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Abstract: Background: Real-world data on long-term (> 5 years) weight loss and obesity-related
complications after newer bariatric surgical procedures are currently limited. The aim of this longitu-
dinal study was to examine the effectiveness and sustainability of bariatric surgery in a cohort with
clinically severe obesity in a multidisciplinary publicly funded service in two teaching hospitals in
New South Wales, Australia. Methods: Patients were adults with complex clinically severe obesity
with a BMI ≥ 35 kg/m2 and at least three significant obesity-related comorbidities, who underwent
bariatric surgeries between 2009 and 2017. Detailed obesity-related health outcomes were reported
from annual clinical data and assessments for up to 9 years of follow-up. Data were also linked
with the national joint replacement registry. Results: A total of 65 eligible patients were included
(mean, 7; range, 3–12 significant obesity-related comorbidities); 53.8% female; age 54.2 ± 11.2 years,
with baseline BMI 52.2 ± 12.5 kg/m2 and weight 149.2 ± 45.5 kg. Most underwent laparoscopic
sleeve gastrectomy (80.0%), followed by laparoscopic adjustable gastric banding (10.8%) and one
anastomosis gastric bypass (9.2%). Substantial weight loss was maintained over 9 years of follow-up
(p < 0.001 versus baseline). Significant total weight loss (%TWL ± SE) was observed (13.2 ± 2.3%) fol-
lowing an initial 1-year preoperative intensive lifestyle intervention, and ranged from 26.5 ± 2.3% to
33.0 ± 2.0% between 1 and 8 years following surgery. Type 2 diabetes mellitus (T2DM), osteoarthritis-
related joint pain and depression/severe anxiety were the most common metabolic, mechanical and
mental health comorbidities, with a baseline prevalence of 81.5%, 75.4% and 55.4%, respectively.
Clinically significant composite cumulative rates of remission and improvement occurred in T2DM
(50.0–82.0%) and hypertension (73.7–82.9%) across 6 years. Dependence on continuous positive
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airway pressure treatment in patients with sleep-disordered breathing fell significantly from 63.1% to
41.2% in 6 years. Conclusion: Bariatric surgery using an intensive multidisciplinary approach led
to significant long-term weight loss and improvement in obesity-related comorbidities among the
population with clinically complex obesity. These findings have important implications in clinical
care for the management of the highest severity of obesity and its medical consequences. Major
challenges associated with successful outcomes of bariatric surgery in highly complex patients in-
clude improving mental health in the long run and reducing postoperative opioid use. Long-term
follow-up with a higher volume of patients is needed in publicly funded bariatric surgery services to
better monitor patient outcomes, enhance clinical data comparison between services, and improve
multidisciplinary care delivery.

Keywords: bariatric surgery; long-term outcomes; publicly funded; multidisciplinary management;
clinically severe obesity

1. Introduction

Obesity is a staggering global epidemic with a disproportionate rise in class III obesity
(defined by body mass index (BMI) of ≥ 40 kg/m2), causing a substantial burden on
healthcare systems worldwide. There are approximately one million adults in Australia
with severe levels of obesity, namely clinically severe obesity, which is defined as class III
obesity alone or a BMI of ≥ 35 kg/m2 with major obesity-related comorbidities. In an effort
to address this epidemic, several health departments of Australian states and territories
have launched multidisciplinary specialist obesity services (i.e., specialist hospital-based
multidisciplinary healthcare services for the management of obesity and its associated
medical conditions), with a few successfully establishing publicly funded bariatric surgery
services to manage socioeconomically disadvantaged and highly complex patients with
clinically severe obesity [1–3]. However, the vast majority of bariatric procedures (93.9%)
were performed in private hospitals, with critically low access in the resource-constrained
public healthcare system [4]. As such, this unique cohort of patients is not well-researched.

In the past two decades, bariatric surgery has universally become an increasingly
popular treatment for clinically severe obesity [5–10]. It has been generally accepted as the
most effective treatment, with superior results in weight loss, mortality risk reduction, car-
diovascular risk reduction and resolution or improvement of obesity-related comorbidities,
contributing to enhanced quality of life and increased life expectancy [8,11–14]. However,
most evaluations of bariatric surgical outcomes have been hampered by inadequate and
incomplete long-term follow-up or significantly contrast procedures no longer performed
today, such as the nonadjustable gastric band and vertical banded gastroplasty reported
in the well-respected Swedish Obese Subjects (SOS) study [15,16]. The Longitudinal As-
sessment of Bariatric Surgery (LABS) Consortium from the United States has published 3-
and 7-year outcomes from two bariatric surgical procedures, adjustable gastric banding
(AGB) and Roux-en-Y gastric bypass (RYGB) [7,8]. However, these reports do not include
the widely accepted, stand-alone bariatric operations that are gaining popularity and ac-
ceptance among bariatric surgeons: sleeve gastrectomy (SG) and one anastomosis gastric
bypass (OAGB). There are continued gaps in evidence about the long-term effectiveness
and sustainability (i.e., > 5 years) of these newer operations that have supplanted other
procedures [3,17,18]. Besides temporally, there is also significant variability in outcome
measures within different study populations; highly severe populations remain precluded
and largely unexplained. Other endeavours have generally focused on one aspect of
bariatric surgical outcomes, such as weight loss [19].

In recent years, bariatric surgery has also proven to offer metabolic and mechanical
benefits, resulting in a shift from mere weight management as the primary focus of bariatric
surgery to the improvement or resolution of obesity-related comorbidities. However,
more information and an improved understanding of the longer-term sustainability of
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control of comorbidities associated with obesity after bariatric procedures are needed.
It is important to understand whether remission and improvement in obesity-related
comorbidities are sustainable over time, and whether there are worsening or emergent
incident conditions after surgical treatments. Many previous studies have not reported
progressive and combined measures (both medication use and blood tests) of obesity-
related comorbidities over a long-term period [3,20,21]. A recent systematic review showed
that the effects of bariatric surgery on mental health conditions are contradictory [22].
High rates of mental health conditions are relatively common in patients with extreme
obesity—as high as 30–40% in bariatric surgery candidates [23,24]—yet long-term data,
particularly beyond 3 years post-surgery, are also limited on mental illness after bariatric
surgery [22]. The data on these health outcomes in highly complex populations undergoing
bariatric procedures is needed in real-world clinical settings.

Reports on outcomes of publicly funded bariatric surgery are lacking yet crucial in
determining its practicality, challenges and utility. Observing the changes in this broad
range of important outcome measures at annual timepoints over a long period would
advance the literature and improve the understanding of the impact of bariatric surgery
on metabolic diseases, mechanical complications and mental health. Consequently, this
would aid in defining evidence-based targets, inform decisions for publicly funded bariatric
surgery services in Australia and worldwide, and facilitate optimal allocation of healthcare
resources. In line with such rationales, the effectiveness and sustainability of bariatric
surgery on type 2 diabetes mellitus (T2DM), hypertension, hyperlipidaemia, osteoarthritis
(OA)-related joint pain, sleep-disordered breathing, depression and severe anxiety were
critically examined and discussed in this study. We closely evaluated the effectiveness of
newer bariatric surgical procedures on weight loss and these obesity-related comorbidities
in a multidisciplinary publicly funded service in Australia in the setting of clinically
complex obesity with at least three comorbidities over a long-term follow-up duration.

2. Methods
2.1. Study Design

This study involved a retrospective and prospective data collection of eligible patients
with clinically severe obesity who underwent publicly funded bariatric surgery between
December 2009 and December 2017. We carried out the present multidisciplinary, multi-
stage and multisurgeon (C.T., D.M., P.L.P. and D.J.) bariatric surgery research in two public
hospitals in Greater Sydney, New South Wales (NSW), Australia that are providing publicly
funded care: Concord Repatriation General Hospital (CRGH) and Camden Hospital. All
patients were operated at our own single local bariatric surgical facility, CRGH, which is
also a major teaching hospital, after they had been assessed and prepared with a 1-year
preoperative intensive physician-led lifestyle program. Adjunct treatments offered in this
prehabilitation program included structured exercise prescription with on-site group exer-
cise classes, exercise prescription for community-based activity, psychological therapies and
medical consultations, and individual dietary interventions as needed. Patients then under-
went a formal, comprehensive, multidisciplinary assessment to determine their fitness for
bariatric surgery by an endocrinologist, bariatric surgeon, clinical nurse consultant, exer-
cise physiologist/physiotherapist, dietitian and psychologist/psychiatrist. After bariatric
surgery, they were followed-up annually and assessed for up to 8 years postoperatively.

2.2. Patients

The inclusion criteria for referral and enrolment in this publicly funded bariatric
surgery service were an age of 18 years or older, and an initial BMI ≥ 35 kg/m2 with multi-
ple significant obesity-related comorbidities (e.g., type 2 diabetes mellitus (T2DM), severe
obstructive sleep apnoea (OSA)/obesity hypoventilation syndrome (OHS), osteoarthritis
(OA) with functional impairment, and non-alcoholic fatty liver disease). Exclusion criteria
were irreversible endocrine or other disorders that can cause obesity; current drug or
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alcohol abuse; uncontrolled, severe psychiatric illness; pregnancy; and inability to attend
postsurgical follow-up appointments.

Research assessments were conducted by review and data extraction from electronic
and paper-based medical records, interviews, questionnaires, telephone calls, and mailings.
The available blood test results for biochemistry parameters were extracted from both
electronic and paper-based hospital records (whichever were available). In the absence of
laboratory results in hospital records, phone call attempts were made to request a copy of
the patient’s blood test findings from the centralized pathology laboratories to be emailed
and faxed to the clinics. The laboratory results were also accessed and obtained from the
online NSW Health Pathology portal if any readings were available in the online portal but
not other sources.

