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Abstract: The construction industry is known for its high 
rate of accidents. Among the different possible causes 
of this situation, we could find lack of sleep and fatigue. 
Chronic sleep deprivation is a determining factor in the 
deterioration of vigilance and alert, and consequently 
a risk factor for occupational accidents. Fatigue is the 
answer of our organism to sustained physical and mental 
stress. Regretfully, those topics have been ovelooked in 
the construction industry. The objective of this study is to 
understand better these phenomena, such as sleep dura-
tion and fatigue, and whether they are interrelated, and to 
propose strategies to mitigate them and contribute to the 
reduction of accidents in construction projects. We worked 
with 154 male construction workers from one Chilean con-
struction company. To assess sleep quality, we used the 
Pittsburgh Sleep Quality Index (PSQI). To evaluate fatigue, 
we used a personal computer version of the Psychomotor 
Vigilance Test (PC-PVT) that measures alertness and vigi-
lance. This 5-minute test was performed on construction 
workers on-site in the morning. Those people who took 
part in the test were classified into various groups accord-
ing to self-reported sleep hours, namely: 7–9 h (26%), 5–7 h 
(61.7%), and <5 h (12.3%). These results were compared for 
three variables (Mean Reaction Time (RT), 10% faster, and 
10% slower) using an Analysis of Variance (ANOVA) test. 
Differences were found for Mean RT and Slowest 10%, 
the difference being greater in the group that reported 
sleeping <5 h, but without statistical significance. Studies 

with a greater number of subjects and measurements are 
required throughout the working day.

Keywords: construction workers, fatigue, sleep duration, 
vigilance.

1  Introduction
The construction industry has one of the greatest acci-
dent rates worldwide (Escamilla et al. 2016), and an ele-
vated probability of injuries and occupational illnesses 
(Yuan et al. 2018). In Chile, the construction industry has 
an accident rate of 3.9%, much higher than the national 
average of 3.1%, considering 38 casualties due to work-
related accidents in 2018 (Superintendencia de Seguridad 
Social 2018).

Fatigue is recognized as accident causation, being 
a trigger to human error (Techera et al. 2019). In the 
construction industry, the impact of fatigue is likely to 
be more serious, as the construction environment is 
dynamic and risky (Fang et al. 2015). In fact, risks on 
construction sites may be heightened due to inclement 
weather and mobile equipment, as well as changing and 
demanding schedules requiring additional work hours 
(Powell and Copping 2010). According to Techera et al. 
(2019), the most relevant drivers of fatigue are sleep dep-
rivation and work environment factors, such as noise, 
vibration, and temperature. Sleep deprivation contrib-
utes to fatigue, affecting an individual’s well-being, 
work performance, and safety (Powell and Copping 
2010). Also, the quality and quantity of a person’s sleep 
have major implications for cognitive performance, 
motor functioning, mental health, and long-term phys-
ical health (Litwiller et al. 2017).

Construction workers are prone to fatigue, since their 
work is characterized by heavy lifting and awkward work 
postures, so it is relevant to study it more thoroughly, 
especially regarding its association with sleep efficiency 
and quality. Regretfully, those topics have been very 
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poorly studied in the construction industry. To under-
stand better these phenomena and to propose strategies 
to mitigate them and contribute to the reduction of acci-
dents in construction projects, the objective of this study 
is to understand if there is a relation between sleep dura-
tion and fatigue.

The sections in this article will introduce the work 
methodology carried out in this project, as well as the the-
oretical framework supporting the main topics studied. 
Later, the main results of this study, as well as a discussion 
and conclusion section, will be presented.

2  �Fatigue and psychomotor 
vigilance test (PVT)

There are various definitions of fatigue in the literature. 
For example, fatigue can be described as a reduced ability 
to perform activities at the desired level due to lassitude 
or exhaustion of mental and/or physical strength (Techera  
et al. 2019). Also, it can be described as a process where the 
quality of the daily tasks performed deteriorates, causing 
loss of precision and efficiency, and where a series of phys-
iological and psychological reactions appear, causing that 
the person cannot pay attention to the required action 
(Cajamarca et al. 2018).

Fatigue can have different causes such as sleeping a 
reduced number of hours and poor quality sleep, and con-
sequences such as difficulties in concentrating or thinking 
clearly, and risking by falling asleep easily, jeopardizing 
personal safety or that of others (Cajamarca et al. 2018). In 
fact, because of physiological degradation, the ability of 
an individual to work safely and efficiently can be severely 
compromised by fatigue (Techera et al. 2019). Related to 
fatigue are two key physiological factors, loss of sleep 
and disruption of the circadian cycle. In both cases, ade-
quate sleep is the only naturally occurring cure (Powell 
and Copping 2010). Then, people who suffer from fatigue 
acquire a sleep deficit that is probably not noticeable in 
the early stages, attributing this condition to other vari-
ables (Cajamarca et al. 2018). The relation among these 
two factors can be seen in a study that was carried out in 
people with Chronic Fatigue Syndrome, where the effi-
ciency of sleep, perceived quality of sleep and daily sleep 
disorders were evaluated, according to the Pittsburgh 
index, showing as results that 86% presented poor sleep 
quality (Mariman et al. 2012).

