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Abstract

Background Impulsivity has been shown to be associated with obesity through links to pathological eating behavior such as
binge eating. The recent literature suggests that impulsivity is linked to poorer outcomes post-bariatric surgery. Impulsivity
can be measured in various ways and comprises of three broad domains: impulsive choice, impulsive action, and impulsive
personality traits. The aim of this systematic review is to synthesize the current evidence on the impact of impulsivity on
post-bariatric surgery weight loss.

Methods A literature review was performed in February 2020. Original studies investigating the relationship between
impulsivity and weight loss post-bariatric surgery were evaluated.

Results Ten studies with a total of 1246 patients were analyzed. There were four case—control, four prospective observational
and two retrospective observational studies. The postoperative follow-up ranged from 0.5 to 12 years. Eight studies measur-
ing trait impulsivity did not show any association with weight loss post-bariatric surgery, although two studies reported an
indirect effect of impulsivity on weight loss mediated via pathological eating behavior. Assessment of impulsive action by
two studies showed that post-bariatric surgery weight loss is affected by impulsive action.

Conclusion Impulsivity may adversely affect postoperative outcomes after bariatric surgery. However, this may be specific
to state impulsivity or impulsive action rather than trait impulsivity. Patients with a higher state impulsivity may benefit
from closer follow-up post-bariatric surgery, as well as cognitive behavioral therapies targeting cognitive control over food.
Level of evidence Level I, systematic review.
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Introduction

Impulsivity and its effect on obesity are incredibly com-
plex, and both impulsivity and obesity are multidimensional
and multifactorial in nature. The International Society for
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Research on Impulsivity defined impulsivity as ‘behavior
without adequate thought, the tendency to act with less
forethought than do most individuals of equal ability and
knowledge or a predisposition toward rapid, unplanned reac-
tions to internal or external stimulus without regard to the
negative consequences of these reactions’ [1]. Impulsivity
has been shown to be associated with obesity through links
to pathological eating behavior such as binge eating and
various other maladaptive eating styles [2—4]. Impulsivity
has also been postulated to result in obesity through uncon-
trolled and excessive food intake [2]. Based on the above
definition of impulsivity, an impulsive person, who is obese
and overeats, is more likely to continue this same behavior
after bariatric surgery, leading to weight regain and failure
of intervention. However, efforts to draw a direct relation-
ship between impulsivity and weight regain after bariatric
surgery are often hampered by the complex nature of both
impulsivity and obesity.
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The simple definition of impulsivity by the International
Society for Research on Impulsivity belies its multidimen-
sional construct. Impulsivity can be measured in various
ways and comprises of three broad domains: impulsive
choice, impulsive action, and impulsive personality traits
[5]. Impulsive choice is characterized by a preference for
more immediate but smaller rewards, over delayed but larger
rewards. One measure of impulsive choice is the delay dis-
counting task (DDT) [6]. Impulsive action refers to the
capacity or failure to inhibit an inappropriate motor response
to prepotent stimuli and can be assessed using go/no-go and
stop-signal tasks [7]. Impulsive choice and impulsive action
are often collectively known as ‘state impulsivity.” The third
domain of impulsivity is that of impulsivity as a personality
trait, or also referred to as ‘trait impulsivity.” Personality
traits are persisting underlying tendencies to behave in par-
ticular ways in particular situations, and trait impulsivity can
be assessed using the Barratt Impulsiveness Scale [8] and
the UPPS-P impulsive behavior scale.

Bariatric surgery is currently the most effective treatment
for severe obesity and other obesity-related comorbidities,
with mean postoperative excess body weight loss ranging
from 65.1-83.4% within the first 2-3 years [9]. The main-
tenance of weight loss post-surgery has been variable, with
weight regain observed in up to 50% of patients 2 years after
surgery [10]. The factors for a successful bariatric surgery
are multi-fold, ranging from metabolic to psychological vari-
ables [11, 12]. In recent years, multiple studies have shown
that the bariatric surgery population have an increased inci-
dence of psychiatric conditions [13, 14], and that psycho-
pathology is associated with poorer outcomes following
surgery [15, 16].

Despite the emerging literature since 2015 linking impul-
sivity to poorer outcomes post-bariatric surgery [12, 16-20],
the assessment of impulsivity is problematic due to its mul-
tidimensional nature. This is further complicated by the fact
that the processes may repeatedly change over the course of
addiction [21] as well as the lifespan of the patient [22]. This
paper aims to synthesize the available literature on the effect
of impulsivity on weight loss after bariatric surgery and to
tease apart the relationship between the different domains of
impulsivity and weight regain after bariatric surgery.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were adhered to in
performing and reporting of this systematic review [23].

@ Springer

Data sources

A comprehensive literature search was conducted in Feb-
ruary 2020 using PubMed/MEDLINE, Embase, and the
Cochrane Database of Systematic Reviews. The search was
performed using medical subject headings (MeSH) and
keywords, as well as all possible combination of terms
from the following two groups: (1) ‘bariatric surgery,’
‘metabolic surgery,” ‘sleeve gastrectomy,” ‘gastric bypass,’
‘RYGB,’ ‘gastric band,” ‘gastroplasty,” ‘biliopancreatic
diversion,” and ‘duodenal switch’; and (2) ‘impulsivity,’
‘impulsiveness,” ‘impulsive choice,” ‘impulsive action,’
‘impulsive trait,” ‘delay discounting task,” ‘go/no-go,’
‘stop-signal task,” ‘Barratt impulsiveness scale,” ‘Minne-
sota multiphase personality inventory,” ‘behavioral/exter-
nalizing dysfunction,” ‘temporal discounting task,” ‘stop-
signal reaction time,” ‘stroop task,” ‘Karolinska Scales of
personality,” ‘urgency premeditation perseverance sensa-
tion seeking positive urgency impulsive behavior scale,’
and ‘UPPS-P.” All titles and abstracts of the articles iden-
tified through the search were screened against the study
selection criteria. The full texts of potentially relevant arti-
cles were assessed. A reference list search was conducted
based on the extracted full-text articles as well as relevant
review articles. The study selection criteria were also
applied to articles identified from the reference search.
Two reviewers, LG and YJZ, independently conducted title
and abstract screening. Any disagreement over study selec-
tion was resolved by discussion among the three authors
in face-to-face discussions (LG, YJZ, AT).

