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1 | INTRODUCTION

A meta-analysis of 25 studies conducted in 15 countries estimated
a pooled lifetime prevalence of 1.06% for bipolar | disorder (BP-I)

Abstract

Objectives: Functional impairment is an important driver of disability in patients with
bipolar disorder (BD) and can persist even when symptomatic remission has been
achieved. The objectives of this systematic literature review were to identify studies
that assessed functioning in patients with BD and describe the functional scales used
and their implementation.

Methods: A systematic literature review of English-language articles published be-
tween 2000 and 2017 reporting peer-reviewed, original research related to func-
tional assessment in patients with BD was conducted.

Results: A total of 40 articles met inclusion criteria. Twenty-four different functional
scales were identified, including 13 clinician-rated scales, 7 self-reported scales, and
4 indices based on residential and vocational data. The Global Assessment of
Functioning (GAF) and the Functional Assessment Short Test (FAST) were the most
commonly used global and domain-specific scales, respectively. All other scales were
used in =2 studies. Most studies used 21 domain-specific scale. The most common
applications of functional scales in these studies were evaluations of the relationships
between global or domain-specific psychosocial functioning and cognitive function-
ing (eg, executive function, attention, language, learning, memory) or clinical variables
(eg, symptoms, duration of illness, number of hospitalizations, number of episodes).
Conclusions: The results of this review show growing interest in the assessment of
functioning in patients with BD, with an emphasis on specific domains such as work/
educational, social, family, and cognitive functioning and high utilization of the GAF
and FAST scales in published literature.
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and 1.57% for bipolar Il disorder (BP-11).2> However, US epidemio-
logic studies suggest that approximately 60% of patients with BP-I
receive mental health treatment, a statistic that is similar to what

has been reported for other countries.® This suggests that many
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individuals with bipolar disorder (BD) may experience continued
disability, due in part to lack of treatment intervention, which could
potentially limit their functioning and productivity and also decrease
overall quality of life for them and their families.

The World Health Organization (WHO) has ranked BD as the
12th leading cause of disability worldwide, and the worldwide prev-
alence of moderate or severe disability for BD is estimated at ap-
proximately 22 million individuals.* Poor functioning is considered a
key driver of disability in patients with BD.’ The WHO International
Classification of Functioning, Disability, and Health describes func-
tioning and disability as multidimensional concepts involving the
ability to control physical functions; perform activities related to do-
mains such as self-care and domestic, occupational, social, and civic
life; engage in all aspects of life; and manage aspects of the envi-
ronment that help or hinder these experiences.("7 Patients with BD
report a variety problems in work functioning,8 with severe work im-
pairment during a considerable portion of their long-term course of
illness,” and high unemployment rates.*® They have decreased social

t,M weaker family relationships,12 and an increased likeli-

engagemen
hood of being separated, divorced, or widowed.*® For many patients
with BD, these functional impairments persist into symptomatic re-
mission, leading to difficulties in many aspects of their lives.'*'° The
negative effects of BD extend to caregivers, who report substantial
burden and distress involving relationships and day-to-day activi-
ties.'® Thus, for many patients with BD and their families, functional
outcome, measured as the ability to fulfill role expectations in all
aspects of life and maintain interpersonal relationships, is at times
more important than syndromal outcome.”

Although most interventional studies in patients with BD have
focused on symptoms, recurrences, and mood states as the primary
outcome variable, increasingly, studies are also assessing function-
ing as a key outcome."” In addition, numerous studies have sought
to identify determinants of functional outcome in patients with BD.
A variety of correlates of poor functional outcome have been iden-
tified, including clinical factors such as lack of treatment adherence,
comorbid substance abuse or anxiety disorder, and subsyndromal
symptoms; demographic variables such as older age, male sex, and
low socioeconomic status; and cognitive dysfunction, particularly
verbal memory impairment and executive dysfunction.5 The grow-
ing interest in the relationship between cognitive and psychosocial
function in BD is reflected in several recent reviews on this topic®”
1 and compels a better understanding of the tools used for func-
tional assessment in this population. The purpose of this systematic
literature review was to identify and describe scales that are used to
assess functioning in studies of patients with BD and to gain an un-

derstanding of the domains of function that clinicians are measuring.

2 | METHODS

2.1 | Information sources and eligibility criteria

This systematic literature review was conducted according to the
recommendations outlined in the Preferred Reporting Items for

HHOIT

Systematic Reviews and Meta-Analyses (PRISMA) statement.?® A
search was performed in BIOSIS Previews, Embase, and MEDLINE
for English-language articles published in peer-reviewed journals
between 1 January 2000 and 6 November 2017. The following
search string was applied using the abstract and title as search fields:
(“functional impairment” OR “psychosocial outcome” OR “psycho-
social functioning” OR “psychosocial treatment” OR “psychosocial
impairment” OR “occupational function” OR “occupational impair-
ment” OR “occupational” or “functional disability” OR “psychosocial
disability” OR “disability or work” OR “cognition” OR “social cogni-
tion” OR “stress” OR “functional remediation” OR “cognitive reme-
diation”) AND (“functional recovery” OR “functional outcome” OR
“outcome n/1 [patient or recovery]” AND (“bipolar disorder” OR
“bipolar | disorder” OR “bipolar Il disorder” OR mania OR manic OR
“bipolar mania” OR “bipolar depression” OR “bipolar | disorder” OR
“manic psychosis” OR “bipolar disorder” OR “affective disorders,
psychotic”) AND (scale* OR measure*). Conference publications (ie,
posters, summaries, and abstracts), review articles, notes, letters,
book chapters, interactive tutorials, or surveys; publications involv-
ing animal or in vitro studies; and publications on pediatric popula-

tions were excluded.

2.2 | Article selection process

The title and abstract of each retrieved article were independently
screened against eligibility criteria by one author. Selected full-text
articles were then divided between the authors for detailed re-
view and inclusion assessment. Figure 1 shows the article selection

process.

3 | RESULTS

3.1 | Article selection

The search retrieved 104 articles; 30 were determined ineligible
based on screening of titles and abstracts, and 74 were selected for
full-text review. Forty articles met the eligibility criteria and were

included in the qualitative data analysis (Figure 1).

3.2 | Risk of publication bias

Several authors and research groups authored multiple articles iden-
tified in this review (Table 1 and Table 2), indicating the potential for

publication bias.

3.3 | Overview of selected studies

The eligible articles included 20 cross-sectional studies (50%, 20/40;
Table 1) and 20 longitudinal studies (50%, 20/40; Table 2). Most of
the studies (78%, 31/40) were published after 2007. Twenty stud-
ies were conducted in Spain, eight in the United States, five in
Argentina, two in Brazil, and one each in Denmark, France, Greece,
Norway, and Turkey.
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FIGURE 1 PRISMA flow diagram
[Colour figure can be viewed at
wileyonlinelibrary.com]

Across studies, a total of 24 different functional outcome as-
sessments were identified, including 13 clinician-rated scales,
7 self-reported scales, and 4 indices based on residential and vo-
cational data (Table 3). The most commonly used scales were the
Global Assessment of Functioning21 (GAF), which was used in 17
studies (43%), and the Functioning Assessment Short Test?2 (FAST),
which was used in 15 studies (38%), both of which are clinician-rated
scales. Although the GAF, developed in 1976, dominated the early
literature, the FAST, introduced in 2007, was used in nearly as many
studies as the GAF in the last 10 years. Two clinician-rated scales,
the Levenstein Global Outcome Scale?® (LGOS) and the Strauss-
Carpenter Outcome Scale?* (SCOS) were used in two studies each.
The remaining nine clinician-rated scales were each used in only one
study. All seven self-reported functioning scales were used in only
one study each. One study (3%) utilized both the Residential Status
Index (RSI) and Vocational Status Index (VSI), while another utilized
the Modified Location Code Index (MLCI) and Modified Vocational
Status Index (MVSI).

Table 3 lists the 24 scales and functional domains addressed by
each. Three scales, the GAF, the LGOS, and the Functional Recovery
Self-assessment?® (a 1-question [yes/no) self-assessment) only pro-
vide a global assessment of general functioning, whereas the re-

maining 21 scales provide assessments related to specific domains
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such as work/education, residential life, social relationships, family
relationships, psychological health, autonomy and performance, and
recreation. Thirteen instruments include an occupational function-
ing domain. Social life was the second most common functional do-
main included in the scales. Two scales, the FAST and the Structured
Clinical Interview for Mood Spectrum?® (SCI-MOODS), include a
cognitive function domain. Most studies used 21 domain-specific
scale.

3.4 | Cross-sectional studies

Of the 20 cross-sectional studies included in this review, 9 (all
published between 2002 and 2016) used the GAF as the sole
functioning scale.?”?® Four of these studies compared over-
all functioning between patients with euthymic BP-1 or BP-Il vs

healthy controls,27'32’33

and four compared functioning between
BP-1, BP-II, and/or healthy controls or between patients with BP-I
and BP-II with different mood states (ie, depression, major depres-
sion, mania, hypomania, and euthymia) or functioning (ie, low vs
high).23! The remaining study?® used the GAF to compare func-
tioning in patients with euthymic BD and patients with schizo-
phrenia. Eight27’28 of these nine studies that used only the GAF

to measure psychosocial functioning evaluated the association


www.wileyonlinelibrary.com

CHEN ET AL.

(sanunauo))

uolssiwal
3ulnp uaA ‘Sutuoilduny Ajlep ul juawuiedwi ay)
ule|dxa djay Aew ‘Alowaw |eqJaA 0} paje[al asoyy
Ajle1dadsa ‘gg ym sjusijed ul sa13jndipip sAIuS0d
9s9y ‘sadueqJnisip |ed13ojoydAsdoinau moys
03 A|931| 940w 249M Sapos|da dluew Jo Jaquinu a3.e|
e pue ‘ssauj|l 40 uoijelnp 133uo| e ‘|-4g ‘swojdwAs
2130YdAsd Jo Al103SIy e Yim sjualjed "sajels sejodiq
$SOJ2E SID1J9p DAIHUS0D JO A3dIUOIYD JO Ajljigels Sul
-1s933ns ‘s123lqns Ayjjeay yum pasedwod uoiouny
SAIIN23X3 pue AJowaw |eqJaA Ul dduewloyiad
poseaJd9p paMoys ||-dg Pue |-dg Yim sjusiied

swoldwAs

9A1109}J€ JO S|9A3| MO] 10J SUl||0JJUOD JS}JB USAS

‘uoouny Aduanyy [BgUaA Ul Juswaieduwl SA3IUS0D

0] 93e[2J4 Aew uoissiwal 3uunp g Yyim sjusijed

Ul paAIsqo saINdLIP BYL [I-dg PUB |-dg dIWAyIne

yim sjuaijed ul Sutuoizduny |eI20S Y3IM paje|alod

Aduanyy |equap "AaaAas ASojojewoldwAs [ed1uld

Ul S92UaJJJIp 911dSap ‘UoIIduUNy SAIINISXS pue

‘AJowsw ‘uoiualie Sulpn|aul ‘ssunseaw [e2130[0Yyd
-Asdounau jsow ul $2402s Je|iwis pey sdnoa3 omy ay |

ag

J1wAYy3INa ypm sjuaized ul Sujuoiiduny [erosoydAsd

|eqo|3 Jo Jojedipul [nyasn e aq Aew Aduany|) |egIaA

'sdnoJ3 yjoq ul Jejiwis Sem 3ulu0I1}dUNY DAIINDIXD

1Ng ‘g Yum sjuaired pajjiwad SA SUOIIDUNYSAP
9A11US0D S10W pamoys eluaaydoziyds ym sjualied

