[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

CaoMw (SBES! yo 5O ol d i (S Jlwwdanls (SIS gyl
(S Locuns 59 p0)

bubél; e ‘ZJJ."z._‘A)'.ﬂ Lo )sues 5*‘“0.5;) Sibuoo s*voﬁ.ﬁé}? ["I)'k"” s\6M Suon

VEVYITE 10y )b Voo NYIYY sl )0 )b

OAJ.SJ N

0 duzn OWie (8354 ;e LB, 03,5 udg) 4 Jlgs o (Silwdnd sladse lesliwl : Ban g dine)
LaoT (s Jo sl b b b 51 515 sy Jilaws (S iz 059 p0l i8S oS ceadls slacadl o
Fle 4 5,9, L a8 39000 a8 Sl )5 asdlile 438 G Olgie 4 planes S)lotand ol
i aie ol 5l e il LaoT ol s 5 J5lae 095 00mizmn dolss 555 5 5 ksl
Ll s slacdl e o " Seoliss slas )l ¢ 5as8 iy

23 s 2agy 5La3 )l 4 ol Yo S Sl sy 38 5 asllbo ol lasbs s 5 g
Gais ol 55505 058 gt Y014 61444 sladle oo Sledbl oL VY o 1) cuds slacudl e
oM Ll n SKoaliys Julos aMs slacadl oo 3 phansms 2bgz Slao3losls b Yo
Sg cd slacudl e bgy (silwans b [4>9|J.A o slacudl e (6 ledds

ol FeMbl Slaololy > o (slocadl o 55 s (2ligy 50,25 b s o alin V4 s
5 hgat abligy Wl e wiogSo wimslias (Ja syal |y 355 35 a5 Wl 5l 2oy AB b
o slols 9 Sl Hlen Sl e OYls Ol o .20l 18 cd slacadl e )5 (55,400 5
Dgr 0l )y p Dlegsge Hl oleys I

J ol bl a8y il 53l caodw (sloasilpo > polke (s 3ldans 31 oolital &) Jales -5 oS domais
S 3 9 1S Gl 0 0 pasw (2l S o8 G153 @)08 5l Blgs o (o8 5 65 lednds a8
sladie; a8 6)ls o cds Glacudl o Slapiun o e Gl @l B 5l 8 5 U
Sloseas ,3 )15 caliw 5 G oaab 2 4 Olgs o o] Sligiss o Lﬁprlw b 2,8 L ogall
285 0,lal K, 9 OB ot o e (63 pual) 2,5 (pgee cublag

s Sl s (Sl Jao 0le)s 9 cuiligy s AdlS Olals

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

Ol eleiol et e o sodll Sl5T oKl (gl e axly bt og 5 wesdl slatdl g 25 L_;yg;:.slo:
shr_tofighi @yaho0.com (Jgtus ediwngs * ) ol o)l ,08 « Sy pole (lndim 3 wadls (M sy 5 (550, a3 (5,55 oans] 09,5
rajabi@iaukhsh.ac.ir (Jgtms ooicms g ¥ ) .oyl ol (lgiol o  Suad ¢ oMol o3T oKkl ¢ 1oy giod 9l oliazdl 09,5 r
R = . Lk
Ul)"‘ 4ul).e) ‘QSA))|5> oKiils 6&0L~0 (o 05)5 Ls.oJ.C Cod gac .
Ol eoleiol as uad ool ol3T olKtils ¢ypis (e 0y wlatdl 09,5


https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

O § (Shazmo o>

o (1) 355 o ool (ABS) " Ll ks s3lotnrd
P sleacz Laal) o) 095 ghlhe (gilwand g9
3o :YW DES le_.o.A Lgb..: (Y $) 0)‘.) Ceodbos LgLﬁwBbA
g go ool (Sijy il gl pr (60,05 (sloanl
Cion sla D 5 sesml g5lu Jow 0 SD &5 Jb> o
wlacal ales 3l w0 li% 15U giluand be, 3,05 5
S g Hlade (gl i laj 0,955 dil> Coenl
YY) Cedw 6Lﬁwﬁ\)n ‘_gl.ﬁb.)._>|3 89; 9.5%9,9 LgL(acéL)
Ly s3lstend sy oyiomenlio el oIS 55b & (7Y
s Slw] LS cdlw slacadlye 5l ol avs> S
Y

slcddlie giluacd 5550 0 Slosl o g0l Slallas
u’.vl_>5; Lgl_d:b)g)ls e as 6‘4.&][.‘49 Lol 4.))‘0 S99 Codlws
P “_iul.o..a_.w )9y L_i} ““—éﬁ o;&‘ LJ aslao L)"‘ w.\.:
3= Olame 4 SD jlaS S5 g alls sloJus
o=l 5 0l 38 es ailS e eolaiul (gluand sl ST
5 00l yiiine Sliass SYle 8,90 j0 gl (uioT
Al az g sy Sledbl sleoll jo ands Jlu Y
6’;1 Slaass ol jwn  olwlils jolaie a4y aslllae pl Bon
Lol o oy, 8l gl losl 1 (5590 aSl)l L
9O Lssl_:y éua);)lf LMM 9 l_bLs)l_wooLu
L2252 6)50 il e CoteS g oy, oo Ko,
oS &l cedl slacadl e ,0SD

