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ABSTRACT

Objective /Background: Delayed sleep-wake phase disorder (DSWPD) is defined by a delay in
the major sleep episode relative to desired or required sleep and wake times. The objectives of
this study were to evaluate DSWPD in our population and to compare it with similar clinical data,
to analyse gender differences, and to identify possible subpopulations based on circadian timing
and alignment. Patients/Methods: 162 consecutive DSWPD patients from a sleep clinic with a
median age of 35.5 (24.0) years, 85 (52.5%) males were studied. Patient data were obtained from
a clinical interview composed of socio-demographic, life events, daily habits, consumptions, and
comorbidities data; and from diaries, actimetry, melatonin and PSG T1. The Dim Light Melatonin
Onset (DLMO) was used to define circadian alighment or misalignment. Results: In our DSWPD
cohort, there were gender differences for different age groups (p=0.028). Men were more likely to
be single and women more likely to be married (p=0.034). In students, school failure was higher
for women (p<0.001); for workers, absenteeism was higher in women (p=0.001). In the circadian
aligned (compared to misaligned group), DLMO was later (p<0.001), sleep onset time (p=0.046)
was later, total sleep time (p=0.035), and number of sleep cycles (p=0.018) were lower, as measured
using PSG T1. Conclusions: In this clinical population, DSWPD is more prevalent in young men
and in middle age women, although with no overall significant differences between genders. There
are two different phenotypes of DSWPD: circadian misaligned and circadian aligned. Depression
is prevalent in both groups. Better definition, classification and diagnostic criteria for DSWPD are
still needed, and targeted therapeutical intervention should be evaluated.
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INTRODUCTION

Delayed sleep-wake phase disorder (DSWPD) is the
most prevalent circadian rhythm sleep-wake disorder (CRSD)!
and is characterized by a delay in the major sleep episode rela-
tive to desired or required sleep and wake times. It causes dif-
ficulty in initiating sleep and consequently awakening at desired
or required clock times'. Patients complain and may only pres-
ent for diagnosis and treatment - when they have required early
awakenings that also shotten sleep duration® or whenever the
daily habits have serious deleterious impact upon their family
or social life. DSWPD is more prevalent in teenagers and young
adults (7-16%) than in middle-aged adults (3.1%)'". A preva-
lence study for DSWPD performed in Norway in 1983 report-
ed 0.17% of the Notrway population were affected’. A recent
population-based study in New Zealand evaluating adults aged
20-59 demonstrated the prevalence of DSWPD to be between
1.51% and 8.90%, depending on the definition used’. The lack
of a simple, reliable, low cost diagnostic phase biomarker for
clinical practice, the high rate of therapeutic failure in DSWPD?,
its low prevalence' and the patients’ belief that it is a behavioural
problem caused by a societal desynchronization (personal com-
munication), may be responsible for the few available clinical
studies in DSWPD patients.

The disorder usually starts during adolescence'. The on-
set of puberty and adolescence is typically characterized by a
biological delay in sleep timing®’; a reversal towards eatlier sleep
times then occurs at the start of adulthood®’. One hypothesis of
DSWPD development is that the delayed sleep of adolescence
is maintained in some individuals, culminating in DSWPD.

The diagnosis is difficult because the disease criteria are
based on clinical symptoms similar to insomnia'®. DSWPD is
associated with a constellation of symptoms that impact nega-
tively upon quality of life and social/individual achievements:
these include academic/professional failure, higher likelihood
of accidents, depression, suicidal tendencies, and medication
and substance consumption®’. DSWPD symptoms also include
indecision and procrastination in academic life'" and in career
decisions'?, each of which may contribute to the academic/pro-
fessional failiure. Depressive symptoms are common in patients
diagnosed with DSWPD: 64% of patients with DSWPD have a
comotbid depression®".

While the disorder’s name suggests a circadian basis
(“Phase”), not all individuals with DSWPD have circadian ab-
normalities™*. A multi-center study in Australia with DSWPD
patients® found two different phenotypes based on the relation-
ship between Dim Light Melatonin Onset (DLLMO, a marker of
circadian phase)'*" and desired bedtime: one group had delayed
circadian phase while the other group did not. Individuals with
the circadian DSWPD phenotype have higher rates of depres-
sive symptoms and daytime sleepiness’.

The basis for using DLMO as a circadian marker is that
a signal from the central circadian pacemaker in the suprachias-
matic nucleus of the hypothalamus initiates melatonin synthesis,
with subsequent release'”. Melatonin levels are negligible during
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the day and start to tise in the eatly evening'” approximately 2-3h
before typical bedtime'>!"!8. Melatonin production is supressed
by light". One reason for DSWPD may be differential sensitiv-
ity to light stimuli: individuals with DSWPD exposed to light
with an intensity of 1000 lux for 2h beginning prior to their
peak of melatonin secretion had higher melatonin suppression
compared to controls®. In addition, DSWPD individuals usu-
ally stay awake late at night and sleep into the morning; this
behaviour results in a greater light exposure during the phase
delay portion of circadian system (causing people to stay awake
longer) and less light exposure during the phase advance por-
tion of the circadian system (decreasing the tendency to go to
sleep eatlier), leading to an overall circadian delay*. Thus the
late sleep timing of DSWPD patients may both cause and be a
cause of misaligment of the individual’s circadian rhythm with
clock time.

