Insomnia and workplace productivity loss among
young working adults: a prospective observational
study of clinical sleep disorders in a community cohort
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The known: Sleep disorders affect workplace productivity,
but their significance for young working adults, for whom
diagnosis and management rates are low, is not well understood.

The new: Annual workplace productivity loss was considerably
greater among 22-year-old working Australians with sleep
disorders (22% of participants), particularly undiagnosed insomnia,
than among young adults without sleep disorders.

The implications: Screening for and managing sleep disorders in
young working adults is inadequate. Occupational health providers
and general practitioners could assist with identifying them, and
awareness of sleep disorders and their consequences among young
adults should be improved. D

to sleep medicine, emphasising that “sleep disorders

are an underappreciated public health problem” and
that these disorders “are very common, cause much distress
to both sufferers and their bed partners, and have far-reaching
effects on population health and economic wellbeing.”" Sleep
disorders can occur across the lifespan, but their impact on
the productivity and safety of young adults has received only
limited attention. The recent report that one in five young
Australian adults has a clinically significant sleep disorder,
as determined by laboratory polysomnography and validated
questionnaires, was the first to draw attention to the high
rates of common sleep disorders.” These conditions, including
moderate to severe obstructive sleep apnoea, chronic insomnia,
and restless legs syndrome, are often undiagnosed in young
working adults.”’

Arecent editorial in The Lancet called for greater attention

Sleep disorders have a considerable impact on productivity and
safety in middle-aged and older adults. They are associated with
increased likelihood of road* and workplace safety incidents,””
as well as workplace productivity loss, including absenteeism®’
and presenteeism (being at work but not functioning at full
capacity).'’ Substantial productivity losses are attributed to sleep
disorders in developed countries.!" However, information on
their impact on the productivity and safety of young Australian
adults is limited."”

The few studies that have examined the relationship between
sleep disorders and workplace productivity loss in young adult
workers have generally been cross-sectional studies based on
self-reports of sleep disorders. We prospectively examined
workplace productivity losses across a year among young adult
workers in whom the presence of the three most prevalent
sleep disorders was assessed in overnight laboratory-based
sleep studies as well as by detailed sleep screening.

Abstract

Objective: To examine associations between three clinically
significant sleep disorders (chronic insomnia, obstructive sleep
apnoea, restless legs syndrome) and workplace productivity losses
among young Australian adults.

Design, setting: Prospective, observational study; 22-year
follow-up of participants in the longitudinal birth cohort Raine
Study (Perth, Western Australia).

Participants: Currently employed 22-year-old Raine Study
participants who underwent in-laboratory sleep disorder screening
for moderate to severe obstructive sleep apnoea (apnoea-
hypopnea index of more than fifteen events/hour or obstructive
sleep apnoea syndrome) and were assessed for insomnia and
restless legs syndrome using validated measures.

Main outcome measures: Total workplace productivity loss over
twelve months, assessed with the World Health Organization
Health and Work Performance Questionnaire.

Results: Of 1235 contactable 22-year-old Raine Study cohort
members, 554 people (44.9%; 294 women [53%)]) underwent
overnight polysomnography, completed the baseline sleep
questionnaire, and completed at least three quarterly workplace
productivity assessments. One or more clinically significant sleep
disorders were identified in 120 participants (21.7%); 90 participants
had insomnia (17%), thirty clinically significant obstructive sleep
apnoea (5.4%), and two restless legs syndrome (0.4%). Seventeen
people (14% of those with sleep disorders) had previously been
diagnosed with a sleep disturbance by a health professional,
including fourteen with insomnia. Median total workplace
productivity loss was greater for participants with sleep disorders
(164 hours/year; interquartile range [IQR], 0-411 hours/year) than
for those without sleep disorders (30 hours/year; IQR, 0-202
hours/year); total workplace productivity loss was 40% greater for
participants with sleep disorders (adjusted incidence rate ratio, 1.40;
bias-corrected and accelerated 95% confidence interval, 1.10-1.76).
The estimated population total productivity loss (weighted for
disorder prevalence) was 28 644 hours per 1000 young workers
per year, primarily attributable to insomnia (28 730 hours/1000
workers/year).

Conclusion: Insomnia is a risk factor for workplace productivity
loss in young workers. Tailored interventions are needed to identify
and manage sleep disorders, particularly as most of the sleep
disorders detected in the Raine Study had not previously been
diagnosed.

