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Abstract
Study Objective: To document the rates of persistent, remitted, and intermittent
excessive daytime sleepiness (EDS) in a longitudinal 5-year community study of adults
and to assess how changes in risk factors over time can predict improvement of daytime
sleepiness (DS).
Methods: Participants were recruited in 2007–2008 as part of a population-based
epidemiological study implemented in Canada. They completed postal assessments at
baseline and at each yearly follow-up. An Epworth Sleepiness Scale total score >10
indicated clinically significant EDS; a 4-point reduction between two consecutive
evaluations defined DS improvement. Socio-demographic, lifestyle, health
characteristics, and sleep-related measures (e.g. insomnia symptoms, sleep duration,
sleep medication) were self-reported at each time point. Cox proportional-hazard models
were used to predict EDS and DS remissions over 5 years.
Results: Among the 2167 participants, 33% (n = 714) met criteria for EDS at baseline,
of whom 33% had persistent EDS, 44% intermittent EDS, and 23% remitted EDS over
the follow-up. Furthermore, 61.4% of 2167 initial participants had stable DS, 27.1%
sustained DS improvement and 8.5% transient improvement over the follow-up. The
main predictors of EDS remission or DS improvement were normal weight, taking less
hypnotics, having hypertension, increased nighttime sleep duration, and decreased
insomnia, and depressive symptoms.
Conclusion: EDS waxes and wanes over time with frequent periods of remission and is
influenced by behavioral characteristics and changes in psychological, metabolic, and
nighttime sleep patterns. Targeting these predictors in future interventions is crucial to
reduce DS in the general adult population.
Key words: cohort studies; epidemiology; sleepiness; remission; natural history;
insomnia; chronic disease; psychological factors.

Introduction
Excessive daytime sleepiness (EDS) is a common symptom in the general population,
with severity and duration greatly affecting its prevalence which ranges from 5% to 30%
in several epidemiological studies [1–5]. EDS is not only the cardinal symptom of central
disorders of hypersomnolence but also the primary concern for many subjects
presenting with sleep disorders or other conditions. Several studies report that EDS is
often associated with voluntary behaviors leading to poor sleep and sleep debt but also
with metabolic, cardiovascular, neurological and psychiatric disorders, or side effects of
medications [5–10]. The pathophysiology of EDS remains unclear, with a lack of reliable
biological markers. EDS is often multifactorial, and is frequently associated with low
quality of life, and an increased risk of accidents and injuries [11, 12]. EDS represents
therefore a substantial cost burden to the health care system.
Despite its high prevalence and negative consequences, the natural history of
EDS remains unclear. The few longitudinal studies indicate that the trajectories of EDS
fluctuate over time with persistence rates around 35% for periods ranging from 5 to 7.5
years [1, 13, 14] and incidence rates ranging from 1.9% to 28% for 1- and 5-year followups, respectively [1, 13–16]. This heterogeneity is partly due to the lack of a standard
definition of EDS, with some studies asking subjects to estimate the severity of their
daytime sleepiness (DS), others the number of days per week they reported EDS and
others using the Epworth Sleepiness scale (ESS) to assess daytime sleep propensity.
The ESS is a self-report questionnaire widely used to evaluate overall EDS in general
and clinical populations; the subject is instructed to make a probability judgment about
the expectation of “dozing” in eight different circumstances (e.g. sitting and reading). A
score above 10 is considered to reflect clinically significant EDS [17].
Prospective studies aiming to identify individual predictors of these fluctuations
are scarce. Overall, these studies found that young and older age, insomnia and

