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In the construction industry, irregular schedules and long hours disrupt workers’
circadian rhythms, adversely affecting their safety and health. While studies have
shown that sleep timing influences safety and health, they often overlook sleep
quantity, work-shift start time, and a broad range of safety and health outcomes.
To fill this gap, this study examines the relationship between circadian rhythm and
safety health factors, including psychological issues, wellbeing, behavioral issues,
altruistic behaviors, sleep quantity, starting hours at work, and parental care in
1,400 construction workers using a questionnaire. We investigated safety health
using scales for psychological issues (0—34), wellbeing (0—-24), behavioral issues
(0—29), and altruistic behaviors (0—27). Midsleep time on weekends estimated
circadian rhythm, with multilevel regressions adjusting for sleep quantity, work
start time, and various characteristics. Results showed average midsleep at 04:
11 h, with a 1 h delay associated with increased psychological issues (0.37),
behavioral issues (3.0%), decreased wellbeing (0.19), and decreased altruistic
behaviors (0.18). These findings highlight a correlation between early circadian
rhythm and poor safety health, independent of sleep quantity and work-shift start
time. Addressing circadian rhythm disruptions could be crucial for improving
safety health outcomes, suggesting that work schedule adjustments and better
sleep practices may mitigate adverse effects on workers’ health and wellbeing.

KEYWORDS
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1 Introduction

The construction industry plays an important role in the global economy, employing
millions of workers worldwide and contributing significantly to economic growth and
development (Abdul Azeez and Jawed Akhtar, 2019). However, the physically demanding
nature of construction work, which often involves long hours, physically and safety
daunting tasks, and irregular schedules, can negatively impact the safety health and
wellbeing of workers (Boschman et al, 2013; Turner and Lingard, 2020). In recent
years, there has been growing recognition of the high prevalence of safety health
problems among construction workers and the need for targeted interventions and
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strategies to address this issue (Chan et al., 2016; Fagbenro et al.,
2023; Greiner et al, 2022; Kotera et al., 2020; Turner and
Lingard, 2020).

Safety health problems, such as depression, anxiety, and stress,
are common among construction workers and can have significant
negative impacts on both individual workers and the industry as a
whole. Recent studies have highlighted that construction workers
have significantly higher rates of depression and anxiety compared
to the general population (Gomez-Salgado et al., 2023; Jacobsen
et al., 2013; Langdon and Sawang, 2018; Palaniappan et al., 2022).
These safety health problems can lead to a range of adverse
outcomes, including reduced productivity, increased absenteeism,
and a higher risk of accidents and injuries on the job site (Chan et al.,
2020; Jacobsen et al., 2013).

Several factors have been identified as contributing factors to the
high rates of safety health problems among construction workers.
These include job-related stressors, such as high workload, time
pressure, and job insecurity, as well as individual factors, such as
unhealthy lifestyle behaviors and limited access to safety health
services (Chan et al., 2020; Langdon and Sawang, 2018). However,
one factor that has received relatively little attention in the literature
is the role of circadian rhythm disruption in the development of
safety health problems among construction workers.

Circadian rhythms are internal biological processes that regulate
various physiological functions, including the sleep-wake cycle, on a
roughly 24-hour schedule (Mohawk et al., 2012). These rhythms are
essential for maintaining optimal physical and safety health of an
individual. Disruption of circadian rhythms, such as that
experienced by shift workers or those with irregular sleep
schedules, has been linked to a range of negative health
outcomes, including sleep disturbances, metabolic disorders, and
safety health problems (Kecklund and Axelsson, 2016; Sharma
et al., 2008).

Construction workers may be particularly vulnerable to
circadian rhythm disruption due to the nature of their work
schedules and the demands of the industry (Singh and Kumar,
2022; Singh and Prasath Kumar, 2022; Singh and Kumar, 2023;
Singh and Kumar, 2024a; Singh and Kumar, 2024b). Long work
hours, early morning starts, overtime, and irregular schedules are
common in construction, all of which can interfere with the body’s
natural circadian rhythms (Dong, 2005). This disruption may, in
turn, contribute to the high rates of safety and health problems
observed among construction workers.

