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Abstract

Background: Fatigue in anesthesia is a significant concern, impacting patient
safety and practitioner well-being due to the demanding nature of the work
and irregular, extended hours. This pilot study evaluates the effect of different
shift types on fatigue and cognitive performance in junior anesthetists, using
the Stroop Color and Word Test (SCWT) as a surrogate for cognitive perfor-
mance. Methods: A prospective observational crossover pilot study was con-
ducted with eight trainees at a tertiary hospital. Participants completed sixty-
three post-shift surveys and the SCWT after various shift types, including 8h-
Short Day, 12h-Long Day, 12h-Night Shift, 24h-Weekday Call, and 24h-
Weekend Call. Subjective fatigue (Relative Perceived Exhaustion, RPE), per-
ceived workload, sleep duration, and SCWT performance (Inverse Efficiency
Score, IES) were measured. Linear mixed-effects regression was used to assess
associations between shift type and performance, adjusting for learning ef-
fects. Results: Shift type was independently associated with cognitive perfor-
mance as measured by IES (P < 0.001). Twelve-hour Long Day and 24-hour
Weekend Call shifts were linked to significantly higher (worse) IES scores
compared to 8-hour Short Day shifts (mean differences: 223 (95% CI 19 - 428)
and 809 (95% CI 490 - 1127), respectively), indicating reduced efficiency.
Higher RPE correlated with higher IES (P = 0.005). No significant association
was found between IES and self-reported busyness or sleep duration. Conclu-
sions: Extended shifts are associated with increased fatigue and reduced cog-
nitive performance in anesthetists. The SCWT/IES and RPE are feasible tools
for assessing fatigue-related performance, supporting the need for evidence-
based rostering and fatigue management strategies in anesthesia.
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1. Introduction

Fatigue in anesthesia practice is a critical phenomenon that requires ongoing at-
tention from both practitioners and healthcare systems to maintain patient safety
and support practitioner well-being. Indeed, the literature suggests that the prev-
alence of fatigue among anesthesia providers may be as high as 84%, highlighting
the magnitude of this issue within clinical practice [1]. Anesthesia practice is phys-
ically and mentally taxing due to factors like long hours, significant responsibility,
and the necessity for continuous vigilance. The high-pressure environment in op-
erating rooms and intensive care units demands quick, accurate, and precise ac-
tions and decisions. This constant pressure to perform and anticipate complica-
tions can result in cognitive overload and mental fatigue, which can be detri-
mental to practitioner well-being, work performance, and patient safety [2].

Fatigue has been shown to negatively impact work performance across multiple
domains—cognitive and psychomotor performance, risk assessment, decision
making, performance of complex tasks, communication between colleagues and
patients, and empathy towards patients [3]-[5]. Several studies have found a
strong association between sleep deprivation and decreased cognitive function
and performance in anesthetists [6]-[8]. Of note, Arzalier-Daret et al. found that
sleep-deprived anesthesia residents had impaired crisis management performance
in the form of drug administration errors, delayed recognition of hypotension,
and ineffective communication [9]. Non-technical skills such as teamwork, situa-
tional awareness, and decision making have also been found to be impacted by
sleep deprivation [10].

The scoping review by Scholliers et a/ summarized the latest evidence on the
impact of fatigue on the performance of anesthesia providers. Various cognitive
tests were used to study different cognitive domains such as vigilance, reaction
time, memory, and executive function. Many studies used proxies for clinical per-
formance, such as psychomotor performance (most commonly using the psycho-
motor vigilance task) and executive function. Most, but not all, studies concluded
that sleep deprivation and fatigue negatively affect cognitive performance [1].
Both Scholliers and Ippolito et al concluded that the available evidence suggests
that fatigue among anesthesia providers is associated with clinical performance
impairments and poorer outcomes among patients [1] [2].

The effects of fatigue on practitioner well-being must not be ignored as well.
Chronic fatigue is associated with an increased risk of cardiovascular disease and
sleep disorders, mental health issues like burnout and depression, reduced job sat-

isfaction, and an increased risk of vehicle accidents [11]. In light of this, more
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attention should be paid to fatigue as a workplace hazard in anesthesia practice.

Aviation and anesthesia share many similarities in that both operate in high-
risk, high-reliability environments where safety is critical and constant vigilance
is required, and operators are at risk of fatigue, long hours, and shift work. Fatigue
risk management systems have long been in place in aviation to mitigate the det-
rimental consequences of fatigue. These include scientific scheduling with regu-
lated duty hours, as well as a supportive reporting culture that allows staff to re-
port fatigue without punishment [12]. There are many lessons that may be gleaned
from this and adapted for healthcare and anesthesia practice.

