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Abstract

The objective was to investigate the persistence of sleep difficulties for over 16 years
amongst a population of working age. In this prospective cohort study, a group-based trajec-
tory analysis of repeated surveys amongst 66,948 employees in public sector (mean age
44.7 [SD 9.4] years, 80% women) was employed. The main outcome measure was sleep
difficulties based on Jenkins Sleep Scale (JSS). Up to 70% of the respondents did not expe-
rience sleep difficulties whereas up to 4% reported high frequency of notable sleep difficul-
ties through the entire 16-year follow-up. Heavy drinking predicted sleep difficulties (OR 2.3
95% CI 1.6 to 3.3) except for the respondents younger than 40 years. Smoking was associ-
ated with sleep difficulties amongst women younger than 40 years (OR 1.2, 95% CI 1.0 to
1.5). Obesity was associated with sleep difficulties amongst men (OR 1.9, 95% Cl 1.4 to
2.7) and women (OR 1.2, 95% CI 1.1 to 1.3) of middle age and amongst women older than
50 (OR 1.5, 95% CI 1.2 to 1.8) years. Physical inactivity predicted sleep difficulties amongst
older men (OR 1.3, 95% CI 1.1 to 1.6). In this working-age population, sleep difficulties
showed a great persistence over time. In most of the groups, the level of sleep difficulties
during the follow-up was almost solely dependent on the level of initial severity. Depending
on sex and age, increasing sleep problems were sometimes associated with high alcohol
consumption, smoking, obesity and physical inactivity, but the strength of these associations
varied.

Introduction

The concept of “sleep difficulties” may include mild dissatisfaction in sleep duration or quality,
as well as severe insomnia and other clinically significant sleep disorders. The prevalence of
sleep difficulties varies from a few percent up to 60% amongst adults, depending on the study
population and diagnostic criteria for sleep difficulties [1-8]. However, it is widely agreed that
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sleep difficulties are a significant problem associated with higher comorbidity and mortality
and is the cause of substantial economic loss including costs of work disability [9, 10].

Sleep difficulties have been found to be associated with female gender, physical inactivity,
excessive alcohol consumption and insufficient amount of sleep hours [3, 6, 11-18]. The per-
sistence of sleep difficulties has previously been studied mostly amongst children and elderly
[19-22]. Only a few studies, cross-sectional or with short-term follow-ups, focused on general
or working-age population [2]. A study on a cohort of people of working-age stated that the
prevalence of occasional insomnia-related symptoms could be around 40% to 45% and, on a
population level, that estimate prevails over time [23]. A recent study among a general popula-
tion has reported that insomnia might be a very persistent condition [24]. However, several
important questions remain. For example, how persistent are sleep problems in a general pop-
ulation? Does a person usually experience them for a limited period of time, or are they likely
to experience the same amount of sleep difficulties more or less permanently? Does a baseline
severity of sleep difficulties pertain also in the future? What factors may affect the trajectories
of sleep complaints over time?

To address these questions, the objectives of this study were to investigate a) if sleep difficul-
ties persist or whether the severity of these difficulties are likely to change over time, b) if dif-
ferent subgroups with different trajectories of sleep difficulties could be defined; and c) what
modifiable factors might be associated with the severity of sleep difficulties.

Methods

Participants were drawn from the Finnish Public Sector (FPS) cohort study of employees of 10
towns and 6 hospital districts. Data included responses to five questionnaire surveys adminis-
tered to the FPS sub-cohorts in 4-year intervals from 2000 to 2017 (average response rate
70%). For this study, the baseline was the response given in 2000 or in 2004. All the respon-
dents have approved a written informed consent. The study did not include minors. The ethics
committee of the Hospital District of Helsinki and Uusimaa approved the study plan and the
informed consent form (registration number HUS/1210/2016).

S1 File contains a complete description of the dataset (in Finnish). The data are not publicly
available due to legislative restrictions, as the data contains information that could compro-
mise the privacy of the research participants. The restrictions upon the dataset were imposed
by the data owner, Finnish Institute of Occupational Health. The deidentified data that sup-
port the findings of this study are available on reasonable request from the corresponding
author MS or directly from the data owner, Finnish Institute of Occupational Health—principal
investigator JE Jenni.Ervasti@ttlfi.

Age, gender, body mass index (BMI), level of physical activity, alcohol consumption, and
smoking status were measured at the time of the first response. Age was defined in full years.
The BMI was defined as weight/height” and dichotomized to indicate obesity if BMI >30 kg/
m’. The level of physical activity was calculated from the survey responses, converted into met-
abolic equivalent of task (MET) and dichotomized based on the cohort’s quartiles as “low
physical activity”-the lower quartile vs. others. Alcohol consumption was obtained from the
survey and converted into g/week, and >210 g of pure alcohol per week was considered a cut-
off for excess alcohol consumption (no/yes). Smoking status was dichotomized as current
smoking yes/no.

