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Of 67 patients who met inclusion criteria and agreed to participate in the study,
34 were randomized to receive placebo and 33 to receive ramelteon.

butnone were discharged within 48 hours after admission. One
patient in the placebo group discontinued the study drug ow-
ing to worsening of pneumonia, which was the admitting di-
agnosis. Six patients (18%) in the placebo group and 8 (24%)
in the ramelteon group discontinued the study drug without
delirium before 7 days. No significant difference in rate was
seen between groups (P = .56). Delirium occurred in 11 pa-
tients in the placebo group and 1 patient in the ramelteon group.
Figure 2 shows scattergrams of the highest total DRS-R98 score
in each patient. Two patients with dementia in the placebo
group with scores of 17 and 19 did not have a diagnosis of de-
lirium according to the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition).* Ramelteon was associ-
ated with a lower risk of delirium (3% vs 32%; P = .003), with
a relative risk of 0.09 (95% CI, 0.01-0.69). No adverse events
potentially attributable to the study drug were observed.

As shown in Table 2, 3 patients (9%) in the placebo group
and 6 (18%) in the ramelteon group received hydroxyzine (as
needed), with no significant difference in the rate of use be-
tween groups. Delirium developed in only 1 of these 9 pa-
tients, a patient from the placebo group. Even when we ex-
cluded patients who received hydroxyzine, the rate of delirium
was significantly lower in the ramelteon group than in the pla-
cebo group (4% [1 of 27 patients] vs 32% [10 of 31]; P = .007).

Age, diagnosis cf dementia, and history of delirium are
known risk factors for delirium. Among patients without a his-
tory of delirium, the rate of delirium was significantly lower
in the ramelteon group than in the placebo group (0% [0 of 29
patients] vs 30% [10 of 33}; P = .001), suggesting that ramelt-
eonis effective in preventing delirium in patients without any
history of it. Among patients with a history of delirium, there
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was no significant difference in the rates of delirium between
the ramelteon and placebo groups (25% [1 of 4 patients] vs 100%
[1 of 1]; P = .40), suggesting that the number of patients was
too small to analyze.

As shown in Table 1, although no significant difference in
the rate of infection was identified between the ramelteonand
placebo groups, the P value for this difference was the lowest
for all admission diagnoses. We thus constructed multivari-
ate logistic regression models to control for the effects of risk
factors (eg, age, diagnosis of dementia, and admission diag-
nosis of infection) on the estimate of an independent associa-
tion between ramelteon effects and the outcome of delirium.
Even after we controlled for those risk factors, ramelteon was
still associated with a lower incidence of delirium (P = .01; odds
ratio, 0.07 [95% CI, 0.008-0.54]).

Kaplan-Meier estimates of the time to development of de-
lirium were 6.94 (95% CI, 6.82-7.06) days for ramelteon and
5.74 (5.05-6.42) days for placebo (Figure 3). Comparison by log-
rank test showed that delirium developed significantly less of-
ten among patients taking ramelteon than among those tak-
ing placebo (X% = 9.83; P =.002).

Outcomes of sleep metrics during study drug administra-
tion are shown in Table 2. Unexpectedly, there were no appar-
ent significant differences between groups in any items.

Discussion

The present finding that acutely ill elderly patients receiving
ramelteon were at lower risk of delirium than those receiving
placebo (3% vs 32%) is remarkable because the effect seems
to exceed that previously reported for melatonin (12% for mela-
tonin vs 31% for placebo).'* In vitro studies have demon-
strated that ramelteon has 6-fold and 3-fold higher affinities
for melatonin receptors 1 and 2 (MT, and MT,), respectively,
compared with melatonin.?® The ramelteon dose in the cur-
rent study was 8 mg, compared with 0.5 mg for melatonin in
the previous study. Therefore, with respect to affinities for MT,
and MT, receptors, ramelteon in the current study was 96-
fold and 48-fold more potent, respectively, than melatonin in
the previous study, which may explain its superiority in pre-
venting delirium.

