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Abstract:  

Purpose: The average Australian working week in middle-aged and older workers exceeds government 

recommendations. Long working weeks are associated with poor health outcomes; however, the relationship between 

long working weeks and health in young Australian workers is unknown.  

Methods: Data were drawn from the 22 year follow-up of the Western Australian Pregnancy Cohort (Raine) Study 

in Perth, Western Australia. Information was available from 873 young adults about working hours per week, shift 

work and sleep duration. Blood samples provided measures of cardiometabolic risk (CMR) factors.  

Results: Almost one-third (32.8%) of young workers reported >38h working weeks. This was commonly reported 

in mining and construction industries for males; health and social assistance, mining, and retail trade industries for 

females. CMR factors including increased waist circumference, higher fasting plasma glucose, and reduced HDL-

cholesterol, were associated with >38h working weeks. These relationships were not moderated by gender, or by 

BMI for glucose and HDL-cholesterol. Total sleep time was significantly lower in both male and female workers 

reporting >38h working weeks, but did not mediate the relationships seen with CMR factors.  

Conclusions: These findings point to early associations between >38h working weeks and CMR risk, and highlight 

the potential benefit of making young employees aware of the health associations with working arrangements to 

reduce the longer-term relationships seen with working hours and poor cardiometabolic health in population studies. 
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1. Introduction 

Awareness of the association between long working hours and physical health in the broader population is 

growing.(Cho et al. 2015) Despite negative associations between working hours, sleep loss and physical health in 

middle-aged and older workers, little is known about the influence of long working weeks on young workers’ physical 

well-being. To date, research on poor health outcomes associated with employment in young workers has focused 

predominantly on factors influencing occupational health outcomes, including work-related illness and 

injury.(Hollenbeck, 2013) Such research has shown that young workers are more likely to be injured at work than 

their older counterparts (Safe Work Australia, 2010). Young workers are also over-represented in the casual 

workforce, making up 40% of this workforce in Australia (Blewett et al., 2014). Casual, or precarious, work has been 

associated with more negative work health and safety (WHS) outcomes, compared to full-time work (Park and Butler 

2001). In addition, long working weeks combined with the unpredictable nature of casual work has been associated 

with significant disruption to the personal life and sense of work-life balance for young workers (Bohle, 2004). This 

may explain why young workers in Australia report high levels of absenteeism and presenteeism (at work but not 

functioning fully due to illness) (Straker et al., 2013; Kyaw-Myint et al., 2015). Taken together, it is evident that young 

workers may be at particularly high risk of negative health outcomes as a result of long working weeks. This is 

concerning as Australian Bureau of Statistics (ABS) quarterly labour force data (2014) indicate that Australian 

employees average a longer full-time working week (Workplace Gender Equality Agency, 2016) than the Australian 

Government recommendation of 38 hours per week (Fair Work Ombudsman, 2016). However, there are currently no 

empirical data in young workers that document the impact of long working weeks on cardiometabolic risk.  

Given that both shorter sleep and increased cardiometabolic risks are reported in middle aged and older cohorts 

working long weeks (Kivimaki et al., 2017; Kivimaki et al., 2015; Virtanen et al., 2012), clarifying these relationships 

will be key to informing early intervention approaches to support young workers. Studies in middle-aged and older 

workers show diastolic blood pressure is increased in assembly-line employees who work more than 40h/week 

(Nakamura et al., 2012).  Further, long working weeks are associated with an array of adverse cardiometabolic 

outcomes (Kobayashi et al. 2012; Kawakami et al., 1999) including atrial fibrillation (e.g. Kivimaki et al., 2017) and 

coronary heart disease (e.g. Virtanen et al. 2012). Of note, in middle-aged Australians the association between long 

working weeks and higher BMI is mediated by short sleep duration, suggesting that this may be one pathway linking 



 

long working weeks and obesity in middle-aged cohorts (Magee, Caputi & Iverson, 2011). In general, studies of 

associations between long working weeks and poor health outcomes have been undertaken in middle-aged and older 

workers (Escoto et al., 2010; Bannai and Tamakoshi 2013; Cho et al. 2015). It is unknown whether cardiometabolic 

risk indicators are affected by long working weeks in young workers, who are relatively new to the workforce and 

often have added time burdens associated with balancing study and work commitments which may influence this 

relationship. This paucity of data limits our understanding of the aetiology of working hours and increased 

cardiometabolic risk in the workforce. Clearer insight into the relationship between working hours and 

cardiometabolic health risks in young workers early in employment is an important addition to our current 

understanding of working hours and cardiometabolic health risk.  

