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Abstract

Objectives

The aim was to investigate the impact of a group-based weight management programme on
symptoms of depression and anxiety compared with self-help in a randomised controlled
trial (RCT).

Method

People with overweight (Body Mass Index [BMI]>28kg/m?) were randomly allocated self-help
(n=211) or a group-based weight management programme for 12 weeks (n = 528) or 52
weeks (n = 528) between 18/10/2012 and 10/02/2014. Symptoms were assessed using the
Hospital Anxiety and Depression Scale, at baseline, 3, 12 and 24 months. Linear regression
modelling examined changes in Hospital Anxiety and Depression Scale between trial arms.

Results

At 3 months, there was a -0.6 point difference (95% confidence interval [Cl], -1.1,-0.1) in
depression score and -0.1 difference (95% Cl, -0.7, 0.4) in anxiety score between group-
based weight management programme and self-help. At subsequent time points there was
no consistent evidence of a difference in depression or anxiety scores between trial arms.
There was no evidence that depression or anxiety worsened at any time point.

Conclusions

There was no evidence of harm to depression or anxiety symptoms as a result of attending
a group-based weight loss programme. There was a transient reduction in symptoms of
depression, but not anxiety, compared to self-help. This effect equates to less than 1 point
out of 21 on the Hospital Anxiety and Depression Scale and is not clinically significant.
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Introduction

The effect of obesity on physical health has been well documented [1-5]. People with obesity
are at greater risk of poor mental health than those without, but the reasons for this are compli-
cated [6]. Recent evidence suggests that excess weight is associated with severity of depressive
symptoms and potential biological mechanisms for this relationship have been explored [7, 8].
Other studies show that intentional weight loss can reduce symptoms of depression, [9, 10] or
improve quality of life scores, [11] although this result is inconsistent, with some studies find-
ing no evidence of a relationship between intentional weight loss and health related quality of
life scores [12-14]. Further clarification of this relationship is important as there is an out-
standing concern that weight loss attempts could worsen mental health [15].

The COVID-19 pandemic highlighted the importance of preventing and managing obesity.
Excess weight is associated with an increased risk of hospitalisation, admission to intensive
care and death from COVID-19 [16, 17]. This has led to interest in the potential for interven-
tions to treat obesity to reduce the risk of adverse COVID-outcomes. In the UK, the National
Institute for Clinical Excellence recently consulted on the addition of two new Quality and
Outcomes Framework indicators, to be applied from 2021 [18]. These would financially incen-
tivise referral from primary care of eligible adult patients to a weight management programme,
resulting in a likely increase in number of patients accessing these services. Clarifying the effect
that this may have on symptoms of depression and anxiety is of high importance if weight loss
programmes are to be offered at scale.

The Weight loss Referrals for Adults in Primary Care [19] trial provides an opportunity to
study the unconfounded effect of type of weight loss intervention provided on symptoms of
depression/anxiety. A recent comprehensive systematic review highlighted larger transparent
data sets, regular reporting, comparison with an appropriate inactive comparator group and
longer follow up as a priority areas for future RCTs [20]. This data set offers unique insights
into the longer term effects of group based weight loss programmes on symptoms of anxiety
and depression due to the 24 month follow up. Measurements were taken at baseline, 3, 12 and
24 months, so changes in anxiety and depression scores were monitored over time. Partici-
pants were randomised to either a brief intervention encouraging a self-help approach (a real-
istic inactive comparator group), or a programme provided by a commercial weight loss
provider over 12 or 52 weeks, so that confounding from other variables such as adverse life
events and co-morbidities was mitigated. The aim was to examine the impact of group-based
weight loss programmes on mental health, specifically symptoms of anxiety and depression,
compared to self-directed weight loss attempts. The main analysis will explore the average
impact on the population studied. However, there may be individual differences in who bene-
fits and who experiences harm. Baseline levels of anxiety or depression is one such factor and
subsequent analysis will investigate whether any effect is greater amongst those with higher
depression or anxiety scores at baseline.

