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Background: Fatigue is one of the most common subjective symptoms that
impairs daily life and predict health-related events. This study aimed to estimate
the prevalence of fatigue in the global population.

Methods: PubMed and the Cochrane Library were used to search for relevant
articles from inception to December 31, 2021. Studies with prevalence data of
fatigue in the general population were selected and reviewed by three authors
independently and cross-checked. Regarding subgroups, adults (≥18 years),
minors (<18 years), and specific occupation population (participants in each study
being limited to a specific occupational group), and fatigue types and severity,
meta-analysis was conducted to produce point estimates and 95% confidence
intervals (95% CI).

Results: From the initial 3,432 studies, 91 studies accounting for 115 prevalence
data points (623,624 participants) were finally selected. The prevalence of general
fatigue (fatigue lasting <6 months, or fatigue of unspecified duration) was 20.4%
(95% CI, 16.7–25.0) in adults, 11.7% (95% CI, 5.2–26.6) in minors, and 42.3% (95%
CI, 33.0–54.2) in specific occupations. Chronic fatigue (fatigue lasting more than
6 months) a�ected 10.1% (95% CI, 8.2–12.5) of adults, 1.5% (95% CI, 0.5–4.7) of
minors, and 5.5% (95% CI, 1.4–21.6) of subjects in specific occupations. There was
an overall female-predominant prevalence for all subgroup analyses, with a total
odds ratio of 1.4 (95% CI, 1.3–1.6). Regarding the severity and presence of medical
causes, the total prevalence of moderate fatigue [14.6% (95% CI, 9.8–21.8)] was
2.4-fold that of severe fatigue [6.1% (95% CI, 3.4–11.0)], while unexplained fatigue
(fatigue experienced by individuals without any underlying medical condition
that can explain the fatigue) was ∼2.7-fold that of explained fatigue (fatigue
experienced by individuals with a medical condition that can explain the fatigue);
as proportion of 40.0% of physical, 8.6% of mental, and 28.4% of mixed cause.

Conclusions: This study has produced the first comprehensive picture of global
fatigue prevalence in the general population, whichwill provide vital reference data
contributing to fatigue-related research, including the prevention of diseases.

Systematic review registration: Identifier: CRD42021270498.
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Background

Fatigue refers to subjective symptoms including tiredness,
weakness, lack of energy, and/or inability to concentrate (1).
Fatigue can be a physiological response to stressful conditions
that disappears after resting (2). However, uncontrolled fatigue
(fatigue not relieved with rest), especially chronic fatigue, is a
medical issue that impairs health-related quality of life (3) and
productivity (4). Fatigue has been demonstrated to have significant
economic implications for society (5), with an estimated cost of
£1906 per chronic fatigue and chronic for fatigue syndrome (CFS)
patient (mean cost for 3 months) in the United Kingdom (6). CFS
represents the most severe manifestation within the spectrum of
chronic fatigue-related disorders, which is characterized by core
symptoms including unrefreshing sleep, post-exertional malaise
(PEM), and cognitive dysfunction persisting for a duration of
over six months. The economic impact of CFS on patients in
the United States has reached a staggering $11,780 per year per
patient (7).

In practice, fatigue is one of the top five most frequently
presented health complaints in primary care (8) and can be
classified by a sustained period or the presence of medical causes
(9). Although fatigue is one of the most prevalent complaints in
subjects suffering certain diseases, likely prevalence rate 49% in
cancer patients (including both undergoing and after treatment)
(10), it is also common among people without specific diagnosis
(11). Furthermore, fatigue itself may indicate the development of
diseases, including cancers (12). A prospective observational cohort
study found that 46.9% of adults with a new episode of fatigue were
diagnosed with one or more disorders in a year (13). Fatigue in the
general population is also related to an increased risk of mortality
(odd ratio= 2.14) (14).

Therefore, early assessment of fatigue and proper care can
reduce health-related risks and economic costs. To implement
proper clinical management for subjects with fatigue, determining
epidemiological features, particularly prevalence, is necessary. To
date, many studies showed great differences of fatigue prevalence
from 4.9% (15) to 67.9% (16) among the general populations. In
general, fatigue prevalence can be affected by sex, age, economic
status, cultural differences and ethnicity (17–20). Thus far, most
systematic reviews of fatigue prevalence have mainly focused on
patients with certain diseases (21–23) or CFS (24–26), but to our
knowledge, no study has been conducted in the general population.

This study aimed to create a comprehensive overview of the
global prevalence and clinical features related to severity and cause
of fatigue in general population.

Methods

Study design

To study the epidemiological features of fatigue in the
general population worldwide, we systematically reviewed and

Abbreviations: CI, confidence intervals; OR, odds ratio; CFS, chronic fatigue

syndrome; CFQ, Chalder Fatigue Questionnaire; CIS(a), Checklist Individual

Strength; FSS, Fatigue Severity Scale; CIS(b), Clinical Interview Schedule.

analyzed fatigue-related data using public databases. This study was
conducted according to the International Prospective Register of
Systematic Reviews (PROSPERO) after registration (Registration
# CRD42021270498).

Data sources and keywords

This study included a search of two databases, PubMed
and the Cochrane Library from inception through December
31, 2021. The search keywords were “fatigue” and “prevalence”
[MeSH term]. The search terms were “(fatigue[Title]) AND
((Prevalence[Title/Abstract]) OR (Frequency[Title/Abstract]))” in
PubMed, while “fatigue[Record Title] AND prevalence[Title
Abstract Keyword]” and “fatigue[Record Title] AND
frequency[Title Abstract Keyword]” in the Cochrane Library.
All languages were included.

Eligibility criteria

Studies were screened using the following inclusion criteria: (1)
studies investigating prevalence of fatigue and (2) subjects from
the general population or healthy control groups that did not have
specific diseases. The exclusion criteria were as follows: (1) lifetime
prevalence of fatigue, (2) fatigue measured after any interventions,
(3) studies on only emotional or compassion fatigue, (4) a small
number of participants (having fewer than 300 adults and minors,
and <100 for specific occupations), and (5) review studies.

