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ABSTRACT

Objectives: Fibromyalgia (FMS) and chronic fatigue syndrome (CFS) are debilitating syndromes that are
often associated with impaired cellular energy metabolism. As D-ribose has been shown to increase cellular en-
ergy synthesis in heart and skeletal muscle, this open-label uncontrolled pilot study was done to evaluate if
D-ribose could improve symptoms in fibromyalgia and/or chronic fatigue syndrome patients.

Design: Forty-one (41) patients with a diagnosis of FMS and/or CFS were given p-ribose, a naturally occur-
ring pentose carbohydrate, at a dose of 5 g t.i.d. for a total of 280 g. All patients completed questionnaires con-
taining discrete visual analog scales and a global assessment pre— and post-D-ribose administration.

Results: p-ribose, which was well-tolerated, resulted in a significant improvement in all five visual analog
scale (VAS) categories: energy; sleep; mental clarity; pain intensity; and well-being, as well as an improve-
ment in patients’ global assessment. Approximately 66% of patients experienced significant improvement while
on D-ribose, with an average increase in energy on the VAS of 45% and an average improvement in overall

well-being of 30% (p < 0.0001).

Conclusions: p-ribose significantly reduced clinical symptoms in patients suffering from fibromyalgia and

chronic fatigue syndrome.

INTRODUCTION

ibromyalgia (FMS), which currently affects an esti-

mated 3 to 6 million Americans,™? and chronic fatigue
syndrome (CFS) are disabling syndromes that often coexist.
Patients suffering with these syndromes commonly report
severe persistent fatigue, diffuse migratory pain, cognitive
dysfunction, and disordered sieep.

Many of the clinical symptoms found in FMS/CFS may
be related to a decrease in tissue energy levels with altered
energy metabolism. Previous reports claim that abnormal
muscular energy metabolism frequently can be reflected in
pain because of chronic muscle shortening,? postexertional
fatigue, and low exercise tolerance associated with de-
creased cardiac output and stroke volumes.* In addition, it
has been postulated that decreased energy production in
these syndromes also may result in hypothalamic dysfunc-

tion, which can be reflected clinically as disordered sleep,
hormonal imbalances, and autonomic dysfunctiogs.5 Causes
and mechanisms for this mitochondrial dysfunctidn are un-
known; however, an alteration in muscle adenine nucleotide
metabolism is found, mainly in lower adenosine triphos-
phate (ATP) levels and depleted energy reserves.5’
D-Ribose, a naturally occurring pentose carbohydrate, is
a key structural component in the DNA, RNA, ATP, FADH,
coenzyme-A, and NADH needed by the mitochondria to
maintain cellular energy homeostasis. Supplemental doses
of p-ribose in patients with congestive heart failure and is-
chemic heart disease have shown a significant improvement
in diastolic dysfunction, physical function, exercise toler-
ance, and quality of life.® p-Ribose has also been reported
to be effective in restoring tissue energy levels following in-
tense exercise® and in an isolated case report of a patient
with FMS.'0 Because of the known energy and functional
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benefits of p-ribose, an open-label '{mcontrolled pilot study
was performed to assess whether D-ribose would decrease
symptoms in patients suffering from FMS and CFS.

MATERIALS AND METHODS

Patient enrollment

Forty-one (41) adult patients, diagnosed by their physi-
cians as having FMS (by ACR Criteria) and/or CFS (by CDC
criteria), were found eligible for this study. In addition, pa-
tients also had to be without known severe medication or
nutrient sensitivities, and not have taken p-ribose in the past.
Recruitment of patients was through the FMS and CFS
e-mail newsletter associated with the Annapolis Research
Center and the www. Vitality 101.com web site. Readers with
an established diagnosis of FMS or CFS were informed
about the nature of the study and were invited to participate
if they satisfied the entrance criteria. All patients were thor-
oughly informed about p-ribose, its potential benefits, and
possible adverse side-effects and gave informed consent.
The protocol is consistent with the principles of the Decla-
ration of Helsinki. Except for a free container of p-ribose,
patients received no compensation.

Design of study

A 280-g container of p-ribose (CORvalen, Valen Labs,
Minneapolis, MN) and a questionnaire (outcome measures)
were mailed to each subject once the patient was enrolled.
Each patient was instructed to take one scoop (5-g) of p-ri-
bose three times per day (t.i.d.) mixed with food, water, or
another beverage until the container was empty and then to
return the container and questionnaires in a prepaid enve-
lope. They were instructed to stay on their cutrent treatment
regimen and not change dosing or add or delete any treai-
ments during the study.

Outcome measures

Subjective outcome measures were assessed using dis-
crete Visual Analog Scale questions (DVAS) pre- and post-
intervention. Measured DVAS parameters were energy lev-
els, sleep disturbances, mental clarity, pain, and an overall
sense of well-being.