Methods

Our prospective observational study is part of the Raine Study,
a longitudinal birth cohort study in Perth, Western Australia.
Generation 1 mothers were recruited during 1989-1992; their
children comprise the Generation 2 cohort. We collected
follow-up data when the Generation 2 participants were 22 years
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of age. The Raine Study is the first to undertake in-laboratory
sleep assessments in a representative sample of young adults as
well as to prospectively collect workplace productivity data over
twelve months. "

Clinically significant sleep disorders

We analysed data for participants who were currently employed,
and who completed at least four hours of laboratory (level 1)
polysomnography and detailed sleep assessments, as well as at
least three of four quarterly workplace productivity assessments
during the twelve calendar months following polysomnography
assessment (during 2012-2014).1

Validated methods were used to screen for insomnia and
restless legs syndrome. Insomnia was assessed with the
Pittsburgh Sleep Symptom Questionnaire for Insomnia
(PSSQ-I);”” insomnia was defined by symptoms being present
for at least three months. Restless legs syndrome was defined
according to the International Restless Legs Syndrome Study
group definition.'® Specifically, the Raine Study asked about the
urge to move the legs when sitting or lying down, co-existing
dysesthesia, whether the symptoms were relieved by movement,
and whether the symptoms were worse during the evening
or at night. Participants were determined to have restless legs
syndrome if they met all four symptoms at least five times a
month.” Clinically significant obstructive sleep apnoea was
defined by a polysomnography-derived apnoea-hypopnea
index (AHI) of more than fifteen events per hour, or obstructive
sleep apnoea syndrome (AHI greater than five and daytime
sleepiness symptoms).

Workplace productivity loss

The primary dependent variable was total workplace
productivity loss, expressed as hours per worker per year,
assessed with the World Health Organization Work Performance
Questionnaire (HPQ)."” Total workplace productivity loss
comprised total absenteeism (including absenteeism due to
sickness) and presenteeism. Participants were asked to complete
the HPQ every three months during the year following their
overnight sleep study. The conversion of presenteeism scores
into lost work time has been described previously.”® Briefly, we
subtracted the HPQ productivity rating (0-10, with ten indicating
no presenteeism) from ten, converted the result to a percentage,
and multiplied it by the mean number of hours worked daily
over the past seven days to calculate lost time over the preceding
four weeks. Excess total productivity loss was defined as the
difference in total productivity loss between people with and
without sleep disorders. The population burden of productivity
loss associated with having a sleep disorder was calculated as
the excess loss multiplied by the sleep disorder prevalence rate,
and expressed as hours per 1000 workers per year.

Covariates

Sex was defined as biological sex at birth. Participants were
asked whether they were shift workers, and whether they
currently had any of the following health and medical
conditions or problems, diagnosed by a health professional:
anxiety, arthritis or joint pain, asthma, attention problems, back
pain, behavioural problems, impaired bladder control, chronic
respiratory or breathing conditions, coordination difficulties
or clumsiness, coeliac disease, depression, diabetes, eating

-\ disorder or weight problems, hay fever or allergies, hearing
108 /] impairment or deafness, heart conditions, haemochromatosis,

intellectual disability, learning difficulties, menstrual problems,
migraine or severe headache, neck pain, speech or language
problems, thyroid gland disease, and vision deficits. Usual
alcohol consumption was reported by participants as number
of days per week."”

Statistical analysis

Statistical analyses were conducted in RStudio 2020 (Posit) and
R 4.2.3 (R Foundation for Statistical Computing), using the pscl
package.” Incidence rate ratios (IRRs) with 95% bias-corrected and
accelerated confidence intervals (BCa Cls) comparing workplace
productivity loss endpoints (total workplace productivity loss,
total absenteeism, sickness absenteeism, and presenteeism) in the
two participant groups (sleep disorders, no sleep disorders) were
estimated in zero-inflated negative binomial regression models;
bias-corrected parameter estimates were used because of the high
number of meaningful zero counts for productivity loss." Vuong
tests confirmed that these models were superior to zero-inflated
Poisson regression models. Final models were adjusted for sex,
shift work status, and number of current medical conditions.

Ethics approval

The Raine Study was approved by the human research ethics
committee of the University of Western Australia (RA/4/20/
5722), and project approval for this study was obtained from
Flinders University (4717).