Fatigue can be evaluated using the PVT that measure 
alertness and vigilance. The reaction time (RT) is measure 
as an indirect assessment of fatigue (Techera et al. 2018). 

PVT is considered the only technology with strong evi-
dence of validation by independent researchers, labora-
tory studies, and field studies, and being considered by 
most researchers as the eminent method to objectively 
measure fatigue (Techera et al. 2018).

3  Sleep quality
Currently, the role of sleep has been relegated and the 
time spent sleeping has been decreasing over the years, 
as for many the sleep period is seen as a waste of time, 
even though we know that the consequences of poor sleep 
quality go beyond simple discomfort, affecting health 
conditions and life quality (Lira and Custodio 2018). Sleep 
quality and disorders (e.g, insomnia and sleep apnea) are 
associated with an increased risk of all-cause mortality, 
mental health problems, obesity, learning and memory 
problems, and chronic diseases. Sleep disturbances are 
also associated with increased risks of workplace acci-
dents and car accidents due to daytime sleepiness as a 
result of a bad night’s sleep (Wendt et al. 2019).

Sleep quality refers not only to the fact of sleeping 
well at night but also to have an adequate performance 
the following day. This is important as a determining 
factor in health and is also a precursor to a good quality 
of life (Borquez 2011). The literature reports that against 
stress caused by sleep restriction, an immunological reac-
tion occurs, characterized by an increase in the count of 
leukocytes, neutrophils, and levels of C-reactive protein in 
the blood. Some authors argue that a single night of sleep 
restriction is required to cause this reaction and that 8–10 h 
of sleep are required to return to normal values (Vilasco  
et al. 2011). Also, drowsiness is a frequent problem whose 
prevalence is between 0.3% and 25% of the population 
(Mayor et al. 2010). The decrease in the number of hours 
of sleep, the alteration of the circadian rhythm, the use of 
some medicines, and the poor quality of sleep are some of 
the causes of drowsiness, and this is related to poor daily 
functioning, poor quality of life, increased accident rate 
and low academic performance (Borquez 2011).

To maintain performance and healthy neurobehav-
ioral functioning, the average adult needs at least 7 h of 
sleep per night, as recommended by different sleep organ-
izations (Goel 2017). The problem is that many people 
do not sleep so many hours. In fact, 30% of Americans 
get <6  h of sleep each night and most adults sleep sub-
stantially less on work nights than on nonwork nights  
(Litwiller et al. 2017). Then, chronic sleep loss is a signif-
icant public health issue (Goel 2017). Sleep deprivation 
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can result from factors such as lifestyle, stress, poor sleep 
habits, and sleep disorders such as sleep apnea and rest-
less legs’ syndrome, putting both people at higher risk of 
accidents (Powell and Copping 2010).

To understand better the situation of people regard-
ing sleep quality we can apply different psychometric 
instruments, such as the Pittsburgh Sleep Quality Index 
(PSQI). The PSQI is an instrument that measures the 
quality of sleep and its alterations based on references 
from the last 30 days. It is a standardized instrument used 
in the detection and evaluation of sleep problems devel-
oped by Buysse, Reynolds, Monk, Berman, and Kupfer in 
1989 in the United States, with the objective of evaluat-
ing the quality of sleep and its clinical alterations. It has 
questions that are organized into seven aspects such as 
subjective sleep quality, latency, duration, efficiency, 
sleep disturbances, use of sleep medication, and daytime  
dysfunction (Luna et al. 2015).

4  Research methodology
An observational, cross-sectional relational study was 
carried out in May 2019 whose population corresponded to 
workers in five construction sites of a company in Santiago, 
Chile (N = 1,700). A random sampling was performed, 
reaching a sample size of 154 subjects. To be included in 
the study the workers must have been in the company for 
>1 month and have at least 1 year of work experience in 
the field. The exclusion criteria include the following: a) 
have had a surgical intervention that required general 
anesthesia in the last 3 months b) have a life expectancy 
of <3 months, c) have an addiction to illegal drugs and/or 
alcohol; d) people who work shift systems (since it alters 
wakeful sleep cycles), e) people with living conditions 
that prevent them from sleeping through the night (for 
example, having dependent people in their care) and f) 
people with psychiatric disorders (except depression).

The research team visited each one of the construc-
tion projects to interview the workers. In each visit the fol-
lowing information was gathered:
•	 Sociodemographic information such as sex, occupa-

tion, schooling, and marital status, that were asked 
through a questionnaire designed for the study.

•	 Quality and quantity of sleep. This was evaluated 
through the application of the PSQI through an inter-
view. Here, the score ranges from 0 to 21. A score >5 is 
rated as a poor sleeper.

•	 Fatigue level. To measure this variable, we used a per-
sonal computer version of the psychomotor vigilance 

test (PC-PVT) that indicates the reaction levels that are 
homologated to the fatigue level.

