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Abstract

Background. Only a few studies have analyzed the effects of physical and psychiatric condi-
tions on the risk of chronic fatigue syndrome (CES). Therefore, the goal of this exploratory
case-control study was to investigate the associations of physical and psychiatric conditions
with CES in almost 19 800 adults from Germany.

Methods. This study included patients diagnosed for the first time with CFS in one of 1238
general practices in Germany between 2010 and 2017 (index date). Controls without CFS were
matched (1:1) to cases with CFS by sex, age, index year, and practice. Physical and psychiatric
conditions diagnosed in the year prior to the index date were included if they were present in
at least 3% of patients with CFS. Associations between physical and psychiatric conditions (33
potential independent variables) and CFS (dependent variable) were analyzed in an adjusted
conditional logistic regression model, and physical and psychiatric disorders were included in
the model using forward stepwise selection.

Results. This study included 9896 cases with CFS and 9896 controls without CES [65.1%
women; mean (standard deviation) age 49.5 (18.3) years]. Seven conditions were associated
with CFS in the adjusted regression model. The disorders displaying the strongest relationship
with CFS were cancer [odds ratio (OR) =2.57, 95% confidence interval (CI)=2.24-2.95],
sleep disorders (OR = 1.88, 95% CI=1.66-2.12) and depression (OR =1.77, 95% CI=1.61-
1.95).

Conclusions. Cancer, sleep disorders, and depression were strongly and positively associated
with CFS. Additional studies are needed to gain a better understanding of the mechanisms
underlying these relationships.

Introduction

Chronic fatigue syndrome (CFS), also known as myalgic encephalomyelitis, is a frequent dis-
order characterized by intense fatigue that lasts for more than 6 months (Avellaneda
Fernandez et al., 2009). A meta-analysis of 14 studies showed that the pooled prevalence of
self-reported and clinically assessed CFS in adults is around 3.3% and 0.8%, respectively
(Johnston, Brenu, Staines, & Marshall-Gradisnik, 2013). CFS has a significant and deleterious
impact on functional status (Nacul et al., 2011), quality of life (Eaton-Fitch, Johnston,
Zalewski, Staines, & Marshall-Gradisnik, 2020), and suicide risk (Roberts, Wessely, Chalder,
Chang, & Hotopf, 2016), and is also associated with a major economic burden (Jason,
Benton, Valentine, Johnson, & Torres-Harding, 2008). Unfortunately, the etiology of CFS
remains unclear (Avellaneda Ferndndez et al., 2009), and more research is needed to gain a
better understanding of its underlying risk factors.

Recent literature has indicated that CFS is particularly frequent in women and in
middle-aged and older adults (Reyes et al., 2003; Rusu, Gee, Lagacé, & Parlor, 2015; Valdez
et al., 2019). In terms of physical and psychiatric conditions, some studies have found that sev-
eral disorders are positively associated with CFS (Hanevik et al., 2014; Harvey, Wadsworth,
Wessely, & Hotopf, 2008; Tsai et al., 2018, 20194,b; Yang et al., 2015). For example, a nation-
wide population-based cohort study of more than 13 000 individuals from Taiwan identified a
positive relationship between psoriasis and CFS (Tsai et al., 2019a). It was also observed in a
sample of 5362 participants prospectively followed from birth to the age of 53 years that hav-
ing a psychiatric disorder between ages 15 and 32 years was a risk factor for a CFS diagnosis
later in life (Harvey et al., 2008). These relationships may be explained by shared risk factors
such as a dysfunctional immune system and certain personality traits, while dysregulation of
the hypothalamic-pituitary-adrenal (HPA) axis may also play a mediating role in these asso-
ciations. Although the previous studies have yielded interesting findings, they have certain lim-
itations worth noting. First, only a few physical and psychiatric conditions have been
investigated so far, and little is yet known about the potential associations between CFS and
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a wide range of physical and psychiatric conditions. For example,
the literature has failed to analyze the relationships between can-
cer, sleep disorders, and CFS, although evidence suggests that
both cancer (Bohn et al, 2019; Reinertsen et al, 2010) and
sleep disorders (Pejovic et al., 2015) may favor the occurrence
of CFS. Second, relationships between physical conditions, psy-
chiatric disorders, and CFS have been studied using regression
models that were often adjusted for a limited number of
comorbidities. This may have biased the statistical analyses and
undermined the results of the studies. Third, the majority of
this research was conducted in Asian countries (i.e. China
(Yang et al., 2015) and Taiwan (Tsai et al., 2018, 2019a,b)),
and, since CFS and its symptomatology may vary between cul-
tures (Zdunek et al., 2015), the findings may not be generalizable
to European or North American countries.

