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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 multi-

centre 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 pre-

randomisation 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 
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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 highly 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: The By-Band-Sleeve Study is registered with ClinicalTrials.gov 

database (NCT02841527) and ISRCTN registry (ISRCTN00786323).
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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 randomised controlled trial, to 

date, in bariatric surgery (The By-Band-Sleeve Study) from multiple NHS 

surgical centres in England. 

 Although participants were re-assessed using the HADS at one-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 post-operative 

year. 

 With respect to surgical procedure, the participants were analysed as a whole 

group, rather than being stratified by surgery type (Gastric Bypass, Gastric 

Band or Sleeve Gastrectomy).
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INTRODUCTION

Obesity and common mental disorders, such as anxiety and depression, contribute 

greatly to global disease burden and pose significant public health challenges [1, 2, 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 bi-directional relationship between being obese 

and developing a depressive disorder [4, 5] across both sexes, however a recently 

updated review found an elevated risk only among females [6]. Whilst there have 

been fewer longitudinal studies assessing the relationship between obesity and 

anxiety disorders, there is evidence of a positive association 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 give rise to a better understanding of these common co-morbidities [9, 10, 

11].

When individuals with severe or complex obesity (Body Mass Index >40kg/m2 or 

>35kg/m2 with a significant co-morbidity) are unable to lose weight, and have 

attempted all relevant non-surgical measures, current guidelines in the United 

Kingdom recommend that bariatric surgery should be offered [12, 13]. Compared to 

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 rates of obesity-related co-morbidities, such 

as type 2 diabetes mellitus [14, 15, 16]. 
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Previous research suggests that people who undergo bariatric surgery have higher 

rates of pre-operative depression compared to people with obesity who do not 

undergo surgery [17]. A 2016 meta-analysis of the international literature estimated 

that up to 23% of patients have a mood disorder at the time of surgery [18], 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 depression [19] however there remains 

uncertainty around the course of anxiety symptoms [19, 20, 21]. Previous literature 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 symptoms separately from depressive symptoms, and 

a lack of reporting on symptom severity [20]. 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 surgery [22, 23] compared to 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 [24, 25]. The 

study is comparing the clinical and cost effectiveness of gastric banding (Band), 

laparoscopic gastric bypass (Bypass) or sleeve gastrectomy (Sleeve) which are 

surgical treatments for severe obesity. The objectives of this sub-study were to 

describe the prevalence, and severity, of anxiety and depressive symptoms among 
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participants who underwent surgery within 6 months of randomisation at baseline 

(pre-randomisation) and following surgery (of any type) at 12 months post-

randomisation.
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METHOD

Participants

Participants were included in this sub-study if they had taken part in the By-Band-

Sleeve study, had undergone surgery (irrespective of procedure type) within six 

months of randomisation, and had completed the Hospital Anxiety and Depression 

Scale 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 gastro-intestinal conditions that precludes the surgical 

intervention, large abdominal ventral hernia or hiatus hernia >5cm, 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 six months of randomisation. This cut-off of 

six months from enrolment was selected a priori in the event of participants waiting a 

prolonged time for surgery to take place (for example, 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 pre-operative mental health status. In total, 

1,351 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 Hospital Anxiety and Depression Scale (HADS) was completed at pre-

randomisation (study enrolment or ‘baseline’) and at 12 months post-randomisation. 
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HADS is a 14-item questionnaire (7 questions for anxiety ‘A’ and 7 questions for 

depressive ‘D’ symptoms), which asks the participant to score each item between 0 

to 3 based on their level of agreement. A sub-scale total score of less than 8 is 

considered normal, 8 to 10 suggestive of possible anxiety or depressive disorder, 

and a score greater than 11 is suggestive of a probable disorder [26]. Previous 

research has determined that a sub-scale score of >8 represents the optimal case 

cut-off for clinical anxiety and depressive disorders, in terms of the balance between 

sensitivity and specificity [27]. 

Secondary measures

Baseline characteristics and demographic data for participants were collected on 

study enrolment. These included Body Mass Index (BMI), Age, Sex, Ethnicity, 

Marital Status, Tobacco use, Employment Status, and Income Band. Time from 

randomisation to surgery and number of centres participating were described.

Statistical analysis

Analyses were undertaken using Stata Version 16. Returned HADS questionnaires 

were assessed for completion of the 7-item anxiety (HADS-A) and depression 

(HADS-D) subscales. Participants who fully completed either subscale had a total 

symptom score calculated. The proportions of participants who met case criteria for 

possible anxiety and depression (defined as HADS-A/D >8) were described 

alongside baseline sociodemographic variables. The median symptom score (and 

interquartile range) was calculated 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 
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score. The change in proportions of participants with possible depression or anxiety 

at pre-randomisation compared to 12 months post-randomisation was calculated 

alongside 95% confidence intervals. McNemar’s chi-squared test was used quantify 

the strength of association.

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 analysis. The 

characteristics of participants who did not return completed questionnaires at 12 

months post-randomisation was compared to returners with respect to baseline 

symptom scores, proportion of clinical cases, and sociodemographic variables. For 

categorical variables, cross-tabulation was used to compare the distribution of 

baseline characteristics by repeat subscale return status. Odds ratios (with 95% 

confidence intervals) 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. 

