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Abstract

Aim To systematically identify and appraise the international literature on the cost-effectiveness of metabolic surgery for
the treatment of comorbid type 2 diabetes (T2D) and obesity.

Methods A systematic search was conducted in electronic databases and grey literature sources up to 20 January 2021.
Economic evaluations in a T2D population or a subpopulation with T2D were eligible for inclusion. Screening, data extrac-
tion, critical appraisal of methodological quality (Consensus Health Economic Criteria list) and assessment of transferability
(International Society for Pharmacoeconomics and Outcomes Research questionnaire) were undertaken in duplicate. The
incremental cost-effectiveness ratio (ICER) was the main outcome. Costs were reported in 2020 Irish Euro. Cost-effectiveness
was interpreted using willingness-to-pay (WTP) thresholds of €20,000 and €45,000/quality-adjusted life year (QALY). Due
to heterogeneity arising from various sources, a narrative synthesis was undertaken.

Results Thirty studies across seventeen jurisdictions met the inclusion criteria; 16 specifically in a T2D population and 14 in
a subpopulation with T2D. Overall, metabolic surgery was found to be cost-effective or cost-saving. Where undertaken, the
results were robust to sensitivity and scenario analyses. Of the 30 studies included, 15 were considered high quality. Identified
limitations included limited long-term follow-up data and uncertainty regarding the utility associated with T2D remission.
Conclusion Published high-quality studies suggest metabolic surgery is a cost-effective or cost-saving intervention. As the
prevalence of obesity and obesity-related diseases increases worldwide, significant investment and careful consideration of
the resource requirements needed for metabolic surgery programmes will be necessary to ensure that service provision is
adequate to meet demand.
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Introduction

The prevalence of type 2 diabetes (T2D) is considerably

higher in Western Europe than the global average and con-

54 Karen Jordan tinues to rise despite preventive measures [1]. T2D causes
kjordan @rcsi.ie serious microvascular (e.g. retinopathy, nephropathy and
neuropathy) and macrovascular complications (e.g. stroke
and myocardial infarction), leading to considerable morbid-
ity and mortality [2]. As a result, T2D imposes an economic
burden on individuals, society and healthcare systems [3, 4].
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Therefore, interventions that improve the management of
T2D have the potential to yield considerable clinical and
economic benefits.

Best medical care for T2D may include behaviour change,
pharmacological treatment and self-management support
[6-9]. However, for patients whose treatment targets are
not being met despite best medical care, treatment options
are limited. Metabolic surgery has been recommended by
professional organisations including the American Diabe-
tes Association (ADA) and the International Federation for
the Surgery of Obesity and Metabolic Diseases (IFSO) to
improve glycaemic control and reduce cardiovascular risk
factors in patients with T2D and obesity, leading to the
coining of the term “metabolic surgery” [8, 10]. Metabolic
surgery refers to the use of bariatric surgery procedures,
such as Roux-en-Y gastric bypass (RYGB) or sleeve gas-
trectomy (SG), with the aim of improving T2D control in
patients with comorbid T2D and obesity. Despite substan-
tial research activity to support its use, metabolic surgery
remains an underutilised treatment option for patients with
comorbid T2D and obesity potentially due to high upfront
costs and misconceptions surrounding its use solely as a
weight-loss intervention [11-14].

Previous systematic reviews have synthesised the evi-
dence of the cost-effectiveness of bariatric surgery as a
weight-loss intervention in the population with obesity
[15-17]. However, these results are not generalisable to the
population with comorbid T2D and obesity as the potential
costs and outcomes of disease management differ consider-
ably when compared with the overall population with obe-
sity [18]. The aims of this systematic review were to: (1)
synthesise and critically appraise the available evidence on
the cost-effectiveness of metabolic surgery compared with
usual care and (2) identify factors that influence the cost-
effectiveness of metabolic surgery in patients with comorbid
T2D and obesity.

Methods

This systematic review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) criteria and consistent with recently published
guidance on systematic reviews with cost and cost-effec-
tiveness outcomes [19, 20]. The review was prospectively
registered on PROSPERO (CRD42021234932).

Search strategy
The review question was developed in accordance with
the population, intervention, comparator, outcomes, study

design (PICOS) framework. Studies were considered eligi-
ble for inclusion if they reported the cost-effectiveness of
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metabolic surgery for the treatment of adults with comorbid
T2D and obesity. Full details of the inclusion criteria are
provided in the Supplementary Information, Table S1.

Electronic searches were carried out in Medline (via
Ovid) and Embase on 20 January 2021 and were supple-
mented with a grey literature search of international health
technology assessment (HTA) repositories. The electronic
search strategy was developed in consultation with an infor-
mation specialist. Clinical search terms were combined with
the Scottish Intercollegiate Guidelines Network (SIGN)
economic search filters [21]. The reference lists of included
studies were searched to identify additional relevant studies.
No date limits were applied to the search (Supplementary
Information, Tables S2 and S3).

