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Relations between trajectories of weight loss and changes
in psychological health over a period of 2 years following bariatric
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Abstract

Purpose This study aimed to identify trajectories of BMI, obesity-specific health-related quality of life (HR-QoL), and
depression trajectories from pre-surgery to 24 months post-bariatric metabolic surgery (BMS), and explore their associa-
tions, addressing subgroup differences often hidden in group-level analyses.

Method Patients with severe obesity (n=1529) reported their HR-QoL and depression before undergoing BMS, and at 12 and
24 months post-operation. Latent Class Growth Analysis was used to identify trajectories of BMI, HR-QoL and depression.
Results BMI and HR-QoL improved significantly for all patients from pre-surgery to 24 months post-operation, though some
patients deteriorated in their outcomes after 12 months. Three distinct trajectories of BMI were identified: Low (35.4%),
Medium (45.5%), and High (19.2%), and of HR-QoL: High (38.4%), Medium (43.4%), and Poor (18.1%). Three trajectories
of depression were extracted: Low/none (32.4%), Medium-low (45.3%), and Worsening (22.3%). The association between
the trajectories of BMI and depression was significant, but not between the BMI and HR-QoL trajectories. Specifically, the
Low BMI trajectory patients were more likely to follow the Worsening depression trajectory and reported poorer preopera-
tive psychological health than the other two BMI trajectories.

Conclusion Patients following the most favourable weight loss trajectory may not manifest psychologically favourable
outcomes (i.e., Worsening depression), and preoperative characteristics do not consistently describe post-surgical BMI tra-
jectories. Clinicians should tend to patients’ mental wellbeing besides weight loss post-BMS. The study findings emphasize
the significance of incorporating psychological health as an essential component of surgical outcomes.

Keywords Bariatric metabolic surgery - Obesity - Health-related quality of life - Depression - Weight - Trajectories

Introduction obesity-related medical conditions such as cardiovascular
disease and diabetes [1-3]. Mean weight loss is approxi-
mately 30% 1 year after the surgery and 25% 15 years after
the surgery [2—4]. The individual outcomes vary greatly, as

a minority of patients (approximately 5%) start to regain

Bariatric metabolic surgery (BMS) is an effective treat-
ment method for severe obesity, leading to substantial
weight loss and amelioration or even complete resolution of
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weight as early as 6 months after surgery, whereas others
start to regain body mass after reaching their lowest weight
(‘nadir’), which usually occurs within the first 2 years after
the surgery [3—6]. Diverse definitions of weight regain are
currently found in the literature, such as the reacquisition of
10 kg or more, exceeding a Body Mass Index (BMI) of 35
kg/m?, or surpassing specific thresholds relative to presur-
gery, nadir or maximum weight loss, for example an increase
of bodyweight exceeding 10, 20, or 25%, all indicative of
clinically significant weight regain [7-9]. Most patients
experience some weight regain after undergoing BMS,
and anatomical, behavioural and psychological factors are
thought to be the reason for weight gain exceeding initial
expectations [10-12].

Recent evidence suggests that response to surgical treat-
ment does not only vary between patients, but that distinct
weight loss trajectories can be observed among patients
after BMS [5, 6, 13—17]. Researchers have identified up to
six different weight loss trajectories during the first seven
post-operative years, differing in their speed and magnitude
of weight loss and regain [5, 6, 13—17]. Further, different
weight loss trajectories have been associated with demo-
graphic, personality and psychopathological characteristics
[5, 13, 14], and even predicted by postoperative problematic
eating behaviours [18].

Furthermore, patients’ health-related quality of life (HR-
QoL) and depressive symptoms have been shown to improve
after BMS [19-22]. Improvement of psychological health is
an important surgical outcome but also an important motiva-
tor for surgery [23]. Recent studies have identified various
trajectories in mental and physical HR-QoL among patients,
with most presenting sustained improvement up to 3 years
post-surgery [17, 24]. The changes in HR-QoL coincide
with changes in postsurgical weight [25, 26]. Moreover, the
changes in HR-QoL trajectories were associated with small
variations in psychological wellbeing. For example, higher
BMLI, anxiety, binge eating and depression were associated
with a decline in mental and physical HR-QoL in some of
the HR-QoL trajectories [24]. Much of the research up to
now has been limited to using generic HR-QoL measures
that are less sensitive to the clinical aspects of HR-QoL
experienced by individuals with obesity, and to focusing on
the net change in HR-QoL after BMS instead of investigat-
ing patterns and stability of change [22, 27, 28].

A well-established, complex relationship exists between
obesity and psychological wellbeing. Namely, obesity can
increase the vulnerability for mental health issues, and con-
versely, mental health issues can predispose to obesity [29, 30].
Individuals with overweight had 55% higher risk to develop
depression, and depression increased the risk of developing
excess weight by 58% [30]. Increasing body weight has been
linked to diminished body image and self-esteem, which are
crucial components of life satisfaction and HR-QoL [31-34].

@ Springer

Self-efficacy, which refers to the belief in one’s capability to
execute a behaviour to attain a specific goal or outcome, is a
significant predictor of actual behaviour, for example exercise
and nutritional intake [35-37]. Recently, research focus has
expanded to examine how psychological traits, such as attach-
ment style, personality, social support, influence individual’s
health behaviours and outcomes [38—40]. Identifying potential
preoperative characteristics linked to different outcome trajec-
tories could facilitate our understanding of patient needs and
guide the development and offering of treatment plans.

Studies investigating associations between psycho-behav-
ioural characteristics and weight trajectories following BMS
have been limited to smaller sample sizes (i.e., n < 100), ret-
rospective data, and comparing trajectories between differ-
ent patient groups (e.g. surgical vs non-surgical, primary vs
re-operative patients) [14, 16, 18, 26, 41]. Thus, knowledge
of psycho-behavioural factors associated with different trajec-
tories of weight loss and psychological outcomes is scarce.
Furthermore, the group characteristics and psychological fac-
tors linked to the different post-surgical HR-QoL and weight
loss trajectories are poorly understood. Analysing the pat-
terns of weight loss and psychological health following BMS
allows for an evaluation of the relationship between changes
in physical and psychological health. This analysis enables the
detection of key points in time requiring additional support,
the identification of potential factors linked to unfavourable
surgical outcomes, and the early recognition of suboptimal
weight loss trajectories. Moreover, this comprehensive under-
standing can contribute to optimizing post-surgical interven-
tions by refining their content and timing, ultimately enhancing
treatment outcomes.

The purpose of this investigation was to identify and
describe clinically distinct trajectories of three important out-
comes for bariatric metabolic surgery; namely, weight (meas-
ured as BMI), obesity-specific HR-QoL, and depression from
pre-surgery to 24 months after surgery. We expected to find
distinguishable outcome trajectories in our sample with either
constant improvement, first improvement and then stabiliza-
tion, or first improving then worsening trajectories. Secondly,
we aimed to examine the associations between the different
trajectories, as we expected the changes in psychological
health to match the changes in BMI. Third, we sought to pro-
vide data on the association between the trajectory class mem-
bership and preoperative psychological (attachment style, body
image, food cravings, and self-efficacy for controlling eating
behaviour) and demographic factors (i.e., age, sex).
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Method
Design, participants and procedure

Available data from two larger ongoing studies, namely
the BARIA- [42] and DIABAR-studies [43], were used in
the current analyses. Participants were recruited from the
Medical Center Slotervaart in Amsterdam, and Spaarne
Gasthuis Hoofddorp, the Netherlands. Eligibility criteria
include a BMI above 40 kg/m* or a BMI over 35 kg/m? with
obesity-related comorbidity, age between 18 and 65 years,
no previous BMS, and a previous attempt to lose weight
under supervision. Patients were assessed at the hospital
approximately 30 days prior to the surgical operation, and
12 and 24 months after the surgery. Most patients under-
went a laparoscopic Roux-en-Y gastric bypass. However,
if a patient had a strong preference or the surgeon recom-
mended another method based on patient’s clinical charac-
teristics, a laparoscopic omega loop gastric bypass or sleeve
gastrectomy was performed. These surgical methods pro-
duce comparable outcomes in terms of weight loss, improve-
ment in comorbidities, and psychological health [44, 45].
For the current analyses, data collected from 1st September
2016 until 30th June 2023 were used. The local Medical
Research Ethics Committee approved the studies (Approval
Code NL55755.018.15 and NL61882.048.17), and partici-
pants signed informed consent forms prior to commencing
the study. The study was conducted in accordance with the
Declaration of Helsinki and the Medical Research Involving
Human Subjects Act (WMO).

Measures

A medical professional assessed patients’ height and demo-
graphic data (i.e., age, sex, and race) during the preopera-
tive assessment, and weight at each hospital visit. Patients
completed an online self-report survey including questions
about their education, occupation, marital status, and psy-
chological questionnaires at each assessment point. Weight
was reported as BMI (kg/m?) and weight loss in percent
of adjustable weight loss (%AWL) and percentage of total
weight loss (%TWL). Psychological variables were meas-
ured with Dutch versions of psychometrically validated
scales when available.

Psychological health

HR-QoL. The Impact of Weight on Quality of Life TWQOL-
Lite [46, 47]) scale is a reliable and valid questionnaire
developed specifically for measuring weight-related QoL. It
is comprised of 31 items measuring five aspects of HR-QoL

(i.e., physical functioning, self-esteem, sexual life, public
distress, work life), answered on a 5-point Likert scale. The
total scores range from O to 100, with higher scores denoting
better HR-QoL. The internal reliability in the current sample
was (Cronbach’s alpha, a) 0.93.

Depression. The Center for Epidemiology Studies
Depression Scale (CES-D [48, 49]) is a 20-item question-
naire used to measure depressive symptoms, answered on a
4-point scale (a¢=0.85). The total score ranges from O to 60,
with higher score denoting more severe depression.