Despite the potential link between circadian rhythm disruption
and safety health in construction workers, there has been limited
research on this topic to date. While some studies have examined the
relationship between shift work and safety health in construction
workers (Zhao et al., 2019; Kotera et al., 2020), few have explored the
broader impact of circadian rhythm disruption on a range of safety
health outcomes. Moreover, there is a need for research that takes
into account other relevant factors, such as sleep duration and work
schedule characteristics, to better understand the independent
effects of circadian rhythm on safety and health.

The current study aims to address these gaps in the literature by
examining the relationship between circadian rhythm and a
comprehensive set of safety health indicators in a large sample of
construction workers in India. India has one of the largest
construction industries in the world, employing over 70 million
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workers (Chellappa et al., 2021; Statista, 2024), however, research on
the safety health of Indian construction workers is limited, despite
the high prevalence of safety health problems among
construction workers.

To fill the above-mentioned gap, The objectives of this

research are:

1. To examine the relationship between circadian rhythm and
various safety health factors in construction workers, including
psychological issues, wellbeing, behavioral issues, altruistic
behaviors, sleep quantity, and starting hours at work.

2. To investigate the specific impact of midsleep time on
weekends as an estimate of circadian rhythm on safety
health outcomes, adjusting for sleep quantity, initial work
start time, and individual, family, and geographical
characteristics.

3. To provide insights that can inform potential interventions,
such as work schedule adjustments and sleep practice
improvements, aimed at enhancing the safety and health of
construction workers.

The significance of this study lies in its comprehensive
examination of the relationship between circadian rhythm and a
broad range of safety and health factors in construction workers. By
controlling potential confounding variables, such as sleep duration
and work schedule factors, this study seeks to isolate the specific
effects of circadian rhythm on safety health outcomes. By addressing
gaps in previous research, which often overlooked sleep quantity and
work-shift start times, this study provides a more holistic
understanding of how disrupted circadian rhythms impact
psychological issues, wellbeing, behavioral issues, and altruistic
behaviors. The findings highlight the importance of considering
circadian rhythms in workplace health and safety strategies, offering
evidence that could lead to targeted interventions such as adjusting
work schedules and promoting better sleep practices. These insights
have the potential to inform the development of targeted
interventions and policies to promote the safety, health, and
wellbeing of construction workers, both in India and globally.
Ultimately, improving the overall safety, health, and wellbeing of
construction workers could enhance productivity and reduce
workplace accidents and health issues.

2 Literature review

2.1 Circadian rhythms

Circadian rhythms are endogenous biological processes that
oscillate on a roughly 24-hour cycle, regulating numerous
physiological functions and behaviors (Mohawk et al., 2012).
These rhythms are generated by a central pacemaker in the
suprachiasmatic nucleus (SCN) of the hypothalamus and are
synchronized to the external environment primarily through light
exposure (Golombek and Rosenstein, 2010; Mieda, 2020). Circadian
rhythms play a crucial role in regulating sleep-wake cycles, hormone
secretion, body temperature, and cognitive performance (Albrecht,
2012). Individual differences in circadian timing, known as
chronotypes, range from early types (“larks”) to late types
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(“owls”) (Adan et al., 2012). Several studies have identified different
internal factors such as genetics, age, etc. and external factors such as
work schedule, temperature, light etc. that help determine the
chronotype (Duffy et al, 2001; Roenneberg et al, 2004;
Roenneberg et al., 2007; Novakova et al., 2013). Misalignment
between an individual’s circadian rhythm and external time cues,
such as work schedules or social demands, can lead to circadian
disruption and associated health problems (Baron and Reid, 2014;
Sletten et al., 2020). Shift work, jet lag, and irregular sleep schedules
are common causes of circadian disruption (Chellappa et al., 2020;
Vetter, 2020). In the construction industry, workers often face early
morning starts and long work hours, which can lead to
misalignment of their circadian rhythms (Dong, 2005; Sathvik
et al, 2023). Studies demonstrated that construction workers
have significantly lower sleep efficiency and more fragmented
sleep compared to office workers, likely due to early work start
times and physical demands of the job (Juda et al., 2013).
Chronic circadian disruption has been linked to numerous
health issues, including sleep disorders, cardiovascular disease,
metabolic  disorders, cancer, and safety health problems
(Kecklund and Axelsson, 2016; James et al., 2017). A meta-
analysis by Kecklund and Axelsson (2016) found that shift work
was associated with a 17% increased risk of cardiovascular disease
and a 25%-40% increased risk of diabetes. In the construction
industry, workers with poor sleep quality have a significantly
higher risk of occupational injuries compared to those with good
sleep quality (Cheng et al., 2012). Strategies to minimize circadian
disruption and promote healthy circadian rhythms include
maintaining a regular sleep schedule, minimizing light exposure
before bedtime, and optimizing work schedules to align with natural
circadian preferences (Arendt, 2010). In the construction industry,
implementing interventions such as flexible work hours and
educating workers about sleep hygiene could help mitigate the
negative effects of circadian disruption (Jarnefelt et al., 2012).

