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Abstract: Background: Lifestyle modification is the cornerstone of management for patients with
severe and complicated obesity, but the effects of structured lifestyle programmes on quality of life,
anxiety and depression scores and cardiovascular risk factors are not well-described. We sought
to describe changes in self-reported quality of life and mental health-related outcomes as well as
cardiovascular risk factors in patients completing a 10-week multidisciplinary lifestyle-modification
programme. Methods: We conducted a prospective cohort study of all patients referred from our
bariatric service who completed the programme between 2013 and 2019. In addition to weight,
body mass index (BMI), blood pressure, HbA1c, lipid profile and functional capacity, we quantified
health-related quality of life using the Dartmouth COOP Questionnaire and the European Quality of
Life Questionnaire Visual Analogue Scale (EQVAS) and mental health using the Hospital Anxiety
and Depression Scale (HADS). Results: Of 1122 patients who started the programme, 877 (78.2%)
completed it and were included in per protocol analyses. Mean age was 47.3 ± 11.9 years, 66.9%
were female, 34.8% were in full- or part-time employment and 69.4% were entitled to state-provided
medical care. BMI decreased from 47.0 ± 7.8 to 46.2 ± 7.8 kg m−2 and weight decreased from
131.6 ± 25.5 to 129.5 ± 25.4 kg (both p < 0.001). There were significant reductions in anxiety and
depression scores and improvements in all Dartmouth COOP domains. The EQVAS score increased
from 52 ± 22 to 63 ± 19 (p < 0.001). Small but statistically significant reductions in LDL cholesterol,
systolic blood pressure and HBA1c were also observed. Conclusions: Adults with severe and
complicated obesity completing a specialised bariatric lifestyle-modification programme showed
significant improvements in self-reported mental health and quality of life, in addition to reductions
in cardiovascular risk factors.

Keywords: severe obesity; bariatric; fitness; quality of life; anxiety; depression; diet; physical activity;
structured lifestyle modification
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1. Introduction

Consistent with international trends [1], the prevalence of severe and complicated obe-
sity has increased in Ireland [2]. Most of the associated mortality from excess body weight
is due to cardiovascular disease [3]. Similarly, the health economic consequences of obesity
are driven primarily by increased cardiovascular disease [4,5]. Lifestyle modification is
universally recognised as the cornerstone of the therapeutic approach to obesity and its
complications, as recommended by several expert clinical groups [6–8]. Large, randomised
trials have confirmed the benefits of structured lifestyle modification in treating [9] or
preventing type 2 diabetes [10–12] and in the secondary prevention of cardiovascular
disease [13]. However, there is limited higher level epidemiological evidence from trials
and systematic reviews that such interventions improve health in bariatric patients. Indeed
the efficacy of lifestyle interventions in this population falls short of the significant im-
provements observed in patients undergoing bariatric surgery, which has been shown to be
effective in reducing mortality [14], morbidity [15] and healthcare costs [16] for affected in-
dividuals. Methodological heterogeneity in intervention design has limited the availability
of meta-analyses in this cohort [17]. Consistent with previous findings [18], we have noted
that although meal replacement programmes lead to substantial short-term weight loss and
improvements in cardiovascular risk factors, attrition rates are very high [19] and weight
loss is not sustained in the longer term [20], as noted by others [21]. There is increased
recognition of the importance of combining dietary and physical activity components
in structured lifestyle programmes [17,22] and of adopting a more holistic approach to
outcome evaluation than just weight loss [23].

The negative impact of severe obesity on quality of life at all ages is well-established
mboxciteB24-nutrients-1451986,B25-nutrients-1451986. Depression [26] and anxiety [27]
are common psychiatric comorbidities in affected individuals. There is good evidence
that purposeful weight loss with lifestyle modification can reduce anxiety and depression
scores [28,29], but whether structured lifestyle-modification programmes have this effect in
patients with severe and complicated obesity has not yet been determined. Severe obesity
is associated with higher levels of social deprivation [30], which could make recruitment to
and formal evaluation of structured lifestyle programmes more challenging. In 2013, we
deployed a structured lifestyle-modification programme for patients with severe and com-
plicated obesity attending our regional bariatric service—“Changing Lifestyle with Activity
and Nutrition (CLANN)”. This was modelled on the successful implementation in the UK
of a nurse-led, family-based lifestyle intervention that was focussed on cardiovascular risk
reduction in patients with (or at high risk of) cardiovascular disease [31], and which was
replicated by members of our group for high-risk cardiovascular patients [32] and those
with type 2 diabetes [33] in the west of Ireland. We have previously described changes in
anthropometric, metabolic and cardiovascular risk factors in the cohort of bariatric patients
recruited in the first two years of the study [34]. Here, we sought to describe changes in
self-reported measures of quality of life, anxiety and depression and to provide updated
information on anthropometric and metabolic outcomes in programme completers.

2. Materials and Methods

This was a single-centre prospective cohort study conducted in accordance with
STROBE guidelines [35]. The study population included patients who were referred to
our community-based structured lifestyle intervention between 2013 and 2019 and who
were over 18 years old at the time of referral and had a body mass index (BMI) ≥ 40 kg
m−2 (or ≥35 kg m−2 with an obesity-related co-morbidity). Patients for whom the inter-
vention was deemed suitable were referred following assessment by the hospital-based
multidisciplinary bariatric medicine team. Patients with cognitive impairment, uncon-
trolled hypertension (grade 3, >180/110 mmHg) [36], symptoms suggestive of ischemic
heart disease or those who were unable to walk 10 m unassisted were excluded from the
programme.
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At the first programme visit, each patient underwent an individualised assessment
by the specialist CLANN multidisciplinary team (physiotherapist, exercise specialist, car-
diovascular nurse and dietician) to obtain baseline anthropometric data, medical history
and relevant medication usage (statin, antihypertensive and antiplatelet drugs) and to
identify motivation, barriers and facilitators of behavioural change. Weight was measured
using a Seca® 877 scale and height with a Seca® Leicester stadiometer. Blood pressure was
measured with an Omron® 705IT oscillometric device. Self-reported dietary and physical
activity patterns were recorded based on seven-day activity recall. An Incremental Shuttle
Walk Test (ISWT) was used to quantify functional capacity by deriving an estimate of maxi-
mal metabolic equivalent of task (Est METmax) [37]. Self-reported anxiety and depression
scores were quantified using the Hospital Anxiety and Depression Scale (HADS) [38]. Self-
reported quality of life was measured using the European Quality of Life Questionnaire
Visual Analogue Scale (EQVAS) [39] and the Dartmouth COOP Questionnaire [40]. All
blood samples were analysed locally in the Galway University Hospitals’ Department of
Clinical Biochemistry (certified to ISO 15189 2007 accreditation standard). HbA1c was mea-
sured with HPLC (Menarini® HA8160 auto-analyser, Florence, Italy). Total cholesterol was
measured using the CHOP-PAP method. High-density lipoprotein (HDL) cholesterol and
triglycerides were measured using the enzymatic and the GPO-PAP methods, respectively
(Roche COBAS® 8000 modular analyser, Basel, Switzerland). Low-density lipoprotein
(LDL) cholesterol was derived with the Friedewald equation [41].