depressive symptoms, chronic pain, lifestyle factors (e.g. lower coffee consumption,
smoking), obesity and weight gain, and some medical conditions (diabetes mellitus and
anemia) were risk factors for EDS [1, 13, 14, 18]. In contrast, only one prospective study
exploring multiple potential factors associated with remitted EDS showed weight loss as
the single significant predictor [13]. The understanding of these fluctuations is key to
prevention, treatment, and policy decisions regarding current and future health care
services. But to date, there is a lack of studies allowing the identification of factors
associated with EDS improvement.
The aim of the present study was to document the rates of persistent, remitted,
and intermittent EDS assessed by the ESS in a 5-year follow-up population-based study.
We also sought to determine whether baseline socio-demographic and lifestyle
characteristics, and time-dependent variables related to behavioral, psychological,
metabolic, and nighttime sleep changes could predict DS improvement over time.
Methods
Study population
Subjects included were recruited as part of a larger epidemiological study aiming to
assess prevalence and incidence factors, natural history, and burden of insomnia in
Canada. Detailed design and sampling procedures for this study have been reported
elsewhere [19]. Briefly, subjects aged ≥18 years were recruited from a random selection
of more than 12,000 subjects who completed a telephone interview about their sleep
between 2007 and 2008. Participants were then asked if they wanted to take part in the
longitudinal phase of the study, which involved completion of seven postal evaluations
over a 5-year period: the baseline evaluation was sent 1 month after the telephone
interview, the second at 6 months and the remaining evaluations scheduled every year.
Overall, 3006 completed the baseline postal assessment, of which 82% participated at
the 1-year and 71% at the 5-year follow-up. All participants provided written informed

consent to participate in the study, prior to the study protocol and approved by the
ethical committee of the Université Laval-Quebec, Canada. The methods in the current
study were implemented in accordance with the approved guidelines.
Definition of EDS and its changes during the 5-year follow-up
EDS was assessed at baseline and at each follow-up wave (after 6 months, 1, 2, 3, 4,
and 5 years) by the ESS. A total score >10 indicates a clinically significant EDS [17].
Subjects with EDS at baseline were further considered as persistent EDS cases
when EDS persisted until the end of the follow-up, as remitted EDS cases in the
absence of further EDS (i.e. ESS total score ≤10) over the follow-up, and as intermittent
EDS cases for others (i.e. remission followed by reoccurrence of EDS).
A 4-point ESS total score reduction between two consecutive assessments was
considered as the minimally significant difference, defining DS improvement. This 4point change was already considered as clinically significant in previous randomized
controlled trials on narcolepsy and central hypersomnias [20, 21]. However, a reduction
of 4 points from a previous ESS total score below 8 was not taken into account as it was
considered to be non-clinically significant (n = 74). Stable DS improvement was defined
by an absence of further ESS total score increase in the subsequent follow-up (i.e.
change of ≤ 3 points) and a transient DS improvement by ESS total score fluctuations
(i.e. of > 3 points) during the follow-up.
Other sleep-related measures
At each evaluation, sleep measurements were self-reported by the participant. Sleep
duration was divided into four categories: <6.0 h/night, between 6.0 and 6.9, 7.0 and 7.9,
≥8 [4]. The number of naps was recorded as none; <3 per week; ≥3 [4]. The severity of
insomnia symptoms was evaluated using the Insomnia Severity Index (ISI) with higher
scores suggesting more severe symptoms (score between 0 and 7: absence of

insomnia; between 8 and 14: subthreshold insomnia; between 15 and 28 moderatesevere insomnia 15–28) [22].
Sleep medication included prescriptions and over-thecounter (OTC) drugs used
in the previous month. They were classified as benzodiazepine (BZD), BZD-like
compounds (zolpidem, zopiclone, zaleplon), antidepressants and miscellaneous
medications (including barbiturates, OTC, and neuroleptics).
Socio-demographic, lifestyle, and health measures
Demographic characteristics, education level (categorized as “secondary level,” “degree
below bachelor,” and “bachelor or above”), and marital status (single,
divorced/separated or widowed; married, common-law couple) were assessed at
baseline.
At baseline and at each follow-up, a standardized evaluation included selfreported measures related to the past month on daily life behavior such as alcohol
consumption (none; 1 drink per day; ≥2 drinks), caffeine intake (none; 1–2 cups per day;
≥3), smoking status (never; present or past users), and physical activity of more than 30
min (never or less than one per week; between 1 and 3 per week, more than four-times
per week); anthropometric data with height and weight to calculate body mass index
(BMI) (classified as <25 kg/m2 : normal; 25–30: overweight; ≥30: obese). The presence
of diabetes, endocrine and metabolic disorders (e.g. cholesterol, dysthyroidism),
hypertension, cardiovascular diseases, chronic pain, neurological diseases, and other
nonspecific diseases (allergies, cancer, digestive, bone, lung, otorhinolaryngology, skin,
urinary, or genital problems) was assessed by a list of 14 diseases, with additional selfreported conditions at baseline and at each follow-up, using the question “Currently, do
you suffer from one or more of the following health problems?”