2.2 Safety health in construction workers

The construction industry is a high-risk sector for safety health
problems, with workers facing numerous stressors that can
contribute to the development of psychiatric disorders and
psychological distress issues (Chan et al, 2016; Kotera et al,
2020; Turner and Lingard, 2020). Studies found that construction
workers have significantly higher rates of depression, anxiety, and
stress than other industries and professions (Milner et al., 2017;
Harris et al., 2022). Several work-related factors have been identified
as contributing to poor safety health among construction workers.
Long and irregular work hours, physically demanding tasks, high job
strain, and low job control are common stressors in the industry
(Boschman et al., 2013). Construction workers who report high
physical demands and low job control usually show a significantly
higher risk of safety health problems compared to those with low
physical demands and high job control (Boschman et al., 2013).

Shift work and circadian rhythm disruption are also prevalent in
the construction industry and have been linked to safety and health
issues. A systematic review by Zhao et al. (2019) found that shift
workers had a significantly higher risk of depression compared to
day workers. Studies also reported that construction workers who
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worked night shifts had a higher prevalence of depressive symptoms
compared to day shift workers (Kawabe et al., 2015; Angerer et al.,
2017). Sleep disturbances, which are often associated with circadian
rhythm disruption, have also been identified as a risk factor for
safety health problems in construction workers (Dong et al., 2017).
Dong et al. (2017) also found that construction workers who
reported shorter sleep duration (<7 h per night) and poor sleep
quality had a significantly higher risk of depression compared to
those with adequate sleep duration and good sleep quality. The
consequences of poor safety and health in the construction industry
are significant. Safety health problems have been associated with
increased risk of accidents and injuries, higher construction costs,
absenteeism, presenteeism, and reduced productivity (Gosselin
et al., 2013; Jacobsen et al., 2013).

2.3 Research gap

Despite the high prevalence and significant consequences of
safety health problems, construction workers often face barriers to
accessing safety health services, including stigma, low safety health
literacy, and a lack of industry-specific support programs (Roche
et al,, 2016). There is a clear need for targeted interventions and
policies to promote safety health and wellbeing in this vulnerable
population. Given the links between circadian rhythm disruption,
sleep disturbances, and safety health problems in construction
workers, there is a need for further research to better understand
these relationships and develop effective interventions. The current
study aims to address this gap by comprehensively examining the
associations between circadian rhythm, sleep duration, work
schedules, and a broad range of safety health outcomes in a large
sample of construction workers in India.

3 Research methodology

A longitudinal study was conducted among 1,400 workers aged
20-49 years recruited from five construction companies in India.
Surveys were conducted using a two-stage cluster sampling
approach and a weighted probability method to ensure a
balanced representation of company characteristics, such as
religion, the size of the community, the size of the company, and
2024a).
Questionnaires were distributed to construction workers who

the language of instruction (Singh and Kumar,
voluntarily participated in the study. Workers who were younger
than 20 years (n = 30) and older than 50 years (n = 45) and those
whose survey weights were unavailable (n = 120) were excluded.
Figure 1 provides a summary of the adopted research methodology.
The subsequent subsections offer detailed explanations of the

implemented research approach.

3.1 Measures of sleep

Construction workers were asked for their normal wake and
bedtimes during the previous week, both on company workdays and
weekends (Xu et al., 2016; Liang et al., 2018). The circadian rhythm
was estimated by considering the phase of entrainment from the

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2024.1451727

Kumar Singh et al.

