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Abstract
This systematic review aimed to comprehensively synthesize cost-effectiveness evidences of bariatric surgery by pooling
incremental net monetary benefits (INB). Twenty-eight full economic evaluation studies comparing bariatric surgery with usual
care were identified from five databases. In high-income countries (HICs), bariatric surgery was cost-effective among mixed
obesity group (i.e., obesity with/without diabetes) over a 10-year time horizon (pooled INB = $53,063.69; 95% CI $42,647.96,
$63,479.43) and lifetime horizon (pooled INB = $101,897.96; 95% CI $79,390.93, $124,404.99). All studies conducted among
obese with diabetes reported that bariatric surgery was cost-effective. Also, the pooled INB for obesity with diabetes group over
lifetime horizon in HICs was $80,826.28 (95% CI $32,500.75, $129,151.81). Nevertheless, no evidence is available in low- and
middle-income countries.

Keywords Incremental net monetary benefit . Cost-effectiveness . Bariatric surgery . Economic evaluation

Introduction

Bariatric surgery is an attractive treatment option for obese
patients, who could not achieve weight control by conserva-
tive, non-surgical therapies. The clinical effectiveness of bar-
iatric surgery has been well established. Evidences from pre-
vious systematic reviews consistently indicated that bariatric
surgery could significantly reduce body weight and improve
comorbidities, as compared with usual care (e.g., pharmaco-
therapy and/or lifestyle modification) [1–5]. In addition,

bariatric surgery might be superior to usual care for short-
term remission of diabetes mellitus [1, 6]. Nevertheless, with
the growing demand for bariatric surgery, demonstrating only
the clinical effectiveness is not sufficient given the limited
resources for healthcare. Evidences on the value for money
are strongly required to support policy decision-making. To
date, there were many published systematic reviews and meta-
analyses on bariatric surgery [7–9]. However, most studies
were limited to the description of methodologies and econom-
ic evaluation results [9]. Existing quantitative synthesis

Key points:
• Bariatric surgery seems to be cost-effective over lifetime horizon in
high-income countries (HICs).

• The pooled INB for bariatric surgery as compared with usual care in
HICs was between $81,000 and $102,000.

• No evidence is available in low- and middle-income countries.
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pertained only to differences in healthcare cost pre- and post-
surgery or between surgical and non-surgical approaches [7,
8]. Consequently, determining whether bariatric surgery pro-
vides value for money or in which condition it might be cost-
effective is still controversial. Therefore, a meta-analysis
which pools the value for money of bariatric surgery is
required.

Most economic evaluation studies report incremental cost-
effectiveness ratios (ICERs), which represent the ratio of in-
cremental cost (ΔC) between the two interventions and incre-
mental effectiveness (ΔE) between the same groups [10, 11].
The effectiveness (E) is usually measured in terms of amount
of quality-adjusted life year (QALY) gained or disability-
adjusted life year (DALY) averted. The ICER is then com-
pared with the pre-defined cost-effectiveness threshold (K),
the maximum amount a decision-maker is willing to pay for
one QALY or DALY (e.g., £20,000 per QALY in the UK
[12], or one time the GDP per capita per DALY in several
countries [13]). If the ICER is less than K, the intervention is
cost-effective; otherwise, it is not cost-effective. Nevertheless,
the interpretation of ICER is problematic when its value is
negative, which may indicate a lower cost with higher effec-
tiveness or higher cost along with lower effectiveness of in-
terventions. Thus, there is ambiguity in interpretation [10].

The incremental net monetary benefit (INB), which is the
difference in net monetary benefit between the new interven-
tion and the standard intervention [10], has been recently used
instead of the ICER. The INB can be computed as the differ-
ence of incremental monetary benefit and incremental cost
(INB = (ΔE×K) − ΔC) [10, 11]. It is relatively easier to
interpret than the ICER. A positive INB (INB > 0) indicates
that an intervention is cost-effective as compared with the
standard intervention at the given threshold, whereas a nega-
tive INB indicates the new intervention is not cost-effective
relative to the standard one [10, 11, 14, 15]. Up until now, few
meta-analyses have been conducted to pool INBs [15–18].
Since there is still controversy on the value of money of bar-
iatric surgery, we, therefore, conducted a meta-analysis which
systematically reviewed and pooled INBs of bariatric surgery
as compared with usual care among patients with obesity. Our
main hypothesis is bariatric surgery is cost-effective for pa-
tients with obesity. Whenever possible, we examined whether
bariatric surgery was cost-effective in particular type of pa-
tients (i.e,. obese with DM) and determined which specific
procedures of bariatric surgery (i.e., SG, AGB, RYGB) were
cost-effective when compared with usual care.