This pilot study was designed to evaluate the effects of different anesthesia shift
types on objective performance metrics in junior anesthetists, using the Stroop
Color and Word Test (SCWT) and Inverse Efficiency Score as a surrogate for cog-
nitive performance. It is the first study to correlate subjective levels of fatigue (Rel-
ative Perceived Exhaustion or RPE) with objective cognitive performance in jun-
ior anesthetists. The primary objective of the study was to assess the feasibility,
utility, and validity of this methodological approach for potential application in
larger-scale research. The secondary aims were to generate preliminary data to
inform sample size calculations for future investigations and to explore the asso-
ciation between extended work shifts and clinician fatigue and cognitive impair-
ment.

The SCWT is a cognitive assessment tool used to evaluate an individual’s atten-
tional control, ability to suppress automatic responses, and mental flexibility [13].
During the test, participants are shown color words (like “RED” or “BLUE”)
printed in either concordant or discordant ink colors and are required to state the
ink color, which may differ from the displayed word.

This task creates a challenge because it pits the automatic impulse to read the
word against the task of identifying the ink color, a phenomenon known as the
Stroop Effect [14]. The test is widely used to assess cognitive control and an indi-
vidual’s ability to resist distractions and suppress habitual responses, and it has
been shown to be negatively impacted by fatigue and lack of sleep. Fatigued indi-
viduals often take longer and make more mistakes, indicating that the test is a
useful indicator of cognitive fatigue, particularly in how it affects attention and
self-regulation [15]-[17].

Neuroimaging techniques including magnetic resonance imaging (MRI), func-
tional magnetic resonance imaging (fMRI), and positron emission tomography
(PET) have shown that there are two main areas in the brain that are involved in
the processing of the SCWT—the anterior cingulate cortex and the dorsolateral
prefrontal cortex. More specifically, while both are activated when resolving con-
flicts and catching errors, the dorsolateral prefrontal cortex assists in memory and
other executive functions, and the anterior cingulate cortex is used to select an
appropriate response and allocate attentional resources [18].

Ultimately, this work contributes toward the long-term goal of identifying an

evidence-based rostering system that effectively balances clinician rest, perfor-
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mance, patient care, and operational demands, thereby mitigating fatigue-related

risks.

2. Materials and Methods

This was a prospective observational crossover study conducted at Changi Gen-
eral Hospital, a 1,000-bed tertiary hospital in Singapore. At our center, the job
scopes within the Department of Anesthesia and Surgical Intensive Care are di-
vided among junior trainees (pre-intermediate examinations), senior trainees
(post-intermediate examinations and pre-specialist examinations), and specialists
(post-specialist examinations). Participants were junior trainees in the Depart-

ment, who were evaluated after completing a work shift.

2.1. Eligibility Criteria and Recruitment

All junior doctors working in the Department of Anesthesia and Surgical Inten-
sive Care who were rostered to the Surgical Intensive Care Unit (SICU) or Oper-
ating Theatre (OT) duties during the study period were eligible. Inclusion criteria
were: i) junior trainees who were pre-intermediate and pre-specialist examina-
tions, ii) participation in the standard shift roster, and iii) ability to complete post-

shift assessments via an electronic device. There were no formal exclusion criteria.

2.2. Ethical Considerations

Before study initiation, an application to the SingHealth Centralized Institutional
Review Board (CIRB) was submitted (CIRB iSHaRe reference: 202310-00035).
Following review, the CIRB determined that the project did not constitute hu-
man subjects research and therefore did not require further ethical deliberation
(CIRB determination reference: 2024/2200). Participation was voluntary, and all
data were de-identified prior to analysis. The study was conducted in accordance

with institutional policy and the Declaration of Helsinki.

2.3. Study Setting and Participants

The department has the following junior manpower allocation system in place:

Junior doctors rostered to the Surgical Intensive Care Unit (SICU) work a va-
riety of the following shifts:

1) 8h-Short Day (8 am to 4 pm)

2) 12-Hour Day (8 am to 8 pm)

3) 12-Hour Night Shift (8 pm to 8 am)

Doctors rostered in the Operating Theatre (OT) work the following shifts:

1) 8h-OT Day (8 a.m. to 4 p.m.)

2) 24-Hour Weekday Call (May have a designated rest period of up to 8 hours
depending on manpower)

3) 24-Hour Weekend Call (No designated rest period)

Four junior doctors are rostered to the SICU every month. After completing
the month in the SICU, they return to work in the OT, and another four doctors
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replace them.

