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Abstract 

 

Background 

The maintenance of wakefulness test (MWT) measures the ability of an individual to maintain 

wakefulness in soporific conditions and despite limitations remains the mainstay of vigilance 

testing. Wake and sleep states are traditionally characterised by oscillatory activity on 

electroencephalogram (EEG) but there is a less utilised non-oscillatory component of 

background neural aperiodic activity which can be derived from EEG raw data and represented 

as an exponent or a gradient (1/𝑓 slope). There is emerging evidence that aperiodic activity 

can be used to predict cortical activity. The aim of this study is to assess the use of aperiodic 

activity as a novel neurobiological marker of vigilance.  

 

Methods 

EEGs (4 x 50) from 50 patients who underwent the MWT between 2009 and 2023 at a single 

centre were analysed to determine their aperiodic activity. Statistical analyses utilising linear 

mixed models and linear regression were performed to assess the relationship between 

aperiodic exponent, aperiodic intercept and mean sleep latency. 

 

Results  

Linear mixed-effects modelling revealed that more negative aperiodic exponents represented 

by steeper 1/𝑓 slopes were associated with longer sleep onset latencies (β=-8.08, p=0.002). 

Similarly, higher aperiodic intercept scores were associated with longer sleep onset latencies 

(β=2.36, p=0.01).  

 

Conclusion 

This study provides proof-of-concept that aperiodic activity may be predictive of vigilance. 

Given its practicality, cost-effectiveness and lower demand on health staff and patient time, it 

is suggested that aperiodic activity as a test of vigilance testing offers not only greater 

diagnostic objectivity but benefits to already resource-limited healthcare systems.  

 

Keywords 

Maintenance of wakefulness test (MWT), vigilance, wakefulness, aperiodic activity, 

(1/𝑓 slope), aperiodic intercept.  
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Brief Summary 

The current gold standard for vigilance testing is the maintenance of wakefulness test (MWT) 

which measures the ability of an individual to maintain wakefulness in soporific conditions. 

Despite its advantages, the MWT is resource intensive and time consuming which has led to 

the exploration of alternative markers of wakefulness. 

 

Our study provides proof of concept that neural aperiodic activity may be a viable alternative 

or adjunct to current vigilance tests. Further, we describe the ease at which analysis of the 

aperiodic activity is performed and the potential advantages of its utility in clinical practice. 
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Introduction 

In clinical sleep medicine, vigilance testing is performed to assess occupational and driving 

safety in individuals with sleep disorders. The maintenance of wakefulness test (MWT) 

measures the ability of an individual to maintain wakefulness in soporific conditions and is 

routinely performed in clinical and research settings to assess vigilance (1). As high levels of 

sleepiness impair vigilance and the ability to maintain wakefulness, the MWT can also be used 

to infer functional impairment due to sleepiness (2). Despite its advantages the MWT is 

resource-intensive and time-consuming. These challenges have stimulated interest in alternate 

measures. Previous studies in animal models have identified the down-regulation of cortical 

activity as a potential biomarker of sleep (3) and, possibly, sleepiness (4). Therefore, an 

alternative but untested approach to assess vigilance and, conversely, sleepiness is to directly 

examine cortical activity.  Recent findings in humans indicate that the aperiodic EEG slope 

reflects arousal state and tracks the transition from wakefulness to drowsiness and sleep, 

suggesting it may serve as an objective marker of impaired vigilance (5,6). This is evidenced 

by reduced high-frequency power, increased low-frequency power, and steeper aperiodic EEG 

slopes (1/ 𝑓 activity) reflective of increased inhibitory and decreased excitatory neural activity 

(7). However, the utility of the aperiodic EEG slope as a practical, less resource-intensive 

alternative to behavioural vigilance tests such as the MWT remains to be systematically 

evaluated in clinical populations. 