Materials and Methods

The protocol of this systematic review was conducted and
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [19]

(see Table S1). The review protocol was registered at the
PROSPERO (registration number CRD42019142147).

Data Sources and Search Strategies

We searched relevant studies from PubMed, Scopus, the
Cochrane Central Register of Controlled Trials-Wiley library,
the Cost-Effective Analysis (CEA) Registry (The CEA
Registry), and the Centre for Reviews and Dissemination
(CRD) since inception to July 2019 without language restric-
tions. We constructed search terms based on the population,
intervention, outcome, and study design domains (i.e., obesi-
ty, bariatric surgery, incremental cost-effectiveness ratio, and
economic evaluation) (see Table S2).

Study Selection

Two reviewers (P.N. andM.T.) independently selected studies
by screening titles and abstracts.Full texts were then reviewed
based on the following criteria: any full economic evaluation
study (i.e., cost-effectiveness analysis (CEA), cost–utility
analysis (CUA), cost–benefit analysis (CBA)) of adult obesity
(i.e., BMI > 32 kg/m2); compared any pair of bariatric surgery
(e.g., open or laparoscopic surgeries of adjustable gastric
banding (AGB), Roux-en-Y gastric bypass (RYGB), sleeve
gastrectomy (SG), and a mix of these bariatric surgeries (BS))
with usual care (e.g., pharmacotherapy and/or lifestyle modi-
fication); provided sufficient data for calculating INB [17].
The studies were excluded if they studied patients with other
specific diseases or their full texts were not available.

Data Extraction

Data were extracted by two independent reviewers (P.N. and
B.S.). A standardized data extraction form was developed.
The data required for estimating INB were extracted: cost
(C), incremental cost (ΔC), effectiveness (E), incremental ef-
fectiveness (ΔE), and ICER. These parameter values were
extracted as means and dispersions (i.e., SDs, SEs, and 95%
CIs). In some cases, ΔC and ΔE data were extracted from
probabilistic sensitivity analyses (PSA). Authors of original
studies were contacted further in case of incomplete
information.

Data Preparation

INB was calculated as follows [10, 15]: INB = (K × ΔE) −
ΔC or ΔE × (K − ICER), where K is the cost-effectiveness
threshold, and ΔE and ΔC are incremental effective and in-
cremental cost, respectively. The INB variance was estimated
as follows [15, 17]:
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var INBð Þ ¼ K2σ2
ΔE þ σ2

ICER or K2σ2
ΔE þ σ2

ΔC−2KρΔCΔE,

where σ2
ΔE is variance ofΔE, σ2

ICER is variance of ICER, σ
2
ΔC

is variance ofΔC, and ρΔCΔEis covariance ofΔC andΔE. In
case of incomplete data, the variance of INB was simulated
according to data availability (scenarios 1 to 5), as suggested
by Bagepally et al. [17] If the study did not report the cost-
effectiveness threshold, the GDP per capita was used [13]. To
pool data across studies, all currencies were converted to the
international standard currency 2019 (international dollars;
Int$) using consumer price index (CPI) and purchasing power
parity (PPP) obtained from the World Economic Outlook
Database (2019) [20].

Risk-of-Bias Assessment

The quality of each study was assessed by two independent
reviewers (P.N. and M.T.), using the ECOBIAS checklist
[21]. Disagreement was resolved by consensus with a third
reviewer (U.C.).

Statistical Analysis

The estimated INBs were pooled across studies [15–17].
To minimize heterogeneity, studies were stratified by
country income level, which was classified according to
the World Bank as high-income countries (HICs) and
upper-middle-income countries (UMICs) [22]. In addition,
the INBs were pooled according to perspective, type of
model, type of patients (i.e., mixed obesity group, which
included patients with/without diabetes, obesity with dia-
betes group), and time horizon (i.e., lifetime, 10 years).
Subgroup analysis by types of bariatric surgery (i.e.,
AGB, RYGB, SG, BS) was also performed. A fixed-
effect model by an inverse variance method was applied
for pooling if heterogeneity was not present; otherwise, a
random-effect model (DerSimonian and Laird) was used
[23].

The heterogeneity of INBs among the studies was assessed
using the Cochrane’s Q statistic and I2 statistics. Publication
bias was assessed using the funnel plot and Egger’s test. A
contour-enhanced funnel plot was applied to distinguish pub-
lication bias from other causes of asymmetry [24].

