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ABSTRACT

Objectives To quantify the economic investment required
to increase bariatric surgery (BaS) capacity in National
Health Service (NHS) England considering the growing
obesity prevalence and low provision of BaS in England
despite its high clinical effectiveness.

Design Data were included for the patients with obesity
who were eligible for BaS. We used a decision-tree
approach including four distinct steps of the patient
pathway to capture all associated resource use. We
estimated total costs according to the current capacity
(current scenario) and three BaS scaling up strategies over
a time horizon of 20 years (projected scenario): maximising
NHS capacity (strategy 1), maximising NHS and private
sector capacity (strategy 2) and adding infrastructure to
NHS capacity to cover the entire prevalent and incident
obesity populations (strategy 3).

Setting BaS centres based in NHS and private sector
hospitals in England.

Main outcome measures Number of BaS procedures
(including revision surgery), cost (GBP) and resource
utilisation over 20 years.

Results At current capacity, the number of BaS
procedures and the total cost over 20 years were
estimated to be 140220 and £1.4 billion, respectively.
For strategy 1, these values were projected to increase
to 157760 and £1.7 billion, respectively. For strategy 2,
the values were projected to increase to 232760 and
£2.5billion, respectively. Strategy 3 showed the highest
increase to 564 784 and £6.4 billion, respectively, with an
additional 4081 personnel and 49 facilities required over
20 years.

Conclusions The expansion of BaS capacity in England
beyond a small proportion of the eligible population

will likely be challenging given the significant upfront
economic investment and additional requirement of
personnel and infrastructure.

INTRODUCTION

Effective obesity treatment can not only
improve the health of treated patients but also
reduce the economic impact across health
systems globally, including in the UK.'™
Obesity is associated with reduced life expec-
tancy and multiple long-term complications.”

," Yuvraj Sharma,’ Ines Guerra,” Abd Tahrani'®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study estimates the economic investment and
resources required to scale up the capacity of bar-
iatric surgery (BaS) in England.

= The study used the inputs from bariatric surgeons
and key decision-makers to provide a realistic per-
spective regarding scaling up BasS in England.

= Sensitivity and scenario analysis were conducted
to test the uncertainties around model inputs and
assumptions.

= A conservative approach was used in calculating
cost inputs and several assumptions were made in
cost estimates for scale-up scenarios, such as ex-
clusion of costs related to supplementation, medica-
tion, outpatient follow-up, cosmetic surgery.

= The study did not consider the potential change in
National Institute for Health and Care Excellence
guidelines and change in the landscape of antiobe-
sity medications over a 20-year time horizon.

The Health Survey of England 2019 indi-
cated that 28% of adults had obesity (body
mass index (BMI) 23Okg/m2) and 3.3% had
severe obesity (BMI>40kg/m?).° By 2060, the
projected prevalence of UK adults who are
overweight or have obesity will be 84.8%." The
current cost of obesity and associated compli-
cations for the National Health Service (NHS)
is £6.1billion (around 4% of the total NHS
spending on health services in 2022,/2023%),
and for society, £27billion, which is projected
to increase 4-5 fold by 2050." The NHS has
established policies that address the growing
challenges to obesity treatment provision and
access in England.”

The UK National Institute for Health
and Care Excellence (NICE) recommend
bariatric surgery (BaS) as the most effective
treatment option for the management of
severe obesity.” That includes people with
BMI above 40 kg/m2, or BMI above 35 kg/m2
with obesity-related complications (ORCs),

BM) Group

Baker-Knight J, et al. BMJ Open 2024;14:084356. doi:10.1136/bmjopen-2024-084356 1

"yBuAdoo Aq pajoajoad 1senb Aq 120z ‘v Jequisidas uo /woofwgruadolgy/:dny woly papeojumoq +20Z AINC TE U0 9GE+80-F202-uadolwa/9eTT 0T Se paysiand isiy :uado (NG


http://bmjopen.bmj.com/
http://orcid.org/0009-0004-4164-0271
https://doi.org/10.1136/bmjopen-2024-084356
https://doi.org/10.1136/bmjopen-2024-084356
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-084356&domain=pdf&date_stamp=2024-07-31
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

or BMI above 30 kg/m?® with recent-onset type 2 diabetes
mellitus (T2DM) in specific situations.” Ba$S results in
significant sustained long-term weight loss beyond 7
years,'”* improved health!" and decreased cardiovas-
cular disease, cancer™™® and mortality.” "' It is the most
clinically effective and cost-effective intervention for
weight management when compared with no interven-
tion or lifestyle interventions.'®'

The UK pathway to BaS starts with a general practi-
tioner (GP) assessment, followed by a referral to the
primary care specialist weight management clinic.** Prior
to the referral patients must engage with a tier 3 clinic
for weight management for at least 12 months.”” The
bariatric dietician at the primary care specialist weight
management clinic would support the patient for lifestyle
change over the next 6 months, before they refer the
patient to bariatric surgeon.” The patient then attends
a preassessment clinic with a bariatric nurse to follow a
preoperative diet, leading to BaS.*

The immediate cost of BaS in the UK was estimated to
be £9.16 million per 1000 operated population in 2008-
2013, with an additional discounted lifetime healthcare
cost of £15.26 million."” However, only an estimated 0.2%
of the annual eligible population in England receive
BaS, and the number also includes revision operations
for complications, poor weight loss and weight regain.*
Reasons for the low penetration of BaS in the NHS
include factors related to the funding and physician pref-
erence or attitude towards Ba$, or patient preference.**°
In those accepted for surgery, there remain prolonged
waiting times'” ?”*® due to limited NHS capacity and prior-
itisation of other surgical procedures.”’

There is a need to understand the feasibility of scaling
up BaS, particularly with the increasing prevalence of
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obesity” and its complications. While there is awareness
of the limited capacity of the NHS to address the need for
BaS, data on the economic investment required to scale
up Bas$ are sparse. In line with NHS expansion plans,’
this study aims to estimate the investment and resources
required to scale up NHS capacity for BaS capacity in
England. These results will guide healthcare systems and
health technology assessment bodies in making informed
decisions on scaling up BaS and efficient management of
resources to treat obesity.

METHODS

We used a landscape assessment and a pragmatic liter-
ature review to develop a stepwise patient pathway and
construct the BaS scale-up model for NHS England.
Three experienced bariatric surgeons working in the
NHS validated the conceptual framework.