2.3. Outcome Measures
2.3.1. Weight Change

Weight change, the primary endpoint of the study, was evaluated based on weight
loss in percent of total weight loss (%TWL) and BMI loss, from the initial (i.e., entry to
clinic) and preoperative baseline (in which baseline weight was measured closest to the
time of bariatric surgery) to year 8 postoperation. The weight loss indices were calculated
according to standard equations. Body mass index (BMI) was categorised according to
the World Health Organization (WHO) classification [25]; all study patients had class III
obesity upon initial consultation. Following the integrated preoperative prehabilitation at
the clinics and immediately before undergoing bariatric surgery, patients were reassessed
and classified based on their preoperative BMI.

2.3.2. Definition and Postoperative Course of Obesity-Related Comorbidities

The predefined secondary endpoints—changes in the status of comorbidities strongly
associated with obesity—were assessed at each follow-up visit over 6 years based on
symptoms, laboratory findings, physical measures and medication use. In addition to
prevalence rates, the postoperative courses of comorbidities were defined as: in remission
(asymptomatic and medications no longer needed), improved (reduction in the number of
active medications and/or fewer symptoms), persisting (same symptoms and equivalent
medications as before bariatric surgery) or worsened (increase in therapy or a change
from non-insulin treatment to insulin use in the case of T2DM) for T2DM, hypertension
and hyperlipidaemia. The incidence of comorbidity was defined as patients without the
comorbidity at preoperative baseline who newly developed the comorbidity after bariatric
surgery. As this study was not intended to measure medication adherence but to reflect
complexity of comorbidities, medication dosage was not factored into the calculation.

2.3.3. Type 2 Diabetes Mellitus Status

Preoperative T2DM status was determined based on physician’s diagnosis, prescrip-
tion of any diabetes medication (insulin, oral hypoglycaemic agents (OHAs) and/or in-
jectable diabetes medication) or a plasma glycosylated haemoglobin (HbA1c) measure of
≥ 6.5%. If the HbA1c level was unavailable, fasting blood glucose (FBG) of ≥ 7.0 mmol/L
was used. T2DM remission status after bariatric surgery was modified from the American
Diabetes Association criteria [26]. Remission of T2DM was determined as a HbA1c < 6.5%
and a FBG < 7.0 mmol/L in the absence of antidiabetic medications. Improvement in
T2DM was defined as improved parameters in terms of reduced number of medications or
a change from insulin use to non-insulin treatment. Persisting T2DM status was defined
by unchanged antidiabetic medications calculated from preoperative baseline. Worsening
T2DM was assessed as newly prescribed antidiabetic medications after the surgery, in-
creased number of OHAs and/or changing from OHAs to insulin use. Patients presenting
with polycystic ovarian syndrome who did not meet the laboratory criteria for T2DM and
were not on an antidiabetic medication other than metformin were not considered to have
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T2DM. Incident T2DM was defined as any new-onset T2DM not present at preoperative
baseline that developed throughout the 6-year postoperative period.

2.3.4. Hypertension Status

Hypertension status was determined based on an abnormal increase in blood pressure
(BP) with a systolic/diastolic BP ≥ 140/90 mmHg or treatment with antihypertensive drugs.
Hypertension remission post-surgery was defined as normotensive (< 140/90 mmHg)
without any antihypertensive therapy according to the American Society for Metabolic
and Bariatric Surgery criteria [27]. Improvement in hypertension was defined as fewer
antihypertensive therapies across timepoints, whereas persisting status was indicated
by the same number of medications as before bariatric surgery. Worsened hypertension
indicated an increased number of therapies in reference to presurgical status. Patients
with a diagnosis of heart failure or atrial fibrillation who were treated with beta-blockers
for their cardiac problems rather than for hypertension were excluded from analysis in
this study.

2.3.5. Hyperlipidaemia Status

Hyperlipidaemia status was determined based on a total cholesterol level ≥ 5.2 mmol/L
(200 mg/dL), low-density lipoprotein cholesterol (LDL-C) ≥ 3.5 mmol/L (130 mg/dL),
high-density lipoprotein cholesterol (HDL-C) ≤ 1.0 mmol/L (40 mg/dL), triglycerides
≥ 1.7 mmol/L (150 mg/dL) and/or treatment with lipid-lowering agents (i.e., statin, fibrate
and ezetimibe). At the annual follow-ups, hyperlipidaemia remission required a complete
return to normal lipid panel (of all the four serum lipid subfractions) with cessation of all
lipid-lowering drugs [27]. Improvement in hyperlipidaemia was defined as a reduction in
the number of prescribed lipid-lowering agents. Persisting hyperlipidaemia was defined as
an unchanged number of lipid-lowering medications, and worsened status was indicated
by a higher number of lipid-lowering agents.

2.3.6. Sleep-Disordered Breathing Status

The status of preoperative sleep-disordered breathing, which consists of OSA and
OHS, was determined based on a respiratory and sleep physician’s diagnosis according to
previous diagnostic overnight inpatient polysomnography, as well as review of continuous
positive airway pressure (CPAP) or bilevel positive airway pressure (BiPAP) device require-
ments. In view that the objective measurement, polysomnography, could not be performed
for all patients, remission was not defined for sleep-disordered breathing. Instead, an im-
provement was defined as discontinuation of CPAP or BiPAP use, in addition to physicians’
diagnoses of decreased symptoms or normalized sleep patterns. This status adheres to both
the objective and subjective improvement guidelines of the American Society for Metabolic
and Bariatric Surgery [27]. Moreover, adherence to CPAP or BiPAP device use among the
study patients was retrieved to eliminate self-discontinuation of the devices.

2.3.7. Osteoarthritis-Related Joint Pain Status

Osteoarthritis (OA) was diagnosed either radiologically or clinically by a physician.
Patients were evaluated for the presence of pain in weight-bearing joints (including hips,
knees and lumbosacral spine) and whether any analgesic medications were required. In
particular, opioid use was defined as a prescription of regular or daily opioid analgesics.
Furthermore, data linkage with the Australian Orthopaedic Association National Joint
Replacement Registry (AOANJRR) was conducted. Since its inception, the AOANJRR has
collected data on almost 100% of primary and revision arthroplasty procedures performed
in Australia.

2.3.8. Depression/Severe Anxiety Status

Depression and severe anxiety were classified based on psychiatrists’ diagnoses,
patient history/symptoms and/or psychologists’ assessments, as well as the use of phar-
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macotherapy (antidepressants, antianxiety agents or antipsychotic agents, as well as mood
stabilisers) or ongoing non-pharmacological treatment for mental health illness, such as cog-
nitive behavioural treatment. As depression and severe anxiety are often interrelated, we
merged the two conditions into a single variable—namely, depression/severe anxiety—in
the analysis.

2.4. Statistical Analyses

Descriptive statistics summarize baseline characteristics for the overall sample, each
bariatric surgical procedure and by follow-up year. We provide an overview of 9-year
descriptive weight change from initial clinic visit (i.e., 1 year prior to surgery, on lifestyle
modifications, medical consultations and very low-energy diet (VLED)) to pre-surgery
through 8 years following bariatric surgery. The mortality and national total joint arthro-
plasty (TJA) data from the AOANJRR were evaluated from the time of bariatric surgery
until the 8th year of follow-up. Due to the small number of patients at years 7 and 8
post-surgery, the detailed comorbidity outcomes up to 6 years post-surgery were calculated,
analysed and reported. The bootstrap 95% confidence intervals (CIs) for the comorbidity
statuses in this study were computed by the bias-corrected and accelerated (BCa) method.
Frequencies and percentages (%) were reported for categorical variables. Means and stan-
dard deviation (SD), as well as median and interquartile range (IQR), were reported for
continuous data. Normality was assessed visually using the Shapiro–Wilk test. One-way
ANOVA with post hoc Bonferroni test and paired-sample t-test were used for continuous
variables. Chi-squared test and McNemar test were used for categorical variables.

The estimated marginal means of the BMI and %TWL modelled from linear mixed-
effects models for indicator time after the lifestyle interventions and bariatric surgery were
reported to account for reductions in sample size over time. We required that the smallest
trajectory group include at least 5% of our total sample size (n = 3) at any follow-up
timepoint; therefore, the statistical models were fitted up to 8 years post-surgery. The
longitudinal analyses constructed from the linear mixed-effects models were based on the
restricted maximum likelihood (REML) method, with a person-level random intercept (i.e.,
subject ID) included. The modelling included fixed effect terms for age at time of surgery,
sex, race and clinic visits. A repeated measures term was included for the visits within
each subject to take into account multiple observations over time, expressed as continuous
data. Complete case analysis was conducted. The model fit was determined using Akaike’s
information criterion (AIC). The modelled trajectory was plotted, with bars indicating the
95% CI of the modelled %TWL.

Generalised linear mixed models accounting for random effects at the patient level
were fitted to model the longitudinal changes in metabolic health outcomes over time (i.e.,
T2DM, hypertension and hyperlipidaemia), expressed as categorical data comprising the
four disease statuses (i.e., remission, improvement, persistence and worsening). Multino-
mial distribution with a generalised logit link function was applied, with multicategory
responses of the four disease statuses of the entire cohort representing the target over a
period of 6 years post-surgery. Fixed effect terms for age at time of surgery, sex, race and
annual clinic visits were included. A random intercept for subject ID was included to
account for multiple observations across years within each subject.

Data analyses were performed using IBM SPSS Statistics (Version 28, Armonk, NY,
USA) and STATA/MP (Version 17, Stata Corp LP, College Station, TX, USA). All reported p
values are 2-sided. A p value less than 0.05 was considered statistically significant.

