
 

 

Introduction 
 
We recently reported on an initial audit of a co-
hort of 138 patients who attended a private 
practice specializing in the treatment of ME/
CFS and who had taken the ATP Profile blood 
test [1]. All patients satisfied the widely used 
diagnostic criteria for chronic fatigue syndrome 
(CFS) [2], and most, if not all, satisfied the Inter-
national Consensus Criteria for Myalgic Enceph-
alomyelitis (ICCME) [3]. The ATP Profile consists 
of several measurements of ATP (Adenosine 
triphosphate) in neutrophils and their mitochon-
dria. The mitochondria carry out the recycling of 
energy-spent ADP (Adenosine diphosphate) into 
energy-rich ATP by a series of biochemical reac-
tions involving the link reaction, the Krebs citric 
acid cycle, and oxidative phosphorylation which 
uses the energy provided by the electron trans-

fer chain (ETC) to complete the process. Two 
additional steps are required: the translocation 
of ADP into the mitochondria and the transloca-
tion of ATP out of the mitochondria where most 
of the energy is required. These processes oc-
cur, and provide the energy needed, in all cells 
in the body, apart from red blood cells. 
 
As the first step in measuring the efficiency of 
oxidative phosphorylation, we added sodium 
azide to a suspension of neutrophils in order to 
inhibit this process. We found that for about ½ 
of the patients this process was already partially 
BLOCKED and that an alternative process must 
be contributing to ATP production. For the other 
½ of the patients, the only ATP being made with 
the azide present was that expected by ongoing 
glycolysis in the cytosol, and there was NO 
BLOCK. 
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We concluded from this audit and a re-analysis 
of a previous audit of a cohort of 61 patients in 
the age range of 18-65 years (Cohort 1) and of 
53 controls [4], the following features: 1) All 
patients of both Cohort 1 (n=61) and Cohort 2 
(n=138) had measurable mitochondrial dys-
function. 2) The degree of mitochondrial dys-
function correlates with illness severity, as dem-
onstrated in our analysis of Cohort 1 [4], and 
comparison with Cohort 2 [1]. 3) Patients divide 
into two main groups according to whether oxi-
dative phosphorylation is not already blocked, 
Group A (NO BLOCK), or is already partially 
blocked, Group B (BLOCKED or ‘HI Blk’). We 
further sub-divide Group A into A1 and A2. 4) 
For patients in Group A, where there is no prior 
blocking of oxidative phosphorylation or the re-
actions leading up to it, cellular metabolism 
uses increased glycolysis to partially compen-
sate for the dysfunction. 5) For patients in 
Group B, where there is partial blocking of oxi-
dative phosphorylation or a reaction leading up 
to it, there is an alternative route to increased 
glycolysis which the cells use to partially com-
pensate for the blocking. This route is most 
likely the adenylate kinase reaction in which two 
molecules of ADP combine to make one of ATP 
and one of AMP (Adenosine monophosphate). 
6) Tests on isolated mitochondria (parameters 
TL OUT and TL IN) show that some of the block-
ing is due to partial blockages of the transloca-
tor proteins, either on the mitochondrial matrix 
side (TL IN) or the outer membrane (and cyto-
sol) side (TL OUT). 7) Group A1: ‘no HIs’ patients 
appear not to suffer from substrate deficiencies 
in the processes leading to ATP delivery, while 
those in Group A2: ‘HI TL IN’ have substrate 
deficiencies. The latter conclusion comes from 
the measured super-normal values of the pa-
rameter TL IN. 8) Comparisons with some pub-
lished exercise studies, which also indicate two 
groups, suggest that the dysfunction that we 
observe in neutrophils may also occur in other 
cells such as those of skeletal muscle [1]. 9) 
The degree of dysfunction in neutrophils corre-
lates with auxiliary measurements of cell-free 
DNA in blood plasma which indicate levels of 
tissue damage up to 3.5 times the upper level 
of the normal reference range. This is clearly 
demonstrated in figure 6 of our previous paper 
on the pathophysiology [1]. The cell-free DNA is 
a measure of non-apoptotic tissue breakdown 
[5]. 10) The major immediate causes of the mi-
tochondrial dysfunction are: a) lack of substrate, 
and b) partial blocking of the translocator pro-

tein sites and/or oxidative phosphorylation and 
the reactions leading up to it (link reaction and 
Krebs cycle). 
 
In this paper we will show that the ATP Profile is 
a valuable diagnostic and clinical management 
tool for ME/CFS. This is possible because 34 of 
the 138 patients of Cohort 2 have undergone a 
repeat ATP Profile after some months of treat-
ment and we can compare their subsequent 
test results with their initial ones.  
 
The ATP Profile 
 
Test procedure 
 
Full details of the testing procedure and how 
the quantities are measured have been pub-
lished [1, 4] and will not be repeated here. How-
ever, we will list the main quantities: ATPMg: the 
whole cell concentration of ATP in units of fmol/
cell, measured with the addition of excess mag-
nesium (Mg); ATPend: the concentration of ATP 
complexed with endogenous Mg; ATP Ratio: the 
ratio ATPend/ATPMg which indicates whether or 
not there is a Mg deficiency; % ATP inhibited: 
the percentage decrease of whole cell ATP when 
an inhibitor of the ETC is added; Ox Phos: a 
measure of the efficiency of the oxidative phos-
phorylation process which is calculated by 
measuring the fraction of whole cell ATP recov-
ered when the inhibitor is removed; TL OUT: a 
measure of the functionality of the translocator 
protein TL when its electrogenic antiport faces 
out to transport ADP into mitochondria for recy-
cling; TL IN: a measure of the functionality of TL 
when its antiport faces into the mitochondrial 
matrix to transport recycled ATP into the cytosol. 
This is the situation when its value is in the nor-
mal region, or below normal. In some cases it 
has a super-normal value, and we interpret this 
as being due to lack of substrate within the mi-
tochondria [1]. 
 
