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ABSTRACT
Introduction Obesity is linked to increased loneliness 
and less enjoyment of social interactions. While bariatric 
surgery is the most effective treatment targeting severe 
obesity, there is limited understanding as to whether 
patients experience social interactions differently after 
surgery. The Bariatric Surgery and Social Experiences 
study is designed to assess potential changes in how 
much patients enjoy and engage in daily social interactions 
1 year after Roux- en- Y gastric bypass (RYGB) or sleeve 
gastrectomy (SG).
Methods and analysis Single- centre, non- randomised 
clinical trial carried out at the Department of 
Endocrinology, Obesity and Nutrition at Vestfold Hospital 
Trust, Norway. Eligible patients (N=113) will undergo either 
RYGB, SG or single anastomosis sleeve ileal (SASI) bypass. 
The primary outcome measure is change in the social 
experience score (assessed with a questionnaire) from a 
presurgery to a follow- up assessment 1 year after RYGB 
and SG. The respective changes after SASI bypass will be 
assessed and considered exploratory.
Ethics and dissemination The most recent protocol 
version of this study was reviewed and approved by the 
Regional Committee for Medical Research Ethics South 
East Norway (REK sør-øst A) on 29 August 2022 (ref: 
238406). The results will be disseminated to academic 
and health professional audiences and the public via 
publications in international peer- reviewed journals and 
conferences.
Trial registration number NCT05207917.

INTRODUCTION
Obesity is one of the world’s most serious 
public health problems as defined by the 
WHO. Currently, the most effective treatment 

at achieving lasting weight loss and long- term 
reduction in obesity- related comorbidities is 
bariatric surgery.1 2 The two most commonly 
performed procedures are sleeve gastrec-
tomy (SG) and Roux- en- Y gastric bypass 
(RYGB),3 but more recently a combination of 
both (single anastomosis sleeve ileal (SASI) 
bypass) has been introduced.4

The effectiveness of bariatric surgery has 
most often been measured as weight loss and 
reductions in obesity- related complications 
and/or comorbidities, while effects on social 
interaction and subjective experience have 
received much less attention (see Broad-
head et al, Uchino and Rubino et al5–7). This 
appears to be an important omission as there 
is ample evidence that (supportive) social 
relationships promote health8 and decrease 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The primary outcome (frequency and quality of so-
cial interactions) is assessed over a 14- day period 
per measurement timepoint to comprehensibly cap-
ture daily variation.

 ⇒ Multiple clinically relevant secondary outcomes in-
cluding hair cortisol, endocannabinoid and fasting 
ghrelin concentrations, cardiovascular risk fac-
tors and health- related and psychological patient- 
reported outcomes are assessed.

 ⇒ The sample size is limited and thus may not provide 
sufficient statistical power to compare the effects of 
Roux- en- Y gastric bypass and sleeve gastrectomy 
on secondary outcomes.
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mortality risk.9 Social relationships can affect a range of 
other health conditions such as cardiovascular disease, 
cancer and immune function.8 However, individuals with 
obesity may experience social interactions as less positive 
than normal- weight individuals. Studies have reported 
that individuals with obesity avoid social events and 
relationships, but also career opportunities, shopping 
and other activities where they might feel observed10–12 
because of weight stigma. Such avoidance behaviour can 
lead to a ‘chronic disengagement’ of diverse aspects of 
social life, which in turn might decrease interpersonal 
skills.13 Further investigations into the link between social 
behaviour and eating found that greater emotional eating 
was associated with greater social avoidance.14 Eating was 
described as a means to cope with loneliness on the one 
hand, while on the other hand aggravating feelings of 
being alone due to the stigma associated with obesity.15 
As such, loneliness and obesity can create a vicious circle. 
Similarly, individuals with severe obesity reported deriving 
less enjoyment from social contacts16 and often feel more 
socially isolated than normal- weight individuals.17

Only a few studies have investigated how bariatric 
surgery influences social interactions. One 10 year 
follow- up study found improvements in social inter-
actions for bariatric surgery, but not for conventional 
weight loss treatment.18 A retrospective study observed 
a positive association between weight loss after bariatric 
surgery and the participants’ social connections.19 In 
qualitative studies, many participants reported that they 
received more positive social feedback following bariatric 
surgery,20 and also that they enjoyed social activities more 
than before,21 while others have described ambiguous 
feelings,22 or even negative psychosocial experiences.23

The current clinical trial will address this important 
knowledge gap and investigate the effects of the two most 
common bariatric surgery procedures (RYGB and SG) on 
patients’ subjective experience of daily social interactions 
1 year after surgery. Additionally, biological and psycho-
logical markers of social experiences will be assessed in 
this trial.