Lo 9 9 3lge
e (2l Slos 5 DYl Sl el 950 adlllas o
1939 la Jlo e Vo a5 el Cosdhos gloasdl o o
A oliws jelaean ol S8 i oyeel, YeNA L
looilyads Ly s claiye ol valsd 5 Clacies
slac 8l SD wwdlw lac bl o piuw obs
Sl b pylae Cudls (slaadl o (g5luand (s
2ol L o el s sl_ac
,ScienceDirect,Scopus,Web of Science,PubMed LM

Sl sl—g

Wolters « Research GateProQuest Central,Springer
sl Wiley Online Library o Taylor & Francis Kluwer
SLedbl oLL 5o 398 slaojloads b goins Jol> 0l

% agent-based simulation

R e ULy ...

dodko

5 ool slac Bl Jois o g ooy OMSUs
Coino plizren s sl ool @S 5 dguzme 28 hny
Slaphus (V1) aiS oo il @ 1) cadlo glacadlys
Sl Sy0 a8 canl glagS 4 cedle slacudl e ooy
madie Lo oY) a0 e alizes sl psie Jiliie Ol 15
o ez g e Jolsi 5 RS L ol sl sl
35 s 5 e S s (F) 5 o sl |, S
o=l aslg a s crl olelnl aiesls cwdle slacadl e
arwg oloJae o cpl j0.(0) WS ik b Sazey
e () ed9 ;5 slodoe jlas al e S35 5
2 YL @ pindlhasl Gl 45 6 SenslS giluans
P 2 5 O N SN R B O [0
el 0535 o il Codl slacadle gl 45 Lelse
laJae oyl iz o (V)-Y) dkias as i
G358 JLE8) (59,5 (g A 9l oo (gluand
) S SeS Coodle sl e oduzey OIS

il sla e 5 45 ol Ll (6l st
2 e 0,99 S o b Jae o, Sles b5l 5 e Sl
Joe ol OY) asS e ool ol b, o Slilee Lyl
ae Jome () 05 oo (5510508 all, l8le 5 5o segpie
Dl 5 el 5 ] g S o e el
ST g e a4z lag b (2l sl Wl e 45 e
00 5y Ohlow ln $y9r8 08 s olml en (V)
Sdler Scdlie pians 2 (5950508 1L Jeoos L (V0)
39 odzry SIS e j9,m Lo gy ol 0ed colawl (V)
5 (VY) ol oolaiwl v 44 VA7 a0 3l Cedw slocddl e
2Ly Joe o S e dil> Jloges o anl o
G Yol gacgozo 3l 9 (F) o lo o Lil b o0 53
() soles oo oolaiul Wosls 51 gaws cads b il aso 4
Tos g duymi 0 ol Cadil 4 az g Loyl sladil>
g Lo loges jo 1y eolaiwl 1y i i slo izl
S Ll (D) ' Sealiys el wls e sl oo
i L sy S gt Ysosa |y Col oalid S0
o=l olas gz g Al gy (ilwand Joe SOy Bolas
s s e 55 Lok 4355 o5 483 e ol oo
el g a5 9 o)l gl L8, s oo 03l 5 aiS o
Jome G 5o giloans G SaSs (DlBgl a8 .(VA) 05
Sl oSS sl )5 (S 5 5 Wigd o0 S
5 (DES) "4t 5oy, 55t SD asile calize

! system dynamics (SD)
Zdiscrete-event simulation

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

Ar st 0 3o 1 P+ 1 kg ) 0 loud (o2 9y Jbo

6&0)3)5 ‘5|)_..| o axs-lu 6‘LﬁJJ~Q as @YLQA tAgy
(o ol 3 SVl JS 5170 V) aisS o o | Lol
S8 olaiwl 0,90 S50 e Joe Jawgs wilgs o 0gdll 4ol
5 TA) Col 00 oolo olid dsllas 590 SH L aS 5 .8
(oads plwlis oYlie

sy Ly soatie 5,5 Byo oS SVEs € ¢33
(Yo wo 0 1.0) vin

el slac bl 0 SD &Ylao 5l oo ,o YO sq0s
Olg=is an ol jloslial (el a5 o S Ciogi |y (297)lx
o)1 sls b o ke By Wlie 51 7Y ¢ sgus L5 aS
Silw i S5 S0 plgre 4 SD 3,8, 5l wsg el
el oas solaiwl SYLae oo, AV [y 084 paise
Oe—izad 3 (ABS) 4 (SD) S 5 .o odmliin S 5
0j9—> ;3 j9—i DES g ABS SD .5 5 sl Jo—s
Gyl alie Jlaz Lo ¢ diws asliil cwdle bl e
S ey ¥ S8 oo LaceS 5 onl 51 (o
e se ol 1) (silwosly g (g5luand

S ool 9 (6 sdunds ST ol 3 S¥lio g5\ Jga

& | ey | g5 &GJWWJ*"'&?
S lc|Bl|A Gl Joo 5SSS

PY [ o o f

Jlsdcds o o Sl
VY Y v v GO 9 i Oele

S 3l g,
v v Silwdd g paow Soelizo
Jole (e
v \ \ g LS gy (5 5lwdds
Jole (e sluoaned
va | v | ev A B e

elwlis YLas 4o oolaiwl 55 ,l58le 5 o8 bl 5

Sy oolai vl 0,50 580 5 g6 OYLEs o )0 FY onds
Sy9—e l38lp 0 a5 (SYle ;5 Nog 03,55 53, Bedow
YA Vensim 5l lao oo ,0 £ o casilosgad oLl colatl
s, Y.Y AAnylLogic u—s,5 V) STELLA/IThink o_s o
03,5 oslax—wl Turbo Pascal ;| o—o,5 Y.0 ¢ ExtendSim
Sl cdlw glacdlie a0 a5 Slisdod o Wiog:
S90S 4y Cus Vensim l8le 5 oals plxil pgloe (g jlwals