Methods

The WRAP trial protocol is described elsewhere [21]. In outline, this was a multicentre, non-
blinded randomised controlled trial that recruited 1267 adults with overweight (BMI> 28 kg/
m?) and randomised in a 2:5:5 allocation to either a brief intervention (BI) based around self-
help; a 12-week commercial group-based weight loss programme (CP12); or a 52-week com-
mercial group-based weight loss programme (CP52) respectively. The participants were
selected through electronic patient records at 23 primary care practices across England
between 18" October 2012 and 10™ February 2014. Exclusion criteria included previous or
planned bariatric surgery; planned (within 2 years) or current pregnancy; participation in a
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concurrent structured weight loss programme; eating disorders; non-English speakers or spe-
cial communication needs; individuals with terminal illness or receiving palliative care; severe
mental health problem, learning difficulty or dementia; a carer for a terminally ill individual or
recently bereaved. The randomisation sequence was generated by the trial statistician at the
time of protocol development and unknown to research staff and trial participants. Once par-
ticipants were enrolled, the database revealed group allocation. Due to the nature of the inter-
vention in the trial (attendance at a structured weight loss programme), participants and
researchers could not be blinded to the intervention. Participants were followed up for a total
of 24 months, completing the Hospital Anxiety and Depression Scale (HADS) at 0, 3, 12 and
24 months. The primary outcome was difference in mean weight change from baseline to 12
months between the three groups and this has been published elsewhere [22]. In line with pre-
vious analyses, an intention to treat analysis was conducted, in that all participants were
included, regardless of their attendance at follow up or completion of questionnaires. The trial
(number ISRCTN82857232) was registered with Current Controlled Trials and ethical
approval was gained centrally at from NRES Committee East of England East and locally from
NRES Committee South Central Oxford and NRES Committee North West Liverpool Central.

The intervention was either a 12- or 52-week local Weight Watchers programme, with a
unique code to access digital tools to use throughout their programme. They were given a
booklet of vouchers to exchange at each weekly visit (the same vouchers that are used in the
UK National Health Service referral scheme) enabling participants to attend without charge.
The brief intervention group were given a 32-page British Heart Foundation booklet of self-
help weight management strategies. Research staff read from a script, explaining the structure
and content of the booklet.

The HADS is a self-assessment scale consisting of 14 items which are each rated on a scale
of 0-3 by the participant; 7 assess depression symptoms and 7 assess anxiety symptoms. The
maximum score for both depression and anxiety is 21. A score of 0-7 is considered normal;
8-10 borderline; and 11-21 indicates the probable presence of depression or anxiety disorder.
The HADS has a sensitivity and specificity of 0.8, comparable to the General Health Question-
naire and has been judged to perform well when assessing symptom severity in anxiety disor-
ders and depression in a primary care setting [23]. We included data from completed
questionnaires.

The data were analysed in Stata (Version 14.2) using mixed effects regression to calculate
the differences between intervention (either 12-week or 52-week structured weight manage-
ment programme) and control (brief intervention based around self-help) HADS at 3, 12 and
24 months. Sample size was calculated in the initial trial to detect the expected weight loss dif-
ference between the group-based weight loss programme and brief intervention arms (calcu-
lated at 1200 participants) [21]. We used three models to investigate sensitivity to missing
data. As in the primary trial, the main analysis used a mixed model using a missing-at-random
(MAR) assumption. Practice was added as a random effect and all other variables were fixed.
Secondary analyses were conducted using multiple imputation and completers only (analysing
participants who attended and completed HADS at every specified follow up).

Both stratified variables (centre and gender) and baseline anxiety or depression score were
controlled for in the analysis. Participants in the 12-week and 52-week arms were analysed as a
single group at the 12-week point, as both these arms received an identical group-based weight
loss programme for the first 3 months. At 12 and 24 months, the data were analysed as a three-
arm trial, because the 12-week arm had not received the group-based weight loss programme
after 3 months, but the 52-week arm had. Secondly, we examined whether any effect would be
greater in individuals with more severe symptoms at baseline using a term for interaction
between randomisation group and baseline (anxiety or depression) score.
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Results

The details of participant screening, eligibility and participation was published in the initial
analysis and are summarised in Fig 1 [22]. As in the primary study, the total number of partici-
pants included in the analysis was 1267, and their baseline characteristics are summarised in
Table 1. Overall, participants had a mean age of 53-2 years (standard deviation 13-8), mean
BMI of 34-5 kg/m2 (5-2), 859 (68%) of 1267 participants were female, and 1136 (90%) were
white. In the primary study, the mean weight change at 12 months was —3-26 kg (standard
error 0-68) in brief intervention, —4-75 kg (0-35) in the 12-week programme, and —6-76 kg
(0-42) in the 52-week programme [22]. Mean baseline HADS scores were 5.3 (standard devia-
tion 3.6), and 7.2 (4.2) for depression and anxiety respectively, which both fall in the normal
range.

All 1267 participants were included in the multiple imputation model. 1247 were included
in the mixed model, as 20 participants had no recorded HADS at any time point. In the com-
pleters only analysis 897 (71%) were included at 3-month follow up, 727 (57%) at 12 months,
and 728 (57%) at 24 months. Trajectories of the mean raw depression and anxiety scores at
each time point are shown in Figs 2 and 3. Numerical details are provided in Table 2. At all
time points, and across all arms, there was no evidence of harm.

