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 3  Forord 

Forord 

Folkehelseinstituttet, område for helsetjenester (daværende Nasjonalt kunnskaps-

senter for helsetjenesten) fikk høsten 2015 i oppdrag av Norges ME-forening å kart-

legge forskning på anstrengelsesutløst sykdomsfølelse/symptomforverring (Post-

Exertional Malaise, PEM) ved kronisk utmattelses syndrom CFS/ME. Vi har utført 

et systematisk litteratursøk, gjennomgått referansene fra søket og sortert relevante 

referanser i ulike kategorier.  

 

Arbeidet er utført av Ingvild Kirkehei (forskningsbibliotekar, Folkehelseinstituttet) 

og Lillebeth Larun (seniorforsker, Folkehelseinstituttet).  

 

 

 

 

 

 

Kåre Birger Hagen 

Fagdirektør 

Hege Kornør 

Konst. avdelingsdirektør 

Ingvild Kirkehei 

Prosjektleder 
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Metode 

 

Litteratursøk 

Et systematisk litteratursøk ble utført i februar 2019 i databasene MEDLINE, Em-

base, PsycINFO, Amed, ISI Web of Science og Epistemonikos. Søket bestod av tekst-

ord (ord i tittel og sammendrag) for PEM (Post-Exertional Malaise) eller PENE 

(Post-exertional neuroimmune exhaustion). Vi søkte også på relaterte begreper som 

f.eks. post exercise malaise og malaise following exercise. Søket ble ikke avgrenset 

til kronisk utmattelsessyndrom CFS/ME, årstall eller studiedesign. Se søkestrategier 

i vedlegg.  

 

 Utvelgelse og sortering av referanser 

Referansene ble eksportert til referansehåndteringssystemet EndNote hvor Ingvild 

Kirkehei og Lillebeth Larun hver for seg inkluderte og sorterte referansene. De indi-

viduelle sorteringene ble deretter samkjørt, og resultatet vises nedenfor. Hvis en av 

oss har definert referansen som relevant, er den inkludert i listen.   

 

Vi inkluderte forskning/studier som nevnte PEM/PENE i sammendrag eller tittel og 

som har studert for eksempel erfaring, forekomst, måleinstrumenter, fysiologi, sym-

ptomer eller årsaker. Vi inkluderte studier på PEM uavhengig av diagnose, behand-

lingsstudier hvor PEM nevnes som utfallsmål og studier på diagnostikk hvor PEM 

nevnes. Under hver kategori er referansene sortert under oversikter (oversiktsartik-

ler og systematiske oversikter) og primærstudier. Referanser til kommentarer og le-

derartikler er ekskludert. Siden søket inneholdt andre søkeord enn de presise begre-

pene PEM/PENE, fikk vi også en del treff på studier som viste seg ikke relevante, 

f.eks. studier på trening og fysisk form generelt. Totalt 215 referanser ble definert 

som ikke relevante.  

 

Vi har ikke lest studiene i fulltekst. Mulig relevante referanser bør derfor vurderes 

nærmere for relevans og metodisk kvalitet før de brukes. Noen referanser kan høre 

hjemme i flere kategorier, en kategori er da valgt.   
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Resultat av søk 

PEM definisjon  

 
Primærstudier 

 
1. Lindheimer JB, Meyer JD, Stegner AJ, Dougherty RJ, Van Riper SM, Shields 

M, et al. Symptom variability following acute exercise in myalgic 
encephalomyelitis/chronic fatigue syndrome: a perspective on 
measuring post-exertion malaise. Fatigue: Biomedicine, Health and 
Behavior 2017;5(2):69-88.  
http://dx.doi.org/10.1080/21641846.2017.1321166  
 
 

2. Carroll TJ, Taylor JL, Gandevia SC. Recovery of central and peripheral 
neuromuscular fatigue after exercise. Journal of Applied Physiology 
2017;122(5):1068-76. 
https://www.physiology.org/doi/full/10.1152/japplphysiol.00775.2016?url_
ver=Z39.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&  

 
 
3. McManimen SL, Sunnquist ML, Jason LA. Deconstructing post-

exertional malaise: An exploratory factor analysis. Journal of Health 
Psychology 2016:1359105316664139.  
https://dx.doi.org/10.1177/1359105316664139  

