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Fatigue in patients 
with chronic disease: results 
from the population‑based 
Lifelines Cohort Study
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(1) To evaluate the prevalence of severe and chronic fatigue in subjects with and without chronic 
disease; (2) to assess to which extent multi‑morbidity contributes to severe and chronic fatigue; and 
(3) to identify predisposing and associated factors for severe and chronic fatigue and whether these 
are disease‑specific, trans‑diagnostic, or generic. The Dutch Lifelines cohort was used, including 
78,363 subjects with (n = 31,039, 53 ± 12 years, 33% male) and without (n = 47,324, 48 ± 12 years, 46% 
male) ≥ 1 of 23 chronic diseases. Fatigue was assessed with the Checklist Individual Strength‑Fatigue. 
Compared to participants without a chronic disease, a higher proportion of participants with ≥ 1 
chronic disease were severely (23% versus 15%, p < 0.001) and chronically (17% versus 10%, p < 0.001) 
fatigued. The odds of having severe fatigue (OR [95% CI]) increased from 1.6 [1.5–1.7] with one chronic 
disease to 5.5 [4.5–6.7] with four chronic diseases; for chronic fatigue from 1.5 [1.5–1.6] to 4.9 [3.9–
6.1]. Multiple trans‑diagnostic predisposing and associated factors of fatigue were found, explaining 
26% of variance in fatigue in chronic disease. Severe and chronic fatigue are highly prevalent in chronic 
diseases. Multi‑morbidity increases the odds of having severe and chronic fatigue. Several trans‑
diagnostic factors were associated with fatigue, providing a rationale for a trans‑diagnostic approach.

For most people, fatigue is an everyday experience. It becomes a symptom when it is an overwhelming feeling of 
exhaustion that interferes with the ability to function and perform  activities1. Severe fatigue that persists longer 
than 6 months is defined as  chronic2. Severe and chronic fatigue is a symptom of many non-communicable 
chronic diseases e.g. Parkinson’s disease (PD)3, chronic heart failure (CHF)4, chronic obstructive pulmonary 
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disease (COPD)5, type I diabetes mellitus (T1DM)6, rheumatoid arthritis (RA)7, and inflammatory bowel  disease8. 
Fatigue is associated with functional impairment and often reported by patients to be one of the most burden-
some and challenging aspects of their  disease9,10. Thus far, fatigue is mostly studied in the context of a single 
chronic condition. However, the proportion of patients living with two or more chronic diseases concurrently 
(i.e., multi-morbidity)  rises11,12. This complicates our understanding of the relationship between chronic disease 
and fatigue.

Research comparing the prevalence of fatigue in people with and without a specific chronic disease generally 
found that fatigue is more prevalent in patients with a chronic  disease5,8,13–15. This suggests that fatigue is linked 
to a specific chronic disease. Moreover, since prevalence rates of severe fatigue seem to vary across chronic 
 diseases16, it is often assumed that fatigue is a disease-specific symptom. However, the relationship between 
traditional markers of disease (severity and activity) and fatigue is generally poor or even non-existent. For 
instance, 40% of patients with T1DM experience chronic fatigue, but fatigue is weakly associated with abnormal 
glucose  parameters6. A similar lack of a relationship between markers of disease- and fatigue severity, has been 
reported in patients with multiple sclerosis (MS)14,  COPD5,  asthma17, systemic lupus erythematosus (SLE)18, 
 RA19, idiopathic pulmonary fibrosis and  sarcoidosis20. Hence, it seems plausible that other than the specific 
disease severity factors may be involved.

In identifying the factors that contribute to fatigue in chronic disease, two types can be distinguished: (1) 
time-independent or pre-morbid predisposing factors, that are not likely to change over time, and (2) time-
dependent associated or maintaining factors, which may change over time. Knowledge about pre-morbid predis-
posing factors (hereafter called ‘predisposing factors’) will help identify patients at risk for developing clinically 
relevant levels of fatigue, while time-dependent associated factors (hereafter called ‘associated factors’) can 
be addressed in interventions that can reduce fatigue or help patients to manage fatigue. Predisposing socio-
demographic characteristics such as a lower  education21–23 and being  female21,23 were found to be related to higher 
levels of fatigue in specific chronic diseases. Furthermore, certain personality traits are assumed to increase a 
person’s risk of becoming severely fatigued in response to a chronic disease. Indeed, there is evidence from 
research in patients with MS that there is a link between neuroticism and  fatigue24–26. Besides these predisposing 
factors, modifiable factors such as depressed mood and anxiety may be associated with, or maintain, fatigue in 
specific chronic  diseases6,27–30. Also, lower physical activity  levels31–33, sleep  disturbances7, lower body mass index 
(BMI)34, hyper- or  hypotension35,36,  pain6,28,37,38, and smoking  status39,40 have been identified as factors possibly 
contributing to fatigue in specific chronic diseases.

Thus, fatigue in patients with a chronic illness is a complex symptom that likely involves various predisposing 
and associated factors. Some of the factors seem to be associated with multiple chronic diseases. Nevertheless, 
the above-mentioned factors have all been studied in a disease-specific context. To date, studies seldom have 
examined fatigue across a wide range of chronic diseases simultaneously. Only one study investigated fatigue 
across 15 chronic diseases, combining data from 15 clinical  studies16. The results indicated that factors associ-
ated with fatigue seem mostly trans-diagnostic. Limitations however included that their sample might have 
been biased because of an over- or underrepresentation of fatigue cases, as data from 15 clinical studies were 
combined, (often) specifically designed to study fatigue. In addition, multi-morbidity and some major chronic 
diseases such as cardiovascular disease and chronic lung disease were not considered in that study, and a control 
group without chronic disease was lacking.

To date, fatigue levels have never been assessed within one large, longitudinal cohort from the general popu-
lation involving presumably healthy subjects as well as patients with various chronic diseases. Such a study 
would enable the comparison of fatigue prevalence rates of patients with a variety of conditions and a popula-
tion without chronic disease. A better understanding of the factors underlying fatigue across a wide range of 
conditions and healthy subjects, and knowing whether these are disease-specific, trans-diagnostic (similar for 
multiple chronic diseases) or generic (similar for persons with and without a chronic disease), may optimize and 
accelerate the development of interventions for fatigue to improve daily functioning of patients with a chronic 
disease. Moving away from a disease-specific focus to a trans-diagnostic approach also supports the complexity 
of multi-morbid chronic disease management, as disease-centered treatments will not fully address the compre-
hensive needs of patients with multiple chronic  diseases41.

The objectives of the present study were: (1) to evaluate the prevalence of severe and chronic fatigue in subjects 
with and without chronic disease; (2) to assess the extent to which multi-morbidity contributes to severe and 
chronic fatigue; and (3) to identify possible predisposing and associated factors for severe and chronic fatigue 
and whether these are disease-specific, trans-diagnostic, or generic.