Model structure

We used a decision-tree approach including four distinct
steps of the patient pathway (eligibility assessment, pre-
BaS assessment, BaS procedure and postBaS follow-up)
to capture associated resource use (figure 1). These steps
constitute the standard UK patient pathway and have been
previously described by Tako et al® We estimated the total
costs at current capacity and also over a 20-year time horizon
under each of the following BaS scale-up strategies: Strategy
1: maximising NHS capacity, which involved pushing the
current capacity to its maximum potential given the current
resources and personnel without additional infrastructure
or personnel included during scale-up. The additional
resource use in terms of personnel time was assumed to be
proportional to the increase in capacity with the cost of each

/" Ba$S procedure %

Operation: Follow-up:
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l
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Patient pathway for BaS scale-up model. The figure represents the patient pathway applied in the analysis,

comprising four distinct steps (shown in separate blocks): eligibility assessment, pre-BaS assessment, BaS procedure and
post-BasS follow-up. BaS, bariatric surgery; GP, general practitioner; WM, weight management.
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additional operation being the same; strategy 2: maximising
current NHS and private sector capacity: in addition to maxi-
mising NHS capacity, this strategy involved using a proportion
of private sector capacity without additional infrastructure/
personnel. The cost of surgery in the NHS and private sector
was assumed to be equivalent (this is the total cost to society
wherein patients are not charged or compensated) and the
cost equivalence between NHS and private sector for BaS was
assumed that is, NHS purchases private care at NHS prices;
strategy 3: adding infrastructure to increase the current
NHS capacity: in addition to maximising NHS capacity given
current resources, this strategy involved building more facil-
ities and adding personnel to increase the current capacity,
both of which were assumed to be exclusively dedicated to
BaS.

Key assumptions

Based on literature,” we assumed that all eligible patients
required the multidisciplinary team review in the eligi-
bility assessment stage and this was validated by bariatric
surgeons. However, not all patients were required to visit all
the personnel included in the multidisciplinary team review
(eg, 100% of patients needed the consultation with GP and
bariatric surgeons, but only 80% visited an endocrinologist).
We considered no cost discounting or inflation. A fixed
number of incident cases were added each year to the fixed
prevalent patient population. Additionally, we assumed the
cost of shortterm complications (30 days) was included in
the procedure costs, and no additional costs were consid-
ered, while long-term complications (occurring at years 1
and 2) were captured in the same year to account for the
total costs incurred per patient, as they were expected to be
continuous from the previous years. We assumed that 100%
of new staff capacity would be focused on BaS in the scale-up
strategy and gastric band surgery would be phased out at a
constant rate over the next 10 years, as per input from the
bariatric surgeons.”

Model inputs

We obtained all model inputs from published evidence
and/or expert opinions from five NHS key decision-
makers (KDMs). To gather data regarding infrastructure
costs and resource utilisation, we held online interviews
with the KDMs working in BaS with experience in the
setup, management and expansion of new or current
BaS clinics within NHS England. Three NHS bariatric
surgeons validated the key model inputs (patient pref-
erences, costs, capacity and resource use). Population,
cost and capacity inputs are described in tables 1A-C and
online supplemental table 1, respectively. Complication
rates and healthcare resource utilisation are described in
online supplemental tables 2 and 3, respectively. To esti-
mate costs, resource use data were captured during each
step of the patient pathway and combined with unit cost
information, including all medical personnel involved
and the time spent; revision surgery; hospitalisation;
outpatient/inpatient visits (frequency and costs) and
monitoring tests (frequency and costs).

Analyses

Base-case analysis

We selected the eligible population (incident and prev-
alent) as per the NICE guidelines’ eligibility criteria.
We assumed the proportion of the eligible population
receiving BaS to be 10% (based on expert opinion and an
Office of Health Economics study™) and we used this in
the base case for all three scale-up strategies. We consid-
ered a 20-year time horizon appropriate for achieving the
target BaS capacity and eligible population.

Scenario and sensitivity analysis

We only conducted scenario and sensitivity analyses for
strategy 3 as it is more flexible to cover a greater propor-
tion of the eligible patient population.

Scenario analysis

We performed scenario analyses and one-way sensitivity
analysis (OWSA) to test the model robustness and iden-
tify model drivers. Scenario 1 included different propor-
tions (5%, 25% and 100%) of the eligible population over
a 20-year time horizon. Scenario 2 assessed the distribu-
tion of gastric bypass procedure. Scenario 3 evaluated the
impact of change in the eligible population (population
with BMI>40kg/m?).

One-way sensitivity analysis

We adjusted input model parameters by 20% of their
default value to evaluate the robustness of the results and
the influence of individual parameters. The uncertainty
in assumptions/inputs was captured as lower and upper
bounds and displayed in a tornado diagram.

Patient and public involvement
None.

RESULTS

Base-case analysis

The prevalent and annual incident targeted eligible
population sizes were estimated at 347885 and 10 326,
respectively. The total targeted eligible population size
over 20 years was estimated at 554405. With the current
capacity in NHS England, a total number of BaS proce-
dures (including revision surgery) were estimated to be
140220 (revision surgeries: 2474) over 20 years, which
is significantly smaller than the estimated total popula-
tion size. The associated annual and overall costs were
£70.6 million and £1.4billion, respectively. We calculated
the BaS backlog as the combination of ‘current eligible
population’ and ‘newly eligible population’ added each
year and it was estimated to be 424 143 over 20 years. The
outcomes of the base-case analysis for all three strategies
are described in table 2. Detailed results on the cost break-
down associated with the procedure and the complica-
tions are described in online supplemental materials, as
well as the cost vs capacity over 20 years for the current
and projected scenarios.
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Table 1 Population, cost and capacity inputs for BaS scale-up model

Model input Source

(A) Population inputs
Total population (>18 years age)

44715345 %

Proportion of population eligible for BaS (NICE guidelines) 7.78% 2

Obesity incidence rate (annual) 2.97% &

Prevalent population (NICE guidelines eligibility criteria) 3478854 6

Incident population (annual) (NICE guidelines eligibility criteria) 103261 6
Proportion of eligible population that is estimated to receive BaS* 10.00% Assumption
Estimated current eligible population sizet 347885 Calculated
Estimated newly eligible population size (annual)f 10326

(B) Cost inputs

Inputs Source

Cost per procedure for gastric band, sleeve gastrectomy and gastric bypass§ NHS reference costs*®

Complication treatment costs (cost per episode for cholecystectomy, abdominal wall hernia
operations, banding operations, leakage and abscess, obstruction, stricture, gastric ulcer)

Cosmetic surgery cost

Excluded from cost inputs

Cost per episode for gastric ulcer (included 8-week antibiotics treatment, one GP visit and one NHS reference costs*®

diagnostic test)

Infrastructure costs for BaS scale-up (small-scale and large-scale facilities): PMR KDMs’ interviews|

» Number of BaS procedures per year (facility capacity).
» Cost of setting up facility.