Objectives
Primary objectives
The primary objective of this study is to determine 1year 
changes in patients’ subjective experience of daily social 
interactions after bariatric surgery (either RYGB or SG).

Secondary objectives
Key secondary objectives are the examination of changes 
in variables assessing broader aspects of social experi-
ences as secondary endpoints (affect and reactivity to 
social inclusion and exclusion, response to pleasant 
caress- like touch and one’s preferred velocity for self- 
applied caress- like touch) and biomarkers of well- being 
(cortisol and endocannabinoid concentrations from 
hair samples). Moreover, we will explore whether the 
primary and secondary endpoints also change in a short- 
term follow- up (6 weeks after surgery; T1) and whether 

RYGB leads to larger changes in social interactions and 
in secondary endpoints related to social experiences than 
SG. In addition, we will explore changes in psycholog-
ical (reward responsivity, social network and belonging, 
body image and interoceptive ability, self- reported eating 
behaviour) and health- related (obesity- related quality of 
life, psychological distress) patient- reported outcomes 
(PROs), changes in gut hormones (ghrelin) and changes 
in anthropometric measures, body composition and 
cardiovascular risk factors in the surgery groups 6 weeks 
(T1) and 1 year (T2) after surgery. All outcomes will be 
considered exploratory.

Trial design
This study is a single- centre, non- randomised clinical 
trial with two experimental groups (RYGB, SG). A third 
exploratory group will constitute of patients undergoing 
SASI bypass.

METHODS AND ANALYSIS
This protocol follows the SPIRIT reporting guidelines.24

Study setting
The study is conducted at a tertiary healthcare centre, the 
Department of Endocrinology, Obesity and Nutrition, 
Vestfold Hospital Trust (Norway). Before the COVID- 19 
pandemic, about 180–200 bariatric surgeries were 
performed per year (about 65% RYGB and 35% SG). 
During the pandemic, the number of bariatric surgeries 
decreased to about 120 per year (with a similar distribu-
tion of the two surgery types as before the pandemic). The 
SASI bypass procedure was first implemented in 2022.

Patient and public involvement
A patient representative serves on the study steering 
committee to ensure that patients’ interests and opin-
ions are taken into consideration during all study phases. 
The patients will be informed about published findings 
during the study period.

Eligibility criteria
Inclusion criteria
1. Eligibility for one of the surgery types
2. Scheduled surgery
3. Willingness and ability to give informed consent for 

study participation
4. Aged between 18 and 80 years
5. Good understanding of written and spoken Norwegian 

in order to answer the PRO- related questionnaires

Exclusion criteria
1. Pregnancy and breast feeding
2. Severe chronic diseases such as endocrine, heart, neu-

rological, lung, gastrointestinal or kidney conditions
3. Cancer
4. Acute psychotic episode
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Experimental groups
The current trial is not an intervention study. All partic-
ipants will undergo one type of bariatric surgery and 
will thus be assigned to an experimental group, but this 
assignment will not directly influence study outcomes. 
The study outcome variables will only be observed before 
and after each surgery type. All surgical procedures will 
be performed laparoscopically by experienced surgical 
teams at Vestfold Hospital Trust.

Experimental group 1: RYGB
In RYGB, the left crus will be dissected free and signif-
icant hiatal hernias repaired with posterior cruraplasty. 
The minor curvature will be opened at the second vessel 
and the lesser sac entered. A 25 mL gastric pouch will be 
created by firing one horizontal and two vertical staple 
loads. The ligament of Treitz is then identified and a prox-
imal loop of small intestine anastomosed to the pouch 
60 cm from the ligament of Treitz with one linear stapler 
using the full length of the stapler, creating an antecolic, 
antegastric alimentary limb. The opening will then be 
closed using a single row, running absorbable suture. An 
entero- enteroanastomosis will be made 120 cm distal of 
the gastro- enteroanastomosis. The introductory opening 
is closed with a single row, running absorbable suture. 
Finally, the small intestine will be divided with one load 
between the gastro- entero- enteroanastomosis and the 
entero- enteroanastomosis in order to complete a bypass 
with an alimentary limb of 120 cm and a biliopancreatic 
limb of 60 cm.

