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ABSTRACT
Background: �Hyperbaric oxygen therapy (HBOT) has been reported to be beneficial in enhancing wound 
healing and preventing amputations in diabetic foot ulcers (DFU), though not many studies are available 
to demonstrate how cost-effective this treatment is. A comprehensive assessment of cost-effectiveness 
evaluations about hyperbaric oxygen therapy (HBOT) considering financial viability into account is critical 
and essential.
Objective: �To assess the cost-effectiveness of HBOT in DFU patients.
Materials and methods: �A systematic search (October 2023) was performed in 3 databases: PUBMED, 
EMBASE, and Cochrane CENTRAL. The study was guided by the PICO research question as detailed (Popu-
lation: DFU patients; Intervention: HBOT; Comparison: standard care; Outcome: ICER). Cost-effectiveness 
analyses (CEAs) involving interventions in DFU patients with Wagner III and above were included. The main 
outcomes of this review were costs, quality-adjusted life years (QALYs), and incremental cost-effectiveness 
ratio (ICER). The CHEERS checklist was used to assess the quality of CEAs.
Results: �Two studies revealed the cost-effectiveness of standard wound care (SWC) plus HBOT, whereas 
one study showed that HBOT was not cost-effective as adjunctive treatment for DFU. The ICER of HBOT 
in 12 years were $2,255/QALY and US$2621/QALY. 
Conclusion: �The evidence to support the cost-effectiveness of HBOT is insufficient. However, the majority 
of HBOT studies have reported this therapy was cost-effective. Instead of model-based evaluations, 
further studies should combine clinical application of interventions with concomitant economic as-
sessment.

(Int Marit Health 2024; 75, 1: 35–42)

Keywords:� HBOT, cost-effectiveness, DFU, diabetic wound, cost

INTRODUCTION
Diabetes mellitus will continue to rise in prevalence, 

reaching 578 million patients by 2030 [1]. With 10.7 million 
diabetic patients, Indonesia ranks seventh in the globe [2]. 
Diabetes mellitus is a metabolic disorder marked by hyper-

glycaemia that results in decreased insulin secretion, im-
paired insulin action, or both [3]. Inadequate diabetes treat-
ment may increase the risk of complications. Diabetes foot 
ulcers (DFU) are one of the most devastating consequences 
of type 2 diabetes. Untreated diabetic foot ulcers can lead 
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to osteomyelitis, gangrene, and amputation. Amputees have 
a higher chance of death and a higher number of bacterial 
resistances among survivors [4]. DFU therapy entails wound 
care, antibiotics, amputations, and other routine care that 
incurs considerable annual costs [5, 6]. Diabetes care costs 
USD 740.1 per year, with the direct cost (drugs and hospi-
talisation) totalling USD 646.7 and indirect costs totalling 
USD 93.65 [7]. Diabetes-related issues of the lower limbs 
continue to be extremely onerous, and related expenditures 
have risen over the previous 20 years [8, 9].

The Wound Healing Intervention Guidelines of the In-
ternational Working Group on the Diabetic Foot (IWGDF) 
recommend systemic hyperbaric oxygen therapy (HBOT) as 
a supplementary treatment for diabetic foot ulcers that are 
refractory despite the best standards of care [10]. Previous 
studies revealed that HBOT can expedite wound healing 
through a variety of pathways, including enhanced ROSs, 
angiogenesis, fibroblast replication, osteoclast activation, 
antioxidant plasma status, resolution of inflammation, 
and the up-regulation of VEGF and platelet-derived growth 
factor (PDGF) [11–14]. In 2019, a set of two randomised 
controlled trials revealed that HBOT in diabetic foot ul-
cers reduced wound area much more than standard ther-
apy [15, 16]. Furthermore, a worldwide meta-analysis 
of 14 studies found that HBOT was considerably more 
effective than conventional therapy in treating diabetic 
foot wounds (OR = 0.29) and reducing major amputation 
(RR = 0.60) [17]. In addition, a meta-analysis of 11 RCTs 
(668 patients) on amputation and wound healing revealed 
that patients who received HBOT had a lower risk of am-
putation (OR 0.53) and a greater probability of wound 
recovery (OR 4.00) [18].

