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Objective: The Toronto Hospital Alertness Test (THAT) scale was designed to measure 

alertness, defined as the capacity of the mind to respond appropriately to external and internal 

stimuli. The present study’s aim is to determine normative values of alertness on the THAT and 

to explore the relationship among excessive daytime sleepiness, fatigue, depressive symptoms, 

and alertness.

Methods: Normative data were collected from 60 healthy males and females. To explore the 

relationship among alertness, daytime sleepiness, fatigue, depression, and anxiety, data were 

collected from charts of sleep clinic patients. All study subjects completed measures for fatigue, 

sleepiness, depressive symptoms, and anxiety.

Results: The average score on the THAT was 34.9±7.2 (range 22–50) for the control group. 

The cutoff score for the THAT, indicative of clinically significant reduced alertness, was 

determined to be #20.5 (mean -2 SD). THAT alertness scores were found to be modestly, 

significantly, and negatively correlated with fatigue levels (r=-0.39, P,0.001), depressive 

symptoms (r=-0.53, P,0.001), and anxiety symptoms (r=-0.41, P,0.001). No correlations 

were found between alertness levels and daytime sleepiness. Regression analyses revealed a 

significant model (F=19.9, P,0.001, adjusted R2=0.35) with depressive symptoms (P,0.001) 

and fatigue (P=0.006) emerging as the only significant predictors of scores on the THAT.

Conclusion: The findings of this study support that sleepiness is not the same as poor alertness. 

Depressive symptoms and fatigue, but not sleepiness, were found to have a strong and signifi-

cant impact on levels of alertness. This is the first study to link poor alertness to depressive 

symptoms.
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Introduction
Alertness is defined as the capacity of the mind to respond appropriately to external 

and internal stimuli.1 Alertness encompasses facets of attention, vigilance, and cog-

nitive performance; individuals who are alert are better able to perceive and react 

appropriately to varying situations. In essence, excessive sleepiness is defined as a 

pathologically increased propensity to fall asleep; the operational definition of exces-

sive sleepiness that was provided in a large epidemiological study includes concepts 

of ease of falling asleep, periods of onset of uncontrollable sleep, falling asleep dur-

ing what would normally be a period of wakefulness and an increased need to take 

naps.2 Our previous work has proposed that daytime sleepiness and alertness are not 

opposite states of the same phenomena, but are distinct manifestations of different 

neural pathways and neurochemical mechanisms.1
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A recently developed measure of alertness, the Toronto 

Hospital Alertness Test (THAT) scale, has been shown to be 

valid and have high re-test reliability in the determination of 

trait alertness levels.1 This latter study also provides infor-

mation on the development of the THAT. In a small study3 

of 12 healthy volunteers (aged 39±7 years), a mean score 

of 38±7 was obtained using the THAT. A larger study of 

1,010 normal subjects who were free from obstructive sleep 

apnea, depression, narcolepsy, multiple sclerosis, shift work, 

or daytime sleepiness found a mean THAT score of 36.9±8.2.4 

The findings of this latter larger study is promising, but the 

study did not explore any relationship the THAT scale may 

have to depression and fatigue. Also, this latter study was also 

not specifically designed to define a normal range and cutoff 

for the THAT. As such, there is yet no normal range and cutoff 

for the THAT has been defined; a reliable normal range for the 

THAT will require better designed studies.

Our previous study has suggested that no correlation 

exists between the THAT and polysomnographic (PSG) 

measure of sleepiness (as measured using the Multiple 

Wakefulness Test, MWT).1 The MWT is a measure best 

suited to assess one’s ability to stay awake. The Maintenance 

of Wakefulness Test is a PSG measurement of the ability to 

resist any sleep propensity under soporific conditions and is 

likely to be yet another measure of the collection of states 

(eg, sleepiness, alertness, and fatigue). However, Bonnet and 

Arand5 have proposed that the Multiple Sleep Latency Test 

(MSLT) is a better measure of sleepiness. The MSLT is a 

measure of sleep propensity, whereas the MWT is a measure 

of ability to remain awake.6

We have previously shown1 a modest but significant 

correlation between alertness (as measured using the 

THAT) and symptoms of depression (as evaluated using the 

Centre for Epidemiological Studies in Depression [CES-

D] screening instrument7). This finding has resulted in the 

hypothesis that mood may be a key influence on alertness. 