•	 Daytime sleepiness. To analyze this variable, the 
Epworth Sleepiness Scale was applied. The range of 
the score is from 0 to 24. Less than 6 points is consid-
ered normal, from 7 to 8 points it is considered mod-
erate sleepiness, and >9 points it indicates excessive 
sleepiness. It was evaluated through an interview.

5  Results
The sample included 154 male construction workers. The 
age of the participants fluctuated between 20  years and 
72 years with an average of 44.17 years. 37% declared unmar-
ried, while 53.2% were married or living together, and most 
of the participants have children (78.6%). Regarding the 
years of study, the average number of years was 10.47. Con-
cerning nationality, 82.5% declare themselves Chilean, fol-
lowed by 8.4% of Peruvian workers, 3.9% of Haitians, and 
3.2% of Colombians. The rest is divided between Argen-
tines, Ecuadorians, and Venezuelans (Table 1).

Most construction workers declare that their percep-
tion of health is good (51.9%), 22.7% say they have very 
good or excellent health, while 25.4% consider that their 
health is fair or poor. 80.5% declare themselves satisfied 
or very satisfied with their life, while 18.8% declare that 
they are not very satisfied or dissatisfied. 50.6% do little 
or no physical activity, while only 18.2% do not declare 
themselves sedentary (Table 1). In relation to comorbid-
ity, the declared condition more prevalent in the sample 
is hypertension (13.0%) followed by diabetes (5.8%) and 
diseases of the musculoskeletal system (3.2%). There were 
no cases of stroke, arrhythmia, or heart failure. It is high-
lighted that 60.2% of the sample is overweight or obese 
and 36.4% have a high cardiovascular risk (CVR) (Table 1).

Regarding sleep-related events, 24.7% of the inter-
viewed construction workers sleep the average hours, that 
is, between 7 h and 8 h, while 74% sleep <7 h. The most 
prevalent condition is the presence of snoring (56.5%), 
followed by fatigue (44.8%), excessive sleepiness (42.9%), 
and drowning (40.3%), as shown in Table 2. In addition, 
42.9% of the sample reported excessive sleepiness accord-
ing to the Epworth scale (Table 2), which is consistent with 
the direct self-report of sleepiness (43.5%), while 39.6% 
did not present sleepiness. Also, there is a significant 
correlation between Epworth and Pittsburgh, of a direct 
type, since the higher the score in Epworth, the higher the 
score in Pittsburgh. This means that the lower the quality 
of sleep, the more daytime sleepiness (Table 3).
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Regarding 44.8% of the workers who declared fatigue, 
there is no evidence of a relationship between hours of 
sleep with fatigue (t =  1.618; P =  0.108), this means that 
the presence of fatigue is distributed equally among those 
people who sleep <7 h, between 7 h and 8 h and >8 h, that 
is, the hours asleep versus the presence or not of fatigue 
are independent (Table 4).

When analyzing the quality of sleep according to 
Pittsburgh, only 23.4% of the sample presented a good 
sleep (<5 Pittsburgh) (Table 5). 76.6% report some degree 
of difficulty sleeping. Of these, 37.7% (5–7 Pittsburgh) 
could present more than some unsuitable conditions for 
quality sleep, that is, snoring, getting up to the bathroom 
at night, nightmares, pain, among other conditions that 
occur less than once a week for the last month. Similarly, 
another 37.7% could present these conditions one or more 
times a week.

When analyzing the performance parameters in the 
psychomotor surveillance test (PC-PVT), a significant 
association between the age group of 20–29  years was 
observed with a better performance in the PC-PVT in all 
the compared parameters (Mean RT, Fastest10%, and 
Slowest10%) (see Table 6). Likewise, it is observed that 
workers with higher educational levels have better per-
formance of the PC-PVT in all the parameters, as shown 
in Table 7. When analyzing the relationship of this test 
with marital status, a statistically significant difference 

Tab. 1: Sociodemographic and health characteristics of the sample

N 154

Men 100%

Age

Average 44.17 (SD: 12.72)

<35 45 (29.2%)

35–45 29 (18.8%)

>45 80 (51.9%)

Schooling

Average years 10.47 (SD: 3.31)

Nationality

Chilean 82.50%

Peruvian 8.4%

Haitian 3.90%

Colombian 3.2%

Other 2.0%

Marital status

Married 35.7%

Single 37.0%

Cohabiting 17.5%

Other 9.6%

Perception of health

Excellent – very good 22.7%

Good 51.9%

Regular – bad 25.4%

Satisfaction with life

Very satisfied-satisfied 80.5%

Little satisfied 14.9%

Dissatisfied 4.6%

Exercise

Not done 50.6%

>3 times a week 18.2%

Comorbidity

Arterial hypertension 13.0%

Diabetes 5.8%

Acute myocardial infarction 1.3%

Locomotor system 3.2%

Respiratory 0.6%

Neurological 0.6%

Mental health 0.6%

Obesity (BMI > 30) 32.7% (range 30.05–40.82)

Overweight (BMI 25–29.9) 27.5% (range 25.12–29.83)

Moderate CVR (waist circumference 
>94)

28.6% (range 95–101.5)

High CVR (waist circumference >102) 36.4% (range 102–126)

BMI, body mass index; CVR, cardiovascular risk; SD, standard 
deviation.