Portugal is recognized as a country with late sleep/wake
habits: 70% of the adult population goes to bed after midnight*
and 17.7% have a reduced sleep duration®, presumably because
of forced timing of waking for work, school, or other reasons.
Some of these individuals would be expected to have DSWPD.
Therefore, we extensively evaluated a clinical population of
DSWPD patients from a Sleep Medicine Center in Portugal.
We documented complaints, comorbidities, socio-demographic
data, and sleep questionnaires, and collected sleep diary, actig-
raphy, melatonin DLLMO and Polysomnography (PSG) type 1
data.

The objectives of this study were: 1) to evaluate DSWPD
in our population and to compare it with similar clinical data; 2)
to document gender differences in DSWPD; 3) to identify pos-
sible subpopulations based on circadian timing and alignment in
the total DSWPD sample.

METHODS

Participants

This was a retrospective analysis of 245 consecutive pa-
tients from one sleep clinic that were diagnosed with DSWPD
according to the ICSD3 criteria' between 2012-2017. A board-
certified sleep physician conducted a clinical interview. Of the
245 patients 83 were climinated: eighteen (18) were shift work-
ers and had delayed sleep due to their work schedule and 65 had
only clinical information. All individuals included in this report
performed at least one objective measurement of diagnosis (ac-
tigraphy, DLMO, and/or PSG) in addition to the clinical intet-
view. Of the final sample of 162 individuals, 21 had only one
objective measure, 77 had at 2 objective measures and 62 had all
the three objective measurements (Figure 1).

Procedures

All individuals had a clinical interview performed by
the same physician who is a neurologist board-certified in
sleep medicine, followed by sleep/activity diary, actimetry and/
or PSG type I measurements. During the clinical evaluation, a
detailed clinical history of the patient was obtained. Questions
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Figure 1. Flowchart of the study.

included: (i) socio-demographic information including age, gen-
der, marital status, employment status, school failure (defined
as at least 1 year of retention), work absenteeismy; (ii) life events
(e.g., traffic accidents, familial conflicts, traumatic events); (iii)
daily habits (e.g.,, meal, sleep and work times); (iv) drug con-
sumptions (e.g., tobacco, alcohol abuse, illicit drugs); (v) other
drugs both prescribed or not prescribed by a physician; (vi)
self-prescribed melatonin consumption; and (vii) co-morbidities
(e.g., depression, anxiety, psychiatric disorders, neurologic dis-
orders, medical disorders, insomnia). All shift workers were ex-
cluded for this study since their work schedule caused changes
in sleep timing,

This is a retrospective study using a clinical anonymized
database; informed consent was not required. The Lisbon Medi-
cal School of the Universidade de Lisboa Ethics Committee and
the Portuguese National Data Protection Board approved the
study.

Measures
Questionnaires

The Epworth Sleepiness Scale (ESS) was used to assess
daytime sleepiness levels and the Pittsburgh Sleep Quality Index
(PSQI) to assess sleep quality. For the ESS results at or above
10 indicate abnormal or pathological sleepiness and results at
ot above 17 indicate sevete sleepiness®. For the PSQI higher
scores represent worse sleep quality; “bad” sleep quality is a to-
tal score > 5%,

Actigraphy and Diary

For 1-2 weeks, patients wore an actimeter and completed
a sleep/wake diary.
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Patients wore the Actiwatch 2 from Philips Respironics
or ActTrust from Condor on the non-dominant wrist. The acti-
graphs were placed, programmed and removed by a sleep tech-
nician. Data were collected in 30-second epochs, for both de-
vices. These devices recorded total light and activity. Sleep and
wake parameters were automatically scored using the manufac-
turer’s software: Actiware 5.59 for Philips Respironics and Act-
Studio v.1.0.5.6 for the Condor actimeters. The Actiware default
algorithm sets the rest interval according to activity data and
detects the major rest intervals of low activity that are longer
than 3 hours®. The ActStudio also uses activity data to identify
sleep/wake states using the ClColeKripke algorithm which was
developed based on the Cole-Kripke wotk”. The sleep wake
timing given by the devices algorithms wete confirmed and/ot
corrected according to participants diary by one of us (CR). The
diary included bed time and wake up time, meals and working
schedules for each day.

Melatonin measurement and analyses

Saliva collections were performed at the patient’s home in a
dim light environment. Blue-wavelength-light blocking glasses were
distributed to patients. Patients were instructed to start using them
2 hours before the first sampling through the last collection. Data
collections were at 3", 2™ and 1™ before bedtime, bedtime and 1h
after regular bedtime. For the extreme late individuals (bedtime after
04h00), collection started at 0:00h and finished at 1h after usual bed-
time. A range of 5 - 10 collections were obtained from patients. Dim
Light Melatonin Onset (DLMO) was calculated using a minimum
threshold of 4pg/ml*.