Symptoms of anxiety were not examined in the afore-

mentioned study. As such, the aforementioned hypothesis 

warrants exploration using measures of both anxiety and 

depressive symptoms.

A further key quandary is the question of what associa-

tion, if any, exists between cognitive fatigue and alertness. 

Fatigue is a ubiquitous complaint in mood disorders8,9 and 

in those with sleep pathology.10 Fatigue levels have been 

observed to significantly impact the ability to maintain 

sustained attention in several patient populations.11,12 Yet, 

the link between fatigue and cognitive performance remains 

uncertain; some studies found no relationship13,14 while others 

report a negative association.15,16

The aim of the present study is to further explore the rela-

tionship among alertness, sleepiness mood, and fatigue.

Methods
Ethics approval for this study was obtained from the Univer-

sity Health Network Research Ethics Board. As this was a 

retrospective clinical chart review study no informed consent 

from patients was required as there was no direct contact 

with patients. To obtain normative values for the THAT, data 

were collected from 60 healthy males and females ranging in 

age from 17 to 74 years. To explore the relationship among 

alertness, sleepiness, fatigue, and symptoms consistent 

with depression and anxiety, data were also collected from 

patients who were referred to our clinic for investigation of 

a sleep disorder and who subsequently underwent overnight 

PSG testing. Clinical charts were consecutively selected for 

inclusion in the study – a total of 458 charts were reviewed, 

but 194 were excluded due to missing data on one or more 

of the major outcome variables. Patients’ charts contained 

responses to a battery of self-report scales that measured: 

alertness – THAT;1 depressive symptoms – CES-D;7 anxiety 

symptoms – Zung Self-Rating Anxiety Scale (SAS);17 

daytime sleepiness – Epworth Sleepiness Scale (ESS);18 

fatigue – Fatigue Severity Scale (FSS).19

Results from daytime PSG sleep latency testing (as mea-

sured using the MSLT)20 were available for 210 patients. The 

questionnaires in the charts had been completed on the day of 

the consultation with the sleep specialist and the PSG testing 

took place 2–4 weeks later.

The following cutoffs were used for this study: 

Scores $16 is indicative of depression based on the 

CES-D;7 #44 represents the normal range of the SAS;17 $8 

signifies clinical sleepiness for a sleep clinic population based 

on the ESS;21 and, for the FSS, the normal average healthy 

adult score is 2.3±0.7,19 with a cutoff .3.7 (representing the 

mean +2 SD) indicative of pathological fatigue.

Statistical analyses
Statistical testing was conducted using the SPSS statistical 

program (version 19, IBM Corporation, Armonk, NY, USA). 

Differences in means were obtained using the Student’s 

t-test. Relationships between variables were explored using 

Pearson’s Correlation and Regression Analyses were per-

formed to determine the degree to which mood (symptoms 

of depression based on the CES-D and anxiety based on the 

SAS), daytime sleepiness, fatigue, age, and sex contribute to 

levels of alertness. The level of statistical significance was set 

at a more stringent level of P,0.01 to avoid Type 1 error due 

to multiple statistical testing of the dataset. Effect size was 
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determined using Cohen’s d22 which provides the standard-

ized mean effect and expresses the mean difference between 

two groups in SD units: effect sizes between 0.5 and 0.8 are 

moderate and above 0.8 are considered large.22

Results
Normative values: control subjects
Possible scores on the THAT range from 0 to 50. Norma-

tive values of the THAT were collected from 30 males and 

30 females ranging in age from 17 to 74 years (average 

39.1±14.3 years). The average score on the THAT was 

34.9±7.2 (range 22–50). Based on the formula of two times 

the SD subtracted from the mean, the cutoff of the THAT, 

indicative of clinically significant reduced alertness, is 20.5. 

No sex differences were noted and scores on the THAT did not 

differ with age, with no significant differences in the THAT 

score between those below and above 40 years of age.

relationship to sleepiness, fatigue, 
depression, and anxiety: sleep clinic 
patients
Of the 264 patient charts included in this study, 54% (n=142) 

of the patients were women and 46% (n=122) were men, and 

the average age of the group was 45.3±14.2 years. The results 

from the questionnaires and the average daytime sleep onset 

latency from the four MSLT sessions are shown in Table 1.