Study identification, data extraction and critical
appraisal

Two reviewers independently screened titles and abstracts
in Covidence®. The full texts of potentially eligible studies
were retrieved and independently assessed by two review-
ers. Study characteristics and results were extracted by two
reviewers using a standardised, pre-piloted electronic data
extraction form. The main outcome was the incremental
cost-effectiveness ratio (ICER), typically expressed in terms
of the cost per quality-adjusted life year (QALY) gained. For
cost-effectiveness analyses (CEA), where QALYs were not
used as the measure of effect, other outcomes (for example,
cost per case of diabetes remitted) were extracted. Factors
that may influence the cost-effectiveness of surgery, iden-
tified through subgroup analysis, were also extracted. The
methodological quality of included economic evaluations
was assessed using the Consensus on Health Economics
Criteria (CHEC)-list [22]. The International Society for
Pharmacoeconomics (ISPOR) questionnaire was used to
determine the transferability of model-based economic eval-
uations [23]. Disagreements regarding study eligibility, data
extraction and critical appraisal were resolved through dis-
cussion, or if necessary, a third reviewer. Critical appraisal
plots (CHEC-list and ISPOR) and cost-effectiveness planes
were produced in Excel 2013.

Data synthesis

In line with ISPOR best practice recommendations, the
cost-effectiveness of model-based (parameters are based on
multiple sources) and empirical evidence-based (parameters
are based on a single study such as a randomised controlled
trial) economic evaluations were synthesised separately [20].
Due to heterogeneity arising from various sources, a narra-
tive synthesis was undertaken.

There is no best practice method for synthesis of eco-
nomic evidence, which depends on the purpose of the review
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[20]. This systematic review was undertaken to inform
decision-making in Ireland regarding the potential intro-
duction of a metabolic surgery programme into the publicly
funded health system. Accordingly, the main analysis was
undertaken from the Irish perspective. ICERs were typically
reported as the country-specific currency at a specific point
in time. To facilitate comparison of ICERs across countries
and years, where appropriate, costs were transformed to a
common year and currency (2020 Euro) using consumer
price indices (CPI) and purchasing power parities (PPP) (i.e.
adjusted ICERs) [24]. The selected PPP reference was Euro
costs in Ireland. WTP thresholds of €20,000 and €45,000 per
QALY gained, commonly employed in Ireland and consist-
ent with empirically based thresholds in other high income
countries, were adopted as reference points for guiding inter-
pretation of cost-effectiveness [24-26]. Unadjusted ICERs
as reported by included studies and context-specific WTP
threshold are presented in the Supplementary Information,
Table S6.

For studies where only subgroup-specific ICERs were
presented, a weighted average ICER for the overall popula-
tion of interest was calculated based on the population char-
acteristics provided in the original study or correspondence
with study authors. For studies where information on the
study population characteristics was not available, a simple
average was calculated.

Results
Search results

After removal of duplicate articles, 2,158 titles and abstracts
were assessed for eligibility. Ninety-six articles required
full-text review. Thirty original articles from 33 publica-
tions fulfilled the inclusion criteria. Of these, 16 reported
on the cost-effectiveness of metabolic surgery specifically
in a T2D population [27-42], including two empirical study-
based economic evaluations [34, 40]. Seventeen publications
reported on the cost-effectiveness of metabolic surgery in a
population with obesity in which a subgroup of the popula-
tion had T2D [43-59]. Of these 17 studies, the findings of
three studies were subsequently updated or reported in more
than one publication [48, 51, 57], leaving 14 studies in which
a subpopulation had T2D eligible for data extraction and
critical appraisal. An overview of the study selection process
is presented in Fig. 1.

Characteristics of studies
Twenty-eight of the 30 included studies were model-based

economic evaluations; 14 conducted specifically in a T2D
population and 14 in which a subgroup of the population

had T2D. Two studies derived cost and clinical data from a
single trial or observational study (i.e. empirical evidence-
based studies) [34, 40].

Fifteen studies were conducted in European countries
[27, 28, 36-38, 43-47, 50, 52, 55, 58, 59], four in the USA
[31, 32, 35, 56], three in South America [29, 30, 49], four
in Asia [39-42], three in Australia [33, 34, 53], and one in
Canada [54].

Of 14 model-based economic evaluations conducted spe-
cifically in a population with T2D, eight considered a mix of
metabolic surgery procedures, typically reflective of clinical
practice in the reference country (Supplementary Informa-
tion, Table S4) [27, 28, 30, 31, 35, 36, 38, 39]. Six studies
considered RYGB or adjustable gastric banding (AGB) only
[29, 32, 33, 37, 41, 42]. In general, usual care was poorly
described and it is noted that country-specific clinical prac-
tice guidelines for the pharmacological management of T2D
may differ. Many of the analyses were undertaken prior to
the adoption of newer anti-hyperglycaemic agents such as
glucagon-like peptide-1 receptor agonists (GLP-1 RA) or
sodium-glucose cotransporter-2 (SGLT?2) inhibitors [6].

Of 14 model-based studies in which T2D patients repre-
sented a subgroup of the population, 11 evaluations consid-
ered more than one procedure [43—-47, 50, 52-55, 59]. The
remaining three evaluations considered RYGB or AGB only
[49, 56, 58].

An Australian within-trial cost-effectiveness analysis
(cost per case of T2D remitted) with 2 years’ follow-up com-
pared laparoscopic AGB with conventional therapy for T2D
management [34]. A Chinese cost utility analysis (CUA)
compared laparoscopic RYGB with usual T2D care based
on data derived from a four-year observational study [40].

Model input parameters

In general, the effect of metabolic surgery on health out-
comes was modelled through measures of T2D status
(changes in HbA lc, T2D remission, relapse, persistent T2D)
and BMI changes (Supplementary Information, Table S4).
In 13 evaluations, model predictions regarding the risk of
T2D-related complications were also dependent on factors
such as systolic blood pressure and/or lipid parameters [31,
32,36-38, 43-47, 49, 55, 59].

