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Effects of an alternating work shift on air
traffic controllers and the relationship with
excessive daytime sleepiness and stress

Efeitos do turno de trabalho alternado em controladores de trafego aéreo e relacdo com
sonoléncia diurna excessiva e estresse

Angela M. Freitas’, Mirna Wetters Portuguez "2, Thais Russomano®, Marcos de Freitas®, Silvio Luis da Silva
Silvello* Jaderson Costa da Costa ?

ABSTRACT

Objective: To evaluate symptoms of stress and excessive daytime sleepiness (EDS) in air traffic control (ATC) officers in Brazil. Methods:
Fifty-two ATC officers participated, based at three air traffic control units, identified as A, B and C. Stress symptoms were assessed using
the Lipp Inventory of Stress Symptoms for Adults, and EDS by the Epworth Sleepiness Scale. Results: The sample mean age was 37 years,
76.9% of whom were male. Excessive daytime sleepiness was identified in 25% of the ATC officers, with 84.6% of these based at air traffic
control unit A, which has greater air traffic flow, operating a 24-hour alternating work shift schedule. A total of 16% of the ATC officers had
stress symptoms, and of these, 62% showed a predominance of physical symptoms. Conclusion: The high percentage of ATC officers with
EDS identified in group A may be related to chronodisruption due to night work and alternating shifts.
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RESUMO

Objetivo: Avaliar sintomas de estresse e sonoléncia diurna excessiva (SDE) em controladores de trafego aéreo (CTA) do Brasil. Métodos:
Participaram 52 controladores pertencentes a 3 6rgaos de controle de trafego aéreo, denominados de A, B e C. Os sintomas de estresse, foram
avaliados pelo Inventario de Sintomas de Estresse para Adultos, a SDE pela Escala de Sonoléncia Epworth. Resultados: 76,9% da amostra sao
do sexo masculino, com média de idade de 37 anos. SDE foi identificada em 25% dos controladores, desses 84,6%, pertencem aos 6rgaos de
controle de trafego aéreo A, caracterizado por maior movimento de aeronaves, funcionamento 24 horas e escala de servico em turnos alternantes.
Um total de 16% dos controladores apresentam sintomas de estresse, desses, 62% mostraram o predominio de sintomas fisicos. Conclusao:
Aporcentagem elevada de CTA com SDE identificada no grupo A pode estar relacionada a cronodisrupgao devido ao trabalho noturno e alternado.

Palavras-chave: distirbios do sono por sonoléncia excessiva; carga de trabalho; estresse fisioldgico; estresse psicologico.

Brazil is responsible for the administration of its territo- The functions of ATC officers, according to the
rial airspace (8,511,965 km®) and the airspace over the ocean.  Department of Airspace Control, include: (a) identification of
Numerous events, such as commercial and military flights, take  each aircraft in Brazilian airspace, in such a manner that no
place simultaneously in this vast area'. In this scenario, air traffic ~ errors occur in pilot instructions; (b) awareness of the per-
control (ATC) officers are the professionals fundamental to the ~ formance of each aircraft, knowledge of its route, flight alti-
success of thousands of takeoffs and landings, and are respon-  tude and speed, real-time location, positional changes and
sible for the control of civil and military aircraft, eitherin flight or ~ positioning in relation to other aircraft, and the correct use
on the ground, by means of radar and non-radar systems™ of communications media to control activity and air safety.
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The ATC officers’ activities are divided into the areas of the
airport control tower and the approach control center. The air-
port control tower is responsible for the aerodrome control ser-
vice for ground-based aircraft maneuvering, and for the take-
off, landing and overflying the airfield phases. It seeks to avoid
collisions with other aircraft, obstacles and vehicles moving on
the ground. The approach control center is responsible for the
approach control service for aircraft carrying out procedures
for airport arrival or departure, aiming to ensure separation
from other aircraft or obstacles®. The work of the ATC officers
involves great mental and emotional loads, as the role requires
high levels of cognitive tasks; it is they who make the decisions,
sometimes in very limited time periods. The consequences of
this overload generate increased stress levels, alterations in cog-
nitive performance (linked to attention and memory), and dif-
ficulties in maintaining good sleep quality. High stress levels in
ATC officers can affect the performance of these professionals
and can be the cause of boredom and decreased concentration®.

