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ABSTRACT
Objectives Bariatric surgery is an effective treatment 
for severe obesity that leads to significant physical health 
improvements. Few studies have prospectively described 
the short- term impact of surgery on mental health using 
standardised case- finding measures for anxiety or 
depressive disorders. This study describes the prevalence 
and short- term course of these conditions following 
surgery.
Design Prospective observational cohort study.
Setting 12 National Health Service centres in England.
Participants Participants studied took part in the By- 
Band- Sleeve study, a multicentre randomised controlled 
trial evaluating the surgical management of severe obesity. 
We included participants who had undergone surgery 
(gastric bypass, gastric band or sleeve gastrectomy) within 
6 months of randomisation.
Primary and secondary outcome measures Anxiety 
and depression were assessed using the Hospital Anxiety 
and Depression Scale (HADS) at baseline and 12 months 
post- randomisation. Sociodemographic variables collected 
at prerandomisation included body mass index, age, sex, 
ethnicity, marital status, tobacco use, employment status 
and income band.
Results In our sample of 758 participants, 94.5% (n 
716) and 93.9% (n 712) had completed baseline anxiety 
(HADS- A) and depression (HADS- D) subscales. At pre- 
randomisation 46.1% (n 330/716, 95% CI 42.4% to 
49.7%) met clinical case criteria for anxiety and 48.2% 
(n 343/712, 95% CI 44.5% to 51.8%) for depression. 
Among participants returning completed 12 months 
post- randomisation questionnaires (HADS- A n 503/716, 
HADS- D n 498/712), there was a significant reduction in 
the proportion of clinical cases with anxiety (−9.5%, 95% 
CI −14.3% to -4.8% p<0.001) and depression (−22.3%, 
95% CI −27.0% to −17.6% p<0.001).
Conclusions Almost half of people undergoing 
bariatric surgery had underlying anxiety or depressive 
symptoms. In the short term, these symptoms appear 
to substantially improve. Future work must identify 
whether these effects are sustained beyond the first 
post- randomisation year.
Trial registration number NCT02841527 and 
ISRCTN00786323.

INTRODUCTION
Obesity and common mental disorders, such 
as anxiety and depression, contribute greatly 
to global disease burden and pose signifi-
cant public health challenges.1–3 There has 
been a recent focus on understanding the 
relationship between obesity and common 
mental disorders. Systematic reviews and 
meta- analyses of longitudinal studies have 
found a bidirectional relationship between 
having obesity and developing a depressive 
disorder4 5 across both sexes, however, a 
recently updated review found an elevated 
risk only among females.6 While there have 
been fewer longitudinal studies assessing 
the relationship between obesity and anxiety 
disorders, there is evidence of a positive asso-
ciation between the two conditions.7 8 These 
findings have coincided with a growing body 
of research studying the potential shared 
neurobiological (the role of prolonged 
inflammatory changes, cortisol dysregulation, 
metabolic dysfunction and disrupted cellular 
signalling) pathways between obesity, anxiety 
states and depression which may eventually 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ A validated self- report measure, the Hospital Anxiety 
and Depression Scale (HADS), was used to detect 
anxiety and depressive disorders.

 ⇒ Participants were recruited from the largest ran-
domised controlled trial, to date, in bariatric surgery 
(The By- Band- Sleeve Study) from multiple NHS sur-
gical centres in England.

 ⇒ Although participants were reassessed using the 
HADS at 1- year post- randomisation, the total 
follow- up period from surgery was relatively short. It 
is possible that these changes were not maintained 
after the first postoperative year.

 ⇒ With respect to surgical procedure, participants 
were analysed as a whole group, rather than being 
stratified by surgery type (gastric bypass, gastric 
band or sleeve gastrectomy).

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-071231 on 3 January 2024. D

ow
nloaded from

 
 on A

pril 28, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-071231 on 3 January 2024. D
ow

nloaded from
 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-071231 on 3 January 2024. D

ow
nloaded from

 
 on A

pril 28, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-071231 on 3 January 2024. D
ow

nloaded from
 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-071231 on 3 January 2024. D

ow
nloaded from

 
 on A

pril 28, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-071231 on 3 January 2024. D
ow

nloaded from
 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-071231 on 3 January 2024. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2022-071231
http://dx.doi.org/10.1136/bmjopen-2022-071231
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-071231&domain=pdf&date_stamp=2024-01-03
NCT02841527
ISRCTN00786323
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/