Psychological measures preoperative

Furthermore, we assessed patients’ psychological charac-
teristics before their BMS. We prioritised disease-specific
instruments whenever possible to accurately capture the
unique impacts of obesity on wellbeing. The Body Image
Scale [50] was used to measure patients’ perceptions of
and attitudes toward the appearance of their own body
(the tenth item regarding surgery scar was omitted, thus
nine items score range 0-27, a=0.82). Weight Efficacy
Lifestyle Questionnaire [51] measured individuals’ confi-
dence in their ability to control their eating behaviours in
different situations (20 items, score range 0—100, a=0.96).
Food Craving Questionnaire-Trait [52] was used assess the
frequency and intensity of food craving experiences (21
items, score range 0—100, a=0.95). Patients confidence
to plan and execute physical activities and exercise based
on their own volition was measured with the SCI Exer-
cise Self-Efficacy scale [53] (10 items, scale range 10—40,
a=0.90). The total time in minutes spent exercising dur-
ing the past week was measured with the Exercise behav-
iour scale [54] (six items, scale range 0—1080, o= 0.35).
Patients’ neuroticism, i.e., tendency toward emotional
instability and negative feelings, and conscientiousness,
i.e., inclination to be responsible, organized and careful,
were measured with the NEO-FFI-R scale [55], (12 items
for each subscale, scale range 12-60, « =0.84 and 0.84,
respectively). Self-compassion scale Short Form [56] was
used to assess patients’ ability to treat their feelings or
suffering with a sense of kindness, connection and mind-
fulness (12 items, scale range 12-84, a« =0.75). Rosenberg
Self-esteem scale [57] was used to measure individual’s
overall sense of personal worth and abilities (10 items,
scale range 0-30, a=0.87). The characteristic way of
relating to others in intimate relationships, i.e., attachment
style, was measured with the Experience in Close Rela-
tionships Scale [58] anxiety subscale (eight items, scale
range 8—64, a=0.85), and avoidance subscale (eight items,
range 8—64, a=0.75). De Jong-Gierveld Loneliness Scale
[59] was used to assess the feelings of missing an intimate
relationship and belonging (11 items, scale range 0-11,
a=0.92). The extent of feeling supported by close friends
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or family, both in generally positive and negative way, as
well as in relation to eating and exercising habits, were
measured using the Social Support List [60, 61], (six items
for positive and negative subscale each, scale range 6-30,
a=0.91 and a=0.72, respectively), and Social Support
for Dieting and Exercise scales [62] (10 items for diet
subscale, scale range 10-50, « =0.64, and 13 items for
exercise subscale, scale range 13-65, a=0.89).

Statistical analysis

We identified subgroups of patients with different trajec-
tories over time for BMI, HR-QoL and depression using
Latent Class Growth Analysis (LCGA) [63, 64]. LCGA is
used to explore patterns of development in data over time
and probabilistically assign individuals into subgroups based
on their common pattern of development [63-65]. LCGA
aims to identify latent or unobserved classes based upon
similar growth characteristics, and estimating an individual’s
probability of belonging in a certain class [63, 64]. Time
was treated as a categorical variable, thus, piecewise per
wave, without imposing any a priori assumption about the
shapes of the time trends. Residual variances were allowed
to vary over time and across classes, as this method leads to
better class recovery, classification accuracy and less bias
[66]. Models with increasing number of trajectories (classes)
were estimated. The final models were selected based on
(a) the lowest Akaike (AIC) and Bayesian information cri-
terion (BIC) indexes, with lower values indicating better fit
[67]; (b) not less than 5% of participants in a class; and (c)
adequate clinical interpretability. The LCGA models were
estimated in Mplus version 8.7 [68] with 2500 starting val-
ues and 150 final iterations. Models were estimated using
full information maximum likelihood (FIML) and robust
standard errors on all available data for better handling of
missing data, assuming missing to be at random.

Associations between trajectories

To evaluate the associations between the trajectories of BMI,
HR-QoL, and depression, we fitted two additional models
in which the trajectory membership of HR-QoL and depres-
sion was predicted by the trajectory membership of BMI.
The trajectory parameters were fixed for BMI, HR-QoL, and
depression based on the final model chosen in the LCGA:
only the cross-classification membership probabilities from
BMI trajectory membership to HR-QoL and depression
trajectory memberships were estimated. Lastly, we tested
whether the distribution of membership probabilities of BMI
trajectory classes differed across all HR-QoL and depression
classes.

@ Springer

Associations between preoperative characteristics
and trajectories

Preoperative psychological characteristics and demographic
factors were analysed as descriptors of the outcome trajecto-
ries using means and 95% confidence intervals of the contin-
uous measures within each class. For categorical variables,
we estimated the frequencies of distribution in percentages
per each class. Marital status was categorised as either ‘mar-
ried/partnered’ or ‘other’ (including single, widowed, and
divorced). Educational level was grouped into ‘high school
or lower’ (including none, lower general education, and high
school) and ‘vocational/higher education’ (including second-
ary vocational, higher professional, and university educa-
tion). Employment status was classified into ‘full-/part-time
employment’ and ‘no work/other’ (including homework,
disabled, volunteer work, searching for work, studying, and
retired). In order to prevent bias due to classification error,
these descriptive analyses were estimated weighting by each
class membership probability. By comparing the confidence
intervals across classes, we explored which continuous base-
line characteristics differed across the trajectory classes.

Results
Sample characteristics

A total of 598 participants were included in the study, of
which 529 (88.46%) participants had undergone BMS.
Patients who had not undergone the surgery (n=69) were
excluded from the current analyses. This resulted in weight
data being available from 529 patients at pre-operation, and
460 patients and 368 patients at 12 and 24 months post-oper-
ation, respectively. Similarly, preoperative psychology data
was available from 509 patients, and 437 and 361 patients
from the follow-up assessments. Accounting for at least one
non-missing data point in the three waves, weight data was
available from 529 patients and psychology data from 522
patients. See Fig. 1 for the inclusion of data.

Of the 529 patients 408 (77.1%) were female. Patients
were on average 47 (SD=11) years old, and had a preop-
erative BMI of 39.13 (SD =3.96) kg/m?. The majority were
married or had a partner (71.1%), and identified as Cauca-
sian (85.8%) as reported in Table 1. The Roux-en-Y gastric
bypass was performed on 451 patients (85.3%), laparoscopic
omega loop gastric bypass on 52 patients (9.8%), and sleeve
gastrectomy on the remaining 26 patients (4.9%). Patients
included in the analyses (n=329) were, on average, 2.2 years
older (SE of difference =0.9 years, p <0.05) and had a lower
preoperative BMI (difference = 1.0 + 0.3 kg/m?, p <0.05)
compared to those excluded (n=269), with no other signifi-
cant differences observed between the groups.
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Fig. 1 Flowchart of participant L I
inclusion

| All other data present:

Development of BMI

Preoperative assessment (TO)
BMI data
n=529

-

Psychology data

n=509

- Did not fill the survey (n= 10)

Pre-op survey not filled. had surgery. no
other data:

- Withdrew from study (n=1)

- Death (n=1)

- Did not fill the survey (n=3)

Bariatric surgery
n=1529

A 4

12 months post-operation (T1)

is available:

- No T2 BMI available (n=1)

- No T2 data available (n=1)

- Did not fill the TO, T1, T2 surveys, all
BMI present (n=1)

- Did not fill the TO & T1 survey (n=1)
- Did not fill the TO & T1 survey, no T2

Did not fill out the TO- survey. other data |
data (n=1) |

T1&T2 everything missing:

- Withdrew from study (n=17)
- Pregnancy (n=6)

-Death (n=1)

- Missed appointment (n=19)

- Did not fill the survey (n=1)
-FU<12m (n=11)

BMI missing, no T2 data

- Pregnancy (n=1)

Psychology missing, no T2 data

Only T1 psychology missing:

- Missed appointment (n=1)

- Did not fill the survey (n=9)

Only T1 BMI missing (missed
appointment, n=1)

Psychology missing at T1&T2 (did not fill

the survey, n=1)
T1 data missing, T2 present:

- Did not fill the survey (n=11) |

- Missed appointment (n=7)
—

—I All missing:

- Withdrew from study (n=2)

- Missed appointment (n= 15)
-FU <24m (n= 66)
Psychology survey not filled in (n=8)

BMI data
n=460 v
Psychology data
n=437
4— __________
A4
24 months post-operation (T2)
BMI data
n=368 v
Psychology data
n=361

As expected, the decrease of weight on the total group
level was significant and varied in its extent across patients
(Table 2 and Fig. 2). The model with four classes had

|BMJ missing (n=2)

- Pregnancy (n=1) |

slightly better fit statistics than the three-class model (see
Table 3), but as the fourth class did not present as clini-
cally different from the three classes, a model with three
trajectories was chosen. Trajectory 1 (35.4% of patients),
labelled as the “Low” trajectory, started with the lowest BMI
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Table 1 Sociodemographic characteristics of participants at baseline
(n=529)

n %

Gender, female 408 77.10
Age (mean, SD) [range 19.1-66.1 years] 46.69 10.84
Race
Caucasian 454 85.8
South American 23 4.3
North African 12 23
Mediterranean 11 2.1
Black 10 1.9
East Asian 6 1.1
West Asian 6 1.1
Other 4 0.8
Middle Asiatic 2 0.4
Slavic 1 0.2
Marital status**
Married/partnered 376 71.1
Single 94 17.8
Divorced/widowed 37 7.0
Relationship duration in years (mean, SD)*'8 13.78 13.29
Having children, yes (median=2 children)*'$ 396 749
Highest educational level %
No 1 0.2
Lower general education/primary education, or a part 10 1.9

of it

General education/high school (Ibo, vbo, mavo, mulo, 148  28.0
ulo, havo, vwo, hbs, gymnasium)

Secondary vocational education (mbo, mts) 225 425
Higher professional education (hbo, hts) 98 18.5
Scientific education (university) 25 4.7
Employment**!

Employed (full or part time) 396 749
Homework 32 6
Disabled for work 31 59
Voluntary/unpaid work 20 3.8
Searching for work 17 3.2
Study 8 1.5
Retired 4 0.8
Start of obesity *

Childhood 168  31.8
Puberty 131 248
Adulthood 222 420
Type of surgery

Roux-en-Y Gastric Bypass 451 853
Laparoscopic Omega loop Gastric Bypass 52 9.8
Sleeve gastrectomy 26 4.9
#XX

=Data missing from XX participants (e.g., **' =Data missing
from 21 participants)

@ Springer

(36.5 kg/m?), lost the most weight at 12-month follow-up
(= 12.7 kg/m?), which they kept stable until the 24-month
follow-up, ending with a TWL of 35.1% and AWL of 54.5%.
The second trajectory, labelled “Medium”, representing
45.5% of patients, started with a BMI of 39.1 kg/mz, and
achieved substantial weight loss by the 12-month follow-up
(29.2%TWL or 43.7%AWL). Weight loss plateaued thereaf-
ter, resulting in an average of 11 kg/m? loss, and 28.4% TWL
or 42.5% AWL by the 24-postoperative month. Trajectory
3 (19.2% of patients), denoted the “High” trajectory, com-
menced with the highest preoperative BMI at 44.1 kg/m>.
By the 12-month follow up, patients lost — 11.1 kg/m?, and
by the 24 postoperative month reached an average weight
loss of 10.7 kg/m? (24.3% TWL or 34.4% AWL). Overall
BMI improved, but some individuals regained some of their
weight back 24 months after the surgery (see Online Appen-
dix Figure Al).