With this in mind, the primary aims of this research were to determine (1) the prevalence of working weeks 

longer than 38h in young Australian workers; (2) whether working weeks >38h were associated with increased 

cardiometabolic risk compared to <38h weeks; and (3) whether short sleep mediates the relationship between >38h 

working weeks and cardiometabolic risk. 

2. Materials and Methods  

2.1 Study population  

Participants of this study were from the Western Australian Pregnancy Cohort (Raine) Study (also known as the 

Raine Study; www.rainestudy.org.au) (Straker et al., 2016). Briefly, the Raine Study is a longitudinal study of 2,868 

live births from pregnancies recruited at 18 weeks gestation during the period 1989-1991 through the King Edward 

Memorial Hospital, Perth, Western Australia (Newnham et al., 1993). Data in this manuscript represent the first cross-

sectional consideration of working hours relation to cardiometabolic risk factors for this cohort. 

Active participants (n=2,086) were invited to participate in data collection around the date of their 22nd birthday. 

The Raine Study 22 year cohort follow-up was conducted with current ethics committee approval and informed written 

consent from all participants according to the Human Research Ethics Committee, University of Western Australia 

and Curtin University (ethics approval numbers: Curtin University (HR67/2013) and the University of Western 

Australia (RA/4/1/5202). The Raine cohort demographic characteristics are strongly representative of young adults in 

the Western Australian population (Straker et al., 2016).  

http://www.rainestudy.org.au)/


 

2.2 Questionnaire 

Raine participants completed a detailed participant questionnaire and in-clinic health assessment. This 

questionnaire included a question about current full- and part-time working arrangements which was used to filter 

participants from the analysis who were unemployed at the time of the survey. This questionnaire also asked about 

current industry of employment (Straker et al., 2015) (particularly as mining (Campbell, 2002) and construction 

(Lingard, Francis & Turner, 2010) are associated with long working weeks), hours of work per week, hours of total 

sleep during a typical weekday (including naps) and self-reported sleep quality over the last month (long working 

weeks are associated with less sleep and poorer sleep quality (Virtanen et al., 2009), insufficient sleep is associated 

with cardiometabolic risk factors (Knutson, 2010) and may represent one pathway by which health is affected). 

Participants were also asked whether they identified as a shiftworker (Y/N) as high proportions of shiftworkers report 

working days longer than eight hours (Kobayashi et al., 2012). Highest education level and total pay per week after 

tax (according to 2012 tax brackets) were collected as indicators of socioeconomic status.  

2.3 Determining habitual working weeks (≤38h/week; >38h/week) 

Typical working hours in a seven day week was assessed with two questions, to ensure the most accurate 

reflection of hours in a working week. Participants were asked to indicate how many hours per week they usually 

work in all (current) jobs, and how many hours their employer expected them to work in a typical seven day week. 

There was a strong correlation between these variables (r=0.91, p<0.001). Where participants had responded to both 

questions, an average value was calculated; where participants provided a response to only one working hours question 

this value was included. This approach was used to capture the potential working hours across a seven day period, and 

recognise that working hours may not be limited to those expected by a single paying employer. A total of 873 

participants provided an estimate of working hours per week. The Australian Government recommends a working 

week of no more than 38 hours (Fair Work Ombudsman, 2016) as recent evidence in a large Australian cohort indicates 

that working more than 38 hours, particularly in women, has detrimental health consequences (Dinh, Strazdins & 

Welsh, 2017). These findings indicate a need to consider potential health impacts from a more conservative 

perspective in the modern workforce (>38 hours per seven day week) than existing literature which categorises longer 

working weeks from 40-48 hours. Accordingly, participants were divided into either <38h weeks (<38 working hours 



 

per seven day week, and inclusive of casual and part-time workers) or >38h weeks (>38 working hours per seven day 

week) groups.  

2.4 On-site physical assessment and blood samples 

As reported previously trained research assistants collected information on height, weight, waist circumference 

and blood pressure (taken in a seated position using the Dinamap ProCare 100 Vital Signs Monitor from GE 

Healthcare Technologies, Rydalmere, Australia) (Straker et al., 2015; Le-Ha et al., 2013a; Le-Ha et al., 2013b). Blood 

samples were collected from a peripheral vein following an overnight fast (Straker et al., 2015), and assayed for 

glucose (collected in potassium oxalate/sodium fluoride tubes), triglycerides and high-density lipoprotein cholesterol 

(HDL-cholesterol; both analysed from serum) in the PathWest Laboratory at Royal Perth Hospital. 