At the first programme visit, individualised exercise prescription and risk stratification
took place in order to ensure that each patient had adequate progression of exercise intensity
over the duration of the programme. Thereafter, weekly group-based sessions lasting 2.5 h
each took place over eight consecutive weeks. These consisted of an educational workshop
combined with a physical activity class. Although physical activity and exercise sessions
were delivered in a group setting, they were individualised to be realistic, reproducible
and acceptable to each patient. Exercise was performed without any specialist equipment
in order to encourage continuation of the activity beyond the duration of the programme.
Specific attention was given to reducing sedentary behaviour. Healthy eating choices were
informed by the European guidelines for cardiovascular prevention [42] and a target of
weekly weight loss of 0.5 kg was encouraged through a cardioprotective diet with an
energy deficit of 600 kcal/day. The educational component consisted of workshops specific
to diet (healthy eating principles, portion control, food labelling), exercise, physical activity,
cardiovascular health, stress management and psychological issues relevant to people
with obesity.

The main emphasis of the programme was on lifestyle modification, with a strong
focus on behavioural change, but with the ultimate aim of cardiovascular risk factor reduc-
tion rather than weight loss per se. Established motivational interviewing strategies were
used throughout the programme in order to enhance self-efficacy in achieving goals [43].
Patients were also given a personal record card to use on a weekly basis to record their goals
and track their progress in relation to weight, BMI, physical activity, blood pressure and
lipid profile and, for patients with diabetes, HbA1c and glucose levels were also recorded.
Blood pressure and lipid targets were based initially on the 2012 European Society of Cardi-
ology (ESC) prevention guidelines [42] when the blood pressure target was 140/90 mmHg
(140/85 mmHg in patients with type 2 diabetes) and the lipid targets were total cholesterol
< 5 mmol/L, LDL cholesterol < 3 mmol/L and triglycerides < 1.7 mmol/L. When the
guidelines were updated in 2016 [44], we sought an LDL cholesterol < 1.8 mmol/L in
patients with established cardiovascular disease, and again in 2018 we revised our blood
pressure target downwards in patients with diabetes to <130/80 mmHg [36]. At the last
programme visit after 10 weeks, all of the measures that were obtained at baseline were
repeated. The study was approved by the Galway Clinical Research Ethics Committee (the
ethics committee for Galway University Hospitals). All patients provided written informed
consent for their data to be used in these analyses.
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The statistical analyses focused on changes in outcomes between the first programme
visit and the follow-up measure after completion of the programme at 10 weeks. Changes
in categorical variables were assessed by the McNemar test or, for rarer outcomes, the
paired exact test. Changes in continuous variables where the changes in values were found
to be approximately normally distributed were examined using the paired t-test. The
Wilcoxon matched-pairs test was preferred for continuous variables where the changes in
values between timepoints were not normally distributed. SPSS version 24 was used for all
analyses.

3. Results

Of a total of 2835 patients seen in the Galway University Hospital Bariatric Service
between 2012 and mid-2019, 1447 (51%) were referred to the Croi CLANN programme. Of
these, 1127 (77.8%) attended the initial assessment and 877 of those participants (also 77.8%)
completed the end-of-programme assessment and were included in the analysis. Baseline
demographic characteristics of programme starters are shown in Table 1. Their mean age
(± standard deviation) was 47.3 ± 11.9 years (range 16–77), 66.9% were female and 27.1%
had not completed a secondary/high-school education. A total of 61% of patients were
living with a partner. Ethnicity data were only recorded for 129 (11.5%) patients, 97.7%
of whom identified as “White Irish”. A total of 41.2% of programme starters were in full-
or part-time employment or were self-employed, and 69.4% of patients were entitled to a
“General Medical Services” card, allowing them access to means-tested and state-sponsored
medical care. There was high prevalence of type 2 diabetes (26.7%), hypertension (44.7%),
depression (31.4%), sleep apnoea (19.1%), back pain (47.6%) and arthritis (35.6%). It was
found that 5.3% of patients had had a previous cardiac event and 1.2% a previous stroke;
52.2% of programme starters had a “low” individual cardiovascular risk score according to
the European Society for Cardiology (ESC) guidelines [45] while 10.5% were at “moderate”,
19.5% at “high” and 17.8% at “very high” cardiovascular risk.

Table 1. Demographic characteristics of patients with severe obesity who started the CLANN
structured lifestyle-modification programme.

Demographic Variable n (Total 1122) Proportion

Sex (n = 1122):
Female 751 66.9%
Male 371 33.1%

Employment status (n = 1068):
Employed full-time 300 28.1%
Employed part-time 71 6.7%

Self-employed 69 6.4%
Carer for family 197 18.8%

Student 49 4.6%
Unemployed 132 12.4%

Retired 118 11.0%
Permanently sick 22 2.1%
Temporarily sick 33 3.1%

Other reason not working 73 6.8%
Entitlement to GMS * (n = 1029):

Yes 714 69.4%
No 315 30.6%

BMI ≥ 45 (kg/m2) 466 56.4%
40–45 217 26.2%
35–40 113 13.7%
30–35 28 3.4%
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Table 1. Cont.