These findings suggest that reduced frequency of de-
lirium is associated with higher affinities for the MT, and MT,
receptors, supporting a possible pathogenic role of melatonin
neurotransmission in delirium. The MT, receptor reportedly me-
diates acute inhibition of firing from the suprachiasmatic
nucleus by melatonin,® and activity at the MT, receptor has
been associated with the phase-shifting effects of melatonin on
circadian rhythms.*° Among speculated causes of delirium, such
abnormalities mediated by melatonin neurotransmission might
be clinically important, particularly for delirium prevention.

A strong decline in melatonin levels during aging hasbeen
consistently reported by many investigators.** Among older
adults with chronic insomnia, ramelteon at both 4 and 8 mg
reportedly produced significant sleep-promoting activity, as
indicated by polysomnographically recorded reductions of la-
tency to persistent sleep, prolongation of total sleep time, and
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Table 1. Baseline Patient Characteristics

RO )  Placebo Group . Ramelféon Group .
Characteristic.. =~ T . . (n=34). (n=33) PValue .
Age,mean(SD)y " 78368 782(66) o
Maleseq No.(%) I N ) En)
Body miass index, mean (SD)° T ey 22.6(3.3) 38
) 42 4(12) 0 >99
Habitual use of sl 7@y 7@n 299
Other prescribed medications, No. (%) - N
Opioids . : , 0 0
Corticosteroids o ) i 0 - 1 (3;) . .49
Antipsychiotics - ' T o o-
Previos delirium, No. (%) \ S10) 4(12) 20
Dementia, No. (%) B » - 8(28) 5(15) - 54
Admission diagnosis, No. (%) ) : ’ o
Stroke - ) - © 9(26) " 12(36) ) 44
Infection V ' 8 (24) 4(12) L34
Fracture ) 8 (24) 6 '(»18) 77 Abbreviations: APACHE Ii, Acute
Heart failure/myocardial infarction 5 (15) 3(9) 71 Physiol9y and Chronic He?I.th
a— - . : - - Evaluation II; DRS-R98, Delirium
Other 4(12) 8 (24) Rating Scale-Revised-98.
Medical or surgical comorbid conditions, mean (SD), No. 1.4 (1.3) 13(1.2) 79 2 Body mass index was calculated as
Index or score, mean (SD) . weight in kilograms divided by
Charlson Comorbidity Index 1 2.6(2.2) 3.2 (2.4) .29 b::ifl? ?;ete;:gi:r::;bm"
APACHE Il score ‘ 14.6 (2.9) 13.5 (2.8) 12 el P dnaepines, inchy g
Performance status 3.4(0.8) 3.2(0.8) 31 brotizolam (7 patients), etizolam (2
Clinical Dementia Rating 0.6 (0.9) 0.5 (0.7) .60 patients), nitrazepam (2 patients),
DRS-RO8 47 (45 35(2.9) 1o and lormetazepam, flunitrazepam,

and alprazolam (1 patient each).

Table 2. Clinical Outcomes During Study Drug Administration

Placebo Group Ramelteon
Qutcome (34 Patients) (33 Patients) P Value
Delirium, No. (%) 11 (32) 1(3) .003
Worst DRS-R98 score, mean (SD) )
Without deﬁrium 5.0 (4.9) 4.9(2.8) -94 Abbreviations: See Table 1.
With delirium 24.6 (5.0) 33 > Only 25 mg hydroxyzine per night
Discontinuation of study drug without delirium before 7 d, No. (%) 6 (18) 8 (24) .56 was allowed, as needed. in the
Duetodischarge T TEayT T Tran T s placebo group, 1 patient received
- - R, hydroxyzine for 3 nights in 6 days,
Due to worsening of medical disease 1(3) 0 >.99 and 2 for 1 night in 7 days. In the
Worst APACHE Ii score, mean (SD) ) 15.0 (2.8) 14.3 2.7) .36 ramelteon group, 1 patient received
Worst performance status score, n‘1ean (SD) 3.4(0.8) 3.2(0.8) .35 ::":r]ozoyrz;n; ;2153.'::5!:35 yl;l Zhdeays
Use of as-needed hydroxyzine for insomnia, No. (%)° 3(9) 6(18) .30 remaining 4 patients received
Adverse event potentially attributable to study drug 0 0 hydroxyzine for 1 night in 7 days.
Sleep parameters, No. (%)® bFor sleep parameters, the presence
— " o or absence of symptoms in each
Difficulty falling asleep 14 (41) 10 (30) 45 patient was determined according
Difficulty staying asleep 14 (41) 14 (42) >.99 to the dominant category during
Waking too early 5 (15) 7(21) 54 study drug administration. The
- o o e frequency and duration for each
P?or steep quality 1966 - 21 (64) 62 patient were determined by using
Disturbance of natural sleep-wake rhythm 3(9) 7(21) .19 mean values during study drug
Awakenings per night, mean (5D) 1.6 (1.2) 1.3(1.6) 28 administ.raﬁon. Da'{a werg e.xcluded
Steep duration, mean (SD), h 6.3 (1.6) 6.3 (1.6) &7 for the night on which delirium