2 On behalf of The By- Band- Sleeve Collaborating Group. BMJ Open 2024;14:e071231. doi:10.1136/bmjopen-2022-071231

Open access 

give rise to a better understanding of these common 
comorbidities.9–11

When people with severe or complex obesity 
(body mass index (BMI) >40 kg/m2 or >35 kg/m2 
with a significant comorbidity) are unable to lose 
weight and have attempted all relevant non- surgical 
measures, current guidelines in the UK recom-
mend that bariatric surgery should be offered.12 13 
Compared with non- surgical management, bariatric 
surgery has been shown to be an effective treatment 
for severe obesity and is associated with gains in 
overall life expectancy alongside increased remission 
rates of obesity- related comorbidities comorbidities, 
such as type 2 diabetes mellitus.14–16 They were 39 054 
recorded operations within the UK National Bariatric 
Surgery Registry between 2013 and 2018. The Roux- 
en- Y gastric bypass was the most common bariatric 
surgical procedure (n 19 104, 48.9%), followed by 
sleeve gastrectomy (n 13 841, 35.4%) then the gastric 
band (n 4499, 11.5%).17

Previous research suggests that people who undergo 
bariatric surgery have higher rates of preoperative 
depression compared with people with obesity who 
do not undergo surgery.18 A 2016 meta- analysis of the 
international literature estimated that up to 23% of 
patients have a mood disorder at the time of surgery,19 
with the pooled estimate for depression being 19% 
(95% CI 14% to 25%, 34 studies, N 12 009/51 908 
participants) and anxiety 12% (95% CI 6% to 20%, 
22 studies, N 10 515/38 459 participants). In the 
short term following surgery, there appears to be a 
reduction in the prevalence and severity of depres-
sion,20 however there remains uncertainty around 
the course of anxiety symptoms.20–22 Previous litera-
ture on the mental health status of bariatric surgical 
recipients has often been limited due to the use of 
uncertain diagnostic criteria, measures for common 
mental disorders which do not address anxiety symp-
toms separately from depressive symptoms, and a lack 
of reporting on symptom severity.21 As rates of severe 
and complex obesity increase, there is a clear need 
to better understand the prevalence and course of 
common mental health problems following surgery. 
This is particularly timely as recent research has 
found an increased risk of self- harm among those 
who undergo weight loss surgery23 24 compared with 
people with obesity who do not.

This paper presents findings from an analysis of data 
from the largest randomised controlled trial to date of 
bariatric surgery—the By- Band- Sleeve study.25 26 The study 
compares the clinical and cost- effectiveness of gastric 
banding (band), laparoscopic gastric bypass (bypass) 
or sleeve gastrectomy (sleeve) which are the three most 
common surgical treatments for severe obesity. The 
objectives of this substudy were to describe the preva-
lence, and severity, of anxiety and depressive symptoms 
among participants who underwent any type of bariatric 
surgery within 6 months of randomisation at baseline 

(pre- randomisation) and following surgery at 12 months 
post- randomisation.

METHOD
Participants
Participants were included in this substudy if they had 
taken part in the By- Band- Sleeve study, had undergone 
surgery (irrespective of procedure type) within 6 months 
of randomisation, and had completed the Hospital 
Anxiety and Depression Scale (HADS) after informed 
consent and before randomisation. By- Band- Sleeve study 
exclusion criteria included: previous gastric surgery for 
severe and complex obesity, previous abdominal surgery 
or gastrointestinal conditions that preclude the surgical 
intervention, large abdominal ventral hernia or hiatus 
hernia >5 cm, pregnancy, clinical conditions (such as 
Crohn’s disease, liver cirrhosis and portal hypertension), 
known silicone allergy or active participation in another 
interventional research study which may interfere with 
the By- Band- Sleeve study.

To understand the effect of surgery on mental health, 
participants were excluded if they had not undergone 
surgery within 6 months of randomisation. This cut- off 
of 6 months from enrolment was selected a priori in 
the event of participants waiting a prolonged time for 
surgery to take place (e.g., due to the ongoing impact 
of the COVID- 19 pandemic on elective surgery), which 
may have reduced the accuracy and relevance of baseline 
assessment of preoperative mental health status. In total, 
1351 participants were randomised to the By- Band- Sleeve 
study and in this paper, we report on the mental health 
outcomes of the 758 eligible participants.

Primary measure
The HADS was completed at pre- randomisation 
(study enrolment or ‘baseline’) and at 12 months post- 
randomisation. HADS is a 14- item questionnaire (7 ques-
tions for anxiety ‘A’ and 7 questions for depressive ‘D’ 
symptoms), which asks the participant to score each item 
between 0 and 3 based on their level of agreement. A 
subscale total score of less than 8 is considered normal, 
8–10 suggestive of possible anxiety or depressive disorder, 
and a score greater than 11 is suggestive of a probable 
disorder.27 Previous research has determined that a 
subscale score of >8 represents the optimal case cut- off 
for clinical anxiety and depressive disorders, in terms of 
the balance between sensitivity and specificity.28

Secondary measures
Baseline characteristics and demographic data for partici-
pants were collected on study enrolment. These included 
BMI, age, sex, ethnicity, marital status, tobacco use, 
employment status and income band. Time from rando-
misation to surgery and number of centres participating 
were described.