Depressive symptoms were evaluated using the Beck Depression Inventory II
(BDI-II), with higher scores suggesting more severe depressive symptoms (≤13:
minimal; 14–19: mild, 20–63: moderate-severe depression) [23].
Statistical analyses
Cox proportional hazard models with delayed entry and age of the participants as the
time scale were used to estimate the hazard ratios (HR) and their 95% confidence
intervals (CI) for the associations between subject characteristics and the probability of
the first EDS remission. Proportional hazards assumptions were tested for baseline
covariables. Participants with criteria for persistent EDS were taken as the reference
category. For participants with criteria for EDS remission, age of event was taken to be
the age at questionnaire completion. Participants without criteria for EDS remission were
censored at the last follow-up visit. Variables associated at p < 0.15 in the univariate
analysis and the ESS total score at baseline were included in the multivariate analysis to
evaluate independent predictors associated with EDS remission. The 0.15 p-value cutoff was chosen based on the recommendations of several authors who argue that the
0.05 threshold can fail to identify variables known to be important24. In this study, several
covariates (i.e. gender, level of education) were treated as time-constant, others as timedependent covariates with multiple changes (i.e. behavioral, psychological, metabolic
and other disorders, and nighttime sleep duration). For the latter covariates, the survival
analysis was based on the last observation available before occurrence of the event. For
continuous variables (Var) (e.g. sleep duration, ISI, Beck depression inventory score), a
change was defined as the relative difference and was obtained as follows: (ΔR) = (Vart–
Vart−1)/Vart−1. Instead of considering ΔR as a continuous variable, we chose to
categorize ΔR into three classes to distinguish those with a significant gain from those
with a significant loss. A significant gain was defined as the highest quartile of ΔR
distribution (i.e. based on the relative differences between all two-by-two consecutive

follow-up waves for all subjects regardless of any occurrence of EDS/DS improvement)
and a significant loss as the lowest quartile of ΔR distribution. Values in the interquartile
range were grouped together as the reference category. For categorical variables (e.g.
changes in chronic pain status), an increase was defined as a change from a given
category to the category just above, and a decrease to the category just below. A similar
approach was used to study the predictors of (1) intermittent EDS vs. persistent EDS, (2)
sustained DS improvement vs. no ESS total score change, and (3) transient DS
improvement vs. no ESS total score change over the 5-year follow-up. Significance level
was set at a two-sided p < 0.05. Analyses were performed using SAS-version 9.4 (SAS
Inc., Cary, NC, USA).
Results
Subject characteristics
The study sample included 2,167 participants with a median baseline age of 51 years
(range 18–89) of whom 64.1% were women, 97% were Caucasian, 40% lived alone,
around one third had a secondary level of education (28.5%) and one third a bachelor
degree or above (34.75%). As detailed in the flow-chart diagram (Figure 1), these
subjects were free of central hypersomnia disorders (i.e. mainly narcolepsy and
idiopathic hypersomnia), were day workers, and had completed the ESS at baseline and
at least one of the five annual follow-up evaluations. Participants excluded from the
study (N = 261) had a significantly lower educational level, were younger, and more
likely to be current smokers and depressed. No significant differences were found for
sleep duration, number of naps, insomnia, EDS, or associated chronic diseases.
Regarding baseline sleep characteristics in the entire population, 714 (33%) had
criteria for EDS at baseline (ESS total score >10), 13.1% slept less than 6 h per night,
13.7% took three naps or more during the week, and 16.1% had a moderate to severe
level of insomnia (ISI > 14). Only 14.1% took sleep medications: 50.2% took BZD, 19.6%