occurred.

improvements in sleep efficiency.3? Although our present find-  compared with polysomnographic studies.?® From the cur-
ings did not suggest any benefit of ramelteon for sleep para-  rent findings, it is therefore unclear whether the preventive ef-
meters (Table 2), larger samples are needed to statistically dif-  fects of ramelteon on delirium are associated with its sleep-
ferentiate drug from placebo in studies based on self-report  promoting activity.
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Figure 2. Scattergrams of Each Patient's Highest Total Score
on the Delirium Rating Scale-Revised-98 (DRS-R98)
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Each patient was assessed until the development of delirium or up to 7 days.
The cutoff score was 14.5. However, 2 patients with dementia in the placebo
group had scores of 17 and 19 but did not have a delirium diagnosis according to
criteria in the Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition).!

Inaddition toits efficacy, ramelteon was well tolerated by
acutely ill patients. In prior studies, only 3 events have been
reported to occur at an incidence at least 2% higher with ra-
melteon (8 mg) compared with placebo: somnolence (5% for
ramelteon vs 3% for placebo), dizziness (5% vs 3%), and fa-
tigue (4% vs 2%).2® No adverse events potentially attribut-
able to the study drug were observed in our study. Lack of abuse
liability has also been reported,34 so ramelteon can be used
safely even for delirium prevention.

Our study has several strengths, including the random-
ized and placebo-controlled design. The 2 groups were well bal-
anced in terms of known delirium risk factors, and the pro-
portion of patients with delirium in the placebo group was
similar to what would be expected in this patient population.
Another strength was that all participants had serious medi-
cal problems that required admission, mirroring real clinical
practice. Although all patients were emergency admissions, the
participation rate was nevertheless high. Because eligible pa-
tients were able to take medicine orally, their consciousness
was not impaired. Many patients might thus have under-
stood the significance of this study and been willing to par-
ticipate in a placebo-controlled trial despite serious medical
problems, Another explanation for the high participation rate
may be that this study was rater blinded but not double blinded.
Absence of support from pharmaceutical companies was an-
other characteristic of our study.

One limitation of our study was the relatively small
sample size, although the number of participants was above
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Figure 3. Time to Development of Delirium
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The Kaplan-Meier estimates of the interval to the development of delirium were
6.94 (95% Cl, 6.82-7.06) days for patients receiving ramelteon and 574
(5.05-6.42) days for those receiving placebo. Comparison by log-rank test
showed that delirium developed significantly less frequently in the ramelteon
group (X2 = 9.83; P =.002).

the required number set by power analysis. Because of over-
fitting in the logistic regression analysis, a larger sample
would be needed to perform more extensive multivariate
analyses. Another limitation was the single-blind design.
However, physicians and patients may not have had expec-
tations about the occurrence of delirium, in which case the
choice of a double-blind or rater-blind design would not
have influenced the primary outcomes of delirium occur-
rence. Nevertheless, the lack of double blinding may bias
results in favor of the active treatment.