Experimental group 2: SG
In SG, a large part (80%) of the ventricle is removed. The 
greater curvature will be dissected free starting 1–2 cm 
from the pylorus up to the angle of Hiss. The left crus 
is then visualised and inspected for hiatal hernia. Clini-
cally significant hiatal hernias will be repaired with poste-
rior cruraplasty. The ventricle will then be lifted and 
any adhesions in the lesser sac divided. A 35 Fr bougie 
is placed down to the pylorus guiding the creation of a 
tubular sleeve with linear staplers. The first two loads are 
always purple, while tan loads are used for the rest of the 
ventricle. The last stapler is placed 5–10 mm laterally to 
the angle of Hiss. The staple line will then be inspected 
and secured with clips for additional haemostasis; no 
oversewing or buttressing material is routinely used.

Experimental group 3: SASI bypass
The SG is performed as described above, with the excep-
tion that the division of the stomach starts 6 cm proximal 
to the pylorus. The small bowel is measured 300 cm from 
the ileocecal valve, in sequences of 5 cm, with the small 
bowel stretched and markers placed on the graspers. The 
antrum is opened ventrally 5 cm proximal to the pylorus, 
just below the horizontal axis of canalis pylori and 
connected to the small bowel with a 30 mm stapled anas-
tomosis completed with an absorbable running suture. 
The mesenteric defect is not closed.

Concomitant care
Patients will follow standard treatment procedures at the 
Department of Endocrinology, Obesity and Nutrition, 
Vestfold Hospital Trust. There are no specific concomi-
tant care or interventions that are permitted or prohib-
ited during the trial.

Outcome measures
Primary outcome measure
Change in social experience score (PRO: The SOcial Expe-
riences’ DaiLy Occurrence (SOLO)25 Scale) from 4 weeks 
before surgery to 1 year after surgery. The SOLO is a short 
questionnaire assessing occurrence and quality of partic-
ipants’ daily social interactions (both meaningful and 
superficial) in the 14 days following each visit.

Secondary outcome measures
Secondary outcome measures are listed in box 1, and 
are assessed as summary measures such as mean/median 
or proportions (when appropriate) for each group. 
Outcome variables constitute the assessed values/scores 
per measurement time point and changes from baseline 
(Baseline: 4 weeks prior to surgery) to the short- term 
follow- up (T1: 6 weeks after surgery) and to the long- term 
follow- up (T2: 1 year after surgery); see table 1.

Participant timeline
The Bariatric Surgery and Social Experiences (BaSES) 
study includes four time points where the patients are 
invited to the Department of Endocrinology, Obesity 

Box 1 Secondary outcome measures

Social experience facets
 ⇒ Inclusion/exclusion experience
 ⇒ Preferred velocity of self- applied touch
 ⇒ Pleasantness of self- applied touch
 ⇒ Pleasantness of other- applied touch

Biomarkers of well- being
 ⇒ Hair cortisol concentration
 ⇒ Endocannabinoid concentration

Psychological patient- reported outcomes
 ⇒ Reward responsivity
 ⇒ Social network and belonging
 ⇒ Body image and interoceptive ability
 ⇒ Self- reported eating behaviour

Gut hormones
 ⇒ Fasting ghrelin concentrations

Health- related patient- reported outcomes
 ⇒ Health- related quality of life
 ⇒ Obesity- related quality of life
 ⇒ Psychological distress

Body weight and composition
 ⇒ Body weight, body mass index, waist and hip circumference
 ⇒ Body composition

Standard blood tests and cardiovascular risk factors
 ⇒ Resting systolic and diastolic blood pressure
 ⇒ Cholesterol and triglyceride levels
 ⇒ Glucose metabolites
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and Nutrition. Study enrolment started in May 2022 
with screening meetings. The baseline assessment takes 
place approximately 4 weeks before surgery, the short- 
term follow- up is scheduled approximately 6 weeks after 
surgery (T1) and the long- term follow- up is scheduled 
approximately 1 year after surgery (T2). Up until the end 
of 2022, 26 patients underwent the baseline assessments. 
It is expected that the long- term follow- up (T2) will be 
finished in 2025 (table 1).