Ol 2! (Sl slost 301 0151 sale cpazmil (sowsy I ! Um‘w"w QM

Lo YU e aalllas 51 s 45 05 alio AY olass
9 OO b e 8 9 09 hai e g adlie By
3 i (b 35 4 =) Jald 45 0959 JLre (ruiznen
ses 5 6 sles Sus; adex jlicadlw slacdls
3O diwgn (Glwdn i 1o o] 55 Y sl aiS sy
S Sldug, 4 bogs e SYlEe -V 0 Ceods slocudl e
5| SoSD S s enilniS sle e (g3ludand 5
5 5 s oe g addllas (gl ooliul 5550 slaSiSS
YLk sl S5l e e L 4 - i ewiloniS
Wlie YA alie AF 51 cols i b qus r b oleis] (i
3,50 |y Cedlw slacdle ,0SD 50 ,,LS sloa sl
Lo g aiaplls glo g o5 (Vo 39 0310 3 ()
SIS S w0305 |y (TF) ey Cand S 5L

Wil

Slod ol adlae YA adlie AY 5l ols lsd Lo )
odld S8 sy 0590 ) ool slocdl e ,0 SD (g0 )l
Sl Joe sue £ (glanlin cwypoae ) Jold loallie o4
23— V¥ (5 9,0 00 VY (Lo, g cdilags )0 og—os
Seelino l58le 15 5l ool wl sae £ g S 5 oo )l
SD (60 ,LS sladaliy oy L’B).a 3,90 FY olasws cpl 5o
oolain] oS 5 Jaw 3l og> allie ;0 0,90 V7 g0 aisloyy
aS ol sdalie oYlas oljlial ley Llad 5lass,s
Jlw 3l oy cdlw slacdl e ;0 SD SYlin oy iy
o9y 90 5l 45 OYlas S ggemme 5l ogr ool Qb VY
5 ol ya1S DY ae 050 VY (allie YA) wings 00ged oolaiul
g olasd cpl &S caddsl )l e (o oyl 5l 5 60 OA
aS SYlas ggomme jlaibcw ao Y 5 Y2 L Joles
aJlie A W 00,5 swoyn |, SD 605 slaacly B0
Oemzpe 9y aidly LAl wdlre o allie OF 5 (ol aiS
ool 00l (o YNO B Yo ¥ sl Sl 0,90 40 allin FO
Al VY oS 0y 738 pdy oS 5 Joe Y o mls
Joe opl @Yl S sgamme 3l g oad yadie a1idS Jlu A
Mo 4o adlio ¥ g Lo il a5 0 allie VY (dlie VF)
RO R WIA TS

oobl 2V Jgaz o Gados cpl OV Slulis mls
SYlie ganmhn jshite 4 Lo o Lo e (&S s S
a L 5 g oslizal () ollSem 5 3,830 5 s, 5
Ll bl gilwans Joe g4

PRISMA
2 Brailsford

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

oot bl o sl ,Shos Y Joir

o, Sles 0,

S e Sl sl o Jlo gl | V05,5

Sr2elip (sagee Cblag ansl> Y oss8
Sleas

e sl Sl LS, ¥og S

b 5l ookl ¢(g 5 a0l 5 ¥ 05,5

S g ke 0 05,5

Sy o e Fog,S

OLS,H e Y oog,S

) AoyS

Ui SD Oliddog 0,315 5 drwgd )0 a5 e 3150 )

oo Ll (gla )y g il oo (o ool ALENS oot
ot slacadle SVl I AYY Lo aas e olis
il a5 azsT B35 sl oad Jlo oyl o0y lulis
g el 009 ol (60 )5 sladal s 51 A LS g, o
oo Il 5l sz L dnwgs Sliios I JAY Lgw

Yesi Agsd
a&j.&}' &y

¥ s
.n"f- ‘qi

Yes
.n"ll- F

R e ULy ...

aS cewl Jlo o ol sl o 00ls 5 Lo 5816 3
=S ¥ Sl sl l38le 5 oy 5 eolail 5, AnyLogic
ol
39 5 Cedbw gl Bl o Slae g5 cla ¥ Jgax o
odls Hlis o) 090 SYlae o ,Sles o y0 mu5e8 VS
el ¢ Jlo jgal 1 1) 095 55 03 SYlie 5l aoyo AD 0l
Slostiinl g g5 a0l p (oogee Sedlage ol e (CungS>
3ol I8 cadlw slocidle o (F oV ) g6 molin
alllas 590 5 0ud (lalid b yas po S oS Slegdse
Al e QLS o e 5SS S ke cilans 518
Sy S e sl polae gilwands a5 cwl Jb o ol
S s Opse SRS 5o 9 Ceadls slacal e o
N ggi 5l as SV las ) YY K00 (go 5l canl 48,5
5o ol wisS (os rogi ) oz lr SO wia T LY
s 29y 9,550, 3 et OYlae 5l s o YT a5 cal
soal (gl Ceds slacadle jo iy a4 aS | e colatul
39 D5 oo odlaiwl Ol de g CeS e liw (Sl
Sosliinl b (632 )40l soges Cedlag 09,5 50 &5 (SVle
SD 5,549, 3l aalllas 9,50 S o Lgs il e mobs