Step 3:

10.3389/fbuil.2024.1451727

Step 4A: Circadian rhythm
and characteristics of
Participants

>

Step 5:

Step 1: Step 2: i Step 4: !
Background Questionnaire Recruit Data Summarize
Information Development GesiuEey Analysis and Report

Workers

FIGURE 1
Adopted research methodology.

calculated local time at mid-sleep on free nights. This study was
conducted on a free night to represent the natural internal clock
more accurately. On free nights, a person who falls asleep at
midnight and wakes up at 8 am has an estimated circadian
rhythm of 4 am, which represents the midpoint between sleep
and wake. Sleep debt accrued during the construction company
week was corrected using the weekend as a proxy for free nights.
Moreover, values that were greater than three standard deviations
from the mean were excluded (n = 221). A three-group analysis was
conducted to compare the early, intermediate, and late circadian
rhythms. The average number of hours of sleep per day on company
days was calculated by subtracting the reported bedtime from the
reported waking time. Means were excluded when the deviation
exceeded three standard deviations (n = 515).

3.2 Indicators of safety health

Four indices of safety health were included in the questionnaire:
psychological issues (ten items; Cronbach’s alpha = 0.89; score sum
range 0-34), psychological wellbeing (six items; Cronbach’s alpha =
0.74; score sum range 0-24), behavioural issues (eight items;
Cronbach’s alpha = 0.81; score sum range 0-29), and altruistic
behaviors (six items; Cronbach’s alpha = 0.89; score sum range
0-27) (Liang et al,, 2017; Saxena et al,, 2020). A panel of experts
developed these indicators for the questionnaire survey, and they
were found to possess both concurrent and content validity.

3.3 Covariates

Several potential confounding variables were considered in this
analysis. Adjustments were made for worker characteristics, such as
age, sex, travel time to work (<4, 3-13, 14-28, 29-60, or >60 min),
sedentary time, level of physical activity, daily cigarette consumption
(nofyes),  daily (nofyes),
responsibilities, type of worker (skilled/semi-skilled/unskilled),

alcohol  consumption family
and company information, such as the initial time, and latitude.
The participant’s level of physical activity was determined by
measuring the number of days in the past week they were
physically active for an hour or more (0-7). The number of
hours spent watching TV or using the telephone per day during

the week was used to estimate the amount of sedentary time (>3 h vs.
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Step 4B: Circadian rhythm
and characteristics of
Participants

>

3 h). Family responsibility was assessed using the Family
Responsibility Scale IV, which has seven items that reflect
common indicators of family wealth (range of total scores: 7-20).
Family support items (1 = agree to 7 = disagree) and family equation
frequency (1 = never to 6 = daily) were used as substitute measures
of parental involvement in the daily schedule, as reported previously
(Gulliver et al., 2010; Morgan et al., 2014). The work-shift start time
of a construction company was obtained from the company’s
website or by directly contacting the company.

3.4 Statistical analysis

Safety health indicators among the companies were regressed on
circadian rhythms using multilevel generalized linear regression
models. The models were adjusted to consider the characteristics
of the worker, their family, type of employee, company, and survey
season. For each safety health indicator, three models were
developed, adjusting for individual characteristics, family
characteristics, worker type, company characteristics, and the
Model 1 comprised of circadian rhythm, Model

2 comprised of circadian rhythm, Model 3 comprised of

season.

circadian rhythm, and Model 4 comprised of sleep quantity. The
generalized linear models were fitted with Gaussian family identities,
except for behavioral issues, which were fitted with log links because
the distribution of data was right-skewed. Behavioural issues were
expressed as a percentage change in the score of behavioral issues for
every unit change in the covariates. The Wald test was used to
determine how the company’s work-shift start time interacted with
the length of sleep to determine the effects of each on
circadian rhythms.

Multiple sensitivity analyses confirmed the validity of the
primary findings. There was a slight difference in the distribution
of sleep quantity on company days between those with an initial
circadian rhythm and those with a late circadian rhythm. The
analyses were conducted using only those participants (n =
1,400) whose sleep duration was between 07:00 and 11:00 h (5th
and >95th percentile) on company days. The “fp” command in
STATA [21] was used to model the circadian rhythm as a fractional
polynomial of the first order to investigate nonlinearity. Few

covariates had missing data, except for circadian rhythm (15%),
sleep quantity (13%), family equations (13%), parental support (9%),
and sedentary time (8%). In STATA, the “mi” command was used to
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TABLE 1 Circadian rhythm and characteristics of participants of the questionnaire survey (n = 1,400).