Sample size
This study has one primary outcome (‘changes in the 
social experience score’ from before to after surgery) 
that served as reference for sample size calculations. A 
small to medium effect size for this change from base-
line to the long- term follow- up (T2) was assumed based 
on related literature.18 26–28 Power calculations were 
conducted with G*Power29 for a dependent t- test with 
the following parameters: effect size of dz=0.4, two- tailed 
significance, alpha=0.05 and a power of >95%. The result 
recommended a sample size of 84 participants in total. 
Accounting for a drop- out rate of ≤35% (because of the 
time between baseline and the follow- up 1 year after 
surgery), we aim to recruit 113 participants in total, with 
similar patient numbers following RYGB and SG. Should 
the number of recruited patients in the two surgery 
groups differ considerably during inclusion, we will aim 
to recruit further participants in the smaller group to 
align the number of participants for both groups.

Recruitment
Potential patients are informed about the BaSES study 
during courses and group sessions by trained staff at the 
Department of Endocrinology, Obesity and Nutrition. 
Patients from the waiting list for bariatric surgery will be 
individually contacted by phone and invited to an infor-
mation/screening meeting in the weeks before surgery. 

Study inclusion will be assessed according to inclusion 
and exclusion criteria during this meeting. Patients who 
approve participation and pass eligibility criteria will then 
sign the informed consent form and will be enrolled in 
the study.

Allocation: sequence generation and concealment
Participants will be numbered sequentially based on 
enrolment. No concealment regarding surgery type is 
implemented.

Blinding
Due to the nature of the non- randomised controlled 
trial, neither participants nor staff will be blinded to the 
surgery type.

Data collection methods
Primary outcome
Changes in the social experience score: after each BaSES 
study visit, participants are asked to fill in the SOLO25 
Scale in the 14 days following their visit. The SOLO is 
a 14- item questionnaire assessing occurrence and quality 
of one’s daily social interactions. The questionnaire 
is supposed to be filled in at the end of the day, taking 
between 2 and 5 min. It is available either in an online 
version or on paper. Participants will receive individual 
reminders each day in order to enhance compliance. A 
total item score will be calculated over the 14 assessment 
days at the three visits (Baseline, T1, T2). A change in 
the total SOLO score from baseline to the long- term 
follow- up (T2), irrespective of surgery type, constitutes 
the primary outcome.

Secondary and exploratory outcomes
See online supplemental materials for a detailed descrip-
tion of the measurement of affect and reactivity to social 
inclusion and exclusion, and of subjective experience of 

Table 1 Patient visit schedule

Screening/
information 
meeting

Baseline T1 follow- up T2 follow- up

~4 weeks prior to surgery ~6 weeks after surgery ~1 year after surgery

Visit 1 2 3 4

  Inclusion and exclusion criteria x

  Signed informed consent x

  Demographic data x x x

  PRO: SOLO x x x

  Psychological and health- related PROs x x x

  Social experience tasks x x x

  Regular medication x x x

  Hair samples x x x

  Blood samples x x x

  Body composition x x x

  Anthropometric measures x x x

PROs, patient- reported outcomes; SOLO, The SOcial Experiences’ DaiLy Occurrence Scale.

T
idsskriftkontoret. P

rotected by copyright.
 on A

ugust 28, 2023 at U
niversitetsbiblioteket i B

ergen
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-071332 on 28 A

ugust 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2022-071332
http://bmjopen.bmj.com/


5Pfabigan DM, et al. BMJ Open 2023;13:e071332. doi:10.1136/bmjopen-2022-071332

Open access

caress- like other- applied and self- applied touch. Cortisol 
and endocannabinoid concentrations will be measured 
from hair samples and analysed by Dresden LabService 
GmBH (Dresden, Germany). The full list of the admin-
istered psychological and health- related questionnaires 
and a detailed description of the assessed anthropometric 
measures is provided in online supplemental materials. 
Routine laboratory measurements will be performed at 
the Central Laboratory, Vestfold Hospital Trust, while 
C- peptide analyses will be performed at the Hormone 
Laboratory, Oslo University Hospital. Both laboratories 
are certified according to NO- EN ISO 15189. A detailed 
list of method principles, sample matrix, units and analyt-
ical precision of biological outcomes are provided in 
online supplemental table S1.