] 00 oolazwl

Véss

Tes
.n"f-Fa

SYlie 59,9, o ye> W JSi

dod W2 o JoSis | alided jlas,e YV Lok
LAllE- 8D (sloo )15 onls e sase VL 5l as” SVl
Gloanlid bles a5 ol cdalie olg)l bb,sas o wog
22313 0929 (oS 5 (3lwdnnd sl
Sk e (gleyeiS Dlado o (69,5 l38le 5 g0
ol Ol i o Laad Anylogic |3 8le 5 a S cowl ¢yl

aS el o] Slias oYlae adg jo bvyg i i &

ooy VF Lol caio jo Y7 sasce¥il aile olo et
O 5l eS ayeiS K00 g dwo,0 O ey o yo VLT
o haslanile 1) oYlae JLacil jo g o s S0y
o Slidod are) o |, &S liwe (i o oloysiS
g oo, £ ladlias,o Voo Gl Jols wijle oS5

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

Ar st 0 3o 1 P+ 1 kg ) 0 loud (o2 9y Jbo

9900 Ol an |y o ol e CBlaal WS s o)
Slagl) Sl alS (Gl 5,5 saiptis ol 05,5
Szl Sty sl Nl a1 (2) 5 (—2STy
(CHIN CAPPTY I EY

"l 02" Clidng s ax g 090 Dlegoge K00
5 Lo b LS (ol codl slacadlye 55150 ool
Golwools 8,50 40 Baiod wiiws Hlidcos bas e uals
5o oals &l DYl Glaal (FF) ol swiedgu jles b >
G5 slacuin i el o Jlod g a5 4 axes 0
D31 2 o0 SD dnwgi (sloe 5 o3l b a5 (LSS
Sloas ¢l ol Lo idu (S pdy e 5o slow GL>
gl losy (IS b g e Ghlon (o8 gl 51
Sog b Szl (25 8 s g a0 )5
olass g Lol i, ccsa slass jo Ol s (g jlwancs
53 00 (g SVlio 1 g Loy 09y (i Loy SIS
SYlae ST 000 ,5 oo colainl (60,50 Olllas 3 i) )]
gy oS lalllas

Ao YO 3l G a S was e lis Slidod pl bl
Gilbopald o 3l ams 0 3l b a5 515
(55 F0) el 0355yt Shylons (sl ko Vs el o
Celdl B Job 1) (Sl loe mlie 5B aslllas o
Sy K B aS Jls o (FALFY FF) wis s ;)|
orSole s Jll o ool 5 5 raze lilens e
(O ) axls 55 a5 e 3l solital g el Bk
= S Syl s 58U gt 0wl (A
olis (OV) lagS by (glanlllas sl oanlie L5 o Slee
Sl ley sl oo cBu Cud )b (g5l 45 dos e
5 e il Blas 4 (548 Gl jlony S o ) Lo
oo olaws als aS Wasw, aes cpl 4 (Y7) oK
e ed Gl ]y g hhsl pdy 6l el ol
il 45 WS e o)L (BY) alid 0 5 s e cyue
S as S spete ol et ool 55 S
9 Ol il pogdle s (B gl 5 Slons s
e Ed b 4 il oS wims e (515 (F9) oS
N PR N K- P J._..,L 9 s o Sy (Sl
slacadle )3 S peead aslllas (paiz ol 52U
slacwlos Jlacl g 05,5 Jdog g ajon |, Cedlws
oo S 3 osliil  CotalssS gl 55 5 s gt
o |y (6 S e a8 50 SVt (6l axly 0 Shoe
O L,07) susls

Ceodws g8l o (s pinw ;0 Co e Blaal 5l (SO
)*-’L—’ o Solo) o0l Jalye il o Cols,

Ol 2! (Sl slost 301 0151 sale cpazmil (sowsy I ! UmuJLw QM

4o STELLAVIThInk 4 lig) oligss jo laad ExtendSim
S58le 5 el ool oolanul Lok 5l o e Ve ST
g oo o0laiwl Gl ol s j0 00 1S gl 4y Vensim
ol an OYlae 45 cwdlw slacdl e cilise slvacs
ogr SYlae oo 4o by guindins (p Sogxe jl g Wlaisls
sleslon wd sbacidle o Sllee cloladl Jolis
Sdlw idlie slopian 5 251y 128 Sl lom 5T
oLt ¥Uin o rn 55 Lnegaa (o emiyaons -t
S S35 L2 5 SLa HIVIAIDS oy slacsle >

5 385 4ol 9 oy

ol sloojs> il isilvan o (Lo oSS S 5
Gl )5 a4 jomie a5 Cl Codhe slocudl e yo Sladow
el oYlie ol ilwand sla ity amlie 5 Joe
2Lo LSD anslio by plésl pgas )3 oo cal ;o oo
Ll Cdlw slocBlie ane )0 giluand o,
e axlee JSae nl bl basle o (g, SG 5l ool
 Loa iz 5l o5 L aiS olnl jiael olis 8 a5 wis
don a5 ol Hlad addllas ol (VYY) aisS ool o> 51 i
SYlie o] 2T 5 09 a5 Slalllas g3 5 (oS 5 Yo
s aw )0 SYLEs 4565 pl (IS il aings ol yaiS
(YD Y 0) S 5 slo e 3l eslitl (gblje (call) Lol
M (5l mslin (gilsands SUST S Sl (o)
sz lz L1 (@) s (TAY9) codlw slocadl o i
g (FF-YA ) (giluands glasy, o5luaz kS ol