The JSS is a four-item questionnaire to follow common sleep problems in clinical areas.
Four items evaluated, in the last month, the difficulty to fall asleep, wake up at night, difficulty
to stay asleep and wake up exhausted in the morning. Each item is rated on a Likert-like scale
from zero to five, where zero is “never”, 1is “1-3 days”, 2 is “4-7” days, 3 is “8-14 days”, 4 is
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“15-21 days” and 5 is “22-28 days”. The total score is a simple sum of all four items’ scores
zero (no sleep problems) to 20 (most sleep problems). In order to include also incomplete
responses to the JSS, in this study, a total score was substituted by the average score of
answered items (0.0 to 5.0) using a method of person mean imputation [25]. The JSS has been
one of the most commonly used questionnaires in epidemiological sleep studies 1-4. It has
been found to be valid and reliable amongst patients with different health problems as well as
in large non-clinical populations [26-29].

Statistical analysis

The estimates were reported as means and standard deviations or as absolute numbers and
percentage when appropriate. Group-based trajectory modeling was used to investigate the
developmental trajectory (a course of outcome over time) of the severity of sleep disorders
measured by the JSS. This method is a form of finite mixture modeling for analyzing longitudi-
nal repeated measures data [30-32]. While conventional statistics show a trajectory of average
change of outcome over time, group-based trajectory modeling is able to distinguish and
describe subpopulations (clusters) existing within a studied population. The trajectories of
such subpopulations may differ substantially from each other and from the average trajectory
of the entire population. In this study, the procedure consisted of the following steps:

1. Censored (known also as ‘regular’) normal modeling was used with minimum and maxi-
mum values set at the lowest and the highest possible JSS scores (0 to 5).

2. The studied population was divided into 6 gender-age groups: <40, 40-49, and 50+ for
men and women.

3. The number of groups may be defined by the size of the data set measuring in two dimen-
sions: the number of cases and the number of repeated measures. There are no common
recommendations on the number of trajectory groups. In theory, it can be any number
from one up to the number of cases. Previous research has suggested breaking a sample
down below 300 cases may not add significant information. In this study, we pre-agreed
that the smallest group should be around 3% of the entire sample or the size of the smallest
group should be around 300 cases [33]. We also pre-agreed that the number of trajectory
groups will be the same for all gender-age groups to ease the interpretation of the results.
This way, six cluster groups were identified for each gender-age group. The goodness of
model fit was judged by running the procedure several times with a number of subpopula-
tions starting from one up to six. A cubic regression was applied.

4. The Bayesian Information Criterion (BIC), Akaike information criterion (AIC) and average
posterior probability (APP) were used as criteria to confirm the goodness of fit.

Odds ratios (ORs) were used to describe the associations of risk factors and the probability
of being classified into a particular cluster. The ORs were accompanied by their 95% confi-
dence intervals (95% ClIs). The analyses were performed using Stata/IC Statistical Software:
Release 16. College Station (StataCorp LP, TX, USA). The additional Stata module ‘traj” was
required to conduct group-based trajectory analysis. The module is freely available for both
SAS® and Stata software (Jones and Nagin 1999; 2013).

Results

Of the 66,948 respondents, 53,541 (80%) were women and 13,407 (20%) were men. The aver-
age age was 44.7 (SD 9.4) years. Excessive alcohol consumption was reported by 36%, smoking
by 12%, low physical activity by 24%, and obesity by 42% of the respondents. Table 1 illustrates
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Table 1. The goodness of fit of group-based trajectory analysis models.

Model Smallest group size BIC' AIC? APP?
Men <40 (n = 4,286)
1-cluster 100% 20,710 20,694 1.0
2-cluster 21% 19,224 19,192 0.87 to 0.94
3-cluster 10% 18,764 18,716 0.80 to 0.86
4-cluster 4% 18,632 18,569 0.76 to 0.82
5-cluster 4% 18,527 18,447 0.65 to 0.84
6-cluster 3% 18,469 18,374 0.65 to 0.78
Men 40-49 (n = 4,274)
1-cluster 100% 24,056 24,040 1.0
2-cluster 28% 22,008 21,976 0.90 to 0.95
3-cluster 14% 21,390 21,342 0.84 to 0.89
4-cluster 9% 21,190 21,126 0.79 to 0.88
5-cluster 6% 21,082 21,003 0.71 to 0.82
6-cluster 3% 20,997 20,902 0.71 to 0.78
Men > 49 (n = 4,847)
1-cluster 100% 28,438 28,423 1.0
2-cluster 34% 26,191 26,159 0.90 to 0.94
3-cluster 13% 25,520 25,471 0.85 to 0.89
4-cluster 8% 25,322 25,257 0.80 to 0.86
5-cluster 3% 25,279 25,198 0.75 to 0.84
6-cluster 3% 25,149 25,052 0.73 to 0.80
Women <40 (n=17,751)
1-cluster 100% 93,373 93,353 1.0
2-cluster 26% 86,571 86,532 0.88 to 0.94
3-cluster 8% 85,010 84,951 0.80 to 0.87
4-cluster 3% 84,511 84,433 0.73 t0 0.85
5-cluster 4% 84,099 84,002 0.65 to 0.83
6-cluster 2% 83,899 83,783 0.63 to 0.76
Women 40-49 (n = 18,010)
1-cluster 100% 113,267 113,248 1.0
2-cluster 32% 104,238 104,199 0.90 to 0.94
3-cluster 12% 101,825 101,766 0.84 to 0.88
4-cluster 6% 101,157 101,079 0.77 to 0.87
5-cluster 7% 100,687 100,589 0.67 to 0.84
6-cluster 3% 100,344 100,227 0.69 to 0.76
Women > 49 (n = 17,780)
1-cluster 100% 114,688 114,668 1.0
2-cluster 33% 105,830 105,791 0.90 to 0.94
3-cluster 13% 103,340 103,281 0.84 to 0.88
4-cluster 6% 102,599 102,521 0.80 to 0.85
5-cluster 6% 102,091 101,994 0.70 to 0.83
6-cluster 3% 101,782 101,666 0.70 to 0.83