Further, 24 months after the surgery, 72.4% patients in
the Low trajectory (thus, 89 out of the 368 participants at 24
months), 1.7% (n=3) patients in the Medium trajectory, and
none of the High trajectory patients reached a healthy weight
of BMI <25 kg/m?. All patients in the Low and Medium
trajectories, and 79.5% of patients (n=158) in the High tra-
jectory reached a BMI below 35 kg/m®. Conversely, 20.6%
of the High trajectory patients (n=15) had a BMI above 35
kg/m? (thus, 4.1% of total sample).

Development of HR-QoL

On the total sample level, HR-QoL improved over time, but
differed across patients. A HR-QoL model with three tra-
jectories was chosen based on the fit statistics and interpret-
ability of the emerging trajectories. The fourth trajectory
in the four-class model did not present clinically relevant
differences to the three-class solution. Patients in the first
trajectory, the “High” trajectory (38.4% of patients), started
with the highest preoperative HR-QoL, improved the great-
est, and remained stable by the end of study period. The sec-
ond trajectory (43.4%), labelled as the “Medium”, showed
first a great improvement in HR-QoL, followed by a partial
decline by the 24th postoperative month. The “Poor” trajec-
tory (18.1%) was characterized by the poorest initial HR-
QoL values, which improved significantly by the 12-month
follow-up but subsequently regressed to the preoperative
levels by the 24th postoperative month.

Development of depression

While depression remained relatively stable across the
entire study cohort, subtle variations were observed across
patients. Again, the model with four classes had lower
BIC and AIC values, but the fourth class solution did
not add a clinically different trajectory compared to the
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Tab.le 2 Mean values, residual T0 T] ™ TI-TO T2—T1 T2-TO

variance, and the mean . . .

differences over time for the Mean (residual variance) Mean difference

tot.al sample and for the distinct BMI

trajectories of BMI, HR-QoL,

and depression Total sample 39.1 (15.7) 27.3 (14.8) 27.6 (16.7) —-11.8*  0.3* —11.5%
Distinct trajectories
Low (35.4%) 36.5(5.5) 23.8 (2.6) 23.7 (3.6) —-127% -0.1 —12.8*
Medium (45.5%) 39.1(7.2) 27.7 (2.1) 28.0 (2.9) -11.3*  0.3* —11.0*
High (19.2%) 44.1 (17.3) 33.0 (10.3) 334 (11.1) -11.1* 04 —10.7*
HR-QoL
Total sample 61.8(297.7) 86.0(156.3) 77.6(388.5) 24.2% — 8.4%* 15.8%
Distinct trajectories
High (38.4%) 68.5(286.9)  95.1(6.8) 92.3 (21.6) 26.6* —2.8% 23.8%
Medium (43.4%) 62.1 (194.3) 85.4(46.2) 77.1 (123.9)  23.3%* — 8.3% 15.0%
Poor (18.1%) 47.0 (257.6) 67.6(234.2) 483 (455.0) 20.6* —19.3* 1.3
Depression
Total sample 9.2 (52.6) 8.0 (68.8) 9.3 (86.5) —1.2% 1.3* 0.1
Distinct trajectories
Low/none (32.4%) 4.5 (12.6) 1.7 (1.9) 2.5(4.8) —2.7% 0.8% — 1.9%
Medium-low (45.3%) 8.8 (22.1) 7.3 (12.8) 8.3(21.9) — 1.4% 1.0 -04
Worsening (22.3%) 17.1 (76.7) 19.5(102.7) 21.6(1283) 2.4 2.1 4.4%

TO=preoperative assessment, T1 =12 months postoperative assessment, T2=24 months postoperative

assessment
*p<.05

three-class model. Thus, a model with three trajectories
was selected. The first, “Low/none”, trajectory included
32.4% of patients, who were characterized by initially
low depressive scores, followed by minor improvement
and subsequent stability until the 24-month postoperative
assessment. The largest trajectory comprised of 45.3% of
patients and was labelled “Medium-low”. This trajectory
was characterised by a consistent low level of depressive
symptoms throughout the study period. The third trajec-
tory, labelled the “Worsening” trajectory, comprised of
22.3% of patients, displayed a gradual exacerbation of
depression over the study period.

Associations between trajectories of BMI
and trajectories of HR-QolL

The association between the BMI and HR-QoL trajectory
classes appeared to be indistinct (Table 4). The distribution
of the class membership probabilities of HR-QoL trajec-
tories in BMI trajectories did not differ from the expected
probabilities under independency (i.e., the class membership
distribution of HR-QoL trajectories was similar across all
the BMI trajectory classes). Further, the test for the equality
of probabilities was not significant, implying that the BMI
trajectories were equally distributed across all HR-QoL tra-
jectories (p=0.434).

Associations between trajectories of BMI
and trajectories of depression

The prediction that trajectories of BMI and depression devel-
opment would match was partially supported by our data
(Table 4). Individuals within the Low BMI trajectory were
slightly less likely to belong in the Low/none depression
trajectory class (26.2% observed distribution versus 32.4%
expected distribution under independence), and more likely
to belong in the Worsening depression class (30.8%) than
expected under independency (22.4%). Patients belonging to
the Medium BMI trajectory class were less likely to belong
to the Worsening depression trajectory class and slightly
more likely to belong to the Low/none depression trajectory
class than expected under independency. The Wald-test for
equality of probabilities was bordering significance, imply-
ing that the BMI trajectories were not equally distributed
across the trajectories of depression (p =0.046).

Psychological profiles

The mean and 95% confidence intervals for the psychologi-
cal characteristics before operation for each trajectory of
BMI, HR-QoL, and depression are presented in Table 5.
Patients within the Low BMI trajectory were less satisfied
with their body image than patients in the Medium and
High trajectories, and had lower self-esteem than patients
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Fig.2 Longitudinal trajec-
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Tal?le 3 _Fit statistics for Number of AIC BIC aBIC Entropy Npar Smallest
trajectories 9f BMI, HR-QoL. trajectories class size
and depression (%)

Trajectories of BMI

1 7594.1 7619.7 7600.7 - 6 100.0

2 7103.4 7158.9 7117.6 0.763 13 28.6

3 6846.3 6931.7 6868.2 0.761 20 19.2

4 6715.2 6830.5 6744.8 0.790 27 7.7

5 6657.7 6802.9 6695.0 0.801 34 7.7

6 6618.9 6794.0 6663.8 0.804 41 4.8

7 6588.1 6793.1 6640.7 0.818 48 2.8

Trajectories of HR-QoL

1 10,980.6 11,006.1 10,987.1 - 6 100.0

2 10,451.2 10,506.5 10,465.3 0.664 13 49.1

3 10,291.4 10,376.6 10,313.1 0.658 20 18.1

4 10,261.3 10,376.3 10,290.6 0.607 27 13.0

5 10,244.3 10,389.0 10,281.1 0.664 34 0.8

Trajectories of depression

1 9204.4 9229.9 9210.9 - 6 100.0

2 8455.0 8510.4 8469.1 0.758 13 36.9

3 8262.8 8347.9 8284.5 0.718 20 223

4 8191.4 8306.4 8220.7 0.700 27 11.7

5 8161.7 8306.5 8198.6 0.674 34 6.0

6 8137.4 8312.0 8181.9 0.681 41 54

7 8127.0 8331.4 8179.0 0.690 48 5.2

Npar number of parameters
Table 4 Association between BMI and HR-QoL and depression trajectory classes membership
Class membership probability distribution of HQOL and Depression trajectories for each BMI trajectory class (row percentage)

Overall HR-QoL Overall depression
High (%) Medium (%) Poor (%) Low/none (%) Medium—  Worsening (%)  Overall
low (%) BMI
(%)

Trajectories of BMI Trajectories of BMI
Low 343 47.1 18.5 Low 26.2 43.1 30.8 354
Medium 43.8 40.7 15.5 Medium 38.8 45.0 16.2 45.5
High 329 433 23.8 High 28.5 49.9 21.7 19.2
Overall HR-QoL 38.4 43.5 18.2 Overall Depression ~ 32.4 45.2 22.4

in the Medium trajectory. No other differences were found
between the BMI trajectories. Patients who started with the
poorest HR-QoL (Poor-trajectory) scored also the poorest
on most psychological characteristics compared to patients
within the two other trajectories. Specifically, they had
the lowest body image satisfaction, lowest self-efficacy to
exercise, lowest conscientiousness, highest neuroticism,
poorest self-compassion and self-esteem, highest attach-
ment avoidance and anxiety, highest loneliness and highest
negative social support. Conversely, patients within the High

HR-QoL-trajectory scored the highest on the aforementioned
characteristics, and the scores of Medium patients were in
between these classes. Patients within the Worsening depres-
sive symptom trajectory had the poorest preoperative psy-
chological scores compared to the two other trajectories.
Patients within the Worsening trajectory reported poorest
body image satisfaction, self-efficacy to control their eating
behaviours and self-efficacy to exercise, experienced most
food cravings, and had the poorest psychological profile with
high neuroticism, low consciousness, poor self-esteem and
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Table 5 Patients’ characteristics before operation for different trajectories of BMI, HR-QoL, and depression

BMI trajectories HR-QoL trajectories Depression trajectories
Low Medium High High Medium Poor Low/none Medium- Worsening
(n=187) (n=241) (n=101) (n=196) (n=221) (n=92) (n=165) low (n=113)
(n=231)
Body image 10.4 12.1 12.6 12.6 11.5 9.6 12.5 11.7 10.0

satisfac- (9.9-11.0) (11.6-12.5) (11.8-13.3) (12.1-13.2) (11.1-11.9) (8.8-10.3)  (11.9-13.1) (11.3-12.1) (9.3-10.7)
tion