Review process and data extraction

First, three authors performed a search and screened all titles
and abstracts retrieved. Based on the inclusion criteria, the full
texts of the eligible studies were independently reviewed by three
authors. All data were cross-checked, and further discussion was
conducted with the corresponding author (Son CG) in cases of
disagreement to decide. Author contact was attempted to obtain
missing data. To assess the quality of the included studies, we
employed the Newcastle-Ottawa Scale (NOS), which is commonly
utilized in observational studies. We considered studies with
a score of 7 or higher to be of high quality (27, 28). The
data extracted from each study were as follows: characteristics
of participants (total number, age and sex), description and
number of fatigue cases, severity or medical cause information for
fatigue, study design (cross-sectional/longitudinal), data collection
method, fatigue assessment tool and cutoff score used, study
period, publication year, and country where study was conducted.
The types of fatigue were classified as general or chronic, and
each prevalence was recorded. This process was determined by
the consensus of researchers through discussion. The definition
of fatigue subtypes (encompassing both moderate/severe fatigue
and explained/unexplained fatigue) followed the different criteria
as chosen by the respective authors or researchers in their
original articles.
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Data coding and synthesis

The data from each study were subgrouped as follows:
characteristics of participants (adults,≥18 years; minors,<18 years
population; specific occupation), fatigue types (general, chronic),
severity of fatigue (moderate, severe), medical cause of fatigue
(physical, mental, mixed, drug-induced), data collection method
(questionnaire, interview, telephone survey, physician reports),
fatigue assessment tool (Chalder Fatigue Questionnaire, Checklist
Individual Strength, Clinical Interview Schedule, Fatigue Severity
Scale, Self-designed tool, Others), study year (before 2000, 2001–
2010, 2011–2020), and continent where study was conducted
(Europe, America, Asia, Others).

We categorized fatigue into two primary types: general fatigue,
encompassing fatigue lasting <6 months or fatigue of unspecified
duration, and chronic fatigue, which denotes fatigue persisting for
more than 6 months. To produce an overall characteristics fatigue
prevalence, we employed a hierarchical approach. Therefore,
concerning the prevalence of chronic fatigue syndrome (CFS)
or CFS-like conditions, we specifically considered studies that
provided simultaneous reports on the prevalence of CFS or CFS-
like conditions, alongside chronic fatigue. However, we excluded
prevalence data that solely focused on CFS or CFS-like illnesses.

Total fatigue includes general and chronic fatigue, while CFS-
prevalence were included in that of chronic fatigue. Moreover, if
articles contained data for severity-related prevalence, we further
conducted binary classification (moderate or severe). We ignored
the data for “mild or no” in cases of three stages (mild or
no/moderate/severe fatigue).

To avoid duplicate or missing data, if fatigue prevalence
was measured over multiple follow-up periods for the same
participants, only the first one was included in the data.
When several prevalence rates were presented with overlapping
participants according to the different definitions of fatigue within
a study, the prevalence defined in the broadest sense was used.
Otherwise, when a study contained several prevalence rates that did
not overlap, the prevalence was calculated by adding the number
of participants for each definition. Regarding the analysis of the
study year, the midpoint between the start and the end of the study
period was used, and in case of no description, 1 year before the
publication year was used.

Statistical analysis and meta-analysis

We performed a meta-analysis using a random-effects model
to produce point estimates and 95% confidence intervals (95% CI)
of fatigue prevalence with subgroup analysis. The reported
prevalence from each study underwent a log transformation
to improve statistical properties, and pooled estimates were
then back-transformed into the original prevalence scale. To
account for the potentially high interstudy heterogeneity, the
pooled outcome measures and their corresponding 95% CI
were calculated using a random-effects model fitted with
the restricted maximum likelihood estimator. The I2 statistic
was used to evaluate the degree of heterogeneity between
studies. All analyses were conducted using the “meta” package

(by Guido Schwarzer) in R version 4.2.1. Statistical significance
was determined by a hypothesis test for the analysis of
differences between groups. In all analyses, p < 0.05 indicated
statistical significance.

Results

Characteristics of the included studies

Of the initial 554 studies relevant to our study question,
91 studies (86 cross-sectional; 5 longitudinal) finally met the
inclusion criteria and contained a total of 115 prevalence
data points (76 general fatigue; 39 chronic fatigue; Figure 1,
Supplementary Table 4). According to the results of the
quality assessment, 54% (49 studies) were categorized as high
quality, while 46% (42 studies) were classified as medium
quality. These studies were conducted in 32 different countries
beginning with a report from Finland in 1989 (29). The total
number of participants was 623,624 (mean ± SD, 5,423 ±

10,992; 547,057 adults, 58,019 minors, and 18,548 specific
occupation population, which included 16 occupations). Within
the 115 data points, 51 data points had sex information
(males 157,220; females 157,971). Thirteen data points had
information on fatigue severity (moderate/severe), while 13
data points had information on the medical cause of fatigue
(Table 1).

Most of the studies (85 data points) collected data by
questionnaire, and the remaining studies (39 data points) used
interviews, telephone surveys, or physician reports. Thirty-six
fatigue-assessment tools (including researcher-directed designed
tools for 26 data points) were used, including the Chalder Fatigue
Questionnaire (CFQ; 34 data points), Checklist Individual Strength
[CIS(a); 10 data points], Fatigue Severity Scale (FSS; 6 data
points), and Clinical Interview Schedule [CIS(b); 5 data points;
Table 1].

Total prevalence rate of fatigue

The meta-analyses showed prevalence rates of 16.4% (95%
CI, 13.6–19.9) for total fatigue (115 data points), 24.2% (95%
CI, 19.9–29.5) for general fatigue (76 data points), and 7.7%
(95% CI, 5.7–10.3) for chronic fatigue (39 data points; Table 2).
Adults showed higher fatigue prevalence rates (20.4 and 10.1%
for general and chronic fatigue, respectively) than minors (11.7
and 1.5%, respectively). The specific occupation population showed
prevalence rates of 42.3% (95% CI, 33.0–54.2) for general fatigue
and 5.5% (95% CI, 1.4–21.6) for chronic fatigue. The differences
between groups in both types of fatigue were statistically significant
(p < 0.05; Figure 2).

Regarding sex-related fatigue prevalence (51 data points), total
fatigue prevalence was 14.6% in males vs. 18.3% in females which
showed female predominant (p = 0.23) with an odds ratio (OR)
of 1.4. Prevalence rates for subgroups were 22.0% (male) vs. 27.1%
(female) for general fatigue (p = 0.25); 6.6% (male) vs. 8.6%
(female) for chronic fatigue (p= 0.35; Figure 3A).
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FIGURE 1

Flow diagram.

