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Abstract

Post-exertional “malaise” is a hallmark symptom of Myalgic Encephalomyelitis (ME) and Chronic Fatigue Syndrome (CFS).
Various abnormalities, including abnormal physiological responses to exertion, can account for post-exertional “malaise”
and “exercise avoidance”. Since these abnormalities are not observed in sedentary healthy controls, the abnormalities and
deviant responses cannot be explained by “exercise avoidance” and subsequent deconditioning, nor by psychogenic factors.
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Introduction

Post-exertional “malaise”, a (prolonged) aggravation of
symptoms after a minor exertion, is a discriminative symp-
tom of Myalgic Encephalomyelitis (ME) [1-3] / Chronic Fa-
tigue Syndrome (CFS) [4]. Several abnormalities observed in
ME/CFS, such as a prolonged fall in oxygen uptake after ex-
ercise, and a post-exertional increase in metabolite-detect-
ing (pain) receptors [5], can plausibly account for “exercise
intolerance” reported by ME/CFS patients and the lack of the
success of rehabilitation protocols. Since these abnormali-
ties are not observed in sedentary controls, deconditioning
(alone) cannot account for the physiological aberrations in
ME/CFS after exertion. The exercise-induced abnormalities,
which cannot be explained by psychogenic factors, appear
strong correlates of ME/CFS.

Abnormalities relating to exercise and its effect

Energetic abnormalities and reduced oxygen uptake
amplified by exertion

Various findings implicate impaired mitochondrial function
[6-9], and gene expression studies also indicate mitochon-
drial dysfunction in ME/CFS [10-12]. Perturbation of mito-
chondrial function could, at least partially, account for the
(profoundly) low exercise capacity observed in ME/CFS,
indicated by a low maximal oxygen uptake (VOZmaX), work-
load (WL, and heart rate (HR ), and oxygen uptake at
the ventilatory threshold compared to sedentary controls
[13-15]. ME/CFS is associated with early intracellular ac-
idosis in muscles [16] and impaired and delayed capacity
to recover from intramuscular pH in response to exercise
[14,17]. One study [14] revealed two CFS [4] subgroups:
patients with normal PCr depletion in response to exercise
(45%) and patients with low PCr depletion (55%). Howev-
er, one of the most characteristic abnormalities in ME/CFS
seems to be a decline of the exercise performance levels at
a second cardiopulmonary exercise test (CPET) when com-
pared to the exercise performance levels 24 hours earlier at
a first CPET [18,19]. Energetic abnormalities, amplified by
exercise, point to deviant physiological pathways that could
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account for post-exertional “malaise” and slowed “recovery” in
ME/CFS.

Muscular abnormalities related to exercise

Several observations implicate muscle membrane dysfunction
in ME/CFS at rest [20,21] and during exercise and recovery
[22,23]. Research suggests muscle power, endurance and re-
covery to be profoundly reduced [24,25]. Findings indicate a
shift from type I “slow-twitch” oxidative to type II “fast-twitch”
muscle fibers [12], which may explain the early onset of “mus-
cle fatigue” during exercise. Recent observations [26] suggest
‘an exercise-related defect’ of muscle cells in ME/CFS. Muscle
cell cultures of ME/CFS patients show no increase in AMPK
phosphorylation and glucose uptake in response to electrical
pulse-stimulation (EPS) (“exercise”), while glucose uptake
showed to be responsive to insulin in patient cultures in rest
and during EPS [26].

Long-lasting oxidative stress in response to exercise

ME/CFS has been associated with oxidative (and nitrosative)
stress repeatedly, indicated by oxidative damage to DNA, lipid
peroxidation, and increased activity / depletion of antioxidants
[27-30]. Musculoskeletal symptoms/post-exertional “’mal-
aise” and oxidative stress seem to be interrelated [31,32]. Sev-
eral observations implicate that exercise amplifies long-lasting
oxidative stress [15,23,33]. A prolonged ‘abnormal or defective
adaptive response to oxidative stress’ is also associated with
alter heat shock protein (HSP) expression responses, falling
below normal levels up to seven days post-exercise [22,34,35].
HSPs could be useful biomarkers of exercise-induced cellular
stress in ME/CFS.

Increased pain sensitivity and lower pain thresholds
during and after exercise

Basal pain thresholds appear to be decreased in ME/CFS [36]
and, in contrast to a positive effect in healthy (sedentary) con-
trols, exercise seems to have a negative effect on pain thresh-
olds in ME/CFS [37,38]. A decrease of pain thresholds after ex-
ercise has been associated with postexertional “malaise” [39]
and observations suggest that a prolonged increase of pain af-
ter exercise is associated with an exercise-induced increase of
the metabolite sensing molecular receptors [40,41]. One study
found [42] uncovered two CFS [4] patients subgroups, the larg-
est (71%) showing a long-lasting rise of the gene expression
for these “pain-and-fatigue”-receptors, the smaller patient
group (21%) exhibited no increase in gene expression for these
receptors. Considering the observations that pain thresholds
are normal in skin and subcutis, but significantly lower than
normal in the deltoid, trapezius and quadriceps [43], muscle
pain in ME/CFS can not solely be attributed to “central sensiti-
sation” but also involves muscular abnormalities.

Immunologic abnormalities in response to exertion

Observations [44] suggest that mild walking exercise accentu-
ates substantially elevated resting serum transforming growth
factor beta (TGF-B) levels. Travelling to the hospital is suffi-
cient to induce a profound rise of TGF-f3, while exercise induc-
es a prolonged increase in plasma tumor necrosis factor-al-
pha levels in ME/CFS patients, not in sedentary controls [45].
Findings also implicate a deviant response of the complement
system to exercise in CFS [46,47], a prolonged increase in gene
expression for interleukin (IL)-10 in CFS after moderate exer-
cise [40] and a link between “symptom flare” and serum IL-10
[48]. A follow-up study [42] showed a long-lasting rise of IL-10
gene expression after exercise in a large subgroup of CFS [4]
patients (71%), but not in the smaller subgroup of CFS [4] pa-
tients (29%). Although increased serum IL-6 levels are associ-
ated with high “symptom flare” after exercise [48], muscle cell
cultures of ME/CFS patients exhibit decreased IL-6 levels both
during differentiation and in response to EPS [26]. While IL-6
is a mediator of the acute phase response of inflammation in
serum [49], IL-6 is also a myokine, playing an important role in
muscle cell proliferation and differentiation [50]. So, findings
suggest that exercise amplifies inflammatory and anti-inflam-
matory pathways in ME/CFS, while a rise of muscular IL-6 in
response to exercise seems to be absent.

