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Study Objectives: Patients with circadian rhythm sleep disorders (CRSDs) often have coincidence of orthostatic dysregulation (OD). Both disorders have 
many common clinical features. However, the prevalence of OD in patients with CRSD has not been examined.
Methods: Thirty-eight patients with CRSD with either delayed sleep phase disorder or free-running disorder were tested for OD using the new orthostatic 
test, which was originally established by Tanaka et al. (< 20 years) and the Schellong test, i.e., the active standing test (≥ 20 years).
Results: The overall prevalence of OD in patients with CRSD was 57.9% (22/38), and prevalence of OD was 70% in patients under 20 years of age (14/20). 
These rates exceed the previously reported values in adolescents aged 14–15 years (15%), regarded as the age with highest OD prevalence. Prevalence was 
not significantly associated with CRSD severity and medications used.
Conclusions: We observed a high prevalence of OD in patients with CRSD, suggesting some relationship between CRSD and OD. Large-scale case-control 
studies are warranted to investigate the underlying mechanisms for this comorbidity.
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INTRODUCTION

Circadian rhythm sleep disorders (CRSDs) are characterized 
by persistent or recurrent patterns of sleep disturbance pri
marily caused by alterations in the circadian timing system or 
misalignment between the endogenous circadian rhythm and 
external schedules. CRSD is associated with impairments in 
social, occupational, and other areas of functioning.1 Delayed 
sleep phase disorder (DSPD) is the most common CRSD diag
nosis (excluding shift work disorder and jet lag disorder), with 
a prevalence of 0.1% to 0.4%.2,3 DSPD is more common among 
adolescents and young adults. Many of these schoolage pa
tients often have school refusal; sometimes it is difficult to dis
tinguish clinically whether school refusal is a cause or a result 
of the circadian rhythm disturbance. Previous studies reported 
that the nadir of core body temperature (CBT) was markedly 
delayed, and that the amplitude of circadian CBT rhythm was 
significantly smaller in subjects with school refusal behavior 
than in healthy controls.4,5 These observations suggest that the 
clinical psychosomatic symptoms often observed in patients 
with school refusal behavior are related to the desynchroniza
tion of the circadian rhythm of body temperature and sleep
wake rhythm.4,5

It is our clinical experience that patients with CRSD often 
have a diagnosis of orthostatic dysregulation (OD), a functional 
physical disorder with an impairment of circulatory adjustment 
against gravitational stress because of dysregulation of the au
tonomic nervous system.6,7 OD is common in adolescents and 
often affected by psychosocial factors; therefore, it is regarded 
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as a psychosomatic disorder. The characteristics of OD among 
adults, alternatively named as orthostatic intolerance (OI) in 
America and Europe, has not been as clearly defined as those 
of OD among children.8,9 It was reported that more than half of 
the Japanese children with symptoms of OD had school refusal 
behavior, and conversely 30% to 40% of children with school 
refusal behavior had OD.7,10 In addition, approximately 50% of 
children with OD had disturbed sleepwake patterns and were 
unable to get up until noon, but they usually recovered their 
vigor in the evening; these symptoms could seriously impair 
multiple areas of functioning and quality of life.7

Interestingly, CRSD and OD have many common clinical 
features. The sleepwake pattern is usually disrupted to vary
ing degrees in children with OD, while patients with CRSD 
often complain of somatic symptoms such as headache, fa
tigue, nausea, and abdominal pain. Melatonin, which has a 
property of circadian rhythm modulation, has been reported 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Circadian rhythm sleep 
disorders (CRSDs) and orthostatic dysregulation (OD) have many 
common clinical characteristics, including association with school 
refusal of adolescence. However, the prevalence of OD in patients 
with CRSD has not been examined.
Study Impact: The overall prevalence of OD in patients with 
CRSD was 57.9%, and prevalence of OD was 70% in those aged 
under 20 years. This result suggests some relationship between 
CRSD and OD.
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to be effective for both CRSD11,12 and OD.6 We hypothesized 
that the pathophysiology of OD is closely related to that of 
CRSD, specifically internal desynchronization of circadian 
rhythms. Hence, one would expect high rates of comorbidity, 
but the prevalence of OD in patients with CRSD has not been 
examined. In this study, we performed orthostatic testing in 
both adolescent and adult patients with CRSD to determine the 
prevalence of OD.