Over the course of two months, a total of eight eligible trainees were ap-
proached, all of whom consented and were enrolled. They were aged 26 to 32 years
old and had less than two years of anesthesia training each. All participants rotated
through both SICU and OT postings during the study period and were equally
likely to be assigned to any shift type as part of a common pool. Rostering in both
SICU and OT was done by a points system to even out the shift types. Each par-
ticipant was de-identified and allocated a letter from A to H.

Following every shift, each participant filled out a written questionnaire and
took the SCWT [19], both administered through links provided to their personal
mobile devices, with the data recorded electronically. Both the questionnaire and
SCWT were completed as soon as possible after the end of each shift and the com-
pletion of handover duties. All participants were given a one-time standardized
practice run to familiarize themselves with the test.

As this was a pilot study conducted within the constraints of the departmental
rotation structure, the sample size was based on feasibility rather than a priori
power calculations. The primary aim was methodological feasibility and effect-
size estimation to inform sample-size calculations for future adequately powered
studies.

Across the two-month study period, 64 shift assessments were attempted. One
SCWT result was unavailable due to a technical device failure, leaving 63 complete
post-shift assessments for analysis.

The written questionnaire was developed by the authors de novo and included
the following:

1) Shift type

2) Subjective assessment of fatigue—Relative Perceived Exhaustion (RPE)

3) Subjective assessment of workload—difficulty of the shift before/after mid-
night

4) Subjective assessment of rest—sleep (total and duration of interrupted sleep)
they managed during the night shift (or the night before if they were on a day
shift)

5) Subjective assessment of their current performance as a percentage of their
peak performance

As an objective assessment of their fatigue, the 1-minute SCWT yielded the fol-
lowing results: number of correct answers, number of errors, proportion of errors
(PE), and the average reaction time for a correct answer (RT). With these data,

the Inverse Efficiency Score (IES) was calculated.

2.4. Inverse Efficiency Score

The Inverse Efficiency Score (IES) in milliseconds (ms) is a measure used in cog-
nitive psychology to quantify the efficiency with which a person performs a task
[20]. It is designed to combine both accuracy and reaction time (RT) into a single

score, offering a more holistic view of performance efficiency, where a higher per-
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formance efficiency is reflected in faster responses with higher accuracy [21] [22].

IES = RT/[1-PE] or RT/PC

where PE = proportion of errors, PC = proportion of correct responses.
e A low IES indicates high efficiency, ie, the participant is completing the task
quickly and accurately.
e A high IES suggests lower efficiency, i.e, the participant is either taking more
time to complete the task or making more errors.
The collected data were analyzed by a Senior Analyst from our institution’s De-
partment of Data Science, who provided oversight and expertise in the statistical

evaluation.

2.5. Statistical Analysis

Descriptive statistics of the characteristics and survey responses of anesthetists’
work shifts were reported as number and percent for categorical data, mean *
standard deviation (SD) for normally distributed data, and median and interquar-
tile range (IQR) for non-normally distributed data.

The scatter plot with locally weighted scatterplot smoothing (LOWESS) and a
95% confidence band was used to visualize the relationship between SCWT order
and IES. SCWT order denotes the sequence of test administrations for each par-
ticipant across successive time points. Specifically, SCWT order 1 corresponds to
the assessment conducted following the first shift, SCWT order 2 to the assess-
ment following the second shift, and subsequent orders reflect the same pattern.

We generated box plots of the IES by anesthetist and at different values of sub-
jective measures of rest or workload. To determine if shift type was associated with
SCWT performance, we performed a multivariable linear mixed-effects regres-
sion of the IES on shift type and SCWT order. Random intercepts for anesthetists
accounted for clustering within anesthetists and inter-anesthetist variability. The
likelihood ratio test of the full model versus a nested model with only SCWT order
indicated whether shift type was associated with the IES after adjusting for SCWT
order. The adjusted difference in means and 95% confidence interval (CI) were
reported. Glass’s A indicated the adjusted difference expressed in reference group
SDs, and the ratio of means (RoM) indicated the relative difference of geometric
means. Partial R? quantified the incremental variance in IES explained by shift
type and SCWT order after accounting for inter-anesthetist variability, with 95%
CI estimated via bootstrap resampling with 1000 iterations.

We performed a leave-one-out sensitivity analysis to examine whether the main
results were sensitive to any one data point. A cumulative logit mixed-effects re-
gression of the RPE on shift type with random intercepts for anesthetists was used
to determine whether shift type was associated with RPE. To determine whether
various subjective measures of rest or workload were associated with the IES, we
performed Kruskal-Wallis tests. When the Kruskal-Wallis test P < 0.05, we per-
formed post-hoc pairwise comparisons using Dunn’s test with multiplicity adjust-

ment using the Holm method.
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To determine the sample size for a future definitive trial, we performed a power
analysis using Monte Carlo simulation based on the baseline mean and variance
components from our pilot linear mixed model. We estimated the number of
anesthetists required to detect a 5% relative difference in IES with 80% power at a
= 0.05. Statistical tests were two-sided with a 0.05 significance level. All analyses
were conducted using R version 4.4.2 (R Core Team, 2024), the “simr” R package,
and Stata 18 (College Station, TX: StataCorp LLC).