Results

Study Selection

Of the 4395 identified studies, 28 were included and analyzed
(see Fig. 1). The characteristics of studies are described in
Tables 1 and S3. As for country income level, 24 [25–35,
37–43, 45–50] (85.7%) and 4 [36, 44, 51, 52] (14.3%) studies

were conducted in HICs and UMICs, respectively. From
these, 20 (71.4%) were conducted in mixed obesity group
(i.e., with/without diabetes), whereas 8 [45–52] (28.6%) stud-
ies were conducted in obesity with diabetes group. All studies,
except for one [52], were conducted in obese patients whose
BMIs were 35 kg/m2 and higher. The three most common
interventions were AGB (N = 15, 53.6%), RYGB (N = 20,
71.4%), and SG (N = 11, 39.3%).

As for methodology, all studies were CUAs. The model-
based techniques were Markov model [26, 28, 29, 33–44,
47–52] (N = 21; 75.0%), discrete-event simulation [30] (N =
1; 3.6%), decision tree [25] (N = 1; 3.6%), decision tree and
lifetime natural history model [32] (N = 1; 3.6%), and a de
novo economic model [31] (N = 1; 3.6%). Two studies [45,
46] (7.1%) did not specify the type of model, while one study
[27] (3.6%) did not state the technique. Most studies (N = 25;
89.3%) adopted a payer perspective. One study [29] adopted
societal perspective and two studies [27, 49] did not clearly
mention the perspective. Lifetime, 10-year, and less than 10-
year horizons were respectively used in 18 [25–27, 29, 30,
32–35, 37–43, 48, 49], 10 [28, 30, 31, 34, 35, 39, 41–44],
and 5 studies [27, 30, 45, 46, 51].

INBs of Bariatric Surgery in HICs

The estimated INBs from HICs were presented separately by
types of patients (see Tables S4 and S5). For mixed obesity
group, bariatric surgery was found to be cost-effective in all
except for three studies, which adopted 2-year [27], 5-year
[30], and 10-year [31] time horizons. For obesity with diabetes
group, all studies revealed that bariatric surgery was cost-
effective.

Pooled INBs of Bariatric Surgery among Mixed
Obesity Group in HICs

The INBs of overall bariatric surgery versus usual care among
mixed obesity group under payer perspective were highly var-
ied across 11 studies [26, 33–35, 37–43] (I2 = 83.9%) with a
pooled INB (95% CI) over lifetime horizon of $101,897.96
($79,390.93, $124,404.99) (see Fig. 2). Subgroup analysis
indicated that AGB, SG, and mixed types of BS, but not
RYGB, were significantly cost-effective as compared with
usual care with pooled INBs of $51,143.29 (95% CI
$15,735.29, $86,551.29; I2 = 37.1%), $127,578.98 (95% CI
$62,139.61, $193,018.36; I2 = 0%), $143,438.56 (95% CI
$91,320.26, $195,556.88; I2 = 89.5%), and $110,928.33
(95% CI −$8,677.49, $230,534.14; I2 = 85.2.1%), respective-
ly. A funnel plot of overall bariatric surgery effect indicated
asymmetry of the funnel which contrasted to Egger’s test (co-
efficient = 2.11, SE = 0.47, p = 0.001), Fig. S1. A contour-
enhanced funnel (Fig. S2) showed that asymmetry might be
caused by heterogeneity.
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The INBs of bariatric surgery among mixed obesity
group over a 10-year time horizon were highly varied
across seven studies [28, 34, 35, 39, 41–43] (I2 =
75.6%), with a pooled INB (95% CI) of $53,063.69

($42,647.96, $63,479.43) (see Fig. 3). A funnel plot
(Fig. S3) and Egger’s test (coefficient = 11.13, SE =
6.81, p = 0.163) indicated no evidence of publication
bias.

Fig. 1 Flow diagram of the included studies
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Fig. 2 Pooled INBs of bariatric surgery among mixed obesity group in high income countries over lifetime horizon

Fig. 3 Pooled INBs of bariatric surgery among mixed obesity group in high income countries over 10-year time horizon
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Pooled INBs of Bariatric Surgery among Obesity with
Diabetes in HICs

The INBs of bariatric surgery among obesity with diabetes
group were pooled from seven studies [33, 37, 42, 43, 47,
48, 50] over life-time horizon (see Fig. 4). The pooled INB
was $80,826.28 (95% CI $32,500.75, $129,151.81; I2 =
85.0%), indicating that bariatric surgery was cost-effective
relative to usual care. Asymmetry was observed in funnel plot
and Egger’s test (coefficient = 2.51, SE = 0.92, p = 0.041)
(Fig. S4). A contour-enhanced funnel plot (Fig. S5) showed
that asymmetry might be caused by heterogeneity.