The limitations of the MWT have been well-described (2). It is labour and patient-

intensive, involving four 40-minute wake trials with strict protocols, and requires a specialised 

laboratory environment with at least one skilled technologist in attendance (1). Further, the 

interpretation of the MWT and its normative values are debated. The 2005 American Academy 

of Sleep Medicine (AASM) practice parameters quote a mean (SD) sleep latency of 30.4 ± 11.2 

minutes with the lower limit of normal (LLN) of eight minutes (8). By contrast and discrepant 

to 2005 AASM practice parameters, Banks et al. (9) published normative data for the MWT in 

which the mean (SD) sleep latency (MSL) was 36.9 ± 5.4 minutes and the LLN was 26.1 

minutes. Thus, raising concerns whether the recommended LLN for MSL are clinically 

meaningful. Further, it is unclear if statistically normal mean sleep latencies in a laboratory 

reflect the ability of an individual to focus on real-world tasks such as driving. In driving 

simulator studies and based on MWT findings, sleepy (MSL <19 minutes) compared to alert 

(MSL > 34 minutes) patients with untreated obstructive sleep apnoea demonstrate significantly 
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lower number of road deviations (0.90 versus 0.35) and sleepy/very sleep (MSL = 19 – 33/<19 

minutes) compared to alert (MSL > 33 minutes) controls and/or patients with untreated 

obstructive sleep apnoea/hypersomnia of central origin had a higher number of line crossings 

(1.53/1.50 versus 0.30) (10,11). However, in both the latter studies and despite the significant 

group differences, MSL and driving impairment values were poorly correlated in the sleepy 

patient groups thus raising questions about the thresholds used to classify sleepiness. In a 

naturalistic study involving two-hours of monotonous highway driving, MWT has also been 

reported to correlate poorly with driving performance irrespective of the MSL cut-off (12). Due 

to the trial design, the MWT also suffers from a ceiling effect thereby affecting confidence in 

making extrapolations about performance in real-life situations where driving duration may 

exceed the 40min WMT limit. It is noted that the MWT limit was increased from 20 to 40 

minutes by Banks et al. (9) and that the capacity to maintain sustained vigilance is relevant in 

patient subpopulations such as commercial drivers who routinely perform long-haul trips (13). 

Finally, the MWT is subject to the influences of psychological factors, such as motivation (14), 

where patients may be aware of the sleep latency impacts on stimulant prescription and/or 

vehicle licensing/occupational approvals. Taken together, the latter factors raise concerns as to 

the ecological validity of the MWT and the need for alternate measures of vigilance/sleepiness.  

A potential measure is the aperiodic activity of the EEG signal. 

 

Wake and sleep states are classically described as distinct patterns of oscillatory activity 

on EEG, which are divided into canonical frequency bands (15). For example, stage 2 sleep is 

characterized by sigma (12–15 Hz) and theta (4-7 Hz) oscillations, slow-wave sleep is 

predominantly characterized by sigma, delta (0.5-3.5 Hz) and slow oscillation (0–1 Hz) activity 

and REM sleep is dominated by wake-like theta oscillations (15). These states are also 

characterised by transient EEG patterns, such as sleep spindles and k-complexes. While the 

oscillatory activity of EEG has been extensively studied, there exists a less examined 

background non-oscillatory component which is referred to as the aperiodic or “scale-free” 

activity (16). Recent studies suggest that the aperiodic EEG component may have clinical 

utility. On a power spectral density plot, the aperiodic component is seen as a descending 

straight line that observes the 1/ 𝑓 power-law relationship where lower frequencies exhibit 

greater amplitudes (i.e., power) and higher frequencies show decreased amplitude (17,18). 