Results

Of the 2868 children in the Raine Study Generation 2,
1235 were available for 22-year follow-up data collection
(43.1%). A total of 720 employed young adults underwent
overnight polysomnography and completed the baseline
sleep questionnaire (58.3%) and 554 also completed at least
three workplace productivity assessments (44.9%) (Box 1,
Box 2). The demographic characteristics of the participants
for whom complete sleep and HPQ data were available were
similar to those of people who completed only the sleep
assessments (Supporting Information, table 1). The education
and occupational characteristics of the 554 participants who
provided full data were also similar to those derived from
Western Australian 2011 population census data for 22-year-old
people (Supporting Information, table 2).

Atleast one clinically significant sleep disorder was identified in
120 participants (21.7%): 69 women (23% of female participants)
and 51 men (20% of male participants). Ninety participants had
insomnia (17%), thirty had clinically significant obstructive
sleep apnoea (54%), and two restless legs syndrome (0.4%)
(Box 2). Seventeen people (14% of those with sleep disorders) had
previously been diagnosed with a sleep disturbance by a health
professional: fourteen with insomnia, two with obstructive sleep
apnoea, and one with both insomnia and restless legs syndrome.

Sleep disorders and workplace productivity loss

The median total workplace productivity loss was greater for
participants with sleep disorders (164 hours/year; interquartile
range [IQR], 0-411 hours/year) than for those without sleep
disorders (30 hours/year; IQR, 0-202 hours/year. Total workplace
productivity loss was 40% greater among participants who had
sleep disorders than those who did not (adjusted IRR, 1.40;
BCa 95% CI, 1.10-1.76). This was predominantly attributable to
greater presenteeism (76 [IQR, 0-230] v 10 [IQR, 0-115] hours/



1 Selection and participation of Raine Study Generation 2
cohort members in the 22-year follow-up study of clinically
significant sleep disorders and work productivity

Raine Study Generation 2,
number of children born:
2868

'

Raine Study Generation 2,
available for 22-year
follow-up: 1235 [43.1%]

—

Core questionnaire
completed: 1146 (92.8%)

—

Participants in employment:
940 (76.1%)

Excluded:
« Did not complete core
questionnaire: 89

Excluded:
« Not employed: 199
« Work status unknown: 7

Excluded:

« No overnight
polysomnography: 200
« Incomplete polysomnography
data: 20

Overnight polysomnography and
sleep questionnaire data collected:
720 (58.3%)

l—» Excluded:
« Inadequate work productivity

and covariates data: 166

Productivity data adequate for
analysis: 554 (44.9%)

[

\ Y
Participants with sleep Participants without sleep
disorders: 120 disorders: 434

year; adjusted IRR, 1.52; BCa 95% CI, 1.18-1.95) and greater
total absenteeism (48 [IQR, 0-142] v 0 [IQR, 0-71] hours/year;
adjusted IRR, 1.34; BCa 95% CI, 1.01-1.79) (Box 3). Post hoc
analyses identified no statistically significant interaction effects
for productivity loss between sleep disorders and shift work
status, sleep disorders and sex, or sleep disorders and number of
medical conditions (Supporting Information, table 3).

Sensitivity analyses adjusted for numbers of clustered mental
health, pain, and respiratory conditions (see footnotes to Box 2)
instead of count of medical conditions, or additionally adjusted
for body mass index and alcohol consumption, returned similar
results to the main adjusted analyses (data not shown).

Excess total productivity loss and population burden of
productivity loss attributable to sleep disorders

We estimated that the excess total productivity loss was 134
hours per worker per year (Box 3) and that the population
burden of total productivity loss was 28 644 hours per 1000 young
workers per year for participants with clinically significant
sleep disorders. The total productivity loss associated with
insomnia was 28730 hours/1000 workers/year, and the loss
associated with restless legs syndrome was 1968 hours/1000
workers/year. Obstructive sleep apnoea was associated with
less productivity loss than those without sleep disorders
(<1566 hours/1000 workers/year).

Discussion

We found that total workplace productivity loss in young adults
was 40% greater among those meeting the diagnostic criteria
for at least one sleep disorder than for those who did not. Young
people with sleep disorders lost a median of about four working

weeks’ productivity per year, while those without sleep disorders
lost less than one working week. In terms of population burden
of total productivity loss, this is equivalent to 28644 hours per
1000 workers with sleep disorders per year, with the burden
predominantly attributable to insomnia. Sleep disorders need to
be identified and managed in early adulthood to mitigate their
impact on workforce productivity.

