4) conducting a second test while the subject is breathing
air having a second concentration of oxygen (preferably
30-33% by weight), the first and second concentrations
of oxygen being such that the amount of oxygen deliv-
ered to the subject’s mitochondria in the second test is
50% higher than the amount of oxygen delivered to the
subject’s mitochondria in the first test, the second test
involving:

a) measuring the subject’s average oxygen consumption
at the specified respiratory exchange ratio when the
subject is exercising;

b) calculating a second energy quotient for the subject by
dividing the subject’s average oxygen consumption
measured in step 4a) by the subject’s predicted maxi-
mum oxygen consumption; and

5) calculating a Mitochondrial Factor for the subject using
the equation:

(EQ2 — EQ1)x 200
EQL

Mitochondrial Factor =

EQI being the first energy quotient and EQ2 being the
second energy quotient, wherein the Mitochondrial Factor is
directly proportional to the subject’s mitochondrial efficiency
and function.

The method of this invention preferably further includes
determining the subject’s Mitochondrial Factor periodically
so as to determine whether the subject’s mitochondrial effi-
ciency is increasing or decreasing over time and the rate at
which the mitochondrial efficiency is increasing or decreas-
ing. Therate of increase or decrease will indicate the subject’s
risk of developing one or more age-related diseases. If a
pattern of rate increase is seen, interventions can be taken to
stop and even reverse the development of an age-related dis-
ease.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention describes a method for analyzing a
subject’s mitochondrial function, specifically the subject’s
mitochondrial efficiency.

In the method of this invention, certain physical character-
istics of the subject are first measured. These physical mea-
surements are the subject’s age, body fat percentage, weight
and sex information. These measurements are then used to
calculate the subject’s predicted maximum oxygen consump-
tion at a specified respiratory exchange ratio, e.g., 0.85 or
1.00.

Specifically, the predicted maximum oxygen consumption
for a person based on the age, sex, weight, and body fat
percentage of the patient is determined as follows: predicted
maximum oxygen consumption for a male=[weight (in kilo-
grams)x(1-(body  fat  percentage/100))/0.82]x(50.72-
(0.372xage)). Predicted maximum oxygen consumption fora
female=(weight (in kilograms)x(1-(body fat percentage/
100))/0.78]+43)x(22.78—(0.17xage)).

Accurately analyzing the mitochondrial function of a sub-
ject requires taking the equations for calculating predicted
maximum oxygen consumption and adjusting them for age.
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In a preferred embodiment of the invention, when calculating
predicted maximum oxygen consumption for a subject whose
actual age in years is over a predetermined age, a default age
is used instead. In a more preferred embodiment of the inven-
tion, the predetermined age is 35-60. In a further-preferred
embodiment, the predetermined age is forty (40). The prede-
termined age and default age may be different. In a further
preferred embodiment of the invention, the predetermined
age is equal to the default age. In another preferred embodi-
ment, when calculating predicted maximum oxygen con-
sumption for a subject whose actual age is under forty (40),
the actual age of the subject is used. A further preferred
embodiment may be illustrated by the following examples:
For a subject with actual age greater than the predetermined
age: Subject’s actual age is 50, greater than the predetermined
age 0f 40, a default age of 40 is used to calculate the subject’s
predicted maximum oxygen consumption. For a subject with
actual age less than the predetermined age: Subject’s actual
age is 35, lower than the predetermined age of 40, the sub-
ject’s actual age of 35 is used to calculate the subject’s pre-
dicted maximum oxygen consumption.

In the method of this invention, after the subject’s predicted
maximum oxygen consumption at a specified respiratory
exchange ratio is measured, the subject’s actual oxygen con-
sumption is measured. The first test measures average oxygen
consumption while the subject is exercising.

In the first test, the subject is breathing air having a first
concentration of oxygen, preferably ambient or room air,
which has an oxygen concentration of about 20-21%, more
preferably about 21%, by weight.

The subject’s average oxygen consumption measured in
the first test is divided by the subject’s predicted maximum
oxygen consumption to obtain a first energy quotient, EQ1,
for the subject.