Nine studies used long-term data from the Swedish Obe-
sity Study either as the single source of the T2D remission
rate[29, 43, 46, 47, 49, 55, 59] or to extrapolate short-term
registry or trial data [33, 44]. Four studies applied a T2D
remission rate to the metabolic surgery group based on
evidence from randomised controlled trials (RCTs) which
was extrapolated beyond the trial period [37, 39, 45, 58].
Other studies derived the T2D remission rate from literature
reviews [27, 28, 30], systematic reviews or meta-analyses
[31, 38, 54], cohort studies[32, 41, 42] or national datasets
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Fig.1 PRISMA flow diagram of search and selection process

[35, 36, 52]. In three studies, the modelled effect of meta-
bolic surgery on T2D was not reported [50, 53, 56].

In general, the source and/or value of all health state
utilities were not clearly reported, in particular, the impact
of T2D status on quality-of-life (QoL). In four studies, util-
ity weights reflected the presence or absence of T2D alone,
irrespective of BMI change [29, 33, 41, 42]. Seven stud-
ies applied utility increments per BMI unit lost [31, 32,
37, 49, 53], or assigned utility weights per BMI category
[36, 52]. In thirteen studies, utility values were reported
to be dependent on BMI and T2D status; however, the
approach used to reflect reversion to normoglycaemia or
improved glycaemic control post-surgery was not clearly
described in all studies [27, 28, 30, 38, 43-47, 54, 55, 58,
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59]. In one study, utility values collected from bariatric
surgery patients were extrapolated beyond the data col-
lection period [56]. Three studies did not report the utility
values so it is unclear how outcomes were valued [35, 39,
50]. For the trial-based CUA, utility values were assigned
based on HbAlc values (per 1% change) [40].

Skin fold removal following sustained weight loss
was included in eight studies [29, 31, 43, 44, 49, 54, 56,
59]. Where reported, the modelled proportion of patients
undergoing post-operative skin removal surgery varied
considerably depending on the study and procedure type,
from 0.8% at 2 years in two studies [43, 44], to 29% in
one study [54].
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Modelling approach

All economic evaluations included in this review were cost-
effectiveness analyses (CEA) or cost-utility analyses (CUA).
The 14 model-based economic evaluations carried out spe-
cifically in a T2D population were CUAs [29-31, 35, 36, 38,
39, 41, 42], or presented results of CUA and CEA (cost per
life year gained (LYG)) [27, 28, 32, 33, 37]. Models differed
considerably in the range of diabetes-related health states
considered. Eleven models assumed a binary presence or
absence of T2D, or included an additional state to capture
T2D improvement [27-31, 33, 35, 38, 39, 41, 42]. In three
models, metabolic surgery was associated with changes in
HbAlc [32, 36, 37]. Seven T2D-specific models included
health states representing any diabetes-related complica-
tion, although the number of health states varied consider-
ably, ranging from one to 10 (Supplementary Information,
Table S5) [29-32, 36-38].

Among studies in which a subgroup of the population
had T2D, all analyses were CUAs [43-47, 49, 50, 52-56,
58, 59], and one study presented results of CUA and CEA
[49]. Health states were generally limited to macrovascular
outcomes in the 14 model-based evaluations where T2D
patients represented a subgroup of the overall population
with obesity. In three studies, T2D-related health states were
not described [50, 53, 56]. Details of the model type, per-
spective, time horizon and discount rate are presented in
Table 1.

Summary of cost-effectiveness
Model-based studies

Results from 14 T2D-specific model-based studies (18
jurisdiction-specific analyses with 27 individual compari-
sons) indicated that at a WTP threshold of €20,000/QALY
gained, metabolic surgery was cost-effective (14 compari-
sons) [27-31, 35, 37, 39, 41] or cost-saving (12 compari-
sons) compared with usual care (Table 2) [27, 28, 33, 36, 38,
42]. In one study, the ICER exceeded the WTP threshold of
€20,000/QALY, but would still be considered cost-effective
at a WTP threshold of €45,000/QALY gained [32].

Among 14 studies in which a subgroup of the population
had T2D (14 jurisdiction-specific analyses with 17 indi-
vidual comparisons), metabolic surgery was the dominant
strategy (less costly and more effective) in 13 comparisons
(Table 2) [43-47, 49, 50, 53-55, 59]. Surgery was cost-effec-
tive in four comparisons at a WTP threshold of €20,000/
QALY, with adjusted ICERs ranging from €2,462 to €10,651
per QALY gained [50, 52, 56, 58]. In one of these studies
the outcome varied depending on the BMI category, how-
ever, on average, gastric bypass and gastric banding were

cost-saving or cost-effective, respectively [50]. In general,
results were sensitive to the modelled time horizon; better
outcomes were observed over longer time horizons. Figure 2
shows incremental costs (in 2020 Irish Euro) and QALY of
model-based CUAs on a cost-effectiveness plane. For ICERs
in the northeast quadrant (more costly, more effective), all
ICERs fall below the WTP threshold of €45,000 per QALY
gained.