Demographic Variable n (Total 1122) Proportion

<30 3 0.4%
Current smoker 93 8.3%
Hypertensive 330 44.7%

Type 2 diabetes 299 26.7%
Dyslipidemia 411 53.5%

ESC risk categorisation:
Low 571 52.2%

Moderate 115 10.5%
High 213 19.5%

Very high 195 17.8%
HADS—depression score (n = 725)

≥8 344 47.4%
≥11 158 21.8%

HADS—anxiety score (n = 726)
≥8 386 53.2%
≥11 223 30.8%

* GMS—General Medical Services, refers to the means-tested provision of state-sponsored medical care.

The baseline and follow-up anthropometric and metabolic characteristics of pro-
gramme completers are shown in Table 2. There were modest but statistically significant
reductions in weight, BMI and waist circumference, as shown. A total of 12.6% of partici-
pants lost 5% or more of their body weight and 1.6% lost 10% or more; 31.2% of participants
did not lose any weight. There were reductions in systolic and diastolic blood pressure.
There were reductions in all components of the lipid profile (including HDL cholesterol)
but not in the triglyceride:HDL cholesterol ratio, suggesting insulin sensitivity did not
change. There was a 20.9% reduction in the number of participants who smoked, and a
25% increase in aerobic fitness according to the estimated METmax. There was a more than
six-fold increase in the proportion of participants achieving their weekly target of 150 min
of moderate-to-vigorous intensity exercise per week.

Table 2. Baseline and follow-up anthropometric, metabolic, quality-of-life, anxiety and depression measures from
877 CLANN programme completers.

Variable n Baseline Follow Up Change [95% CI] p Value

Weight (kg) 829 131.6 ± 25.5 129.5 ± 24.4 −2.0 (−2.3, −1.7) <0.001
BMI (kg m−2) 827 47.0 ± 7.8 46.2 ± 7.8 −0.7 (−0.8, −0.6) <0.001

Waist (cm) 795 137.8 ± 17.3 134.4 ± 17.1 −3.5 (−3.9, −3.0) <0.001
SBP (mmHg) 815 130.7 ± 15.9 115.0 ± 17.7 −15.8 (−16.9, −14.6) <0.001
DBP (mmHg) 814 85.2 ± 10.4 83.8 ± 10.2 −1.4 (−2.0, −0.7) <0.001

Total cholesterol (mmol/L) 803 4.69 ± 1.03 4.54 ± 0.98 −0.15 (−0.20, −0.11) <0.001
HDL cholesterol (mmol/L) 795 1.20 ± 0.31 1.17 ± 0.31 −0.02 (−0.03, −0.01) <0.001
LDL cholesterol (mmol/L) 771 2.79 ± 0.93 2.69 ± 0.87 −0.10 (−0.14, −0.06) <0.001

Triglycerides (mmol/L) 803 1.5 (.1, 2.0) 1.4 (1.0, 1.9) 0 (−0.1, 0.0) 0.002
Triglyceride:HDL ratio 794 1.25 (0.86, 1.85) 1.23 (0.82, 1.82) −0.01 (−0.04, 0.00) 0.16

Estimated METmax 570 5.6 ± 2.1 7.0 ± 2.8 1.4 (1.3, 1.6) <0.001
Current smoker 844 93 (11.0%) 74 (8.8%) −2.3% (−3.5%, −1.0%) <0.001

Exercise target achieved 760 44 (5.8%) 281 (37.0%) 31.1% (27.6%, 34.7%) <0.001
HADS anxiety score 725 8.3 ± 4.5 6.8 ± 4.2 −1.5 (−1.7, −1.2) <0.001

HADS depression score 726 7.3 ± 4.1 5.2 ± 3.9 −2.2 (−2.4, −1.9) <0.001
EQ-VAS 633 52 ± 22 63 ± 19 11 (9, 12) <0.001

Dartmouth COOP domains:
Physical 699 3.6 ± 1.1 2.9 ± 1.1 −0.8 (−0.8, −0.7) <0.001
Feelings 718 2.7 ± 1.2 2.4 ± 1.2 −0.4 (−0.4, −0.3) <0.001

Daily activities 716 2.6 ± 1.1 2.2 ± 1.1 −0.4 (−0.5, −0.4) <0.001
Social activities 715 2.4 ± 1.3 2.0 ± 1.2 −0.4 (−0.5, −0.3) <0.001

Pain 717 3.1 ± 1.3 2.9 ± 1.3 −0.2 (−0.3, −0.1) <0.001
Change 719 2.8 ± 0.7 2.2 ± 0.9 −0.6 (−0.7, −0.5) <0.001

Overall health 720 3.5 ± 1.0 3.0 ± 1.0 −0.6 (−0.6, −0.5) <0.001
Support 707 2.3 ± 1.4 2.1 ± 1.4 −0.2 (−0.3, −0.1) <0.001

Quality of life 713 2.6 ± 0.8 2.3 ± 0.9 −0.3 (−0.3, −0.2) <0.001

Data are presented as means ± standard deviation or medians [inter-quartile range] or number of participants (percentage). BMI: body
mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein,
MET: metabolic equivalent of task, HADS: Hospital Anxiety and Depression Scale, EQVAS: European Quality of Life Questionnaire Visual
Analogue Scale.
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There were high levels of self-reported anxiety and depression at baseline, with 53.2%
of participants scoring ≥ 8 on the HADS anxiety score and 47.4% scoring ≥ 8 on the
depression score. There were reductions in both scores in programme completers, as
shown in Table 2, such that the proportions of participants scoring ≥ 8 for anxiety and
depression decreased to 42.5% and 26.2%, respectively, with relative reductions of 20.2%
and 44.8%, respectively (all p < 0.001). The self-reported EQVAS score increased. There
were reductions in the level of impairment reported by participants in each domain of the
Dartmouth COOP Questionnaire, as shown.

HbA1c was available in 84.3% of participants with type 2 diabetes who completed the
programme and this declined significantly from 57.0 ± 16.3 mmol/mol to
54.0 ± 15.0 mmol/mol, with a mean decrease of −3.0 mmol/mol (95% CI −4.1, −1.9;
p < 0.001). The proportion of patients with diabetes with a HbA1c less than 53 mmol/mol
increased by 20.6%, with similar changes in weight and BMI as the overall cohort. Changes
in blood pressure were also similar, with a mean reduction in systolic blood pressure of
15.2 mmHg (17.6, 12.8), p < 0.001. There were no statistically significant changes in the lipid
profile in participants with diabetes.

