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ABSTRACT

Objectives:. To develop a formula, using only neuro-chemicals in the
cerebrospinal fluid [CSF], which will discriminate fibromyalgia [FMS] patients from
healthy normal controls [HNC].

Methods: An extensive bank of CSF samples collected from clinicaly
characterized, medication-free, primary FMS [ACR 1990 criteria] and HNC was
utilized. From that bank, demographicaly similar cohorts of FMS and HNC were
selected. Measured in CSF were substance P [SP], nerve growth factor [NGF], and
5-hydroxy indole acetic acid [SHIAA], and others. Logistic regression analysis and
discriminant analysis methods were used to identify variables that could contribute to
distinguish FM'S from HNC.

Results: The study sample included 28 FMS and 25 HNC. The FMS were
45.0 + 8.8 years, 78.6% female, 53.6% Caucasian. Logistic regression analysis and
discriminant analysis methods both revedled that the CSF neurochemicals with
significant regression and discriminant coefficients were: SP, NGF and 5HIAA. The

best formula developed by logistic regression was found to be:

|ogli = .7.156 + 0.359[SP] + 0.051[NGF] — 0.067[5HIAA].
-y
This formula distinguished FMS from HNC with an accuracy of 90.6%, which was

better than the accuracy by discriminant analysis [83.0%]. Logistic probability
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scores correlated with the tender point index [TPI] .77 whereas discriminant function
scores correlated with TPl .64.

Conclusion: Using only the concentrations of three CSF neurochemicals, a
formula was developed which was able to distinguish FMS from HNC. Its
“diagnostic” accuracy was comparable to that of the clinical criteria [ACR 1990] used
to diagnose the FMS group. This finding provides a new tool for the study of
patients with FMS. In addition, it adds to the confidence that FMS is a clinical

disorder in which there are objective neurochemical abnormalities.
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INTRODUCTION

Fibromyalgia syndrome [FMS], now a well-recognized condition, is the third

most common clinical disorder confronted with rheumatologists in their clinics (1).

The prevalence of fibromyalgiain the general population was estimated to be 2% (2).

Eighty to ninety percent of patients were female, and the peak age was 30-50 years

(2,3). Based on a history of chronic widespread musculoskeletal pain for more than

3 months and the presence of at least 11 of 18 tender points at discrete anatomic

locations, the 1990 American College of Rheumatology [ACR] published criteria (3)

for the classification of FMS with high sensitivity [88.4%] and specificity [81.1%].

While soft tissue pain is the primary symptom of FMS, there are some other important

features, but not required by the ACR criteria, including seep disturbance, fatigue,

headache, irritable bowel syndrome, interstitial cystitis, paresthesias, cognitive

deficits, depression and anxiety.

Up to date, the definitive etiology of FM S has not been compl etely understood.

Although the skeletal muscles where FMS patients complained of pain were at first

considered to be the primary problem, delicate histological and ultra-structural study

has failed to identify any abnormality in skeletal muscles (4). On the other hand, the

characteristic feature of the diffuse pain in FMS is proposed to have a central,
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systemic and neurochemica pathogenesis. The proposition comes from several

clinical observations, such as. the tender structures are not only limited to the muscle,

but also include tendons, ligaments, bursae and etc; even the so-called "control

points’ ["non-tender sites'] are highly correlated with the anatomically defined

"tender points’ on the severity of tenderness, FMS patients have consistently

disclosed a lower than normal pain threshold by dolorimetry. The lower than normal

pain threshold, as “adlodynia” defines, isaclinica situation in which pain results from

a stimulus which should not normally be painful (5). Thus, FMS can be defined

mechanitically as “chronic widespread alodynia” (6). Since alodynia has been

demonstrated to be induced by abnormalities in the absolute concentrations of, or

relative availability of nociceptive chemical neurotransmitters in animal study (7), it is

rational to redirect the focus of FMS from the local tender points to the central nerve

system in FMS patients by examining its neurochemicals for better validation of the

pathogenesis of FMS.

One of the first neurochemicals to be implicated in FMS was serotonin [SHT].