Prevalence rate by fatigue severity

Thirteen data points reported the prevalence by severity
(moderate/severe). The total prevalence of moderate fatigue [14.6%
(95% CI, 9.8–21.8)] was∼2.4-fold that of severe fatigue [6.1% (95%
CI, 3.4–11.0); p < 0.05]. The ratio (moderate to severe) was ∼3.6-
fold in adults [12.5% (95% CI, 8.3–18.9) vs. 3.5% (95% CI, 1.8–6.9);
8 data points] and 2.2-fold in the specific occupations [34.2% (95%
CI, 19.2–60.7) vs. 15.8% (95% CI, 6.3–39.9); 3 data points], while
the reverse pattern (0.6-fold) was shown for minors [7.6% (95% CI,
3.1–18.8) vs. 12.9% (95% CI, 5.1–32.5); 2 data points; Figure 3B].

Proportion of medically explained vs.
unexplained fatigue

From 13 data points that reported themedical causes explaining
the fatigue, the total prevalence of unexplained fatigue [4.1% (95%
CI, 2.0–8.5)] was ∼2.7-fold that of explained fatigue [1.5% (95%
CI, 0.5–4.6); p = 0.13]. In adults (nine data points), the prevalence
of unexplained fatigue [7.6% (95% CI, 4.2–13.7)] was 3.3-fold that
of explained fatigue [2.3% (95% CI, 0.6–8.6); p = 0.11], while it
was 5.0-fold in minors [0.5% (95% CI, 0.4–0.7) vs. 0.1% (95%
CI, 0.0–0.9); 2 data points; p = 0.13]. In the specific occupations

(2 data points), no notable difference was observed [2.0% (95% CI,
0.3–13.4) vs. 2.4% (95% CI, 0.2–31.4); p= 0.91; Table 2].

Regarding causes of fatigue, 40.0% were attributed to physical
causes (three data points), 8.6% to mental causes (one data point),
28.4% tomixed causes (four data points), and 1.0% to drug-induced
causes (one data point) in adults, while minor-derived data showed
only 16.3% to mixed causes (two data points). In the specific
occupations, 46.2% were attributed to physical causes (one data
point) and 62.9% to mixed causes (one data point) (Table 2).

Prevalence rate by data collection method
and fatigue assessment tool

Fatigue prevalence rates were significantly different among the
four data collection methods (p < 0.05). Questionnaire showed
the highest prevalence [19.1% (95% CI, 15.7–23.3); 85 data points]
followed by interviews [13.0% (95% CI, 8.1–20.7); 25 data points].
In adults, the prevalence rates were similar; interviews [15.8% (95%
CI, 10.4–23.9); 19 data points] vs. questionnaires [15.0% (95% CI,
12.3–18.3); 49 data points], followed by telephone surveys [10.9%
(95%CI, 6.8–17.5); 9 data points] and physician reports [8.6% (95%
CI, 4.8–15.3); 2 data points; Supplementary Table 2].
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TABLE 1 Characteristics of the included studies.

Group Adults
(≥18 years)

Minors
(<18 years)

Specific
occupation

Total

Total n. of included studies 55 8 28 91

Cross-sectional/longitudinal 52/3 6/2 28/0 86/5

Total n. of prevalence data 71 15 29 115

Total n. of participants 547,057 58,019 18,548 623,624

Mean n. of participants± SD (7,705± 13,379) (3,868± 3,405) (640± 631) (5,423± 10,992)

Data with gender information 34 6 11 51

Participants n (M:F ratio) 288,842 (50:50) 21,696 (49:51) 4,653 (48:52) 315,191 (50:50)

N. of prevalence data by subgroup (N. of participants)

Typea General fatigue 40 (409,251) 10 (36,525) 26 (15,460) 76 (461,236)

Chronic fatigue 31 (137,806) 5 (21,494) 3 (3,088) 39 (162,388)

CFS/CFS-likeb 9 (84,530) 2 (9,428) 2 (2,445) 13 (96,403)

Severityc Present 8 (51,555) 2 (1,306) 3 (1,063) 13 (53,924)

Absent 63 (495,502) 13 (56,713) 26 (17,485) 102 (569,700)

Medical cause Described 9 (180,938) 2 (17,172) 2 (2,445) 13 (200,555)

Undescribed 62 (366,119) 13 (40,847) 27 (16,103) 102 (423,069)

Data collection Questionnaire 49 (187,164) 10 (29,040) 26 (17,223) 85 (233,427)

Interview 19 (155,996) 3 (11,807) 3 (1,325) 25 (169,128)

Telephone survey 9 (218,277) 2 (17,172) N/A 11 (235,449)

Physician reports 2 (2,108) N/A 1 (194) 3 (2,302)

Assessment toold CFQ 28 (83,496) 2 (10,603) 4 (4,284) 34 (98,383)

CIS(a) 6 (36,567) 3 (4,773) 1 (647) 10 (41,987)

FSS 2 (5,341) N/A 4 (1,679) 6 (7,020)

CIS(b) 5 (25,723) N/A N/A 5 (25,723)

Self-designed tool 14 (264,219) 8 (36,592) 4 (3,239) 26 (304,050)

Others 25 (219,198) 3 (11,807) 16 (8,699) 44 (239,704)

Continente Europe 37 (185,597) 12 (30,724) 5 (4,208) 54 (220,529)

America 15 (262,732) 3 (27,295) 10 (5,492) 28 (295,519)

Asia 13 (27,331) N/A 13 (8,713) 26 (36,044)

Others 6 (71,397) N/A 1 (135) 7 (71,532)

Study year Before 2000 24 (161,972) 4 (12,161) 2 (1,860) 30 (175,993)

2001–2010 32 (259,458) 9 (34,544) 12 (5,791) 53 (299,793)

2011–2020 15 (125,627) 2 (11,314) 15 (10,897) 32 (147,838)

aGeneral fatigue represents fatigue lasting less than 6 months or fatigue of unspecified duration.
bIncluding chronic fatigue syndrome (CFS) or CFS-like data that were presented simultaneously with chronic fatigue.
cStudies that measured the severity of fatigue as moderate and severe were included.
dCFQ, Chalder Fatigue Questionnaire; CIS(a), Checklist Individual Strength; FSS, Fatigue Severity Scale; CIS(b), Clinical Interview Schedule; Self-designed tool, tools created by researchers;