Inclusion/exclusion criteria

Studies that met all the following criteria were included in
the review: (1) cross-sectional or longitudinal studies in
which the study population underwent bariatric surgery,
(2) measured any domain of impulsivity, and (3) assess-
ment of the impact of impulsivity on postsurgical weight
loss/weight regain.

Studies that met any of the follow criteria were excluded
from the study: (1) abstract, review articles, clinical prac-
tice guidelines, (2) any languages other than English.

Assessment of study quality

The authors analyzed ten articles that met the above crite-
ria. Table 1 details the assessment of quality of the stud-
ies using the Newcastle-Ottawa Scale [24]. Each study is
judged on eight items, categorized into three groups: the
selection of the study groups, the comparability of the
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Table 1 Assessment of study quality using the Newcastle-Ottawa Scale

Study (year)  Selection Comparabil-  Outcome Total score
- - ity of cohorts -
Representa-  Selection of ~ Ascertain- Outcome not (matched for) Assessment  Sufficient Adequate
tiveness of nonexposed  ment of present at of outcome  follow-up follow-up
exposed cohort exposure baseline duration
cohort
Rydenetal. * - * * wE * * - 7
[26]
Agueraetal. * - * * - * * - 5
(28]
Brandao * - * * - * - * 5
etal. [12]
Hogenkamp ~ * * % * sk * * * 9
etal. [17]
Marek etal.  * - * * - * * * 6
[16]
Schagetal. * - * * - * * * 6
(18]
Kulendran * - * * - * - * 5
etal. [19]
Legenbauer  * * * * *k * * * 9
et al. [20]
Testa et al. * * * * wE * * * 9
[27]
Lavender * - * * HoE * * * 8
et al. [29]
*=1 point
**=7 points

cohorts, and the ascertainment of either the exposure or
outcome of interest. Each item on the scale is scored from
one point, except for comparability which can be scored up
to two points. The maximum points for each study is nine,
and studies with less than five points were identified as
having a high risk of bias [25].

Results
Study selection

Figure 1 shows the study selection flowchart. Using the
above keywords, a total of 229 articles were obtained and
reviewed, comprising of 108 articles from PubMed, 121 arti-
cles from Embase, and 0 from Cochrane database of Sys-
tematic Reviews. The title and abstract of 97 unique articles
were screened after duplicate articles were removed. 53
articles were excluded after title and abstract screening, and
full texts of the 44 remaining articles were reviewed against
the study selection criteria. Reasons for exclusion included
the following: (1) patient population did not include post-
bariatric surgery patients, (2) impulsivity was not assessed

(3) article in non-English language, and 4) theoretical, meta-
analysis, review article or opinion paper.

Overview of studies

A total of ten studies with a total of 1246 patients were
analyzed. The ten articles are summarized in Table 2, and
the results of the ten studies are further summarized in
Tables 3 and 4. Funnel plots were not performed in view
of the small number of studies. Four studies [17, 20, 26,
27] were case—control studies, four studies [16, 19, 28, 29]
were prospective observational studies, and two studies
[12, 18] were retrospective observational studies.

Of the four case—control studies, Hogenkamp et al. [17]
compared < 50% excess weight loss (EWL) versus > 50%
EWL post-Roux-en-Y gastric bypass (RYGB) surgery, O.
Ryden et al. [26] compared < S0%EWL and > 50% EWL
post-vertical-banded gastroplasty, while Testa et al. [27]
compared < 50% EWL versus > 50% EWL in patients who
have undergone laparoscopic sleeve gastrectomy. Legen-
bauer et al. [20] compared obese individuals not receiving
treatment versus those undergoing active management for
their obesity (either in the form of bariatric surgery or
conventional weight loss program).
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Of the 1246 patients from ten studies, 747 under-
went Roux-en-Y gastric bypass (RYGB), 212 underwent
sleeve gastrectomy (SG), 126 underwent gastric banding
(LAGB), 28 underwent biliopancreatic diversion with
duodenal switch, and 10 underwent laparoscopic gastric
plication. The type of surgery was not indicated for the
remaining 123 patients from the study by Legenbauer et al.
[20]. Nine hundred forty-four (75.8%) of the patients were
female. The mean preoperative BMI was 43.3. The postop-
erative follow-up ranged from 0.5 to 12 years.

Four studies [19, 20, 26, 28] looked at postoperative BMI,
three studies [12, 16, 18] reported the weight loss/percent-
age of excess weight loss (%EWL), and two studies [17,
28] reported both postoperative BMI and weight loss. All

@ Springer

the studies demonstrated an overall decrease in weight post-
bariatric surgery at varying postoperative timeframes.

Impulsivity was measured at different time points in
relation to the surgery. Five studies [16, 19, 20, 27, 28]
performed psychometric assessment pre-surgery, four
studies [12, 17, 18, 29] performed psychometric assess-
ment post-surgery, while one study by O. Ryden et al. [26]
performed psychometric assessment both before and after
surgery. Two studies [18, 20] additionally utilized media-
tion models to investigate the impact of pathological eat-
ing behavior as a mediator between impulsivity and weight
loss.



429

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

yse) 03-ou/0n) 4
ysey doons ‘¢
arreuuorsonb
3unes 10)08)
-QaIy) WAI-T T
(11-s19)
9[BOS SSQUQAIS
-[ndwy nerreq ‘|
G-oIreuuon)
-sanb swoonQ 4
11 A10juoAur
uorssaidop yoog ¢
aIreuuon
-sonb uoneurex?
Iopiosip Suneq ‘g
(11-S19)
9[BOS SSQUAAILS
-ndwy peireq |
pasiAaI—£10)
-UQAUL J9)ORIBYD
pue juowrerodway,
pasIAdx
—SWwAL 06 I8
-yooyo swoydwAg ‘¢
7 K1ojuoAur
IopIosIp Suneq ‘¢
(I1-S19D)
9[BOS SSQUAAILS
-ndwy peireq |

IST[ 329D
QA199[pe POON G
K101U9AUT
uorssaxdop yood ‘4
IST] YO9YD SWOo)
-dwiAs sunydoy ‘¢
arreuuorjsonb Jur
-89 J0J0BJ-99I L, T
Kyreuosiad jo
SOEOS BYSUIjoIey| ‘|

K1931ns
oerreq-jsod
s1opuodsox
.po03, snsIoA
Jood, aredwo)