The second test of the method is preferably carried out as
soon as the subject’s heart rate has returned to a normal
resting reading after the first test. In the second test, the
subject’s average oxygen consumption is measured while the
subject is exercising and breathing air having a second con-
centration of oxygen. The first concentration of oxygen used
in the first test and the second concentration of oxygen used in
the second test are such that the amount of oxygen delivered
to the subject’s mitochondria in the second test is 50% higher
than the amount of oxygen delivered to the subject’s mito-
chondria in the first test. When the first test uses room air, i.e.,
the first oxygen concentration is about 20-21% by weight, the
air used in the second test preferably contains about 30-33%,
more preferably about 31.5-32.5%, by weight of oxygen. The
second test is typically carried out with special equipment
added to the mouthpiece that allows the subject to breath air
having an oxygen concentration of about 30-33% by weight.

The subject’s respiratory exchange ratio is the same in both
the first and second tests and in the calculation of the subject’s
predicted maximum oxygen consumption value. Preferably,
the respiratory exchange ratio is about 1.00.

The subject’s average oxygen consumption measured in
the second test is divided by the subject’s predicted maximum
oxygen consumption to obtain a second energy quotient,
EQ2, for the subject.

The Mitochondrial Factor is then calculated from the first
and second energy quotients according to the following equa-
tion:
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(EQ2 - EQL)x 200

Mitochondrial Factor = Eol

The Mitochondrial Factor is directly proportional to the
subject’s mitochondrial efficiency. A Mitochondrial Factor of
100 or higher implies that the subject’s total mitochondrial
function is optimal. A Mitochondrial Factor of 0.0 indicates
significant impairment of mitochondrial function.

As discussed above, the first test in the mitochondrial-
function-based method of this invention calculates a first
energy quotient based on average oxygen consumption dur-
ing exercise, while the subject is breathing air having a par-
ticular concentration of oxygen. The first energy quotient will
measure total mitochondrial efficiency, but when the energy
quotient of the subject is low, measuring it alone will not
delineate whether or not the decrease is due to poor oxygen
delivery or to an actual dysfunction of the mitochondria. A
second energy quotient, measured at a different oxygen con-
centration in the air breathed by the subject, is useful in this
regard.

The Mitochondrial Factor demonstrates the relationship
between the amount of oxygen delivered to the mitochondria
and the energy output of the mitochondria. In healthy, young
subjects (those with optimal mitochondrial function), when
the oxygen delivered to the mitochondria is increased by
50%, there is a corresponding 50% increase in the energy
quotient. In other words, when the amount of oxygen deliv-
ered to healthy mitochondria is increased by 50%, the second
energy quotient, EQ2, will be 50% higher than the first energy
quotient, EQ1, and the Mitochondrial Factor will equal 100.
This is because as the amount of oxygen delivered to healthy
mitochondria is increased by 50%, the total mitochondrial
output will correspondingly increase by the same amount.
This indicates fully efficient mitochondria. The more oxygen
delivered to healthy mitochondria, the more energy such
mitochondria can produce. On the other hand, in subjects
having decreased mitochondrial efficiency, simply increasing
the amount of oxygen delivered to the mitochondria will not
result in a corresponding increase in energy production. A
Mitochondrial Factor of 0.0 indicates that there was no cor-
responding increase in energy output when the amount of
oxygen delivered to the mitochondria was increased 50%.
This indicates significant impairment of the efficiency at
which the mitochondria are functioning.

The present invention further includes a method for deter-
mining whether a subject’s mitochondrial efficiency is
increasing or decreasing over time, involving repeating peri-
odically, preferably annually, the above-described method.
An increase or decrease of a subject’s Mitochondrial Factor
over time indicates, respectively, an increase or decrease of
the subject’s mitochondrial efficiency over time. From this,
the rate at which the mitochondrial efficiency is increasing or
decreasing can be determined, which in turn will indicate the
subject’s risk of developing one or more age-related diseases.
If a pattern of rate increase is seen, interventions can be taken
to stop and even reverse the development of an age-related
disease.