» Time required to set up the facility (in years).

» Time required for facility to be fully functional (in years).
(C) Capacity inputs

Inputs

Source

Current annual capacity (number of BaS) for NHS and private sector**

Maximum potential annual capacity

Current BaS distribution by procedure type (gastric band, sleeve gastrectomy and gastric bypass)

for 2013-2018
BaS distribution by procedure type (for scale-up strategy)tt

PMR KDMs’ interviews9*

PMR KDMs’ interviews|
34

Inputs from bariatric
surgeonsq|

Among five KDMs, three were heads of the departments (gastroenterologist, two were the lead for BaS), one was C-level executives/board

member of a hospital and one was the director of procurement.

*There are several reasons why a patient may not receive BaS despite being eligible; these include (but are not limited to) patient preference,
physician preference/attitude towards BaS, along with costs and waiting lists.

tCalculated using prevalent population keeping proportion of eligible population who receive BaS as 10%.

FCalculated using incident population keeping proportion of eligible population who receive BaS as 10%.

§All the resource costs incurred at every stage of the patient pathway were assumed to be included in the procedure for all eligible costs

patients.

Y|Data from PMR report are described in online supplemental table 1.

**2018-2019 data are included; 2020-2022 data are excluded since numbers were under-represented due to COVID-19 pandemic.
Tt1Based on bariatric surgeons’ opinion that the gastric band procedure is the least effective BaS and is assumed to be gradually phased out

in next 10 years.

BasS, bariatric surgery; KDMs, key decision-makers; NHS, National Health Service; NICE, National Institute for Health and Care Excellence;

PMR, primary market research.

Strategy 1: maximising current NHS capacity

Over a 20-year time horizon, the number of BaS proce-
dures (including revision surgery) was projected to
increase to 157760 (revision surgeries: 2867; incre-
mental: 17540 BaS). This was calculated as the maximum
potential NHS capacity (ie, the number of BaS completed

annually) multiplied by the time horizon, thatis, 20 years.
The maximum potential capacity was taken as 12.5% more
than the current capacity (KDMs’ inputs). The projections
estimated the largest increment for gastric bypass (22
362), followed by sleeve gastrectomy (5758). The number
of gastric band operations was projected to decrease from
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Table 2 Base-case analysis: incremental values over 20 years*

Strategy 1: Strategy 2: Strategy 3: adding
maximising maximising current infrastructure to
current NHS NHS and private increase current
capacity sector capacity NHS capacity
Number of BaS procedures (n) 17147 90784 416742
Gastric band -10974 -8637 -3286
Sleeve gastrectomy 5758 43176 207528
Gastric bypass 22362 56245 212499
BaS backlog (n)
Current 424143 424143 424143
Projected 407023 332023 0
Cost breakdown
Infrastructure costs of BaS scale-up £0 £0 £362500000
Number of additional facilities needed —small-scale facility N/A N/A 1
Number of additional facilities needed —large-scale facility N/A N/A 48
Procedure costs £238217988 £974230140 £4261177612
Gastric band —£57616922 —£45349121 -£17250674
Sleeve gastrectomy £55291672 £414570055 £1992636562
Gastric bypass £240543238 £605 009206 £2285791723
Revision surgery—gastric band —£204198 -£160720 -£61137
Revision surgery-sleeve gastrectomy £237606 £1781543 £8563008
Revision surgery—gastric bypass £1710880 £4303170 £16257 852
Personnel costs—post-BaS follow-up £3385898 £17924 406 £81597599
Complication costs £19539294 £60590462 £246 629873
Gastric band -£2991137 —£2354264 -£895555
Sleeve gastrectomy £1259693 £9445023 £45397 631
Gastric bypass £21270737 £53499703 £202127798
Total-20 years £262887 469 £1058669001 £4976 664 806
Total-annual* £13144373 £52933450 £248833240

Bolded values within the table represent summed total costs.

*All the incremental values are represented for 20year time horizon, except the total annual cost.

BasS, bariatric surgery; N/A, not applicable; NHS, National Health Service.

15889 to 4915 (incremental: =10 974). The total annual
cost was projected to increase to £83.7million, and the
overall total cost was estimated to increase to £1.7billion
(online supplemental table 1). Online supplemental
figure 1 illustrates the total costs compared with capacity
in both current and projected scenarios. Scaling up with
strategy 1 would reduce the backlog to 407023 over 20
years (table 2 and online supplemental figure 2).

Strategy 2: maximising current private sector and NHS capacity

Over a 20-year time horizon, the number of BaS proce-
dures (including revision surgery) was projected to
increase to 232760 (revision surgeries: 4229; incre-
mental: 92540 BaS). This was calculated as the maximum
potential NHS capacity and the potential increase in
private sector capacity utilised by the NHS multiplied by
the time horizon. The maximum potential capacity was
taken as 12.5% more than the current based on expert

inputs, and the potential additional capacity from the
private sector used by the public was assumed to be 25%.
The projections estimated the largest increment for
gastric bypass (56 245), followed by sleeve gastrectomy
(43 176). The number of gastric band operations was
projected to decrease from 15889 to 7251 (incremental:
-8637). The total annual cost was projected to increase
to £123.5million, and the overall total cost was estimated
to increase to £2.5billion over 20 years (online supple-
mental table 5). Scaling up would reduce the backlog to
332023 (table 2).