3. Results
3.1. Study Cohort

Overall, a total of 65 patients suffering from clinically severe obesity were offered
bariatric surgery between 2009 and 2017, with sleeve gastrectomy (SG) (80.0%, n = 52) as the
most commonly performed index bariatric procedure, followed by laparoscopic adjustable
gastric banding (LAGB) (10.8%) and one anastomosis gastric bypass (OAGB) (9.2%). All
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bariatric surgical operations were performed laparoscopically with no conversion to open.
The average length of hospital stay was three days (range, 1–8 days). Mean follow-up time
after bariatric surgery was four years. Extremely high rates of coexistence of comorbidities
were observed; all patients had at least three significant obesity-related complications
before surgery (mean, 7; range, 3–12).

At the initial medical review, the mean BMI (± SD) of the patients was 52.2 ± 12.5 kg/m2

(range, 35.0–116.7 kg/m2), corresponding to 149.2 ± 45.5 kg. Mean age at the time of surgery
was 54 years (range, 21–72 years), with a mean preoperative baseline BMI decreased to
45.8 ± 8.8 kg/m2 (range, 33.6–64.0 kg/m2) (131.1 ± 34.0 kg) following the preoperative
intensive lifestyle intervention. At baseline, the majority of patients were Caucasian; more
than half of the patients were female and were current or ex-smokers, respectively. Socioe-
conomic disadvantage was prevalent among the study population, whereby 56.9% were
unemployed and on government support payments.

Table 1 details the baseline characteristics of the study patients according to their
primary procedures.

Table 1. Baseline sociodemographic and clinical characteristics of the study cohort by primary procedures.

Variable Overall
(n = 65)

SG
(n = 52)

LAGB
(n = 7)

OAGB
(n = 6)

Age, mean ± SD (years) 54.2 ± 11.2 53.9 ± 11.7 57.3 ± 11.9 53.8 ± 5.6

Sex, n (%)
Female 35 (53.8) 27 (51.9) 5 (71.4) 3 (50.0)
Male 30 (46.2) 25 (48.1) 2 (28.6) 3 (50.0)

Race, n (%)
Caucasian 50 (76.9) 39 (75.0) 7 (100.0) 4 (66.7)
Middle Eastern 5 (7.7) 3 (5.8) 0 (0) 2 (33.3)
Other § 10 (15.4) 10 (19.2) 0 (0) 0 (0)

Smoking status, n (%)
Current/Ex-smoker 34 (52.3) 28 (53.8) 3 (42.9) 3 (50.0)
Never smoker 31 (47.7) 24 (46.2) 4 (57.1) 3 (50.0)

Excessive alcohol consumption ¥, n (%)
(Current/Ex)

8 (12.3) 7 (13.5) 0 (0) 1 (16.7)

Employment status *, n (%)
Employed 22 (33.8) 17 (32.7) 4 (57.1) 1 (16.7)
Unemployed # 1 (1.5) 0 (0) 0 (0) 1 (16.7)

On government support payment †, n (%) 37 (56.9) 30 (57.7) 3 (42.9) 4 (66.7)

Obesity categories, n (%)
Class II (BMI < 40 kg/m2) 19 (29.2) 15 (28.8) 2 (28.6) 2 (33.3)
Class III (BMI ≥ 40 kg/m2) 46 (70.8) 37 (71.2) 5 (71.4) 4 (66.7)

Super obesity (BMI ≥ 50 kg/m2) 18 (27.7) 15 (28.8) 2 (28.6) 1 (16.7)

* p < 0.05 using chi-squared test or one-way ANOVA with post hoc Bonferroni test. Abbreviations: SG = sleeve
gastrectomy; LAGB = laparoscopic adjustable gastric banding; OAGB = one anastomosis gastric bypass;
SD = standard deviation; BMI = body mass index; kg = kilograms; m = metres. # Unemployment includes
those who were not working or retired and not on any government support payment. † Disability support
pension, age pension, carers pension, NewStart allowance, veteran pension, National Disability Insurance Scheme,
workers compensation, Department of Housing or unemployment pension. § Indigenous Australian, Pacific
Islander, Americas, Black African, Mauritian, Filipino and Pakistani. ¥ Excessive alcohol consumption is defined
as ≥ 4 standard drinks most days of the week.
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3.2. Weight Changes

Weight outcomes were charted from entry to clinics up to 8 years postoperative,
accounting for preoperative baseline factors and the nature of the data. The observed BMI
by follow-up timepoints from initial clinic visit to preoperative baseline through 8 years
of follow-up after bariatric surgery are depicted in Table 2. Mean weight loss during the
prehabilitation with lifestyle and very low-energy diet (VLED) interventions approximately
one year before bariatric surgery was 18.1 kg, corresponding to 6.3 kg/m2. As shown in
Table 2, there were further significant weight changes from preoperative baseline to each
post-surgical visit during the observation period. The greatest actual weight loss occurred
within the first 18 postoperative months (34.5 kg/m2, corresponding to 97.9 kg), followed
by a slight regain, and remaining constant through the final follow-up observations. The
weight recidivism from the weight loss nadir was observed between years 2 and 8 post-
surgery. This observation at year 1.5 post-surgery is unique, as it has rarely been observed
in previous studies, with only annual interval measurements reported.

Figure 1 represents the overall modelled weight change of the study patients by
post-surgical follow-up year. This consists of the %TWL and BMI loss from initial clinic
visits through baseline to 8 years after the operation. The linear mixed-effects model
revealed that substantial and steady weight loss was achieved after the preoperative
lifestyle interventions and bariatric surgery over 9 years of follow-up (p < 0.001 versus
baseline), with a significant %TWL (± SE) of 13.2 ± 2.3% during initial lifestyle intervention
and 33.0 ± 2.0% at 1 year, 33.0 ± 2.1% at 2 years, 31.0 ± 2.1% at 3 years, 29.1 ± 2.2%
at 4 years, 26.5 ± 2.3% at 5 years, 26.8 ± 2.5% at 6 years, 30.3 ± 2.7% at 7 years and
29.7 ± 3.3% at 8 years following surgery. This corresponds to a change in BMI (± SE) of
7.0 ± 1.9 kg/m2 prior to bariatric surgery and 17.6 ± 1.8 kg/m2 at year 1, 17.6 ± 1.8 kg/m2

at year 2, 16.7 ± 1.8 kg/m2 at year 3, 15.7 ± 1.8 kg/m2 at year 4, 14.4 ± 1.9 kg/m2 at year
5, 14.4 ± 2.0 kg/m2 at year 6, 16.3 ± 2.0 kg/m2 at year 7 and 16.0 ± 2.4 kg/m2 at year
8 postoperatively.

Overall, following the lifestyle interventions and at the start of the surgical treatment,
patients experienced rapid and maximum total weight loss in the first 2 years after bariatric
surgery (Figure 1). From 2-year level, modelling began to demonstrate some modest weight
regain, stabilizing at years 7 and 8. In summary, the study cohort significantly achieved and
maintained a successful marginal estimated mean weight loss over each timepoint to their
last observation (p < 0.001), with a net weight loss of 29.7 ± 3.3%TWL at postoperative year
8. That being said, the findings need to be interpreted cautiously in light of the reduced
observations at 7 and 8 years following bariatric surgery.
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Table 2. Observed mean and median BMI change from initial clinic visit (lifestyle modifications and VLED) to pre-operation and follow-up year 8 after
bariatric surgery.

Initial Preoperative
Baseline

Postoperative
Month 3

Postoperative
Month 6

Postoperative
Month 12

Postoperative
Month 18

Postoperative
Month 24

Postoperative
Month 36

Postoperative
Month 48

Postoperative
Month 60

Postoperative
Month 72

Postoperative
Month 84

Postoperative
Month 96

No. of patients 65 65 64 63 61 53 52 39 30 26 21 12 4

BMI (kg/m2)

Mean (SD) 52.2
(12.5)

45.8 ***
(8.8)

39.2 ***
(7.6)

36.6 ***
(6.9)

35.2 ***
(6.9)

34.5 ***
(7.1)

35.3 ***
(7.3)

36.6 ***
(7.5)

37.3 ***
(7.2)

39.2 ***
(7.5)

38.8 ***
(7.0)

37.2 ***
(6.3)

39.4 ***
(8.3)

Median (IQR) 49.9
(11.7)

44.6
(11.1)

37.0
(10.2)

34.4
(9.0)

34.4
(9.0)

32.6
(8.3)

33.7
(10.0)

35.0
(8.8)

35.5
(9.9)

37.9
(11.2)

39.2
(12.7)

37.7
(11.4)

36.9
(14.4)

25th percentile 43.8 39.5 33.5 31.4 30.6 29.5 29.7 32.0 32.0 35.0 33.2 31.0 33.4

75th percentile 55.6 50.6 43.7 40.4 39.6 37.8 39.8 40.8 42.0 46.2 45.9 42.4 47.8

*** p < 0.001 versus initial baseline value. BMI is calculated as weight in kilograms divided by height in metres squared. Abbreviations: VLED = very low-energy diet; BMI = body mass
index; kg = kilograms; m = metres; SD = standard deviation; IQR = interquartile range.
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Figure 1. Modelled percentage total weight loss (%) from initial clinic visit (i.e., 1 year prior to surgery,
with lifestyle modifications and medical consultations) to preoperation and year 8 post-bariatric
surgery. The overall estimated marginal mean weight loss at each visit over time modelled from the mixed-
effects model with random effects, taking into account the repeated measures nature of the data. Lines indicate
modelled weight change from baseline based on mixed models adjusted for baseline factors (age at time of
surgery, sex and race). A negative value represents weight loss based on pre-surgery weight. Data markers
(estimated marginal mean values) indicate weight change data. Error bars represent the 95% CI.