Tab. 2: Features related to sleep events

N 154

Sleep hours
<7 h
7–8 h
>8 h

74.0%
24.7%

1.3%

Events during sleep
Snore
Drown

56.5%
40.3%

Daytime conditions
Fatigue
Sleepiness Epworth Scale
Lower or null (1–6 points)
Moderate sleepiness (7–8 points)
Excessive sleepiness (9–24 points)

44.8%

39.6%
14.9%
42.9%

Tab. 3: Results of drowsiness, sleep quality and reaction (fatigue)  
according to type of instrument

Test N Minimum Maximum Average SD

PITTSBURGH 154 1.00 19.00 7.01 3.19

EPWORTH 154 1.00 21.00 8.20 4.54

PVTMEAN 154 218.94 921.23 304.97 72.74

PVTMEDIAN 154 205.00 640.00 279.91 48.67

PVT, psychomotor vigilance test; SD, standard deviation.
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Tab. 6: Comparative results of performance parameters in PC-PVT according to Age Group (ANOVA)

Parameters 20–29 years
N = 29

30–39 years
N = 24

40–49 years
N = 41

50–59 years
N = 40

60–75 years
N = 18

P-value

Average (±SD) Average (±SD) Average (±SD) Average (±SD) Average (±SD)

Mean RT 274.54 (26.21) 290.32 (35.32) 320.72 (119.01) 305.41 (37.76) 341.88 (63.24) 0.010

Fastest10% 208.86 (16.73) 212.27 (17.09) 226.93 (38.56) 223.04 (22.60) 241.94 (27.03) 0.000

Slowest10% 402.70 (52.26) 488.44 (171.65) 554.51 (328.58) 529.89 (178.05) 669.57 (290.51) 0.000

PC-PVT, personal computer version of the Psychomotor Vigilance Test; RT, reaction time; SD, standard deviation.

Tab. 7: Performance results in the parameters of the PC-PVT according to Educational Level

Parameters Low (<8 years)
N = 44

Medium (8–12 years)
N = 85

High (>12 years)
N = 25

P-value

Average (±SD) Average (±SD) Average (±SD)

Mean RT 327.99 (74.67) 301.14 (77.92) 277.50 (26.01) 0.020

Fastest10% 236.44 (37.73) 217.98 (21.24) 208.93 (18.67) 0.000

Slowest10% 599.10 (284.63) 505.42 (229.81) 431.83 (104.96) 0.010

PC-PVT, personal computer version of the Psychomotor Vigilance Test; RT, reaction time; SD, standard deviation.

Tab. 8: Performance results in the parameters of the PC-PVT according to Civil Status

Parameters Single
N = 57

Cohabiting
N = 27

Married
N = 55

Separated
N = 13

Average (±SD) Average (±SD) Average (±SD) Average (±SD) P-value

Mean RT 299.23 (56.86) 284.09 (38.04) 326.01 (99.86) 283.72 (23.28) 0.040

Fastest10% 218.46 (29.04) 215.34 (22.70) 230.03 (31.21) 213.87 (13.78) 0.050

Slowest10% 491.06 (200.88) 449.30 (131.03) 604.33 (310.17) 443.38 (89.12) 0.010

PC-PVT, personal computer version of the Psychomotor Vigilance Test; RT, reaction time; SD, standard deviation.

Tab. 4: Relationship between hours of sleep and declared fatigue

Fatigue N Mean SD

Hours of 
sleep

Yes 69 5.72 1.24 t = 1.618

No 85 6.04 1.19 P = 0.108

SD, standard deviation.

Tab. 5: Sleep quality according to Pittsburgh

Pittsburgh Frequency Percentage Valid 
 percentage

Accumulated  
percentage

Valid <5 36 23.4 23.4 23.4

5–7 58 37.7 37.7 61.0

8–14 58 37.7 37.7 98.7

>15 2 1.3 1.3 100.0

Total 154 100.0 100.0

is evidenced, with a worse performance of the married 
versus the other marital status (see Table 8).

Regarding the number of hours of sleep, a better perfor-
mance in the test was observed in the group that reported 
sleeping between 5 h and 7 h per day on average, although 
it reached statistical significance only in the Fastest10% 
(results of the 90th fastest percentile) (see Table 9).