Strategy 3: adding infrastructure to increase current NHS capacity

Over a 20-year time horizon, the number of BaS proce-
dures (including revision surgery) was projected to
increase to 564784 (revision operations: 10 295; incre-
mental: 424563 BaS). In this strategy, this number was esti-
mated after adding the infrastructure to cover the entire
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prevalent and incident population over 20 years. The
projections estimated the largest increment for gastric
bypass surgery (212 499), followed by sleeve gastrectomy
(207 528). The number of gastric band operations was
projected to decrease from 15889 to 12603 (incremental:
-3286). Additionally, the number of revision operations
was projected to increase from 2474 to 10295 over the
next 20 years, and the highest incremental component
was represented by gastric bypass (5859). The total
annual cost was projected to increase to £319.4million.
The overall total cost was projected to increase to
£6.4billion over 20 years. The incremental cost related
to BaS procedure costs represented the largest compo-
nent, amounting to 85.6% of the total cost (incremental
value of £4.3 billion). This was followed by the infrastruc-
ture cost of the BaS scale-up, with an incremental value
of £362.5million. Incremental costs related to complica-
tions, personnel (post-BaS follow-up) and revision surgery
represented only a small fraction of total costs, amounting
to incremental values of £246.6 million, £81.6 million and
£24. 8 million, respectively (online supplemental table
6). Scaling up would reduce the backlog to zero over 20
years, considering the proportion of the eligible patient
population estimated to receive BaS was 10% (table 2).

BasS scale-up over 20 years would require an additional
49 facilities and 4081 personnel, the majority of whom
would be nurses, healthcare assistants/healthcare service
workers, anaesthetists and surgeons.

Scenario analysis

In scenario 1, as the proportion of eligible popula-
tion receiving Ba$ varied from 5% to 100%, the target
population size, the number of BaS procedures and
the total costs also varied significantly. For instance, at
100% coverage, the total number of BaS was estimated
at 5 647 832, and the total 20year costs were projected to
increase to £65.2billion. In scenario 2, achieving 100%
distribution of gastric bypass over 10 years resulted in an
increase in the number of BaS procedures to 569 693 and

total 20year costs to £6.8billion. In scenario 3, with 10%
of the eligible population with BMI>40kg/m? receiving
BaS, the overall total cost was projected to increase from
£1.4billion to £2.4billion over 20 years, which is consider-
ably lower than the base case value.

Table 3 presents summary results of the scenarios, and
detailed results for these scenarios are described in online
supplemental text 1.

One-way sensitivity analysis

The OWSA results indicate that the model was most sensi-
tive to patient preference for BaS, the proportion of the
population eligible for BaS (NICE guidelines), and the
cost per procedure for gastric bypass and sleeve gastrec-
tomy (online supplemental figure 3). The OWSA demon-
strated the robustness of the model even with +20%
variation in the majority of input parameter values.

DISCUSSION

To our knowledge, this is the first study to evaluate the
required investment of scaling up BaS to address the
unmet needs in the NHS. This study demonstrated that
scaling up BaS to treat obesity will be challenging due to
the need for further investment; even within the context
of only 5%-10% of the eligible population modelled to
receive BaS. Based on the model estimates, the economic
investment required to scale up BaS capacity by 12.5%
to maximise the current NHS England capacity, without
scaling up the infrastructure and personnel was estimated
to require an incremental cost of £13.7 million/year, with
a capacity to conduct an additional 17K operations over 20
years, reducing the backlog to approximately 407K over
a 20-year time horizon. Another strategy to maximise BaS
use in NHS and private sectors, increased the capacity by
an additional 91K operations over 20 years and increased
the total annual cost by £52.9million, which reduced
the backlog to 332K operations. The third strategy,
maximising NHS capacity, along with the addition of

Table 3 Scenario analysis

Number of Total 20-year costs Total 20-year costs

BaS (including for current scenario for projected Incremental
Base case/scenarios revision surgery) (in billions) scenario (in billions) (in billions)
Base case: strategy 3 564784 £1.4 £6.4 £5.0
Proportion of eligible population who would 282371 £1.4 £3.1 £1.7
receive BaS: 5%
Proportion of eligible population who would 1411958 £1.4 £16.2 £14.8
receive BaS: 25%
Proportion of eligible population who would 5647 832 £1.4 £65.2 £63.8
receive BaS: 100%
Distribution of BaS by type of procedure: 569693 £1.4 £6.8 £5.4
Gastric bypass surgery: 100%
Eligible population with BMI=40 kg/m? 234474 £1.4 £2.4 £1.0

BaS, bariatric surgery; BMI, body mass index.
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infrastructure and personnel, aimed to provide BaS to
the whole target population and resolve the backlog,
which supported an additional 417K surgeries over 20
years with an additional budget of £248.8 million/year.
The total 20-year incremental costs to NHS England were
estimated at £5billion, including £4.3billion for proce-
dures, £363million for infrastructure and £247 million
for 4081 additional personnel.

All these strategies require significant investment, espe-
cially if BaS was to be used as the sole treatment strategy
to address the needs for the eligible population. However,
there is no single treatment strategy that will address all
the demands of the high prevalence of obesity and its
impact on health and economics.

To reduce obesity prevalence and its health conse-
quences will require expansion of all treatment strategies
combined with a system-wide, holistic and multifaceted
approach to obesity, combining prevention with treat-
ment strategies.’

Although scaling up the capacity of BaS to cover 10%
of those eligible may be unrealistic from an investment
perspective, base-case strategy 1 appears more achievable
in terms of economic investment, despite the reduction
in backlog being relatively minimal. The data suggest
that strategy 3 is most beneficial in covering the eligible
population that opts for BaS, considering an estimated
10% of the population will receive BaS out of a total
eligible population of 5.5million. However, the feasi-
bility of such substantial economic investment cannot be
predicted (estimation of £5billion) over a 20-year time
horizon, despite the well-established cost-effectiveness
of BaS.”» The required investment for strategy 3 is
likely to be significantly offset by the economic bene-
fits achieved by the reduction in incidence/severity of
ORG:s in these patients. The economic benefits associ-
ated with Ba$ have been estimated at £1.25 billion over a
3-year period for 25% of the eligible population opting
for BaS.” These benefits were primarily related to addi-
tional paid work generated after BaS and a potential
reduction in disability benefits.” In addition, strategy 3,
which involves the addition of personnel, may consider-
ably reduce waiting times, as indicated by a simulation
study, where the addition of three surgeons and two
physicians to a UK healthcare centre reduced waiting
times by 5weeks.”