Conclusions

To our knowledge, our study is the first to investigate the pre-
ventive effects of ramelteon on delirium. Ramelteon was as-
sociated with lower risk of delirium, even after controlling for
risk factors. Ramelteon administered nightly to elderly pa-
tients admitted for acute care may provide protection against
delirium. This finding supports a possible pathogenic role of
melatonin neurotransmission in delirium. More studies per-
formed in real clinical practice with minimal bias are re-
quired to help physicians make rational decisions about de-
lirium prevention.
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SENERBEEAR

NEE B Rk

1. 1EU®IC

HENEER L, Y HPORIITTERTE
FERDSHER F 723N 2 HRICAVCLONAERHT
HY, BHEZHZHPLEMEFETLZVIZO Db
SPHRICL S ER SN TS, B, FBAELE
EEA BT LHERED A VTR ATTEHE 205
L L7BmEPS . EROBRBELZERT LD, —
ReROICIZIREL, RRYUB, AR, B OEEE
WM, BEE, B, WEZEOERFEDHITS
NTv» % (Khachiyants et al., 2011). —7, TAE
CIEELRBROBETHY, FRAESCEELE
HEETIIHBTE L) EHMICET 5 RAE
REEEL LTERSNLIBHREZNZW A TH 5.
2013 FEICFEFR S N7z DSMb B UTE R TIE, TAE
DERZESCFRSN TV EHBOBEZEL WIS
WMEHEPRHEOBEENLELEIZ R 72 (American
Psychiatric Association, 2013). FEFREICEETEEET
HoBEOEBEE LRI L CHERM N AL ¥
DEEZEOHFETTMZIT) FEOEAL, WO
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ML EEEY B L L CEERLTES Y Bbh
3. HENEER LG AEICH DN ERTEER
DETHREERIE ORI L L 2o C
Wi, KBTI SN S ERELKICIEET S

- RSB L B IZOW TR T 5.

2. SENERE

N ENWEBEFEOLHEEICHET 2 mEITFAELS
RPEARBECLIVERALNDLD, TVIN,T—
E SR A AE (Alzheimer’s disease ; AD) O 2.4~25%
WCHHAT A Z L HRE I N T 5 (Alzheimer's
Association, 2006). —#IZ, RAMEREEEHNEREIC
%503 EHIEBEELSE . (Volicer et al,, 2001) & &
N5, RMECEBELUNICLLEIHLL TR
V. YENWEBEROFSERF IARZS, £ERFEDN
ZR, LE - BREROBESSHEEIN TS, L
TIRINTTHRESN TV A ENERER TR
&, EEINLRERFICOWTHRHET 5.

1) EEEN
YENWEBEBOBRELT, INEFTICHADORE
BEXAAR & OBEL BT 2 BIEMAPEHRE S
N, BRERPRENOREN I ENERFOEE L
LTHWSLNTE7 (Ancoli-Israel et al., 2003). =
NEZTFITHE Y XLBEORFENE DD o T
5.
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2) BETEIC 4
THEREBEOFR - BROWEENC L 2 EFERIC
Iz, NEZOEFICIANEN 2,7, BE»S
D BE 2R E (Jacobson et al., 2007), FL&HIFEEE,
HEBEEOID LS, NEZEOBSOL LS
(Cohen-Mansfield et al,, 1989) &\ 7z Bk - L EE -
BREMNERLEOBESERE SN TN A,

3) BMHUILES

B SENEEBEOEBEWNERE LTEHY)
ALBEEOEESEFHEE SN TS (Evans, 1987).
EMER LB ) A2 kB HEHEEE L LT, HE
TERDMEAN L% (suprachiasmatic nucleus ; SCN)
ERMBERNVEYTH A AT b= LR E %
Bt I ERAPEONIIRE o TEY (Swabb et al,,
1985), EEREEE) L2 O ENMEER LS, S
EUAU R SEBEBRORELT) LML NT
Wh, INFTORBEMNMEBIFI NI VAT
v Y ARERICELY, ADEBETIE=A XNV
EEFOBEBIUVZBAHOEELY A L/ZSCND
BELL>THREELLD AT b= v FWIRL
L, BEEE) XAEELRTIREESERINT
& 7> (Stopa et al., 1999 ; Huitrén-Reséndiz et al.,
2002 ; Bliwise, 2004 ; Liu et al., 1999). & EUMEME
BEr275AD BECIEIAHAEERERE NS —
AIERD 5 (Volier et al,, 2001), AD EEDOREE
TIZBWT AT b= VDV REESHRE T
ZTHhoro (Linetal, 1999) Z &25, AD BED
HENEERIINT 52T b= VEEOF B R
HENTEL. 320079 R BEEND ) H 2D
30D — A — XBFFET 57~100% DFEFIZ X
S UBREHTHo b T 5H%E (de Jonghe et
al,, 2010) #%H 545, FEFRIZTTV 2w,