Methods
Study design and participants. The current study used data from the Lifelines Cohort  Study42,43. Life-
lines is an ongoing multi-disciplinary prospective population-based cohort study examining in a unique three-
generation design the health and health-related behaviours of 167,729 persons living in the North of The Neth-
erlands. It employs a broad range of investigative procedures in assessing the biomedical, socio-demographic, 
behavioural, physical and psychological factors which contribute to the health and disease of the general popu-
lation, with special focus on multi-morbidity and complex genetics. The participants were recruited between 
2006 and 2013, through general practitioners and self-enrollment. Participants who were unable to understand 
the Dutch language, were not able to fill in questionnaires, not able to visit the general practitioner, had severe 
mental illness (i.e. not fully capable to make rational decisions), or who had limited life expectancy (< 5 years) 
due to severe illness were not considered eligible. Every 5 years, participants visit a Lifelines research site for the 
collection of biological materials and a comprehensive physical assessment. In addition, participants are asked 
to fill out an extensive set of questionnaires, including questions on medical history, socioeconomic status, psy-
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chological status, environmental factors, and lifestyle. In-between these 5-year assessments, once every 1.5 years 
a follow-up questionnaire is administered. The Lifelines Cohort Study was conducted according to the principles 
of the Declaration of Helsinki and approved by the Medical Ethics Committee of the University Medical Center 
Groningen, the Netherlands (number 2007/152). No additional ethical approval is needed to request data col-
lected within the regular protocol of Lifelines. All participants signed an informed consent. A detailed descrip-
tion of the Lifelines Cohort Study has been published  elsewhere42–44.

Procedures. The main outcome parameter fatigue as well as the time-dependent associated factors were 
measured at the first follow-up measurement, which was approximately 5 years after the baseline assessment. 
The predisposing factors and the presence of a chronic illness were evaluated at the baseline assessment, assum-
ing that these are time-independent. The associated and predisposing factors were selected based on evidence 
from existing literature, which identified these factors as likely contributors to fatigue in specific chronic dis-
eases. Participants were included in the current study if they had provided information on the main outcome 
parameter fatigue and were 18 years or older.

Measures. Fatigue severity. Fatigue severity was measured using the Checklist Individual Strength (CIS)45. 
The CIS consists of 20 items that measure four aspects of fatigue: fatigue severity, problems with concentrating, 
reduction in motivation, and reduced physical activity level. The current study reports on fatigue severity us-
ing the subscale fatigue severity (CIS-Fatigue). The CIS-Fatigue consists of eight items scored on a seven-point 
Likert scale. The score ranges from 8 to 56, with higher scores indicating more severe fatigue. Severe (i.e. clini-
cally relevant) fatigue is indicated by a CIS-Fatigue score ≥ 35 points, a validated cut-off  score46. Chronic fatigue 
was defined as severe fatigue (CIS-Fatigue score ≥ 35 points) lasting at least 6 months according to self-report. 
Participants who experienced severe fatigue but did not report their fatigue duration were omitted from the 
analyses on chronic fatigue. The CIS is a standardized and validated instrument that has been used in healthy 
 subjects46–48, and among various patient  populations5,17,49,50.

Self‑reported chronic disease(s). Participants were asked to self-report the chronic diseases they have from a 
pre-defined list of 23 chronic medical conditions. The 23 chronic diseases were carefully selected from a broader 
list of chronic diseases by the authors of the current manuscript based on their non-self-limiting nature, the 
association with persistent and recurring health problems, and a duration in months and years, not days and 
 weeks51. The diseases were clustered in 9 classes of chronic somatic conditions: neurological diseases (migraine, 
epilepsy, MS, PD, stroke); liver diseases (hepatitis, liver cirrhosis); blood disease (blood clotting disorder); endo-
crine and metabolic diseases (hypothyroidism or hyperthyroidism, diabetes mellitus type 1 and/or 2); circula-
tory diseases (thrombosis, myocardial infarction, heart valve problems, pulmonary embolism, CHF, balloon 
angioplasty and/or bypass surgery); respiratory disease (chronic inflammation of the throat and/or nasal cav-
ity, COPD); inflammatory bowel disease (ulcerative colitis, Crohn’s disease); rheumatic diseases (osteoarthritis, 
RA); and kidney  disease52.

Possible predisposing factors of fatigue. Sociodemographic factors. Sex and education level were assessed with 
a questionnaire. Education level was divided into low (lower secondary education or less), middle (upper sec-
ondary education), and high education (tertiary education).

Personality traits. Four facets of neuroticism were measured using the Revised NEO Personality Inventory 
(NEO PI-R)53. Facets of neuroticism included in the Lifelines questionnaire were: anger/hostility, self-conscious-
ness, impulsivity, and vulnerability. Each facet is assessed with eight items, scored on a five-point Likert scale that 
ranges from strongly disagree to strongly agree.

Possible associated factors of fatigue. Sociodemographic factors. Self-report questionnaires were used to 
gather data on age, household composition (single person household, a household with two persons with or 
without children, a single parent household, and another composition), partner status (yes/no), number of peo-
ple living in the household, and current employment status (working ≥ 12 h per week or less)54.

Anthropometry. BMI, waist circumference, resting heart rate in beats and blood pressure measurements (dias-
tolic blood pressure (DBP) and systolic blood pressure (SBP)) were assessed by a research assistant using a 
standardized  protocol43.

Lifestyle factors. Lifestyle factors included current smoking status (yes/no) and being involved in leisure-time 
sports activities (yes/no). Sports participation was assessed with the item “sports participation” of the Short 
Questionnaire to Assess Health-enhancing physical activity (SQUASH)55.

Mental health disorders. Depressive disorder (depressive disorder and dysthymic mood) and anxiety disorder 
(panic disorder with and without agoraphobia, agoraphobia without panic disorder, social phobia, and general-
ized anxiety disorder) were assessed using the self-report version of the Mini-International Neuropsychiatric 
Interview (M.I.N.I., version 5.0.0)56.
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Pain. A dichotomous variable (yes/no) was created based on one question (e.g. to what extent did your locomo‑
tor apparatus pain hamper your normal activities in the past 6 months?) indicating whether bodily pain (much or 
very much) hampered individuals in performing their normal  activities44.

Statistical analyses. Statistical analyses were performed using SPSS (V.25.0 for Windows, Chicago, IL, 
USA).

Prevalence. Descriptive statistics and the prevalence rates of fatigue (continuous variable), severe (CIS-Fatigue 
score ≥ 35, dichotomous variable), and chronic (CIS-Fatigue score ≥ 35 lasting ≥ 6 months, dichotomous vari-
able) fatigue for participants with and without a chronic disease were reported as mean and standard deviation, 
median and interquartile range, or frequency and percentage, as appropriate.

Impact of multi‑morbidity on the likelihood of experiencing severe and chronic fatigue. An unadjusted and 
adjusted (corrected for age and  sex57) logistic regression was performed to determine the likelihood that partici-
pants with one to four chronic diseases were severely and chronically fatigued, compared with persons without 
a chronic disease.