The chosen models are shown in bold.
! BIC = Bayesian Information Criterion
2 AIC = Akaike information criterion

* APP = average posterior probability.

https://doi.org/10.1371/journal.pone.0259500.t001
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the path of defining the final set of six trajectory groups. The table shows that the goodness of
fit increased with every step from one- to six-group model. Six-cluster models with cubic
regression demonstrated good fit for each gender-age group.

For each gender-age group, the identified trajectories followed a similar pattern (Fig 1).

95% confidence limits are shown as dot-lines.” Two trajectories with least sleep problems at
baseline without any substantial change during the follow-up accounted for 50% to 70% of the
respondents. For further analysis, these two trajectories were combined into one cluster, which
served as a reference cluster. Also, for each gender-age group, there was a cluster/trajectory
with consistently high frequency of sleep difficulties (every night), which represented 2% to
4% of a particular group. Almost every group demonstrated two or three trajectories with
either decreasing or increasing frequency of sleep difficulties.

As shown in Table 2, many risk factors were inconsistently associated with both sleep diffi-
culties and good sleep. However, there were several statistically significant unequivocal associ-
ations. Except for men and women younger than 40 years, heavy drinking predicted either
steadily high or increasing sleep difficulties—OR varied from 1.15 (95% CI 1.01 to 1.31) up to
2.30 (95% CI 1.62 to 3.27). Smoking was associated with worsening sleep difficulties amongst
women younger than 40 years—(OR 1.23, 95% CI 1.04 to 1.46). Low physical activity predicted
sleep difficulties amongst men older than 50 years (OR 1.29, 95% CI 1.07 to 1.56). Obesity was
associated with sleep difficulties amongst men (OR 1.92, 95% CI 1.36 to 2.70) and women (OR
up to 1.19, 95% CI 1.08 to 1.30) of middle age and amongst women older than 50 years (OR
1.47,95% CI 1.22 to 1.77).

Discussion

This prospective survey-based cohort study investigated the persistence of sleep difficulties
experienced by 67,000 employed people depending on age and gender during a 16-year fol-
low-up. Additionally, the study evaluated the associations of four modifiable risks with differ-
ent trajectories of changes in sleep, using the JSS. From 50% to 70% of the respondents in each
group had no, or only mild sleep difficulties through the entire follow-up. There were several
different trajectories (responsible for a small part of the studied cohort) showing increasing or
decreasing frequency of sleep difficulties. In most of the groups, the severity of sleep difficulties
remained unchanged during the follow-up and this severity was depending only on the initial
level. Except for the respondents younger than 40 years, heavy drinking predicted either
steadily worse or worsening sleep difficulties. Smoking was associated with worsening sleep
difficulties amongst young women. Physical inactivity was associated with sleep difficulties
amongst older men. Obesity was associated with sleep difficulties amongst middle-age respon-
dents and amongst older women.

It is noteworthy that trajectory analysis provides only an approximation of changes in sleep
patterns. The method shows probable trends in a particular population. In this study, the pop-
ulation was limited to employed people of working age-mostly between 40 and 50 years. The
majority of the participants were women, which reflects the sex distribution in public sector
employees in Finland. While this may limit the generalizability of our findings, the size of the
studied cohort and the longitudinal design strengthen validity of the observed associations.
Also, the study offered a sophisticated instrument-group-based trajectory analysis—to evaluate
fluctuations within a cohort’s clusters, which with more basic approaches often remain
undetected.

The observed associations between sleep difficulties and physical inactivity and excessive
alcohol consumption were in line with previous reports [3, 6, 11-18]. Previous studies are
comparable with the present study with reservations as they have usually approached the
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A. Men <40 years

~ -

Nights with sleep difficulties per week

I #1n=157 (4%)

— 4 n=1,498 (35%)

I #2 n=1,929 (45%)

— 5 n=204 (5%)

—#3 n=370 (9%)
— 6 =128 (3%)

B. Men 40 — 49 years

Nights with sleep difficulties per week

Years

m— 1 =519 (12%)
— 4 =521 (12%)

W #2 0=2,027 (47%)
—#5 =217 (5%)

43 n=846 (20%)
m— 6 n=144 (3%)

C. Men 50+ years

~ -

5-6

Nights with sleep difficulties per week

m— 1 n=360 (7%)
— 4 =641 (13%)

m— 2 n= 1,990 (41%)
— 45 =131 (3%)

m—#3 0= 1,521 (31%)
— 6 n=204 (4%)

Fig 1. Trajectories of the JSS by gender-age groups.