Self-reported sleep problems are associated with reduced
workplace productivity,"” including in young adults.”® However,
prospective evidence from studies in representative population
samples including young adult workers is scarce, and
prospective studies using the reference standard for identifying
obstructive sleep apnoea, in-laboratory polysomnography, have
not previously been reported for young adult workers.

Our finding that total workplace productivity loss was lower
in young people with obstructive sleep apnoea than in those
without it is novel. Sleepiness in obstructive sleep apnoea is
associated with productivity loss.”! The participants in the Raine
Study comprise a community-based cohort, not a clinical sample.
Our 22-year-old participants did not have high sleepiness scores
(as previously reported”), and the rate of severe obstructive sleep
apnoea was not 1'1igh;2 these factors perhaps explain why finding
differed from those of studies with middle-aged and older adults.
This association should be further explored in larger samples of
young workers with obstructive sleep apnoea to better determine
the implications for productivity loss and to quantify any change
over time, as it is associated with productivity loss in older
adults.” Productivity loss was reported by the two participants
with restless legs syndrome, but this finding should naturally be
interpreted with caution, given the small number of people with
the condition in our study.

Our findings indicate that total workplace productivity loss
in young adults was attributable to presenteeism and total
absenteeism, rather than to sickness absenteeism. This may
reflect the nature of employment of young adults, which often
includes temporary and casual contracts with limited or no leave
provisions,” both of which are associated with presenteeism.”
Further, the low rates of sleep disorder diagnoses reported at
baseline by our participants’ may explain why workers were
less likely to attribute absenteeism to sleep disorder symptoms
(ie, that they missed work because of poor sleep); this may be
because of limited awareness that these symptoms could reflect
an undiagnosed medical condition.

Presenteeism has financial implications for employers and is
prospectively associated with sickness absences.” By middle
age (45-65 years), the prevalence of clinically significant
sleep disorders reaches 43%, but these disorders remain
underdiagnosed and undertreated.” The effects of sleep disorders
on productivity may consequently increase with age and time in
the workforce. The most frequent sleep disorder in young adults
is insomnia, but by middle age it is obstructive sleep apnoea.” It
is important to determine whether tailored interventions across
adulthood are required to reduce productivity losses associated
with sleep disorders more broadly.

Early interventions for identifying and managing sleep
disorders are likely to benefit workplace productivity, safety, and
individual wellbeing. While one in five of the young working
adults in our study met the criteria for a sleep disorder, only
14% of these participants reported that it had been previously
diagnosed.” This suggests that many young workers with sleep
disorders are either unaware of their sleep disorder, or they |
may be aware but have not discussed their sleep with medical
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2 Demographic, sleep, occupational, and health characteristics of the 554 participants in the Raine Study Generation 2 study of
clinically significant sleep disorders and work productivity
Participants with Participants without
Characteristic All participants sleep disorders sleep disorders*
Participants 554 120 434
Age (years), mean (SD) 221(0.6) 221(0.6) 221(0.6)
Sex (women) 294 (53%) 69 (57%) 225 (52%)
Body mass index (kg/m?), median (IQR) 23.9(21.7-271) 23.9 (21.5-27.6) 23.8 (21.8-271)
Sleep characteristics’
Insomnia 90 (17%) 90 (76%) —
Missing data 13 1 12
Clinically significant obstructive sleep apnoea 30 (5.4%) 30 (25%) —
Missing data 0 0 0
Clinically significant restless legs syndrome 2 (0.4%) 2 (1.7%) —
Missing data 3 0 3
Doctor-diagnosed sleep problem 21(3.8%) 17 (14%) 4(0.9%)
Missing data 3 1 2
Occupational characteristics
Shift workers 156 (28%) 31(26%) 125 (29%)
Work hours/week, median (IQR) 35 (15-40) 32 (18-38) 35 (15-40)
Current occupation
Managers 19 (3.4%) 4 (3%) 15 (3.5%)
Professionals 82 (15%) 11(9.2%) 71(16%)
Technicians/trade 79 (14%) 14 (12%) 65 (15%)
Community/personal services 102 (18%) 20 (17%) 82 (19%)
Clerical/administrative 96 (17%) 24 (20%) 72 (17%)
Sales 102 (18%) 27 (23%) 75 (15%)
Machinery operators/drivers 16 (2.9%) 4 (3%) 12 (2.8%)
Labourers 56 (10%) 15 (13%) 41(9.5%)
Missing data 2 1 1
Health characteristics
Typical alcohol consumption
None 28 (5.1%) 7 (6%) 21 (4.8%)
<1day/week 210 (38%) 40 (33%) 170 (39%)
1-4 days/week 295 (53%) 68 (57%) 227 (52%)
5-7 days/week 21(3.8%) 5 (4%) 16 (3.7%)
Missing data 0 0 0
Medical conditions, median number (IQR) 1(0-2) 2(0-3) 1(0-2)
g Mental health problems* 84 (15%) 38 (32%) 46 (11%)
% Missing data 2 1 1
?; Pain® 143 (26%) 48 (40%) 95 (22%)
Z Missing data 2 1 1
g/ Respiratory conditions® 153 (28%) 42 (35%) 1M (26%)
% Missing data 2 1 1
IQR = interquartile range; SD = standard deviation. * Includes participants for whom questionnaire responses regarding insomnia and restless legs syndrome were missing and complete
polysomnography detected no evidence of obstructive sleep apnoea. T Multiple disorders possible for an individual participant. ¥ Anxiety, depression, or eating or weight disorder.
§ Arthritis, back pain, migraine, or neck pain. 4 Asthma, allergy, or general respiratory condition.