Predisposing and associated factors of fatigue. Analyses of variance (ANOVA) were carried out to investigate 
whether the possible predisposing and associated factors of fatigue in chronic disease are disease-specific or 
trans-diagnostic, or generic. The following analyses were performed: (1) a model with only the main effect of 
chronic disease (model A), (2) a model with the main effect of chronic disease and the potentially predisposing 
and associated factors (model B), and (3) a model with the same main effects, but also with the interaction effects 
between chronic disease and the predisposing and associated factors on fatigue severity (model C). Fatigue was 
entered as a continuous variable. In the disease-specific versus trans-diagnostic model the variable “chronic dis-
ease” was entered as a categorical variable with 15 categories (each category reflecting a specific chronic disease 
with no intrinsic order: COPD, blood clotting disorder, stroke, angioplasty and/or bypass surgery, ulcerative 
colitis, thrombosis, heart valve problems, hepatitis, epilepsy, RA, diabetes mellitus type 1 and/or 2, hypothyroid-
ism or hyperthyroidism, chronic inflammation of throat and/or nasal cavity, osteoarthritis, migraine). In the 
trans-diagnostic versus generic model (i.e., also associated with fatigue in subjects without chronic disease) the 
categorical variable “chronic disease” consisted of two categories (coded as: 0 = no chronic disease and 1 = single-
morbidity). Of note, only participants with single-morbidity and chronic diseases reported by ≥ 150 participants 
were included in the ANOVA analyses. MS, PD, liver cirrhosis, Crohn’s disease, CHF, myocardial infarction, 
pulmonary embolism, and kidney disease were therefore excluded as there were less than 150 participants who 
suffered from these diseases. In case of a significant interaction effect, a simple linear regression was performed 
as post-hoc test to analyze the effect of the possible predisposing and associated variable on the fatigue severity 
for a specific chronic disease (the disease-specific versus trans-diagnostic model) or for subjects with and with-
out a chronic disease in general (the trans-diagnostic versus generic model).

In addition, to explore the relation between the factors and clinically relevant levels of fatigue (severe and 
chronic fatigue) logistic regression analyses were performed. The logistic regression analyses did not include 
interaction effects. For the logistic regression models and ANOVA, the predisposing and associated variables 
were checked for multicollinearity by inspecting the correlation coefficients. Waist circumference and SBP were 
left out of the analysis since they highly correlated (r > 0.7, p < 0.05) with BMI (r = 0.83) and DBP (r = 0.72). The 
level of significance was set at < 0.05.

Results
Between 2006 and 2013, 167,729 subjects were registered in the Lifelines Cohort Study, of whom 78,363 provided 
information on fatigue during the first follow-up measurement. Of note, 354 participants with a chronic disease 
and 314 without a chronic disease who experienced severe fatigue did not report their fatigue duration and were 
therefore omitted from the analyses on chronic fatigue. Forty percent of the total sample (n = 31,039) reported one 
or more of the 23 chronic diseases. Participants with one or more chronic diseases were on average 5 years older, 
more often female, less often completed tertiary education, less often currently employed, lived together with 
fewer people, had a higher BMI, a slightly higher resting heart rate, higher SBP, and a larger waist circumference. 
Moreover, participants with a chronic disease were less often involved in leisure-time sports activities, more often 
depressed and anxious, experienced substantially more bodily pain that hampers in performing activities, and 
scored higher on the neuroticism facets of anger/hostility, self-consciousness, impulsivity, and vulnerability. The 
proportion of participants that was smoking was higher in the group without chronic disease. The groups were 
comparable in terms of diastolic blood pressure and having a partner (Table 1). Of the 31,039 participants with 
one or more chronic diseases, the majority (72%, n = 22,293) had single-morbidity. See Supplemental Fig. 1 for 
the prevalence of chronic diseases in the sample.

Prevalence of severe and chronic fatigue in the general population: with and without chronic 
disease. Of the 78,363 participants 18% experienced severe fatigue and 13% experienced chronic fatigue. 
Overall, participants with one or more chronic diseases had a higher mean CIS-Fatigue score (24.8 ± 12.2 versus 
21.4 ± 11.1 points, p < 0.001) and more often reported severe (23% versus 15%, p < 0.001) and chronic (17% ver-
sus 10%, p < 0.001) fatigue, compared to participants without a chronic disease (Fig. 1).
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Difference in prevalence rate of severe and chronic fatigue among chronic diseases. Differen-
tiating between the 23 included chronic diseases, prevalence rates ranged from 27 to 55% for severe fatigue and 
from 22 to 53% for chronic fatigue (Fig. 2). The 95% confidence intervals (95% CI’s) around the mean prevalence 
of severe and chronic fatigue of the included diseases generally overlap, except for MS which was significantly 
different from the other besides PD and liver disease. Table 2 describes the prevalence rates of severe and chronic 
fatigue among the classes of chronic medical conditions (Table 2).

Impact of multi‑morbidity on severe and chronic fatigue compared to participants without a 
chronic disease. The adjusted odds ratio [95% CI] of having severe fatigue was 1.6 [1.5–1.7], 2.6 [2.5–2.8], 
3.8 [3.4–4.3], and 5.5 [4.5–6.7] for one, two, three, and four chronic diseases compared to having no chronic 
disease, respectively (Fig.  3). Similar results were found for chronic fatigue (1.5 [1.5–1.6], 2.3 [2.2–2.5], 3.2 
[2.8–3.6], and 4.9 [3.9–6.1] for one, two, three, and four chronic diseases respectively, see Online Supplemental 
Fig. 2). Note that the 95%CI intervals did not overlap, showing that the likelihood of having severe and chronic 
fatigue significantly increased with having multiple chronic diseases.

The disease‑specific or trans‑diagnostic relationship between fatigue severity and the predis‑
posing and associated factors. The trans-diagnostic versus generic ANOVA model resulted in a statisti-
cally significant main effect of the presence of chronic disease, F(1, 69,007) = 691.306, p < 0.001 (model A, Online 
Supplemental Table 1). Adding the possible predisposing and associated variables, chronic disease remained a 

Table 1.  Baseline characteristics of participants with and without a chronic disease (n = 78,363). n number; SD 
standard deviation, IQR interquartile range, BMI body mass index.

No chronic illness (n = 47,324) Chronic illness (n = 31,039)

Predisposing factors

Sociodemographic factors

Male, n (%) 21,965 (46.4) 10,129 (32.6)

Education, n (%)

 Low 6607 (14.2) 5609 (18.6)

 Middle 24,646 (53.1) 16,521 (54.7)

 High 15,134 (32.6) 8090 (26.8)

Personality traits

Neuroticism facets of anger/hostility, self-consciousness, impulsivity, and 
vulnerability, mean ± SD 19.5 ± 3.1 20.0 ± 3.2

Associated factors

Sociodemographic factors

Age,  mean ± SD 48.2 ± 12.3 53.2 ± 12.2

Household composition, n (%)

 Single person household 4471 (10.9) 3383 (12.8)

 Couple household without children 13,785 (33.5) 11,095 (42.0)

 Couple household with children 20,156 (49.0) 10,453 (39.6)

 Single parent 1349 (3.3) 965 (3.7)

 Other 1374 (3.3) 502 (1.9)

Partner, n (%) 35,936 (82.9) 23,572 (82.6)

Currently employed (≥ 12 h/week), n (%) 32,315 (74.9) 16,817 (59.3)

Nr. of people living in the house (median (IQR)) 3 (2–4) 2 (2–4)

Anthropometry

BMI, mean ± SD 25.8 ± 4.0 26.6 ± 4.6

Waist circumference, mean ± SD 89.6 ± 12.1 91.5 ± 12.9

Diastolic blood pressure, mean ± SD 74.2 ± 9.5 74.2 ± 9.4

Systolic blood pressure, mean ± SD 128.1 ± 16.1 130.1 ± 16.8

Resting heart rate, mean ± SD 68.4 ± 11.1 69.5 ± 11.2

Lifestyle

Currently smoking, n (%) 7703 (16.3) 4608 (14.9)

Currently engaged in leisure-time sports activities, n (%) 24,317 (56.0) 14,256 (49.8)

Mental health

Current depressive disorder, n (%) 1245 (3.2) 1291 (5.2)

Current anxiety disorder, n (%) 2652 (6.9) 2425 (9.8)

Pain

Bodily pain that hampers in performing normal activities, n (%) 1307 (2.8) 1915 (6.2)
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statistically significant predictor of fatigue severity F(1, 44,451) = 315.533, p < 0.001, though the F value decreased 
(model B, Online Supplemental Table 1). Similar results were found for the specific type of chronic disease (F(14, 
21,670) = 10.660, p < 0.001 and F(14, 13,526) = 2.567, p = 0.001, respectively) (Table 3, model A and B).