Statistical analysis
Analyses were undertaken using Stata V.16. Returned 
HADS questionnaires were assessed for completion of the 
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seven- item anxiety (HADS- A) and depression (HADS- D) 
subscales. Participants who fully completed either subscale 
had a total symptom score calculated. The propor-
tions of participants who met case criteria for possible 
anxiety and depression (defined as HADS- A/D>8) were 
described alongside baseline sociodemographic vari-
ables. The median symptom score (and IQR) was calcu-
lated for participants who had completed a subscale at 
both baseline and 12 months post- randomisation. The 
Wilcoxon signed- rank test was used to assess the statistical 
significance of any change in median symptom score. 
The change in proportions of participants with possible 
depression or anxiety at pre- randomisation compared 
with 12 months post- randomisation was calculated along-
side 95% CIs. McNemar’s χ2 test was used to compare 
paired prevalence of anxiety and depression at baseline 
and 12 months post- randomisation.

Missing data and loss to follow-up
A complete case analysis was undertaken in which 
participants with fully completed HADS- A or HADS- D 
questionnaire subscales were included in the anal-
ysis. The characteristics of participants who did not 
return completed questionnaires at 12 months post- 
randomisation was compared with returners with respect 
to baseline symptom scores, proportion of clinical cases 
and sociodemographic variables. For categorical vari-
ables, cross- tabulation was used to compare the distribu-
tion of baseline characteristics by repeat subscale return 
status. ORs (with 95% CIs) for questionnaire return 
status were calculated using logistic regression for each 
categorical variable. For continuous variables, which 
were normally distributed, a two- sample t- test was used to 
compare whether the mean value (such as BMI, age and 
time from randomisation to surgery) differed by return 
status.

Patient and public involvement
This substudy features data obtained from participants 
who took part in the By- Band- Sleeve study. Patients and 
public were involved in By- Band- Sleeve Study throughout 
the design and conduct of the trial. Patient represen-
tatives on the Trial Management Group contributed 
towards the writing of this manuscript and are recognised 
as coauthors. The results of this substudy will be dissem-
inated through the By- Band- Sleeve Patient and Public 
Involvement Group and summarised, for a non- specialist 
audience, on the study (www.bybandsleevestudy.blogs. 
bristol.ac.uk) webpage following publication.

RESULTS
Seven hundred and fifty- eight By- Band- Sleeve study 
participants who had undergone surgery at the time of 
undertaking this work and who were within 6 months 
of randomisation were included (figure 1). Participants 

were recruited between January 2013 and September 
2019 from 12 NHS surgical centres in England. Demo-
graphic characteristics by baseline (pre- randomisation) 
total HADS scores (normal, possible, probable disorder) 
are displayed in (table 1). At the point of randomisation, 
the mean age of participants was 47.8 (SD, 10.6) years and 
the mean BMI was 46.3 (SD 6.7) kg/m2. In total, 570/758 
(75.2%) participants were female.

Participant characteristics by baseline HADS scores
Of the 758 participants, 737 (97.2%) had returned base-
line HADS questionnaires. For the subscales, baseline 
completion for the HADS- A was 94.5% (716/758) and 
93.9% (712/758) for the HADS- D. The median symptom 
score for both baseline HADS- A and HADS- D was 7 
(IQR 4–10). The proportion of individuals meeting case 
criteria for a possible, or probable, anxiety disorder was 
46.1% (n 330/716, 95% CI 42.4% to 49.7%) and 48.2% 
(n 343/712, 95% CI 44.5% to 51.8%) for depression. 
Time from randomisation to surgery varied with a mean 
time of 92.1 (SD 44.4) days and was similar across the 
groups when stratified by baseline anxiety and depression 
status (table 1).

Prevalence of anxiety and depression at 12 months post-
randomisation
At 12 months post- randomisation, nine of the participants 
who had completed baseline HADS- A and eight of the 
participants who had completed baseline HADS- D had 
withdrawn or died (figure 1). After accounting for these 
individuals, the proportion of questionnaires returned 
complete was 71.1% (n 503/707) for the HADS- A 
and 70.7% (n 498/704) for the HADS- D. The median 
HADS score decreased from seven at baseline to 5 (IQR 
2–10) for anxiety and to 3 (IQR 1–7) for depression at 
12 months post- randomisation among participants who 
completed questionnaires at both time points (table 2). 
There was a statistically significant (p<0.001) decrease 
in both HADS- A and HADS- D scores (figure 2). This was 
coupled with a significant reduction in the proportion of 
participants meeting caseness for anxiety (9.5% decrease, 
95% CI −14.3% to −4.8%, p<0.001) and depression 
(22.3% decrease, 95% CI −27.0% to −17.6%, p<0.001) at 
12 months post- randomisation when compared with base-
line (figure 3).

