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(Ohayon, 2002), :=d7], oA, 283 92 HAHH Ao & FHkglk 4
Lo B} =& FHEE HetKSuh et al, 2020; Hertenstein et al.,
2019; Patel et al, 2018). &l wetA = 16HFEH 44M|71A] F-HE o]
Hla A bzl o s {FAHGIE 454 o] FRE = Fo] 371 AFS B
QltH(Ohayon, 2002). x3lo] ot &3 YHetde FH  EA(leep
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al., 2009; Gomez & Danuser, 2007; Trehub & Trainor, 1998). 4713k <

oto] B4 F 71E % A ¥y fFxo 53 Ta% 9TE st= A
o "gxz 4z 9rHWatanabe et al., 2017; Azevedo et al., 2017). &

=
=Y S92 wiAAA gEs eI mEottddd
(noradrenaline) EHIE Zd3st= 5o A2z WIE T ojgs F3
o= M -2(Lai et al, 2006; Shum et al., 2014; Chen et al.,, 2021, 4
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B3k A8 AFE-2(Johnson, 2003; Lai & Good, 2006; Shum et al.,
2014) ¥ 3-47F9 717+ < Wi oF 30-4584 ot &S W
ouzt T aHUE AATL Bt o, 945 A5EAE a3 2
717} =2A 2o m(Harmat et al, 2008; Jespersen & Vuust, 2012; Morin
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3 39 tHJespersen et al., 2019).
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NS 53 FAA(emotional intensity)e] ZsFA] e QyeE A£AMS
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3 | E=EC Ao Bolom Arst (1-3%) 1642
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A 4B FA - AR

O E¥x 444 FH= (nsomnia Severity Index, IS Bastien et al.,
2001; Cho et al., 2014)

A2 277 AP BES A4E, @A Fuel U wEE, W
AL 32 52 PSR AE, Ed BE 43 5 B 5
el Bgor Al Utk 7t Bel sl 0M(HE frhelA
1EIS AsTh A1z Wusl Hol glow et weas

154 ol4Y o U4z Edzow dAud £ gon, dddxE 23
8-14-dY o o x)sHsub-threshold)  EHZF,  15-21d<Y o
%% E(moderate) < BWF, 22-28%3 Y o A7 gHsevere) T
EdZolgt a9 & Aoty AtE A

©

gz H ZA H7} (Pittsburgh Sleep Quality Index, PSQL Buysse
et al.,, 1989; Sohn, Kim, Lee, & Cho, 2012)
THY dE& Hristr]l A8 muiQelA 7HE dE AbgsteE =T

stu=, #=+d A= AlXKsleep duration), FHAH! FH
A

0 1o ol

Z(subjective sleep quality), <% Z|&AIZHsleep duration), 43 <

¢

FHeo] d&A(habitual sleep efficiency), +H3 FdHF FEA(leep
disturbance), % ¢FE Ab&(use of sleeping medication), ¥ %<+
71% 2 A (daytime  dysfunction) 771 ¥, 18EFoZ o] Fox
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A7 A= Aoz WEIT

@ PROMIS 4 A3 = @3 (PROMIS™ - Sleep Disturbance Short
Form; Yu et al, 2012; 21914 &, 2019)

Patient-Reported Outcomes Measurement Information System (PROMIS™)
Sleep Disturbance (SD) HZo] w3 o= u|=ZA Al 9] 8t3|(American
Psychological Association)e] A4ld$ ax FA w7 53HDiagnostic
and Statistical Manual of Mental Disorders-5, DSM-5)2] & 2 F4+
A =(Level 2 Cross-Cutting Symptom Measure)ol] 2%t 8§E3 o2
TAE A 24 Euit 53 AxE HASIH, FHE 8F oA 407
Weolz HZyl =S

oju] g},

= o 44% 49 ZAE FIdoE e

s

o
N

@ A2 &3 = (Epworth sleepiness scale, ESS; Johns, 1991; Cho
et al., 2011)
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0% 4 2mhEYS] FE oA

A FY
@ %< 3ZFH=(Center for epidemiologic study depression, CES-D;
(Radloff, 1977; B AT =, 200D

0EFo = o]Fojz AV B HE2AH HFE 0-60% Alol2 Jehd
A, 153 olske AR sigstH, 16-22% 0 sidd A