Across all model-based economic evaluations (n=28), 13
studies estimated the cost-effectiveness of surgery according
to population or healthcare system characteristics includ-
ing BMI category (n=10) [35, 38, 43-47, 50, 55, 59], sex
(n=38) [35, 43-47, 55, 59], age (n=2) [31, 53], duration
of T2D (n=1) [31], and length of time on the waiting list
(n=2) [43, 49]. Eight studies reported that metabolic sur-
gery was the dominant strategy irrespective of the BMI cat-
egory over a life-time time horizon [38, 43-47, 55, 59]. In
one study, the ICER decreased with increasing BMI,[35],
and in another, the lowest ICER was observed in those with
an intermediate BMI (40-50 kg/mz) [50]. In line with recent
changes to metabolic surgery eligibility criteria to expand
access to those with lower levels of obesity and obesity-
related comorbidities [60, 61], 13 model-based studies
included populations with a BMI of 30-34.9 kg/m?.[33,
35, 37, 38, 43-47, 50, 55, 58, 59] Metabolic surgery was
reported to be cost-effective or cost-saving in patients with
class I obesity (BMI 30-34.9 kg/m?) and T2D in all of these
studies. In one study, ICERs for both gastric bypass and
gastric banding were more favourable in younger patients
[31]. The same study conducted subgroup analysis accord-
ing to duration of T2D, finding that metabolic surgery was
most cost-effective in younger patients with newly diagnosed
T2D (<5 years after diagnosis) and least cost-effective in
older patients with established T2D (> 10 years after diag-
nosis), which was attributed to the higher T2D remission
rate in those with a shorter duration of disease [31]. Sex
had no to little effect on ICERs. Two studies examined the
impact of length of time on the waiting list prior to surgery
on cost-effectiveness. In both analyses, delays in accessing
surgery were associated with increasing costs and decreas-
ing benefits, highlighting the importance of early access to
surgery [43, 49].

Empirical evidence-based studies

Of the 30 included studies, two were based on a single
RCT or observational study. In a two-year trial-based CEA,
laparoscopic AGB was reported to be cost-effective com-
pared with usual care in a population with recent-onset T2D
(Table 2) [34]. In a four-year observational study based CUA
in which RYGB was compared with usual care, surgery was
not cost-effective at the €20,000/QALY threshold, but would
be considered cost-effective at a threshold of €45,000/QALY

@ Springer



580

K. Jordan et al.

Table 1 Characteristics economic evaluations

Author (year) Country Type of analysis Model type Perspective Time horizon Discount rate
(costs and
outcomes)

Model-based economic evaluations

T2D population or sub-cohort

Ackroyd (2006) Germany, UK and CEA; CUA Deterministic linear Public payer 5 years 3.5%
France algorithm
Anselmino Austria, Italy and CEA; CUA Deterministic linear Public payer 5 years 3.5%
(2009) Spain algorithm
Assumpgdo Brazil CUA Hybrid decision tree Public payer 10 years 5%
(2019) and markov model
Gil-Rojas (2019) Columbia CUA Hybrid decision Public payer 5 years 5%
tree and 4 single-
cohort markov
models
Hoerger (2010) USA CUA Markov (CDC- Not reported Lifetime 3%
RTI Diabetes
Cost-Effectiveness
Model)
Ikramuddin USA CEA; CUA Markov (CORE Third party payer Lifetime 3%
(2009) diabetes model) (35 years)
Keating (2009b)  Australia CEA; CUA Markov “Health sector’™ Lifetime 3%
Kim (2018) USA CUA Cohort state Private payer 5 year 3%
transition model  pyplic payer (Medi- Lifetime
(Markov) care)
McGlone (2020) UK CUA State-transition Public payer 5 years 3.5%
microsimulation
model
Pollock (2013) UK CEA; CUA Markov (CORE Public payer 10, 20, 30 and 3.5%
diabetes model) 40 years
Rognoni (2020)  Italy CUA Markov Public payer and Lifetime 3%
societal
Tang (2016) China CUA Markov Unclear Not reported 5%
Viratanapanu Thailand CUA Hybrid decision tree Not reported Lifetime 3%
(2019) and markov model
Wan (2019) China CUA Markov Third party payer Lifetime 5%
(insurance) (40 years)
Population subgroup with T2D
Borisenko England CUA Markov Public payer 10 years; 3.5%
(2018)a Lifetime
Borisenko Belgium CUA Markov Third-party payer 10 years; 3% costs;
(2018)b Lifetime 1.5% outcomes
Borisenko Denmark CUA Markov Third-party payer 10 years; 3%
(2017)a Lifetime
Borisenko Germany CUA Markov Public payer 10 years; 3%
(2017)b (statutory health  Lifetime
insurance)
Borisenko Sweden CUA Markov Public payer Lifetime 3%
(2015)
Cohen (2017) Brazil CEA;CUA Markov microsimu- Public payer 20 years 5%
lation model
Faria (2013) Portugal CUA Markov Societal Lifetime 3%
Gulliford (2017) UK CUA Markov Public payer Lifetime 3%
James (2017) Australia CUA Markov Public payer Lifetime 5%
Klarenbach Canada CUA Markov Public payer 10 years; 20 years; 5%
(2010) Lifetime
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Table 1 (continued)

Author (year) Country Type of analysis Model type Perspective Time horizon Discount rate
(costs and
outcomes)

McEwen (2010) USA CUA Not reported Not reported 2 years; lifetime 3%
Lucchese (2017) Italy CUA Markov Third-party payer 10 years; 3%
Lifetime
Picot (2012)° UK CUA Markov Public payer 2, 5 and 20 years 3.5%
Sanchez-Santos  Spain CUA Markov Public payer 10 years; 3%
(2017) Lifetime
Empirical-evidence based economic evaluations
T2D population
Keating (20092) Australia CEA Trial-based eco- “Health sector” 2 years NA
nomic evaluation
Tu (2019) China CUA Parallel economic ~ Unclear 4 years Not reported
evaluation of an
observational
study

CEA, cost-effectiveness analysis; cost-utility analysis

“Health sector perspective comprised direct health care costs to government, private insurers, and patients

>Third update of a Health Technology Assessment funded by the National Institute of Health Research. Only data from the most recent update

(2012) are presented

[40]. Of note, the time horizon of this analysis was likely too
short for the initial costs of surgery to have been offset by
the long-term benefits.