Cardiovascular dysfunction related to exertion and ortho-
stasis

Reaching the age-predicted maximal heart rate seems to be an
important constraint for ME/CFS patients to achieve maximal
effort during exercise [13,51] and exercise appears to have a
negative effect on the HRmax at a second exercise test 24 h
later [52]. A cardiac energetic deficit [53] could account for a
low HRmax seen in ME/CFS. Several studies indicate reduced
cardiac volume in ME/CFS [54-56), associated with a low car-
diac output/index [57] and reduced myocardial contractility
[58], while other studies observed various (exercise-induced)
cardiac abnormalities [54,59,60]. Low cerebral blood flow has
been found in ME/CFS repetitively [61-63], indicating circula-
tory control dysfunction. Low level exercise seems to have a
negative effect on the cerebral blood flow in [44]. Aside from
the effects of orthostasis on cerebral blood flow, this could ac-
count for prolonged “brain fog” after physical exercise [64].

Autonomic abnormalities associated with exercise and or-
thostatic stress

Several studies indicate autonomic dysfunction and postural
orthostatic tachycardia syndrome (POTS), at least in a (minor)
subgroup of ME/CFS patients [65,66]. Aside from the effects of
orthostatic stress [67-69], physical and mental exertion seems
to associated with abnormal cardiovascular responses in ME/
CFS [70,71].

Cite this article: Twisk and Geraghty. Deviant Cellular and Physiological Responses to Exercise in Myalgic Encephalomyelitis and Chronic Fatigue Syndrome. ] ] Physiology. 2015, 1(2):
007.



Jacobs Publishers

3

Neurologic abnormalities in relation to physical and men-
tal exertion

Several studies [72-74], observed reduced motor cortical ex-
citability during and after (low-level) muscle exercise, po-
tentially related to impaired motor performance in ME/CFS
[75]. Patients present with abnormal central nervous system
signals controlling voluntary muscle exercise, especially when
the exercise induces muscle fatigue [25], while mental exer-
tion also seems to be involve deviant neurological responses,
suggesting ‘dysfunctional motor planning’ in ME/CFS [76], and
significantly more brain activity during more complex cogni-
tive tasks [77-79].

Conclusion

Post-exertional “malaise” and “exercise intolerance” are hall-
mark symptoms [80] of Myalgic Encephalomyelitis (ME) [1-3]
and Chronic Fatigue Syndrome (CFS) [4]. This article reviews
observations which support the position that post-exertional
“malaise” in ME/CFS may be linked to a number of observable
deviant physiological responses to exercise, including muscle
weakness and myalgia, a substantial fall of oxygen uptake after
exercise, an increase in metabolite-detecting (pain) receptors,
increased acidosis, abnormal immune responses, and ortho-
static intolerance. Such findings go some way to explain why
many ME/CFS sufferers either avoid exercise or report nega-
tive effects of exercised-based rehabilitation protocols, such as
graded exercise therapy (GET). The physiological abnormali-
ties induced by ME/CFS cannot be simply explained by a sed-
entary life style and deconditioning [81], or psychogenic fac-
tors [82]. While we acknowledge the importance of physical
activity in illness rehabilitation, our findings cast doubt on the
efficacy of exercise protocols as a therapeutic approach. More
research into exercise-induced cellular and physiological ab-
normalities in ME/CFS is needed to better understanding the
illness and its impact on patients, and to develop appropriate
treatments.

References

1. Ramsay AM, Dowsett EG. Myalgic Encephalomyelitis: Then
and now:. In The clinical and scientific basis of Myalgic Enceph-
alomyelitis/chronic fatigue syndrome. Edited by Hyde BM,
Goldstein ], Levine P. Ottawa: The Nightingale Research Foun-
dation, 1992.

2. Ramsay AM. Myalgic encephalomyelitis and postviral fatigue
states: the saga of Royal Free disease. 2nd ed. London, UK:
Gower Publishing Corporation, 1988.

3. Carruthers BM, van de Sande MI, de Meirleir KL, Klimas NG,
Broderick et al. Myalgic encephalomyelitis: international con-
sensus criteria. ] Intern Med. 2011, 270(4): 327-338.

4. Fukuda K, Straus SE, Hickie I, Sharpe M, Dobbins JG et al. The
chronic fatigue syndrome: a comprehensive approach to its
definition and study. Ann Intern Med. 1994, 121(12): 953-959.

5. Twisk FNM. The status of and future research into Myalgic
Encephalomyelitis and chronic fatigue syndrome: the need of
accurate diagnosis, objective assessment, and acknowledging
biological and clinical subgroups. Front Physiol. 2014, 5: 109.

6. Myhill S, Booth NE, McLaren-Howard ]. Chronic fatigue
syndrome and mitochondrial dysfunction. Int ] Clin Exp Med.
2009, 2(1): 1-16.

7.Wong R, Lopaschuk G, Zhu G, Walker D, Catellier D et al. Skel-
etal muscle metabolism in the chronic fatigue syndrome. In
vivo assessment by 31P nuclear magnetic resonance spectros-
copy. Chest. 1992, 102(6): 1716-1722.

8. Block W, Traber F, Kuhl CK, Keller E, Lamerichs R et al. [31P-
mr spectroscopy of peripheral skeletal musculature under
load: demonstration of normal energy metabolites compared
with metabolic muscle diseases]. Rofo. 1998, 168(3): 250-257.

9. Mikirova N, Casciari ], Hunninghake R. The assessment of the
energy metabolism in patients with chronic fatigue syndrome
by serum fluorescence emission. Altern Ther Health Med.
2012, 18(1): 36-40.

10. Vernon SD, Whistler T, Cameron B, Hickie IB, Reeves WC
et al. Preliminary evidence of mitochondrial dysfunction as-
sociated with post-infective fatigue after acute infection with
Epstein Barr virus. BMC Infect Dis. 2006, 6: 15.