BZD-like compounds, 12.6% antidepressants, and 29.4 % OTC medication (23.8%
antihistaminics and 5.6% melatonin). Furthermore, 9.4% had moderate to severe
depressive symptoms (BDI ≥ 20), and 20.9% were obese.
Predictors of remission of EDS over a 5-year follow-up
Among the population of 714 subjects with criteria for EDS at baseline, 17.8% slept less
than 6 h per night, 19.8% took three naps or more during the week, and 21.6% had a
moderate to severe level of insomnia (ISI > 14). Only 10.8% took sleep medication as
following: 47.4% took BZD, 14.7% BZD-like compounds, 21.3% took antidepressants,
and 29.3% OTC medication (22.4% antihistaminics and 6.6% melatonin). Moreover,
13.3% had moderate to severe depressive symptoms (BDI ≥ 20), and 24.6% were
obese.
Among the 714 baseline EDS subjects, 233 (33%) met criteria for persistent
EDS, 167 (23%) for remitted EDS, and 314 (44%) for intermittent EDS improvement.
The median onset of the first occurrence of remission was at 1.21 years of follow-up
(range: 0.60–4.71).
In the univariate analysis, compared to subjects with persistent EDS, those with
remitted EDS were more likely to have normal BMI, hypertension, change in insomnia
severity, and depressive symptoms at the time of EDS remission, and were less likely to
have chronic pain increase (Table 1). In the multivariate analysis including baseline ESS
total score, and covariates associated with a p < 0.15, only having a normal weight,
hypertension and changes in insomnia and depressive symptoms were independent
predictors of remitted EDS (Table 2).
In the univariate analysis, compared to subjects with persistent EDS, those with
intermittent EDS, took less hypnotics, had less nonspecific comorbid diseases and
changes in insomnia symptoms over the follow-up (Table 3). Multivariate analysis

showed that taking less hypnotics and reporting decrease in insomnia symptoms were
independent predictors of intermittent EDS (Table 4).
Predictors of improvement of DS over 5-year follow-up
Among the 2,167 participants at baseline, 1,330 (61.4%) had criteria for a stable DS (<4point change on ESS total score over time), 587 (27.1%) for a sustained improvement in
DS, and 184 (8.5%) for a transient improvement in DS (Figure 1). The median delay of
the first occurrence of decrease was 2.06 years (range: 0.34–4.70).
In the univariate analysis, compared to subjects with stable ESS total score,
those with sustained DS improvement were more likely to live alone, take less hypnotics,
and have more insomnia depressive and pain symptoms 1-year before the DS
improvement but increased changes in severity symptoms at the time of DS
improvement. They also had increase in sleep duration at the time of DS improvement
(Table 1). Multivariate analysis showed that living alone with a trend for less hypnotic
intake (p = 0.08) favored sustained DS improvement (Table 2).
Compared to subjects with a stable ESS total score, those with a transient DS
improvement were more likely to be current smokers, had more hypertension and
neurological diseases, slept less at night, had higher insomnia and depressive
symptoms with higher changes at the time of DS improvement (Table 3). In multivariate
analysis, an increase in nighttime sleep duration and a decrease in depressive
symptoms were independently associated with a transient DS improvement (Table 4)
Discussion
This study examined the rates and risk factors of persistent, remitted and intermittent
EDS, and stable and transient improvement in DS over a 5-year follow-up in a large
population-based cohort study. Among the 33% of the participants with criteria for EDS,
33% had persistent EDS, 44% intermittent EDS, and 23% remitted EDS. Among the
whole sample, 61.4% had stable DS (ESS total score change of < 4-point), 27.1%

sustained DS and 8.5% transient DS improvement over the 5-year follow-up. The main
predictors for remission of EDS or DS improvement were normal weight, taking less
hypnotic, having hypertension, increased nighttime sleep duration, and decreased
insomnia and depressive symptoms.
Our results confirmed that EDS follows a waxing and waning pattern in its natural
course, and is often an unstable condition in the general adult population [1, 13]. Using
the same criteria for EDS (ESS total score >1017) and DS (change of ≥ 4-points on the
ESS; a clinically relevant change often used as the primary endpoint in pharmacological
studies on central hypersomnias [20, 21]), we previously reported within the same cohort
that 28% of subjects developed incident EDS, and 31% increased DS over time [1]. This
unstable state of sleepiness has also been highlighted by a study over a 7.5-year followup, classifying participants as excessive daytime sleepers using two single questions
referring to feelings of sleepiness/tiredness and/or irresistible sleep attacks, instead of
using ESS [13]. They found a prevalence of EDS of 15.9%, an incidence around 8%, a
persistence rate of 38%, and a remission rate of 62%.
The waxing and waning of self-reported EDS appears to be consistent across
different studies with variable populations and designs. Such fluctuation in self-reported
EDS sounds like a striking result, however it has only rarely been formally studied. In this
study, we examined this phenomenon by comparing subjects exhibiting a
remittent/intermittent EDS pattern to those with stable conditions over the 5-year followup. As main predictors, we found that having normal weight, hypertension and
decreasing depressive symptoms were associated with remission of EDS whereas
taking less hypnotics and increasing nighttime sleep duration were associated with
intermittent EDS, and decreasing insomnia symptoms were related to both. To the best
of our knowledge, this is the first study to report such findings. A previous study already
reported that obesity and weight gain predicted incident EDS while weight loss was