METHODS

Patients
Consecutive patients with CRSD treated at the sleep clinic in 
the Department of Psychiatry, Fujita Health University Hos
pital (Aichi, Japan), from April 2011 to September 2011 were 
included in this study. Inclusion criteria were as follows: (1) 
patients who met the International Classification of Sleep Dis
orders, Second Edition (ICSD2) diagnostic criteria for CRSD 
(delayed sleep phase disorder: DSPD or freerunning disorder: 
FRD) according to at least two physicians, including patients 
whose symptoms had improved after treatment, (2) patients 
who were able to provide informed consent (in the case of a 
minor, the consent was provided by both the patient and one 
of his/her parents), and (3) patients who were able to undergo 
an orthostatic test (described below). Patients with any ongo
ing treatments or comorbid psychiatric conditions were also 
included. Patients who took psychotropic drugs with alpha
adrenergic receptor action (antipsychotics, except drugs such 
as sulpiride, tricyclic or tetracyclic antidepressants, and trazo
done) or those who had other disorders that could cause similar 
clinical symptoms of orthostatic intolerance (such as hypo/hy
perthyroidism, brain tumors, iron deficiency anemia, Addison 
disease, cardiomyopathy, and primary pulmonary hyperten
sion) were excluded from the study.

This study was approved by the Ethics Committee of the 
Fujita Health University, and all participants gave their verbal 
and written informed consent before participation.

Measures
Patients were given different orthostatic tests depending on 
their age. We applied the Schellong test, i.e., the active stand
ing test for the adult patients (≥ 20 years), and the new ortho
static test (described below), for the adolescent patients (< 20 
years).7 We evaluated the state of sleep phase during the inves
tigation using the severity level criteria for delayed sleep phase 
syndrome (DSPS) devised by Ohta et al.13 We also confirmed 
the use of medications (vitamin B12, GABAergic agents [such 
as benzodiazepines and nonbenzodiazepine hypnotics], and 
ramelteon). We performed the OD test when the patient came 
for a routine medical examination.

Test Protocol for OD
The protocol for the new orthostatic test established by Tanaka 
et al.6,7 for use in adolescents was as follows: (1) Rest for 10 
min in the supine position. Put a manometer cuff on the arm. A 
stethoscope should be fixed on the arm around the brachial ar
tery. (2) Measure blood pressure and heart rate 3 times after a 

10-min rest. Determine and record the middle value. (3) Inflate 
the air to the cuff at the level of the middle value of systolic 
blood pressure and pinch a rubber tube of the manometer by a 
clamp in order not to deflate. Use a stethoscope and hear the 
Korotkoff sounds of the brachial artery, which you can hear 
very slightly if the instructions have been correctly followed. 
(4) Tell the child to stand up actively and start measurement us
ing a stopwatch while listening using a stethoscope. (5) At the 
beginning of standing, the Korotkoff sounds disappear once, 
and then appear again (after 17 s in average). Stop the stop
watch. The time (s) displayed on the stopwatch corresponds to 
the recovery time of blood pressure. (6) Take off the clamp and 
deflate the cuff. (7) Measure blood pressure and heart rate by 
conventional method at 1, 3, 5, 7, and 10 min.

The convention Schellong test14 employed for adults fol
lowed the same procedure as the new orthostatic test, except 
that steps 3 and 5 were omitted and we measured blood pres
sure immediately after standing.

Evaluation of OD
In the adolescent patients, we diagnosed OD when test results 
matched the diagnostic criteria for one of the following four 
OD subcategories established by the Japanese Society of Psy
chosomatic Pediatrics7: (1) instantaneous orthostatic hypoten
sion (INOH), (2) postural tachycardia syndrome (POTS), (3) 
neurally mediated syncope (NMS), and (4) delayed orthostatic 
hypotension (delayed OH). Adult patients were diagnosed with 
one of the following 3 OD subcategories based on the diagnos
tic criteria of the American Autonomic Society15–17: (1) ortho
static hypotension (OH), (2) POTS, and (3) NMS. A flowchart 
of the subtype categorization is shown in Figure 1.

If a patient was previously diagnosed with OD by either the 
new orthostatic test or the conventional Schellong test, they 
were considered as positive.