11. Kaushik N, Fear D, Richards SC, McDermott CR, Nuway-
sir EF et al. Gene expression in peripheral blood mononucle-
ar cells from patients with chronic fatigue syndrome. J Clin
Pathol. 2005, 58(8): 826-832.

12. Pietrangelo T, Mancinelli R, Toniolo L, Toniolo L, Vecchiet ]
et al. Transcription profile analysis of vastus lateralis muscle
from patients with chronic fatigue syndrome. Int ] Immuno-
pathol Pharmacol. 2009, 22(3): 795-807.

13. De Becker P, Roeykens ], Reynders M, McGregor N, de
Meirleir K. Exercise capacity in chronic fatigue syndrome. Arch
Intern Med. 2000, 160(21): 3270-3277.

14. Jones DE, Hollingsworth KG, Jakovljevic DG, Fattakhova G,
Pairman ] et al. Loss of capacity to recover from acidosis on
repeat exercise in chronic fatigue syndrome: a case-control
study. Eur ] Clin Invest. 2012, 42(2): 186-194.

15. Sudrez A, Guillamo E, Roig T, Blazquez A, Alegre ] et al. Nitric
oxide metabolite production during exercise in chronic fatigue

Cite this article: Twisk and Geraghty. Deviant Cellular and Physiological Responses to Exercise in Myalgic Encephalomyelitis and Chronic Fatigue Syndrome. ] ] Physiology. 2015, 1(2):

007.


http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/24734022
http://www.ncbi.nlm.nih.gov/pubmed/24734022
http://www.ncbi.nlm.nih.gov/pubmed/24734022
http://www.ncbi.nlm.nih.gov/pubmed/24734022
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2680051/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2680051/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2680051/
http://www.ncbi.nlm.nih.gov/pubmed/1446478
http://www.ncbi.nlm.nih.gov/pubmed/1446478
http://www.ncbi.nlm.nih.gov/pubmed/1446478
http://www.ncbi.nlm.nih.gov/pubmed/1446478
http://www.ncbi.nlm.nih.gov/pubmed/9551111
http://www.ncbi.nlm.nih.gov/pubmed/9551111
http://www.ncbi.nlm.nih.gov/pubmed/9551111
http://www.ncbi.nlm.nih.gov/pubmed/9551111
http://www.ncbi.nlm.nih.gov/pubmed/22516851
http://www.ncbi.nlm.nih.gov/pubmed/22516851
http://www.ncbi.nlm.nih.gov/pubmed/22516851
http://www.ncbi.nlm.nih.gov/pubmed/22516851
http://www.ncbi.nlm.nih.gov/pubmed/1446478
http://www.ncbi.nlm.nih.gov/pubmed/16448567
http://www.ncbi.nlm.nih.gov/pubmed/16448567
http://www.ncbi.nlm.nih.gov/pubmed/16448567
http://www.ncbi.nlm.nih.gov/pubmed/16448567
http://www.ncbi.nlm.nih.gov/pubmed/16049284
http://www.ncbi.nlm.nih.gov/pubmed/16049284
http://www.ncbi.nlm.nih.gov/pubmed/16049284
http://www.ncbi.nlm.nih.gov/pubmed/16049284
http://www.ncbi.nlm.nih.gov/pubmed/19822097
http://www.ncbi.nlm.nih.gov/pubmed/19822097
http://www.ncbi.nlm.nih.gov/pubmed/19822097
http://www.ncbi.nlm.nih.gov/pubmed/19822097
http://www.ncbi.nlm.nih.gov/pubmed/19822097
http://www.ncbi.nlm.nih.gov/pubmed/11088089
http://www.ncbi.nlm.nih.gov/pubmed/11088089
http://www.ncbi.nlm.nih.gov/pubmed/11088089
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.2011.02567.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.2011.02567.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.2011.02567.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.2011.02567.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.2011.02567.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20469961
http://www.ncbi.nlm.nih.gov/pubmed/20469961

Jacobs Publishers

4

syndrome: a case-control study. ] Womens Health (Larchmt).
2010, 19(6): 1073-1077.

16. Chaudhuri A, Behan PO. In vivo magnetic resonance spec-
troscopy in chronic fatigue syndrome. Prostaglandins Leukot
Essent Fatty Acids. 2004, 71(3): 181-183.

17.]Jones DE, Hollingsworth KG, Taylor R, Blamire AM, Newton
JL. Abnormalities in pH handling by peripheral muscle and po-
tential regulation by the autonomic nervous system in chronic
fatigue syndrome. ] Intern Med. 2010, 267(4): 394-401.

18. Snell CR, Stevens SR, Davenport TE, VanNess JM. Discrim-
inative validity of metabolic and workload measurements to
identify individuals with chronic fatigue syndrome. Phys Ther.
2013,93(11): 1484-1492.

19. Vermeulen RCW, Kurk RM, Visser FC, Sluiter W, Scholte HR.
Patients with chronic fatigue syndrome performed worse than
controls in a controlled repeated exercise study despite a nor-
mal oxidative phosphorylation capacity. ] Transl Med. 2010, 8:
93.

20. Jamal GA, Hansen S. Electrophysiological studies in the
post-viral fatigue syndrome. ] Neurol Neurosurg Psychiatry.
1985, 48(7): 691-694.

21.]Jamal GA, Hansen S. Post-viral fatigue syndrome: evidence
for underlying organic disturbance in the muscle fibre. Eur
Neurol. 1989, 29(5): 273-376.

22. Jammes Y, Steinberg ]G, Delliaux S, Brégeon F. Chronic fa-
tigue syndrome combines increased exercise-induced oxida-
tive stress and reduced cytokine and Hsp responses. ] Intern
Med. 2009, 266(2): 196-206.

23.Jammes Y, Steinberg JG, Mambrini O, Brégeon F, Delliaux S.
Chronic fatigue syndrome: assessment of increased oxidative
stress and altered muscle excitability in response to incremen-
tal exercise. ] Intern Med. 2005, 257(3): 299-310.

24. Paul L, Wood L, Behan WM, Maclaren WM. Demonstration
of delayed recovery from fatiguing exercise in chronic fatigue
syndrome. Eur | Neurol. 1999, 6(1): 63-69.

25. Siemionow V, Fang Y, Calabrese L, Sahgal V, Yue GH. Altered
central nervous system signal during motor performance in
chronic fatigue syndrome. Clin Neurophysiol. 2004, 115(10):
2372-2381.