While the overall proportion of cases of anxiety and 
depression decreased, the mental health of a small 
number of participants appeared to decline over the 
course of the 12- month follow- up, with 4.4% (n 22/498) 
of participants developing possible depression and 9.2% 
(n 46/503) developing a possible anxiety disorder (online 
supplemental table 1).

Characteristics of 12 months post-randomisation HADS 
questionnaire returners and non-returners
The prevalence of baseline anxiety and depression 
was similar among those who did and did not return a 
completed questionnaire. Baseline BMI, participant sex, 
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ethnicity, marital status, smoking status and self- reported 
income were not associated with repeat HADS question-
naire return (online supplemental tables 2 to 4).

Factors associated with 12 month post- randomisation, 
HADS return included participant age and employment 
status. Participants who returned completed anxiety 
or depression questionnaires were on average older 
(HADS- A: 4.1 years older, 95% CI 2.5 to 5.8, p<0.001; 
HADS- D: 4.3 years older, 95% CI 2.7 to 6.0, p<0.001) 
than participants who did not return completed ques-
tionnaires. Compared with individuals who were in 
employment, being retired at baseline was associated 
with an increased odds of completed HADS- A (OR 2.7, 

95% CI 1.2 to 5.8, p<0.01) and HADS- D (OR 2.4, 95% 
CI 1.1 to 5.0, p<0.05) questionnaire return at 12 months 
post- randomisation.

DISCUSSION
In this study of the course of common mental health 
disorders in a population of randomised participants 
undergoing bariatric surgery, nearly half of the sample 
met criteria for possible or probable anxiety or depres-
sion on trial enrolment. Following surgery, substantial 
reductions in the proportion of participants with possible 
depression and anxiety were observed at 12 months 

Figure 1 Flow diagram. Flow diagram representing questionnaire subscale completion for the HADS among the sample 
obtained from the By- Band- Sleeve study. HADS, Hospital Anxiety and Depression Scale; HADS- A, HADS- anxiety; HADS- D, 
HADS- depression.
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post- randomisation. The greatest reduction was observed 
in symptoms of depression, where there was over a 20% 
decrease in prevalence. While most participants reported 
an improvement in their mental health, over one- third 
retained symptoms of an underlying anxiety disorder 
and a quarter of participants met criteria for a depressive 
disorder at 12 months post- randomisation.

Compared with previously published research using 
the HADS, we found higher a prevalence of preoperative 
anxiety and depression in our study sample. Karlsson et 
al described HADS scores among a consecutive sample 

of participants (n 655) who took part in the Swedish 
Obese Subjects study and underwent bariatric surgery.29 
Using identical cut- off points to those used in our study, 
the prevalence of preoperative anxiety was 34% and that 
of depression was 24% among those who were surgically 
treated. While the mean age of their sample was compa-
rable to ours, the mean BMI (41.9 SD 4.2 kg/m2) was 
lower. The increased BMI among our sample may reflect 
the higher rate of adult obesity within the UK population, 
alongside the substantially lower number of bariatric 
surgical procedures taking place in the UK compared 

Table 1 Demographic data by baseline HADS scores

HADS- A (n=716)
Anxiety case category

HADS- D (n=712)
Depression case category

Nil Possible Probable Nil Possible Probable

<8 8–10 >11 <8 8–10 >11

Total n (%) 386 (53.9) 159 (22.2) 171 (23.9) 369 (51.8) 181 (25.4) 162 (22.8)

Time to surgery (days) Mean (SD) 93.2 (45.3) 93.2 (44.3) 88.2 (41.5) 93.7 (46.5) 92.7 (43.8) 88.9 (39.7)

Age (years) Mean (SD) 48.1 (10.5) 46.8 (10.7) 46.3 (10.6) 47.8 (10.5) 47.7 (11.2) 46.4 (10.2)

BMI (kg/m2) Mean (SD) 46.0 (6.4) 47.0 (7.1) 46.9 (7.0) 46.2 (6.6) 46.5 (6.9) 46.8 (7.0)

Sex n (%) Male 102 (56.4) 42 (23.2) 37 (20.4) 90 (49.7) 50 (27.6) 41 (22.7)

Female 284 (53.1) 117 (21.9) 134 (25.1) 279 (52.5) 131 (24.7) 121 (22.8)

Ethnicity n (%) White 359 (53.9) 150 (22.5) 157 (23.6) 340 (51.4) 173 (26.1) 149 (22.5)

African or 
Caribbean

17 (60.7) 6 (21.4) 5 (17.9) 17 (60.7) 4 (14.3) 7 (25.0)

Mixed 7 (50.0) 2 (14.3) 5 (35.7) 8 (57.1) 1 (7.1) 5 (35.7)

Asian 0 (0.0) 0 (0.0) 3 (100.0) 2 (66.7) 0 (0.0) 1 (33.3)

Other 3 (60.0) 1 (20.0) 1 (20.0) 2 (40.0) 3 (60.0) 0 (0.0)