Ethical approval

The By-Band-Sleeve study gained National Health Service (NHS) ethics approval 

from the Southwest Frenchay Research Ethics Committee (REC No: 11/SW/0248) in 

2011. The study is sponsored by the University of Bristol and was granted Health 

Research Authority (HRA) Approval in 2017. The By-Band-Sleeve Study is 
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registered with the National Institutes of Health ClinicalTrials.gov database 

(NCT02841527) and ISRCTN registry (ISRCTN00786323).

Patient and public involvement

This sub-study 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 representatives on the Trial 

Management Group contributed towards the writing of this manuscript and are 

recognised as co-authors. The results of this sub-study will be disseminated 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. 
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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 six 

months of randomisation were included [Figure 1]. Participants were recruited 

between January 2013 and September 2019 from 12 NHS surgical centres in 

England.  Demographic 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 (Standard Deviation, 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 baseline 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: Demographic data by baseline HADS-A and HADS-D scores. Case categories based 

on the original HADS cut-offs proposed by Zigmond & Snaith, 1983.
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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)
Age (years) mean (SD) 48.12 (10.5) 46.81 (10.7) 46.26 (10.6) 47.76 

(10.5) 47.67 (11.2) 46.44 (10.2)

BMI (kg/m2) mean (SD) 45.96 (6.4) 47.00 (7.1) 46.88 (7.0) 46.24 (6.6) 46.47 (6.9) 46.81 (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)

Co-habiting 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)
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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 7 at baseline to 5 (IQR 2 – 10) for anxiety and to 3 (IQR 1 – 7) for 

depression [Table 2] at 12 months post-randomisation among participants who 

completed questionnaires at both timepoints. There was a highly statistically 

significant (p < 0.001) decrease in both HADS-A and HADS-D scores [Figure 2]. 

This was coupled with a highly 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 [Figure 3] when compared to baseline.  

Whilst 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 (Table 3). 

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)
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TABLE 2: Frequency and percentage change in clinical cases for individuals who underwent 
surgery within 6 months of randomisation with completed questionnaires at both timepoints. 
p-value associated with change in case proportions obtained from McNemar’s chi-squared 
test statistic.

TABLE 3: Proportions of individuals with respect to change in case category (subscale 
score of >8) between baseline and 12 months post-randomisation.

FIGURE 2

FIGURE 3

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

Proportions
Median 
score
(IQR)

Cases
(%)

Change
(%)

95% CI
(%)

P-value

HADS-A
Anxiety
(n 503)

Baseline 7 (4 – 10) 45.3

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

-9.5 -14.3 to -4.8 <0.001

HADS-D
Depression
(n 498)

Baseline 7 (4 – 10) 46.4

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

-22.3 -27.0 to -17.6 <0.001

Table 3: Change in clinical cases from baseline to 12 months post-randomisation

Frequency (%)

Case unchanged 134 (26.6)
Case to non-case 94 (18.7)

Non-case unchanged 229 (45.5)

Anxiety
HADS-A
(n 503)

Non-case to case 46 (9.2)
Case unchanged 98 (19.7)
Case to non-case 133 (26.7)

Non-case unchanged 245 (49.2)

Depression
HADS-D
(n 498)

Non-case to case 22 (4.4)
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Characteristics of 12-month post-randomisation HADS questionnaire

returners and non-returners

The prevalence of baseline anxiety was similar (HADS-A Returners 54.7%, Non-

returners 53.4% [Difference 1.3%, 95% CI -9.4 to +6.9%, p = 0.764]) amongst those 

who did and did not return a completed 12-month questionnaire. Those who returned 

questionnaires had a slightly higher prevalence of baseline depression than those 

who did not return questionnaires (HADS-D Returners 53.6%, Non-returners 47.1% 

[Difference 6.5%, 95% CI -1.6 to +14.6%, p = 0.115]). Baseline BMI, participant sex, 

ethnicity, marital status, smoking status, and self-reported income were not 

associated with repeat HADS questionnaire return. [Appendix A] 

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 questionnaires. Compared to individuals 

who were in employment, being retired at baseline was associated with an increased 

odds of completed HADS-A (Odds Ratio (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. 

[Appendix A – Supplementary Results]
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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 depression on trial enrolment. Following 

surgery, substantial reductions in the proportion of participants with possible 

depression and anxiety were observed at 12 months post-randomisation. The 

greatest reduction was observed in symptoms of depression, where there was over a 

20% decrease in prevalence. Whilst most participants reported an improvement in 

their mental health, over a 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 to previously published research utilising the HADS, we found higher a 

prevalence of pre-operative anxiety and depression in our study sample. Karlsson et 

al. described HADS scores amongst a consecutive sample of participants (n 655) 

who took part in the Swedish Obese Subjects (SOS) study [28] and underwent 

bariatric surgery. Using identical cut-off points to those used in our study, the 

prevalence of pre-operative anxiety was 34% and that of depression was 24% 

among those who were surgically treated. Whilst the mean age of their sample was 

comparable 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 to Sweden and other European countries [29]. 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 
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six surgical centres in Austria and Germany, Burgmer et al. [30] found that 40.5% of 

the sample had depression (HADS-D >8) at baseline which decreased to 17.1% after 

one year following surgery. Participants had a higher mean BMI (51.3 SD 8.4 kg/m2) 

compared to 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.