2.5 Determining cardiometabolic risk 

Cardiometabolic risk has been quantified using calculation of a continuous clinical index of cardiometabolic 

(cCICR, e.g. Carroll et al., 2014; Okosun et al., 2010). Cardiometabolic risk factors were chosen for analysis based 

on previous variables used to calculate overall cardiometabolic and metabolic syndrome risk indices in adolescents 

(Okosun et al., 2010) and older adult populations (Carroll et al, 2014). These included waist circumference, mean 

arterial pressure (MAP; calculated as (2DBP+SBP)/3; note, MAP was used for cCICR in accordance with previous 

protocols, but systolic and diastolic blood pressure are reported as dependent variables) and fasting triglycerides, blood 

glucose and high density lipoprotein (HDL-cholesterol, to account for protective effects) were selected. Results are 

presented for individual cardiometabolic risk factors, as well as using a risk score for an overall continuous clinical 

index of cardiometabolic risk (cCICR), calculated based on the method of Carroll et al. (2014) and Okosun et al. 

(2010). The cCICR is composed of the five cardiometabolic risk factors selected. As each variable reflected close to 

a normal distribution, no transformations were conducted. Sex standardised z-scores using the sample means were 

calculated for each of the five risk factors, and the mean of these scores produced a cCICR risk score in accordance 

with previous methods (Carroll et al., 2014).  

2.6 Data screening 

Of the cohort who responded to the Year 22 questionnaire, 940 identified as current workers. This cohort was 

filtered for individuals who self-reported a previous diagnosis of obstructive sleep apnoea (OSA; n=9 overall, n=4 in 



 

the working sample). Participants were included for analysis if they provided a ‘no’ response to a diagnosis of OSA, 

and indicated that they were currently engaged in work. Fifty-five of the working respondents did not provide 

information on an OSA diagnosis (either yes or no), and were excluded from analyses. Of the 881 individuals who 

met the criteria for inclusion, 873 provided further details about expected hours of work in a seven day period, and 

were subsequently included in analyses.  

2.7 Statistical analyses 

Data were analysed with IBM SPSS Statistics (version 22.0, IBM Corporation). Continuous data were screened 

for normality. Continuous variables were parametrically distributed. Preliminary comparative descriptives were 

conducted to compare categorical (Pearson Chi square) and continuous (linear regression) risk factors (shift work, 

sleep duration and sleep quality) between participants reporting standard (<38h/week) and long (>38h/week) working 

weeks. Mediated regression analyses were conducted to determine the relationship between both direct (working hours 

predicting cardiometabolic risk factors) and indirect (working hours predicting cardiometabolic risk factors mediated 

by total sleep time) using the PROCESS macro for SPSS (Hayes, 2013), with habitual smoking behaviour (y/n), work 

only versus combined work and study requirements, and shift work (y/n) as covariates. Bootstrapping analysis was 

performed to determine bias-corrected 95% confidence intervals (5000 bootstrap samples) (Preacher & Hayes, 2004). 

Finally, conditional process modelling was conducted to determine whether any moderation of mediated regression 

analyses was observed by sex. The a priori nature of the hypotheses, coupled with the highly conservative nature of 

Bonferroni adjustments and possible contribution to Type II errors meant Bonferroni corrections were not appropriate 

for these data (Nakagawa, 2004). However, given the potential for Type I errors with multiple comparisons with the 

related cardiometabolic risk factors in this dataset, a more conservative significance threshold of p<0.01 was applied 

to these data to quantify statistical significance.  

3. Results 

Almost one third (n=286, 32.8%) of all respondents indicated that their expected work hours exceeded 38 hours 

in a working week. Sample characteristics by standard versus long working weeks are provided in Table 1. 

3.1 Work type and current industry 



 

There was a strong association between reporting a long working week, and being male χ2(1)=30.76, p<0.001. 

While males represented 38.2% of the standard working week responses, over half of the long working week responses 

were from men. As a result, descriptives (Table 1) and industry frequencies (Table 2) are presented by gender. Mining 

was the most prevalent industry reported for males working a long working week, followed by construction. Health 

care and social assistance, mining, and retail trade were the most prevalent industries for long working weeks for 

women. A complete breakdown of industry by working week for males and females can be found in Table 2.  