Marital status n (%) Married or civil 
partnership

223 (55.8) 83 (20.8) 94 (23.5) 205 (52.0) 95 (24.1) 94 (23.9)

Cohabiting 50 (58.8) 19 (22.4) 16 (18.8) 45 (52.9) 22 (25.9) 18 (21.2)

Single 69 (51.5) 32 (23.9) 33 (24.6) 70 (52.2) 34 (25.4) 30 (22.4)

Divorced 28 (43.1) 19 (29.2) 18 (27.7) 35 (52.2) 19 (28.4) 13 (19.4)

Separated 11 (52.4) 5 (23.8) 5 (23.8) 11 (52.4) 7 (33.3) 3 (14.3)

Widowed 5 (45.5) 1 (9.1) 5 (45.5) 3 (27.3) 4 (36.4) 4 (36.4)

Smoking status n (%) Never smoked 181 (56.4) 61 (19.0) 79 (24.6) 156 (48.8) 83 (25.9) 81 (25.3)

Ex- smoker 181 (52.0) 90 (25.9) 77 (22.1) 189 (54.8) 83 (24.1) 73 (21.2)

Current smoker 24 (51.1) 8 (17.0) 15 (31.9) 24 (51.1) 15 (31.9) 8 (17.0)

Employment status n (%) Employed 285 (62.1) 93 (20.3) 81 (17.7) 267 (58.8) 110 (24.2) 77 (17.0)

Not in employment 62 (33.0) 50 (26.6) 76 (40.4) 70 (37.2) 51 (27.1) 67 (35.6)

Student 4 (57.1) 2 (28.6) 1 (14.3) 4 (57.1) 2 (28.6) 1 (14.3)

Retired 35 (56.5) 14 (22.6) 13 (21.0) 28 (44.4) 18 (28.6) 17 (27.0)

Income band (GBP) n (%) < £10 000 28 (31.5) 29 (32.6) 32 (36.0) 35 (35.6) 30 (33.3) 28 (31.1)

£10 001–£30 000 159 (52.5) 60 (20.6) 73 (25.0) 156 (54.0) 69 (23.9) 64 (22.2)

£30 001–£50 000 89 (59.3) 36 (24.0) 25 (16.7) 80 (53.7) 41 (27.5) 28 (18.8)

£50 001–£70 000 44 (68.8) 12 (18.8) 8 (12.5) 38 (60.3) 15 (23.8) 10 (15.9)

>£70 001 18 (66.7) 6 (17.2) 3 (11.1) 20 (71.4) 6 (21.7) 2 (7.1)

Not disclosed 47 (50.5) 16 (17.2) 30 (32.3) 42 (45.7) 20 (21.7) 30 (32.6)

Missing 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)

BMI, body mass index; HADS, Hospital Anxiety and Depression Scale; HADS A/D, HADS Anxiety/Depression.
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with Sweden and other European countries.30 This may 
also be linked to the higher levels of depression and 
anxiety in our sample. In a prospective study of people 
who underwent bariatric surgery (n 153) recruited from 
six surgical centres in Austria and Germany, Burgmer et al 
found that 40.5% of the sample had depression (HADS- 
D>8) at baseline which decreased to 17.1% after 1 year 
following surgery.31 Participants had a higher mean BMI 
(51.3 SD 8.4 kg/m2) compared with those enrolled in this 
study. However, they did not find any significant changes 
in anxiety caseness which could have arisen due to the use 
of a higher (HADS- A>10) case cut- off score.

The significant reduction in depression prevalence and 
symptom severity observed over the first postoperative is 

in keeping with other studies which have used differing 
assessment criteria, such as the Beck Depression Inven-
tory (BDI) or structured clinical interview.19 In the Longi-
tudinal Assessment of Bariatric Surgery series (LABS), 
a large multicentre cohort study of adults undergoing 
bariatric surgery in the USA, the authors found that 
LABS- 2 surgery recipients (N 2148) monitored over 3 years 
experienced the greatest reduction in mean BDI score 
between baseline and 1- year postoperatively.32 In their 
study, participants with preoperative depressive symp-
toms (defined using a BDI score of >10) were significantly 
more likely, than those with minimal or no symptoms, to 
experience depressive symptoms on follow- up. While the 
literature has predominantly studied the trajectory of 

Table 2 Change in HADS scores from baseline to 12 months post- randomisation

Median score (IQR) Cases (%)

Proportion

Change (%) 95% CI (%) P value

HADS- Anxiety (n 503)

  Baseline 7 (4 – 10) 45.3 −9.5 −14.3 to −4.8 <0.001

  12 months post- randomisation 5 (2 – 10) 35.8

HADS- Depression (n 498)

  Baseline 7 (4 – 10) 46.4 −22.3 −27.0 to −17.6 <0.001

  12 months post- randomisation 3 (1 – 7) 24.1

HADS, Hospital Anxiety and Depression Scale.

