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Sequential Multiple Assignment Randomized Trial and Its Application in the Field of Chinese
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ABSTRACT Sequential multiple assignment randomized trial ( SMART ) design is a scheme optimization
design of implementation science, which aims to evaluate the effect of intervention measures. This paper
introduces the mode and analyzing method of SMART design, and discusses the feasibility of its application in the
field of Chinese medicine ( CM ) evaluation, considering the characteristics of the CM therapies. This may provide
a new idea for the evaluation of CM treatments.

KEYWORDS Chinese medicine; sequential multiple assignment randomized trial; implementation science

ki T (efficacy ) AT EECR ( effectiveness ) 11 EX

G TR, K B2 Tt [ ki ak
A5 THEIEEE 2% (evidence based medicine, EBM )
(e BT R R SR, SRk s A . BREC A S
BT SEHERRE I E R POk Y, A
ZHE B HEPLIRYE ( sequential multiple assignment
randomized trial, SMART ) %152 3L Bl % H
BT 2 2 —, 7F PubMed 1% SMART 5%
F 77 2 SCHR T LLSE B8 3] 2007 4 ®, {EEE DL SCR
FMHIEHFIE . A BAAE 2020 4EWI AR T —R T
BHOCENA T SMART BRI ELE . R E Y
P, A T F X — e 2 A
AR T AT R, IR A H R 24 S H]
AR ATE
1 SMART #F5E it E L 51

SeamiH  ER A RBHERLE BN E (Ne:81830115 )

Vs By b nt i R 25 R2EARIE R4ty (b3 100029 )

WA . X, Tel: 010-64286757, E-mail: Liujp@bucm:
eduich

DOI: 10. 7661/j. cjim. 20220128.061

SMART %1t 3 B 7E T3l i 2 R & 2 I8 5 Tl 5
ZRA AL X A2 B AR FYR YT AR A
R W R T IR T BEN A2 1R H 1 SMART A
FEP AT BB Z IRIT B B o B B B B —
KL, A ZIRAE 2PN 1 R, BBk
ZAAHE W AT RERE L BL 2 UK . FEHLAL & AR FE DR A
B ER, HLASRAEZ B B A ) 5 i A AN ) T i
By gl . AR P B SR AN 520, FEVT
f AR Ty R e S A — 2 SR N AR, BT g
Xl VP 5 5 I A s [ R B B XA T 1 S AN W )
By ZNE, SMART BiHREAEPHAbHT A [W] i B i 28
RFNEITT AR o AH LT 20 & A R AL R
% (randomized controlled trial, RCT ), SMART ik
TIRE S A PSP I (A2, PR )iz g
FHT IR . A oK P20 S5 08 M o 1 S Bt A2
FEHe PURRPRTE VRS, 75 A n 5
VEITRURREE ) %, SMART T4 G- REA Bl AR A
1 sh 83497 77 28( dynamic treatment. fegimes,
DTR) ®, A4E 08 YRR 55 i AL i R i 2554

45



. 483 . rpE o R

itk 2022 4 4 A5 42 4555 4 15 CJITWM, April 2022, Vol. 42, No. 4

1.2 WgEAEat

P A R 0 — D B B4 1143 Y SMART
W B, FriE 45 9] 20 i (equal probability
allocation ) &R 23X G AR BEAL AT BE 2 YK

T it T

2N
H2UHIHL

- . F2UHHL
F T it I

B 1 BB AR SMART BF 53 33 2L 1A

FAABEHL SER— B BHR T T Y

2 ML) RCT A R 1w B2 B A T2 BE I 2%, BRI
B Z AT G AL AP AL, 45 20 45 32 O [R) ) 1 T4
Jiti, 5ERLIGIT FE 5 AR 45 SR 48 AR B e R AT S 4
Hro SMART BIHTESE U —BrBan T S, MR8
SR XA IT 0BG UK AT B SR 53 R 2 RNAS
B, XA S A WA AR T SCHR B A PR A
WX A & [ % (tailoring variables ).
X T AE T T A 2 19 32 1A A — R B AL 2 B 3
WA, —dlAERTARYTY, 5 —4URAEA RIT IR
WRUAGYT (BIREAIAY TR R TT BE ) 5 %R 7E T Tl
WA A B SZ AR BRI i R BEAL OB A, —
R HFEARIT N EARUORT (RUIRIBI AR R )
FE), 3 —41R A WSS () R T SRR it A R B IR YT -
Wik, BFFEE ] LA LR AS B  FE i xe g 1
TSR, o] DA I AN (] B4 F005 3 12 A % 9
W T RUE. XHEM B, C. D, EfU{UE—11E
B, 7T AT AR A CRaFsE B B Sdl S e
FIN%E . ten B2, D2 A LAMCHANIAYTY, Bl —
MrBOa T ACR C 2k 200 H Y, X 5] DO FR4e2E
T, C1. BN AT LASOCH JE A T A HAb 5 G T
FBL LR #iisch B, C. D, E-WAlLEEA