I-dg 2IwAyIne yum sjusijed

Ul US3S UOI3DUNYSAP [BID0S UO SHDIJSP SAI}IUS0D

o1seq ayj pue swojdwAs |eajuldgns Jo 3oedwi

9] SajeIpawW pulln JO A10SY] "UOISSIWSJ Ul dJe

oym |-dg yum sjuaijed jo 3uruoijouny |e1dosoydAsd

9y3 1094Je A[aA13e30U ‘uoi}U30d |e1D0S Ajje1dadsa
‘uo1duNysAp aAIUS0d pue swoldwAs [eaiulpgng

suoisnjpuo)

$]0J3u0d Ayjjeay o -
1I-dg 10 |-d9

JIWAYING yum sjuaijed 4 -
11-dg 40 |-dg dluewodAy

JO dluew yym sjuaned ¢ -
uolssaudap Jofew pue ||-d9

Sujuoi3douny [e10soydAsq 4VO 10 |-d9 yum sjusned g -
II-dg 40 |-dg

dIWAYING yym sjuatjed og -
uoissaidap pue ||-dg

3ujuollduny |e1P0soydAsq 4vO 10 |-dg ym sjusned og -

eluaiydoziyds
yum sjuaied g -
3ujuol3douny jeuozednadQ - ag

Sujuoi3ouny |eID0SOYdASY - 4V9  2lwWAYIna ypm syuaned g -
|9A3] |euol3eINPa
pue ‘a3e ‘xas Aq paydjew
S|043u0d Ayyeay G -
1-dg
Suluoiouny |e120SOYdASH 4V9  2lwAYIna ypm syuaijed g -
SNIVINOAQ |euoljdung 31VvOS sjusned
|euoijdpun4g

Suluoijouny [e1dosoydAsd pue ‘@douew
-10j4ad |eai3ojoydAsdoinau ‘sainjesy
|eajuld Suowe sdiysuolje|a aulwIlap
0} pue (Jg JO $33e1S JUIa4Ip Ssoude Sul
-uoi3ouny [ea13ojoydAsdoinau ssaippe o]

3ujuoijouny

|e120soydAsd 01 paje[aJ aue sa|qeLieA

|ea130joydAsdoanau JI dulwI9}Sp 0 pue

‘I-dg 10 |-dg 2IWAYINS Yyyim sjualjed

pue uolissaidsp pue ||-dg 40 |-dg Yim

sjualjed usamiaq Jefiwis sl duewlojiad
|ea130j0ydAsdoanau Jaylaym uieladse o

uoJ32UNy BAIINIXS 03 323dSat YHM jusw
-Jledwi Jo suuajjed Jualayip moys elu
-a4ydoziyds 10 qg yum sjuaijed Jayaym
Ule}Ja0Se 03 pue ‘S3|qelIeA [BDJUID UBY)
SWO023N0 |euoilduny o) Jamod aAidIpasd
2J0W dABY ‘UOI3DUNY DAIINIBXD
03 pajejaJ asoy3 Ajje1dadsa ‘sa|qelden [ed
-130joydAsdoinau Jayaym aujwlialap o]

I-dg 21wAyIna yum sjuaijed

ul 3uluoizouny |e1d0soydAsd uo ‘pulln

J0 A103Y] Se Yons ‘S103oe4 SAI}US0D
pue |ed1Uld JO 309443 dY3 dUIWEXS O

2A1323[q0O

0e0£C-C9C-19T
AajelyoAsd [ wy

00T UgIy-zauniep

6z VC 9197
A3o|o1qoydAsdoinaN
¢00¢ Uely-zaulj e

gz 9V-6ETL

wosoydAsq

J19yloyoAsd
¢00¢ uely-zaulieN

1zV61-C8T:LC
PilIeIydAsd 9T0C
so|nodoyejueisuoy|

4vO

Apms

AJewwns sa1pnjs [BUOI}DS-SSOJD) T J19VL



CHEN ET AL.

(sanunuo))

SON-dg 40 ‘|I-dg ‘I-dg

Y1m sjuaiied ul awod3no |euolzednddo saulwialap
‘uiuonouny aAIuS0d |eqo|3 ueyy Jayjed ‘swoldwAs
|B21UI|D 949A3S JO 92ud)sistad ay3 Jeyy Suisasd3ns
‘Dl Ul aulPsp 40 ‘D] JU344Nd pue pigiowaad

‘9]e2s Juawisn(pe pigiowaid 0} pajejaiun sem
awo021no0 |euonednadQ “1Jauaq Aljigesip Jo 1diedal
UM pajeIdosse sem (g JO 9SIN0D [BDIUI[D SU9ASS

‘pa3dajje Ajjeuoldouny pue AjjesarjewoldwAs yjoq sem

uone|ndod g ay3 18yl pajedipul $2409S 4D MO

SWO023N0 [BUOIIDOUNY Ul PAIISO
S92UBJ2441p 2Y3 JO SuIpuUEISIIPUN INO 03 3INGLIFUOD
PINO2 Y21ym ‘||-dg 40 |-dg dIWAYINS ym sjusired
U1 snoauag0.a3aY dJoMm sjuawiedu] aAIUS0D

1-dg Y3Mm sjuaijed ul punoy A|jua3sisuod

Jeyy se 3uoJis se oq y3iw ||-49 Yim sjuaijed

ul 8ujuozouny [erosoydAsd pue syuswieduwl

9A111US0204N3U USDM])S( UOIJeID0SSE 3Y] *|-d9

UM sjuaijed Jo s31d1jop 9AI31US0D Jo apnjiusew

pue 3ji40.4d ay3 Aj2so|2 Suidnpoudaul ‘suoiduny

SAIINIAXS pue ‘Alowaw |eqlan ‘paads JojowoydAsd
ul sjuswtedwi pamoys ||-dg d1WAYINS Yim sjualied

11-dg 10 |-dg Yyum sjuaijed

Ul PaAJI25O SSWO0J3NO0 [BUOIFIUNY U] AJjIqelIeA 3y}

ujuie|dxa ‘qg yym sjuaijed ul snosaua3oualay sem
sjuswiedw] aA131US0D JO AJLISASS PUB UOISUDIXd By |

II-dg 10 |-d9

21WAYINS Y3Im sjuaized ul awod3no |e1dosoydAsd

J0 10)21paid poo3 e 9g 0] SWIS UOIIDUNJSAP

Alowaw [equap AJIBASS SSau||l Jo Juapuadapul aq

03 Waas sjualjed Suluoiduny-mo| pue ysiy usamiaq

SUOI3OUNJSAP DAIHIUS0D 0] SAIFE|] S92UIRHIA

‘sjuaijed SUlUOIIOUNJ-MO| Ul JUSPIAS 1SOW SI9M

sjuawiedwi aAIUS0)) JapJosip Jejodiq ul SWodINo
|e120soy2Asd 03 93nq143u0d Aew S103dB) dAIHIUS0D)

suoisnjpuo)

SON-dg Ym sjuaized ZT
11-dg yum sjuaned o/
I-dg Ynm sjusijed 47

sujuoidpuny 4y -
swoldwAs 4y - 4vo

uo13edNpa Jo A pue
93e Aq paydjew s|0Jjuod O
1I-dg 10 |-d9

Sujuoijouny [e120soydAsd 4V 21WAYING y3m syuanned 00T

uoljeonpa
Jo A pue a8e Aq payojew
$]0J43U02 Ayj|eay €

11-d9

21WAYINS y3m syuaijed ¢
1-dg

3ujuoi3duny |e10SoY2Asq 4v9  2lwAyina y3m sjuaied gy

uonesnpa

Jo A pue ade Aq payojew
s|oJju0d Ayyeay og
11I-dg 10 |-d9

3ujuol3duny |e1P0SoYdAsq 4V9O  dIwWAYIna yum sjuaijed 0g

S|0J3u02 Ay3jesy Ge

[I-dg 40 |-d9 Yam sjuaijed

3uluoidpuN-Mo| g

I1-dg 40 |-dg yum sjusijed

3ujuoi3douny |e10SoY2Asq 4vO

SNIVIWOQ |euordung 31VvIS

|euonnoung

sujuondouN-ysiy 9¢ -

sjuanzed

sjualjed
ag ui 3yauaq Ayljiqesip Jo 1diadal
Se paJnseaw awod1no |euoijednddo
ul so13st4a3oeseyd olydea3owsp
pue ‘ssauj|l 3Y3 JO 954N0D ‘UoI3oUNY
pigJowaid ‘DJ Ul auldsp ‘Y 3ua14nd cc50€-¥6¢-GT p10sig
‘Dl pigiowaud Jo 9|04 8y} dulwIdleap 0] Jejodig £T0Z UsAaoyds
BIWAYIND JO BLIS}ID JD143S
}99W 1eY} ||-dd 10 |-dg YHM sjudired jo
a|dwes Ja3.e| e ul spuawiedw| 9AIHUS0D
juedyiusis Ajjealul]d jo aouajeraud | 4Z1-8TT:£9T piosiq
ay3 3noqe s8ulpuly snolAaud uo puedxa 0] 39944V [ #T0Z Oullieln

5|0J43U02 Ay1jeay pue ||-dg
10 |-dg 21WAYINa Yy3m sjuaijed usamiaq
8ujuonduny aARIuUSo204nau aJedwod o]

eV 9V-651166T
SIQ JUBN
AJN [ TTOZ OuleN

lI-dg 4o |-dg 2lwAyIna
Yam sjuaiied ul paynqguisip Ajsno
-oua3owoy aJe sjuawiiedw] 9A13IUS0D JO 2695T-6¥1:60T pJosia
A}1I9ASS puB UOISUIXD SY] JI SUIWEXD O] 1934V [ 800Z OUlIIe|N

II-dg 40 |-dg dlwAyIna

Yam sjuaijed ul swo21N0 |euolduny ayl

UM paleldosse aq pnood jeyl sa|qeLiea

2180j0oew.eyd pue ‘|eaiSojoydAsdoinau
‘[eaiuld> Suowe s103d2e) AJ1Iauspl o

1¢ETT-E0T:6
pJosiq Jejodig
£00¢ Uely-zaulJeN

3AI3[qO Apms

(PenuUnUOD) T 3718V1L



CHEN ET AL.

(sanunuo))

Juswuledwl [BUOI}DUNY YIM Pa3eIDOSSEe Aj3dalipul 9q
0] pPaWaas saduequnisip das|s ‘sawiy diposidaisiul
8uLINp ||-dg 10 |-dg Yyam sjuaized Jo Suluonouny
a1 uo 1oedwi 123lip e pey aduew.otiad aAnIu0d
paA1d219d pue swojdwAs aAISSaIdap |enplisay

21WAYINS aJe sjualjed usym 3ujuoiduny

aA0Jdw 03 Saunseaw aAllell|igeyad uo snooy

pinoys juawsiealy jey3 Sui3sadans ‘Ajaaissai88e uois

-saidap pue ejuew jo swojdwAs ayy yyoq Suijeasy

4o 9dsuejsodwi ay3 y31|ys1y s3|nsa4 9y ‘uoISSIwdI JO

spouad 3ulnp wJo) pajenualie ue ul pajsisiad jeyl

8ujuoi3ouny [e1osoydAsd Jood paduaiiadxa saposida
Jluew Jo dAIssa4dap pue ||-dg 10 |-dg YHM sjusiied

[1-dg 40 |-dg dAIssaidap yum

sjualjed 3uowe paAsasqo swojdwAs aAIssaIdap

JO AJ1ISASS 9Y] Y3IM Pa3eID0SSE SeM ‘Uol3duny

9AIINJ9XD pue AJowaw 3updom ul Ajjerdadss
‘uoljiudod pue 3uruoljdouny |eqoj|3 ul uoljerien

11-dg9 40 |-d9
21WAYINS y3Im sjuaijed ul Juswaiedw [euoijduny
||e49A0 Y1IMm pajeldosse ale suoljezijelidsoy