4. Discussion

In this prospective cohort analysis of patients with severe and complicated obesity
who completed a 10-week lifestyle modification programme, in addition to improvements
in anthropometric, metabolic and cardiovascular risk factors, we noted improvements in
self-reported mental-health and quality-of-life measures. To our knowledge, this represents
the largest single-centre cohort study of bariatric patients undergoing such an intervention
for which these mental-health and quality-of-life outcomes have been assessed. The
retention rate in the intervention was relatively high, with 77.8% of patients attending
both initial and follow-up assessments. This may have been because patients “opt in” to
the programme and participation is not compulsory, even though all patients attending
the regional bariatric service are encouraged to attend. Other potential reasons for good
programme retention and completion are flexible programme times and an emphasis
on patient autonomy in individual goal-setting, as well as the encouragement of peer
support among participants. These characteristics have been shown to enhance participant
experience in other studies [46]. Notwithstanding this, 22.1% of the patients referred
did not start the programme and the barriers to participation and completion need to be
explored in future studies.

The reductions in body weight we observed were more modest than previously
described in similar studies [47]; however, these interventions often had longer durations.
The impact of weight loss-focused interventions on cardiovascular outcomes remains
uncertain [48] and weight regain is common following these interventions [21]. However,
weight loss per se is not the focus of our programme; rather, the intention is to promote
participants’ awareness of cardiovascular and overall health and to empower them with a
sound working knowledge of the key principles of a healthy lifestyle, including healthy
eating and the attainment of adequate levels of physical activity to improve fitness and
reduce cardiovascular risk. Future studies could quantify changes in body composition,
such as increases in lean mass and reductions in fat mass, which are likely to have occurred
during the programme but which would not necessarily lead to overall reductions in
BMI [49]. The increases in estimated aerobic fitness are important and significant, given
that low fitness is associated with increased cardiovascular mortality in patients with
obesity [50] and that increased fitness can augment other health gains from weight loss in
patients with severe obesity [51], as well as decreasing cardiovascular mortality, even with
modest fitness gains [52].

Changes in blood pressure and lipid profiles occurred while maintaining baseline
medication usage throughout the intervention; they thus did not occur as a result of
confounding from intensification of antihypertensive or lipid-lowering therapy. Similarly,
in the subgroup of patients with T2DM, those who completed the programme showed
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a significant reduction in HbA1c, with an increase in the proportion achieving what
would be considered “good” glycaemic control, without any medication changes. Whether
these benefits are sustained in the longer term remains to be seen, but our findings are
consistent with the well-established role of lifestyle modification as the cornerstone of
the therapeutic approach to severe obesity and diabetes [53]. Given that anxiety and
depression are more prevalent in this patient group [54,55], we think that the observed
reductions in anxiety and depression scores are relevant and important. They are consistent
with evidence from systematic reviews that anxiety and depression scores decrease with
structured lifestyle-modification programmes in patients with obesity [28,56], though it
is noteworthy that in the Look-AHEAD trial, anxiety and depression scores deteriorated
in both the intensive lifestyle and the control groups, and there was no difference in the
prevalence of antidepressant medication usage or quality of life between the groups after
10 years of follow-up [57]. Even after substantial weight loss with bariatric surgery, early
improvements in anxiety and depression scores [58] may not be sustained in the longer
term [59].

Our study has some limitations, not least the absence of a control group, the relatively
short duration of the follow-up and the inclusion only of patients who completed follow-up
measures. Thus, we cannot make inferences about the efficacy and effectiveness of the
intervention. Nonetheless our observations offer a basis with which to conduct more
rigorous assessment of the intervention in a randomised controlled trial and they suggest
the intervention is likely to be beneficial to most patients completing it. The participation
and completion rates were relatively high and, while the findings may not be generalizable
to all patients with severe and complicated obesity, very little information has been available
up until now about the response to lifestyle intervention in Irish adults with severe obesity.
Another limitation is that, although anthropometric measurements were carried out by
trained health care professionals, they were not blinded to the status (pre- or post-) of
participants and were also involved in intervention delivery, which may have introduced
bias to waist circumference or fitness measurements, for example, however unintentionally.
Only randomised trials with allocation concealment would overcome this limitation, which
should be borne in mind in future studies. The study also has a number of strengths, not
least the large size of the cohort, the consistency of the nature and duration of intervention
delivery and the inclusion of important fitness, mental-health and quality-of-life outcomes.
These are important observations for health care professionals delivering multidisciplinary
care, for policy makers and ultimately for patients with severe and complicated obesity.

5. Conclusions

In a cohort of Irish adults with severe and complicated obesity attending a regional
bariatric service, those who completed a 10-week, multidisciplinary, structured lifestyle-
modification programme showed reductions in body weight and cardiovascular risk factors
and improvements in aerobic fitness and diabetes control, as well as improvements in
self-reported mental-health and quality-of-life measures. These findings warrant further
study in randomised controlled trials with longer follow-up.

Author Contributions: J.F.B. contributed to data analysis and interpretation and to writing the
manuscript. I.G. led the design and implementation of the intervention and assisted with data analysis
and interpretation and writing the manuscript. D.D. helped to deliver the intervention, acquire
the data and write the manuscript. L.B.H. helped with interpretation of the data and drafting the
manuscript. A.H. helped to deliver the intervention, acquire the data and write the manuscript. M.B.
helped with interpretation of the data and drafting the manuscript. D.K. helped with interpretation
of the data and drafting the manuscript. B.M. helped with interpretation of the data and drafting the
manuscript. M.H. contributed to patient educational sessions during the programme and helped to
write the manuscript. C.C. helped with interpretation of the data and drafting the manuscript. S.F.
helped with patient enrolment and follow-up and drafting the manuscript. S.S. helped to deliver
the intervention, acquire the data and write the manuscript. P.B. led the data analysis and helped
write the manuscript. C.D. helped with interpretation of the data and drafting the manuscript.



Nutrients 2021, 13, 4172 8 of 11

J.J. was involved in the design of the programme and reviewed the manuscript. F.M.F. obtained
funding for the intervention, helped to design it, provided clinical oversight and governance for the
programme, helped with data acquisition, analysis and interpretation and supervised the writing of
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This programme was co-funded between 2013 and 2021 equally by a recurring project
grant from the Health and Wellbeing Section of the Health Service Executive (the Irish publicly
funded health service) and by the Saolta University Healthcare Group, Ireland.