In the scenario analysis, varying the proportion of the
eligible population receiving BaS from 10% to 5%, 25%
and 100% proportionally increased the budget from
£1.4billion to £3.1billion, £16.2billion and £65.2 billion,
respectively. This is in line with a prior study which
suggested that the economic impact increased in tandem
with the proportion of the eligible population that would
undergo surgery.”® Our study also assessed the impact on
model results with an increasing incidence rate of obesity.
This further corroborates the need for the NHS to eval-
uate the significance of BaS in the management of severe
and complex obesity. Additionally, the economic estimate
of this study is based on 10% of the eligible population

receiving Ba$, therefore, at least 90% of the eligible
population will require alternative intervention.

Our model suggests that a preference for performing
only gastric bypass will require a larger investment than
performing sleeve gastrectomy over the course of 20 years
(£6.8Dillion vs £6.0billion, respectively). This could be
partially explained by its association with higher complica-
tion rates’* and no increase in patients’ return to work.”
However, our study only takes a limited economic and
resource perspective on the selection of the most appro-
priate operation type; any NHS prioritisation should also
account for surgery efficacy, complication rates and cost-
effectiveness. This study will also assist other healthcare
systems around the world facing similar challenges.

It is important to acknowledge the limitations of our
study. First, several assumptions were made in the cost
estimates for scale-up scenarios, and the model took
a conservative approach with respect to costs; certain
elements such as training costs, nutritional supplements
and medication costs, outpatient hospitalisation during
follow-up and additional follow-up costs in special popu-
lation such as pregnant women, diabetes, etc were not
included. Second, the model did not include cost offsets
associated with long-term benefits of BaS to the overall
NHS budget, for example, reduction in diabetes and
other obesity related comorbidities, maternal BaS-related
reduction in obesity in offspring, etc.”® Third, the model
assumed long-term complications only up to 2 years
due to limited data availability.”” Although a wide range
of prevalence data related to long-term complications
is available, data related to their associated costs to the
healthcare system is limited. This is in line with similar
assumptions made by previous studies evaluating cost-
effectiveness of BaS.>' ¥ In addition, the model did not
include the cost of cosmetic/plastic surgery. Although,
cosmetic surgery can have a significant impact on the
patients’ well-being with respect to psychosocial recovery
and improved maintenance of weight loss, funding for
this in the NHS is extremely rare."’ * Furthermore, a
conservative approach was used in calculating cost inputs
(eg, a cost-minimisation approach was used to calcu-
late the number of new facilities required); of note, full
efficiency was assumed for personnel in the projected
scenario while no delays in setting up new facilities and
becoming fully functional were included in the model.
This conservative estimate suggests that the required
investment could be much higher than the current esti-
mate. This could be further corroborated by additional
eligibility criteria for BaS as per the new NICE guidelines
2023,” including patients agreeing to long-term follow-up
after surgery and the inclusion of other ethnicities (South
Asian, Chinese, etc) with a lower BMI threshold.’ It is also
important to consider that over a 20-year time horizon,
there could be further changes in the current NICE
guidelines to lower the BMI eligibility criteria to include
populations with a BMI>35kg/m® without comorbidities,
according to the recent updates in International Federa-
tion for the Surgery of Obesity and Metabolic Disorders
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(IFSO) and American Society for Metabolic and Bariatric
Surgery guidelines.* This would further increase the size
of the eligible population, thereby impacting economic
investment and the backlog. In addition, there is uncer-
tainty regarding the future landscape of antiobesity medi-
cations (AOMs) over the next 20 years, which could offer
an effective way of managing obesity. Although the AOM
prices could fall beyond a certain period, they could still
be more expensive than BaS over long term. Hence, it
is too complex to capture AOMs costs in this study and
considering the model base case assumes only 10% of
eligible patients receive BaS, the remaining patients
would still require other interventions to manage obesity.
Additionally, this modelling-based study should also be
supported by the real-time measurement of investment
by NHS and resource use in future.

Our study has several strengths including being one of
the first in the UK to estimate the economic investment
and resources required to scale up the capacity of BaS
in England. We used inputs from bariatric surgeons and
KDMs regarding scaling up BaS in England to provide
a realistic perspective. Additionally, inputs and patient
pathway design/assumptions were validated to reflect the
real-world scenario. We also conducted sensitivity and
scenario analysis to test the uncertainties in model inputs
and assumptions.

CONCLUSION

We have presented several approaches to expand BaS
capacity in NHS England based on available investment
funding. Realistically, expansion beyond a small propor-
tion of the eligible cohort will be challenging given the
significant upfront economic investment and additional
requirements of infrastructure and personnel. Therefore,
in order to meet the demands of the increasing preva-
lence of obesity and its complications, multiple treatment
approaches will be needed in addition to BaS, and scal-
able treatment options will be required.
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SUPPLEMENTARY INFORMATION