To quantify circadian alignment, calculation of phase
angle was performed. Phase angle was defined as the time



difference between DLMO time and sleep onset time®. A not-
mal phase angle is -3 hours (with DLMO before sleep time)'>!"!%,
Patients were categorized as aligned if they had a phase angle of
< 3 hours; misaligned was defined as phase angle > 3 hours (i.c.,
DLMO too early) or with a DLMO time after sleep onset time
(i.e., DLMO too late) (Figure 1).

Polysomnography

Overnight polysomnography was performed with one
of the following PSG systems: Alice 5 Respironics; Nicolet Sys-
tem - Viasys Healthcare; Embla N7000; or Domino Somno-
screen Plus - Somnomedics. The recorded parameters included:
electroencephalography (F3-M2, F4-M1, C3-M2, C4-M1, O1-
M2, O2-M1); left and right electrooculogram; submental elec-
tromyogram,; bilateral tibial electromyogram; electrocardiogram;
oronasal airflow with 3-pronged thermistors; nasal pressure
with a pressure transducer; rib cage and abdominal wall motion
via respiratory impedance plethysmography; arterial oxygen sat-
uration with pulse waveform; and digital video and audio. The
sleep period was scored from “lights off” to “lights on,” with
lights off scheduled as close as possible to participant’s normal
sleep schedule. There was a median difference of 6 (139) min-
utes between the timing of the recorded PSG and habitual sleep
time, raging from -210 minutes (after habitual sleep time) to
403 minutes (before the habitual sleep time). Sleep scoring was
by the AASM scoring manual vetsion 2.4 criteria®, the apnea-
hypopnea index (AHI) was used to determine sleep disordered
breathing status, namely Obstructive Sleep Apnea (OSA), using
the following criteria: No OSA: AHI < 5/h; Mild OSA: AHI =
5/h and < 15/h; Moderate = 15/h and < 30/h; Severe OSA:
AHI > 30/h. For Petiodic Limb Movement Disorder (PLMD)
the confirmation criteria established was a frequency of move-
ments >15/h, according to the ICSD3'. The number of sleep
cycles were calculated and each sleep cycle was represented by
the beginning of the first stage of sleep (N1) until the end of
the REM sleep episode™.

We excluded wake time and sleep duration metrics from
the inviduals who asked the sleep technicians to be awakened
in the morning (n=>50) to go to work/school. Also for the two
phenotypes comparison these individuals were excluded.

Statistical Analysis

Absolute frequencies and proportions were used to
summarize categorical variables. Continuous variables were de-
scribed by mean values and standard deviations if data distri-
bution was statistically normal and by median and interquartile
range for non-parametric data. Data statistical normality was
checked using the Kolmogorof-Smirnov test with Liliefors
statistical correction. Differences between gender were statisti-
cally assessed using the Szudent t-test or Mann-Witney test for
continuous variables, according to data distribution, and the
Chi-square test for categorical variables.

All analyses were performed using SPSSv.25.
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RESULTS

Demographic variables

Of the 162 patients, 85 (53%) were males and 77 (47%)
wete females. The median age was 35 (24) years with a range of
16 to 92 years. 81 (53%) were single, 13 (9%) were divorced, 5
(3%) were widowed and 53 (35%) were married or living with a
non-married partner. The educational level was high: 77 (58%)
patients had more than 12 years of education, and 55 (42%)
had =< 12 years of education. Twenty patients (12%) were un-
employed or retired, 44 (27%) were students, and 98 (61%) had
a regular job. Thirty patients (19%) reported a family history of
DSWPD. The mean body mass index (BMI) was 24.1 + 4.0 kg/
m?, ranging from 16.6 to 36.2 kg/m? (Table 1).

Clinical variables

The reported median age for the onset of DSWPD
symptoms was 18 (19) years, ranging from 2 to 82 years. Twenty-
five (15%) patients mentioned some trigger events for DSWPD
onset; triggers included trauma or stress, employment issues, de-
pression and anxiety, menopause, and the need to study in the
university. The disease mean age of onset was significantly later
(p<0.001) for the patients that reported a trigger for the disease.

Emotional variables

Fifty-five subjects (34%) had family conflicts, 9 (6%) had
car accidents, and 22 (16%) had suffered a trauma (e.g; sexual abuse
or death of a close relative). Of the students, 13 (39%) had school
failure and of the workers, 5 (5%) reported frequent absenteeism.

Daily routines

All patients reported sleep onset after 02:00h. 55% of
the patients had irregular routines of work/school, meals ot
exercise, with daily variability ranging from more that 2 hours
of difference between days, with 58% skipping one or several
meals along the day, mostly breakfast or lunch.

Consumption habits

Thirty-one (21%) patients were smokers and 25 (16%)
were alcohol excessive consumers acording to the DCM-5 cri-
teria®?. Seventeen (11%) reported consuming illicit drugs like
cannabis, 70 (50%) reported taking antidepressants, 74 (44%)
hypnotic drugs, and 58 (41%) melatonin.

Comorbidities

Self-reported comorbidities like anxiety and depression
were extremely frequently reported: 96 (59%) reported anxiety,
69 (43%) depression. 37 (23%) other medical non-neurologic
diseases and 24 (15%) neurological diseases.