Patients were asked to individually rate each of these five
areas on a 1 to 10 scale as shown below:

A. How is your energy?

1 23 45 6 7 8 9 10

1 = near dead and 10 = excellent

B. How is your sleep?

123 45 6 7 8 9 10

1 = nosleep and 10 = 8 hours of sleep a night without wak-
ing
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C. How is your mental clarity?

1 23 45 6 7 8 9 10

1 = brain dead and 10 = good clarity

D. How bad is your pain?

1 23 45 6 7 8 9 10

1 = very severe pain and 10 = pain free

E. How is your overall sense of well-being?
1 3 45 6 7 8 9 10

1 = near dead and 10 = excellent

Compliance was addressed in each patient by asking how
many doses were missed and noting how long it took to fin-
ish the 280-g container, as well as by weighing the received
container at the completion of the study. Each patient was
asked if any adverse side effects occurred while on p-ribose.
Finally, each patient commented on his or her overall sub-
jective feeling while taking p-ribose: much better, somewhat
better, no change, somewhat worse, or much worse.

RESULTS

Of the 41 patients enrolled in the study, five patients were
considered noncompliant; therefore, they were excluded
from the study and final analysis. Noncompliance was de-
fined as having consumed half or less of the provided p-ri-
bose during the study. Of the 36 remaining patients, the av-
erage age was 48 years, 78% were female. Patients had been
ill with CFS/EMS for an average of 7.15 years. Further de-
mographics are summarized in Table 1. The average length
of time on D-ribose was 25 days (range, 17 to 35 days).

Subjectively, significant improvements were found in en-
ergy levels (p < 0.0001), sleep patterns (p < 0.0001), men-
tal clarity (p < 0.003), pain threshold (p < 0.026), and the
patient’s state of well-being (p < 0.0001) when comparing
questionnaires at enrollment and at the completion of the
study in all of the patients (Table 2). Table 3 denotes the
pre- and postribose assessments in patient categories for
each separate syndrome.

At the completion of the study, patients also felt a posi-
tive subjective improvement while taking p-ribose (Table
4). Twenty-three (23) of the 35 patients (65.7%) complet-
ing the assessment experienced improvement during the
course of the study (somewhat better to much better) while
taking D-ribose. The responses were compared to the null

TABLE 1. PATIENT DEMOGRAPHICS

Patient demographics

Sex Female: 28 (78%)
Average age 48 years (21-62)
Previous diagnosis: FMS 75%
Previous diagnosis: CFS 58%

Average duration CORvalen therapy? 28 days (17-35)

FMS, fibromyalgia; CES, chronic fatigue syndrome.
2Valen Labs, Minneapolis, MN.
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TaBLE 2. PRE- AND POSTRIBOSE ASSESSMENTS: ALL PATIENTS

Pre Post Difference

Category N mean (std) mean (std) (95% CI) p-Value

Energy level 36 3.8 (1.1) 5.5(1.5) 1.7 <0.0001
(1.1, 2.2)

Sleep 36 4.8 (1.6) 6.0 (1.9) 1.2 0.0001
0.6, 1.7)

Mental clarity 36 4.9 (1.5) 5.7 (1.7) 0.8 0.003
(0.3, 1.3)

Pain 36 4.9 (2.3) 5.6 (2.2) 0.7 0.026
0.1, 1.3)

Well-being 36 4.3 (1.3) 5.6 (1.5) 1.3 <0.0001
0.8, 1.9)

CI, confidence interval.

response of “No Change” in a one-sample nonparametric
sign test and signed rank test. Both tests resulted in statisti-
cal significance (p < 0.0001).

The following subgroup analyses were also performed:

_ gender, age, CFS, and FMS. Gender was at least a mar-

ginally significant predictor of measured outcomes: energy
levels (p < 0.02), sleep patterns (p < 0.001), mental clar-
ity (p < 0.002), pain threshold (p < 0.06), state of well-be-
ing (p < 0.03), and total score (p < 0.001). Age was not
associated with any of the outcome parameters: energy lev-
els (p <0.80), sleep patterns (p < 0.32), mental clarity
(p < 0.97), pain threshold (p < 0.50), a state of well-be-
ing (p < 0.45), and total score (p < 0.58). A prior diagno-
sis of CFS was not associated with any of the outcomes:
energy levels (p < 0.59), sleep patterns (p < 0.28), men-
tal clarity (p < 0.33), pain threshold (p < 0.39), state of
well-being (p << 0.39), and total score (p < 0.27). Likewise,
a prior diagnosis of FMS was not associated with any of
the measured outcomes: energy levels (p < 0.58), sleep pat-
terns (p < 0.29), mental clarity (p < 0.20), pain threshold
(p < 0.43), state of well-being (p < 0.33), and total score
(r < 0.24).