A further relevant factor is the performance of cognitive
tasks that require the controllers to have an adaptive capacity
due to the unpredictable environment in which they work®.

Evaluation of excessive daytime sleepiness (EDS) is indi-
cated for professions that involve risk. Excessive daytime sleep-
iness is characterized by an inability to stay awake and alert
during the main periods of daytime wakefulness, resulting in
sleepiness and lapses of unintended sleep’, and can occur par-
ticularly when alternating shift work schedules are involved.
Variations in shift work, including overnight or rotating shifts,
can cause difficulties in sleeping that may lead to a circadian
rhythm sleep disorder®. When the internal and external rhyth-
mic signals are not in agreement with the biological clock, the
circadian system experiences a misalignment, called interrup-
tion or desynchronization, which corresponds to an alteration
of the circadian parameters’. This interruption, defined as a
disturbance of the internal temporal order and of the physio-
logical, biochemical and behavioral circadian rhythms is called
chronodisruption'. In many workers subjected to shift work,
this chronodisruption allows the development of a shift work
disorder’. A shift work disorder is characterized by excessive
sleepiness and/or sleep disturbances associated with the work
schedule, although some night workers are able to adjust their
circadian rhythm to night work'% Shift and/or night work-
ers tend to have two to four hours less sleep, on a daily basis,
which in the long run results in sleep deprivation.

The impact of EDS on the working adult manifests as
decreased productivity, increased absenteeism, higher acci-
dent rates and a high probability of disability caused by an
EDS-related disease™. The National Transportation Safety
Board and National Air Traffic Controllers Association have
recommended to the Federal Aviation Administration a revi-
sion of ATC officers’ schedules in order to provide them with
rest periods long enough to obtain sufficient restorative
sleep'*. This study aimed to correlate the symptoms of stress
and EDS with the activity of air traffic control.
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METHODS

Sample

The study included 52 ATC officers located at three dif-
ferent Brazilian airports, identified as groups A (n = 29),
B (n = 12) and C (n = 11). In the airports involving groups
B and C, the work day was divided into three periods: from
06:00 h to 12:00 h; 12:01 h to 18:00 h; and 18:01 h to 23:59 h.
Different teams operated in each of these periods and all
air traffic control activities ceased at 24:00 h. The ATC
officers at these airports had one day off for every three
days worked. In the airport involving group A, an addi-
tional period was worked from 00:00 h to 06:00 h, complet-
ing a 24-hour total period of air traffic control activities.
The ATC officers evaluated performed alternating shifts
on each workday. The weekly workload hours (sequence of
shifts worked consecutively) did not exceed a 36-hour limit.
The rest periods between two shifts (consecutive days) and
two sequences of shifts were no less than 11 hours and
35 hours, respectively.

The positive correlation (0.300 < r < 0.600) between
stress and EDS was considered when determining the sam-
ple size of 52 ATC officers. A non-probabilistic convenience
sampling, with sequential selection was adopted as the
selection method.

This study was approved by the Scientific Commission
of the Postgraduate Program and the Research Ethics
Committee of PUCRS, on 21/11/2013, under number 462.813.
Participants in this study did so voluntarily and signed an
informed consent form.

INSTRUMENTS

Questionnaire applied to the ATC officers: Prepared spe-
cifically for this study in order to collect demographic
and occupational data, and details of health conditions.
The characteristics analyzed were gender, age, educa-
tional level, working hours, technical capability and
place of work.

Lipp Inventory of Stress Symptoms for Adults (LISS): Aimed
at youths and adults, and designed to measure overall symp-
toms of stress, not just occupational. Validated by Lipp and
Guevara in Sdo Paulo, 1994, it uses the sum total of physical
and psychological symptoms as an indicator®.

Epworth Sleepiness Scale: Developed based on obser-
vations related to the nature and occurrence of daytime
sleepiness. The aim of this instrument is to quantify the
degree of sleepiness during eight routine activities and
to identify sleep disorders. Test scores range from 0-24
points, with a score above 10 points suggesting a diagno-
sis of EDS'.

The Epworth Sleepiness Scale was chosen as it is vali-
dated for use in Brazil®.