Sensitivity analysis in included studies

For studies carried out specifically in a T2D population,
where one-way sensitivity analysis was undertaken, the
results were largely robust to variations of the tested input
parameters. However, uncertainty associated with the fol-
lowing parameters led to the most substantial change in
the estimated ICERs: utility weights [29, 31, 32, 36, 42],
the impact of surgery or treatment on HbAlc values or
T2D remission [36, 41], and a number of cost parameters
including the cost of usual care [29, 31, 36, 39, 41, 42],
surgery [29, 31, 39, 41, 42], diabetes-related complications
(stroke) [30] and follow-up care [31]. For studies in which
T2D patients were a subgroup of an overall population with
obesity, one-way sensitivity analysis was generally under-
taken in the context of the overall population, therefore the
applicability of the results to the sub-population with T2D is
unclear. In some of these evaluations, a diagnosis of T2D or
T2D treatment costs were among the most influential param-
eters during one-way sensitivity analysis [44, 45, 47, 55].
Overall, 21 studies investigated methodological or structural
uncertainty through scenario analysis [27, 28, 32, 33, 35-38,
43-47, 49, 52-56, 58, 59], eight specifically in a T2D popu-
lation [27, 28, 32, 33, 35-38]. In general, results remained
robust after changes to the model structure or inputs. In
T2D-specific models, only three scenarios yielded an ICER

that would exceed the WTP threshold adopted in the original
study, namely a “worst-case scenario”, excluding the nega-
tive impact of increased BMI on quality of life and decreas-
ing the time horizon to five or 10 years [32, 37].

Methodological quality

The methodological quality of included economic evalua-
tions (n=30) was variable. Studies were categorised as high
(n=15)[31, 32, 36,37,43-47,49, 52, 54, 55, 58, 59], mod-
erate (n=>5)[27, 30, 35, 38, 53] or low (n=10)[28, 29, 33,
34,3942, 50, 56] quality. The most common issues related
to insufficient reporting of input parameters or the modelling
approach. Of the 30 studies included, only six studies mod-
elled both microvascular and macrovascular health states
which may have implications for the face validity of mod-
elled outcomes [31, 32, 36-38, 50]. Inclusion of a limited
number of diabetes-related diseases may bias the analysis
against the intervention owing to a failure to account for
cost savings of diabetes-related complications avoided. In
addition, several studies used outcome data from surgical
procedures that no longer reflect clinical practice [29, 33,
34, 37,43, 44, 46, 47, 49, 54, 55, 58, 59]. With considera-
tion to the chronic nature of T2D, it is unlikely that shorter
time horizons (up to five years) fully capture the impact of
surgery on diabetes-related morbidity and mortality, nor the
potential for relapse or long-term post-surgical complica-
tions [27, 28, 30, 34, 36, 40]. Given uncertainty regarding
the long-term effects of surgery due to the limited amount
of high-quality evidence with long-term, clinically relevant
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Table 2 Adjusted incremental

. . Author (year) Country  Cost year Unadjusted ICER  Adjusted ICER (€/QALY or
cost-effectiveness ratios €/case of T2D remitted)™®
Model-based economic evaluations
T2D population or sub-cohort
Bariatric surgery versus usual care®
Gil-Rojas (2019) Columbia 2016 6,194,899 COP 4,531/QALY
McGlone (2020) UK 2018 Dominant Dominant
Rognoni (2020) Italy 2018 Dominant Dominant
Gastric banding versus usual care
Ackroyd (2006) Germany 2005 Dominant Dominant
France 2005 Dominant Dominant
UK 2005 £1,929 3,269/QALY
Anselmino (2009) Austria 2009 Dominant Dominant
Italy 2009 Dominant Dominant
Spain 2009 €1,456 2,104/QALY
Hoerger (2010) USA 2005 USD $ 12,0984 15,848/QALY
Keating (2009)b Australia 2006 Dominant Dominant
Kim (2018) USA 2014 US $7789¢ 7,5771QALY
Pollock (2013) UK 2010 £3,602 5,275/QALY
Gastric bypass versus usual care
Ackroyd (2006) Germany 2005 Dominant Dominant
France 2005 Dominant Dominant
UK 2005 £1,517 2,571/QALY
Anselmino (2009) Austria 2009 Dominant Dominant
Italy 2009 Dominant Dominant
Spain 2009 €2,664 3,850/QALY
Assumpgdo (2019) Brazil 2015 Int $1,820 1,278/QALY
Hoerger (2010) USA 2005 USD $9,172¢ 12,015/QALY
Ikramuddin (2009) USA 2007 US $21,973 26,502/QALY
Kim (2018) USA 2014 $7,8444¢ 7,630/QALY
Tang (2016) China Not reported”  Int $4518 116/QALY
Viratanapanu (2019) Thailand 2017 26,908 THB 1,863/QALY
Wan (2019) China 2015 Dominant Dominant
Sleeve gastrectomy versus usual care
Tang (2016) China Not reported”  Int $3612 92/QALY
T2D subpopulation
Bariatric surgery versus usual care*
Borisenko (2018)a England 2015 Dominant Dominant
Borisenko (2018)b Belgium 2012 Dominant Dominant
Borisenko (2017)a Denmark 2012 Dominant Dominant
Borisenko (2017)b Germany 2012 Dominant Dominant
Borisenko (2015) Sweden 2012 Dominant Dominant
Gulliford (2017) UK 2013 £6,176 8,296/QALY
Lucchese(2017) Italy 2013 Dominant Dominant
Sanchez-Santos (2017)  Spain 2017 Dominant Dominant
Gastric banding versus usual care
Faria (2013) Portugal ~ Not reported’  €1,810¢ 2,845/QALY
James (2017) Australia 2015 Dominant Dominant
Picot (2012) UK 2009 US $8831 2,462/QALY
Gastric bypass versus usual care
Cohen (2017) Brazil Not reportedf Dominant Dominant
Faria (2013) Portugal ~ Not reported’ Dominant Dominant
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Table 2 (continued)