Insomnia was a frequent complaint: it was reported in
85 (55%).

Associated sleep disorders were diagnosed by the PSG:
19 (12%) suffered from periodic leg movements (PLM) and 25
(16%) from obstructive sleep apnea (OSA) (Table 1).

Sleep Sci. 2019;12(3):203-213
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Table 1. Bascline characteristics by sex.

Total sample Female Male p-value
N 162.0 77.0 (47.5) 85.0 (52.5)
Age, median (interquartile range) 35.5 (24.0) 41.0 (27.0) 32.0 (21.0) ns*
Age gronp, N (%)
16-20 years 16.0 (9.9) 9.0 (56.3) 7.0 (43.8) 0.028"
21-30 years 46.0 (28.6) 13.0 (28.3) 33.0 (71.7)
31-40 years 32.0 (19.9) 15.0 (46.9) 17.0 (53.1)
41-50 years 28.0 (17.4) 18.0 (64.3) 10.0 (35.7)
51-60 years 17.0 (10.6) 11.0 (64.7) 6.0 (35.3)
> 65 years 23.0 (13.7) 11.0 (45.5) 12.0 (54.5)
Age of disease onset, median (interquartile range) 18.0 (19.0) 16.0 (17.0) 20.0 (16.0) ns*
BML, median (interquartile range) 24.1 (5.6) 22.9 (4.6) 24.6 (4.4) 0.007°
Education level, N (%)
< 12 years 55.0 (41.7) 22.0 (40.0) 33.0 (60.0) ns®
> 12 years 77.0 (58.3) 40.0 (51.9) 37.0 (48.1)
Marital status, N (%)
Single 81.0 (53.3) 30.0 (37.0) 51.0 (63.0) 0.034°
Married/consensual union 53.0 (34.9) 33.0 (62.3) 20.0 (37.7)
Divorced 13.0 (8.6) 7.0 (53.8) 6.0 (46.2)
Widowed 5.0 (3.3) 3.0 (60.0) 2.0 (40.0)
Employment status, N (%o)
Student 44.0 (27.2) 16.0 (36.4) 28.0 (63.6) ns®
Employed full-time/part-time 98.0 (60.5) 51.0 (52.0) 47.0 (48.0)
Retited/unemployed 20.0 (12.3) 10.0 (50.0) 10.0 (50.0)
School failure (students), N (%o) 13.0 (29.5) 7.0 (53.8) 6.0 (46.2) < 0.001°
Absenteeism (workers), N (%o) 5.0 (5.2) 4.0 (91.8) 1.0 (8.2) 0.001*
Familial history of DSWPD, N (%) 30.0 (19.4) 14.0 (19.4) 16.0 (19.3) ns®
Accidents, N (%0) 9.0 (5.6) 1.0 (11.1) 8.0 (88.9) 0.036¢
Tranma, N (%0) 22.0 (13.6) 13.0 (59.1) 9.0 (40.9) ns®
Familial conflicts, N (o) 55.0 (34.0) 32.0 (58.2) 23.0 (41.8) 0.052°
Skip major meals, N (%o) 85.0 (58.2) 34.0 (40.0) 51.0 (60.0) nsP
Aleobol abuse, N (%) 25.0 (16.0) 6.0 (24.0) 19.0 (76.0) 0.010°
Smoking consumption, N (%o) 31.0 (21.4) 11.0 (35.5) 20.0 (64.5) nsP
Drug consumption, N (%o) 17.0 (10.7) 4.0 (23.5) 13.0 (76.5) 0.043¢
Awnti-depressive drugs consumption, N (%) 70.0 (49.6) 38.0 (54.3) 32.0 (45.7) ns®
Hypnotic drugs consumption, N (%o) 74.0 (52.5) 34.0 (45.9) 40.0 (54.1) ns®
Melatonin consumption, N (%o) 58.0 (41.4) 26.0 (44.8) 32.0 (55.2) ns’
Comorbidities (self-reported), N (%)
Deptession 69.0 (42.6) 37.0 (53.6) 32.0 (46.4) ns®
Anxiety 96.0 (59.3) 49.0 (51.0) 47.0 (49.0) ns®
Psychiatric disease 81.0 (50.0) 44.0 (54.3) 37.0 (45.7) nsP
Neurologic disease 24.0 (14.9) 15.0 (62.5) 9.0 (37.5) nsP
Medical disease 37.0 (23.3) 14.0 (37.8) 23.0 (62.2) ns®
Insomnia (complaint) 85.0 (54.5) 35.0 (41.2) 50.0 (58.8) ns®
Sleep disease (confirmed by Polysomnaography), N (%o)
Obstructive sleep apnea 25.0 (16.0) 11.0 (44.0) 14.0 (56.0) nsP
Periodic limb movement 19.0 (12.4) 8.0 (42.1) 11.0 (57.9) nsP
Daytime Sleepiness (Epworth Sleepiness Scale), N (%o)
W daytime sleepiness (ESS > 9) 46.0 (41.1) 21.0 (38.2) 25.0 (43.9) ns®
Sleep quality (Pittsburgh Sleep Qnality Index), N (%o)
“Good” (PSQI < 5) 5.0 (5.3) 1.0 (2.2 4.0 (5.3) ns®
“Poor” (PSQIL = 5) 90.0 (94.7) 45.0 (97.8) 45.0 (94.7)

ns=not significant; ‘Mann-Whitney test; "Qui® test; ‘Fisher exact test.
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Questionnaires

Forty-six (41%) patients had excessive sleepiness, with
ESS = 10, and 5 (5%) had poor sleep quality according PSQI
total score = 5.