Although several studies have shown that HBOT is 
a promising treatment for ulcers in diabetic feet, the cost 
of applying HBOT to patients should be considered be-
fore its utilised. Numerous economic analyses have been 
performed, but there has been no systematic review fo-
cused on the cost-effectiveness of HBOT in diabetic foot 
wounds. The aim of this systematic review was to evaluate 
the cost-effectiveness of HBOT in patients with diabetic foot 
ulcer compared to standard care.

MATERIALS AND METHODS
SEARCH STRATEGY

A literature search was performed between 
the establishment of the database and 2023, using 
the databases Medline, Embase, and Cochrane. As Medi-
cal Subject Headings (MeSH) terms such as diabetic foot, 
economic, and hyperbaric oxygen were employed. Table 
1 shows the Medline search approach, which can be applied 
to different databases. The most recent database search 
occurred on November 10, 2023.

STUDY SELECTION
This systematic review followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 
standards, and Population, Intervention, Comparator, Out-
come (PICO) research questions as detailed below [19, 20].

Population: Patients of all ages with diabetic foot ulcers
Intervention: Hyperbaric oxygen therapy
Comparator: Standard wound care
Outcome: Incremental cost effectiveness ratio (ICER)
Manuscript titles and abstracts were assessed, followed 

by a full-text eligibility assessment. The study investigators 
(A.K.F. and T.M.A.) separately and in duplicate reviewed 
the title and abstract. For studies assessing cost-effective-
ness [calculating the incremental cost-effectiveness ratio], 
they proceed on to full-text review.

Articles were excluded if they were only published in ab-
stract form, were not published in peer-reviewed journal, 
were written in a language other than English, did not 
include a cost-effectiveness assessment, did not evaluate 
patients with diabetic ulcers, or did not use HBOT. Disagree-
ments among reviewers were handled through consensus, 
and agreement was measured (kappa statistics).

DATA EXTRACTION AND ANALYSIS
The main finding of this study was the cost-effective-

ness of using HBOT for patients with diabetic foot wound. 
Study investigators (A.K.F. and T.M.A.) extracted data in-
dependently and in duplicate. The following data were ex-
tracted in duplicate: author, year, nation, population, model 
type, perspective, time horizon, discount rate, outcomes 
assessed, input details (clinical inputs and costs), clinical 
input sources, currency, main results, uncertainty evalua-
tions, and general conclusions. Disagreements amongst 
reviewers were settled through consensus and a thorough 
examination of source texts.

The quality assessment of the studies included in 
the review was carried out based on the 2022 Consolidated 

Table 1. Search terms

Searches

1 Diabetic foot

2 Diabetes mellitus

3 Ulcer or wound or lesion or lower limb

4 1 AND 2 AND 3

5 Cost or economic or cost analysis or cost-effectiveness or 
cost-effectivity

6 4 AND 5

7 Oxygen therapy or hyperbaric oxygen therapies or hyperba-
ric oxygenation

8 6 AND 7
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Health Economic Evaluation Reporting Standards (CHEERS) 
checklist, which consists of 28 items [21]. Two reviewers 
independently evaluated the studies against the standard, 
yielding a grade of 28. Every part was given single point; 
a half score (0.5) was allocated if the article did not fully 
meet the criteria, for instance, if the choice of perspective 
or discount rate was not interpreted. If the requirement was 
not met, 0 points were given. For all standard that were not 
applicable (N/A) to a single study, the overall possible grade 
was deducted by one point. The percentage values were 
calculated and identified using the previous literature [22, 
23]. Excellent (> 80%), very good (70–80%), good (55–69%), 
and bad (< 55%) are the article classifications.