6  Discussion
About the characteristics of the sample, regarding age, the 
average was like a study carried out on Chilean workers 
(Salinas et al. 2014). The similarity between the average 
ages for this study and by Salinas et al. (2014) may be 
because both types of research are from the same country, 
so they may have similar compositions of their workforce. 
Regarding the age configuration of the sample, differences 
are found with other studies. For example, in a Spanish 
study carried out in 177 construction workers, 35% were 
between 35  years and 45  years old, 40% were under 
35 years old and the remaining 25% were over 45 years old 

(Garzón et al. 2013), a situation that differs from this study. 
This difference may be because in the Spanish research it 
was controlled that the sample was made up of workers 
with different degrees of experience, which may have 
affected its natural configuration.
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Regarding clinical parameters, the average body mass 
index (BMI) is similar, and the waist circumference is 
lower than the study of Chilean workers in Salinas et al. 
(2014). Compared to the general Chilean population, the 
proportion of overweight workers is lower and the propor-
tion of obese is similar. Regarding physical activity, the 
people in the present research reported doing more physi-
cal activity than that reported by the workers in Salinas et 
al. (2014) and that the general Chilean population (Garzón 
et al. 2013; Departamento de Epidemiologia, Division de 
Planificación Sanitaria 2017). Regarding the proportion of 
workers with moderate and high CVR, this is higher than 
that presented by the Chilean general population (Depar-
tamento de Epidemiologia, Division de Planificación 
Sanitaria 2017). Regarding the suspicion of hypertension, 
risk of diabetes, and risk of myocardial infarction, the 
prevalence of workers are lower than the figures found in 
the Chilean population in the National Health Survey of 
2017 (Departamento de Epidemiologia, Division de Plan-
ificación Sanitaria 2017). Probably these better figures are 
explained because the sample is made up of people who 
are working in a job and therefore in health conditions 
that allow them to do it.

Although workers present a lower proportion of 
chronic pathologies than the general population, they 
present a higher proportion of CVR, a situation that warns 
of the need to support them to prevent them from finally 
falling ill. This idea is reinforced with the findings of Yuan 
et al. (2018) showing that the most direct and relevant 
method to improve the efficiency and productivity of con-
struction workers is through the promotion of physical 
and mental health, above others factors such as the social 
capital and social network of these people. These authors 
suggest that a frequent physical examination and a rea-
sonable schedule and time of rest should be carried out 
to contribute to improving health and work efficiency and 
productivity.

Regarding sleep hours, 74% of workers sleep <7  h, 
similar to that reported by Meza (2019) where on average 
heavy machinery drivers sleep 6:41  h. However, these 
results differ from the study by Huauya (2019) carried out 

on construction workers in Peru, where 86% of the partic-
ipants sleep between 7 h and 9 h. The situation of Chilean 
workers is worrying since Powell and Copping (2010) 
shows that those who sleep <8 h have an 8.9% increased 
risk of accidents, as well as daytime fatigue, psychomotor 
impairment, deterioration of physical and psychological 
health, and poor academic or work performance (Meri-
no-Andréu et al. 2016). In relation to sleepiness meas-
ured with Epworth, the average scores achieved by the 
workers were slightly lower, that is, with less perception 
of sleepiness, than those reported by Pedrozo-Pupo and 
Córdoba (2020), who evaluated the general population in 
Colombia.

Regarding perceived sleepiness, in the study by Meza 
(2019), 59.28% of workers with a day shift during working 
hours similar to that of Chilean workers, indicate that at 
least once a week they present drowsy conditions while 
doing their jobs. For the present study, 14.9% indicated 
moderate sleepiness and 42.9% excessive, proportions 
similar to those found by Meza (2019). The high propor-
tion of sleepiness that workers present evidence a greater 
probability of suffering some adverse event both in their 
work activities and in their daily life.

Regarding the quality of sleep evaluated by Pittsburgh, 
the study by Barón (2019) reports that 61% of workers in 
manufacturing companies present sleep problems with 
a score >5, a figure lower than the findings of this study 
where a 76.6% report some degree of sleep problems. 
Workers with Pittsburgh >5 have a 1.78 times more risk of 
occupational injuries compared to those with a rank <5 
(Uehli et al. 2014).

Another important risk factor is fatigue since it is 
considered to have a negative effect on the performance 
of workers in relation to safety (Fang et al. 2015). In the 
present study, 44.8% of the workers felt fatigued when 
carrying out their daily activities and 42.9% declared 
excessive sleepiness. These results are superior to that of 
Huauya (2019) where only 22% report high levels of fatigue 
and to the study by Wendt et al. (2019) that showed that 
around 12% present daytime fatigue. However, this same 
study indicates that sleep disorders and fatigue during 

Tab. 9: PC-PVT performance results according to self-reported sleep hours

Parameters <5 h
N = 52

5–7 h
N = 84

7–9 h
N = 18

P-value

Average (±SD) Average (±SD) Average (±SD)

Mean RT 314.63 (103.57) 294.23 (35.42) 327.19 (89.03) 0.110

Fastest10% 222.32 (29.31) 217.44 (19.71) 240.56 (47.43) 0.010

Slowest10% 544.40 (305.96) 499.33 (164.38) 548.02 (304.27) 0.490

PC-PVT, personal computer version of the Psychomotor Vigilance Test; RT, reaction time; SD, standard deviation.
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the day were greater among Brazilian adults with a lower 
educational level, which can be explained by the fact that 
more schooling is associated with higher income and 
greater awareness of the importance of sleep. Observing 
the results obtained in the psychomotor surveillance test 
(PC-PVT), it is observed that the higher the Educational 
Level, the better performance is achieved in all the param-
eters (Mean RT, Fastest10%, and Slowest10%), which 
coincides with that indicated by Wendt et al. (2019).