Jo Jaquinu ay3 pue ‘swoldwAs aAIssaidap ‘AjAlsindw|

I-dg JWAYING ypm

sjuaijed ul 3ujuolduny Jo [3A3] 3yl YIIM pajeldosse

$1032€} Jusauiwoid 3Ssow ay3 a4om sjuswiledwi
AJowsw |eqJan pue swojdwAs aAISSaIdap |enplisay

Sal}|Ige dA13IUS0D |e120S [9A3]-1ay81y 03 paje|at
sulewopqns ayj ul Ajje1dadsa ‘syoiyap Suissasoid
UOIJOWd PAIMOYS |-dg dIWAYINS UM Sjudlied

suoisnjpuo)

sulewop |Sv4 9

sulewop |Sv4 9

juswiiedwi [euoi3ouny

sutewop |SV4 9

sulewop |Sv4 9

awiy aunse -
sdiysuonje|al

leuosiadiaju| -

sonss| |epueul{ -

3ujuoiduny aAIU30) -

8ujuonouny [euonzednddQ -

Awouoiny -

sulewop | SV4 9

SNIVINOQ |euondung

1Svd

1Sv4d

1Svd

1Sv4

1Sv4

1Sv4

31VvIS
|euorouny

lI-dg 4o |-dg
J1wAyIne ypm syusned goy, -

S|oJ1uod Ayyesy 19 -
1I-dg 10 |-d9

9AISSaudap ypm syusned gg -
11-d9 10 |-dg dluew

-0dAy ym sjusijed Tg -
11I-dg 10 |-d9

dlwAyIns ypm sjusijed g9 -

X3S pue ade Aq payojew
s[oJjuod Ayyeay o/ -
uolssaidap pue ||-dg
10 |-d9 yum susied QT -

lI-dg 4o |-dg
J1wAyING ypm sjused geT -

X3s pue
a8e Aq paydjew s|joJjuod Ty -
I-dg ynm sjuaned g9 -

S|0J3u0d Ayjeay 09 -
1-d9
dlwWAYINS Yam suaijed 09 -

sjuaied

II-d9 pue |-dg dlwAyins

UM sjuaijed jo sjdwes e ul suolIpuod

9J1]-|eaJ ul Sujuonouny [erosoydAsd

10 sjueulw.a19p Se Juawiedw! aAIU30d

pajlodal-}|as pue ‘saduequnisip das|s

‘swojdwAs aAISSaIdap [enpisal Usamiaq

sdiysuolie|aiajul sy sajeldanul jeys

3uljspow uolzenba |eJn1onJis uo paseq
|opow aAIsuaya1dwod e sujwexs o]

S|043U02 Ay3jeay ypm
pasedwod ||-dg 40 |-dg YHMm sjuaijed
ul ‘(elwAyins Jo ‘uoissaidap ‘eluewodAy)
$9]181S POOW JUJaJ4Ip $SOIdE SuluOoIIdUNY
||EJ9A0 B3 SE [|]aM Se ‘Suluoijdouny

JO sulewop 81| 214129ds ssasse 0]

uolssaidap

pue ||-dg 10 |-dg ysm sjusijed
ul swoldwAs aAIssaudap Jo AJIDAS
9y} yHm pajeldosse aJe syuswiedwi 3ul

-uo[3ouNy (OIS pue dA|

1u302 JI Apnis o]

II-dd 40 |-dg dlwAyIna
Yam sjusized ur Ajaisindwi ey
40 10edwi |euoi3douNny 8y 93e813SaAUl O]

I-dg 21WAYINS yam suared ui Ayjigesip

[BID0S 0} 93N14IU0D SWOIdWAS poows

pue ‘sugis 3jos |ea180joJnau ‘suoipouny
9AI}IUS0D YdIYM 03 JUS}X3 dY3} 93BN|EAS O]

3ujuoijouny |eosoydAsd

pue 3uIssa20.d uoI3oWws UsaM}aq

SUOI}BID0SSE SUIW.IDIAP 0} $|0J3U0D

Ayjeay sA |-dg d1WAYINS yyim sjualjed
ul 3u1SS9204d UOIJOWD dUIWEXD O

2AR23[q0

¢,982-08Z:0TC
plosig
994V [ £TOT UljeWeS

2+886-786:€T Y3ESH
oN|eA 0T0C esoy

1490¢-10¢-8€
J1e1ydAsd seug

A9Y 9T0T Pisulzodey

oyl 6V-T6¥:9€T pPlosia
19234V [ ¢T0¢ zauswif

(e IVE-9€EPLT SIA
2944V 40 [ STOT Seq

9c0GE-6EEGET
puedg J3elyoAsd

€12V £T0Z Odledy
1Sv4

Apms

(penunuod) T 3719V1L



CHEN ET AL.

(senuijuo))

juawJledw] [euol3duny ul ajod

9|qeJapisuod e Aejd A|9y1| sewayds aAlpdepejew Ajies

wsiwissad pue ‘|0J3u02-4[3s JUSId144NSuUl ‘UolliqIyul

|euoljowsa ‘ssau||l pue wJey o3 Ajljiqeau|nA
‘9auspuadap ‘aAalyde 01 ainjie] ‘uoile|osi [e1d0s

S213N2144IP |eID0S pue ‘|euoijednddo ‘[euoi3duny
juanbauy 419y} 104 JUNOdDE ABW All|IgE SAIINDIXD
JO sjuauodwod 3ul3dalip-uollde Jayjo pue ujuue|d
ul $312149p Jua3sisiad ‘swoldwAs sA13D94)e [enpisal
9|qissod sapisag “juswaiedwy [ed18ojoydAsdoinau
SAIIN2IXD A4} WO DALIDP 1YSIW |-dg YUM
sjualnjed Aq pajiodas usljo sjulejdwod jeuol3ouny
ay3 jey3 3u13sa33ns ‘3uluoi}duny SAIINIDXKD
Jo sjusuodwod Sujuueld pue ‘Sui3iys-3as ‘Aduanjy
|eqaAUOU pue [eqUaA ‘AJI|IGIXS|) [BIUSW By Ul
SI2143P pjiw puasald |-dg JIWAYING Yiim sjuslied

saje}s poow Suowe
91eIjuaJalIp 03 AAIJISUSS 9Y3 pey pue saljuadoud
Jl3PWoYdAsd uouls pajesisuowap | Sy4 9yl

suoisnjpuo)

sdiysuoije|al
Jeuosiadiaju|
IAI1D€ 3INSI3| 91eAlld
S311IAI10€ 3UNSI9| [e120S
JuswaSeuew swoH
ANliqe 1o

SVSM

s paJredw
uoniqiyut

pue asue|I3IAJISAQ
SSauUpa1daJIp-I1ayY10
9ouewJojsad

pue Awouojne pasiedw|
uoli3dafal

pue uodauu0dsIg

€S-DSA

uoljednddo /juawAo|dw]
ERIIEN
-adwod-9d3uspuadapu

9ouew
-10J49d-9d3uspuadapu|

uo1ealday

S3131A130€ [B120S01d
Jolneyaq [euostadiau|
[EMEIPYIIAN

S4S SujuoiouNny [[BISAQ

4vO

sulewop |Sv4 9
1Sv4d
3ujuonouny [eqo|9

4vO

SNIVINOQ |euoljdung

SVSM
€S-0OSA

S4S

pajiod

-2.-4|9S
4vO

4vO
pue 1 Sv4

31VvIS
|euoioung

ag
2lWAYINa y3m sjuaijed gt

|9A3| [eUOlRINPD

pue ‘a3e ‘xas Aq paydjew
$]0J3U0d Ayjleay T¢

1-d9

2IWAYINd y3Im sjuaijed ¢

$]0J43U02 Ayjjeay 19
ag yum sjusijed 107

sjuanzed

Jusuwuedwt
|euol}douny pue ewayds aAljdepelew Ajuea
- uaamiaq diysuolielal ayl aujwexs oJ

Swo021no
|euolldouny Jo suoisuawip a|dinw
pue s9s5920.4d 9AIINDAX3 palelIuaIaLIp
usamiaq diysuoije|as xa|dwod
- 9y3 240|dx3 03 pue ‘|-4g dlwAyIns
yym sjuaijedino jo ajdwes e jo sjijoud

- 3uluoduNy 9AIINJSXS Y] SUlWISISp O

II-dg 10 |-dg yim

sjuaijed ur Juswuiedwi [BUOIIDUNY SSISSE

- 0} JUSWINJ}SUI Ue Se 3SN S}| 40} | S
- 3U3 JO UOISIAA ysiueds ay3 a3epljeA o

2AR3(q0

4 80TT-¥OTT-EY
Je1ydAsq dx3 4oy

Aeyag [ ZTOZ UOSS|IN

S3|eDdS [euol}duNy Y10

9eELT-991:9Z
eway3odisd

$10T ued-za|9nsiN

1Sv4 ueyy
J9Y30 S3|edS pue 4o

2zG°€2 unr yjeaH
JUSA |olwapld]
32RId UIID LOOT 8S0Y

1Sv4 pue 4y9
Apms

(PenuUnUOD) T 3718V1L



CHEN ET AL.

AJ9A0231 |eUOIIDUNS SASIYDE 0] A|9X1] SS9 919M SJues
-saadapiyue 3upje} asoyy pue ‘swoldwAs aaissaidap
|enpisad pliw USA YM 350y} ‘||-dg Yim sjuaijed
suoud-uoissauda "sa13Ip1giowod dujelydAsd
Jo 9ouasaud ay3 pue ‘odAigqns qg ‘swordwAs
9AISsaudap Jualund Joy 3unsnipe Ja3je usAd
‘AJ3A0D31 [BUOI}OUNY Y3IM paje1dosse Ajpusapuadapul
pue Ajpuedijiudis 949M }19SUO SSaU||l WOy SIesA
J9M3}J pue ‘paLiiew 3ulaq ‘UOI1eINPI JO SIedA SI0N

sjualjed 953y} JO SW0I3INO |euollduNy 3y} pajdipald
A3o|0jewojdwAs aAIssaadap pjoysalyigns pue
S9131]1ge UOI3dUNy DAIINIDXD U ew-|iel] ‘Alowaw
pue 3ujuies| |egJaA JO S2INSEaW 1SOW Uo pue
‘SUOIIDUNJ SAIINISXS ‘UOIJUSIIE Ul S|0J3U0D AYljeay
ueyy asiom pawoyiad [|-dg YHm sjuaijed ‘Sul
-uolj3ouny |e1D0soydAsd 309)je Aew jeyy syuswieduw
9A111US0d pajuasald ||-dg dlWAYINS Y1IM sjusiied

suoisn|puo)

pajqesia

paAojdwaun

290U3sqe JO 9B
1993UN|OA

paAo|dwa swi3-Jeq
paAo|dws sawi3-||n4
Sujuonouny [euonzednaoQ
ISA

3ulAl Juapuadag

3UlAl| Juspuadapul-lWag
3uiAl Juapuadapu

1Sy

3ujuonouny [euonrednaoQ
8uluoiduny [e1os

SNIVINOQ |euodoung

- ISA
- ISd

- Sv40S

|euoioung

31VOS

1I-dg 10 |-dg
passaudap Ajjenpisal o

dlwAYING Ym syusijed g9

S|0J3U0d Ay3eay Zi
lI-dg
d1WAYING ynm syusted g

sjuaned

'€ UOISI9A W04 }JOYS 241eUUO}Sany ewayds SUNoA

‘©5-DSA ‘9]e25 Juawisnipy [e120G PUB 3I0AA ‘SYSAMA XSPU| SNIEIS [BUOIFEIOA ‘|SA (9]EDS JUBWSSISSY Sujuoljound [euoijednadQ pue [e120g ‘Syy4QS 9]ed5 Suluoioun [e100S ‘S4S (Xapu| SN1ejs [eluapIsay ‘|SY
{3uUjUoI3dUNS JO JUBWSSASSY [BO[D ‘4D (1S3 1JOYS JUBWISSASSY SuluoIIdUNS ‘| S (paljidads asimaaylo Jou Japlosip Jejodiq ‘SON-dg 1apJosip || Jejodiq ‘||-dg ‘4apJosip | Jejodiq ‘|-dg ‘4apJosip tejodiq ‘qg

patew 3uiaq 3uipnjoul

‘Quawysijdwodde [e120s pue ‘|euolssajoid
‘leuoleanpa aJow Jo ‘98e 4a3unoA ‘Sul
-uo11ouny aAI3IU30204N3uU Joladns Yim
pa3jeIdosse si [|-dg 40 |-dg passaidap
AjlenpisaJ 10 J1WAYINa yym sjusijed

- Jo AJaA0D3J [BUOIIDUNY BY] JI SUIWISISP O

9y 9CE-6TETT Plosia
Jejodig QTOZ OSUIM

9WO0I3IN0 |Buolldunj uo sssueqanisip
ay3 Jo 10edwi ay3 a3en|eAs 03 pue
‘s9dueqJnisip aAl3IuSod04nau Juasald
PINoMm [|-dg d1WAyIna paulyap A3oLias
Y3Im sjuaijed Jayjaym uieluadse o

spL1€-60€:GCT
ueds J1elydAsd

B}V ¢T0C 3I0S

aA1323[q0O Apms

(ponunuod) T 379VL



CHEN ET AL.