At three months, the combined group-based programmes reduced depression score by -0.6
(95% confidence interval, -1.1, -0.1) compared with brief intervention in the mixed model.
There was no evidence of a difference between the 12-week programme and brief intervention
at 12 [-0.5 (-1.0, 0.1)] or 24 months follow up [0.5 (-0.1,1.0)], or between the 52-week pro-
gramme and brief intervention at either 12 [-0.5 (-1.1, 0.1)] or 24 months follow-up [0.2 (-0.3,
0.8)] (Table 3).

These results were replicated in the multiple imputation model. In the completers only
model, the combined group-based weight loss programme reduced depression score by -0.8
(-1.3, -0.3), compared with the brief intervention. This persisted at 12 months between the
12-week programme and brief intervention [-0.7 (-1.3, -0.1)] and between the 52-week pro-
gramme and brief intervention [-0.7 (-1.3, -0.1)]. As in the mixed effects and multiple imputa-
tion model, there was no evidence of a difference between arms in the completers only model
at 24 months [12-week programme vs brief intervention = 0.4 (-0.2, 1.0); 52-week programme
vs brief intervention = 0.2 (-0.4, 0.8)]. The results for anxiety showed similarly small and
mostly non-significant differences between arms (Table 3). We also examined whether the
effect of treatment on the outcome varied by extent of anxiety/depression at baseline. In all
models examined (completers only and multiple imputation) there was no evidence of interac-
tion (p>0.05) at any time point.

Discussion

The trial was large enough to give precise estimates that excluded the possibility that these pro-
grammes lead to clinically relevant worsening of depression or anxiety. Referral to an open-
group behavioural weight loss programme resulted in a statistically significant though small
decrease in depression symptoms from baseline to 3 months compared with the brief interven-
tion arm, but there was no consistent evidence of effect at 12 or 24 months (evidence of effect
at 12 months completers only, but not multiple imputation or mixed model analysis). There
was no evidence that allocation to group support rather than self-guided weight loss influenced
symptoms of anxiety. The mean scores for all groups did not vary much over time, including
at 24 months when weight regain had taken place. There was no evidence that the effects of
weight loss treatment depended on the degree of depression or anxiety symptoms present at
baseline.
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Attended 3-month
assessement (n=405)
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Attended 3-month
|—]  assessment (n=455)
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35 did not attend
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Completed HADS (n=105

Attended 12-month
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74 did not attend
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82 did not attend
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Completed HADS (n=112

Attended 24-month
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Attended 24-month
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[Completed HADS (n=321

211 included in intention-
to-treat analysis

528 included in intention-
to-treat analysis

528 included in intention-
to-treat analysis

Fig 1. CONSORT flow diagram for trial participants recruited between October 18, 2012 and February 10, 2014.
https://doi.org/10.1371/journal.pone.0263228.9001
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Table 1. Baseline characteristics of 1267 participants allocated to brief intervention or to commercial provider for 12 or 52 weeks.

Brief Intervention (n = 211)

Commercial Provider: 12 weeks

Commercial Provider: 52 weeks

(n=528) (n=528)
n or n (%) Mean (SD) n or n (%) Mean (SD) n or n (%) Mean (SD)

Age 211 51.9 (14.1) 528 53.6 (13.3) 528 53.3 (14.0)
Weight (kg) 211 96.1 (16.4) 528 96.6 (17.9) 528 95.7 (16.4)
Height (cm) 211 167 (9.5) 528 167 (8.9) 528 167 (9.0)
BMI (kg/m?) 211 34.4 (4.6) 528 34.7 (5.4) 528 34.5 (5.1)
Depression Score 201 5.6 (3.8) 505 5.3 (3.4) 507 5.2(3.6)
Anxiety Score 201 7.5 (4.5) 505 7.0 (4.1) 507 7.4 (4.2)
Sex

Male 68 (32.2%) 171 (32.4%) 169 (32.0%)

Female 143 (67.8%) 357 (67.6%) 359 (68.0%)
Gross Household Income (per annum)

<£20 000 65 (30.8%) 125 (23.7%) 138 (26.1%)

£20 000-39 999 56 (26.5%) 132 (25.0%) 137 (26.0%)

>£40 000 51 (24.2%) 132 (25.0%) 123 (23.3%)

Missing or prefer not to say 39 (18.5%) 139 (26.3%) 130 (24.6%)
Education

Higher degree or equivalent 23 (10.9%) 79 (15.0%) 68 (12.9%)

University degree or equivalent 48 (22.7%) 108 (20.5%) 97 (18.4%)