2.6. Reporting Standards

This manuscript was prepared in accordance with the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) guidelines for observa-

tional studies.

3. Results

A total of eight junior anesthetists contributed 63 complete post-shift assessments.
One attempted assessment was excluded due to missing SCWT data. No other
post-shift questionnaires or SCWT assessments were incomplete. Table 1 shows
the characteristics and survey responses of the anesthetists” work shifts overall,

and by shift type.

Table 1. Characteristics and survey responses of anesthetists’ work shifts.

Characteristic/ All shifts 8h-Short 12h-Long 12h-Night 24h-Weekday  24h-Weekend
Survey response (n=63) Day (n=13) Day(n=15) Shift (n=28) Call (n =4) Call (n=3)
No. of anesthetists 8 6 7 8 4 3

How tired are you feeling now?

1 (Not tired) 1(1.6) 0 (0) 0(0) 1(3.6) 0 (0) 0 (0)
2 (Slightly tired) 11 (17.5) 5(38.5) 2(13.3) 3(10.7) 0 (0) 1(33.3)
3 (Tired) 25 (39.7) 6 (46.2) 4(26.7) 13 (46.4) 1(25) 1(33.3)
4 (Very tired) 20 (31.8) 1(7.7) 5(33.3) 10 (35.7) 3 (75) 1(33.3)
5 (Extremely tired) 6(9.5) 1(7.7) 4(26.7) 1(3.6) 0 (0) 0(0)

How busy was your shift before midnight?

Not busy 27 (42.9) 4(30.8) 5(33.3) 17 (60.7) 0 (0) 1(33.3)
Quite busy 24 (38.1) 7 (53.9) 5(33.3) 8 (28.6) 4 (100) 0 (0)
Very busy 12 (19.1) 2 (15.4) 5(33.3) 3(10.7) 0 (0) 2 (66.7)

How busy was your shift after midnight?

Not busy 16 (38.1) 1(25) 0 (0) 14 (50) 0 (0) 1(33.3)
Quite busy 21 (50) 3(75) 2 (66.7) 12 (42.9) 3(75) 1(33.3)
Very busy 5(11.9) 0 (0) 1(33.3) 2(7.1) 1(25) 1(33.3)
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Continued

How many hours of sleep did you get during your shift in total?
0-2 18 (28.6) 1(7.7) 4(26.7) 8 (28.6) 3 (75) 2 (66.7)
2-4 16 (25.4) 1(7.7) 0 (0) 14 (50) 1(25) 0 (0)
4-6 20 (31.8) 6 (46.2) 7 (46.7) 6(21.4) 0 (0) 1(33.3)
>6 9 (14.3) 5 (38.5) 4(26.7) 0 (0) 0 (0) 0(0)

How interrupted was your sleep?
i(fﬁ;iﬁ::f:;r; of 24 (38.1) 10 (76.9) 12 (80) 2(7.1) 0 (0) 0(0)
i(ﬁ:iﬁjﬁ;ﬁ; of 14 (22.2) 2 (15.4) 1(6.7) 9 (32.1) 1(25) 1(33.3)
i;;i;ii:;:;r) of 8 (12.7) 0(0) 0(0) 6 (21.4) 1(25) 1(333)
i ;g;;ﬁjg:j;‘;es 12 (19.1) 0 (0) 0(0) 9 (32.1) 2 (50) 1(33.3)
i gﬁ,ﬁiﬁ;ﬁep period 5(7.9) 1(7.7) 2 (13.3) 2(7.1) 0 (0) 0 (0)
What percentage relative to your peak performance do you feel you are at?
<20% 8 (12.7) 0 (0) 5(33.3) 3(10.7) 0 (0) 0 (0)
21% - 40% 16 (25.4) 3(23.1) 2 (13.3) 8(28.6) 2 (50) 1(33.3)
41% - 60% 17 (27.0) 2 (15.4) 3 (20) 10 (35.7) 1(25) 1(33.3)
61% - 80% 18 (28.6) 7 (53.9) 4(26.7) 5(17.9) 1(25) 1(33.3)
81% - 100% 4(6.4) 1(7.7) 1(6.7) 2(7.1) 0 (0) 0(0)
SCWT order
1 test 7 (11.1) 5 (38.5) 1(6.7) 0 (0) 0 (0) 1(33.3)
27 test 8 (12.7) 1(7.7) 2 (13.3) 3(10.7) 2 (50) 0 (0)
3t test 7 (11.1) 1(7.7) 1(6.7) 5(17.9) 0 (0) 0 (0)
4™ test 7 (11.1) 1(7.7) 1(6.7) 4(14.3) 0 (0) 1(33.3)
>5 tests 34 (54.0) 5 (38.5) 10 (66.7) 16 (57.1) 2 (50) 1(33.3)
Inverse Efficiency Score (ms)