RESULTS

Analysis of the 13 professionals exhibiting EDS veri-
fied that 92.3% (n = 12) were male; 53.8% (n = 7) completed
higher education; 61.5% (n = 8) performed the airport control
tower/approach control center function; 46.2% (n = 6) were
aged 40 years or older; median length of work of 8.9 years
(mean + SD of 9.6 + 6.4 years); and 83.3% (n = 10) reported
undertaking physical activity (Table 1).

An absence of stress was predominant in the ATC officers
operating in all three air traffic control units, together with
the presence of low levels of EDS among the total sample,
as shown in Table 2.

A comparison of sociodemographic variables with exces-
sive daytime sleepiness and stress symptoms found no

Table 1. Sociodemographic distribution of air traffic control
professionals in southern Brazil.

Sample total (n = 52)

Characteristics

n %

Air Traffic Control Unit

A 29 55.8

B 12 23.1

C 11 21.2
Sociodemographic data
Gender

Female 12 231

Male 40 76.9
Age

Mean (£ SD) (Range) yr. 37.9(x8.5) (24 -61)
Age group

Up to 39 yr. 30 57.7

40+ yr. 22 42.3
Educational level

HSC 2 3.8

HEI 14 26.9

HEC 32 61.5
Postgraduate 4 7.7

Time working (years)
Mean (+SD) (Median)
Time working in present activity*

121 (x9.6) (12.0)

Less than 2 years 8 16.0
From 2 to 6 years 12 24.0
More than 6 years 30 60.0
Technical qualifications
TWR 24 46.2
APP 1 1.9
TWR and APP 27 51.9
Health data
Physical activity*
Yes 37 74.0
No 118 26.0
Chronic disease*
Yes 9 18.0
No 41 82.0

statistical association. However, data analysis revealed a sta-
tistically significant association between location of work
and the sleepiness scale results (Fisher’s exact test by Monte
Carlo simulation, p < 0.05).

According to the Epworth Sleepiness Scale, 25% (n = 13)
of the total number of ATC officers presented with scores
indicating EDS and, of this number, 84.6% (n = 11) belonged
to the Air Traffic Control Unit A, suggesting a possible rela-
tionship between sleepiness and the 24-hour work pattern of
that particular unit (Table 2).

Considering only those ATC officers working between
00:00 h and 6:00 h (n = 29), just 38% (11) presented with
excessive daytime sleepiness, with the remainder (62%)
being unaffected. In relation to the obtained LISS test scores,
84% exhibited no stress, and only 13.8% of the ATC officers
based at Air Traffic Control Unit A presented with LISS
scores equating to stress.

Comparing the ATC officers’ employment duration, sig-
nificant differences were identified in relation to EDS (exces-
sive sleepiness: 9.3 + 9.6; median: 4.0 vs. no excessive sleepi-
ness 12.6 + 9.7; median: 13.0; p = 0.027) and stress (with stress:
9.5 + 8.5; median: 12.0 vs. no stress 12.0 + 9.9; median: 11.0;
p = 0.047). (Mann-Whitney test, p > 0.05) (Figure 1).

DISCUSSION

The direct implications of EDS and stress symptoms in air
traffic control are still not well defined. There are few studies in
Brazil regarding the effects of EDS and stress on ATC officers.

These findings are in agreement with other research involv-
ing military ATC officers in the state of Pernambuco, which,
using the Epworth Sleepiness Scale, identified excessive sleepi-
ness in 66.7% (n = 30) of the 45 flight protection professionals”.

Comparative analysis between EDS and the air traffic
control units (Table 3) revealed that 84.6% (n = 11) of the ATC
officers with EDS were located in Air Traffic Control Unit A,

Table 2. Absolute and relative distribution of stress and sleep
classifications - LISS and ESS.

Sample total (n = 52)

Variables n 0%
(LISS)- Stress™

No stress 42 84.0

With stress 8 16.0
Physical and/or psychological stress

Physical symptoms 5 62.5

Psychological symptoms 8 375
(ESS) Sleepiness evaluation

Up to 10 points non-excessive 39 750

sleepiness - NORMAL
Above 10 points excessive sleepiness 13 25.0

HSC: high school complete; HEI: higher education incomplete; HEC: higher
education complete; TWR: airport control tower; APP: approach control
center; DM: Data missing; SD: standard deviation. *3.8% (n = 2).