Post-secondary education 10 (4.7%) 14 (2.7%) 10 (1.9%)

A-Levels or equivalent

53 (25.1%)

95 (18.0%)

110 (20.8%)

GCSEs or equivalent 55 (26.1%) 153 (29.0%) 155 (29.4%)
None 7 (3.3%) 25 (4.7%) 27 (5.1%)
Missing or prefer not to say 15 (7.1%) 54 (10.2%) 60 (11.4%)
Ethnicity
Asian or Asian British 9 (4.3%) 11 (2.0%) 15 (2.8%)
Black or black British 5 (2.4%) 12 (2.3%) 6 (1.1%)
Mixed or multiple ethnic group 4(1.9%) 4(0.8%) 7 (1.3%)
White or white British 181 (85.8%) 480 (90.1%) 475 (90.0%)
Other 2 (0.9%) 6 (1.1%) 7 (1.3%)
Missing or prefer not to say 10 (4.7%) 15 (2.8%) 18 (3.4%)

https://doi.org/10.1371/journal.pone.0263228.t001

A strength of this trial was the generalisability to the UK population. Participants were
recruited from multiple centres (Oxford, Cambridge and Liverpool) with over half of the par-
ticipating GP practices from areas with an index of multiple deprivation score above the UK
average [19]. The overall ethnic diversity of participants reflects the UK population. The study
participants had a mean BMI of 34.5kg/m?* which is typical of the average BMI of patients
referred to group weight management programmes in the NHS [24]. We used an intention-to-
treat analysis to model real world clinical practice and to produce conservative estimates of

effect.

Although the loss to follow up was below the anticipated dropout rate for weight loss trials,
the addition of requiring a completed HADS questionnaire resulted in a slightly higher than
average missing data at 12 and 24 months (43%) [25]. Results from the three different analysis
models however showed a similar effect for both anxiety and depression scores in the MAR
models and completers only model, illustrating the robustness of the analysis. Randomisation
should distribute covariates equally between groups at baseline, however we cannot exclude
post-randomisation bias, such as unequal distribution of pharmacotherapy or psychotherapy
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—&— Brief Intervention

—#— 12 week programme

Mean (SE) depression score on HADS scale

——52 week programme

9 12 15 18 21 24
Time after baseline (months)

Fig 2. Depression score over 24 months of follow-up. Data are mean (standard error) of all measured HADS at each time point (Table 2).

https://doi.org/10.1371/journal.pone.0263228.g002

between groups after this. Another limitation was that only adults with a BMI > 28 kg/m*were
included. Adults with a BMI between 25-28 kg/m” also have negative health consequences
associated with excess weight [26]. Future weight management trials should consider expand-
ing their inclusion criteria to fully incorporate overweight adults.

Our results concur with a recent comprehensive systematic review on the topic [20]. Both
found participation in a group-based weight loss can reduce symptoms of depression com-
pared to control, and no evidence of a difference in anxiety scores between arms. Few studies
included in the systematic review documented anxiety score at 12 months or beyond,
highlighting the need for longer term mental health follow up, as reported here. Similarly,
both studies found no evidence that initiating a weight loss attempt resulted in an increase in
symptoms of depression or anxiety as has previously been reported in observational studies
[14].

These results show that there may be a small additional benefit to mental health of referring
patients to group-based weight loss programmes. However, the clinical significance of this
effect is likely to be minimal. At 3 months, when the maximal reduction in depression score
was observed in the group-based weight loss programme compared to the brief intervention,
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Fig 3. Anxiety score over 24 months of follow-up. Data are mean (standard error) of all measured HADS at each time point (Table 2).
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Table 2. Change in anxiety and depression score from baseline by allocated programme. BI: Brief intervention. CP12: 12-week commercial provider weight loss pro-
gramme. CP52: 52-week commercial provider weight loss programme.