26. Brown AE, Jones DE, Walker M, Newton JL. Abnormalities
of AMPK activation and glucose uptake in cultured skeletal
muscle cells from individuals with chronic fatigue syndrome.
PLoS One. 2015, 10(4): e0122982.

27. Armstrong CW, McGregor NR, Butt HL, Gooley PR. Metab-
olism in chronic fatigue syndrome. Adv Clin Chem. 2014, 66:
121-172.

28. Fulle S, Mecocci P, Fané G, Vecchiet I, Vecchini A et al. Spe-
cific oxidative alterations in vastus lateralis muscle of patients
with the diagnosis of chronic fatigue syndrome. Free Radic Biol
Med. 2000, 29(12): 1252-1259.

29.Kennedy G, Khan F, Hill A, Underwood C, Belch JF. Biochemi-
cal and vascular aspects of pediatric chronic fatigue syndrome.
Arch Pediatr Adolesc Med. 2010, 164(9): 817-823.

30. Tomic S, Brkic S, Maric D, Mikic AN. Lipid and protein oxi-
dation in female patients with chronic fatigue syndrome. Arch
Med Sci. 2012, 8(5): 886-891.

31. Vecchiet ], Cipollone F, Falasca K, Mezzetti A, Pizzigallo E
et al. Relationship between musculoskeletal symptoms and
blood markers of oxidative stress in patients with chronic fa-
tigue syndrome. Neurosci Lett. 2003, 335(3): 151-154.

32. Kennedy G, Spence VA, McLaren M, Hill A, Underwood C
et al. Oxidative stress levels are raised in chronic fatigue syn-
drome and are associated with clinical symptoms. Free Radic
Biol Med. 2005, 39(5): 584-589.

33. Robinson M, Gray SR, Watson MS, Kennedy G, Hill A et al.
Plasma IL-6, its soluble receptors and F2-isoprostanes at rest
and during exercise in chronic fatigue syndrome. Scand ] Med
Sci Sports. 2010, 20(2): 282-290.

34. Thambirajah AA, Sleigh K, Stiver HG, Chow AW. Differential
heat shock protein responses to strenuous standardized exer-
cise in chronic fatigue syndrome patients and matched healthy
controls. Clin Invest Med. 2008, 31(6): E319-E327.

35. Jammes Y, Steinberg ]G, Delliaux S. Chronic fatigue syn-
drome: acute infection and history of physical activity affect
resting levels and response to exercise of plasma oxidant/an-
tioxidant status and heat shock proteins. ] Intern Med. 2012,
272(1): 74-84.

36. Winger A, Kvarstein G, Wyller VB, Sulheim D, Fagermoen
E et al. Pain and pressure pain thresholds in adolescents with
chronic fatigue syndrome and healthy controls: a cross-sec-
tional study. BM] Open. 2014, 4(9): e005920.

37. Whiteside A, Hansen S, Chaudhuri A. Exercise lowers pain
threshold in chronic fatigue syndrome. Pain. 2004, 109(3):
497-499.

38. Meeus M, Roussel NA, Truijen S, Nijs ]. Reduced pressure
pain thresholds in response to exercise in chronic fatigue syn-
drome but not in chronic low back pain: an experimental study.

Cite this article: Twisk and Geraghty. Deviant Cellular and Physiological Responses to Exercise in Myalgic Encephalomyelitis and Chronic Fatigue Syndrome. ] ] Physiology. 2015, 1(2):

007.


http://www.ncbi.nlm.nih.gov/pubmed/25344988
http://www.ncbi.nlm.nih.gov/pubmed/25344988
http://www.ncbi.nlm.nih.gov/pubmed/25344988
http://www.ncbi.nlm.nih.gov/pubmed/25344988
http://www.ncbi.nlm.nih.gov/pubmed/11118815
http://www.ncbi.nlm.nih.gov/pubmed/11118815
http://www.ncbi.nlm.nih.gov/pubmed/11118815
http://www.ncbi.nlm.nih.gov/pubmed/11118815
http://www.ncbi.nlm.nih.gov/pubmed/11118815
http://www.ncbi.nlm.nih.gov/pubmed/20819963
http://www.ncbi.nlm.nih.gov/pubmed/20819963
http://www.ncbi.nlm.nih.gov/pubmed/20819963
http://www.ncbi.nlm.nih.gov/pubmed/23185200
http://www.ncbi.nlm.nih.gov/pubmed/23185200
http://www.ncbi.nlm.nih.gov/pubmed/23185200
http://www.ncbi.nlm.nih.gov/pubmed/12531455
http://www.ncbi.nlm.nih.gov/pubmed/12531455
http://www.ncbi.nlm.nih.gov/pubmed/12531455
http://www.ncbi.nlm.nih.gov/pubmed/12531455
http://www.ncbi.nlm.nih.gov/pubmed/16085177
http://www.ncbi.nlm.nih.gov/pubmed/16085177
http://www.ncbi.nlm.nih.gov/pubmed/16085177
http://www.ncbi.nlm.nih.gov/pubmed/16085177
http://www.ncbi.nlm.nih.gov/pubmed/19422646
http://www.ncbi.nlm.nih.gov/pubmed/19422646
http://www.ncbi.nlm.nih.gov/pubmed/19422646
http://www.ncbi.nlm.nih.gov/pubmed/19422646
http://www.ncbi.nlm.nih.gov/pubmed/19422646
http://www.ncbi.nlm.nih.gov/pubmed/19032901
http://www.ncbi.nlm.nih.gov/pubmed/19032901
http://www.ncbi.nlm.nih.gov/pubmed/19032901
http://www.ncbi.nlm.nih.gov/pubmed/19032901
http://www.ncbi.nlm.nih.gov/pubmed/22112145
http://www.ncbi.nlm.nih.gov/pubmed/22112145
http://www.ncbi.nlm.nih.gov/pubmed/22112145
http://www.ncbi.nlm.nih.gov/pubmed/22112145
http://www.ncbi.nlm.nih.gov/pubmed/22112145
http://bmjopen.bmj.com/content/4/10/e005920
http://bmjopen.bmj.com/content/4/10/e005920
http://bmjopen.bmj.com/content/4/10/e005920
http://bmjopen.bmj.com/content/4/10/e005920
http://www.ncbi.nlm.nih.gov/pubmed/15157711
http://www.ncbi.nlm.nih.gov/pubmed/15157711
http://www.ncbi.nlm.nih.gov/pubmed/15157711
http://www.ncbi.nlm.nih.gov/pubmed/20878051
http://www.ncbi.nlm.nih.gov/pubmed/20878051
http://www.ncbi.nlm.nih.gov/pubmed/20878051
http://www.ncbi.nlm.nih.gov/pubmed/20469961
http://www.ncbi.nlm.nih.gov/pubmed/20469961
http://www.ncbi.nlm.nih.gov/pubmed/15253888
http://www.ncbi.nlm.nih.gov/pubmed/15253888
http://www.ncbi.nlm.nih.gov/pubmed/15253888
http://www.ncbi.nlm.nih.gov/pubmed/20433583
http://www.ncbi.nlm.nih.gov/pubmed/20433583
http://www.ncbi.nlm.nih.gov/pubmed/20433583
http://www.ncbi.nlm.nih.gov/pubmed/20433583
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1028412/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1028412/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1028412/
http://www.ncbi.nlm.nih.gov/pubmed/2792146
http://www.ncbi.nlm.nih.gov/pubmed/2792146
http://www.ncbi.nlm.nih.gov/pubmed/2792146
http://www.ncbi.nlm.nih.gov/pubmed/2792146
http://www.ncbi.nlm.nih.gov/pubmed/19457057
http://www.ncbi.nlm.nih.gov/pubmed/19457057
http://www.ncbi.nlm.nih.gov/pubmed/19457057
http://www.ncbi.nlm.nih.gov/pubmed/19457057
http://www.ncbi.nlm.nih.gov/pubmed/15715687
http://www.ncbi.nlm.nih.gov/pubmed/15715687
http://www.ncbi.nlm.nih.gov/pubmed/15715687
http://www.ncbi.nlm.nih.gov/pubmed/15715687
http://www.ncbi.nlm.nih.gov/pubmed/10209352
http://www.ncbi.nlm.nih.gov/pubmed/10209352
http://www.ncbi.nlm.nih.gov/pubmed/10209352
http://www.ncbi.nlm.nih.gov/pubmed/15715687
http://www.ncbi.nlm.nih.gov/pubmed/15351380
http://www.ncbi.nlm.nih.gov/pubmed/15351380
http://www.ncbi.nlm.nih.gov/pubmed/15351380
http://www.ncbi.nlm.nih.gov/pubmed/15351380
http://www.ncbi.nlm.nih.gov/pubmed/25836975
http://www.ncbi.nlm.nih.gov/pubmed/25836975
http://www.ncbi.nlm.nih.gov/pubmed/25836975
http://www.ncbi.nlm.nih.gov/pubmed/25836975