Severity Level Criteria for DSPS
The severity of DSPD was determined using the severity level 
criteria for delayed sleep phase syndrome (DSPS; an alternative 
name of DSPD) devised by Ohta et al.,13 which categorizes the 
severity by the extent of the sleep phase delay according to sleep 
onset and sleep offset times. Both sleep onset and sleep offset 
times were scored using standardized procedures. For sleep on
set time, the scale was as follows: (1) 0 point if the patient could 
fall asleep before 00:00, (2) 1 point if the patient could fall asleep 
between 00:00 and 2:00, (3) 2 points if the patient could fall 
asleep between 02:00 and 04:00, and (4) 3 points if the patient 
could fall asleep after 04:00. For sleep offset time, the scale was 
as follows: (1) 0 points if the patient was able to wake up before 
08:00, (2) 1 point if the patient was able to wake up between 
08:00 and 09:00, (3) 2 points if the patient was able to wake 
up between 09:00 and 10:00, and (4) 3 points if the patient was 
able to wake up after 10:00. The severity of DSPS was then de
termined by adding the scores for the sleep onset and sleep off
set times; a total score of 0–1 points represented remission; 2–3 
points, a mild disease state; 4–5 points, a moderate disease state; 
and 6 points, a severe disease state. In patients with FRD, the 
state was considered to be severe if the sleepwake rhythm was 
freerunning, regardless of sleep onset and sleep offset times.



1473 Journal of Clinical Sleep Medicine, Vol. 12, No. 11, 2016

A Tsuchiya, T Kitajima, S Tomita et al. Comorbid Orthostatic Dysregulation in CRSD

Statistical Analysis
The χ2 test or Fisher exact test was used to assess the relation
ships between the presence of OD and each potentially associ
ated factor (CRSD disease severity and medications used). We 
divided patients into the following group pairs and compared 
OD prevalence: CRSD severity total score of 0–3 points (“re
mission” to “mild disease state”) vs. total score of 4–6 points 
(“moderate disease state” to “severe disease state”) and use vs. 
nonuse of vitamin B12, GABAergic agents (benzodiazepines 
and nonbenzodiazepine hypnotics), or ramelteon. We used the 
JMP 8.0.1J software package (SAS Institute Japan, Tokyo, Ja
pan) for all statistical analyses. A p value < 0.05 was regarded 
as statistically significant. We did not correct for multiple test
ing because of the explorative nature of this study.

RESULTS

Patient Demographics and CRSD Status
Subject demographics are summarized in Table 1 and statis
tical tests in Table 2. Thirtyeight patients (23 male and 15 
female, aged between 12 and 50 years, 20 adolescents and 18 
adults) with CRSD (34 DSPD and 4 FRD) were included in this 
study. Males outnumbered females in the total cohort as well 
as in both adolescent (< 20 years) and adult (≥ 20 years) groups. 
The mean DSPS severity level criteria score did not differ 

significantly between age groups. A total of 19 patients took 
no medications. Fifteen patients were currently taking medi
cations to aid sleep, including vitamin B12, benzodiazepines 
or nonbenzodiazepines (zolpidem, zopiclone), and ramelteon 
(with some overlap).

Prevalence of OD
A total of 57.9% (22/38), of patients had OD according to the 
orthostatic test; 70% (14/20) of patients in the adolescent group 
were found to be positive for OD by the new orthostatic test, 
and 44.4% (8/18) adults were positive by the Schellong test. 
The results of the OD subtypes were showed on Table 1. There 
was no significant difference in OD prevalence between males 
and females (p = 0.8317: χ2 test).

Associations of OD Prevalence with CRSD Severity 
and Sleep Aid Use
There was no relationship between CRSD disease severity and 
OD risk because 42.9% of patients with CRSD with mild se
verity (severity level of 0 or 1) had OD compared with 60.0% 
(12/20) of patients with CRSD with a high severity (severity 
level of 2 or 3; p = 0.3236: χ2 test). There was no relationship 
between medications and OD prevalence because 42.1% (8/19) 
of patients with CRSD, with some kind of drug use, had OD 
compared with 68.4% (13/19) of patients with CRSD who took 
no medications (p = 0.3245; χ2 test). There was no significant 

Figure 1—Flowchart of categorization. 

The diagram on the left adapted from Tanaka et al.7 shows the classification of orthostatic dysregulation (OD) subcategory in adolescent patients (< 20 years) 
according to the results of the new orthostatic test (modified Schellong test). The right panel shows the OD subcategory classification of the adult patients 
(≥ 20 years) by the conventional Schellong test. BP, blood pressure; SBP, systolic blood pressure; HR, heart rate; DBP, diastolic blood pressure. INOH, 
instantaneous orthostatic hypotension; POTS, postural tachycardia syndrome; delayed OH, delayed orthostatic hypotension; NMS, neurally mediated 
syncope; OH, orthostatic hypotension.
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difference in OD prevalence between users and nonusers 
of the 3 types of sleep aid medications (Table 2: vitamin 
B12, p = 1.0000; GABAergic agents, p = 0.1083; ramelteon, 
p = 0.6318: Fisher exact test).