Others: Brief Fatigue Inventory, CDC 1988 criteria, CDC 1994 criteria, Center for Epidemiologic Studies-Depression scale, CFS Screening Questionnaire, CFS Symptom Severity Questionnaire,

Chronic Fatigue Scale, Composite International Diagnostic Interview, version 3.0 (CIDI), Development and Well-being Assessment, Diagnostic Interview Schedule, Emotional State

Questionnaire, Epworth Sleepiness Scores, Fatigue Assessment Scale, Fatigue Questionnaire by Japan Association of Industrial Health, Fatigue Questionnaire (30), Fatigue Scale-14,

General Health Questionnaire-12, ICD-10 criteria, InterRAI-HC assessment, Iowa Fatigue Scale, Maslach Burnout Inventory, Multidimensional Assessment of Fatigue, Pediatric Screening

Questionnaire, Piper Fatigue Scale, Fatigue Pictogram, Schedule of Fatigue and Anergia, Short Form Health Survey, Shortened Fatigue Questionnaire, Standard Shiftwork Index, Structured

Clinical Interview for DSM-IV, Visual Analog Scale.
eOthers: Oceania, Africa and Mixed.

Among the top four most frequently used fatigue assessment
tools, the FSS showed the highest prevalence for total, followed by

the CIS (a), CIS (b) and CFQ. The difference between groups was
statistically significant (p < 0.05; Supplementary Table 2).
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TABLE 2 Fatigue prevalence by type and medical cause.

Group General Chronic CFS/CFS-like Total

Participants n. (data n.) 461,236 (76) 162,388 (39) 96,403 (13) 623,624 (115)

(mean± SD) 6,069± 12,802 4,162± 6,045 7,416± 9,244 5,423± 10,992

Prevalence % [95% CI] 24.2 [19.9–29.5] 7.7 [5.7–10.3] 1.2 [0.6–2.5] 16.4 [13.6–19.9]

Group Adults (≥18 years) Minors (<18 years) Specific Occupation Total

Participants n. (data n.) 180,938 (9) 17,172 (2) 2,445 (2) 200,555 (13)

(mean± SD) 20,104± 22,592 8,586± 0 1,223± 356 15,427± 19,953

Unexplained fatigue 7.6 [4.2–13.7] 0.5 [0.4–0.7] 2.0 [0.3–13.4] 4.1 [2.0–8.5]

Explained fatiguea 2.3 [0.6–8.6] 0.1 [0.0–0.9] 2.4 [0.2–31.4] 1.5 [0.5–4.6]

Physical causeb 40.0 [28.6–56.0] (3) N/A 46.2 [20.7–100.0] (1) 40.6 [30.2–54.5] (4)

Mental cause 8.6 [6.7–11.1] (1) N/A N/A 8.6 [6.7–11.1] (1)

Mixed cause 28.4 [11.0–73.5] (4) 16.3 [3.4–78.3] (2) 62.9 [52.8–74.8] (1) 28.1 [14.3–55.3] (7)

Drug-induced 1.0 [0.5–2.1] (1) N/A N/A 1.0 [0.5–2.1] (1)

aPrevalence data from studies with information on the presence or absence of medical causes for reported fatigue were included, analyzed and divided into explained and unexplained fatigue.
bProportion (%) of participants reporting causes of fatigue compared to total fatigue was estimated from independent data. Mixed cause included data having no description for physical and/or

mental causes separately. The (number) indicates the number of data for each results.

FIGURE 2

Fatigue prevalence rate by fatigue type. The bar graph shows the pooled prevalence (%), and the error bar shows the corresponding 95% confidence
intervals (95% CI) by the random-e�ects meta-analysis model. Each dot represents the value of each study included in this analysis.

Prevalence rate by continent and study year

Fatigue prevalence rates were significantly different among
the continents studied (p < 0.05). For adults, the prevalence
rate was highest in Asia [23.5% (95% CI, 13.1–42.2); 13 data
points], followed by America [13.3% (95% CI, 9.5–18.7); 15
data points], and Europe [12.7% (95% CI, 10.9–14.8); 37 data
points]. For the minors, the prevalence rate was highest in

Europe [9.2% (95% CI, 4.1–20.9); 12 data points] and America
[1.1% (95% CI, 0.4–3.0); 3 data points; Supplementary Table 3,
Supplementary Figure 1].

When we compared fatigue prevalence rates by study year,
there was also a significant difference between groups (p < 0.05).
For adults, the years 2011–2020 showed the highest prevalence
rates [19.8% (95% CI, 14.7–26.6); 15 data points], followed
by before 2000 [15.6% (95% CI, 11.7–20.8); 24 data points]
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FIGURE 3

Fatigue prevalence rate by sex (A) and severity. (B) White (or gray) bar graph indicates the pooled prevalence (%) of moderate fatigue (or severe
fatigue), and the error bar shows their corresponding 95% confidence intervals (95% CI) by a random-e�ects meta-analysis model. Each white (or
gray) dot represents the value of each study included in this analysis.

and 2001–2010 [12.9% (95% CI, 10.0–16.7); 32 data points;
Supplementary Table 3].

Discussion

Fatigue is an evolved sense in human beings to protect the
body from deleterious conditions, which could occur in healthy
populations (31, 32). Fatigue is frequently neglected by individuals,
family members and even medical practitioners (33). However,
there are reports that approximately half of the people who
complain of fatigue receive one or more diagnoses within a year,
including infections, anemia, thyroid dysfunction, diabetes mellitus
and cancer (13). Clinically, fatigue is classified by duration, severity,
or the existence of underlying disease (2, 34, 35). Commonly,
chronic fatigue (≥ 6 months) presents as severe fatigue, leading
to notable impairments in daily life, including poor mental health
(36, 37). In the present systematic review, the average prevalence of
chronic fatigue in whole data was 7.7% (95% CI, 5.7–10.3), while
general fatigue (i.e., fatigue lasting <6 months or with unspecified
duration) had an average prevalence of 24.2% (95% CI, 19.9–
29.5; Table 2). From the analysis for separately adults and minor
population, we found that approximately a quarter and one of ten

adults complain general fatigue [20.4%, (95% CI 16.7–25.0)] and
chronic fatigue [11.7%, (95% CI 5.2–26.6)]. Meanwhile, one of ten
or 50 adolescents presented general fatigue [10.1%, (95% 8.2–12.5)]
or chronic fatigue [1.5%, (95% 0.5–4.7); Figure 2].