3.3. Prevalence of Major Obesity-Related Comorbidities

Figure 2 shows the prevalence of obesity-related comorbidities of all patients at annual
follow-up timepoints. At preoperative baseline, there were high rates of all obesity-related
comorbidities. These include T2DM, OA-related joint pain, hypertension, hyperlipidaemia,
OSA/OHS and depression/severe anxiety. The prevalence of OA-related joint pain and
OSA/OHA declined consistently from baseline to the last timepoints. The other obesity-
related comorbidities followed a quadratic trend, which declined dramatically from baseline
to the first year post-surgery, followed by an increase in the comorbidity prevalence during
years 2 through 6 to a state better than pre-surgery, except for depression/severe anxiety
and hyperlipidaemia, which exceeded baseline levels as time progressed.
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3.4. Description of Changes in Comorbidities with Weight Loss

The clinical profiles presented in Table 3 for the entire study population, regardless of
baseline metabolic diseases, demonstrate that the postoperative diastolic BP measurements,
glycaemic control (i.e., HbA1c), total cholesterol, triglyceride and HDL-C levels were
improved relative to the baseline for the whole study population, whereas systolic BP and
FBG levels were higher than those at the preoperative timepoint only at year 6 post-surgery.
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Table 3. Yearly clinical profiles of all study patients pre- and post-bariatric surgery (n = 65).

Follow-Up, Year Baseline 1 2 3 4 5 6

Clinical measurement

Systolic BP
Mean (± SD) (mmHg) 129.5 ± 15.6 122.2 ± 14.5 127.6 ± 15.7 128.5 ± 17.4 132.4 ± 16.7 129.3 ± 16.2 130.9 ± 17.8

Diastolic BP
Mean (± SD) (mmHg) 75.6 ± 8.9 73.5 ± 8.8 71.1 ± 9.1 74.0 ± 8.2 75.5 ± 8.1 72.8 ± 9.9 74.3 ± 10.1

Laboratory parameters

HbA1c (%)

Mean (± SD) 7.2 ± 1.5 6.2 ± 1.1 6.3 ± 1.3 6.2 ± 1.2 6.7 ± 1.3 6.9 ± 1.3 7.0 ± 1.5

Range (4.8–11.1) (4.7–9.5) (4.6–10.7) (4.8–9.4) (5.1–9.9) (4.7–9.6) (4.8–9.7)

FBG (mmol/L)

Mean (± SD) 7.5 ± 2.6 6.2 ± 2.1 6.7 ± 2.3 6.2 ± 1.6 7.2 ± 2.1 7.2 ± 1.8 7.9 ± 2.9

Range (4.3–18.4) (4.3–14.8) (4.3–14.7) (4.1–11.5) (4.6–11.5) (4.7–10.7) (4.9–15.9)

Total cholesterol, mmol/L 4.4 ± 1.1 4.7 ± 1.0 4.5 ± 1.2 4.7 ± 1.1 4.8 ± 1.0 4.6 ± 0.9 4.3 ± 1.2

Triglycerides, mmol/L 1.7 ± 0.8 1.4 ± 1.0 1.4 ± 1.0 1.3 ± 0.7 1.5 ± 0.9 1.7 ± 1.0 1.6 ± 0.8

HDL-C, mmol/L 1.2 ± 0.3 1.4 ± 0.3 1.4 ± 0.4 1.4 ± 0.3 1.4 ± 0.4 1.3 ± 0.2 1.3 ± 0.2

LDL-C, mmol/L 2.4 ± 1.0 2.7 ± 0.9 2.5 ± 1.0 2.7 ± 0.8 2.6 ± 0.9 2.4 ± 0.9 2.4 ± 0.9

Use of medications

Antidiabetics N = 65 N = 60 N = 50 N = 33 N = 28 N = 25 N = 17
Yes, n (%) 45 (69.2%) 21 (35.0%) 20 (40.0%) 10 (30.3%) 10 (35.7%) 13 (52.0%) 10 (58.8%)

Insulin treatment, n (%) 20 (30.8%) 7 (11.7%) 8 (16.0%) 5 (15.2%) 3 (10.7%) 2 (8.0%) 3 (17.6%)

Glucose-lowering agents, n (%)
0 20 (30.8%) 42 (70.0%) 33 (66.0%) 24 (72.7%) 18 (64.3%) 12 (48.0%) 7 (41.2%)
1 23 (35.4%) 11 (18.3%) 10 (20.0%) 4 (12.1%) 5 (17.9%) 7 (28.0%) 3 (17.6%)
2 20 (30.8%) 6 (10.0%) 5 (10.0%) 3 (9.1%) 4 (14.3%) 4 (16.0%) 6 (35.3%)
3 2 (3.1%) 1 (1.7%) 2 (4.0%) 2 (6.1%) 1 (3.6%) 2 (8.0%) 1 (5.9%)

Mean number of drugs (± SD) 1.1 ± 0.9 0.4 ± 0.7 0.5 ± 0.8 0.5 ± 0.9 0.6 ± 0.9 0.8 ± 1.0 1.1 ± 1.0

Range 0–3 0–3 0–3 0–3 0–3 0–3 0–3

Antihypertensive therapy N = 65 N = 59 N = 49 N = 33 N = 28 N = 24 N = 17
Yes, n (%) 44 (67.7%) 24 (40.7%) 19 (38.8%) 11 (33.3%) 12 (42.9%) 13 (54.2%) 9 (52.9%)

Mean number of drugs (± SD) 1.4 ± 1.3 0.6 ± 0.9 0.6 ± 0.9 0.6 ± 0.9 0.7 ± 0.9 0.9 ± 0.9 0.9 ± 1.0

Range 0–5 0–3 0–4 0–3 0–3 0–3 0–3

Lipid-lowering drugs, n (%) N = 65 N = 60 N = 50 N = 34 N = 28 N = 24 N = 17
Yes, n (%) 35 (53.8%) 25 (41.7%) 22 (44.0%) 12 (35.3%) 11 (39.3%) 11 (45.8%) 10 (58.8%)

Mean number of drugs (± SD) 0.6 ± 0.7 0.5 ± 0.6 0.5 ± 0.6 0.4 ± 0.6 0.4 ± 0.6 0.6 ± 0.7 0.8 ± 0.8

Range 0–3 0–2 0–2 0–2 0–2 0–2 0–2

Abbreviations: BP = blood pressure; SD = standard deviation; HbA1c = glycated haemoglobin; FBG = fasting blood
glucose; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol. N = total
number of patients with data on the variables available at a given follow-up year.

3.5. Changes in Comorbidity Statuses

The progressive changes in statuses of metabolic diseases with weight loss were also
generated based on clinical measures, biochemical tests, medication use and physicians’
examinations. The illustrations, proportions and 95% CIs of the postoperative statuses,
blood tests, medication profiles and clinical measurements, are reported in Figure 3 and
Tables 4–6.
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Figure 3. Yearly remission and improvement rates of T2DM, hypertension and hyperlipidaemia
following bariatric surgery.

Tables 4–6 display the annual changes in T2DM, hypertension and hyperlipidaemia
statuses after bariatric surgery at each follow-up period, supplemented with detailed
changes in clinical and biochemical characteristics.

3.5.1. Type 2 Diabetes Mellitus

At baseline, 53 of 65 patients (81.5%) were diagnosed with T2DM (mean duration of
diabetes, 9.7 ± 7.3 years); 20 of the patients with T2DM (37.7%) were receiving insulin
treatment, whereas 45 (84.9%) were on glucose-lowering agents, with a mean elevated
HbA1c of 7.5% (Table 4). The resultant post-surgical weight loss following bariatric surgery
substantially and rapidly resolved and improved T2DM, with 50.0–82.0% of patients expe-
riencing significant remission and improvement of their T2DM during the 6-year follow-up
period (Figure 3). The remission and improvement rates decreased over time but remained
high in the long term. The composite cumulative remission and improvement rate was
also calculated; 37 of 53 patients achieved a cumulative remission and improvement rate of
T2DM following bariatric surgery to their last observations. This is equivalent to nearly
three-quarters of those who reported T2DM at baseline (69.8%). In other words, although
there appeared to be some declination in T2DM remission over time, most of the patients
with T2DM who underwent bariatric surgery were still in remission and improvement at
their last observations, whereas the worsening and incidence rates were extremely low. It
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is worth noting that there was no new onset of T2DM requiring antidiabetic medications
during the long-term follow-up period. With respect to glycaemic control and medication
breakdowns, a reduction in HbA1c level from baseline was observed at all timepoints after
bariatric surgery (Table 4). Mean FBG responded well between years 1 and 5 post-surgery
but did not reduce substantially at year 6 compared to the preoperative baseline. Antidi-
abetic medication use significantly reduced post-surgery, with only less than one-fifth of
patients requiring insulin at year-6 follow-up. Furthermore, a significant reduction in the
number of oral drugs was observed over time.

Table 4. Yearly remission, improved, persisting and worsened rates of type 2 diabetes mellitus a.