Through its effect on the release of substance P [SP] from primarily afferent neurons,

5HT is known to be a down-regulator of pain perception. It aso influences the

magnitude of substance P's effect on the ascending dorsal horn neurons of the spinal

cord (8-11). Moldofsky and colleagues were the first to suggest that SHT might be
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involved in the pathogenesis of FMS (12,13). They found a correlation between

plasma tryptophan [TRP, the essential amino acid precursor of 5SHT] and the severity

of the clinical symptoms. Russell (14) had summarized the cumulative evidence that

the serum concentrations of both TRP (15,16) and 5HT (17,18) were significantly

lower than norma in FMS patients. However, it is very difficult to directly

demonstrate 5HT deficiency in the brain, even in the cerebrospinal fluid [CSF], of

FMS patients with current technology due to its limited sensitivity (19). On the

other side, it has been possible to measure CSF levels of TRP, 5-hydroxytryptophan,

and 5-hydroxy-indole acetic acid [SBHIAA] (20-22). These three molecules are in the

metabolic sequence by which TRP is first converted to 5-hydroxytryptophan, then to

5HT, and then to its final excretion product SHIAA. All are low, or borderline low in

the CSF of people with FMS. With the additional findings that CSF levels of both 3-

methoxy-4-hydroxyphenethylene glycol [MHPG, a metabolic product derived from

norepinephring] and homovanillic acid [HVA, the termina product of dopamine

metabolism] being significantly lower than normal in FMS (20), it is indicated that

there may be a mgjor disturbance [a down regulation of several biogenic amines

mediators] of brain neurotransmitter metabolism in FMS. More detailed and

comprehensive researches for abnormal neurochemicals in CSF of FMS patients are

warranted.



There are adso many other neuropeptides being studied to revea their

relationship with “widespread alodynia’ in FMS patients. In 1988, Vaeroy and

colleagues (23) were the first to recognize that substance P [SP] was significantly

elevated in the CSF of FMS patients compared with control subjects. Increased

concentration of nerve growth factor [NGF] in the CSF of primary FMS patients was

also noted in a recent study (24). Other related neuropeptides under investigation

include calcitonin gene-related peptide [CGRP] (25), met-enkephalin-arg-phe (26),

dynorphin A (27), ...etc. While investigators are continuing to search other

neurochemicals that are related to the pathogenesis of FMS, the question that which of

these neurochemicals are important in discriminating FMS patients from healthy

normal controls [HNCs] till remains unanswered. Yunus et a (28) first used

multivariate analysis to demonstrate that a combination of several biochemical

parameters could better classify FM S patients and HNCs than an individual test alone.

However, they only focused on plasma amino acids, plasma and urinary

catecholamines, but rather CSF neurochemicals. Since it has been proposed that the

pathogenesis of FMS is related to the interaction of multiple neuroendocrine-immune

factors, we believe the multivariable interaction relationship also exists among the

various CSF neurochemicals. Therefore, the objective of this study is, using only

CSF neurochemicals, to develop a multivariable formula to reveal which of these
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neurochemicals will better discriminate FMS patients from healthy normal controls

[HNC]. The correlation between the formula and the tender point index [TPI] was

also measured.



MATERIALSAND METHODS

Participants Over the past several years there have been over 330 individuals

recruited into our FM S study database through a standard protocol. Among them are

over 156 patients with the diagnosis of primary FMS, which met the American

College of Rheumatology [ACR] 1990 classification criteria for FMS (3). They

have provided their demographic characteristics, medical history, details about the

features of their FMS symptoms, etc. The heathy normal control [HNC] group

comprised 57 healthy individuals who did not have symptomatic musculoskeletal pain

and who did not meet the classification criteria for FMS. The ethnicity of the

enrolled subjects will reflect the ethnicity of the community with efforts to match

demographically to the FMS patient group. Informed consent to perform assays on

the samples was obtained at the time of sample collection. The sample collection

process was approved by the Institutional Review Board of the University of Texas

Health Science Center.