Fatigue appears in patients with various physical and mental
diseases and is frequently not disease-specific but transdiagnostic
or generic (38). Therefore, differentiating primary vs. secondary
and comorbid fatigue is often a challenge (39). Nine data
points indicated the predominant pattern of unexplained fatigue
among adults as 3.3-fold that of explained fatigue (7.6 vs. 2.3%).
Regarding the proportion of explained fatigue by medical cause,
the proportion was high in the order of physical causes, mixed
causes, mental causes, and drug-induced causes in total (Table 2).
In general, patients with unexplained fatigue are difficult to manage
in clinical care and have been reported to have a lower quality of life
than those with explained fatigue (33). However, the interpretation
of these results is limited because the proportion of each cause was
obtained not simultaneously but individually in separate studies.

On the other hand, CFS is the most serious form of unexplained
fatigue, as 52%−94% of patients are reported to work only part-
time or not at all and are at greater risk of suicide (standardized
mortality ratio of 6.85, compared to healthy subjects) (40, 41).
No therapeutics or objective diagnostic method exists due to
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the unexplored etiology and pathophysiology (42). Our previous
meta-analysis reported the global prevalence of CFS as 0.89% (95%
CI, 0.60–1.33; 34 data points) according to CDC-1994 criteria
(43). The present study calculated the proportion of CFS among
subjects with chronic fatigue. From 13 data points simultaneously
presenting the prevalence of both chronic fatigue and CFS (or CFS-
like), 16% of chronic fatigue cases were classified as CFS(-like),
which indicated a CFS(-like) prevalence of 1.2% (95% CI, 0.6–2.5)
in the general population (Table 1, Supplementary Table 1). The
higher prevalence of CFS in the present study than in our previous
study (1.2 vs. 0.9%) might result from the inclusion of CFS-like
cases in the present study. These data would be practically helpful to
clinicians because unexplained chronic fatigue could be a precursor
to the development of CFS (44).

Fatigue is usually recognized as a symptom cluster that
accompanies other symptoms, such as pain or depression. One
study reported that six out of 10 members of the general population
with fatigue had pain or depression at the same time (45). These
comorbid symptoms are linked to the severity of fatigue, so the
guidelines for the management of fatigue recommend assessing
the severity of fatigue, not just the presence of fatigue (46). In the
present study, we found that moderate fatigue [14.6% (95% CI,
9.8–21.8)] accounts for 2.4-fold the prevalence of severe fatigue
[6.1% (95% CI, 3.4–11.0)], similar to the pattern in most of our
subgroup data, except for the minor group (1.7-fold more severe
than moderate fatigue prevalence; Figure 3B). A longitudinal study
showed the medical impact of severe fatigue in adolescents; 42.1%
of them were diagnosed with chronic fatigue at follow-up, and
they had an increased risk for the development of depression,
anxiety, and CFS-related symptoms (47). The reason that the
minors has more severe fatigue than moderate fatigue in present
study is unclear due to the inadequate number of related studies;
accordingly, our findings require caution in interpretation.

It is known that female sex and specific occupations
contribute to fatigue prevalence (48, 49). Our results showed the
predominance of females over males in fatigue prevalence as a 1.4
OR (95% CI, 1.3–1.6) in total and as very similar in all subgroups
(Figure 3A). One proposed reason for female-predominant fatigue
is an inflammatory model, rendering females more vulnerable
to the detrimental effects of immune-driven behavioral changes
(including fatigue, worsened mood and pain sensitivity) (50). In
addition, psychosocial factors indicative of poor mental health
and gender inequality can make such a difference (18, 51). As
we expect, subjects working in 16 different occupations (e.g.,
nurses, pilots, medical workers, etc.) showed a 2.3-fold higher
prevalence of total fatigue than the adult group (Figure 2). Job-
related factors, including long shift hours or psychosocial work
characteristics, are associated with greater fatigue (52, 53). Based
on the independent risk factors for being injured in an occupational
accident, fatigue in a specific occupation should be further stressed
(54). Alongside gender and environmental vulnerabilities, genetic
background also contributes to fatigue prevalence (55). When we
analyzed data from three continents, the prevalence of fatigue in
the Asian population was noticeably high, nearly twice that of
the European and American populations (Supplementary Table 3,
Supplementary Figure 1). Such differences across continents could
be explained not only by ethnicity (56) but also by various
sociodemographic features (20).

Researchers conducted many systematic reviews on fatigue
prevalence, then they mainly targeted disease populations
so far. This study has several limitations that need to be
acknowledged. Firstly, the research was conducted using only
two databases. Additionally, due to the significant heterogeneity
in the fatigue measurement tools employed across studies,
standardization was not feasible. Furthermore, the amount of
available data for analyzing the severity and causality of fatigue
was insufficient, which could impact the comprehensiveness of
our conclusions. Nevertheless, to the best of our knowledge, this
is the first systematic review and meta-analysis to explore the
epidemiologic features of the fatigue prevalence rate in the general
population worldwide.

Conclusions

Based on the increasing health-related impact of fatigue and
chronic fatigue, these results provide a valuable reference for
numerous medical fields and for the prevention of diseases. The
global population of 15.1% (adults) and 6.0% (minors) complain
fatigue, while 10.1% of adults and 1.5% of minors are suffering
from chronic fatigue, respectively. Along with 1.4-fold female-
predominant prevalence, the prevalence of medically unexplained
fatigue is 2.7-fold higher than explained fatigue.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

J-HY, N-HP, and Y-EK 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 analysis. Y-CA conducted statistical analysis.
J-HY and C-GS designed the study and drafted the manuscript.
C-GS obtained the funding and supervised the whole process of this
study. All authors have read and approved the final manuscript.

