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ABSTRACT

Background: This study sought to systematically search the
literature to identify reliable and valid survey instruments
for fatigue measurement in the Emergency Medical Services
(EMS) occupational setting. Methods: A systematic review
study design was used and searched six databases, includ-
ing one website. The research question guiding the search
was developed a priori and registered with the PROSPERO
database of systematic reviews: “Are there reliable and valid
instruments for measuring fatigue among EMS personnel?”
(2016:CRD42016040097). The primary outcome of interest
was criterion-related validity. Important outcomes of interest
included reliability (e.g., internal consistency), and indicators
of sensitivity and specificity. Members of the research team
independently screened records from the databases. Full-text
articles were evaluated by adapting the Bolster and Rourke
system for categorizing findings of systematic reviews, and
the rated data abstracted from the body of literature as
favorable, unfavorable, mixed/inconclusive, or no impact.
The Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) methodology was used to
evaluate the quality of evidence. Results: The search strat-
egy yielded 1,257 unique records. Thirty-four unique experi-
mental and non-experimental studies were determined rele-
vant following full-text review. Nineteen studies reported on
the reliability and/or validity of ten different fatigue survey
instruments. Eighteen different studies evaluated the reliabil-
ity and/or validity of four different sleepiness survey instru-
ments. None of the retained studies reported sensitivity or
specificity. Evidence quality was rated as very low across
all outcomes. Conclusions: In this systematic review, limited
evidence of the reliability and validity of 14 different survey
instruments to assess the fatigue and/or sleepiness status of
EMS personnel and related shift worker groups was identi-
fied. Key words: reliability; validity; fatigue; sleepiness
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BACKGROUND

Fatigue is a subjective, unpleasant physical and cogni-
tive state, with feelings of tiredness and exhaustion, all
contributing to an unrelenting overall condition that
impacts the ability to function safely and efficiently (1).
Emergency Medical Services (EMS) personnel report
high levels of mental and physical fatigue while at
work (2, 3). The measurement of fatigue with reliable
and valid instruments is a key component of fatigue
mitigation; what cannot be reliably measured cannot be
addressed (4). There is no agreed upon standard defini-
tion of fatigue and no gold standard survey instrument
to measure fatigue among EMS or related shift worker
groups (1, 5–7). The lack of a standard presents a
challenge to EMS administrators and researchers who
seek to assess, monitor, and reduce fatigue as part of a
robust fatigue risk management program.

Fatigue is typically assessed with a combination
of objective and subjective measurement tools (5).
Objective assessment has involved measurement
of indicators of human physiology or indicators of
performance (8). Subjective assessment with survey
instruments (questionnaires) is a commonly used
technique across populations, and continues to be
the principal approach to fatigue measurement for
working adults (5). Dozens of survey instruments are
potentially capable of measuring one or more dimen-
sions of fatigue (9). Many fatigue survey instruments
have been developed for use with a specific population
(i.e., patients with cancer) (10, 11). These tools are not
well suited for use in working populations like EMS
personnel due to specialized item wording, content,
and the context in which various instruments were
designed. There are also differences in the underlying
phenomena the tool is designed to capture; for exam-
ple, cancer-related fatigue is distinct from work-related
fatigue (6). Few fatigue survey instruments have been
developed for use in working populations and tested
for their reliability and validity (5). For the EMS admin-
istrator, use of instruments developed and tested with
EMS personnel would, if easy to administer, be ideal
for the assessment and monitoring of fatigue in the
EMS work environment (2).

This study sought to systematically review the litera-
ture and identify reliable and valid survey instruments
for fatigue measurement in the EMS occupational set-
ting guided by the single question: “Are there reliable
and valid instruments for measuring fatigue among
EMS personnel?” (PROSPERO 2016:CRD42016040097)
(12).