 
 
4. Clark JE, Fai Ng W, Watson S, Newton JL. The aetiopathogenesis of 

fatigue: Unpredictable, complex and persistent. British Medical 
Bulletin 2016;117(1):139-48.  
http://dx.doi.org/10.1093/bmb/ldv057  

 
 
5. Jason LA, Evans M, So S, Scott J, Brown A. Problems in defining post-

exertional malaise. Journal of prevention & intervention in the 
community 2015;43(1):20-31.  
http://dx.doi.org/10.1080/10852352.2014.973239  

 
 
6. Clauw DJ. Perspectives on Fatigue from the Study of Chronic 

Fatigue Syndrome and Related Conditions. PM and R 2010;2(5):414-
30.  
http://dx.doi.org/10.1016/j.pmrj.2010.04.010  
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7. Onishi S. Markers for fatigue after exercise training. Japanese 

Journal of Clinical Sports Medicine 2004;12(2):123-30. 
 
 

PEM forekomst 

 

Oversikter 

 
1. Brown A, Jason LA. Meta-analysis investigating post-exertional 

malaise between patients and controls. Journal of Health Psychology. 
2018 Jul 1. doi: 10.1177/1359105318784161. [Epub ahead of print]  
https://journals.sagepub.com/doi/full/10.1177/1359105318784161?url_ver=
Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed 

 
 

2. Strassheim V, Lambson R, Hackett KL, Newton JL. What is known about 
severe and very severe chronic fatigue syndrome? A scoping 
review. Fatigue: Biomedicine, Health and Behavior 2017;5(3):167-83. 
https://www.tandfonline.com/doi/abs/10.1080/21641846.2017.1333185?jou
rnalCode=rftg20   
  

 

Primærstudier 
 
 

1. ÄYrÄMÖ S, Vilmi N, Mero AA, Piirainen J, Nummela ARI, Pullinen T, et al. 
Matursation-related differences in neuromuscular fatigue after a 
short-term maximal run. Human Movement 2017;18(3):17-25. 
https://content.sciendo.com/view/journals/humo/18/3/article-p17.xml  

 
 

2. McManimen SL, Jason LA. Post-Exertional Malaise in Patients with 
ME and CFS with Comorbid Fibromyalgia. SRL Neurology & 
Neurosurgery 2017;3(1):22-7. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5464757/  

 
 

3. Maness CB, Saini P, Bliwise DL, Olvera V, Rye DB, Trotti L. Frequency and 
predictors of systemic exertion intolerance disease/chronic 
fatigue syndrome among sleep center patients referred for 
hypersomnolence evaluation. Sleep 2017;40 (Supplement 1):A243-A4. 
https://academic.oup.com/sleep/article/40/suppl_1/A243/3782054  

 
 

4. LoRusso S, Iyadurai S. Post-exercise exhaustion in a patient with 
rapsyn mutation. Journal of Clinical Neuromuscular Disease 2017;18 
(Supplement 1):S6-S7. 

 
 



 

 

 

7

5. Nijs J, Van Oosterwijck J, Meeus M, Paul L, Lambrecht L. Unravelling the 
nature of post-exertional malaise in chronic fatigue syndrome: An 
exercise immunology study. Physiotherapy (United Kingdom) 
2011;(1):eS885. 
http://dx.doi.org/10.1016/j.physio.2011.04.002  

 
 

6. VanNess JM, Stevens SR, Bateman L, Stiles TL, Snell CR. Postexertional 
malaise in women with chronic fatigue syndrome. Journal of 
women's health 2010;19(2):239-44. 
https://www.ncbi.nlm.nih.gov/pubmed/20095909  

 
 
 

PEM erfaring 

Primærstudier 

 
1. Jason LA, McManimen SL, Sunnquist M, Holtzman CS. Patient 

perceptions of post exertional malaise. Fatigue: Biomedicine, Health 
and Behavior 2018;6(2):92-105.  
http://dx.doi.org/10.1080/21641846.2018.1453265  
 
 

2. Stormorken E, Jason LA, Kirkevold M. Fatigue in adults with post-
infectious fatigue syndrome: a qualitative content analysis. BMC 
Nurs 2015;14:64.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4662830/ 
 
 