Jacobs Publishers

5

] Rehabil Med. 2010, 42(9): 884-890.

39. Van Oosterwijck ], Nijs ], Meeus M, Lefever I, Huybrechts
L et al. Pain inhibition and postexertional malaise in myalgic
encephalomyelitis/chronic fatigue syndrome: an experimental
study. ] Intern Med. 2010, 268(3): 265-278.

40. Light AR, White AT, Hughen RW, Light KC. Moderate exer-
cise increases expression for sensory, adrenergic, and immune
genes in chronic fatigue syndrome patients but not in normal
subjects. ] Pain. 2009, 10(10): 1099-1112.

41. White AT, Light AR, Hughen RW, Vanhaitsma TA, Light KC.
Differences in metabolite-detecting, adrenergic, and immune
gene expression after moderate exercise in patients with
chronic fatigue syndrome, patients with multiple sclerosis, and
healthy controls. Psychosom Med. 2012, 74(1): 46-54.

42. Light AR, Bateman L, Jo D, Hughen RW, Vanhaitsma TA et
al. Gene expression alterations at baseline and following mod-
erate exercise in patients with chronic fatigue syndrome, and
fibromyalgia syndrome. ] Intern Med. 2012, 271(1): 64-81.

43. Vecchiet L, Montanari G, Pizzigallo E, lezzi S, de Bigontina
P et al. Sensory characterization of somatic parietal tissues in
humans with chronic fatigue syndrome. Neurosci Lett. 1996,
208(2): 117-120.

44. Peterson PK, Sirr SA, Grammith FC, Schenck CH, Pheley AM
et al. Effects of mild exercise on cytokines and cerebral blood
flow in chronic fatigue syndrome patients. Clin Diagn Lab Im-
munol. 1994, 1(2): 222-226.

45. White PD, Nye KE, Pinching A], Yap TM, Power N et al. Im-
munological changes after both exercise and activity in chronic
fatigue syndrome: a pilot study. ] Chronic Fatigue Syndr. 2004,
12(2): 51-66.

46. Sorensen B, Streib JE, Strand M, Make B, Giclas PC et al.
Complement activation in a model of chronic fatigue syn-
drome. ] Allergy Clin Immunol. 2003, 112(2): 397-403.

47. Sorensen B, Jones JF, Vernon SD, Rajeevan MS. Transcrip-
tional control of complement activation in an exercise model
of chronic fatigue syndrome. Mol Med. 2009, 15(1-2): 34-42.

48. White AT, Light AR, Hughen RW, Bateman L, Martins TB et
al. Severity of symptom flare after moderate exercise is linked
to cytokine activity in chronic fatigue syndrome. Psychophysi-
ology. 2010, 47(4): 615-624.

49. Kishimoto T. The biology of interleukin-6. Blood. 1989,
74(1): 1-10.

50. Baeza-Raja B, Muiioz-Canoves P. p38 MAPK-induced nucle-

ar factor-kappaB activity is required for skeletal muscle dif-
ferentiation: role of interleukin-6. Mol Biol Cell. 2004, 15(4):
2013-2026.

51. Montague TJ, Marrie TJ, Klassen GA. Cardiac function at
rest and with exercise in the chronic fatigue syndrome. Chest.
1989, 95(4): 779-784.

52. Keller BA, Pryor L, Giloteaux L. Inability of myalgic enceph-
alomyelitis/chronic fatigue syndrome patients to reproduce
VO2peak indicates functional impairment. ] Transl Med. 2014,
12: 104.