Each one of these quantities has an experimen-
tal minimum value and maximum value for the 
control group, and Ox Phos and % ATP inhibited 
are constrained to be not larger than unity (or 
100%). Usually the values for patients are within 
the normal range or below it. The exception is 
TL IN which sometimes has super-normal values 
(hence the label ‘HI TL IN’) which we interpret as 
being due to lack of one or more substrates 
within the mitochondria. 
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The total cellular concentration of ATP is not a 
useful measure of mitochondrial dysfunction 
[6]. As an overall measure of the efficiency for 
ATP production and recycling, and one which 
correlates well with the degree of patient ability, 
we use 6 of these 7 quantities (ATPend is already 
included in ATPMg and ATP Ratio) to calculate 
what we call the Mitochondrial Energy Score, 
MESinh, by evaluating the product of these quan-
tities, dividing this figure by the minimum value 
of the controls for this product and then finally 
multiplying by 100 to convert to %. All of the 53 
controls have values of MESinh of 100% or more 
(up to 257%) with an average of (144 ± 29)% 
where the error is the standard deviation (SD). 
Figure 1A shows a histogram of the MESinh val-
ues for the control group, and the dotted verti-
cal line indicates the mean value.  
 
Auxiliary tests 
 
As well as the ATP Profile, many of the patients 
take other tests including that of Cell free DNA 
in blood plasma. This test is a measure of cell 
damage, and we have already shown that this 
quantity correlates with the results of the tests 
on neutrophils, and suggests that the dysfunc-
tion we see in those cells must also occur in 
other cells [1]. Below we will report on the re-
sults of just a few of the other auxiliary tests, 
namely Red cell NAD, L-Carnitine and CoQ10. 

Therapeutic interventions 
 
Preliminaries and scale of the problem 
 
In this section we present the results from those 
patients of Cohort 2 who have had the ATP Pro-
file test after some months of therapy which has 
been individually tailored according to the re-
sults of their first tests. Because these results 
come from an audit and not a funded research 
study, the time intervals between tests are 
highly variable. Another complicating factor is 
that we have no way of confirming the extent to 
which the recommendations of the therapeutic 
protocol were actually carried out by individual 
patients. Nevertheless, the results indicate that 
nearly all patients show biochemical improve-
ment, with dramatic improvements in some pa-
tients, provided they put in place the prescribed 
dietary, nutritional and lifestyle regimes. It is 
also notable that the patients who did not ad-
here to the regimes did not see biochemical 
progress.  
 
We have altogether 34 multiple-test patients: 
two who have taken the ATP Profile four times, 
seven who have been tested three times and 
25 who have been tested twice. We briefly re-
port the case histories of the 3- and 4-test pa-
tients. These are also included in a before and 
after study with the 25 patients who have had 

Figure 1. Histograms of MESinh for 
the control group (A), for the initial 
ATP Profile test for all 138 Cohort 2 
patients (B), and on the same verti-
cal scale for the 34 patients who 
had one or more subsequent tests 
(C). The vertical dashed line indi-
cates the minimum value of MESinh 
for the control group (to which all 
results are normalized) and the 
vertical dotted lines indicate the 
mean value of MESinh for each his-
togram. The vertical scale for the 
controls has been adjusted to give 
the controls histogram approxi-
mately the same area as that of 
the n=138 patient group. 
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the ATP Profile twice. Unfortunately we have no 
follow-up biomedical test results for the other 
104 (75%) of the 138 patients of Cohort 2. This 
is an inevitable result of audit where clinical 
decisions are made for the benefit of the pa-
tient, not the clinician or researcher. All we can 
say is that those patients who have multiple 
tests have a strong tendency to be among the 
most ill patients at the first test. This is illus-
trated by comparing the histogram (Figure 1B) 
of the initial values of the revised Mitochondrial 
Energy Score (MESinh) for all 138 Cohort 2 pa-
tients with the histogram (Figure 1C) of the ini-
tial values of the 34 patients who had multiple 
tests. The multiple-test patients have a lower 
mean value (compare the vertical dotted lines), 
and 38% of the multiple-test patients are in the 
first two bins with the lowest values of MESinh at 
the initial test compared with less than 7% of 
those with no repeat test. 
 
Note that the majority of the patients have val-
ues of MESinh well below the minimum value for 
the control group of 100% and further below the 
(144 ± 4)% average of the controls, where this 
error is the standard error of the mean (SEM). 
The four patients with MESinh values of greater 
than 100% (Figure 1B) all have at least two of 
the six ATP factors below the normal minimum 
values [1]. The mean value of MESinh for all of 
these 138 first test patients is (39.7 ± 2.1)% 
(SEM), and only (32.7 ± 4.7)% (SEM) for the 
initial value of the multiple-test patients. We 
cannot say whether or not the 104 patients who 
did not have a repeat test improved as much as 
those who did, and whose improvement (or lack 
of it) we have measured. However, because the 
feedback that we have had is so positive, and 
because it is mainly the most severely affected 
patients who have repeat tests, we think it likely 
that the improvements that we do measure are 
a lower limit, or at least an average, of those 
that have not been measured. A future properly 
funded research study could mitigate this prob-
lem. 
 
