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Abstract

The purpose of the study was to investigate the effects of shift work on the psychomotor

and postural performance of night workers. The study included 20 polysomnography techni-

cians working schedule of 12-h night shift by 36-h off. On the first day of protocol, the body

mass and height were measured, and an actigraph was placed on the wrist of each partici-

pant. On the second day of protocol, sleepiness by Karolinska Sleepiness Scale, postural

control by force platform (30 seconds) and psychomotor performance by Psychomotor Vigi-

lance Task (10 minutes) were measured before and after 12-h night work. Results showed

that after 12-h night work, sleepiness increased by 59% (p<0.001), postural control vari-

ables increased by 9% (p = 0.048), and 14% (p = 0.006). Mean reaction time, and the num-

ber of lapses of attention increased by 13% (p = 0.006) and 425% (p = 0.015), respectively,

but the mean reciprocal reaction time decreased by 7%. In addition, there were correlations

between sleepiness and postural control variables with opened eyes (r = 0.616, 95% confi-

dence interval [CI] = 0.361–0.815; r = 0.538; 95% CI = 0.280–0.748) and closed eyes (r =

0.557; 95% CI = 0.304–0.764, r = 0497; 95% CI = 0.325–0.715) and a pronounced effect of

sleepiness on postural sway (R2 = 0.393; 95% CI = 0.001–0.03). Therefore, 12-h night work

system and sleepiness showed a negative impact in postural and psychomotor vigilance

performance of night workers. As unexpected, the force platform was feasibility to detect

sleepiness in this population, underscoring the possibility of using this method in the work-

place to prevent occupational injuries and accidents.

Introduction

Night workers are constantly affected by sleepiness and decreased attention and vigilance dur-

ing and after the night work. Studies have shown that long-term nighttime sleep deprivation

and monotonous and prolonged tasks [1, 2] impair the performance tasks that require atten-

tion and memory [3, 4], slow the reaction time [5], promote postural instability [4, 6], and

increase subjective sleepiness [7]. Sleepiness, sustained wakefulness, total sleep time (TST) of

less than 5 to 7 hours, and night work impair overall health, performance during and after
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labor, and worker safety [3, 4]. Liviya et al. [7] reported a prevalence of 16% of excessive sleepi-

ness among 707 Australian workers. In a study by Scott et al. [8], nurses who worked more

than 12 consecutive hours were more susceptible to sleepiness and occupational errors com-

pared with those who worked shorter shifts. In addition, a working time of 40 hours per week

had a significant impact on the occurrence of occupational errors. Relevant statistics of occupa-

tional and traffic accidents due to sleepiness, night work, and sleep deprivation [9] have con-

cerned researchers and professionals from various sectors. Worldwide, approximately 10 to

30% of fatal traffic deaths are due to sleepiness and fatigue [9]. Fatigue, sleepiness, and risk of

occupational injuries and accidents have been associated with long working hours (�40 hours

week),�2 consecutive working hours without rest intervals, night work per se, and shift of�8

hours [10, 11].

For these reasons, several studies have emphasized the use of specific and sensitive tests for

the measurement of sleepiness, hours of wakefulness, and the states of attention and vigilance

during and after the shift. The tests commonly applied in the workplace include questionnaires,

scales and objective response instruments, such as the psychomotor vigilance task (PVT). The

PVT measures the ability to remain alert, aware, and vigilant through responses to stimuli

coming from a visual signal [12]. This instrument is considered easy to transport and sensitive

for the detection of sleepiness, fatigue, and sleep restriction/deprivation [4, 13]. However, the

PVT that can be completed in 10 minutes (PVT-10 min) is considered too long for its applica-

tion in the workplace because it can primarily affect the logistics of entry and exit hours related

to night workers’ shifts. In contrast, the measurements performed using shorter PVT (PVT-

90s) can mitigate these logistical difficulties but is considered less sensitive to detect hours of

wakefulness and sleep loss [14, 15]. Although the PVT has been previously validated for the

measurement and prediction of sleepiness, alertness, and attention of shift workers [12, 13, 16],

the importance of diagnosing sleepiness, one of the adverse consequences of shift work, using

other methods that are faster and capable of yielding significant results for the promotion of

safety in the workplace is underscored. Recently, studies on postural control using posturogra-

phy reported interesting results on sleepiness, sleep deprivation, and sustained wakefulness.

Moreover, sleep deprivation studies have indicated that the measurement of the center of pres-

sure (COP) using posturography over 30 seconds could estimate the hours of wakefulness,

sleepiness, and alertness [17–19]. Other studies have demonstrated that sleep deprivation and

sleepiness affect postural performance and the integration of systems involved in the postural

control, generating increased postural sway [20, 21]. On the basis of this evidence, there is

great concern about night workers in relation to the latter part of the shift, particularly between

4 a.m. and 6 a.m. because in this period, humans experience the increased sleepiness, and the

worst postural and psychomotor performance [1, 5, 13, 22].