7d

[e)
49
gk S-S AlAbekaL, 233 o2 w2 e Ade o=

O

@ AE-54 B9k By} HE(State-Trait Anxiety Inventory, STAL
Spielberger, Gorsuch, & Lushene, 1970; A3 & A&, 1978)

STAI=  ZHiESHSTAI-DS  H7bske= 20833 4 EHSTAI-ID<=
Brbels 0@z 749 AV|EAY HEo|th ATodAM= H7t
AR BAYC - A =7 ) ESe HUIekE AEIEQKSTALLD

HEbS ARt Aaee 20-80" AtelZ yEhE o Sl=dl, 544

- 19 - S s kT



= (Th i
e Revised Anxiety Sensitivity Index, ASI-R;

= AR, 54-58% ol

}

A
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A3 BAA7 YdebsttiPearson 7 = -45, p = .04). &, FH EAE O

z sz 2 3
a4 25 A% o) %z IE 2 9
v #* %
End] e = )
W
! (Chopin) (Etude No.3 Op.10 - Tristesse) 64 guitar 190 094 0 3
e sz B
gw  WEXE - RAT 64 piano 243 108 0 4

* (Mendelssohn)  (Songs Without Words No.1 Op.30)
HT AAl: A& 29 (The Four Seasons

. 4
™ (Vivad)  Concerto Nod Op8 “Winter’ I Largey 00 8uitar 224 109 14
FHZE sz} ‘

M ouberd  (Ave Maria D839 Op52 No) ) | e @l sy | L] o
e Gael ofelel .

M ) BWY. 1068 IL Air On the G String 0+ Plano 2191250 4
ME OEE 17 e S awe A ‘
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6 (Bach) (Cantata BWV 147) 40 guitar 190 126 0 4

o 3E 0 dme e 80 guitar 167 120 0 4

" (HandeD  (Suite No.8 HWV 433 - V. Gigue) guitar - Lo0 L.
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10 7KE2~  Only Yesterday (instrumental) S
W (Carpenters)  [§5F AF-5°H 60 *|g 233 115 0 4
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E 5 AFUEA JdFEH Wl W FH A HUF HAE AT
ol =z Hl 3y 2 2z

L(n%= 512? (]rfL= %9? E?n7]= 52? e p

A 50.23 (7.48) 47.79 (6.92) 51.55 (8.90) 1.186 312

78t :i;é(%zo:l) 6:16 5:14 5:17 0.132 936
Heol = 21 717H0d) 4.67 (1.76) 2.92 (2.87) 4.96 (3.67) 0.848 434
AAAZ FEXT o E(Y:N) 5:17 6:13 4:18 1.031 597

7ZHQ) H83 55 5.16 (3.07) 5.00 (1.59) 4.95 (3.29) 0.032 968

ISI 14.45 (4.34) 13.37 (4.47) 13.45 (3.90) 0.434 650
PSQI 9.73 (2.37) 9.53 (3.88) 10.68 (2.88) 0.858 429
Z=q DSM5-PROMIS 28.27 (5.16) 26.47 (6.27) 27.68 (4.91) 0.573 567
yis ESS' 9.71 (2.93) 8.00 (2.73) 10.00 (3.78) 0.909 419
FSs' 476 (0.99) 3.73 (1.30) 4.52 (1.22) 1.587 229

Y FHEAE) 399.94 (78.51) 448.24 (36.47) 409.84 (44.62) 4817 011
e CES-D 17.91 (9.89) 14.79 (6.70) 17.68 (7.31) 0.907 409
s STAI-S 42.18 (9.22) 41.11 (9.28) 45.09 (7.10) 1216 304
ASI-R 25.91 (22.03) 23.58 (21.16) 29.50 (23.21) 0.373 .690
e A WHOQOL-BREF 87.64 (16.11) 88.11 (10.84) 83.48 (13.04) 0.722 490