(senuijuo))

S[apow g pue suol}duny SAI}IUS0D US3MI]
SUOI]e[9.1402 MeJp Aew Jey) AISA0D3
|euoi1ouny JoJ SJUSWILaI] MU J0J 159)
03 pasn aq p|noys ‘siajaweled Ajljiqelsul
poow pue swoldwAs [ewospuAsqns
3ulpn|oul ‘sa130j0poy1aWw MIN "UOISSIWS.
|ed1ul]d SulAlIYyde pue aJed JOo piepuels 1saq
93 SUIAI9I3I U291 UDAD ‘|9A3| uluoljdouny
J3WL.I0J J13Y3 03 uJ4n3aJ jou pIp ||-d9

pue |-dg yum sjusijed Jo Jaquinu Juediiudis

saposida a|diInw yjim asoyj
ueyj sujewop ajdiznw ui Sujuoiduny Ja3eass
pasuatiadxa aposida 3si1y Yy3m sjusiied

2Jedy3|eay |eyuaw pazijeidads

SUIAI9031 1934 UBAS ‘seale 3|di3nw

ul SulUOI3dUNY JO S|9AJ| [EWIOU pPaydeal

Aj1I0uiw B AJUO ‘UOISSIWDI [BWOIPUAS
pasuaadxa sjuaijed Auew y3noyi|y

juawisnipe [euoijednddo

pue [e1osoydAsd sood pue Ajdiuolyd

0] pa3e1d0sse sem aduew.ojiad A1} IUS0d

100 “juawieaJy wniyyl| Sunsel-3uo| Surinp

U3SIOM 10U pIp pue ssau||l ay1 jo sadels

Al1ea ayj ul ade|d 003 S312143P 33 Jey)

3u13s933ns ‘sw} J9A0 a3ueyd Ajjuediudis

J0U pIp sulewop dAIHUS0D SWOS "sispuodsal

WINIY| JUS||90X3 9I9M OYM ||-dg pue

|-dg9 yum sjuaijed ul pasiedwl 919Mm sulewop

9AI31US0D Alowaw |eqJaA pue ‘paads
3uissadoud ‘uoijuslie ‘Sujuoiduny sAIINIAX]

SWO023)N0 |BUOI}DUNY JO UOIIDIPaId SY) Ul 304
A9y e sAe|d uoniiudodounau jeyy uiysadans
‘9W023N0 |euolduny pue swoldwAs
aAIssadap pjoysalyigns jo diysuoije|a4
3y} Ul JO}elpaw e Se AJowaw [eq4aA

JO 9|04 3Y] PAWIIJUOD [SPOW SIBLIBAI}NW

suoisnppuo)

A ¢ Jo dn-moj|o) ues|y -

suljeseg -

sulewop 1Sv4 9 1Sv4d
AT -

oweg -

auljeseg -

sulewop 1Sv4 9 1Sv4
owg -

oweg -

shkep 1z -

suljeseg -

sulewop 1Sv4 9 1Sv4d

A9 -
aujjeseg -
sulewop 1Sv4 9 1Sv4d

AT -

owog -

auljaseg -

sulewop 1Sv4 9 1Sv4d

sujewop [euoidouny juawissasse jo Suiwiy

pue 3]eds [euoidung

11-dg9 10 |-d9

yam sjuaijed olwAyINe G
SON-dd 40 ‘|I-dg ‘I-dg Yum
sjualjed aposida-s|diynw 45
sjuaized SON-dg 40 [I-dg
‘|-dg aposida poous 3511} 09

11-dg 40 |-dg ynm syuaned /4

uo11eanpa Jo A pue ‘xas

‘a8e Aq paydilew s|oJjuod QT
Adessyjouow wniyy

uo ||-dg Ysm sjuaned g
Adessyjouow wniyy)

uo |-dg yam sjuaijed g

A9 ayv

$]0J3U0D paydlew Ayeay 94
1I-dg pue |-dg

Ym syusized JIWAYINS i

auljeseq 3y

lI-dg pue |-dg
yum sjuaijed SlWAYING TTT

SUOIJUSAI}UI pUE Sjualjed

AJan0da1 |euorjdouny
JO saunseaw AjIsusjul woldwAs

pue A31jigejsul poow Mau 3s3) 0} pue
‘A ¢ 01.dn 1oy pamoj|o} ||-dg 10 |-dg
yum sjuaijed o1wAYINS Ul 9Wo2IN0

|euoi}douny wiaj-3uo| Yy3im pajeldosse

s1030ey [ed18ojoyjedoydAsd Ajipuapl of

Apnis dn-moj|o4 yjuow-gT e

Ul SON-dg 10 ‘|I-d9 ‘I-dg Ym sjuaijed
aposida-a|diynw sA aposida-1siiy
U] 9WO023N0 [BUOIIDUNS D}EN|BAD O]

9)e3s |ewoJdpuAsqgns Jo aposida ajnoe
ue usyje ||-dg 40 |-dg Yim sjusijed
ysiueds jo ajdwes e u| sporiad swiy
18 4N220 ued jeyl sadueyd syl pue
SWO023IN0 |[BUOI}OUNS YIUOW-9 SSISSE O]

Juswjjolud
40 3wy 3y} 1€ Adelayy winiyyy|

U0 249M Jeyy ||-dg pue |-dg JIWAyINa
Jo uonendod e uoj pouad A-9 e JaA0
sJapuodsas wniy3l| ul Suiuoiduny |e
-0s0ydAsd pue d9ouewJo)iad sA13IUS0D
JO uoissasdoud ayj 93e813saAul O]

AT

10} pamo||0} ||-dd 10 |-dg YHm sjuaijed
JIWAYINS Ul Bul|3seq e awodIN0
|euoi3duny pue swoldwAs aAIssaidap
ploysalyigns usamiaq diysuolie|al ay3
S91eIpaW AJowsW |BqJaA JI 940|dxa 0]

aA123[q0

£sC0C-761:8CT

pueas

J1elydAsd ey
€102 YoInajifons

2c17E-GEESTT
pueds JielyoAsd

€1V ZT0T esoy

1989-6/9:€T
piosig
Jejodig TTOZ SOy

0sCE-SCTL
AajelyodAsq
1dwo) 9107 €40

£ 75-05:09T
SI0 294V
[ ¥T0Z ujuuog

1SVvd—|euoneaissqo

Apms

Asewwns saipnjs [euipnyiSuo] g 319VL



CHEN ET AL.

(sanunpuo))

dujuoi3ouny |epPos -
3ujuoljouny Ajlweq -

Sujuoiouny
|euoijedniQ -
9Jed |euostad -

1-dg9 Yyim sjuaijed ul porsad swes

ay3 49A0 Sutuoiyduny ul sadueyd pajdipald

ow ZT 49A0 s23ueyd aAI}US0D pue uol}
-luSod0.4nau auljaseg ‘s1apJosip yyoq ui 8ul SYAOHM
-uol3ouny Jo 403a1paud [euipnjiSuo| jedidulid Suruoiouny [|eJdAQ -

9y} sem aduewJoylad [ea18ojoydAsdoinaN 4vO

pajgesip /paAojdwaun -

swni-ped -
dwi-ng -
ag snjejs juswAojdw3
JO 9SJN0D d|pPpIW 33 Ul dWI} JISA0 3|ge)S 3] (ON

0] SPUS] SWODINO [BUOIIDUNS JBYJ BDUIPIAD  /SBA) AI9A0DSI [BUOIIDUNY
Aseuiwijaid papiaoad Apnis ay] ‘AJjud Apnis  JO ainseaw pa3iodau-4[as -

ay3 3e ueyj porsad dn-moj|o4 ay3 JO pus ay3 AJan023. [euol3duNS -

18 AJ9A0DJ3. [BuOlIDUNY pue Suluol}duny [eld 3uluopoung |eJsusn -

-0S0YdAsd JO [9A3] 19119q B paMOYS Sjusliied 4v9

sjualjed jo uoljeydepe
|e120soydAsd ay3 uo $129)J9 aAIlE3aU
3unpus pey Asay ‘dn-moj|oj 3noy3noayy
3|ge3s paulews. s312149p aA1HUS0d y3noyy|y sulewop 1Sv49 -
‘lI-dg 40 |-dg Y3m spuaijed dlwAyIne 1Sv4
ul paJsledw a19m Alowaw [egUaA pue ‘paads 8uluonouny [eqo| -
8uissacoud ‘uoliqiyui ‘3ujuoi3duny SAIINIAXT 4VO

Sujuonouny anluso) -
uoljdouny |euostadiaju| -
2Wo023IN0 [euollednddo wJa3-8uo| saduanjul Sujuoiouny

Asowsw Supjiom pue 3ujuoijduny ||e4aA0 |euonzedndnQ -

ul 904 e sAejd Auowaw [equaA ‘Suluoiduny 1Sv4

|e120S0y2Asd wJa3-8Uo| Y3IM paje|aliod awod3no
aul|aseq 3e aduew.ojiad aAl3USod0INaU |euoiouny ||BaaAQ -
pue ASojojewoldwAs aAIssaudapgns 4VO

suoisnjpuo) sulewop jeuoljdung

AT - $]0J43U02 Ayyeay Gz
aujjeseg - ejuasydoziyos
SVYAOHM ym sjuanied /4

ELD) I-d9 yum syuaijed g

JIWAYINS S19M
Asyjl uaym ow gpz -
suljeseg -
snjejs JuswAojdwy
JUSWISSISSe-J[9S

AJ49A0221 [BUOI}OUNS -dg 40 |-dg
4v9 YHM sjuaied dJWAYING GG
uoljeonpa

J0 A pue ‘a3e ‘xas Aq

paydjew sjoajuod Ayljesy 9g
JUSW||0JUD JO

awi} ay) 1e Adesay; wniyyj uo
11-dg y3m sjuanjed olwAyine 4
JUSW||0JUD JO SWI}

ay3 1e Adeaayy wniyyij uo |-dg
yam syuaied olwAyIne 61

juiodpua A-9 3e | Sy
julodpus
pue auljaseq je 4¥O

julodpus A-f 1e 1SV
julodpus

pue auljeseq 3e 4V

-dg 10 |-d9

Juswssasse Jo Sujwiy
pue 3jeds [euonyduny

SUOIJUDAJ3UI pue sjualjed

suolje|ndod juaijed

953U} 10} JUSIa44Ip SJe SaInseaw
Jeuoi3ouny pue uoijiugodo4nau
uaamiaq sdiysuolje|al ayy Jl duiwIIp
0} pue ‘A T 433Je |-4g 40 ejuaiyd
-0zIyds Yim sjuaized uj Sujuoizouny
40 sJ0321paJid JuediyIusis aJe s103oey
|ed1uld pue uoiu8od0.4nau Ji Apnis o