It is important to emphasize that no method is more important than another because the

PVTmeasures variables related to cognition, whereas the analysis of postural control using a

force platformmeasures sensorimotor parameters in behavioral tasks performed daily. There-

fore, the possibility of using a fast, practical and sensitive method to measure sleepy or inattentive

workers in the workplace further reinforces the intention to prevent accidents and to maintain

worker safety during and after the night work. Therefore, the objective of this study was to mea-

sure the effects of shift work on the psychomotor and postural performance of night workers.

Material and Methods

This study was submitted to and approved by the Human Research Ethics Committee of the Uni-

versidade Federal de São Paulo under protocol no. 195.746/2013. All of the participants signed

an informed consent form after being informed about the study’s objective and procedures.

Night Worker's Postural and Psychomotor Performance
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Study population

Of 74 participants, 20 completed the study (Fig 1). The sample consisted of 20 polysomnography

(PSG) technicians working night shifts, with a working schedule of 12-h night shift by 36-h off (12

working hours from 8 p.m. to 8 a.m. and 36 working hours off). The participants selected were of

both genders, and resided in São Paulo city. All of them were sedentary, were aged between 25

and 55 years, and had worked the night shift for at least one year. The participants were excluded

if they worked daytime shifts and double shifts (e.g., morning/afternoon, afternoon/night); napped

or slept during the shift; used alcohol 24 hours prior to the measurements; had sleep disorders,

hearing and visual impairments, neurological and degenerative brain diseases, or limb amputa-

tions; used prostheses; had loss of consciousness; used a wheelchair; had musculoskeletal injuries;

had experienced changes in the vestibular system; and did not sign the consent form.

Procedures

The measurements were performed over two days (days 1 and 2). On day 1, the study partici-

pants filled out an individual identification form containing personal and health-related data,

received an actigraph, which was placed on their non-dominant wrist, and retained this device

until the end of the measurements (after the night work on day 2). The participants were moni-

tored through actigraph and filled out a sleep diary with information on their activity and rest

for 5 days. In addition, weight and height were measured, and the body mass index (BMI) was

used to assess nutritional status.

The measurements on day 2 began three days after placement of the actigraphs and were

conducted in the pre-night shift (after the 36-h working hour off) and post-12-h night shift.

The participants were measured approximately 50 minutes before and after the night work

(from 7 p.m. to 7:50 p.m. and from 8:10 a.m. to 9 a.m.) in their own work environment. Sleepi-

ness was determined using the Karolinska Sleepiness Scale (KSS), psychomotor vigilance per-

formance was measured using a portable PVT model 192 (Ambulatory Monitoring, Inc., NY),

and postural control was measured using an AMTI force platform model OR6 (Advanced

Mechanical Technology, Inc., USA).

Anthropometric data. Weight and height were measured through a Filizola1 anthropo-

metric scale and a stadiometer of the same brand attached to this scale. The participants were

asked to remove their personal objects during the measurements (e.g., mobile phones, watches,

wallets, etc.) and to remain in a correct standing position on the scale, barefoot, and with arms

resting at their sides.

Actigraphy. A Sleepwatch actigraph (Ambulatory Monitoring, Inc., NY) was used to cal-

culate the total hours of wakefulness and rest, and the presence or absence of naps during the

night shift. The actigraph is a validated and reliable instrument to measure the circadian

rhythm, the pattern of rest and mobility, and the sleep-wake cycle in diverse populations [16,

23]. During the measurements, the participants were instructed to press an event marker but-

ton on the following occasions: at bedtime, upon awakening, and at the times of removal and

replacement of the device.

Karolinska Sleepiness Scale (KSS). The KSS is an instrument used for the subjective mea-

surement of sleepiness, is sensitive enough for the detection of sleep deprivation, and is highly

correlated with physiological and behavioral indicators of sleepiness and performance [1, 24,

25]. The KSS originally features nine response scores: 1. “Extremely alert”; 2. “Very alert”; 3.

“Alert”; 4. “Fairly alert”; 5. “Neither alert nor sleepy”; 6. “Some signs of sleepiness”; 7. “Sleepy,

but no effort to keep alert”; 8. “Sleepy, some effort to keep alert”; 9. “Very sleepy, great effort to

keep alert, fighting sleep” [24]. KSS scores of�7 were correlated with electroencephalographic

signals of objective sleepiness [25].

Night Worker's Postural and Psychomotor Performance
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Psychomotor Vigilance Task (PVT). The PVT-10 min was used to measure sustained

attention and psychomotor vigilance of participants [12, 26]. The protocol adopted used only

visual response tests [4] in which bright red visual stimuli (from a light-emitting diode [LED]

digital counter) were flashed at intervals of 2 to 10 seconds on the screen of the device [12].

The participants were asked to press a response button, located on the right side of the device,

as soon as the visual stimuli appeared. In this study, the variables analyzed included mean reac-

tion time (mean RT), mean reciprocal reaction time (mean RRT), and number of lapses of

attention. The values obtained were analyzed using the software React (Ambulatory Monitor-

ing, Inc., NY).