Self-efficacy 66.6 67.1 66.3 69.7 65.3 64.0 69.0 67.3 62.5
eating (64.3-69.0) (64.9-69.3) (62.8-69.8) (67.3-72.1) (63.4-67.3) (60.9-67.1) (66.4-71.7) (65.2-69.4) (59.5-65.4)
Food crav-  44.9 43.7 43.5 41.2 44.8 48.8 42.3 43.0 49.1
ings (42.2-47.6) (41.3-46.1) (39.7-47.3) (38.5-43.9) (42.746.8) (45.2-52.5) (39.4-45.2) (40.745.2) (45.6-52.5)
Self-efficacy 31.9 32.5 32.7 334 322 30.5 334 32.5 30.4
exercise (31.1-32.7) (31.8-33.2) (31.7-33.6) (32.7-34.1) (31.6-32.8) (29.4-31.5) (32.7-34.1) (31.8-33.1) (29.4-31.4)
Physical 169.5 164.9 143.7 169.2 159.9 154.4 169.1 168.6 140.6
activity (151.9- (148.6— (122.9- (152.2— (145.1- (131.7- (150.5- (152.6- (121.4-
187.1) 181.1) 164.6) 186.2) 174.6) 177.1) 187.6) 184.6) 159.9)
Neuroticism 30.3 28.5 28.9 26.1 29.6 35.2 24.7 29.2 36.1
(29.2-31.4) (27.5-29.6) (27.4-304) (25-27.1) (28.8-30.4) (33.9-36.5) (23.7-25.6) (28.3-30) (34.9-37.3)
Conscien- 47.1 47.3 46.3 48.3 46.9 44.9 48.7 46.9 449
tiousness  (46.3-48.0) (46.6-48.1) (44.9-47.6) (47.4-49.2) (46.2-47.6) (43.8-46.0) (47.9-49.6) (46.2-47.7) (43.7-46.0)
Self-com- 55.8 58.4 57.6 61.5 56.8 49.6 63.5 57.2 48.6
passion (54.0-57.6) (56.8-60) (55.5-59.7) (59.9-63.2) (55.4-58.2) (47.4-51.8) (61.8-65.2) (55.8-58.5) (46.5-50.7)
Self-esteem  19.3 21.0 20.0 22.0 20.1 16.8 22.5 20.4 6.6
(18.6-20.0) (20.4-21.6) (19.1-21) (21.3-22.6) (19.6-20.6) (16.0-17.6) (21.9-23.1) (19.8-20.9) (15.8-17.5)
Attach. 21.3 21.0 20.4 19.0 20.9 25.5 19.1 20.6 24.6
avoidance  (20.2-22.5) (20.0-22.0) (19.0-21.8) (18.0-20.0) (20-21.8) (24.0-26.9) (18.0-20.2) (19.7-21.5) (23.1-26.1)
Attach. anxi- 23.5 22.5 23.2 19.4 23.3 29.9 18.6 23.0 29.4
ety (22.0-25.0) (21.3-23.7) (21.1-25.3) (18.2-20.5) (22.2-24.4) (28.0-31.9) (17.4-19.8) (21.9-24.1) (27.4-31.3)
Loneliness 2.2 (1.8-2.6) 2.0(1.7-2.3) 1.5(1.1-1.9) 1.3(1.0-1.6) 1.9(1.6-2.2) 3.6 (3.04.2) 0.8(0.6-1.1) 1.9(1.6-2.2) 3.8(3.24.4)
Pos social 18.2 18.2 17.7 18.7 179 (17.5- 175 18.9 18.1 17.1
support (17.7-18.7) (17.8-18.7) (17.2-18.2) (18.3-19.2) 18.3) (16.9-18.1) (18.4-19.4) (17.7-18.4) (16.5-17.7)
Neg social 8.6 (8.2-8.9) 8.4 (8.1-8.7) 8.4(8.0-8.8) 7.9(7.7-8.2) 8.6(8.3-8.8) 9.4(8.9-9.8) 7.7(7.5-8.0) 8.4(8.1-8.6) 9.7 (9.2
support 10.1)
Support 349 344 344 35.0 34.3 34.3 34.8 34.9 33.7
eating (34.3-35.6) (33.8-35) (33.7-35.2) (34.4-35.7) (33.8-349) (33.5-35.1) (34.1-35.6) (34.4-35.4) (32.8-34.6)
Support 31.1 31.2 30.5 31.7 30.9 29.9 31.6 30.8 30.6
exercise (29.9-32.3) (30.1-32.2) (28.9-32) (30.5-32.8) (29.9-31.9) (28.6-31.2) (30.3-32.9) (29.8-31.8) (29.3-32.0)
Age 47.0 46.7 46.2 46.5 47.2 46.0 46.6 46.6 47.1
(45.6-48.3) (45.4-48.0) (44.1-48.2) (45.2-47.9) (46.0-48.4) (44.0-48.1) (45.1-48.0) (45.4-47.9) (45.3-48.8)
Gender
Male 16.2 26.2 27.3 26.9 22.9 14.1 26.0 23.8 16.3
Female 83.8 73.8 72.7 73.1 77.1 85.9 74.0 76.2 83.7
Marital status
Married/ 73.6 76.2 69.6 78.1 74.6 64 81.2 71.1 69.3
partnered
Other 26.4 23.8 304 21.9 25.4 36 18.8 28.9 30.7
Education
High school 31.2 29.4 30.5 29.2 30.8 333 31.9 27.9 344
or lower
education
Vocational/  68.8 70.6 69.5 70.8 69.2 66.7 68.1 72.1 65.6
higher
education
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Table 5 (continued)
BMI trajectories HR-QoL trajectories Depression trajectories
Low Medium High High Medium Poor Low/none Medium- Worsening
(n=187) (n=241) (n=101) (n=196) (n=221) (n=92) (n=165) low (n=113)
(n=231)
Employment
Full-/part-  76.4 80.7 74.2 81.6 81.8 61 86.3 80.1 61.6
time
No work/ 23.6 19.3 25.8 18.4 18.2 39 13.7 19.9 38.4
other

Data presented as means, 95% confidence interval in brackets, except categorical variables presented as within-class %

self-compassion, high attachment avoidance and anxiety,
loneliness and reporting the poorest social support. Patients
within the Low/none depression trajectory had a slightly
more ‘positive’ preoperative personality profile compared
to the constant low trajectory. There was no age effect, i.e.,
there were no differences in average age between the differ-
ent trajectories for BMI, HR-QoL, or depression. The results
suggest that more females than average may be present in
the Low BMI trajectory, as well as in the Poor HR-QoL and
Worsening depression trajectories. In the Poor HR-QoL tra-
jectory group, fewer patients were married or partnered and
employed either full- or part-time. Conversely, in the Low
depression trajectory group, a higher proportion of patients
were married or partnered and employed full- or part-time.
Education level appeared similar across trajectories.

Discussion

This study sought to investigate the concurrent development
of weight, HR-QoL, and depression after BMS, along with
their interrelationships and preoperative traits characterizing
them. As expected, most patients lost a significant amount
of weight and their psychological health improved in the 24
months following bariatric metabolic surgery, yet distinct
patterns of change in BMI, HR-QoL and depression were
observed. In contrast to our expectations, there was no rela-
tion between the BMI and HR-QoL trajectories. However,
a weak association between the BMI trajectory classes and
depression trajectory classes was found. Lastly, the three
BMI trajectories had comparatively similar preoperative
psychological profiles, but distinctions were found for the
trajectories of HR-QoL and depression.

Three trajectories of BMI were distinguished, labelled
as a Low, Medium, and High trajectory, mainly character-
ized by varying preoperative BMIs. This finding aligns with
prior research, exhibiting similar patterns but varying in the
extent of total adjustable weight loss [5, 6, 13—17]. The dif-
fering number of identified trajectories in the literature may
be attributed to variations in sample sizes, characteristics,

and follow-up periods across earlier studies. The majority
of patients in our study demonstrated a favourable pattern in
weight loss, showing apparent sustained reductions. Among
the entire sample, 25% achieved a healthy BMI of less than
25 kg/m? 24 months after the operation, while nearly all
patients (96%) attained a BMI below 35 kg/m?. In contrast,
a minority (4%) exceeded the BMI of 35 kg/m?, implying
a poor surgical outcome or weight regain between the 12
and 24 postoperative months. This aligns with prior findings
indicating that weight regain typically starts 2—5 years post-
BMS [3-6, 69, 70]. Patients starting with lower preopera-
tive BMIs achieved the greatest weight loss, with over 70%
reaching a healthy BMI. Higher preoperative BMI typically
correlates with greater weight loss after surgery [5, 71].
However, in line with our results, some studies have also
indicated that higher preoperative weight is linked to inferior
weight loss outcomes [72, 73]. This highlights the complex-
ity of predicting weight loss outcomes from patients’ preop-
erative weight, and underscores the importance of looking
at patients' health from a wider point of view.

Patients in the Medium BMI trajectory were more likely
to belong to the Low/none depression trajectory class, who
also had a better preoperative psychological profile com-
pared to the other two depression trajectories. Thus, the
Medium BMI trajectory patients reached a satisfactory
weight loss result, and were most likely to be better off in
terms of their overall psychological condition. Conversely,
most patients in the Low BMI trajectory reached a healthy
BMI, but unexpectedly, were more likely to follow the
Worsening depression trajectory. The Low BMI trajectory
patients reported lower satisfaction with body image and
poorer self-esteem before operation compared to counter-
parts in the other two trajectories. This outcome is intriguing
as these patients achieved the most favourable weight loss
result, yet seemed to struggle the most with their psycho-
logical health (i.e., depression and poorer preoperative psy-
chological profile). It is perhaps important to keep in mind
that patients in the Low BMI trajectory had an average BMI
below 40 kg/m?, and thus had to have a comorbid medical
condition related to obesity in order to receive a BMS. Thus,
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patients in the Low trajectory probably suffered from mul-
timorbidity, possibly explaining their higher dissatisfaction
with their health. These findings also support the hypothesis
that patients with poorer self-esteem may experience greater
distress from overweight, and are therefore highly motivated
to seek surgical treatment and adhere to medical and dietary
guidelines [74]. Patients on the lower spectrum of obesity
may pursue surgical help for reasons such as improving their
body image and self-worth, rather than solely aiming to alle-
viate obesity-related medical conditions. Improvement of
HR-QoL serves as a significant motivator for seeking sur-
gery [23], and has been argued, together with resolution of
comorbidities, to be more relevant surgical outcome than
weight loss above a certain threshold [75].