Data collection. All medications known to reduce the severity of FMS

symptoms were discontinued for at least 14 days [>5 half lives for most drugs] prior

to the sample collection. The lumbar puncture for CSF samples was collected on

FMS patients and HNCs under sterile conditions with the subject in the seated



position. The procedures for neurochemicals assay were performed only after all of

the standardization techniques have been completed. The neurochemicals measured

in the CSF samples included: SP, NGF, MHPG, HVA, 5 HIAA, CGRP, neuropeptide Y,

quinolinic acid, nitrate, nitrite, dynophin A, and antipolymer antibody. Tender point

index [TPI] was used to represent the clinical pain measurement, which was

calculated from the severity of discomfort induced by 4 kg finger palpation pressure at

each of the 18 defined tender points (29).

Satistical analysis. Statistical analysis was performed using SPSS for Windows,

release 10.0.1.(30). Difference of the neurochemical concentration between FMS

and HNC was assessed by Student t-test. Significance was set at P=0.05. To

identify which variables could contribute to distinguish FMS from HNC, two

statistical models for predicting group membership, logistic regression analysis and

discriminant analysis, were employed to develop a distinguishing formula. The

correlation between the clinical variable, TPI, and the obtained formula scores was

also computed by Pearson Product-Moment method.
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RESULTS

Although our database had CSF samples from 156 well

characterized primary FMS patients and 57 HNCs, not every

neurochemical such as CGRP, neuropeptide Y, dynophin A, ...etc.

was yet measured presently in every CSF samples. Neurochemicals of

interest for our study were SP, NGF, MHPG, HVA, and 5HIAA. To

perform logistic regression and discriminant analysis, all the subjects

must have available data in each of these variables. Because of

these requirements, the initial pool of subjects was reduced to 28

FMS patients and 25 HNCs, who had data in all the analyzed variables.

The mean age of FMS patients was 45.0 + 8.8 years, 78.6 % of them

were female, and 53.6 % were Caucasian. Data on demographic and

clinical features were listed in Table 1.

In logistic regression analysis, we used the backward

technique to determine which neurochemicals could be the better

contributing components in a multivariable formula for

discriminating FMS patients from HNCs. Among these 5

neurochemicals, MHPG was removed from the equation in step 2, and
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HVA in step 3 [Table 2]. The criterion for removal of predictor
variables from the equation was default: POUT = 0.10. This means
that significance of change when a predictor is removed from the
equation must be P < 0.10 in order to keep this predictor in the
equation. The results showed that SP, NGF, and 5HIAA were
important components with significant coefficient for discrimination

between FMS and HNC. The discriminating formula was found to be:

|ogliz -7.156 + 0.359[SP] + 0.051[NGF] — 0.067[5HIAA].
-y

In this formula, it was apparent that SP was the most important
components. The accuracy of this discriminant formula in
distinguishing FMS from HNC was estimated to be 90.6%.
Discriminant analysis was also used to further validate the
discrimination of these CSF neurochemicals. The result again
revealed that SP, NGF, and 5HIAA were significant components,
which was the same result as tested by logistic regression analysis.
However, the accuracy of distinguishing FMS from HNC in the

discriminant analysis was 83.0%, not as high as that of logistic
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regression analysis.

Thecorrel ation between | ogistic probabil ity scores a

nd TPl was 0.77, whil ethat between discrimnant function sc

ores and TPI was 0.64.
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DISCUSSION

Among 22 amino acids, Yunus et a (28) developed a multivariable formula
showing that a combination of 7 variables [plasma histidine, methionine, tryptophan,
norepinephrine, isoleucine, leucine, and urinary dopamine] could better classify FMS
patients and HNCs than a single variable alone. The discriminant function they used
provided the optimum sensitivity of 86% and specificity of 77%, with an accuracy of
81% (28). In contrast to plasma amino acid, our study focused on neurochemicals
only in CSF. For further validation of the discrimination of these CSF
neurochemicals, two datistical models including logistic regression analysis and
discriminant analysis were used to predict group membership between FMS and HNC.
Although both statistical models identified the same CSF neurochemicals, which
consisted of SP, NGF, and 5 HIAA, to be contributing components in a multivariable
formula for discriminating FMS patients from HNCs, the logistic regression analysis
yielded a formula that provided better classification accuracy [90.6 %] than did the
discriminant analysis [83.0%]. The correlation between logistic probability scores
and TPl was comparable to that between discriminant function scores and TPI [0.77

vs. 0.64].