4) EREES

AD BE D 3~4 EID A 2 EREE L AL, IE
IR[E EDOSERE OIS Y ENGEER T S 3 T aelEd
FERIN TV A, EERFFETE - SCNOEZIZL -
TELD VLABREE (Lo~ A 2V EERED
AR E IC X B SCN O Rer V) v L A&
IO AHEEED—D & L THESA TS
(Bliwise, 2004). 0, LA ML 2 - Ly 7 iEE
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BB RCES R E S Y OBREE D S ENE
BEOEREEEZ ATV, B0, HlRE
H0O OMh ¥ R — 83 VO E B TER RS
ROBES, BIREE DAL SELTE 2 VIR
BEICIIEERERCHENLETH L. N—F2V
RRERL V- MERBAEEETIX, AD B X
DAEBIEEENE LW ETAEENH S (Horiguchi
et al.,, 1999). '

5) {FBZE(L
SFENEERY 2T 2 AD BE TR (EBE)
EAbOMMAREFRE S TEY, BEE L Tk
B Y — 2 #5858 L ORGSO IRIERD & OBE
(Volier et al.,, 2001) %, {HEIE LRED Y~ 7 %8
DFAE (Satlin et al.,, 1995) AR EN TV 5.

6) BETH—TEE—EESR (HPA axis) k&

=
=]

AD #ETid, HPA axis DIEBEASITERAT S 7
NVIATNF T4 FHREESEE SNTVDEY, 4
ENEEFHTZET 5 AD BEIEINF V- VEY
ELCBY, BENEESLVIINF T4 FADE
ZNERTH A REEATER S T\ 5 (Venturetti
etal., 2013).

7)  FH

HEIEBERIR A 2EHOBFEFERE LTHHA
T AHEEMEAH A (Bachman & Rabins, 2006). #i3
VAR E T AR R HEBEA T b O
OFEFE, R BRE - T bE b 6232
EVELCHOENTWA, FIZ, FENERROBE
B &8 CFE A L 72 benzodiazepine RPN EZE R EIEH
B, NEERCRIFOBERTFL 2D )L LI
EBELIL) LENDH S (Duckett, 1993).

8) BB LUBHER

g DB ENEFEBOERIC R S 5. #
LWEETED BREYFE T HEES, BPSD &
LTRIBEES K x4 ) RAEEE I EN
FERBESHIET A Z L0 HE SN T 5 (Bachman
& Rabins, 2006). ¥ 7z, ZELHERFEE OLHRE
Mg, ERENEZRZEPERE 25 TREEDERS
T3 (Margiotta et al., 2006).
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3. BAE

BEREICBIT A EAREDARREREIL 11~
33%, APE™H OFAEEIL 3~56% (Michaud et al.,
2007), 65 U LOEBMEMELTAEZORERIT I
Lizm <, 15-53% L HE SN T3 (Fong et al,,
2009). TAEOREBRETFIX, © EHETF (FAE
DEEOER L 2 2ZRANETF), @ EERERA (¢
AMEDFEIEEESE L TWwAEEZ ONBERTF),
® RERTF (BAZORE, BECHESTIET)
I3 E NS, Michaud 51383 OB % MERIC
M- FHME L, BMICESXEENFETHANE
ARBEHHTA¥I 4 v %2 E L7 (Michaud et
al,, 2007) (1), #REFEAIH-2HAEDER
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HFICOWTHEL, REEFEICOWTHRZIT) .

1) ’BRETF

O EHFERERTF

FELEFMOMBERL ARDBRRDOEREATL LT
RHEZ TR L E 2 — (Dasgupta &
Dumbrell, 2006) %, BEHEOHETAELELHE
BT A RFIZER L BAE (Sieber et al, 2013) T
HolzeTARENDDL. T2 REOEEEICH
THHEL LTE, ICUKRARLZEREDFAE
FEHE L 70-87% (Fong et al,, 2009), #EATAABE
ABERED 26-44% 12 AEREL, BICELHH~
BAERT I 80% LI EAS R AR ZRIE L2 2 LN HRE
ShTvwh (Bush & Bruera, 2009).

