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Key Words Abstract 
Chronic fatigue syndrome Patients with chronic fatigue syndrome (CFS) suffer from disabling physical 
Electron microscopy and mental fatigue. Abnormalities in mitochondria1 function can lead to 
Fatigue fatigue and weakness. Ultrastructural mitochondria1 abnormalities have been 
Mitochondria reported to be present in CFS patients. We obtained percutaneous needle mus- 

cle biopsies from 15 CFS patients and 15 age- and sex-matched controls. We 
investigated previously reported ultrastructural abnormalities in CFS: subsar- 
colemmal mitochondrial aggregates, intermyofibrillar mitochondrial aggre- 
gates, mitochondrial circumference, area, pleomorphism and the presence of 
compartmentalization of the inner mitochondrial membrane. All of the steps 
of tissue processing, electron microscopy and data abstracting and analysis 
were performed in a totally blinded fashion. All of our data were rigorously 
quantified. We found no difference in any of these studied parameters 
between CFS patients and controls. Although there is no ultrastructural mito- 
chondrial abnormality in CFS patients, other lines of evidence suggest the 
presence of a possible functional mitochondrial abnormality. ...................... 

Introduction 

Profound muscle fatigue, precipitated by minimal 
physical activity is one of the major symptoms in patients 
with Chronic Fatigue Syndrome (CFS) [l]. In CFS there 
have been reports of excessive intramuscular acidification 
[2] and abnormal jitter with single-fiber electromyogra- 
phy suggestive of abnormal muscle membrane function 
[3]. However, other investigators have not found abnor- 
malities in muscle fatigability and excitation-contraction 
coupling [ l ,4]. 

In vitro tests have shown depressed muscle mitochon- 
drial respiration in CFS, and patients have demonstrated 

reduced aerobic work capacity [5]. Mitochondria1 palmi- 
tate oxidation has been reported to be reduced in CFS 
patients [6], and the intracellular concentration of ATP 
has been demonstrated to be reduced at peak exercise in 
CFS patients [7]. These results suggest a mitochondrial 
abnormality. 

Ultrastructural abnormalities in muscle mitochondria 
from CFS patients have recently been reported [8-111. 
Mitochondria are the source of energy production in cells 
and dysfunction of these organelles may be the cause of 
the fatigue seen in CFS. These investigations were per- 
formed at the Institute of Neurological Sciences in Glas- 
gow, UK, under the direction of Dr. W.M.H. Behan. 
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Light-microscopic examination of the CFS muscle biop- 
sies only revealed mild atrophy of type 2 fibers, a finding 
that may be seen simply with disuse. Histochemical stains 
of the biopsy specimens were unremarkable and there was 
no evidence of necrosis, inflammation, focal mononu- 
clear cell aggregates or insterstitial fibrosis. Ultrastructur- 
a1 analysis of the muscle biopsies revealed mitochondrial 
changes in 70% of the CFS patients. There was an 
increase in mitochondrial size with most mitochondria 
being of twice normal size and many being 7 or 8 times 
larger than normal. However, the most striking abnormal- 
ity was a distinctive internal structure which produced an 
appearance of compartmentalization, apparently pro- 
duced by branching and fusion of the cristae. At the sites 
of the branching and fusion, the cristae lost their normal 
parallel arrangement. In surgical controls, only occasional 
mitochondria showed compartmentalization (less than 
5 % )  and in no case was there enlargement of the mito- 
chondria. Patients with mixed connective tissue disease 
rarely demonstrated similar mitochondrial changes, but 
the pathologic findings were overshadowed by evidence 
of fiber necrosis, regeneration, inflammation and lyso- 
soma1 debris. Patients with mitochondrial myopathies 
showed various abnormalities including increased num- 
ber and size of mitochondria, pleomorphism, compart- 
mentalization, zigzag cristae and crystalline inclusions. 

The objective of our study was to determine whether 
indeed CFS patients have ultrastructural abnormalities in 
muscle mitochondria and whether any of these abnormal- 
ities may correlate with clinical psychometric findings 
and with serum carnitine levels. All of our data were rigor- 
ously quantified. Also, in all the steps of tissue processing, 
electron microscopy, data abstracting and analysis, the 
individuals performing these tasks were totally blinded to 
the diagnostic categories of the specimens. 