Median productivity loss

3 Annual workplace productivity loss, by clinical sleep disorder status

Productivity loss:*
incident rate ratio (BCa 95% Cl)

All Participants with Participants without Unadjusted Adjusted

Characteristic participants sleep disorders sleep disorders model model’
Number of participants 554 120 434
Total workplace productivity loss (hours), 54 (0-246) 164 (0-411) 30 (0-202) 1.48 (119-1.85) 1.40 (1.10-1.76)
median (IQR)

Total absenteeism 0(0-89) 48 (0-142) 0(0-71) 1.38 (1.05-1.87) 1.34 (1.01-1.79)

Sickness absenteeism 0 (0-48) 25(0-90) 0 (0-42) 1.37 (1.01-2.13) 1.23(0.90-1.76)

Lost performance (presenteeism) 29 (0-143) 76 (0-230) 10 (0-115) 1.61(1.27-2.01) 1.52 (118-1.95)

BCa 95% Cl = bias-corrected and accelerated 95% confidence intervals; IQR = interquartile range. * Incident rate ratios compare the productivity loss across the four endpoints for all 120
participants with sleep disorders and all 434 participants without sleep disorders. T Adjusted for sex, number of diagnosed health conditions, and shift work status.

care providers. Strategies are needed for increasing awareness
of sleep disorders among young adults that encourage them to
consult relevant primary care and occupational health providers.

Workplace-focused strategies can improve the productivity
of people with insomnia.”® However, young adults are often
underrepresented in relevant studies, and robust, evidence-
based approaches are needed for people in this age group.
Young workers who indicate their interest in improving their
sleep often report barriers related to time demands, their use of
technology during sleep opportunity times,”” and unpredictable
habits that limit changes to sleep behaviour.”® These factors
are likely to limit the opportunity to engage with health care
providers and receive diagnostic advice for sleep. Co-designing
and implementing sleep disorder awareness, diagnosis and
management approaches with young adults could improve their
engagement. Employers and occupational health care providers
could invest in such approaches to improve the diagnosis
and management of sleep disorders in young employees, and
consequently their workplace productivity.

Limitations

Treatment effects may explain why obstructive sleep apnoea
was not associated with workplace productivity loss in this
cohort. The Raine Study is a non-interventional study, but
participants were provided with their overnight sleep study
results, and some may have subsequently sought treatment for
obstructive sleep apnoea. Productivity losses may therefore
be greater than reported. Future studies should also take into
consideration the potentially confounding effects on workplace
productivity of substance use and other self-medication (eg,
with sedatives or stimulants) by people with sleep disorders.

Conclusion

Total workplace productivity loss was 40% greater among
22-year-old Australian workers with clinical sleep disorders,

and was predominantly related to insomnia. Total workplace
productivity loss across twelve months was about four weeks
for young people with clinically significant sleep disorders. Our
findings highlight the need for interventions in the workplace
(and possibly in primary care and other health care settings) for
facilitating the diagnosis and management of sleep disorders in
younger people to improve workplace productivity.
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