Institutional Review Board Statement: Ethical approval was granted for this study by the Clinical
Research ethics committee of Galway University Hospitals, reference number: C.A.1070.

Informed Consent Statement: All participants in the Croi CLANN program provided informed
consent to participate in the study as approved by the clinical research and ethics committee.

Data Availability Statement: Data are available from the corresponding author upon reasonable
request.

Acknowledgments: The authors would like to thank all of the patients attending the Bariatric
Medicine Service at Galway University Hospital and the clinical and administrative staff at the
Centre for Diabetes, Endocrinology and Metabolism who provide care to these patients and support
bariatric care. In particular, we would like to thank Marie Gately and Annie Costelloe for their
support. We are grateful to Sarah O’Brien from the Health and Wellbeing section of the Health
Service Executive and equally to Maurice Power from the Saolta University Health Care Group for
supporting this work. The intervention was designed by and delivered at Croi (the West of Ireland
Cardiac Foundation) Heart and Stroke Centre, Newcastle, Galway, Ireland. We would like to thank
Neil Johnson and all of the staff at Croi for their work on this programme.

Conflicts of Interest: FMF is funded by a Saolta Group Clinical Research Career Development Award,
has received honoraria and travel grants in the past (until 2017) and has served on advisory boards for
Novo Nordisk, Eli Lilly, Ethicon, Pfizer Inc., Sanofi-Aventis, Astra Zeneca, Merck-Serono, Boehringer
Ingelheim, Janssen and Novartis. All other authors declare no conflicts of interest.

References
1. Ward, Z.J.; Bleich, S.N.; Cradock, A.L.; Barrett, J.L.; Giles, C.M.; Flax, C.; Long, M.W.; Gortmaker, S.L. Projected U.S. State-Level

Prevalence of Adult Obesity and Severe Obesity. N. Engl. J. Med. 2019, 381, 2440–2450. [CrossRef] [PubMed]
2. O’Neill, K.N.; Finucane, F.M.; le Roux, C.W.; Fitzgerald, A.P.; Kearney, P.M. Unmet need for bariatric surgery. Surg. Obes. Relat.

Dis. 2016, 13, 1052–1056. [CrossRef]
3. Collaborators, G.B.D.O.; Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.;

Moradi-Lakeh, M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017, 377,
13–27. [CrossRef] [PubMed]

4. Dee, A.; Callinan, A.; Doherty, E.; O’Neill, C.; McVeigh, T.; Sweeney, M.R.; Staines, A.; Kearns, K.; Fitzgerald, S.; Sharp, L.; et al.
Overweight and obesity on the island of Ireland: An estimation of costs. BMJ Open 2015, 5, e006189. [CrossRef]

5. Keaver, L.; Webber, L.; Dee, A.; Shiely, F.; Marsh, T.; Balanda, K.; Perry, I.J. Application of the UK foresight obesity model in
Ireland: The health and economic consequences of projected obesity trends in Ireland. PLoS ONE 2013, 8, e79827. [CrossRef]

6. Curry, S.J.; Krist, A.H.; Owens, D.K.; Barry, M.J.; Caughey, A.B.; Davidson, K.W.; Doubeni, C.A.; Epling, J.W., Jr.; Grossman, D.C.;
Kemper, A.R.; et al. Behavioral Weight Loss Interventions to Prevent Obesity-Related Morbidity and Mortality in Adults: US
Preventive Services Task Force Recommendation Statement. JAMA 2018, 320, 1163–1171. [CrossRef]

7. Stegenga, H.; Haines, A.; Jones, K.; Wilding, J. Identification, assessment, and management of overweight and obesity: Summary
of updated NICE guidance. BMJ 2014, 349, g6608. [CrossRef]

8. Jensen, M.D.; Ryan, D.H.; Apovian, C.M.; Ard, J.D.; Comuzzie, A.G.; Donato, K.A.; Hu, F.B.; Hubbard, V.S.; Jakicic, J.M.; Kushner,
R.F.; et al. 2013 AHA/ACC/TOS guideline for the management of overweight and obesity in adults: A report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity Society. J. Am. Coll.
Cardiol. 2014, 63, 2985–3023. [CrossRef] [PubMed]

9. Wing, R.R.; Bolin, P.; Brancati, F.L.; Bray, G.A.; Clark, J.M.; Coday, M.; Crow, R.S.; Curtis, J.M.; Egan, C.M.; Espeland, M.A.; et al.
Cardiovascular effects of intensive lifestyle intervention in type 2 diabetes. N. Engl. J. Med. 2013, 369, 145–154. [CrossRef]

10. Li, G.; Zhang, P.; Wang, J.; Gregg, E.W.; Yang, W.; Gong, Q.; Li, H.; Li, H.; Jiang, Y.; An, Y.; et al. The long-term effect of lifestyle
interventions to prevent diabetes in the China Da Qing Diabetes Prevention Study: A 20-year follow-up study. Lancet 2008, 371,
1783–1789. [CrossRef]

11. Lindstrom, J.; Ilanne-Parikka, P.; Peltonen, M.; Aunola, S.; Eriksson, J.G.; Hemio, K.; Hamalainen, H.; Harkonen, P.; Keinanen-
Kiukaanniemi, S.; Laakso, M.; et al. Sustained reduction in the incidence of type 2 diabetes by lifestyle intervention: Follow-up of
the Finnish Diabetes Prevention Study. Lancet 2006, 368, 1673–1679. [CrossRef]

http://doi.org/10.1056/NEJMsa1909301
http://www.ncbi.nlm.nih.gov/pubmed/31851800
http://doi.org/10.1016/j.soard.2016.12.015
http://doi.org/10.1056/NEJMoa1614362
http://www.ncbi.nlm.nih.gov/pubmed/28604169
http://doi.org/10.1136/bmjopen-2014-006189
http://doi.org/10.1371/annotation/3dd20b6b-2a94-4542-a058-2cc7effe881a
http://doi.org/10.1001/jama.2018.13022
http://doi.org/10.1136/bmj.g6608
http://doi.org/10.1016/j.jacc.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24898716
http://doi.org/10.1056/NEJMoa1212914
http://doi.org/10.1016/S0140-6736(08)60766-7
http://doi.org/10.1016/S0140-6736(06)69701-8