METHODS

A systematic search of six databases was con-
ducted, including one website (PubMed/Medline,
Cumulative Index to Nursing and Allied Health

Literature (CINAHL), Scopus, PsycINFO, the Pub-
lished International Literature on Traumatic Stress
(PILOTS) database, and the National Institute of Jus-
tice (NIJ) publications and multimedia website). The
search was guided by explicit search criteria. The
details of the methodology, study protocol, and pro-
cedures for adjudicating published and unpublished
literature are outlined in a separate publication (13).
The elements of the search and protocol unique to
this systematic review are described in the following
sections.

Study Design

This study included literature that described use of ran-
domized controlled trials, quasi-experimental studies
(e.g., before and after designs) (14), and observational
study designs (e.g., prospective cohort, cross-sectional,
and analyses of secondary or administrative datasets).

Types of Participants

This research included studies that administered occu-
pational fatigue survey instruments to persons 18 years
of age and older who were classified as shift workers,
EMS personnel, or members of similar worker groups
(12).

Types of Interventions

The search was designed to capture studies reporting
use of fatigue survey instruments to assess/diagnose
fatigue in the EMS workplace or a workplace environ-
ment of related shift worker groups. The search was not
intended to assess biometric tracking devices, wear-
able devices, or related instruments that may be por-
trayed as objective measures of fatigue. Additionally,
the purpose of the study did not extend to the evalu-
ation of sleepiness. This research did not specifically
search for sleepiness instruments, but rather, focused
on occupational fatigue survey instruments. Sleepiness
and fatigue are related, but are considered to repre-
sent different constructs (7). Sleepiness is described as
“one’s tendency to fall asleep” (sleep propensity) (15).
The Multiple Sleep Latency Test (MSLT) is accepted as a
gold standard measure of sleepiness (7). Some degree
of sleepiness is common and a normal experience by
most individuals over a 24-hour period, regardless
of shiftwork (7). Therefore, this research reported on
sleepiness instruments tested in EMS shift workers and
related worker groups that were captured incidentally
even though the search was not designed to capture all
available instruments of this type.

Types of Outcome Measures

The GRADE methodology requires the selection of
outcomes of interest and rating of those outcomes as
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critical and important for purposes of decision-making
by the target population and stakeholders (16). An
expert panel selected outcomes for this systematic
review a priori (12). The primary (critical) outcome
of interest was criterion-related validity (predictive
validity). Secondary (important) outcomes of interest
include reliability (e.g., measures of internal consis-
tency such as Cronbach’s alpha and test-retest reliabil-
ity), indicators of sensitivity, and indicators of speci-
ficity.

Search Methods for Studies

The research librarian (PMW) executed searches of
five bibliographic database products and one website:
PubMed/Medline, the Cumulative Index to Nurs-
ing and Allied Health Literature (CINAHL), Scopus,
PsycINFO, the Published International Literature on
Traumatic Stress (PILOTS), and the publications sec-
tion of the National Institute of Justice (NIJ) website.
See the methods paper for a detailed description of
the sources searched and search terms used (13). All
searches included literature from January 1980 to
October 2016. See Online Supplement Appendix A
for search strategy details specific to this systematic
review.

Data Collection and Analyses

Two investigators (AF and PJC) independently
screened titles and abstracts initially. The Kappa
statistic was used to estimate inter-rater agreement.

Full-Text Review

Seven different co-investigators (EMT, MLR, BRC,
MEM, XX, AJK, and ZB) used a structured data abstrac-
tion form and worked independently to abstract key
information from full-text journal articles identified by
the investigators above. Co-investigators EMT, MLR,
BRC, MEM, XX, AJK, and ZB verified data abstrac-
tions between them, and disagreements were handled
by discussion with the principal investigator PDP. Co-
investigators EMT, MLR, BRC, MEM, XX, ZB, AJK, and
PDP also searched bibliographies to identify additional
relevant research and reviewed those full-text journal
articles to determine inclusion or exclusion.