The following factors did not show a significant interaction effect with the type of chronic disease, but did 
have a significant main effect on fatigue severity (model B, Table 3): female gender, lower education level, living 
in a single parent household, current smoker, bodily pain that hampers in performing activities, no leisure-time 
sports activities, younger age, higher BMI, increased resting heart rate, and having higher scores on the neuroti-
cism domain (similar results were found for the separate facets of anger/hostility, self-consciousness, impulsivity, 

Current sample
n = 78363

No severe fa�gue
n = 23868 (76.9%)

Severe fa�gue
n = 7171 (23.1%)

No severe fa�gue
n = 40448 (85.5%)

Severe fa�gue
n = 6876 (14.5%)

Chronic fa�gue
n = 5275 (77.4%)

9.8% of pa�ents without a 
chronic disease experience 

chronic fa�gue

No chronic disease
n = 47324 (60.4%)

Chronic disease
n = 31039 (39.6%)

Lifelines sample
n = 167729

No fa�gue data available
n = 89366

17.0% of pa�ents with a 
chronic disease experience 

chronic fa�gue

No chronic fa�gue
n = 1542 (22.6%)

Chronic fa�gue
n = 4616 (70.3%)

No chronic fa�gue
n = 1946 (29.7%)

Fa�gue dura�on missing
Excluded n=314

Fa�gue dura�on missing
Excluded n=354

Figure 1.  Prevalence of severe and chronic fatigue in participants with and without a chronic disease. Of note, 
participants with severe fatigue who did not report their fatigue duration were omitted from the analyses on 
chronic fatigue, hence the smaller sample size of chronic fatigue versus severe fatigue.

Figure 2.  Prevalence and 95% Confidence Intervals of severe and chronic fatigue across 23 chronic diseases 
and in subjects without a chronic disease. Of note: (1) subjects that did not report their fatigue duration were 
omitted from the calculation of chronic fatigue, (2) the bars represent participants with multi-morbidity, hence 
subjects can be represented multiple times in the analyses. COPD chronic obstructive pulmonary disease.
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and vulnerability, data not shown). The main effects of the type of chronic disease and the possible predisposing 
and associated factors explained 26% (adjusted  R2) of the variance in fatigue (model B, Table 3).

Statistically significant interaction effects were found between chronic disease and the presence of a depres-
sive- or anxiety disorder (p < 0.05, model C, Table 3), implying that the relationship between the presence of a 
depressive- or anxiety disorder and fatigue severity was influenced by the type of chronic disease. In specific, 
the linear regression analyses indicated that having a depression was associated with more severe fatigue for all 
included chronic diseases, though the size of the standardized coefficient differed between the chronic diseases 
(from β = 0.19 in participants with blood clotting disorder to β = 0.43 in participants with heart valve problems). 
Having an anxiety disorder was associated with increased fatigue severity for all chronic diseases except for blood 
clotting disorder and stroke (Online Supplemental Table 2).

The trans‑diagnostic or generic relationship between fatigue severity and the predisposing 
and associated factors. The trans-diagnostic versus generic ANOVA model indicated that none of the 
factors, apart from being currently employed and not being involved in leisure time sports activities, showed sig-
nificant interaction effects with chronic disease (model C, Online Supplemental Table 1). This suggests that these 
factors are generic predisposing and associated factors of fatigue both in participants with and without a chronic 
disease. A post-hoc analysis, comparing the prevalence of the predisposing and associated factors between par-
ticipants with and without a chronic disease, showed that all the generic factors that were associated with fatigue 
were significantly more often present or more pronounced in participants with chronic disease(s) (Table 1).

Predisposing and associated factors of clinically relevant levels of severe and chronic fatigue 
in participants with single‑ and multi‑morbidity. In addition, logistic regression analyses were per-
formed to investigate whether the predisposing and associated factors were related to clinically relevant levels of 
fatigue (e.g. severe and chronic fatigue) in participants with single- and multi-morbidity (Online Supplemental 

Table 2.  Prevalence of severe and chronic fatigue in classes of chronic medical conditions and no chronic 
disease. *The classes of chronic medical conditions represent participants with multi-morbidity, hence subjects 
can be presented multiple times in the analyses.

n
Severe fatigue
n(%)

Chronic fatigue
n(%)

Neurological diseases

Including migraine 15,505 3882 (25.0) 2855 (18.4)

Excluding migraine 1672 482 (28.8) 369 (22.1)

Respiratory diseases 7652 2097 (27.4) 1574 (20.6)

Rheumatic diseases 7526 1765 (23.5) 1327 (17.6)

Endocrine and metabolic diseases 4142 1086 (26.2) 808 (19.5)

Circulatory diseases 3358 756 (22.5) 553 (16.5)

Liver diseases 873 185 (21.2) 138 (15.8)

Inflammatory bowel diseases 676 185 (27.4) 143 (21.2)

Blood diseases 442 98 (22.2) 76 (17.2)

Kidney disease 144 45 (31.3) 32 (22.2)

No chronic disease 47,324 6876 (14.5) 4616 (9.8)

Figure 3.  Unadjusted and adjusted odds ratios and 95% CI of experiencing severe fatigue for participants 
with one to four chronic diseases compared to participants without a chronic disease. Reference = participants 
without a chronic disease. Adjusted odds ratio corrected for age and sex.



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:20977  | https://doi.org/10.1038/s41598-021-00337-z

www.nature.com/scientificreports/

Table 3). Similar factors as in the ANOVA models (Table 3) were found to increase the likelihood of experi-
encing severe fatigue. Yet, smoking status was not significantly associated with severe fatigue, whereas being 
unemployed and having a lower DBP were. In addition, an inverse association compared to the ANOVA model 
was found for education level (e.g. the likelihood for experiencing severe fatigue was significantly increased for 
higher instead of lower educated people) (model A, Online Supplemental Table 3). Similar results were found 
for the likelihood of being chronically fatigued (model B, Online Supplemental Table 3), though being a female 
and being a single parent were not significantly associated with chronic fatigue.

Discussion
The present study is to the best of our knowledge the first to report prevalence rates of severe and chronic 
fatigue in a population-based cohort among a wide range of conditions using a validated fatigue questionnaire. 
The results showed that severe and chronic fatigue are common in chronic disease. The prevalence of severe 
and chronic fatigue was significantly higher in participants with chronic disease compared to healthy subjects. 