Follow-Up, Year 0 1 2 3 4 5 6

Remission, n (%) 26/50
(52.0%)

21/44
(47.7%)

18/33
(54.5%)

12/26
(46.2%)

7/22
(31.8%)

4/14
(28.6%)

(95% CI) (40.0–64.0) (34.1–61.4) (39.4–69.7) (30.8–61.5) (18.2–50.0) (14.3–42.9)

Improved, n (%) 15/50
(30.0%)

15/44
(34.1%)

9/33
(27.3%)

8/26
(30.8%)

8/22
(36.4%)

3/14
(21.4%)

(95% CI) (20.0–40.0) (22.7–45.5) (15.2–39.4) (15.4–46.2) (22.7–50.0) (7.1–35.7)

Persisting, n (%) 8/50
(16.0%)

7/44
(15.9%)

3/33
(9.1%)

4/26
(15.4%)

6/22
(27.3%)

4/14
(28.6%)

(95% CI) (10.0–22.0) (9.1–25.0) (0.0–18.2) (3.8–30.8) (13.6–45.5) (7.1–50.0)

Worsened, n (%) 1/50
(2.0%)

1/44
(2.3%)

3/33
(9.1%)

2/26
(7.7%)

1/22
(4.5%)

3/14
(21.4%)

(95% CI) (0.0–6.0) (0.0–6.8) (0.0–18.2) (0.0–19.2) (0.0–13.6) (0.0–42.9)

Total patients ψ
53/65

(81.5%) 50 (100%) 44 (100%) 33 (100%) 26 (100%) 22 (100%) 14 (100%)

HbA1c (%)
Mean (± SD) 7.5 ± 1.4 6.4 ± 1.1 6.5 ± 1.4 6.4 ± 1.3 6.9 ± 1.2 7.3 ± 1.0 7.3 ± 1.5
Range (4.9–11.1) (4.8–9.5) (4.6–10.7) (4.8–9.4) (5.4–9.9) (5.9–9.6) (4.8–9.7)

FBG (mmol/L)
Mean (± SD) 8.0 ± 2.6 6.6 ± 2.2 7.2 ± 2.4 6.6 ± 1.8 7.4 ± 2.1 7.5 ± 1.8 8.2 ± 3.1
Range (4.9–18.4) (4.3–14.8) (4.5–14.7) (4.1–11.5) (4.8–11.5) (5.1–10.7) (4.9–15.9)

Antidiabetics
Yes, n (%) 45 (84.9%) 21 (42.9%) 20 (50.0%) 10 (41.7%) 10 (47.6%) 13 (61.9%) 10 (76.9%)

Insulin treatment, n (%) 20 (37.7%) 7 (14.3%) 8 (20.0%) 5 (20.8%) 3 (14.3%) 2 (9.5%) 3 (23.1%)

Glucose-lowering agents †,
n (%)

N = 53 N = 49 N = 40 N = 24 N = 21 N = 21 N = 13

0 8 (15.1%) 31 (63.3%) 23 (57.5%) 15 (62.5%) 11 (52.4%) 8 (38.1%) 3 (23.1%)
1 23 (43.4%) 11 (22.4%) 10 (25.0%) 4 (16.7%) 5 (23.8%) 7 (33.3%) 3 (23.1%)
2 20 (37.7%) 6 (12.2%) 5 (12.5%) 3 (12.5%) 4 (19.0%) 4 (19.0%) 6 (46.2%)
3 2 (3.8%) 1 (2.0%) 2 (5.0%) 2 (8.3%) 1 (4.8%) 2 (9.5%) 1 (7.7%)

Mean number of drugs (± SD) 1.3 ± 0.8 0.5 ± 0.8 0.7 ± 0.9 0.7 ± 1.0 0.8 ± 1.0 1.0 ± 1.0 1.4 ± 1.0

Range 0–3 0–3 0–3 0–3 0–3 0–3 0–3

ψ Patients with T2DM present at preoperative baseline. Bootstrap 95% confidence interval (CI) was computed by
the bias-corrected and accelerated (BCa) method. † Biguanides, sulfonylureas, dipeptidyl peptidase 4 (DPP4) in-
hibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, sodium-glucose transport protein 2 (SGLT2) inhibitors,
α-glucosidase inhibitor and thiazolidinedione (TZD). Abbreviations: SD = standard deviation; HbA1c = glycated
haemoglobin; FBG = fasting blood glucose. a No significant difference across the follow-up years in terms of
changes in T2DM status (modelled from postoperative year 1 with generalised linear mixed model, p = 0.504).
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3.5.2. Hypertension

Changes in hypertension statuses are presented in Table 5. Among 70.8% of patients
who underwent bariatric surgery and had hypertension at pre-surgical baseline, complete
remission of hypertension was achieved in one-third over 6 years with no indication of
hypertension following bariatric surgery, and improvement in another higher proportions
of patients throughout the follow-up period. There appeared to be a similar but better trend
to T2DM in hypertension remission and improvement rates; most patients maintained
much of their remission and improvement in hypertension throughout the long-term follow-
up period (73.7–82.9%) (Figure 3). Compared to the preoperative baseline, antihypertensive
medications were discontinued in significant proportions of the patients, with a mean
number of 2 preoperative antihypertensive drugs reduced to between 0.9 and 1.3 during
the 6 years of postoperative follow-up (Table 5). The composite cumulative remission and
improvement rate of hypertension to the final observations was as high as 74.0% (i.e., 34 of
46 patients with hypertension at baseline).

Table 5. Yearly remission, improved, persisting and worsened rates of hypertension following
bariatric surgery b.

Follow-Up, Year 0 1 2 3 4 5 6

Remission, n (%) 14/44
(31.8%)

11/35
(31.4%)

10/26
(38.5%)

7/23
(30.4%)

5/19
(26.3%)

3/12
(25.0%)

(95% CI) (20.5–43.2) (20.0–42.9) (23.1–53.8) (17.4–47.8) (10.5–42.1) (8.3–41.7)

Improved, n (%) 21/44
(47.7%)

18/35
(51.4%)

11/26
(42.3%)

11/23
(47.8%)

9/19
(47.4%)

6/12
(50.0%)

(95% CI) (36.4–59.1) (37.1–65.7) (26.9–57.7) (34.8–60.9) (31.6–63.2) (33.3–66.7)

Unchanged, n (%) 8/44
(18.2%)

5/35
(14.3%)

5/26
(19.2%)

5/23
(21.7%)

4/19
(21.1%)

0/12
(0.0%)

(95% CI) (9.1–27.3) (5.7–22.9) (7.7–30.8) (8.7–34.8) (10.5–31.6) –

Worsened, n (%) 1/44
(2.3%)

1/35
(2.9%)

0/26
(0.0%)

0/23
(0.0%)

1/19
(5.3%)

3/12
(25.0%)

(95% CI) (0.0–6.8) (0.0–8.6) – – (0.0–15.8) (8.3–41.7)

Total patients ψ
46/65

(70.8%) 44 (100%) 35 (100%) 26 (100%) 23 (100%) 19 (100%) 12 (100%)

Systolic BP (mmHg)
Mean (± SD) 132.9 ± 15.0 125.4 ± 14.2 132.3 ± 15.6 132.2 ± 16.5 133.3 ± 17.2 131.4 ± 15.8 133.0 ± 19.4

Diastolic BP (mmHg)
Mean (± SD) 76.0 ± 8.7 74.5 ± 8.6 72.7 ± 8.3 73.3 ± 8.8 75.4 ± 8.2 72.1 ± 9.5 72.5 ± 10.4

Antihypertensive therapy †

Yes, n (%) 44 (95.7%) 24 (58.5%) 19 (55.9%) 11 (50.0%) 12 (40.0%) 13 (72.2%) 9 (75.0%)

0 2 (4.3%) 15 (38.5%) 14 (42.4%) 10 (47.6%) 8 (40.0%) 5 (27.8%) 3 (25.0%)
1 13 (28.3%) 17 (43.6%) 12 (36.4%) 5 (23.8%) 6 (30.0%) 6 (33.3%) 3 (25.0%)
2 21 (45.7%) 4 (10.3%) 5 (15.2%) 5 (23.8%) 5 (25.0%) 6 (33.3%) 5 (41.7%)
3 4 (8.7%) 3 (7.7%) 1 (3.0%) 1 (4.8%) 1 (5.0%) 1 (5.6%) 1 (8.3%)
4 4 (8.7%) 0 (0.0%) 1 (3.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
5 2 (4.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Mean number of drugs (± SD) 2.0 ± 1.1 0.9 ± 0.9 0.9 ± 1.0 0.9 ± 1.0 1.0 ± 0.9 1.2 ± 0.9 1.3 ± 1.0

Range 0–5 0–3 0–4 0–3 0–3 0–3 0–3

ψ Patients with hypertension present at preoperative baseline. Bootstrap 95% confidence interval (CI) was
computed by the bias-corrected and accelerated (BCa) method. † Beta blockers, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor antagonists, calcium channel blockers and thiazide diuretics. Abbreviations:
BP = blood pressure; SD = standard deviation. b No significant difference across the follow-up years with respect
to changes in hypertension status (modelled from postoperative year 1 with generalised linear mixed model,
p = 0.999).
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3.5.3. Hyperlipidaemia

Health improvements in hyperlipidaemia showed variability in response in contrast
to T2DM and hypertension (Figure 3; Table 6). At preoperative baseline, 44 patients
(67.7%) had hyperlipidaemia. Owing to the strict criteria of fulfilling discontinuation of
lipid-lowering medications and normalization of the whole lipid profile comprising four
subfractions (namely, total cholesterol, triglycerides, HDL-C and LDL-C), hyperlipidaemia
remission and improvement rates over the postoperative years in the current study were
relatively low.

Approximately half of the patients who continued with their current daily lipid-
lowering agent treatment were considered to have persisting hyperlipidaemia (50.0–60.5%),
as portrayed in Table 6. In contrast, there was an increasing linear trend of patients with
worsening hyperlipidaemia from 2.6% to 30.0%. Notwithstanding, the number of patients
remained at three individuals at years 5 and 6 post-surgery. As a result of the same strict
criteria, hyperlipidaemia was in remission for 10.0~30.0% of study patients between year
1 and year 6 postoperatively. Similar proportions of patients experienced improvements
across the follow-up timepoints as compared to remission (Table 6), which resulted in a
composite cumulative remission and improvement rate of approximately 40.0% over long-
term follow-up (Figure 3). Only one incidence requiring lipid-lowering therapy emerged
de novo.

Table 6. Yearly remission, improved, persisting and worsened rates of hyperlipidaemia following
bariatric surgery c.