Risk of Bias Assessment

The team’s three senior investigators (PDP, MDW, and
AF) used the Quality Assessment of Diagnostic Accu-
racy Studies (QUADAS-2) tool to evaluate the risk of
bias in retained studies (17). The QUADAS-2 assesses
the risk of bias in a study across four domains: patient
selection, index test, reference standard, and flow and
timing.

Synthesis of Findings

Three senior investigators (PDP, MDW, and AF)
categorized the reliability and validity findings
of included studies as favorable, unfavorable, or
mixed/inconclusive (13, 18).

Criteria for Evaluating Validity

Criterion-related validity (also referred to as predictive
validity) was selected as a critical outcome for this sys-
tematic review. Criterion-related validity refers to the
functional relations between a predictor and criterion
events occurring before, during, and after the predictor
is applied (19). Predictive validity is often evaluated
or assessed by the degree to which the predictor(s) are
associated with the criterion (19). A criterion may be
operationalized as a ‘gold standard’ measure or related
indicator (i.e., an indirect measure of the criterion).
In this study, we do not define a specific cut point
for acceptable criterion-related or predictive validity;
however, the higher the correlation/association, the
more favorable the criterion-related validity (19).

Sensitivity and specificity were selected as important
outcomes of interest. For purposes of this review, sen-
sitivity refers to the proportion of shift workers consid-
ered to be fatigued by a survey instrument that were
also characterized as fatigued by an objective measure-
ment tool or indirect objective measure (e.g., a measure
of error or injury). Specificity refers to the proportion of
shift workers classified as not fatigued by a fatigue sur-
vey and also classified as not fatigued by an objective
measure. We did not abstract data from studies to man-
ually calculate sensitivity or specificity.

Criteria for Evaluating Reliability

Internal consistency is a common measure of instru-
ment reliability (20). Internal consistency refers to
inter-correlations between items that operationalize an
instrument. Cronbach’s alpha is a commonly accepted
and reported measure of internal consistency (20). Val-
ues range from 0 to 1 with values >0.7 considered
acceptable internal consistency reliability (21). Low
values suggest the instrument may have too few sim-
ilar or overlapping items (20). Test-retest reliability is
another commonly used indicator of instrument relia-
bility (20). While there is no minimum accepted bench-
mark for test-retest reliability tests, higher values on a
0–1.0 scale are perceived as a positive indicator of test-
retest reliability. The procedures for a test-retest assess-
ment involve administering the same instrument to the
same target population within a short time period after
the initial test and exploring the correlation between
instrument scores. There is no standard time period
between the initial test and retest, yet two to four
weeks is common; some have recommended three or
more months between test-retests (20). Some have used
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shorter time periods between tests (i.e., several hours to
several days) (22, 23). The time selected is dependent
on study aims and context for use of the instrument
(22, 23).

Quality of Evidence

Three senior investigators PDP, AF, and MDW used the
Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) framework to report on
biases in the retained literature, stratified by outcome,
and produce a rating of the quality of research as very
low, low, moderate, or high (24, 25).

Reporting

The findings are presented in accordance with the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) (26).

RESULTS

The search strategy yielded n = 1,257 unique records
(Figure 1). Co-investigators AF and PJC indepen-
dently screened n = 1,257 titles and abstracts. The
interrater agreement for inclusion/exclusion was
moderate (Kappa = 0.63). Seventy-seven records were
judged to be potentially eligible based on title and
abstract alone. Sixty-eight journal articles were identi-
fied during the search of bibliographies as potentially
relevant and reviewed in full-text format. Thirty-four
unique journal articles describing experimental and
non-experimental studies were determined to be rel-
evant and key findings were abstracted into tables
(Online Supplement Appendix B). One hundred seven
journal articles and other literature were excluded
with reasons given organized in the Population,
Intervention, Comparison, Outcome (PICO) format
(Online Supplement Appendix C) (27). The risks of
bias assessments associated with the retained research
are accessible in Online Supplement Appendix D.