Actigraphy and Diary

According to diary data, all individuals felt asleep after
02:00h. 13 individuals (8%) had sleep onset after 06:00h, sleep-
ing exclusively during daytime. Get up times were, consequently,
very late, ranging between 06:00h to 17:00h; the sleep latency
also presented a large variability, ranging between 0 to 360 min-
utes. The mean reported total sleep time was around 420 min-
utes, although also with a wide variability, ranging between 120
and 720 minutes.

From the individuals that skip meals, the majority (35)
usually skip breakfast (21%), and 4 (2%) skip breakfirst and
lunch; 9 (5%) skip lunch, and in these cases the breakfast was
arround to 12:00h.

According to actigraphy data, sleep onset time ranged
between 00:09h to 08:10h; get up ranged from 5:55h to 18:08h;
sleep latency ranged from 1 to 191 minutes; sleep efficiency
ranged from 25% to 95%; and total sleep time ranged from 153
to 719 minutes (Table 2).

DLMO

DLMO could be calculated in 106 individuals. Of the
16 people in whom it could not be calculated, 8 were because
all values had very low concentrations (< 0.2 pg/ml) and the
other 8 had very high values (> 20 pg/ml) at the first data col-

Table 2. Baseline characteristics of objective and subjective measures by sex.

Rezs, et al.

lection point. DLMO ranged from 21:02h to 06:30h. The phase
angle between DLMO and scheduled sleep time was calculated
by subtracting DLMO time from the participants’ mean sleep
onset time, and ranged between -3:30h (DLMO after bedtime)
and 9:06h (DLMO before bedtime).

Polysomnography

The mean “lights off” time was 01:50 * 01:19h, rang-
ing from 22:58h to 04:51h; total sleep time ranged from 77
to 639 minutes; the mean time in bed was 440 = 90 minutes,
ranging from 275 to 707 minutes. The values for sleep onset
and get up times ranged from 23:30h to 06:36h and from
07:42h to 12:53h, respectively. The sleep latency ranged from
0 to 374 minutes, and sleep efficiency ranged from 16.7 to
97.4%. The median percentage value for N1 was 8 (7.2)%,
ranging from 1 to 29% and the mean percentage values for
N2, N3 and REM were: N1; N2 53 £ 11% ranging from 26
to 78%; N3 21 £ 10% ranging from 0 to 46%; and REM 18
+ 7% ranging from 5 to 44%. The median Apnea Hypopnea
Index (AHI) was 0.2 (1.3), ranging from 0 to 15.7 per hour,
and the median value for the minimum oxygen saturation
was 91 (6) % ranging from 54 to 97%. The median periodic
limb movement was 1.6 (5.8) per hour, ranging from 0 to 48

PLM per hour (Table 2).

Gender differences

Among the analysed age classes, DSWPD was more
prevalent in men ages 21-30 years and in women in the ages
41-50 years (p=0.028). More men were single and more women

Total sample Female Male p-value®
Diary, median (interquartile range)
Get up time (hh:mm) 10:15 (03:45) 10:37 (04:00) 10:00 (3:17) ns
Sleep onset time (hh:mm) 03:00 (01:33) 03:00 (01:45) 03:00 (1:37) ns
Total sleep time (min.)* 424.0 (119.0) 417.0 (129.0) 431.0 (110.0) ns
Sleep latency (min.) 30.0 (120.0) 52.0 (120.0) 30.0 (120.0) ns
Sleep efficiency (%o) 91.7 (23.5) 91.7 (25.9) 92.0 (22.4) ns
Actigraphy, median (interquartile range)
Get up time (hh:mm) 11:36 (02:16) 11:18 (02:10) 11:44 (02:17) ns
Sleep onset time (hh:mm) 02:58 (02:09) 02:40 (02:04) 03:25 (02:12) ns
Total sleep time (min.)* 407.8 (100.7) 420.2 (110.7) 395.9 (89.7) ns
Sleep latency (min.) 16.4 (23.0) 15.6 (20.1) 19.3 (26.0) ns
Sleep efficiency (%o) 81.7 (15.3) 82.0 (12.8) 81.5 (15.7) ns
DIMO, mean (SD)
Time (hh:mm) 01:22 (02:05) 01:18 (02:08) 01:27 (02:04) ns
Phase angle (hh:mm) 01:45 (02:10) 01:47 (01:59) 01:43 (02:19) ns
PSG, median (interquartile range)
Get up time (hh:mm) 08:38 (01:32) 08:30 (01:00) 08:55 (02:14) ns
Sleep onset time (hh:mm)* 02:31 (01:34) 02:09 (01:23) 02:48 (01:39) ns
Total sleep time (min.)* 331.9 (97.6) 311.0 (135.0) 331.0 (134.0) ns
Sleep latency (min.) 14.0 (37.4) 8.9 (24.1) 16.0 (76.0) ns
Sleep efficiency (%o) 82.1 (23.2) 82.8 (22.9) 80.6 (24.6) ns