3.2. Shift work  

Participants were asked to indicate whether they worked shift work. Of the male workers who reported a long 

working week, 26.7% reported being shift workers, compared with 32.1% of those working a standard working week 

(χ2(1)=1.36, p=0.26). Of the female workers who reported a long working week, 26.7% identified as a shift worker 

compared with 22.4% of workers who reported a standard working week (χ2(1)=0.90, p=0.38). Further descriptive 

breakdown by shift type are provided in Table 1; no significant differences were found between the shift groups. 

3.3. Self reported sleep duration and quality 

All participants were asked to provide an estimate of habitual weekday sleep time per night, and perceived sleep 

quality over the last month. Average weekday sleep was reduced in those reporting long working weeks by 21.7 mins 

for male workers (460.5(4.4) v 438.8(5.2); F1,382=10.14, p=0.002) and by 22.7 mins for female workers (470.2(4.1) v 

447.5(5.4); F1,474=8.87, p=0.003). No association was found between long working weeks and self-reported sleep 

quality for males (χ2(3)=6.4, p=0.09) or females (χ2(3)=4.50, p=0.21), with the majority of respondents reporting 

‘fairly good’ sleep quality over the last month (see Table 1). 

3.5.Mediated regression analyses 

Output from the mediated regression analyses is provided in Table 3. Sample sizes for each model were 

determined by available data for each cardiometabolic risk factor, as follows; waist circumference (n=704), glucose, 

triglycerides and HDL cholesterol (n=653), systolic and diastolic BP (n=633) and cCICR (n=592). All models were 

adjusted for highest education level, shift work status, time demands (work v work and study load), and smoking. The 

total effects model for waist circumference was significant (R2= 0.05, F5,698 = 6.66, p<0.001), with a direct effect of 

working hours on waist circumference (see Table 3). Similarly, the full models for glucose (R2= 0.03, F5,647 = 3.89, 



 

p=0.002) and HDL cholesterol (R2= 0.04, F5,647 = 5.63, p<0.001) were significant, with long working weeks associated 

with increased glucose and decreased HDL cholesterol after controlling for covariates (see Table 3), and remained 

significant when controlling for BMI (see Supplementary Table 1). Full models for triglycerides (R2= 0.01, F5,647 = 

1.60, p=0.158), diastolic BP (R2= 0.01, F5,627 = 1.84, p=0.104), systolic BP (R2= 0.01, F5,627 = 1.06, p=0.381) and 

calculated CICR (R2= 0.02, F5,586 = 1.90, p=0.092) were not significant. Long working weeks were associated with 

significantly shorter total sleep time in all models (all p<0.001, data not shown). However total sleep time did not 

mediate any of the observed relationships with cardiometabolic risk factors (all p>0.05; see Table 3).  

The relationships between working hours and cardiometabolic risk factors, both directly and via mediation by 

total sleep time, may be moderated by sex. Post hoc conditional process modelling was conducted to determine 

whether sex moderated the direct and indirect effects in the models presented in Table 3. No moderating influence of 

sex was observed (all p>0.05; data not shown). 



 

Table 1. Overall characteristics of the sample by type of working week  

Measure 
Standard week (<38 hours) Long week (>38 hours) 

Mean SE N (%) Missing 
(n(%)) Mean SE N (%) Missing 

(n(%)) 
Gender . . . . 0(0) . . . . 0(0) 
 Female . . 363 61.8 . . . 120 42.0 . 
 Male . . 224 38.2 . . . 166 58.0 . 

BMI (Kg/m2) 24.73 0.22 . . 77(13.1) 25.85 0.36 . . 47(16.4) 
Total Sleep Time (weekday; mins) 466.48 3.02 . . 10(1.7) 442.47 3.77 . . 3(1.0) 
Sleep Quality over the last month . . . . 9(1.5) . . . . 2(0.7) 
 Very good . . 90 15.6  . . 43 15.1 . 
 Fairly good . . 353 61.1  . . 179 63.0 . 
 Fairly bad . . 125 21.6  . . 55 19.4 . 
 Very bad . . 10 1.7  . . 7 2.5 . 