Postural control. The postural control consisted of measurements of postural sway by

means of the calculation of the COP in the standing position on a force platform. To conduct

these tests, the participants were instructed to remain in an upright position as stable as possible,

barefoot, with arms resting at their sides, on a bipedal support base, with eyes opened or closed.

A total of two tests were conducted, with two replicates and a 1-min interval between each repli-

cate [27]. Each measurement of postural control on the force platform lasted 30 seconds [18, 27,

28], the participants were instructed to stare at a black target approximately 5.0 cm in diameter,

positioned on a white wall at eye level at a distance of 2.0 meters. The reaction force and

moments of force on the force platform were acquired using an acquisition card (NI BNC-2090,

National Instruments, Inc.) at a frequency of 100 Hz [27, 28]. To measure the COP in the ante-

rior-posterior and medial-lateral directions, the software LabView (National Instruments, Inc.)

Fig 1. Flow chart of participation in this study.

doi:10.1371/journal.pone.0151609.g001
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was used. Subsequently, COP values were filtered (Butterworth digital low-pass filter, second

order, cutoff frequency of 5 Hz), and mean sway amplitude in the anterior-posterior (MSA(a-p))

and medial-lateral directions (MSA(m-l)) and total sway displacement (TSD) were calculated

using specific routines written with MATrix LABoratory (MATLAB) software (The Mathworks,

Natick, MA) as previously described.

Statistical analysis. Repeated measures Student’s t-test was used to compare the variables

sleepiness, mean RT, number of lapses of attention, MSA(a-p), MSA(m-l), and TSD of the COP

before and after the night work. Pearson’s correlation coefficient was used to calculate the cor-

relation between the following variables: sleepiness x postural control, sleepiness x psychomo-

tor performance, hours of wakefulness x postural control, and hours of wakefulness x

psychomotor performance. Linear regression analysis was conducted to assess the effect of

sleepiness on the postural performance of the night workers. Sleepiness was considered the

independent variable, and MSA(a-p) was considered the dependent variable. The α-level for all

analysis was set at 0.05.

Results

The study sample consisted of 15 women (75%) and 5 men (25%), all of whom were sedentary,

with a mean age of 35.1 ± 7.0 years, and a mean BMI of 26.2 ± 6.3 kg/m2. The total hour of

wakefulness after the night work was 1242.0 ± 213.73 minutes or 21 hours (Table 1).

After the night work, the mean of sleepiness and hours of wakefulness increased by 59%

and 156%, respectively, indicating an increase in sleepiness during and after the 12-h night

work. A decreased by 7% in mean RRT was observed, but the mean RT, and the mean number

of lapses of attention increased by 13% and 425%, respectively after 12-h night work. The

mean postural sway increased with eyes opened (MSA(a-p) = 9%; TSD = 14%) and eyes closed

(TSD = 15%) after 12-h night work (Table 1). However, MSA(m-l) with eyes opened and

MSA(a-p) and MSA(m-l) with eyes closed did not increase significantly after the 12-h night work

(Table 1). Therefore, after the night work, there were significant increases in sleepiness, hours

of wakefulness, postural sway, and a decrease in psychomotor performance.

Our results indicated a moderate positive correlation between sleepiness and the postural

control variables with eyes opened: MSA(a-p) (r = 0.616; CI95% = 0.361–0.815) and TSD of the

COP (r = 0.538; CI95% = 0.280–0.748); and with eyes closed: MSA(a-p) (r = 0.557; CI95% = 0.304–

0.764) and TSD of the COP (r = 0.497; CI95% = 0.325–0.715). Therefore, the higher the level of

sleepiness, the higher the postural sway. However, no significant correlations were observed

between sleepiness and MSA(m-l), mean RT, mean RRT, and number of lapses of attention; simi-

larly, no significant correlations were observed between the hours of wakefulness and psycho-

motor performance variables (mean RT, mean RRT, and number of lapses of attention), and

postural sway with eyes opened and eyes closed (MSA(a-p), MSA(m-l), and TSD) (Table 2).

Linear regression analysis indicated that for each increase in the score for sleepiness, pos-

tural sway (MSA(a-p)) with eyes opened increased 0.02 cm (R2 = 0.393). The confidence limits

(0.01, 0.03) indicated a 95% confidence that the slope for the population was between these

limits, and the F(1,20) test = 10,996 presented an associated probability level of p = 0.004 (Fig 2).

Therefore, the increased level of sleepiness significantly affected the postural sway of the night

workers, corroborating the worsening of the postural control in this population due to sleepi-

ness, which is one of the adverse effects of night work.

Discussion

The present study investigated the effects of the shift work on the psychomotor and postural

performance of night workers. The results indicated increased sleepiness and decreased

Night Worker's Postural and Psychomotor Performance
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postural and psychomotor performance after a 12-hour night shift in agreement with previous

studies [18, 29, 30]. When the measurements were analyzed after the night shift, the KSS, num-

ber of lapses, mean RT, mean RRT, and postural sway demonstrated that night workers felt

less alert, sleepier, and were less vigilant. Similar results were obtained by Geiger-Brown et al.