Note. ISl 8H 35 A2 H =(nsomnia Severity Index), DSM5-PROMIS: DSM-5 4% 2 +H& ¢ # =(Level 2 Cross-Cutting Symptom
Measure - Sleep Disturbance), PSQl: s]=w 1 4% & H7}(Pittsburgh Sleep Quality Index), ESS: 492 &5 Z(Epworth sleepiness
scale, FSS: #l2 3% 2# =(Fatigue Severity Scale), CES-D: -2 # %=(Center for epidemiologic study depression), STAI-S: }E]-54
Hol H7} HE(State-Trait Anxiety Inventory) = AElE<SH A% ASI-R: BowlzkA A Z(Anxiety Sensitivity Index-Revised),
WHOQOL-BREF: gt=3 AARAZF 4t 2 2+83¥ A =(World Health Organization Quality of Life)

'ESS, FSS&= #A5 3 712 5 dA7AEY WAS 53 F/hd 3yt d5oF, HA AFodA 639 T 23%(
Hldo=89, i1 &=8%)<] A57} T AE.

H3 =7

i

)
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2 A Awel Fd A-F B A5 Wa

e 9 WHF(2,58) = 5.834, p = .005, partial 7? = .167] AF%E E2{(LSD)
A7 At 7+ HFAHmean difference)d] thvlZb GojmsiA = Fgkth
PSQI, DSM5-PROMIS %43 Mi Band3& Z=A3 44U HFF FHATL,
ESS, FSS &dolAe 4= A7 B frojvekA] Zsith

o]

cd gEy) FE AL 59 fus Aws WrEE A a9

002, partial n? = .188], AF% ¥4 Ay FH Ay dir] A 3t

Bzt FnsHTHE = 2582, p = .084; & ys thr] JA p =

.040). PSQI 5a¥l #3H “FHA & 30& olUd = & I o” )3 PSQI
&

6 EF(“AG F F F BZAE AHoR He] ol on

A= HIEEA U oA Jd X Fd A5 452§ a3t
bt PSQI 5a¥ F(2,58) = 4.035, p = .023, partial »° = .122; PSQI
6™ F(2,58) = 6.627, p = .003, partial »° = .186. AF% 22} Az} PSQI
Sal& A 3 HeAE fFYuskAl egko, PSQI 6 FH I

1] O
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S

e
pu
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interaction effect,

FrelmstA gtk

eM

CES-D F(2,59) = 0.262, p = .770, partial 72 = .009; STAI-S F(2,58)

0.207, p = .813, partial 7»?

g

.007; WHOQOL-BREF F(2,59) = 1.009, p

.034.

.371, partial 7?2
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£6 19 $9 4-F 44 #d 4 Y5 vw
4 ! Hlw Y 7] H
(n = 22) (n = 19) (n = 22) F F F Do
pre post pre post pre post (time) (group) (TxG) (LS]():)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
ISI total 14.45 (4.34) 10.27 (4.06) 13.37 (4.47) 8.21 (4.52) 13.45 (3.90) 11.82 (4.84) 2.504 0.527 5.834%*%
IST 1c
(Early morning ~ 1.86 (1.04)  1.00 (0.76)  1.74 (0.81)  1.00 (0.75)  1.59 (0.85) 1.55 (1.10) 3.571 0286 6.705** 1>3
awakening)
PSQI total 9.73 (237) 864 (3.00)  9.53 (3.88)  7.37 (3.53) 10.68 (2.8%) 873 (2.73) 0.020 0.583 I1.111
PSQI 5a

(Difficulty with ~ 2.18 (0.85)  1.50 (1.22) 1.95 (0.85) 1.37 (1.12) 2.05 (0.90) 2.00 (1.07) 0.040 0.379 4.035*
sleep initiation)

PSQI 6
(Subjective 1.95 (0.38) 1.41 (0.59) 1.74 (0.56) 1.32 (0.48) 1.78 (0.49) 1.82 (0.59) 0.465 1.557 6.627** 1,2>3
sleep quality)
DSMS5-PROMIS
28.27 (5.16) 23.09 (4.72 26.47 (6.27 22.00 (5.98 27.68 (491 25.09 (5.42 0.574 0488 2.772
Sleep total (5.16) (4.72) (6.27) (5.98) 4.91) (5.42)

A 5HAZHR)
(Mi Band %)
ESS total 9.71 (2.93) 9.86 (2.19)  8.00 (2.73)  6.38 (3.02)  10.00 (3.78) 9.25 (427) 2292 0.113 1.555

399.94 (78.51) 396.95 (69.56)  448.24 (36.47) 43097 (70.96) 409.84 (44.62) 366.54 (103.44) 1.366 3.684* 1.716