Table 3.  The disease-specific or trans-diagnostic relationship between fatigue severity and the predisposing 
and associated factors. no. number, df degrees of freedom, BMI body mass index *The factor ‘specific chronic 
disease’ reflects the participants with single-morbidity, entered as a categorical variable with 15 categories 
(each category reflecting a specific chronic disease with no intrinsic order). Model A: explores the impact of 
the main effect of ‘specific chronic disease’ on fatigue severity. Model B: investigates the main effects of ‘specific 
chronic disease’ and the predisposing and associated factors (predictors) on fatigue severity. Model C: studies 
the impact of the main effects plus the interaction effect between ‘specific chronic disease’ and the predisposing 
and associated factors on fatigue severity.

Disease-specific versus trans-diagnostic model

Model A Model B Model C

F(df) p value F(df) p value F(df) p value

Specific chronic disease* 10.660 (14)  < 0.001 2.567 (14) 0.001 0.814 (14) 0.655

Sex 7.539 (1) 0.006 0.909 (1) 0.340

Education level 34.694 (2)  < 0.001 3.267 (2) 0.038

Household composition 7.286 (4)  < 0.001 0.330 (4) 0.858

Partner 0.964 (1) 0.326 1.986 (1) 0.159

Work situation 2.182 (1) 0.140 3.514 (1) 0.061

Smoking 5.228 (1) 0.022 0.266 (1) 0.606

Depressive disorder 324.275 (1)  < 0.001 64.908 (1)  < 0.001

Anxiety disorder 434.870 (1)  < 0.001 53.645 (1)  < 0.001

Bodily pain that hampers in performing activities 394.341 (1)  < 0.001 66.264 (1)  < 0.001

Leisure-time sports activities 302.561 (1)  < 0.001 64.434 (1)  < 0.001

Age 225.963 (1)  < 0.001 46.319 (1)  < 0.001

BMI 108.504 (1)  < 0.001 15.192 (1)  < 0.001

Diastolic blood pressure 2.607 (1) 0.106 2.446 (1) 0.118

Resting heart rate 22.245 (1)  < 0.001 20.845 (1)  < 0.001

Neuroticism facets of anger/hostility, self-consciousness, 
impulsivity, and vulnerability 865.091 (1)  < 0.001 148.417 (1)  < 0.001

No. of people in household 1.486 (1) 0.223 1.725 (1) 0.189

Disease × sex 0.923 (14) 0.532

Disease × education level 1.049 (28) 0.395

Disease × household composition 0.935 (54) 0.610

Disease × partner 0.950 (13) 0.499

Disease × work situation 1.351 (14) 0.168

Disease × smoking 1.343 (14) 0.173

Disease x depressive disorder 1.834 (14) 0.029

Disease x anxiety disorder 1.785 (14) 0.035

Disease × bodily pain that hampers in performing activities 1.015 (14) 0.435

Disease × leisure-time sports activities 0.362 (14) 0.985

Disease × age 1.087 (14) 0.364

Disease × BMI 1.060 (14) 0.390

Disease × diastolic blood pressure 1.364 (14) 0.162

Disease × resting heart rate 1.505 (14) 0.100

Disease × neuroticism facets of anger/hostility, self-conscious-
ness, impulsivity, and vulnerability 0.741 (14) 0.734

Disease × No. of people in household 0.506 (14) 0.931



9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:20977  | https://doi.org/10.1038/s41598-021-00337-z

www.nature.com/scientificreports/

Moreover, direct comparison of prevalence rates of fatigue between chronic diseases showed remarkably similar 
prevalence rates of severe and chronic fatigue across chronic diseases, except for MS which was significantly 
higher from the other diseases besides PD and liver disease. The current study furthermore shows the impact of 
multi-morbidity on severe and chronic fatigue. With each additional chronic disease, the likelihood of having 
severe and chronic fatigue was found to increase significantly. This finding warrants the attention of healthcare 
professionals and policy makers, as the proportion of patients living with multiple chronic conditions rises due 
to the ageing  population11,12.

The current study confirms that chronic disease is associated with more severe and chronic fatigue. However, 
most participants with a chronic disease do not experience severe or chronic fatigue. We identified several factors 
associated with fatigue severity in chronic disease: female gender, younger age, having a lower education level, liv-
ing in a single parent household, having higher scores on neuroticism facets of anger/hostility, self-consciousness, 
impulsivity, and vulnerability, being a current smoker, having a higher BMI, increased resting heart rate, bodily 
pain that hampers in performing activities, and not being involved in leisure-time sports activities. Having a 
depressive disorder was also found to be associated with more severe fatigue in chronic disease, though the 
strength of the standardized coefficient differed among chronic diseases. This finding is in line with that of a 
previous study that found the same link between several factors associated with fatigue in chronic disease, albeit 
with a different  strength16. Anxiety disorder was associated with fatigue severity in all chronic diseases, except 
in blood clotting disorder and stroke. In contrast, previous studies performed in post stroke patients indicated 
that anxiety is a common symptom, which is associated with  fatigue58,59. The differences to the current findings 
may be attributed to the smaller sample sizes of these patient groups.

To date, the abovementioned predisposing and associated factors have often been studied in a disease-specific 
 context6,21–32,37–39,60–62. Thus far, only one study investigated whether fatigue is a disease-specific or trans-diagnos-
tic symptom in chronic  disease16. In that study, female gender, younger age, pain and reduced physical activity 
were trans-diagnostically associated with fatigue severity. Reduced motivational and concentration problems, 
sleep disturbances, lower levels of physical functioning and lower self-efficacy concerning fatigue, which have 
not been evaluated in the current study, were also associated with fatigue severity across diseases. However, to 
the best of our knowledge the current study is the first to indicate that the predisposing and associated factors 
of fatigue are not only trans-diagnostic, but also generic. With the exception of employment status and being 
involved in sports activities, all factors were associated with fatigue in participants with a chronic disease and in 
healthy subjects to the same extent. Nevertheless, even though the predisposing and associated factors seem to be 
generic, the observation that the identified factors were more pronounced or more prevalent in chronic disease 
might partly explain the higher prevalence of fatigue in subjects with a chronic disease. Moving away from a 
disease-specific to a trans-diagnostic, or even generic focus on fatigue may help to accelerate the development 
of interventions for fatigue to improve daily functioning of patients with a chronic disease. That is, findings from 
fatigue research in one chronic disease can be generalized to other chronic diseases. Moreover, a trans-diagnostic 
approach also supports the complexity of multi-morbid chronic disease management, as disease-centered treat-
ments will not fully address the comprehensive needs of patients with multiple chronic diseases. To date, the 
effectiveness of cognitive behavioral therapy and exercise therapy in reducing fatigue has been demonstrated in 
specific chronic diseases such as RA, T1DM, MS, COPD, and end-stage renal  disease63–68. These interventions 
target factors such as physical activity which has been found to be a trans-diagnostic factor for fatigue and may, 
therefore, be effective for multiple chronic diseases (i.e. trans-diagnostic disease management).

