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Methods
The subject who volunteered for this “longitudinal” study was a 

35 year old man who reported he had not experienced or sustained 
any significant medical problems within the previous decade. He had 
been trained as a paramedic and had begun the traditional procedure 
of variable shift work as required by the local employer, with no prior 
exposure to shift-working schedules. Previously, his typical sleep 
interval was between local midnight and about 06 hr.

Written consent was obtained from the subject.  For each session 
he was seated in a comfortable chair housed within a darkened, quiet 
room (an acoustic chamber) and was fitted with a 10-20 EEG cap for 
about 30 min per session on nine (9) separate occasions over a 25 day 
period. The days were: Day 1: baseline, Day 2: after 2 days of day shift 
(7 AM to 7 PM), 3: after 5 days of night shift (7 PM to 7 AM), 4: after 
2 days of no work, 5: after 2 days of night shift, 6: after 5 days of day 
shift, 7: after 2 days of no work, day 8: after 2 days of day shift, and day 
9: after 5 days of night shift (Figure 1).

The procedure was the same for each of the 9 data collection 
days.  QEEG was recorded continuously at 250 Hz (250 samples per 
second) during the following sequence: 1: 5 min eyes open, 2: 5 min 
eyes closed, 3: 60 s slow breathing through the nose, 4: 60 s normal 
breathing, 5: 60 s of a medium rate of breathing through the nose, 
6: 60 s of normal breathing, 7: 30 s of hyperventilation through the 
nose, and, 8: 60 s of normal breathing. At the end of each QEEG 
episode the short version of the POMS (Profile of Mood States) was 
administered.

Raw µV data were converted to spectral power (µV/Hz) values 
within WinEEG. Band ranges including Delta (1.5-4Hz), Theta (4-
7.5Hz), Alpha (7.5-14Hz), Beta1 (14-20Hz), Beta2 (20-30Hz), and 
Gamma (30-40Hz) were selected as default frequency bins within 
which power spectra were computed. Data were then exported to 
SPSS v20 and coded by day and the associated preceding shift type 
for further statistical analyses.

Results
An ANOVA revealed differences in average Alpha (7.5-14 Hz) 

power over F3 (left prefrontal cortex) during baseline conditions 
with the participant’s eyes open across preceding shift type, F(2,7) 
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Introduction
Disequilibrium of circadian rhythms secondarily to coerced 

shifts in work schedules have been known to adversely affect normal 
sleep characteristics and to increase the probability of diminished 
vigilance during the days that follow these shifts. Industrial accidents 
have been shown to occur more frequently during the one or two 
days after the schedule shift [1]. There is copious literature [2-4] 
that has shown the effects of schedule shifts on adverse reactions in 
populations of shift workers.

Considering the types of behaviours that increase the likelihood 
of an accident after a shift in sleep schedule the most likely region 
of the human brain to be involved would be the prefrontal lobe, 
particularly within the left hemisphere. This region is involved 
with self-monitoring, planning, and inhibitory behaviours [5,6]. 
The development of modern quantitative electroencephalographic 
(QEEG) equipment and available software has allowed easy, reliable 
measurements. Here we present conspicuous disruptions in the 
stability of cerebral activity within the left prefrontal region for a 
paramedic who was required to maintain a shifting work schedule.
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= 9.10, p < .05, Ω2 = .78. Post-hoc analyses revealed that the major 
source of variance was an increase in Alpha power after 2 days of no 
work (M = 11.07, SEM = .35) relative to values obtained 2 days after 
day shifts (M = 2.68, SEM = .08), t(3) = -30.18, p <.001).  The graphic 
representation of this effect can be seen in Figure 2.