Therefore, the goal of this case-control study was to investigate
the associations of physical and psychiatric conditions with CFS
in a sample of almost 19 800 adults treated in general practices
in Germany.

Methods
Database

This study was based on data from the Disease Analyzer database
(IQVIA), which compiles drug prescriptions, diagnoses, and basic
medical and demographic data obtained directly and in anonym-
ous format from computer systems used in the practices of general
practitioners and specialists in Germany (Rathmann et al., 2018).
Diagnoses (International Classification of Diseases, 10th revision
(ICD-10)), prescriptions (European Pharmaceutical Marketing
Research Association (EphMRA) Anatomical Therapeutic
Chemical (ATC) classification system), and the quality of reported
data are monitored by IQVIA based on a number of criteria (e.g.
completeness of documentation and linkage between diagnoses
and prescriptions) (Rathmann et al, 2018). The Disease
Analyzer database is based on the ICD-10-GM (German
Modification) classification system, a German adaptation of the
World Health Organization ICD-10 (ICD-10-WHO) system
that was developed by the German Institute for Medical
Documentation and Information (DIMDI).

The sampling methods used for the selection of physicians’
practices have been previously found to be appropriate for obtain-
ing a representative database of general and specialized practices
in Germany (Rathmann et al., 2018). Prescription statistics for
several drugs are very similar to the data available from pharma-
ceutical prescription reports, while the age groups for certain
diagnoses in the Disease Analyzer database also correspond to
those in the relevant disease registries.

Study population

This study included patients diagnosed for the first time with CFS
(ICD-10: G93.3) in one of 1238 general practices in Germany
between January 2010 and December 2017. Patients were 18-90
years old at the date of first diagnosis (index date) and had
been followed for at least 1 year prior to that date. After applying
similar inclusion criteria, controls without CFS were matched
(1:1) to cases with CFS by sex, age, index year, and practice.
For the controls, the index date corresponded to a randomly
selected visit date between January 2010 and December 2017
(Fig. 1).
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Study variables

Study variables included sex, age, index year, and all physical and
psychiatric conditions diagnosed in the year prior to the index
date that were found in at least 3% of patients with CFS.
Physical conditions included endocrine, nutritional, and meta-
bolic diseases [i.e. other hypothyroidism (ICD-10: E03), nontoxic
goiter (E04), diabetes mellitus (E10-E14), obesity (E66), and dys-
lipidemia (ICD-10: E78)], diseases of the respiratory system [i.e.
acute sinusitis (JO1), acute pharyngitis (J02), acute upper respira-
tory infections of multiple and unspecified sites (J06), acute bron-
chitis (J20), chronic sinusitis (J32), bronchitis, not specified as
acute or chronic (J40), chronic obstructive pulmonary disease
(COPD) (J44), and asthma (J45)], diseases of the digestive system
[i.e. other gastroenteritis and colitis of infectious and unspecified
origin (A09), gastroesophageal reflux disease (K21), gastritis and
duodenitis (K29), and other functional intestinal disorders (K76)],
diseases of the musculoskeletal system and connective tissue [i.e.
spondylosis (M47), other intervertebral disc disorders (M51), dor-
sopathies not elsewhere classified (M53), dorsalgia (M54), other dis-
orders of muscle (M62), and shoulder lesions (M75)], and other
diseases [ie. viral infection of unspecified site (B34), cancer
(C00-C99), sleep disorders (G47), hypertension (I10), chronic cor-
onary heart diseases (I25), other dermatitis (L30), and urethritis and
urethral syndrome (N39)]. Psychiatric conditions included depres-
sion (ICD-10: F32, F33), anxiety disorders (F41), and reaction to
severe stress, and adjustment disorders (F43). As somatoform disor-
ders (F45) and other non-psychotic mental disorders including
neurasthenia (F48) may overlap with CFS, these two families of con-
ditions were not included in the study.