Materials and Methods 

Fifteen patients (8 females and 7 males; age range 18-58 years, 
median 39 years) were evaluated for CFS. They all underwent 
detailed reviews of their medical history and a thorough general 
physical and neurologic examination. Clinical information was ob- 
tained regarding whether the onset of the illness was acute (less than 
48 h), subacute (2-7 days) or chronic (greater than 7 days). All had 
routine blood tests performed including complete blood count. 
chemistry screen (including glucose, electrolytes, calcium, magne- 
sium. liver function tests and renal function tests), sedimentation 
rate, rheumatoid factor, ANA, T3, T4, TSH, CPK, HIV, hepatit~s 
screen. RPR, vitamin BLz, red blood cell folate and serum carnitine 
determinations. All patients had a urinalysis. chest X-ray and intra- 
dermal intermediate-strength PPD testing. When clinically indi- 

cated, selected patients underwent Lyme disease screen, head MRI 
scanning and polysomnography. All patients underwent detailed 
clinical evaluations including the Fatigue Severity Scale (FSS) [12], 
the Beck Depression Inventory (BDI) [13], the Symptom Checklist 
90-R (SCL-90-R) [14] and the CFS Impairment Index (CFS-11) 
which consists of physical and mental subsets. The CFS-I1 is present- 
ed in table 1 and is a modification of another CFS evaluation scale 
[15]. In addition, each patient underwent the Structured Clinical 
Interview for the DSM 111-R-Nonpatient Edition (SCID-NP) which 
was conducted by Ms. Renee Taylor under the supervision of Dr. 
Leonard Jason, Chairman, Department of Psychology, DePaul Uni- 
versity, Chicago. In no case was an alternate diagnosis made. All 
patients met the CDC criteria for the diagnosis of CFS [16]. Also, all 
of the patients met the British and Australian definitions of CFS [17, 
181. Reviewing the charts retrospectively, all patients met the newly 
revised CDC criteria for CFS also [19]. All patients gave signed 
informed consent prior to entry into this study, which was approved 
by the Institutional Review Board of Mercy Hospital. 

Fifteen age- and sex-matched controls also participated in this 
study. Each control individual was matched with a patient. They 
included 8 females and 7 males, with an age range of 19-58 years and 
a median age of 39 years. They all underwent detailed reviews of 
their medical history and a thorough general physical and neurologic 
examination. All controls underwent detailed clinical evaluations 
including the FSS, BDI, SCL-90-R and the CFS-11. In addition, each 
control underwent the SCID-NP conducted by Ms. Renee Taylor. 
None of the controls had any significant medical or psychiatric illnes- 
sess identified. All controls gave signed informed consent prior to 
entry into this study. 

The muscle biopsies were performed with a CFS patient and an 
age- and sex-matched control on the same day, within 0.5 h of each 
other. This was done to control for any possible day-to-day technical 
differences in the biopsy procedures. 

A needle muscle biopsy was obtained by the author (A.P.) from 
the right vastus lateralis muscle (the same muscle used in the studies 
performed by Dr. W.M.H. Behan and his group [8-111. The skin was 
first cleaned with alcohol and infiltrated with 1 % lidocaine. A 2-mm 
incision was made with a scalpel blade through the skin. A Baxter 
Tru-Cut disposable muscle biopsy needle was inserted through the 
skin, the subcutaneous tissue and into the muscle. The location of the 
needle insertion was in the center of the belly of the vastus lateralis 
muscle, approximately 10 cm above the top of the patella. The needle 
was inserted 0.5-1 cm into the muscle and a biopsy sample of 1 mm 
[3] was obtained. A biopsy sample of this size is adequate for detailed 
electron-microscopic (EM) analysis [20, 211, and in the work of 
Behan et al. [8-111 the EM specimens were of this size. The Tru-Cut 
needle has been used in previous investigations and has given tissue 
samples with excellent histologic and ultrastructural qualities [22- 
241. After the procedure, pressure was placed on the site and after 
several minutes a band-aid was applied. As reported in many pre- 
vious studies, the needle muscle biopsies were very well tolerated by 
all of our CFS patients and controls. The biopsy itself took between 2 
and 3 s to perform and resulted in minimal discomfort. In over 200 
previously studied patients there have been minimal or no complica- 
tions[22-241. There were no complications from the biopsy proce- 
dure itself in any of our CFS patients or controls. 