Several limitations have to be considered when interpreting the results. First, the assessment of chronic disease 
was based on self-report which may be unreliable. Second, participants with a chronic disease are perhaps less 
likely to participate in studies such as Lifelines, which might have led to an underrepresentation of participants 
with a chronic disease, and therefore severe and chronic fatigue. Also, the exclusion of participants with low life 
expectancy might have biased the results. However, significant bias seems unlikely, as the prevalence rates of the 
chronic diseases in our study are comparable to those in the Dutch general population (Statistics Netherlands, 
CBS). Nevertheless, an underrepresentation of chronic diseases may also be true for general population statis-
tics, as this is likewise based on self-report. Third, the development of new chronic diseases was re-evaluated 
during the first follow-up measurement. Nevertheless, not in the same manner as during baseline. Therefore, it 
was decided to only use the baseline information on chronic disease. Hence, no information was available about 
the development of new chronic diseases in the years between this assessment and the evaluation of fatigue. 
Also, the list of chronic diseases may not be comprehensive, as the chronicity of certain diseases (e.g., asthma) 
could not be determined. In addition, the measurement of fatigue may be subject to recall bias as it is does not 
capture diurnal variations of fatigue and is not measured in real time. Fourth, participants who were unable to 
understand the Dutch language were not considered eligible, which might have led to an underrepresentation of 
certain ethnicity groups. Fifth, the time-independent predisposing factors were not corrected for baseline fatigue, 
as these data were not available. It should be noted that no firm conclusions can be drawn on the direction of the 
association between the associated factors and fatigue. A cohort study design in which patients free of fatigue are 
followed over time, would provide us with in-depth information about the direction of the causality and would 
account for the non-response bias of patients with more profound fatigue or chronic diseases. Sixth, one should 
keep in mind that the current study only took a limited number of predisposing and associated factors of fatigue 
into account which explained 26% of the variance in fatigue. Future studies are needed to further unravel the 
underlying factors of fatigue in chronic disease that possibly can be addressed in interventions, thereby evaluating 
biological mechanisms like alterations in the hypothalamic–pituitary–adrenal (HPA) axis, autonomic nervous 
system, or inflammatory  markers69. Then again, it should be evaluated whether these biological mechanisms are 
disease-specific, trans-diagnostic, or generic. Moreover, factors such as fatigue related  beliefs20 which have been 
reported to be associated with fatigue in chronic disease should be considered.
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In conclusion, the high prevalence rates of severe and chronic fatigue in chronic disease emphasize the clinical 
relevance of assessing fatigue in patients with a chronic disease. Screening for fatigue is of particular importance 
in patients with multi-morbidity, as the results of the current study indicate that the severity of fatigue increases 
in patients with multiple chronic diseases. Moreover, it appears that the predisposing and associated factors of 
fatigue are likely to be trans-diagnostic or even (mostly) generic for the general population. Several, predisposing 
and associated factors were identified. This provides direction to the development of trans-diagnostic interven-
tions for fatigue and has also clinical implications for multi-morbid chronic disease management. Future studies 
are needed to further examine the underlying factors of fatigue in chronic disease and evaluate trans-diagnostic 
interventions in randomized clinical trials in samples with patients with different chronic diseases.

 Data availability
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to the Dutch Lifelines data is available at https:// www. lifel ines. nl/ resea rcher/ how- to- apply.

Received: 7 May 2021; Accepted: 7 October 2021

References
 1. Ream, E. & Richardson, A. Fatigue in patients with cancer and chronic obstructive airways disease: A phenomenological enquiry. 

Int. J. Nurs. Stud. 34(1), 44–53 (1997).
 2. Korenromp, I. H., Meeus, M. & Bleijenberg, G. Dutch language area definition of chronic fatigue. Ned. Tijdschr. Geneeskd. 156(16), 

A4403 (2012).
 3. Alves, G., Wentzel-Larsen, T. & Larsen, J. P. Is fatigue an independent and persistent symptom in patients with Parkinson disease?. 

Neurology 63(10), 1908–1911 (2004).
 4. Evangelista, L. S. et al. Correlates of fatigue in patients with heart failure. Prog. Cardiovasc. Nurs. 23(1), 12–17 (2008).
 5. Goertz, Y. M. J. et al. Fatigue is highly prevalent in patients with COPD and correlates poorly with the degree of airflow limitation. 

Therap. Adv. Respir. Dis. 13, 1753466619878128 (2019).
 6. Goedendorp, M. M. et al. Chronic fatigue in type 1 diabetes: Highly prevalent but not explained by hyperglycemia or glucose 

variability. Diabetes Care 37(1), 73–80 (2014).
 7. van Hoogmoed, D., Fransen, J., Bleijenberg, G. & van Riel, P. Physical and psychosocial correlates of severe fatigue in rheumatoid 

arthritis. Rheumatology (Oxford) 49(7), 1294–1302 (2010).
 8. Jelsness-Jørgensen, L. P., Bernklev, T., Henriksen, M., Torp, R. & Moum, B. A. Chronic fatigue is more prevalent in patients with 

inflammatory bowel disease than in healthy controls. Inflamm. Bowel Dis. 17(7), 1564–1572 (2011).
 9. Jaime-Lara, R. B., Koons, B. C., Matura, L. A., Hodgson, N. A. & Riegel, B. A qualitative metasynthesis of the experience of fatigue 

across five chronic conditions. J Pain Sympt. Manage. 2, 25 (2019).
 10. Gelauff, J. M. et al. Fatigue, not self-rated motor symptom severity, affects quality of life in functional motor disorders. J. Neurol. 

265(8), 1803–1809 (2018).
 11. Marengoni, A., Rizzuto, D., Wang, H. X., Winblad, B. & Fratiglioni, L. Patterns of chronic multimorbidity in the elderly population. 

J. Am. Geriatr. Soc. 57(2), 225–230 (2009).
 12. Pefoyo, A. J. et al. The increasing burden and complexity of multimorbidity. BMC Public Health 15, 415 (2015).
 13. Belza, B. L. Comparison of self-reported fatigue in rheumatoid arthritis and controls. J. Rheumatol. 22(4), 639–643 (1995).
 14. Krupp, L. B., Alvarez, L. A., LaRocca, N. G. & Scheinberg, L. C. Fatigue in multiple sclerosis. Arch. Neurol. 45(4), 435–437 (1988).
 15. Franssen, P. M., Bultmann, U., Kant, I. & van Amelsvoort, L. G. The association between chronic diseases and fatigue in the work-

ing population. J. Psychosom. Res. 54(4), 339–344 (2003).
 16. Menting, J. et al. Is fatigue a disease-specific or generic symptom in chronic medical conditions?. Health Psychol. 37(6), 530–543 

(2018).
 17. Van Herck, M. et al. Fatigue is highly prevalent in patients with asthma and contributes to the burden of disease. J. Clin. Med. 7, 

12 (2018).
 18. Krupp, L. B., LaRocca, N. G., Muir, J. & Steinberg, A. D. A study of fatigue in systemic lupus erythematosus. J. Rheumatol. 17(11), 

1450–1452 (1990).
 19. Huyser, B. A. et al. Predictors of subjective fatigue among individuals with rheumatoid arthritis. Arthritis Rheum. 41(12), 2230–2237 

(1998).
 20. Bloem, A. E. M. et al. Severe fatigue is highly prevalent in patients with IPF or sarcoidosis. J. Clin. Med. 9, 4 (2020).
 21. Mollaoglu, M. & Ustun, E. Fatigue in multiple sclerosis patients. J. Clin. Nurs. 18(9), 1231–1238 (2009).
 22. Lerdal, A., Celius, E. G. & Moum, T. Fatigue and its association with sociodemographic variables among multiple sclerosis patients. 