Statistical analyses

The prevalence of physical and psychiatric conditions was com-
pared between cases with CFS and controls without CFS using
Chi-squared tests. Associations between physical and psychiatric
conditions (33 potential independent variables) and CFS
(dependent variable) were analyzed in an adjusted conditional
logistic regression model, and physical and psychiatric disorders
were included in the model using forward stepwise selection.
Since cases with CFS were matched (1:1) to controls without
CES by sex, age, index year, and practice, the logistic regression
analysis was not adjusted for these variables. Variance Inflation
Factors (VIFs) further showed that there was no multicollinearity
between independent variables. Results from the regression ana-
lysis are presented as odds ratios (ORs) with 95% confidence
intervals (CIs). p-values of less than 0.05 were considered statistic-
ally significant. All analyses were performed using SAS 9.4.

Results

This study included 9896 cases with CFS and 9896 controls with-
out CFS in this study (Table 1). The proportion of women was
65.1%, and the mean (standard deviation) age was 49.5 (18.3)
years. This case-control study covered 30 physical and three psy-
chiatric conditions, and all of these disorders were significantly
more frequent in patients with CFS than in those without CFS
(Table 2). The three most frequent conditions were dorsalgia
(22.8% in CFS patients v. 16.0% in those without CFS), hyperten-
sion (19.6% v. 5.6%), and depression (15.6% v. 6.3%). The results
of the regression analysis are displayed in Table 3. After including
physical and psychiatric conditions in the model using forward
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Individuals with at least one visit to one of 1,238
general practices in Germany between January

2010 and December 2017
n=7,290,868

!

}

Diagnosis of chronic fatigue syndrome (ICD-10:
G93.3)
n=21,103

No diagnosis of chronic fatigue syndrome
(ICD-10: G93.3)
n=7,269,765

Initial diagnosis of chronic fatigue syndrome
between January 2010 and December 2017
(index date)
n=14,495

Randomly selected visit date between January
2010 and December 2017 (index date)
n=7,269,765

Patients aged 18-90 years at the index date
n=13,955

Patients aged 18-90 years at the index date
n=6,614,053

Patients with an observation time of at least one
year prior to the index date
n=9,966

Patients with an observation time of at least one
year prior to the index date
n=2,742,080

!

Individual matching (1:1) by sex, age, index year,
and practice

l

'

'

Patients with chronic fatigue syndrome
n=9,896

Patients without chronic fatigue syndrome
n=9,896

Fig. 1. Selection of study patients.

stepwise selection, seven disorders were significantly associated
with CFS. The conditions displaying the strongest relationships
with CFS were cancer (OR =2.57, 95% CI = 2.24-2.95), sleep dis-
orders (OR=1.88, 95% CI=1.66-2.12) and depression (OR =
1.77, 95% CI =1.61-1.95).

Discussion
Main findings

This case-control study showed in a sample of 19 792 adults from
1238 general practices in Germany that the prevalence of more
than 30 physical and psychiatric conditions was significantly
higher in patients with CFS than in those without CFS. The
adjusted logistic regression analysis further revealed that seven
physical and psychiatric disorders were positively associated
with CFS, and that the ORs were particularly high for cancer,
sleep disorders, and depression. To the best of our knowledge,
this study is the first to investigate the associations between a
wide range of disorders and CFS, while also being one of the lar-
gest studies from a high-income country.