[13], who observed that nurses working 12-h night shifts displayed higher levels of sleepiness

at the end of the shift compared with the beginning of the shift and an increase in the number

of lapses of attention for every consecutive day of work. Despite the use of different approaches,

the increased number of lapses of attention, excessive sleepiness, and the consequent decreases

in psychomotor and postural performance associated with the duration of the shift work have

been observed in health and transportation professionals [13, 29, 31]. Vetter et al. [29] reported

that the median reaction time increased among night shift workers throughout the shift work,

Table 1. Comparison of the variables related to postural control and psychomotor performance of night workers before and after the night work
(n = 20).

Variables Pre-night shift Mean±SD (95% CI) Post-night shift Mean±SD (95% CI) t Effect size Delta (%) p-value

Sleepiness -KSS 3.45±1.64 (2.69, 4.17) 5.50±1.91(4.61, 6.32) 5.037 1.2 59% <0.001*

Hours of wakefulness (min) 485.10±209.80 (395.25, 570.80) 1242.0±213.73 (1150.82, 1330.91) 57.156 3.6 156% <0.001*

Postural control (eyes opened)

MSA(a-p) (cm) 0.18±0.06 (0.16, 0.21) 0.20±0.06 (0.17, 0.23) 2.110 0.3 9% 0.048*

MSA(m-l) (cm) 0.11±0.05 (0.09, 0.13) 0.12±0.05 (0.10, 0.14) 1.056 0.2 8% 0.304

TSD (cm) 929.98±268.08 (810.20, 1044.29) 1055.93±296.75 (933.73, 1190.46) 3.117 0.4 14% 0.006*

Postural control (eyes closed)

MSA(a-p) (cm) 0.21±0,06 (0.18, 0.24) 0.22±0.06 (0.19, 0.25) 0.951 0.1 4% 0.353

MSA(m-l) (cm) 0.12±0.05 (0.10, 0.14) 0.14±0.05 (0.12, 0.16) 1.535 0.3 12% 0.141

TSD (cm) 965.05±268.31 (857.88, 1088.53) 1113.88±398.57 (960.00, 1315.64) 2.115 0.4 15% 0.048*

Psychomotor performance—PVT

Mean RT (ms) 250.02±31.86 (236.79, 265.09) 281.45±60.93 (257.46, 312.61) 3.077 0.7 13% 0.006*

Mean RRT (ms) 4.23±0.42 (4.05, 4.40) 3.93±0.59 (3.67, 4.19) 3.937 0.6 7% 0.001*

Number of lapses of attention 0.60±0.75 (0.28, 0.95) 3.15±4.61 (1.33, 5.55) 2.567 1.0 425% 0.019*

* Significant difference when comparing the variables before and after the night work (p<0.05). Repeated measures Student’s t-test was performed.

doi:10.1371/journal.pone.0151609.t001

Table 2. Correlation coefficients (r) of sleepiness and hours of wakefulness for the variables related to psychomotor performance and postural
control (n = 20).

Psychomotor
performance

Postural
control

Mean RT Mean RRT Lapses of
attention

MSA(a-p) MSA(m-l) TSD

Eyes opened

Sleepiness r (p-
value)

0.388
(0.091)

-0.429 (0.059) 0.302 (0.195) 0.616
(0.004)*

0.389 (0.090) 0.538
(0.014)*

Hours of
wakefulness

r (p-
value)

0.367
(0.111)

-0.412 (0.071) 0.326 (0.160) -0.237 (0.314) -0.324 (0.058) -0.287 (0.220)

Eyes closed

Sleepiness r (p-
value)

0.557
(0.011)*

0.407 (0.075) 0.497
(0.026)*

Hours of
wakefulness

r (p-
value)

-0.178 (0.453) -0.288 (0.218) -0.096 (0.687)

* Significant difference after correlation of the variables (p<0.05) using Pearson’s correlation coefficient.

doi:10.1371/journal.pone.0151609.t002
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and the decreased psychomotor performance was correlated with more than 9 hours of contin-

uous wakefulness. In addition, Harma et al. [30] found that the duration of the shift work

increased the risk of severe sleepiness (KSS�7) by 15% for each hour worked. Therefore, the

increase in the duration of the shift from 6 to 9 hours increased the risk of sleepiness in 50% of

the workers, demonstrating the effect of shift duration on sleepiness. During the 12-h night

shift, a sharp decline in the psychomotor performance of pilots and co-pilots of a Brazilian air-

line was also reported by de Mello et al. [31]. In this context, it appears that the 12-h night shift

combined with subjective sleepiness was an important finding of the present study, and it was

possible to observe that psychomotor vigilance and attention were impaired among night

workers, with important implications for the risk of occupational errors and an increase in the

number of accidents.