Mean + SD 1264 + 384 1202 + 213 1359 + 277 1169 + 187 1259 + 246 1961 + 1502

1176 1176 1349 1132 1229 1173

Median (IQR) (1053 - 1392)

Min, max 856, 3692

(1052 - 1302)  (1132-1667) (1052 - 1263)

923, 1621 968, 1899 856, 1662

(1077 - 1441) (1017 - 3692)

1000, 1577 1017, 3692
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Continued
Relative Perceived Exhaustion (RPE)
Mean + SD 33+£09 2.8+0.9 3.7+1.0 33+0.8 3.8+£0.5 3+x1
Median (IQR) 3(3-4) 3(2-3) 4(3-5) 3(3-4) 4(3.5-4) 3(2-4)
Min, max 1,5 2,5 2,5 1,5 3,4 2,4

IQR = Interquartile range. SD = Standard deviation.

3.1. Association between Shift Type and SCWT Performance
Calculated in IES

A negative association between SCWT order and IES was taken to suggest a learning
effect of the SCWT, which appeared to be non-linear, where the effect was greatest
from the 1st to the 4th or 5th test, before plateauing thereafter (Figure 1). In addition,
there appeared to be variability in SCWT performance across anesthetists (Figure 2).

After adjusting for SCWT order, 12h-Long Day was associated with a 233 ms
higher mean IES compared to 8h-Short Day (95% CI 19 to 428, P = 0.032; Table
2). This corresponded to a 1.05 SD (95% CI 0.00 to 2.10) and 15% (RoM 95% CI
1.02 to 1.31) higher mean IES. 24h-Weekend Call was associated with an 809 ms
higher mean IES compared to 8h-Short Day (95% CI 490 to 1127, P < 0.001; Table
2). This corresponded to a 3.80 SD (95% CI 2.17 to 5.42) and 44% (RoM 95% CI
1.19 to 1.75) higher mean IES. The other shifts did not show a difference in IES
compared to 8h-Short Day (Table 2). Work shift type and SCWT order uniquely
explained 18.6% (95% CI 6.4 to 39.5) and 16.4% (95% CI 3.8 to 37.5) of the vari-

ance in IES, respectively.

—— LOWESS

95% Cl
1500+

4000
o
4
s 3500
8 O Anesthetist A
8 O Anesthetist B
T 3000+ Anesthetist C
£ O Anesthetist D
o O  Anesthetist E
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'S O Anesthetist G
% 2000 O Anesthetist H
5
=
L
[
@
[9]
>
£

1000

1 2 3 4 5 6 7 8 9 10 11 12
SCWT order

A locally weighted scatterplot smoothing curve was used to visualize any non-linearity in
the data. Inverse Efficiency Score (ms) = (average reaction time in ms)/(1 — proportion of
errors), where proportion of errors = (no. of errors)/(total no. of responses). LOWESS =
Locally weighted scatterplot smoothing.

Figure 1. Scatterplot of the inverse efficiency score (IES) against SCWT order.
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Inverse Efficiency Score (ms) = (average reaction time in ms)/(1 — proportion of errors),
where proportion of errors = (no. of errors)/(total no. of responses).

Figure 2. Box plots of inverse efficiency score by anesthetist.

Table 2. Multivariable linear mixed model of inverse efficiency score (IES) on anesthetists’ work shift type and SCWT order.

Difference in

Ratio of means

Variable means (95% CI) Glass’s A (95% CI) (95% CI) Partial R? (95% CI) P value
Work shift 0.186 (0.064 to 0.395) <0.001
8h-Short Day 0 (ref.) - - -
12h-Long Day 223 (19 to 428) 1.05 (0.00 to 2.10) 1.15 (1.02 to 1.31) 0.032
12h-Night Shift 93 (-97 to 283) 0.44 (-0.54to 1.41)  1.04 (0.93 to 1.17) 0.338
24h-Weekday Call 170 (—128 to 468) 0.80 (-0.71t0 2.31)  1.10 (0.92 to 1.32) 0.262
24h-Weekend Call 809 (490 to 1127) 3.80 (2.17 to 5.42) 1.44 (1.19 to 1.75) <0.001
SCWT order 0.164 (0.038 to 0.375) <0.001
1t test 0 (ref.) - - -
2nd test —267 (-546 to 11) —-0.29 (-0.62 to 0.04) 0.90 (0.76 to 1.06) 0.060
3rdtest —273 (=563 to 16) —0.30 (~0.64 t0 0.05)  0.88 (0.74 to 1.05) 0.065
4™ test —540 (—821 to —=258)  —0.59 (-0.92 to —0.26)  0.76 (0.64 to 0.90) <0.001
>5 tests —500 (=738 to —=263)  —0.55 (—0.83 to —0.26)  0.74 (0.64 to 0.86) <0.001

All 63 work shifts had available work shift and SCWT order data and were included in the multivariable linear mixed model.