INBs of Bariatric Surgery in UMICs

Of the four studies from UMICs [36, 44, 51, 52], three studies
[36, 44, 51] with five comparisons were conducted in mixed
obesity group, while four comparisons [36, 44, 51, 52] were
conducted in obesity with diabetes group [36, 44, 51, 52] (see
Table S6). Time horizon varied across studies, i.e., 5 years
[51], 10 years [44], 20 years [36], and 50 years [52]. All
studies adopted a payer perspective [36, 44, 51, 52]. For
mixed group obesity group, the evidence was inconclusive.
On the other hand, all studies conducted among obesity with
diabetes group revealed that bariatric surgery was cost-
effective with the INBs ranging from $4,015.28 to

$40,867.97 (see Table S6). Since studies had varying time
horizons, the INBs were not pooled.

Risk of Bias

Risk of bias was assessed using ECOBIAS checklist (see
Table S7). All studies had no bias in terms of comparator,
outcomes measurement, and discounting. Four studies [27,
31, 45, 46] had unclear risk of wrong model bias. Three stud-
ies [45, 46, 51] adopted short-term time-horizon of 5 years,
four studies [28, 31, 36, 44] usedmid-term period of 10 and 20
years, and 18 studies [25–27, 29, 30, 32–35, 37–43, 48, 49]
adopted lifetime horizon. Partial biases related to treatment
effect, intermittent data collection, and quality of life weight
occurred in almost all studies. Data on long-term treatment
effect of bariatric surgery and utility per unit of BMI change
were limited. Moreover, half of the studies [25–29, 31, 37, 38,
40, 44–46, 48, 49, 51, 52] were subjected to bias related to
internal consistency.

Discussion

We conducted a systematic review and meta-analysis for
pooling INBs of bariatric surgery as comparedwith usual care.
A total of 24 and 4 studies from HICs and UMICs were in-
cluded in the review, but only data from HICs were

Fig. 4 Pooled INBs of bariatric surgery among obesity with diabetes group in high income countries over life-time horizon
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sufficiently pooled. We found that bariatric surgery was a
cost-effective intervention for mixed obesity group (i.e.,
with/without diabetes) in HICs over 10-year and lifetime time
horizons. In addition, it was a cost-effective intervention for
patients with obesity and diabetes in both HICs and UMICs
from a payer perspective. For HICs, our analysis provides
economic evidences in support of the current clinical practice
guideline [53], which recommends bariatric surgery for pa-
tients with BMI ≥40 kg/m2 and patients with BMI ≥35 kg/
m2 with co-morbidity.

Comparing the three recent systematic reviews [7, 9, 54],
they included 35 unique studies, while our study included 28
studies. Of the 28 included studies, 4 [31, 44, 51, 52] were not
included in the previous systematic reviews [7, 9, 54]. Eleven
studies [55–65] were included in the previous studies [7, 9,
54] but were not eligible in our present review since they were
studies among adolescents (N = 4) [61, 63–65], with BMI <32
kg/m2 (N = 2) [55, 56], with insufficient data for calculating
INB (N = 3) [57, 59, 62], and studied in a specific group of
patients (N = 2) [58, 60]. Almost all studies adopted a payer
perspective, which considered only direct medical costs, rath-
er than a broader societal perspective. This might be due to the
need for evidences among payers to support reimbursement
decision while there had been growing demand for bariatric
surgery. Notably, a study [29], which was conducted from a
societal perspective, indicated that bariatric surgery was cost-
effective and that the direct medical costs associated with both
the surgery and treatment of comorbidities represented a ma-
jor cost component.