RESULTS
STUDY SELECTION

A database search retrieved 727 publications (Fig. 1). 
The same articles were removed, and 675 were evaluated 

for title or abstract. Following that, 666 items were eliminat-
ed since they did not fit into the criteria. A total of eight full-
text articles were reviewed; three were included, while the re-
maining five (3 review articles, 1 protocol and 1 not HBOT) 
did not fit the requirements. Of all the cost-effectiveness 
studies, one was from Canada, one from the United States, 
and one from India. All studies were published between 
2003 and 2022 (Table 2). The number of CHEERS Checklist 
items met by each study and their scores are shown in Ta-
ble 3. Two articles met the criteria of excellent (Guo et al. 
[24] and Thiruvoth et al. [25]) and very good (Chuck et al. 
[26]). All articles do not explain the impact of interventions 
provided on other populations or approaches related to 
interventions to engage patients and stakeholders.

POPULATION AND INTERVENTION
In Guo’s study [24], 1000 patients with DFU, aged 

60 years or older and having a Wagner wound classifica-

Table 2. Study characteristics of article

Authors,  
country, year

Economic  
assess-
ment

Population Intervention  
and compa-
rator

Perspective, 
year of costs

Discount  
rate (%)

Model Outcome

Guo et al., US, 
2003 [24]

CEA 60-year-old and older pa-
tients with severe DFU (Wa-
gner Grade III and higher) 

SWC combina-
tion HBOT ver-
sus SWC

Payer’s and so-
cietal; 2001 
USD.

3 Decision 
tree 

LEAs, QALYs 

Chuck et al., 
Canada, 2008 
[26]

CEA 65-year-old Canadian pa-
tients with DFU 

Adjunctive HBOT 
and SWC versus 
SWC 

Ministry of He-
alth; 2004 CAD

— Decision 
tree 

LEAs, healed 
wounds, un-
healed 

Thiruvoth 
et al., India, 
2022 [25]

CUA 55-year-old patients with 
DFU (Wagner Grade II and hi-
gher) 

Adjunctive HBOT 
plus SWC versus 
SWC 

Societal, – 3 A Markov 
decision 
analysis

LEA, QALYs

CEA — cost-effectiveness analysis; CUA — cost-utility analysis; HBOT — hyperbaric oxygen therapy; LEA — low-extremity amputation; SWC — standard wound care; QALYs — 
quality-adjusted life years 
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Figure 1. Flowchart of PRISMA study retrieval
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tion > III were included. Patients were divided into groups 
for the HBOT intervention and control. HBOT group was ad-
ministered 40 sessions; the type of chamber and pressure 
were not disclosed. Furthermore, Chuck’s study included 
a sub-group of 65-year-old DFU patients. The HBOT group 
consisted of 149 patients, while the control group consisted 
of 156 patients. Each session of HBOT lasted 90 minutes 
and was administered 30–40 times. The pressure and kind 
of chamber utilised are not disclosed. Thiruvoth’s study 
included patients with a Wagner wound grade > II DFU. 
The intervention group received approximately 30 HBOT 
sessions of 90 minutes each, with a pressure of two or three 
atmospheres in multiple chambers (Table 4).

METHODOLOGY OF THE COST-EFFECTIVENESS 
ANALYSES

The three studies used different perspectives, namely 
the societal perspective (Guo et al. [24], Thiruvoth et al. [25]) 
and the perspective of the Ministry of Health (Guo et al. [24]; 
Chuck et al. [26]). The time horizon began to be analysed 
in the first, fifth, and twelfth year in the remaining studies.
The discount rate used in the analysis in two studies was 
3% (Guo et al. [24]; Thiruvoth et al. [25]), while no informa-
tion was provided in the third study. The economic analysis 
method used in all studies was the decision model. Decision 
analysis is a systematic, quantitative, and transparent ap-
proach to making decision beneath uncertainty. The basic 
instrument of decision analysis is a decision-analytic model, 
most frequently a decision tree or a Markov model.