Fatigue

Nineteen studies reported on the reliability and/or
validity of ten different fatigue survey instruments
(Online Supplement Table 1). The instruments used
include: the Brief Fatigue Inventory (BFI); the Swedish
Occupational Fatigue Inventory (SOFI); the Fatigue
Related Symptoms Questionnaire (F-RSQ); the single-
item Crew Status Survey (CSS); the Occupational
Fatigue Exhaustion Recovery (OFER) scale; the
Chronic Fatigue Scale of the Standard Shiftwork
Index (SSI-CFS); the Fatigue Scale (FAS); the Multi-
dimensional Fatigue Inventory (MFI); the Patient
Reported Outcomes Measurement Information Sys-
tem (PROMIS) fatigue survey; and the Chalder Fatigue
Questionnaire (CFQ).

Seventeen studies reported on reliability and five
reported on criterion-related/predictive validity. Only
three studies reported on both reliability and valid-
ity (Online Supplement Table 1). Most fatigue survey
instruments captured in this review solicited perceived
fatigue, in general, during the past month and over
the previous 7 days or solicited perceptions of chronic
fatigue, in general.

Instruments Measuring Fatigue, in General,
Over the Past Month and the Past 7 days,
and Chronic Fatigue

Criterion-Related/Predictive Validity

Two studies reported criterion-related validity for
fatigue survey instruments that referenced feelings of
fatigue in general, over the past month or past seven
days, or feelings of chronic fatigue (Online Supple-
ment Table 1). One study examined scores on the
CFQ against indirect measures of a reference stan-
dard (i.e., self-reported injury, medical error, adverse
events, or safety compromising behaviors) (3). Find-
ings showed that the odds of self-reported injury, error,
or adverse event, and safety-compromising behaviors
among the fatigued personnel were increased relative
to non-fatigued personnel, (odds ratios of 1.9 (95% CI
1.1, 3.3), 2.2 (95% CI 1.4, 3.3), and 3.6 (95%CI 1.5, 8.3),
respectively) (3). The study reported by Barker et al.
showed significant (p < 0.05) relationship between
greater fatigue and worse nursing performance (28).

Reliability

Fourteen studies examined internal consistency (relia-
bility) of survey instruments that assessed fatigue, in
general, chronic fatigue, perceived fatigue during the
past month, and fatigue over the past 7 days (Online
Supplement Table 1). Findings show tests of inter-
nal consistency (Cronbach’s alpha) values ranged from
0.64 to 0.95 (2, 29). One study reported by Winwood
et al. examined test–retest of the OFER (30). Test–retest
findings were positive and ranged from 0.61 to 0.69 for
the three domains of the OFER tool.

Sensitivity and Specificity

None of the reviewed studies reported on measures of
sensitivity or specificity (Online Supplement Table 1).

Instruments Measuring Fatigue in
Real-Time, Past 24 hours, or at End of Shift

Criterion-Related/Predictive Validity

Four studies reported criterion-related validity find-
ings for fatigue survey instruments that evaluate
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FIGURE 1. PRISMA Flow Diagram for PICO#1 PROSPERO 2016:CRD42016040097. Notes: ∗∗ Beurskens AJ, Bultmann U, Kant I, Vercoulen JH,
Bleijenberg G, Swaen GM. Fatigue among working people: validity of a questionnaire measure. Occup Environ Med. 2000;57(5):353–7. Hossain
JL, Reinish LW, Heslegrave RJ, et al. Subjective and objective evaluation of sleep and performance in daytime versus nighttime sleep in extended-
hours shift-workers at an underground mine. J Occup Environ Med. 2004;46(3):212–26.