The postbiopsy handling and processing of the specimens largely 
followed previously described techniques [25-271. The specimens 
were immediately placed in ice-cold 2.5% glutaraldehyde in sodium 
cacodylate buffer for 24 h. The specimens were postfixed in 1 %buff- 
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ered osmium tetroxide for 1 h, stained en bloc for 90 min in 1% ura- 
nyl acetate, dehydrated in increasing grades of ethanol and embed- 
ded in EponlAraldite. One-micrometer thick sections were stained 
with methylene bluelazur I1 for light-microscopic examination and 
orientation. Thin sections (silver) were stained with 2.5% uranyl ace- 
tate in 50% ethanol, and in Reynolds lead (lead citrate). A Joel 
lOOCX was used for EM observations and photography. The entire 
technical handling and processing was under the direction and guid- 
ance of Mrs. Paloma Larramendi, Supervisor and Instructor, Elec- 
tron Microscopy Laboratory, Division of Cell Biology, Rush Univer- 
sity, Chicago. The author (A.P.) also has extensive experience in per- 
forming EM tissue preparation and analysis of EM generated data 
[25-271. 

At the time the biopsy specimens were obtained, they were 
labeled using coded numbers. Thus, Mrs. Larramendi was totally 
blinded to the diagnostic category of each specimen during the entire 
processing and photographing of the specimens. 

The specimens were photographed at low power ( x  14,000) in 
order to ascertain the number of subsarcolemmal aggregates and the 
number of mitochondria in each of these aggregates. The instructions 
were to photograph all mitochondrial aggregates that were present in 
the biopsy specimen. An aggregate was counted as a subsarcolemmal 
aggregate as long as it was fully under the subsarcolemmal membrane 
and was distinctly separate from a nucleus (mitochondrial aggregates 
in the perinuclear areas were not counted). The number of mitochon- 
dria in each aggregate was also determined. 

The specimens were then photographed at higher power 
( x 96,000). From the high-power photographs. the presence of inter- 
myofibrillar aggregates was determined and detailed morphometric 
analysis of each photographed mitochondrion was performed. The 
instructions for each specimen were that the number of mitochondria 
photographed would be from a minimum of 50 to a maximum of 
100. The photographs of the mitochondria were planimetrically ana- 
lyzed using methods previously described [27]. The planimetric anal- 
ysis was performed manually by Ms. Ramute Plioplys who was like- 
wise totally blinded to the diagnostic category of each case. 

The presence of intermyofibrillar aggregates was determined 
when mitochondria were present inbetween muscle fibers, more than 
2 abreast. Mitochondria tend to be distributed linearly between mus- 
cle fibers, and it was not uncommon to see up to 2 mitochondria 
abreast. When more than 2 mitochondria were abreast, this area was 
considered to be an intermyofibrillar aggregate and the number of 
mitochondria in the aggregate was counted. 

All of the photographed mitochondria were individually num- 
bered. The circumference and area were determined manually. 

In order to decide whether a mitochondrion was pleomorphic or 
not, a pleomorphism index was defined. This index is the ratio of the 
circumference to the area. The higher the index, the more convoluted 
and distorted the mitochondrion (larger circumference for a given 
area). The units of this index are purely arbitrary. 

Each mitochondrion was analyzed for the presence of compart- 
mentalization. When this was present. the degree of compartmentali- 
zation was determined. The amount of compartmentalization was 
visually determined to be either 0, 25, 50, 75 or 100°/o of the entire 
inner structure of the mitochondrion. For statistical analysis, the 
degree of compartmentalization was defined numerically: 0 = 0%; 
1 = 25Yo; 2 = 50%; 3 = 75%; 4 = 100%. The degree of compartmental- 
ization present was determined for each mitochondrion by Ms. 
Ramute Plioplys who was blinded to the diagnostic category of each 
sample. 

Table 1. The CFS Impairment index and its subsets 

Choose a number that best indicates your physical and mental 
condition: 
0 = complete disability 3 = mild impairment 
1 = severe impairment 4 = minimal impairment 
2 = moderate impairment 5 = no impairment 

Physical parameters 
Personal care 0 1 2 3 4 5 
Walking 0 1 2 3 4 5 
Working 0 1 2 3 4 5 
Sleeping 0 1 2 3 4 5 
Coordination 0 1 2 3 4 5 

Mental parameters 
Concentration 0 1 2 3 4 5 
Speech 0 1 2 3 4 5 
Memory 0 1 2 3 4 5 
Calculation 0 1 2 3 4 5 
Orientation 0 1 2 3 4 5 

Physical: Mental: Total: 

During initial tissue processing, in 1 patient and 1 control, the 
biopsy specimen broke into two pieces. Each of the pieces was pro- 
cessed and analyzed independently under separate code numbers. 
This was done as an internal control to make sure that the results 
were reproducible within an individual case. 