FSS total (mean) 4.76 (0.99) 4.17 (1.51) 3.73 (1.30) 3.19 (1.40) 452 (1.22) 4.44 (1.23) 0.243 1.837 0.549

5 < .05, ¥ p < 01
Note. ISI: 8HZF 474 HZ(nsomnia Severity Index), PSQl: =W 1 4% A 7K Pittsburgh Sleep Quality Index), DSM5-PROMIS:
DSM-5 =& 2 Ao 2 %(Level 2 Cross-Cutting Symptom Measure - Sleep Disturbance), ESS: 19~ £-8 2 Z(Epworth sleepiness
scale, FSS: 9|2 F% % # Z(Fatigue Severity Scale)
ISI 1c. “Aj¥o] UF 95 =olA 70 A 2, 4 w1 A3H”, PSQI 5a. “HA T 30% ool HE = A0 {io}, 30 F 33
o]/ h”, PSQL 6. “Ad 3 & T FAL Ao R FH Ho] o= Axgty FISHAYZR0: Wi F5, 3w 7
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F7. 398 F8 A-5F FA 2 49 A B HE Y5 0w
=4 A Hlal e 7] A
(n =22 (n =19 (n = 22) F F F
pre post pre post pre post (time) (group) (TxG)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
CES-D 17.91 (9.89) 16.59 (9.80) 14.79 (6.70) 14.68 (11.34) 17.68 (7.31) 17.00 (10.06) 0.268 0.443 0.262
STAI-S 42.18 (9.22) 41.73 (11.18) 41.11 (9.28) 39.68 (10.86) 45.09 (7.10) 43.05 (10.85) 0.229 0.745 0.207

WHOQOL-BREF 87.64 (16.11)89.82 (16.38)

88.11 (10.84) 95.79 (13.12) 83.48 (13.04) 87.67 (14.47) 0.092 0.822 1.009

Note. CES-D: 92 2# =(Center for epidemiologic study depression), STAI-S: *4el-54 &<t 7} 2 =(State-Trait Anxiety Inventory)

] =
A=,

T FHES

WHOQOL-BREF: &= AARAZT &9 2 7+83 #H =(World Health Organization Quality of Life)
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%8 Fd Juw vz Ao ¥ A-F-FF 59 #d A 45w
=49 e Hlw ek
(n =17 (n =17 F F F
pre post F/U pre post F/U (time)  (group) (T*G)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
ISI total 14.29 (4.37) 9.59 (3.71) 8.18 (4.45) 13.00 (4.51) 8.12 (4.78) 7.47 (5.15) 0.539 1.242 0.521
PSQI total 9.41 (2.15) 8.18 (3.03) 8.06 (3.19) 9.47 (4.05) 7.53 (3.64) 7.29 (393) 0.686 0924 0.214
]SDIEEES;EEIOMIS 28.06 (5.38) 22.53 (4.71) 21.76 (5.94) 25.88 (6.32) 21.76 (6.29) 20.65 (6.52) 0.050 0.359 0.242
A1z 2 =(Insomnia Severity Index), PSQl: =W 1 <™ & H7}Pittsburgh Sleep Quality Index), DSM5-PROMIS

Note. ISI: &4 % 277
DSM-5 =& 2 =A Ao Hx(Level 2 Cross-Cutting Symptom Measure - Sleep Disturbance
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£ 9 Fd wE= 8 == B A

+d Hlw ot

(n =22 (n = 19) ! p
1. F34 o= 2.86 (1.04) 2.63 (0.90) 0.769 447
2. TR =50l H AE  2.64 (1.18) 2.26 (1.15) 1.026 311
3. A Y e 2.18 (1.01) 1.68 (0.95) 1.631 11
4. =S=(FH™ 7Izb 4.59 (1.59) 4.05 (1.75) 1.024 312

<=3 =(post-f/u Ato]) 1.76 (1.92) 1.82 (2.21) -0.083 935

Note. 1-3¥1 A= $¥ 7]1& A 2137 ¥p, O 184 9d, @z
2, @Es agn @ wol 1
M &= 7 J1E: A FIA =Y, DOF 1-23]) 208 o3t 3, @OF
1-28] 30-4083t 3, ()F 3-45) W& 208 ols} F3, (DF 3-45) & 30-40%3t