+1MH% pue
$10)0B} [eJ130]
-oyoAsd
uo9M)oq UOTIE
-100SSE QUIEXH

SONIPIQIOWOd
orjoqelou Jo
UONN[OAQ pue
TMd% pue
$10)9®} [eJ130]
-oyoAsd
uoamIeq
UuoneIo0Sse
oy} QuTWEXH

K1981ms
K)182q0 19138
SSO[ JYIrom
pue s10Joe}
reor3oroyoAsd
uo9MIaq
UuoneIo0sse
oy} QuTWEXH

[onuoo—ose)  dweyue3oHq

[BUOTIBAIOSQO
aanoadsonoy

[RUONBAIISQO
aAnpoadsoig

[0TU0O—3sBD)

sjuouIaIN
-SBOW OIIQWOYIASJ

(%001)
K1081ms-1804 ! 0€=-9DAY 0Ov+6'cy 68F06r  (%001) 0€ 0¢
(%8¢)
LS=q9DV1
(%79)
A1081ms-1804 C €6 =dDAY 8'CF0€EE xVN  (%16) LET 0S1
(%T'L)
0I=odDT1
(%1°07)
8¢=,Sd+ddd
(%L 1Y)
86=,DS
(%6°0€)
A108ms-a1g C €V =-dDAY 79FE9Y €0IF90F (%L'LL) 80T 6¢1
(dnoig am
e € TF0' 1Y
K1381ms (%001) (dnoi3 ssa0
-1s0d pue -o14 I 0T=,99dA -o0S) L'TFT'T¥ 66F0CY (%08) 91 0C
JUQWISSISSE (s1eak) (;u (%) -ou
omawoyoAsd uorneInp (%) -ou  /3y) S Fueow (s1eaK) ‘(oreway)
Jo Surury, dn-morjoq ‘adAy A1031g ‘VINg do-a1d (S Fuesw a3y Iopuan) s303(qns Jo "oN

wry

ugsoq

sonsLIR)oRIRYO ApN)S Jo ArewwunsS g ajqel

pringer

a's



Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

430

MITAIUL
onsougeIp [euoneu

-19)ut aysodwo)) ¢
arreuuonsanb Sur

-J89-10)08J 901y ], ‘T
(11-s19)

K1331ns o1ne
-LIeq/)uounjear)
[BUOTIUSAUOD
uo 9soy) sns
-IOA JUSUNEBII)

J[BOS SSQUIAIS uo jou syuoned [oz] e
-ndwy pereq | K1331ms-o1g 6Vl *VN 0SFI'IS 01¥¢'8¢ (%1L) LS €21 9s9qo aredwo) [onuod—ase)  Ionequade
yse) Sununod
-s1p Terodway, ¢ Kyarsynduar
(1YSS) 2w uon JO saInseaw
-oear eudis-doyg 'z K1331ms-)sod
(11-S19D) (%t¥) 0T=,0D8 pue -axd
J[BIS SSAUIATS (%9¢) m d3ueyd [BUOT)BAIDSQO [61] B30
-[ndwy peireq ‘| K108ms-a1g S0 ST=.4DAd COF Ty ELFVer (%19 ¥ Sy IINg eredwo) oAnoadsory  uBIpUS[NY
(uorssaxdap)
a1reuuorsanb
[eay Jusned ‘¢
7 K1ojuaaur JIMHd% pue
JIopiosip Suneq ‘g $9109s S19
(ST-S19) K1331ns-jsod
9[BOS SSOUDAILS (%001) U99MI9q UOnR [PUONBAIISQO (11
-[ndwy neireq ‘| K1931n8-1504 ¥ §9=,08 G'8F69¢ Z1F06v (%09) 6€ GQ  -100SSe duIEeXH aanoadsonoy  Te 19 Seyos
SSO[ JYIrom
A19381ms-jsod
Ieok | pue
(- TdININD 01008 A50
paImONNSAY ‘g -ToyredoyoAsd
K10juoAu] [eor3saxd
Kyreuosiog orseydn (%001) Ud9M19q uone [BUOIIBAISSqO [o11
-[NJA BIOSQUUIIA '] K108ms-a1g S 86V =dDAY SoeF16v TIF89Y  (%EL) €9¢ 86y -IoOsse auIuexy oanoadsord e 10 Yerey
JUSWISSISSE (s1e2k) (;u (%) -ou
sjuawIIN orawoyoAsd uoneInp (%) -ou  /3y) S Fueow (s1eK) ‘(oreway)
-SBOW JINQWOYIASJ Jo Sururg, dn-morjoq ‘adAy A1031g ‘VINg do-a1y @S Fueow 03y Iopuan) s3o3(gns Jo "oN wry uIsoq  SeOURIAY

(ponunuoo) zsjqey



431

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

Kyserdonses papueq [Ed1IOA DA,

uoneodtfd onses ordoosorede; go7,

YOIIMS [eUSpONp YIIM UOISISAIP dneardued KIel[iq §q + ddd,

Aw012211583 9A9[S HS

Surpueq dmnses pajsisse ordoosorede] gOVT,

ssedAq oLnses X-ud-xnoy goLy.,
Xopul ssewl Apoq WGy

SSO[ JYS1om $590%a Jo oFejuedrd TN %,

(1aded ur pagroads jou) arqeoridde jou , yN

PaJEIS SSIMIAYIO SSI[UN (IS F UedW Ul pajrodar sanfea [y

arreuuorsonb
sp1e3a1 03 AJIADIS
-uaspuowysrund
0) AJIADISURS '
9[edss [o1uod
[NJI0y9-oITRU

-uonsaonb juow K1231ns
-erodwa) INpy ‘§ oleLeq J1ojje
9[eos a3ueyd JySrom
uone[n3ar uonow pue A3ojoyjed
ur sennoyIq "¢ Sunes 0)
Inseawt (%8°St) uone[ar ut
KISu)UI 00V T 67=qdOV'T SOIOUOPUS)
9[B3s I0TABYRq (%T¥S) (€vp (91 [euonisodsip [BUOTIBAISSQO [6c] T80
oarsndur 4-sddn °1 K1a3ms-1s04 L 8¢ =-dDAY UBIPAW) VN ueipaw) VN (%1'%8) 06 L0l QuIuexH oAnoadsold IopuoAeT]
a1reuuonsenb uon
-OIppe pooj 9[eX °¢
(OgdQ) d1reu
-uonsanb Jo1aBY2q
Sunes yoIng 'y
(s39)
9reos Sunes agurg ¢ ,DS-150d
(4-06 syquour 7 e
-1DS) pasiaal TMHE% 3
SWN ()6-ISIPOAYD -$5900NS JO
woydwAg g s1o3o1paxd [ed
(11-S19) -150[oyoAsd
9[eOS SSAUAIS (%001) ordnnu (L2l
-[ndwy perreq ‘| K108ms-a1g I 69=,D8 T9F9¢Cy 9TII+97CY (%L8) 09 69 ajesusoAu] [onuod—ase]) ‘e 1o BIS9L
JUQWISSASS® (s1e2k) ANE (%) -ou
SJUAWAIN orawoyoAsd uoneInp (%) -ou  /3) S Fueow (s189K) ‘(oreway)
-SBIW JLIAWOYIASJ Jo Surwty, dn-morjoq ‘adAy A1031g ‘VINg do-a1y @S Fueow 03y Iopuon s309[qns Jo "ON wry uIsoq  SQOURIAJY