Our results indicated that the magnitude and direction of the postural sway (MSA(a-p), and

TSD of the COP) of the workers with eyes opened or closed measured for 30 seconds increased

after a 12-h night shift. Studies demonstrated that sustained wakefulness and sleep deprivation

can decrease the overall metabolism and blood flow in certain brain areas that are important

for cognition and performance of high-demand sensorimotor tasks (thalamus, basal forebrain,

basal ganglia, and parietal and prefrontal cortices), thereby affecting sensory integration of pos-

ture control [32, 33]. Impairment of sensory integration or sensorimotor coupling due to

nighttime sleep deprivation produces deleterious effects on postural control, affecting the fine

balance to obtain the most relevant sensory stimuli for the maintenance of the desired postural

orientation [19]. Another factor is that although visual information is important for stability

[2, 20, 32], it was not enough to compensate for the impairment of the functioning of the

Fig 2. Effect of sleepiness on the mean sway amplitude of the center of pressure in the anterior-posterior direction of 20 night workers assessed
by linear regression analysis.

doi:10.1371/journal.pone.0151609.g002
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postural control system of the workers measured caused by night shift. Karita et al. [34]

reported that the measurement of COP variables of workers on a force platform could diagnose

fatigue due to insufficient sleep and excessive working hours. Other researchers observed

increased COP area in adults deprived of sleep for 12 hours (186.50 ± 110.03 mm2) compared

with those with normal sleep (137.93 ± 66.31 mm2) and concluded that a single night of sleep

deprivation can impair the integration of sensory systems and cause inefficiency in the vestibu-

lar system, regardless of the presence or absence of vision, consequently compromising pos-

tural control [22]. The current study also observed an increased frequency of postural sway

with eyes closed after 26 hours of sleep deprivation. The authors suggested that the suppression

of vision enhances the effect of fatigue and affects postural performance [20]. In agreement

with recent laboratory studies, a point to note is that the present study conducted in the work-

place confirmed the increases in postural sway with eyes opened and closed as a result of sleep

deprivation, and sleepiness, one of the consequences of the shift work [34, 35].

Nevertheless, another result showed that there was no correlation between sleepiness and

the variables related to psychomotor performance (mean RT, mean RRT, and lapses of atten-

tion). This finding suggests that a possible reason could be that different brain areas or different

stimuli pathways are involved in the response of each of these behaviors during the sleep depri-

vation. Another reason is that there is a main difference between these two types of tasks (sub-

jective alertness and objective vigilance) whom demands different attentional processes [36,

37], therefore, we assume that these physiological factors may have affected the association

between the variables, even though the PSG technicians experienced sleepiness and worsening

of psychomotor performance at the end of the night shift, as the results indicated. In disagree-

ment with previous findings [20, 38, 39], but not with Sargent et al. [40], we found no correla-

tion between the hours of wakefulness (21 hours) and the postural control parameters in this

study, most likely because the previous studies have employed different protocols and measure-

ment parameters (time of the biological day, duration of wakefulness, and total of sleep depri-

vation), and have reported increased postural sway only after 24 hours of sleep deprivation [6,

21], moreover, few studies have measured these variables at the end of the night shift [18]. Sim-

ilar to this study, Sargent et al. [40] reported that the postural control is not influenced by

hours of wakefulness, indicating that fatigue associated with sustained wakefulness may not be

assessing for postural sway parameters.

In contrast, we found an unexpected finding in the present study. There was a moderate

correlation between sleepiness and postural control (mean sway amplitude and total sway dis-

placement). Thus, the increased levels of sleepiness resulted in increased postural sway affect-

ing the night workers’ ability to remain stable in the standing position and impairing their

motor activities, potentially leading to the increased risk of falls, accidents, and injuries during

and after the night work. A similar study, although using other analyses of the COP, reported

postural changes in 5 out of the 71 drivers measured after the shift and a strong correlation

between sleepiness and worsening of postural control [18]. Therefore, we emphasize the extent

to which sleepiness impairs postural stability and possibly the integration of systems involved

in postural control. As corroborated in previous studies [18, 21, 35], we emphasize that night-

time sleep deprivation, night work, and sleepiness decrease the ability of individuals to remain

vigilant, alert, and stable in standing positions. Therefore, the confirmation that the night work

combined with nighttime sleep deprivation increases the magnitude of postural sway corrobo-

rates the hypothesis that short-term tests (30s) on a force platform can detect changes in pos-

tural sway and adequately measure the levels of alertness and sleepiness in these workers,

considering the impairments of psychomotor and postural performance and increased sleepi-

ness during and after the night shift.

Night Worker's Postural and Psychomotor Performance
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Considering the results of this and previous studies, it was possible to demonstrate that the

COP variables measured on the force platform and the psychomotor vigilance variables mea-

sured using the PVT are sensitive and feasibility of predicting the effects of night work, particu-

larly sleepiness. According to some researchers, the tests performed on a force platform can be

easily and quickly applied, have already been validated, and are sensitive enough to measure

fatigue and sleepiness as a result of the hours of wakefulness, sleep deprivation, and work con-

ditions [20, 39]. In addition, their application in the work environment aims at the prevention

of occupational and traffic accidents due to sleepiness and long shifts (12-h). Therefore, reliable

and practical measurement tools and concrete strategies to avoid or mitigate sleepiness should

be adopted during and after the shift.