Shift Worker . . . . 2(0.3) . . . . 1(0.3) 

 Yes . . 153 26.2  . . 76 26.6 . 
 No . . 432 73.8  . . 209 73.1 . 
Shift Type  . . . . 46(7.8) . . . . 20(7.0)  
 Nil . . 432 73.6 . . . 212 74.1 . 
 Day shift only . . 29 4.9 . . . 14 4.9 . 
 Schedule with any nights . . 80 13.6 .  . 40 14.0 . 
Expected work hours/7 days 22.74 0.46 . . 0(0) 47.35 0.74 . . 0(0) 
Children (yes) . . 20 3.4 4(0.7) . . 10 3.5 3(1.0) 
Living arrangements . . . . 1(0.2) . . . . 1(0.3) 
 With parents or step/parents . . 357 60.8 . . . 138 48.3 . 
 With a partner . . 59 10.1 . . . 54 18.9 . 

 With a partner and children . . 12 2.0 . . . 15 5.2 . 
 Share Accommodation . . 80 13.6 . . . 37 12.9 . 
 Alone . . 4 0.7 . . . 13 4.5 . 
 Other . . 74 12.6 . . . 30 10.5 . 
Highest education level . . . . 3(0.5) . . . . 2(0.7) 
 Secondary (high) school . . 287 48.9 . . . 127 44.4 . 



 

 TAFE/college . . 111 189 . . . 86 30.1 . 
 University . . 177 30.2 . . . 59 20.6 . 

 Other (e.g personal training 
course) . . 9 1.5 . . . 12 4.2 . 

Weekly income range . . . . 6(1.0) . .   2(0.7) 
 <$116 per week . . 42 7.2 . . . 0 0.0  
 $116-$604 per week . . 353 60.1 . . . 29 10.1  
 $605-$1076 per week . . 162 27.6 . . . 168 58.7  
 $1077-$2180 per week . . 24 4.1 . . . 68 23.8  
 >$2180 per week . . 0 0.0 . . . 19 6.6  
Current work / study arrangements . . . . 25(4.3) . . . . 5(1.7) 

 Work only (including paid 
apprenticeships) . . 387 65.9  . . 246 86.0  

 Work and study commitments . . 175 29.8  . . 35 12.2  
Note:   SE, standard error of the mean; N, number of respondents; BMI, body mass index; h, hours; ., =category not applicable 

 



 

 

 

Table 2. Number of respondents per industry by standard (<38h/week) and long (>38h/week) working weeks 

 

 

 

 

 

 

 

 

 

 

 

Note: ^denotes 2 most common industries for workers who reported a standard working week, *denotes 2 most common industries for workers who reported a long working week 

Industry 
MALE FEMALE 

Standard Week Long Week Standard Week Long Week 

n % n % n % n % 
Agriculture, Forestry and Fishing 0 0.0 0 0.0 2 0.6 2 1.7 
Mining 5 2.2 30 18.2* 3 0.8 16 13.3* 
Manufacturing 6 2.7 13 7.9 1 0.3 4 3.3 
Electricity, Gas, Water and Waste Services 3 1.3 5 3.0 4 1.1 0 0.0 
Construction 15 6.7 35 21.2* 5 1.4 5 4.2 
Wholesale Trade 1 0.4 2 1.2 2 0.6 3 2.5 
Retail Trade 64 28.7^ 12 7.3 88 24.4^ 16 13.3* 
Accommodation and Food Services 37 16.6^ 11 6.7 68 18.9^ 7 5.8 
Transport, Postal and Warehousing 12 5.4 8 4.8 2 0.6 4 3.3 
Information Media and Telecommunications 4 1.8 5 3.0 3 0.8 4 3.3 
Financial and Insurance Services 3 1.3 3 1.8 7 1.9 7 5.8 
Rental, Hiring and Real Estate Services 0 0.0 0 0.0 2 0.6 1 0.8 
Professional, Scientific and Technical Services 8 3.6 8 4.8 14 3.9 2 1.7 
Administrative and Support Services 1 0.4 2 1.2 9 2.5 5 5.0 
Public Administration and Safety 2 0.3 11 6.7 12 3.3 4 3.3 
Education and Training 12 5.4 2 1.2 35 9.7 9 7.5 
Health Care and Social Assistance 19 8.5 4 2.4 62 17.2 19 15.8* 
Arts and Recreation Services 18 8.1 2 1.2 18 5.0 5 4.2 
Other Services 13 5.8 12 7.3 23 6.4 7 5.8 



 

 

 

Table 3. Mediated regression analyses showing the relative total effects on cardiometabolic risk factors of working hours, and the relative indirect effect of working hours 

on cardiometabolic risk factors through total sleep time 

CMR Factor Factor Mean(+SEM) B SE p 95% CI 
Waist Circumference (cm)  Working hours  