THUR FHA AN [ RE B AR SO

Pl 2 o it P B Bl 45 Ho 51 43 B i) SMART A
FERHEE, RIAERTA ABEARESZ 158 IR BT

IS — B B L 2 7 X iGyr SR
IRIT TSR TR RO BB Z 5, AN
(AR ) W32 B8 B Bk i Y I X (X
HALF LA L ARIGYT ), MJCh 2 132 i8035 5 By
BIWCRRBENL, B2 B A0YT (X+Y) sl B
BT (PR Z),

AN, AR 4 A58 H #9575 % SMART i it ik A]
PO = HrBeal 2 BB, W] DU AR PR (time-
varying ).

2 BTEBAESE IR SMART 58S AR ]

1.3 Btk

DAL 2 fiis AR SE 3T R, 8 ml AR A AIF 5 I
IS B (R A ot EE 2l © B AE SR 1 PR B,

XiF T RN B AT AR R RS A 1) B8 43
B, WNLPER AR (linear mixed models ) Bl
MR KA ( growth curve models ), I8 5E THr K 52
WG, HanEE 1 i ER0N BEREE—A
5 ()R 20 BT O A 2 F — S SV 9 1) RCT
WFFE I EHE 4T

X AZGE T B BRSCR L, RS
I T ARG A ARE R AT . tean sl 2
A+B PIANIEZH 59 AN HERHE 5 I %] 1R D+F PSRN
FEAIEE, whnT LURF—NEE 28728 58 B

&2 Y WAL= R TR Y B 25 K 8 I s o

1 LUK 2 BB SMART BEit i UL 3 Rt H B9 %l o Ml il

WY WE5E R 1 Bzt HeIF b
R0 H S B BAAI T FER  TE R TR0 S AR AR R R B X PR R R X

sy "

(' main effect aim )

A+B+C VS. D+E+F

SR BORY T I RO X T X PRI A AN AE ) R R AR B RL BB Y S e

JEH Z Yy 7
TRAZGE NPT H bR
( embedded-adaptive
intervention aim )

(URiS R

(‘Optimization aim ) NEV A

PREE X+Y B 7

FERCPIRISE LT 10/ 28« A H) X TP R R 2 Z Ji R AN 28 i S8 i R X 7

Lioglls8 B SR T IR B R I S U L U AN Wi IV e S WV E S L U € S I
il R U TG WL T 07 58 - X A R HAS X MM AS R 10 (S 2 15 Ny Z

B+E VS. C+F

A+B VS. D+F
A+B VS, A+C VS, D+EVS. D+F
U545 1

FEXHR G 2 1 SRtk
43#r B+E VS. C+F




R P BREE G 2R 2022 4F 4 145 42 4555 4 ] CJITWM, April 2022, Vol. 42, No. 4 - 484 -

( standard moderator analysis ) "%, 7£ RCT 7= 4 iy
BAE AR el SRS R A s e [l
IHBEAY 53R AC AR I SR L b A8 s AHDC RE, 7110
HANAG A (AR R / RIEs R ), 3t
g COBMERREZYM AT ), BUAYT LAHILRC, XLk
]R8 5 A Bl T4 78 T ISt R, e
AT LU R S Bl i BEWIRSE 35 7 RIOR 5, WIPSEB 7 RIUR
55, Wb A S RCT BUlE—E M, LIAfE
W AE R (moderator ) & 752 LR firh A R R A4S 5
(tailoring variables ), XF st T % &G 7 AH .
YERI R E s s e, HOR BT R A AR R I
K, RERR DAL R R R, EK 2 mF -,
XREIREFEXTT L X RN AT, AGRBIREZ
ARt DA A A X ik B S i 2R
LR AR R & R R AR i, DURf e X+Y BRH RN Z 97 3%
R T 4