perceived fatigue in real-time, the past 24 hours, or at
the end of shift work (Online Supplement Table 1). One
study by West et al. used a single item, analog scale
adapted from the BFI (31). The respondent indicated
feelings of fatigue anchored from “As bad as it can be”
to “As good as it can be.” West and colleagues examined
the association between fatigue scores on the ana-
log scale and self-reported medical error (an indirect
measure of a standard), using multivariable logistic
models adjusted for confounders to determine the
relationship between fatigue and error. Self-reported
medical error was associated with fatigue following
adjustment for confounders (See Table 4 in West et al.;
31). Ahsberg et al. examined the association between
fatigue measured with the SOFI and reaction time
captured at the end of shift work (an indirect measure
of a standard) (32). Ahsberg and colleagues detected
moderate, yet significant, correlations between four
components of the SOFI and reaction time measures
at end of shift work (See Table 6 in Ahsberg et al.;
32). Barker and colleagues examined the association
between performance scores on the 9-item Nursing
Performance Instrument and fatigue as measured by

the SOFI, F-RSQ, FAS, and OFER (28). Findings showed
consistent significant negative associations, which sug-
gest that as fatigue increases on the 4 fatigue survey
instruments, performance decreases (See Table 4 in
Barker et al.; 28). Charlton and Bass examined the
relationship between scores on the CSS fatigue survey
instrument and pass/fail status on a driver simulation
test (33). Multivariable modeling revealed that fatigue
status was strongly associated with pass/fail status
among a sub-set of shift worker participants (i.e., those
37 years of age and younger) (33). The details of the
model, including beta coefficients for CSS, were not
reported.

Reliability

Three studies examined reliability of a fatigue sur-
vey instrument (Online Supplement Table 1). Measures
of internal consistency (i.e., Cronbach’s alpha) for the
SOFI instrument were reported in 2 studies by Ahs-
berg and colleagues and ranged from 0.68 to 0.93 (32,
34). The reported Cronbach’s alpha for SOFI domains
reported in the Barker et al. study ranged from 0.76
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to 0.89 (28). One study by Grech et al. reported mea-
suring reliability with the “inter-occurrence reliability
test” (35). Findings ranged from 0.59 to 0.90.

Sensitivity and Specificity

None of the retained studies reported on measures of
sensitivity or specificity for fatigue survey instruments
(Online Supplement Table 1).

Sleepiness

Eighteen studies evaluated the reliability and/or valid-
ity of four different sleepiness survey instruments
(Online Supplement Table 1). Situational sleepiness
instruments identified include the Karolinska Sleepi-
ness Scale (KSS), Stanford Sleepiness Scale (SSS),
and Sleepiness Symptoms Questionnaire (SSQ). Trait-
based sleepiness instruments identified include: (i.e.,
the Epworth Sleepiness Scale [ESS]). Nine of the
retained studies reported on instrument reliability,
10 studies reported criterion-related/predictive valid-
ity, and one study reported on both reliability and
validity.

Situational Sleepiness Instruments

Criterion-Related/Predictive Validity

Seven studies reported criterion-related validity for
sleepiness instruments that measure situational sleepi-
ness (i.e., the KSS, SSS, and SSQ; Online Supplement
Table 1). One of 7 studies examined scores on the
sleepiness instrument against performance measured
on an established standard for sleepiness (e.g., the
MSLT) (36). Six studies examined scores on situational
sleepiness scales against what may be characterized
as objective measures of fatigue (e.g., performance on
the psychomotor vigilance task [PVT], driving sim-
ulator, postural control, or similar measures; 37–42).
The criterion-related/predictive validity findings for
6 of 7 studies were categorized as favorable (Online
Supplement Table 1).

Reliability

One study examined test–retest reliability of a situa-
tional sleepiness instrument (the Sleepiness Symptoms
Questionnaire) (41), and findings were categorized as
favorable (Online Supplement Table 1).

Sensitivity and Specificity

None of the retained studies that used a situational
sleepiness instrument reported on measures of sensi-
tivity or specificity (Online Supplement Table 1).