53. Hollingsworth KG, Jones DE, Taylor R, Blamire AM, Newton
JL. Impaired cardiovascular response to standing in chronic fa-
tigue syndrome. Eur ] Clin Invest. 2010, 40(7): 608-615.

54. Miwa K. Cardiac dysfunction and orthostatic intolerance in
patients with myalgic encephalomyelitis and a small left ven-
tricle. Heart Vessels. 2015, 30(4): 484-489.

55. Miwa K, Fujita M. Small heart syndrome in patients with
chronic fatigue syndrome. Clin Cardiol. 2008, 31(7): 328-333.

56. De Lorenzo F, Xiao H, Mukherjee M, Harcup ], Suleiman S et
al. Chronic fatigue syndrome: physical and cardiovascular de-
conditioning. QJM. 1998, 91(7): 475-481.

57. Hollingsworth KG, Hodgson T, Macgowan GA, Blamire AM,
Newton JL. Impaired cardiac function in chronic fatigue syn-
drome measured using magnetic resonance cardiac tagging. ]
Intern Med . 2012, 271(3): 264-270.

58. Hurwitz BE, Coryell VT, Parker M, Martin P, Laperriere A et
al. Chronic fatigue syndrome: illness severity, sedentary life-
style, blood volume and evidence of diminished cardiac func-
tion. Clin Sci (Lond). 2009, 118(2): 125-135.

59. Dworkin H]J, Lawrie C, Bohdiewicz P, Lerner AM. Abnormal
left ventricular myocardial dynamics in eleven patients with
chronic fatigue syndrome. Clin Nucl Med. 1994, 19(8): 675-
677.

60. Lerner AM, Dworkin HJ, Sayyed T, Chang CH, Fitzgerald JT
et al. Prevalence of abnormal cardiac wall motion in the car-
diomyopathy associated with incomplete multiplication of
Epstein-Barr Virus and/or cytomegalovirus in patients with
chronic fatigue syndrome. In Vivo. 2004, 18(4): 417-424.

61. Biswal B, Kunwar P, Natelson BH. Cerebral blood flow is re-
duced in chronic fatigue syndrome as assessed by arterial spin
labeling. ] Neurol Sci. 2011, 301(1-2): 9-11.

62. Yoshiuchi K, Farkas ], Natelson BH. Patients with chronic
fatigue syndrome have reduced absolute cortical blood flow.

Cite this article: Twisk and Geraghty. Deviant Cellular and Physiological Responses to Exercise in Myalgic Encephalomyelitis and Chronic Fatigue Syndrome. ] ] Physiology. 2015, 1(2):

007.


http://www.ncbi.nlm.nih.gov/pubmed/20878051
http://www.ncbi.nlm.nih.gov/pubmed/20412374
http://www.ncbi.nlm.nih.gov/pubmed/20412374
http://www.ncbi.nlm.nih.gov/pubmed/20412374
http://www.ncbi.nlm.nih.gov/pubmed/20412374
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2757484/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2757484/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2757484/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2757484/
http://www.ncbi.nlm.nih.gov/pubmed/22210239
http://www.ncbi.nlm.nih.gov/pubmed/22210239
http://www.ncbi.nlm.nih.gov/pubmed/22210239
http://www.ncbi.nlm.nih.gov/pubmed/22210239
http://www.ncbi.nlm.nih.gov/pubmed/22210239
http://www.ncbi.nlm.nih.gov/pubmed/21615807
http://www.ncbi.nlm.nih.gov/pubmed/21615807
http://www.ncbi.nlm.nih.gov/pubmed/21615807
http://www.ncbi.nlm.nih.gov/pubmed/21615807
http://www.ncbi.nlm.nih.gov/pubmed/8859904
http://www.ncbi.nlm.nih.gov/pubmed/8859904
http://www.ncbi.nlm.nih.gov/pubmed/8859904
http://www.ncbi.nlm.nih.gov/pubmed/8859904
http://www.ncbi.nlm.nih.gov/pubmed/7496949
http://www.ncbi.nlm.nih.gov/pubmed/7496949
http://www.ncbi.nlm.nih.gov/pubmed/7496949
http://www.ncbi.nlm.nih.gov/pubmed/7496949
http://www.tandfonline.com/doi/abs/10.1300/J092v12n02_06
http://www.tandfonline.com/doi/abs/10.1300/J092v12n02_06
http://www.tandfonline.com/doi/abs/10.1300/J092v12n02_06
http://www.tandfonline.com/doi/abs/10.1300/J092v12n02_06
http://www.ncbi.nlm.nih.gov/pubmed/12897748
http://www.ncbi.nlm.nih.gov/pubmed/12897748
http://www.ncbi.nlm.nih.gov/pubmed/12897748
http://www.ncbi.nlm.nih.gov/pubmed/19015737
http://www.ncbi.nlm.nih.gov/pubmed/19015737
http://www.ncbi.nlm.nih.gov/pubmed/19015737
http://www.ncbi.nlm.nih.gov/pubmed/20230500
http://www.ncbi.nlm.nih.gov/pubmed/20230500
http://www.ncbi.nlm.nih.gov/pubmed/20230500
http://www.ncbi.nlm.nih.gov/pubmed/20230500
http://www.ncbi.nlm.nih.gov/pubmed/2473791
http://www.ncbi.nlm.nih.gov/pubmed/2473791
http://www.ncbi.nlm.nih.gov/pubmed/14767066
http://www.ncbi.nlm.nih.gov/pubmed/14767066
http://www.ncbi.nlm.nih.gov/pubmed/14767066
http://www.ncbi.nlm.nih.gov/pubmed/14767066
http://www.ncbi.nlm.nih.gov/pubmed/2924607
http://www.ncbi.nlm.nih.gov/pubmed/2924607
http://www.ncbi.nlm.nih.gov/pubmed/2924607
http://www.ncbi.nlm.nih.gov/pubmed/24755065
http://www.ncbi.nlm.nih.gov/pubmed/24755065
http://www.ncbi.nlm.nih.gov/pubmed/24755065
http://www.ncbi.nlm.nih.gov/pubmed/24755065
http://www.ncbi.nlm.nih.gov/pubmed/20497461
http://www.ncbi.nlm.nih.gov/pubmed/20497461
http://www.ncbi.nlm.nih.gov/pubmed/20497461
http://www.ncbi.nlm.nih.gov/pubmed/24736946
http://www.ncbi.nlm.nih.gov/pubmed/24736946
http://www.ncbi.nlm.nih.gov/pubmed/24736946
http://www.ncbi.nlm.nih.gov/pubmed/18636530
http://www.ncbi.nlm.nih.gov/pubmed/18636530
http://www.ncbi.nlm.nih.gov/pubmed/9797930
http://www.ncbi.nlm.nih.gov/pubmed/9797930
http://www.ncbi.nlm.nih.gov/pubmed/9797930
http://www.ncbi.nlm.nih.gov/pubmed/21793948
http://www.ncbi.nlm.nih.gov/pubmed/21793948
http://www.ncbi.nlm.nih.gov/pubmed/21793948
http://www.ncbi.nlm.nih.gov/pubmed/21793948
http://www.ncbi.nlm.nih.gov/pubmed/19469714
http://www.ncbi.nlm.nih.gov/pubmed/19469714
http://www.ncbi.nlm.nih.gov/pubmed/19469714
http://www.ncbi.nlm.nih.gov/pubmed/19469714
http://www.ncbi.nlm.nih.gov/pubmed/7955743
http://www.ncbi.nlm.nih.gov/pubmed/7955743
http://www.ncbi.nlm.nih.gov/pubmed/7955743
http://www.ncbi.nlm.nih.gov/pubmed/7955743
http://www.ncbi.nlm.nih.gov/pubmed/15369178
http://www.ncbi.nlm.nih.gov/pubmed/15369178
http://www.ncbi.nlm.nih.gov/pubmed/15369178
http://www.ncbi.nlm.nih.gov/pubmed/15369178
http://www.ncbi.nlm.nih.gov/pubmed/15369178
http://www.ncbi.nlm.nih.gov/pubmed/21167506
http://www.ncbi.nlm.nih.gov/pubmed/21167506
http://www.ncbi.nlm.nih.gov/pubmed/21167506
http://www.ncbi.nlm.nih.gov/pubmed/16494597
http://www.ncbi.nlm.nih.gov/pubmed/16494597