BI (n =211) CP12 (n = 528) CP52 (n = 528) CP12 & CP52 (n = 1056)
n |Mean Mean changein |n |Mean Mean changein |n |Mean Mean changein |n Mean Mean change in
HADS HADS from HADS HADS from HADS HADS from HADS HADS from
(SE) baseline (SE) (SE) baseline (SE) (SE) baseline (SE) (SE) baseline (SE)
Depression
Score
Baseline 201 | 5.6 (0.3) 505 | 5.3 (0.2) 507 | 5.2 (0.2) 1012 | 5.2 (0.1)
3months | 128 5.6(0.3) |0.2(0.2) 370 | 4.4(0.2) |-0.6(0.1) 427 |4.6(0.2) |-0.4(0.1) 797 |4.5(0.1) |-0.5(0.1)
12 months | 105 | 5.5 (0.4) | 0.3(0.3) 315|4.5(0.2) |-0.4(0.2) 329 | 4.6(0.2) |-0.3(0.2)
24 months | 112 | 5.1(0.4) | -0.3(0.3) 315/5.1(0.2) |0.1(0.2) 321/4.8(0.2) |0.0(0.2)
Anxiety
Score
Baseline 201 7.5(0.3) 505 | 7.0 (0.2) 507 | 7.4 (0.2) 1012 | 7.2 (0.1)
3months | 128 7.1(04) |-0.3(0.2) 370 | 6.4(0.2) |-0.5(0.1) 427 6.8(0.2) |-0.4(0.1) 797 16.6(0.2) |-0.4(0.1)
12 months | 105 | 7.0 (0.4) | 0.0 (0.3) 315/6.3(0.2) |-0.3(0.2) 329 /7.0(0.3) |0.0(0.2)
24 months | 112 6.5(0.4) | -0.5(0.3) 315/6.8(0.2) |0.2(0.2) 321/7.0(0.2) |0.0(0.2)

https://doi.org/10.1371/journal.pone.0263228.t002
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Table 3. Change in anxiety and depression score during a 12-week commercial provider (CP12) and 52-week commercial provider (CP52) weight loss programme
compared to brief intervention (BI).

CP12 vs. BI

CP52 vs. BI

CP12 & CP52 vs. BI

Mean adjusted difference*
(95% CI)

p value**

Mean adjusted difference*
(95% CI)

p value**

Mean adjusted difference*
(95% CI)

p value**

Depression

Mixed-effects model
(n=1247)

3 months

-0.6 (-1.1,-0.1)

0.01

12 months

-0.5 (-1.0,0.1)

0.12

-0.5(-1.1,0.1)

0.09

24 months

0.5 (-0.1, 1.0)

0.10

0.2 (-0.3,0.8)

0.42

Completers Only

3 months (n = 897)

-0.8 (-1.3,-0.3)

<0.01

12 months (n = 727)

-0.7 (-1.3,-0.1)

0.02

-0.7 (-1.3,-0.1)

0.03

24 months (n = 728)

0.4 (-0.2, 1.0)

0.21

0.2 (-0.4,0.8)

0.49

Multiple Imputation
(n =1267)

3 months

-0.8 (-1.2,-0.3)

<0.01

12 months

-0.5(-1.1,0.1)

0.09

-0.5(-1.1, 0.0)

0.07

24 months

0.3 (-0.3,0.9)

0.33

0.2 (-0.4,0.8)

0.57

Anxiety

Mixed-effects model
(n=1247)

3 months

-0.1(-0.7,0.4)

0.69

12 months

-0.2 (-0.8,0.5)

0.63

-0.1(-0.7,0.4)

0.69

24 months

0.7 (0.0, 1.3)

0.04

0.5(-0.2,1.1)

0.15

Completers Only

3 months (n = 897)

0.2 (-0.7,0.3)

0.53

12 months (n = 727)

-0.4 (-1.0,0.3)

0.28

0.1 (-0.7, 0.6)

0.87

24 months (n = 728)

0.6 (-0.1, 1.3)

0.10

0.4(-0.2,1.1)

0.20

Multiple Imputation
(n=1267)

3 months

-0.1 (-0.6, 0.4)

0.70

12 months

0.2 (-0.8,0.5)

0.57

0.2 (-0.5,0.8)

0.61

24 months

0.6 (-0.1,1.3)

0.07

0.5 (-0.1, 1.1)

0.13

*adjusted for centre, gender, baseline depression and baseline anxiety score as appropriate

**unadjusted p value.

https://doi.org/10.1371/journal.pone.0263228.t003

there was less than one point difference on the HADS scale, where the maximum possible

scoreis 21.

Although this study found no evidence of an interaction with baseline mental health scores,
this group-based analysis cannot exclude the possibility that, particularly when offered at scale,
some individuals may experience negative impacts on mental health of weight loss interven-
tions. However, many people are currently trying to lose weight and this analysis provides
reassurance that offering greater access to group-based programmes does not increase the risk
of adverse effects on mental health.

Conclusion

In conclusion, healthcare professionals should be reassured that there is no evidence of an
increase in symptoms of depression or anxiety up to two years after referring people to a
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group-based weight loss programme. On average, there may be a small, but clinically insignifi-
cant improvement in symptoms of depression for those referred to programmes with group
support compared to self-help in the short-term.

Supporting information

S1 File. CONSORT 2010 checklist of information to include when reporting a randomised
trial.
(DOC)

Author Contributions

Conceptualization: Susan Jebb, Amy Ahern, Jason Halford, Paul Aveyard.