(ponunuoo) zsjqey

pringer

a's



Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

432

Xapul ssew Apoq JW v

SSO[ JYS1oM $S20x3 JO o3eIua01d TMAY 4

(1oded ur pagroads jou) ojqeordde jou 4, YN

PaJEIS SSIMIAYIO SSIfuN (IS F ueawr ur payrodar sanjea [y

ssof JyS1am Jo1paid jou pIp sa100s S1g

(100°0 =d) sso[ IyI1om 191813 9C0FRE0<6E0FIV0 yse) Sununoosip [erodwa],
pajorpaid (s2100s 1SS Ul d5ueyd 191813 9 F 651 <S9FG8I (1¥SS) 2wn uonoear reudis-dolg
“o'1) Ayatsynduut ur vononpar-isod pue -a1g 6€ T+SP'TI (11-S16) [eos ssouaArsinduy yerred *VN 80°LF15°6E [61] T80 ueIpUSINYy
Jo1ABYQq Sumes Teordojoyjed/uorssaidop
BIA “TAHY% UO 199JJ J0311pul ue pey Al
-A1s[ndut ey} pamoys SsATeue UOTRIPIA 8GF L9 (uorssardap) arreuuonsonb yireay jusneq
‘Kyatsindwr jou 1nq syqey TS F6ET 7 Alojuoaur 19pIosip Suneg
Suneo [esr3ooyred YIIM PAIB[ALIOd TMHY €9FV¥0¢ (ST-S1€) d[eos sseuaAIs[nduy nerreg LTF0CS *VN [81] e 10 Seyog
90URIAYpE-UOU
JO pooyI[ayI] 1.1 pue SSof JYIrom
do-1s0d 8ok | 19mo0] parorpaid (Ayars (€ 0: 0S<1MH% Pey
-[nduwr yIim pajeroosse) sa10ds (X d) TMA%0S > SUIASIYIR JO YSLI 19)BaId -IdINIA) PRINONISOY—— AI0juoAu] syuonjed
uonoUNISAp [EUIRIXS/[BIOTARYDQ IOUYSTH  SAWN 7-G'T Pey (IXd U0 [09-SS <2I00§ Aireuosiod orseydn[ny BIOSOUUIN (%98°TL) LvT *VN [91] T2 19 TR N
G-aIreuuonsanb swoonQ
(S00<d81'0—=) TCF6'tF IT A10juoAur uorssaIdop yoag
‘uorssaidop pue Sunes paIopIosIp Yim (100>d2c0—=4) 6 LF969 aIreu
PIRIOOSSE TMHY "TMH% YIM pajeld (100°0>d*cc'0—=4) I'TF28'1 -uonsonb uonEUTIIEXd 1OPIOSIP SUNEH
-osse jou (Kyrarspndur) sa100s ST 19YSIH (S0'0<d‘20'0=+) $'8F 89S (11-S16) d[eos ssauaArs[nduy nerreg YCFIES «*VN  [C1] 'Te 10 oepuelg
S[9AQ] ssaudAnRIad00d
19yS1y pue swoydwAs AorXUE 9)RISpOW PpasIaal
‘uorssardop sSof Y)Im PIJRIOOSSE SI —KI0)UdAUT JOJORIRYD puk Juoweradwa],
K1031InS dLIjELIEQ JO}IJB QWODINO J[QRIOAR] PISIAAI—SWAI ()6 ISIPYD swoydwAs
IMAY% PIm 7 AIojudAut 19pIosip Suneq
PaJBIO0SSE J0U SI ssoudAIsinduwy +*VN (11-S19) 9reos ssouaarsndwy ynerreg %08 0°0¢ [82] 'Te 10 e1oNSY
(;u
(enyea d ‘onfea uonepax /33) S F ueow
uorsnjouo)) -100) (S F UBQW ‘SAI0JS OLIOWOYIAS] SIUQUIQINSEOW JLIIOWOYIASJ (%) yIMA% ‘vIINg do-1s04 SOOUAIJIY

S9IpMIS [BUONBAISqO 9Andadsonaeandadsold Jo synsoy € a|qel

pringer

Qs



433

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

[onuod (zo0'0=9)
KIoyqryur SIOMSUR 1091100 (1ME%0S <)
10100d MOYS 6€°¢ pey siopuodsox s1opuodsal
K1031ns oLneLIRq 1004 :ysv1 doods (L90'0=d 91 F6¢ §SF96C pooH
1213 $50] JYF1oMm (€00=a) sw Lg'T (§200=4d 17'0—=4) ‘G€°0— =) SSO[ yFIom (IME%0S >)
d[qeurejsns £q 1omo0[s s1opuodsar  SSOJ JYIIom JOLIQJUI 1M PJBIDOSSE ATIM M PaJRIOOSSe A[oAneSou s1opuodsar
Sunyoe| syusned 100 :ysvj 08-0u/00) Sunes pafjonuooun I0J SI00S JAYSTH QIoM SQI00S [euonIuANE STq TUFET ' EF6'8E 1004
arreuuonsonb (11-S19) °reos [L1] TR0
yse) 03-ou/03 “yse} doong 3unes-10308] 921y} WAI-[7 ssouaArs|ndwy nerreg dwreyua3oy
9[eds uorn
-BZI[e100S-d S
pue uorssaI33e
[BQIoA-d S 9y
UO SOI0OS JOMO]
‘arreuuonsang)
3unea 10)o8]
9911} Y} JO
10108} 193uny
91} UO SAI0DS
10y31y apnjout
sso[ 1ySrom (ITME %05 >)
[nyssaoonsun s1opuodsar
JO SI0NIPalg ST I € S+¢T *VN 9T+0LE 1o0d
$SO[ JySrom (ITME %05 <)
Jo 10301pa1d e s1opuodsax
tou st Lyrarsynduy 8 S0 g §F¢C *VN I'T+9'6C poonH
(1a (1OSH)
K10juoAut ISI[ JooUd Kyarsindur—(gSy)
uorssaidop woldwAs Kreuosiad [92]
¥oog sunydoy ("TOVIA) 38T Jo9yd 2A1}3[pe pooIn JO so[eoS By[suIjoIey] ‘Te 30 uopAy
({w/3y)
s F ueaw
uorsn[ouo)) SQI00S OLIOWOYOASJ JIMA% ‘vIINg do-1s04 SOOUAIAJIY