DISCUSSION

A high prevalence of OD was observed among patients with 
CRSD in this study. The prevalence of OD in the general 
population is currently unknown, but Japanese studies have 
reported that OD prevalence peaks at 15% in adolescents 
aged 14–15 years.7,18 According to a largescale investigation 
performed by the Japanese Ministry of Welfare and Labor in 

1999, OD is one of the most common disorders treated in pe
diatric clinics, with a prevalence of 8.5% of outpatients aged 
10–15 years.7 In this study, the prevalence of OD in patients 
with CRSD under 20 years of age was even higher than that 
documented in adolescents aged 14–15 years, thereby strongly 
suggesting enhanced OD prevalence among patients with 
CRSD. The prevalence of OD in the general adult popula
tion using criteria of the American Autonomic Society has 
not been reported; however, it is thought that OD prevalence 
in adults is lower than that in adolescence. Nonetheless, the 
prevalence of OD in adults with CRSD was also higher than 
that in adolescents aged 14–15 years, supporting substantially 
higher OD prevalence in adult patients with CRSD than in 
general adult population. In this study, the prevalence of OD 

Table 1—Study population demographics by age.
Total (n = 38) Adolescents < 20 Years (n = 20) Adult ≥ 20 Years (n = 18)

 Gender
 Male 23 12 11
 Female 15 8 7

 Severity Level Criteria for DSPS (score) 3.2 ± 2.2 3.0 ± 2.0 3.4 ± 2.4
 Drugs

 None 23 14 9
 Vitamine B12 10 4 6
 GABAergic agents 7 2 5
 Ramelteon 5 1 4

 Result of the orthostatic test
 Positive, n (%) 22 (57.9) 14 (70.0) 8 (44.4)

 Subtype of OD
 INOH 9 –
 OH – 5
 POTS 3 3
 Delayed OH 0 –
 NMS 0 0
 Unknown 2 0

Data are reported as n (%) or mean ± standard deviation. BZP, benzodiazepines; NBZP, non-benzodiazepines (GABA receptor derivatives); INOH, 
instantaneous orthostatic hypotension; OH, orthostatic hypotension; POTS, postural tachycardia syndrome; delayed OH, delayed orthostatic hypotension; 
NMS, neurally mediated syncope.

Table 2—Relations of the standing test result and patient characteristic.
Total (n = 38) Positive (n = 22) Negative (n = 16) p value

 Age
 < 20 years 20 14 6
 ≥ 20 years 18 8 10

 Gender 0.8317 a

 Male 23 13 10
 Female 15 9 6

 Severity Level Criteria for DSPS 0.3236 a

 Severity level 0–1 14 6 8
 Severity level 2–3 20 12 8

 Drugs
 Vitamine B12 10 6 4 1.0000 b

 GABAergic agents 7 2 5 0.1083 b

 Ramelteon 5 2 3 0.6318 b

Data are reported as n or mean ± standard deviation. a chi-square test; b Fisher’s exact test.
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was nominally higher in patients with CRSD under 20 years 
of age than in adult patients with CRSD; however, a direct 
comparison cannot be made because of the difference in test 
protocols and diagnostic criteria.

Despite this high rate of comorbidity, there was no asso
ciation between OD prevalence and CRSD severity. The most 
parsimonious explanation is that patients with CRSD have an 
intrinsic autonomic vulnerability to OD unrelated to the tem
poral sleep phase or to internal desynchronization. Another 
possible explanation is that the severity criteria that we used in 
this study did not reflect the degree of internal desynchroniza
tion. However, it is difficult to discuss these factors only from 
the results of this study.

Patients who consumed agents acting on alphaadrenergic 
receptors were excluded from this study because these agents 
may affect the orthostatic test, whereas patients who took other 
medications to aid sleep (vitamin B12, GABAergic agents, and 
ramelteon) were included. Previous studies reported that diaz
epam and melatonin reduced muscle sympathetic nerve activ
ity and affected the regulation of blood pressure19,20; therefore, 
it is conceivable that these drugs may interfere with the results 
of the orthostatic test. However, as there was no significant 
difference in OD prevalence between users and nonusers, the 
interference of the drugs with the results of the orthostatic test 
appeared unlikely.