Data curation: Laura Heath, Richard Stevens, Graham Wheeler, Amy Ahern, Paul Aveyard.
Formal analysis: Laura Heath, Richard Stevens.

Funding acquisition: Amy Ahern, Paul Aveyard.

Investigation: Emma Boyland, Jason Halford, Paul Aveyard.

Methodology: Laura Heath, Susan Jebb, Richard Stevens, Graham Wheeler, Amy Ahern,
Emma Boyland, Jason Halford, Paul Aveyard.

Project administration: Laura Heath, Susan Jebb, Amy Ahern, Emma Boyland, Jason Half-
ord, Paul Aveyard.

Resources: Paul Aveyard.

Software: Richard Stevens, Graham Wheeler.
Supervision: Susan Jebb, Richard Stevens, Paul Aveyard.
Validation: Richard Stevens, Paul Aveyard.
Visualization: Jason Halford, Paul Aveyard.

Writing - original draft: Laura Heath.

Writing - review & editing: Laura Heath, Susan Jebb, Richard Stevens, Graham Wheeler,
Amy Ahern, Emma Boyland, Jason Halford, Paul Aveyard.

References

1. Grover SA, Kaouache M, Rempel P, Joseph L, Dawes M, Lau DC, et al. Years of life lost and healthy
life-years lost from diabetes and cardiovascular disease in overweight and obese people: a modelling
study. Lancet Diabetes Endocrinol. 2015; 3(2):114—22. https://doi.org/10.1016/S2213-8587(14)70229-
3 PMID: 25483220.

2. Arnold M, Jiang L, Stefanick ML, Johnson KC, Lane DS, LeBlanc ES, et al. Duration of Adulthood Over-
weight, Obesity, and Cancer Risk in the Women’s Health Initiative: A Longitudinal Study from the United
States. PLoS Med. 2016; 13(8):e1002081. https://doi.org/10.1371/journal.pmed.1002081 PMID:
27529652; PubMed Central PMCID: PMC4987008.

3. Reilly JJ, Kelly J. Long-term impact of overweight and obesity in childhood and adolescence on morbid-
ity and premature mortality in adulthood: systematic review. Int J Obes (Lond). 2011; 35(7):891-8.
https://doi.org/10.1038/ij0.2010.222 PMID: 20975725.

4. Kopelman P. Health risks associated with overweight and obesity. Obes Rev. 2007; 8 Suppl 1:13-7.
https://doi.org/10.1111/j.1467-789X.2007.00311.x PMID: 17316295.

5. Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular disease.
Nature. 2006; 444(7121):875-80. https://doi.org/10.1038/nature05487 PMID: 17167476.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263228 February 3, 2022 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263228.s001
https://doi.org/10.1016/S2213-8587%2814%2970229-3
https://doi.org/10.1016/S2213-8587%2814%2970229-3
http://www.ncbi.nlm.nih.gov/pubmed/25483220
https://doi.org/10.1371/journal.pmed.1002081
http://www.ncbi.nlm.nih.gov/pubmed/27529652
https://doi.org/10.1038/ijo.2010.222
http://www.ncbi.nlm.nih.gov/pubmed/20975725
https://doi.org/10.1111/j.1467-789X.2007.00311.x
http://www.ncbi.nlm.nih.gov/pubmed/17316295
https://doi.org/10.1038/nature05487
http://www.ncbi.nlm.nih.gov/pubmed/17167476
https://doi.org/10.1371/journal.pone.0263228

PLOS ONE

Anxiety and depression in a weight management trial

10.

1.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22,

Avila C, Holloway AC, Hahn MK, Morrison KM, Restivo M, Anglin R, et al. An Overview of Links
Between Obesity and Mental Health. Curr Obes Rep. 2015; 4(3):303—10. Epub 2015/12/03. https://doi.
org/10.1007/s13679-015-0164-9 PMID: 26627487.

Macchi C, Favero C, Ceresa A, Vigna L, Conti DM, Pesatori AC, et al. Depression and cardiovascular
risk—association among Beck Depression Inventory, PCSK9 levels and insulin resistance. Cardiovas-
cular Diabetology. 2020; 19(1):187. hitps://doi.org/10.1186/s12933-020-01158-6 PMID: 33143700

Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BWJH. Depression and obesity: evidence of
shared biological mechanisms. Molecular Psychiatry. 2019; 24(1):18-33. https://doi.org/10.1038/
s41380-018-0017-5 PMID: 29453413

Blaine BE, Rodman J, Newman JM. Weight loss treatment and psychological well-being: a review and
meta-analysis. J Health Psychol. 2007; 12(1):66—-82. https://doi.org/10.1177/1359105307071741
PMID: 17158841.

