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ABSTRACT: Diabetic foot ulcer (DFU) has been reported as a sevete medical
complication that occurs due to poor management of diabetes mellitus (DM). About 3%-
8% of DM patients suffer from DFU infection once in their lifetime. A wide range of
antibiotics are used for longer time periods for the management of DFU infection
depending upon type and severity of the infection. As DFUs impose pharmacoeconomic
burden on the healthcare systems across the entire globe, the economic importance of
antibiotics usage in the treatment of DFUs among DM patients can’t be ignored. This
systematic review was conducted by following “Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)” guidelines to evaluate the pharmacoeconomic
burden of antibiotic usage in the management of DFUs among DM patients. Five
databases were used for data search, collection, and extraction including PubMed,
MEDLINE, EMBSE, Cochrane Library, and PsycInfo, on 13 October 2025. To search
used MeSH keywords of “diabetic “diabetic  foot”,

o«

“pharmacoeconomic burden”,

data, we foot ulcer”,

<«

economic cost”, “costs of antibiotics in diabetic foot”,
“antibiotic usage in foot infections in diabetes”, “antibiotic resistance in DFUs
management” and “outcomes of antibiotics usage in foot infections of diabetics” among
all databases. A total of 12 out of total searched papers met the study criteria and were
included in the study. Among 12 selected studies, 13930 DM patients with DFU were
analyzed in a recent study. Quality assessment of the included studies was done by using
a 24-item Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
checklist. It was observed that pharmacoeconomic burden of antibiotics usage among
DFU patients has been tremendously increased in recent years due to high prevalence of
DM, delayed healing process, multiple antibiotics usage, antibiotics resistance and
complicated comorbidities among DM patients. Though parenteral antibiotic therapy has
replaced traditional drug therapy and somehow has reduced the DFU infection-linked
antibiotic usage cost. However, there is a great need to manage the high prevalence of

DM in order to reduce DFU infection rate which directly imposes an economic burden
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on the diabetes care budget of healthcare systems of developed as well as developing

countties.

1. INTRODUCTION

Diabetic foot ulcer (DFU) is a common, severe, and long-lasting medical complication that occurs due to poorly managed
diabetes mellitus (DM) among diabetic patients. DFU has been accounted as the most serious complication of DM that leads
to increased rates of hospital admissions, lower limb damage, and lower limb amputations [1,2]. DFU is an infection that occurs
in soft (feet) tissues and is categorized based on the infection type, area and severity of the lesions caused [3]. There are high
chances of developing DFU infections among 15% of diabetic population and in 2010, the annual incidence rate of DFU ranged
from 0.2% to 11% among DM patients in the US [4]. According to the reports from the International Diabetes Foundation
(IDF), around 40% of DM patients annually suffer from DFU infection across the globe and this ratio is continuously mounting
[4,5]. Another study reported that >15 million DM patients are diagnosed with DFU due to high prevalence of DM and its

poor management [5].

The rate of DFU incidence among the DM patients also varies with the type of DFU, type of treatment, severity of the infection,
variation in follow-up, patient age, and comorbidities present among DM patients [6]. It is also reported in literature that the
annual occurrence rate of DFUs among developed countries is 2-4% with two third recoveries with one-year follow-up [7]. On
the other side, 40% of cases of DFUs do not have recovery of wounds and are accounted as major medical complications
among DM patients [7]. Among those who suffer from DFUs, about 20% experience lower extremity amputation, either major
or minor, and 10% experience mortality risks after the first DFU infection diagnosis [8]. Overall, DFU has been reported as a
major risk factor of lower limb amputation (surgical removal) which occurs among 8% of total reported DFU cases among DM
patients. Among DFU infected diabetic patients, around 74% have high mortality risks which exist within first 5 years of DFU
diagnosis due to severe complications and poor management [9]. Moreover, several scientific evidences suggest that data on
DFU epidemiology among type 1 DM patients significantly differs from the type 2 diabetic population [7-9]. Major risk factors
of DFUs include peripheral arterial wounds, foot deformity, peripheral sensory neuropathy, and foot trauma among the DM
patients [10,11]. These risks are determined by total DM duration, its complications, comorbidities and the age of the sufferers
[8-11].