Nutrients 2021, 13, 4172 9 of 11

12. Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403. [PubMed]

13. Clark, A.M.; Hartling, L.; Vandermeer, B.; McAlister, F.A. Meta-analysis: Secondary prevention programs for patients with
coronary artery disease. Ann. Intern. Med. 2005, 143, 659–672. [CrossRef] [PubMed]

14. Sjostrom, L.; Narbro, K.; Sjostrom, C.D.; Karason, K.; Larsson, B.; Wedel, H.; Lystig, T.; Sullivan, M.; Bouchard, C.; Carlsson, B.;
et al. Effects of bariatric surgery on mortality in Swedish obese subjects. N. Engl. J. Med. 2007, 357, 741–752. [CrossRef] [PubMed]

15. Schauer, P.R.; Kashyap, S.R.; Wolski, K.; Brethauer, S.A.; Kirwan, J.P.; Pothier, C.E.; Thomas, S.; Abood, B.; Nissen, S.E.; Bhatt,
D.L. Bariatric surgery versus intensive medical therapy in obese patients with diabetes. N. Engl. J. Med. 2012, 366, 1567–1576.
[CrossRef]

16. Colquitt, J.L.; Pickett, K.; Loveman, E.; Frampton, G.K. Surgery for weight loss in adults. Cochrane Database Syst. Rev. 2014, 8,
CD003641. [CrossRef]

17. Hassan, Y.; Head, V.; Jacob, D.; Bachmann, M.O.; Diu, S.; Ford, J. Lifestyle interventions for weight loss in adults with severe
obesity: A systematic review. Clin. Obes. 2016, 6, 395–403. [CrossRef]

18. Ryan, D.H.; Johnson, W.D.; Myers, V.H.; Prather, T.L.; McGlone, M.M.; Rood, J.; Brantley, P.J.; Bray, G.A.; Gupta, A.K.; Broussard,
A.P.; et al. Nonsurgical weight loss for extreme obesity in primary care settings: Results of the Louisiana Obese Subjects Study.
Arch. Intern. Med. 2010, 170, 146–154. [CrossRef]

19. Rafey, M.F.; Murphy, C.F.; Abdalgwad, R.; Kilkelly, K.; Griffin, H.; Beatty, N.; O’Shea, P.M.; Collins, C.; McGrath, R.; Hynes, M.;
et al. Effects of a Milk-Based Meal Replacement Program on Weight and Metabolic Characteristics in Adults with Severe Obesity.
Diabetes Metab. Syndr. Obes. 2020, 13, 197–205. [CrossRef]

20. Abdalgwad, R.; Rafey, M.F.; Foy, S.; Newell, M.; Davenport, C.; O’Keeffe, D.T.; Finucane, F.M. Long-Term Changes in Weight in
Patients With Severe and Complicated Obesity After Completion of a Milk-Based Meal Replacement Programme. Front Nutr.
2020, 7, 551068. [CrossRef]

21. Franz, M.J.; VanWormer, J.J.; Crain, A.L.; Boucher, J.L.; Histon, T.; Caplan, W.; Bowman, J.D.; Pronk, N.P. Weight-loss outcomes: A
systematic review and meta-analysis of weight-loss clinical trials with a minimum 1-year follow-up. J. Am Diet. Assoc. 2007, 107,
1755–1767. [CrossRef]

22. Johns, D.J.; Hartmann-Boyce, J.; Jebb, S.A.; Aveyard, P. Diet or Exercise Interventions vs Combined Behavioral Weight Man-
agement Programs: A Systematic Review and Meta-Analysis of Direct Comparisons. J. Acad. Nutr. Diet. 2014, 114, 1557–1568.
[CrossRef]

23. Yumuk, V.; Fruhbeck, G.; Oppert, J.M.; Woodward, E.; Toplak, H. An EASO position statement on multidisciplinary obesity
management in adults. Obes. Facts 2014, 7, 96–101. [CrossRef]

24. Jia, H.; Lubetkin, E.I. The impact of obesity on health-related quality-of-life in the general adult US population. J. Public. Health
2005, 27, 156–164. [CrossRef]

25. Schwimmer, J.B.; Burwinkle, T.M.; Varni, J.W. Health-Related Quality of Life of Severely Obese Children and Adolescents. JAMA
2003, 289, 1813–1819. [CrossRef] [PubMed]

26. Pereira-Miranda, E.; Costa, P.R.F.; Queiroz, V.A.O.; Pereira-Santos, M.; Santana, M.L.P. Overweight and Obesity Associated with
Higher Depression Prevalence in Adults: A Systematic Review and Meta-Analysis. J. Am. Coll. Nutr. 2017, 36, 223–233. [CrossRef]

27. Gariepy, G.; Nitka, D.; Schmitz, N. The association between obesity and anxiety disorders in the population: A systematic review
and meta-analysis. Int. J. Obes. 2010, 34, 407–419. [CrossRef] [PubMed]

28. van Dammen, L.; Wekker, V.; de Rooij, S.R.; Groen, H.; Hoek, A.; Roseboom, T.J. A systematic review and meta-analysis of
lifestyle interventions in women of reproductive age with overweight or obesity: The effects on symptoms of depression and
anxiety. Obes. Rev. 2018, 19, 1679–1687. [CrossRef]

29. Fabricatore, A.N.; Wadden, T.A.; Higginbotham, A.J.; Faulconbridge, L.F.; Nguyen, A.M.; Heymsfield, S.B.; Faith, M.S. Intentional
weight loss and changes in symptoms of depression: A systematic review and meta-analysis. Int. J. Obes. 2011, 35, 1363–1376.
[CrossRef]

30. Bilger, M.; Kruger, E.J.; Finkelstein, E.A. Measuring Socioeconomic Inequality in Obesity: Looking Beyond the Obesity Threshold.
Health Econ. 2017, 26, 1052–1066. [CrossRef] [PubMed]

