
Bakken et al. BMC Medicine 2014, 12:167
http://www.biomedcentral.com/1741-7015/12/167

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Springer - Publisher Connector
RESEARCH ARTICLE Open Access
Two age peaks in the incidence of chronic fatigue
syndrome/myalgic encephalomyelitis: a
population-based registry study from Norway
2008–2012
Inger Johanne Bakken1*, Kari Tveito2, Nina Gunnes1, Sara Ghaderi1, Camilla Stoltenberg1,3, Lill Trogstad1,
Siri Eldevik Håberg1 and Per Magnus1
Abstract

Background: The aim of the current study was to estimate sex- and age-specific incidence rates of chronic fatigue
syndrome/myalgic encephalomyelitis (CFS/ME) using population-based registry data. CFS/ME is a debilitating
condition with large impact on patients and their families. The etiology is unknown, and the distribution of the
disease in the general population has not been well described.

Methods: Cases of CFS/ME were identified in the Norwegian Patient Register (NPR) for the years 2008 to 2012.
The NPR is nationwide and contains diagnoses assigned by specialist health care services (hospitals and outpatient
clinics). We estimated sex- and age-specific incidence rates by dividing the number of new cases of CFS/ME in each
category by the number of person years at risk. Incidence rate ratios were estimated by Poisson regression with sex,
age categories, and year of diagnosis as covariates.

Results: A total of 5,809 patients were registered with CFS/ME during 2008 to 2012. The overall incidence rate was
25.8 per 100,000 person years (95% confidence interval (CI): 25.2 to 26.5). The female to male incidence rate ratio of
CFS/ME was 3.2 (95% CI: 3.0 to 3.4). The incidence rate varied strongly with age for both sexes, with a first peak in
the age group 10 to 19 years and a second peak in the age group 30 to 39 years.

Conclusions: Early etiological clues can sometimes be gained from examination of disease patterns. The strong
female preponderance and the two age peaks suggest that sex- and age-specific factors may modulate the risk
of CFS/ME.
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Background
Chronic fatigue syndrome (CFS), or myalgic encephalo-
myelitis (ME), is a debilitating, medically unexplained
condition [1]. The terms CFS and ME are often used
interchangeably, and Norwegian health authorities rec-
ommend using the combined term CFS/ME [2].
CFS/ME is an unspecific condition for which it has

been difficult to establish objective medical criteria, and
the CFS/ME diagnosis has been debated in the medical
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community for many years [3]. Symptoms may fluctuate
and vary in intensity within and among patients, but
persistent or relapsing fatigue is always present [4]. Func-
tional status and wellbeing are often strongly affected [5].
While the etiology of CFS/ME remains largely un-

known, several trigger mechanisms have been proposed,
including infections, stress and trauma [1]. A sudden in-
crease in CFS/ME was reported following a large water-
borne outbreak of giardiasis in Bergen, Norway, in 2004
[6]. Autoimmune etiology has also been suggested, based
on the observation that B-lymphocyte depletion with the
monoclonal anti-CD20 antibody rituximab was associated
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with transient symptom improvement in some patients
with CFS/ME [7].
Due to terminological variations and diagnostic in-

consistencies, it is difficult to assess the prevalence and
incidence rate of CFS/ME in a population. Overall pre-
valence estimates vary from 0.1% to 2.5%, depending on
the criteria applied [1,8].
The aim of the current study was to estimate sex- and

age-specific incidence rates of CFS/ME in Norway dur-
ing a five-year period, using data from a nationwide
registry containing diagnoses assigned by Norwegian
specialist health care services (hospitals and outpatient
clinics).