The relationship between depression and weight loss out-
comes has been a much debated question. One perspective
suggests that the majority of patients are depressed due to
their weight and its associated limitations. Consequently,
actively engaging in lifestyle changes through surgery may
lead to a reduction in depression. An opposing viewpoint
posits that higher levels of psychopathology hinder patients'
ability to adhere to treatment and lifestyle recommendations,
potentially exacerbating surgical outcomes [76, 77]. While
depression is usually regarded as a predictor of poor weight
loss [77], conflicting findings have indicated the opposite
[78, 79]. Thus, patients with poorer mental health status may
be more motivated to lose weight and improve their psycho-
logical wellbeing, but may continue to struggle with their
mental health despite achieving great weight loss results.
This finding underscores the complicated relationship
between obesity and depression, as well as the importance
of monitoring patients’ psychological wellbeing throughout
the treatment. Clinicians should be aware of this complex
relationship and incorporate evaluation of psychological
wellbeing in the long-term follow-up after the operation.
Continuous psychological support and improved methods
for detecting mental health issues are essential, along with
comprehensive postoperative care that addresses both physi-
cal and psychological needs.

Regarding the psychological outcomes of this investiga-
tion, HR-QoL and depression improved for most patients
after the surgery, though distinct trajectories were identi-
fied. While patients initially improved in their HR-QoL,
a subgroup of patients (~20%, Poor trajectory) regressed
to their poor preoperative level of HR-QoL, leaving them
less satisfied with their wellbeing 24 months postopera-
tively than they were before the surgery. They also had the
poorest preoperative psychological profile compared to the
other HR-QoL trajectories. This finding is consistent with
the existing literature describing different numbers of HR-
QoL trajectories, highlighting the variability in psychologi-
cal outcomes [17, 24]. Although patients lost a significant
amount of weight and their HR-QoL improved in the 24

@ Springer

months following the surgery, we did not find a significant
association between the trajectories of HR-QoL and BMI,
meaning that in our study, the probability of belonging to
one of the HR-QoL trajectory classes was independent of
the patients” membership of BMI trajectory class. Earlier
studies have found changes in BMI to match the changes in
HR-QoL [24-26]. However, our study shows that following
a favourable BMI trajectory does not necessarily result into
a favourable psychological health trajectory. The lack of a
clear relationship between the BMI and HR-QoL trajectories
in our study may stem from BMI trajectories primarily being
defined by initial weight, while HR-QoL trajectories varied
more in their patterns.

A novel finding was the identification of three distinct
trajectories of depression. The majority of patients exhibited
minimal depressive symptoms that remained consistently
low throughout the study period. However, a considerable
group of patients (22.3%) experienced a deterioration in
depressive symptoms. Patients within the Worsening trajec-
tory scored the poorest on all psychological measures, espe-
cially exhibiting poor self-esteem and self-compassion and
high attachment anxiety compared to the other two depres-
sion trajectories. These findings suggest that most patients
undergoing BMS do not suffer from depression, however, a
subgroup of patients may be at risk of deteriorating depres-
sive symptoms. It may be that these patients are more sus-
ceptible to psychological difficulties, and vulnerable during
negative life events and experiences, which could lead to
further complications in their psychological health.

It is worth noting that while our analyses yielded these
three trajectories, these classes do not have to represent
the only (well-separated) subclasses of patients, but rather
reflect a summary (or categorization) of trends within a
broader and heterogeneous and continuous spectrum of
BMI, HR-QoL and depression trajectories. This continuous
spectrum in the three outcome variables is well-depicted in
the spaghetti plots in Fig. 3.

Strengths and limitations

Strengths of this study include the longitudinal design, the
large sample size of patients with obesity, assessment of
numerous psychological characteristics and health out-
comes and inclusion of different surgical techniques. Fur-
ther, patients were assessed after they had been accepted
for surgery, thus patients could answer the psychological
survey honestly without worrying portraying themselves in
a manner that could be considered as a contraindication for
BMS. This study’s limitations include the recruitment of
patients from two Dutch hospitals, predominantly compris-
ing individuals of Caucasian ethnicity and female gender.
Consequently, the generalizability of the findings may be
constrained to more diverse populations, encompassing
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variations in nationality, cultural context, internationality,
race, and gender. Lastly, a longer follow up period is needed
to investigate whether these trajectories and their relations
sustain over time. Previous studies have shown that improve-
ments in HR-QoL can be sustained for up to 12 years after
BMS [25], and decreases in depression symptoms 3 years
postoperatively [21]. As the effects of surgery diminish and
patients begin to manage their weight independently, their
psychological wellbeing and functioning may evolve in ways
that differ from the trajectories presented in this study. The
present findings could be a useful source for hypothesis gen-
eration regarding the longitudinal associations and pathways
between psychological characteristics and weight outcomes.
Finally, future studies could investigate whether psychologi-
cal support or intervention, for example weight management
training incorporating elements of self-compassion, offered
pre- or postoperatively can help change the course of recov-
ery trajectory.

Conclusion

This prospective study utilized LCGA to investigate longi-
tudinal changes in weight, HR-QoL, and depression over a
24-month period following BMS. Three distinct trajecto-
ries emerged for BMI and HR-QoL, characterized by initial
improvement and subsequent continued improvement, stabi-
lization, or deterioration. A noteworthy finding was the iden-
tification of depressive symptom patterns, with the majority
of patients showing low and improving or consistently low
levels, while approximately 20% experienced a deteriora-
tion in depression. Notably, considerable heterogeneity in
post-bariatric surgery outcomes was observed. Importantly,
patients with the most favourable weight loss trajectory did
not necessarily exhibit psychologically favourable outcomes,
and preoperative characteristics did not reliably identify
post-surgical BMI trajectories. This underscores the com-
plexity of predicting surgical success based on preoperative
psychological status. Clinicians should incorporate monitor-
ing both wellbeing and depression long term after BMS for
effective patient care. Problems could arise after the sur-
gery, thus individualized care could benefit patients. The
study findings emphasize the significance of incorporating
psychological health as an essential component of clinical
outcomes.

Two important take-home messages emerged from this
investigation: (1) predicting post-surgical BMI trajectories
from preoperative psychological characteristics is challeng-
ing if not impossible due to the large variation in patient
profiles, and (2) while an average weight loss patient seems
to be doing well in terms of their psychological health,
patients following the more ‘successful’ BMI trajectory may
be more likely to struggle with their psychological health.

@ Springer

These findings encourage clinicians to be mindful of patients
following the two most divergent BMI trajectories.

Acknowledgements The first author wishes to express her gratitude to
her colleagues and the whole Baria- research team for help with data
collection, discussions and support. The authors thank all the patients
for providing their invaluable information for the study. The BARIA
study is a collaboration between research groups from the University
of Copenhagen, the University of Gothenborg, Chalmers University of
Technology, the University of Groningen, the University of Amsterdam
and the Spaarne Gasthuis.

Author contributions All authors were involved in writing the paper
and had final approval of the submitted and published versions.

Funding The BARIA study is funded by the Novo Nordisk Founda-
tion (NNF150C0016798). M. Nieuwdorp is supported by a personal
ZONMW-VICI grant 2020 (09150182010020) and an ERC-Advanced
grant 2023 (101141346).

Data Availability Statement Deidentified study data will be shared
upon reasonable request by contacting the corresponding author. The
full study protocol is published and available to the public (van Olden
etal., 2021).

Declarations
Conflict of interest The authors declare no conflict of interest.

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for Publication NA.

Clinical trial registration BARIA- study: Netherlands Trial Register:
NL5837 (NTR5992). https://onderzoekmetmensen.nl/en/trial/22589.
Date: 13-07-2016. Diabar- study: ClinicalTrials.gov identifier (NCT
number): NCT03330756. Date of registration: 2017-10-30.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Colquitt, J., Pickett, K., Loveman, E., & Gk, F. (2014). Surgery for
weight loss in adults ( Review ) summary of findings for the main
comparison. Cochrane Database Systemic Review, 8. https://doi.


https://onderzoekmetmensen.nl/en/trial/22589
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/14651858.CD003641.pub4.www.cochranelibrary.com

Quality of Life Research (2025) 34:1345-1361

1359

10.

11.

12.

13.

14.

org/10.1002/14651858.CD003641.pub4.www.cochranelibrary.
com

Maciejewski, M. L., Arterburn, D. E., Van Scoyoc, L., Smith, V.
A., Yancy, W. S., Weidenbacher, H. J., Livingston, E. H., & Olsen,
M. K. (2016). Bariatric surgery and long-term durability of weight
loss. JAMA Surgery, 151(11), 1046-1055. https://doi.org/10.1001/
jamasurg.2016.2317

Sjostrom, L. (2013). Review of the key results from the Swed-
ish Obese Subjects (SOS) trial—A prospective controlled inter-
vention study of bariatric surgery. Journal of Internal Medicine,
273(3), 219-234. https://doi.org/10.1111/joim.12012

Van de Laar, A. W., Nienhuijs, S. W., Apers, J. A., van Rijswijk,
A. S., de Zoete, J. P., & Gadiot, R. P. (2019). The Dutch bariatric
weight loss chart: A multicenter tool to assess weight outcome up
to 7 years after sleeve gastrectomy and laparoscopic Roux-en-Y
gastric bypass. Surgery for Obesity and Related Diseases, 15(2),
200-210. https://doi.org/10.1016/j.s0ard.2018.11.024
Courcoulas, A. P., King, W. C., Belle, S. H., Berk, P., Flum, D. R.,
Garcia, L., Gourash, W., Horlick, M., Mitchell, J. E., Pomp, A.,
Pories, W. J., Purnell, J. Q., Singh, A., Spaniolas, K., Thirlby, R.,
Wolfe, B. M., & Yanovski, S. Z. (2018). Seven-year weight tra-
jectories and health outcomes in the Longitudinal Assessment of
Bariatric Surgery (LABS) study. JAMA Surgery, 153(5), 427-434.
https://doi.org/10.1001/jamasurg.2017.5025

De Hollanda, A., Ruiz, T., Jiménez, A., Flores, L., Lacy, A.,
& Vidal, J. (2015). Patterns of weight loss response following
gastric bypass and sleeve gastrectomy. Obesity Surgery, 25(7),
1177-1183. https://doi.org/10.1007/s11695-014-1512-7

Lauti, M., Lemanu, D., Zeng, I. S. L., Su’a, B, Hill, A. G, &
Maccormick, A. D. (2017). Definition determines weight regain
outcomes after sleeve gastrectomy. Surgery for Obesity and
Related Diseases, 13(7), 1123-1129. https://doi.org/10.1016/].
soard.2017.02.029

Lauti, M., Kularatna, M., Hill, A. G., & Maccormick, A. D.
(2016). Weight regain following sleeve gastrectomy—A system-
atic review. Obesity Surgery, 26(6), 1326—1334. https://doi.org/
10.1007/S11695-016-2152-X/TABLES/4