31. Wood, D.A.; Kotseva, K.; Connolly, S.; Jennings, C.; Mead, A.; Jones, J.; Holden, A.; De Bacquer, D.; Collier, T.; De Backer, G.; et al.
Nurse-coordinated multidisciplinary, family-based cardiovascular disease prevention programme (EUROACTION) for patients
with coronary heart disease and asymptomatic individuals at high risk of cardiovascular disease: A paired, cluster-randomised
controlled trial. Lancet 2008, 371, 1999–2012. [CrossRef] [PubMed]

32. Gibson, I.; Flaherty, G.; Cormican, S.; Jones, J.; Kerins, C.; Walsh, A.M.; Costello, C.; Windle, J.; Connolly, S.; Crowley, J. Translating
guidelines to practice: Findings from a multidisciplinary preventive cardiology programme in the west of Ireland. Eur. J. Prev.
Cardiol. 2014, 21, 366–376. [CrossRef]

33. Finn, Y.; Gorecka, M.; Flaherty, G.; Dunne, F.; O’Brien, T.; Crowley, J.; Wood, D.; Connolly, S.; Jones, J.; Gibson, I. Evaluation of a
Community-Based Cardiovascular Prevention Program in Patients With Type 2 Diabetes. Am. J. Health Promot. 2021, 35, 68–76.
[CrossRef]

34. Crowe, C.; Gibson, I.; Cunningham, K.; Kerins, C.; Costello, C.; Windle, J.; PM, O.S.; Hynes, M.; McGuire, B.; Kilkelly, K.;
et al. Effects of an eight-week supervised, structured lifestyle modification programme on anthropometric, metabolic and
cardiovascular risk factors in severely obese adults. BMC Endocr. Disord. 2015, 15, 37. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://doi.org/10.7326/0003-4819-143-9-200511010-00010
http://www.ncbi.nlm.nih.gov/pubmed/16263889
http://doi.org/10.1056/NEJMoa066254
http://www.ncbi.nlm.nih.gov/pubmed/17715408
http://doi.org/10.1056/NEJMoa1200225
http://doi.org/10.1002/14651858.CD003641.pub4
http://doi.org/10.1111/cob.12161
http://doi.org/10.1001/archinternmed.2009.508
http://doi.org/10.2147/DMSO.S226327
http://doi.org/10.3389/fnut.2020.551068
http://doi.org/10.1016/j.jada.2007.07.017
http://doi.org/10.1016/j.jand.2014.07.005
http://doi.org/10.1159/000362191
http://doi.org/10.1093/pubmed/fdi025
http://doi.org/10.1001/jama.289.14.1813
http://www.ncbi.nlm.nih.gov/pubmed/12684360
http://doi.org/10.1080/07315724.2016.1261053
http://doi.org/10.1038/ijo.2009.252
http://www.ncbi.nlm.nih.gov/pubmed/19997072
http://doi.org/10.1111/obr.12752
http://doi.org/10.1038/ijo.2011.2
http://doi.org/10.1002/hec.3383
http://www.ncbi.nlm.nih.gov/pubmed/27515829
http://doi.org/10.1016/S0140-6736(08)60868-5
http://www.ncbi.nlm.nih.gov/pubmed/18555911
http://doi.org/10.1177/2047487313498831
http://doi.org/10.1177/0890117120931711
http://doi.org/10.1186/s12902-015-0038-x
http://www.ncbi.nlm.nih.gov/pubmed/26231181


Nutrients 2021, 13, 4172 10 of 11

35. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Initiative, S. Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. BMJ 2007, 335,
806–808. [CrossRef]

36. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; Dominiczak,
A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension: The Task Force for the management of arterial
hypertension of the European Society of Cardiology (ESC) and the European Society of Hypertension (ESH). Eur. Heart J. 2018,
39, 3021–3104. [CrossRef]

37. Singh, S.J.; Morgan, M.D.; Scott, S.; Walters, D.; Hardman, A.E. Development of a shuttle walking test of disability in patients
with chronic airways obstruction. Thorax 1992, 47, 1019–1024. [CrossRef] [PubMed]

38. Snaith, R.P. The Hospital Anxiety And Depression Scale. Health Qual. Life Outcomes 2003, 1, 29. [CrossRef]
39. Dolan, P. Modeling valuations for EuroQol health states. Med. Care 1997, 35, 1095–1108. [CrossRef]
40. Bentsen, B.G.; Natvig, B.; Winnem, M. Questions you didn’t ask? COOP/WONCA Charts in clinical work and research. World

Organization of Colleges, Academies and Academic Associations of General Practitioners/Family Physicists. Fam. Pr. 1999, 16,
190–195. [CrossRef]

41. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef] [PubMed]

42. Perk, J.; De Backer, G.; Gohlke, H.; Graham, I.; Reiner, Z.; Verschuren, M.; Albus, C.; Benlian, P.; Boysen, G.; Cifkova, R.; et al.
European Guidelines on cardiovascular disease prevention in clinical practice (version 2012). The Fifth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of nine societies and by invited experts). Eur. Heart J. 2012, 33, 1635–1701. [CrossRef] [PubMed]

43. Miller, W.R.; Rollnick, S. Ten things that motivational interviewing is not. Behav. Cogn. Psychother. 2009, 37, 129–140. [CrossRef]
[PubMed]

44. Catapano, A.L.; Graham, I.; De Backer, G.; Wiklund, O.; Chapman, M.J.; Drexel, H.; Hoes, A.W.; Jennings, C.S.; Landmesser,
U.; Pedersen, T.R.; et al. 2016 ESC/EAS Guidelines for the Management of Dyslipidaemias. Eur. Heart J. 2016, 37, 2999–3058.
[CrossRef]

45. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corrà, U.; Cosyns, B.; Deaton,
C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts) Developed with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [CrossRef]

46. Skea, Z.C.; Aceves-Martins, M.; Robertson, C.; De Bruin, M.; Avenell, A. Acceptability and feasibility of weight management
programmes for adults with severe obesity: A qualitative systematic review. BMJ Open 2019, 9, e029473. [CrossRef]

47. Gjevestad, E.; Karlsen, T.I.; Roislien, J.; Maehlum, S.; Hjelmesaeth, J. The effectiveness of secondary and tertiary care lifestyle
intervention in morbidly obese patients: A 1-year non-randomized controlled pragmatic clinical trial. Clin. Obes. 2013, 3, 39–50.
[CrossRef] [PubMed]