T3, 5)F 53] o) w3 20& olst 3, (6)F 53] o4 w3 30-4023t +3

M

oo olo
M

reox
4

m(1) F1-28](<208)

ity

= (3) F 3-aE](<201)
(4) F 3-48](30-401)

(s) 7 5] 0] & {<20&)

m (6) 7 58] 0| &{30-40%)

F3 Hrlol g g Ed He 179, vln Jd 178 A=
=]
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® 10, & Hert 944 2] dAE A9 9 Jd0=12)74 vl JHn=152 A H-F-FF FH #AH A
T AF
pre post F/U t t
M (SD) M (SD) M (SD) (pre-post) (post-f/u)
ISI total %4 13.17 (3.69) 9.97 (4.05) 7.08 (4.25) 3.626%* 2.574%
H] 1 12.33 (4.32) 727 (4.42) 6.47 (4.53) 7.035% 1.492
ISI 1e , 4 1.92 (0.90) 1.08 (0.67) 0.75 (0.75) 3.079* 1.773
(Early moming awakening) B 1 1.60 (0.83) 0.87 (0.74) 0.87 (0.74) 4.036%* 0.000
PSQI total %4 9.25 (2.45) 8.08 (3.45) 7.25 (3.44) 1.465 1.890
H] 1 8.73 (3.20) 6.53 (2.36) 6.27 (2.60) 3.973%* 0.441
PSQI 5a o =] 1.83 (0.83) 1.17 (1.19) 1.17 (1.19) 2.602* 0.000
(Difficulty with sleep initiation)
H] 1 1.80 (0.77) 1.20 (1.01) 1.00 (0.93) 3.154%* 1.146
PSQI 6 , 4 1.92 (0.29) 1.50 (0.52) 1.17 (0.39) 2.803* 2.345*
(Subjective sleep quality) B 1 1.60 (0.51) 1.20 (0.41) 1.07 (0.59) 3.055%* 1.000
DSM5-PROMIS Sleep total && 25.92 (3.58) 22.17 (5.62) 19.83 (5.46) 4.261%* 1.813
H] 1 25.00 (5.84) 20.60 (5.65) 19.67 (6.30) 4.332% 0.898
*p < .05, *¥*p < .01, ***p < 001
Note. €@ A-F-3%F H/1E BF 4R dPAHEd Jw 179, vm AW 179) F 4 A 92 A dHE 5E
o] ’¢H(CES-D=25, definite depression)oll sl @at= th3AHEH et 5, vlw e 2w)e] ARE Aestr E43 A4,

olN
>,
N
N
S

= N4 A =(Insomnia Severity Index), PSQLl: =W 1 4 & H7}(Pittsburgh Sleep Quality Index), DSM5-PROMIS: DSM-5
2 FHF HZ(Level 2 Cross-Cutting Symptom Measure - Sleep Disturbance), ISI 1c. “Aj®eo] HF A& Frol A 7(0: A3
4 Algh” |, PSQI 5a. “#HZ 3 308 ool HE = A0 gidt, 3 F 38 o]4)”, PSQI 6. “At 3 & FoF, Fale
Aol o] o= Axgta HreAYU A0 W F=, 3w WE)”

:l'u ' }
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F ol A ISI, PSQI, DSM5-PROMIS 44 &
FHol TAt FFasoy AW 3t FAHS
A &kt sHAIRE sk9] B R Wriek FHAs AR F
Hol| Y7 A FrolA 7= &4, FH4 9 2& 4 G
A BEZE Byl Hdel Bls) fometA & Ao R uERTh
AgAFrolA  FHngdAANRE  SAT FHIAEZ], FHAS(eep
efficiency) 7ol &< @5 8ol Fous F37}F ¢l

ot =wl(Chen et al, 2014; Kolesnik, 2014; Kuula et al., 2020; Su
et al., 2013), ¥ AFoANE Ar|RuA o2 Hrls FHAET], $H
A o WeloA= ou Qv W3y itk |, PSQIE H7hg
FHH e Ay FdEdE ®HdAe HAAAdFLai et al, 2005
Jespersen et al., 2015)9} vp7HA 2 folu st &7 FEE AT