One work shift had a much larger IES (3692 ms) compared to all other work
shifts (856 - 1899 ms). After excluding this work shift in a sensitivity analysis, the
observation of a higher mean IES for 12h-Long Day persisted (Table 3).
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Table 3. Multivariable linear mixed model of inverse efficiency score on anesthetists’ work shift type and SCWT order, excluding

one work shift with an inverse efficiency score of 3692.

Difference in means

Ratio of means

Variable (95% CI) Glass’s A (95% CI) (95% CI) Partial R? (95% CI) P value
Work shift 0.079 (0 to 0.297) 0.034
8h-Short Day 0 (ref.) - - -
12h-Long Day 155 (36 to 273) 0.73 (0.12 to 1.33) 1.12 (1.02 to 1.24) 0.010
12h-Night Shift 8 (-102to 119) 0.04 (—0.53 to 0.60) 1.01 (0.92 to 1.11) 0.882
24h-Weekday Call 70 (=102 to 242) 0.33 (~0.55t0 1.21)  1.06 (0.91 to 1.22) 0.425
24h-Weekend Call 85 (—138 to 308) 0.40 (-0.74 to 1.54) 1.07 (0.89 to 1.30) 0.454
SCWT order 0.205 (0.110 to 0.422) <0.001
1% test 0 (ref.) - - ,
2nd test 12 (=155 to 179) 0.06 (~0.81t00.93)  1.00 (0.87 to 1.16) 0.889
3 test 12 (-162 to 186) 0.06 (—0.86 to 0.97) 0.99 (0.85 to 1.15) 0.893
4 test ~163 (=338 to 12) —0.78 (-1.70t0 0.13)  0.88 (0.76 to 1.02) 0.068
>5 tests —224 (369 to -78)  —1.07 (~1.84to —0.31)  0.83 (0.73 to 0.94) 0.003

All 62 work shifts had available work shift and SCWT order data and were included in the multivariable linear mixed model. Statis-
tical analysis: We performed a multivariable linear mixed-effects regression of the IES on shift type and SCWT order, excluding one

work shift with an IES of 3692 ms. Random intercepts for anesthetists accounted for clustering within anesthetists and inter-anes-

thetist variability. The likelihood ratio test of the full model versus a nested model with only SCWT order indicated if shift type was
associated with the IES after adjusting for SCWT order. The adjusted difference in means and 95% confidence interval (CI) were
reported. Glass’s A indicated the adjusted difference expressed in reference group SDs and the ratio of means (RoM) indicated the

relative difference of geometric means. Partial R? quantified the incremental variance in IES explained by shift type and SCWT order

after accounting for inter-anesthetist variability, with 95% CI estimated via bootstrap resampling with 1000 iterations.

3.2. Association between Shift Type and Relative Perceived
Exhaustion (RPE)

The cumulative logit mixed model of RPE on shift type (Table 4) showed that
12h-Long Day may be associated with 6.8 times the odds of higher RPE compared
to 8h-Short Day (95% CI 1.4 to 31.7, P = 0.015), while 24h-Weekday Call with a
designated rest period may be associated with 10.1 times the odds of higher RPE
compared to 8h-Short Day (95% CI 1.2 to 81.7, P = 0.031).

3.3. Association between Subjective Measures of Rest or
Workload and SCWT Performance

Work shifts with higher RPE were associated with a higher IES (Kruskal-Wallis
test P = 0.004; Figure 3). Work shifts where the anesthetist reported feeling ex-
tremely tired were associated with a higher IES compared to work shifts where the
anesthetist reported feeling not or slightly tired (P = 0.002), tired (P = 0.015), or
very tired (P = 0.034).
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Table 4. Cumulative logit mixed model of Relative Perceived Exhaustion (RPE) on anesthetists’ work shift type.