Figure 2 HADS Anxiety (HADS- A) and Depression (HADS- D). Total symptom scores for participants who completed HADS- A 
or HADS- D subscales at baseline (pre- randomisation) and 12 months post- randomisation. The horizontal black line at the 
HADS Score of 8 on the y- axis represents the cut- off for clinical cases. For both anxiety and depression, there was a significant 
(p<0.001) decrease in median HADS score at 12 months post- randomisation. HADS, Hospital Anxiety and Depression Scale.
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depressive disorders, structured clinical interviews could 
offer greater insight into the preoperative prevalence of 
anxiety disorders. In a subsample of LABS participants 
(N 199) interviewed before bariatric surgery, 18.1% (n 
36) were found to have a current anxiety disorder, with 
a specific phobia (11.1%, n 22) being the most common 
anxiety diagnosis.33

Our study has several strengths. To our knowledge, it 
is the largest prospective study to assess the short- term 
effects of bariatric surgery on both anxiety and depressive 
symptoms in the UK. Participants were screened with a 
validated case- finding scale, which is reliable in detecting 
both disorders.34 Whereas previous studies have often 
utilised single dimension instruments. Our large sample 
was recruited from 12 UK NHS surgical centres that 
are likely to be representative of the national popula-
tion undergoing bariatric surgery, compared with those 
sampled from a single geographical site. We also report 
the effect size, with respect to change in prevalence of 
anxiety and depression (an important metric which has 
been missing from previously published studies in the 
field19 21), alongside the preoperative sociodemographic 
characteristics of questionnaire non- returners which 
could inform the delivery of future work and targeted 
interventions for this group. Our finding that repeat 
questionnaire returners were slightly older (compared 

with questionnaire non- returners at 12- month post- 
randomisation) is in keeping with the wider epidemiolog-
ical literature regarding survey response rates in this age 
group35 36 and likely linked to the increase in response 
among those who were retired.

There were also some important limitations. There was 
a significant questionnaire non- return rate of around 
30% at 12 months post- randomisation. While we did 
not find an association between having poorer mental 
health at baseline and questionnaire non- return, it 
is possible that individuals who did not return repeat 
HADS questionnaires may have later developed anxiety 
or depressive disorders following randomisation. After 
completing the HADS, participants were not offered a 
formal structured clinical interview to confirm the diag-
nosis of an anxiety or depressive disorder (this was not 
part of the study protocol), hence we have referred to 
possible and probable cases in keeping with the limita-
tions of this questionnaire. Future work would benefit 
from the use of structured clinical interviews which could 
offer insight into the presence of other comorbid mental 
health disorders at the time of surgery. We have also not 
explored the change in BMI of participants returning or 
not returning questionnaires in follow- up (which may 
have influenced questionnaire return status) because 
this primary outcome data remains confidential until 

Figure 3 Change in clinical cases. Proportion of possible clinical cases (HADS- A/D>8) at baseline and 12 months post- 
randomisation. Each bar represents the case prevalence (with associated 95% CI) for anxiety and depression. At 12 months 
post- randomisation, there was a reduction in the proportion of individuals with anxiety (9.5% decrease, 95% CI −14.3% to 
−4.8%, p<0.001) and depression (22.3% decrease, 95% CI −27.0% to −17.6%, p<0.001). HADS A/D, Hospital Anxiety and 
Depression Scale Anxiety/Depression.
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analyses of the main trial are completed. The By- Band- 
Sleeve study remains in active follow- up, and it was not 
possible to compare the differences in symptom scores 
between surgical groups. As the purpose of this study was 
to describe the course of anxiety and depressive symp-
toms, irrespective of procedure type, the research team 
were not unblinded to the participant’s surgical inter-
vention status. The study did not feature a non- surgical 
control group; therefore, we are unable to compare the 
natural trajectory of symptoms among people who did 
not undergo surgery over the same time period. In terms 
of sociodemographic characteristics, the participants 
were predominantly female, identified as being from a 
white British ethnic background, and in employment at 
the time of study. It is therefore possible that our findings 
are not generalisable to the other groups undergoing 
bariatric surgery, particularly males and individuals from 
ethnic minorities. It is also plausible that responses to the 
pre- randomisation HADS questionnaires may have been 
influenced or affected by social desirability bias, particu-
larly if participants incorrectly perceived that disclosure 
of their mental health difficulties was going to influence 
the likelihood of surgery. Participants response to the 
baseline HADS questionnaires had no bearing on their 
treatment allocation status and their responses remained 
confidential.