Retention
Participants may withdraw from the study for any reason 
at any time but may also be excluded by study personnel 
in order to protect their safety and/or if they are unable/
unwilling to comply with the study procedures. However, 
reasonable effort is made by the study personal to prevent 
attrition throughout the study period. Loss to follow- up 
measurement sessions of the primary outcome is esti-
mated to be ≤35%.

Data management
Trained study personnel will enter all data into online 
case report forms (CRFs) during the study visits. CRFs will 
be saved on an encrypted server that requires two- factor 
authentication of authorised personal (TSD—Service for 
Sensitive Data, University of Oslo). SOLO data are directly 
transferred and saved on this server. The log files from 
the tasks assessing experience of social inclusion/exclu-
sion and touch will be manually transferred to this server. 
Data integrity is continuously monitored by members of 
the steering committee.

Data will be stored in a pseudoanonymised way because 
study- generated participant codes will be used. Partici-
pants’ data will be stored for a period of at least 5 years 
after completion of the study.

Statistical methods
Descriptive data will be presented as mean (SD), median 
(range) or number (percentage). Within- group compar-
isons of differences between baseline and T2 (primary 
objective), and baseline and T1 will be calculated 
with dependent t- tests or non- parametric alternatives. 
Between- group comparisons of differences between 
RYGB and SG (and SASI bypass in an explorative manner) 
will be calculated with independent t- tests, one- way anal-
ysis of variance (ANOVA) or non- parametric alternatives. 
Interactions between within- group and between- group 
comparisons will be analysed using either a multilevel 
modelling approach (where appropriate; also to handle 
missing data) or mixed ANOVAs. Correlation and regres-
sion approaches will be used for the exploration of medi-
ating or independent effects of surgery type, hormone 

concentrations or PRO scores on the primary outcome 
and selected secondary outcomes.

Data monitoring
The steering committee consists of a team of health-
care professionals, researchers and a patient represen-
tative. Members of the steering committee meet every 
12 months to safeguard the interests of patients partic-
ipating in BaSES. It further monitors the progress and 
overall conduct of the clinical trial. Adverse events will 
be consecutively reported. The harms of the applied 
experimental assessments are extremely low and pose no 
risk for participants. Due to the low- risk nature of BaSES, 
the steering committee also assumes the role of the data 
monitoring committee.

Ethics and dissemination
Research ethics approval
The study protocol was registered in an international 
trial register ( ClinicalTrials. gov). The study is conducted 
in accordance with Good Clinical Practice, International 
Council of Harmonization (ICH) guidelines and the 
latest revision of the Declaration of Helsinki.

Protocol amendments
Significant amendments to the protocol have been and 
will be made only after ethical approval by the regional 
ethics committee.

Informed consent
Individual informed consent was obtained in informa-
tion/screening meetings consisting of either individual 
patients or small patient groups.

Ancillary studies
Additional blood samples will be obtained and stored for 
use in future studies. Information about storage and anal-
yses of these samples is covered in the informed consent.

Confidentiality
Each participant is given a study ID that will be used during 
data collection and analysis. The key linking participants’ 
names and study ID are stored on a high- security server 
with two- factor authentification. No participant informa-
tion will be released outside the study.

Access to data
Electronically authorised data access is available only to 
selected study personnel. Data analyses must either be 
performed according to the preplanned statistical analysis 
plan or should be authorised by the study principal inves-
tigators before they are carried out. Deanonymised indi-
vidual participant data can be made available following 
publication on reasonable request to authors US and JH. 
Data will be shared according to the consent given by the 
participants and Norwegian laws and legislation.