Fabricatore AN, Wadden TA, Higginbotham AJ, Faulconbridge LF, Nguyen AM, Heymsfield SB, et al.
Intentional weight loss and changes in symptoms of depression: a systematic review and meta-analy-
sis. Int J Obes (Lond). 2011; 35(11):1363—76. https://doi.org/10.1038/ijo.2011.2 PMID: 21343903;
PubMed Central PMCID: PMC3139753.

Williamson DA, Rejeski J, Lang W, Van Dorsten B, Fabricatore AN, Toledo K, et al. Impact of a weight
management program on health-related quality of life in overweight adults with type 2 diabetes.
Archives of internal medicine. 2009; 169(2):163—71. Epub 2009/01/28. https://doi.org/10.1001/
archinternmed.2008.544 PMID: 19171813; PubMed Central PMCID: PMC2705948.

Warkentin LM, Das D, Majumdar SR, Johnson JA, Padwal RS. The effect of weight loss on health-
related quality of life: systematic review and meta-analysis of randomized trials. Obes Rev. 2014; 15
(3):169-82. https://doi.org/10.1111/0br.12113 PMID: 24118750.

Maciejewski ML, Patrick DL, Williamson DF. A structured review of randomized controlled trials of
weight loss showed little improvement in health-related quality of life. Journal of clinical epidemiology.
2005; 58(6):568-78. Epub 2005/05/10. https://doi.org/10.1016/}.jclinepi.2004.10.015 PMID: 15878470.

Jackson SE, Steptoe A, Beeken RJ, Kivimaki M, Wardle J. Psychological changes following weight loss
in overweight and obese adults: a prospective cohort study. PLoS One. 2014; 9(8):e104552. https://doi.
org/10.1371/journal.pone.0104552 PMID: 250984 17; PubMed Central PMCID: PMC4123950.

Friedman KE, Reichmann SK, Costanzo PR, Zelli A, Ashmore JA, Musante GJ. Weight stigmatization
and ideological beliefs: relation to psychological functioning in obese adults. Obes Res. 2005; 13
(5):907—-16. Epub 2005/05/28. https://doi.org/10.1038/0by.2005.105 PMID: 15919845.

Gao M, Piernas C, Astbury NM, Hippisley-Cox J, O'Rahilly S, Aveyard P, et al. Associations between
body-mass index and COVID-19 severity in 6.9 million people in England: a prospective, community-
based, cohort study. Lancet Diabetes Endocrinol. 2021; 9(6):350—9. Epub 2021/05/02. https://doi.org/
10.1016/52213-8587(21)00089-9 PMID: 33932335.

Yang J, Hu J, Zhu C. Obesity aggravates COVID-19: a systematic review and meta-analysis. J Med
Virol. 2020. Epub 2020/07/01. https://doi.org/10.1002/jmv.26237 PubMed Central PMCID:
PMC7361606. PMID: 32603481

NICE. Indicator Development Programme. Consultation Report. IND 2020-90/91: Obesity. 2020.

Ahern AL, Aveyard P, Boyland EJ, Halford JC, Jebb SA, team WHt. Inequalities in the uptake of weight

management interventions in a pragmatic trial: an observational study in primary care. The British jour-
nal of general practice: the journal of the Royal College of General Practitioners. 2016; 66(645):e258—
63. https://doi.org/10.3399/bjgp16X684337 PMID: 26906629; PubMed Central PMCID: PMC4809709.

Jones RA, Lawlor ER, Birch JM, Patel MI, Werneck AO, Hoare E, et al. The impact of adult behavioural
weight management interventions on mental health: A systematic review and meta-analysis. Obes Rev.
2021; 22(4):e13150. Epub 2020/10/27. https://doi.org/10.1111/0br.13150 PMID: 33103340; PubMed
Central PMCID: PMC7116866.

Ahern AL, Aveyard PN, Halford JC, Mander A, Cresswell L, Cohn SR, et al. Weight loss referrals for
adults in primary care (WRAP): protocol for a multi-centre randomised controlled trial comparing the
clinical and cost-effectiveness of primary care referral to a commercial weight loss provider for 12
weeks, referral for 52 weeks, and a brief self-help intervention [ISRCTN82857232]. BMC public health.
2014; 14:620. https://doi.org/10.1186/1471-2458-14-620 PMID: 24943673; PubMed Central PMCID:
PMC4230033.