Grover, B. T., Morell, M. C., Kothari, S. N., Borgert, A. J., Kallies,
K. J., & Baker, M. T. (2019). Defining weight loss after bariat-
ric surgery: A call for standardization. Obesity Surgery, 29(11),
3493-3499. https://doi.org/10.1007/s11695-019-04022-z
Karmali, S., Brar, B., Shi, X., Sharma, A. M., De Gara, C., &
Birch, D. W. (2013). Weight recidivism post-bariatric surgery: A
systematic review. Obesity Surgery, 23(11), 1922—1933. https://
doi.org/10.1007/s11695-013-1070-4

Wimmelmann, C. L., Dela, F., & Mortensen, E. L. (2014). Psycho-
logical predictors of weight loss after bariatric surgery: A review
of the recent research. Obesity Research and Clinical Practice,
8(4), €299—e313. https://doi.org/10.1016/j.0orcp.2013.09.003
King, W. C., Belle, S. H., Hinerman, A. S., Mitchell, J. E., Steffen,
K.]J., & Courcoulas, A. P. (2020). Patient behaviors and character-
istics related to weight regain after Roux-en-Y Gastric bypass: A
multicenter prospective cohort study. Annals of Surgery, 272(6),
1044-1052. https://doi.org/10.1097/SLA.0000000000003281
Garcia-Ruiz-de-Gordejuela, A., Agiiera, Z., Granero, R., Steward,
T., Llerda-Barbera, A., Lopez-Segura, E., Vilarrasa, N., Sanchez,
1., Jiménez-Murcia, S., Virgili, N., Lépez-Urdiales, R., de Bern-
abe, M. M. G., Garrido, P., Monseny, R., Monasterio, C., Salord,
N., Pujol-Gebelli, J., Menchén, J. M., & Fernidndez-Aranda,
F. (2017). Weight loss trajectories in bariatric surgery patients
and psychopathological correlates. European Eating Disorders
Review, 25(6), 586-594. https://doi.org/10.1002/erv.2558

Lent, M. R., Hu, Y., Benotti, P. N., Petrick, A. T., Wood, G. C.,
Still, C. D., & Kirchner, H. L. (2018). Demographic, clinical,
and behavioral determinants of 7-year weight change trajectories
in Roux-en-Y gastric bypass patients. Surgery for Obesity and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Related Diseases, 14(11), 1680-1685. https://doi.org/10.1016/J.
SOARD.2018.07.023

. Dimeglio, C., Becouarn, G., Topart, P., Bodin, R., Buisson, J.

C., & Ritz, P. (2020). Weight loss trajectories after bariatric sur-
gery for obesity: Mathematical model and proof-of-concept study.
JMIR Medical Informatics, 8(3). https://doi.org/10.2196/13672
Voorwinde, V., Hoekstra, T., Monpellier, V. M., Steenhuis, 1. H.
M., Janssen, I. M. C., & van Stralen, M. M. (2022). Five-year
weight loss, physical activity, and eating style trajectories after
bariatric surgery. Surgery for Obesity and Related Diseases, 18(7),
911-918. https://doi.org/10.1016/j.s0ard.2022.03.020

Slurink, I. A. L., Nyklicek, I., Kint, R., Tak, D., Schiffer, A.
A., Langenhoff, B., Ouwens, M. A., & Soedamah-Muthu, S. S.
(2024). Longitudinal trajectories and psychological predictors
of weight loss and quality of life until 3 years after metabolic
and bariatric surgery. Journal of Psychosomatic Research, 178,
111590. https://doi.org/10.1016/J.JPSYCHORES.2024.111590
Conceigao, E. M., Mitchell, J. E., Pinto-Bastos, A., Arrojado, F.,
Brandao, 1., & Machado, P. P. P. (2017). Stability of problematic
eating behaviors and weight loss trajectories after bariatric sur-
gery: A longitudinal observational study. Surgery for Obesity and
Related Diseases, 13(6), 1063—1070. https://doi.org/10.1016/j.
soard.2016.12.006

Andersen, J. R., Aasprang, A., Karlsen, T. I., Karin Natvig, G.,
Vige, V., & Kolotkin, R. L. (2015). Health-related quality of life
after bariatric surgery: A systematic review of prospective long-
term studies. Surgery for Obesity and Related Diseases, 11(2),
466-473. https://doi.org/10.1016/j.soard.2014.10.027
Lindekilde, N., Gladstone, B. P., Liibeck, M., Nielsen, J., Clausen,
L., Vach, W., & Jones, A. (2015). The impact of bariatric surgery
on quality of life: A systematic review and meta-analysis. Obesity
Reviews, 16(8), 639-651. https://doi.org/10.1111/0br.12294
Gill, H., Kang, S., Lee, Y., Rosenblat, J. D., Brietzke, E., Zucker-
man, H., & mcintyre, R. S. (2019). The long-term effect of bari-
atric surgery on depression and anxiety. Journal of Affective Dis-
orders, 246(December 2018), 886—894. https://doi.org/10.1016/j.
jad.2018.12.113

Sockalingam, S., Hawa, R., Wnuk, S., Santiago, V., Kowgier, M.,
Jackson, T., Okrainec, A., & Cassin, S. (2017). Psychosocial pre-
dictors of quality of life and weight loss two years after bariatric
surgery: Results from the Toronto Bari-PSYCH study. General
Hospital Psychiatry, 47, 7-13. https://doi.org/10.1016/j.genho
sppsych.2017.04.005

Van Hout, G. C. M., Boekestein, P., Fortuin, F. A. M., Pelle, A. J.
M., & Van Heck, G. L. (2006). Psychosocial functioning follow-
ing bariatric surgery. Obesity Surgery, 16(6), 787-794. https://doi.
org/10.1381/096089206777346808

Youssef, A., Keown-Stoneman, C., Maunder, R., Wnuk, S., Wiljer,
D., Mylopoulos, M., & Sockalingam, S. (2020). Differences in
physical and mental health-related quality of life outcomes 3 years
after bariatric surgery: A group-based trajectory analysis. Surgery
for Obesity and Related Diseases: Official Journal of the Ameri-
can Society for Bariatric Surgery, 16(11), 1837-1849. https://doi.
org/10.1016/J.SOARD.2020.06.014

Kolotkin, R. L., Kim, J., Davidson, L. E., Crosby, R. D., Hunt, S.
C., & Adams, T. D. (2018). 12-year trajectory of health-related
quality of life in gastric bypass patients versus comparison groups.
Surgery for Obesity and Related Diseases, 14(9), 1359-1365.
https://doi.org/10.1016/j.s0ard.2018.04.019

Nielsen, H. J., Nedrebg, B. G., Fossd, A., Andersen, J. R., Assmus,
J., Dagsland, V. H., Dankel, S. N., Gudbrandsen, O. A., Ferng, J.,
Hjellestad, 1., Hjermstad, M. J., Kolotkin, R. L., Thorsen, H. L.,
Mellgren, G., & Flglo, T. N. (2022). Seven-year trajectories of
body weight, quality of life and comorbidities following Roux-en-
Y gastric bypass and sleeve gastrectomy. International Journal of
Obesity, June. https://doi.org/10.1038/s41366-021-01028-5

@ Springer


https://doi.org/10.1002/14651858.CD003641.pub4.www.cochranelibrary.com
https://doi.org/10.1002/14651858.CD003641.pub4.www.cochranelibrary.com
https://doi.org/10.1001/jamasurg.2016.2317
https://doi.org/10.1001/jamasurg.2016.2317
https://doi.org/10.1111/joim.12012
https://doi.org/10.1016/j.soard.2018.11.024
https://doi.org/10.1001/jamasurg.2017.5025
https://doi.org/10.1007/s11695-014-1512-7
https://doi.org/10.1016/j.soard.2017.02.029
https://doi.org/10.1016/j.soard.2017.02.029
https://doi.org/10.1007/S11695-016-2152-X/TABLES/4
https://doi.org/10.1007/S11695-016-2152-X/TABLES/4
https://doi.org/10.1007/s11695-019-04022-z
https://doi.org/10.1007/s11695-013-1070-4
https://doi.org/10.1007/s11695-013-1070-4
https://doi.org/10.1016/j.orcp.2013.09.003
https://doi.org/10.1097/SLA.0000000000003281
https://doi.org/10.1002/erv.2558
https://doi.org/10.1016/J.SOARD.2018.07.023
https://doi.org/10.1016/J.SOARD.2018.07.023
https://doi.org/10.2196/13672
https://doi.org/10.1016/j.soard.2022.03.020
https://doi.org/10.1016/J.JPSYCHORES.2024.111590
https://doi.org/10.1016/j.soard.2016.12.006
https://doi.org/10.1016/j.soard.2016.12.006
https://doi.org/10.1016/j.soard.2014.10.027
https://doi.org/10.1111/obr.12294
https://doi.org/10.1016/j.jad.2018.12.113
https://doi.org/10.1016/j.jad.2018.12.113
https://doi.org/10.1016/j.genhosppsych.2017.04.005
https://doi.org/10.1016/j.genhosppsych.2017.04.005
https://doi.org/10.1381/096089206777346808
https://doi.org/10.1381/096089206777346808
https://doi.org/10.1016/J.SOARD.2020.06.014
https://doi.org/10.1016/J.SOARD.2020.06.014
https://doi.org/10.1016/j.soard.2018.04.019
https://doi.org/10.1038/s41366-021-01028-5

1360

Quality of Life Research (2025) 34:1345-1361

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Duval, K., Marceau, P., Pérusse, L., & Lacasse, Y. (2006). An
overview of obesity-specific quality of life questionnaires. Obe-
sity Reviews, 7(4), 347-360. https://doi.org/10.1111/J.1467-789X.
2006.00244.X

Coulman, K. D., & Blazeby, J. M. (2020). Health-related quality
of life in bariatric and metabolic surgery. Current Obesity Reports,
9(3), 307-314. https://doi.org/10.1007/s13679-020-00392-z
Sarwer, D. B., & Polonsky, H. M. (2016). The psychosocial bur-
den of obesity. Endocrinology and Metabolism Clinics of North
America, 45(3), 677-688. https://doi.org/10.1016/j.ecl.2016.04.
016

Luppino, F. S., De Wit, L. M., Bouvy, P. F,, Stijnen, T., Cuijpers,
P., Penninx, B. W. J. H., & Zitman, F. G. (2010). Overweight,
obesity, and depression: A systematic review and meta-analysis
of longitudinal studies. Archives of General Psychiatry, 67(3),
220-229. https://doi.org/10.1001/archgenpsychiatry.2010.2
Weinberger, N.-A., Kersting, A., Riedel-Heller, S. G., & Luck-
Sikorski, C. (2016). Body dissatisfaction in individuals with obe-
sity compared to normal-weight individuals: A systematic review
and meta-analysis. Public Health, 9, 424—441. https://doi.org/10.
1159/000454837