0l gy SV (0 425 3550 Dlegdge Ko |
(o (S Sladi (owyn MBbos 358 )13,
Sy el (65,0 jlon 3l cdlye olaizt g (s,
LSl g Lo 55 da sl (w2 ghlews 9 (B araoal)|
g GalS Gladaiz b 5,55 5 laygl sl oo ol
Slew oBuno (V) viiie Codl sl o slas Slas
Cablye s ;0 B g Lo 5l Colie Lo (S S
SL8) a4 as ol (g9)lge 5l 59 adlal | Bl ol Ceodlw
BL2l 9, 9 (Sl 5 Gl el s e (S35 5 3l
(Y0) 08 o 5 )ls jLid codlw wleas g olaidl 5 5
Sobe ¥ 55 cnbs asile (al il 5 lags o 5l 65k
Sl SS9 VU (95 ,Lad Gl ju o8 59,5 3950
Vs §) 05,8 ol (¥0) At b pe Sl b e
O 52 O3 d(FAYP) pLSas8 ple yo 1 Sl ol
09,5 5 (FY) *‘*"1)%5 S 3blie jo ol 8l (F+) (5)5,b
1, CFY FY) 5 omly golatih elainl Condg gl clo

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

O § (Shazmo o>

S L guds wlals 5l slacgomme oo oo &1l
ol 5 o oolital sy o ¥Uie GasS gl 5 ol
bl O b das o Slisiod Lol Dlegdge aslllae
aalllan 3,50 4LEEE 5 a5 |, Caodlas (glaciusdl e i o
oAt Gios (pl 3 az 1,8 (o p cilaid 513
slocadlie 1o s olog jleolaiwl a4y Jolad il
(o yoal 3550 30 S50 3,51 s an (gl Cudlws
5 Slod s (5,40l ¢ sogee Tudlagy Slogonal ()80
o el YL (S8 iy el lie ) ool
5 a8 Ly a5l s S0 gl gl a5 Lol cins
L blie 55 pims (olis (692,15 slaasliy 51410
b 4S5 s el o azS L ol SIS

shlo cadlw slacdlye )3 pinsw 2log 0,509,
il il 0] Slining (gl (6 b A15LL glaony]
S s glacdl e 1o sager sla Jde (gl Jailinl
S o s S50 e S e
Camimed 9 e oFuns Wb cwdle slacudl e sla Jus
WS oo Sl Ceds pn Jolge g 0l a5, ules
S soges sloan T (sl (5 )glid Sy i Sy ki o
g e (Sobw 44 a5 Conl Caodls s 5o (ol paie
Sl S 5 0 Sagy So gl ogdle 28,8 ool |
So b cedlw s Comlal pas 5 (S b 25k,
argi b ol (55970 4z )LSe 5 0550 (65 el el
L Lapins (2bgy oS 5 ipslie (giloand gla S &
SIS Sy ol e (S S e S e s 0%,
Sl pins Copae 6l pis oLog gal> sBago
QIS (510 0 a0 ailygTgs g, 4 Codlw sl

P g g
S el 6,58 Al jl —isy Jol> dllie oyl
Al oS L g i cued axly « odll oljT oKl
L g VAAY =21 04AY - + )
] 0l ) cug—ai 4 IRIAU.KHSH.REC.1400.034
oo Gloslw lolid 15 5 ol 5l allie ol oy g

AS e pad ol Guegh il Coles> gl sleixl

6\1 > a

References

1. Brailsford SC, Harper PR, Patel B, Pitt M. An analysis of the
academic literature on simulation and modelling in health
care. Journal of simulation. 2009;3(3):130-40.

2. Katsaliaki K, Mustafee N. Applications of simulation within
the healthcare context. Journal of the operational research
society. 2011;62(8):1431-51.

R e ULy ...

s a3l HFamsasl) L) asle 8,35
S Sy a2 gl sl ey« Sl e Jelge
&S Slegoge il ogaz ol 3.0V loys anze g Eudlye
5 Smteln O sy Lol Jols azd)5 ] 8 az g5 o )50
BF) (Sbp plaasie dlox 5| I (9,00 Slani ot
=12 I G95 «(BF) (058 plaasise )15 (59, (00
BVSi iz )5 (59,5 (OA) 05 lass (AY)d3
BY PN Gty oF0) edpsl; pamadie LS 59,5
" FF) (S8 (leys 5 (PT) ouds b ool by
et 3 Wl e SVl l e o ol slagy Lo a5k
(St 9SS Sl LeastlE B 5 ma 5, e
Sy S ¢ Sy SLOE eyl yos 39031 )0 Jo3 &53
(K5l (e 5 gty oy e na &