=

olN

7t g AAF Fdol ¥ AT BY FHols A =go] HX
ottty BuBPTH ‘W aEA gohtia a"kte £33 £9
Aeke] A%, 479 FA /)7 B ¥ S @ WME AEEA 2o
A7} 455%(10%), F 1-23] 208 o3t AR ASTE 27.3%6H)E

At AREAA W gote] BEHA RPnh o= WA

B Aol o oAk ool HAALE ¥ ARkl ARk Wi
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PP HolZlE WA A 7he] oju] Qi ol BAHA A

vt o] A BRI AZAZ FIRRE =, =9, ae Al mA=

(Yap et al, 2017), &<HLlai et al, 2012; Burrai et al.,
2019& ZaAvs Bart 7le AT A thAo] mdr] EeE
A= AMel(e: & ALY BEApe] AFE ] QojA A
sty = ofgoh Hlw A FHZ dFolAE A 44 A5
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rate variability), ¥¥&=(skin conductance) S8 FFEHE A FH
7S &3td & o RuEStiZhou et al, 2020; Azevedo et al.,

2017). ololl & dATolAME s FALS T AdEse AAEEe

742 o] Bk &3t g o%s A=Y JMe4ES JHHEE oY
fFromgt axes AFHA Gt AFE ASeo] £ BAE
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ABSTRACT

Development of a mobile application
to play music combined with
heartbeat sounds and its effect on
sleep quality in middle-aged adults:
An exploratory study

Seo Jin Oh
Department of Clinical Medical Sciences
The Graduate School

Seoul National University

Introduction: Music often serves as a self-help tool to induce
physiological relaxation, a positive state of mind, and distraction
responses in individuals who experience sleep difficulties. Previous
studies have reported the positive effects of music on sleep quality and
quality of life in individuals with poor sleep and support the use of
music as a safe and cost-effective sleeping aid. A recent laboratory
study suggested that physiological sounds, including heartbeat (HB) or

respiratory sounds may induce relaxation. However, no clinical study
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has focused on the effects of these sounds in individuals with sleep
difficulties. In this study, we developed sleep-inducing music combined
with HBs to produce physical and psychological relaxation, as well as a
musical mobile application to verify the efficacy of music combined

with HBs in middle-aged adults with sleep difficulties.

Methods: The study included 63 individuals aged 40-68 years, with sleep
difficulties, who were randomized into a music combined with HB
intervention (n = 22), an audiobook control (n = 19), and a waitlist
control group (n = 22). The intervention group listened to music
combined with HBs, and the control group listened to audiobooks for 30
-45 min every night. The waitlist control group received no
intervention. Using self-administered questionnaires, all subjects were
evaluated on three occasions as follows:  pre-intervention,
post-intervention, and 4 weeks post-intervention for follow-up regarding
sleep quality, emotional difficulties, and quality of life. Additionally, we
used a wearable device (smart watch) to evaluate objective measures

of sleep.

Results: We observed no significant effects of music combined with HB
on insomnia symptoms (evaluated using the Insomnia Severity Index
[ISI], Pittsburgh Sleep Quality Index [PSQI], and the DSM5-PROMIS Sleep
scale) and represented as the group X time interaction, although slight
reduction in insomnia severity was observed in the two experimental

groups. With regard to secondary outcomes, we observed no changes in
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depression, anxiety, and quality of life. However, among the ISI and
PSQI sub-items, symptoms of early morning awakening and subjective
sleep quality were significantly improved in the music combined with
HB intervention than in the  waitlist group.  Specifically,
intervention-induced improved sleep quality persisted even 4 weeks

after intervention in individuals without severe depression.

Conclusion: Compared with the waitlist group, the music combined with
HB group showed reduced insomnia symptoms, such as early morning
awakening and also better subjective sleep quality; however, this
approach was not shown to be superior to audiobooks as an effective
sleep-inducing intervention. Comorbidities, such as severe depression
may reduce the effectiveness of the mobile app-based music
intervention for insomnia. We conclude that music combined with HB
may potentially be useful as a health care self-help tool for individuals
with subclinical levels of insomnia or temporary sleep disturbances, as
opposed to being a primary treatment modality for patients with
clinical-level insomnia and comorbid psychiatric disorders.

Keywords: sleep disturbances, insomnia, middle-aged adults, heartbeat
sounds, mobile application, randomized controlled trial (RCT)
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