Jacobs Publishers

6

Clin Physiol Funct Imaging. 2006, 26(2): 83-86.

63. MacHale SM, Lawrie SM, Cavanagh JT, Glabus MF, Murray
CL et al. Cerebral perfusion in chronic fatigue syndrome and
depression. Br ] Psychiatry. 2000, 176(6): 550-556.

64. Ocon AJ. Caught in the thickness of brain fog: exploring the
cognitive symptoms of chronic fatigue syndrome. Front Physi-
ol. 2013, 4: 63.

65. Stewart JM. Autonomic nervous system dysfunction in ad-
olescents with postural orthostatic tachycardia syndrome and
chronic fatigue syndrome is characterized by attenuated vagal
baroreflex and potentiated sympathetic vasomotion. Pediatr
Res. 2000, 48(2): 218-226.

66. Stewart JM, Gewitz MH, Weldon A, Arlievsky N, Li K et al.
Orthostatic intolerance in adolescent chronic fatigue syn-
drome. Pediatrics. 1999, 103(1): 116-121.

67. Peckerman A, LaManca ]], Dahl KA, Chemitiganti R, Qurei-
shi B et al. Abnormal impedance cardiography predicts symp-
tom severity in chronic fatigue syndrome. Am ] Med Sci. 2003,
326(2): 55-60.

68. Wyller VB, Due R, Saul JP, Amlie JP, Thaulow E. Usefulness of
an abnormal cardiovascular response during low-grade head-
up tilt-test for discriminating adolescents with chronic fatigue
from healthy controls. Am ] Cardiol. 2007, 99(7): 997-1001.

69. LaManca ]], Peckerman A, Walker ], Kesil W, Cook S et al.
Cardiovascular response during head-up tilt in chronic fatigue
syndrome. Clin Physiol. 1999, 19(1): 111-120.

70. Wyller VB, Saul JP, Wallge L, Thaulow E. Sympathetic car-
diovascular control during orthostatic stress and isometric
exercise in adolescent chronic fatigue syndrome. Eur ] Appl
Physiol. 2008, 102(6): 623-632.

71. Cordero DL, Sisto SA, Tapp WN, LaManca ]], Pareja JG et al.
Decreased vagal power during treadmill walking in patients
with chronic fatigue syndrome. Clin Auton Res. 1996, 6(6):
329-333.

72. Starr A, Scalise A, Gordon R, Michalewski HJ, Caramia MD.
Motor cortex excitability in chronic fatigue syndrome. Clin
Neurophysiol. 2000, 111(11): 2025-2031.

73. Samii A, Wassermann EM, Ikoma K, Mercuri B, George MS
et al. Decreased postexercise facilitation of motor evoked po-
tentials in patients with chronic fatigue syndrome or depres-
sion. Neurology. 1996, 47(6): 1410-1414.

74. Sacco P, Hope PA, Thickbroom GW, Byrnes ML, Mastaglia
FL. Corticomotor excitability and perception of effort during
sustained exercise in the chronic fatigue syndrome. Clin Neu-
rophysiol. 1999, 110(11): 1883-1891.

75. Davey NJ, Puri BK, Catley M, Main ], Nowicky AV et al. Defi-
cit in motor performance correlates with changed corticospi-
nal excitability in patients with chronic fatigue syndrome. Int ]
Clin Pract. 2003, 57(4): 262-264.

76. De Lange FP, Kalkman ]|S, Bleijenberg G, Hagoort P, van
der Werf SP et al. Neural correlates of the chronic fatigue syn-
drome--an fMRI study. Brain. 2004, 127(Pt 9): 1948-1957.

77.Caseras X, Mataix-Cols D, Giampietro V, Rimes KA, Brammer
M et al. Probing the working memory system in chronic fatigue
syndrome: a functional magnetic resonance imaging study us-
ing the n-back task. Psychosom Med. 2006, 68(6): 947-955.

78. Lange G, Steffener ], Cook DB, Bly BM, Christodoulou C et al.
Objective evidence of cognitive complaints in chronic fatigue
syndrome: a BOLD fMRI study of verbal working memory. Neu-
roimage. 2005, 26(2): 513-524.

79. Cook DB, O’Connor PJ, Lange G, Steffener ]. Functional neu-
roimaging correlates of mental fatigue induced by cognition
among chronic fatigue syndrome patients and controls. Neuro-
image. 2007, 36(1): 108-122.