Our study has several strengths. To our knowledge, it is the largest prospective 

study to assess the short-term effects of bariatric surgery on anxiety and depression 

in the UK. Participants were screened for anxiety and depression using a validated 

scale. Those who took part were recruited from 12 UK NHS surgical centres that are 

likely to be representative of the national population undergoing bariatric surgery, 

compared to 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 

field [18, 20]. There were also some important limitations. There was a significant 

questionnaire non-return rate of around 30% at 12 months post-randomisation. 

Whilst we did not find an association between having poorer mental health at 

baseline and questionnaire return, it is possible that individuals who did not return 

repeat HADS questionnaires may have later developed anxiety or depressive 

disorders following randomisation. We have also not explored the BMI of participants 

returning or not returning questionnaires in follow up because this primary outcome 

weight data remains confidential until analyses of the main trial is completed. It is 

possible that participants not returning questionnaires have regained weight and 

have poor mental health. In terms of sociodemographic characteristics, the 
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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 the 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, particularly if participants incorrectly 

perceived that disclosure of their mental health difficulties was going to influence the 

likelihood of surgery. The role of mental health stigma and marginalisation has been 

highlighted throughout qualitative research [31, 32] featuring surgery recipients.

CONCLUSIONS

Our study highlights the very high prevalence of pre-operative psychological 

morbidity amongst people undergoing bariatric surgery for the treatment of severe or 

complex obesity. An improvement in symptoms of anxiety and depression was 

observed following surgery amongst participants who had returned completed 

questionnaires. Research has demonstrated a disparity in mental-health quality of 

life compared to physical-health quality of life gains following surgery [33]. Future work 

must be undertaken to establish whether such improvements in mental health are 

sustained over longer periods of time and to determine the mechanisms 

underpinning these associations. 
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FIGURE 1: Flow Diagram 
Flow diagram representing questionnaire sub-scale completion for the HADS amongst the sample obtained 

from the By-Band-Sleeve study. 
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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. 
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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% confidence interval) 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). 
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1 p-value obtained from paired sample t-test statistic for mean difference by HADS return status 

 
  

Table 1 
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 
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Table 2 
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 3 
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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1

STROBE Statement 

Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term 
in the title or the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found

4, 5

Introduction
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported
7, 8

Objectives 3 State specific objectives, including any prespecified 
hypotheses

4, 5, 8, 9

Methods
Study design 4 Present key elements of study design early in the paper 8, 10
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 
collection

10, 11, 12, 13

Participants 6 (a) Give the eligibility criteria, and the sources and methods 
of selection of participants

10

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, 
if applicable

10, 11

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and 
details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than 
one group

10, 11, 12

Bias 9 Describe any efforts to address potential sources of bias 10, 11
Study size 10 Explain how the study size was arrived at 10
Quantitative variables 11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were 
chosen and why

11, 12

(a) Describe all statistical methods, including those used to 
control for confounding

11, 12

(b) Describe any methods used to examine subgroups and 
interactions

11, 12

(c) Explain how missing data were addressed 11, 12
(d) If applicable, describe analytical methods taking account 
of sampling strategy

11, 12

Statistical methods 12

(e) Describe any sensitivity analyses 11, 12

Results
(a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing 
follow-up, and analysed

14, 15, Figure 1 
[Flow diagram]

(b) Give reasons for non-participation at each stage 14, 15, Figure 1

Participants 13*

(c) Consider use of a flow diagram Figure 1
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2

(a) Give characteristics of study participants (eg 
demographic, clinical, social) and information on exposures 
and potential confounders

15
Table 1 (All)
Appendix A (Non-
responders)

Descriptive data 14*

(b) Indicate number of participants with missing data for 
each variable of interest

15, 18, Table 1, 
Figure 1

Outcome data 15* Report numbers of outcome events or summary measures 14, 15, 16, 17, 18
Table 2, Table 3, 
Figure 2, Figure 3, 
Appendix A

(a) Give unadjusted estimates and, if applicable, 
confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were 
adjusted for and why they were included

14, 17, Table 2

(b) Report category boundaries when continuous variables 
were categorized

15, Table 1, Table 
2, Table 3

Main results 16

(c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period

N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

18, Appendix A

Discussion
Key results 18 Summarise key results with reference to study objectives 19
Limitations 19 Discuss limitations of the study, taking into account sources 

of potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias

20, 21

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

19, 20

Generalisability 21 Discuss the generalisability (external validity) of the study 
results

20

Other information
Funding 22 Give the source of funding and the role of the funders for 

the present study and, if applicable, for the original study on 
which the present article is based

28

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.

Page 43 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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/


For peer review only
Prevalence and short-term change in symptoms of anxiety 
and depression following bariatric surgery: a prospective 

cohort study

Journal: BMJ Open

Manuscript ID bmjopen-2022-071231.R1

Article Type: Original research

Date Submitted by the 
Author: 17-May-2023

Complete List of Authors: Band-Sleeve Trial Management Group, (Group Authorship); By-Band-
Sleeve Collaborating group
Gibb, Jonathan; University of Bristol, 

<b>Primary Subject 
Heading</b>: Mental health

Secondary Subject Heading: Surgery, Nutrition and metabolism, Epidemiology

Keywords: Depression & mood disorders < PSYCHIATRY, Anxiety disorders < 
PSYCHIATRY, Adult surgery < SURGERY, EPIDEMIOLOGIC STUDIES

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 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/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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