This study had some limitations. The generalization of the results may be limited because of

the prevalence of women in the study sample (75%). However, similar results were obtained in

studies with a prevalence of men [18, 28], which likely minimizes this limitation. Another limi-

tation was that controls for the circadian period were not used in the measurements because

the work schedule was not flexible. Therefore, more studies using different work conditions

conducted in the work environment are necessary to confirm the effects of shifts on sensory-

motor integration.

In short, our results indicate a worsening of postural control due to the sleepiness experi-

enced by night workers after 12 consecutive working hours, corroborating another of the many

deleterious effects of night work reported in previous studies [3, 13, 16].

Conclusion

The night workers of this study experienced increased subjective sleepiness and consequent

decreases in psychomotor and postural performance after consecutive 12-h night shift. The

sleepiness, one of the harmful effects of night work as well as sleep deprivation, influenced the

postural performance of these workers; accordingly, the force platform was feasibility to detect

one of the effects of night work in this worker population, underscoring the possibility of using

this method in the work environment to prevent occupational injuries and accidents associated

to subjective sleepiness.

Acknowledgments

Fundação de Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG); Instituto do Sono;

Centro Multidisciplinar em Sonolência e Acidentes (CEMSA); Coordenação de Aperfeiçoa-

mento de Pessoal de Nível Superior (CAPES); Centro de Estudos em Psicobiologia e Exercício

(CEPE).

Author Contributions

Conceived and designed the experiments: FVN JAB MTM. Performed the experiments: FVN

SAA ANSC. Analyzed the data: FVN JAB SAA ANSC ST MTM. Contributed reagents/materi-

als/analysis tools: JAB ST MTM.Wrote the paper: FVN JAB MTM.

References
1. Sallinen M, HarmaM, Akila R, Holm A, Luukkonen R, Mikola H, et al. The effects of sleep debt and

monotonous work on sleepiness and performance during a 12-h dayshift. J Sleep Res. 2004; 13
(4):285–94. Epub 2004/11/25. JSR425 [pii] doi: 10.1111/j.1365-2869.2004.00425.x PMID: 15560763.

2. Roge J, Gabaude C. Deterioration of the useful visual field with age and sleep deprivation: insight from
signal detection theory. Percept Mot Skills. 2009; 109(1):270–84. Epub 2009/10/17. doi: 10.2466/PMS.
109.1.270-284 PMID: 19831107.

Night Worker's Postural and Psychomotor Performance

PLOS ONE | DOI:10.1371/journal.pone.0151609 April 26, 2016 9 / 11



3. Tucker AM,Whitney P, Belenky G, Hinson JM, Van Dongen HP. Effects of sleep deprivation on dissoci-
ated components of executive functioning. Sleep. 2010; 33(1):47–57. Epub 2010/02/04. PMID:
20120620.

4. Van Dongen HP, Dinges DF. Sleep, circadian rhythms, and psychomotor vigilance. Clin Sports Med.
2005; 24(2):237–49, vii–viii. Epub 2005/05/17. S0278-5919(04)00143-7 [pii] doi: 10.1016/j.csm.2004.
12.007 PMID: 15892921.

5. Jackson ML, Croft RJ, Kennedy GA, Owens K, Howard ME. Cognitive components of simulated driving
performance: sleep loss effects and predictors. Accident Anal Prev. 2013; 50:438–44.

6. Patel M, Gomez S, Berg S, Almbladh P, Lindblad J, Petersen H, et al. Effects of 24-h and 36-h sleep
deprivation on human postural control and adaptation. Exp Brain Res. 2008; 185(2):165–73. Epub
2007/10/13. doi: 10.1007/s00221-007-1143-5 PMID: 17932662.

7. Liviya NW, Freak-Poli R, Peeters A. The Prevalence and Characteristics AssociatedWith Excessive
Daytime Sleepiness Among AustralianWorkers. J Occup Environ Med. 2014; 56(9):935–45. doi: 10.
1097/JOM.0000000000000150 PMID: 25046317

8. Scott LD, Rogers AE, HwangWT, Zhang Y. Effects of critical care nurses' work hours on vigilance and
patients' safety. Am J Crit Care. 2006; 15(1):30–7. Epub 2006/01/05. 15/1/30 [pii]. PMID: 16391312.

9. Gonçalves M, Amici R, Lucas R, Akerstedt T, Cirignotta F, Horne J, et al. Sleepiness at the wheel
across Europe: a survey of 19 countries. J Sleep Res. 2015. Epub 2015/01/13. doi: 10.1111/jsr.12267
PMID: 25581328.