Trait Sleepiness Instruments

Criterion-Related/Predictive Validity

Three studies reported criterion-related validity for
trait sleepiness instruments that measure situational
sleepiness (Online Supplement Table 1). One of three
studies examined scores on the trait sleepiness instru-
ment (i.e., the ESS) against performance measured on
an established standard for sleepiness (e.g., the Main-
tenance of Wakefulness Test [MWT]; 43). Two studies
examined scores on trait sleepiness instruments against
indirect measures of a gold standard (e.g., performance
on the PVT, driving simulator, postural control, or simi-
lar measures; 31, 44). This research categorized findings
for one study as favorable (44), mixed/inconclusive
for one study (31), and unfavorable for the last (43)
of 3 studies that examined criterion-related/predictive
validity for trait sleepiness instruments.

Reliability

Eight studies examined internal consistency reliability
of a trait sleepiness instrument (the ESS; Online Supple-
ment Table 1) (45–52). Internal consistency findings for
6 of 8 studies were categorized as favorable. Findings
for 2 studies were categorized as unfavorable (50, 51).
One study also examined test–retest reliability with the
ESS (47). Findings for this analysis were categorized as
favorable.

Sensitivity and Specificity

One study reported measuring sensitivity and speci-
ficity of the ESS (Online Supplement Table 1) (50). The
analysis was interpreted differently and took the find-
ings as a measure of convergent/discriminant valid-
ity. We based this interpretation on the observation that
investigators did not use an established gold standard
measure against which to compare ESS scores. They
examined scores on a situational sleepiness instrument
against the scores obtained on a trait sleepiness instru-
ment. None of the other studies that used a trait sleepi-
ness instrument evaluated or reported on measures of
sensitivity or specificity (Online Supplement Table 1).

Quality of Evidence

Evidence quality was rated very low for all outcomes
(Online Supplement Table 2). Most studies were judged
to have a serious risk of bias associated with observa-
tional study designs such as cross-sectional surveys.
Many studies used convenience or non-random sam-
pling. Studies that reported tests of criterion-related
validity included indirect measures of a reference stan-
dard rather than an actual established standard. Most
studies did not sample EMS personnel and thus were
downgraded for indirectness. Many studies reported
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FIGURE 2. Risk of bias, reliability, and validity performance of
fatigue survey instruments.

positive reliability and/or validity findings. It is rea-
sonable to believe that the likelihood of publication
might be low if a study reported poor indicators of
reliability or validity for fatigue or sleepiness survey
instruments. Therefore, the possibility of publication
bias was perceived as high.

A summary is presented of instrument utility in
graphical format by combining the risk of bias assess-
ment for each survey instrument assessed and the
favorability of findings in the research reviewed
related to reported findings of reliability and validity
(Figures 2 and 3). Nine boxes appear next to each sur-
vey instrument and the numbers of studies assessed
that report use of a particular instrument appear in
parentheses. The graphic includes one box for each of
the 7 categories of bias assessed with the QUADAS-
2 tool (Refer to Online Supplement Appendix D),
one box for favorability (or lack thereof) regarding
an instrument’s reliability findings, and one box for
favorability (or lack thereof) regarding an instru-
ment’s validity findings (Refer to Online Supplement
Table 1). Black colored boxes signify that the publi-
cations/studies assessed, and the application of the
survey instrument, were determined to have a high
risk of bias and/or the reported reliability and/or the
validity findings were not interpreted as favorable.
The greater the number of black boxes, the less the
confidence in the instrument’s utility and use in the

FIGURE 3. Risk of bias, reliability, and validity performance of sleepi-
ness survey instruments.

EMS population without further testing and research.
All interpretations and the messages conveyed in the
graphics were guided by application of the GRADE
and QUADAS-2 methodologies for assessing bias, and
are isolated to the publications in this review. Other
sections of this manuscript discuss the potential utility
of sleepiness scales that have been widely used in other
settings.

DISCUSSION

Summary of Main Results

A limited number of studies reported on the reliabil-
ity and/or criterion-related validity of fatigue and/or
sleepiness survey instruments. None of the reviewed
studies tested the sensitivity or specificity of a fatigue
or sleepiness survey instrument. Few studies evaluated
both reliability and validity. The evidence is limited for
the use of these 14 different survey instruments. Fur-
ther work is needed to determine whether these tools
would help EMS administration to measure fatigue
and/or sleepiness of EMS personnel.