Methods
The use of national data and data linkage procedures
were approved by the Regional Committee for Medical
and Health Research Ethics, South-East Norway. The
ethical approval permitted the use of national level data.
The research group did not at any time point have
access to names or personal identification numbers, and
all data storage and handling have been carried out within
strict standards to ensure data privacy and protection.
The study population was the complete Norwegian

population five years old and older as of 1 January 2008,
registered in the Central Population Registry. For each
individual we had access to information on vital status
(dates for emigration or death) for the entire study
period, 2008 to 2012. All individuals were assigned a
study allocation number based on the 11-digit personal
identification number unique to all Norwegian citizens
and migrants with legal residence in Norway.
Information on CFS/ME was obtained from the

Norwegian Patient Register (NPR), which is a data-
base containing data from all Norwegian hospitals and
outpatient clinics. For each hospitalization or outpatient
visit, reporting of data to the NPR is mandatory and is
linked to the reimbursement system. Discharge diagno-
ses are reported as International Classification of Disease,
version 10 (ICD-10) codes. Personal identification num-
bers have been reported to the NPR from 2008 onwards,
making tracking of subjects possible for research pur-
poses. Reporting of the personal identification number has
been nearly complete from the start [9]. The personal
identification number is stored in encrypted form in
the NPR.
Cases of CFS/ME were all in- and outpatients in

Norwegian hospitals who were registered with the ICD-10
code G93.3 (‘postviral fatigue syndrome/benign myalgic
encephalomyelitis’). Data from mental health care fa-
cilities were not included. In addition to the ICD-code,
the NPR provided information about sex, year of birth,
dates for hospitalizations and outpatient visits, and
a study allocation number for data linkage. The first
registered G93.3 episode for each patient was used
in the analyses.
Age was calculated as the age in 2008 by subtracting

year of birth from calendar year. We estimated sex- and
age-specific incidence rates by dividing the number of
new cases of CFS/ME in each sex/age category by the
total number of person years at risk in the same cat-
egory. Time at risk for each individual was calculated by
using the information on vital status. Age was catego-
rized in five-year intervals (5 to 9, 10 to 14, …, 55+). We
estimated the incidence rate ratio of CFS/ME by apply-
ing Poisson regression with sex, age categories, and year
of diagnosis as covariates and compared estimated inci-
dence rates in sex and age categories.
The Stata software package, Version 11.2 (StataCorp.

2009. Stata Statistical Software: Release 11. College Station,
TX, USA: StataCorp LP) was used for data analysis.

Results
During the years 2008 to 2012, 5,809 patients (75.4%
women) five years old or older in 2008 were registered
with CFS/ME. Figure 1 shows the number of cases in
one-year age intervals for women and men separately.
For both sexes, two distinct peaks in the number of cases
were observed, the first in the age group 10 to 19 years
and the second in the age group 30 to 39 years.
Table 1 shows the incidence rate of CFS/ME by year,

sex and age category. The incidence rate was fairly stable
over the years of follow-up. The overall incidence rate
per 100,000 person years was 39.4 (95% confidence in-
terval (CI): 38.2 to 40.6) for women, while the corre-
sponding figure was 12.9 (95% CI: 12.3 to 13.6) for men.
This gives an incidence rate ratio of 3.2 (95% CI: 3.0 to
3.4) for women compared to men. The incidence rate
was highest in the age groups 10 to 14, 15 to 19, 30 to
34 and 35 to 39 years.
Figure 2 shows the number of cases per year by age

category for men and women separately, estimated from
the Poisson regression model. The non-overlapping CIs
support the existence of two age peaks in the distribu-
tion indicated by the raw data (Figure 1).
Figure 3 shows the estimated incidence rate per 100,000

person years for men and women separately. After ad-
justment for population figures, the pattern with two age
peaks is clear for women, whereas a second peak is not
evident for men.
Repeating the analyses including a ‘wash-out’ period of

two years (that is, excluding data for all patients first
registered in 2008 and 2009) gave similar sex and age
patterns as those described here (results not shown).
Norway is divided into four health regions, with most
people living in the South-East region. Although some
variations were observed, the pattern with a strong pre-
ponderance of women and higher risk of CFS/ME in the
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Figure 1 Observed number of chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) cases by sex and one-year age groups
(age in 2008). Data from the Norwegian Patient Register 2008 to 2012.