Figure 1 illustrates the scale of the problem 
facing the patients and the clinician (in our case 
SM). The very ill patients who need to take sub-
sequent tests peak at about 30 on the horizon-
tal scale and the goal is to get them up among 
the control group which peaks at about 140, a 
very large difference. This large difference is 
measured with neutrophils which are the main 
effectors of the innate immune system. Our 

measurements of cell-free DNA suggest that 
there are also major effects in other cells [1]. 
 
Treatment protocol 
 
The treatment protocol is largely based on two 
experimental facts: 1) A large fraction of people 
with ME/CFS (as diagnosed with the 1994 CDC 
criteria) [2] have mitochondrial dysfunction. We 
found measureable mitochondrial dysfunction 
in all of 61 patients in the age range 18-65 
years (Cohort 1) [4], and in all of the 138 pa-
tients of Cohort 2 [1]. Every expenditure of en-
ergy in cells throughout the body requires the 
conversion of ATP into ADP and the patients we 
have studied have lower than normal levels of 
ATP. The mean value of ATPend for the Cohort 2 
patients is only 0.88 fmol/cell compared with 
the mean of 1.37 fmol/cell for the control 
group. The patients are also inefficient in recy-
cling the ADP back into ATP. If patients push 
themselves with respect to increased mental 
and/or physical activities which both make 
more energy demands, they will be forced to 
make ATP by an alternative route. One such 
route is anaerobic metabolism via glycolysis 
where pyruvate is converted to lactate. Bio-
chemically the result is acidosis, and clinically 
these patients suffer pain. Patients in Group B 
(BLOCKED) have the additional problem of re-
plenishing their supply of adenine nucleotides 
due to the loss of one molecule of ADP for each 
molecule of ATP hydrolyzed. 2) People with ME/
CFS often have low cardiac output [7-11], and 
cerebral blood flow [12]. These features could 
be explained by mitochondrial dysfunction – 
mitochondria make up 25% by weight of cardiac 
muscle [13]. The low cardiac output could also 
contribute to mitochondrial dysfunction by de-
creasing the delivery of all substrates, but be-
cause they are so closely interrelated it is diffi-
cult to prove which comes first [14]. 
 
In the treatment of ME/CFS by one of us (SM) 
there is a basic protocol that applies to all pa-
tients regardless of the cause and the underly-
ing biochemical abnormalities [15]. Indeed this 
basic protocol simply represents the lifestyles 
and dietary regimes all people should be follow-
ing to optimise their health. The basic protocol 
is comprised of: 1) eating the evolutionary cor-
rect stone-age diet; 2) ensuring optimum hours 
of good quality sleep; 3) taking a standard pack-
age of nutritional supplements which at least 
meet the Recommended Daily Intakes of essen-
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tial nutrients; 4) getting the right balance be-
tween work and rest. 
 
Some aspects of the basic protocol tailored to 
mitochondrial dysfunction [16, 17] and to ME/
CFS [18, 19] have already been reviewed. De-
tails of the protocol used here are freely avail-
able [20]. 
 
Additions to the above regime are tailored for 
each patient according to the results of their 
mitochondrial function tests, together with other 
nutritional tests and clues from the clinical his-
tory. We have found that mitochondrial function 
is typically impaired in two ways – either 1) sub-
strate or co-factor deficiency, or 2) inhibition by 
chemicals which may be exogenous or endoge-
nous [1]. As well as the mitochondrial function 
tests, for most patients we also measure levels 
of minerals (magnesium, zinc, copper, selenium 
and manganese) and of specific co-factors such 
as Niacinamide (vitamin B3 status), Acetyl L-
carnitine and Co-enzyme Q10. There may be 
several reasons why vitamin B12 by injection 
may be recommended [21]. If a patient has evi-
dence of blocking of mitochondrial function 
then further tests can be used to ascertain the 
nature of that blocking which could include DNA 
adducts, fat biopsies, micro-respirometry stud-
ies or translocator protein studies. We often find 
deficiencies in glutathione (GSH) and glu-
tathione peroxidase (GSH-PX} which are needed 
to protect cells from oxidative damage and to 
detoxify xenobiotics. Other appropriate detoxifi-
cation regimes, as determined by standard 
practices of ecological medicine, can also be 
put into place. For example, high levels of pesti-
cides or volatile organic compounds can be 
treated by far-infrared saunas (FIRS) which have 
also been shown to have other beneficial ef-
fects in fibromyalgia and other illnesses [22-
24]. High levels of heavy metals can be tackled 
using selective chelation therapy, and evidence 
of immune-complex blocking may be treated by 
addressing issues of allergy and chronic infec-
tion. If there is evidence of mal-absorption of 
micro-nutrients then again there may be inter-
ventions to improve gut function or supply micro
-nutrients parenterally [15]. 
 
Case histories 
 
In carrying out this audit, all patients were given 
fictitious initials and their test results were 
blinded in the analysis and reporting. Here we 

give details of the two patients who have had 
the ATP Profile test on four occasions and the 
seven who have been tested three times. The 
initial and final test results of all 34 multiple 
test patients are included in the next sub-
section. 
 