Ahern AL, Wheeler GM, Aveyard P, Boyland EJ, Halford JCG, Mander AP, et al. Extended and stan-
dard duration weight-loss programme referrals for adults in primary care (WRAP): a randomised con-
trolled trial. Lancet. 2017; 389(10085):2214—25. Epub 2017/05/03. https://doi.org/10.1016/S0140-6736
(17)30647-5 PMID: 28478041; PubMed Central PMCID: PMC5459752.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263228 February 3, 2022 11/12


https://doi.org/10.1007/s13679-015-0164-9
https://doi.org/10.1007/s13679-015-0164-9
http://www.ncbi.nlm.nih.gov/pubmed/26627487
https://doi.org/10.1186/s12933-020-01158-6
http://www.ncbi.nlm.nih.gov/pubmed/33143700
https://doi.org/10.1038/s41380-018-0017-5
https://doi.org/10.1038/s41380-018-0017-5
http://www.ncbi.nlm.nih.gov/pubmed/29453413
https://doi.org/10.1177/1359105307071741
http://www.ncbi.nlm.nih.gov/pubmed/17158841
https://doi.org/10.1038/ijo.2011.2
http://www.ncbi.nlm.nih.gov/pubmed/21343903
https://doi.org/10.1001/archinternmed.2008.544
https://doi.org/10.1001/archinternmed.2008.544
http://www.ncbi.nlm.nih.gov/pubmed/19171813
https://doi.org/10.1111/obr.12113
http://www.ncbi.nlm.nih.gov/pubmed/24118750
https://doi.org/10.1016/j.jclinepi.2004.10.015
http://www.ncbi.nlm.nih.gov/pubmed/15878470
https://doi.org/10.1371/journal.pone.0104552
https://doi.org/10.1371/journal.pone.0104552
http://www.ncbi.nlm.nih.gov/pubmed/25098417
https://doi.org/10.1038/oby.2005.105
http://www.ncbi.nlm.nih.gov/pubmed/15919845
https://doi.org/10.1016/S2213-8587%2821%2900089-9
https://doi.org/10.1016/S2213-8587%2821%2900089-9
http://www.ncbi.nlm.nih.gov/pubmed/33932335
https://doi.org/10.1002/jmv.26237
http://www.ncbi.nlm.nih.gov/pubmed/32603481
https://doi.org/10.3399/bjgp16X684337
http://www.ncbi.nlm.nih.gov/pubmed/26906629
https://doi.org/10.1111/obr.13150
http://www.ncbi.nlm.nih.gov/pubmed/33103340
https://doi.org/10.1186/1471-2458-14-620
http://www.ncbi.nlm.nih.gov/pubmed/24943673
https://doi.org/10.1016/S0140-6736%2817%2930647-5
https://doi.org/10.1016/S0140-6736%2817%2930647-5
http://www.ncbi.nlm.nih.gov/pubmed/28478041
https://doi.org/10.1371/journal.pone.0263228

PLOS ONE

Anxiety and depression in a weight management trial

23.

24,

25.

26.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression
Scale. An updated literature review. Journal of psychosomatic research. 2002; 52(2):69-77. https://doi.
org/10.1016/s0022-3999(01)00296-3 PMID: 11832252.

Ahern AL, Olson AD, Aston LM, Jebb SA. Weight Watchers on prescription: an observational study of
weight change among adults referred to Weight Watchers by the NHS. BMC public health. 2011;
11:434. https://doi.org/10.1186/1471-2458-11-434 PMID: 21645343; PubMed Central PMCID:
PMC3145588.

Elobeid MA, Padilla MA, McVie T, Thomas O, Brock DW, Musser B, et al. Missing data in randomized
clinical trials for weight loss: scope of the problem, state of the field, and performance of statistical meth-
ods. PLoS One. 2009; 4(8):e6624. https://doi.org/10.1371/journal.pone.0006624 PMID: 19675667
PubMed Central PMCID: PMC2720539.

Collaborators GBDO, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, et al. Health Effects of
Overweight and Obesity in 195 Countries over 25 Years. N Engl J Med. 2017; 377(1):13-27. Epub
2017/06/13. https://doi.org/10.1056/NEJMoa1614362 PMID: 28604169; PubMed Central PMCID:
PMC5477817.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263228 February 3, 2022 12/12


https://doi.org/10.1016/s0022-3999%2801%2900296-3
https://doi.org/10.1016/s0022-3999%2801%2900296-3
http://www.ncbi.nlm.nih.gov/pubmed/11832252
https://doi.org/10.1186/1471-2458-11-434
http://www.ncbi.nlm.nih.gov/pubmed/21645343
https://doi.org/10.1371/journal.pone.0006624
http://www.ncbi.nlm.nih.gov/pubmed/19675667
https://doi.org/10.1056/NEJMoa1614362
http://www.ncbi.nlm.nih.gov/pubmed/28604169
https://doi.org/10.1371/journal.pone.0263228