Aperiodic slope variations have been associated with ageing and age-related cognitive decline 

(19), higher cognition and learning (20), cognitive speed (21), visuomotor learning and 

performance (22), schizophrenia (23), and states of arousal including sleep and anaesthesia (5). 
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It is presumed that sleepiness results from the accumulation of sleep need, known as Process 

S, although the neural marker for this process and how it can be measured on EEG has not been 

previously determined. The aperiodic slope, which represents the ratio of excitatory to 

inhibitory cortical activity captured by EEG, may be the breakthrough neural marker that can 

help determine sleep need. The aperiodic slope has been previously described in further detail 

by Chatburn, Lushington & Cross (24). We hypothesise that the aperiodic slope gradient may 

be a viable objective biomarker of sleep need and vigilance and could be used as an alternative 

or adjunct to the MWT (see Figure 1).  

In sum, the aim of the present study is to test the relationship between resting state 

neural aperiodic activity and the ability of an individual to maintain wakefulness as assessed 

by MWT.  

Insert Figure 1 

Methods 

 

Participants 

This is a retrospective study involving 50 patients referred from sleep medicine clinics to the 

Central Adelaide Local Health Network in South Australia between January 2009 and 

December 2023 for MWT to assess excessive daytime somnolence.  As necessary, patient data 

was collected from review of electronic medical records and paper notes. All participants were 

included irrespective of medical comorbidities and medications given the real-world nature of 

the project. Self-rated sleep propensity was assessed at intake using the Epworth Sleepiness 

Scale (Mean (SD) = 4.54 (5.60), range 0-20, normal range 0-10), and regardless of score all 

participants were retained in the final sample. Ethics approval was obtained from Central 

Adelaide Local Health Network ethics committee (# 19734).  

 

Procedure 

All participants undertook the MWT in accordance with guidelines published by the American 

Academy of Sleep Medicine (25). Four MWT trials were performed in a single workday, in 

which the participant was instructed to sit still with minimal movement and to remain awake 

for as long as possible. Trials were performed at two-hourly intervals, with standard MWT 

EEG in situ.  
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EEG 

EEG was recorded across all MWT trials using either Compumedics E-series or Grael amplifier 

(Compumedics, Melbourne, Australia). Data were recorded at a sampling rate of 250Hz, with 

a 50Hz notch filter, from electrodes located at F3, C3, C4, O1 and O2 according to the 

international 10-20 system. Recording montages included sub-mental EMG and EOG located 

1cm diagonally from the out canthus of each eye, bisecting the pupil. Impedances were 

maintained ≥10kΩ. 

 

Resting state analysis 

The aperiodic components of the EEG (slope and intercept) were derived from MWT EEG 

using the IRASA method (26), as implemented in YASA (27). The recording involved 

participants sitting quietly with eyes opened in a dimly-lit testing room. Two-minute samples 

of EEG data were taken, were referenced to linked mastoids, broadband filtered to 30-45Hz 

and down-sampled to 100Hz using inbuilt functions in MNE-Python. Aperiodic estimates were 

calculated for each channel, but given the absence of a specific priori hypotheses regarding 

regional differences in aperiodic EEG activity, estimates were averaged across all channels to 

provide a global measure while minimizing the risk of spurious spatial findings due to multiple 

comparisons. 

 

Statistical analysis 

Data inclusive of aperiodic variables and MWT outcomes, were imported into R and analysed 

using linear mixed models with restricted maximum likelihood (REML) estimates using LME4. 

We attempted to model sleep onset latency in the MWT separately from both aperiodic slope 

and ESS scores using the formulae: 

 

𝑆𝑂𝐿௜ =  𝛽଴ + 𝛽ଵ𝑠𝑙𝑜𝑝𝑒௜ ∗ 𝛽ଶ𝑡𝑟𝑖𝑎𝑙௜ +  𝛽଺𝑎𝑔𝑒௜ +  𝑠𝑢𝑏𝑗𝑒𝑐𝑡଴௜ +  𝜖,   

𝑆𝑂𝐿௜ =  𝛽଴ + 𝛽ଵ𝐸𝑆𝑆௜ ∗ 𝛽ଶ𝑡𝑟𝑖𝑎𝑙௜ +  𝛽଺𝑎𝑔𝑒௜ +  𝑠𝑢𝑏𝑗𝑒𝑐𝑡଴௜ +  𝜖, 

 