#Mean (Standard Deviation); *t- Student or Mann-Whitney; ns=not significant.
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were married (p=0.034). In students, school failure (see section
2.2) was higher for women than men (»<0.001), and in workers,
absenteeism was higher for women then men (»p=0.001). Nei-
ther employment status or family history of DSWPD differed
between genders. Having accidents was significantly higher in
men (89%; p=0.036), while having family conflicts was higher in
women (58%; p=0.052). The consumption of alcohol (76%) and
ilicit drugs (77%) were significantly higher among men, p=0.010
and p=0.043 respectively. The consumption of tobacco, anti-
depressive and hypnotic drugs as well as melatonin was similar
among genders. Among the self and non-self prescribed drugs
or melatonin consumption, no sex differences were found. For
the reported co-morbidities and sleep medicine pathologies
confirmed by PSG, no differences were found between genders.
There were no gender difference in the diary and actig-
raphy metrics, PSG parameters, DLMO time, or phase angle.

DSWPD phenotypes

We combined the two misaligned groups (phase-angle
> 3 hours or DLMO after sleep onset time) (Figure 1), since
the only difference that exists between groups for all the anal-
ysed variables (clinical, demographical, etc) was for DLMO time
(»p<0.001), being the group with later bedtime the group with
DLMO after sleep time with a mean time of 03:52%+1:25h, rang-
ing from 01:34h to 06:19h . For the two groups aligned and
misaligned, the DLMO time was significantly eatlier for the mis-
aligned group (Table 3). The only clinical variable that was sta-
tistically different between groups was traumatic events, being
more prevalent in the misaligned group. The misaligned group
had earlier sleep onset time (p=0.046), longer total sleep time
(»p=0.035) and more sleep cycles(p=0.018) (Table 4).

DISCUSSION

Late types are common in Portugal and this is well rep-
resented by the dimension of this cohort, since it is composed
by patients from a private sleep clinic/center from a small south
European country, reporting from 5 years of appointments.
In 2002, a cross-sectional survey was conducted in 10 differ-
ent countries”; Portugal and Spain were the countties with later
sleep timing, although respondents from Portugal reported also
to have more “delayed sleep induction” and the reported sleep
timing was the same for both countries (midnight) even though
Portugal follows Greenwich time and Spain follows European
Central Time, which is one hour eatlier. A populational study,
preferently complemented with objective sleep measures, is
needed so that it can be possible to understand if Portugal is
indead a country of late sleep habits.

DSWPD diagnosis has been previously documented
to be an average of approximately 19 year following onset in
adolescence, and chronic DSWPD patients may experience
symptoms beyond 60 years of age”. In our sample, we have
individuals reaching 92 years of age and with late reported
ages of disease onset. One explanation might be the presence
of trigger events, since individuals reporting trigger events for
their disease onset present with a higher age of disease onset,
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another possible explanation is a change in habits after retire-
ment which could mask or impact upon the tendency to earlier
chronotypes in the elderly. While DSWPD is described as being
more prevalent in young adults!, in our cohort this was only true
for men. However, since we have more women in the age group
of 41-50 years, this might be telated to social/cultural features,
since active women tend to stay up at late night taking care of
the house affairs, which in Portugal is still a work performed
mainly by women, although more men have begun to participate
in patenting®. In an epidemiological study petformed in Not-
way with adolescents, DSWPD was more prevalent in women,
in our clinical sample we had only slightly higher proportion of
men™. This gender difference was also obsetved in a Australian
study’. Gender differences were particulatly relevant to traffic
accidents, alcohol abuse and ilicit drug consumption. Consump-
tions in the general population are present in both genders al-
though alcohol consumption® is still more prevalent among
men as well as drug consumption®. For traffic accidents, the
risk also is significantly higher among men”. So the gender dif-
ferences in accidents and consumptions are likely not be related
to DSWPD. In this study, DSWPD is more prevalent in young
men and in midle age women, and that there are no relevant
overall differences between genders.

Of note in this clinical sample was the fact that many of
patients that came to the clinic were already taking many pre-
scribed and non-prescribed drugs like hypnotics, anti-depressive
medications, and melatonin. The hopelessness of being able to
initiate sleep at the social conventional times, may lead individu-
als to use medications to initiate sleep (personal communica-
tion), this is something that should be further investigated. An
alternative mechanism might be the relative lack of knowledge
among general practitioners about DSWPD pathology and the
similarities of DSWPD with insomnia complaints. Better knowl-
edge dissemination of the disease is needed among physicians.

Two different phenotypes of DSWPD were also present

>4 one in circa-

in this clinical population like in other studies
dian alighment with their internal biological time and another
misaligned. The proportion between them was similar to other
studies of DSWPD, supporting the evidence that there are two
different types of DSWPD patients. Some caution is however
required because definitions of DSWPD may differ between
studies. For example,in Murray et al.® participants were classi-
fied into phenotype groups based on the relationship between
DLMO and desired bedtime, and in our study participants were
classified based in the relationship between DLMO and sleep
diary time.