Interpretation of the findings

In the present study, cancer was strongly and positively associated
with CFS. Before going further, it should be noted that cancer-
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related fatigue is also very common in cancer survivors. For
example, in a US sample of 379 patients treated with chemother-
apy, around 17% were found to have cancer-related fatigue (Cella
et al., 2001), while a cross-sectional study conducted on 1749 can-
cer patients in China revealed that the prevalence of cancer-
related fatigue was around 52% (Tian et al., 2016). However,
cancer-related fatigue and CFS are two distinct entities, and the
present research focused on CFS only. Interestingly, although
no previous study has formally analyzed the relationship between
cancer and CFS using regression analyses, and although there is
no significant increase in cancer-specific mortality in CFS patients
(Roberts et al., 2016), high rates of CFS have been reported in can-
cer survivors in the scientific literature. A study including
approximately 250 women with a history of breast cancer from
Norway found that the prevalence of CFS was between 33% and
39% in the 10 years following multimodal breast cancer treatment
(Reinertsen et al., 2010). Another cross-sectional study conducted
in the same country corroborated these results in a sample of
almost 1100 young adult cancer survivors, with CFS being diag-
nosed in approximately 25% of the population (Bghn et al.,
2019). The proportion of participants with CFS was significantly
higher for breast cancer (29%), colorectal cancer (29%), and
non-Hodgkin lymphoma (27%) than for malignant melanoma
(15%), suggesting that the association between cancer and CFS
likely varies with cancer type. Furthermore, the occurrence of
CFS was predicted by several factors, such as systemic treatment
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Table 1. Baseline characteristics of study patients after 1:1 matching by sex,
age, index year, and physician

Individuals with Individuals without

Variables CFS (N=9896) CFS (N=9896)
Sex

Female 65.1 65.1
Male 34.9 34.9
Mean age in years 49.5 (18.3) 49.5 (18.3)
(standard deviation)

Age groups (years)

Age 18-30 18.7 18.7
Age 31-40 14.8 14.8
Age 41-50 19.6 196
Age 51-60 19.9 19.9
Age 61-70 11.0 11.0
Age 71-80 10.3 10.3
Age >80 5.7 5.7
Index year

2010 8.0 8.0
2011 9.8 9.8
2012 12.1 12.1
2013 15.5 15.5
2014 15.7 15.7
2015 16.9 16.9
2016 16.0 16.0
2017 6.1 6.1

CFS, chronic fatigue syndrome.
Data are listed in % unless otherwise stated.

with surgery and/or radiotherapy, presence of comorbidities, and
depressive symptoms (Bohn et al., 2019). Taken together, these
findings underline the fact that the association between cancer
and CFS may be mediated by both the side effects of oncological
treatments and by the psychological impact of cancer.

Another interesting result of this study is the positive relation-
ship between sleep disorders and CFS. A clinical study including
175 patients with sleep-related symptoms and 39 healthy controls
indicated that the prevalence of CFS was around 13% in people
with sleep-disordered breathing or insomnia, whereas no healthy
controls were diagnosed with CFS (Pejovic et al., 2015). Our study
results are also in line with the findings pertaining to another
cohort of 13 080 adults from Taiwan, which demonstrated a sig-
nificant and positive association between sleep disorders and
CFS [hazard ratio (HR) =2.17] after adjusting for sex, age, and
several comorbidities (i.e. psoriasis, diabetes, renal disease,
depression, and anxiety) (Tsai et al., 2019a). However, since the
previous study failed to adjust for physical conditions that may
play a confounding role in the association between sleep disorders
and CFS (e.g. asthma (Davies et al,, 2019; Yang et al,, 2015)), the
present case-control study is of particular importance and sup-
ports the current literature. Finally, a Norwegian study including
89 patients who had been on sick leave for several weeks because
of chronic fatigue found that improvement in insomnia severity
led to the improvement in levels of fatigue and that this
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association was mediated by changes in anxiety and depression
levels (Vethe et al., 2018). These results suggest that sleep disor-
ders and CFS are interconnected, as well as that the proper man-
agement of patients with CFS likely requires the diagnosis and
treatment of associated sleep disturbances.