Of the five patients that were found to be noncompliant,
three stopped taking p-ribose becaunse of a hyperanxious
feeling (one patient), lightheadedness (one patient), and in-
creased appetite (one patient). Two others changed their
mind and simply did not begin the study. Of the remaining
36 patients who completed the study, one patient experi-
enced transient nausea and another felt mild anxiety. Both
of these reactions were reversed by simply lowering the dose
of p-ribose.

DISCUSSION

Fibromyalgia and CFS are common, nonarticular, debil-
itating syndromes that affect approximately 2%-4% of the
population worldwide. Patients with FMS and/or CFS gen-
erally demonstrate reduced sustained exercise capacity,
with lack of muscular contractile force and endurance.!-12
Similar conditions are frequently associated with abnormal
metabolism. Therefore, many FMS and/or CFS studies have

investigated potential alterations in muscle metabo-
1ism.6’13'14‘19 .

TaBLE 3. PrRE- AND POSTRIBOSE ASSESSMENTS PER DIAGNOSIS

FMS CFS Both FMS/CFS
(N =15) (N=29) (N=12)
Pre mean Post mean Improvement Pre mean Post mean Improvement Pre mean Post mean Improvement
Category (std) (std) (%) (std) (std) (%) (std) (std) (%)
Energy 3.7 55 1.8 4.2 6.1 1.9 3.7 4.9 12
1.0) (1.5) (48%) 1.4 (1.5) (45%) (1.2) (1.4) (32%)
Sleep 44 5.9 1.5 5.6 7.2 1.6 = 4.8 52 0.4
(1.2) (1.6) (34%) 1.7 1.7n (29%) 1.9 (2.2) (8%)
Mental clarity 4.7 5.7 1.0 52 6.6 1.4 5.1 5.1 . 0
(1.0) (1.8) (21%) 2.0) 1.7 (27%) (1.7) 1.3)
Pain 4.5 5.5 1.0 6.7 7.8 1.1 4.1 4.1 0
(2.3) (2.0) (22%) (2.3) (1.6) (16%) (1.6) 1.2)
Well-being 4.1 57 1.6 4.6 6.3 1.7 4.3 5.0 0.7
(1.0) (1.5) (39%) 1.7 (1.2) (37%) (1.3) (1.5) (16%)

FMS, fibromyalgia; CFS, chronic fatigue syndrome.
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TaBLE 4. GroBAL SUBIECTIVE FEELING RATING

Response N (%)
Much better 5 (14.3%)
Somewhat better 17 (48.6%)
Somewhat better/no change 1 (2.9%)
No change 9 (25.7%)
No change/somewhat worse 1 (2.9%)
Somewhat worse 2 (5.7%)
Much worse 0 (0%)

Adenosine triphosphate (ATP) is the primary energy
source of all living cells. In tissues subjected to metabolic
stress, such as hypoxia, ischemia, or known conditions of
mitochondrial dysfunction, ATP is catabolized with com-
promised metabolic recovery. With ATP catabolism, adeno-
sine diphosphate (ADP) levels accumulate, forcing the cell
to try to balance ATP/ADP ratios in order to maintain en-
ergy stasis. However, these reactions ultimately lead to
an increased intracellular concentration of adenosine
monophosphate (AMP). In an effort to try to control energy
balance, the cell catabolizes AMP, ultimately forming ino-
sine, hypoxanthine, and adenine. These catabolic end prod-
ucts are washed out of the cell, resulting in a net loss of
purines and an ultimate reduction in the total pool of ade-
nine nucleotides. Potentially, up to 90% of these produced

catabolites can be biochemically salvaged and recy-

cled. 920,21

The rate of recovery of these energy substrates in metabol-
ically stressed cells is important for functional recovery of the
cell, including muscle.?*21-23 Therapeutic solutions that could
try to maintain a cell’s energy stasis include either blocking
the degradation of adenine nucleotides or providing metabolic
supplementation to enhance nucleotide recovery via the sal-
vage or de novo pathways of purine synthesis.

The availability of 5-phosphoribosyl-L-pyrophosphate
(PRPP) is rate limiting in adenine nucleotide de novo syn-
thesis and salvage pathways, which is necessary to preserve
or rebuild cellular energy stores.”?%2! 5-Phosphoribosyl-L-
pyrophasphate is formed through pyrophosphorylation of ri-
bose-5-phosphate that is, itself, synthesized from glucose via
the pentose phosphate pathway (PPP; or hexose monophos-
phate shunt). The rate-limiting enzymes in the PPP, glucose-
6-phosphate dehydrogenase and 6-phosphogluconate dehy-
drogenase, are poorly expressed in heart and muscle cells.
As such, in skeletal muscle the PPP is suppressed, limiting
ribose availability as a substrate to drive the purine nu-
cleotide pathway and retarding purine nucleotide synthesis
during or following a metabolic insult.