Follow-Up, Year 0 1 2 3 4 5 6

Remission, n (%) 6/38
(15.8%)

5/32
(15.6%)

6/24
(25.0%)

4/20
(20.0%)

5/17
(29.4%)

1/10
(10.0%)

(95% CI) (7.9–23.7) (6.3–25.0) (12.5–37.5) (10.0–30.0) (17.6–47.1) (0.0–30.0)

Improved, n (%) 8/38
(21.1%)

7/32
(21.9%)

4/24
(16.7%)

4/20
(20.0%)

3/17
(17.6%)

1/10
(10.0%)

(95% CI) (10.5–31.6) (12.5–31.3) (4.2–29.2) (10.0–30.0) (5.9–29.4) (0.0–30.0)

Unchanged, n (%) 23/38
(60.5%)

18/32
(56.3%)

12/24
(50.0%)

10/20
(50.0%)

6/17
(35.3%)

5/10
(50.0%)

(95% CI) (47.4–73.7) (40.6–71.9) (37.5–66.7) (30.0–70.0) (17.6–52.9) (30.0–70.0)

Worsened, n (%) 1/38
(2.6%)

2/32
(6.3%)

2/24
(8.3%)

2/20
(10.0%)

3/17
(17.6%)

3/10
(30.0%)

(95% CI) (0.0–7.9) (0.0–15.6) (0.0–20.8) (0.0–25.0) (0.0–35.3) (10.0–50.0)

Total patients ψ
44/65

(67.7%) 38 (100%) 32 (100%) 24 (100%) 20 (100%) 17 (100%) 10 (100%)

Total cholesterol, mmol/L 4.3 ± 1.2 4.8 ± 1.0 4.6 ± 1.3 4.7 ± 1.2 4.8 ± 1.0 4.7 ± 1.0 4.3 ± 1.3

Triglycerides, mmol/L 1.8 ± 0.9 1.5 ± 1.2 1.5 ± 1.2 1.3 ± 0.8 1.5 ± 0.9 1.7 ± 0.9 1.6 ± 0.9

HDL-C, mmol/L 1.1 ± 0.2 1.4 ± 0.3 1.4 ± 0.4 1.4 ± 0.4 1.4 ± 0.4 1.3 ± 0.3 1.3 ± 0.2

LDL-C, mmol/L 2.3 ± 1.1 2.7 ± 0.9 2.6 ± 1.1 2.7 ± 0.9 2.7 ± 0.9 2.5 ± 0.9 2.3 ± 1.0

Lipid-lowering drugs † N = 44 N = 41 N = 35 N = 23 N = 20 N = 19 N = 12

Yes, n (%) 35 (79.5%) 25 (61.0%) 22 (62.9%) 12 (52.2%) 11 (55.0%) 10 (52.6%) 9 (75.0%)

Mean number of drugs (± SD) 0.9 ± 0.6 0.7 ± 0.6 0.7 ± 0.6 0.6 ± 0.6 0.6 ± 0.6 0.7 ± 0.7 1.0 ± 0.7

Range 0–3 0–2 0–2 0–2 0–2 0–2 0–2

ψ Patients with hyperlipidaemia present at preoperative baseline. Bootstrap 95% confidence interval (CI) was
computed by the bias-corrected and accelerated (BCa) method. † Statin, fibrate and/or ezetimibe. Abbreviations:
SD = standard deviation; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein choles-
terol. c No significant difference across the follow-up years with respect to changes in hyperlipidaemia status
(modelled from postoperative year 1 with generalised linear mixed model, p = 0.893).
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Correspondingly, the lipid values and lipid-lowering drugs at all timepoints are
reported (Table 6). With the control of the lipid profile, compared to baseline, amelioration
was observed across all years after surgery—more so in triglyceride and HDL-C values
but not in total cholesterol and LDL-C levels. The changes in the latter lipid levels were
less marked, as if there was no improvement during follow-up. However, it is worth
noting that these lipid parameters, specifically total cholesterol and LDL-C levels, reached
normalization following our preoperative intensive lifestyle program and were sustained
throughout postoperative follow-up. These levels likely plateaued in response to lipid-
lowering agents thereafter, given that more than half of the patients continued therapy
postoperatively. Despite being in the abnormal range at preoperative baseline, triglyceride
markers achieved progressive improvement well after bariatric surgery throughout the
6-years follow-up period. Irrespective of the normal HDL-C level at preoperative baseline,
the mean value increased progressively over follow-up timepoints. In this cohort, there
was little cessation of lipid-lowering drugs, even in the setting of positive responses in
terms of lipid parameters. These medications remain the recommended primary therapy
for risk reduction in cardiovascular adverse events.

To further delineate the variability or equality of substantial metabolic changes in the
whole sample across post-surgical follow-up, the estimated odds ratio in the four comor-
bidity statuses adjusted for sex, age at surgery and race were examined. The generalised
linear mixed models accounting for random effects at the individual level revealed no
significant difference (p > 0.05) in terms of modelled metabolic disease changes across the
follow-up years (T2DM: p = 0.504; hypertension: p = 0.999; hyperlipidaemia: p = 0.893).
This was following a significant remission and improvement in the three metabolic diseases
1 year after surgery (p < 0.001) (Figure 3; Tables 4–6). However, the comorbidity results,
particularly year 6 post-surgery, should be interpreted with caveat in mind due to the small
sample size and consequent uncertainty in the estimates.

3.5.4. Sleep-Disordered Breathing

The impact of bariatric surgery on sleep-disordered breathing and the use of CPAP/
BiPAP devices is denoted in Figure 4. Prior to bariatric surgery, as many as 63.1% of patients
who underwent bariatric surgery were diagnosed with either OSA or OHS. Ameliorations
in OSA/OHS were observed to improve over timepoints, reducing to a prevalence of
41.2% at year 6 post-surgery. The prevalence of CPAP or BiPAP devices required by study
patients was also observed to decrease tremendously from 50.8% at the time of bariatric
surgery, with a slight upward trend at year 2, followed by a downtrend from year 3 onward
and throughout the follow-up period to 17.6%. Aside from this, a total of 13 patients
with OSA who were prescribed CPAP no longer required CPAP at their last observations
following bariatric surgery, which is equivalent to a cumulative improvement rate of 39.4%.
There was only one new onset of diagnosed mild OSA during the postoperative follow-up
period. The CPAP/BiPAP adherence rate at preoperative baseline was 63.6%, i.e., 21 of
33 patients requiring CPAP/BiPAP. In other terms, 36.4% (12 patients) were not adherent to
CPAP/BiPAP prescriptions before surgery. Patient self-reported factors found to influence
non-progression to CPAP/BiPAP devices included intolerance to the machines, financial
issues and breakdown of the machines.
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Figure 4. Prevalence of sleep-disordered breathing and CPAP/BiPAP prescription among the study
population undergoing bariatric surgery.

3.5.5. Opioid Use and Total Joint Arthroplasty

Figure 5 shows the prevalence of prescribed opioid use and the cumulative incidence
of TJA in the clinically severe obese patients with concurrent OA-related joint pain. At any
given timepoint, the prevalence of opioid use across follow-ups was higher than before
bariatric surgery (Figure 5). Opioid use or dependency increased annually post-surgery
across all timepoints from baseline, particularly at postoperative year 5 (29.2%), despite a
slight improvement in OA and localized pain. Specifically, patients with OA-related joint
pain who were prescribed opioids at year 5 suffered from severe OA (n = 2), both OA and
gout (n = 1), both OA and depression (n = 3), and both OA and degenerative disc disease
(n = 1), which caused significant pain that required opioid pain relievers. Among those
with OA-related joint pain (n = 49), 12.2% (n = 6) were prescribed opioids before bariatric
surgery. Of the 6 patients who were prescribed opioids, 5 had ongoing opioid prescriptions
through their last observations, whereas one persistent opioid user had discontinued
medication used at the last observation. Therefore, patients with pre-diagnosed OA-related
joint pain were predominantly prescribed non-opioid anti-inflammatory and pain-relief
agents. Seven patients were post-surgery-initiated opioid users, i.e., post-surgery use of
opioids without pre-surgery use. In contrast, the TJA rate decreased from 10.8% at baseline
to 3.1% at year 6 post-bariatric surgery (i.e., 2 of 65 patients at year 6) according to data
from the national joint replacement registry (i.e., AOANJRR). The registry also confirmed
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(not shown in Figure 5) that only one additional patient underwent TJA at year 7 and none
in year 8 following bariatric surgery.
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Figure 5. Prevalence of prescribed opioids and incidence of TJA among patients with OA-related
joint pain.

3.5.6. Mental Illness and Use of Antidepressants and/or Antianxiety Agents

Figure 6 shows the prevalence of mental illness, specifically depression/severe anxiety,
as well as the use of antidepressants and/or antianxiety agents. More than half of patients
(55.4%) were diagnosed with depression/severe anxiety prior to bariatric surgery. The
prevalence dropped at years 1 to 4 post-surgery; it then increased and became slightly
higher versus baseline by the fifth year (57.7%), reaching the highest rate at the sixth year
postoperatively (66.7%) (Figure 6). Of the patients, 36.9% were on regular antidepressants
and/or antianxiety agents prior to surgery. In agreement with the prevalence of depression
and severe anxiety, the prevalence of use of the medications followed a quadratic trend—
first, a decrease from baseline to years 1 to 3 post-surgery, followed by a gradual increase
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over time to a prevalence higher than baseline at years 4 and 5, reaching a new high at
year 6.

Figure 6. Prevalence of depression/severe anxiety, as well as the use of antidepressants and/or
antianxiety agents among the study population.

3.6. Mortality

There was no death observed at any time in the 8 years of the post-surgical period.