SQIPN}S [OIJUOI—OSED JO SINSNY  § d|qeL

pringer

a's



Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

434

xopur ssewr Apoqgy
SSO[ JYS1om $590%a Jo oFeIuedrd TN %,
(1oded ur pagroads jou) ojqeoridde jou , YN

PaJe)s ASIMIDYIO SSAUN (IS F ueawr ur payrodar sanfea [y

9[eds [eUONIUANE
11-SId 9y ut

21008 ToySTY (ET¥F90'1C (1ma
PUE ¥-06-T10S 20U 20ud 20ud aeos £9, sso[ JySrom %06 >) S19
1) UT 91008 -IOHIP ON -I9JJ1p ON -I9JJ1p ON QJUSIHIP ON ssauoars[ndwr [euonuane *VN [e10)) 'V'N  -puodsar oo
ToMO] & 91oM pue Suruuerd-uou 1-STd (T8 SFIt'se (1m4A
osuodsar poo3 Ealie] 20ud 20ud AU} UI S2I0JS JOMO] )M $9;, sSO[ JYSTOM %06 <) sI9
I0J SI0JOIPaId -I3PIp ON -IQJIp ON -ISIIp ON QOUAIIYIP ON pareroosse s1opuodsal 1004 *VN [210)) 'V'N  -puodsar poon
(¥4-06
~108)
(e} c(e)) pastaal
aIreu ST arreu
-uomnsonb 06-1S11 -uonsanb
Joraeeq RECEE uonosippe (11-s19) [Lz]
Sunes yonq woydwig poojorex  (SHg) oreos Suneqg a3urg  oqedS ssouaarsindwiy perreg ‘Te 10 €IS,
(Ted
-131ns) dnoi3
0CF8'1 SEFL6 0T F+'89 *VN  €LFI1—=08uey) JUSWIBAL],
‘dnoi3
[01U0d dy) ur
A[uo nq (Sunes
paNqIyuIsIp Aq
PpareIpaur) sso|
JY31oMm U0 109
Jo011Ipul Ue
pey Anatsindurg -1paur) m%ﬁm
o AoSms 0TFI SEFPOI 6'8FL'89 sVN  GpFg—=odueqy  juouneary,
JLeLIRq Uo (yuow
199JJ9 J9911p ou -jean ou)
seq] Ayrarspnduy 0CTFST 9EFLL IIF60L «VN 9 TFg0—=>08uey)y dnois jonuo)
QwmJIf (11-S19) [oz] e
ur sTSouSerp I SIXy Jo "'ON arreuuonsonb Sunes-1008y 901y],  9[eOS Sseuaarsndwy perreg JonequoSoT
({w/3y)
s Fueaw
uorsn[ouo) SQI00S OLIOWOYOASJ SIMA% ‘vIINg do-1s0g SOOUAIJIY

(Ponunuod) ¢ 3|qeL

pringer

Qs



Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438 435

Measures of impulsivity: impulsive choice

Only one study by Kulendran et al. [19] assessed impulsive
choice using the temporal discounting task. In this study,
a monetary temporal discounting task was presented to
patients. Patients could choose either an earlier but smaller
monetary reward, or a delayed but larger monetary reward.
Changes in pre- and post-temporal discounting task score
pre- and post-bariatric surgery did not predict weight loss.

Measures of impulsivity: impulsive action

Assessment of impulsive action was performed by two stud-
ies. Kulendran et al. [19] measured the stop-signal reaction
time in patients performing the go/no-go task, while Hogen-
kamp et al. [17] used Stroop Task and go/no-go task, with
the go/no-go association task testing response to food versus
non-food words. Individuals who were slower to respond
to the stop signal were classified as ‘impulsive.” Kulendran
et al. [19] found that postoperative reduction in impulsive
action based on stop-signal reaction time predicts reduction
in BMI. Patients who had the most change in stop-signal
reaction time scores also had the most weight loss 6 months
after bariatric surgery. Hogenkamp et al. [17] found that
patients who responded well to surgery (defined as excess
weight loss >75% and BMI < 30 kg/m?) had significantly
faster response times in the go/no-go task tests and per-
formed better in the Stroop task performance. These results
suggest that post-bariatric surgery weight loss is affected by
impulsive action, and food cues may be a distracting factor
in patients who have poor weight loss after bariatric surgery.

Measures of impulsivity: impulsive trait

Measures of impulsive trait used by studies include Bar-
ratt Impulsiveness scale, Minnesota Multiphasic Personality
Inventory, UPPS-P impulsive behavior scale, and Karolinska
Scales of Personality.

Barratt Impulsiveness Scale (BIS) [8] is the most com-
monly used assessment, reported in seven out of ten stud-
ies. Six studies [12, 17, 19, 20, 27, 28] used the BIS-11
30-item questionnaire, and all but Testa et al. [27] reported
that higher BIS scores (impulsivity) are not associated
with %EWL post-bariatric surgery. Testa et al. [27] reported
three subscales of the BIS-11 score; attentional impulsive-
ness (tendency to fast shift in attention), motor impulsive-
ness (tendency to rush), and non-planning impulsiveness
(tendency not to plan ahead), as well as the total BIS-11
score. While poor EWL % was associated with lower scores
in the BIS-11 non-planning and attentional impulsive-
ness scales, logistic regression adjusting for sex/age/BMI/
metabolic diseases shows that a higher score in the BIS-11

attentional scale was a significant predictor for good weight
loss (>50% %EWL) [27].

Schag et al. [18] used the short version BIS-15 (15 items)
questionnaire, and reported that mediation analyses showed
impulsivity had an indirect effect on %2EWL through depres-
sion and pathological eating behavior, a finding that was
mirrored by Legenbauer et al. [20] who noted that impul-
sivity had an indirect effect on weight loss, mediated by
disinhibited eating.