A third important finding is that depression was significantly
and positively associated with CFS. These results confirm the
findings of other studies conducted in different settings.
Numerous studies from the 1990s have consistently reported a
high prevalence of psychiatric disorders in patients with CFS
(Katon et al., 1991; Walker et al., 1993; Wood et al., 1991),
while there is also evidence of an association between overall
mental health and CFS (Wessely et al., 1995). For example, a
cross-sectional study of 129 patients showed that the prevalence
of current and lifetime major depression was 15.3% and 76.5%,
respectively, in those with chronic fatigue (Katon et al, 1991).
In addition, a more recent cohort study of 11419 individuals
from the UK revealed that premorbid psychopathology at ages
23 and 33 years was a risk factor for the occurrence of CFS at
age 42 (Goodwin et al., 2011). As previously mentioned, psychi-
atric disorders may mediate the relationships between several
physical conditions (e.g. cancer and sleep disorders) and CFS.
However, psychiatric disorders may also have their own inde-
pendent effects on CFS, while psychiatric disorders and CFS
may share common risk factors that are not related to physical
conditions. Regarding shared risk factors, a significant body of lit-
erature has focused on the relationship between childhood mal-
treatment and adult mental disorders (Scott et al., 2012; Sugaya
et al., 2012; Viner & Hotopf, 2004). As a matter of fact, research-
ers in a British prospective study observed that parental physical
abuse was associated with a 2.10-fold increase in the risk of self-
reported CEFS later in life (Clark et al., 2011).

Clinical implications

Based on these findings, general practitioners and other health
professionals should be aware that several physical and psychiatric
conditions (e.g. cancer, sleep disorders, depression) are positively
associated with CFS. Given that treatment response is stronger in
patients who have recently been diagnosed with CFS than in those
who have been experiencing symptoms for several years, the treat-
ment and the management of CFS should be multidisciplinary
and individualized, and should be initiated as early as possible fol-
lowing diagnosis. Interestingly, although the effectiveness of
recommended treatment strategies remains under debate, some
data suggest that a healthy diet and nutritional supplements likely
play a key role in CFES therapy (Castro-Marrero et al., 2017).
Furthermore, the management of physical and psychiatric disor-
ders in individuals with CFS may help mitigate the impact of
this condition on functional status and quality of life, while
potentiating the effects of traditional therapeutic approaches
(e.g. cognitive behavioral therapy and physical exercise)
(Avellaneda Ferndndez et al., 2009).

Limitations

Although the present findings are of particular interest, this study
has several limitations that need to be acknowledged. First, previ-
ous research has indicated that the prevalence of misdiagnosis of
CEFS is around 50% in patients referred to a specialized CFS ser-
vice (Devasahayam et al, 2012), and it is, therefore, possible
that a significant proportion of CFS patients included in this
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Table 2. Prevalence of physical and psychiatric conditions in individuals with or without chronic fatigue syndrome