Figure 2 shows plots of the measured parame-
ters ATPend, Ox Phos, TL OUT, TL IN and %ATPinh 
(% ATP inhibited) and the computed MESinh all 
normalized to the normal minimum of each 
taken as 100%. On this scale the maximum 
value of TL IN for the controls is 152% and the 
maximum possible value of %ATPinh is 119%. 
We absorb ATPMg and ATP Ratio into their prod-
uct ATPend because the product of their normal 
minima is very close to the normal minimum of 
their products. The numbers below Test 2, Test 
3 and Test 4 are the time intervals in months 
since Test 1. The fact that the computed MESinh 
appears to have a different normalization is just 
because none of the controls have the normal 
minimum value for all of the parameters making 
up MESinh, and the normal minimum of MESinh is 
1.42 times the product of the 5 normal mini-
mum values of ATPMg, ATP Ratio, Ox Phos, TL 
OUT and %ATPinh. 
 
In Figure 2 we start with the Group B patients, 
those who comprise the ‘HI Blk’ category. How-
ever, during the treatment protocol we have 
found a few multiple-test patients who have 
switched from one category to another, so we 
need to introduce some transition categories. 
The first five patients (ZY, AG, AQ, AA and AM) 
started in the ‘HI Blk’ group and remained there 
for the following tests. We call this transition 
category B→B. We also indicate by (f) or (m) the 
sex of each patient. 
 
Patient ZY (f) started with all factors very low. 
She made good progress by test 2 but with TL 
OUT still low. She discontinued the far-infrared 
saunas, showed little further improvement, but 
enough to resume work part time. 
 
Patient AG (f) had very low TL IN and %ATPinh at 
the start and made good improvement between 
tests 1 and 2, but both TL values dropped be-
tween tests 2 and 3. She was surprised that the 
results were worse on the 3rd test. 
 
Patient AQ (f) had very low %ATPinh and TL IN at 
test 1. By test 2 ATPend and Ox Phos improved, 
and moved into the normal region by the 3rd 
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test, but % ATPinh and TL IN are still low. 
 
Patient AA (m) may be considered as the “ideal 
patient” – steady improvement to near normal 
in all measured quantities in less than 18 
months. 
 
Patient AM (f) made steady improvement from 
being housebound at test 1 to all factors being 
almost at the normal minimum by test 3, but 

the normalised product MESinh is still well below 
the normal minimum.  
 
Patient AJ (f) shows a new effect, a switch from 
Group B to Group A2 with a super-normal value 
of TL IN. We label this switch as B→A2. Be-
tween test 1 and test 2 she made good pro-
gress in all quantities, and at test 3 she shows 
the switch to Group A2: ‘HI TL IN’. This patient is 
now back at work 4 days per week. 

Figure 2. Plots of the ATP Profile test results for the 9 patients who have had the ATP profile test on 3 or 4 occasions. 
The numbers below Test 2, Test 3 and Test 4 are the time intervals in months since Test 1. The fact that the com-
puted MESinh appears to have a different normalization is just because none of the controls have the normal mini-
mum value for all of the parameters making up MESinh, and the normal minimum of MESinh is 1.42 times the product 
of the 5 normal minimum values of ATPMg, ATP Ratio, Ox Phos, TL OUT and %ATPinh. 
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Patient AL (m) is an example of Group A2: ‘HI TL 
IN’ who had a super-normal value of TL IN at the 
first test which stayed high in spite of the facts 
that ATPend, Ox Phos, TL OUT and MESinh all 
moved into the normal region. We label this 
transition category A2→A2. Test 3 was not 
really necessary but the patient requested it. 
The super-normal values of TL IN suggest lack 
of substrate, but in spite of this all parameters 
are in the normal region for tests 2 and 3. 
 
Patient ZZ (f) also started in Group A2: ‘HI TL 
IN’, but switched to Group A1: ‘no HIs’ by test 4 
(we label this switch as A2→A1). The biomedi-
cal results of tests 2-4 may reflect the common 
situation where a patient improves and then 
overdoes things and suffers a relapse which 
takes some time to recover from. However, by 
test 4 all parameters and MESinh are in the nor-
mal region but most just barely. 
 
Patient AO (m) started in Group A1: ‘no HIs’, and 
made some progress between the first and sec-
ond tests, but was not pacing and discontinued 
the detoxifying saunas after 7 months. The test 
results illustrate the importance of these parts 
of the treatment protocol. We label this patient 
as category F: ‘poor regime’. 
 
These multi-test results help us to understand 
the immediate sources of dysfunction and, 
when supplemented by other appropriate meas-
urements, enable one of us (SM) to fine-tune 
the treatment protocol for individual patients. 
They also show that clinical improvement fol-
lows the pattern of switching from Group B to 
Group A2 and then to Group A1. That is to say, 
these patients move from being blocked to un-
blocked, and then from substrate deficiency to 
no substrate deficiency. These transitions indi-

cate biochemical improvements. Some of these 
cases show that the treatment protocol needs 
to be maintained as time goes on. However, this 
may not be necessary in all cases. 
 