3. Andersen MM, Permin H, Albrecht F. Nine-year follow-up of Danish 
chronic fatigue syndrome (CFS) patients impact on health, social, 
vocational, and personal lives. Journal of Chronic Fatigue Syndrome 
2008;14(2):7-23.  
http://dx.doi.org/10.1300/J092v14n02_02  

 
 
 

PEM måleinstrumenter 

 

Oversikter 

 
1. Vergauwen K, Huijnen IPJ, Depuydt A, Van Regenmortel J, Meeus M. 

Measuring the physical activity level and pattern in daily life in 
persons with chronic fatigue syndrome/myalgic 
encephalomyelitis: a systematic review. Physical Therapy Reviews 
2017;22(1/2):23-33.  
https://www.tandfonline.com/doi/abs/10.1080/10833196.2017.1300624  
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Primærstudier 

 
1. Cotler J, Holtzman C,  Dudun C, Jason LA. A brief questionnaire to 

assess post-exertional malaise. Diagnostics 2018; 8(3):66. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165517/  
 
 

2. Jason LA, Holtzman C, Sunnquist M, Cotler J. The development of an 
instrument to assess post-exertional malaise in patients with 
myalgic encephalomyelitis and chronic fatigue syndrome. Journal 
of Health Psychology 2018 Okt 24: doi.org/10.1177/1359105318805819 
https://journals.sagepub.com/doi/abs/10.1177/1359105318805819?rfr_dat=
cr_pub%3Dpubmed&url_ver=Z39.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&journalCode=hpqa  
 
 

3. Stevens S, Snell C, Stevens J, Keller B, VanNess JM. Cardiopulmonary 
exercise test methodology for assessing exertion intolerance in 
myalgic encephalomyelitis/chronic fatigue syndrome. Frontiers in 
Pediatrics 2018;6:242. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131594/  

 
 

4. Murdock KW, Wang XS, Shi Q, Cleeland CS, Fagundes CP, Vernon SD. The 
utility of patient-reported outcome measures among patients with 
myalgic encephalomyelitis/chronic fatigue syndrome. Quality of 
Life Research 2017;26(4):913-21.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5336422/  
 
 

5. Keech A, Sandler CX, Vollmer-Conna U, Cvejic E, Lloyd AR, Barry BK. 
Capturing the post-exertional exacerbation of fatigue following 
physical and cognitive challenge in patients with chronic fatigue 
syndrome. Journal of Psychosomatic Research 2015;79(6):537-49.  
https://www.sciencedirect.com/science/article/pii/S0022399915005218?vi
a%3Dihub  
 
 

6. Jason LA, Sunnquist M, Brown A, Furst J, Cid M, Farietta J, et al. Factor 
analysis of the DePaul Symptom Questionnaire: Identifying core 
domains. Journal of Neurology & Neurobiology 2015;1(4). 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4830389/   
 

 
 

7. Evans M, Jason LA. Effects of time frame on the recall reliability of 
CFS symptoms. Evaluation & the health professions 2015;38(3):367-81.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3874064/  
 
 

8. Oh SJ, Nagai T, Kizlay F, Kutz S. One-minute exercise is best for 
evaluation of post-exercise exhaustion in myasthenia gravis. 
Clinical Neurophysiology 2014;1):S301-S2.  
https://onlinelibrary.wiley.com/doi/full/10.1002/mus.24178  
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9. Hecimovich MD, Peiffer JJ, Harbaugh AG. Development and 
psychometric evaluation of a post exercise exhaustion scale 
utilising the Rasch measurement model. Psychology of Sport & 
Exercise 2014;15(6):569-79.  
https://www.sciencedirect.com/science/article/pii/S1469029214000806  
 
 

10. Brown AA, Jason LA. Validating a measure of myalgic 
encephalomyelitis/chronic fatigue syndrome symptomatology. 
Fatigue: Biomedicine, Health and Behavior 2014;2(3):132-52.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4871625/  
 

 
11. Hawk Hines C, Jason LA, Torres-Harding SR. Reliability of a chronic 

fatigue syndrome questionnaire. Journal of Chronic Fatigue Syndrome 
2006;13(4):41-66.  
https://www.tandfonline.com/doi/abs/10.1300/J092v13n04_05  
 