D. Women <40 years

~ -

Nights with sleep difficulties per week

8
Years

m— 1 n=2,977 (17%)
— 4 1=2,397 (14%)

m— #2 n=9,285 (52%)
m—#5 n=1,506 (8%)

— 3 n=1,275 (7%)
m— 46 n=311 (2%)

E. Women 40 — 49 years

~ -

Nights with sleep difficulties per week

8
Years

m— 1 n=1,890 (10%)
— 4 n=1,955 (11%)

m— 2 n=3,997 (22%)
— 5 n=1,317 (7%)

— 3 n=8,304 (47%)
— 6 =477 (3%)

F. Women 50+ years

~ -

Nights with sleep difficulties per week

8
Years

m— 1 n=1,909 (11%)
m—#4n=2,333 (13%)

— 2 n=7,911 (44%)
m— 45 n=1,349 (8%)

m—#3 n=3,806 (21%)
— 6 =472 (3%)

https://doi.org/10.1371/journal.pone.0259500.9001
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Table 2. The strength of prediction amongst modifiable risks and probability of being placed into a particular cluster.

Trajectories Risk factors
Heavy drinking Smoking Low physical inactivity Obesity
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Men <40 years (Fig 1A)

Steadily average sleepers (1 n/w *) 1.27 1.11 1.45 1.02 0.85 1.23 1.16 0.97 1.40 1.19 1.04 1.35

Steadily worst sleepers (5-6 n/w) 1.98 1.37 2.85 1.51 0.96 2.36 1.82 1.19 2.79 1.43 1.00 2.05

Worsening sleepers (1 — 2-4 n/w) 1.06 0.85 1.32 1.24 0.92 1.66 1.54 1.16 2.04 0.78 0.62 0.98

Improving sleepers (2-4 — 1 n/w) 1.49 1.11 1.98 1.10 0.74 1.63 1.93 1.37 2.72 1.07 0.80 1.42
Men 40-49 years (Fig 1B)

Steadily average sleepers (2-4 n/w) 1.62 1.34 1.96 0.93 0.72 1.19 1.21 0.97 1.50 1.19 0.99 1.44

Steadily worst sleepers (5-6 n/w) 2.30 1.62 3.27 1.06 0.69 1.64 1.15 0.78 1.70 1.92 1.36 2.70

Worsening sleepers (<1 — >1 n/w) 1.03 0.89 1.21 1.03 0.84 1.26 1.14 0.95 1.37 1.02 0.87 1.19

Improving sleepers (2-4 — 1 n/w) 0.93 0.71 1.23 0.83 0.56 1.23 1.32 0.97 1.80 0.90 0.68 1.19
Men 50+ years (Fig 1C)

Steadily average sleepers (1 n/w) 1.15 1.01 1.31 0.83 0.68 1.00 1.15 1.00 1.33 0.94 0.83 1.07

Steadily bad sleepers (2-4 n/w) 1.12 0.94 1.33 1.04 0.81 1.33 1.29 1.07 1.56 0.93 0.78 1.11

Steadily worst sleepers (5-6 n/w) 1.04 0.78 1.39 1.11 0.75 1.65 1.17 0.86 1.60 0.99 0.74 1.32

Improving sleepers (5-6 — 1 n/w) 1.01 0.71 1.44 0.95 0.57 1.59 1.45 1.00 2.10 1.20 0.84 1.71
Women <40 years (Fig 1D)

Steadily worst sleepers (5-6 n/w) 1.10 0.88 1.39 1.05 0.74 1.49 1.51 1.17 1.96 1.31 1.05 1.64

Worsening sleepers (<1 to 2-4 n/w) 0.94 0.86 1.02 1.10 0.96 1.26 1.16 1.04 1.30 0.90 0.83 0.99

Worsening sleepers (1 to 2-4 n/w) 1.05 0.94 1.19 1.23 1.04 1.46 1.08 0.93 1.25 1.01 0.90 1.14

Improving sleepers (2-4 — 1 n/w) 1.25 1.12 1.39 1.03 0.87 1.22 1.17 1.02 1.33 1.19 1.07 1.32
Women 40-49 years (Fig 1E)

Steadily worst sleepers (5-6 n/w) 1.23 1.01 1.49 2.00 1.59 2.50 1.47 1.21 1.79 1.30 1.08 1.57

Worsening sleepers (<1 to 1 n/w) 0.97 0.89 1.05 1.08 0.97 1.20 1.07 0.98 1.16 0.95 0.88 1.03

Worsening sleepers (1 to 2-4 n/w) 1.15 1.03 1.27 1.31 1.15 1.50 1.16 1.04 1.29 1.02 0.92 1.13

Improving sleepers (2-4 — 1 n/w) 1.02 0.90 1.16 1.29 1.10 1.52 1.21 1.07 1.38 1.03 0.92 1.16
Women 50+ years (Fig 1F)