The subject’s average oxygen consumption at a specified
respiratory exchange ratio when the subject is exercising and
when he or she is at rest can be determined using breath-by-
breath measurements, as described in detail in U.S. Pat. No.
7,272,453, which was previously incorporated by reference
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herein in its entirety. Breath-by-breath measurements are
typically taken using a specialized device such as a pulmo-
nary gas exchange analyzer.

Although the present invention has been described in detail
with particular reference to preferred embodiments thereof, it 5
should be understood that the invention is capable of other
different embodiments, and its details are capable of modifi-
cations in various obvious respects. As is readily apparent to

those skilled in the art, variations and modifications can be

affected while remaining within the spirit and scope of the 10
invention. Accordingly. the foregoing disclosure, description,

and figures are forillustrative purposes only, and do not in any

way limit the invention, which is defined only by the claims.

What is claimed is:

1. A method for analyzing the mitochondrial function of a

subject, comprising:

1) obtaining age, body fat percentage, weight and sex infor-
mation from the subject;

2) calculating the subject’s predicted maximum oxygen
consumption at a specified respiratory exchange ratio
using an analyzer, the predicted maximum oxygen con-
sumption being based on the subject’s sex, body fat
percentage, weight and age in years, wherein the age in
years of a subject over a predetermined age is a default
age, and the age in years of a subject under a predeter-
mined age is the subject’s actual age;

3) coupling the subject to a pulmonary breath analyzer via
a mouthpiece, and conducting a first test while the sub-
ject is breathing air having a first concentration of oxy-
gen, the first test comprising:

a) measuring the subject’s average oxygen consumption
at the specified respiratory exchange ratio when the
subject is exercising; and

b) calculating a first energy quotient for the subject by
dividing the subject’s average oxygen consumption
measured in step 3a) by the subject’s predicted maxi-
mum oxygen consumption to obtain a first energy
quotient for the subject;

4) conducting a second test while the subject is breathing
air having a second concentration of oxygen adminis-
tered by use of the mouthpiece, the first and second
concentrations of oxygen being such that the amount of
oxygen delivered to the subject’s mitochondria in the
second test is 50% higher than the amount of oxygen
delivered to the subject’s mitochondria in the first test, 45
the second test comprising:
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a) measuring the subject’s average oxygen consumption
at the specified respiratory exchange ratio when the
subject is exercising; and

b) calculating a second energy quotient for the subject by
dividing the subject’s average oxygen consumption
measured in step 4a) by the subject’s predicted maxi-
mum oxygen consumption; and

5) calculating a Mitochondrial Factor for the subject using
the equation:

(EQ2 - EQ1)x 200

Mitochondrial Factor =
EQ1

EQI being the first energy quotient and EQ2 being the
second energy quotient, wherein the Mitochondrial Fac-
tor is directly proportional to the subject’s mitochondrial
efficiency.

2. The method of claim 1, wherein the first oxygen con-
centration is about 20-21% by weight, and the second oxygen
concentration is about 30-33% by weight.

3. The method of claim 1, wherein the first oxygen con-
centration is about 21% by weight, and the second oxygen
concentration is about 31.5-32.5% by weight.

4. The method of claim 1, wherein the specified respiratory
exchange ratio is about 1.00.

5. A method for determining whether a subject’s mitochon-
drial efficiency is increasing or decreasing over time, com-
prising repeating the method of claim 1 on a periodic basis,
wherein an increase or decrease of a subject’s Mitochondrial
Factor over time indicates, respectively, an increase or
decrease of the subject’s mitochondrial efficiency over time.

6. A method according to claim 5, wherein the method of
claim 1 is repeated annually.

7. The method of claim 5, wherein the first oxygen con-
centration is about 20-21% by weight, and the second oxygen
concentration is about 30-33% by weight.

8. The method of claim 5, wherein the first oxygen con-
centration is about 21% by weight, and the second oxygen
concentration is about 31.5-32.5% by weight.

9. The method of claim 5, wherein the specified respiratory
exchange ratio is about 1.00.
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