 
12. Grant S, Aitchison T, Henderson E, Christie J, Zare S, McMurray J, et al. A 

comparison of the reproducibility and the sensitivity to change of 
visual analogue scales, Borg scales, and Lokert scales in normal 
subjects during submaximal exercise. Chest 1999;116(5):1208-17.  
https://www.sciencedirect.com/science/article/pii/S0012369215515869?via
%3Dihub  

 

 

PEM fysiologi 

 

Oversikter 

 
1. Komaroff AL, Sawamura M, Takahashi R, Yamamura T. Neurologic 

abnormalities in myalgic encephalomyelitis/chronic fatigue 
syndrome: A review. Brain and Nerve 2018;70(1):41-54. 
https://www.ncbi.nlm.nih.gov/pubmed/29348374  

 
 

2. Blundell S, Ray KK, Buckland M, White PD. Chronic fatigue syndrome 
and circulating cytokines: A systematic review. Brain, Behavior, and 
Immunity 2015;50:186-95.  
http://dx.doi.org/10.1016/j.bbi.2015.07.004  

 
 

3. Finsterer J, Mahjoub S. Fatigue in healthy and diseased individuals. 
American Journal of Hospice and Palliative Medicine 2014;31(5):562-75. 
https://journals.sagepub.com/doi/abs/10.1177/1049909113494748?rfr_dat
=cr_pub%3Dpubmed&url_ver=Z39.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&journalCode=ajhb  
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4. Mancuso M, Angelini C, Bertini E, Carelli V, Comi G, Minetti C, et al. 
Fatigue and exercise intolerance in mitochondrial diseases. 
Literature revision and experience of the Italian Network of 
mitochondrial diseases. Neuromuscular Disorders 2012;22(Suppl 
3):S226-9. 
https://www.nmd-journal.com/article/S0960-8966(12)00621-9/abstract  
 
 

5. Nijs J, Aelbrecht S, Meeus M, Van Oosterwijck J, Zinzen E, Clarys P. Tired 
of being inactive: Physical activity, physiological exercise capacity, 
and muscle strength in patients with chronic fatigue syndrome. 
Physiotherapy (United Kingdom) 2011;1):eS884-eS5.  
http://dx.doi.org/10.1016/j.physio.2011.04.002  

 
 

Primærstudier 
 

1. Nguyen T, Staines D, Johnston S, Marshall-Gradisnik S. Reduced 
glycolytic reserve in isolated natural killer cells from Myalgic 
encephalomyelitis/chronic fatigue syndrome patients: A 
preliminary investigation. Asian Pac J Allergy Immunol. 2018 Jul 8. doi: 
10.12932/AP-011117-0188. [Epub ahead of print] 
https://www.ncbi.nlm.nih.gov/pubmed/29981562  

 
 

2. Oosterwijck JV, Marusic U, De Wandele I, Paul L, Meeus M, Moorkens G, et 
al. The Role of autonomic function in exercise-induced 
endogenous analgesia: A case-control study in myalgic 
encephalomyelitis/chronic fatigue syndrome and healthy people. 
Pain Physician 2017;20(3):E389-E99. 
https://www.painphysicianjournal.com/linkout?issn=1533-
3159&vol=20&page=E389  

 
 

3. McManimen SL, Jason LA. Differences in ME and CFS symptomology 
in patients with normal and abnormal exercise test results. 
International Journal of Neurology & Neurotherapy 2017;4(1).  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5510614/   

 
 

4. Cvejic E, Sandler CX, Keech A, Barry BK, Lloyd AR, Vollmer-Conna U. 
Autonomic nervous system function, activity patterns, and sleep 
after physical or cognitive challenge in people with chronic fatigue 
syndrome. Journal of Psychosomatic Research 2017;103:91-4.  
http://dx.doi.org/10.1016/j.jpsychores.2017.10.010  

 
 

5. Cook DB, Light AR, Light KC, Broderick G, Shields MR, Dougherty RJ, et al. 
Neural consequences of post-exertion malaise in Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome. Brain, Behavior, and 
Immunity 2017;62:87-99.  
http://dx.doi.org/10.1016/j.bbi.2017.02.009  

 
 