48. LeBlanc, E.L.; Patnode, C.D.; Webber, E.M.; Redmond, N.; Rushkin, M.; O’Connor, E.A. Behavioral and Pharmacotherapy Weight
Loss Interventions to Prevent Obesity-Related Morbidity and Mortality in Adults: An Updated Systematic Review for the U.S.
Preventive Services Task Force. JAMA 2018, 320, 1172–1191. [CrossRef] [PubMed]

49. Cruz, P.; Johnson, B.D.; Karpinski, S.C.; Limoges, K.A.; Warren, B.A.; Olsen, K.D.; Somers, V.K.; Jensen, M.D.; Clark, M.M.;
Lopez-Jimenez, F. Validity of weight loss to estimate improvement in body composition in individuals attending a wellness
center. Obesity 2011, 19, 2274–2279. [CrossRef]

50. Wei, M.; Kampert, J.B.; Barlow, C.E.; Nichaman, M.Z.; Gibbons, L.W.; Paffenbarger, R.S., Jr.; Blair, S.N. Relationship between low
cardiorespiratory fitness and mortality in normal-weight, overweight, and obese men. JAMA 1999, 282, 1547–1553. [CrossRef]
[PubMed]

51. Berge, J.; Storen, O.; Hertel, J.K.; Gjevestad, E.; Smastuen, M.C.; Hjelmesaeth, J. Associations between cardiorespiratory fitness
and weight loss in patients with severe obesity undergoing an intensive lifestyle intervention program: Retrospective cohort
study. BMC Endocr. Disord. 2019, 19, 69. [CrossRef] [PubMed]

52. Ross, R.; Blair, S.N.; Arena, R.; Church, T.S.; Despres, J.P.; Franklin, B.A.; Haskell, W.L.; Kaminsky, L.A.; Levine, B.D.; Lavie,
C.J.; et al. Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: A Case for Fitness as a Clinical Vital Sign: A
Scientific Statement From the American Heart Association. Circulation 2016, 134, e653–e699. [CrossRef] [PubMed]

53. Davies, M.J.; D’Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P.; Tsapas, A.; Wexler, D.J.; Buse, J.B.
Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Diabetologia 2018, 61, 2461–2498. [CrossRef] [PubMed]

54. Petry, N.M.; Barry, D.; Pietrzak, R.H.; Wagner, J.A. Overweight and obesity are associated with psychiatric disorders: Results from
the National Epidemiologic Survey on Alcohol and Related Conditions. Psychosom. Med. 2008, 70, 288–297. [CrossRef] [PubMed]

55. Mather, A.A.; Cox, B.J.; Enns, M.W.; Sareen, J. Associations of obesity with psychiatric disorders and suicidal behaviors in a
nationally representative sample. J. Psychosom. Res. 2009, 66, 277–285. [CrossRef]

56. Danielsen, K.K.; Sundgot-Borgen, J.; Maehlum, S.; Svendsen, M. Beyond weight reduction: Improvements in quality of life after
an intensive lifestyle intervention in subjects with severe obesity. Ann. Med. 2014, 46, 273–282. [CrossRef]

http://doi.org/10.1136/bmj.39335.541782.AD
http://doi.org/10.1093/eurheartj/ehy339
http://doi.org/10.1136/thx.47.12.1019
http://www.ncbi.nlm.nih.gov/pubmed/1494764
http://doi.org/10.1186/1477-7525-1-29
http://doi.org/10.1097/00005650-199711000-00002
http://doi.org/10.1093/fampra/16.2.190
http://doi.org/10.1093/clinchem/18.6.499
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://doi.org/10.1093/eurheartj/ehs092
http://www.ncbi.nlm.nih.gov/pubmed/22555213
http://doi.org/10.1017/S1352465809005128
http://www.ncbi.nlm.nih.gov/pubmed/19364414
http://doi.org/10.1093/eurheartj/ehw272
http://doi.org/10.1093/eurheartj/ehw106
http://doi.org/10.1136/bmjopen-2019-029473
http://doi.org/10.1111/cob.12011
http://www.ncbi.nlm.nih.gov/pubmed/25586390
http://doi.org/10.1001/jama.2018.7777
http://www.ncbi.nlm.nih.gov/pubmed/30326501
http://doi.org/10.1038/oby.2011.102
http://doi.org/10.1001/jama.282.16.1547
http://www.ncbi.nlm.nih.gov/pubmed/10546694
http://doi.org/10.1186/s12902-019-0394-z
http://www.ncbi.nlm.nih.gov/pubmed/31262301
http://doi.org/10.1161/CIR.0000000000000461
http://www.ncbi.nlm.nih.gov/pubmed/27881567
http://doi.org/10.1007/s00125-018-4729-5
http://www.ncbi.nlm.nih.gov/pubmed/30288571
http://doi.org/10.1097/PSY.0b013e3181651651
http://www.ncbi.nlm.nih.gov/pubmed/18378873
http://doi.org/10.1016/j.jpsychores.2008.09.008
http://doi.org/10.3109/07853890.2013.874660


Nutrients 2021, 13, 4172 11 of 11

57. Rubin, R.R.; Wadden, T.A.; Bahnson, J.L.; Blackburn, G.L.; Brancati, F.L.; Bray, G.A.; Coday, M.; Crow, S.J.; Curtis, J.M.; Dutton,
G.; et al. Impact of intensive lifestyle intervention on depression and health-related quality of life in type 2 diabetes: The Look
AHEAD Trial. Diabetes Care 2014, 37, 1544–1553. [CrossRef]

58. Loh, H.H.; Francis, B.; Lim, L.L.; Lim, Q.H.; Yee, A.; Loh, H.S. Improvement in mood symptoms after post-bariatric surgery
among people with obesity: A systematic review and meta-analysis. Diabetes Metab Res. Rev. 2021, 37, e3458. [CrossRef] [PubMed]

59. Spirou, D.; Raman, J.; Smith, E. Psychological outcomes following surgical and endoscopic bariatric procedures: A systematic
review. Obes. Rev. 2020, 21, e12998. [CrossRef]

http://doi.org/10.2337/dc13-1928
http://doi.org/10.1002/dmrr.3458
http://www.ncbi.nlm.nih.gov/pubmed/33891377
http://doi.org/10.1111/obr.12998

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