Table 1 Incidence rates and incidence rate ratios of CFS/ME in the Norwegian population according to year, sex and
age in 2008 (categorized), 2008 to 2012

Variable Number of cases Number of person years Incidence rate per 100,000
person years (95% CI)

Incidence rate ratio (95% CI)

Year

2008 1,172 4,494,062 26.1 (24.6 to 27.6) 1.0 (ref.)

2009 1,113 4,491,822 24.8 (23.3 to 26.3) 0.9 (0.9 to 1.0)

2010 1,104 4,449,683 24.8 (23.4 to 26.3) 0.9 (0.9 to 1.0)

2011 1,222 4,395,325 27.8 (26.3 to 29.4) 1.0 (1.0 to 1.1)

2012 1,198 4,342,818 27.6 (26.1 to 29.2) 0.9 (0.9 to 1.1)

Sex

Male 1,430 11,050,966 12.9 (12.3 to 13.6) 1.0 (ref.)

Female 4,379 11,122,744 39.4 (38.2 to 40.6) 3.2 (3.0 to 3.4)

Age category (years)

5 to 9 121 1,497,289 8.1 (6.7 to 9.7) 1.3 (1.1 to 1.6)

10 to 14 690 1,578,106 43.7 (40.5 to 47.1) 7.1 (6.3 to 8.1)

15 to 19 689 1,598,802 43.1 (39.9 to 46.4) 7.0 (6.2 to 8.0)

20 to 24 473 1,481,322 31.9 (29.1 to 34.9) 5.2 (4.5 to 5.9)

25 to 29 492 1,523,923 32.3 (29.5 to 35.3) 5.2 (4.6 to 6.0)

30 to 34 688 1,603,520 42.9 (39.6 to 46.2) 7.0 (6.1 to 7.9)

35 to 39 771 1,809,970 42.6 (39.6 to 45.7) 6.9 (6.1 to 7.8)

40 to 44 614 1,797,270 34.2 (31.5 to 37.0) 5.6 (4.9 to 6.3)

45 to 49 496 1,636,483 30.3 (27.7 to 33.1) 4.9 (4.3 to 5.6)

50 to 54 383 1,564,478 24.5 (22.1 to 27.1) 4.0 (3.4 to 4.6)

55+ 392 6,082,547 6.2 (5.6 to 6.9) 1.0 (ref.)

CFS/ME, chronic fatigue syndrome/myalgic encephalomyelitis; CI, confidence interval.
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Figure 2 Number of yearly cases of CFS/ME by sex and five-year age groups estimated by Poisson regression analyses. CFS/ME, chronic
fatigue syndrome/myalgic encephalomyelitis.
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age groups 10 to 19 years and 30 to 39 years also
persisted when performing the analyses for each health
region separately (results not shown).

Discussion
This is the largest study to date of CFS/ME, including
5,809 patients and using national population-based re-
gistry data. To our knowledge, this is also the first study
to investigate the distribution of CFS/ME by sex and age
in a population. The main new finding is the distinct age
peaks in the incidence of CFS/ME, with a first peak in
the number of cases in the age group 10 to 19 years and
a second peak in the age group 30 to 39 years. Although
a higher prevalence in women than in men has been a
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Figure 3 Estimated incidence rates of CFS/ME per 100,000 person yea
syndrome/myalgic encephalomyelitis.
consistent finding in previous studies [1], most epide-
miological studies so far have been too small to report
age distributions [10-15] or have only reported the age
distribution for women and men combined [16,17].
The strength of the current study is the access to

individual-level hospital data from an entire country, which
could be linked to high-quality population data by means
of personal identification numbers. In Norway, access to
specialist health care services requires referral from a
general practitioner, and the cases included in the NPR
probably represent the more severe and established cases
of CFS/ME. The Norwegian health care system is financed
through governmental funding. All hospitalizations are
free of charge, while outpatients 16 years old or older are
0-34 35-39 40-44 45-49 50-54 55+

ories (years)