Juswijealy

JO SUOI}IPUOD D[3Si|ednjeu Japun
ow gt 2 10§ Pamo||o} ||-dg 10 |-dg
y3m sjuaijed dJWAYINS JO SWODINO

Jeuoi}ouny wia3-8uo| Y3 SUIWISIBP O]

JusWi|oJud Jo Wi} 9y} Je Adesay)
wniyy| uo aiamieyy [|-d9 40 |-d9
ypm sjuaijed o1wAyins jo uoljendod
e Joj polad dn-moj|o) A-9 a3
4O pua ayj 1e uoljeydepe [e120soydAsd
aY3 03 paje|as 3q p|nod juswieduw
S1Y} §1 SUIWLISISP pue ‘ssaul|i 3y} Jo
951N02 |edIUl|D 9Y] JO Ssa|pJedal s|gels
ulewal s31211ap aAI1IU30D JI Ssasse 0]

Apnis dn-moj|o4

A-p B Ul ||-dg 10 |-dg Ym sjuaped

2]WAYIN3 JO 3WOIINO [BUOI}OUNY

3y3 321pa4d 3S3q P|NOM S3|qeLIEA SAI}
y3Im sjuaijed DIWAYINS Zg - -1US0D0IN3U pUE [eDIUID YdIYM SS3SSe O]

4c662-982:60T
plosig

12344V [ 800C
sopapsIas-saJleqe]

z902-£02:50T
SIQ JUSIN AJBN
[ £10T OUlE
1Sv4 ueyy
J3Y30 S3|eds pue
4VD—[euoieasasqo

<c96TT-/8TTEY
PanN
[oy24Asd €10C eIO0N

»c09T-9STTZT
SIQ 1991V
{ 0T0Z Uuuog

4V9 pue | Sy4—|euoiieasasqo

aA13[q0

Apms

(penunuod) z 3719V1L



CHEN ET AL.

(sanunuo))

8uluonouny ul suon

-e31Wl| 214193dS JO 1X33U0D 33 Ul passasse

J1 A10323[euy JuswAojdws 121paid 03 Aj9
2Jow aJe swa|qoad aA13Iu80d ey 3s983ns
Aew pue ainsesaw siy3 Jo ANAIISUSS aY)
03 sputod SQOOIN-IDS 2y} woJy suoiysanb
3ujuonouny Ajlep pue aA13IuU302 ay3 3uisn

A10323(eu3 JuswAo|dwsa 321paJd 03 Ajijige sy

peo| uoljedIpaw pue ‘sainseaw aAIIUS0d
J3410 ‘saunjeay ssau||l JO 954n0d ‘SwoldwAs
9A110944€ JUd23J 404 3ul||0JJU0D Jd}je
U3AS ‘snjels |euoljednddo aduan|jul Jusaw
-lledwi AJowsw pue 3uiuied| |egquan 3|Iym
‘uoljeidepe |e1d0s pue 3ujuolduny [eqo|3
Jood 03 93nq143u02 s}D14p paads 3uissado.d
‘aposida dluew xapul ue Japje A G|
pa3en|eAs |-dg Y3im sjuaired Jo swod1no
|euoiduny 3yl Ym pale|allod sydiap paads
3uissadoud pue ‘suoijezijelidsoy Jo Jaquinu
J91e2.3 e ‘SwoldwAs dAISS21dap JUIDY

uoljezijejidsoy
Al1es 3uninbau sjusijed Suowe AIsA0d3.
|euol3duny uo 3oedwi payiwi| Ajaejnoiyied
e 9ABY pUE $S92USJINJ3J IO ‘sasde|al
‘S9Y3IMS ‘swoldwAs [ewodpuAsgns jsuiede
uo1329304d wJia3-3uo| 939|dwodul apirold
‘A19A0D3J |BWOIPUAS Al1ea Suljelljoes
ul 9A119394J9 y3noyyje ‘qg JoJ sjusw
-Jea43} JUaJIND) *saposida ssau||l Mau pey
%/.G pue ‘A1I9A023. [BUOI}DUNY PIASIYDE %y
Ajuo ‘o11eW03dWAS paulewal %8¢ 954n0d
11943 Jo sueaA Ajuea ayj ul uoildunysAp pue
‘AJIpIgIoWw0d ‘AJIpIQJOW JO S|9AD)| |el3UR)SgNS
paJajunodus |-dg Yim pazijeydsoy

Ajjennui sjuaijed jo suoiiodoud ysiH

suoisnppuo)

SSaully |eIUBIN -
uoljeJjuadu0) -
Supjew uoispag -

AJowsn - ow £-GT -
3ujuolouny Ajiep pue aujasegq -
9AIIUS02 SAOON-IDS SAOOWN-IDOS

juswisnlpe |epos -
Ajlligesip SHop - -
9ed2s aWodINQ

Jajuadie)-ssnesis julodpua A-GT 1€

J00d AU - AJUO SUOP JUBWISSASSY -
paJiedwi A|91e4opoln - 9|e2S awo2nNQ
pooo - J9quadie)-ssnels
3uluonouny ||eJaAQ 9[e2s awoNQ
UI9)SUBAST |BqO|D UIDISUDAST
28.1eydsip Ja1je
Sujuonouny ow 8y pue ‘9¢ ‘¢
|9A3] |leuonjednddQ - ‘ZT ‘9 3e pue ‘93.4eydsip
ISAW [13un Apfeam ‘auljaseq
SNJels [e1uapIsay - 18 SJUDWISSASSY -
121N ISAN
3ujuonouny [eqo|9 - 127N
4vO 4vO

juawissasse jo Suiwiy
pue 3]eds [euoidung

sujewop |euoiouny

sjue|nwils

Jo ‘saujdazelpozuaq
‘sjuessaidapijue ‘sai3oyd
-Asdijue |eoidAle pue |eaidA}

‘S1921|1qe3S poowl Yiim pajeal)
Ajuado |-dg ynm sjuaijed ,GT -

€lJ193}14d YdJeasal Jow

ey} spJodau |eyrdsoy uo paseq
uasoyd |-dg Yum syuapjed g -

aposida paxiw 40 dluew
35414 193 do4 pazijeydsoy
ag yum syuaied 991 -

SUOIJUBAI}UI pUE Sjuaijed

ow gy-GT

Joj pajealy |-dg Yym sjuaijed

ul Auo3dafes] JuswAo|dws 3o1pasd

0} UoI3ouUNy aAIUS0D SulSSasse 40y
POYIaW SAI}ISUSS ‘DAI}BAOUU] UB 3SN O]

48CE-VTEVTT
paosIq 19944V
[ 0TOT H3qiD

I-dg yum sauaized ut Ajljigesip

|euoiouny 3utuiedxa ul jamod

aAI321paJd |euol}Ippe pangluod

SNJe}S UOIJedIpaw Jo ‘sidyiew

SS9U||l JO 9SJN0D ‘BlUBW JUII

40 92uasaud ay3 ‘swoldwAs aAlssaidap

JU9231 JO AJIIDASS Y3 Jayaym

QulwJa13p pue ‘dn-moj||o) A-GT

e Je ujuoI}duNy }J0M JO ‘|eldos ‘|eqo|3

U3IM suoljedosse juediyiudis aloq
sulewop aAIHU80d ydiym Aj1auapl o]

6s20G-66V-¢CT
pueag JjelyoAsq

€10V 0T0T Iping
S9|eds |euoljduny
J9Y3}0—|euonIeAIasqo

soposida

paxiw 10 dluew yum pazijeyidsoy |-dg

y3im sjuaijed ui s103o1pasd A1aA0d3d 0}

w3 pue saposida ssauj|l mau Ajizuenb
0} A i AjJeau 1oy sjusijed mojjoj o]

1sL01¢-660C-09T
AsjelyoAsq

[ WY €00C usyoL

aA1323[q0 Apms

(penunuod) z 3719V1L



CHEN ET AL.

(senuijuo))

ejuew uj A321uoJayd Jo si10321paid juersodwi
1sow ay3 aJe ujuoiydouny jeuoizednddo
pue [e120s pue ‘swoldwAs d1j30ydAsd jo
9ouasaud ayj ‘swoldwAs dluew Jo uoljeinp
Y3 40 AJJIDA3S 9Y3 ueyy Jayiey ‘Ajdiuoayd
101paJd jou pip s8nup Jo ad10yd pue asnsjw
22ue3sqng "A3IAI30e [euollednddo pue |e|dos
ul JuswJiedwi pue ‘@posida Juaaund ay3 Jo
uoljelnp 193Joys ‘suoljeuldn|jey Jo suoisnjap
40 9oudasaud ‘auljaseq je swojdwAs dluew
40 A3149A3s Jamo| Suipnjoul ‘si03dipaid |erd
-0S0ydAsd pue |edjul|d |BIDASS 0} PajeID0SSe
sem ‘ow gT 03 dn Jo dn-moj|o4 aAl3dadsoud
3unnp ‘swoldwAs djuew juedyudis Jo
92u9)sisiad pue asuodsald Juswiead} Jood Jo
SWI9) Ul ‘eluew 21U04yd paulyap AjPAI3dadsoud

porad dn-moj|o} wid3-}oys e

J9A0 Ajjuspuadapul aAl| 03 |-49 Yim sjuaiied

J0 AIjIge ay3 pue juswisn(pe ainsia|/|e10s
Ja100d pajdipald swojdwAs aAissaudag

sjualjed uoissaudap

o130ydAsd Jejodiun pue sejodiq Suowe

S9WO023N0 dAI323[(O pue aA1303[gNs usamiaq

JUSPIAD sem Ajliedsip jea.3 ‘uolssaadap

Jejodiun s130yd2Asduou uj Juswisnipe |e1dos

pue ‘jeuoizednd20 ‘|eqo|3 aAI3d3[qo paja|jesed
A]950|2 UOI}DBJSIIES B4I| DAIFID[QO JIYAA

suoisn|puo)

uondeysines 9417 -
SujuoIdUNY SIOA -

JUSWIUOIIAUD
[elauspIsay -

JUSWIUOJIAUS Sululel}
|euoI}ed0A ‘[eUol}edNpy -
JUSWIUOIIAUD YIOM\ -

J9Xewawoy 1o 1uapnis
e se ‘uoljednddo
UE Ul SSDUDAI}IJ4D Se
passaJdxa Suiuoljouny
3IOM JO Xapu| -
9|e2g aWo02INQ
Jajuadie)-ssneuls
usw
-1snlpe [e1D0SOYdAsq -
9|e2g aWo2INQ
1BqO|D UISISUBAST

sujewop |euoijoung

dn-mojj0j ow-g1 03dn -
suljeseg -
34174032118

AT -

suljeseg -
3ujuoloung
Juapuadspul 4oy
9[e2S |euoisuswipilniA

Ag-L -

Agy -

Az -

aulleseg -
39|ed2S awodINQ
‘_wycvngmuummsm‘_um
3|E2G 3WO02INO

|€qO|9 UIS}SUSAIT

juaWssasse Jo Sujwiy
pue ajess [euoiouny

dn-mojjo}
ow-gT Ja1je siopuodsal

se paljijuapl aposida sejodiq
paxiw Jo dluew Joj Juawiiealy

Suryaas syuaiied 958z
dn-mo|joj ow ZT e
siopuodsal Juswieauou

se paljijuapl aposids sejodiq
pPaXiw 10 dluew 10 Juswiesl)