At the time of initial phlebotomy, during the initial workup of the 
CFS patients, serum samples were immediately frozen and were 
courrier delivered to the Mayo Clinic laboratories for assays of total 
carnitine, free camitine and acylcarnitine levels using radiolabeled 
enzymatic techniques [28,29]. No patients were taking L-carnitine at 
the time of phlebotomy. 

Once the analysis was completed, the codes were broken and the 
results analyzed by diagnostic category. For statistical analysis Stu- 
dent's two-tailed t test, discriminant function analysis, Anova and 
Pearson's rank correlation coefficients were used. The statistical 
analysis was performed with the assistance of Mr. Frank Piontek 
using the SPSS 4.1 programs available at the University of Illinois 
Computer Center. The data are presented as the means + 1 standard 
deviation of the mean. 

Results 

There was no statistically significant difference be- 
tween the patient and control groups for sex and age. The 
sex distribution was identical. The patient age was 40.5 + 
12.8 years and the control age was 39.9 + 14.3 years. In 
the patients, the duration of illness ranged from 8 months 
to 20 years with a median of 4 years. Twelve patients had 
an acute onset of their illness and 3 had a chronic onset. 



Fig. 1. EM photograph taken at an original magnification of 
x 14,000 from the right vastus lateralis muscle of a CFS patient. The 
quality of the tissue is excellent. A subsarcolemmal aggregate is indi- 
cated by the arrowhead. There are 85 mitochondria within this aggre- 
gate. An intermyofibrillar aggregate is indicated by the solid arrow. 
The scale bar indicates 1 hm. 

In all cases the quality of the specimens was excellent. 
In all cases, tissue morphology was excellent with no con- 
traction artifacts. In all cases mitochondrial outlines 
could easily be determined. There were no cases where the 
mitochondria were swollen or distorted. Also, there were 
no cases were cellular apposition was fragmented or disin- 
tegrated. The vast majority of specimens were cut longitu- 
dinally and only several transversely. For human muscle 
mitochondrial ultrastructural analyses, quantitative re- 
sults are identical whether the sectioning is transverse or 
longitudinal [30]. A representative EM biopsy specimen is 
reproduced in figure 1. 

Lipid accumulations and abnormal mitochondrial in- 
clusions were not seen in any of the specimens examined. 

The range of the numbers of mitochondria actually 
photographed was 5 1-129 (average of 78) per specimen. 
The total number of mitochondria analyzed was 2,506. 

An example of a subsarcolemmal mitochondrial aggre- 
gate is reproduced in figure 1. The number of patients 

who had subsarcolemmal aggregates (10) did not differ 
significantly from the number of controls who had these 
aggregates (13). The range in the number of aggregates 
present was identical for patients and controls, i.e. 0-10. 
The mean number of aggregates in the patients was 2.33 
f 2.72 and this did not differ significantly from that 
found in the controls (3.1 3 f 2.72; p = 0.427). 

Within the subsarcolemmal aggregates themselves, the 
number of mitochondria ranged from 8 to 162 in patients 
(62.5 f 48.8) and 10 to 119 in controls (58.3 f 32.1), a 
result which is not statistically significantly different (p = 

0.8 19). 
An example of an intermyofibrillar mitochondrial ag- 

gregate is also reproduced in figure 1. The number of 
patients who had intermyofibrillar aggregates was 8, the 
same number as in the control group. The range in the 
number of aggregates present was 0-12 (2.00 -1 3.28) in 
patients and 0-6 (1.33 f 1.80) in controls, a result which 
is not statistically significantly different (p = 0.457). 

Within the intermyofibrillar aggregates themselves, 
the number of mitochondria ranged from 5 to 10 (7.58 f 
1.86) in patients and from 6 to 30 (10.90 + 8.16) in con- 
trols, a result which is not statistically significantly differ- 
ent (p = 0.295). 

The mean circumference of the mitochondria in pa- 
tients ranged from l .  17 to l .96 pm (grand mean of l .52 + 
0.22) and in controls ranged from 1.28 to 1.78 pm (grand 
mean of 1.54 f 0.15), which is not statistically signifi- 
cantly different (p = 0.685). 

The mean area of mitochondria in patients ranged 
from 0.086 to 0.252 pm2 (grand mean of 0.159 f 0.048) 
and in controls from 0.099 to 0.2 18 pm2 (grand mean of 
0.158 + 0.03 l), a result which is not statistically signifi- 
cantly different (p = 0.954). 