An ANOVA revealed differences in average Beta1 (14-20Hz) 
power over P4 (right parietal cortex) during baseline conditions with 

the participant’s eyes closed across preceding shift type, F(2,7) = 9.36, 
p <.05, Ω2 = .79. Post-hoc analyses revealed that the major source of 
variance was an increase in Beta1 power after 2 days of no work (M= 
1.67, SEM =.02) relative to values obtained 2 days after day shifts (M = 
.61, SEM = .03), t(3) = -23.02, p <.001). After a Bonferroni correction 
where α = 0.002, these results represent the only statistically significant 
differences as a function of preceding shift type during the eyes closed 
baseline condition. These results can be visualized in Figure 3.
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Night Shift (7PM-7AM) No Work Day Shift (7PM-7AM)

Figure 1: The typical work schedule of the paramedic. The asterisks indicate the days where EEG records were obtained. Dark blue indicates days of night shift, 
light blue indicates days of day shift, and yellow indicates days of no working. 
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Figure 2: Conspicuous increases in alpha (8-13 Hz) power over the left prefrontal region compared to other frequency bands in a paramedic after 2 to 5 days of 
shift working times that began during the day or night.
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Bivariate, non-parametric correlational analysis of Alpha power 
over F3 during the eyes open baseline condition (n = 9) and Beta1 
power over P4 during the eyes closed baseline condition (n = 9) 
revealed a strong, positive relationship, r = .98, p <.001, rho = .833, 
p <.005. These results can be visualized in Figure 4. When examining 
analogous channels overlying contralateral cerebral structures (i.e. F4 
and P3), and correlating spectral power values for the same bands 
and within the same conditions described above, a similar positive 
relationship was identified, r = .74, p <.04, rho = .85, p <.005. 
However, Fisher’s z-test revealed a statistically significant difference 
between Pearson r values resultant of the two correlational analyses (z 
= 2.24, p <.05), indicating the former strength of the association was 
greater than the latter.

The specificity of the F3-P4 relationship is emphasized when 
examining the relationship between global Alpha power during the 
eyes open baseline condition and global Beta1 power during the eyes 
closed baseline condition which are demonstrably unrelated, r = .09, 
p >.05, rho = .37, p >.05. These results can be visualized in Figure 5.

Discussion
There has been a general consensus based upon epidemiological 

data and clinical practice that some people who engage in shift 
work display alterations in vigilance and increased numbers of 
behaviours that can contribute to accidents [7,8]. The results of 
the present case study suggest that the changes in the quantitative 
electroencephalographic power that occurred over the subject’s left 
prefrontal and right parietal regions may support these behaviours. 
While the latter is associated with vigilance and relative spatial 
relationships [9,10], which are important for navigating the social 
world, the former is associated with self-monitoring of behaviour, 
organization of thoughts that result in subsequent overt behaviours, 
and the encoding of experiences into verbal labels [11,12].

That the results are not an artefact of serial measurements and 
habituation to the measurement setting is indicated by the dominance 
of the effect following two days of rest. Only the alpha band reflected 
this component of the shifts in sleeping schedule. The marked 
increase in alpha power but no changes in the other EEG bands 
reflects the specificity of influence from altering sleep schedules. 
Such relative increase in power within the alpha band within the 
left prefrontal region would be consistent with less proficient 
activity within this region that could contribute to less accurate self-
monitoring and inhibition of distraction particularly within spatial 
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Figure 3: Conspicuous increases in Beta1 (14-20Hz) power over the P4 channel as a function of time, coded by shift type. Values represented were obtained during 
baseline (B) measurement, after day shifts (D), after night shifts (N), and after a day off (O).
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Figure 4: Scatter plot demonstrating the strong relationship between standardized Alpha (7.5-14Hz) power over F3 during the eyes open baseline condition 
(Y-axis), and standardized Beta1 (14-20Hz) power over P4 during the eyes closed baseline condition (X-axis)
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contexts considering the concomitant enhanced activity within the 
right parietal region.

The markedly reduced magnitude of the right prefrontal and 
left parietal (the mirror image) strength of association emphasizes 
the hemispheric lateralization of the effect and reiterates the strong 
coherence between self-monitoring and input that relates to the 
spatial-affective environment. It may be relevant that transient 
increases in alpha power of this magnitude over the left prefrontal 
region and right parietal region could be expected to increase the 
subject’s proclivity to suggestion [13] and an increased likelihood of 
increased self-attribution of these experiences. 
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Figure 5: Scatter plot demonstrating the non-relationship between standardized, global Alpha (7.5-14Hz) power during the eyes open baseline condition (Y-axis), 
and standardized, global Beta1 (14-20Hz) power during the eyes closed baseline condition (X-axis).
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