Multiple Scler. (Houndmills, Basingstoke, England). 9(5), 509–514 (2003).
 23. Mollaoglu, M. Fatigue in people undergoing hemodialysis. Dialysis Transplant. 38(6), 216–220 (2009).
 24. Merkelbach, S., Konig, J. & Sittinger, H. Personality traits in multiple sclerosis (MS) patients with and without fatigue experience. 

Acta Neurol. Scand. 107(3), 195–201 (2003).
 25. Penner, I. K. et al. Fatigue in multiple sclerosis: Relation to depression, physical impairment, personality and action control. Multiple 

Scler. (Houndmills, Basingstoke, England). 13(9), 1161–1167 (2007).
 26. Schreiber, H., Lang, M., Kiltz, K. & Lang, C. Is personality profile a relevant determinant of fatigue in multiple sclerosis?. Front. 

Neurol. 6, 2 (2015).
 27. Falk, K., Patel, H., Swedberg, K. & Ekman, I. Fatigue in patients with chronic heart failure—a burden associated with emotional 

and symptom distress. Eur. J. Cardiovas. Nurs. 8(2), 91–96 (2009).
 28. Jump, R. L. et al. Fatigue in systemic lupus erythematosus: Contributions of disease activity, pain, depression, and perceived social 

support. J. Rheumatol. 32(9), 1699–1705 (2005).
 29. Kroencke, D. C., Lynch, S. G. & Denney, D. R. Fatigue in multiple sclerosis: Relationship to depression, disability, and disease 

pattern. Multiple Scler. (Houndmills, Basingstoke, Engl.) 6(2), 131–136 (2000).
 30. Kentson, M. et al. Factors associated with experience of fatigue, and functional limitations due to fatigue in patients with stable 

COPD. Ther. Adv. Respir. Dis. 10(5), 410–424 (2016).
 31. Andersson, M., Stridsman, C., Ronmark, E., Lindberg, A. & Emtner, M. Physical activity and fatigue in chronic obstructive pul-

monary disease—a population based study. Respir. Med. 109(8), 1048–1057 (2015).
 32. Da Costa, D. et al. Dimensions of fatigue in systemic lupus erythematosus: Relationship to disease status and behavioral and 

psychosocial factors. J. Rheumatol. 33(7), 1282–1288 (2006).
 33. O’Sullivan, D. & McCarthy, G. An exploration of the relationship between fatigue and physical functioning in patients with end 

stage renal disease receiving haemodialysis. J. Clin. Nurs. 16(11c), 276–284 (2007).

https://www.lifelines.nl/researcher/how-to-apply


11

Vol.:(0123456789)

Scientific Reports |        (2021) 11:20977  | https://doi.org/10.1038/s41598-021-00337-z

www.nature.com/scientificreports/

 34. Williams, B. A. The clinical epidemiology of fatigue in newly diagnosed heart failure. BMC Cardiovasc. Disord. 17(1), 122 (2017).
 35. Erickson, S. R., Williams, B. C. & Gruppen, L. D. Perceived symptoms and health-related quality of life reported by uncomplicated 

hypertensive patients compared to normal controls. J. Hum. Hypertens. 15(8), 539–548 (2001).
 36. Harbison, J. A., Walsh, S. & Kenny, R. A. Hypertension and daytime hypotension found on ambulatory blood pressure is associated 

with fatigue following stroke and TIA. QJM Mon. J. Assoc. Physicians 102(2), 109–115 (2009).
 37. Belza, B. L., Henke, C. J., Yelin, E. H., Epstein, W. V. & Gilliss, C. L. Correlates of fatigue in older adults with rheumatoid arthritis. 

Nurs. Res. 42(2), 93–99 (1993).
 38. Wolfe, F., Hawley, D. J. & Wilson, K. The prevalence and meaning of fatigue in rheumatic disease. J. Rheumatol. 23(8), 1407–1417 

(1996).
 39. Kahraman, T., Ozdogar, A. T., Abasiyanik, Z. & Ozakbas, S. Associations between smoking and walking, fatigue, depression, and 

health-related quality of life in persons with multiple sclerosis. Acta Neurol. Belg. 20, 20 (2020).
 40. Stridsman, C., Mullerova, H., Skar, L. & Lindberg, A. Fatigue in COPD and the impact of respiratory symptoms and heart disease—a 

population-based study. COPD 10(2), 125–132 (2013).
 41. Hopman, P., Schellevis, F. G. & Rijken, M. Health-related needs of people with multiple chronic diseases: Differences and underly-

ing factors. Quali. Life Res. 25(3), 651–660 (2016).
 42. Stolk, R. P. et al. Universal risk factors for multifactorial diseases: LifeLines: A three-generation population-based study. Eur. J. 

Epidemiol. 23(1), 67–74 (2008).
 43. Scholtens, S. et al. Cohort Profile: LifeLines, a three-generation cohort study and biobank. Int. J. Epidemiol. 44(4), 1172–1180 

(2015).
 44. Klijs, B. et al. Representativeness of the LifeLines Cohort Study. PloS One 10(9), e0137203 (2015).
 45. Vercoulen, J. H. et al. Dimensional assessment of chronic fatigue syndrome. J. Psychosom. Res. 38(5), 383–392 (1994).
 46. Worm-Smeitink, M. et al. The assessment of fatigue: Psychometric qualities and norms for the Checklist individual strength. J. 

Psychosom. Res. 98, 40–46 (2017).
 47. Beurskens, A. J. et al. Fatigue among working people: Validity of a questionnaire measure. Occup. Environ. Med. 57(5), 353–357 

(2000).
 48. Bultmann, U. et al. Measurement of prolonged fatigue in the working population: Determination of a cutoff point for the checklist 

individual strength. J. Occup. Health Psychol. 5(4), 411–416 (2000).
 49. Peters, J. B. et al. Course of normal and abnormal fatigue in patients with chronic obstructive pulmonary disease, and its relation-

ship with domains of health status. Patient Educ. Couns. 85(2), 281–285 (2011).
 50. Repping-Wuts, H., Fransen, J., van Achterberg, T., Bleijenberg, G. & van Riel, P. Persistent severe fatigue in patients with rheumatoid 

arthritis. J. Clin. Nurs. 16(11c), 377–383 (2007).
 51. Goodman, R. A., Posner, S. F., Huang, E. S., Parekh, A. K. & Koh, H. K. Defining and measuring chronic conditions: Imperatives 

for research, policy, program, and practice. Prev. Chronic Dis. 10, E66 (2013).
 52. Janssen, D. J. A. et al. Clustering of 27,525,663 death records from the United States based on health conditions associated with 

death: An example of big health data exploration. J. Clin. Med. 8, 7 (2019).
 53. Costa, P. & McCrae, R. Revised NEO Personality Inventory (NEO PI-R) and the Five Factor Inventory (NEO-FFI): Professional 

manual. FL: Odessa; 1992.
 54. Netherlands, S. International definition of unemployment. https:// www. cbs. nl/ en- gb/ news/ 2007/ 29/ dutch- unemp loyme nt- rate- 

lowest- in- eu/ inter natio nal- defin ition- of- unemp loyme nt.
 55. Wendel-Vos, G. C., Schuit, A. J., Saris, W. H. & Kromhout, D. Reproducibility and relative validity of the short questionnaire to 

assess health-enhancing physical activity. J. Clin. Epidemiol. 56(12), 1163–1169 (2003).
 56. Sheehan, D. V. et al. The Mini-International Neuropsychiatric Interview (MINI): The development and validation of a structured 

diagnostic psychiatric interview for DSM-IV and ICD-10. J. Clin. Psychiatry 59, 22–33 (1998).
 57. Abad-Díez, J. M. et al. Age and gender differences in the prevalence and patterns of multimorbidity in the older population. BMC 