10. Folkard S, Lombardi DA. Modeling the impact of the components of long work hours on injuries and
"accidents". Am J Ind Med. 2006; 49(11):953–63. doi: 10.1002/ajim.20307 PMID: 16570251.

11. Lombardi DA, Folkard S, Willetts JL, Smith GS. Daily sleep, weekly working hours, and risk of work-
related injury: US National Health Interview Survey (2004–2008). Chronobiol Int. 2010; 27(5):1013–30.
doi: 10.3109/07420528.2010.489466 PMID: 20636213.

12. Basner M, Dinges DF. Maximizing sensitivity of the psychomotor vigilance test (PVT) to sleep loss.
Sleep. 2011; 34(5):581–91. Epub 2011/05/03. PMID: 21532951.

13. Geiger-Brown J, Rogers VE, Trinkoff AM, Kane RL, Bausell RB, Scharf SM. Sleep, sleepiness, fatigue,
and performance of 12-hour-shift nurses. Chronobiol Int. 2012; 29(2):211–9. doi: 10.3109/07420528.
2011.645752 PMID: 22324559.

14. Basner M, Mollicone D, Dinges DF. Validity and Sensitivity of a Brief Psychomotor Vigilance Test (PVT-
B) to Total and Partial Sleep Deprivation. Acta Astronaut. 2011; 69(11–12):949–59. Epub 2011/10/26.
doi: 10.1016/j.actaastro.2011.07.015 PMID: 22025811.

15. Roach GD, Dawson D, Lamond N. Can a shorter psychomotor vigilance task be used as a reasonable
substitute for the ten-minute psychomotor vigilance task? Chronobiol Int. 2006; 23(6):1379–87. doi: 10.
1080/07420520601067931 PMID: 17190720.

16. Karhula K, HarmaM, Sallinen M, Hublin C, Virkkala J, Kivimaki M, et al. Job strain, sleep and alertness
in shift working health care professionals—a field study. Ind Health. 2013; 51(4):406–16. Epub 2013/
05/24. DN/JST.JSTAGE/indhealth/2013-0015 [pii]. PMID: 23698323.

17. Forsman P, Wallin A, Tietavainen A, Haeggstrom E. Quantifying time awake posturographically. Conf
Proc IEEE Eng Med Biol Soc. 2008:686–8. Epub 2009/01/24. doi: 10.1109/IEMBS.2008.4649245
PMID: 19162748

18. Forsman P, Pyykko I, Toppila E, Haeggstrom E. Feasibility of force platform based roadside drowsi-
ness screening—a pilot study. Accident; analysis and prevention. 2014; 62:186–90. Epub 2013/11/01.
S0001-4575(13)00369-2 [pii] doi: 10.1016/j.aap.2013.09.015 PMID: 24172085.

19. Aguiar SA, Barela JA. Sleep deprivation affects sensorimotor coupling in postural control of young
adults. Neurosci Lett. 2014; 574:47–52. Epub 2014/05/27. S0304-3940(14)00400-5 [pii] doi: 10.1016/j.
neulet.2014.05.028 PMID: 24858135.

20. Morad Y, Azaria B, Avni I, Barkana Y, Zadok D, Kohen-Raz R, et al. Posturography as an indicator of
fatigue due to sleep deprivation. Aviat Space Environ Med. 2007; 78(9):859–63. PMID: 17891895.

21. Robillard R, Prince F, Boissonneault M, Filipini D, Carrier J. Effects of increased homeostatic sleep
pressure on postural control and their modulation by attentional resources. Clin Neurophysiol. 2011;
122(9):1771–8. Epub 2011/03/15. S1388-2457(11)00145-3 [pii] doi: 10.1016/j.clinph.2011.02.010
PMID: 21396885.

22. Bougard C, Lepelley MC, Davenne D. The influences of time-of-day and sleep deprivation on postural
control. Exp Brain Res. 2011; 209(1):109–15. Epub 2010/12/29. doi: 10.1007/s00221-010-2524-8
PMID: 21188358.

23. Niu SF, Chu H, Chung MH, Lin CC, Chang YS, Chou KR. Sleep quality in nurses: a randomized clinical
trial of day and night shift workers. Biol Res Nurs. 2013; 15(3):273–9. Epub 2012/04/05.
1099800412439459 [pii] doi: 10.1177/1099800412439459 PMID: 22472904

Night Worker's Postural and Psychomotor Performance

PLOS ONE | DOI:10.1371/journal.pone.0151609 April 26, 2016 10 / 11



24. Åkerstedt T, Gillberg M. Subjective and objective sleepiness in the active individual. Int J Neurosci.
1990; 52(1–2):29–37. Epub 1990/05/01. PMID: 2265922.

25. Kaida K, Takahashi M, Akerstedt T, Nakata A, Otsuka Y, Haratani T, et al. Validation of the Karolinska
sleepiness scale against performance and EEG variables. Clin Neurophysiol. 2006; 117(7):1574–81.
Epub 2006/05/09. S1388-2457(06)00142-8 [pii] doi: 10.1016/j.clinph.2006.03.011 PMID: 16679057.