 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

BMJ Open: Original Research (Mental Health) Title Page

Anxiety and depression following bariatric surgery

Page 1 of 32

Prevalence and short-term change in symptoms of anxiety and 

depression following bariatric surgery: a prospective cohort 

study

On behalf of The By-Band-Sleeve Collaborating Group 

Corresponding author

Dr Jonathan Gibb

Centre for Academic Mental Health, Population Health Sciences

Bristol Medical School, University of Bristol

Oakfield Grove, Clifton, Bristol BS8 2BN

Jonathan.gibb@bristol.ac.uk 

+44 (0)117 428 2489

Word Count (Excluding title page, abstract, references, figures and table): 3,292

Page 2 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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

 

mailto:Jonathan.gibb@bristol.ac.uk
http://bmjopen.bmj.com/


For peer review only

BMJ Open: Original Research (Mental Health) Abstract

Anxiety and depression following bariatric surgery

Page 2 of 32

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 multi-

centre 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 pre-

randomisation 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 
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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: The By-Band-Sleeve Study is registered with ClinicalTrials.gov 

database (NCT02841527) and ISRCTN registry (ISRCTN00786323).
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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 randomised controlled trial, to 

date, in bariatric surgery (The By-Band-Sleeve Study) from multiple NHS 

surgical centres in England. 

 Although participants were re-assessed using the HADS at one-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 post-operative 

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).
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INTRODUCTION

Obesity and common mental disorders, such as anxiety and depression, contribute 

greatly to global disease burden and pose significant public health challenges [1, 2, 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 bi-directional relationship between having obesity 

and developing a depressive disorder [4, 5] across both sexes, however a recently 

updated review found an elevated risk only among females [6]. Whilst there have 

been fewer longitudinal studies assessing the relationship between obesity and 

anxiety disorders, there is evidence of a positive association 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 give rise to a better understanding of these common co-morbidities [9, 10, 

11].

When people with severe or complex obesity (Body Mass Index >40kg/m2 or 

>35kg/m2 with a significant co-morbidity) are unable to lose weight, and have 

attempted all relevant non-surgical measures, current guidelines in the United 

Kingdom (UK) recommend that bariatric surgery should be offered [12, 13]. Compared 

to 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 rates of obesity-related co-morbidities, such 

as type 2 diabetes mellitus [14, 15, 16]. They were 39,054 recorded operations within 
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the UK National Bariatric Surgery Registry (NSBR) between 2013 to 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 4,499, 11.5%) [17].

Previous research suggests that people who undergo bariatric surgery have higher 

rates of pre-operative depression compared to 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 depression [20] however there remains 

uncertainty around the course of anxiety symptoms [20, 21, 22]. Previous literature 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 symptoms 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 surgery [23, 24] compared to 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 
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study is comparing 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 

sub-study were to describe the prevalence, 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.
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METHOD

Participants

Participants were included in this sub-study if they had taken part in the By-Band-

Sleeve study, had undergone surgery (irrespective of procedure type) within six 

months of randomisation, and had completed the Hospital Anxiety and Depression 

Scale 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 gastro-intestinal conditions that precludes the surgical 

intervention, large abdominal ventral hernia or hiatus hernia >5cm, 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 six months of randomisation. This cut-off of 

six months from enrolment was selected a priori in the event of participants waiting a 

prolonged time for surgery to take place (for example, 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 pre-operative mental health status. In total, 

1,351 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 Hospital Anxiety and Depression Scale (HADS) was completed at pre-

randomisation (study enrolment or ‘baseline’) and at 12 months post-randomisation. 
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HADS is a 14-item questionnaire (7 questions for anxiety ‘A’ and 7 questions for 

depressive ‘D’ symptoms), which asks the participant to score each item between 0 

to 3 based on their level of agreement. A sub-scale total score of less than 8 is 

considered normal, 8 to 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 sub-scale 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 participants were collected on 

study enrolment. These included Body Mass Index (BMI), Age, Sex, Ethnicity, 

Marital Status, Tobacco use, Employment Status, and Income Band. Time from 

randomisation to surgery and number of centres participating were described.

Statistical analysis

Analyses were undertaken using Stata Version 16. Returned HADS questionnaires 

were assessed for completion of the 7-item anxiety (HADS-A) and depression 

(HADS-D) subscales. Participants who fully completed either subscale had a total 

symptom score calculated. The proportions of participants who met case criteria for 

possible anxiety and depression (defined as HADS-A/D >8) were described 

alongside baseline sociodemographic variables. The median symptom score (and 

interquartile range) was calculated 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 
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score. The change in proportions of participants with possible depression or anxiety 

at pre-randomisation compared to 12 months post-randomisation was calculated 

alongside 95% confidence intervals. McNemar’s chi-squared 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 analysis. The 

characteristics of participants who did not return completed questionnaires at 12 

months post-randomisation was compared to returners with respect to baseline 

symptom scores, proportion of clinical cases, and sociodemographic variables. For 

categorical variables, cross-tabulation was used to compare the distribution of 

baseline characteristics by repeat subscale return status. Odds ratios (with 95% 

confidence intervals) 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. 

Ethical approval

The By-Band-Sleeve study gained National Health Service (NHS) ethics approval 

from the Southwest Frenchay Research Ethics Committee (REC No: 11/SW/0248) in 

2011. The study is sponsored by the University of Bristol and was granted Health 

Research Authority (HRA) Approval in 2017. The By-Band-Sleeve Study is 
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registered with the National Institutes of Health ClinicalTrials.gov database 

(NCT02841527) and ISRCTN registry (ISRCTN00786323).