Steadily average sleepers (1 n/w) 0.97 0.90 1.06 0.87 0.76 0.99 1.12 1.03 1.21 0.97 0.90 1.05

Steadily bad sleepers (2-4 n/w) 1.11 1.01 1.23 0.99 0.85 1.16 1.24 1.12 1.36 1.19 1.08 1.30

Steadily worst sleepers (5-6 n/w) 1.29 1.06 1.57 1.28 0.96 1.71 1.27 1.04 1.54 1.47 1.22 1.77

Improving sleepers (2-4 — <1 n/w) 0.93 0.82 1.05 1.10 0.91 1.32 1.34 1.18 1.51 1.10 0.98 1.24

Two trajectories with the lowest baseline JSS scores were combined into one cluster (“steadily good sleepers”) and used as a reference. Significant results are shown in

bold.
* Nights per week.

https://doi.org/10.1371/journal.pone.0259500.t002

problem from a different point of view. Numerous cross-sectional and longitudinal studies

have reported prevalence or risk factors of sleep disorders in different populations [1, 4, 5, 7,
34, 35]. The persistence of sleep difficulties has previously been studied mostly amongst chil-
dren and adolescents and elderly [19-22]. The respective knowledge regarding general mid-
dle-age populations is scarce. A longitudinal study from United Kingdom amongst patients,

who had been seen by general practitioners, reported persistence of insomnia in a one-year fol-

low-up [2]. Also, a recent study from Canada reported the persistent nature of insomnia sever-
ity in a general population [24]. No longitudinal repeated measure study has focused on the
associations between modifiable risks and sleep difficulties in a healthy population.
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We observed that sleep difficulties were mostly very persistent. For most of the respondents,
the severity of sleep difficulties was depending only on the baseline level of that severity. Even
clusters with ascending or descending trajectories showed only mild changes in sleep difficul-
ties. Trajectories with more substantial improvement seen in older persons of both genders
might reflect the possible effect of retirement. One might expect much more fluctuation in
such a long period of time. It is possible that this phenomenon might be related to the specifics
of the study design—the repeated measures described the situation during a particular month
at a few rare repeated measures. Hence, short-term variability in sleep difficulties might be
undetected.

Further research on large cohorts and with long follow-ups with several repeated measures
should be repeated in different populations and settings. Further research should involve dif-
ferent age groups, diverse socio-economic situations, countries and cultures.

Conclusions

In this working-age population, sleep difficulties showed a great persistence over time. In most
of the groups, the level of sleep difficulties during the follow-up was almost solely dependent
on the level of initial severity. Depending on sex and age, increasing sleep problems were
sometimes associated with high alcohol consumption, smoking, obesity and physical inactiv-
ity, but the strength of these associations varied.

Supporting information

S1 File.
(DOCX)

Author Contributions

Conceptualization: Mikhail Saltychev, Juhani Juhola, Jari Arokoski, Jenni Ervasti, Mika Kivi-
miki, Jaana Pentti, Sari Stenholm, Jussi Vahtera.

Data curation: Jenni Ervasti, Mika Kivimaki, Jaana Pentti, Sari Stenholm, Jussi Vahtera.

Formal analysis: Mikhail Saltychev, Jenni Ervasti, Mika Kivimaki, Jaana Pentti, Sari Stenholm,
Jussi Vahtera.

Funding acquisition: Jenni Ervasti, Mika Kivimiki, Sari Stenholm, Jussi Vahtera.

Investigation: Mikhail Saltychev, Juhani Juhola, Jenni Ervasti, Mika Kivimaki, Jaana Pentti,
Sari Stenholm, Saana Myllyntausta, Jussi Vahtera.

Methodology: Mikhail Saltychev, Juhani Juhola, Jari Arokoski, Jenni Ervasti, Mika Kivimaki,
Jaana Pentti, Sari Stenholm, Saana Myllyntausta, Jussi Vahtera.

Project administration: Jenni Ervasti, Mika Kiviméki, Jaana Pentti, Sari Stenholm, Jussi
Vahtera.

Resources: Jenni Ervasti, Mika Kivimiki, Jussi Vahtera.
Software: Mikhail Saltychev.
Supervision: Jenni Ervasti, Mika Kivimaki, Jaana Pentti, Jussi Vahtera.

Validation: Mikhail Saltychev, Juhani Juhola, Jari Arokoski, Jenni Ervasti, Mika Kivimaki,
Jaana Pentti, Saana Myllyntausta, Jussi Vahtera.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259500 November 18, 2021 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259500.s001
https://doi.org/10.1371/journal.pone.0259500

PLOS ONE

Persistence of sleep difficulties

Visualization: Mikhail Saltychev, Juhani Juhola, Jari Arokoski, Jenni Ervasti, Mika Kivimaki,

Jaana Pentti, Sari Stenholm, Saana Myllyntausta, Jussi Vahtera.

Writing - original draft: Mikhail Saltychev.

Writing - review & editing: Juhani Juhola, Jari Arokoski, Jenni Ervasti, Mika Kivimaki, Jaana

Pentti, Sari Stenholm, Saana Myllyntausta, Jussi Vahtera.