RESULTS OF THE COST-EFFECTIVENESS 
ANALYSES

The QALY value obtained in the control group was 
3.61–9.31, while the QALY in the HBOT group was 3.64–
10.26. The ICER obtained in the first, fifth, and twelfth years 
includes 27,310 (first year); 5,166 (fifth year); –$4800; 
$2,255; CND$14,430; and INR193,939 (twelfth year). Two 
studies concluded that HBOT was cost-effective for DFU 
therapy, while the research performed in India stated that 
HBOT was not cost-effective.

DISCUSSION
This systematic review only analyses three articles 

on the cost-effectiveness of hyperbaric oxygen treatment 
in diabetes mellitus patients with feet wounds. Diabetic 
foot ulcers are diabetes complications that may contrib-
ute to leg amputations in individuals. Several therapies 
for accelerating ulcer repair and preventing intervention 
in diabetic patients include debridement, hydrotherapy, 
antibiotics, dressing, surgery of chronic ulcers, negative 
pressure wound therapy (NPWT), growth factors, cellular 
products, skin grafts, oxygen therapy, physical therapy, 

and other systemic therapies including medical and nutri-
tional therapies [27–31]. Hyperbaric oxygen treatment is an 
additional therapy for diabetes mellitus that aids patients 
heal wounds and prevent leg amputation [32].

We identified a range of cost-effectiveness approaches 
that can influence the cost-effectiveness of HBOT, such as 
perspectives, models, types of costs included, and length 
of hyperbaric oxygen therapy. One article uses two per-
spectives, payers and societal, while the other two rep-
resent the Ministry of Health and societal perspectives, 
respectively. The payer or healthcare sector perspective is 
only concerned with direct care expenses (e.g. HBOT costs, 
physician expenditures, hospitalizations, outpatient visits, 
and medication). The cost-utility of HBOT in DFU patients 
in India was the only study that addressed indirect expen-
ditures. The expenses of production losses due to illness 
in patients are used in this study from a society perspective.

We identified two research [24, 25] that prove the cost-ef-
fectiveness of expediting wound healing and preventing am-
putation. Based on a hypothetical cohort in the United States, 
155 major lower extremity amputation (LEA) cases may have 
been averted, and 50.2, 265.3, and 608.7 QALYs gained 
at 1st, 5th and 12th year, respectively. The additional cost 
of using HBO2 therapy was estimated as ($5,901,500 HBOT 
treatment) + ($1,773,780 related to increased total of minor 
LEAs) + ($6,304,315 related to preventable major LEAs). 
These calculations resulted in higher expenses per additional 
QALY gained of about $27,310, $5,166, and $2,255 during 
the 1, 5, and 12-year time periods, demonstrating that HBOT 
is more cost-effective in the long term.

One-way sensitivity analysis conducted by Guo et al. 
revealed that the CE ratio is particularly sensitive to quality 
weights, the number of HBOT per patient, HBO2 expenses 
per session, major and minor LEAs treatment expenditures 
per case. The CE ratio is less affected by mortality and dis-
count rates.

The Canadian study indicated a much lower percent-
age of serious LEA (11%) in participants undergoing adju-
vant HBOT compared to conventional therapy alone (32%). 
Furthermore, when compared to controls, patients receiv-
ing HBOT had a greater prevalence of mild LEA. The cost 
of HBOT for DFU patients was CND$40,695 over a 12-year 
period, compared to CND$49,786 for those who received 
only standard treatment. The outcomes of HBOT group were 
3.64 quality-adjusted life years (QALY) and 3.01 QALY for 
the controls. Because the results are better and the cost 
of HBOT is lower, adjuvant HBOT used in conjunction with 
conventional therapy is the being dominant technique. 
The model was found to be resilient when sensitivity anal-
ysis was done to the primary variables.