Patient and public involvement

This sub-study 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 representatives on the Trial 

Management Group contributed towards the writing of this manuscript and are 

recognised as co-authors. The results of this sub-study will be disseminated 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. 
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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 six 

months of randomisation were included [Figure 1]. Participants were recruited 

between January 2013 and September 2019 from 12 NHS surgical centres in 

England.  Demographic 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 (Standard Deviation, 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 baseline 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]. 
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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)

Co-habiting 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)
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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 7 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 timepoints [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 to baseline [Figure 3].  

Whilst 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 

[Supplementary Table 1]. 

> £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)
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Characteristics of 12-month 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, 

ethnicity, marital status, smoking status, and self-reported income were not 

associated with repeat HADS questionnaire return [Supplementary Table 2, 

Supplementary Table 3, Supplementary Table 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 questionnaires. Compared to individuals 

who were in employment, being retired at baseline was associated with an increased 

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

Proportion
Median 
score
(IQR)

Cases
(%)

Change
(%)

95% CI
(%)

P-value

HADS-A
Anxiety
(n 503)

Baseline 7 (4 – 10) 45.3

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

-9.5 -14.3 to -4.8 <0.001

HADS-D
Depression
(n 498)

Baseline 7 (4 – 10) 46.4

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

-22.3 -27.0 to -17.6 <0.001
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odds of completed HADS-A (Odds Ratio (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 depression on trial enrolment. Following 

surgery, substantial reductions in the proportion of participants with possible 

depression and anxiety were observed at 12 months post-randomisation. The 

greatest reduction was observed in symptoms of depression, where there was over a 

20% decrease in prevalence. Whilst most participants reported an improvement in 

their mental health, over a 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 to previously published research utilising the HADS, we found higher a 

prevalence of pre-operative anxiety and depression in our study sample. Karlsson et 

al. described HADS scores amongst a consecutive sample of participants (n 655) 

who took part in the Swedish Obese Subjects (SOS) study and underwent bariatric 

surgery [29]. Using identical cut-off points to those used in our study, the prevalence 

of pre-operative anxiety was 34% and that of depression was 24% among those who 

were surgically treated. Whilst the mean age of their sample was comparable 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, 
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alongside the substantially lower number of bariatric surgical procedures taking 

place in the UK compared to 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 

one year following surgery [31]. Participants had a higher mean BMI (51.3 SD 8.4 

kg/m2) compared to 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 post-operative is in keeping with other studies which have utilised 

differing assessment criteria, such as the Beck Depression Inventory (BDI) or 

structured clinical interview [19]. In the Longitudinal 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 2,148) monitored 

over three years experienced the greatest reduction in mean BDI score between 

baseline and one-year post-operatively [32]. In their study, participants with pre-

operative depressive symptoms (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. Whilst the literature has predominantly studied the trajectory 

of depressive disorders, structured clinical interviews could offer greater insight into 

the pre-operative prevalence of anxiety disorders. In a sub-sample of LABS 

participants (N 199) interviewed before bariatric surgery, 18.1% (n 36) were found to 
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have a current anxiety disorder, with a specific phobia (11.1%, n 22) being the most 

common 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 has been shown to be reliable in detecting both disorders [34]. 

Whereas previous studies have often utilised single dimension instruments. Our 

large sample were recruited from 12 UK NHS surgical centres that are likely to be 

representative of the national population undergoing bariatric surgery, compared to 

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 field [19, 21]), 

alongside the pre-operative 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 to questionnaire non-returners at 12-month post-randomisation) is in 

keeping with the wider epidemiological literature regarding survey response rates in 

this age-group [35, 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. Whilst 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 
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HADS questionnaires may have later developed anxiety or depressive disorders 

following randomisation. 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 analyses of the main trial is 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 symptoms, irrespective of procedure 

type, the research team were not unblinded to participant’s surgical intervention 

status. 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, particularly 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 research [37, 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 to physical HRQoL following bariatric surgery [39] that could 
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prove important to understanding the short-term effects within our sample. In a study 

of LABS-3 participants, the presence of a pre-operative 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 improvement in both mental and physical HRQoL, alongside a reduction in 

depressive symptoms [41].

CONCLUSIONS

Our study highlights the very high prevalence of pre-operative psychological 

morbidity amongst 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 amongst 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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By-Band-Sleeve Study is registered with the National Institutes of Health 

ClinicalTrials.gov database (NCT02841527) and ISRCTN registry 

(ISRCTN00786323).
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programme, the NIHR, the UK NHS, or the Department of Health. The trial is being 
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Data sharing statement

Data may be obtained from a third party and are not publicly available. Data will not 

be made available for sharing until after publication of the main results of the 

randomised trial. Thereafter, anonymised individual patient data will be made 

available for secondary research, conditional on assurance from the secondary 

researcher that the proposed use of the data is compliant with the MRC Policy on 
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Data Preservation and Sharing regarding scientific quality, ethical requirements, and 

value for money. 
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LEGENDS

TABLE 1: Demographic data by baseline HADS-A and HADS-D scores. Case categories 

based on the original HADS cut-offs proposed by Zigmond & Snaith, 1983.

TABLE 2: Frequency and percentage change in clinical cases for individuals who underwent 

surgery within 6 months of randomisation with completed questionnaires at both timepoints. 

p-value associated with change in case proportions obtained from McNemar’s chi-squared 

test statistic.