   ≤38h/week 
>38h/week 

 
81.54(+0.55) 
85.49(+0.96) 

3.37 1.07 0.002 1.27, 5.47 

Relative indirect effect of working hours through TST  0.15 0.20 . -0.22, 0.56 
Glucose (mmol/L) Working hours  

      ≤38h/week 
>38h/week 

 
4.93(+0.02) 
5.05(+0.03) 

0.12 0.04 0.001 0.05, 0.19 

Relative indirect effect of working hours through TST  0.01 0.01 . -0.00, 0.02 
Triglycerides (mmol/L) Working hours  

≤38h/week 
>38h/week  

 
1.08(+0.02) 
1.11(+0.04) 

0.02 0.04 0.621 -0.06, 0.10 

Relative indirect effect of working hours through TST  -0.00 0.01 . -0.02, 0.01 

HDL-Cholesterol (mmol/L) Working hours  
≤38h/week 
>38h/week  

 
1.41(+0.02) 
1.30(+0.02) 

-0.10 0.03 <0.001 -0.15, -0.05 

Relative indirect effect of working hours through TST  -0.00 0.01 . -0.01, 0.01 
Diastolic (mmHg) Working hours  

≤38h/week 
>38h/week  

 
64.23(+0.35) 
64.14(+0.50) 

-0.04 0.65 0.949 -1.33, 1.24 

Relative indirect effect of working hours through TST  0.03 0.10 . -0.17, 0.24 
Systolic (mmHg) Working hours  

≤38h/week 
>38h/week  

 
116.79(+0.52) 
118.34(+0.71) 

1.21 0.97 0.215 -0.70, 3.12 

Relative indirect effect of working hours through TST  0.09 0.16 . -0.20, 0.45 
cCICR Working hours  

≤38h/week 
>38h/week  

 
-0.03(+0.03) 
0.09(+0.04) 

0.11 0.05 0.026 0.01, 0.21 

Relative indirect effect of working hours through TST  -0.00 0.01 . -0.02, 0.02 



 
 

 

Note: all models adjusted for smoking, time demands (work only versus work and study) socioeconomic status and shift work (socioeconomic status represented as highest 

educational level attained); boldface indicates significant direct relationships between working hours and cardiometabolic risk factors; CMR, cardiometabolic risk; SEM, standard 

error of the mean; cm, centimeters; mmol/L, millimol per litre; mmHg, millimetre of mercury; cCICR, clinical index of cardiometabolic risk; TST, total sleep time; CI, confidence 

interval  

 

 

 



 
 

 

4. Discussion 

This study is the first to consider differences in cardiometabolic risk factors in young workers in Australia 

according to whether they worked >38h working weeks. Industries with the highest frequency of participants with 

long working weeks included mining for both male and female participants, construction for males, and health 

care and social assistance for females. Waist circumference and fasting blood glucose levels were increased, and 

HDL cholesterol levels decreased, in young workers who indicated > 38h weeks, when controlling for shift work 

status, time demands (work only v work and study demands), smoking, and socioeconomic status. The relationship 

between >38h working weeks, glucose and HDL-cholesterol appeared to be independent of effects on adiposity 

as the association remained significant after adjusting for BMI. Cardiometabolic changes may emerge early in 

working life with a higher burden of occupational time during the week, irrespective of shift work status and part 

time study load. While >38h working weeks were associated with less total sleep time, total sleep time did not 

mediate the associations found with cardiometabolic risk factors. Further, associations between >38h working 

weeks and cardiometabolic factors did not differ by sex. Together, these findings suggest that even with a modest 

cut-off of >38h working weeks, there is an association with differences in certain cardiometabolic risk factors in 

young workers, and the pathway is not mediated by total sleep time.  

The finding that mining and construction are industries associated with >38h working weeks is consistent 

with existing data (Lingard, 2010; Campbell, 2002). Working weeks >38h in the health care and social assistance 

industry for female participants in this cohort are reflective of existing Australian and New Zealand research in 

nurses, with over 40% of the sample (>90% female) reporting long working weeks (>40h/week). The working 

weeks >38h per week in mining and construction reported by male participants may be a consequence of fly-

in/fly-out (FIFO) and/or drive-in/drive-out (DIDO) employment, which is prevalent in Western Australia (WA) 

where this cohort is based (Henry et al., 2013). While exact numbers of FIFO/DIDO employment in WA are 

difficult to discern based on existing literature (Education and Health Standing Committee, 2015), it is thought 

that close to 60% of operational mining employees are employed on a FIFO/DIDO schedule, while approximately 