References

1.

10.

11.

12

13.

14.

15.

16.

Leger D, Poursain B, Neubauer D, Uchiyama M. An international survey of sleeping problems in the
general population. Curr Med Res Opin. 2008; 24(1):307—17. Epub 2007/12/12. https://doi.org/10.1185/
030079907x253771 PMID: 18070379.

Morphy H, Dunn KM, Lewis M, Boardman HF, Croft PR. Epidemiology of insomnia: a longitudinal study
in a UK population. Sleep. 2007; 30(3):274—-80. Epub 2007/04/12. PMID: 17425223.

Park JH, Yoo MS, Bae SH. Prevalence and predictors of poor sleep quality in Korean older adults. Int J
Nurs Pract. 2013; 19(2):116-23. Epub 2013/04/13. https://doi.org/10.1111/ijn.12047 PMID: 23577968.

Rahkonen O, Lallukka T, Kronholm E, Vahtera J, Lahelma E, Laaksonen M. Sleep problems and sick-
ness absence among middle-aged employees. Scand J Work Environ Health. 2012; 38(1):47-55. Epub
2011/08/17. https://doi.org/10.5271/sjweh.3186 PMID: 21845353.

van de Straat V, Bracke P. How well does Europe sleep? A cross-national study of sleep problems in
European older adults. Int J Public Health. 2015; 60(6):643-50. Epub 2015/05/16. https://doi.org/10.
1007/s00038-015-0682-y PMID: 25975374.

Wang P, Song L, Wang K, Han X, Cong L, Wang Y, et al. Prevalence and associated factors of poor
sleep quality among Chinese older adults living in a rural area: a population-based study. Aging Clin
Exp Res. 2020; 32(1):125-31. Epub 2019/03/29. https://doi.org/10.1007/s40520-019-01171-0 PMID:
30919262; PubMed Central PMCID: PMC6974488.

Wu W, Jiang Y, Wang N, Zhu M, Liu X, Jiang F, et al. Sleep quality of Shanghai residents: population-
based cross-sectional study. Qual Life Res. 2020; 29(4):1055-64. Epub 2019/11/30. https://doi.org/10.
1007/s11136-019-02371-x PMID: 31782018.

Ohayon MM. Epidemiology of insomnia: what we know and what we still need to learn. Sleep Med Rev.
2002; 6(2):97—111. Epub 2003/01/18. https://doi.org/10.1053/smrv.2002.0186 PMID: 12531146.

Daley M, Morin CM, LeBlanc M, Gregoire JP, Savard J. The economic burden of insomnia: direct and
indirect costs for individuals with insomnia syndrome, insomnia symptoms, and good sleepers. Sleep.
2009; 32(1):55-64. Epub 2009/02/05. PMID: 19189779; PubMed Central PMCID: PMC2625324.

Kessler RC, Berglund PA, Coulouvrat C, Hajak G, Roth T, Shahly V, et al. Insomnia and the perfor-
mance of US workers: results from the America insomnia survey. Sleep. 2011; 34(9):1161-71. Epub
2011/09/03. https://doi.org/10.5665/SLEEP.1230 PMID: 21886353; PubMed Central PMCID:
PMC3157657.

Arber S, Bote M, Meadows R. Gender and socio-economic patterning of self-reported sleep problems
in Britain. Soc Sci Med. 2009; 68(2):281-9. Epub 2008/11/26. https://doi.org/10.1016/j.socscimed.
2008.10.016 PMID: 19026480.

Ebrahim IO, Shapiro CM, Williams AJ, Fenwick PB. Alcohol and sleep I: effects on normal sleep. Alco-
hol Clin Exp Res. 2013; 37(4):539—49. Epub 2013/01/26. https://doi.org/10.1111/acer.12006 PMID:
23347102.

Lampio L, Saaresranta T, Engblom J, Polo O, Polo-Kantola P. Predictors of sleep disturbance in meno-
pausal transition. Maturitas. 2016; 94:137—-42. Epub 2016/11/09. https://doi.org/10.1016/j.maturitas.
2016.10.004 PMID: 27823734.

Siddiqui AF, Al-Musa H, Al-Amri H, Al-Qahtani A, Al-Shahrani M, Al-Qahtani M. Sleep Patterns and Pre-
dictors of Poor Sleep Quality among Medical Students in King Khalid University, Saudi Arabia. Malays J
Med Sci. 2016; 23(6):94—102. Epub 2017/01/17. https://doi.org/10.21315/mjms2016.23.6.10 PMID:
28090183; PubMed Central PMCID: PMC5181996.

Tsunoda K, Kitano N, Kai Y, Uchida K, Kuchiki T, Okura T, et al. Prospective study of physical activity
and sleep in middle-aged and older adults. Am J Prev Med. 2015; 48(6):662—73. Epub 2015/04/22.
https://doi.org/10.1016/j.amepre.2014.12.006 PMID: 25891000.