Likewise the pleomorphic index did not reveal a signif- 
icant difference between patients and controls. In patients 
the mean range was 8.9-15.23 (grand mean of 11.73 f 
1.64) and in controls it was 9.3-14.70 (grand mean of 
1 1.7 1 f 1.35; p = 0.965). 

An example of compartmentalization of the inner 
structure of mitochondria is reproduced in figure 2. The 
compartmentalization index did not differ significantly 
between patients and controls. The mean result in pa- 
tients ranged from 0.19 to 2.54 (grand mean of l .  16 + 
0.68) and in controls from 0.14 to 2.55 (grand mean of 
1.09 f 0.73; p = 0.784). 

For the analysis of the results of the subsarcolemmal 
aggregates, intermyofibrillar aggregates, mitochondrial 
circumference, area, pleomorphic index and compart- 
mentalization index, it should be noted that the lack of 
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significant differences was consistently demonstrated re- 
gardless of the statistical tests used. 

For the patient group alone, there was a significant cor- 
relation between acylcarnitine serum levels and the CFS- 
I1 mental index score (r = -0.76 1; p < 0.01) and the CFS-I1 
total score (r = -0.634; p < 0.05). Higher acylcarnitine lev- 
els correlated with functionally better scores on the CFS- 
11. There was no correlation between serum free and total 
carnitine levels and any other clinical parameters studied. 
There was no correlation between free, total and acylcar- 
nitine levels and any of the studied mitochondrial param- 
eters. 

There was no correlation between any of the mitochon- 
drial results and patient age, sex, mode of onset of illness 
or duration of illness. 

There was a slight inverse correlation between mito- 
chondrial circumference and the positive distress symp- 
tom index of the SCL90-R (r = -0.548; p < 0.05) where 
increased distress correlated with smaller mitochondrial 
circumference. There was also a slight inverse correlation 
between the same index and mitochondrial area (r = 

-0.572; p < 0.05) where increased distress correlated with 
smaller mitochondrial area. Of note is the fact that there 
were no other correlations detected between any of the 
other psychometric parameters (all subsets of the SCL-90- 
R; BDI; FSS; CFS-11) and any of the mitochondrial 
parameters studied. 

Within the patient group alone, there was no signifi- 
cant intercorrelation detected between the findings of 
subsarcolemmal aggregates, intermyofibrillar aggregates, 
circumference, area, pleomorphism or degree of compart- 
mentalization (other than correlations between area and 
circumference, and between the pleomorphic index and 
circumference). 

When the patient group and the control group results 
were analyzed together (producing a total number of 30) 
there was no correlation detected between any of the 
mitochondrial parameters studied and age and sex. Like- 
wise, there was no significant intercorrelation detected 
between the findings of subsarcolemmal aggregates, inter- 
myofibrillar aggregates, circumference, area, pleomor- 
phism or degree of compartmentalization (other than cor- 
relations between area and circumference, and between 
the pleomorphic index and circumference). 

All of the mitochondrial results were fully analyzed 
and compared in the 1 patient and 1 control who had a 
repeat specimen analysis performed. In both cases, there 
was no significant difference between the findings of the 
first specimen analyzed and the second, for all of the mito- 
chondrial parameters studied. 

Fig. 2. EM photograph taken at an original magnification of 
x 96,000 from the right vastus lateralis muscle of a control individu- 
al. Each of the mitochondria displays compartmentalization of the 
internal structure. In each of the mitochondria, the degree of com- 
partmentalization is 100% and the compartmentalization index is 4. 
The scale bar indicates 0.1 pm. 

Discussion 

Our results are remarkable in that they contradict pre- 
viously published observations of mitochondrial abnor- 
malities in CFS patients. We observed all of the previous- 
ly reported abnormalities in our CFS patients including 
subsarcolemmal mitochondrial aggregates, intermyofi- 
brillar mitochondrial aggregates, pleomorphism of mito- 
chondrial shape and the presence of compartmentaliza- 
tion [8-111. However, our results in each of these parame- 
ters were identical in the CFS patients and controls. In all 
of these mitochondrial parameters investigated, there was 
not even a trend towards a difference between CFS 
patients and controls. 

Of note is the fact that we found no correlation 
between any of the studied mitochondrial abnormalities 
and patient age, sex, mode of onset of illness or duration 
of illness. Also of note is that there were no significant 
intercorrelations between any of the studied mitochon- 
drial parameters and each other (other than correlations 
between area and circumference, and between the pleo- 
morphic index and circumference). 