5 S oo ple b ol Bld Jl Joa g5 (9.5 o
ghw az o adloe Jo sl e ally op peses
S 990 (goges Joe aSol Jlatl wally i Sl
@Yl gl 05750 " (sog0s” Jao Sy ST 05 valss
Slacdle o pae was plis 1) o Shee Sy Ol
(05 395 s Sl |y Jte (sl 29,5 Ylaio| ceadl
(F) it Sglaie o T,8 ol olfaus SO jo 1w pdy
obss |y oz ) (owlie mhas (Jae 510500 g
J=do 4 cdle slacadl e Co pae gl b > g )5 wads
Socl godge Gl Ngh cad 48y (2Bly s b gl
oas |yl glo Jow a4 ouds izl sla Jue s aS o0l
Jlosl ez alS sla s puizen (F) w2l oS
oyad w2 Ol Jold Cadle glacele ;o b Jus
A3l oo SUl &y o yiws 5 glaid ) pn (6,50 (sl 4
S s Ui el S8 L 45 (6 K00 Cydgase (V)
Gilwdd bl a4 youie a5 il oo Slezel LB slaosls
gl b Joe G (629)9 «cnl » odle (FO) 2500 Sanwy3b
PG50 Joe il az et o e 18 Jae DS
2 Lmodls 551555 s (6 i slasoss 4 Jao castl
o 5lsyge SLdiz (o5 Sl (S LS (o s
OF) iy Hlas

Slacdlyo e ool galr (o S S5l i
oo 4,5 L5 13 SD mals el Lawgy a5 1, cuodles

3. Koelling P, Schwandt MJ, editors. Health systems: A
dynamic  system-benefits  from  system  dynamics.
Proceedings of the Winter Simulation Conference, 2005;
2005: IEEE.

4. Atkinson J-A, Wells R, Page A, Dominello A, Haines M,
Wilson A. Applications of system dynamics modelling to

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

Ar st 0 3o 1 P+ 1 kg ) 0 loud (o2 9y Jbo

support health policy. Public Health Res Pract.
2015;25(3):2531531.

5.Chahal K, Eldabi T, editors. Applicability of hybrid
simulation to different modes of governance in UK
healthcare. 2008 Winter Simulation Conference; 2008: IEEE.

6. Brailsford S. Overcoming the barriers to implementation of
operations research simulation models in healthcare. Clinical
and investigative medicine. 2005;28(6):312.

7. Fone D, Hollinghurst S, Temple M, Round A, Lester N,
Weightman A, et al. Systematic review of the use and value
of computer simulation modelling in population health and
health care delivery. Journal of Public Health.
2003;25(4):325-35.

8. Forrester JW. System dynamics—the next fifty years.
System Dynamics Review: The Journal of the System
Dynamics Society. 2007;23(2-3):359-70.

9. Homer JB, Hirsch GB. System dynamics modeling for
public health: background and opportunities. American
journal of public health. 2006;96(3):452-8.

10. Sterman JD. System dynamics modeling: tools for learning
in a complex world. California management review.
2001;43(4):8-25.

11. Sterman J. Business dynamics(p. c2000). Irwin/McGraw-
Hill; 2010.

12. Deryahanoglu O, Kocaoglu B. Applications of RFID
systems in healthcare management: a simulation for
emergency Department. International Journal of Innovative
Technology and Exploring Engineering. 2019.

13. Brailsford SC, Eldabi T, Kunc M, Mustafee N, Osorio AF.
Hybrid simulation modelling in operational research: A state-
of-the-art review. European Journal of Operational Research.
2019;278(3):721-37.

14. Gunal MM. A guide for building hospital simulation
models. Health Systems. 2012;1(1):17-25.

15. Wu X, Li J, Chu C-H. Modeling multi-stage healthcare
systems with service interactions under blocking for bed
allocation. European Journal of Operational Research.
2019;278(3):927-41.

16. Alvarado M, Lawley M, Li Y, editors. Healthcare
simulation tutorial: Methods, challenges, and opportunities.
2016 Winter Simulation Conference (WSC); 2016: IEEE.

17. Brailsford S, editor Advances and Challenges in Healthcare
Simulation Modeling. Proceedings of the 2007 Winter
Simulation Conference, Washington, DC, ed SG Henderson, B
Biller, M-H Hsieh, J Shortle, JD Tew, and RR Barton; 2008.

18. Brailsford SC, editor System dynamics: What’s in it for
healthcare simulation modelers. 2008 Winter simulation
conference; 2008: IEEE.

19. Zhang C, Grandits T, Harenstam KP, Hauge JB, Meijer S.
A systematic literature review of simulation models for non-
technical skill training in healthcare logistics. Advances in
Simulation. 2018;3(1):1-16.

20. Mingers J, White L. A review of the recent contribution of
systems thinking to operational research and management
science. European journal of operational research.
2010;207(3):1147-61.

21. Mustafee N, Katsaliaki K, Taylor SJ. Profiling literature in
healthcare simulation. Simulation. 2010;86(8-9):543-58.

22. Stahl JE. Modelling methods for pharmacoeconomics and
health  technology  assessment.  Pharmacoeconomics.
2008;26(2):131-48.

Ol 2! (Sl slost 301 0151 sale cpazmil (sowsy I ! Um‘w"w QM

23. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche
PC, loannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration.
Journal of clinical epidemiology. 2009;62(10):e1-e34.

24. Brailsford SC, Desai SM, Viana J, editors. Towards the
holy grail: combining system dynamics and discrete-event
simulation in healthcare. Proceedings of the 2010 winter
simulation conference; 2010: IEEE.