LISS: Lipp inventory of stress symptoms for adults; ESS: Epworth sleepiness
scale. *Percentages obtained based on total number of valid cases; **3.8%
(n = 2) of data missing.
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Figure. Boxplot of air traffic control activity employment duration according to stress and sleepiness test results.

which operates 24 hours a day with a four-shift schedule, and
has a greater flow of aircraft.

The relationship between sleepiness and place of work is
not sufficient to fully explain the presence of EDS, as other
factors should also be considered. It is also important to
emphasize that the results related to the sociodemographic,
professional and health characteristics of the 52-strong
sample of professionals identified no statistical significance
between the three places of work.

Approximately 20% of the working population in indus-
trialized countries is engaged in shift and/or night work. This
type of employment, therefore, exposes a large number of
workers to unusual light-dark cycles’, as is the case with shift
and night work's",

Exposure to artificial light at night results in a disrup-
tion of the circadian system, which is deleterious to health.
The potential and multifactorial mechanisms of the effects
include the suppression of melatonin secretion by artifi-
cial light at night, sleep deprivation and circadian disrup-
tion. Shift and/or night work generally decreases the time
spent sleeping, and disrupts the circadian time structure’.
Desynchronization manifests itself through atypical clini-
cal symptoms, such as persistent fatigue, sleep disorders
leading to chronic insomnia, poor appetite, and mood dis-
orders that can cause depression, although some desyn-
chronized individuals do not experience any of these clini-
cal signs'. These effects are thought to be linked to a loss of
synchronization between the internal clock and the light-
dark cycle’. Many shift workers who have a misaligned cir-
cadian rhythm due to working nights are at higher risk of
developing shift work disorder. Therefore, a possible expla-
nation for the higher percentage of EDS in group A in this
study may be due to chronodisruption caused by the ATC
officers working nights.

Arqg Neuropsiquiatr 2017;75(10):711-717

This result highlights the importance of changes in the
circadian rhythm of the ATC officers. Even with consecutive
days off and sufficient rest time, alternating work shift pat-
terns affect the circadian rhythm and state of alertness as a
consequence, which has been confirmed in studies such as
that by Belyavin and Spencer®. The importance of circadian
rhythm and homeostasis in alertness levels and the decision-
making process in ATC officers in Brazil has also been dem-
onstrated in research by Franco Noce?*..

Although not statistically significant, the number of ATC
officers with EDS becomes relevant from a clinical and occu-
pational viewpoint due to the complexity and risk inherent
in the performed activity. No statistically significant associa-
tions were found following comparative analysis of the EDS
classification in relation to gender, age, age group, educational
level, physical activity, perception of physical and psycholog-
ical health, job function and working time. However, some
factors contributing to the continuity of EDS have external
causes, such as sleep deprivation, rotational shift work, poor
sleep hygiene, and sleep disturbances related to the con-
sumption of caffeinated drinks?, factors also encountered in
the present cohort. Some researchers report that shift worker
sleepiness can occur due to an insufficient amount of total
sleep time or greater sleep fragmentation®. Excessive day-
time sleepiness has also been linked to traffic accidents; the
proportion of accidents attributed to EDS in the United States
ranges from 1-3%, while in Australia this figure can reach
33% of registered incidents. In relation to stress, the present
study observed that only 16% of the ATC officers presented
with symptoms of stress, with 62% (n=>5) of these showing a
predominance of physical symptoms (Table 2). A review of
research focusing on stress in Brazilian ATC officers found
high rates of association with the presence of stress. Records
of aircraft accidents involving ATC officers can be found in



Table 3. Sociodemographic and health characteristics of ATC officers in southern Brazil according to ESS and LISS results.

Sample Total (n=52)*

Epworth Sleepiness Scale (ESS)

Stress Symptoms (LISS)