For mixed obesity group (i.e., with/without diabetes), all
evidences fromHICs indicated that bariatric surgery was cost-
effective over lifetime time horizon. Nevertheless, three stud-
ies, which adopted 2-year [27], 5-year [30], and 10-year [31]
time horizons, found that bariatric surgery was not cost-effec-
tive. Our findings revealed that bariatric surgery might be
cost-effective in studies employing a ≥10-year time horizon
and more cost-effective over lifetime horizon. This could be
possibly explained by the fact that costs for bariatric surgery
were driven by high cost of surgery in the first few years [66],
while the benefit of significantly lower healthcare expendi-
tures due to the reduction of comorbidities could be observed
in the long term after surgery [7]. Most included studies per-
formed bariatric surgery on patients with a mean age ≥40
years. They projected all costs and outcomes incurred after
the surgery throughout a lifetime period. It should be noted
that INB with a lifetime horizon for these patients can be
considered cost-effective as bariatric surgery can help prevent
them from comorbidities and complications related to obesity,
which finally can improve their health outcomes and decrease
healthcare costs. In addition, performing the bariatric surgery
with a lifetime horizon among patients with younger ages (i.e.,
20 years) was even more cost-effective [38, 40]. This is due to
the fact that the young patients continue to gain benefits from

surgery for a longer period as compared with their older
counterparts.

Nevertheless, there is currently limited evidence on the
long-term effects of bariatric surgery. Further studies on the
long-term effectiveness and safety of bariatric surgery are
warranted to improve the validity of cost-effectiveness
studies.

According to our review, bariatric surgery was cost-
effective (i.e., positive INB) in all 14 studies (29 comparisons)
conducted among obesity with diabetes group. This is similar
to a previous systematic review [9], which found that almost
all studies (6/7) conducted among obesity with diabetes group
indicated that bariatric surgery was cost-effective. Bariatric
surgery was generally believed to be more cost-effective in
obesity with diabetes group than general obesity group.
However, we found that the pooled INB (95% CI) in obesity
with diabetes group over lifetime horizon was lower than
mixed obesity group but not significant, i.e., $80,826.28
($32,500.75, $129,151.81) vs. $101,897.96 ($79,390.93,
$124,404.99), respectively. It should be noted that remission
was higher among patients with recent onset of diabetes and
those who were not taking insulin [67, 68]. Less benefit of
bariatric surgery was reported in diabetic patients who had
already developed complications [67]. Variation in such char-
acteristics of diabetes patients in each included study might
possibly lead to the unclear conclusion when comparing the
benefits of bariatric surgery between mixed obesity and obe-
sity with diabetes group. Further studies carefully designed to
compare cost-effectiveness of bariatric surgery among various
characteristics of patients with diabetes (i.e., early diagnosed
vs. long-term diabetes) are also warranted.

Presently, many types of bariatric surgery have been used
in clinical practice. Nevertheless, most included studies re-
ported mixed types of bariatric surgery. Subgroup analysis
by types of bariatric surgery was performed for AGB, SG,
and RYGB. We found that SG and AGB were cost-effective
when compared with usual care, but not for RYGB. This
could be explained by the fact that only three studies for
RYGB were included for pooling and they had very large
variances. Consequently, the pooled INB has high uncertainty
and the interpretation should be made with caution. Based on
current evidence, it is still inconclusive on which specific
types of bariatric surgery should be selected. Further studies
comparing cost-effectiveness among different types of the
surgery are thus warranted.

Although this study was the first to provide quantitative
evidences on value for money of bariatric surgery by estimat-
ing and pooling INB of bariatric surgery, certain limitations
were needed to be addressed. First, all included economic
evaluation studies were performed in HICs and UMICs, but
none was conducted in lower-middle-income countries
(LMICs) and low-income countries (LICs). Therefore, future
economic evaluation studies of bariatric surgery in such
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settings should be further investigated. Second, in some cases,
where dispersion parameters had not been reported (scenario
5), variances of INBs were adopted from other studies, which
had comparable characteristics in terms of country, country
income level, characteristics of patients, types of intervention,
perspective, discount rate, and time. Nevertheless, adopted
dispersion might not fully represent the actual dispersion of
the INBs. Third, according to the quality assessment, almost
all studies had biases related to treatment effects such that
evidences on long-term effects of bariatric surgery were
scarce. To improve validity of cost-effectiveness evidences,
studies on the long-term treatment effect of bariatric surgery
are warranted. Finally, due to data availability, we could only
pool the value for money of bariatric surgery among obese
patients with diabetes but not with other comorbidities, such
as hypertension and obstructive sleep apnea.

In conclusion, our findings indicated that bariatric sur-
gery seems to be cost-effective over 10-year and lifetime
horizons in HICs for both mixed obesity group (i.e., with/
without diabetes) and obesity with diabetes group. The
pooled INB for bariatric surgery as compared with usual
care in HICs was estimated to be between $81,000 and
$102,000 over the lifetime horizon. For UMICs, bariatric
surgery seemed to be cost-effective as compared with usual
care among obesity with diabetes group with the INBs
ranging from $4,000 to $41,000.
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