Supjeas suaned /TG

I-d9 Yy3m sjuanjedino /i
1-dg Yy3m sjuaijed
ul |eyidsoy orelydAsd 4

uolissasdap o130ydAsd
Jejodiun ypm sjuaijed /z
uolissaidap d13oydAsduou
Jejodiun yum sjuaijed G4

eluew Jejodiq yym sjuaned gg

SUOIJUBAI}UI puE Sjudlied

auljaseq
1e 3ujuonouny |e1dosoydAsd saiood
- pue ‘asnsiw aduelsqns pigiowod
‘eluew paxiw ‘swoldwAs aAlssaidap
pue djuew Jo A34aA3S Jaysiy
aAeY p|NOM A T 104 pamo||o4 aposida
Jejodiq paxiw Jo djuew J0j Jusawiealy
- 3upjaas sjualjed J1 sulwialap O]

281eydsip
|eyidsoy Jayje A T Ajojewixoaidde
1-dg d1wAyINa yum sjuaijed jo sjdwes
- e u] A}IpIgJow |euoi3duny uo si1ojoey
|ed1Ul|2 J3Y30 pue siapJosip Ajljeuosiad
- 1] SIXY O 30edw] 3y} duiwexs o]

sjualjed a1aAas

aJow uj ueyy sjuaijed uoissaidap

Jejodiun o3oydAsduou 3uowe

A|3U0J3s 210W SWOIINO [EUOIIOUNY

9A1123(q0 123|434 p|nom s3ullel uoly

-dejsiies a4l| 9A1193[qns JI ssasse pue

‘uolssaldap Jejodiun uo) pazijeydsoy

- Ajjeuidiio sjusijed sA dn-moj|oy

A-g 0] -/ e UO uoI1de)SIIeS 9)I| J9100d

- ssaidxa pjnom uoissaidap d130ydAsd
- JoJejodiq yum sjuaiied Ji sulwialap o)

CIGEEICTo)

200CE-E€1E6
AsjelyoAsq

|o!g 1 PIMOM

800¢ I3y ueA

190L6-L9676T
SIQ JUaIN
AJBN [ 900Z SN0

0968-6/:68
pJosi 19244V
£ 500 8429p|0D

Apms

(penunuod) z 3719V1L



CHEN ET AL.

(sanunuo))

Aejap Jo ow Ja1je pue

sjualjed djuew awos Aq AJUO pPaA3Iyde S19M

AJ3A023. [BD1UlD pauleIsSnS puUe UoISSIwal

J13ew01dWAS |9A3] aejulald ay) papasdxa

JO paydlew Jeyl snieis [elluapisal pue [aA3|

|euoniedndd0 3ulAaiyde se pauljap ‘AIaA0dd
|euoi3ouny paAaiyoe sjusijed ayy Jo % e AlUuQ

11-dg pue |-dg yum sjuaijed jo ajdwes
e ul 3uluoljdouny snosdwi Jo saposids poow
JudAa.d 03 9AI3I94)2Ul 9q 03 WIS SUOISSAS
|euoileonpaoydAsd usaalxIg "suolssasdwl
1eqo|3 |ed1ul|d pue ‘A31jiqeldos ‘syuawisnipe
|BIDOS ‘W 0d3N0 SUjUOI}dUNY BSIOM

U}IM pa3e|2J402 JUusWieal) 0 9dUIaypeuoN

ag woJy Suiayyns syualjed Jo swod3N0
ay3 anoidwi Ajjewiyn Aew a41| Ajlep
gesip JuUeA3|aJ yum sjualjed 1oy uoly
-BIpaWaJ [BUOI}DUNS PUE UOI}EIIPAW JO UOI}
-euIqwod y ‘8ujuoiouny [euosiadialul pue
|euoi3ednd20 uj Ud3s aJaM SjuaWaAocIdw]
juesliugis {||-dg 10 |-dg Y3m sjuaijed
ul Sujuoljouny SuPUBYUS Ul 9AI303443 3 0}
panoid weiSoud uoljelpawal [euoljduny ay |

suoisnppuo)

AT oydnAjyuop -
I JHIENE]
|9ge|-uado ay}
30)>199M Uyl4 pue ‘piiyy
‘}S414 943 JOpUS BRIV -
aseyd
pullg-s|qnop Xsam-¢
9y3 Suunp Apaspn -
sullaseq -
aJleuuoljsanb
Sunes-yyjeay
pue uoiduny
|eidosoydAsd 9g-4S
Apnis sswodinQ
|e21paN pajiodal-4|as

y3jjeay Jood

JO asnedaq saljlAloe

9|04 Jofew pue ‘|e1dos
‘(eaisAyd ui suonepwi] -
aJleuuol}sanb 9¢-4g

juswWieal}

Jo pus Jayeow g -
jusWieas}

Jopus syeow 9 -

SUOISSas 9T JOYY -

SUOISSas @ IAYY -

sjuauodwod |epos -

YS-SvS
urewop [e1os -

Ulewop [ejUSWUOIIAUT - aujjeseg -
4349-1000HM - yS-SvS
[9A3] Bujuondung - 43¥8-T000HM

4vO 4v9

owg -

suljsseg -

sujewop 1Sv4 9 1Sv4

juswissasse jo Suiwiy
pue 3]eds jeuoijdung

sujewop |euoiouny

1-dg Yyum sjuaijed uoissaudap
pue ejuew 23e3)s paxiw g -
I-dg
yim sjualjed ejuew aund GTT -
uoIsuaIXa uado 3aaMm-4t e Aq
pPamo||o) 3m ¢ 10} Adesayjouow
Ajlep 3w QT suidezue|o paAlSdal
1-dg Y3im sjuaijed djuew

A T J1914e snjejs |euoly
-edn220 Jo 8ujuoijouny |e1dosoydAsd

A|21noe ¢¢T a1aym salpnis 10 s8uijes ul syuswaAoldwl J91eald 009L-89°L
pajjoJ3uod-ogade|d ‘pullq 9A3IYDE P|NOM BlUBW WO PAIDA0IDI piosiq Jejodig
-3|qnop JO SISAjeue 20y 3s0d  OYMm |-dg YiM sjuaijed JI SUIwIS}Dp O] G00Z edde3uay)

S9|eds [euolouNy
J3Y3}0—|BUOIIUSAISIU|

SUOIIUSAJIUI |euOl}
-eonpaoydAsd Jo Adedid ay3 aduanjjul
1y3iw jey) siojoey Aylauapl o3 pue
JUswW]ead) aY3 JO pus Y] Jajje ow g
pamoj|o} ||-dg 10 |-dg Yam sjualjed
2IWAYIND JO AJIDA0D3I [BUOIIDUNY pUE
J13ewoldwAs uo yoeoudde |euoiieanp

-90Y2dAsd e Jo Adediysa ay} ajen|eAs o]

SUOISSaS
uoljexe|aJ Tg PaAIddaI €7 -
SUOISSas Uol}
-eoNpaoydAsd Tz paAlddal g -
juswieasy 2130|
-odoewueyd 3uUlAl9dal ||-4g 10
I-dg Yy3m sauaijed dlWAYINL g

198GT-€ST:LCT
pueds
J1elydAsd ey
€102 l[12uli3a||ad
sosleg ap
s9|ess
|euoi3ouny Jay3o pue
4VD—|euoijuanIaju|

|ensn

Se JuUSWieal) paAlddal 08 -

uol11eaNpPaoydAsd paAIadal g8 -

uoljelpawal

|euolduny paAledal £/ -
UOIJUSAISIUI JO XM TZ 03 T:T:T
paugisse Ajwopueu sjusijed

I1-dg 1o |-dg 2lwAyina 62

OW 9 104 paMOJ|0} ||-dg 10 |-dg
yim sjuaijed djwAyna Jo ajdwes e uj
JuswaAoidwi [euol3douny uo ‘wesdoud

UOIJUSAIS]UI [SAOU € ‘Uollelpawal
|euoiduny Jo AJedi4ss ay) Ssasse o

69658-¢58:0LT
AajelyodAsq
(WY €T0¢ 3us4i0L
1SV4—|euoijusAiaju]
Apms

SUOIJUSAI}UI pUE Sjuaijed aA123[q0

(penunuod) z 3719V1L



CHEN ET AL.

“JUBWISSASSY 9417 JO AJl[enD uoljeziuediQ yijesaH PlAOAA Y3 JO 9|eS 3417 40 A}jenD 3Y3 JO UOISISA Paualioys ‘43¥g-TODOHM 2|Npayds Juawssassy Alljiqesiq uoljeziuesiQ yieaH
PIHOM ‘SYAOHM :uoljenjeA dn-mo||o4 [eAsd3u] [EUIPNIISUOT SU} W0J4 Uoijen|eAd [ed1Ul]D MAIAISIU| [EUIPN}IBUOT PaUIWEa}S ‘341740 FDITS ‘WNI3D3dS POOIA J0J MIIAISIU [eD1UI|D PRINIINNS ‘SAOON-1DS
‘310day-|9S 3|edS JUsWISNIPY [B10S “YS-SVS ‘ASAING JUSWIUIEIY [€120S ‘SYYS :XdPU| SNJe)S [eUOiIBI0A PAIPOIA ‘ISAIN XopU| 9p0D UOIIeI0T PAIPOIA ‘[DTN “3sIT uolienjeas Jioddng euosiadiaiul “13S]
‘3uluordoun4 JO JUBWISSASSY |BGO|D ‘YO 359 140YS JUSWSSISSY SUlu0I3dUNS ‘] S ‘paljioads asimiayio jou Japaosip Jejodiq ‘SON-dg 4apJosip || Jejodiq ‘||-dg ‘1apJosip | Jejodiq ‘|-4g ‘1apJosip Jejodiq ‘g

uoissaidap
Jejodiq Jo Juswadeuew sy} Ul JOpISUOD
0} Juepiodwi Ajjerdadss aq y3iw juoddns
|B120S JO [9A3] 9Y3 Sulroidwil Uo pasndoy
saldesay) adueuajulew jeyy 1sa33ns ejep
9say] ssauj|i Jejodiq ul uoissaudap Jo XSt
ay3 aseauoul Aew A3o|orewoldwAs [enpisal
pue 110ddns [B120S MOJ| JO UOIJRUIqWOD 3y |
‘|-dg 40} 1uswieal) aseyd a1nde Suimo||o)
A T A}149A3S uoissaldap Jo 403d1paud
anbiun e se pagiaws j40ddns |e1dos
‘quawuiedw jeuoljdpuny pue 3ujuolnduny
Allwey JO $1294J9 aY3 404 3Ul||0J1U0D JB1)Y

ag 4o} Adesay) soueuajuiew pue a3noe

U SB 9AI109449 pue ajes S| Juswijealy }ounfpe

9|ozeuadidluy "9|edS Alljigesiq ueyaays

9y3 Aq painsesaw se A g 19}je AISA0dal
|euoi3duny 939|dwod e apew sjuanned ||y

suoisnppuo)