Author (year) Country  Cost year Unadjusted ICER  Adjusted ICER (€/QALY or
€/case of T2D remitted)*P
James (2017) Australia 2015 Dominant Dominant
Klarenbach (2010) Australia 2009 Dominant Dominant
McEwen (2010) USA 2007 USD $8,831 10,651/QALY
Sleeve gastrectomy versus usual care
James (2017) Australia 2015 Dominant Dominant
Empirical evidence-based economic evaluations
T2D population
Gastric banding versus usual care
Keating (2009)* Australia 2006 16,600 16,554/case of T2D remitted
Gastric bypass versus usual care
Tu (2019) China 2013 ¥ 125,836 32,270/QALY

COP, Colombian pesos; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year;
THB,hai baht; USA, United States of America

*Where multiple time horizons were used, results for the longest time horizon are presented

®Adjusted ICER is defined as inflation of a context-specific ICER using country-specific consumer price
indices (CPI) to a common cost year (2020), prior to conversion to a common currency (Irish Euro) using
purchasing power parities (PPPs). PPPs are indicators of price level differences between countries. Even
in countries using a common currency (e.g. Euro), differences in local economies influence the price of
products

“Bariatric surgery comprises a mix of surgeries, typically based on the mix of surgeries in use in clinical

practice in the index country

dWhere ICERs were presented by subgroup only, a simple or weighted average ICER was calculated

°A weighted-average ICER for laparoscopic Roux-en-Y gastric bypass is presented. ICERs for open RYGB
are presented in the Supplementary Information, Table S7

"Where the cost year was not reported, the average interval between the cost and publication year in other
included studies (3 years) was assumed

£ICERs were not presented in the original study. ICERs were calculated based on the incremental costs and

QALYs provided

follow-up, estimation of cost-effectiveness over two or more
time horizons, adopted in eleven models, was considered to
be the most appropriate approach [35, 37, 44-47, 54-56,
58, 59]. Assessment of methodological, structural or param-
eter uncertainty was considered inadequate in nine studies
(Fig. 3) [27, 28, 34, 35, 39-41, 50, 56].

Transferability

Evidence of clinical and thus cost-effectiveness may not be
transferable from one context to another given differences
in population and healthcare system characteristics includ-
ing differences in obesity-related risk among ethnic groups,
healthcare system structure and financing, and the need for
quality assurance processes to ensure optimal outcomes [62].
In addition to context-specific considerations, heterogeneity
in parameter values and structural shortcomings such as the
time horizon and health states modelled limit the transfer-
ability to other contexts. Although no studies were consid-
ered directly applicable to other settings, 17 studies were
considered partially applicable (Supplementary Information,
Fig. S1) [30-32, 36-38, 43-47, 49, 52, 54, 55, 58, 59].

While bariatric or metabolic surgery have traditionally
been limited to high income countries, emerging evidence
of cost-effectiveness in middle income countries may sup-
port expansion of its use in these contexts [29, 30, 3942,
49], many of which are experiencing a dramatic increase in
obesity prevalence and are thus in need of effective interven-
tions to manage obesity and its complications [63].

For the purposes of this systematic review, ICERs were
adjusted (see Methods) to facilitate comparison across stud-
ies and interpretation of the evidence. There is no univer-
sally accepted, gold standard method to identify appropriate
WTP thresholds. Variation in methods and economic condi-
tions result in differences in the WTP thresholds adopted
across countries. Nevertheless, the thresholds adopted in this
review are broadly consistent with those used elsewhere in
Europe [25, 26]. Therefore, the results are likely applica-
ble to other European contexts. ICERs and associated WTP
thresholds as reported by the primary economic evaluations
are presented in Supplementary Information 3, Table S6.
Importantly, interpretation of the findings with reference to
the current Irish context did not change the conclusions of
the original economic evaluations.
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Fig.2 Cost-effectiveness
plane®"¢. Panel a shows ICERs
for CUASs in a T2D popula-
tion. Panel b shows ICERs for
CUAs in a T2D subpopulation.
Results can be interpreted with
reference to WTP thresholds

of €20,000/QALY gained or
€45,000/QALY gained. Key:
AGB, adjustable gastric band;
BMC, best medical care; CUA,
cost utility analysis; GBP, gas-
tric bypass; WTP, willingness-
to-pay; QALY, quality-adjusted
life year. *For some studies, the
incremental costs and incremen-
tal QALY used to calculate the
ICER were not reported [28,
45-47, 53, 55, 56], therefore,
ICERs could not be plotted on
the cost-effectiveness plane.
°ICERs for empirical-evidence
based economic evaluations are
not shown. “The uncertainty
surrounding ICERs is not
shown (data not reported)
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The cost-effectiveness of metabolic surgery for the treat-
ment of comorbid T2D and obesity was systematically
reviewed, including evidence from 30 cost-effectiveness
analyses performed across multiple jurisdictions. Meta-
bolic surgery was reported to be cost-saving or cost-
effective in the base case analyses at a WTP threshold of
€20,000/QALY gained in 28 studies. In two studies, the
ICER exceeded a WTP threshold of €20,000/QALY, but
would still be considered cost-effective at a WTP threshold

of €45,000/QALY [32, 40].