Supplementary Table 1: Results from PMR report

Input parameter Input value
Facility capacity (number of BaS per year) 150.00
Infrastructure Cost of setting up a facility £2,500,000.00
costs for BaS
scale-up (small | Time required for setting up a facility (in years) 1.00
scale facilities) [ Time required for the facility to be fully functional 0.00
(in years) ’
Cost Facility capacity (number of BaS per year) 500.00
inputs y capacity pery :
Infrastructure Cost of setting up a facility £7,500,000.00
costs for BaS Time required for setting up a facility (in years) 3.00
scale-up (large : : o :
scale facilities) "lj1me required for the facility to be fully functional 0.00
(in years)
Number of BaS per year (facility capacity) 500.00
Current annual NHS 7,011
capacity
(number of BaS) | Private sector 15,000
Maximum NHS 7,888
Capacity potential annual
inputs capacity Private sector 18,750
BaS distribution | Gastric band 0.00%
by procedure
type (for scale- Sleeve gastrectomy 50.00%
up strategy) Gastric bypass 50.00%
GP 1.00
Psychologist 1.50
Numberof I itian 1.00
personnel visits
Endocrinologist 1.00
Eligibility Physiotherapist 1.00
assessment
stage GP 30.00
Personnel time Psychologist 60.00
per visit (in Dietitian 30.00
mins) Endocrinologist 30.00
Physiotherapist 45.00
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GP 100.00%
Psychologist 100.00%
Ef)‘l’fl’l‘l’iigg °f Dictitian 100.00%
requiring Endocrinologist 80.00%
personnel 5 herapist 100.00%
visits/monitoring
Blood test 100.00%
ECG 100.00%
Pre-BaS Personnel time Surgeon 30.00
per visit (in Dietitian 45.00
stage mins)
Anaesthetist 30.00
Nurse 4.00
Follow-up visits Surgeon 1.00
(up to 24 months _
post-BaS) Dietitian 3.00
GP 0.00
Nurse 0.00
Post-BaS Follow-up visits Surgeon 0.00
(24 to 48 months
follow-up | 0 BaS) Dietitian 0.00
GP 4.00
Nurse 10.00
Personnel time Surgeon 10.00
per visit (in
mins) Dietitian 10.00
GP 10.00
Number of (GP,.psychol.oglst, dietitian, endocrmologst,
. physiotherapist, surgeon, anaesthetist, registrar
working hours . . . .
surgery, registrar/trainee anaesthesiology, operating | 2160 each*
per personnel ..
(annual) department practitioner, healthcare
assistant/healthcare service worker, nurse)
Proportion of (GP,lpsycholloglst, dietitian, endocr.lnolog%st,
. physiotherapist, surgeon, anaesthetist, registrar
time spent on . . . .
Resource surgery, registrar/trainee anaesthesiology, operating | 50% each
re e BaS (Current ...
utilisation . department practitioner, healthcare
scenario) . .
assistant/healthcare service worker, nurse)
Eﬁgzn;? g:: (GP, psychologist, dietitian, endocrinologist,
BaS fgr new physiotherapist, surgeon, anaesthetist, registrar
surgery, registrar/trainee anaesthesiology, operating | 100% each
personnel added .
in scale-up department practitioner, healthcare
. assistant/healthcare service worker, nurse)
scenario
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*based on 48-hour work week for 45 weeks per year.
BaS$, bariatric surgery; ECG, electrocardiogram; GP, general physician; PMR, primary market research

Supplementary Table 2: Complication rates

Short-term complications (30 days) Source
Complication rate (proportion of Gastric Sleeve Gastric (36)
patient population) band gastrectomy bypass
Bleed 0.00% 13.00% 18.90%
Obstruction 0.00% 0.00% 8.70%
Leak 7.40% 0.00% 6.60%
Revision surgery 2.20% 0.20% 1.30%
Long-term complications (31
Complication rate (proportion of Gastric Sleeve Gastric
patient population) band gastrectomy bypass
Cholecystectomy, 1-year 1.00% 0.00% 1.55%
Cholecystectomy, 2-year 0.00% 0.00% 1.93%
Abdominal wall hernia operations, 1-year 0.50% 1.90% 0.88%
Abdominal wall hernia operations, 2-year 3.10% 0.00% 1.22%
Banding operations, 1-year 0.00% 0.00% 3.60%
Banding operations, 2-year 0.00% 0.00% 7.10%
Plastic operations, 1-year 0.00% 0.00% 0.41%
Plastic operations, 2-year 0.80% 6.30% 5.04%
Leakage and abscess, 1-year 0.00% 0.19% 0.19%
Leakage and abscess, 2-year 0.00% 0.14% 0.14%
Obstruction, 1-year 0.00% 1.74% 1.74%
Obstruction, 2-year 0.00% 3.31% 3.31%
Stricture, 1-year 0.00% 0.22% 0.22%
Stricture, 2-year 0.00% 0.11% 0.11%
Gastric ulcer, 1-year 1.05% 1.05% 1.05%
Gastric ulcer, 2-year 0.95% 0.95% 0.95%
Cholecystectomy 1-year, revision surgery 1.40% 1.40% 1.40%
Cholecystectomy 2-year, revision surgery 0.70% 0.70% 0.70%
Hernia operations 1-year, revision surgery 4.55% 4.55% 4.55%
Hernia operations 2-year, revision surgery 5.18% 5.18% 5.18%
Plastic operations 1-year, revision surgery 1.30% 1.30% 1.30%
Plastic operations 2-year, revision surgery 3.40% 3.40% 3.40%
sOutrl:geerrgzlomphcatlons 1-year, revision 7 40% 7 40% 7 40%
gltrl:geerrgomphcatlons 2-year, revision 5.50% 550% 5.50%

Supplementary Table 3: Healthcare resource utilisation
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Input Source
Eligibility assessment stage*
Number of personnel visits Expert inputs**, (31)
Personnel time per visit (in mins) Expert inputs**
Monitoring frequency (blood test, ECG) 31
Proportion of population requiring personnel visits/monitoring Expert inputs**, (31)
Pre-BaS stage*
Number of personnel visits (€19
Personnel time per visit (in mins) Expert inputs**
Proportion of population requiring personnel (€2))

BaS procedure

Time spent (in mins)—gastric band/sleeve gastrectomy/ gastric bypass
(surgeon, registrar surgery, anaesthetist, registrar / trainee

. . o 4
anaesthesiology, nurses, operating department practitioner, healthcare (40)
assistant/healthcare service worker, operation theatre)

Hospital stays (number of days) (gastric band, sleeve gastrectomy, gastric 31)

bypass)

Post-BasS follow-up*
Follow-up visits (up to 24 months post-BaS, 24 to 48 months post-BaS) Expert inputs**, (31)
Assumption, validated
Personnel time per visit (in mins) through PMR QoL
interviews Mar 2023 **

Resource utilisation

Number of working hours per personnel (annual) (GP, psychologist,
dietitian, endocrinologist, physiotherapist, surgeon, anaesthetist, registrar
surgery, registrar/trainee anaesthesiology, operating department
practitioner, healthcare assistant/healthcare service worker, nurse)
Proportion of time spent on BaS (current scenario) (GP, psychologist,
dietitian, endocrinologist, physiotherapist, surgeon, anaesthetist, registrar
surgery, registrar/trainee anaesthesiology, operating department
practitioner, healthcare assistant/healthcare service worker, nurse)
Proportion of time spent on BaS for new personnel added in scale-up
scenario (GP, psychologist, dietitian, endocrinologist, physiotherapist,
surgeon, anaesthetist, registrar surgery, registrar/trainee anaesthesiology, | Assumption**
operating department practitioner, healthcare assistant/healthcare service
worker, nurse)

*Refer to Figure 1 for information on the personnel involved.