Patients with 2 test results 
 
Here we summarize the test results of all 34 
multiple test patients including the 25 patients 
who have had the ATP profile test on just two 
occasions. For the patients with more than two 
tests we take the initial and final tests. The time 
interval between the first and final tests ranges 
from 5 to 67 months with an average of 30 
months. We have considered removing the re-
sults at the long time intervals, e.g. beyond 48 
months, but this just reduces the sample size 
without changing any conclusions. Because 
there are a number of cases where a patient 
makes a transition from one Group to another, 
we order them according to the relevant transi-
tion category (Table 1).  
 
Besides the patients in transition category F: 
‘poor regime’, there are also a number of pa-
tients who were lax in just one aspect of the 
treatment protocol. In view of the fact that they 
still improved they have been included in the 
other transition categories where appropriate. 
Below we will refer to patients in the first five 
transition categories combined (B→B to 
A1→A1) as ‘good regime’. Patients of category 
F: ‘poor regime’ constitute a small, but impor-
tant, internal control group. They show that 
there is little or no improvement (and even dete-
rioration) when the treatment regime is not fully 
followed. 
 
The results (Figure 3) are further sorted in each 
transition category by increasing value of %

Table 1. Transition categories of patients with two or more ATP Profile tests. 
Category label Transition category properties and number of entries 

B→B Group B: ‘HI Blk’ for both initial and final tests (n=16) 
i.e. patients who started and remain blocked 

B→A2 Group B: ‘HI Blk’ at initial test but switch to A2: ‘HI TL IN’ by final test (n=5) 
i.e. patients who move from blocked to unblocked but substrate deficient 

A2→A2 Group A2: ‘HI TL IN’ for both initial and final tests (n=2) 
i.e. patients with no blocking but remain substrate deficient 

A2→A1 Group A2: ‘HI TL IN’ for initial test but switch to A1: ‘no HIs’ by final test (n=2) 
i.e. patients who move from substrate deficient to substrate replete 

A1→A1 Group A1: ‘no HIs’ for both initial and final tests (n=5) 
i.e. patients who  start and finish with no blocking in Group A1 

F ‘poor regime’ (n=4) 
i.e. patients who failed to implement 2 or more aspects of the treatment protocol 
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Figure 3. Plots of ATPend, % ATPinh, Ox Phos, TL OUT, TL IN and MESinh for the 34 of 138 patients of Cohort 2 who have 
had two or more ATP Profile tests. We show results of the initial test (Test 1) and the last test (Test f). The transition 
categories are defined in Table 1. 
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ATPinh.  
 
In interpreting these results we first consider %
ATPinh for transition category B→B, the first 16 
entries in the second row. All these patients 
increased in %ATPinh to 80% or more of the nor-
mal minimum, with the largest increases (as 
much as a factor of 3) observed for the lowest 
initial values. We can conclude that the treat-
ment protocol is very effective in minimising and 
even removing the blocking of the normal mito-
chondrial pathway of the Krebs cycle and oxida-
tive phosphorylation via the electron transfer 
chain [1]. Looking down Figure 3 we see that 
these increases are associated with increases 
in TL IN except for patient ZD, but as a possible 
compensation this patient’s value of TL OUT 
increased into the normal region. All patients 
showed increased ATPend (first row) up to 80% 
or more of the normal minimum except ZG (and 
ZD who was already in the normal region). For 
Ox Phos (third row) all 16 patients improved 
with 8 (50%) ending up in the normal region and 
correlating with increases in ATPend. The 
changes in TL OUT are variable but most pa-
tients show small increases. For TL IN, 15 of 16 
show increases, some by more than a factor of 
2. Finally the MESinh values all increase, some 
dramatically, by on average a factor of 3.5. 
 
All five B→A2 patients moved into the normal 
region of %ATPinh and all show increases in AT-
Pend and especially in Ox Phos. The TL IN 
changes are dramatic, but changes in TL OUT 
are mixed and mainly small. All these five pa-
tients improved in MESinh by on average a factor 
of 7.9 but all still well below the normal mini-
mum. This makes biochemical sense if blocking 
problems have been corrected but substrate 
deficiency has not been adequately addressed. 
 
The two patients in Group A2: ‘HI TL IN’ for both 
tests (transition category A2→A2) show in-
creases in ATPend, Ox Phos, TL OUT, and MESinh. 
Of the two patients who moved to Group A1: ‘no 
HIs’ (transition category A2→A1) ZA’s value of 
TL IN became normal but AW’s value became 
sub-normal, possibly because of no increase in 
TL OUT. MESinh shows ZZ moving into the nor-
mal region, but AW barely improving in any of 
the parameters. 
 
The five Group A1: ‘no HIs’ patients (transition 
category A1→A1) all show increases in most 
parameters except TL IN which is mixed. One 

(AN) moves well into the normal region of MESinh 
and ZJ just to the edge, most likely limited by 
how the low value of TL IN affects other parame-
ters. 
 
Finally transition category F: ‘poor regime’ 
shows the four patients who were lax in two or 
more aspects of the treatment protocol. Most of 
their parameters stayed about the same or de-
creased.  
 
In order to summarize these before and after 
results in a straightforward way we will consider 
just the main quantities ATPend, Ox Phos and 
MESinh and in particular how much they change 
between the initial and final tests. We do this for 
the 30 patients who have followed most of the 
demanding treatment regime (‘good regime’) 
and separately for the four ‘poor regime’ pa-
tients. The results are shown in Figure 4. 
 