Verielles Excegsive Abseqce of Presence Absence
sleepiness sleepiness of stress of stress
(n=13) (n =39) P (n=8) (n = 42) P
n % N % n % n %
Sociodemographic data
Gender
Female 1 77 (N 28.2 2 25.0 10 22.7
0.2531 >0.9991
Male 12 92.3 28 71.8 6 75.0 34 77.3
Age (years)
Mean + SD 37.8+78 379+8.9 0.971€ 379+ 8.1 379+8.7 0.822€
Age group
Upto39yr. 7 53.8 23 59.0 3 375 27 61.4
40+ yr. 46.2 16 41.0 > 09997 5 62.5 17 38.6 01601
Educational level
HSC 1 7.7 1 2.6 2 4.5
HEI 4 30.8 10 25.6 07841 2 25.0 12 27.3 0.5901
HEC 7 53.8 25 64.1 5 62.5 27 61.4
Postgraduate 1 77 8 77 1 12.5 8 6.8
Professional data
Air Traffic Control Unit
A 11 84.6 18 46.2 50.0 25 56.8
B 1 77 (X 28.2 0.0459 2 25.0 10 22.7 0.9569
C 1 7.7 10 25.6 2 25.0 9 20.5
Time working (years)
Mean + SD (Median) 9.3+9.6(12.0) 12.8+9.6 (13.5) 0.274¥% 10.56+8.4(12.0) 12.3+9.9(12.0) 0.322¥%
Time working in present activity
Less than 2 years 5 38.5 5 12.8 2 25.0 8 18.2
From 2 to 6 years 3 231 9 231 01559 1 12.5 11 25.0 0.7691
More than 6 years 5 38.5 25 64.1 5 62.5 25 56.8
Technical qualifications
TWR 5 38.5 19 48.7 5 62.5 19 43.2
APP 1 2.6 0.6549 1 2.3 0.5391
TWR and APP 8 61.5 19 48.7 3 875 24 54.5
Health data
Physical activity**
Yes 10 83.3 27 711 62.5 32 76.2
0.4801 0.4131
No 2 16.7 M 28.9 375 10 23.8
Chronic disease**
Yes 3 25.0 6 15.8 3 375 6 14.3
0.6689 0.1441
No 9 75.0 32 84.2 5 62.5 36 85.7
Medication use**
Yes 2 16.7 6] 15.8 1 12.5 7 16.7
No 10 83.3 32 84.2 > 09097 7 87.5 35 83.3 > 09997

HSC: high school complete; HEI: higher education incomplete; HEC: higher education complete; TWR: airport control tower; APP: approach control center
*Percentage obtained based on the total for sleepiness or stress test categories; ¥: Mann Whitney test; T: Fisher’s Exact Test; €: Student t test for independent

groups; SD: standard deviation. **3.8% (n = 2) of data missing.

annual Department of Airspace Control reports produced
in Brazil (ICA 63-16, 2013; ICA 63-16, 2014). The variable of
psychological stress was reported in only 3.98% and 4.2% of
cases in 2012 and 2013, respectively**. These findings are
in agreement with research that analyzed the perception of
stress in four distinct occupational categories: air traffic con-
trollers, operators within a radioactive environment, profes-
sors and doctors. The results indicated that even though the

role of an ATC officer is extremely stressful, the lowest level
of stress occurred in this group, demonstrating more active
and efficient stress coping methods in comparison to the
other occupations?. A research report from 2012 conducted
by the National Aeronautics and Space Administration
(NASA), commissioned by the United States Federal Aviation
Administration, revealed that ATC officers’ work schedules
often lead to chronic fatigue, making controllers less alert
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and endangering the safety of the national air traffic system?.
The NASA researchers conducted a survey of 3,268 ATC offi-
cers regarding their work schedules and sleep habits, and also
performed a field study monitoring 200 controllers at 30 air
traffic facilities through the use of wrist actigraphy sensors
and psychomotor vigilance tests measuring timed reactions.
The report appears to confirm the results obtained in the
present study: occupational components and sleep condi-
tions are seen to be decisive for an ATC officer’s activity since
these variables have a direct effect on the ATC officer’s per-
formance. It should be pointed out that the Federal Aviation
Administration did not accept the report findings, consid-
ering that the academic approach used by NASA did not
sufficiently integrate an understanding of the 24/7 air traf-
fic operational environment'. However, the report release
came after a series of incidents involving controllers falling
asleep on duty; for example, in 2011, two airliners landed at
Washington's Reagan National Airport late at night without
assistance from the airport control tower as the lone con-
troller on duty had fallen asleep. The NASA report does high-
light the importance of evaluating both EDS and the work
environment of ATC officers, providing an understanding of
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important characteristics about professionals who operate
in complex and high-responsibility systems'. Our findings
showed the ATC officers affected by excessive daytime sleep-
iness belonged to group A, the only group involving night
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