FIGURE 1: Flow Diagram 

Flow diagram representing questionnaire subscale completion for the HADS amongst the 

sample obtained from the By-Band-Sleeve study.

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.

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% confidence 

interval) 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).
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Flow diagram representing questionnaire subscale completion for the HADS amongst the sample obtained 
from the By-Band-Sleeve study. 
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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. 
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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% confidence interval) 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). 
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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 
 

Page 39 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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/


For peer review only

Supplementary Results 
Anxiety and depression following bariatric surgery 

 Page 4 of 5 

 
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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1

STROBE Statement 

Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term 
in the title or the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found

4, 5

Introduction
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported
7, 8

Objectives 3 State specific objectives, including any prespecified 
hypotheses

4, 5, 8, 9

Methods
Study design 4 Present key elements of study design early in the paper 8, 10
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 
collection

10, 11, 12, 13

Participants 6 (a) Give the eligibility criteria, and the sources and methods 
of selection of participants

10

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, 
if applicable

10, 11

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and 
details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than 
one group

10, 11, 12

Bias 9 Describe any efforts to address potential sources of bias 10, 11
Study size 10 Explain how the study size was arrived at 10
Quantitative variables 11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were 
chosen and why

11, 12

(a) Describe all statistical methods, including those used to 
control for confounding

11, 12

(b) Describe any methods used to examine subgroups and 
interactions

11, 12

(c) Explain how missing data were addressed 11, 12
(d) If applicable, describe analytical methods taking account 
of sampling strategy

11, 12

Statistical methods 12

(e) Describe any sensitivity analyses 11, 12

Results
(a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing 
follow-up, and analysed

14, 15, Figure 1 
[Flow diagram]

(b) Give reasons for non-participation at each stage 14, 15, Figure 1

Participants 13*

(c) Consider use of a flow diagram Figure 1
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2

(a) Give characteristics of study participants (eg 
demographic, clinical, social) and information on exposures 
and potential confounders

15
Table 1 (All)
Appendix A (Non-
responders)

Descriptive data 14*

(b) Indicate number of participants with missing data for 
each variable of interest

15, 18, Table 1, 
Figure 1

Outcome data 15* Report numbers of outcome events or summary measures 14, 15, 16, 17, 18
Table 2, Table 3, 
Figure 2, Figure 3, 
Appendix A

(a) Give unadjusted estimates and, if applicable, 
confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were 
adjusted for and why they were included

14, 17, Table 2

(b) Report category boundaries when continuous variables 
were categorized

15, Table 1, Table 
2, Table 3

Main results 16

(c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period

N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

18, Appendix A

Discussion
Key results 18 Summarise key results with reference to study objectives 19
Limitations 19 Discuss limitations of the study, taking into account sources 

of potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias

20, 21

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

19, 20

Generalisability 21 Discuss the generalisability (external validity) of the study 
results

20

Other information
Funding 22 Give the source of funding and the role of the funders for 

the present study and, if applicable, for the original study on 
which the present article is based

28

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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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 multi-

centre 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 pre-

randomisation 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 
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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: The By-Band-Sleeve Study is registered with ClinicalTrials.gov 

database (NCT02841527) and ISRCTN registry (ISRCTN00786323).
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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 randomised controlled trial, to 

date, in bariatric surgery (The By-Band-Sleeve Study) from multiple NHS 

surgical centres in England. 

 Although participants were re-assessed using the HADS at one-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 post-operative 

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).
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INTRODUCTION

Obesity and common mental disorders, such as anxiety and depression, contribute 

greatly to global disease burden and pose significant public health challenges [1, 2, 

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 bi-directional relationship between having obesity 

and developing a depressive disorder [4, 5] across both sexes, however a recently 

updated review found an elevated risk only among females [6]. Whilst there have 

been fewer longitudinal studies assessing the relationship between obesity and 

anxiety disorders, there is evidence of a positive association 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 give rise to a better understanding of these common co-morbidities [9, 10, 

11].

When people with severe or complex obesity (Body Mass Index >40kg/m2 or 

>35kg/m2 with a significant co-morbidity) are unable to lose weight, and have 

attempted all relevant non-surgical measures, current guidelines in the United 

Kingdom (UK) recommend that bariatric surgery should be offered [12, 13]. 

Compared to 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 rates of obesity-related co-

morbidities, such as type 2 diabetes mellitus [14, 15, 16]. They were 39,054 
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recorded operations within the UK National Bariatric Surgery Registry (NSBR) 

between 2013 to 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 4,499, 11.5%) [17].

Previous research suggests that people who undergo bariatric surgery have higher 

rates of pre-operative depression compared to 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 depression [20] however there remains 

uncertainty around the course of anxiety symptoms [20, 21, 22]. Previous literature 

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 symptoms 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 surgery [23, 24] compared to 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 
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study is comparing 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 

sub-study were to describe the prevalence, 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.
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METHOD

Participants

Participants were included in this sub-study if they had taken part in the By-Band-

Sleeve study, had undergone surgery (irrespective of procedure type) within six 

months of randomisation, and had completed the Hospital Anxiety and Depression 

Scale 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 gastro-intestinal conditions that precludes the surgical 

intervention, large abdominal ventral hernia or hiatus hernia >5cm, 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 six months of randomisation. This cut-off of 

six months from enrolment was selected a priori in the event of participants waiting a 

prolonged time for surgery to take place (for example, 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 pre-operative mental health status. In total, 

1,351 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 Hospital Anxiety and Depression Scale (HADS) was completed at pre-

randomisation (study enrolment or ‘baseline’) and at 12 months post-randomisation. 
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HADS is a 14-item questionnaire (7 questions for anxiety ‘A’ and 7 questions for 

depressive ‘D’ symptoms), which asks the participant to score each item between 0 

to 3 based on their level of agreement. A sub-scale total score of less than 8 is 

considered normal, 8 to 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 sub-scale 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 participants were collected on 

study enrolment. These included Body Mass Index (BMI), Age, Sex, Ethnicity, 

Marital Status, Tobacco use, Employment Status, and Income Band. Time from 

randomisation to surgery and number of centres participating were described.