Only one study [25] found that HBOT was not cost-effec-
tive for DFU patients in India. When compared to the stan-
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dard wound care (SWC) group alone, the HBOT group re-
duced minor and major LEA by 6.1% and 4.2%, respectively. 
The ICER per amputation avoided and per QALY gained 
were INR 125,761 (US$ 1,699) and 193,939 (US$ 2,621), 
respectively, which are both higher than the one-time Gross 
Domestic Product (GDP) per capita threshold (INR 99,694–
45,679).The results of the one-way sensitivity analysis re-
vealed that HBOT and SWC prices had the greatest impact 
on ICER. According to the PSA results, the simulated ICER 
value is higher than the one-time GDP threshold. If the CET 
value is INR 47,159 (US$ 637), hyperbaric oxygen therapy 
will be cost-effective.

The differences in costs and ICER values may be caused 
by variations in economic circumstances and clinical prac-
tice. Disparities in the cost-effectiveness of hyperbaric ox-
ygen therapy in the United States, Canada, and India may 
be attributable to differences in these nations’ economic 
conditions. The cost of hyperbaric oxygen therapy is higher 
in Canada and the United States than in India. Further-
more, because each author estimates a different session 
of hyperbaric oxygen therapy procedures, the expenditures 
incurred to obtain wound repair and avoid amputation vary. 
Willingness-to-pay (WTP) thresholds represent differences 
in the opportunity costs of health between countries. Accord-
ing to World Health Organisation (WHO) recommendations, 
The WTP threshold in India is one-time GDP per capita. 
When the ICER value of an intervention is less than one-
time GDP per capita, it is deemed cost-effective and an ad-
equate investment. Adopting GDP per capita standards, on 
the other hand, may not correctly represent the underlying 
health impact of increases in health expenditure, especially 
in low-resource situations [33–35].

There are numerous limitations to this systemic review. 
First of all, the number of research was limited, with two 
[22, 23] presenting data from around 20 years ago. Second, 
the findings reported in our study are limited region and cannot 
be generalised. These investigations were conducted in differ-
ent countries with varied economic situations, making compar-
isons impossible. Third, the cost data on which the economic 
model’s variables are based is of inferior quality. Utility mea-
surements, for example, are based on research that indicates 
that the number of observations of people with severe ampu-
tations is quite limited. Since the number of amputations has 
declined dramatically in recent years, getting a large number 
of participants may be difficult. HBOT cost data is based on 
a small number of facilities, and reporting is not standardised. 
Nonetheless, there is high assurance in the fact that adjuvant 
HBOT for DFU patient is cost-effective.

CONCLUSION
Although HBOT is useful in hastening the healing pro-

cess and averting amputations, its cost-effectiveness has 

not been proven in the present study since there is insuf-
ficient evidence to support its use in treating patients with 
diabetic foot wounds. The majority of HBOT studies have 
reported that HBOT is cost-effective. Currently, there is 
a limited number of pharmacoeconomic evaluations for 
the cost-effectiveness of HBOT in DFU. With the increasing 
prevalence of LEA in DFU, a comprehensive cost-effective-
ness evaluation for the topic is fundamental.
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The dictionary of acronyms:
	— CEA (cost-effectiveness analysis) is a type of economic 

study that compares the relative costs and outcomes of two 
or more interventions that perform the same activity.

	— CUA (cost-utility analysis) is a type of economic study that 
compares the incremental cost of a program from a spe-
cific perspective and the incremental health improve-
ment measured in quality-adjusted life years (QALYs).

	— ICER (incremental cost-effectiveness ratio) is expresses 
as the difference in expenditures between two inter-
ventions divided by the difference in medical gain or 
quality of life.

	— LEA (lower extremity amputation) is defined as the total 
loss of any lower limb component in the transverse 
anatomical plane.

	— QALYs (quality-adjusted life years) are a unit of assess-
ment for health outcomes which are also used as the de-
nominator of an incremental cost-effectiveness ratio.

	— SWC (standard wound care) is the current treatment.
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