Women
Men

rs by sex and five-year age groups. CFS/ME, chronic fatigue
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charged a minor fee. Thus, economic status should have
little influence on patterns of seeking health care.
It is reasonable to assume that the more severe cases

of CFS/ME are referred to specialist health care services,
and that this is also the case for young patients and
people with sudden onset of symptoms. Even so, the
estimated incidence rates in the current study may differ
from the true population incidence. Since our study is
based on diagnoses reported from specialist health care
services, we have calculated the incidence of being diag-
nosed with the condition and not the incidence of the
condition as such. Also, some patients regarded as inci-
dent cases in the current study may have been diagnosed
the first time before the start of follow-up. Such cases
will contribute to an overestimation of the true inci-
dence rate. On the other hand, patients with less severe
CFS/ME are probably in many cases only diagnosed in
the primary health care system, a mechanism that leads
to underestimation of the incidence rate. However, it
seems unlikely that such factors have severely biased the
incidence rate ratio of women versus men or the inci-
dence rate ratios of the different age categories seen in
our study.
The main weakness of this study is the possible vari-

ation in the use of ICD-10 code G93.3 for CFS/ME due
to the inherent heterogeneity of the disease. We did not
have access to information from medical records and
could not investigate the diagnostic criteria applied in
individual patients. According to the recommendations
from the Norwegian Directorate of Health, children with
suspected CFS/ME should have the diagnosis confirmed
by a pediatrician [2]. Thus, children receiving the diag-
nosis of CFS/ME are routinely referred to their local
hospital for the diagnostic work-up. Complicated cases
may be further referred to regional university hospitals.
After the diagnosis of CFS/ME is made, patients are typ-
ically followed up in primary care. Adults may receive a
diagnosis of CFS/ME after evaluation by a general prac-
titioner. However, since the diagnosis requires that other
possible diagnoses are ruled out, most patients have
most likely also been seen by a specialist at a local hos-
pital during the diagnostic work-up. Patients may also
be referred to one of the four university hospitals which
have specialized units for diagnosing CFS/ME or to
the national CFS/ME-center at Oslo University Hospital.
Follow-up after diagnosis is the responsibility of general
practitioners.
The Norwegian Directorate of Health has stated that

ICD-10 code G93.3 is to be used for this disorder [2].
However, cases in the present study come from a large
number of different hospitals and the criteria used to
diagnose CFS/ME might have varied. In a recent study,
most Norwegian hospitals reported that they had used
either the Canadian 2003 criteria [18] or the CDC 1994
criteria [4] when diagnosing CFS/ME in adults [19].
Pediatricians generally reported they follow the guidelines
of the Norwegian Pediatric Association [20], which for-
mally refer to the CDC 1994 criteria, but also recommend
using a practical, clinical definition of CFS/ME in children
with otherwise unexplained severe fatigue of more than
three months duration. We cannot exclude the possibility
that the relatively high incidence in children and adoles-
cents may be partly due to the use of a less strict case def-
inition of CFS/ME in young people. However, we find
it unlikely that this potential over-reporting is substan-
tial, as pediatricians probably are restrictive in using this
diagnosis.
Some patients fulfilling the criteria for a diagnosis of

CFS/ME may be missed in the current study due to the
possible use of ICD-10 codes for other conditions with
overlapping symptoms, such as neurasthenia, burn-out
syndrome, malaise and fatigue, or fibromyalgia. However,
while a diagnosis of G93.3 gives the right to social security
benefits, such as sickness benefit or disability pension, this
is most often not the case for, for example, neurasthenia,
which includes many of the same symptoms but to a
milder degree [2]. According to the guide from the
Norwegian Directorate of Health, the code for neurasthe-
nia should only be used when CFS/ME has been ruled out
[2]. The ICD-10 guidelines also state that F48.0 (‘neuras-
thenia’) excludes G93.3 [21]. Thus, we regard G93.3 as the
ICD-10 code most closely related to CFS/ME.
The incidence rates reported here are somewhat higher