@ Springer

Incremental QALYs

While three previous systematic reviews have evaluated
the cost-effectiveness of bariatric surgery for the treatment
of obesity, these reviews did not focus specifically on the
costs and benefits of metabolic surgery for the treatment of
T2D, which differ substantially from the population with
obesity both in terms of the cost of usual care and the clini-
cal benefits of surgery [15—17]. The results of the current
systematic review are in agreement with those of previ-
ous systematic reviews; bariatric surgery is a cost-effective
approach to treating obesity, particularly in populations with
comorbid T2D. Since publication of the previous systematic
reviews, at least nine cost-effectiveness models have been
published [29, 30, 35, 36, 38, 40-42, 44], eight specifically
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Fig. 3 Methodological quality assessment of economic evaluations using CHEC-list

in T2D populations [29, 30, 35, 36, 38, 40—42], consist-
ent with the shift in the clinical focus of bariatric surgery
towards increased consideration of the potential for sur-
gery to treat obesity-related comorbidities, such as T2D, as
opposed to weight-loss alone.

Based on the range of surgical procedures included in
the identified economic evaluations (LAGB, SG, RYGB
and biliopancreatic diversion (BPD)) metabolic surgery is
cost-effective or cost-saving irrespective of the procedure
used. At present, RYGB and SG are the most commonly
performed bariatric surgeries globally [14]. Evidence from
RCTs indicates that remission rates are comparable between
RYGB and SG [64-66]. Thus, a change in the proportion of
RYGB or SG in use in favour of the other is unlikely to influ-
ence the cost-effectiveness of metabolic surgery. The use
of laparoscopic one anastomosis gastric bypass (LOAGB)
is increasing, but still accounts for a small proportion of
all surgeries performed [14, 67]. Evaluation of the cost-
effectiveness of newer procedures such as LOAGB will be
dependent on evidence of clinical effectiveness and safety.

In order to maximise the health and economic benefits of
surgery, delays in accessing surgery should be minimised,
as demonstrated by the increased cost-effectiveness of sur-
gery in those with recent-onset T2D and the negative impact
of delays in surgery provision on outcomes of surgery [31,
43, 49]. As the prevalence of obesity and obesity-related
complications increases worldwide, demand for bariatric
and metabolic surgery is likely to continue to exceed supply
[68—70]. The ability to identify subgroups of the population
more likely to benefit from metabolic surgery is important to
inform optimal selection of surgical candidates and alloca-
tion of scarce resources. In general, the results of subgroup
analyses indicated that surgery was likely to be cost-effective

irrespective of BMI category or sex. However, it is increas-
ingly recognised that BMI is a poor predictor of benefit from
surgery in patients with comorbid T2D and obesity [71]. In
recent years, professional organisations have recommended
a change from BMI-based eligibility criteria to a comorbid-
ity-based approach to candidate selection in recognition of
the considerable inter-individual variability in the adverse
health consequences of obesity as defined by BMI [13, 60,
61, 72]. The results of several modelling studies indicated
that metabolic surgery may be cost-effective even for those
with class I obesity and T2D, to whom it has not tradition-
ally been offered [33, 35, 37, 38, 43-47, 50, 55, 58, 59].
Only one study presented ICERs according to duration of
T2D, reporting the best value for money in younger patients
with shorter duration of disease [31]. Further investigation
of diabetes-specific characteristics, such as the duration or
severity of T2D, may provide a better indicator of T2D sub-
groups for whom metabolic surgery may yield the greatest
clinical and economic benefits.

The accuracy of model predictions is influenced by the
choices around key structural aspects and input parameters
[73, 74]. As high-quality evidence from long-term stud-
ies is limited, the majority of economic evaluations in this
systematic review extrapolated clinical data from medium-
term RCTs or long-term observational evidence from the
Swedish Obese Subjects (SOS) study [75-77]. The surgical
methods used in these studies (e.g. vertical banded gastro-
plasty, LAGB or use of the open surgical approach) may not
reflect current surgical practice and may therefore produce
inaccurate results. However, this may be considered a con-
servative approach given that LAGB procedures have been
associated with lower T2D remission and higher complica-
tions rates in comparison with current clinical practice [61,
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78]. Modelling over longer time horizons requires increas-
ing dependence on assumptions due to limitations in the
evidence base, however, the shorter time horizons adopted
in some studies may produce biased outcomes by failing
to capture the costs and effects of long-term surgical or
diabetes-related complications. RCTs of metabolic surgery
have, to date, been underpowered to detect differences in the
risk of macrovascular events, a major source of T2D-related
healthcare expenditure [79, 80]. Moreover, important feasi-
bility issues including the need for targeted pre-operative
screening, challenging retention in the usual care arm, and
funding mean that large multicentre trials powered to detect
differences in the risk of cardiovascular events are unlikely
to be possible [81]. Information regarding the long-term
effects of metabolic surgery on the progression or devel-
opment of cardiovascular complications may need to come
from carefully controlled observational studies.