Ancillary and post-trial care
All patients will receive post- trial follow- up care according 
to national guidelines.30
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Dissemination
The protocol and the results of the study will be published 
in international peer- reviewed journals in accordance 
with the ICMJE criteria for authorship (http://www. 
icmje.org/). Furthermore, study findings will be dissemi-
nated via scientific networks, conferences, professionals, 
policymakers and commissioners of weight management.
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SUPPLEMENTARY MATERIALS 

Title BaSES trial 

Contact information: daniela.pfabigan@uib.no 

 

Detailed description of outcome measures 

 

1. Primary outcome 

The SOcial Experiences’ DaiLy Occurrence Scale (SOLO (14)) 

The SOLO is a 14-item questionnaire assessing frequency and quality of daily social 

interactions. It consists of two sub-scales: (1) Being in the company of others, (2) Being in 

one’s own company. The questionnaire is filled in at the end of the day, during the 

consecutive 14 days following the study visits. Scale 1 (Being in the company of others) was 

designed to measure enjoyment of being with others and the duration of social contact (10 

items), higher values indicate greater enjoyment and a higher frequency of social contact. 

Scale 2 (Being in one’s own company) was designed to measure enjoyment of being in one’s 
own company (3 items), higher values indicate greater enjoyment of one’s own company. An 

additional item at the beginning of the scale asks how many people the respondent has had 

social contact with during the day. The answers of scales 1 and 2 will be aggregated into one 

total score. The original Norwegian version and a translated English version can be found on 

the Open Science Forum: 

https://osf.io/xcwek/?view_only=5fd1798a7535469f9b169429266210bf.  

 

2. Secondary outcomes 

Social experience facets  

Affect following social inclusion and exclusion will be assessed with the PANAS 

questionnaire (1), The PANAS is a self-report measure of two scales with 10 mood adjectives 

each, one measuring positive affect and the other one measuring negative affect. (1) Positive 

Affect Scale (higher values indicate higher positive affect); (2) Negative Affect Scale (higher 

values indicate higher negative affect).  

Reactivity following social inclusion and exclusion will be measured with the Need-Threat 

Scale (2), and three Cyberball experience ratings as in the original study of the Cyberball 

paradigm (2,3). The Cyberball experience ratings consist of three questions: (1) how often 

participants estimated to have received the ball (in percent), (2) how much they felt included 

by the other players during the task (9-point Likert scale), and (3) how they felt during the 

task (9-point Likert scale). The Need-Threat Scale consists of four sub-scales: (1) Belonging, 

(2) Self-Esteem, (3) Meaningful existence, (4) Control; higher values per scale indicate more 

belonging, higher self-esteem, higher meaningful existence, and more control. 
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Responses to caress-like touch will be assessed via visual analogue scales (VAS) presented 

electronically. Participants will provide subjective ratings on how pleasant they experienced 

being touched with different velocities with a brush on the left forearm (other-applied touch) 

and applying touch by themselves (self-applied touch). Participants will also provide 

subjective ratings on how physically intense they experienced being touched by the brush 

(other-applied touch) and by their own hand (self-applied touch).  

Preferred velocity of self-applied touch will be calculated based on how long participants 

take to make ten back-and-forth strokes with their right hand over a 10 cm distance on their 

left forearm (in seconds; calculation is based on the formula velocity = distance/time).  

 

Psychological Patient-Reported-Outcomes (PROs) 

Body image will be assessed with the Appearance Evaluation Scale (AES) and the Body 

Areas Satisfaction Scale (BASS) (4). The AES was designed to measure overall 

satisfaction/dissatisfaction with one's appearance and physical attractiveness. It consists of 7 

items with high scores indicating body satisfaction and low scores indicating body 

dissatisfaction. The BASS was designed to measure the degree of (dis)satisfaction with 

specific body areas and attributes. High scores indicate greater body satisfaction and low 

scores indicate greater body dissatisfaction. 

Reward responsivity will be assessed with the Temporal Experience of Pleasure Scale 

(TEPS) (5). The TEPS was designed to measure individual trait dispositions in both 

anticipatory and consummatory experiences of pleasure. It consists of 18 items, of which 10 

form the (1) anticipatory pleasure scale, and (2) 8 items form the consummatory pleasure 

scale. Higher values on (1) indicate enhanced reward responsiveness and imagery, while 

higher values on (2) indicate higher openness to different experiences and appreciation of 

positive stimuli (i.e., higher reward responsivity). 