than the rates reported from the UK for the time period
1990 to 2001 [16], while the female to male ratios are
comparable. Although the prognosis for an improvement
in symptoms of CFS/ME is fairly good, full recovery seems
rare [22]. The prognosis for children and adolescents
seems to be better than for adults [23,24]. Due to the long
duration of the disorder, our study estimating incidence
rates is not directly comparable with previous prevalence
surveys. However, the large sex difference reported here is
in line with results from previous reports [1,8]. The previ-
ous prevalence studies are small with respect to the num-
ber of cases, and the scarce data available have usually
limited analyses of sex and age distributions. For instance,
from the UK, an overall prevalence of 0.30% for women
and 0.09% for men and an estimated minimum yearly
incidence at 15/100,000 has been reported [14]. This study
was based on direct questioning of general practitioners
combined with electronic database searches that covered
143,000 individuals 18- to 64-years old and included data
from 122 cases only. Even stronger sex differences were
reported from a US study based on medical record review
following electronic searches in databases [15]. This latter
study covered both primary and specialist health care and
reported a prevalence of 0.12% for women and 0.02% for
men, based on data from only 76 identified cases in total.
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Survey-based approaches have also been utilized in several
studies. In a telephone random-digit sampling study from
the US, 43 cases were found among 56,146 participants
[17]. The weighted prevalence estimates in that study were
0.37% for women and 0.08% for men. The study also
reports the age distribution, but not for women and men
separately. In a survey from Japan carried out among
1,430 participants in a health check-up program [11], the
prevalence was estimated at 1.0%, based on 8 male and 6
female cases.
Although results from some questionnaire studies

related to fatigue in general have been published from
Denmark [25], Iceland [13] and Norway [26], only the
Icelandic study attempts to report the prevalence of
CFS/ME. In the study from Iceland, the sex distribution
was similar to that in the current study, but the preva-
lence was higher (3.0% for women and 1.1% for men),
based on a total of only 54 cases. In the Danish study,
women had higher fatigue scores than men in a sample
of 1,082 individuals responding to a questionnaire, and
the variation in scores was also higher among women
than among men, but CFS/ME cases were not defined
[25]. The previous Norwegian study showed that the
prevalence of general fatigue was high, with a slightly
higher proportion of women than men with high scores
on a fatigue questionnaire in a random population
sample (N = 2,323) [26].
We observed a distinct age pattern in the incidence

rate of CFS/ME, with the number of cases peaking in
the age groups 10 to 19 years and 30 to 39 years. This
pattern may suggest that development of CFS/ME might
be caused by different etiological factors in different age
groups, but could also be explained by increased vulner-
ability in these age groups. The female preponderance of
CFS/ME indicates that sex hormones may play a part in
the development of the condition. Puberty and the years
after puberty are well-known vulnerable periods for the
debut of several diseases, including autoimmune and
psychiatric disorders [27]. Even though most women have
not yet reached menopause in their late thirties, many
women have given birth by this age. In pregnancy and
postpartum periods, the risk of a wide range of conditions
is increased due to rapid hormonal changes. For ins-
tance, migraine is a predominantly female disorder [28].
Menarche, menstruation, childbirth and menopause influ-
ence the frequency of migraine, and sex steroids are
considered to play an important role [29]. Migraine is also
highly prevalent in patients with CFS/ME [30]. Sex ste-
roids cross the blood–brain barrier by passive diffusion
and are also produced within the central nervous system
[31]. These neurosteroids modulate brain networks and
alter brain excitability [32]. Estrogen and progesterone are
known to influence a range of neurotransmitters inclu-
ding serotonin, norepinephrine, dopamine and endorphins.
Estrogen facilitates the glutamatergic system, potentially
enhancing neuronal excitability, whereas progesterone acti-
vates GABAergic tone and suppresses neuronal reactivity.
Changes in neurotransmitter systems can affect, for ex-
ample, pain-processing networks, modulation of sensory
input and cognition. Such mechanisms have been sug-
gested to play a role in fibromyalgia [33] and may possibly
also come into play in the development of CFS/ME.
Far more women than men are affected by multiple