The energy reserve, phosphorylation potential (PP), and
the ability to use oxygen (total oxidative capacity or Vax)
have been determined using P-31 MRS in both normal and
fibromyalgic muscle.'6 Both mean PP and V., values are
found to be significantly reduced in FMS.16 These findings
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are consistent with reduced oxidative phosphorylation and
ATP synthesis, which translate clinically to muscle fatigue,
soreness, and stiffness.?* Impairment in mitochondrial ox-
idative phosphorylation and potentially diminished glucose
metabolism impact ATP turnover, suggesting that. the mus-
cles of fibromyalgia patients are energy starved. Further, de-
creased ATP concentrations with accompanying changes in
energy metabolism have been found in the red blood cells
of fibromyalgia patients,?> suggesting that this energy defi-
ciency may be systemic.

Muscular metabolic abnormalities in fibromyalgia have
been proposed.® Dysfunctional metabolism has been shown
to lead to cellular abnormalities® that impact cellular func-
tion, producing clinical symptoms. Muscle biopsies have
shown that levels of phosphocreatine (PCr) and ATP are sig-
nificantly reduced (21% and 17%, respectively) in muscle
tissues of fibromyalgia patients and the synthesis of PCr, an
important store of cellular high-energy phosphates, is defi-
cient. Magnetic imaging of skeletal muscle has shown that
resting levels of ATP are 15% lower in fibromyalgia pa-
tients than in normal controls and during exercise PCr and
ATP levels remain significantly low.4161° During exercise
there is an increase in metabolic breakdown products of ATP
(phosphodiesters) in fibromyalgic skeletal muscle groups,
indicating abnormal adenine nucleotide metabolism and dis-
ruption of cell membranes, which are common in other mus-
cular diseases. There has been speculation that these find-
ings may be similar in patients afflicted with CFS.16

It also has been shown that there are a decreased numbers
of capillaries within fibromyalgic muscle fibers, which can
reduce the oxidative capacity, leading to limited energy
turnover, purine pool depletion, and increased pain.?*20
Thickening of the capillary endothelium also contributes to
restricted oxygen transport or delivery, further lowering oxy-
gen tension in the muscle, affecting energy metabolism and
contributing to functional fatigue and weakness. In general,
the fibromyalgic muscle has lower ATP concentrations than
normal muscle. Further, these factors can alter calcium and
cellular ion stasis, which, clinically can produce muscle sore-
ness, stiffness, fatigue, and diminished exercise capacity.

Patients with FMS and/or CFS may therefore have an
alteration in muscular energy use and metabolism. Fi-
bromyalgic muscle reaches anaerobic threshold earlier in ex-
ercise, thereby potentially using less available energy-rich
phosphate metabolites at maximal work capacity. Patients
with FMS may have abnormal high-energy phosphate me-
tabolism with significantly lower levels of ATP and ADP
in affected muscles as compared to normal controls.?*

The findings in this pilot study, using daily p-ribose, re-
vealed an increased improvement in the quality of life in pa-
tients afflicted with FMS/CFS. However, there are several
limitations noted in this study. A major limitation centers
on a lack of a placebo group. This was, however, meant as
an initial pilot study with each patient acting as their own
control. A follow-up RCT is, of course, critical and currently
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under way using information (and impetus) gained from this
pilot study. In addition, as patients were not seen in a clinic,
initial assessment of each patient relied on their own pet-
sonal physician providing an accurate clinical diagnosis of
FMS/CFS. This pilot assessment was designed as a clini-
cally focused, community-based study, and this reflects what
occurs in most patients’ cases.

Subjective outcome measures were only assessed in this
study. The diagnoses and effectiveness of therapies of FMS
and CFS are largely based on subjective symptoms. As no
accepted diagnostic laboratory tests are available to confirm
the diagnoses of and monitor progress in these syndromes,
it is reasonable to rely on subjective outcome measurements
in this clinical setting. Also, patients did not eliminate other
stable treatment modalities they had been on during the
study. However, patients were instructed not to make any
changes in their treatment regimen during the study. p-Ri-
bose produced a subjective beneficial outcome in these pa-
tients; therefore, the addition of D-ribose may offer an added
benefit to their concurrent therapies.

CONCLUSIONS

This pilot study suggests that p-ribose may provide sub-
jective benefits in patients with FMS and/or CFS. Given the
biochemical benefits of p-ribose on increasing muscular en-
ergy pools and reducing metabolic strain in affected mus-
cles, the use of this supplement may offer a valuable option
for improving quality of life in patients afflicted with FMS
and/or CFS.
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