The group was divided into those with normal and 

impaired alertness based on the cutoff of 20.5 for the THAT 

(Table 2). A significant difference between those with normal 

and impaired alertness was found for all variables except for 

the ESS and the MSLT sleep onset latency. Effect size calcu-

lation (using Cohen’s d) (Table 2) indicates large differences 

in fatigue (FSS) and depressive symptoms (CES-D scale) and 

moderate differences in anxiety (SAS) between those with 

normal and those with impaired alertness.

Correlational analyses (Table 3) revealed that alertness (as 

measured using the THAT scale) was modestly, significantly, and 

negatively correlated with fatigue levels (FSS), depressive symp-

toms (CES-D), and anxiety symptoms (SAS). A strong, signifi-

cant, and positive correlation was also noted between scores on 

the CES-D and the SAS, and the FSS was modestly but posi-

tively and significantly correlated with scores on the CES-D 

and the SAS.

To further explore the relationship among alertness, 

fatigue, sleepiness, depressive symptoms, and anxiety com-

plaints, regression analyses were performed. A significant 

model was evident (F=19.9, P,0.001, adjusted R2=0.35) with 

scores on the CES-D (P,0.001) and FSS (P=0.006) scales 

emerging as significant predictors of scores on the THAT 

scale. Neither ESS (P=0.98) nor FSS (P=0.29) were found 

to be significant predictor variables. The model incorporat-

ing the ESS, FSS, CES-D, and SAS was found to explain 

half (50%, adjusted R2=0.50) of the variability in scores 

on the THAT. Conversely, a model incorporating age, sex, 

Apnea–Hypopnea Index, and MSLT sleep latency was found 

Table 1 Questionnaire and MSlT results

Measure Average (± SD) % above cutoff

ThaT – alertness 24.5±9.2 36.7 (ThaT #20.5)
eSS – eDS 9.4±5.7 41.1 (eSS .10)
MSlT – eDS 10.7±5.3 73.7 (SOl #10 min)
FSS – fatigue 5.0±1.3 83.5 (FSS $3.7)
ceS-D – depressive symptoms 21.6±13.4 59.9 (ceS-D $16)
SaS – anxiety symptoms 35.9±13.0 24.0 (SaS $45)

Abbreviations: ThaT, Toronto hospital alertness Test; eSS, epworth Sleepiness 
Scale; MSlT, Multiple Sleep latency Test; SOl, sleep onset latency; FSS, Fatigue 
Severity Scale; ceS-D, centre for epidemiological Studies in Depression; SaS, Zung 
Self-rating anxiety Scale; eDS, excessive daytime sleepiness.

Table 3 correlational analyses

Measure CES-D SAS ESS FSS MSLT

ThaT -0.5 
P,0.001

-0.4 
P,0.001

-0.37 
P=0.7

-0.4 
P,0.001

0.03 
P=0.8

ceS-D – 0.61 
P,0.001

0.06 
P=0.6

0.3 
P=0.005

-0.07 
P=0.6

SaS 0.61 
P,0.001

– 0.03 
P=0.7

0.3 
P=0.02

-0.03 
P=0.8

eSS 0.06 
P=0.6

0.03 
P=0.7

– 0.2 
P=0.09

-0.01 
P=0.1

FSS 0.3 
P=0.005

0.3 
P=0.02

0.2 
P=0.09

– -0.05 
P=0.7

MSlT -0.07 
P=0.6

-0.03 
P=0.8

-0.01 
P=0.1

-0.05 
P=0.7

–

ahi 0.2 
P=0.03

0.2 
P=0.03

0.1 
P=0.2

0.1 
P=0.2

-0.03 
P=0.8

Abbreviations: ThaT, Toronto hospital alertness Test; eSS, epworth Sleepiness 
Scale; MSlT, Multiple Sleep latency Test; FSS, Fatigue Severity Scale; ceS-D, centre 
for epidemiological Studies in Depression; SaS, Zung Self-rating anxiety Scale; ahi, 
apnea–hypopnea index.

Table 2 Normal and impaired alertness across study variables

Measure Normal 
alertness

Impaired 
alertness

Significance 
(P-value)

Effect size 
(Cohen’s d)

Average  
(± SD)

Average  
(± SD)

eSS 9.3±5.4 9.6±6.2 0.7 -0.052
MSlT 10.2±5.5 11.4±4.9 0.1 -0.230
FSS 4.6±1.3 5.7±1.0 ,0.001 -0.948
ceS-D 16.4±10.9 30.6±12.5 ,0.001 -1.211
SaS 32.5±12.3 41.9±12.0 ,0.001 -0.774

Abbreviations: eSS, epworth Sleepiness Scale; MSlT, Multiple Sleep latency Test; 
FSS, Fatigue Severity Scale; ceS-D, centre for epidemiological Studies in Depression; 
SaS, Zung Self-rating anxiety Scale.
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to explain only 16% (adjusted R2=0.16) of the variability in 

scores on the THAT.