The role of mental health stigma and marginalisation 
has been highlighted throughout qualitative research37 38 
featuring surgery recipients and could contribute to the high 
prevalence of poor mental health within our sample. Previous 
work has demonstrated a disparity in gains within mental 
health- related quality of life (HRQoL) compared with phys-
ical HRQoL following bariatric surgery39 that could prove 
important to understanding the short- term effects within our 
sample. In a study of LABS- 3 participants, the presence of a 
preoperative anxiety or affective disorder was associated with 
reduced improvements in mental HRQoL in the long term 
following surgery and was independent of weight gain.40 
Recent research has found that increased physical activity 
following surgery was associated with a sustained improve-
ment in both mental and physical HRQoL, alongside a 
reduction in depressive symptoms.41

CONCLUSIONS
Our study highlights the very high prevalence of preoperative 
psychological morbidity among people undergoing bariatric 
surgery for the treatment of severe or complex obesity in the 
UK. An improvement in symptoms of anxiety and depression 
was observed following surgery among participants who had 
returned completed questionnaires. Future work must be 
undertaken to understand the mechanisms underpinning 
these associations and whether these improvements were 
sustained in the long term.
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Table 1 
Change in clinical cases from baseline to 12 months post-randomisation 

  Frequency Proportion (%) 95% CI (%) 

Anxiety 
HADS-A 
(n 503) 

Non-case unchanged 229 45.5 41.2 – 49.9 

Non-case to case 46 9.2 6.9 – 12.0 

Case to non-case 94 18.7 15.5 – 22.3 

Case unchanged 134 26.6 23.0 – 30.7 

Depression 
HADS-D 
(n 498) 
 

Non-case unchanged 245 49.2 44.8 – 53.6 

Non-case to case 22 4.4 2.9 – 6.6 

Case to non-case 133 26.7 23.0 – 30.8 

Case unchanged 98 19.7 16.4 – 23.4 
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Table 2 
Participant baseline characteristics by repeat HADS questionnaire return status  
(Continuous variables) 
  

12 months post-randomisation HADS-A return 
  

Yes (N = 503) No (N = 204)   
Difference  
(95% CI) 

p-value1 

Age (years) Mean (95% CI) 48.7 (47.8 to 49.6) 44.6 (43.1 to 46.0) 4.1 (2.5 to 5.8) <0.001 

BMI (kg/m2) Mean (95% CI) 46.3 (45.7 to 46.8) 46.8 (45.8 to 47.7) -0.5 (-1.6 to 0.6) 0.379 

Time from 
randomisation 
to surgery 
(days) 

Mean (95% CI) 92.6 (88.7 to 96.5) 91.5 (85.5 to 97.6) 1.1 (-6.1 to 8.3) 0.767 

  12 months post-randomisation HADS-D return 

  Yes (N = 498) No (N = 206)   
Difference  
(95% CI) 

p-value1 

Age (years) Mean (95% CI) 48.8 (47.9 to 49.7) 44.5 (43.1 to 45.9) 4.3 (2.7 to 6.0) <0.001 

BMI (kg/m2) Mean (95% CI) 46.3 (45.7 to 46.9) 46.8 (45.8 to 47.7) -0.5 (-1.6 to 0.6) 0.370 

Time from 
randomisation 
to surgery 
(days) 

Mean (95% CI) 92.9 (89.0 to 96.8) 91.8 (85.8 to 97.8) 1.1 (-6.1 to 8.3) 0.767 

1 p-value obtained from paired sample t-test statistic for mean difference by HADS return status 
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Table 3 
Participant characteristics by repeat HADS-A questionnaire return status (categorical variables) 

 

  12 months post-randomisation HADS-A return 

  Yes (%)  
N = 503 (71.15) 

No (%) 
N = 204 (28.85) 

Odds Ratio  
for non-return2 

(95% CI)  

p-value3 

Sex Male (n 178) 126 (70.79) 52 (29.21) 1.00 0.903 

 
Female (n 529) 377 (71.27) 152 (28.73) 0.98 (0.67 to 1.42)  

Ethnicity White (n 658) 472 (71.73) 186 (28.27) 1.00 0.217 

 
Other ethnic group4 (n 49)  31 (63.27) 18 (36.73) 1.47 (0.80 to 2.70)  

Marital status   Married or civil 
partnership (n 395) 

280 (70.89) 115 (29.11) 1.00 0.926 

 Co-habiting (n 84) 62 (73.81) 22 (26.19) 0.86 (0.51 to 1.47)  

 Single (n 132) 92 (69.70) 40 (30.30) 1.06 (0.69 to 1.63)  

 Divorced, Separated,  
or Widowed5 (n 96) 

69 (71.88) 27 (28.12) 0.95 (0.58 to 1.56)  

Smoking 
status   

Never smoked (n 317) 226 (71.29) 91 (28.71) 1.00 0.339 

 
Ex-smoker (n 343) 248 (72.30) 95 (27.70) 0.95 (0.68 to 1.33)  

 
Current smoker (n 47) 29 (61.70) 18 (38.30) 1.54 (0.82 to 2.91)  