Adesayy Ajlwey
sn|d Adessyjodeuweyd paAladal
9 pue ‘suoje Adesayjodew.eyd
paAladal 19s elep |euly ayl ul
papnoul sjuaned ¢ ‘dn-moj|o4
0] 150| 949Mm sjuaijed Auely
Adesayy Ajlwey |enpiaipul

sn|d AdesayjodewJeyd -

Adessyy dnou3
uonesnpaoydAsd Ajiwesi3inw
-3ujuonouny Ajlweq - snjd Adessyjooeuweyd -
av4 auoje Adesayjooewseyd -
joddns [e120sg - A1 - aseydajnoe Adessyjooewueyd
RENE uona|dwod yjuow-¢ e Aq pamoj|o4 ‘Apnis
(dwoy Juswijeasy aseyd a1ndy - a1 Jo aseyd ande syl Sunnp I-dg
31 apISINO salllAlloe (@v4) @21AeQ  ow { 4o} sjuswieau uaizedino J0J Juawieasy aseyd a1nde 3uImo||o)
JO JUDWIDA|OAULI) JUBWISSISSY Ajlwed 0} paudisse Ajwopuel A T swojdwAs poow jJo si03o1paid 0,£06-L671G
juswuledwi jeuoljdund - 13SI |1-dg Yyim sjuaijed pazijendsoy se juswuiedw! [euolyduny pue ‘Jioddns AajelyodAsd adwo)
SVYSV1oN SVYS V10N Ajjeyed Jo pazijeyidsoy z6 [e120S ‘Sujuoiouny Ajiwey) a1enjeAs o 0TO0C 203sulspA
9JI] |OOYIS/MIOM - Az - A Z Jan0 uols
A1an023. AT - Jaz1|1qels -saudap ||-dg pue |-dg yum sjusijed
|euollduny ayl| [e1dos - ow9 - poouw eojjldunfpe3w G 016 ul Adesayj 1ounfpe sjozeididiie 20179-8G:€0¢
A13n023. suljeseg - 9jozeadidue ypm pajeady ||-dg U3IM pa3e1d0osse AISA0J3J [euoljduny SIQ JUSIA AISN
|euoipduny ayij Ajlwey - 9eas Ajjiqesiq ueysays pue |-dg yym syusned oy - pue Aded1y)a ay3 93es13saAul o [ GTOT edwaleln
sujewop |euoi}dung Juawssasse Jo Sujwn SUOIJUaAIaIUI pue sjudljed aA23[qO Apms

pue 3]eds [euoidung

(penunuod) z 3719V1L



208 CHEN ET AL.
WILEY
TABLE 3 Functional scales used in the 40 included studies
Publication
Scale Year Description Studies, n (%)
Clinician-rated
Global Assessment of 1976 The GAF is a single rating scale for evaluating overall functioning of a 17 (43)
Functioning®* (GAF)? subject over a specified time period on a scale ranging from 1 for the
hypothetically sickest individual to 100 for the hypothetically healthiest
individual
Functioning Assessment Short 2007 The FAST evaluates functional impairment in patients with mental 15(38)
Test?? (FAST) disorders based on the following 6 domains: autonomy, occupational
functioning, cognitive functioning, financial issues, interpersonal
relationships, and leisure time
Levenstein Global Outcome 1966 The Levenstein Global Outcome Scale provides a comprehensive measure 2 (5)
Scale?®? of psychosocial adjustment for the y preceding each follow-up based on
signs of psychiatric iliness, rehospitalization, level of self-support, role
performance, and social relationships
Strauss-Carpenter Outcome 1972 The Strauss-Carpenter Scale rates the psychiatric patients in a continuum 2 (5)
Scale? of outcome dysfunction related to work, social relations, symptoms, and
duration of nonhospitalization
World Health Organization 1988 The WHODAS assesses the social functioning of patients with a mental 1(3)
Disability Assessment Schedule®® disorder based on overall behavior, social role performance, hospitaliza-
(WHODAS) tion status, modifying factors, and global evaluations
Social and Occupational 1992 The SOFAS focuses exclusively on the patient's level of social and 1(3)
Functioning Assessment Scale®® occupational functioning without accounting for the severity of the
(SOFAS) individual's clinical symptoms
Multidimensional Scale for 2003 The MSIF captures the patient's inherent responsibilities, the level of 1(3)
Independent Functioning® assistance provided by others to maintain the role, and the level of
(MSIF) performance in which the patient can successfully fulfill roles in work,
educational/vocational training, and residential environments
Streamlined Longitudinal 1987 The LIFE is an integrated system for assessing the longitudinal course of 1(3)
Interview Clinical Evaluation psychiatric disorders that collects detailed information for six areas to link
From the Longitudinal Interval psychosocial and treatment information to psychiatric status ratings. The
Follow-up Evaluation®® (SLICE of areas covered are psychosocial (work, household, student, interpersonal,
LIFE) sexual, satisfaction, recreation, global), psychopathologic, nonpsychiatric
medical illness, treatment, overall severity, and narrative account
Shortened version of the Quality 1998 The WHOQOL-BREF evaluates treatment efficacy by assessing overall 1(3)
of Life Scale of the World Health quality of life in the areas of physical health (pain and discomfort, sleep
Organization Quality of Life and rest, energy and fatigue, mobility, activities of daily living, depend-
Assessment’t (WHOQOL- BREF) ence on medicinal substances and medical aids, work capacity), psycho-
logical health, social relationships (personal relationships, social support,
sexual activity), and environment (freedom, physical safety and security,
home environment, financial resources, health and social care, opportuni-
ties for acquiring new information and skills, participation in and
opportunities for recreation/leisure activities, physical environment, and
transport)
Young Schema Questionnaire 2005 The YSQ-S3 uses a Likert-type ranking to assess 18 schemas, patterns that 1 (3)
Short Version*® (YSQ-S3) when triggered make the person feel intense emotions in the areas of

disconnection and rejection, autonomy and performance, self-control,
directedness, and overvigilance and inhibition

UCLA Social Attainment Survey’® 1973 The UCLA Social Attainment Survey rates the social adjustments of 1(3)
patients based on same-sex peer relationships, leadership in same-sex
peer relations, opposite-sex peer relations, dating history, sexual
experience, outside activities, and participation in organizations

Family Assessment Device®* (FAD) 1983 The FAD includes seven scales assessing problem solving, communication 1 (3)
roles, affective responsiveness, affective involvement, behavior control,
and general functioning

(Continues)
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TABLE 3 (Continued)

Publication
Scale Year Description Studies, n (%)

Interpersonal Support Evaluation 1983 The ISEL includes the following four subscales: tangible assistance 1(3)

List®> (ISEL) (perceived availability of material aid), appraisal (perceived availability of
someone to talk about one's problems), self-esteem (perceived ability of a
positive comparison when comparing one's self to others), and belonging
(perceived availability of people with whom one can do things)

Self-reported

Self-reported Social Functioning 1990 The SFS assesses the areas of functioning that are crucial to the commu- 1(3)

Scale® (SFS) nity maintenance of individuals with schizophrenia. It provides a detailed
assessment of strengths and weaknesses of individuals in comparison
with reference groups based on the following seven functional domains:
social engagement/withdrawal, interpersonal behavior, prosocial
activities, recreation, independence-competence, independence-perfor-
mance, and employment/occupation

Work and Social Adjustment 2002 The WSAS is a short self-report questionnaire that measures work and 1(3)
Scale®’ (WSAS) social adjustment on the following five domains: work ability, home

management, social leisure activities, private leisure activities, and the
ability to form and maintain close relationships

Functional Recovery 2017 The self-assessment of functional recovery was conceptualized as a binary 1 (3)
Self-assessment?>? variable based on the patient response to the question, “Have you

reached the level of family, social and work functioning that you had
before the onset of your illness?”

Self-reported Medical Outcomes 1992 The SF-36 assesses limitations in physical activities, social activities, bodily 1 (3)
Study SF-36 psychosocial pain, general mental health, vitality, general health perception, and usual
function and health-rating role limitations due to physical or emotional problems
questionnaire’

Structured Clinical Interview for 1999 The SCI-MOODS uses a dimensional approach to assess threshold level 1(3)
Mood Spectrum (SCI-MOODS)? symptoms of unipolar and bipolar disorder and atypical, temperamental

and behavioral characteristics over the lifetime and during the past
month. It includes the following four domains: mood, energy, cognition,
and rhythmicity and vegetative function

Sheehan Disability Scale”® 2009 The Sheehan Disability Scale evaluates patient impairment levels in the 1(3)

areas of work/school activities, family relationships, and social
functioning

Social Adjustment Scale Self- 1976 The SAS-SR surveys the patient's role as a spouse, a parent, and a member 1 (3)
Report72 (SAS-SR) of a family unit to assess the patient's performance, interpersonal

relationships, frictions, feelings and satisfaction in work, and in social and
leisure activities with the extended family
Residential and vocational data
Residential Status Index (RSI) 2003 The RSI and the VSI serve as proxies of functional recovery by operational- 1 (3)
Vocational Status Index (VSI)*’ izing ratings for current residential and vocational status that equate or
exceed the patient's previous highest residential and vocational status
Modified Vocational Status Index 1988 The MVSI assesses the level of vocational functioning in a range from 1(3)

(MVSI) Modified Location Code
Index (MLCI)8¢

2Global scales.

full-time, competitive employment at the expected level to total
vocational disability; the MLCI records nine living situations ranging from
head of household to hospitalization

between psychosocial functioning and 21 cognitive domain (eg,
attention, learning and memory, executive function, language).
Five of these studies also assessed correlations between the GAF

and demographic?”3! and/or clinical variables,?”?® such as dura-
tion of illness, number of hospitalizations, number and type of

episodes, symptom type and severity, and medications. One study

also evaluated the relationship between psychosocial functioning
and theory of mind, the ability to perceive other people's mental
states.?” The ninth study35 used the GAF to assess functioning and
symptoms in patients with BD.

In addition to these nine studies using only the GAF, one study®
used the GAF along with the Self-reported Social Functioning Scale
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(SFS)¥ to explore the relationships between executive functioning
and both global functioning (GAF) and domain-specific functioning
(SFS; ie, withdrawal, interpersonal behavior, prosocial activities, rec-
reation, independence-performance, independence-competence,
and employment/occupation) in patients with euthymic BP-I.

3839 used the FAST to assess function-

Six cross-sectional studies
ing; all were published between 2010 and 2017. Five of these studies
assessed domain-specific functioning (ie, autonomy, occupational
functioning, cognitive functioning, financial issues, interpersonal
relationships, and leisure time) in patients with BP-I vs healthy con-
trols,®®%7 in patients with BP-1 and BP-Il in remission,*%*3
different mood states in BP-I and BP-I1.*?> These studies used the

FAST to determine correlations between psychosocial functioning

or across

and clinical variables (eg, symptoms, number of hospitalizations,
number of episodes, duration of illness, trait-impulsivity, neurologic
soft signs),38'40 emotion processing,38 cognitive functioning (eg,
verbal learning and memory, visual memory, executive function,

),38‘39'43 38 sleep

perceived cognitive performance social cognition,
disturbances,*® or demographic variables*° or to assess overall and
domain-specific functioning in different mood states.*? The sixth
study that used only the FAST to assess psychosocial functioning41
compared overall functioning in healthy controls and patients with
BP-I or BP-Il and assessed the relationship to cognitive functioning
and depression severity. In addition to the six studies using only
the FAST, one study?? used the GAF to assess the validity of the
Spanish-language version of the FAST as a new functional scale in
patients with BD.

The remaining three cross-sectional studies used functional
scales other than the GAF and the FAST. One study®® used the RSI

and VSI to assess the relationship between functional recovery

44,45

and demographic, neurocognitive, and clinical factors in patients
with BP-1 or BP-Il who were euthymic or had residual depression.
Another study45 used the Social and Occupational Functioning
Assessment Scale to assess the relationship between social life
and occupational functioning and clinical, sociodemographic, and
neurocognitive variables (ie, executive function, attention, verbal
fluency, and verbal learning and memory) in patients with strictly
defined euthymic BP-Il vs healthy controls. The third study** used
the Work and Social Adjustment Scale,47 which measures occu-
pational, family, social life, and leisure domains, and the Young
Schema Questionnaire Short Version*® to examine the relation-
ships between domain-specific functional impairment and early

maladaptive schemas.

3.5 | Longitudinal observational studies

Fifteen longitudinal observational studies met the inclusion crite-
ria. Five studies (all published between 2011 and 2016) only used
the FAST scale*”>%; two (published between 2010 and 2013) used
both the GAF and the FAST>*°%: three (published between 2003
and 2017) used the GAF along with functional scales other than
FAST?5°%57; and five (published between 2005 and 2010) used

scales other than the GAF and the FAST to assess functioning.”®>?