Inclusion/Exclusion of Prior Research

Many of the reviewed studies used fatigue or
sleepiness instruments, yet they did not report on
the reliability or validity of survey instruments. These
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studies were excluded from this research due to
incomplete reporting. In addition, the decision to
include or exclude a particular study was based on the
study’s relevance to the target population, interven-
tion, comparison(s), and outcome(s) of interest. Studies
involving healthy volunteers (non-shift workers) were
excluded. This study excluded book chapters, theses
and dissertations, as well as government reports where
the reliability or validity of a survey instrument may
have been reported.

Quality of Evidence

Most studies were judged to have serious risk of bias.
The potential for publication bias is high given the
belief that studies with evidence of poor instrument
reliability and/or validity are not widely published.

Agreement and Disagreement with Other
Systematic Reviews

Pigeon et al. examined the published literature to
draw a distinction between excessive daytime sleepi-
ness and fatigue (53). They searched MEDLINE and the
Cochrane Database of Systematic Reviews, examined
bibliographies, and contacted authors/investigators.
Their search strategy was limited to articles pub-
lished from 1990 to 2001 and excluded studies that
assessed physical fatigue, insomnia, and sleep apnea
(with a few exceptions), and work-related fatigue.
Shahid et al. reviewed the psychometric properties of
the objective and subjective measurements of fatigue
and sleepiness (54). They did not document the source
databases/repositories or search parameters. Curcio
et al. completed a narrative review of survey-based
instruments and objective tools for measuring sleepi-
ness (15). Mota and Pimenta did not isolate their review
of 18 self-report fatigue instruments to shift work-
ers (55). The systematic review in the present study
focused on EMS personnel and related shift worker
groups; included a search of multiple databases, as
well as literature published from 1980 to September
2016; and was focused on fatigue survey instruments
for assessing fatigue in the occupational setting. This
systematic review complements previous reviews and
enhances the focus on fatigue assessment instruments
for EMS personnel and related shift worker groups.

Utility of Fatigue/Sleepiness Survey
Instruments Tested in Other Populations

Reliable and valid survey instruments have been devel-
oped in other populations. The Fatigue Severity Scale
is one such instrument that was initially developed
in a clinical population and has since been applied
to the general population (56, 57). In addition, the
reliability and validity of the CFQ has been demon-
strated in occupational settings as well as the gen-
eral population (5, 58). The Epworth Sleepiness Scale,

Karolinska Sleepiness Scale, and Stanford Sleepiness
Scale are reliable and valid instruments that are widely
used for the assessment of sleepiness (59–61). The ESS
was designed to measure trait sleepiness, or habitual
sleepiness in recent times, while the KSS and SSS mea-
sure situational/state sleepiness, or sleepiness specif-
ically at the time of survey completion. These sleepi-
ness scales are generalized scales that can be readily
incorporated as part of an EMS fatigue risk manage-
ment program. (See Online Supplement Appendix E
for copies of instruments examined in this review and
published with permission from developers/authors.)

LIMITATIONS

The current study was limited to literature maintained
in select databases and searches of reference lists
(bibliographies). The judgment of screeners (authors
AF and PJC) was examined against decisions of the
principal investigator (PDP) with a random sample
of n = 50 titles and abstracts pulled from the initial
pool of potentially relevant titles and abstracts. The
percentage of agreement among AF, PJC, and PDP was
90%. Additional research relevant to this review may
exist beyond that identified in this search.