SPis an 11 amino acid neuropeptides which plays severa important roles in
the process of nociception (7). The levels of SP can be manipulated to induce
allodynia in anima models (31). It is believed that SP may facilitate nociception by
“derting” or “arming” spinal cord neurons to incoming nociceptive signals from the
periphera. Released from activated, myelinated A-delta and C-fiber afferent

neurons, SP randomly diffusesinto laminae | and V [A-delta] and laminae Il [C-fiber]
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of the spina cord dorsal horn where it makes contact with its effector neurokinin-1
receptor. SP can also diffuse out into the extracellular space and from there to the
CSF, where it can be measured as CSF SP (32). While SP in the serum (33) (Russdll
et a, unpublished, 1994) and in the urine (Russell and Clauw, unpublished 1994) of
FMS patients were found to be within normal range, the level of SP in the CSF of
FMS patients was demonstrated to be two- to three-fold higher than normal controls
(23,26,34), which is the most dramatic and consistent chemical abnormality found to
date in FMS patients. Although there is evidence that SP can be dightly elevated in
other painful conditions such as osteoarthritis (35), FMS is the only clinical disorder
known to exhibit such profoundly elevated levels of CSF SP. Patients with a variety
of neuropathic conditions were found to exhibit lower than normal CSF SP levels
(36,37). The elevated CSF SP levels clearly distinguish patients selected by the
ACR 1990 criteria (3) from heathy norma individuals. Age and gender had no
influence on the measured CSF SP levels but minor differences related to ethnicity
were noted (34). A recent study (38) using single-photon-emission computed
tomography [SPECT] revealed that higher CSF SP in FMS patients correlated highly
with a decrease in brain regiona cerebral blood flow [fCBF] within the caudate
nucleus and thalamus of the same FMS patients. The reason for this relationship is not

yet clear.



Nerve growth factor [NGF] is a neurotrophin which is essential for the growth
of peripheral nerves and perhaps spinal cord neurons during mammalian nervous
system development (39-41). It apparently has no direct role in development of
brain neurons.  While developing neurons are dependent on NGF for survival
during the neonatal period, especially sympathetic ganglia (42), adult neurons can
survive without NGF (43,44).  However, adult neurons remain responsive and
plastic to NGF (43). Animal study showed that a single systemic injection of NGF
could result in mechanical and thermal hyperalgesia (45). Therma hyperalgesia was
also evoked in mice 24 h after intrathecal administration of NGF (46). One possible
mechanism by which NGF may affect pain transmission is the stimulation of
neuropeptide production, including SP and CGRP, in primary afferent neurons (40,47).
Beside its ability to promote SP synthesis, NGF has also been reported to modulate
inflammatory and immune responses (48,49).

Studies related to NGF in humans are still limited (50-52). CSF levels of
NGF from newborns and children of up to 6 months have been found to be the highest
level [mean 23 pg/ml] and then decreasing with age to almost undetectable levels in
adult (50). It seems to rise in adults when there is neurona stress or injury. For
instance, elevated CSF levels of NGF were found in patients with brain injury (51)

and in patients with multiple sclerosis (50). There is aso evidence that viral and



bacterial meningitis exhibit higher than normal CSF NGF levels (50). In multiple

sclerosis, NGF levels in CSF seem to be chronically elevated but then rise to

childhood levels with exacerbations of disease and fall back to the chronicaly

elevated levels with remissions (50). By contrast, peripheral neuropathic disorders

such as leprosy, diabetes mdllitus, and nerve trauma exhibit lower than normal in the

compromised neurons and the skin (52). Giovingo et a (24) recently used a

modified 2 site enzyme immunoassay to measure the NGF levels in CSF of FMS

patients compared to healthy controls. They concluded that CSF NGF levels in the

FMS patients were significantly higher than that of controls (41.8 = 12.7 pg/ml vs. 9.1

+ 4.1 pg/ml), which could theoretically have important implications concerning the

role of neuropeptides in the pathogenesis of the allodynia of FMS.