Where aperiodic slope (top model), ESS (bottom model) and trial are treated as fixed effects, 

age is treated as a covariate (due to the published effects of age on aperiodic EEG activity) and 

subject is treated as a random effect on the intercept, to account for between-subject effects on 

estimates. P-values were obtained using the LmerTest function and model outputs were 

extracted using Effects and plotted using GGplot2. Helmert contrasts were applied to trial, such 

that each trial was compared to the average of all preceding trials. Please note that all data 
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visualisations use 85% confidence intervals and as such, non-overlapping confidence intervals 

indicate statistical significance at p<0.05. 

 

Results 

 

Patient demographics 

Demographic data were available for all 50 participants (Table 1). The median age was 50 years 

and 66% were male. Most patients were overweight with median BMI 33. The ESS was low at 

the time of testing (median score 2) despite the test being performed for excessive somnolence. 

The most common sleep disorder was obstructive sleep apnoea in 14 of 18 patients with a 

documented sleep disorder. Comorbid depression was the most common psychiatric disorder.  

Patients were on a range of medications that may impact sleep, notably psychotropic 

medications such as antidepressants, stimulants and opiates (see Table 1).  

 

Insert Table 1.  

 

Maintenance of wakefulness tests  

The overall mean sleep latency (MSL) for all participants was 33.4 minutes. The median sleep 

latency for all participants was 40 (IQR 28-40). Most trials (72%) had reached the 40-minute 

ceiling. Only 1 participant satisfied criteria for excessive sleepiness based on an 8-minute LLN 

of MSL, whereas 11 reached criteria based on a LLN value of 26.1 minutes.  

 

Aperiodic slope is predictive of MWT SOL 

A linear mixed model predicting sleep onset latency from aperiodic slope and MWT trial, while 

covarying for the effects of age and allowing random effects per participant, found that 

aperiodic slope was predictive of sleep onset latency in our sample population (β=-8.08, 

p=0.002). We did not observe a significant effect of trial (p=0.10) or significant interaction 

effects between slope and trial (p=0.18), suggesting that circadian effects did not reduce the 

predictive capacity of the aperiodic slope.  

 

Insert Figure 2. 

 

ESS is not predictive of MWT SOL 
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To contextualise the previous result, and as an additional, exploratory analysis, we modelled 

sleep onset latency in the MWT using the ESS scores in the same manner as in the previous 

model. This model revealed no significant predictive capacity of the ESS in determining sleep 

onset latency in the MWT (β=-0.69, p=0.11). As before, we did not note a significant effect of 

trial, nor any significant interaction effects between trial and ESS. 

 

The aperiodic intercept predicts MWT SOL 

As an exploratory analysis, we analysed the predictive capacity of the aperiodic intercept with 

a second linear mixed model predicting sleep onset latency, applying the same equation as used 

in previous analyses, with the same fixed/random/covariance arguments. Here, we found that 

the aperiodic intercept was predictive of sleep onset latency in our sample population (β=2.36, 

p=0.02). We did not observe a significant effect of trial (p=0.51), nor did we observe significant 

interaction effects between the intercept and trial (p=0.4). This relationship is depicted in figure 

2. Comparing our intercept and slope models revealed no significant difference between them 

in terms of variance explained, although the estimated predicted error using the Akaike 

Information Criterion AIC for the slope model was slightly lower than that of the intercept 

model (slope model AIC = 1181.5; intercept model AIC = 1189.2). 

 

Insert Figure 3. 