6. Collett J, Meaney A, Howells K, Dawes H. Acute recovery from exercise 
in people with multiple sclerosis: an exploratory study on the 
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effect of exercise intensities. Disability and rehabilitation 
2017;39(6):551-8.  
http://dx.doi.org/10.3109/09638288.2016.1152604  

 
 

7. Clark LV, Buckland M, Murphy G, Taylor N, Vleck V, Mein C, et al. 
Cytokine responses to exercise and activity in patients with 
chronic fatigue syndrome: case-control study. Clinical and 
Experimental Immunology 2017;190(3):360-71.  
http://dx.doi.org/10.1111/cei.13023  

 
 

8. Baraniuk JN, Shivapurkar N. Exercise - induced changes in 
cerebrospinal fluid miRNAs in Gulf War Illness, Chronic Fatigue 
Syndrome and sedentary control subjects.[Erratum appears in Sci 
Rep. 2018 Apr 19;8(1):6455; PMID: 29674668]. Scientific Reports 
2017;7(1):15338.  
https://dx.doi.org/10.1038/s41598-017-15383-9  

 
 

9. Shukla SK, Cook D, Meyer J, Vernon SD, Le T, Clevidence D, et al. Changes 
in gut and plasma Microbiome following exercise challenge in 
Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). 
PLoS ONE 2015;10 (12) (no pagination)(e0145453).  
http://dx.doi.org/10.1371/journal.pone.0145453  

 
 

10. Lengert N, Drossel B. In silico analysis of exercise intolerance in 
myalgic encephalomyelitis/chronic fatigue syndrome. Biophysical 
Chemistry 2015;202:21-31.  
http://dx.doi.org/10.1016/j.bpc.2015.03.009  

 
 

11. 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) (no pagination)(e0122982).  
http://dx.doi.org/10.1371/journal.pone.0122982  

 
 

12. Anderson L, Baker L, Schroeder ET. Estrogen source influences muscle 
soreness and recovery in young women. FASEB Journal Conference: 
Experimental Biology 2015;29(Meeting Abstracts). 
https://www.fasebj.org/doi/abs/10.1096/fasebj.29.1_supplement.675.8  

 
 

13. Smith W, Klein J, Ndirangu D, Chen Y, Falvo M. Exercise tolerance in 
Gulf War veterans and relationship to deployment exposures. 
FASEB Journal Conference: Experimental Biology 2014;28(1 SUPPL. 1). 
https://www.fasebj.org/doi/abs/10.1096/fasebj.28.1_supplement.884.22  

 
 

14. Papathanasiou ES, Zamba-Papanicolaou E. The exhaustibility of 
Lambert-Eaton myasthenic syndrome. Clinical Neurophysiology 
2014;125(2):220.  
http://dx.doi.org/10.1016/j.clinph.2013.09.022  
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15. Oh SJ, Hatanaka Y, Ito E, Nagai T. Post-exercise exhaustion in 
Lambert-Eaton myasthenic syndrome. Clinical Neurophysiology 
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post-exertional fatigue in gulf war veterans: Roles of autonomic 
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17. Hall DL, Lattie EG, Antoni MH, Fletcher MA, Czaja S, Perdomo D, et al. 
Stress management skills, cortisol awakening response, and post-
exertional malaise in Chronic Fatigue Syndrome. 
Psychoneuroendocrinology 2014;49:26-31.  
http://dx.doi.org/10.1016/j.psyneuen.2014.06.021  

 
 

18. Srikuea R, Symons TB, Long DE, Lee JD, Shang Y, Chomentowski PJ, et al. 
Association of fibromyalgia with altered skeletal muscle 
characteristics which may contribute to postexertional fatigue in 
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Post-exertion malaise in chronic fatigue syndrome: Symptoms 
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Post-exertional malaise symptoms,salivary cortisol,and coping 
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22. Clark L, Buckland M, Vleck V, White P. Cytokine responses to exercise 
and activity in patients with chronic fatigue syndrome: Proof of 
principle study. Journal of Psychosomatic Research 2012;72 (6):475.  
http://dx.doi.org/10.1016/j.jpsychores.2012.03.004  

  
 

23. Chu L, Friedberg F, Friedman KJ, Littrell N, Stevens S, Vallings R. Exercise 
and chronic fatigue syndrome: Maximize function, minimize post-
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