Interoceptive ability will be assessed with the Body Awareness Questionnaire (BAQ) (6). 

The BAQ was designed to assess self-reported attentiveness to normal nonemotive body 

processes, such as sensitivity to body rhythms, ability to detect small changes in normal 

bodily functioning, and one's ability to anticipate bodily reactions. It consists of 18 items. 

Higher values indicate a higher sensitivity and awareness of one's bodily states. 

Self-reported eating behaviour will be assessed with the Three Factor Eating Questionnaire-

R 21 (TFEQ-R21) (7). The TFEQ-R21 measures eating behaviour and has been validated for 

use in individuals with obesity. It consists of 21 items comprising three domain scores; (1) 

uncontrolled eating; assessing the tendency to lose control over eating when feeling hungry or 

when exposed to external stimuli, (2) cognitive restraint; assessing the conscious restriction of 

food intake to control body weight or body shape, and (3) emotional eating; assessing 

overeating related to negative mood states. The domain scores were transformed to 0-100 

scales to facilitate comparison; a higher score indicates more uncontrolled, restraint, or 

emotional eating. 
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Social network and belonging will be assessed with the Social Network Index (SNI) (8) and 

the Social Connectedness Scale Revised and the Social Assurance Scale (SCS-R/SAS) (9).  

The SNI was designed to measure three aspects of one's social networks: (1) network 

diversity, (2) number of people in the network, and (3) number of embedded networks. Each 

of the three sub-scales is assessed on 12 items. (1) refers to the number of high-contact roles, 

with higher values indicating a higher number of social roles. (2) refers to the total number of 

people with whom the respondent has regular contact, which will be summed for the 12 items. 

Higher numbers indicate more people in one's network. The embedded network scale (3) 

reflects the number of different network domains in which a respondent is active, with higher 

numbers indicating activity in more network domains.  

The SCS-R was designed to measure a psychological sense of belonging, or how individuals 

cognitively construe interpersonal closeness with others in their social world. It consists of 20 

items, with higher values indicating a higher sense of belonging. The SAS was designed to 

measure the importance of assurance from one's social group. It consists of 8 items, with 

higher values indicating a higher need for social assurance. 

In addition, a 1-item assessment of loneliness (10) will be administered after the completion 

of the SNI to measure subjectively experienced loneliness.  

 

Health-related PROs 

Psychological distress will be assessed with the Hospital Anxiety and Depression Scale 

(HADS) (9). The HADS measures symptoms of anxiety and depression with 14 items It is 

decomposed into two domains measuring depression (HADS-D) and anxiety (HADS-A), both 

consisting of seven items each. 

Generic health-related quality-of-life 

The Short Form-36 Health Survey (SF-36) (11) is a 4-week recall self-report measure with 36 

items, assessing one’s general health status in eight following domains: vitality, physical 

function, bodily pain, general health, physical role, emotional role, social role, and mental 

health. The dimensional scores are combined into two norm-based summary scores: Physical 

Component Summary (PCS) and Mental Component Summary (MCS). Higher scores 

indicate better health-related quality of life. 

 

Obesity-related quality-of-life will be assessed with two questionnaires. 

The obesity-specific Weight-related Symptom Measure (WRSM) (12), is a 20-item self-report 

measure for the presence and bothersomeness of weight-related symptoms (shortness of 

breath, tiredness, sleep problems, sensitivity of cold, increased thirst, increased irritability, 

back pain, frequent urination, pain in the joints, water retention, foot problems, sensitivity to 

heat, snoring, increased appetite, leakage of urine, light-headedness, increased sweating, loss 

of sexual desire, decreased physical stamina, and skin irritation), using two different sets of 

items. The first set of items assesses whether or not an individual is experiencing specific 

symptoms, and the second set assesses the level of distress caused by these symptoms.  
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The Impact of Weight on Quality of Life-Lite (IWQOL-lite) (13) is a 31-item measure of 

weight-related quality of life. Five domain scores (Physical Function, Self-Esteem, Sexual 

Life, Public Distress and Work) and a total score can be calculated, with lower scores 

indicating greater impairment. 