80% of construction mining employees are FIFO/DIDO. FIFO and DIDO roles in Western Australia are typically 

filled by the younger (18-44year), male workforce. Thus, it is plausible that >38h working weeks in this cohort 

may also be a function of FIFO/DIDO practices, which can demand more complex commuting arrangements to 

access airports and work sites (McKenzie, 2016), potentially affecting duration of working weeks, and impacting 

on sleep duration. While FIFO/DIDO requirements could not be determined from these data, it would be 



 
 

 

worthwhile in future to identify these workers in the cohort as FIFO/DIDO practices could contribute to poorer 

health in young workers. 

The finding that some cardiometabolic risk factors are associated with >38h working weeks supports the 

poor health outcomes reported in the literature for middle-aged and older cohorts, and suggests that negative 

health changes likely begin early in careers for young workers with >38h working weeks even when controlling 

for potential confounders such as employment as a shift worker, time demands, smoking and socioeconomic 

status. Coronary heart disease (Kivimäki et al. 2015; Virtanen et al., 2012), stroke (Kivimäki et al. 2015), obesity 

(Solovieva, Lallukka & Virtanen, 2013), type 2 diabetes (Kawakami et al., 1999), and metabolic syndrome 

(Kobayashi et al., 2012) are all associated with long working weeks, but these studies to date have predominantly 

been reported in middle-aged and older cohorts. This has limited understanding of the early patterns of health 

changes in younger workers, and impacts our capacity to identify those at greater risk of negative cardiometabolic 

outcomes in the medium to long term. Our findings highlight that even a conservative benchmark of >38h worked 

per week is sufficient to identify health factors which would benefit from early monitoring, including central 

adiposity (waist circumference), measurement of blood glucose and HDL cholesterol levels. Together, these 

routine measures may facilitate early identification and intervention of workers at risk of negative health outcomes 

associated with >38h working weeks.  

In context of our findings, it is likely that the relationship between working hours and negative 

cardiometabolic outcomes seen in older cohorts is a consequence of chronic exposure to >38h working weeks, 

with a cumulative impact on cardiometabolic health over time. Our discovery of early differences in 

cardiometabolic risk factors in those working >38h weeks suggests a need for early intervention if we are to 

improve the long-term health of those exposed to longer working hours, particularly in occupations where such 

work schedules may not be as easily adjusted to a recommended working hour arrangement. The absence of a 

mediating influence of total sleep time despite a relationship between >38h working weeks and reduced sleep may 

indicate that unhealthy lifestyles (including diet, sedentary behaviour and exercise changes) account for some of 

the unexplained variance in the models presented. Future studies should consider changes in food intake and 

exercise opportunities in workers to better understand the mediating factors linking working hours with 

cardiometabolic risk factors. Additional consideration of industry-related factors should also be a factor in larger 

cohorts, as there may be industry-specific exposures which account for variance in working hours and 

cardiometabolic risk. 



 
 

 

While the average total sleep time in each working category represents what is considered a ‘healthy’ sleep 

opportunity for adults (Watson et al., 2015), the self-reported sleep durations in this cohort represent the lower 

end of the National Sleep Foundation’s recommendation of 7-9 hours per night for 18-25 year olds (Hirshkowitz 

et al., 2015). Further, a sizable proportion of the sample overall reported fewer than the recommended 7h per 

night. Chronic, partial sleep loss of this kind is associated with negative neurobehavioural (Van Dongen et al., 

2003) and glucose response (Reynolds et al., 2012) outcomes. The impact of shorter sleep duration on 

cardiometabolic risk factors is further supported by prospective studies which show greater weight gain (overall 

gain, and proportion of subcutaneous and visceral fat increase) over time (up to five years) in those who report 

shorter sleep durations (Patel & Hu, 2008). As the present study reflects a cross-sectional investigation of the 

relationship between working hours and cardiometabolic risk, the significantly shorter sleep duration found in the 

>38h working week sample will need to be followed longitudinally to determine whether ongoing shorter sleep 

is associated with cardiometabolic risk factors over time in young Australian workers. It is possible that the shorter 

sleep duration in these workers precedes the cardiometabolic risk factors seen in older workers with long weeks. 

Considering nap time and night sleep separately, inclusion of more objective measurement of sleep duration, and 

use of similar recall periods for sleep variables in future will enable a clearer picture of any nocturnal sleep loss 

in this cohort. 