Putri et al. (2019) report that 82.7% of the workers in 
his study have mild fatigue and 14.6% moderate fatigue, 
higher values than those reported in the present study 
(44.8%). This could be explained by the poor quality of 
sleep presented by the sample (80%) (Putri et al. 2019). 
Also, a categorization of the perception of fatigue self-
report was not performed in the present study.

Although it seems that there is a relationship between 
sleep duration and fatigue, this study is not conclusive 
to report this relationship, given that 44.8% of workers 
who declared fatigue did not have significant differences 
regarding the number of hours asleep when compared 
between groups sleeping <7 h, between 7 h and 8 h or >8 h. 
To conclude if there is a relationship, more studies are 
required to delve into fatigue, its forms of measurement, 
and the differentiation that must exist between the con-
cepts of fatigue and sleepiness, an aspect that differs from 
each other, but for the general population it is usually 
the same, that is to say, they are confused. Thus, a sleepy 
person does not necessarily have fatigue, but a fatigued 
person may be sleepy. Sleepiness usually stems from poor 
sleep quality.

7  Conclusion
This study sought to describe sleep quality in construction 
workers, finding that less than a quarter of the sample 
(23.4%) presented good sleep quality (Pittsburgh <5) and 
two-thirds sleep <7 h. Regarding sleepiness, about half of 
the workers reported excessive sleepiness according to 
the Epworth scale, however, its relationship with hours of 
sleep was not evident. In this regard, studies are required 
that deepen the way of measuring sleepiness and the 
understanding of the difference between sleepiness and 
fatigue by the people evaluated. People between 20 years 
and 29 years of age, with a higher educational level and 
who slept between 5  h and 7  h, presented the best per-
formance in psychomotor surveillance evaluated by the 
PC-PVT test, which is the objective means of evaluating 
fatigue.

The sample consisted of workers whose ages were like 
those of other construction workers in the same country. 
Even though most of them had a positive perception of 
their health, they presented different chronic health prob-
lems that affect their life quality and their performance 
at work, especially concerning overweight, obesity, and 
CVR. Although this is representative of what is happening 
in the country, given the great physical effort that working 
in construction means, these conditions must be faced in 
a structured way, ideally from the construction company 
itself, as a benefit for its workers. Any intervention and 
education that can be done regarding health issues will 
finally impact not only on the life quality of workers but 
also on their motivation and job performance. To better 
understand the situation experienced in construction pro-
jects, more in-depth studies are required to better assess 
the health status of workers.

Construction companies must be aware of the impor-
tance that sleep quality has in their workers, both person-
ally and at work. In the latter case, the impact on safety 
and the accident rate has been widely demonstrated, 
making it relevant to carry out programs that educate 
workers on these issues to change their behavior. Given 
the above, in the next stages of this research, interven-
tions will be carried out with workers to provide them 
with tools to improve their sleep quality, and then evalu-
ate their impact on their fatigue levels.

It could be considered as a limitation of this study, 
that although the workers who participated worked in 
different construction projects, all were from the same 
company. Regarding the measurement of fatigue in the 
present study, it was always carried out first thing in the 
morning, which could have influenced performance. To 
have a better understanding of the phenomenon and have 
more information to compare the perception of fatigue 
and daytime sleepiness of workers, it is necessary to make 
more measurements with the PC-PVT at different times 
during the workday, to evaluate the performance of each 
individual throughout the day.

Acknowledgments
The authors would like to acknowledge the support 
received from the Pontificia Universidad Católica de Chile 
Interdisciplinary Research Grant.

Ximena Ferrada is a Research Professor and Director 
of the Civil Engineering Program at the Facultad de Inge-
niería, Universidad del Desarrollo, Chile. She attained 
her Civil Engineer degree and her M.Sc., and Ph.D degrees 



� Ferrada et al., Sleeplessness and fatigue among construction workers; a study   2503

in Engineering Science at Pontificia Universidad Católica 
de Chile. Her research interest relates to Construction 
Project Management, Project Risk Management, and Con-
struction Knowledge Management, among other topics. 
Has published >20 publications in international and 
domestic journals and conferences.

Silvia Barrios, Nurse from the Universidad Austral de 
Chile. Master in Public Health, mention in Health Admin-
istration, Universidad de Chile. Postgraduate Nursing 
Care in people with kidney problems. Diploma in Innova-
tive Trends in nursing teaching, School of Nursing of the 
Pontificia Universidad Católica de Chile. Diploma in Self-
Care in Health, School of Nursing, Pontificia Universidad 
Católica de Chile. Diploma in Evidence-Based Medicine, 
School of Medicine, Pontificia Universidad Católica de 
Chile. His areas of research include the care of patients 
with kidney problems and chronic diseases, health edu-
cation, and nursing management.