**Data from PMR report are described in Supplementary Table 1.

BaS, bariatric surgery; ECG, electrocardiogram; GP, general physician; PMR, primary market research

Assumption (based on 48—
hour work week for 45
weeks per year)**

Assumption**
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Supplementary Table 4: Base-case results for scenario of maximising current NHS capacity

Current Projected

scenario scenario Incremental
Number of BaS procedures (n)
Gastric band 15,889 4915 -10,974
Sleeve gastrectomy 72,949 78,707 5,758
Gastric bypass 48,909 71,271 22,362
Total 137,746 154,893 17,147
Revision surgery—Gastric band 406 126 -280
Revision surgery—Sleeve gastrectomy 719 776 57
Revision surgery—Gastric bypass 1,349 1,965 617
Total 2,474 2,867 393
Cost breakdown
Infrastructure costs of BaS scale-up £0 £0 £0
Procedure costs £1,309,959,040 £1,548,177,028 £238,217,988
Gastric band £83,421,834 £25,804,911 -£57,616,922
Sleeve gastrectomy £700,438,431 £755,730,103 £55,291,672
Gastric bypass £526,098,776 £766,642,014 £240,543,238
Revision surgery—Gastric band £295,652 £91,454 -£204,198
Revision surgery—Sleeve gastrectomy £3,010,012 £3,247,618 £237,606
Revision surgery—Gastric bypass £3,741,914 £5,452,794 £1,710,880
Revision surgery costs £7,047,578 £8,791,867 £1,744,289
Personnel costs—Post-BaS follow-up £27,195,369 £30,581,267 £3,385,898
Complication costs £66,810,472 £86,349,765 £19,539,294
Gastric band £4,330,778 £1,339,642 -£2,991,137
Sleeve gastrectomy £15,957,875 £17,217,568 £1,259,693
Gastric bypass £46,521,818 £67,792,555 £21,270,737
Total-20 years £1,411,012,459 £1,673,899,928 £262,887,469
Total-Annual £70,550,623 £83,694,996 £13,144,373

BaS, bariatric surgery

Baker-Knight J, et al. BMJ Open 2024; 14:084356. doi: 10.1136/bmjopen-2024-084356



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Supplementary Table 5: Base-case results for scenario of maximising current NHS and

private sector capacity

Current

Projected

scenario scenario Incremental
Number of BaS procedures (n)
Gastric band 15,889 7,251 -8,637
Sleeve gastrectomy 72,949 116,125 43,176
Gastric bypass 48,909 105,154 56,245
Total 137,746 228,531 90,784
Revision surgery - Gastric band 406 185 -221
Revision surgery - Sleeve gastrectomy 719 1,145 426
Revision surgery - Gastric bypass 1,349 2,899 1,551
Total 2,474 4,229 1,756
Cost breakdown
Infrastructure costs of BaS scale-up £0 £0 £0
Procedure costs £1,309,959,040 £2,284,189,181 £974,230,140
Gastric band £83,421,834 £38,072,713 -£45,349,121
Sleeve gastrectomy £700,438,431 £1,115,008,486 £414,570,055
Gastric bypass £526,098,776 £1,131,107,982 £605,009,206
Revision surgery—Gastric band £295,652 £134,932 -£160,720
Revision surgery—Sleeve gastrectomy £3,010,012 £4,791,554 £1,781,543
Revision surgery—Gastric bypass £3,741,914 £8,045,084 £4,303,170
Revision surgery costs £7,047,578 £12,971,570 £5,923,992
Personnel costs—Post-BaS follow-up £27,195,369 £45,119,775 £17,924,406
Complication costs £66,810,472 £127,400,934 £60,590,462
Gastric band £4,330,778 £1,976,515 -£2,354,264
Sleeve gastrectomy £15,957,875 £25,402,898 £9,445,023
Gastric bypass £46,521,818 £100,021,521 £53,499,703
Total-20 years £1,411,012,459 £2,469,681,460 £1,058,669,001
Total-Annual £70,550,623 £123,484,073 £52,933,450

BaS, bariatric surgery

Supplementary Table 6: Base-case results for scenario of maximising current NHS capacity

and adding the infrastructure

Current scenario Proj eCt.e d Incremental
scenario
Number of BaS procedures (n)
Gastric band 15,889 12,603 -3,286
Sleeve gastrectomy 72,949 280,477 207,528
Gastric bypass 48,909 261,408 212,499

Baker-Knight J, et al. BMJ Open 2024; 14:084356. doi: 10.1136/bmjopen-2024-084356



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Total 137,746 554,489 416,742
Revision surgery—Gastric band 406 322 -84
Revision surgery—Sleeve gastrectomy 719 2,765 2,046
Revision surgery—Gastric bypass 1,349 7,207 5,859
Total 2,474 10,295 7,821
Cost breakdown

Infrastructure costs of BaS scale-up £0 £362,500,000 £362,500,000
Procedure costs £1,309,959,040 £5,571,136,652 £4,261,177,612
Gastric band £83,421,834 £66,171,160 -£17,250,674
Sleeve gastrectomy £700,438,431 £2,693,074,993 £1,992,636,562
Gastric bypass £526,098,776 £2,811,890,500 £2,285,791,723
Revision surgery—Gastric band £295,652 £234,514 -£61,137
Revision surgery—Sleeve gastrectomy £3,010,012 £11,573,020 £8,563,008
Revision surgery—Gastric bypass £3,741,914 £19,999,766 £16,257,852
Revision surgery costs £7,047,578 £31,807,300 £24,759,722
Personnel costs—Post-BaS follow-up £27,195,369 £108,792,968 £81,597,599
Complication costs £66,810,472 £313,440,345 £246,629,873
Gastric band £4,330,778 £3,435,223 -£895,555
Sleeve gastrectomy £15,957,875 £61,355,506 £45,397,631
Gastric bypass £46,521,818 £248,649,616 £202,127,798
Total-20 years £1,411,012,459 £6,387,677,265 £4,976,664,806
Total-Annual £70,550,623 £319,383,863 £248,833,240
Number of personnel required

GP 139 337 198
Mental health professional 192 469 2717
Dietitian 222 544 322
Endocrinologist 52 126 74
Physiotherapist 96 235 139
Surgeon 265 668 403
Anaesthetist 275 693 418
Registrar surgery 192 494 302
Registrar/Trainee anaesthesiology 197 523 326
Operating department practitioner 218 552 334
Healthcare assistant/Healthcare service 371

worker 953 582
Nurse 464 1170 706
Total 2683 6764 4081

BaS, bariatric surgery, GP, general physician
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Supplementary Figure 1: Cost versus capacity over time for the three strategies
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Supplementary Figure 2: BaS Backlog (number of BaS needed including revision

surgeries) for the three strategies
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Supplementary Figure 3: One-way sensitivity analysis
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Supplementary Text 1: Scenario Analysis

Scenarios were also assessed for below mentioned assumptions, maintaining all the other base-
case settings.