Funding

This research was supported by the National Research
Foundation of Korea (NRF) funded by the Ministry of Science, ICT
& Future Planning (NRF-2018R1A6A1A03025221).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

Frontiers in PublicHealth 08 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1192121
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yoon et al. 10.3389/fpubh.2023.1192121

their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1192121/full#supplementary-material

References

1. Landmark-Høyvik H, Reinertsen KV, Loge JH, Kristensen VN, Dumeaux V,
Fosså SD, et al. The genetics and epigenetics of fatigue. PM&R. (2010) 2:456–
65. doi: 10.1016/j.pmrj.2010.04.003

2. Rosenthal TC, Majeroni BA, Pretorious R, Malik K. Fatigue: an overview.Am Fam
Physician. (2008) 78:1173–9.

3. Jelsness-Jørgensen LP, Bernklev T, Henriksen M, Torp R, Moum
B. Chronic fatigue is associated with impaired health-related quality
of life in inflammatory bowel disease. Aliment Pharmacol Ther. (2011)
33:106–14. doi: 10.1111/j.1365-2036.2010.04498.x

4. Reynolds KJ, Vernon SD, Bouchery E, Reeves WC. The economic
impact of chronic fatigue syndrome. Cost Eff Resour Alloc. (2004)
2:1–9. doi: 10.1186/1478-7547-2-4

5. Brenna E, Gitto L. The economic burden of chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/ME): an initial summary of the existing evidence and
recommendations for further research. Eur J Pers Cent Healthc. (2017) 5:413–
20. doi: 10.5750/ejpch.v5i3.1379

6. Lin J-MS, Resch SC, Brimmer DJ, Johnson A, Kennedy S, Burstein N,
et al. The economic impact of chronic fatigue syndrome in Georgia: direct
and indirect costs. Cost Eff Resour Alloc. (2011) 9:1–12. doi: 10.1186/1478-7
547-9-1

7. McCrone P, Darbishire L, Ridsdale L, Seed P. The economic cost of chronic
fatigue and chronic fatigue syndrome in UK primary care. Psychol Med. (2003)
33:253–61. doi: 10.1017/S0033291702006980

8. Nicholson K, Stewart M, Thind A. Examining the symptom of fatigue in primary
care: a comparative study using electronic medical records. BMJ Health Care Inform.
(2015) 22:235–43. doi: 10.14236/jhi.v22i1.91

9. Dittner AJ, Wessely SC, Brown RG. The assessment of fatigue: a
practical guide for clinicians and researchers. J Psychosom Res. (2004)
56:157–70. doi: 10.1016/S0022-3999(03)00371-4

10. Al Maqbali M, Al Sinani M, Al Naamani Z, Al Badi K. Prevalence of fatigue in
patients with cancer: a systematic review and meta-analysis. J Pain Symptom Manage.
(2021) 61:167–89.e14. doi: 10.1016/j.jpainsymman.2020.07.037

11. Koch H, van Bokhoven MA, Riet Gt, van der Weijden T, Dinant GJ, Bindels
PJ. Demographic characteristics and quality of life of patients with unexplained
complaints: a descriptive study in general practice. Qual Life Res. (2007) 16:1483–
9. doi: 10.1007/s11136-007-9252-y

12. Ingebrigtsen SG, Scheel BI, Hart B, Thorsen T, Holtedahl K. Frequency of
‘warning signs of cancer’ in norwegian general practice, with prospective recording of
subsequent cancer. Fam Pract. (2013) 30:153–60. doi: 10.1093/fampra/cms065

13. Nijrolder I, Van der Windt D, De Vries H, Van der Horst H. Diagnoses
during follow-up of patients presenting with fatigue in primary care. CMAJ. (2009)
181:683–7. doi: 10.1503/cmaj.090647

14. Knoop V, Cloots B, Costenoble A, Debain A, Azzopardi RV, Vermeiren S, et al.
Fatigue and the prediction of negative health outcomes: a systematic review with
meta-analysis. Ageing Res Rev. (2021) 67:101261. doi: 10.1016/j.arr.2021.101261

15. van’t Leven M, Zielhuis GA, van der Meer JW, Verbeek AL, Bleijenberg G.
Fatigue and chronic fatigue syndrome-like complaints in the general population. Eur J
Public Health. (2010) 20:251–7. doi: 10.1093/eurpub/ckp113

16. Moreh E, Jacobs JM, Stessman J. Fatigue, function, and mortality in older adults.
J Gerontol A Biomed Sci Med Sci. (2010) 65:887–95. doi: 10.1093/gerona/glq064

17. Galland-Decker C, Marques-Vidal P, Vollenweider P. Prevalence
and factors associated with fatigue in the lausanne middle-aged
population: a population-based, cross-sectional survey. BMJ Open. (2019)
9:e027070. doi: 10.1136/bmjopen-2018-027070

18. Engberg I, Segerstedt J, Waller G,Wennberg P, EliassonM. Fatigue in the general
population-associations to age, sex, socioeconomic status, physical activity, sitting time
and self-rated health: the Northern Sweden Monica Study 2014. BMC Public Health.
(2017) 17:1–9. doi: 10.1186/s12889-017-4623-y

19. Skapinakis P, Lewis G, Mavreas V. Cross-cultural differences in the epidemiology
of unexplained fatigue syndromes in primary care. Br J Psychiatry. (2003) 182:205–
9. doi: 10.1192/bjp.182.3.205

20. Dinos S, Khoshaba B, Ashby D, White PD, Nazroo J, Wessely S, et al. A
systematic review of chronic fatigue, its syndromes and ethnicity: prevalence, severity,
co-morbidity and coping. Int J Epidemiol. (2009) 38:1554–70. doi: 10.1093/ije/dyp147

21. Stocchi F, Abbruzzese G, Ceravolo R, Cortelli P, D’AmelioM, De Pandis MF, et al.
Prevalence of fatigue in Parkinson disease and its clinical correlates. Neurology. (2014)
83:215–20. doi: 10.1212/WNL.0000000000000587

22. Nagaraj K, Taly AB, Gupta A, Prasad C, Christopher R. Prevalence of fatigue in
patients with multiple sclerosis and its effect on the quality of life. J Neurosci Rural
Pract. (2013) 4:278–82. doi: 10.4103/0976-3147.118774

23. Singer S, Kuhnt S, Zwerenz R, Eckert K, Hofmeister D, Dietz A, et al. Age- and
sex-standardised prevalence rates of fatigue in a large hospital-based sample of cancer
patients. Br J Cancer. (2011) 105:445–51. doi: 10.1038/bjc.2011.251

24. Rusu C, Gee ME, Lagace C, Parlor M. Chronic fatigue syndrome and
fibromyalgia in canada: prevalence and associations with six health status indicators.
Health Promot Chronic Dis Prev Can. (2015) 35:3–11. doi: 10.24095/hpcdp.35.1.02

25. 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. BMCMed. (2011) 9:26. doi: 10.1186/1741-7015-9-26

26. 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. doi: 10.1007/s10067-011-1702-9

27. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in
Meta-Analyses. Oxford (2000).