25. Viana J, editor Reflections on two approaches to hybrid
simulation in healthcare. Proceedings of the Winter
Simulation Conference 2014; 2014: |IEEE.

26. Brailsford S, Hilton N. A comparison of discrete event
simulation and system dynamics for modelling health care
systems. 2001.

27. Laker LF, Torabi E, France DJ, Froehle CM, Goldlust EJ,
Hoot NR, et al. Understanding emergency care delivery
through  computer simulation modeling.  Academic
Emergency Medicine. 2018;25(2):116-27.

28. Marshall DA, Burgos-Liz L, IJzerman MJ, Crown W,
Padula WV, Wong PK et al. Selecting a dynamic simulation
modeling method for health care delivery research—Part 2:
Report of the ISPOR Dynamic Simulation Modeling
Emerging Good Practices Task Force. Value in health.
2015;18(2):147-60.

29. Morgan JS, Belton V, Howick S. Lessons from mixing OR
methods in practice: Using DES and SD to explore a
radiotherapy treatment planning process. Health Systems.
2016;5(3):166-77.

30. Abdelghany M, Eltawil AB, editors. Individual versus
integrated simulation techniques in healthcare applications.
2014 IEEE International Conference on Industrial
Engineering and Engineering Management; 2014: IEEE.

31. Abdelghany M, Eltawil AB. Linking approaches for multi-
methods simulation in healthcare systems planning and
management. International Journal of Industrial and Systems
Engineering. 2017;26(2):275-90.

32. Chahal K, Eldabi T, Young T. A conceptual framework for
hybrid system dynamics and discrete event simulation for
healthcare. Journal of Enterprise Information Management. 2013.

33. Djanatliev A, German R, editors. Prospective healthcare
decision-making by combined system dynamics, discrete-
event and agent-based simulation. 2013 winter simulations
conference (WSC); 2013: IEEE.

34. Zulkepli J, Eldabi T, editors. Towards a framework for
conceptual model hybridization in healthcare. 2015 Winter
Simulation Conference (WSC); 2015: IEEE.

35. Abdel-Hamid TK. Modeling the dynamics of human
energy regulation and its implications for obesity treatment.
System Dynamics Review: The Journal of the System
Dynamics Society. 2002;18(4):431-71.

36. Frerichs LM, Araz OM, Huang TTK. Modeling social
transmission dynamics of unhealthy behaviors for evaluating
prevention and treatment interventions on childhood obesity.
PloS one. 2013;8(12):82887.

37. Liu S, Osgood N, Gao Q, Xue H, Wang Y. Systems
simulation model for assessing the sustainability and
synergistic impacts of sugar-sweetened beverages tax and
revenue recycling on childhood obesity prevention. Journal
of the Operational Research Society. 2016;67(5):708-21.

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

O § (Shazmo o>

38. Powell KE, Kibbe DL, Ferencik R, Soderquist C, Phillips
MA, Vall EA, et al. Systems thinking and simulation
modeling to inform childhood obesity policy and practice.
Public Health Reports. 2017;132(2_suppl):33S-8S.

39. Roberts N, Li V, Atkinson JA, Heffernan M, McDonnell
G, Prodan A, et al. Can the target set for reducing childhood
overweight and obesity be met? A system dynamics
modelling study in New South Wales, Australia. Systems
Research and Behavioral Science. 2019;36(1):36-52.

40. Sabounchi NS, Hovmand PS, Osgood ND, Dyck RF,
Jungheim ES. A novel system dynamics model of female
obesity and fertility. American journal of public health.
2014;104(7):1240-6.

41. Jalali M, Rahmandad H, Bullock S, Ammerman A, editors.
Dynamics of obesity interventions inside organizations. The
32nd International Conference of the System Dynamics
Society; 2014: System Dynamics Society.

42. Meisel JD, Sarmiento OL, Olaya C, Lemoine PD, Valdivia
JA, Zarama R. Towards a novel model for studying the
nutritional stage dynamics of the Colombian population by
age and  socioeconomic  status. PLoS  One.
2018;13(2):e0191929.

43. Chen H-J, Xue H, Liu S, Huang TT, Wang YC, Wang Y.
Obesity trend in the United States and economic intervention
options to change it: a simulation study linking ecological
epidemiology and system dynamics modeling. Public Health.
2018;161:20-8.

44. Vanderby S, Carter MW. An evaluation of the applicability
of system dynamics to patient flow modelling. Journal of the
Operational Research Society. 2010;61(11):1572-81.

45. Rashwan W, Abo-Hamad W, Arisha A. A system
dynamics view of the acute bed blockage problem in the Irish
healthcare system. European Journal of Operational
Research. 2015;247(1):276-93.

46. Rashwan W, Ragab M, Abo-Hamad W, Arisha A, editors.
Evaluating policy interventions for delayed discharge: a
system dynamics approach. 2013 Winter Simulations
Conference (WSC); 2013: IEEE.

47. Grida M, Zeid M. A system dynamics-based model to
implement the Theory of Constraints in a healthcare system.
Simulation. 2019;95(7):593-605.

48. Lane DC, Monefeldt C, Rosenhead JV. Looking in the
wrong place for healthcare improvements: A system dynamics
study of an accident and emergency department. Journal of the
operational Research Society. 2000;51(5):518-31.