Work shift type QOdds ratio (95% CI) P value
8h-Short Day 1 (ref.) -
12h-Long Day 6.76 (1.44 to 31.66) 0.015

12h-Night Shift 2.95(0.82 to 10.57) 0.097
24h-Weekday Call 10.07 (1.24 to 81.68) 0.031
24h-Weekend Call 1.86 (0.16 to 21.76) 0.622

All 63 work shifts had available work shift data and were included in the cumulative logit mixed model. Random intercepts for
anesthetists allowed the Relative Perceived Exhaustion (RPE) for the reference work shift (8h-Short Day) to vary across anesthetists.
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Figure 3. Box plots of inverse efficiency score (IES) by anesthetists’ relative perceived ex-
haustion (RPE) following work shift.

There was no evidence that self-reported busyness of work shifts before (P =
0.819; Figure 4(A)) or after midnight (P = 0.503; Figure 4(B)), self-reported total
hours of sleep an anesthetist had during their shift (P = 0.254; Figure 4(C)), or
extent of sleep interruption (P = 0.351; Figure 4(D)) was associated with the IES.

The self-reported performance level relative to peak performance may be asso-
ciated with the IES (P = 0.058). Of note, work shifts with the lowest self-reported
relative performance level of < 20% had the highest median IES of 1425 ms and
the largest variability in scores (IQR 1189 - 1690; Figure 5).

3.4. Sample Size Calculation for the Future SCWT IES Study

In a future definitive trial, to detect a 5% difference in the mean IES (equivalent
to 76.2 ms) between a work shift type and an 8h-Short Day with 80% power at a
two-tailed 5% significance level, assuming eight SCWTs per anesthetist, at least
34 anesthetists (272 SCWTs) are required (Figure 6).
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Power analysis for future SCWT IES study
Target: 5% difference in SCWT IES (76.2 ms) at a=0.05, eight tests per anesthetist
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IES = Inverse Efficiency Score. SCWT = Stroop Color and Word Test. Inverse Efficiency
Score (ms) = (average reaction time in ms)/(1 — proportion of errors), where proportion of
errors = (no. of errors)/(total no. of responses).

Figure 6. Power analysis for a future study investigating the effect of work shift type on
SCWT IES.

4. Discussion

Junior doctors are frequently required to work through the biological night and
are subject to chronic partial sleep deprivation. A substantial body of literature
has documented the adverse effects of prolonged working hours and insufficient
sleep on the physical and mental well-being of healthcare professionals, with con-
sequential impacts on patient care [1] [2] [11]. Despite this growing evidence,
most departments within Singapore’s restructured hospitals continue to imple-
ment 24- to 30-hour on-call shifts for junior doctors, likely due to manpower lim-
itations and the logistical complexities of scheduling.

Current guidelines from the Singapore Medical Council (SMC) [23] permit
shifts of up to 24 hours, with an additional allowance of up to 6 hours for admin-
istrative or educational activities. These recommendations exceed international
standards. For example, the Australian and New Zealand College of Anesthetists
advises that anesthetists work no longer than 12 hours per shift, with an absolute
maximum of 16 hours under exceptional circumstances [24]. Prior local surveys
have demonstrated a high prevalence of fatigue and burnout among junior doc-
tors in Singapore [25], yet no study to date has objectively correlated fatigue with
functional performance in this population.

To our knowledge, this study is among the first to explore the association be-
tween subjective fatigue and objective cognitive performance in junior anesthe-
tists, with the SCWT and IES employed as validated proxies for executive func-

tion. Our results indicate that shifts exceeding 12 hours in duration are associated
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with a measurable decline in objective performance, as reflected in SCWT out-
comes. Notably, this impairment occurred regardless of subjective workload in-
tensity or whether rest periods were available during the shift. Furthermore, a pos-
itive correlation was observed between subjective fatigue ratings, as measured by
the RPE, and cognitive inefficiency (as indicated by the IES), suggesting that per-
ceived fatigue meaningfully influences performance.

Importantly, even when trainees reported shifts as relatively undemanding or
having had rest breaks, objective performance was still negatively impacted. This
discrepancy raises concerns about the ability of clinicians to self-assess their cog-
nitive limitations, which could have implications for patient safety.

Our findings suggest the need to re-examine existing rostering practices in Sin-
gapore, with consideration toward fostering a more sustainable and supportive
work environment for junior doctors. More balanced work schedules may have the
potential to improve trainee well-being, reduce burnout and attrition, and, in turn,
contribute to the quality of patient care. It is noteworthy that the shift structure
examined in this study is currently employed by only one restructured hospital’s
ICU; elsewhere, 24-hour calls or consecutive night float systems remain the norm.

Our study was limited by a small sample size (n = 8), due to the constrained
rotation system in a tertiary academic center where only 4 junior doctors are
posted to the ICU monthly. Efforts were made to enhance data robustness, includ-
ing repeated measures collected from each participant to allow within-subject
comparisons across different shift types, and short shifts were used as control con-
ditions. Additionally, potential confounders such as the identity of the anesthetist
and learning effects were accounted for in the analysis.