Marek et al. [16] used the Minnesota Multiphasic Person-
ality Inventory-2-Restructured Form (MMPI-2-RF), which
assessed impulsivity under the behavioral/externalizing dys-
function (BXD) scale. Ryd et al. [26] assessed impulsivity
as part of the Karolinska Scales of Personality (KSP) assess-
ment, while Lavender et al. [29] assessed impulsivity using
the UPPS-P impulsive behavior scale.

Higher BXD scores are associated with impulsivity, and
such patients were likely to have less weight loss post-sur-
gery. Impulsivity assessed as part of the KSP assessment
and the UPPS-P impulsive behavior scale did not predict
post-surgery weight loss.

Measures of other psychopathology

All the studies reported the incidences of formally diagnosed
psychiatric conditions in their patient populations, and two
studies [19, 20] excluded them from further analysis. Six
studies [12, 17, 18, 20, 27, 28] analyzed eating disorders in
addition to impulsivity. Six studies [12, 16, 18, 20, 26, 28]
looked at other psychopathology as well, the most common
being depression. Poor weight loss after bariatric surgery is
associated with depression [12, 18, 28], anxiety [28], and
pathological eating behavior [12, 18, 20].

Discussion

The most commonly used score to measure impulsivity was
the Barratt Impulsiveness Scale (BIS) [8], which is a self-
report questionnaire designed to assess both personality and
behavioral aspects of impulsivity. It encompasses three main
domains: attentional aspect of impulsivity, motor impulsiv-
ity, and non-planning impulsivity. There are several versions
available, and the most commonly used version among the
selected studies was the BIS-11. The BIS-11 has an inter-
nal consistency of 0.83 (Cronbach’s) for the total score and
test—retest reliability at 1 month of 0.83 (Spearman’s Rho)
[19]. Six studies [12, 17-20, 28] using the BIS score did
not find any direct association between higher BIS scores
and poorer weight loss outcomes after bariatric surgery. In
comparison, the two studies [17, 19] that utilized behavioral
measures of impulsivity (or state impulsivity) found a signif-
icant association between impulsive action and postsurgical
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weight loss. This could be attributed to the trait versus state
dichotomy of impulsivity.

Psychopathology has described impulsivity as both a trait
and a state. A trait is a stable characteristic that influences
an individual’s thoughts, feelings, and behaviors, whereas
a state is a temporary emotional condition. State impul-
sivity encompasses both impulsive choice and impulsive
action. Previous studies have demonstrated low correlations
between trait (personality) and state (behavioral) measures
of impulsivity [30]. This has been postulated to be sec-
ondary to complex interactions with other external factors
(e.g., independent subcortical systems, emotion regulatory
mechanisms, environmental factors), which result in vary-
ing behaviors along the externalizing spectrum [31]. The
low correlation between trait impulsivity (BIS scores) and
postsurgical weight loss may be explained by other miti-
gating factors, either endogenous or exogenous. Kulendran
et al. [19] hypothesize that the biological and psychological
changes post-bariatric surgery may affect state impulsivity
measures, such as response inhibition and reward processing
[19]. Other studies have also suggested that neural activity
in the brain cortices related to food reward may be altered by
bariatric surgery, through various pathways such as altered
dopamine receptor availability [32-34].

The dichotomy between the trait and state of impulsivity
is further substantiated by the mediation analyses performed
by Schag et al. [18] and Legenbauer et al. [20]. Although
majority of the studies [16-20] concluded that impulsivity
affects weight loss after bariatric surgery, the association
between the two appears to be indirect. The studies by Schag
et al. [18] and Legenbauer et al. [20] demonstrate that the
indirect impact of impulsive trait on weight loss is mediated
through other psychopathologies such as pathological eating
behavior or depression. Our systematic review also dem-
onstrates that when impulsivity is broken down into three
broad domains: impulsive choice, impulsive action, and
impulsive trait, it becomes clear that only impulsive action
has a direct effect on weight loss after bariatric surgery.

The main limitation of this systematic review is the het-
erogeneity of the studies. Different measures of impulsivity
used by various studies make it difficult to do a comprehen-
sive analysis of the impact on impulsivity on post-bariatric
surgery weight loss. The studies also measured impulsivity
at different time intervals (half measured preoperatively [16,
19, 20], half postoperatively [12, 17, 18], and had varying
lengths of follow-up post-surgery). The variation in surgery
that the patients underwent may also affect the outcomes, as
RYGB is associated with greater weight loss than SG [35].
Despite the majority of studies concluding that impulsivity
affects weight loss, this was largely via an indirect asso-
ciation. The most commonly used score, BIS-11, did not
show any significant statistical correlation with weight loss
in majority of the studies. Instead, authors concluded that
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there was an indirect effect based on mediation analyses,
or through other psychometric scoring systems. Interest-
ingly, the majority of the patients in this review are female
(75.8%), with the exception of the study by Kulendran et al.
[19] where 31% of the study participants were female.
Whether the results of this systematic review are applicable
to males should be the subject of future studies.

Bariatric surgery is deemed the most effective method for
sustained weight loss and improvement in metabolic condi-
tions in the severely obese. Both the bariatric surgery patient
population and healthcare professionals have a vested inter-
est in ensuring successful weight loss after surgery. In light
of the above findings, cognitive behavioral therapy strategies
targeting cognitive control over food may help patients attain
sustained weight loss post-bariatric surgery.

Currently, the most commonly used test is the BIS-11;
however, BIS-11 is predominantly a measure of trait impul-
sivity and does not appear to show significant association
with bariatric surgery weight loss. Future studies analyzing
the impact of impulsivity on postsurgical weight loss should
focus on using alternative psychometric scores that meas-
ure state impulsivity or impulsive action instead. Further
longitudinal studies are needed to investigate the impact of
bariatric surgery weight loss on the food-related neural and
hormonal pathways in our bodies.

Conclusion

Impulsive trait may adversely affect postoperative outcomes
after bariatric surgery indirectly, while impulsive action is
associated with significantly poorer weight loss post-surgery.
We would recommend applying alternative psychometric
scores that measure state impulsivity or impulsive action
instead of the BIS-11 score. Based on current available
evidence, impulsivity is not a contraindication to bariatric
surgery. However, patients deemed to be impulsive might
benefit from closer psychological follow-up and weight
monitoring post-surgery, as well as cognitive behavioral
therapies targeting cognitive control over food. Further
studies into this area and a validated score to measure state
impulsivity are warranted.