4. Discussion

The burden of the epidemic of clinically severe obesity has prompted the development
of a broad range of novel weight management options to support the efforts of those
needing to lose weight and alleviate obesity-related comorbidities, with a consensus that
bariatric surgery is at the top of the treatment pyramid. In this study, we present an in-depth
longitudinal report of health outcomes from a publicly funded bariatric surgery service
provided by two specialist obesity settings in NSW, Australia, with purpose-built physical
clinical spaces and bariatric equipment. To date, no Australian report has presented such
comprehensive and long-term data from public, multidisciplinary bariatric surgery settings,
at least in NSW, in addition to linkage with the national orthopaedic joint registry. Our
publicly funded bariatric surgery service adopting an intensive multidisciplinary approach
has provided an ideal platform for research of the highest-grade obesity and its impacts
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in the severe and complex bariatric surgical population with at least three obesity-related
comorbidities. We have addressed several knowledge deficiencies with respect to long-term
weight change and the major obesity-related comorbidities following currently-performed
bariatric surgeries. To achieve a finer understanding of the effects of bariatric surgery, clear
changes in the status of metabolic diseases were computed based on laboratory findings,
medications, physicians’ diagnoses and physical measurements to generate the prevalence,
resolution, improvement, persistence, worsening and incidence rates.

Significant weight loss was achieved and sustained over the 9-year follow-up period
from preoperative lifestyle intervention to post-surgery. Weight loss was maintained at
26.5 to 33.0 %TWL for 8 years following bariatric surgery, although there was a small degree
of weight regain in the long term. This is in addition to another 13.2 %TWL during the
preoperative preparation phase. Similar weight loss patterns were observed in the 5-year
Finnish Sleeve vs. Bypass (SLEEVEPASS) randomized controlled trial (RCT) [10], the 3- and
7-year LABS studies [7,8], and the 6-year Utah Obesity study [28]. These patterns similarly
involved an overall peak weight loss at 1 to 2 years after bariatric surgery, followed by a
modest weight regain thereafter. This was despite ongoing annual clinic follow-up visits,
and all our patients maintained > 20 %TWL postoperation to year 8. Several mechanisms of
postoperative weight relapse have been proposed. These mechanisms are associated with
mental health (e.g., depression, binge eating disorder, emotional eating, grazing and sweet
cravings), maladaptive lifestyle behaviours (e.g., adherence to exercise and/or dietary
recommendation), inadequate follow-up support, hormonal/metabolic imbalance (e.g.,
increased ghrelin levels) and anatomical/surgical factors (e.g., initial sleeve size, sleeve
dilatation and amount of gastrointestinal track bypassed) [29–31].

Diabesity poses individual and global health challenges on an unprecedented scale.
While bariatric surgery is recognised as a potent therapeutic option in people with diabesity,
different gradients of efficiency have been reported in different studies [8–11,15,32–38].
In the current study, promising T2DM remission and improvement rates were observed.
This was despite our cohort study being focused on a population with larger body size,
multiple metabolic diseases, longstanding DM (mean duration of 10 years) and an average
baseline HbA1c ≥ 7.5%. The incidence of T2DM cases following bariatric procedures
was zero at all follow-up assessment timepoints. The underlying mechanisms of T2DM
remission and improvement after bariatric surgery involve the combined effects of incretin
hormone secretion, bile acid metabolism, intestinal physiology, lipid regulation, neuronal
signalling, microbiome changes and weight loss [39–42]. Our results are comparable
to other longitudinal studies. This includes the Scandinavian Obesity Surgery Registry
study [43], in which both glucose-lowering medication and glycaemic control endpoints
were also observed. Although it was of shorter duration than our study, this study from
Sweden reported that adults with diabesity who underwent bariatric surgery achieved
58.2% and 46.6% T2DM remission at 2 and 5 years after bariatric surgery, respectively [43].
Our findings are also similar to those reported in the United Kingdom National Bariatric
Surgery Registry [44]. This study reported a 50% remission of T2DM over 5 years. However,
no standardized clinical definitions or laboratory ranges were used to define remission.
Instead, remission was dependent on the judgement of the clinicians submitting data
to the registry; thus, the evidence was considered less convincing. Amongst landmark
studies, the prospective matched SOS cohort study [15] revealed that surgically-treated
patients had an excellent T2DM remission rate at 2 years post-bariatric surgery (72.3%,
219 of 303 patients); however the rate relapsed to 30.4% at 15 years post-surgery (35 of
115 patients). A similar outcome in terms of changes in T2DM statuses was reported in the
prospective Swiss Multicentre Bypass or Sleeve Study (SM-BOSS) RCT (217 Swiss patients
with clinically severe obesity, mean BMI = 43.9 kg/m2) [9], which reported proportions
achieving T2DM remission (SG: 61.5% vs. RYGB: 67.9%), improvement (SG: 15.4% vs.
RYGB: 7.1%), unchanged (SG: 11.5% vs. RYGB: 10.7%) and worsening (SG: 11.5% vs.
RYGB: 14.3%) at 5 years postoperation. Our analyses of changes in T2DM statuses over
6 years of follow-up also corroborated the findings of a retrospective study of 74 Indiana
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patients who underwent LSG, which also reported a significant cumulative remission and
improvement rate of 77% over the entire follow-up period [45]. The proportion achieving
T2DM remission following bariatric surgery in the current study was in line with the results
of the LABS study, which documented observed T2DM remission rates at 4, 5 and 7 years
of 63.7%, 61.4% and 58.9%, respectively, for RYGB patients and 33.0%, 26.3% and 24.0%,
respectively, for LAGB patients [8]. Despite the high severity of our patients’ obesity, the
present findings demonstrate the significant ability of bariatric surgery to improve glucose
homeostasis and induce T2DM remission. It should also be underlined that the study
patients exhibited remarkably low worsening and incidence rates of T2DM despite the long
follow-up period. Consequently, we support the already established position that bariatric
surgery can serve as both the most effective treatment tool and an illuminating scientific
model with which to address the diabesity crisis in the publicly funded healthcare system
in the long term, even among highly severe patients with longstanding DM.

In this study, bariatric surgery also conferred substantial remission and improvement
in hypertension. The observed decrease in medication use and blood pressure over the
6 years of follow-up reflects the substantial impact of bariatric surgery. These findings are
consistent with numerous previous studies among patients who had undergone bariatric
surgery. Our results are also in line with the Norwegian Prescription Database cohort study
(median 6.5 years, range 0.2–10.1 years) among patients with clinically severe obesity, which
reported that based on drug dispensation [35], remission of hypertension was observed
in 31.9% of the surgically-treated group. Nevertheless, it is important to point out that
using dispensed drugs as proxy outcomes, as was the case in this study, could result
in underestimation of comorbidity rates; therefore, their results should be interpreted
with caution. Regarding the high rate of cumulative remission and improvement of
hypertension following bariatric surgery, similar results were observed in an Indiana study
by Eid and colleagues. They reported a cumulative remission and improvement rate of 74%
in hypertensive patients who underwent LSG [45]. This is in complete agreement with our
findings that 74% of patients experienced major improvement or remission of hypertension
over a 6-year follow-up period. As was found in the only studies with the full changes
in statuses like our studies, the SM-BOSS RCT [9] showed that study patients exhibited
higher rates of remitted, unchanged and worsened hypertension at 5 years postoperation
than our study patients but not the improvement rate. The differences were likely due to
the initial disease severity of the study cohorts, i.e., all of our study cohort had clinically
complex obesity.

We also detailed progressive changes in hyperlipidaemia status by combining lipid-
lowering medication use with all four crucial clinical serum lipid measures to address
knowledge deficiencies with respect to the effectiveness of bariatric surgery on lipid pro-
files. In other terms, the definition of hyperlipidaemia remission used in the present study
was four times stricter than studies that only assessed lipid subfractions separately [46,47].
This also resulted in the superiority of persistent hyperlipidaemia, i.e., among more than
half of the study cohort, whereas one-third of the study patients attained either remis-
sion or improvement of hyperlipidaemia over the follow-up duration. Adipose tissue
is defined as lipid storage, as well as an endocrinologically and immunologically active
organ, and can be involved in the pathogenic mechanisms underlying hyperlipidaemia.
Adipose tissue dysfunction is likely caused by obesity-induced stress [48], whereas bariatric
surgery improves its function via a significant reduction in fat mass. In spite of this, the
relationship between weight loss and lipid profile remains inconclusive. It has been pro-
posed that improvement in the levels of HDL-C and triglycerides may be associated with
weight loss [49], whereas LDL-C and total cholesterol might not. This theory exposes
the mechanism of malabsorptive procedures that may tend to favour reductions in total
cholesterol and LDL-C levels due to decreases in their absorption but not by SG or other
restrictive procedures that were observed in the majority of our patients, which explains
the plausibility of our findings with respect to increased HDL-C and lower triglycerides
over the timepoints, but not the other lipid levels. Our data support previous studies that
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considered lipid variables but lacked data on lipid-lowering regimens and only reported
short-term results [50]. The small change in measured total cholesterol and LDL-C levels
observed in the present study was also likely plateaued by the use of lipid-lowering agents.
Low rates of cessation of treatment in the current cohort over the study period, despite
positive responses with respect to lipid parameters, were due to guideline recommenda-
tions for patients’ use in cardiovascular risk reduction, particularly in individuals with
other cardiometabolic risk factors [51]. It is not possible to directly compare the results
of the present study with those reported in the literature for several reasons. Apart from
the different cut-offs and follow-up durations, the definitions used for hyperlipidaemia or
dyslipidaemia vary widely. Some studies primarily evaluated medications alone [35,52,53];
others assessed some of the lipid parameters with no medication appraised at all [8,50];
some investigated lipid-lowering agents and lipid profiles separately without combining
the outcomes as a comprehensive representation of hyperlipidaemia status [53]; some did
not specify definitions at all or relied on patient self-reports [44,54]; and a couple of studies
assessed medications but separated the lipid subfractions (e.g., hypercholesterolemia or
hypertriglyceridemia) without evaluation of the whole lipid profile [46,47]. Only a few
studies have reported hyperlipidaemia statuses, including remission, based on both lipid-
lowering medications and lipid profiles; it is even rarer for all four fundamental lipid
components to have been studied. The only longitudinal study that followed the same line
as the present study is the 5-year SM-BOSS trial of patients with clinically severe obesity [9],
with the exception that total cholesterol and lipid-lowering agents other than statins were
not taken into consideration for the assessment of postoperative course. This difference
potentially explains the contrasts between the findings of our population and this study,
which reported higher remission and improvement of dyslipidaemia after SG (remission:
42.6%; improvement: 41.2%; unchanged: 16.2%; worsened: 0%) and RYGB (remission:
62.3%; improvement: 30.2%; unchanged: 7.5%; worsened: 0%). Therefore, other studies
may not have identified more events of hyperlipidaemia remission and improvement if
they had incorporated the strict definitions that we used.