Ursin R, Bjorvatn B, Holsten F. Sleep duration, subjective sleep need, and sleep habits of 40- to 45-
year-olds in the Hordaland Health Study. Sleep. 2005; 28(10):1260-9. Epub 2005/11/22. https://doi.
org/10.1093/sleep/28.10.1260 PMID: 16295211.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259500 November 18, 2021 9/10


https://doi.org/10.1185/030079907x253771
https://doi.org/10.1185/030079907x253771
http://www.ncbi.nlm.nih.gov/pubmed/18070379
http://www.ncbi.nlm.nih.gov/pubmed/17425223
https://doi.org/10.1111/ijn.12047
http://www.ncbi.nlm.nih.gov/pubmed/23577968
https://doi.org/10.5271/sjweh.3186
http://www.ncbi.nlm.nih.gov/pubmed/21845353
https://doi.org/10.1007/s00038-015-0682-y
https://doi.org/10.1007/s00038-015-0682-y
http://www.ncbi.nlm.nih.gov/pubmed/25975374
https://doi.org/10.1007/s40520-019-01171-0
http://www.ncbi.nlm.nih.gov/pubmed/30919262
https://doi.org/10.1007/s11136-019-02371-x
https://doi.org/10.1007/s11136-019-02371-x
http://www.ncbi.nlm.nih.gov/pubmed/31782018
https://doi.org/10.1053/smrv.2002.0186
http://www.ncbi.nlm.nih.gov/pubmed/12531146
http://www.ncbi.nlm.nih.gov/pubmed/19189779
https://doi.org/10.5665/SLEEP.1230
http://www.ncbi.nlm.nih.gov/pubmed/21886353
https://doi.org/10.1016/j.socscimed.2008.10.016
https://doi.org/10.1016/j.socscimed.2008.10.016
http://www.ncbi.nlm.nih.gov/pubmed/19026480
https://doi.org/10.1111/acer.12006
http://www.ncbi.nlm.nih.gov/pubmed/23347102
https://doi.org/10.1016/j.maturitas.2016.10.004
https://doi.org/10.1016/j.maturitas.2016.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27823734
https://doi.org/10.21315/mjms2016.23.6.10
http://www.ncbi.nlm.nih.gov/pubmed/28090183
https://doi.org/10.1016/j.amepre.2014.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25891000
https://doi.org/10.1093/sleep/28.10.1260
https://doi.org/10.1093/sleep/28.10.1260
http://www.ncbi.nlm.nih.gov/pubmed/16295211
https://doi.org/10.1371/journal.pone.0259500

PLOS ONE

Persistence of sleep difficulties

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Yang CY, Chiou AF. Predictors of sleep quality in community-dwelling older adults in Northern Taiwan.
J Nurs Res. 2012; 20(4):249-60. Epub 2012/11/17. https://doi.org/10.1097/jnr.0b013e3182736461
PMID: 23154436.

Lallukka T, Sares-Jaske L, Kronholm E, Saaksjarvi K, Lundqgvist A, Partonen T, et al. Sociodemographic
and socioeconomic differences in sleep duration and insomnia-related symptoms in Finnish adults.
BMC Public Health. 2012; 12:565. Epub 2012/07/31. https://doi.org/10.1186/1471-2458-12-565 PMID:
22839359; PubMed Central PMCID: PMC3490788.

Fok M, Stewart R, Besset A, Ritchie K, Prince M. Incidence and persistence of sleep complaints in a
community older population. Int J Geriatr Psychiatry. 2010; 25(1):37-45. Epub 2009/06/11. https://doi.
org/10.1002/gps.2295 PMID: 19513987.

Byars KC, Yolton K, Rausch J, Lanphear B, Beebe DW. Prevalence, patterns, and persistence of sleep
problems in the first 3 years of life. Pediatrics. 2012; 129(2):e276-84. Epub 2012/01/06. https://doi.org/
10.1542/peds.2011-0372 PMID: 22218837; PubMed Central PMCID: PMC3357046.

Kataria S, Swanson MS, Trevathan GE. Persistence of sleep disturbances in preschool children. The
Journal of Pediatrics. 1987; 110(4):642-6. https://doi.org/10.1016/s0022-3476(87)80571-1 PMID:
3559818

Meltzer LJ, Plaufcan MR, Thomas JH, Mindell JA. Sleep problems and sleep disorders in pediatric pri-
mary care: treatment recommendations, persistence, and health care utilization. J Clin Sleep Med.
2014; 10(4):421-6. Epub 2014/04/16. https://doi.org/10.5664/jcsm.3620 PMID: 24733988; PubMed
Central PMCID: PMC3960385.

Kronholm E, Partonen T, Harma M, Hublin C, Lallukka T, Peltonen M, et al. Prevalence of insomnia-
related symptoms continues to increase in the Finnish working-age population. J Sleep Res. 2016; 25
(4):454—7. Epub 2016/02/13. https://doi.org/10.1111/jsr.12398 PMID: 26868677.

Morin CM, Jarrin DC, Ivers H, Mérette C, LeBlanc M, Savard J. Incidence, Persistence, and Remission
Rates of Insomnia Over 5 Years. JAMA Netw Open. 2020; 3(11):e2018782. Epub 2020/11/07. https://
doi.org/10.1001/jamanetworkopen.2020.18782 PMID: 33156345.