Statistical analysis

Analyses were undertaken using Stata Version 16. Returned HADS questionnaires 

were assessed for completion of the 7-item anxiety (HADS-A) and depression 

(HADS-D) subscales. Participants who fully completed either subscale had a total 

symptom score calculated. The proportions of participants who met case criteria for 

possible anxiety and depression (defined as HADS-A/D >8) were described 

alongside baseline sociodemographic variables. The median symptom score (and 

interquartile range) was calculated 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 
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score. The change in proportions of participants with possible depression or anxiety 

at pre-randomisation compared to 12 months post-randomisation was calculated 

alongside 95% confidence intervals. McNemar’s chi-squared 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 analysis. The 

characteristics of participants who did not return completed questionnaires at 12 

months post-randomisation was compared to returners with respect to baseline 

symptom scores, proportion of clinical cases, and sociodemographic variables. For 

categorical variables, cross-tabulation was used to compare the distribution of 

baseline characteristics by repeat subscale return status. Odds ratios (with 95% 

confidence intervals) 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. 

Ethical approval

The By-Band-Sleeve study gained National Health Service (NHS) ethics approval 

from the Southwest Frenchay Research Ethics Committee (REC No: 11/SW/0248) in 

2011. The study is sponsored by the University of Bristol and was granted Health 

Research Authority (HRA) Approval in 2017. The By-Band-Sleeve Study is 
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registered with the National Institutes of Health ClinicalTrials.gov database 

(NCT02841527) and ISRCTN registry (ISRCTN00786323).

Patient and public involvement

This sub-study 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 representatives on the Trial 

Management Group contributed towards the writing of this manuscript and are 

recognised as co-authors. The results of this sub-study will be disseminated 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. 
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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 six 

months of randomisation were included [Figure 1]. Participants were recruited 

between January 2013 and September 2019 from 12 NHS surgical centres in 

England.  Demographic 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 (Standard Deviation, 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 baseline 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]. 
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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)

Co-habiting 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)
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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 7 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 timepoints [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 to baseline [Figure 3].  

Whilst 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 

[Supplementary Table 1]. 

> £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)
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Characteristics of 12-month 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, 

ethnicity, marital status, smoking status, and self-reported income were not 

associated with repeat HADS questionnaire return [Supplementary Table 2, 

Supplementary Table 3, Supplementary Table 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 questionnaires. Compared to individuals 

who were in employment, being retired at baseline was associated with an increased 

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

Proportion
Median 
score
(IQR)

Cases
(%)

Change
(%)

95% CI
(%)

P-value

HADS-A
Anxiety
(n 503)

Baseline 7 (4 – 10) 45.3

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

-9.5 -14.3 to -4.8 <0.001

HADS-D
Depression
(n 498)

Baseline 7 (4 – 10) 46.4

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

-22.3 -27.0 to -17.6 <0.001
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odds of completed HADS-A (Odds Ratio (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 depression on trial enrolment. Following 

surgery, substantial reductions in the proportion of participants with possible 

depression and anxiety were observed at 12 months post-randomisation. The 

greatest reduction was observed in symptoms of depression, where there was over a 

20% decrease in prevalence. Whilst most participants reported an improvement in 

their mental health, over a 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 to previously published research utilising the HADS, we found higher a 

prevalence of pre-operative anxiety and depression in our study sample. Karlsson et 

al. described HADS scores amongst a consecutive sample of participants (n 655) 

who took part in the Swedish Obese Subjects (SOS) study and underwent bariatric 

surgery [29]. Using identical cut-off points to those used in our study, the prevalence 

of pre-operative anxiety was 34% and that of depression was 24% among those who 

were surgically treated. Whilst the mean age of their sample was comparable 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, 
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alongside the substantially lower number of bariatric surgical procedures taking 

place in the UK compared to 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 

one year following surgery [31]. Participants had a higher mean BMI (51.3 SD 8.4 

kg/m2) compared to 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 post-operative is in keeping with other studies which have utilised 

differing assessment criteria, such as the Beck Depression Inventory (BDI) or 

structured clinical interview [19]. In the Longitudinal 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 2,148) monitored 

over three years experienced the greatest reduction in mean BDI score between 

baseline and one-year post-operatively [32]. In their study, participants with pre-

operative depressive symptoms (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. Whilst the literature has predominantly studied the trajectory 

of depressive disorders, structured clinical interviews could offer greater insight into 

the pre-operative prevalence of anxiety disorders. In a sub-sample of LABS 

participants (N 199) interviewed before bariatric surgery, 18.1% (n 36) were found to 
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have a current anxiety disorder, with a specific phobia (11.1%, n 22) being the most 

common 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 has been shown to be reliable in detecting both disorders [34]. 