Griffiths, L. J., Parsons, T. J., & Hill, A. J. (2010). Self-esteem
and quality of life in obese children and adolescents: A systematic
review. International Journal of Pediatric Obesity, 5(4), 282-304.
https://doi.org/10.3109/17477160903473697

Nayir, T., Uskun, E., Yiirekli, M. V., Devran, H., Celik, A., &
Okyay, R. A. (2016). Does body image affect quality of life?: A
population based study. PLoS ONE, 11(9), 1-13. https://doi.org/
10.1371/journal.pone.0163290

Diener, E., & Diener, M. (1995). Cross-cultural correlates of life
satisfaction and self-esteem. Journal of Personality and Social
Psychology, 68(4), 653-663. https://doi.org/10.1037/0022-3514.
68.4.653

Linde, J. A., Rothman, A. J., Baldwin, A. S., & Jeffery, R. W.
(2006). The impact of self-efficacy on behavior change and
weight change among overweight participants in a weight loss
trial. Health Psychology, 25(3), 282-291. https://doi.org/10.1037/
0278-6133.25.3.282

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of
behavioral change. Psychological Review, 84(2), 191-215. https://
doi.org/10.1037/0033-295X.84.2.191

Affendi, I., Nor Asiah, M., Normi, M., Mohd Hatta, A. M., Noor
Aliza, L., Md Sabtuah, M. R., Mohd Farid, B., Zanariah, Z., &
Suraiya, S. (2018). Association between self-efficacy and health
behaviour in disease control: A systematic review. Global Journal
of Health Science, 10(1), 18. https://doi.org/10.5539/gjhs.v10n1
pl8

Pyykko, J. E., Hinnen, C., Aydin, 0., Nieuwdorp, M., De Brauw,
L. M., Bruin, S. C., van Olst, N., Gerdes, V. E. A., Sanderman,
R., & Hagedoorn, M. (2023). Attachment style and post-bariatric
surgery health behaviours: the mediating role of self-esteem and
health self-efficacy. BMC Psychology, 11(1). https://doi.org/10.
1186/540359-023-01273-5

Caltabiano, M. L. (2022). Personality, weight loss and obe-
sity-related well-being post-bariatric surgery. Eating and
Weight Disorders, 27(1), 199-206. https://doi.org/10.1007/
$40519-020-01086-0

Tolvanen, L., Svensson, A Hemmingsson, E., Christenson, A.,
& Lagerros, Y. T. (2021). Perceived and preferred social support
in patients experiencing weight regain after bariatric surgery—A
qualitative study. Obesity Surgery, 31(3), 1256—1264. https://doi.
org/10.1007/s11695-020-05128-5

Pinto-Bastos, A., de Lourdes, M., Brandao, I., Machado, P. P.
P., & Conceigdo, E. M. (2019). Weight loss trajectories and psy-
chobehavioral predictors of outcome of primary and reoperative

Springer

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

bariatric surgery: A 2-year longitudinal study. Surgery for Obesity
and Related Diseases. https://doi.org/10.1016/j.s0ard.2019.04.018
Van Olden, C. C., Van de Laar, A. W., Meijnikman, A. S., Aydin,
0., Van Olst, N., Hoozemans, J. B., De Brauw, L. M., Bruin, S.
C., Acherman, Y. I. Z., Verheij, J., Pyykko, J. E., Hagedoorn, M.,
Sanderman, R., Bosma, N. C., Tremaroli, V., Lundqyvist, A., Olof-
sson, L. E., Herrema, H., Lappa, D., ... Gerdes, V. E. A. (2021). A
Systems Biology approach to understand gut microbiota and host
metabolism in morbid obesity: Design of the BARIA Longitudinal
Cohort Study. Journal of Internal Medicine, 289(3), 340-354.
https://doi.org/10.1111/joim.13157

Van Rijswijk, A., van Olst, N., Meijnikman, A. S., Acherman, Y. I.
Z.,Bruin, S. C., van de Laar, A. W., van Olden, C. C., Aydin, O.,
Borger, H., Beuers, U. H. W., Herrema, H., Verheij, J., Apers, J.
A., Bickhed, F., Gerdes, V. E. A, Nieuwdorp, M., & de Brauw, L.
M. (2022). The effects of laparoscopic Roux-en-Y gastric bypass
and one-anastomosis gastric bypass on glycemic control and
remission of type 2 diabetes mellitus: Study protocol for a multi-
center randomized controlled trial (the DIABAR-trial). Trials,
23(1), 1-12. https://doi.org/10.1186/s13063-022-06762-3
O’Brien, P. E., Hindle, A., Brennan, L., Skinner, S., Burton, P.,
Smith, A., Crosthwaite, G., & Brown, W. (2019). Long-term out-
comes after bariatric surgery: A systematic review and meta-anal-
ysis of weight loss at 10 or more years for all bariatric procedures
and a single-centre review of 20-year outcomes after adjustable
gastric banding. Obesity Surgery, 29(1), 3—14. https://doi.org/10.
1007/s11695-018-3525-0

Hachem, A., & Brennan, L. (2016). Quality of life outcomes of
bariatric surgery: A systematic review. Obesity Surgery, 26(2),
395-409. https://doi.org/10.1007/s11695-015-1940-z

Kolotkin, R. L., Crosby, R. D., Kosloski, K. D., & Williams, G.
R. (2001). Development of a brief measure to assess quality of
life in obesity. Obesity Research, 9(2), 102—-111. https://doi.org/
10.1038/0by.2001.13

Kolotkin, R. L., & Crosby, R. D. (2002). Psychometric evalua-
tion of the impact of weight on quality of life-lite questionnaire
(IWQOL-Lite) in a community sample. Research, 11(2), 157-171.
Radloff, L. S. (1977). The CES-D Scale: A self-report depression
scale for research in the general population. Applied Psychological
Measurement, 1(3), 385—401. https://doi.org/10.1177/0146621677
00100306

Schroevers, M. J., Sanderman, R., Van Sonderen, E., & Ranchor,
A. V. (2000). The evaluation of the Center for Epidemiologic
Studies Depression (CES-D) scale: Depressed and positive affect
in cancer patients and healthy reference subjects. Quality of Life
Research, 9(9), 1015-1029. https://doi.org/10.1023/A:10166
73003237

Hopwood, P., Fletcher, I, Lee, A., & Al Ghazal, S. (2001). A body
image scale for use with cancer patients. European Journal of
Cancer, 37(2), 189-197. https://doi.org/10.1016/S0959-8049(00)
00353-1

Clark, M. M., Abrams, D. B., Niaura, R. S., Eaton, C. A., & Rossi,
J.S. (1991). Self-efficacy in weight management. Journal of Con-
sulting and Clinical Psychology, 59(5), 739-744. https://doi.org/
10.1037/0022-006X.59.5.739

Nijs, I. M. T., Franken, I. H. A., & Muris, P. (2007). The modi-
fied trait and state food-cravings questionnaires: Development and
validation of a general index of food craving. Appetite, 49(1),
38-46. https://doi.org/10.1016/j.appet.2006.11.001

Kroll, T., Kehn, M., Ho, P.-S., & Groah, S. (2007). The SCI Exer-
cise Self-Efficacy Scale (ESES): Development and psychometric
properties. The International Journal of Behavioral Nutrition and
Physical Activity, 4, 34. https://doi.org/10.1186/1479-5868-4-34
Lorig, K., Stewart, A., Ritter, P., Gonzalez, V., Laurent, D., &
Lynch, J. (1996). Outcome measures for health education and


https://doi.org/10.1111/J.1467-789X.2006.00244.X
https://doi.org/10.1111/J.1467-789X.2006.00244.X
https://doi.org/10.1007/s13679-020-00392-z
https://doi.org/10.1016/j.ecl.2016.04.016
https://doi.org/10.1016/j.ecl.2016.04.016
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1159/000454837
https://doi.org/10.1159/000454837
https://doi.org/10.3109/17477160903473697
https://doi.org/10.1371/journal.pone.0163290
https://doi.org/10.1371/journal.pone.0163290
https://doi.org/10.1037/0022-3514.68.4.653
https://doi.org/10.1037/0022-3514.68.4.653
https://doi.org/10.1037/0278-6133.25.3.282
https://doi.org/10.1037/0278-6133.25.3.282
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.5539/gjhs.v10n1p18
https://doi.org/10.5539/gjhs.v10n1p18
https://doi.org/10.1186/s40359-023-01273-5
https://doi.org/10.1186/s40359-023-01273-5
https://doi.org/10.1007/s40519-020-01086-0
https://doi.org/10.1007/s40519-020-01086-0
https://doi.org/10.1007/s11695-020-05128-5
https://doi.org/10.1007/s11695-020-05128-5
https://doi.org/10.1016/j.soard.2019.04.018
https://doi.org/10.1111/joim.13157
https://doi.org/10.1186/s13063-022-06762-3
https://doi.org/10.1007/s11695-018-3525-0
https://doi.org/10.1007/s11695-018-3525-0
https://doi.org/10.1007/s11695-015-1940-z
https://doi.org/10.1038/oby.2001.13
https://doi.org/10.1038/oby.2001.13
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1023/A:1016673003237
https://doi.org/10.1023/A:1016673003237
https://doi.org/10.1016/S0959-8049(00)00353-1
https://doi.org/10.1016/S0959-8049(00)00353-1
https://doi.org/10.1037/0022-006X.59.5.739
https://doi.org/10.1037/0022-006X.59.5.739
https://doi.org/10.1016/j.appet.2006.11.001
https://doi.org/10.1186/1479-5868-4-34

Quality of Life Research (2025) 34:1345-1361

1361

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

other health care interventions. Orthopaedic Nursing 18(6).
https://doi.org/10.1097/00006416-199911000-00014

Costa, P. T., & mccrae, R. R. (1992). Revised NEO Personality
Inventory (NEO-PI-R) and NEO Five Factor (NEO-FFI): Profes-
sional Manual. Psychological Assessment Resources.

