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Introduction
Office work has become more flexible
 Outside the office environment

 Outside usual office hours

• Flexible work increases autonomy of employees
 Beneficial effects on mental health (Shiri et al. 2022, systematic review)

 Can blur work-home boundary (Kotera & Correa Vione 2020, systematic review) 

• Non-mandatory remote work can boost productivity (Hackney et al. 2022, 
systematic review)

 Need for fewer breaks and sick days, less distractions…
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Introduction

Stress 

• Source of personal suffering

• Work stress is associated with an increased 
risk of depression (Madsen et al., 2017)

• Around 40% of sickness absence have links 
with work stress (Hoel et al., 2001)

Sleep and recovery 

• have a major impact on work performance 
and stress reduction, and 

• work-related stress can have a significant 
impact on sleep. 
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Aims
To investigate the associations between perceived stress, energy, productivity,  total 
sleep time (TST), and cortisol concentration

in location independent knowledge workers

1. Is perceived stress associated with cortisol secretion and sleep in location independent 
work?

2. Are perceived energy and productivity associated with cortisol secretion and sleep?
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Methods
Survey

• Demographics

Computer app diary (2 w)
• Evaluated how productive they felt during work

Mobile app diary (2 w)
• Work start, work end, and work break times; how stressful (9-point 

scale) and energetic (9-point scale) they felt during the day
• Bed and wake-up times, evaluation of sleep latency, and wake 

after sleep onset

Salivary cortisol (3 d)
• Awakening, 30 min. after awakening, bedtime
 Cortisol Awakening Response (CAR), Diurnal Cortisol Slope (DCS)
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START link

Generalized estimating equations models adjusted with sex and age

2 WEEKS
(Mon–Fri)

3 DAYS



Characteristics of 38 location 
independent knowledge workers
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(SD)Mean
(9.9)44.5Age (yr)
(2.8)38.4Weekly working hours (h)
(n)%
(31)82Sex (women)
(31)82Education (higher education)
(6)16Supervisory position (yes)
(18)47Children in household (yes)

Two-week field observation:
• 55% worked both from home and from office
• 42% worked only from home
• Number of observed days

• Office=73
• Home=258



Productive during work
95% CIOR

0.900.190.41
39.751.467.61
7.570.221.28

Associations with stress, high energy and productivity
High energy dayStressful day

95% CIOR95% CIOR
1.380.741.011.821.451.62Working time (h)
7.521.032.793.661.382.25Productive working day
3.630.781.68Stressful day

Cortisol (nmol/l)
1.121.041.081.091.011.05CAR 
1.100.971.031.030.961.00Awakening
1.081.021.051.061.011.0330 min after
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GEE models, binominal type with logit link, adjusted by age and sex

• CAR was negatively 
• cortisol at 

awakening was 
positively 
associated with 
increased odds for 
high perceived 
productivity 



Associations with bedtime cortisol and sleep
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Bedtime cortisol^DCS*

95% CIβ95% CIβ

0.08-0.040.020.01-0.010.00Working time (h)

0.390.080.230.06-0.040.01Productive working day

0.150.020.080.01-0.02-0.01Energy level

0390.050.22-0.01-0.09-0.05Stressful day

• Perceived stress was associated with slower decrease in cortisol

• Perceived productivity, energy, and stress were associated with 
higher bedtime cortisol

Linear GEE models, adjusted by age and sex; *lg10rev-transformation; ^lg10-transformation
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Associations with sleep
• Participants slept 7.3 ± 1.1 h 

(mean ± sd)

• Perceived stress was 
associated with shorter TST

• Cortisol at awakening was 
associated with longer TST

Total sleep time (h)
95% CIβ

0.03-0.12-0.05Working time (h)
0.34-0.210.06Productivity (dik)
0.03-0.11-0.04Energy level

-0.16-0.81-0.49Stressful day
Cortisol (nmol/l)

0.01-0.01-0.00CAR
0.030.010.02Awakening
0.02-0.010.0030 min after
0.03-0.000.01Bedtime
0.09-0.57-0.25DCS/h

Linear GEE models, adjusted by age and sex



Limitations
• Small sample size

• Subjective evaluation of salivary sample times

• Only two sampling times of saliva after awakenings

• Generalizability to knowledge workers after the Covid-19 pandemia 
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Conclusion
• Stress, energy and productivity were positively associated with bedtime cortisol
Only stress was negatively associated with TST

• CAR was associated with stress and energy 

• Higher cortisol at awakening was associated with 
• longer sleep

• high productivity during work

• Further studies are needed to verify the results in hybrid work
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LOOKING FOR MORE INSIGHTS INTO 
WORKING LIFE? FOLLOW US ON SOCIAL MEDIA 

AND VISIT OUR WEBSITE TTL.FI/EN

Thank you!
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