49. Brailsford SC, Lattimer VA, Tarnaras P, Turnbull J.
Emergency and on-demand health care: modelling a large
complex system. Journal of the Operational Research
Society. 2004;55(1):34-42.

50. Cooke D, Rohleder T, Rogers P. A dynamic model of the
systemic causes for patient treatment delays in emergency
departments. Journal of Modelling in Management. 2010.

51. Kumar S. Modeling patient flow operation of a US urban
county hospital. Technology and Health Care.
2011;19(4):247-60.

R e ULy ...

52. Taylor K, Dangerfield B. Modelling the feedback effects of
reconfiguring health services. Journal of the Operational
Research Society. 2005;56(6):659-75.

53. Wolstenholme E, Monk D, McKelvie D, Armold S. Coping
but not coping in health and social care: masking the reality
of running organisations beyond safe design capacity.
System Dynamics Review. 2007;23(4):371-89.

54. Barber P, Ldpez-Valcarcel BG. Forecasting the need for
medical specialists in Spain: application of a system
dynamics model. Human resources for health. 2010;8(1):1-9.

55. Lodi A, Tubertini P, Grilli R, Mazzocchetti A, Ruozi C,
Senese F. Needs forecast and fund allocation of medical
specialty positions in Emilia-Romagna (Italy) by system
dynamics and integer programming. Health Systems.
2016;5(3):213-36.

56. Wu M-H, Yu J-Y, Huang C-H. Theoretical system
dynamics modeling for Taiwan pediatric workforce in an era
of national health insurance and low birth rates. Pediatrics &
Neonatology. 2013;54(6):389-96.

57. Vanderby SA, Carter MW, Latham T, Feindel C.
Modelling the future of the Canadian cardiac surgery
workforce using system dynamics. Journal of the Operational
Research Society. 2014;65(9):1325-35.

58. Samah AA, Wah LK, Desa MlI, Majid HA, Azmi NFM,
Salleh N, et al., editors. Decision Support System Using
System Dynamics Simulation Modelling for Projection of
Dentist Supply. 2014 International Conference on Computer
Assisted System in Health; 2014: IEEE.

59. Ansah JP, De Korne D, Bayer S, Pan C, Jayabaskar T,
Matchar DB, et al. Future requirements for and supply of
ophthalmologists for an aging population in Singapore.
Human resources for health. 2015;13(1):1-13.

60. Taba ST, Atkinson SR, Lewis S, Chung KSK, Hossain L.
A systems life cycle approach to managing the radiology
profession: an Australian perspective. Australian Health
Review. 2014;39(2):228-39.

61. De Silva D. How many doctors should we train for Sri
Lanka? System dynamics modelling for training needs.
Ceylon Med J. 2017;62(4):233-7.

62. Ishikawa T, Fujiwara K, Ohba H, Suzuki T, Ogasawara K.
Forecasting the regional distribution and sufficiency of
physicians in Japan with a coupled system dynamics—
geographic information system model. Human resources for
health. 2017;15(1):1-9.

63. Abas ZA, Ramli MR, Desa MI, Saleh N, Hanafiah AN,
Aziz N, et al. A supply model for nurse workforce projection
in  Malaysia. Health care management  science.
2018;21(4):573-86.

64. Morii Y, Ishikawa T, Suzuki T, Tsuji S, Yamanaka M,
Ogasawara K, et al. Projecting future supply and demand for
physical therapists in Japan using system dynamics. Health
policy and technology. 2019;8(2):118-27.

65. Paul SA, Reddy MC, DeFlitch CJ. A systematic review of
simulation studies investigating emergency department
overcrowding. Simulation. 2010;86(8-9):559-71.

Published By Tehran University Of Medical Sciences: https://jhosp.tums.ac.ir



https://dor.isc.ac/dor/20.1001.1.20081928.1401.21.1.4.6
https://journals.tums.ac.ir/jhosp/article-1-6500-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20081928.1401.21.1.4.6 ]

Applications of Dynamic System Simulation in Health Care
. A Systematic Review

Hamid Mohammadi', Shahram Tofighi**, Mostafa Rajabi**, Hamidreza Izadbakhsh*, Bahar Hafezi’.

Abstract

Background: The use of simulation models can help elucidate the intuitive behavior of complex
health care problems. Today, the complexity of problems goes far beyond our capacity to solve them
manually. System simulation is considered as a wise option by approaching structural problems and
understanding the complex interactions within the problems and their changes. The purpose of this
study is to review the most advanced applications of system dynamics in healthcare.

Materials and methods: This study is a systematic selection of articles that explored the
applications of system dynamics in health care in 11 databases between 1999 and 2019. The focus of
this research was on articles with the keywords including system dynamics in health care, dynamic
health care analysis, continuous health care simulation or dynamic health care simulation.

Results: 79 articles related to system dynamics applications in healthcare were identified in
databases. Eighty-five percent of the articles focused on finance, politics, government, regulation,
public health, and health care planning. Among the articles, the patient's treatment path, obesity and
demand for healthcare workforce were examined.

Conclusion: The tendency to use continuous simulation in healthcare has increased. However, the
power of hybrid simulation can take advantage of the inherent strength of the system dynamics
overview perspective, and in a hybrid model it can utilize a holistic perspective for managing health
care systems. Potential areas with the application of systems dynamics in future research include
planning and policy-making in public health decision-making, purchasing quality management, care
and risk.

Keywords: Healthcare, Simulation modeling, System Dynamics
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