26. Lamond N, Dorrian J, Roach GD, McCulloch K, Holmes AL, Burgess HJ, et al. The impact of a week of
simulated night work on sleep, circadian phase, and performance. Occup Environ Med. 2003; 60(11):
e13. Epub 2003/10/24. PMID: 14573724.

27. Duarte M, Freitas SMSF. Revisão sobre posturografia baseada em plataforma de força para avaliação
do equilíbrio. Rev Bras Fisioter. 2010; 14(3):183–92. PMID: 20730361

28. PhamQ-C, Mello MTd, Narciso FV, Neto MM, Teixeira CW, Antonietti LS, et al. Robust evaluation of
time since awakening using force platform posturography. Braz J Biom Eng. 2014; 30(4):322–9.

29. Vetter C, Juda M, Roenneberg T. The influence of internal time, time awake, and sleep duration on cog-
nitive performance in shiftworkers. Chronobiol Int. 2012; 29(8):1127–38. doi: 10.3109/07420528.2012.
707999 PMID: 22888791.

30. Harma M, Sallinen M, Ranta R, Mutanen P, Muller K. The effect of an irregular shift system on sleepi-
ness at work in train drivers and railway traffic controllers. J Sleep Res. 2002; 11(2):141–51. PMID:
12028479.

31. de Mello MT, Esteves AM, Pires ML, Santos DC, Bittencourt LR, Silva RS, et al. Relationship between
Brazilian airline pilot errors and time of day. Braz J Med Biol Res. 2008; 41(12):1129–31. PMID:
19148377.

32. Thomas M, Sing H, Belenky G, Holcomb H, Mayberg H, Dannals R, et al. Neural basis of alertness and
cognitive performance impairments during sleepiness. I. Effects of 24 h of sleep deprivation on waking
human regional brain activity. J Sleep Res. 2000; 9(4):335–52. Epub 2000/12/21. jsr225 [pii]. PMID:
11123521.

33. Thomas ML, Sing HC, Belenky G, Holcomb HH, Mayberg HS, Dannals RF, et al. Neural basis of alert-
ness and cognitive performance impairments during sleepiness II. Effects of 48 and 72 h of sleep depri-
vation on waking human regional brain activity. Thalamus Relat Syst. 2003; 2(03):199–229.

34. Karita K, Nakao M, Nishikitani M, Iwata T, Murata K, Yano E. Effect of overtime work and insufficient
sleep on postural sway in information-technology workers. J Occup Health. 2006; 48(1):65–8. Epub
2006/02/18. JST.JSTAGE/joh/48.65 [pii]. PMID: 16484765.

35. Forsman P, Haeggstrom E, Wallin AE, Toppila E, Pyykko I. Principal component analysis detects
sleepiness-related changes in balance control. Gait Posture. 2010; 32(3):419–21. Epub 2010/07/17.
S0966-6362(10)00170-0 [pii] doi: 10.1016/j.gaitpost.2010.06.012 PMID: 20634074.

36. Wehrens SM, Hampton SM, Kerkhofs M, Skene DJ. Mood, alertness, and performance in response to
sleep deprivation and recovery sleep in experienced shiftworkers versus non-shiftworkers. Chronobiol
Int. 2012; 29(5):537–48. Epub 2012/05/25. doi: 10.3109/07420528.2012.675258 PMID: 22621349.

37. Roca J, Fuentes LJ, Marotta A, Lopez-Ramon MF, Castro C, Lupianez J, et al. The effects of sleep dep-
rivation on the attentional functions and vigilance. Acta Psychol (Amst). 2012; 140(2):164–76. Epub
2012/05/29. S0001-6918(12)00053-4 [pii] doi: 10.1016/j.actpsy.2012.03.007 PMID: 22634265.

38. Forsman P, Tietavainen A, Wallin A, Haeggstrom E. Modeling balance control during sustained waking
allows posturographic sleepiness testing. J Biomech. 2008; 41(13):2892–4. Epub 2008/08/23. S0021-
9290(08)00352-7 [pii] doi: 10.1016/j.jbiomech.2008.07.003 PMID: 18718595.

39. Avni N, Avni I, Barenboim E, Azaria B, Zadok D, Kohen-Raz R, et al. Brief posturographic test as an
indicator of fatigue. Psychiatry Clin Neurosci. 2006; 60(3):340–6. Epub 2006/05/31. PCN [pii] doi: 10.
1111/j.1440-1819.2006.01511.x PMID: 16732751.

40. Sargent C, Darwent D, Ferguson SA, Roach GD. Can a simple balance task be used to assess fitness
for duty? Accident; analysis and prevention. 2012; 45 Suppl:74–9. doi: 10.1016/j.aap.2011.09.030
PMID: 22239936.

Night Worker's Postural and Psychomotor Performance

PLOS ONE | DOI:10.1371/journal.pone.0151609 April 26, 2016 11 / 11