 

Discussion 

 

Our results demonstrate a potential clinical use of the aperiodic slope as an alternate diagnostic 

marker to the MWT and may provide insights into the neurobiology underlying normal and 

pathological sleepiness. Previous studies have demonstrated the ability of aperiodic slope in 

differentiating awake states, general anaesthesia, and NREM/REM sleep (5,28,29). Further, 

Gao & Richard (29) showed using computational models in animal studies that the excitation-

inhibition ratio (E:I) of neuronal populations can be estimated from aperiodic slope such that 

steeper slopes were associated with increased inhibition, while other research (30–32) has 

demonstrated a shift in neuronal E:I balance with prolonged hours of wakefulness. Here, we 

have applied these findings to demonstrate a relationship between the awake state neural 

aperiodic slope and an individual’s ability to maintain vigilance as measured by MWT.  

 

 

 . CC-BY-NC 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 20, 2025. ; https://doi.org/10.64898/2025.12.16.25342307doi: medRxiv preprint 

https://doi.org/10.64898/2025.12.16.25342307
http://creativecommons.org/licenses/by-nc/4.0/


 
 

11 
 

Clinical application of aperiodic slope in the assessment of vigilance 

Our study provides early evidence that steeper aperiodic slopes are predictive of longer sleep 

onset latencies. Given the limitations of the MWT, further study into this area is justified to 

further explore the role of aperiodic activity as a potential alternative or adjunct vigilance test.  

In real-world settings the advantages to this are multiple. Firstly, testing can be performed 

within minutes via standard EEG scalp electrodes obviating the need for prolonged, multiple 

40-minute trials based on current labour-intensive MWT protocols. Secondly, patient tolerance 

and acceptance are likely to improve considering the shorter duration of testing, which in our 

study was two minutes of artefact-free EEG recording. Thirdly, the seemingly linear 

relationship between aperiodic slope and sleep latency shown in our study suggests that 

extrapolation of sleep onset latencies beyond 40 minutes may be possible, which could 

overcome the ceiling effect of the MWT and requires further investigation.  Lastly, the 

aperiodic slope is obtained through objective short recordings of EEG data and cannot be easily 

manipulated, reducing the risk of biased outcomes due to (for example) motivational factors 

on the part of the patient.  

 

Our exploratory analysis of the aperiodic intercept is of interest in understanding the basic 

neuronal operations which may be impacted by sleepiness. Broadly, while the aperiodic slope 

has been linked with the E:I ratio in neuronal populations, the aperiodic intercept may tag firing 

rates (33). Thus, our results suggest that there are multiple sequalae of clinical sleepiness in 

terms of the effects of the condition on the brain, the utility of which should be ascertained in 

future research. Further, our results may inform an ongoing discussion around the use of EEG 

in the objective measurement of sleepiness. While numerous oscillatory markers of sleepiness 

have been described in the literature (see Chatburn, Lushington & Cross, 2024 (24)), the 

development of these has generally been observational or atheoretical. As such, it is not clear 

exactly what is being measured when these are used. Our focus on the aperiodic EEG offers 

one solution to this, in that the aperiodic EEG has been linked to neuronal behaviours known 

to be influenced by increasing sleep need. Future research is needed to further elucidate the 

links between aperiodic EEG and sleep need in humans, including the best ways to measure 

the relationship and how to best use it in clinical and scientific applications. 

 

Limitations  

There are numerous limitations in this study. Firstly, this data is from a small sample size of 50 

participants and was collected retrospectively, which limits the generalisability of the findings. 
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Due to the retrospective design, all participants had a prior diagnosis of a sleep disorder, since 

MWTs are requested primarily for the evaluation of vigilance in patients with sleep disordered 

breathing and/or central disorders of hypersomnolence. Whilst this may have impacted the 

results, the MWT is commonly performed in a similar patient population and it can be argued 

that this sample reflects the likely target population of the technology, and thus affordance 

regarding ecological validity. Future works are needed to tease apart the effects of medication 

classes and clinical diagnoses on the predictive capacity of the aperiodic slope in the context 

of normal and clinical sleepiness. Finally, we observed a ceiling effect in that a majority of 

MWT trials achieved the maximum 40 minutes sleep latency as shown in Table 2. A possible 

explanation for this skew is that many participants would be highly motivated to maintain 

wakefulness given the potential occupational or legal implications of the test. There is also the 

possibility of bias in that clinicians are more likely to request an MWT once participants have 

been adequately treated for their sleep disorder. This was unavoidable considering the 

retrospective and real-world design of our study utilising the MWT as the current standard for 

vigilance testing which in a way reflects the practicalities of daily clinical practice.     