Cognitive performance is usually at its peak during two periods of the day
(10:00 - 14:00 and 16:00 - 22:00) [26]. Due to the nature of the study, with tests
conducted at varied times of the day post-shift, it was not possible to control for
circadian rhythm influences and individual chronotype. As cognitive perfor-
mance and alertness vary across the 24-hour cycle, the differences in IES may
partly reflect circadian influences rather than fatigue alone. It is, however, im-
portant to note that the majority of the tests following the 12h-Long Day were
carried out at around 8 - 10 pm, which, despite being within a typical peak per-
formance time, had poorer SCWT outcomes. This is likely explained by the fact
that fatigue has a stronger detrimental effect on cognitive efficiency than circa-
dian-based alertness peaks can compensate for.

Nevertheless, the study was underpowered to detect some differences, particu-
larly between 24-hour shifts and shorter day shifts in terms of RPE and IES, as
supported by the leave-one-out sensitivity analysis. This was further compounded
by data loss on certain longer shifts such as the 24h-Weekend Call, which could
have reflected the excessive fatigue following such shifts, resulting in an inability to
complete the study protocol. From our results, the 12h-Long Day had higher IES
and RPE scores, and the 24h-Weekday Call had higher RPE. Therefore, it is un-
likely that there is not a similar (if not higher) increase in RPE and IES for the 24h-
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Weekend Call. This can be addressed by future studies with larger sample sizes.

While participant assignment to shifts was not based on any planned pattern, it
was naturally not practical or feasible to randomize the shift allocations due to the
presence of scheduling and leave requirements. To address potential confounders
arising from roster sequence, unequal distribution of workload, or individual-spe-
cific factors such as level of experience and caffeine consumption, propensity
score matching could be considered in a future larger study. Given that this was a
pilot study, we did not have the sample size to allow for this.

The generalizability of our findings is limited by the single-center design, the
small number of trainees, and the specific rostering structure of our institution.
Workload intensity, staffing ratios, and rest provisions vary across hospitals, and
therefore the observed effects of shift type on cognitive performance may not fully
represent other clinical environments. Larger, multi-center studies involving dif-
ferent specialties and hospital systems are warranted to improve external validity
and provide a more comprehensive understanding of fatigue in junior medical
staff.

Another limitation is the challenge of interpreting whether statistically signifi-
cant differences in IES translate into clinically meaningful deficits in performance.
Although significant associations were observed, the minimal clinically important
difference (MCID) for IES in the context of anesthesia practice is not established.
Nevertheless, studies have shown that blood alcohol levels corresponding to a le-
gally drunk standard can impair performance on the SCWT [27]; thus, it is con-
ceivable that when performance on the SCWT is demonstrably affected, the de-
gree of cognitive impairment may not be insignificant.

The SCWT is a validated, quick, and practical tool for assessing domains rele-
vant to anesthesia, such as attention, cognitive flexibility, and processing speed.
While it would be difficult to translate findings from SCWT performance into
objective measures of performance in the anesthesia context, given the highly var-
ied nature of the role, the above domains are highly relevant in anesthesia practice,
particularly when handling emergency situations after hours.

We recognize that there are many other important aspects and competencies
for good anesthetic care beyond those listed above. The SCWT does not evaluate
other crucial competencies like clinical reasoning, psychomotor skills, or memory,
all of which are vital in high-stakes environments. To evaluate the clinical impact
of fatigue on anesthesia performance, future studies should consider integrating a
broader range of assessment tools, including validated fatigue and sleepiness ques-
tionnaires (for example, the Epworth Sleepiness Scale), short-term memory tasks,
and simulations that assess decision-making and procedural proficiency under fa-
tigue. Future institutional research could also integrate clinical outcomes or near-
miss reports with shift scheduling and measured fatigue levels, offering valuable
real-world insight into how fatigue affects healthcare performance. Achieving ad-
equate power for such analyses would likely require large sample sizes or extended

longitudinal data collection.
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5. Conclusion

The study’s design demonstrates the feasibility of measuring the effect of extended

shifts on cognitive performance objectively (via SCWT/IES) and subjectively (via

RPE). The findings suggest an association between extended working hours, in-

creased fatigue, and diminished cognitive performance among anesthesia train-

ees. As this was a pilot study, the results should be interpreted as preliminary and

require confirmation in larger, multi-center studies before being used to inform

institutional policy decisions regarding work scheduling. With further validation,

such findings may contribute to efforts aimed at improving trainee well-being and

patient safety.
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