Initial circadian rhythm
(weighted %), n = 450

Instant circadian rhythm
(weighted %), n = 450

Late circadian rhythm
(weighted %), n = 500

Male

47.6 (230)

45.7 (230)

48.7 (260)

Female

52.4 (220)

54.3 (220)

51.3 (240)

Cigarettes/weed

66.0 (240)

59.6 (250)

Skilled 23.7 (170) 23.4 (170) 24.0 (200)
Semi-skilled 14.0 (150) 12.3 (150) 12.5 (170)
Unskilled 4.4 (130) 3.5 (130) 4.4 (130)

50.8 (270)

Alcohol

19.0 (210)

14.0 (200)

16.7 (230)

4 17.0 (150) 17.0 (190) 16.3 (220)
3-13 40.9 (130) 43.8 (140) 42.8 (120)
14-28 23.7 (90) 23.4 (110) 24.0 (85)
29-60 14.0 (50) 12.3 (70) 12.5 (65)
>60 4.4 (30) 3.5 (40) 4.4 (35)

<3 h/day

41.5 (240)

29.3 (230)

20.5 (270)

<3 h/day

58.5 (210)

70.7 (220)

79.5 (140)

Strongly agree 40.9 (150) 43.8 (160) 42.8 (190)
Agree 23.7 (130) 23.4 (120) 24.0 (140)
Neither agree nor 14.0 (100) 12.3 (110) 12.5 (100)
disagree

Disagree 4.4 (70) 3.5 (60) 4.4 (50)

Fall

23.7 (190)

23.4 (180)

Strongly agree 40.9 (145) 43.8 (170) 42.8 (190)
Agree 23.7 (135) 23.4 (120) 24.0 (160)
Neither agree nor 14.0 (110) 12.3 (105) 12.5 (120)
disagree

Disagree 4.4 (60) 3.5 (55) 4.4 (30)

24.0 (205)

Spring

14.0 (140)

12.3 (145)

12.5 (165)
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TABLE 1 (Continued) Circadian rhythm and characteristics of participants of the questionnaire survey (n = 1,400).

Initial circadian rhythm

(weighted %), n = 450

Instant circadian rhythm
(weighted %), n = 450

Late circadian rhythm
(weighted %), n = 500

Winter 4.4 (120) 3.5 (125) 4.4 (130)
Sleep measurement (hours: minutes)

Sleep quantity 23.7 (1:04) 23.4 (1:08) 24.0 (1:27)
Circadian rhythm 14.0 h (0:40) 12.3 h (0:35) 12.5 h (0:59)
Range 23.45-03.47 h 03.47-04.58 h 04.58-08.45 h

TABLE 2 Construction workers internalizing safety health indicators and 95% confidence intervals from regression analysis.

Variable

Circadian rhythm (h)

Work shift starting time

Psychological performance

1-Model

0.40 (0.29, 0.50)

2-Model
0.42 (0.33, 0.54)

-0.18 (-0.70, 0.43)

Psychological wellbeing

3-Model
0.37 (0.26, 0.48)

0.084 (—0.40, 0.59)

-0.20 (-0.27, —0.16)

1-Model

2-Model
-0.20 (-0.29, -0.17)

0.19 (-0.09, 0.30)

-0.18 (-0.23, —0.08)

—0.047 (-0.25, 0.15)

Sleep quantity (h)

-0.50 (-0.67, —0.39

0.29 (0.19, 0.39)

TABLE 3 Construction workers externalizing safety health indicators and their 95% confidence intervals.

Variable Behavioral issues

1-Model

2-Model

Circadian rhythm (h) | 0.023 (0.017,0.028) = 0.023 (0.016, 0.027)

0.030 (0.016, 0.031)

Altruistic issues

1-Model 2-Model 3-Model
~0.19 (=0.30, —0.078) | —0.19 (-0.30, =0.078) | —0.19
(~0.30, —0.09)

Work shift starting time —0.0093 (-0.063, 0.020)

-0.0046 (-0.042, -0.033)

~0.12 (~0.45 0.34) ~0.10 (~0.54 0.33)

Sleep quantity (h)

-0.007 (-0.018, —0.0004)

0.01 (-0.14 0.17)

impute missing values using multiple imputations through chained
equations. All analyses were conducted in STATA version 14.2 and
weighted using post-stratification weights to ensure that the results
are representative of construction companies in India.