80.I0M (Institute of Medicine). Beyond myalgic encephalomy-
elitis/chronic fatigue syndrome: Redefining an illness. Wash-
ington, DC. 2015, 978(309): 31689-31697.

81. Bazelmans E, Bleijenberg G, van der Meer JWM, Folgering
H. Is physical deconditioning a perpetuating factor in chron-
ic fatigue syndrome? A controlled study on maximal exercise
performance and relations with fatigue, impairment and phys-
ical activity. Psychol Med. 2001, 31(1): 107-114.

82. Wood B, Wessely S. Personality and social attitudes in
chronic fatigue syndrome. ] Psychosom Res. 1999, 47(4): 385-
397.

Cite this article: Twisk and Geraghty. Deviant Cellular and Physiological Responses to Exercise in Myalgic Encephalomyelitis and Chronic Fatigue Syndrome. ] ] Physiology. 2015, 1(2):
007.


http://www.ncbi.nlm.nih.gov/pubmed/16494597
http://www.ncbi.nlm.nih.gov/pubmed/10974961
http://www.ncbi.nlm.nih.gov/pubmed/10974961
http://www.ncbi.nlm.nih.gov/pubmed/10974961
http://www.ncbi.nlm.nih.gov/pubmed/23576989
http://www.ncbi.nlm.nih.gov/pubmed/23576989
http://www.ncbi.nlm.nih.gov/pubmed/23576989
http://www.ncbi.nlm.nih.gov/pubmed/23576989
http://www.ncbi.nlm.nih.gov/pubmed/10926298
http://www.ncbi.nlm.nih.gov/pubmed/10926298
http://www.ncbi.nlm.nih.gov/pubmed/10926298
http://www.ncbi.nlm.nih.gov/pubmed/10926298
http://www.ncbi.nlm.nih.gov/pubmed/10926298
http://www.ncbi.nlm.nih.gov/pubmed/9917448
http://www.ncbi.nlm.nih.gov/pubmed/9917448
http://www.ncbi.nlm.nih.gov/pubmed/9917448
http://www.ncbi.nlm.nih.gov/pubmed/12920435
http://www.ncbi.nlm.nih.gov/pubmed/12920435
http://www.ncbi.nlm.nih.gov/pubmed/12920435
http://www.ncbi.nlm.nih.gov/pubmed/12920435
http://www.ncbi.nlm.nih.gov/pubmed/17398200
http://www.ncbi.nlm.nih.gov/pubmed/17398200
http://www.ncbi.nlm.nih.gov/pubmed/17398200
http://www.ncbi.nlm.nih.gov/pubmed/17398200
http://www.ncbi.nlm.nih.gov/pubmed/10200892
http://www.ncbi.nlm.nih.gov/pubmed/10200892
http://www.ncbi.nlm.nih.gov/pubmed/10200892
http://www.ncbi.nlm.nih.gov/pubmed/18066580
http://www.ncbi.nlm.nih.gov/pubmed/18066580
http://www.ncbi.nlm.nih.gov/pubmed/18066580
http://www.ncbi.nlm.nih.gov/pubmed/18066580
http://www.ncbi.nlm.nih.gov/pubmed/8985621
http://www.ncbi.nlm.nih.gov/pubmed/8985621
http://www.ncbi.nlm.nih.gov/pubmed/8985621
http://www.ncbi.nlm.nih.gov/pubmed/8985621
http://www.ncbi.nlm.nih.gov/pubmed/11068238
http://www.ncbi.nlm.nih.gov/pubmed/11068238
http://www.ncbi.nlm.nih.gov/pubmed/11068238
http://www.ncbi.nlm.nih.gov/pubmed/8960719
http://www.ncbi.nlm.nih.gov/pubmed/8960719
http://www.ncbi.nlm.nih.gov/pubmed/8960719
http://www.ncbi.nlm.nih.gov/pubmed/8960719
http://www.ncbi.nlm.nih.gov/pubmed/10576483
http://www.ncbi.nlm.nih.gov/pubmed/10576483
http://www.ncbi.nlm.nih.gov/pubmed/10576483
http://www.ncbi.nlm.nih.gov/pubmed/10576483
http://www.ncbi.nlm.nih.gov/pubmed/12800454
http://www.ncbi.nlm.nih.gov/pubmed/12800454
http://www.ncbi.nlm.nih.gov/pubmed/12800454
http://www.ncbi.nlm.nih.gov/pubmed/12800454
http://www.ncbi.nlm.nih.gov/pubmed/15240435
http://www.ncbi.nlm.nih.gov/pubmed/15240435
http://www.ncbi.nlm.nih.gov/pubmed/15240435
http://www.ncbi.nlm.nih.gov/pubmed/17079703
http://www.ncbi.nlm.nih.gov/pubmed/17079703
http://www.ncbi.nlm.nih.gov/pubmed/17079703
http://www.ncbi.nlm.nih.gov/pubmed/17079703
http://www.ncbi.nlm.nih.gov/pubmed/15907308
http://www.ncbi.nlm.nih.gov/pubmed/15907308
http://www.ncbi.nlm.nih.gov/pubmed/15907308
http://www.ncbi.nlm.nih.gov/pubmed/15907308
http://www.ncbi.nlm.nih.gov/pubmed/17408973
http://www.ncbi.nlm.nih.gov/pubmed/17408973
http://www.ncbi.nlm.nih.gov/pubmed/17408973
http://www.ncbi.nlm.nih.gov/pubmed/17408973
http://www.ncbi.nlm.nih.gov/pubmed/25695122
http://www.ncbi.nlm.nih.gov/pubmed/25695122
http://www.ncbi.nlm.nih.gov/pubmed/25695122
http://www.ncbi.nlm.nih.gov/pubmed/11200949
http://www.ncbi.nlm.nih.gov/pubmed/11200949
http://www.ncbi.nlm.nih.gov/pubmed/11200949
http://www.ncbi.nlm.nih.gov/pubmed/11200949
http://www.ncbi.nlm.nih.gov/pubmed/11200949
http://www.ncbi.nlm.nih.gov/pubmed/10616232
http://www.ncbi.nlm.nih.gov/pubmed/10616232
http://www.ncbi.nlm.nih.gov/pubmed/10616232