sclerosis (MS), and it has been suggested that the strong
phenomenological, neurobehavioral and neuroimmune
similarities between MS and CFS/ME indicate that CFS/
ME is a neuroimmune disorder [34].
From the current results, one might hypothesize that

hormonal changes increase the risk of CFS/ME in women.
The pattern may also be compatible with the hypothesis
of an infectious trigger for the condition. The age distribu-
tion observed in our study may be explained by primary
exposure to an infectious agent in adolescents (first age
peak) and subsequent reactivation of latent infection
(second age peak). It has been shown that reactivation
of latent (viral) infections may be triggered by stress-
ful events, chronic stress or pregnancy [35].

Conclusions
In summary, in this large national study, we found that
the CFS/ME risk is strongly dependent on sex and age.
The distinctive sex and age patterns might be helpful
when exploring potential causal mechanisms. Also, our
findings indicate that clinicians should have a heightened
awareness of the possibility of CFS/ME, especially in
women in certain age groups presenting with symptoms
of fatigue.

Abbreviations
CFS: chronic fatigue syndrome; CFS/ME: chronic fatigue syndrome/myalgic
encephalomyelitis; CI: confidence interval; ICD-10: International Classification
of Disease, version 10; ME: myalgic encephalomyelitis; MS: multiple sclerosis;
NPR: Norwegian Patient Register.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SEH, LT, PM and CS conceived of the study. All authors were involved at
all further stages of the study. IJB managed the data sets, carried out the
statistical analyses and drafted the manuscript. NG and SG were particularly
involved in the statistical analyses. KT and LT were particularly involved in
the discussion of the findings and in shaping the conclusions. All authors
commented and edited drafts of the manuscript, and read and approved
the final manuscript.

Acknowledgements
The study was partly financed by the Research Council of Norway.

Author details
1Norwegian Institute of Public Health, PO Box 4404 Nydalen, N-0403 Oslo,
Norway. 2The Norwegian Medical Association, Oslo, Norway. 3Department of
Global Public Health and Primary Care, University of Bergen, Bergen, Norway.



Bakken et al. BMC Medicine 2014, 12:167 Page 7 of 7
http://www.biomedcentral.com/1741-7015/12/167
Received: 28 May 2014 Accepted: 29 August 2014

References
1. Prins JB, van der Meer JW, Bleijenberg G: Chronic fatigue syndrome. Lancet

2006, 367:346–355.
2. Sosial- og helsedirektoratet: Sosial- og helsetjenester til pasienter med kronisk

utmattelsessyndrom/myalgisk encefalopati (CFS/ME) (in Norwegian). Oslo,
Norway; 2007.

3. Wessely S: Old wine in new bottles: neurasthenia and ‘ME’. Psychol Med
1990, 20:35–53.

4. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A: The
chronic fatigue syndrome: a comprehensive approach to its definition
and study. International Chronic Fatigue Syndrome Study Group.
Ann Intern Med 1994, 121:953–959.

5. Nacul LC, Lacerda EM, Campion P, Pheby D, Drachler ML, Leite JC, Poland F,
Howe A, Fayyaz S, Molokhia M: The functional status and well being of
people with myalgic encephalomyelitis/chronic fatigue syndrome and
their carers. BMC Public Health 2011, 11:402.

6. Mørch K, Hanevik K, Rivenes AC, Bødtker JE, Næss H, Stubhaug B, Wensaas
KA, Rortveit G, Eide GE, Hausken T, Langeland N: Chronic fatigue syndrome
5 years after giardiasis: differential diagnoses, characteristics and natural
course. BMC Gastroenterol 2013, 13:28.