The ATPend histograms show that 28 out of the 
30 ‘good regime’ patients improved in this 
quantity and there is a clear separation be-
tween the 95% confidence intervals (CIs) for the 
means of the ‘good regime’ and ‘poor regime’ 
categories. The Ox Phos and MESinh plots show 
that all 30 ‘good regime’ patients improved, and 
for MESinh by large values especially compared 
with the ‘poor regime’ patients. If we prefer, we 
can compute the mean increase in MESinh for 
the ‘good regime’ patients relative to that for 
the ‘poor regime’ patients. The result is 64% 
(95% CI 50% to 78%). 
 
The means and standard errors of the differ-
ences and ratios of the initial and final test 
measurements are summarized in Table 2 also 
for the other quantities: % ATPinh, TL OUT and TL 
IN. 
 
Comparison of 2-test nutrient status 
 
In addition to the ATP Profile and Cell-free DNA 
tests, the majority of Cohort 2 patients have 
other tests relevant to cellular metabolism and 
mitochondrial dysfunction such as red cell Niaci-
namide (NAD, a marker of vitamin B3 status), L-
carnitine (L-C) and coenzyme Q10 (CoQ10 or 
Ubiquinone). These auxiliary tests use red cells 
and plasma and are independent of the ATP 
Profile which uses neutrophils and their mito-
chondria. NAD and CoQ10 are important elec-
tron carriers in the ETC, and CoQ10 is also an 
important antioxidant. One important function 
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of L-C is to transport fatty acids across mito-
chondrial membranes where the beta-oxidation 

process performs a vitally important part of the 
energy supply chain, particularly in cardiac mus-

Figure 4. Histograms of the changes in ATPend, Ox Phos and MESinh between the initial and final ATP Profile tests. The 
bins labelled ‘good regime’ are for the 30 patients who carefully followed the treatment protocol, and those labelled 
‘poor regime’ are for the 4 patients who were lax in two or more aspects. In the ATPend plot (A) the two negative en-
tries for the ‘good regime’ patients are due to slight decreases (of 1.9% and 3.7%), while the other 28 improved, and 
all ‘good regime’ patients improved in the Ox Phos (B) and MESinh (C) plots. The vertical dashed lines and circular 
markers show the corresponding mean values of each histogram and the horizontal error bars indicate the 95% con-
fidence intervals of the means for the ‘poor regime’ and ‘good regime’ patients.  

Table 2. Summary of differences and ratios of initial and final ATP profile test results 

Transition categories and 
mean time (spread) between 

initial (i) & final (f) tests 

Quantities 
calculated 
from test 
results 

Mean value* and SEM** 

  
ATPend 

  
%ATPinh 

  
Ox Phos 

  
TL OUT 

  
MESinh 

B→B (n=16) 
‘HI Blk’ to ‘HI Blk’ 

(Group B) 
27 (5 to 59) mo. 

Difference 
f - i 

19.6 
3.1 

26.6 
4.2 

27.5 
3.7 

8.0 
4.4 

40.4 
4.2 

Ratio f/i 
  

1.26 
0.04 

1.55 
0.16 

1.46 
0.08 

1.12 
0.05 

3.52 
0.83 

B→A2 (n=5) 
‘HI Blk to ‘HI TL IN’ 

(Group B to Group A2) 
37 (14 to 66) mo. 

Difference 
f - i 

11.1 
6.1 

48.6 
7.5 

36.8 
12.1 

7.1 
10.2 

35.7 
6.0 

Ratio f/i 
  

1.16 
0.10 

2.02 
0.41 

2.57 
0.95 

1.19 
0.20 

7.92 
3.57 

A2→A2 and A2→A1 
and A1→A1 (n=9) 

‘HI TL IN’ & ‘no His’ 
36 (12 to 67) mo. 

Difference 
f - i 

19.4 
4.4 

-2.4 
3.5 

27.5 
6.4 

38.5 
8.7 

54.7 
15.9 

Ratio f/i 
  

1.25 
0.06 

0.98 
0.03 

1.41 
0.11 

1.59 
0.14 

3.13 
0.69 

All above (n=30) 
‘good regime’ 

(Groups A1, A2 and B) 
30 (5 to 67) mo. 

Difference 
f - i 

18.1 
2.3 

21.6 
4.2 

29.1 
3.3 

17.0 
4.6 

43.9 
5.3 

Ratio f/i 
  

1.24 
0.03 

1.46 
0.12 

1.63 
0.17 

1.27 
0.07 

4.14 
0.79 

F (n=4) 
‘poor regime’ 

(internal control group) 
20 (15 to 27) mo. 

Difference 
f -i 

-7.4 
4.4 

-1.5 
5.5 

-8.5 
2.5 

-14.0 
8.0 

-20.2 
5.0 

Ratio f/i 
  

0.93 
0.04 

0.98 
0.06 

0.91 
0.03 

0.90 
0.06 

0.74 
0.03 

*The differences are given as % of the normal minimum while the ratios are dimensionless. **Standard error of the mean. The 
95% confidence intervals are approximately given by the mean ± 2 SEM. 
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cle. Most of the L-C is in muscle but numerous 
studies have shown that the 1% that is in 
plasma correlates well with the whole body 
status.  
 
We use the results of these and other auxiliary 
tests in order to find out where the biochemical 
lesions are so that the nutritional supplement 
part of the treatment regime can be tailored for 
each patient. Most patients have deficits in 
more than one of these co-factors. As an exam-
ple, we show in Figure 5 a summary of the re-
sults of the initial and final measurements of 
NAD, L-C and CoQ10 for those multi-test pa-
tients who have had these tests. 
 