Miura et al. compared the prevalence of OD among healthy 
young women classified as “morning,” “evening,” or “interme
diate” type on the morningness−eveningness questionnaire 
(MEQ) and found that OD was significantly more common in 
the evening type (50%) than in the intermediate and morning 
types (13% and 11%, respectively).21 It was suggested that a 
circadian rhythm disturbance may be related to OD, and our 
finding that approximately half of the patients with CRSD met 
the OD criteria supports this notion.

A possible pathophysiological relationship between these 
two conditions should be discussed. A large arterial pressure 
drop after active standing occurs in OH, whereas POTS in
volves marked tachycardia during upright posture without ob
vious hypotension.7,15–17 One possible explanation may be that 
these abnormal cardiovascular responses and distress might 
simply make it difficult for subjects to arise in the morning, 
resulting in a delay in the sleep phase and internal circadian 
rhythm. However, this cannot explain the entire pathophysi
ology of CRSD because a substantial population of patients 
with CRSD did not have OD. Another explanation may be that 
CRSD and OD share some common pathophysiology. OD oc
curs when mechanisms for the regulation of orthostatic BP 
control fails. Such regulation depends on baroreflexes, normal 
blood volume, and defenses against excessive venous pool
ing.6,15 On the other hand, there have been several evidence 
suggesting a relationship between circadian rhythm and car
diac autonomic control.22,23 Therefore, disturbance in circadian 
regulation may result in both sleepwake disturbance and OD. 
One more possibility may be that the occurrence of OD in a 
patient with CRSD is a presentation of a mere shift in the tim
ing of normal orthostatic responses in CRSD, not a qualitative 
difference or pathological failure in the mechanisms of ortho
static regulation. It is unknown whether normal people display 

orthostatic intolerance very early in the morning. In addition, 
we did not examine the impact of the time of the day on testing 
in any identical patient in this study; we are, therefore, unable 
to comment on this further. However, we consider that, at least, 
the fact that there was orthostatic intolerance during normal 
activity time in many patients with CRSD highlights a link of 
definite clinical significance. Alternatively, we could consider 
that the shift in the timing of orthostatic responses itself might 
have a pathophysiological meaning. Either way, the underlying 
mechanisms for this comorbidity remain unclear, and the clini
cal value of finding OD in patients with CRSD as a new target 
for therapeutic intervention can also be pursued.

This study has several limitations. The small sample size 
might have affected the results. We did not enroll a control 
group for the direct comparison of prevalence using the same 
diagnostic method; therefore, we did not conduct a statistical 
comparison nor did we calculate the required sample size. Ad
ditionally, this study was performed at our specialized sleep 
clinic with many refractory cases; therefore, there might be 
sampling bias. A properly designed casecontrol study, ad
justing for confounding factors (i.e., age, sex, physical con
stitution, and related clinical features), will be needed in the 
future. However, in simple comparison with the OD preva
lence in the generation of the peak, the prevalence in patients 
with CRSD was clearly high. Thus, we believe that our study 
has definite value reporting firstly that OD prevalence in pa
tients with CRSD was markedly higher than that in the general 
population. As for measuring of OD, the reliability between 
the assessors of OD has not been fully established, and this 
may need to be examined in the future. Japanese guidelines 
indicate that orthostatic testing should be performed during 
the morning because the test often results in false negatives if 
performed during the afternoon.6 However, in this study, we 
performed the test when the patient came for a routine medical 
examination, which included tests performed in the afternoon 
as well. Thus, the OD prevalence in this study might actually 
be underestimated, further suggesting a strong link between 
CRSD and OD.

CONCLUSIONS

The prevalence of OD as assessed by the new orthostatic test 
or the Schellong test was higher in patients with CRSD than in 
the general population (57.9% vs. < 15%) and was even higher 
in patients with CRSD under 20 years (70%). The probabil
ity of OD was statistically unrelated to the present severity of 
CRSD or sleep aid use. These findings suggest some relation
ship between CRSD and OD and warrant largescale casecon
trol studies to confirm this finding and investigate its possible 
pathophysiological link.

ABBRE VI ATIONS

CBT, core body temperature
CRSDs, circadian rhythm sleep disorders
DSPD, delayed sleep phase disorder
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DSPS, delayed sleep phase syndrome
ICSD, International Classification of Sleep Disorders
INOH, instantaneous orthostatic hypotension
MEQ, morningness−eveningness questionnaire
NMS, neurally mediated syncope
OD, orthostatic dysregulation
OH, orthostatic hypotension 
OI, orthostatic intolerance
POTS, postural tachycardia syndrome
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