2 PEAYTROEN R RS SMART #5850
FHIRPLHA

2.1 PEZTROHN AT AR

HR RS2 B RAZ O AU BRI 5
WA BN, Rl —PRTEA R & e BB
AL IR A UERL . Bian, FRISPIE, B g,
I FH R R IZ NRTT 7 5 IR rh S 5 At ] &
IGTT MIZ0H il 4 T B RS R W1, 2 A RIRR,
P KBTS B, iGN AR BRI = s
BT A R At R b AN ] J5T 1) 2 JE FHAS [ 4 7 3k 25 il
PRy, SEFRIEEIA B BAARREL

2.2 SMART it LR S a1 71k

FEXTHEUEIRIA BT SOTA, B2 ok 2
RCT My, TiEaAG Crid, RCT iy EE HAE
PPN AT P it s S R AR T T 0y SR, P LA
M2k SMART it ris 2 ) i 7 S8 RICR 5
WE. # K H RCT RIFMAHIES A MRCR, 11 Hibe
TN — B EPHIEIRTA T RIVEEARSCRL, AR BB
PPN R FHIEAR 7 iE AR ROR , WAEEITAN 2B
B I 7 sl AR A R . i SMART 31 H
BE N e L et R AT RENE, JRE
A L DTR AR 15 07 R IR R s . & RE R A 52
IRIT B SRAERTALR S 227 I RICR , TR )2 )
AR DA B R T b B . T B MR TR
MRS A, EE I SMART 30T LA T
HEE TR BRI, S TRIEAEGTER
W5

2.3 HEZYFROTFO BT Y ] SMART Bt

AR S

BIUEEPEN BHIEIS TR A 250 B b 240337 et
PERRIIRCR, TS SMART #F5E (055 — B BE R 3%
IR A 2 AL 2GR, AR 3R Y7 — BER ) X
FHRIEIE TR 7 54 N BRI 1) R AR SR 2
FERIES IR A A AR UCA 2L . NIRRT Y
SR 2L BEAL A R I FH 24 2l sl A i BLA T A
XoF T H R 2 2 I BRI A BB Ak oy R R b R 2
TRIT LRI R B2 IR YT AL . BB RCRANIT ()
E— BEALAr A 25 A sl A B B A P 4. XA
SMART 7] LA[R] I [ BEUE TS5 17 245 Fi il 2
B 2RO RS BE AR IR T — BL ]
Jr " B R 2GR AN 1 R RS N I
25 s s H R R 2 IS A A

PRI, ERIA TR R R 5 K. R
K AW, i REAE A e DR & BB B e Z T
AL Ry 43 2~3 vk P, B “HHRNGYT
PP IRIT IR SRR IRPE R R 1y [a)
BT LA SMART 58, 2% & 2 kX,
CUUF A TG T A A g R AE (P ) B VE TS
XI5, S — W Boks A AL A AH R B R B Uk
FARIT AR 2 WG T AL, MEE—RT7 R
(a2 41 ) JEIRITRCR BB R, X @ik
TRYT AN BRI BB AE R A IRYTY . DIARCREAR
U (1) BB AL Sk LA 7 vk A R FH LA v 2 5 %)
TRATVRIGTT AN RO ) R AR IR IR . A
BRI 1) S5 B A3 A 16 FH At 7 i 4 sl LAt 7 vk
A, XA DL I <Xt g MR E P AET AT
K FH AR AP SRR AT VL S XA HLGF
BT HIE ST M AE AL ) B R R S HoAhiiy 7?7
EMRIE (BHE ),

K3 PubMed K Hf [0 9 45 24~ o, TR 122, 3
IRAT I E ST R T SMART #31, Hird{L 2020 4
A 6 BB R FSCHR & SMART %31 ", {A{7—
g " R A A T A X — P B, i
WFFE I SRR L £ 267 TR 42 S 1) e 2 SCs i oA ik
ik Y. IR, eI h 2y s e k254
JPRITRL, PN S0t P R 2 T AR, 1
Al L% B R SMART i,

3 X SMART it 2%

3.1 EHMER A Z R

WIFTSCHrA, SMART i1 m] LA e . i
R MR BB B SRR = 280, IR
o —MARNEZE R, "TRES A R AE, AT T e



. 485 .