 

Anthropometric measures and body composition 

 Percent total body weight loss from Baseline to T2 and T1 

 Changes in BMI (kg/m^2) from Baseline to T2 and T1 

 Changes in waist and hip circumferences (cm) from Baseline to T2 and T1 

 Changes in body fat (%) from Baseline to T2 and T1 

 Changes in fat-free mass (kg) from Baseline to T2 and T1 

 Changes bone mass (kg) from Baseline to T2 and T1 

Measurements will be conducted in light clothing using an Inbody 770 body composition 

analyzer (Inbody Co Ltd., Seoul, South Korea) for participants ≤ 270 kg. For participants > 

270 kg, body weight will be measured using a digital personal scale (Soehnle Professional, 

Backnang, Germany) and no body composition data will be available. 
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Table S1. Laboratory method principles, sample matrix, units and analytical precision of measurements 

 

Analyte Method principle Sample matrix Unit 
Precision  

(CV, analytical) 

Time point for collection 

(visit number)
* 

Ferritin ECLIA Serum µg/l 5·0 % Baseline, T1 and T2 

C-reactive protein Photometry Serum mg/l 5·0 % Baseline, T1 and T2 

Creatinine Photometry Serum µmol/l 2·3 % Baseline, T1 and T2 

Sodium ISE Serum mmol/l 1·0 % Baseline, T1 and T2 

Potassium ISE Serum mmol/l 1·2 % Baseline, T1 and T2 

Calcium Photometry Serum mmol/l 1·5 % Baseline, T1 and T2 

Magnesium Photometry Serum mmol/l 3·0 % Baseline, T1 and T2 

Phosphate Photometry Serum mmol/l 3·9 % Baseline, T1 and T2 

Albumin Photometry Serum g/l 2·5 % Baseline, T1 and T2 

Total protein Photometry Serum g/l 2·0 % Baseline, T1 and T2 

Uric acid Photometry Serum µmol/l 2·0 % Baseline, T1 and T2 

Alanine aminotransferase Photometry Serum U/l 5·0 % Baseline, T1 and T2 

Aspartate transaminase Photometry Serum U/l 8·0 % Baseline, T1 and T2 

Alkaline phosphatase Photometry Serum U/l 3·0 % Baseline, T1 and T2 

Gamma-glutamyl transpeptidase Photometry Serum U/l 4·0 % Baseline, T1 and T2 

Lactate dehydrogenase Photometry Serum U/l 3·0 % Baseline, T1 and T2 

      

Bilirubin  Photometry Serum µmol/l 4·0 % Baseline, T1 and T2 

      

Total cholesterol Photometry Serum mmol/l 3·0 % Baseline, T1 and T2 

HDL-cholesterol Photometry Serum mmol/l 2·0 % Baseline, T1 and T2 

LDL-cholesterol Photometry Serum mmol/l 3·0 % Baseline, T1 and T2 

Triglycerides Photometry Serum mmol/l 3·0 % Baseline, T1 and T2 

Thyroid stimulating hormone ECLIA Serum mIE/l 5·0 % Baseline, T1 and T2 

Unbound thyroxine ECLIA Serum pmol/l 5·0 % Baseline, T1 and T2 

C-peptide RIA Serum pmol/l 4·0 % Baseline, T1 and T2 

HbA1c HPLC Blood % 2·5 % Baseline, T1 and T2 

Cortisol (morning) ECLIA Serum nmol/l 5·0 % Baseline, T1 and T2 

Complete blood count (including Hb) 

Photometry 

Impedance 

Flow cytometry 

Blood 

g/dl 

% 

Cells/l 

1·0-10·0 % 

Baseline, T1 and T2 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-071332:e071332. 13 2023;BMJ Open, et al. Pfabigan DM



 

6 

 

 

      

Ghrelin 
Millipore 

Human Ghrelin Elisa 

Plasma (-80 C)  

EDTA 
 < 10% 

Baseline, T1 and T2 

Cortisol  Hair   Baseline, T1 and T2 

Endocannabinoids  Hair   Baseline, T1 and T2 

Samples for storage (biobanking)  
Serum, plasma, 

whole blood 
  

Baseline, T1 and T2 

Abbreviations: CV: coefficient of variation, ECLIA: electro-chemiluminescence immunoassay, HPLC: High-performance liquid chromatography, ISE: ion 

selective electrode 
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