 

Implications for future research  

The ideas presented herein can be further developed through a larger study involving multiple 

centres. A prospective trial design incorporating a control group of normal participants would 

improve generalisability and control confounding. Additionally, the real-world effect of 

aperiodic slope testing can be studied by coupling the test with a driving simulator as previously 

performed by Sagaspe et al. (10) for MWT to evaluate driving safety. Further, it may be 

informative for future research to link the pre-sleep aperiodic EEG with established markers of 

homeostatic sleep need (24). Doing so may allow for a better functional understanding of the 

neurophysiology of sleepiness and the mechanisms of dysfunction in central disorders of 

hypersomnolence. 

 

Conclusion 

Our study is the first to demonstrate that the aperiodic EEG can predict sleep onset latency in 

the context of the MWT. Given the beneficial features of measuring aperiodic EEG activity 

including shorter-test time, reduced training and sleep laboratory resources to administer and 

greater tolerability of the test compared to MWT, clinical use is likely to be advantageous to a 

resource-limited healthcare system. Further research is needed to determine if the aperiodic 
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EEG components are comparable to MWT and if it is capable of accurately determining 

vigilance in clinical practice.   

 

Abbreviations 

 

AASM American Academy of Sleep Medicine 

EEG Electroencephalogram 

EMG Electromyography 

EOG Electrooculography 

𝑓 Frequency 

IRASA Irregular-Resampling Auto-Spectral Analysis 

LLN Lower limit of normal 

MSL Mean sleep latency 

MWT Maintenance of wakefulness test 

REM Rapid eye movement 

SD Standard deviation 
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Figure Titles and Captions 

 

Figure 1: Illustration of the aperiodic slope and its hypothesized relationship to sleep onset 

latencya 

 

Figure 1: The graph plots the log-transformed Power Spectral Density (PSD) of an EEG 

signal against Frequency (Hz). A steeper slope (dashed blue line) indicates a shift towards 

inhibition (I+, E-) and is associated with longer sleep onset latencies. Conversely, a flatter 

slope (dashed green line) indicates a shift towards excitation (E+, I-) and predicts shorter 

sleep onset latencies. 

aFigure adapted from Dziego et al., 2024 (34) 
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Figure 2: Linear mixed models predicting sleep onset latency from aperiodic slope  

 

 

Figure 2: Aperiodic slope was predictive of sleep onset latency in the MWT, such that flatter 

slope indicated shorter sleep onset latency.  
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Figure 3: Linear mixed models predicting sleep onset latency from intercept scores  

 

Figure 3: Correlation between intercept and sleep latency indicating that intercept scores are 

also related to sleep onset latency in the MWT.  
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Tables  

 

Table 1: Patient Demographics (n=50) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nb: Continuous variables presented as median (interquartile range) and categorical 
variables presented as percentage (number) 
 

 

 

 

 

 

 

 

 

 

 

 

Demographic  Value 

Age  55 (43-62) y 

Gender   

Male  66% (33) 

Female  34% (17) 

BMI kg/m2  33 (29-38) 

Epworth Sleepiness Score (median) 2 (1-5) 

Comorbidities n (%)  

Sleep Disorders 36% (18) 

Psychiatric Disorders 36% (18) 

Neurological Disorders 6% (3) 

Medications % (n)  

Psychotropics 28% (14) 

Antiepileptics 10% (5) 

Opiates 12% (6) 

Benzodiazepines 4% (2) 

Stimulants 14% (7)  
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