Employment 
status   

Employed (n 455) 326 (71.65) 129 (28.35) 1.00 0.002 

 
Not in employment  
or student6 (n 190) 

123 (64.74) 67 (35.26) 1.38 (0.96 to 1.97)  

 
Retired (n 62) 54 (87.10) 8 (12.90) 0.37 (0.17 to 0.81)  

Income 
band 

<10,000 (n 84) 59 (70.24) 25 (29.76) 1.00 0.247 

 
10,001 to 30,000 (n 289) 212 (73.36) 77 (26.64) 0.86 (0.50 to 1.46)  

 
30,001 to 50,000 (n 150) 105 (70.00) 45 (30.00) 1.01 (0.56 to 1.81)  

 
>50,001 (n 91) 69 (75.82) 22 (24.18) 0.75 (0.38 to 1.47)  

 
Not disclosed (n 92) 57 (61.96) 35 (38.04) 1.45 (0.77 to 2.72)  

2 Odds ratio for questionnaire non-return calculated using logistic regression 
3 p-value obtained from likelihood ratio chi-square test  
For calculation of Odds ratios associated with questionnaire non-return, categories with sub-groups containing <5% 
(n 35/707) total respondents were merged with the next largest sub-group to avoid data sparsity: 4 Includes 
participants who identified as African or Caribbean (n 28/707), Mixed ethnic group (n 13/707), Asian (n 3/707), or 
Other (n 5/707). 5 Participants who identified as separated (n 21/703) and widowed (n 11/703) combined with those 
who identified as divorced (n 64/703) as next largest category. 6 Participants who identified as students (n 6/703) 
combined with those not in employment (n 183/703)  
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Table 4 
Baseline characteristics by repeat HADS-D questionnaire return status (categorical variables) 

 

  12 months post-randomisation HADS-D return 

  Yes (%) 
N = 498 (70.74) 

No (%) 
N = 206 (29.26) 

Odds Ratio  
for non-return2 

(95% CI) 

p-value3 

Sex  Male (n 178) 126 (70.79) 52 (29.21) 1.00 0.987 

 
Female (n 526) 372 (70.72) 154 (29.28) 0.98 (0.69 to 1.46)  

Ethnicity White (n 655) 468 (71.45) 187 (28.55) 1.00 0.139 

 
Other ethnic group4 (n 49)  30 (61.22) 19 (38.78) 1.59 (0.87 to 2.89)  

Marital status Married or civil 
partnership (n 390) 

273 (70.00) 117 (30.00) 1.00 0.592 

 Co-habiting (n 84) 64 (76.19) 20 (23.81) 0.73 (0.42 to 1.26)  

 Single (n 132) 90 (68.18) 42 (31.82) 1.09 (0.71 to 1.67)  

 Divorced, Separated,  
or Widowed5 (n 98) 

71 (72.45) 27 (27.55) 0.89 (0.54 to 1.45)  

Smoking 
status 

Never smoked (n 317)  225 (70.98) 92 (29.02)  1.00 0.566 

 
Ex-smoker (n 340)  243 (71.47) 97 (28.53)   0.98 (0.70 to 1.37)  

 
Current smoker (n 47)  30 (63.83) 17 (36.17)  1.39 (0.73 to 2.63)  

Employment 
status 

Employed (n 451) 322 (71.40)  129 (28.60)  1.00 0.003 

 
Not in employment  
or student6 (n 190) 

122 (64.21) 68 (35.79)  1.39 (0.97 to 1.99)  

 
Retired (n 63) 54 (85.71) 9 (14.29)  0.40 (0.33 to 0.49)  

Income band  <10,000 (n 86) 59 (68.60) 27 (31.40) 1.00 0.108 

 
10,001 to 30,000 (n 286) 207 (72.38) 79 (27.62) 0.83 (0.49 to 1.41)  

 
30,001 to 50,000 (n 149) 103 (69.13) 46 (30.87) 0.98 (0.55 to 1.73)   

 
>50,001 (n 91) 72 (79.12) 19 (20.88)  0.58 (0.29 to 1.14)  

 
Not disclosed (n 91) 56 (61.54) 35 (38.46)  1.37 (0.73 to 2.54)  

2 Odds ratio for questionnaire non-return obtained using logistic regression 
3 P-value obtained from likelihood ratio chi-square test  
For calculation of Odds ratios associated with questionnaire non-return, categories with sub-groups containing 
<5% (n 35/707) total respondents were merged into the next largest sub-group to avoid data sparsity: 4 Includes 
participants who identified as African or Caribbean (n 28/704), Mixed ethnic group (n 13/707), Asian (n 3/707), or 
Other (n 5/707). 5 Participants who identified as separated (n 21/703) and widowed (n 11/703) combined with those 
who identified as divorced (n 66/703) as next largest category. 6 Participants who identified as students (n 7/703) 
combined with those not in employment (n 183/703).  
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