4 Results

The sleep-mid phase lasted 05:22 hr (SD = 02:34 h). The sample
characteristics are shown in Table 1, using the initial (23:45-03:
47 h), intermediate (03:47-04:58 h), and late (04:58-08:45 h)
circadian rhythms. In addition to being older, skilled, and having
shorter sleep than others, workers with a late circadian rhythm
reported fewer family dinners and less family support. There was a
negative correlation between circadian rhythm and sleep quantity
on company days (r = —0.30) and a weak correlation between
circadian rhythm and the company work-shift start time (r =
0.06). The average scores for psychological issues, psychological
wellbeing, behavioral issues, and altruistic behaviors ranged from
29.7 (SD = 7.2) to 19.0 (SD = 4.2). There was an average sleep
duration of 9:45 h on company days (SD = 1:17 h, range 5:08 to 14:
00 h), and an average initial time of 09:45 h (SD = 0:18 h, range 08:
59-10:46 h).

Frontiers in Built Environment

To ensure the robustness of this analysis, all covariates as
detailed in Tables 2, 3 were systematically controlled for. The
presence of psychological problems, psychological wellbeing,
behavioral problems, and altruistic behaviors was associated with
a later circadian rhythm. Model 3 was fully adjusted. A 1 hr delay in
midsleep was associated with a high score of 0.43 (95% CI:
0.32-0.54) for psychological issues, a low score of 0.20 (95% CI:
0.10-0.21) for psychological wellbeing, a low score of 0.19 (95% CI:
0.09-0.30) for altruistic behavior, and a high score of 3.0% for
behavioral issues (95% CI: 1.6-0.31).

Additionally, sleep quality on company days had a significant
effect on psychological issues (0.49 low score, 95% CI: 0.39-0.67),
greater psychological wellbeing (0.29 high score, 95% CI: 0.19-0.39),
and fewer behavioral issues (0.7% low score, 95% CI: 0.3-1.5), but
not altruistic behaviors (0.01 high score, 95% CI: 0.14-0.17). There
was no correlation between the initial time and the safety outcomes
of the workers.

Psychological wellbeing was marginally correlated with an
earlier circadian rhythm and longer sleep duration (p = 0.04),
but this interaction disappeared (p = 0.70) when the sample was
restricted to employees who slept between 7:00 and 11:00 h on
workdays. Sleep quantity or company work-shift start time had no
impact on other safety health outcomes. Primary analyses were
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largely unaffected by restricting the sample to workers who slept
between 7:00 and 11:00 on workdays or imputed missing data. We
derived evidence of nonlinearity by employing fractional
polynomials to model circadian rhythm. Safety health predictions
were based on circadian rhythms derived from the linear and
fractional polynomial models. Fractional polynomial models
suggest that a circadian rhythm earlier than 03:00 hr. may be less
detrimental than fractional

to psychological performance

polynomial models.

5 Discussion
5.1 Findings

A representative sample of construction workers was studied to
examine the relationship between safety health and circadian
rhythm. As previously reported, a later circadian rhythm is often
associated with high levels of psychological difficulties and
behavioral issues (Altamura et al., 2010; Kobayashi et al., 2019).
Furthermore, a later circadian rhythm was associated with lower
psychological wellbeing and fewer altruistic behaviours, supporting
the notion that circadian rhythm affects safety and health (Agahi
et al,, 2018; Siswanto et al., 2020; Analizi and Loganathan, 2022).
Numerous controls, including sleep quantity, parenting behaviour,
and work-shift start time at the construction company, did not
impact these findings. A growing body of evidence suggests that
sleep timing plays an important role in the safety and health of
construction workers (Wallis et al., 2018; Hwang et al, 2019).
However, the mechanisms underlying this association are not
well understood. It was observed that the sleep quantity of
construction workers with a later circadian rhythm did not
influence the association between poor safety health and later
circadian rhythms. In addition, the effects of sleep quantity and
circadian rhythm were found to be independent in two studies
conducted on young people (Kobayashi et al., 2019). A small expert
safety study found that construction workers with a late circadian
rhythm reported fewer positive emotions than those with a circadian
rhythm that had an initial rhythm under both resting and sleep-
deprived conditions (Kineber et al., 2022; Singh et al,, 2023c).
Furthermore, a previous observational study found that late
circadian rhythms were associated with poor self-regulation
among construction workers regardless of their sleep quantity or
levels of daytime sleepiness (Singh et al., 2023b; Singh et al., 2023e).
These results are extended to various safety health domains in this
study. The current study’s findings indicate that circadian rhythm,
rather than sleep quantity, is associated with altruistic behaviours
(Altamura et al., 2010; Liang et al., 2018). Although this finding is
new in construction workers, similar associations have been
reported in previous studies in adults (Kobayashi et al., 2019).