Patricia Masalan is a Midwife Nurse in Pontificia 
Universidad Católica de Chile (PUC).  Masters in Public 
Health, with an emphasis in Health Education, Universi-
dad de Chile (UCh). Diploma in Higher Education, Faculty 
of Education PUC. Postgraduate degree in Health Promo-
tion, Latin American Faculty of Social Sciences (FLACSO), 
Argentina. Sleep and Hypnosis Therapist, Stanford 
University and Center for Sleep Medical Studies, PUC. 
Development areas: Health education; human growth 
and development; sleep in the different stages of the life 
cycle. Tenured Professor.

Solange Campos-Romero is a Midwife at the Uni-
versity of Chile. Nurse-Midwife, Pontificia Universidad 
Católica de Chile. Master in Social Psychology, mention 
community, Pontificia Universidad Católica de Chile. 
Doctor in Public Health, University of Chile. Research 
areas: Self-management support for people with chronic 
diseases and support for family caregivers of dependent 
elderly people.

Juan Carrillo is a Surgeon who graduated from the 
Universidad de Concepción, Chile. He began researching 
and working with sleep disorders in schoolchildren in 
2009. He continued his research on sleep disorders with 
adults from 2010 to 2012 at the Dr. Félix Bulnes Hospital 
in Santiago, Chile. He was part of the Sleep Unit of the 
National Thorax Institute between 2014 and 2018, where, 
in addition to clinical work in the diagnosis and man-
agement of patients with sleep-disordered breathing, he 
conducted research in clinical epidemiology on obstruc-
tive sleep apnea in the Chilean population. He currently 
works as a doctor in the Respiratory Unit of the Dr. Carlos 
Cisternas Hospital in Calama, Antofagasta Region, Chile. 
He has continued to conduct collaborative research with 

the Sleep and Fatigue team of the Nursing School of the 
Pontificia Universidad Católica de Chile (PUC), and with 
the Postgraduate Studies Team in Artificial Intelligence 
and Applied Statistics from Universidad Andrés Bello, 
Viña del Mar, Chile.

Yerko Molina, Clinical Psychologist,  Pontificia Uni-
versidad Católica de Chile (PUC). Masters in Psychology 
with an emphasis in Health Psychology and Masters in 
Epidemiology from PUC. He has completed advanced 
studies in quantitative research methodology and instru-
ment construction in psychology, education, and health. 
He has advised multiple research projects with national 
and international funding such as the NIH in research 
methodology, the design and analysis of data, and the 
construction and evaluation of measurement instru-
ments. Currently, he works as a pre and post-graduate 
teacher at the nursing school of PUC and as an instructing 
professor at the School of Psychology, Adolfo Ibáñez Uni-
versity, teaching subjects related to statistical data analy-
sis, research methodology, instrument construction, and 
epistemology.

References
Barón, M. Á. (2019). Quality of sleep in workers from a manufacturing 

company with shift works. Red de Investigación en salud en el 
trabajo, 2, pp. 48-50.

Borquez, P. (2011). Calidad del sueño, somnolencia diurna y salud 
autopercibida en estudiantes universitarios. Eureka, 8(1),  
pp. 80-91.

Cajamarca, H., Londoño, E., & Alarcón, A. M. (2018). Diseño de un 
mecanismo de control para la fatiga y cansancio en las jornadas 
de conducción como factor de accidentalidad para la empresa 
RH Group S.A.S. Corporación Universitaria Minuto de Dios.

Departamento de Epidemiologia, Division de Planificación Sanitaria, 
Subsecretaría de Salud Pública (2017). Encuesta Nacional de 
Salud 2016-2017 Primeros resultados.

Escamilla, A. C., Gonzalez García, M. de las N., & Pérez, N. L. (2016). 
Static load behavior and energy absorption of safety guardrails  
for construction works. Revista de la Construcción, 15(2),  
pp. 46-54.

Fang, D., Jianga, Z, Zhanga, M., Wangb, H. (2015). An experimental 
method to study the effect of fatigue on construction workers 
safety performance. Saftey Science, 73, pp. 80-91. doi: 
10.1016/j.ssci.2014.11.019.

Garzón, I. R., Alonso, M. L., & Martínez-Fiestas, M. (2013). El riesgo 
percibido por el trabajador de la construcción:¿qué rol juega 
el oficio? Revista de la Construccion, 12(3), pp. 83-90. doi: 
10.4067/s0718-915×2013000300010.

Goel, N. (2017). Neurobehavioral effects and biomarkers of sleep 
loss in healthy adults. Current Neurology and Neuroscience 
Reports, 17(11), 89. doi: 10.1007/s11910-017-0799-x.

Huauya, L. (2019). Indicadores de salud ocupacional en operarios  
de construcción civil de Lima metropolitana. Universidad  
Ricardo Palma.



2504   Ferrada et al., Sleeplessness and fatigue among construction workers; a study

Lira, D., & Custodio, N. (2018). Los trastornos del sueño y su 
compleja relación con las funciones cognitivas. Revista de 
Neuro-Psiquiatria, 81(1), p. 20. doi: 10.20453/rnp.v81i1.3270.