Proportion in individuals with Proportion in individuals without
Diagnosis (ICD-10 code)* CFS (%) CFS (%) p-value®
Physical conditions
Endocrine, nutritional, and metabolic diseases
Dyslipidemia (E78) 9.2 7.2 <0.001
Diabetes mellitus (E10-E14) 6.5 5.5 0.004
Nontoxic goiter (E04) 6.4 4.2 <0.001
Other hypothyroidism (E03) 5.4 3.8 <0.001
Obesity (E66) 35 25 <0.001
Diseases of the respiratory system
Acute upper respiratory infections of multiple and unspecified 14.1 9.3 <0.001
sites (JO6)
Acute bronchitis (J20) 9.9 6.9 <0.001
Bronchitis, not specified as acute or chronic (J40) 6.0 4.0 <0.001
Asthma (J45) 53 3.1 <0.001
Acute pharyngitis (J02) 3.9 2.9 <0.001
Chronic obstructive pulmonary disease (COPD) (J44) 3.9 2.5 <0.001
Chronic sinusitis (J32) 3.8 2.8 <0.001
Acute sinusitis (JO1) 3.5 23 <0.001
Diseases of the digestive system
Other gastroenteritis and colitis of infectious and unspecified 8.5 6.0 <0.001
origin (A09)
Gastritis and duodenitis (K29) 7.6 4.8 <0.001
Gastroesophageal reflux disease (K21) 6.8 4.1 <0.001
Other functional intestinal disorders (K76) 33 2.3 <0.001
Diseases of the musculoskeletal system and connective tissue
Dorsalgia (M54) 22.8 16.0 <0.001
Dorsopathies not elsewhere classified (M53) 5.2 2.9 <0.001
Other disorders of muscle (M62) 4.0 2.7 <0.001
Other intervertebral disc disorders (M51) 3.8 24 <0.001
Spondylosis (M47) 3.7 2.0 <0.001
Shoulder lesions (M75) 3.2 2.1 <0.001
Other diseases
Hypertension (110) 19.6 5.6 <0.001
Sleep disorders (G47) 9.4 3.4 <0.001
Urethritis and urethral syndrome (N39) 7.0 4.2 <0.001
Cancer (C00-C99) 6.4 1.9 <0.001
Other dermatitis (L30) 4.5 2.7 <0.001
Chronic coronary heart diseases (125) 3.6 2.7 <0.001
Viral infection of unspecified site (B34) 3.4 1.9 <0.001
Psychiatric conditions
Depression (F32, F33) 15.6 6.3 <0.001
Reaction to severe stress, and adjustment disorders (F43) 7.8 3.1 <0.001
Anxiety disorders (F41) 4.4 2.2 <0.001

CFS, chronic fatigue syndrome.

Physical and psychiatric conditions were included if they were present in at least 3% of individuals with CFS.

2The prevalence of physical and psychiatric conditions was compared between patients with and those without CFS using Chi-squared tests. It should be noted that this table only displays
physical and psychiatric conditions for which the difference between patients with and those without CFS is significant.
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Table 3. Associations of physical and psychiatric conditions with chronic
fatigue syndrome in a sample of 19 792 adults from Germany

0Odds ratio (95%

Diagnosis (ICD-10 code)* confidence interval) p-value
Cancer (C00-C99) 2.57 (2.24-2.95) <0.001
Sleep disorders (G47) 1.88 (1.66-2.12) <0.001
Depression (F32, F33) 1.77 (1.61-1.95) <0.001
Reaction to severe stress and 1.59 (1.41-1.80) <0.001
adjustment disorders (F43)

Asthma (J45) 1.36 (1.16-1.53) <0.001
Viral infection of unspecified 1.36 (1.13-1.68) <0.001
site (B34)

Acute upper respiratory 1.32 (1.17-1.49) <0.001

infections of multiple and
unspecified sites (J06)

Physical and psychiatric conditions were included as independent variables in the
regression model using forward stepwise selection. The table only displays physical and
psychiatric conditions that were significantly associated with chronic fatigue syndrome.

study in fact had another disorder, which may or may not have
been included in the analysis (e.g. sleep disorders, neurasthenia,
and somatoform disorders). Second, reverse causality remains a
likely hypothesis, meaning that CFS may precede the occurrence
of other conditions such as depression and sleep disorders.
Therefore, the results of this exploratory case-control study
need to be corroborated by further hypothesis testing studies of
a longitudinal design. Third, forward stepwise regression was
used in this study, and there has been some concern about this
statistical method in recent years (Heinze et al., 2018).

Conclusion

In this case-control study including almost 19 800 patients treated
in general practices in Germany, 7 conditions were significantly
associated with CFS, and the conditions displaying the strongest
relationship with chronic fatigue were cancer, sleep disorders,
and depression. In terms of future research, longitudinal studies
are needed to corroborate the present findings. Better understand-
ing of the mechanisms underlying the associations between phys-
ical conditions, psychiatric disorders, and the risk of CFS is also
important.
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