What is already known on this subject?

Impulsivity has been shown to be associated with obesity
through links to pathological eating behavior, and the recent
literature suggests that impulsivity is linked to poorer out-
comes post-bariatric surgery. An impulsive person, who
is obese and overeats, is more likely to continue this same
behavior after bariatric surgery, leading to weight regain
and failure of intervention. However, efforts to draw a direct
relationship between impulsivity and weight regain after
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bariatric surgery are often hampered by the complex nature
of both impulsivity and obesity.

What you study adds?

We now know that impulsivity needs to be assessed as
either a trait or state (impulsive action or impulsive choice).
Contrary to what was previously believed, impulsive trait
does not affect post-bariatric surgery outcomes. Impulsive
action is associated with significantly poorer weight loss
post-surgery. Based on the results of our study, impulsivity is
not a contraindication to bariatric surgery; however, patients
deemed to be impulsive might benefit from closer follow-up
post-surgery, as well as cognitive behavioral therapies target-
ing cognitive control over food.

Compliance with ethical standards

Conflict of interest All authors have no conflicts of interest to declare.
Ethical approval Not applicable.

Informed consent The study does not involved participants.

References

1. Evenden JL (1999) Varieties of impulsivity. Psychopharmacology
146(4):348-361. https://doi.org/10.1007/pI00005481

2. Kulendran M et al (2014) Neuropsychological assessment as a
predictor of weight loss in obese adolescents. Int J] Obes (Lond)
38(4):507-512. https://doi.org/10.1038/ij0.2013.198

3. Fields SA, Sabet M, Reynolds B (2013) Dimensions of impulsive
behavior in obese, overweight, and healthy-weight adolescents.
Appetite 70:60-66. https://doi.org/10.1016/j.appet.2013.06.089

4. Banos RM et al (2014) Relationship between eating styles and
temperament in an Anorexia Nervosa, healthy control, and
morbid obesity female sample. Appetite 76:76-83. https://doi.
org/10.1016/j.appet.2014.01.012

5. MacKillop J et al (2016) The latent structure of impulsivity:
impulsive choice, impulsive action, and impulsive personality
traits. Psychopharmacology 233(18):3361-3370. https://doi.
org/10.1007/s00213-016-4372-0

6. Green L, Myerson J (2004) A discounting framework for choice
with delayed and probabilistic rewards. Psychol Bull 130(5):769—
792. https://doi.org/10.1037/0033-2909.130.5.769

7. Weafer J, Baggott MJ, de Wit H (2013) Test-retest reliability of
behavioral measures of impulsive choice, impulsive action, and
inattention. Exp Clin Psychopharmacol 21(6):475-481. https://
doi.org/10.1037/a0033659

8. Patton JH, Stanford MS, Barratt ES (1995) Factor structure of the
Barratt impulsiveness scale. J Clin Psychol 51(6):768-774. https://
doi.org/10.1002/1097-4679(199511)51:6%3c768:aid-jclp227051
0607%3e3.0.co;2-1

9. Yeo D (2018) Outcomes after metabolic surgery in asians—a
meta-analysis. Obesity Surgery. https://doi.org/10.1007/s1169
5-018-3484-5

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Magro DO et al (2008) Long-term weight regain after gastric
bypass: a 5-year prospective study. Obes Surg 18(6):648-651.
https://doi.org/10.1007/s11695-007-9265-1

Odom J et al (2010) Behavioral predictors of weight regain
after bariatric surgery. Obes Surg 20(3):349-356. https://doi.
org/10.1007/s11695-009-9895-6

Brandao I et al (2015) Metabolic profile and psychological vari-
ables after bariatric surgery: association with weight outcomes.
Eat Weight Disord 20(4):513-518. https://doi.org/10.1007/s4051
9-015-0199-7

Mitchell JE et al (2012) Psychopathology before surgery in the
longitudinal assessment of bariatric surgery-3 (LABS-3) psy-
chosocial study. Surg Obes Relat Dis 8(5):533-541. https://doi.
org/10.1016/j.s0ard.2012.07.001

Jones-Corneille LR et al (2012) Axis I psychopathology in bari-
atric surgery candidates with and without binge eating disorder:
results of structured clinical interviews. Obes Surg 22(3):389—
397. https://doi.org/10.1007/s11695-010-0322-9

. Spitznagel MB et al (2014) The role of cognitive function in post-

operative weight loss outcomes: 36-month follow-up. Obes Surg
24(7):1078-1084. https://doi.org/10.1007/s11695-014-1205-2
Marek RJ et al (2015) Using presurgical psychological testing to
predict 1-year appointment adherence and weight loss in bariat-
ric surgery patients: predictive validity and methodological con-
siderations. Surg Obes Relat Dis 11(5):1171-1181. https://doi.
org/10.1016/j.s0ard.2015.03.020

Hogenkamp PS et al (2015) Patients lacking sustainable long-
term weight loss after gastric bypass surgery show signs of
decreased inhibitory control of prepotent responses. PLoS ONE
10(3):e0119896. https://doi.org/10.1371/journal.pone.0119896
Schag K et al (2016) The impact of impulsivity on weight loss four
years after bariatric surgery. Nutrients. https://doi.org/10.3390/
nu8110721

Kulendran M et al (2017) Impulsivity predicts weight loss after
obesity surgery. Surg Obes Relat Dis 13(6):1033-1040. https://
doi.org/10.1016/j.s0ard.2016.12.031

Legenbauer T et al (2018) The impact of self-reported impulsivity
on the course of weight is mediated by disinhibited eating. Eur Eat
Disord Rev 26(1):38—45. https://doi.org/10.1002/erv.2563
Elkins 1J et al (2006) Personality traits and the development of
nicotine, alcohol, and illicit drug disorders: prospective links from
adolescence to young adulthood. J Abnorm Psychol 115(1):26-39.
https://doi.org/10.1037/0021-843X.115.1.26

Green L (1999) Discounting of delayed rewards across the life
span: age differences in individual discounting functions. Bhav
Process 46:86-96. https://doi.org/10.1016/s0376-6357(99)00021
-2

Moher D et al (2009) Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. BMJ
339:b2535. https://doi.org/10.1136/bmj.b2535