Five studies assessed functioning using only the FAST scale. Two
of the studies*”°% assessed functioning in patients with euthymic
BP-1 or BP-Il with a follow-up of 1-3 years. The first>® used the FAST
to evaluate the relationships between overall psychosocial function-
ing and mood, symptoms, and antipsychotic exposure; the second®
used it to assess the relationships between psychosocial functioning
and verbal memory and subthreshold depressive symptoms. One
study”® compared 6-year functional outcome in patients with euthy-
mic BP-1 or BP-Il on lithium monotherapy vs healthy controls, assess-
ing the relationship between changes in psychosocial functioning
and cognitive performance (ie, executive function, inhibition, pro-
cessing speed, verbal memory) over time in patients who responded
to lithium. The two remaining studies, both published by the same
research group, evaluated functional outcome in patients with BP-I
and BP-II 6 months after an acute episode or subsyndromal state”?
and in patients with BP-1, BP-1l, and BD not otherwise specified after
first or multiple affective episodes.>?

The two observational studies that used both the GAF and the
FAST>*>% involved authors from the same institution and program.
The studies included baseline assessment of psychosocial function-
ing using only the GAF, with addition of the FAST at endpoint to
derive information related to specific functional domains. The first
study>* sought to identify clinical and neurocognitive predictors of
functional outcome in patients with euthymic BP-1 or BP-II followed
for 4 years. The second study® assessed correlations between cog-
nitive changes, including executive functioning, inhibition, attention,
processing speed, verbal memory, and visual memory, and function-
ing in patients with euthymic BP-I or BP-II on lithium therapy at the
time of enrollment vs healthy controls followed for 6 years.

One study®’ used the GAF for severity assessment at baseline
and the MLCI and the MVSI to evaluate functional recovery at base-
line and follow-up over 4 years in patients with BP-I hospitalized
for a first manic or mixed episode. A second study56 used the GAF
along with the WHO Psychiatric Disability Assessment Schedule
(WHODAS)®® to assess the relationship between global functioning
(GAF); personal care, occupational, family, and social functioning
(WHODAS); and neurocognition in patients with BP-1, patients with
schizophrenia, and healthy controls over 1 year. A third study®® as-
sessed the relationship between functioning and number of previous
episodes and the long-term (4 years) functional outcome of patients
with euthymic BP-1 or BP-1l under naturalistic treatment conditions,
using the GAF to assess global functioning and a self-reported as-
sessment to measure functional recovery.

Five studies (published between 2005 and 2010)°%°? used func-
tional scales other than the GAF and the FAST to assess functioning
in patients with various psychiatric disorders. One of these stud-
ies® assessed the relationships between overall functioning using
the LGOS, work disability/social adjustment using the SCOS, neu-
rocognitive performance, and depressive symptoms in patients with
BP-1 15 years after an index manic episode. Similarly, the LGOS and
SCOS were used in a second study60 to evaluate global functioning
and work performance/social adjustment, respectively, in patients
with bipolar mania, unipolar nonpsychotic depression, and unipolar
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psychotic depression followed for up to 8 years after an index epi-
sode, with the objective of examining longitudinal associations with
life satisfaction. A third study61 used the Multidimensional Scale
for Independent Functioning®* to compare social adjustment and
independent living in inpatients and outpatients with BP-I 1 year
after hospital discharge and relationships with comorbid personal-
ity disorders and other clinical factors. The fourth study used the
Streamlined Longitudinal Interview Clinical Evaluation from the
Longitudinal Interval Follow-up Evaluation®® to compare work func-
tioning and life satisfaction in patients with manic or mixed bipolar
episodes identified as responders or nonresponders 1 year after
initiating treatment and determine predictors of treatment nonre-
sponse.®? A fifth study®® used four questions from the SCI-MOODS
to measure self-reported cognitive problems (ie, memory, decision-
making, concentration, and mental fitness) and the relationship to
employment trajectory in patients with BP-| treated with mood sta-
bilizers, typical and atypical antipsychotics, antidepressants, benzo-
diazepines, or stimulants and followed for up to 43 months.

3.5.1 | Longitudinal interventional studies

Five longitudinal interventional studies®®®’

(published between
2005 and 2015) met the inclusion criteria for this review. One study®’
used the FAST to compare functional improvement in patients with
euthymic BP-I or BP-1l randomized to 21 weeks of a functional re-
mediation program, psychoeducation, or treatment as usual. This
study69 assessed the efficacy of the functional remediation program
with respect to overall psychosocial functioning. A second study®’
used the GAF, the Shortened version of the Quality of Life Scale of
the WHO Quality of Life Assessment,”* and the Social Adjustment
Scale Self-Report’? to assess the effectiveness of psychoeducation
compared with relaxation sessions in improving overall functioning,
adjustment to the external environment, and social functioning, re-
spectively, at 6- and 12-month follow-ups in patients with euthymic
BP-I or BP-Il receiving pharmacologic treatment.

The remaining three longitudinal interventional studies used
functional scales other than the GAF or FAST. One study’® used
the UCLA Social Attainment Survey,”® the Interpersonal Support
Evaluation List, and the Family Assessment Device to measure func-
tional impairment related to activities outside the home, social sup-
port, and family functioning, respectively, as a predictor of mood
symptoms in patients with BP-I 1 year after acute phase treatment
consisting of pharmacotherapy alone or in conjunction with multi-
family psychoeducation group therapy or individual family therapy.
The second studyéé used the Self-reported Medical Outcomes Study
SF-36 Psychosocial Function and Health-rating Questionnaire’ to
assess improvements in physical, social, and major role activities
due to poor health and the association with symptomatic remission
and clinical recovery in acutely manic patients with BP-I receiving
daily olanzapine monotherapy in the 49-week open-label extension
of a 3-week randomized controlled trial. The third and most recent
study®® used the Sheehan Disability Scale’ to assess functional
recovery in family, social and work/school domains over 2 years in

HHOIT

patients with BP-I or BP-1l openly treated with aripiprazole and an

adjunct mood stabilizer.

4 | DISCUSSION

The objectives of this systematic literature review were to identify
studies that assessed functioning in patients with BD and describe
the functional scales used and their implementation. The results
show an increasing number of such studies over the past several
decades, suggestive of a growing appreciation for the importance
of functional outcomes in this patient population. The 40 cross-
sectional and longitudinal studies identified utilized a total of 24
different functional scales, including global and domain-specific in-
struments. However, one global assessment, the GAF, and one do-
main-specific assessment, the FAST, have prevailed in the literature.

This is the first systematic literature review to examine the scales
used in the assessment of functional outcomes in patients with BD.
The focus of earlier systematic literature reviews has been on the re-
lationship between cognitive impairment and functional outcomes in
this patient population. A systematic literature review of 21 studies
concluded that cognitive function is prognostic of general function-
ing in patients with BD and may be a better predictor than clinical
severity measures.® Similarly, a meta-analysis of 22 studies reported
a statistically significant correlation between neurocognitive and ev-
eryday functioning in patients with BD.'? Another systematic litera-
ture review of 12 studies observed an association between impaired
cognition and impaired functioning in patients with BD but noted
the need for additional studies using objective, performance-based,
functional measures.*® Nearly half of the studies included in the
current systematic literature review sought to evaluate the relation-
ship between psychosocial functioning and 21 domain of cognitive
functioning. A similar number of studies examined the relationship
between psychosocial functioning and clinical variables such as
symptoms, duration of illness, number of episodes, and number of
hospitalizations. A smaller number of studies assessed long-term
global or domain-specific functional outcomes. Taken together with
previous reports, the current systematic literature review confirms a
growing interest in evaluating functional outcomes in patients with
BD and an increasing demand for objective and domain-specific
scales that can address specific areas of interest such as cognition,39

The results of this systematic literature review show that the
GAF was the most frequently used scale in cross-sectional studies
and the second most frequently used scale in longitudinal studies.
After its introduction for use in the Diagnostic and Statistical Manual
of Mental Disorders (DSM), Third Edition in 1980,76 the GAF gained
widespread use and is now the most widely used clinician rating
scale of disability.”” Although this literature review did not account
for studies before 2000 and after the introduction of the GAF, there
are several early studies that utilized the GAF, which likely set pre-
cedence for its use in later longitudinal and cross-sectional studies.
One key study used the GAF along with the MVSI and MLCI to mea-
sure global functioning, occupational status, and residential status,
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respectively, over 4 years’® in patients with BD; the aim of the study
was to identify factors contributing to long-term outcomes.

The reliability and validity of the GAF, however, depend on the
rater's training and expertise, and GAF scores have been observed
to correlate more with symptom severity than functional impair-
ment.”’ The FAST was introduced in 2007 as a simple interview to
assess the following 6 domains of functioning considered to be the
main problem areas for patients with mental illness, including BD:
autonomy, occupational functioning, cognitive functioning, finances,
interpersonal relationships, and leisure time.?? Results of this liter-
ature review show rapid and widespread adoption of the FAST in
clinical studies, with use in 7 of 17 cross-sectional studies, 7 of 12
longitudinal observational studies, and 1 of 4 longitudinal interven-
tional studies published after 2007. The trend toward evaluating
multiple domain-specific aspects of functioning in patients with BD
is expected to continue after the official deletion of the GAF from
the DSM, Fifth Edition®® and the endorsement of the WHO Disability
Assessment Schedule Version 2.0 (WHODAS 2.0),2* which measures
cognition, mobility, self-care, getting along, life activities, and partic-
ipation, for clinical evaluation of disability.®? We see the adoption of
the WHODAS as a valuable addition to the field as it provides more
specific measures of functioning. On the other hand, the GAF pro-
vides an overall rating that includes functioning which in some cases
may be useful because of its ease of use. As with any scale, investiga-
tors will need to decide which scale best meets their needs.

The remaining 22 scales of functioning identified in this sys-
tematic literature review were used in few studies. It is worth not-
ing that all but 2 of these 22 scales are domain-specific measures
of functioning. The use of many different domain-specific assess-
ments during the early time frame of this systematic literature
review may reflect the lack of availability during that period of a
single functional scale capturing all functional domains of interest.
Although there was considerable variability across these scales with
respect to the nature of included functional domains, work/educa-
tion, social, and family domains were most widely represented. The
prevalence of scales incorporating these domains likely reflects an
understanding that work, family, and social/interpersonal engage-
ment are key areas of functional impairment in patients with BD

that can persist into clinical remission>*°

and affect the well-being
of patients and their families. However, the abundance of unique
scales to assess the same functional domains presents a challenge
when attempting to synthesize the literature. Although cognitive
functioning was not broadly represented in these less widely uti-
lized scales, it is included in the FAST and the WHODAS 2.0.

The results of this systematic literature review further the un-
derstanding of the scales used to assess functioning in patients with
BD and the nature of the research questions to which they are ap-
plied. Such findings are important considering the recognition of dif-
ferent types of functional impairment in this patient population and
the persistence of these impairments into symptomatic remission.
However, results of this literature review show a relatively small
number of interventional studies assessing functional outcomes in

patients with BD. Thus, there is a continued need to ensure that

functioning of patients with BD is included as an outcome in studies
evaluating the effects of treatment interventions.

This systematic review has several limitations. Although the search
parameters were designed to be comprehensive, it omitted non-
English articles and articles published before 2000, which could have
limited its scope. In several areas of the literature, particularly stud-
ies using the GAF and FAST, multiple studies were published by the
same research groups or authors at the same institutions. Although an
effort was made to omit duplicate publications, it is important to rec-
ognize the potential for bias due to multiple publications by the same
investigators.

In conclusion, this review shows high utilization of the GAF and
FAST scales for assessment of functioning in cross-sectional observa-
tional and interventional studies. Findings indicate interest in evaluating
specific functional domains, with emphasis on work/educational, social,
family, and cognitive functioning, and determining the relationships
between psychosocial functioning, cognitive functioning, and clinical
variables. More prospective studies are needed to assess the effect of

interventional therapies on functional outcomes in patients with BD.
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