Perhaps several difficulties associated with interpret- 
ing the previously reported results [8-111 lie in the lack of 
rigorous quantification of data and the lack of blinded 
data abstracting and analysis. It is only recently that this 
group has started to quantify their results [W.M.H. Be- 
han, pers. commun., September 19941. In comparing our 



results to those of this group, there are striking similari- 
ties. For example, for mitochondrial area determinations, 
this group has obtained normative data for subsarcolem- 
ma1 mitochondria of 0.14 + 0.02 pm2 and for intermyofi- 
brillar mitochondria of 0.12 + 0.02 pm2 [W.M.H. Behan, 
pers. commun., September 19941. These results are basi- 
cally identical to those that we have obtained for CFS 
patients, 0.159 + 0.048 pm2, and for controls, 0.158 + 
0.031 pm2. This similarity in results suggests that our 
techniques used do match those previously reported [8- 
111. 

In the previous reports [8-111, the most significant 
mitochondrial abnormality in CFS patients was the pres- 
ence of compartmentalization. The presence or absence of 
compartmentalization can be very difficult to determine. 
When we preliminarily analyzed our results (after results 
from 9 patients and 9 controls were available), the only 
significant difference that we detected was precisely with 
compartmentalization, a result which was statistically sig- 
nificant (p < 0.05) [31]. However, for the preliminary 
analysis, we did not use a rigidly defined classification 
system to determine compartmentalization. This classifi- 
cation system was defined later and was used as described 
in the methods section of this paper. We used a general 
impression of degree of compartmentalization present in 
the overall distribution of mitochondria in each case. 
Once we defined a quantitative determination of com- 
partmentalization and applied it in a completely blinded 
fashion, we found no statistically significant difference in 
the incidence or degree of compartmentalization between 
patients and controls. 

It has been suggested that there is a correlation be- 
tween the degree of compartmentalization and size of 
mitochondria in CFS - larger mitochondria tend to have 
more compartmentalization [W.M.H. Behan, pers. com- 
mun., September 19941. However, we found no correla- 
tion between the compartmentalization index and mito- 
chondrial area, or between compartmentalization index 
and mitochondrial circumference, either for the CFS 
group alone or for the entire studied population together. 

We did find several slight inverse correlations between 
one subset of the SCL-90-R (the positive distress symp- 
tom index) and mitochondrial area and circumference in 
CFS patients. This correlation indicates that with in- 
creased psychologic distress, mitochondrial area and cir- 
cumference are both smaller. These results contradict pre- 
viously reported results [8- 1 11 where the diagnosis of CFS 
and the degree of symptomatology correlate with enlarged 
mitochondria. However, in doing our data analysis, a 
large number of correlations were searched for, and sim- 

ply by statistical variation, it is not surprising that we 
found these two weak correlations where p < 0.05. Of note 
is the fact that there were no other correlations detected 
between any of the other psychometric parameters stud- 
ied (all subsets of the SCG90-R; BDI; FSS; CFS-11) and 
any of the mitochondrial parameters investigated. 

Carnitine is essential in mitochondrial energy metabo- 
lism. It has two principal functions: (1) to transport long- 
chain fatty acids into the mitochondrion for beta oxida- 
tion and (2) to help regulate the intramitochondrial ratio 
of acetyl coenzyme A to free coenzyme A [reviewed in 321. 
Carnitine deficiency conditions may be primary, such as 
those associated with inborn errors of metabolism, or sec- 
ondary, such as those associated with inadequate intake 
of carnitine or those that are induced by medicines. Clini- 
cal symptoms of carnitine deficiency may include myopa- 
thy, cardiomyopathy, encephalopathy and fatigue. In our 
studied CFS patient group, we did find clinical correla- 
tions between two of the psychometric parameters, the 
CFS-I1 mental subset score and CFS-I1 total score with 
acylcarnitine levels. Increased acylcarnitine levels corre- 
lated with better performance on the CFS-I1 score results. 
These results are in keeping with previous reports of CFS 
symptomatology being correlated with carnitine levels 
[33,34]. This finding, in addition to the preliminary result 
of clinical improvement in CFS patients with the use of 
L-carnitine [35], suggests that mitochondrial dysfunction 
may be associated with CFS symptomatology irrespective 
of the lack of demonstrable ultrastructural changes. 
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