R1. LAEDBRBREATF

BEETF (AR EEEE (ABEH) {RERTF
— Wk EHEF =i (70 LR A
EEROEEE A .
PRARTRAERE T | REMRREEE A BMZE A
BHE D ) O B EHEEREEL B
BEEE B
W DR B
REHERF FROERERY B R EWE NoWEE A
FATET D BRACIREE B & C
BRI EE c
F om0 HFRETF R A
&I B
Traumatism C
T, BEEE, L e B
s e C
WERERT P T — WARTE B EY, SFHEMUYWE» O OBER A
AR OERB DL & B EHEBB LUOMEMEENOLE B
AR OBBEMEHNE S B o) v B
¥4 A VA C
BERT REREWT F 7 3B C BFHRR B ICU B
HEOMERE) B
HRBICEEM 2\ B
BRIZEN 2V B

Michaud et al., 2007 & W 51H
*FRTEIEFVALNMIC L D HEREB % A, B, C, 104 7 L— FIZHHEL, RICIEA B CIRESTZH0
D HFCH
AEST AEE OAKRFEREE
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® BEEER

i 2a i BB I RS B IZ 26% S AR BIE
T 5 EREEIN TS (Carin-Levy et al., 2012).
EMERE RBEEE WoWESE (Morit et
al,, 2012) R EMERYE (Rahkonen et al, 2000)
CAEOERE LTBEEICALNG, AKICLS
TN a— R EY OSSR PRI L BB AR
DEBEPLETHA.

BEIREGICE, RICEEH S NIBREFPEESII
HMAEDLEY, TARRRETLLEEZLND.

2) TREEHERE

INETIZ, TEFNVvay AEFHRERLE L
MREEWEDERERLRER (HPA-axis) DEH,
KIERIC D ToE, BALRE oREd, E5EHRER,
MR DEBIELE(L 7 EH5E AEDTRRERT &
L CTHE &SN TE& 7 (Cerejeira et al., 2010). E .
TIVOREICETHIHRERIES DS, HEETY
AEFHIZEWE LI-BRIREBRTIZa) v 225
T —PREXOBFLEITHER SN T2V (Samp-
son et al., 2007). FKIEFIEDITTEIZ DT, A
EREIIBNTA VY —UAF 688D A
N4 Y OEMPHRESNTREH, —FL7-EH
FHTWwWARY, ME CRPELE L SCAZDEES
R LAHREIL, ME7EF VY VAT
I —¥ERE CRP, BIREEYA M4 VvBIT
TAIEET A M A A VHOMEE» S, KERKD
Ea ) YRRPBERLR CHEANRIBRAEDEA
ERECHESTATRESER I N TS (Cere-
jeira et al,, 2012). F&if, A DHEFERETEL 500
& fEHE B T4T o 7= natural killer (NK) #l a5 14 &
FAROEEL R TIE, ARBEALELH
B NK MIBEEO BB ARTREDIRIEL 25
W REMEASRIE & 7z (Hatta et al,, 2014a). T 7=,
AT PNV DRARFEETHICAT b=V DEFR &
§ B 5EATHISE (Al-Aama et al, 2011) %31, &
BEIBWTAT N v ZHERESETS S
ramelteon DEAELBIL T T R BB 2T 72 &
Zh, 7T bAREL LB LT ramelteon BETIIE A
FEIEY A2 DMETF L T 7 (Hatta et al,
MR, AT b= U HEEESE AR
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vy,
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Ik Rk
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Sundowning and delirium

Toshinari Odawara

Psychiatric Center, Yokohama City University Medical Center

Sundowning is a clinical phenomenon defined by the appearance or increment of neuropsychiatric symptoms in the late
afternoon, evening or at night. Although the cause of sundowning remains unclear, some studies indicated that physiologi-
cal, psychological and environmental factors related to the etiology. Recent studies have paid attentions to the important
role of disordered circadian rhythm as an etiological factor. Delirium is a psychiatric diagnosis defined by a disturbance in
attention and awareness. Neurotransmitters dysfunctions, decreased oxidative metabolism, abnormal signal transduction,
changes in blood-brain barrier permeability and endocrine abnormalities have been proposed & etiological factors. A dys-

function of melatonin neurotranmission are proposed as common pathophysiology.
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Yokohama, Kanagawa-ken 232-0024) )
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