There is convincing evidence to implicate 5HT deficiency as an etiologic factor

of FMS (6,15,16,20). 5HT is a potent regulator of several CNS functions, which

includes release of substance P, hypothalamic hormone secretion, deep sleep, and pain

perception. Even small dterations in 5SHT’ s availability might be expected to have

rather profound effects. A total body reduction of 5SHT metabolism among FMS

patients is suggested by the finding of significantly lower than norma of 24 hours

total urinary excretion of 5SHIAA, the fina metabolic product of 5HT (53). The CSF

pool size of 5SHIAA, as well as the CSF pool sizes of the other two 5HT metabolic
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molecules [TRP and 5-hydroxy-tryptophan] in FMS patients, were al found to be

significantly lower than that in HNC CSF (20,22). These findings are only indirect

evidences suggesting that something is amiss with 5HT body-wide availability in

FMS patients.  Unfortunately, the pool size of S5HIAA does not necessarily

correspond to the turnover rate of 5HT, which would be the value of greatest interest.

An aternative approach might be to measure the conversion of isotope-labeled TRP

to labeled SHIAA over a defined period of timein FMS and HNC.

In summary, a multivariable formula being capable of discriminating FMS

from HNC was developed using only the concentrations of three neurochemicals [SP,

NGF,5HIAA] in CSF. Its “diagnostic’ accuracy was comparable to that of the

clinical criteria [ACR 1990] used to diagnose the FMS group. This finding provides

a new tool for the study of patients with FMS. In addition, it adds to the confidence

thaa FMS is a clinical disorder in which there are objective neurochemical

abnormalities. However, We can't predict the utility of the formula at this point but

it may prove useful in predicting other biochemical directions that should be further

explored in the central nervous system for the pathogenesis of FMS.
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TABLES

Table 1. Demographic and clinical characteristics of study subjects

FMS HNC
Variable (N=28) (N=25)
Age, years, + SD 450+ 8.8 37.1+116
Sex (M:F) 6:22 13:12
Ethnic (C:H) 15:13 13.8*
TPl 26.5 13.9
SP 335 22.0
NGF 41.8 91
MHPG 33.6 38.3
HVA 46.8 415
SHIAA 29.3 290.1

* the other 4 is Black, one is missing.

**P<0.05

FM: fibromyalgia, HNC: healthy normal control, C: Caucasian, H: Hispanic,
TPI: tender point index, SP: substance P, NGF: nerve growth factor,

MHPG: 3-methoxy-4-hydroxyphenethylene glycol, HVA: homovanillic acid,



5HIAA: 5-hydroxy indole acetic acid.



Table 2. Logistic regression analysis of CSF neurochemicals for discrimination of

fibromyalgia from healthy normal control

B SE. wadd df Sg.  Sg. of the
change*

Step1*  SP 378 133 8.055 1 .005 .000
NGF .052 .028 3.538 1 .060 .003
MHPG -.021 .038 304 1 581 575
HVA .033 .045 550 1 458 447
5HIAA -.095 .060 2.501 1 114 .096
Constant -7.609  3.081 6.101 1 .014

Step2®° SP .360 128 7.913 1 .005 .000
NGF .058 .026 4.973 1 .026 .002
HVA .045 041 1.206 1 272 .249
5HIAA -.105 .057 3.408 1 .065 .042
Congtant -8.173  2.983 7.505 1 .006

Step¥F  SP .359 127 7.952 1 .005 .000
NGF .051 .024 4.351 1 .037 .004
5HIAA -.067 .043 2.417 1 120 .094
Congtant -7.156  2.701 7.020 1 .008

SP: substance P, NGF: nerve growth factor, MHPG: 3-methoxy-4-
hydroxyphenethylene glycol, HVA: homovanillic acid, 5HIAA: 5-hydroxy
indole acetic acid.

a Variables entered on step 1. SP, NGF, MHPG, HVA, 5HIAA.

b. Variable removed on step 2: MHPG.

c. Variables removed on step3: MHPG, HVA.

*. POUT=0.10
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