7. Fluge O, Bruland O, Risa K, Storstein A, Kristoffersen EK, Sapkota D, Næss H,
Dahl O, Nyland H, Mella O: Benefit from B-lymphocyte depletion using
the anti-CD20 antibody rituximab in chronic fatigue syndrome. A
double-blind and placebo-controlled study. PLoS One 2011, 6:e26358.

8. Dinos S, Khoshaba B, Ashby D, White PD, Nazroo J, Wessely S, Bhui KS:
A systematic review of chronic fatigue, its syndromes and ethnicity:
prevalence, severity, co-morbidity and coping. Int J Epidemiol 2009,
38:1554–1570.

9. Bakken IJ, Suren P, Haberg SE, Cappelen I, Stoltenberg C: Norsk
pasientregister - en viktig kilde for forskning (in Norwegian). Tidsskr Nor
Laegeforen 2014, 134:12–13.

10. Bhui KS, Dinos S, Ashby D, Nazroo J, Wessely S, White PD: Chronic fatigue
syndrome in an ethnically diverse population: the influence of
psychosocial adversity and physical inactivity. BMC Med 2011, 9:26.

11. Hamaguchi M, Kawahito Y, Takeda N, Kato T, Kojima T: Characteristics of
chronic fatigue syndrome in a Japanese community population: chronic
fatigue syndrome in Japan. Clin Rheumatol 2011, 30:895–906.

12. Kingma EM, Rosmalen JG, White PD, Stansfeld SA, Clark C: The prospective
association between childhood cognitive ability and somatic symptoms
and syndromes in adulthood: the British birth cohort. J Epidemiol
Community Health 2013, 67:1047–1053.

13. Lindal E, Stefansson JG, Bergmann S: The prevalence of chronic fatigue
syndrome in Iceland - a national comparison by gender drawing on four
different criteria. Nord J Psychiatry 2002, 56:273–277.

14. Nacul LC, Lacerda EM, Pheby D, Campion P, Molokhia M, Fayyaz S, Leite JC,
Poland F, Howe A, Drachler ML: Prevalence of myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS) in three regions of England: a
repeated cross-sectional study in primary care. BMC Med 2011, 9:91.

15. Vincent A, Brimmer DJ, Whipple MO, Jones JF, Boneva R, Lahr BD,
Maloney E, St Sauver JL, Reeves WC: Prevalence, incidence, and
classification of chronic fatigue syndrome in Olmsted County,
Minnesota, as estimated using the Rochester Epidemiology Project.
Mayo Clin Proc 2012, 87:1145–1152.

16. Gallagher AM, Thomas JM, Hamilton WT, White PD: Incidence of fatigue
symptoms and diagnoses presenting in UK primary care from 1990 to
2001. J R Soc Med 2004, 97:571–575.

17. Reyes M, Nisenbaum R, Hoaglin DC, Unger ER, Emmons C, Randall B,
Stewart JA, Abbey S, Jones JF, Gantz N, Minden S, Reeves WC: Prevalence
and incidence of chronic fatigue syndrome in Wichita, Kansas. Arch Intern Med
2003, 163:1530–1536.

18. Carruthers BM, Jain AK, De MeirLeir KL, Peterson DL, Klimas NG, Lerner AM,
Bested AC, Flor-Henry P, Joshi P, Powles AC, Sherkey JA, van de Sande MI:
Myalgic encephalomyelitis/chronic fatigue syndrome: clinical working
case definition, diagnostic and treatment protocols. J Chronic Fatigue
Syndr 2003, 11:7–97.

19. Lippestad JW, Kurtze N, Bjerkan AM: Status for helse- og omsorgstilbudet til
pasienter med CFS/ME i Norge (in Norwegian). 2013. SINTEF report A17571.
[http://sintef.no/Publikasjoner-SINTEF/Publikasjon/?pubid=SINTEF+A17571]
20. Wyller VB: Kronisk utmattelsessyndrom/myalgisk encefalopatio (CFS/ME)
hos barn og ungdommer (in Norwegian). Oslo: Norsk barnelegeforening;
2009. http://www.helsebiblioteket.no/retningslinjer/pediatri/nevrologi/
kronisk-utmattelse.