We do not have a control group for these tests 
but we can use the well-established reference 
ranges (also, we use Biolab to perform the 
CoQ10 tests). In the initial test, only 40-50% of 
the patients have a value within the reference 
range of NAD or L-C or CoQ10, and between 1/5 
and 1/3 of them are within the reference 
ranges for two of these quantities, but only 11% 
are within the reference ranges for all three 
quantities. For the final test, 44% have all three 
within the reference ranges, a substantial im-

provement. 
 
We obtain similar results and conclusions for 
the important superoxide dismutase (SOD) anti-
oxidants (4 measured quantities), and GSH and 
GSH-PX. 
 
Comparison of 2-test ATP Profile results with 
Cell-free DNA 
 
Of the 34 patients with two or more ATP Profile 
results there are 28 (including the four in transi-
tion category F) who have also had at least two 
tests of Cell-free DNA in plasma. As we showed 
in our paper on the pathophysiology [1], there 
are strong negative correlations of Cell-free DNA 
with ATPend and with Ox Phos and with MESinh 
and this suggests that the dysfunctions we ob-
serve in neutrophils also occur in other cells, 
because cell-free DNA reflects damage to cells 
of all types, not just neutrophils [5].  
 
We find that for the ‘good regime’ patients, the 
mean increases in the ATP quantities on the 
scale shown in Figure 4 are accompanied by a 
decrease of Cell-free DNA. We illustrate this in 
Figure 6 where we show the mean changes in 
Cell-free DNA compared with the mean changes 
in Ox Phos for both ‘good regime’ and ‘poor re-
gime’ patients. This shows that the therapeutic 
interventions provide marked improvement in 
both mitochondrial function and level of tissue 

Figure 5. Chart showing percentage of patients with 
normal values of three of the essential co-factors 
involved in cellular ATP production: Niacinamide, L-
Carnitine and CoQ10. For each co-factor we show the 
results (with binomial errors) from the initial test, Test 
1 (before any therapeutic interventions), and the final 
test, Test f. We also show the percentage of patients 
who were in the normal region for all 3 co-factors. 

Figure 6. Plot of the mean value of the decrease in 
Cell-free DNA vs the mean value of the increase in 
Ox Phos for the 30 patients who had both Test 1 and 
Test f and followed the treatment regime, ‘good re-
gime’, and for the 4 patients who did not rigorously 
follow the regime, ‘poor regime’. The error bars cor-
respond to the 95% confidence intervals for the 
mean values. 
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damage. 
 
Discussion  
 
Efficacy of the treatment protocol 
 
The most serious and frustrating shortcoming of 
this audit is that we have no follow-up results on 
75% of the patients initially diagnosed with ME/
CFS and who undertook the demanding treat-
ment regime. This is due to the fact that this 
study is an audit and not a funded research 
project. Although some patients may not have 
continued the difficult regimes for any one of a 
number of reasons, the multiple-test results 
that we have on 34 of the 138 patients (25%) of 
Cohort 2 should represent at least an average, 
if not a lower limit, on the efficacy of the treat-
ment protocol.  
 
All 30 of the multiple test patients who followed 
the treatment protocol have increases in the 
major parameters of mitochondrial function and 
in the Mitochondrial Energy Score MESinh, some 
by as much as a factor of 20 and by an average 
of 44% on the 0 to 100% scale of Figures 1-4 
and 6. There is also a corresponding decrease 
in Cell-free DNA which suggests improved 
health [5]. 
 
Comparison with trials of nutrients 
 
We may be open to criticism because we have 
not carried out a randomized controlled trial 
(RCT). This would be very difficult, if not impossi-
ble, with the multi-pronged and individualized 
treatment protocol that we use. However, a 
number of RCTs have been carried out on indi-
vidual nutrients [19, 25, 26]. Nearly all RCTs 
include patients who have not been measurably 
deficient in the nutrient or remedy under trial, 
and other entrants may need it but also need 
one or more other nutrients. Such trials cannot 
yield useful results because repletion of one 
deficiency, when in the patient there are multi-
ple deficiencies, simply creates another bio-
chemical bottleneck. Because we measure lev-
els of individual nutrients we have a good idea 
from the biomedical tests of which nutrients 
and supplements are needed for each patient. 
For example, we find that about 50% of the Co-
hort 2 patients have normal levels of CoQ10 at 
the initial test, but only about 10% have normal 
levels of all three of CoQ10, NAD and L-C (Figure 
5). The only important nutrient (especially for 
Group B patients) that is not easily measureable 

is D-ribose, a moiety of the adenine nucleotides. 
However, one trial has been carried out [27]. 
Intracellular Mg is measured as part of the ATP 
profile and most patients have several other 
measurements carried out. As a result of the 
biochemical measurements, we can provide 
each patient with the most relevant combina-
tion of the nutrients and supplements that are 
deficient. Indeed it is self-evident that deficien-
cies need correcting. With repeat tests we can 
measure how well the nutrients have been ab-
sorbed and to what extent the biomedical le-
sions are improved. Practically none of the pub-
lished RCTs have these capabilities and as a 
consequence most of their results are ambigu-
ous or unreliable. A recent systematic review of 
RCTs confirms this, but also concludes that 
NADH and Mg have proven beneficial effects 
[19]. 
 