Also, a company’s work-shift start time does not affect the
correlation between circadian rhythms and safety health (Agahi
et al.,, 2018; Siswanto et al., 2020). Construction workers with an
early and late circadian rhythm showed distinct health disparities.
Other studies, including the current study, have found that
construction workers sleep more when their company begins
operations later in the day. Construction workers with a later
circadian rhythm may benefit from this, but their safety and
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health may not necessarily improve (Tempesta et al., 2016;
Lamrhari et al, 2022). Thus, to improve their wellbeing, it may
be necessary to investigate ways to better align construction workers’
social schedules to their circadian rhythm throughout the day rather
than just during the company’s work-shift start hours (Singh et al.,
2023a; Singh et al., 2023d; Kineber et al., 2023).

5.2 Implications

This study has profound and multifaceted implications,
spanning both theoretical insights and practical applications. On
a theoretical level, this research advances our understanding of
circadian rhythms by highlighting their specific effects on a wide
array of safety and health outcomes among construction workers. By
meticulously controlling for variables such as sleep duration and
work schedule factors, the study delineates the intricate interplay
between these elements and circadian rhythms. This comprehensive
approach enriches the existing theoretical framework and paves the
way for future research to build upon these nuanced findings.
Additionally, by broadening the spectrum of safety and health
outcomes to include psychological issues, wellbeing, behavioural
issues, and altruistic behaviours, this study provides a more holistic
view of occupational health dynamics.

Practically, the findings offer invaluable insights for shaping
workplace policies that mitigate the adverse effects of disrupted
circadian rhythms. Employers can use this research to implement
flexible work schedules and promote sleep health programs, directly
addressing the specific safety and health concerns identified. These
evidence-based interventions, such as educational programs on
sleep hygiene and adjustments to work shift timings, can
significantly enhance the wellbeing of construction workers.
Furthermore, the study’s implications extend beyond the local
context, offering a globally applicable framework. International
construction companies can leverage these insights to improve
worker safety and productivity by better managing work
schedules and promoting healthier sleep practices. Ultimately,
this study not only contributes to academic discourse but also
provides practical solutions to enhance the health and safety of
construction workers worldwide.

6 Conclusion

This study examined the relationship between young people’s
safety health and circadian rhythm, as well as the role of sleep
quantity, company work-shift start time, and parenting
characteristics in this association. An association between a later
circadian rhythm, a greater likelihood of safety health issues and a
lower level of positive wellbeing, regardless of the amount of sleep or
the work shift starting time was discovered. Although a later
circadian rhythm has no independent negative consequences, it
appears to be detrimental to young people as they struggle more
than others.

There were some limitations to this study. Sleep quantity and
circadian rhythm were estimated using self-reported sleep times.
Even though these measures have been validated, objective sleep
measurement studies would strengthen this evidence. In addition,
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the estimates of circadian rhythms based on weekend sleep patterns
assumed that workers had unrestricted sleep on company-free days,
which is not the case for all employees. In this case, misclassification
could result in an underestimation of the results, which would
indicate that the actual associations are stronger. The puberty
stage, however, may better capture differences in biological
maturation among workers. The onset of puberty is a marker for
circadian shifts in the phase of life, and pubertal status is correlated
with youth safety and health, regardless of age.

Further linking
chronobiology with safety and health is required. Future

research on the causal mechanisms

research should consider the age at maturation. In addition,
the study design made it impossible to determine the direction
of causality. Numerous psychiatric disorders are associated with
circadian disruptions, and evidence from studies on adults
suggests a reciprocal relationship. There is a possibility that
residual confounding may still occur despite controlling for
several confounders, including personality traits or genes
that are shared by both circadian rhythms and safety
health problems.
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