There is no agreed-upon gold standard definition or
description of occupational fatigue (1, 6, 7). Frone and
Tidwell propose a general definition of work fatigue
as: extreme tiredness and reduced functional capac-
ity that is experienced during and at the end of the
workday (6). The International Civil Aviation Organi-
zation (ICAO) defines fatigue as: A physiological state
of mental or physical performance capability result-
ing from sleep loss or extended wakefulness, circa-
dian phase, or workload (mental/physical activity)
that can impair a crew member’s alertness and ability
to safely operate an aircraft or perform safety-related
duties (62). Shen and associates define fatigue as an
overwhelming sense of tiredness, lack of energy and
feeling of exhaustion, associated with impaired phys-
ical and/or cognitive functioning; which needs to be
distinguished from symptoms of depression, which
include a lack of self-esteem, sadness, and despair
or hopelessness (7). Pigeon and colleagues proposed
sleepiness be described as drowsiness, sleep propen-
sity, and decreased alertness (53). Pigeon and col-
leagues described fatigue as weariness, weakness, and
depleted energy (53). Relevant studies and literature
may have been missed or excluded in this system-
atic review due to the absence of standardization and
inconsistency in defining fatigue.

The study was limited to survey instruments that
assessed workplace fatigue in EMS and related shift
worker groups. Instruments that measured burnout,
sleep quality, and/or sleep disturbance, or intended
to screen for insomnia were not included in this
review (63). The Maslach Burnout Inventory (MBI),
Copenhagen Burnout Inventory (CBI), Standard Shift-
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work Index (SSI), Bergen Shift Work Questionnaire
(BSWSQ), and similar instruments assess exhaustion,
related constructs, and/or label sub-scales as mea-
sures of fatigue (6, 49, 64–66). The study herein did not
specifically seek out survey instruments that measured
burnout, stress, performance, sleep quality, or other
constructs. These constructs may be related to fatigue
or include a sub-component of fatigue (mental, physi-
cal, chronic, or other); yet, the primary focus or intent of
the tool was not to measure work-related fatigue. Our
study included studies where the focus or aim of the
study was the fatigue domain (sub-scale/component)
of an instrument that measured multiple constructs
(e.g., the SSI and Checklist of Individual Strength
Questionnaire [CIS]; 67, 68). If a study used multiple
survey instruments, and one or more were relevant
to the study (e.g., ESS for sleepiness, the CFQ for
fatigue), the reported findings from use of the fatigue
and sleepiness survey instrument were retained while
ignoring findings from the other instruments (e.g.,
the BSWSQ; 49). Studies were excluded where the
aim was to test the adaptation of a particular tool to a
foreign/non-English language (69–71).

Convergent validity, discriminant validity, and con-
tent validity were not included as critical or impor-
tant outcomes of interest. Convergent validity refers
to the degree to which an instrument’s scores are sim-
ilar to another instrument measuring the same con-
struct (19, 72). Discriminant validity refers to the scores
of an instrument correlating poorly with the scores of
another instrument that measures a similar yet differ-
ent construct (72). Content validity refers to how well
an instrument measures the full domain or range of
domains being evaluated (73). Construct validity refers
to how well the instrument measures the constructs
it claims to measure (74). Many studies reported tests
of convergent, discriminant, content, and/or construct
validity (2, 3, 29–34, 39, 41, 45–47, 49, 50, 67, 68, 75–79).
An item-to-construct Pearson correlation value �0.40,
and construct-to-construct Pearson correlation coeffi-
cient less than the Cronbach’s alpha coefficient value
are additional measures of instrument validity (21,
80–83). Several studies reported one or both of these
measures or a related measure (e.g., scale/component
score-to-total survey score) (2, 34, 75, 76). Two of the
retained studies (listed as “other inclusions” in the
PRISMA diagram) examined one or more measures of
validity other than criterion/predictive related validity
and did not report on critical and/or important mea-
sures of interest to this study (68, 79).

CONCLUSIONS

In this systematic review, limited, though posi-
tive, evidence of the reliability and validity of 14
different survey instruments to assess the fatigue
and/or sleepiness status of EMS personnel and related

shift worker groups were identified. A limited number
of generalized tools used commonly in other set-
tings show promise for the assessment of fatigue or
sleepiness in EMS. The need for research focused on
development and testing of fatigue survey instruments
tailored specifically to the EMS operational setting is
compelling.
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