P TP BR G Ak 2022 4F 4 F14E 42 4555 4 W) CJITWM, April 2022, Vol. 42, No. 4

FAXHE (s [R] AR FRRRE o X FEA BEIZ H T 91 2 4y
Be RIS A T 2 B BERI P RO . TR, %R
TR E AT EAEN . B AR RN S
SRR o

3.2 XIMFFEAC PR L ]

52 8 RCT A [A, SMART &3t 328 % 4 7]
RESSTHIG 5 2907 T R MARTE , WF98 & D% e
AR, FEE—ReBEHLIRTT G, % B ARV
(2R SRR ERZ 3 10 A R 13 )
T8 e MMl BT X R BE LIS ATY SR T I 25 14 32 4K
&, WE LRI PLE, MBS 2R AL
B L ool 110 = U S 2 o e N [ | = S e e 7=

3.3 WG E Rk R

SMART B 7E H B BE A Gt kiR,
FRARIG PR A T 24 DTR, BATZ 8] il AH K45
PG REA AL B ARG R M, AF R R RAE DTR /Y
B, BEEFSRNZA ARG T SMART &itH48
HAhE 2%, A R KL T TR TIHEEREA
2 HMEARIE A A . TEANRGSC 1.3 hE]
(), B 3BT 9 5 et A LG o ik
A B0 TR HLA L] 22 SRS, T 06 T HAAR T R

R ARELE,
4 ZEE

R4 SMART & 78 b F B 38 A7 7E — & 19 R
B, HEAE A B 25R T IR SR &2 2= 1
(5K o 28 NN BN DAL 38 IO 1 T 1005 s 1Y)
SMART B iH7E H B 24597 AP Sl LA H

2 £ X #t

BEW, EIVE, WK, FOSERE AR R
L& A P Sh AR B (D). P R R A 2R,
2020, 40 (11): 1378-1380.

BARIT, TR, XA . SRR T B 2 S g B
G55 QU I BT RS 5078k [J]. hE T PR E S A
Zeiki, 2021, 41 (9): 1113-1119.

Collins LM, Murphy SA, Strecher V. The
multiphase optimization strategy ( MOST ) and the

(2]

sequential multiple assignment randomized trial
(SMART ) : new methods for more potent eHealth
interventions[J]. Am J Prev Med, 2007, 32 (5
Suppl’) : S112-S118.

WITH, XIET . SMART 44T 76 h B HE 257 97
ROTAN v R IR [JJE st BE2Y, 2020, 39 (19
78-80.

[5]

[6]

(7]

[8]

(9]

[10]

[14]

45 ]

Lavori PW, Dawson R. Dynamic treatment
regimes: practical design considerations[J]. Clin
Trials, 2014, 1 (1):9-20.

Lavori PW, Dawson R, Rush AJ. Flexible
treatment strategies in chronic disease: clinical and
research implications[J]. Biol Psychiatry, 2000, 48
(6):605-614.

Kidwell KM. SMART designs in cancer research:
past,present and future[J]. Clin Trials,2014,11 (4 ).
445-456.

Murphy SA. An experimental design for the
development of adaptive treatment strategies[J].
Stat Med, 2005, 24 (10): 1455-1481.

Almirall D, Nahum-Shani |, Sherwood NE, et al.
Introduction to SMART design for the development
of adaptive interventions: with application to weight
loss research[J]. Trans| Behav Med, 2014, 4 (3):
260-274.

Kreamer H, Frank E, Kupfer D. Moderators of
treatment outcomes[J]. JAMA, 2006, 296 (10 ) :
1286-1288.

UL 9% . P EEEEAEE (M), Jbat: PR,
Jkt, 2016 .

Cao HJ, Li X, Li XL, et al. Factors influencing
participant compliance in acupuncture trials: an in-
depth interview study[J]. PLoS ONE, 2020, 15 (4 ):
€0231780.

Chao YC, Trachtman H, Gipson DS, et
al. Dynamic treatment regimens in small n,
sequential, multiple assignment, randomized
trials: an application in focal segmental
glomerulosclerosis[J]. Contemp Clin Trials, 2020,
92: 105989.

Fernandez ME, Schlechter CR, Del Fiol G, et al.
QuitSMART Utah: an implementation study protocol
for a cluster-randomized, multi-level sequential
multiple assignment randomized trial to increase
reach and impact of tobacco cessation treatment
in Community Health Centers[J]. Implement Sci,
2020, 15(1): 9.