associated with its remission in the general population [13]. The low proportion of
participants with obesity (around 25% of participants with EDS at baseline) in our sample
and the relative low BMI changes during the follow-up could explain the absence of
significant effect of weight loss. However, we reported that a normal BMI was an
independent predictor of remitted EDS as only non-obese subjects were at risk of
normalizing EDS. Several other clinical factors such as depression, diabetes, and
allergy/asthma were reported as clinical predictors of incident EDS, but were not
associated with remission of EDS [13]. We also found other risk factors associated with
a sustained improvement of DS: living alone, taking less hypnotic. In contrast, an
increase in nighttime sleep duration and having less depressive symptoms were
independently associated with a transient improvement in DS. Most of these factors
share some similarities between the different conditions associated with EDS or DS
improvement that further underline the complex relationships between nighttime sleep
disturbances, hypertension, depressive symptoms, and DS [25]. These findings should
be further confirmed using objective daytime and nighttime sleep measures. One study
previously reported that objective sleep disturbances were associated with incident EDS
in depressed subjects [13]; however to our knowledge such association was not reported
for remitted EDS.
A healthy lifestyle with no sleep deprivation, no metabolic, cardiovascular, or
neurological diseases without hypnotic intake strengthened the potential to decrease the
levels of DS. Of interest, some of these factors (i.e. depressive and insomnia symptoms)
have already been identified as risk factors for incident EDS or DS increase; this is in
keeping with a mirror image of EDS risk and protective factors. Moreover, most of them
were potentially modifiable factors by means of pharmacologic and behavioral
treatments. Indeed, improving insomnia and depressive symptoms, taking less
hypnotics, and increasing nighttime sleep duration may be our priority in terms of public

health policies to decrease EDS and the levels of DS in the general adult population.
Policy decisions proposing interventions specifically targeting non-obese populations
may be more successful at reducing the risk of low academic or professional
performance, road, domestic or work accidents [26, 27], and morbi-mortality related to
cardiovascular and neurodegenerative pathologies [28, 29].
The strengths of this study were the prospective design, the sample size, the large
number of potential predictors including socio-demographic, lifestyle, and health
characteristics, some of which were evaluated according to standardized scales using in
clinical practice. The study also had in-depth yearly follow-ups over 5 years which
enabled us to take into account covariates that changed over time. The evaluation of
EDS and DS changes was assessed using the ESS which is the most commonly used
tool in sleep research and clinical setting.
This study had some limitations. Selection bias inherent in all epidemiological
studies may exist even if precautions were taken to have a representative sample of the
Canadian population. The data were exclusively self-reported causing potentially recall
bias and a lack of accuracy in responses. Even if the ESS and its threshold have been
largely validated in the general population, its measurement remains subjective with
some potential for overlap with fatigue symptom, despite being of different
pathophysiology and etiology. Objective measurements of sleep quality and EDS
evaluated by polysomnography and Multiple Sleep Latency Test were not available;
however, performing such tests is very difficult within the context of a large
epidemiological survey. Moreover, there are little or no correlations between ESS total
scores and objective mean sleep latencies obtained either in patients suffering from
sleep pathologies or in the general population [30].
In conclusion, EDS is a frequent waxing and waning condition with a high
occurrence of remission in the general adult population. The main factors associated

with these outcomes were identifiable and potentially modifiable characteristics such as
nighttime sleep duration, insomnia and depressive symptoms, hypnotic intake, and
overweight/obesity. Further studies should examine whether targeted interventions may
decrease the levels of DS and potentially related outcomes in the general population.
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