28. Herzog R, Álvarez-Pasquin M, Díaz C, Del Barrio JL, Estrada JM, Gil
Á. Are healthcare workers’ intentions to vaccinate related to their knowledge,
beliefs and attitudes? A systematic review. BMC Public Health. (2013) 13:1–
17. doi: 10.1186/1471-2458-13-154

29. Luntamo T, Sourander A, Santalahti P, Aromaa M, Helenius H. Prevalence
changes of pain, sleep problems and fatigue among 8-year-old children: years 1989,
1999, and 2005. J Pediatr Psychol. (2012) 37:307–18. doi: 10.1093/jpepsy/jsr091

30. David A, Pelosi A, McDonald E, Stephens D, Ledger D, Rathbone R, et al.
Tired, weak, or in need of rest: fatigue among general practice attenders. BMJ. (1990)
301:1199–202. doi: 10.1136/bmj.301.6762.1199

31. Ament W, Verkerke GJ. Exercise and fatigue. Sports Med. (2009) 39:389–
422. doi: 10.2165/00007256-200939050-00005

32. Boullosa DA, Nakamura FY. The Evolutionary Significance of Fatigue. Lausanne:
Frontiers Media SA (2013), p. 309. doi: 10.3389/fphys.2013.00309

33. Yoo EH, Choi ES, Cho SH, Do JH, Lee SJ, Kim J-H. Comparison of fatigue
severity and quality of life between unexplained fatigue patients and explained fatigue
patients. Korean J Fam Med. (2018) 39:180. doi: 10.4082/kjfm.2018.39.3.180

34. Jason LA, Jordan KM, Richman JA, Rademaker AW, Huang C-F, Mccready W,
et al. A community-based study of prolonged fatigue and chronic fatigue. J Health
Psychol. (1999) 4:9–26. doi: 10.1177/135910539900400103

35. Wang XS, Zhao F, Fisch MJ, O’Mara AM, Cella D, Mendoza TR, et al. Prevalence
and characteristics of moderate to severe fatigue: a multicenter study in cancer patients
and survivors. Cancer. (2014) 120:425–32. doi: 10.1002/cncr.28434

36. Efficace F, Baccarani M, Breccia M, Cottone F, Alimena G, Deliliers G, et al.
Chronic fatigue is the most important factor limiting health-related quality of life of
chronic myeloid leukemia patients treated with imatinib. Leukemia. (2013) 27:1511–
9. doi: 10.1038/leu.2013.51

37. Chou K-L. Chronic fatigue and affective disorders in older adults: evidence
from the 2007 British National Psychiatric Morbidity Survey. J Affect Disord. (2013)
145:331–5. doi: 10.1016/j.jad.2012.08.012

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1192121
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1192121/full#supplementary-material
https://doi.org/10.1016/j.pmrj.2010.04.003
https://doi.org/10.1111/j.1365-2036.2010.04498.x
https://doi.org/10.1186/1478-7547-2-4
https://doi.org/10.5750/ejpch.v5i3.1379
https://doi.org/10.1186/1478-7547-9-1
https://doi.org/10.1017/S0033291702006980
https://doi.org/10.14236/jhi.v22i1.91
https://doi.org/10.1016/S0022-3999(03)00371-4
https://doi.org/10.1016/j.jpainsymman.2020.07.037
https://doi.org/10.1007/s11136-007-9252-y
https://doi.org/10.1093/fampra/cms065
https://doi.org/10.1503/cmaj.090647
https://doi.org/10.1016/j.arr.2021.101261
https://doi.org/10.1093/eurpub/ckp113
https://doi.org/10.1093/gerona/glq064
https://doi.org/10.1136/bmjopen-2018-027070
https://doi.org/10.1186/s12889-017-4623-y
https://doi.org/10.1192/bjp.182.3.205
https://doi.org/10.1093/ije/dyp147
https://doi.org/10.1212/WNL.0000000000000587
https://doi.org/10.4103/0976-3147.118774
https://doi.org/10.1038/bjc.2011.251
https://doi.org/10.24095/hpcdp.35.1.02
https://doi.org/10.1186/1741-7015-9-26
https://doi.org/10.1007/s10067-011-1702-9
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.1093/jpepsy/jsr091
https://doi.org/10.1136/bmj.301.6762.1199
https://doi.org/10.2165/00007256-200939050-00005
https://doi.org/10.3389/fphys.2013.00309
https://doi.org/10.4082/kjfm.2018.39.3.180
https://doi.org/10.1177/135910539900400103
https://doi.org/10.1002/cncr.28434
https://doi.org/10.1038/leu.2013.51
https://doi.org/10.1016/j.jad.2012.08.012
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yoon et al. 10.3389/fpubh.2023.1192121

38. Goërtz YM, Braamse AM, Spruit MA, Janssen DJ, Ebadi Z, Van Herck M, et al.
Fatigue in patients with chronic disease: results from the population-based lifelines
cohort study. Sci Rep. (2021) 11:1–12. doi: 10.1038/s41598-021-00337-z

39. Penner I-K, Paul F. Fatigue as a symptom or comorbidity of neurological
diseases. Nat Rev Neurol. (2017) 13:662–75. doi: 10.1038/nrneurol.2017.117

40. Pendergrast T, Brown A, Sunnquist M, Jantke R, Newton JL, Strand
EB, et al. Housebound versus nonhousebound patients with myalgic
encephalomyelitis and chronic fatigue syndrome. Chronic Illn. (2016)
12:292–307. doi: 10.1177/1742395316644770