Heymans M, Eekhout . Missing data in questionnaires. 2019 [cited September 22, 2021]. In: Applied
missing data analysis with SPSS and (R) studio [Internet]. Amsterdam: Heymans and Eekhout, [cited
September 22, 2021]. Available from: https://bookdown.org/mwheymans/bookmi/.

Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of sleep problems in clinical
research. J Clin Epidemiol. 1988; 41(4):313-21. Epub 1988/01/01. https://doi.org/10.1016/0895-4356
(88)90138-2 PMID: 3351539.

Vahtera J, Pentti J, Helenius H, Kivimaki M. Sleep disturbances as a predictor of long-term increase in
sickness absence among employees after family death or iliness. Sleep. 2006; 29(5):673—-82. Epub
2006/06/16. https://doi.org/10.1093/sleep/29.5.673 PMID: 16774158.

Reis C, Mestre C, Tecedeiro M, Paiva T. Translation, cross-cultural adaptation and psychometric prop-
erties of the Jenkins Sleep Scale in a sample of Portuguese shift workers. 2014.

Tibubos AN, Zenger M, Schmalbach B, Beutel ME, Brahler E. Measurement invariance, validation and
normative data of the Jenkins Sleep Scale-4 (JSS-4) in the German general population across the life
span. J Psychosom Res. 2020; 130:109933. Epub 2020/01/18. https://doi.org/10.1016/j.jpsychores.
2020.109933 PMID: 31951963.

Jones BL, Nagin DS. traj—group-based modeling of longitudinal data 1999 [December 13, 2016]. Avail-
able from: www.andrew.cmu.edu/user/bjones/.

Jones BL, Nagin DS. Advances in Group-Based Trajectory Modeling and an SAS Procedure for Esti-
mating Them. Sociological Methods & Research. 2007; 35(4):542—71.

Nagin DS, Odgers CL. Group-Based Trajectory Modeling (Nearly) Two Decades Later. J Quant Crim-
inol. 2010; 26(4):445-53. hitps://doi.org/10.1007/s10940-010-9113-7 PMID: 21132047

Nagin D, Tremblay R. Developmental trajectory groups: fact or a useful statistical fiction? Criminology.
2005; 43(4):873-904.

Paine SJ, Fink J, Gander PH, Warman GR. Identifying advanced and delayed sleep phase disorders in
the general population: a national survey of New Zealand adults. Chronobiol Int. 2014; 31(5):627-36.
Epub 2014/02/20. https://doi.org/10.3109/07420528.2014.885036 PMID: 24548144,

Rejeb H, Kaddoussi R, Saida 1B, Khelifa MB, Najjar A, Aissa S, et al. Sleep patterns and predictors of
poor sleep quality among Tunisian medical students (MS). European Respiratory Journal 2018; 52
(Suppl. 62):PA4371.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259500 November 18, 2021 10/10


https://doi.org/10.1097/jnr.0b013e3182736461
http://www.ncbi.nlm.nih.gov/pubmed/23154436
https://doi.org/10.1186/1471-2458-12-565
http://www.ncbi.nlm.nih.gov/pubmed/22839359
https://doi.org/10.1002/gps.2295
https://doi.org/10.1002/gps.2295
http://www.ncbi.nlm.nih.gov/pubmed/19513987
https://doi.org/10.1542/peds.2011-0372
https://doi.org/10.1542/peds.2011-0372
http://www.ncbi.nlm.nih.gov/pubmed/22218837
https://doi.org/10.1016/s0022-3476%2887%2980571-1
http://www.ncbi.nlm.nih.gov/pubmed/3559818
https://doi.org/10.5664/jcsm.3620
http://www.ncbi.nlm.nih.gov/pubmed/24733988
https://doi.org/10.1111/jsr.12398
http://www.ncbi.nlm.nih.gov/pubmed/26868677
https://doi.org/10.1001/jamanetworkopen.2020.18782
https://doi.org/10.1001/jamanetworkopen.2020.18782
http://www.ncbi.nlm.nih.gov/pubmed/33156345
https://bookdown.org/mwheymans/bookmi/
https://doi.org/10.1016/0895-4356%2888%2990138-2
https://doi.org/10.1016/0895-4356%2888%2990138-2
http://www.ncbi.nlm.nih.gov/pubmed/3351539
https://doi.org/10.1093/sleep/29.5.673
http://www.ncbi.nlm.nih.gov/pubmed/16774158
https://doi.org/10.1016/j.jpsychores.2020.109933
https://doi.org/10.1016/j.jpsychores.2020.109933
http://www.ncbi.nlm.nih.gov/pubmed/31951963
http://www.andrew.cmu.edu/user/bjones/
https://doi.org/10.1007/s10940-010-9113-7
http://www.ncbi.nlm.nih.gov/pubmed/21132047
https://doi.org/10.3109/07420528.2014.885036
http://www.ncbi.nlm.nih.gov/pubmed/24548144
https://doi.org/10.1371/journal.pone.0259500