21. World Health Organization: International statistical classification of
diseases and related health problems: ICD-10. http://apps.who.int/
classifications/icd10/browse/2010/en.

22. Cairns R, Hotopf M: A systematic review describing the prognosis of
chronic fatigue syndrome. Occup Med (Lond) 2005, 55:20–31.

23. Joyce J, Hotopf M, Wessely S: The prognosis of chronic fatigue and
chronic fatigue syndrome: a systematic review. QJM 1997, 90:223–233.

24. Katz BZ, Shiraishi Y, Mears CJ, Binns HJ, Taylor R: Chronic fatigue syndrome
after infectious mononucleosis in adolescents. Pediatrics 2009, 124:189–193.

25. Watt T, Groenvold M, Bjorner JB, Noerholm V, Rasmussen NA, Bech P:
Fatigue in the Danish general population. Influence of
sociodemographic factors and disease. J Epidemiol Community Health
2000, 54:827–833.

26. Loge JH, Ekeberg O, Kaasa S: Fatigue in the general Norwegian
population: normative data and associations. J Psychosom Res 1998,
45:53–65.

27. Costello EJ, Copeland W, Angold A: Trends in psychopathology across the
adolescent years: what changes when children become adolescents, and
when adolescents become adults? J Child Psychol Psychiatry 2011,
52:1015–1025.

28. Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML, Stewart WF: Migraine
prevalence, disease burden, and the need for preventive therapy.
Neurology 2007, 68:343–349.

29. Sacco S, Ricci S, Degan D, Carolei A: Migraine in women: the role of
hormones and their impact on vascular diseases. J Headache Pain 2012,
13:177–189.

30. Rayhan RU, Ravindran MK, Baraniuk JN: Migraine in gulf war illness and
chronic fatigue syndrome: prevalence, potential mechanisms, and
evaluation. Front Physiol 2013, 4:181.

31. Aloisi AM: Gonadal hormones and sex differences in pain reactivity.
Clin J Pain 2003, 19:168–174.

32. Martin VT, Behbehani M: Ovarian hormones and migraine headache:
understanding mechanisms and pathogenesis–part 2. Headache 2006,
46:365–386.

33. Foerster BR, Petrou M, Edden RA, Sundgren PC, Schmidt-Wilcke T, Lowe SE,
Harte SE, Clauw DJ, Harris RE: Reduced insular gamma-aminobutyric acid
in fibromyalgia. Arthritis Rheum 2012, 64:579–583.

34. Morris G, Maes M: Myalgic encephalomyelitis/chronic fatigue syndrome
and encephalomyelitis disseminata/multiple sclerosis show remarkable
levels of similarity in phenomenology and neuroimmune characteristics.
BMC Med 2013, 11:205.

35. Haeri S, Baker AM, Boggess KA: Prevalence of Epstein-Barr virus reactivation
in pregnancy. Am J Perinatol 2010, 27:715–719.

doi:10.1186/s12916-014-0167-5
Cite this article as: Bakken et al.: Two age peaks in the incidence of
chronic fatigue syndrome/myalgic encephalomyelitis: a population-
based registry study from Norway 2008–2012. BMC Medicine 2014 12:167.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://sintef.no/Publikasjoner-SINTEF/Publikasjon/?pubid=SINTEF+A17571
http://www.helsebiblioteket.no/retningslinjer/pediatri/nevrologi/kronisk-utmattelse
http://www.helsebiblioteket.no/retningslinjer/pediatri/nevrologi/kronisk-utmattelse
http://apps.who.int/classifications/icd10/browse/2010/en
http://apps.who.int/classifications/icd10/browse/2010/en

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