41. Roberts E, Wessely S, Chalder T, Chang C-K, Hotopf M. Mortality of people
with chronic fatigue syndrome: a retrospective cohort study in england and wales
from the South London and Maudsley NHS Foundation Trust Biomedical Research
Centre (SLAMBRC) Clinical Record Interactive Search (CRIS) Register. Lancet. (2016)
387:1638–43. doi: 10.1016/S0140-6736(15)01223-4

42. Jason LA, Sunnquist M, Brown A, Evans M, Vernon SD, Furst JD, et al.
Examining case definition criteria for chronic fatigue syndrome and myalgic
encephalomyelitis. Fatigue. (2014) 2:40–56. doi: 10.1080/21641846.2013.862993

43. Lim E-J, Ahn Y-C, Jang E-S, Lee S-W, Lee S-H, Son C-G.
Systematic review and meta-analysis of the prevalence of chronic fatigue
syndrome/myalgic encephalomyelitis (CFS/ME). J Transl Med. (2020)
18:1–15. doi: 10.1186/s12967-020-02269-0

44. Huibers MJ, Kant IJ, Knottnerus JA, Bleijenberg G, Swaen GM, Kasl SV.
Development of the chronic fatigue syndrome in severely fatigued employees:
predictors of outcome in the maastricht cohort study. J Epidemiol Community Health.
(2004) 58:877–82. doi: 10.1136/jech.2003.017939

45. Reyes-Gibby CC, Aday LA, Anderson KO, Mendoza TR, Cleeland
CS. Pain, depression, and fatigue in community-dwelling adults with
and without a history of cancer. J Pain Symptom Manage. (2006)
32:118–28. doi: 10.1016/j.jpainsymman.2006.01.008

46. Manning K, Kauffman BY, Rogers AH, Garey L, Zvolensky MJ.
Fatigue severity and fatigue sensitivity: relations to anxiety, depression, pain
catastrophizing, and pain severity among adults with severe fatigue and chronic
low back pain. Behav Med. (2022) 48:181–9. doi: 10.1080/08964289.2020.
1796572

47. ter Wolbeek M, van Doornen LJ, Kavelaars A, Heijnen CJ. Predictors of
persistent and new-onset fatigue in adolescent girls. Pediatrics. (2008) 121:e449–
57. doi: 10.1542/peds.2007-1093

48. Schwarz R, Krauss O, Hinz A. Fatigue in the general population.Oncol Res Treat.
(2003) 26:140–4. doi: 10.1159/000069834

49. Tang F-C, Li R-H, Huang S-L. The Association between job-related psychosocial
factors and prolonged fatigue among industrial employees in Taiwan. PLoS ONE.
(2016) 11:e0150429. doi: 10.1371/journal.pone.0150429

50. Lasselin J, Lekander M, Axelsson J, Karshikoff B. Sex Differences in
how inflammation affects behavior: what we can learn from experimental
inflammatory models in humans. Front Neuroendocrinol. (2018) 50:91–
106. doi: 10.1016/j.yfrne.2018.06.005

51. Patel V, Kirkwood BR,Weiss H, Pednekar S, Fernandes J, Pereira B, et al. Chronic
fatigue in developing countries: population based survey of women in India. BMJ.
(2005) 330:1190. doi: 10.1136/bmj.38442.636181.E0

52. Smith-Miller CA, Shaw-Kokot J, Curro B, Jones CB. An integrative review. J Nurs
Adm. (2014) 44:487–94. doi: 10.1097/NNA.0000000000000104

53. Bültmann U, Kant IJ, Van Den Brandt PA, Kasl SV. Psychosocial work
characteristics as risk factors for the onset of fatigue and psychological distress:
prospective results from the maastricht cohort study. Psychol Med. (2002) 32:333–
45. doi: 10.1017/S0033291701005098

54. Swaen G, Van Amelsvoort L, Bültmann U, Kant I. Fatigue as a risk factor for
being injured in an occupational accident: results from the maastricht cohort study.
Occup Environ Med. (2003) 60:i88–92. doi: 10.1136/oem.60.suppl_1.i88

55. Ball HA, Siribaddana SH, Sumathipala A, Kovas Y, Glozier N,
Rijsdijk F, et al. Genetic and environmental contributions to the overlap
between psychological, fatigue and somatic symptoms: a twin study in
Sri Lanka. Twin Res Hum Genet. (2011) 14:53–63. doi: 10.1375/twin.
14.1.53

56. Andrea H, Kant I, Beurskens A, Metsemakers J, Van Schayck C. Associations
between fatigue attributions and fatigue, health, and psychosocial work characteristics:
a study among employees visiting a physician with fatigue. Occup Environ Med. (2003)
60:i99–104. doi: 10.1136/oem.60.suppl_1.i99

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1192121
https://doi.org/10.1038/s41598-021-00337-z
https://doi.org/10.1038/nrneurol.2017.117
https://doi.org/10.1177/1742395316644770
https://doi.org/10.1016/S0140-6736(15)01223-4
https://doi.org/10.1080/21641846.2013.862993
https://doi.org/10.1186/s12967-020-02269-0
https://doi.org/10.1136/jech.2003.017939
https://doi.org/10.1016/j.jpainsymman.2006.01.008
https://doi.org/10.1080/08964289.2020.1796572
https://doi.org/10.1542/peds.2007-1093
https://doi.org/10.1159/000069834
https://doi.org/10.1371/journal.pone.0150429
https://doi.org/10.1016/j.yfrne.2018.06.005
https://doi.org/10.1136/bmj.38442.636181.E0
https://doi.org/10.1097/NNA.0000000000000104
https://doi.org/10.1017/S0033291701005098
https://doi.org/10.1136/oem.60.suppl_1.i88
https://doi.org/10.1375/twin.14.1.53
https://doi.org/10.1136/oem.60.suppl_1.i99
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The demographic features of fatigue in the general population worldwide: a systematic review and meta-analysis
	Background
	Methods
	Study design
	Data sources and keywords
	Eligibility criteria
	Review process and data extraction
	Data coding and synthesis
	Statistical analysis and meta-analysis

	Results
	Characteristics of the included studies
	Total prevalence rate of fatigue
	Prevalence rate by fatigue severity
	Proportion of medically explained vs. unexplained fatigue
	Prevalence rate by data collection method and fatigue assessment tool
	Prevalence rate by continent and study year

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