Discussion
Daytime sleepiness and poor alertness are used interchange-

ably in the literature.23 However, the findings of this study 

support our previous hypothesis that daytime sleepiness is 

not the same as poor alertness. Daytime sleepiness, whether 

measured subjectively with the ESS or physiologically from 

the sleep onset latency obtained using the MSLT, did not 

differ among those with and without impaired alertness and 

did not predict scores on the THAT, thereby confirming that 

alertness is a separate construct from and not merely the 

opposite of sleepiness.

This study is the first to quantitatively define normal 

levels of alertness. Alertness is important for appropriate 

on-task performance and for the prevention of accidents. 

Unfortunately, there is as yet agreed-upon definition of alert-

ness and no gold standard for the measurement of alertness. 

As such, the definition of the construct of alertness is still 

controversial and further research in this area is needed to 

clarify exactly how alertness differs from sleepiness. The 

purpose of this paper has been to show what steps we have 

taken to further characterize the concept of alertness as an 

entity distinct from sleepiness.

There is strong evidence that performance is not solely 

dependent on the degree of sleepiness. Pejovic et al24 inves-

tigated the impact of recovery sleep of 10 hours per night 

for three nights following six nights of mild sleep restric-

tion (6 hours/night) in healthy young adults. Subjects did 

not exhibit any objective or subjective sleepiness after the 

recovery sleep, but their performance on a psychomotor 

vigilance task remained significantly impaired. This study 

demonstrates that with sleep restriction, recovery of neu-

rocognitive deficits such as impaired performance may be 

slower when compared to improvements in excessive sleepi-

ness. The continued performance decrements in the absence 

of sleepiness emphasizes the lack of association between 

sleepiness and vigilance and points to the strong influence 

of factors other than daytime sleepiness on performance. 

Alertness is potentially a good candidate factor, but further 

study will be needed to validate this hypothesis. Certainly, the 

aforementioned study emphasizes the need to look beyond 

sleepiness as the primary determinant of performance and an 

exploration of other factors such as alertness to characterize 

how sleep can impact performance is warranted.

In contrast to sleepiness, symptoms of depression and 

fatigue among our study subjects were found to have a strong 

and significant impact on levels of alertness. An association 

between fatigue and symptoms consistent with depression was 

noted. This may be expected as fatigue is a major symptom of 

depressive disorders.25 However, there is as yet no information 

on poor alertness as a symptom of depressive disorders.

Depressive disorders are characterized by impairments 

in both vigilance26 and attention.27 A study from our group 

reported that patients with untreated major depressive dis-

order performed poorly on the driving simulator.28 Greater 

workplace injuries and accidents have also been noted among 

firefighters with more depressive symptoms.29 The above 

could be explained by a reduction in alertness in those with 

depressive disorder as alertness has been linked to reduced 

visuospacial attention.30 Along these lines, our study31 has 

shown that treatment with mirtazapine improves driving 

performance despite the increased short-term sedation associ-

ated with mirtazapine.

Conclusion
The current study underscores that sleepiness and alertness 

are separate phenomena and not opposite poles of the same 

continuum. One limitation of this study is the use of only 

questionnaire data to explore alertness in sleep clinic patients. 

A further limitation is the use of only 60 control subjects to 

determine normative values of the THAT. It is notable that 

despite this low number of subjects, the cutoff of 20.5 for 

the THAT (calculated as twice the SD subtracted from the 

mean) obtained in our study is identical to the cutoff of 20.5 

for the THAT calculated based on a larger study of 1,010 

normal subjects.4 With an established normative values 

for alertness, further studies can utilize these to investigate 

linkages between impaired alertness and changes in sleep 

architectural variables in patients with sleep disorders, par-

ticularly in insomnia patients where fatigue, but not daytime 

sleepiness, predominates. Additionally, given that symptoms 

indicative of depression are predictive of levels of alertness, 

future studies are also needed to explore the contribution of 

impaired alertness to neurovegetative symptoms in individu-

als with depressed mood.
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