Other treatments 
 
Many of our patients have tried a number of 
therapies without much success before contact-
ing one of us (SM). So our patients are to some 
extent self-selected and really do have CFS/ME 
[2] or ME/CFS [3]. However, there are also peo-
ple who have chronic fatigue for reasons that 
are not understood, and they may have some of 
the other symptoms of ME/CFS. At least some 
of these people can be helped by an integral 
approach which combines psychological and 
nutritional interventions [28]. There are also 
physical interventions which help some suffer-
ers [29].  
 
We feel obliged to comment on some other 
treatments and results, particularly those of the 
recent highly-publicized PACE trial [30]. This 
research trial compared four different treat-
ments for CFS/ME: adaptive pacing therapy, 
cognitive behaviour therapy (CBT), graded exer-
cise therapy (GET), and specialist medical care.  
 
Fatigue is the symptom that patients experience 
when energy demand exceeds energy delivery. 
Correction of mitochondrial function addresses 
the issue of energy delivery. Attention to energy 
expenditure is also part of management, hence 
the importance of pacing of activity.  
 
The pacing that we recommend to patients is 
NOT the adaptive pacing used in the PACE trial. 
We recommend the self-administered treatment 
which has been shown by a number of unpub-
lished patient surveys to be an effective method 
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of minimizing the severity of the symptoms of 
ME/CFS [31]. Biologically, pacing is expected 
not to make symptoms worse because it mini-
mizes tissue damage by the effects of over-
exertion. Regarding CBT and GET which are fa-
voured by PACE, we know of no proven mecha-
nism by which either can ameliorate, let alone 
rectify, mitochondrial dysfunction, and in fact 
excessive exercise can result in further tissue 
damage. Finally, we note that the outcome 
measures described by the PACE authors as 
“moderate” are in fact miniscule in comparison 
to the improvements that we measure in our 
biomedical tests. 
 
The claims in other studies for the efficacy of 
CBT and GET have already been reviewed and 
strongly criticized [32]. Another review docu-
ments the harms caused to patients by CBT and 
GET [33]. We can confidently state that no pa-
tient of Cohort 1 or Cohort 2 has reported any 
harm resulting from our prescribed treatments.  
 
Children with ME/CFS 
 
It has been known for many years that children 
and young people also suffer from ME/CFS and 
it is a major cause of extended absence from 
school [34]. A recent study in the UK on children 
in the age range 11-16 years has confirmed this 
[35]. We have not included children because we 
do not have a corresponding control group. We 
have therefore excluded a 14-year old from Co-
hort 1 and 4 children from Cohort 2 with ages 
12-16. The ATP profile test results of these 5 
children show that they have similar degrees of 
mitochondrial dysfunction to the adults. The 
authors of the recent UK study suggest that 
large scale trials of CBT and GET are needed. It 
is our conclusion that it is far more informative 
and cost-effective to perform an ATP Profile test 
and other relevant nutritional tests for each 
child. This would immediately identify the rele-
vant biochemical lesions and allow appropriate 
tailored individual management regimes.  
 
Conclusions 
 
Mitochondrial function tests are a useful tool in 
managing ME/CFS patients for several reasons. 
They provide an objective measure of the level 
of clinical disability characterized by fatigue 
and, through measuring cell-free DNA, also of 
tissue damage. They clearly demonstrate that 
patients have serious biochemical pathology. 
These patients do not suffer from hypochondria 

– the problem is mitochondria. 
 
Mitochondrial function tests identify the causes 
of the biochemical lesions which, for the most 
part, are immediately due to substrate deficien-
cies and blocking by endogenous or exogenous 
toxins. 
 
In conjunction with routine measures of antioxi-
dant status (superoxide dismutase, glutathione 
peroxidise and co-enzyme Q 10), the underlying 
pro-inflammatory aspects of ME/CFS are also 
addressed as part of the clinical work-up. In-
deed there is an integral relationship between 
pro-inflammatory pathways and mitochondrial 
dysfunction. Poor mitochondrial function results 
in the production of inflammatory mediators via 
Pall’s NO/ONOO cycle [36]. Inflammatory me-
diators impact adversely on mitochondria and 
any such effect is potentiated further when 
there is poor antioxidant status [17, 37-39]. We 
also note that a recent paper implicates mito-
chondrial deterioration in brain neurons via op-
portunistic infection [40]. This is consistent with 
our suggestion that cells other than neutrophils 
may suffer similar deficits in their ATP Profile. 
 
Repeat tests are helpful in monitoring biochemi-
cal and clinical progress. For most patients, im-
provements in mitochondrial function test re-
sults are paralleled by clinical improvements. In 
the few patients where mitochondrial function 
test results improve but this is not paralleled 
clinically, the clinician must look for other 
causes of the fatigue and accompanying symp-
toms. 
 
Finally, mitochondrial function tests do not con-
stitute a diagnostic tool for chronic fatigue sim-
ply because the symptom of fatigue can result 
for many possible reasons. However in seriously 
afflicted ME/CFS patients, we find that poor 
mitochondrial function is invariably present as is 
a high level of cell-free DNA usually accompa-
nied by poor anti-oxidant status. 
 
Clinically we have found the mitochondrial func-
tion tests to be the single most useful diagnos-
tic and therapeutic aid in the management of 
ME/CFS. They should be made available to all 
who need them. 
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