Geriatr. 14, 75 (2014).
 58. Galligan, N. G., Hevey, D., Coen, R. F. & Harbison, J. A. Clarifying the associations between anxiety, depression and fatigue fol-

lowing stroke. J. Health Psychol. 21(12), 2863–2871 (2016).
 59. Delva, I., Lytvynenko, N. & Delva, M. Factors associated with post-stroke fatigue within the first 3 month after stroke. Georgian 

Med. News 267, 38–42 (2017).
 60. Warren, R. E., Deary, I. J. & Frier, B. M. The symptoms of hyperglycaemia in people with insulin-treated diabetes: Classification 

using principal components analysis. Diabetes Metab. Res. Rev. 19(5), 408–414 (2003).
 61. Tang, W. R., Yu, C. Y. & Yeh, S. J. Fatigue and its related factors in patients with chronic heart failure. J. Clin. Nurs. 19(1–2), 69–78 

(2010).
 62. Liu, H. E. Fatigue and associated factors in hemodialysis patients in Taiwan. Res. Nurs. Health 29(1), 40–50 (2006).
 63. Li, L. S. K., Butler, S., Goldstein, R. & Brooks, D. Comparing the impact of different exercise interventions on fatigue in individuals 

with COPD: A systematic review and meta-analysis. Chron. Respir. Dis. 16, 1479973119894855 (2019).
 64. Asano, M. & Finlayson, M. L. Meta-analysis of three different types of fatigue management interventions for people with multiple 

sclerosis: Exercise, education, and medication. Multiple Scler. Int. 2014, 798285 (2014).
 65. Zhao, Q. G. et al. Exercise interventions on patients with end-stage renal disease: A systematic review. Clin. Rehabil. 33(2), 147–156 

(2019).
 66. Heine, M., van de Port, I., Rietberg, M. B., van Wegen, E. E. & Kwakkel, G. Exercise therapy for fatigue in multiple sclerosis. 

Cochrane Database Syst. Rev. 9, Cd009956 (2015).
 67. Prothero, L., Barley, E., Galloway, J., Georgopoulou, S. & Sturt, J. The evidence base for psychological interventions for rheumatoid 

arthritis: A systematic review of reviews. Int. J. Nurs. Stud. 82, 20–29 (2018).
 68. Menting, J. et al. Web-based cognitive behavioural therapy blended with face-to-face sessions for chronic fatigue in type 1 diabetes: 

A multicentre randomised controlled trial. Lancet Diabetes Endocrinol. 5(6), 448–456 (2017).
 69. Matura, L. A., Malone, S., Jaime-Lara, R. & Riegel, B. A Systematic review of biological mechanisms of fatigue in chronic illness. 

Biol. Res. Nurs. 20(4), 410–421 (2018).

Author contributions
A.M.J.B., H.K., J.G.M.R. formulated the research questions and applied for the use of Lifelines data. Y.M.J.G., 
A.M.J.B. and H.K. had full access to all the data in the study and take responsibility for the integrity of the data 
and the accuracy of the data analyses. Y.M.J.G., A.M.J.B., D.A.J., M.A.S., H.K. interpreted the findings and drafted 
the manuscript. F.L., J.W.R.T. assisted in the statistical interpretation of the data. All authors critically revised 
and reviewed the manuscript. The corresponding author attests that all listed authors meet authorship criteria 
and that no others meeting the criteria have been omitted. Y.M.J.G., A.M.J.B., H.K., D.A.J., M.A.S. affirm that 
the manuscript is an honest, accurate, and transparent account of the study being reported; that no important 
aspects of the study have been omitted; and that any discrepancies from the study as originally planned (and, if 
relevant, registered) have been explained.

https://www.cbs.nl/en-gb/news/2007/29/dutch-unemployment-rate-lowest-in-eu/international-definition-of-unemployment
https://www.cbs.nl/en-gb/news/2007/29/dutch-unemployment-rate-lowest-in-eu/international-definition-of-unemployment


12

Vol:.(1234567890)

Scientific Reports |        (2021) 11:20977  | https://doi.org/10.1038/s41598-021-00337-z

www.nature.com/scientificreports/

Funding
The Lifelines Biobank initiative has been made possible by subsidy from the Dutch Ministry of Health, Welfare 
and Sport, the Dutch Ministry of Economic Affairs, the University Medical Center Groningen (UMCG the 
Netherlands), University Groningen and the Northern Provinces of the Netherlands. Y.M.J.G. is financially sup-
ported by Lung Foundation Netherlands grant 4.1.16.085. The funding organizations had no role in the design 
and conduct of the study; in the collection, analysis, and interpretation of the data; or in the preparation, review, 
or approval of the manuscript.

Competing interests 
All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf. Y.M.J.G., 
A.M.J.B., Z.E., M.V.H., C.B., J.B.P., M.A.G.S., F.L., J.W.R.T., M.S.Y.T., J.H.V., S.E.G., A.W.V., R.J.H.C.G.B., M.B., 
A.M.W.J.S., J.G.M.R. and H.K. have nothing to disclose. D.A.J. reports personal fees from Novartis, personal 
fees from Boehringer Ingelheim, personal fees from AstraZeneca, outside the submitted work. M.A.S. reports 
grants from Lung Foundation Netherlands, grants from Stichting Astma Bestrijding, grants and personal fees 
from Boehringer Ingelheim, and grants and personal fees from AstraZeneca, outside the submitted work.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 00337-z.

Correspondence and requests for materials should be addressed to Y.M.J.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-00337-z
https://doi.org/10.1038/s41598-021-00337-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Fatigue in patients with chronic disease: results from the population-based Lifelines Cohort Study
	Methods
	Study design and participants. 
	Procedures. 
	Measures. 
	Fatigue severity. 
	Self-reported chronic disease(s). 
	Possible predisposing factors of fatigue. 
	Sociodemographic factors. 
	Personality traits. 

	Possible associated factors of fatigue. 
	Sociodemographic factors. 
	Anthropometry. 
	Lifestyle factors. 
	Mental health disorders. 
	Pain. 


	Statistical analyses. 
	Prevalence. 
	Impact of multi-morbidity on the likelihood of experiencing severe and chronic fatigue. 
	Predisposing and associated factors of fatigue. 


	Results
	Prevalence of severe and chronic fatigue in the general population: with and without chronic disease. 
	Difference in prevalence rate of severe and chronic fatigue among chronic diseases. 
	Impact of multi-morbidity on severe and chronic fatigue compared to participants without a chronic disease. 
	The disease-specific or trans-diagnostic relationship between fatigue severity and the predisposing and associated factors. 
	The trans-diagnostic or generic relationship between fatigue severity and the predisposing and associated factors. 
	Predisposing and associated factors of clinically relevant levels of severe and chronic fatigue in participants with single- and multi-morbidity. 

	Discussion
	References