In this group of DSWPD patients, half of the sample
reported a psychiatric disease, mainly depression and anxiety.
There was no difference between genders for depression and
DSWPD. Depression is also present in other DSWPD popula-
tions™, although in our sample, depression is less prevalent and
is not significantly associated with patients that were in their
aligned internal aligned phase, like in the Murray et al study’. In
our cohort the circadian misaligned group also reported depres-

sion. These data suggest that depressive symptoms might be
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Table 3. Baseline characteristics by DSWPD phenotype (citcadian misaligned and circadian aligned).

Circadian misaligned Circadian aligned p-value

N (%) 43.0 (40.6) 63.0 (59.4)
Age, median (interquartile range) 35.0 (26.0) 36.0 (21.0) ns*
Age gronps, N (%o)

16-20 years 3.0 (23.1) 10.0 (76.9) ns®

21-30 years 14.0 (50.0) 14.0 (50.0)

31-40 years 7.0 (29.2) 17.0 (70.8)

41-50 years 7.0 (38.9) 11.0 (61.1)

51-60 years 6.0 (66.7) 3.0 (33.3)

2 05 years 6.0 (42.9) 8.0 (57.1)
Female | Male, N (%o) 20.0 (39.2) / 23.0 (41.8) 31.0 (60.8) / 32.0 (58.2) ns®
Age of disease onset, median (interquartile range) 16.0 (20.0) 16.0 (13.0) ns*
BMI, median (interquartile range) 23.9 (3.4) 24.0 (4.6) ns*
Eduncation level, N (%)
<12 years / > 12 years 10.0 (27.8) / 21.0 (43.8) 26.0 (72.2) / 27.0 (56.3) nsP
Marital status, N (%o)
Single 22.0 (41.5) 31.0 (58.5) ns®
Married/consensual union 15.0 (39.5) 23.0 (60.5)
Divorced 3.0 (42.9) 4.0 (57.1)
Widowed 0.0 (0.0) 2.0 (100.0)
Employment status, N (o)
Student 7.0 (24.1) 22.0 (75.9) ns®
Employed full-time/part-time 31.0 (47.0) 35.0 (53.0)
Retired/unemployed 5.0 (45.5) 6.0 (54.5)
Scholar failure (students), N (%o) 2.0 (28.6) 5.0 (71.4) ns®
Absenteeism (workers) , N (%o) 1.0 (25.0) 3.0 (75.0) ns®
Familial bistory of DSWPD, N (%o) 8.0 (38.1) 13.0 (61.9) N*
Traffic accidents, N (%o) 3.0 (37.5) 5.0 (62.5) ns®
Traunmatic events, N (%0) 10.0 (66.7) 5.0 (33.3) 0.026¢
Familial conflicts, N (%) 13.0 (35.1) 24.0 (64.9) ns®
Jump major nreals, N (%) 19.0 (34.5) 36.0 (65.5) ns®
Aleohol abuse, N (%o) 5.0 (41.7) 7.0 (58.3) ns®
Smoking consumption, N (o) 5.0 (33.3) 10.0 (66.7) ns®
Drug consumption, N (%o) 2.0 (25.0) 6.0 (75.0) ns
Abnti-depressive drugs consumption, N (%o) 19.0 (42.2) 26.0 (57.8) ns®
Hypnotic drugs consumption, N (%o) 21.0 (43.8) 27.0 (56.3) nsP
Melatonin consumption, N (%o) 17.0 (35.4) 31.0 (64.6) nsP
Comorbidities (self-reported), N (%)
Depression 15.0 (36.6) 26.0 (63.4) ns®
Anxiety 22.0 (36.7) 38.0 (63.3) ns®
Psychiatric disease 18.0 (34.0) 35.0 (66.0) ns®
Neurologic disease 7.0 (38.9) 11.0 (61.1) ns
Medical disease 7.0 (35.0) 13.0 (65.0) ns®
Insomnia (complaint) 20 (39.2) 31.0 (60.8) ns’
Sleep disease (confirmed by Polysomnography), N (%)
Obstructive sleep apnea 5.0 (33.3) 10.0 (66.7) ns®
Periodic limb movement 6.0 (31.6) 13.0 (68.4) ns®
Daytime Slecpiness (Epworth Sleepiness Scale), N (%o)
W/ daytime sleepiness (ESS > 9) 15.0 (50.0) 15.0 (50.0) ns®
Sleep quality (Pittsburgh Sleep Quality Index), N (%o)
“Good” / “Poor” 0.0 (0.0 / 22.0 (40.7) 3.0 (100.0) / 32.0 (59.3) ns*
DIMO time, median (interquartile range) 23:41 (3:57) 01:45 (2:16) <0.001*

ns=not significant; "Mann-Whitney test; "Qui” test, ‘Fisher exact test.
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Table 4. Polysomnographic data by DSWPD phenotype (circadian misaligned and circadian aligned).