Fortney JC, Heagerty PJ, Bauer AM, et al.
Study to promote innovation in rural iategrated
telepsychiatry ( SPIRIT ) : rationale.and design of

a randomized comparative effectiveness trial of



R P BREE G 2R 2022 4F 4 145 42 4555 4 ] CJITWM, April 2022, Vol. 42, No. 4 - 486 -

[17]

[19]

%&M&M&M&LM&LM&LM&LM&LM&LM*

managing complex psychiatric disorders in rural
primary care clinics[J]. Contemp Clin Trials, 2020,
90: 105873.

Quanbeck A, Almirall D, Jacobson N, et al. The
Balanced Opioid Initiative: protocol for a clustered,
sequential, multiple-assignment randomized trial
to construct an adaptive implementation strategy to
improve guideline-concordant opioid prescribing in
primary care[J]. Implement Sci, 2020, 15 (1):
26.

Micheletti RG, Pagnoux C, Tamura RN, et al.
Protocol for a randomized multicenter study for
isolated skin vasculitis ( ARAMIS ) comparing the
efficacy of three drugs: azathioprine, colchicine,
and dapsone[J]. Trials, 2020, 21 (1) : 362.

Xu J, Bandyopadhyay D, Salehabadi SM, et
al. SMARTp: A SMART design for nonsurgical
treatments of chronic periodontitis with spatially
referenced and nonrandomly missing skewed
outcomes|J]. Biom J, 2020, 62 (2): 282-310.
Flynn D, Eaton LH, Langford DJ, etal. A SMART
design to determine the optimal treatment of chronic

Chinese Journal of Integrative Medicine ( P E & & EFZE )
k2021 HESREERZWAERET
B 2012 A2, PEf R AfmE X 2 EBEEFROFE (FEZRMA BFIHESR), @E2 75
AFF E B AR 69 LAk 5| LK RABIZIE R ST HE F AT 09 B FRATHER L, BWRA T IR

KB F AR 12 B B3 R RARIR A 7515

WAERE T R E F AR A E T F]A 5] TR (TC), 31 ¥wB-F (IF) fa¥a
Fa4 (Cl) FEZHHFIFMIE4F, LT ClH L TOP 5% a9 B4 “FEARALBGHra A F AL,

[20]

[21]

[22]

TOP 6%~10% #9417 A4 “ B B FR#a HHFF A7,

B 2012 4 % 4, Chinese Journal of Integrative Medicine ¥)3%+F 4 “ % B % BB F%va 1 F RKHF]”,
RENEEBRIT) KEH . EFARERORA IEF, EEATFHEGRBM, 2ELRE XA
IR —RE S, RSP HELESFLLE,

IO O O O O N O N O M O O M M © M © M O M © i © M O i O O O i O O M O ) O M O O O i © M O M O O © M © M O M O O © M © M © M O O M O M © M © M O i O 2

pain among military personnel[J].
Trials, 2018, 73: 68-74.
Almirall D, Compton SN, Gunlicks-Stoessel M, et

Contemp Clin

al. Designing a pilot sequentia Imultiple assignment
randomized trial for developing an adaptive
treatment strategy[J]. Statistics in Medicine, 2012,
31 (17 ): 1887-1902.
Crivello Al, Levy JA, Murphy SA. Evaluation
of sample size formulae for developing adaptive
treatment strategies using a smart design[OL].
University Park, PA: The Pennsylvania State
University, 2007. Available at ( accessed on 2022-1-
5): http: //citeseerx.ist.psu.edu/viewdoc/download;
jsessionid=27B23AC4BF2FA2B5CF5E137377A7D3
467d0i=10.1.1.76.6634&rep=rep1&type=pdf.
Artman WJ, Nahum-Shani I, Wu T, et al. Power
analysis in a SMART design: sample size estimation
for determining the best embedded dynamic
treatment regime[J]. Biostatistics, 2020, 21 (3):
432-448.
(Usehi: 2020-05-13  fi£k: 2022-04-01)
SR : W

*"W‘(‘)“(’)“(")"(ﬁ")")"(‘)“‘(‘)“‘(‘)“‘(‘)“‘(’)“(’)“(’)“(’)“(’)“(‘Y‘(‘Y