Obesity is a modifiable risk factor for OA and weight-bearing joint pain [55]. Al-
though relatively statistically constant, the clinical magnitude of the improvements in
OA-related joint pain in our study patients, from 75.4% preoperatively to 68.4% following
surgical weight loss over 6 years of follow-up, has provided important insights into the
treatment. A 5-year observational study of 13 Pennsylvania patients with symptoms and
radiographic evidence of knee OA who underwent bariatric surgery revealed that patients
maintained improvements in knee symptoms, pain and daily living activities for 5 years
following surgical weight loss, with only one patient undergoing knee replacement surgery
(7.7%) [56]. The Western Ontario and McMaster Universities Index of Osteoarthritis and
Knee Osteoarthritis Outcome Score Surveys were administered in this study. Despite the
underpowered sample size of this study (n = 13), their results were similar to our findings at
year 5 post-surgery, also highlighting maintenance of impressive improvements in OA and
weight-bearing joint pain symptoms, as well as a very small number of patients undergoing
TJA following bariatric surgery.

There is a dearth of research studying opioid use beyond the first year after bariatric
surgery. The phenomenon observed in our study is in the same direction as that reported
in the LABS-2 observational cohort study, which also revealed changes in the short- and
long-term use of prescribed opioid analgesics following bariatric surgery. The LABS-2
study [57] (median BMI = 46 kg/m2) that also studied changes in prescribed analgesics
post-surgery, reporting increased use of opioid medication following bariatric surgery, from
14.7% at preoperative baseline to 20.3%, i.e., above baseline levels, as time progressed at
year 7. However, contrary to their proposed tandem that additional surgeries (such as back,
knee, hip or ankle surgery, or a subsequent bariatric surgical procedure) were related to an
increased risk of initiating opioid use following bariatric surgery, we found a reduced rate
of TJA performed throughout the 6 follow-up years, including revisional surgeries, in the
current investigation. Our study sheds further light on the beneficial effects of bariatric
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surgery on TJA other than symptomatic relief of OA-related joint pain, as observed in this
cohort. In contrast to our medication data captured from hospital records and TJA data
obtained from the national registry, the authors of the LABS-2 study noted their reliance
on self-reported opioid analgesic medication use and that the accuracy in the sample was
unmeasured. Despite this limitation, this study [57] and our findings are distinct from other
studies that have reported relatively short time frames to examine the use of prescribed
opioid medications after bariatric surgery [58–61]. We observed an increasing trend in
the use of opioids in our study cohort post-surgery across nearly all timepoints, particu-
larly year 5. The majority of the new opioid users did not suffer a surgical complication.
Therefore, postoperative complications are unlikely to account for the development of
new opioid use in our study cohort. Instead, our evaluation of indications for opioid pre-
scriptions showed that opioid consumption was associated with patients’ significant pain
caused by various deteriorated physiological and psychological outcomes. Understandably,
these pains should not be disregarded nor undertreated. On the other hand, the bariatric
surgical population may be more vulnerable to misuse of and dependence on opioids
than the general population, given the risk of “addiction transfer” (i.e., exchange of one
compulsive behaviour for another) [62], which may confer a similar misuse of opioids
after surgery [63,64]. The full clinical significance of this aspect and its direct causal effect
on this population was not explored in the current work and may warrant future studies.
However, based on patients’ positive motivations for pursuing bariatric surgery and the
risks associated with opioid abuse after surgery, we suggest healthcare providers should
develop surveillance programs to monitor patients’ postoperative opioid use. This could
be helpful in detecting patients at serious risk of misuse of opioids, facilitating prompt
counselling of patients with respect to the risks, and identifying those at higher risk of
poor surgical outcomes. Surgeons may also minimize patients’ exposure to such risks
by following the current opioid prescribing guidelines while actively reducing excessive
prescription of opioids. With much research demonstrating the benefits of weight loss with
respect to OA, the problem still arises in daily surgical practice as to how best to combat
this issue. Besides hospital policies preventing orthopaedic surgeons from performing TJA
on some patients with severe obesity, the latter technically limits the ability to perform
TJA [65]. We believe that more research in these areas should be conducted to determine
optimal interventions for patients with both clinically severe obesity and OA symptoms,
translating into practice to help those in need. To provide the most effective care possible,
consideration should be given to referring patients to multidisciplinary services comprising
orthopaedic surgeons, among other healthcare providers.

Our results suggest long-term decreases in the prevalence of OSA and OHS after
bariatric surgery. The prevalence of use of CPAP or BiPAP devices required by the study
patients decreased considerably from baseline to after surgery. Several other studies have
also demonstrated the effectiveness of bariatric surgery in reducing OSA severity [66,67]. In
a study of 132 clinically severe obese patients with OSA who underwent RYGB, the preva-
lence of OSA decreased from 71% at baseline to 44% at 1 year after bariatric surgery [67].
The authors also determined that OSA resolved in 45% of patients and improved in another
33% of the study patients [67]. These varying findings could potentially be explained by
the differing definitions of OSA and its remission/improvement, different types of surgery,
severities of patients or other differences in the nature of follow-up. Regardless of the
controversy, bariatric surgery clearly demonstrates its additive effect on improvements in
OSA and OHS.

It is noteworthy that our study cohort displayed a lower prevalence of depres-
sion/severe anxiety and the use of antidepressants and/or antianxiety agents in the first
few years from pre-surgery but not years 5 and 6 post-surgery, at which the rate rebounded
to a higher prevalence than the baseline. These findings verify the results reported in the
LABS Consortium substudy [23], which reported a similar trend post-RYGB with respect to
change in the prevalence of mental disorders over a 7-year follow-up period (n = 173). Sig-
nificant short-term and the largest reductions in depression and anxiety within the first two
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years of bariatric surgery were also observed in the studies included in a recent systematic
review (14 prospective studies of participants with BMI ≥ 35 kg/m2) [68]. Although this
improvement may hold true, depression severity did increase after 2–3 years post-surgery,
as shown in a meta-analysis of 58 studies [69]. Our longitudinal design provided confir-
matory data that bariatric surgery offers short-term but not long-term improvements in
depression and anxiety, supporting the proposed notion of a ‘psychological honeymoon‘
period of 3 years post-surgery, followed by rebounds in anxiety, depressive symptoms and
binge eating disorder, as reported in other studies [22]. We recommend that all bariatric
surgical candidates receive preoperative education and psychiatric evaluation as to the
possibility of mental illness. This high-risk population should also be offered education on
the symptoms of depression, as well as concrete steps to follow to get help and support
if patients notice they are experiencing any depressive symptoms. Bariatric surgery is
a life-saving and life-changing treatment. Unrealistic preoperative expectations about
future weight reduction, environmental or social acceptability and obesity treatments may
create a storm of serotonin depletion that leads to anxiety and depressive symptoms, anger,
fatigue and irritability. These are some of the important areas that require further long-term
investigation in the setting of clinically severe obesity.

Limitations and Recommendations for Future Research

The study has some limitations that warrant discussion. First, the present study may be
underpowered by its relatively small sample size related to the scarce resources of the public
healthcare system and, therefore, stringent selection of the population, which may affect the
ability to draw robust conclusions. Nonetheless, we were able to collect data from multiple
resources and by several means with minimal missing data, as well as substantial in-depth
variables in great detail. Additionally, we conducted modelling with repeated measures
and inference tests up to 8 years of observations post-surgery, consisting of statistically
adequate sample size and data. The results revealed meaningful patterns with respect to
long-term changes in weight loss and obesity-related comorbidities in our study cohort.
Secondly, only a minority of patients underwent OAGB and LAGB as index procedures in
this study. Therefore, comparison between surgical procedures was not possible, and firm
conclusions in this context could not be drawn. Even if we compared the three bariatric
procedures in our study, the generalizability of the results might be compromised based on
the fact that our study was dominated by patients who underwent SG. Thirdly, this study
mainly included Caucasian patients with complex clinically severe obesity, which limits the
generalizability of the results to populations of other races, those with less severe obesity
or individuals not seeking specialist obesity treatments. Fourthly, the heterogeneity of
outcome definitions in the field has also made combination and comparison across studies
difficult; work toward standardization of outcome definitions would be beneficial.

5. Conclusions

This study confirms that bariatric surgery performed in public hospitals using an
intensive multidisciplinary approach is effective and sustainable for long-term weight loss
and the management of obesity-related comorbidities, even in highly severe and complex
patients. This is one of the longest-term and most comprehensive reports encompassing
a broad spectrum of aspects regarding bariatric surgery within multidisciplinary clinical
obesity services across a wide range of up-to-date bariatric surgical procedures. The re-
sults of our study can serve as a foundation for shaping practice in other clinical settings,
monitoring long-term patient outcomes, standardized clinical data recording, and future
comparisons of multiple publicly funded bariatric surgery services. Major challenges
concerning the successful outcomes of bariatric surgery in highly complex patients include
maintaining mental health in the long run and reducing postoperative opioid use associated
with patients’ significant pain caused by various deteriorated physiological and psycholog-
ical outcomes. Improved access to bariatric surgery and long-term follow-up on a higher
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volume of patients are needed in the public healthcare system to better monitor patient
outcomes, and drive positive changes in the overall delivery of multidisciplinary care.
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