Our findings should be considered in light of some methodological limitations. While we were able to adjust 

for smoking, socioeconomic status, shift work status and time demands as covariates, additional behavioural 

factors could be considered in this relationship in future, including alcohol consumption, food intake and physical 

activity/ sedentariness given the association between these factors and cardiometabolic health risks. Our measures 

of total sleep time and working hours were derived from self-report measures with different recall periods, which 

may have influenced the findings. Where possible, an average response on working hours from two slightly 

differently framed questions was reported for the working hours variable, however more objective indicators of 

habitual working weeks would be beneficial in future. Similarly, including a subset of objective sleep 

measurement (e.g. actigraphy) in the cohort for future followup would provide an indicator of accuracy of self-

reported sleep time. Consideration of job roles and impact of work type, work/life balance and the potential role 

these factors may play in the relationship between working hours and cardiometabolic health risk in future studies 

would further strengthen our understanding, particularly as younger workers may have additional time demands 

including young families, and concurrent work and study schedules, to consider.  



 
 

 

The aim of this study was to determine any industry, work type and cardiometabolic risk factor differences 

between young workers engaged in standard versus long working weeks, and determine whether sleep duration 

mediated any associations with long working weeks. To this end, this study has not considered the psychosocial 

and occupational demands associated with particular employment conditions, or other psychological and 

physiological outcomes which may be impacted by long working hours in young workers. This can be addressed 

in future cohort follow-ups with inclusion of job stress and demand measures, and consideration of additional 

health outcome measures. Further, it was not possible to determine the proportion of long working week 

respondents who were engaged in FIFO/DIDO employment. Including additional indices of employment type 

will be beneficial to elucidate the impact of FIFO/DIDO employment in this cohort in future. Our cut-point of 

38h per week was determined by Australian Government recommendations for working weeks to illustrate 

potential consequences of exceeding these recommendations. Even with this conservative benchmark of long 

working weeks we identified cardiometabolic risk factors associated with longer working weeks. This study 

reports outcomes from the first timepoint in this cohort exploring working hours and objective indicators health, 

however the longitudinal nature of this cohort will allow for future consideration of occupational hours exposure 

over time. Mapping the longitudinal profile of cardiometabolic risk factors in young Australian workers with 

future Raine cohort follow ups will allow for a novel evaluation of the health risk changes associated with working 

hours beyond the recommended 38h per week in Australia, and consideration of any long-term impacts of sleep 

restriction on health in those engaged in long working weeks. 

5. Conclusions  

These findings provide novel insights into the relationship between working weeks, cardiometabolic risk 

factors and sleep duration in young Australian workers. Increased waist circumference and fasting blood glucose 

levels together with decreased HDL cholesterol levels, were apparent in young workers who reported >38h 

working weeks. These data suggest young workers may be vulnerable to poor cardiometabolic health outcomes 

with >38h working weeks, and provide new evidence that working hours may contribute to increased 

cardiometabolic risk early in working life. Findings of longer average working weeks in mining, construction, 

and health and social assistance industries provide a starting point for targeted educational opportunities to inform 

both employers and young workers about the potential health consequences of longer working weeks and short 

sleep, and highlight the need for early awareness of the relationship between longer working hours and health 

outcomes in young Australian adults.  
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Supplementary Table 1. Mediated regression analyses with inclusion of BMI as a covariate showing the relationship between working hours and cardiometabolic risk factors 

directly, and the significance of mediation by total sleep time 

CMR Factor Factor B SE p 95% CI 
Model 

R2 F df 
Glucose (mmol/L) Working hours  

      ≤38h/week 
>38h/week 

0.11 0.04 0.003 0.04, 0.18 0.05 6.15 6,645 

Relative indirect effect of working hours through TST 0.01 0.01 . -0.00, 0.02    
HDL-Cholesterol (mmol/L) Working hours  

≤38h/week 
>38h/week  

-0.10 0.03 0.004 -0.13, -0.02 0.12 15.16 6,645 

Relative indirect effect of working hours through TST -0.00 0.00 . -0.01, 0.01    
Note: total effects models adjusted for smoking, time demands (work only versus work and study), socioeconomic status and shift work (socioeconomic status represented as highest 

educational level attained) and BMI; boldface indicates significant direct relationships between working hours and cardiometabolic risk factors; cm, centimeters; mmol/L, millimol 

per litre; BMI, body mass index (log10 transformed); TST, total sleep time; CI, confidence interval  
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