The impact of metabolic surgery on health-related QoL
is multifactorial which presents challenges for the estima-
tion of health gains [82, 83]. The disutility associated with
excess adiposity or diabetes-related complications is well
documented [82, 84], but the potential impact of T2D remis-
sion on utility is unclear. There was considerable variation
in approaches to estimating the utility gain associated with
improvements in glycaemic control. In studies where utility
gains were based only on changes in BMI, it is likely that
the potential benefit of metabolic surgery on QoL has been
underestimated. The relationship between T2D and QoL
is complex; changes in glycaemic control, insulin use and
body weight are all likely to affect QoL in patients with T2D
and obesity [85]. Although much of the benefit of improve-
ments in glycaemic control is in the prevention of long-term
diabetes-related complications, glycaemic control is likely to
affect some aspects of daily living, for example, the need for
daily planning of injection times, dose adjustment or moni-
toring of glycaemic control (where indicated) for insulin-
treated T2D [85]. Further research is necessary to determine
how changes in glycaemic control impact QoL in patients
with comorbid T2D and obesity.

Only eight models incorporated the cost of excess skin
removal following sustained weight-loss, which may be
related to availability within the public healthcare system in
the reference country. In clinical practice, it is likely that an
imbalance exists between the number of people who desire
excess skin removal surgery and those who actually receive
it [86]. Inclusion of additional surgeries to remove excess
skin in the surgery group, where indicated, would result in
additional costs, but may yield clinical benefits and improve-
ments in QoL [87].

The rising prevalence of obesity and obesity-related dis-
eases, in particular T2D, is among the greatest challenges
facing health systems [70]. Worldwide, there is an unmet
need for bariatric and metabolic surgery, which is likely to
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continue based on current epidemiological trends [70, 72].
Clinicians and policy makers should ensure that metabolic
surgery is appropriately considered in the management of
patients with comorbid T2D and obesity, without uninten-
tionally redirecting resources away from existing bariatric
surgery services which could contribute to exacerbation of
health inequities. Future economic evaluations should the
explore the budgetary implications, resources and opera-
tional considerations of introducing a metabolic surgery
service in addition to a bariatric surgery service to ensure
that these services work synergistically to ensure adequate
capacity to meet increasing demand.

Strengths and limitations

This systematic review has several strengths. Given that
metabolic surgery has only been recommended for the treat-
ment of T2D in recent years [13], broad eligibility criteria
were applied in order to capture studies in which only a
subgroup of the population had T2D. Thus, this systematic
review provides a comprehensive overview of all published
economic evaluations considering the cost-effectiveness of
metabolic surgery in patients with T2D. Secondly, the qual-
ity and transferability of the evidence has been assessed to
determine the validity and relevance of modelled outcomes.

Despite these strengths, there are a number of limita-
tions associated with this systematic review. Exclusion of
non-English language studies represents a source of bias;
however, given the range of countries and contexts covered
and the consistency of the findings, this bias is unlikely to
have impacted the interpretation of the evidence. Secondly,
the validity and relevance of modelled outcomes and cost
data are presented in the Irish context. However, while the
factors limiting transferability may vary in other settings,
methodological shortcomings including the number of T2D-
related health states modelled and uncertainty regarding the
utility gain associated with T2D remission represent univer-
sally relevant limitations. It is acknowledged that restrict-
ing the perspective to specific local circumstances may be
perceived as a barrier to generalisation of results to other
contexts. However, of note, interpretation of the findings of
this review with reference to the current Irish context did
not change the conclusions of the primary economic evalu-
ations because studies generally found that metabolic sur-
gery was cost-saving or highly cost-effective compared with
best medical care (Supplementary Information, Table S6).
Thirdly, for studies where subgroup-specific ICERs were
presented, a simple or weighted average ICER, was calcu-
lated. While ICERs for individual subgroups typically varied
marginally [31, 35, 38, 43, 44], in one study the findings var-
ied considerably between subgroups, thus, the overall ICER
should be interpreted with caution [50]. While estimation
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of subgroup-specific ICERs may highlight subgroups with
greater capacity to benefit from surgery, it was unclear if
differential subgroup effects were attributable to true hetero-
geneity in treatment benefits and costs between subgroups
or were as a result of modelled assumptions. Finally, since
the literature search was undertaken, the evidence base
has continued to expand, with the publication of one addi-
tional study meeting the inclusion criteria. Consistent with
the included studies, metabolic surgery was reported to be
cost-saving over a lifetime time horizon in this analysis
undertaken in the UK [88]. Given the strength of the evi-
dence base, the broad range of contexts considered and the
consistency of the findings, a full update of this systematic
review prior to publication was not considered necessary, as
it was considered unlikely that an update would change the
conclusions of this systematic review at this time. However,
an important limitation of the underlying clinical effective-
ness data is that many RCTs and observational studies were
undertaken prior to the widespread use of a number of new,
effective anti-hyperglycaemic medication classes with addi-
tional benefits in terms of weight loss and cardiovascular
risk factor control when compared with established anti-
hyperglycaemic agents [6].

Conclusions

Despite the limitations of the included economic evalua-
tions, metabolic surgery may be considered a cost-effective
intervention for patients with comorbid T2D and obesity,
or cost-saving if outcomes are modelled over longer time
horizons. Addressing identified research gaps, including the
scarcity of long-term, high-quality evidence to determine
the impact of metabolic surgery on diabetes-related compli-
cations and uncertainty regarding the impact of metabolic
surgery on quality of life, will allow more accurate predic-
tion of the lifetime costs and consequences associated with
metabolic surgery. As the prevalence of obesity and obesity-
related diseases increases worldwide, significant investment
will be required to ensure that service provision is adequate
to meet demand.
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