Scenario 1: Proportion of eligible population who would receive BaS

In this scenario analysis, we modified only the proportion of the eligible population in the base-

case settings (assumed as 10%) for strategy 3.

5% of eligible population who receive BaS over a 20-year time horizon

Over a 20-year time horizon, the prevalent target population size was estimated at 173,943, and
the annual incident target population size was estimated at 5,163. The number of BaS procedures
(including revision surgery) was projected to increase from 140,220 to 282,371 (revision
surgeries: 5.140; incremental: 14,172 BaS). The total annual and 20-year costs were projected to
increase to £156.0 million and £3.1 billion, respectively. Scaling up would require an additional

full-time 1,251 personnel and 16 new facilities (1 small scale, 15 large scale) dedicated to BaS.

25% of eligible population who receive BaS over a 20-year time horizon

Over a 20-year time horizon, the prevalent target population size was estimated at 869,714, and
the annual incident target population size was estimated at 25,815. The number of BaS
procedures (including revision surgery) was projected to increase from 140,220 to 1,411,958
(revision surgeries: 25,756; incremental: 1,271,738 BaS). The total annual and 20-year costs
were projected to increase to £809.7 million and £16.2 billion, respectively. Scaling up would
require an additional full-time 12,576 personnel and 149 new facilities (1 small scale, 148 large

scale) dedicated to BaS.
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Since the reported prevalence of Type 2 diabetes among BaS eligible patients in the UK ranges
from 27% to 31%, this scenario can be interpreted as representing targeting patients with
diabetes (39, 40). However, it is important to note that this scenario doesn’t capture any

additional costs for BaS management that may be specific to patients with diabetes.

100% of eligible population who receive BaS over a 20-year time horizon

Over a 20-year time horizon, the prevalent target population size was estimated at 3,478,854, and
the annual incident target population size was estimated at 103,261. The number of BaS
procedures (including revision surgery) was projected to increase from 140,220 to 5,647,832
(revision surgeries: 103,065; incremental: 5,507,613 BaS). The total annual and 20-year costs
were projected to increase to £3.3 billion and £65.2 billion, respectively. Scaling up would
require 55,042 full-time additional personnel and 647 new facilities (1 small scale, 646 large

scale) dedicated to BaS.

Scenario 2: Distribution of BaS by type of procedure over 20-year time horizon

In this scenario, the time to achieve 100% distribution of gastric bypass was 10 years, while

other base-case settings remain the same.

Gastric bypass at 100%

Over a 20-year time horizon, the number of BaS (including revision surgery) procedures was
projected to increase from 140,220 to 569,693 (incremental: 429,473 BaS). The number of
gastric bypass, sleeve gastrectomy and gastric band operations was projected to be 484,346,
58,378 and 12,715, respectively. The total annual and 20-years costs were projected to increase
to £341.7 million and £6.8 billion, respectively. Scaling up using this scenario would require

only 4,518 additional full-time personnel dedicated to BaS over 20 years.
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50% of new staff capacity is focused on BaS and it takes 1 year for a facility to be fully
functional from the time it's built

Over a 20-year time horizon, the number of BaS procedures (including revision surgery) was

projected to increase from 140,220 to 564,783 (incremental: 424,563 BaS). The total annual cost
and total 20-year cost were projected to increase to £249.8 million and £5.0 billion, respectively.
Scaling up using this scenario would require only 8,177 additional full-time personnel dedicated

to BaS.

Scenario 3: Eligible population with BMI = 40 kg/m’

Over a 20-year time horizon, with 10% of the eligible population receiving BaS, the prevalent
and annual incident target population sizes were estimated at 149,500 and 4,033, respectively
and the number of BaS procedures (including revision surgery) was projected to increase from
140,220 to 234,474 (revision surgeries: 4,266; incremental: 94,254). The total annual cost was
projected to increase from £70.6 million to £119.6 million. The overall total cost was projected
to increase from £1.4 billion to £2.4 billion over 20 years. BaS scale-up would require an

additional full-time 681 personnel dedicated to BaS.

Scenario 4: Time horizon

Time horizon of 10 years

This scenario considered the current eligible population but only added new eligible population
for 10 years. Over a 10-year time horizon, with 10% eligible population receiving BaS, prevalent
and annual incident target population sizes were the same as in the base-case. The number of
BasS procedures (including revision surgery) was projected to increase from 70,110 to 459,590

(incremental: 389,480 BaS). The total annual cost and total ten-year cost were projected to
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increase to £563.0 million and £5.6 billion, respectively. Scaling up using this scenario would

require only 3,730 additional full-time personnel dedicated to BaS.

Scenario 5: Increased incident rate of obesity (sourced from Cancer Research UK, 2022 (41),
estimated based on projected change between 2019 and 2040 for England, i.e. mean of obesity

and severe obesity)

Over a 20-year time horizon, with 10% of the eligible population receiving BaS, after increasing
the annual incident rate to 3.33%, the prevalent target population size was estimated at
3,478,854, and the annual incident target population size was estimated at 115,846. The number
of BaS (including revision surgery) was projected to increase from 140,220 to 590,424 (revision
surgeries: 10,763; incremental: 450,204 BaS). The total annual cost and total 20-year cost were

projected to increase to £334.2 million and £6.7 billion, respectively.

Baker-Knight J, et al. BMJ Open 2024; 14:084356. doi: 10.1136/bmjopen-2024-084356
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