Raes, F., Pommier, E., Neff, K. D., & Van Gucht, D. (2011).
Construction and factorial validation of a short form of the self-
compassion scale. Clinical Psychology and Psychotherapy, 18(3),
250-255. https://doi.org/10.1002/cpp.702

Franck, E., De Raedt, R., Barbez, C., & Rosseel, Y. (2008).
Psychometric properties of the Dutch Rosenberg self-esteem
scale. Psychologica Belgica, 48(1), 25. https://doi.org/10.5334/
pb-48-1-25

Lo, C., Walsh, A., Mikulincer, M., Gagliese, L., Zimmermann,
C., & Rodin, G. (2009). Measuring attachment security in patients
with advanced cancer: Psychometric properties of a modified and
brief Experiences in Close Relationships scale. Psycho-Oncology,
18(5), 490-499. https://doi.org/10.1002/pon. 1417

De Jong-Gierveld, J., & Van Tilburg, T. (1999). Manual of the
Loneliness Scale. Methoden en Technieken.https://doi.org/10.
17605/0sf.io/ubgck1-26.

Bridges, K. R., Sanderman, R., & van Sonderen, E. (2002). An
English language version of the social support list: Preliminary
reliability. Psychological Reports, 90(3), 1055—1058. https://doi.
org/10.2466/pr0.2002.90.3.1055

Van Sonderen, F. L. P., & Gezondheidsvraagstukken., N. C. Voor.
(2012). Het meten van sociale steun met de Sociale Steun Lijst
- Interacties (SSL-I) en Sociale Steun Lijst - Discrepanties (SSL-
D): een handleiding. In Het meten van sociale steun.

Sallis, J. F., Grossman, R. M., Pinski, R. B., Patterson, T. L., &
Nader, P. R. (1987). The development of scales to measure social
support for diet and exercise behaviors. Preventive Medicine,
16(6), 825-836. https://doi.org/10.1016/0091-7435(87)90022-3
Jung, T., & Wickrama, K. A. S. (2008). An introduction to latent
class growth analysis and growth mixture modeling. Social and
Personality Psychology Compass, 2(1), 302-317. https://doi.org/
10.1111/J.1751-9004.2007.00054.X

Berlin, K. S., Parra, G. R., & Williams, N. A. (2014). An introduc-
tion to latent variable mixture modeling (Part 2): Longitudinal
latent class growth analysis and growth mixture models. Journal
of Pediatric Psychology, 39(2), 188-203. https://doi.org/10.1093/
JPEPSY/ISTO085

Muthén, B., & Shedden, K. (1999). Finite mixture modeling with
mixture outcomes using the EM algorithm. Biometrics, 55(2),
463-469. https://doi.org/10.1111/j.0006-341X.1999.00463.x
Sijbrandij, J. J., Hoekstra, T., Almansa, J., Peeters, M., Biiltmann,
U., & Reijneveld, S. A. (2020). Variance constraints strongly influ-
enced model performance in growth mixture modeling: A simula-
tion and empirical study. BMC Medical Research Methodology,
20(1), 1-15. https://doi.org/10.1186/S12874-020-01154-0/FIGUR
ES/4

Ram, N., & Grimm, K. J. (2009). Growth mixture modeling: A
method for identifying differences in longitudinal change among
unobserved groups. In International Journal of Behavioral Devel-
opment 33(6), 565-576). https://doi.org/10.1177/0165025409
343765

Muthén, L. K., & Muthén, B. O. (2001). Statistical analysis with
latent variables. In User’s Guide (Eighth, Vol. 4). Muthén &
Muthén,.

Courcoulas, A. P., Christian, N. J., Belle, S. H., Berk, P. D., Flum,
D. R,, Garcia, L., Horlick, M., Kalarchian, M. A., King, W. C.,
Mitchell, J. E., Patterson, E. J., Pender, J. R., Pomp, A., Pories,
W. 1., Thirlby, R. C., Yanovski, S. Z., & Wolfe, B. M. (2013).
Weight change and health outcomes at 3 years after bariatric

70.

71.

72.

73.

74.

75.

76.

T1.

78.

79.

surgery among individuals with severe obesity. JAMA Journal of
the American Medical Association, 310(22), 2416-2425. https://
doi.org/10.1001/jama.2013.280928

King, W. C., Hinerman, A. S., Belle, S. H., Wahed, A. S., & Cour-
coulas, A. P. (2018). Comparison of the performance of common
measures of weight regain after bariatric surgery for association
with clinical outcomes. JAMA, 320(15), 1560. https://doi.org/10.
1001/jama.2018.14433

Welbourn, R., Hollyman, M., Kinsman, R., Dixon, J., Liem,
R., Ottosson, J., Ramos, A., Vage, V., Al-Sabah, S., Brown, W.,
Cohen, R., Walton, P., & Himpens, J. (2019). Bariatric surgery
worldwide: Baseline demographic description and one-year
outcomes from the fourth IFSO Global Registry Report 2018.
Obesity Surgery, 29(3), 782-795. https://doi.org/10.1007/S11695-
018-3593-1/FIGURES/6

Rodriguez, F., Herrera, A., Sepilveda, E. M., Guilbert, L.,
Hernandez, L. A., Pefiufiuri, L. F., Rodriguez, F. M., & Zerrweck,
C. (2022). Weight loss before bariatric surgery and its impact
on poor versus excellent outcomes at 2 years. Langenbeck’s
Archives of Surgery, 407(3), 1047-1053. https://doi.org/10.1007/
500423-021-02399-Z

Nickel, F., De La Garza, J. R., Werthmann, F. S., Benner, L., Tap-
king, C., Karadza, E., Wekerle, A. L., Billeter, A. T., Kenngott, H.
G., Fischer, L., & Muller-Stich, B. P. (2019). Predictors of risk and
success of obesity surgery. Obesity Facts, 12(4), 427-439. https://
doi.org/10.1159/000496939

Van Gemert, W. G., Severeijns, R. M., Greve, J. W. M., Groenman,
N., & Soeters, P. B. (1998). Psychological functioning of morbidly
obese patients after surgical treatment. International Journal of
Obesity, 22(5), 393-398. https://doi.org/10.1038/sj.1j0.0800599
Adams, S. T., Salhab, M., Hussain, Z. 1., Miller, G. V., & Leve-
son, S. H. (2013). Roux-en-Y gastric bypass for morbid obesity:
What are the preoperative predictors of weight loss? Postgradu-
ate Medical Journal, 89(1053), 411-416. https://doi.org/10.1136/
postgradmed;j-2012-131310

Van Hout, G. C. M., Verschure, S. K. M., & Van Heck, G. L.
(2005). Psychosocial predictors of success following bariatric sur-
gery. Obesity Surgery, 15(4), 552-560. https://doi.org/10.1381/
0960892053723484

Herpertz, S., Kielmann, R., Wolf, A. M., Hebebrand, J., & Senf,
W. (2004). Do psychosocial variables predict weight loss or men-
tal health after obesity surgery? A systematic review. Obesity
Research, 12(10), 1554-1569. https://doi.org/10.1038/0by.2004.
195

Nielsen, M. S., Christensen, B. J., Schmidt, J. B., Tekker, L.,
Holm, L., Lunn, S., Ritz, C., Wewer Albrechtsen, N. J., Holst,
J. J., Schnurr, T. M., Hansen, T., le Roux, C. W., Lund, T. B.,
Floyd, A. K., & Sjodin, A. (2020). Predictors of weight loss
after bariatric surgery—a cross-disciplinary approach combining
physiological, social, and psychological measures. International
Journal of Obesity, 44(11), 2291-2302. https://doi.org/10.1038/
s41366-020-0576-9

Averbukh, Y., Heshka, S., El-Shoreya, H., Flancbaum, L.,
Geliebter, A., Kamel, S., Pi-Sunyer, F. X., & Laferrere, B. (2003).
Depression score predicts weight loss following Roux-en-Y Gas-
tric bypass. Obesity Surgery, 13(6), 833-836. https://doi.org/10.
1381/096089203322618605

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/00006416-199911000-00014
https://doi.org/10.1002/cpp.702
https://doi.org/10.5334/pb-48-1-25
https://doi.org/10.5334/pb-48-1-25
https://doi.org/10.1002/pon.1417
https://doi.org/10.17605/osf.io/u6gck1-26
https://doi.org/10.17605/osf.io/u6gck1-26
https://doi.org/10.2466/pr0.2002.90.3.1055
https://doi.org/10.2466/pr0.2002.90.3.1055
https://doi.org/10.1016/0091-7435(87)90022-3
https://doi.org/10.1111/J.1751-9004.2007.00054.X
https://doi.org/10.1111/J.1751-9004.2007.00054.X
https://doi.org/10.1093/JPEPSY/JST085
https://doi.org/10.1093/JPEPSY/JST085
https://doi.org/10.1111/j.0006-341X.1999.00463.x
https://doi.org/10.1186/S12874-020-01154-0/FIGURES/4
https://doi.org/10.1186/S12874-020-01154-0/FIGURES/4
https://doi.org/10.1177/0165025409343765
https://doi.org/10.1177/0165025409343765
https://doi.org/10.1001/jama.2013.280928
https://doi.org/10.1001/jama.2013.280928
https://doi.org/10.1001/jama.2018.14433
https://doi.org/10.1001/jama.2018.14433
https://doi.org/10.1007/S11695-018-3593-1/FIGURES/6
https://doi.org/10.1007/S11695-018-3593-1/FIGURES/6
https://doi.org/10.1007/S00423-021-02399-Z
https://doi.org/10.1007/S00423-021-02399-Z
https://doi.org/10.1159/000496939
https://doi.org/10.1159/000496939
https://doi.org/10.1038/sj.ijo.0800599
https://doi.org/10.1136/postgradmedj-2012-131310
https://doi.org/10.1136/postgradmedj-2012-131310
https://doi.org/10.1381/0960892053723484
https://doi.org/10.1381/0960892053723484
https://doi.org/10.1038/oby.2004.195
https://doi.org/10.1038/oby.2004.195
https://doi.org/10.1038/s41366-020-0576-9
https://doi.org/10.1038/s41366-020-0576-9
https://doi.org/10.1381/096089203322618605
https://doi.org/10.1381/096089203322618605

	Relations between trajectories of weight loss and changes in psychological health over a period of 2 years following bariatric metabolic surgery
	Abstract
	Purpose 
	Method 
	Results 
	Conclusion 

	Introduction
	Method
	Design, participants and procedure
	Measures
	Psychological health
	Psychological measures preoperative

	Statistical analysis
	Associations between trajectories
	Associations between preoperative characteristics and trajectories


	Results
	Sample characteristics
	Development of BMI
	Development of HR-QoL
	Development of depression
	Associations between trajectories of BMI and trajectories of HR-QoL
	Associations between trajectories of BMI and trajectories of depression
	Psychological profiles

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References