Stang A (2010) Critical evaluation of the Newcastle-Ottawa
scale for the assessment of the quality of nonrandomized stud-
ies in meta-analyses. Eur J Epidemiol 25(9):603—-605. https://doi.
org/10.1007/s10654-010-9491-z

Luchini C (2017) Assessing the quality of studies in meta-
analyses: advantages and limitations of the Newcastle Ottawa
Scale. World Journal of Meta-Analysis 5(4):80-84. https://doi.
org/10.13105/wjma.v5.i4.80

Ryden O, Hedenbro J, Frederiksen S (1996) Weight loss after
vertical banded gastroplasty can be predicted: a prospective
psychological study. Obes Surg 6(3):237-243. https://doi.
org/10.1381/096089296765556827

Testa G et al (2019) Psychological predictors of poor weight
loss following LSG: relevance of general psychopathology and
impulsivity. Eat Weight Disord. https://doi.org/10.1007/s4051
9-019-00800-x

@ Springer


https://doi.org/10.1007/pI00005481
https://doi.org/10.1038/ijo.2013.198
https://doi.org/10.1016/j.appet.2013.06.089
https://doi.org/10.1016/j.appet.2014.01.012
https://doi.org/10.1016/j.appet.2014.01.012
https://doi.org/10.1007/s00213-016-4372-0
https://doi.org/10.1007/s00213-016-4372-0
https://doi.org/10.1037/0033-2909.130.5.769
https://doi.org/10.1037/a0033659
https://doi.org/10.1037/a0033659
https://doi.org/10.1002/1097-4679(199511)51:6%3c768:aid-jclp2270510607%3e3.0.co;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3c768:aid-jclp2270510607%3e3.0.co;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3c768:aid-jclp2270510607%3e3.0.co;2-1
https://doi.org/10.1007/s11695-018-3484-5
https://doi.org/10.1007/s11695-018-3484-5
https://doi.org/10.1007/s11695-007-9265-1
https://doi.org/10.1007/s11695-009-9895-6
https://doi.org/10.1007/s11695-009-9895-6
https://doi.org/10.1007/s40519-015-0199-7
https://doi.org/10.1007/s40519-015-0199-7
https://doi.org/10.1016/j.soard.2012.07.001
https://doi.org/10.1016/j.soard.2012.07.001
https://doi.org/10.1007/s11695-010-0322-9
https://doi.org/10.1007/s11695-014-1205-2
https://doi.org/10.1016/j.soard.2015.03.020
https://doi.org/10.1016/j.soard.2015.03.020
https://doi.org/10.1371/journal.pone.0119896
https://doi.org/10.3390/nu8110721
https://doi.org/10.3390/nu8110721
https://doi.org/10.1016/j.soard.2016.12.031
https://doi.org/10.1016/j.soard.2016.12.031
https://doi.org/10.1002/erv.2563
https://doi.org/10.1037/0021-843X.115.1.26
https://doi.org/10.1016/s0376-6357(99)00021-2
https://doi.org/10.1016/s0376-6357(99)00021-2
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.13105/wjma.v5.i4.80
https://doi.org/10.13105/wjma.v5.i4.80
https://doi.org/10.1381/096089296765556827
https://doi.org/10.1381/096089296765556827
https://doi.org/10.1007/s40519-019-00800-x
https://doi.org/10.1007/s40519-019-00800-x

438

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:425-438

28.

29.

30.

31.

32.

Aguera Z et al (2015) Psychological and personality predictors of
weight loss and comorbid metabolic changes after bariatric sur-
gery. Eur Eat Disord Rev 23(6):509-516. https://doi.org/10.1002/
erv.2404

Lavender JM et al (2020) Examining emotion-, personality-,
and reward-related dispositional tendencies in relation to eating
pathology and weight change over seven years in the Longitudinal
Assessment of Bariatric Surgery (LABS) study. J Psychiatr Res
120:124-130. https://doi.org/10.1016/j.jpsychires.2019.10.014
Wingrove J, Bond AJ (1997) Bond, impulsivity: A state as well
as trait variable. Does mood awareness explain low correlations
between trait and behavioural measures of impulsivity? Per-
sonality and Individual Differences 22(3):333-339. https://doi.
0rg/10.1016/S0191-8869(96)00222-X

Beauchaine TP, Zisner AR, Sauder CL (2017) Trait impulsivity
and the externalizing spectrum. Annu Rev Clin Psychol 13:343—
368. https://doi.org/10.1146/annurev-clinpsy-021815-093253
Bruce JM et al (2012) Changes in brain activation to food pictures
after adjustable gastric banding. Surg Obes Relat Dis 8(5):602—
608. https://doi.org/10.1016/j.soard.2011.07.006

@ Springer

33.

34.

35.

Olivo G et al (2017) Resting-state brain connectivity changes in
obese women after Roux-en-Y gastric bypass surgery: a longi-
tudinal study. Sci Rep 7(1):6616. https://doi.org/10.1038/s4159
8-017-06663-5

Frank S et al (2014) Altered brain activity in severely obese
women may recover after Roux-en Y gastric bypass surgery. Int J
Obes (Lond) 38(3):341-348. https://doi.org/10.1038/ijo.2013.60
Yeo D et al (2018) Outcomes after metabolic surgery in asians-
a meta-analysis. Obes Surg. https://doi.org/10.1007/s1169
5-018-3484-5

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/erv.2404
https://doi.org/10.1002/erv.2404
https://doi.org/10.1016/j.jpsychires.2019.10.014
https://doi.org/10.1016/S0191-8869(96)00222-X
https://doi.org/10.1016/S0191-8869(96)00222-X
https://doi.org/10.1146/annurev-clinpsy-021815-093253
https://doi.org/10.1016/j.soard.2011.07.006
https://doi.org/10.1038/s41598-017-06663-5
https://doi.org/10.1038/s41598-017-06663-5
https://doi.org/10.1038/ijo.2013.60
https://doi.org/10.1007/s11695-018-3484-5
https://doi.org/10.1007/s11695-018-3484-5

	The impact of impulsivity on weight loss after bariatric surgery: a systematic review
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods
	Data sources
	Inclusionexclusion criteria
	Assessment of study quality

	Results
	Study selection
	Overview of studies
	Measures of impulsivity: impulsive choice
	Measures of impulsivity: impulsive action
	Measures of impulsivity: impulsive trait
	Measures of other psychopathology

	Discussion
	Conclusion
	What is already known on this subject?
	What you study adds?

	References