Circadian misaligned Circadian aligned p-value®
N 23.0 23.0
Sleep stages, median (interquartile range))
Sleep onset (hours) * 02:16 (1:15) 03:06 (1:30) 0.046
Sleep offset (hours) 08:30 (1:33) 8:39 (1:05) ns
Total sleep time (min.) * 350.9 (91.8) 296.4 (77.1) 0.035
Sleep latency (min.) 8.8 (21.5) 14.0 (76.5) ns
REM latency (min.) 114.0 (71.8) 118.3 (82.4) ns
Sleep efficiency (%) 87.0 (13.8) 72.9 (27.7) 0.020
% Stage 1 7.4 (3.6) 8.3 (8.1) ns
% Stage 2 # 55.6 (8.2) 53.1 (12.8) ns
% Stage 3 * 20.8 (10.1) 229 (9.5) ns
Stage REM 15.2 (7.3) 15.4 (7.6) ns
AHI (h™) 0.2 (0.8) 0.2 (1.6) ns
N. of sleep cycles 3.0 (2.0 3.0 (1.0) 0.022
More Stage 3 sleep in the 1" half of the
sleep period, N (%)
Yes 20.0 (47.6) 22.0 (52.4) ns®
No 3.0 (75.0) 1.0 (25.0)
More Stage REM sleep in the 2" half of
the sleep period, N (%)
Yes N (%) 21.0 (52.5) 19.0 (47.5) ns*
No N (%) 1.0 (50.0) 1.0 (50.0)
Absence of REM 1.0 (25.0) 3.0 (75.0)
Last cycle ends in. .., N (%):
NREM 10.0 (43.5) 13.0 (56.5) ns°
REM 13.0 (56.5) 10.0 (43.5)

#Mean (Standard Deviation); *t- Student or Mann-Whitney test, according to data distribution; ns: not significant.

"Fisher exact test; “Qui? test

more linked to the timing of light exposure like reported in the
literature, that the biological lateness by itself, since depressive
symptoms are present in both groups, in late circadian align-
ment or misaligned (eatly DLMO/biological phase)*'**%.

Traumatic events like the death of relatives or sexual
abuse, ate reported as precipitating factors for DSWPD!, this was
patticularly relevant in the misaligned group, suggesting that in
the etiology of this group, the behavioural component might be
stronger than the circadian component; another possibility is a
noxa of traumatic event upon the circadian system.

Our PSG results were in accordance to previous studies
whete the sleep macrostructute is preserved'**!!. Howevet, in
the circadian-aligned group there were some individuals that had
absence of REM sleep; this could be related to their short sleep
duration. In the misaligned group, 3 individuals had an inversion
in their sleep macroestructure, having more Stage 3 sleep in the
second half of the sleep period, this suggests that this group
potencially presents a higher sleep macrostructure disorganiza-
tion with disturbance in the homeostatic drive. Further studies
need to be performed concerning PSG for the two groups.

There are some limitations to our study. First, the fact
diary, actigraphy, and saliva collection for DLMO measurements
were performed at home and relied on patients accuracy, es-
pecially for melatonin measurement. The DLMO timing that
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were not possible to calculate might be related to problems with
collection procedures. Second, since 88% of the patients are
workers or students, many of them asked to be awakened also in
the morning of the PSG measurement in order to comply with
their working commitments, shortening their sleep period. Oth-
ers might have been awakened during the morning by the fact
that the sleep clinic starts to receive patients for appoinments
around 8:00h and they might have perceived some movement
in the clinic awakening them. Objective measurements collec-
tion were performed when patients were having their usual daily
routines. Third, two different actimetry devices were used’; this
is a limitation sometimes present when analyzing retrospective
data. Therefore, to minimize discrepancy errors, sleep bouts
data were confirmed with each individuals diary data. Fourth,
healthy volunteeers were not included as a comparison group,
because the primary aims of the study was to characterize a
clinical sample of DSWPD and to assess melatonin rhythm
phase comparing clinical characteristics of DSWPD patients
with and without circadian misalighment. Finally, this study
was conducted only with individuals from Portugal, which has
a societal customs that promote activities late in the day/night.
Future work should be conducted in other developed and in
underdeveloped with different societal customs/norms about
timing of social activities.



More experimental prospective epidemiological studies
are needed to asess an accurate prevalence value for DSWPD,
and to closely analyse the differences between the two circadian
types of individuals diagnosed with DSWPD. There are differ-
ent types of DSWPD; one type has a delayed biological night
relative to their sleep timing (i.c., circadian misaligned), while
others have a “normal” biological night (DLMO) aligned with
the light/datk cycle although with a late sleep time (i.e., citcadi-
an aligned), suggesting that these patients might have a problem
in the homeostatic process (Process S) and not in the circadian
process (Process C)** as suggested by Micic et al”. Depression is
prevalent in both groups. In this clinical population, DSWPD
is more prevalent in young men and in middle age woman, al-
though with no overall significant differences between genders.
It is still imperative to achieve a better definition, clarification,
classification and diagnostic criteria of these patients. Differ-
ential therapeutical intervention should also be considered and
tested for both phenotypes.
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