Whereas previous studies have often utilised single dimension instruments. Our 

large sample were recruited from 12 UK NHS surgical centres that are likely to be 

representative of the national population undergoing bariatric surgery, compared to 

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 field [19, 21]), 

alongside the pre-operative 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 to questionnaire non-returners at 12-month post-randomisation) is in 

keeping with the wider epidemiological literature regarding survey response rates in 

this age-group [35, 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. Whilst 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 
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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 diagnosis 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 limitations of this questionnaire. 

Future work would benefit from the use of structured clinical interviews which could 

offer insight into the presence of other co-morbid 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 analyses 

of the main trial is 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 symptoms, irrespective of procedure type, the research team were 

not unblinded to participant’s surgical intervention status. The study did not feature a 

non-surgical control group; therefore, we are unable to compare the natural 

trajectory of symptoms amongst 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, particularly if participants incorrectly perceived that disclosure of 

their mental health difficulties was going to influence the likelihood of surgery. 
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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 research [37, 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 to physical HRQoL following bariatric surgery [39] that could 

prove important to understanding the short-term effects within our sample. In a study 

of LABS-3 participants, the presence of a pre-operative 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 improvement in both mental and physical HRQoL, alongside a reduction in 

depressive symptoms [41].

CONCLUSIONS

Our study highlights the very high prevalence of pre-operative psychological 

morbidity amongst 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 amongst 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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LEGENDS

TABLE 1: Demographic data by baseline HADS-A and HADS-D scores. Case categories 

based on the original HADS cut-offs proposed by Zigmond & Snaith, 1983.

TABLE 2: Frequency and percentage change in clinical cases for individuals who underwent 

surgery within 6 months of randomisation with completed questionnaires at both timepoints. 

p-value associated with change in case proportions obtained from McNemar’s chi-squared 

test statistic.

FIGURE 1: Flow Diagram 

Flow diagram representing questionnaire subscale completion for the HADS amongst the 

sample obtained from the By-Band-Sleeve study.

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.

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% confidence 

interval) 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).
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Flow diagram representing questionnaire subscale completion for the HADS amongst the sample obtained 
from the By-Band-Sleeve study. 
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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. 
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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% confidence interval) 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). 

165x149mm (330 x 330 DPI) 

Page 38 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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/


For peer review only

Supplementary Results 
Anxiety and depression following bariatric surgery 

 Page 1 of 5 

 

 
 
List of supplementary tables 
  Page 

Table 1 Change in clinical cases from baseline to 12 months post-randomisation 2 

Table 2 Baseline characteristics by repeat HADS questionnaire return status  3 

Table 3 Baseline characteristics by repeat HADS-A questionnaire return status 4 
Table 4 Baseline characteristics by repeat HADS-D questionnaire return status  

 
5 

 
 
  

Page 39 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 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/


For peer review only

Supplementary Results 
Anxiety and depression following bariatric surgery 

 Page 2 of 5 

 

  

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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STROBE Statement 

Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term 
in the title or the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found

4, 5

Introduction
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported
7, 8

Objectives 3 State specific objectives, including any prespecified 
hypotheses

4, 5, 8, 9

Methods
Study design 4 Present key elements of study design early in the paper 8, 10
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 
collection

10, 11, 12, 13

Participants 6 (a) Give the eligibility criteria, and the sources and methods 
of selection of participants

10

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, 
if applicable

10, 11

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and 
details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than 
one group

10, 11, 12

Bias 9 Describe any efforts to address potential sources of bias 10, 11
Study size 10 Explain how the study size was arrived at 10
Quantitative variables 11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were 
chosen and why

11, 12

(a) Describe all statistical methods, including those used to 
control for confounding

11, 12

(b) Describe any methods used to examine subgroups and 
interactions

11, 12

(c) Explain how missing data were addressed 11, 12
(d) If applicable, describe analytical methods taking account 
of sampling strategy

11, 12

Statistical methods 12

(e) Describe any sensitivity analyses 11, 12

Results
(a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing 
follow-up, and analysed

14, 15, Figure 1 
[Flow diagram]

(b) Give reasons for non-participation at each stage 14, 15, Figure 1

Participants 13*

(c) Consider use of a flow diagram Figure 1
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(a) Give characteristics of study participants (eg 
demographic, clinical, social) and information on exposures 
and potential confounders

15
Table 1 (All)
Appendix A (Non-
responders)

Descriptive data 14*

(b) Indicate number of participants with missing data for 
each variable of interest

15, 18, Table 1, 
Figure 1

Outcome data 15* Report numbers of outcome events or summary measures 14, 15, 16, 17, 18
Table 2, Table 3, 
Figure 2, Figure 3, 
Appendix A

(a) Give unadjusted estimates and, if applicable, 
confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were 
adjusted for and why they were included

14, 17, Table 2

(b) Report category boundaries when continuous variables 
were categorized

15, Table 1, Table 
2, Table 3

Main results 16

(c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period

N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

18, Appendix A

Discussion
Key results 18 Summarise key results with reference to study objectives 19
Limitations 19 Discuss limitations of the study, taking into account sources 

of potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias

20, 21

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

19, 20

Generalisability 21 Discuss the generalisability (external validity) of the study 
results

20

Other information
Funding 22 Give the source of funding and the role of the funders for 

the present study and, if applicable, for the original study on 
which the present article is based

28

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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