Litwiller, B., Snyder, L. A., Taylor, W. D., & Steele, L. M. (2017). The 
relationship between sleep and work : A meta-analysis. Journal 
of Applied Psychology, 102(4), 682-699.

Luna, Y., Robles, Y., & Agüero, Y. (2015). Validation of the Pittsburgh 
sleep quality index in a Peruvian sample. Anales de Salud 
Mental, 2, pp. 23-30. doi: 10.21615/ces med.v28i1.2748.

Mariman, A., Vogelaers, D., Hanoulle, I., Delesie, L., Tobback, E., 
Pevernagie, D. (2012). Validation of the three-factor model of 
the PSQI in a large sample of chronic fatigue syndrome (CFS) 
patients. Journal of Psychosomatic Research, 72(2), pp. 111-113. 
doi: 10.1016/j.jpsychores.2011.11.004.

Mayor, E. R., Rey, J., & Mujica, D. C. (2010). Somnolencia: Qué es, 
qué la causa y cómo se mide. Acta Médica Peruana, 27(2),  
pp. 137-143.

Merino-Andréu, M., Álvarez-Ruiz de Larrinaga, A., Madrid-
Pérez, J. A., Martínez-Martínez, M. A., Puertas-Cuesta, F. J., 
Asencio-Guerra, A. J. (2016). Sueño saludable: Evidencias y 
guías de actuación. Documento oficial de la Sociedad Española 
de Sueño. Revista de Neurologia, 63, pp. S1-S27.  
doi: 10.33588/rn.63s02.2016397.

Meza, E. (2019). Estudio para propuesta de control de fatiga 
y somnolencia provocado por transtornos del sueño en 
operadores de camión tolva en proyecto construcción, muros 
perimetrales y obras complementarias tranque talabre. 
Universidad Técnica Federico Santa María.

Pedrozo-Pupo, J. C., & Córdoba, A. P. (2020). Estructura factorial 
y consistencia interna de la escala de somnolencia de 
Epworth. Revista de la Facultad de Medicina, 68(2), 
pp. 183-187.

Powell, R., & Copping, A. (2010). Sleep deprivation and its 
consequences in construction workers. Journal of Construction 
Engineering and Management, 136(10), pp. 1086-1092.  
doi: 10.1061/(ASCE)CO.1943-7862.0000211.

Putri, L., Sudiarti, T., & Sartika, D. (2019). Relationship between 
sleep quality and sleep hygiene to fatigue in Jakarta Light Rail 
Transit (LRT) construction workers in 2019. The 3rd Faculty of 
Public Health UI Science Festival 2019, p. 204:210.

Salinas, J., Lera, L., Gloria González, C., Villalobos, E., Vio, F. 
(2014). Estilos de vida, alimentación y estado nutricional en 
trabajadores de la construcción de la región metropolitana de 
Chile. Revista Medica de Chile, 142(7), pp. 833-840.  
doi: 10.4067/S0034-98872014000700003.

Superintendencial de Seguridad Social (2018). Informe anual 
estadisticas de seguridad social 2018. Santiago, Chile.

Techera, U., Hallowell, M., Littlejohn, R., Rajendran, S. (2018). 
Measuring and predicting fatigue in construction : Empirical field 
study. Journal of Construction Engineering and Management, 
144(8), pp. 1-9. doi: 10.1061/(ASCE)CO.1943-7862.0001513.

Techera, U., Hallowell, M., Littlejohn, R. (2019). Worker fatigue in 
electrical-transmission and distribution-line construction. 
Journal of Construction Engineering and Management, 145(1), 
pp. 1-9. doi: 10.1061/(ASCE)CO.1943-7862.0001580.

Uehli, K., Miedinger, D., Bingisser, R., Dürr, S., Holsboer-Trachsler, 
E., Maier, S., et al. (2014). Sleep quality and the risk of work 
injury: A Swiss case-control study. Journal of Sleep Research, 
23(5), pp. 545-553. doi: 10.1111/jsr.12146.

Vilasco, M., Communal, L., Mourra, N., Courtin, A., Forgez, P., 
Gompel, A. (2011). Glucocorticoid receptor and breast cancer. 
Breast Cancer Research and Treatment, 130(1), pp. 1-10.  
doi: 10.1007/s10549-011-1689-6.

Wendt, A., Costa, C. S., Machado, A. K. F., Costa, F. S., Neves, R. G., 
Flores, T. R., et al. (2019). Sleep disturbances and daytime fatigue: 
Data from the Brazilian national health survey, 2013. Cadernos de 
Saude Publica, 35(3), pp. 1-12. doi: 10.1590/0102-311×00086918.

Yuan, J., Yi, W., Miao, M., & Zhang, L. (2018). Evaluating the impacts 
of health, social network and capital on craft efficiency and 
productivity: A case study of construction workers in China. 
International Journal of Environmental Research and Public 
Health, 15(2), pp. 1-25. doi: /10.3390/ijerph15020345.