Usually, DFU patients are extensively treated with antibiotics, but sometimes surgical intervention becomes crucial i.e.,
depending upon the severity of the DFU infection. The antibiotics route of administration to treat DFUs among DM patients
is oral, parenteral, or topical. [12] Inappropriate use of antibiotics among DM patients to treat uncontrolled DFU often leads
to initiation of antibiotic-resistive response which enhances the overall treatment cost of DFU infections [13]. Antibiotic
resistance is directly linked to an increased economic burden among DM patients to treat DFU infections [11-13]. According
to statistical estimations, about 58% of the budget of diabetic care in the US (245 billion USDs) usually been spent on peripheral,
vascular and neurological complications of DFUs among the DM patients [16]. The study of Rice ¢ al, [17] reported that the
US spends >10 billion USDs on DFU treatment (as a medical complication of pootly managed diabetes) per annum. The
indirect cost of diabetic care in the US has been reported around 90 billion USDs and the direct cost is 273 billion USDs
annually [18]. DM patients who experience DFU problems bear additional costs that are 50% to 100% higher than the usual
price of diabetes-related care each year due to a greater frequency of hospitalization, emergency room visits, inpatient stays and
home healthcare utilization [19]. Moderate to advanced-stage DFUs can cost more than 50,000 USDs per recurrence of the
infection, whereas severe-staged DFUs or amputations cost even higher than the usual expenses [20]. Non-medical costs like
productivity losses, and absenteeism from work among DFU infected diabetic patients are also higher as compared with non-
DFU patients.

Medical complications related to DFUs severity and antibiotic resistance often result in increased pharmacoeconomic burden
to DM patients as well as on diabetic healthcare budgets of the countries [18-20]. This increased healthcare budgets are estimated
to be doubled in 2050 due to the higher prevalence of DM among the general population of the world [21]. The economic
burden of DFUs not only increase patient expenditures but also affects the overall healthcare expenditures of the countries
[22]. According to a study, about 6-7 years of income of a middle-incomed person may be spent on the treatment of DFU
infection depending on the type and severity (complications) of the infection [22]. It is also estimated that the treatment cost
of non-diabetic foot ulcers is lower than the DFUs as reported to be 0.13 billion USDs and 1.38 billion USDs, respectively.
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According to a study finding, DFUs impose an additional and direct burden on the overall budget of diabetic care in different
countries [23]. Another study reported that the hospital admission cost of DFU infected diabetic patients was significantly high
as compared to non-infected DFU diabetic patients, estimated neatly 11,290 USDs versus 8,145 USDs, respectively [24].

In literature, few studies are evident that evaluated the cost-effectiveness of DFU interventions but nothing is present regarding
the evaluation of pharmacoeconomic burden of antibiotics usage in the treatment of DFU among DM patients [25-28]. In the
context of high DFU infection prevalence and their related economic burden, it was crucial to evaluate the pharmacoeconomic
burden of antibiotics usage in the management of DFU infection among DM patients [28-30]. Hence, a systematic review of
cohort-based studies was designed and performed to evaluate the pharmacoeconomic burden of antibiotics use in treatment of
DFU infection among the diabetic population.

2. MATERIALS AND METHODS
2.1. Studies selection according to PRISMA guidelines

To fulfill the aim of the study, we conducted a systematic review by following "Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)" [28] guidelines to evaluate the pharmacoeconomic burden of antibiotic usage in DFU
management among DM patients. For the selection and screening of collected research articles, the PRISMA flowchart, [29]

was used as shown in figure 1.
2.2. Search strategy

For this systematic review, a comprehensive search strategy was designed and implemented for data collection and extraction.
Five databases were searched for data search, collection, and extraction including PubMed, MEDLINE, EMBSE, Cochrane
Library, and PsycInfo, on 2 April 2025. To search data, we used MeSH keywords of “diabetic foot ulcer”, “diabetic foot”,

3 3 EEINNTS

“pharmacoeconomic burden”, “economic cost”, “costs of antibiotics in diabetic foot”, “antibiotic usage in foot infections in
2» (13

diabetes”, “antibiotic resistance in DFUs management” and “outcomes of antibiotics usage in foot infections of diabetics”
among all databases. Only those research articles were extracted that have been published from January 2010 to October 2025.

2.3. Study selection

The study selection criteria (including both inclusion and exclusion criteria) were designed for the screening and selection of
the data. To pursue PRISMA guidelines, the PRISMA flowchart was used for the screening and selection of collected research
articles/studies. The selected articles were telated to research aim “the evaluation of the pharmacoeconomic burden of antibiotic

usage in the management of DFUs among DM patients”.

The inclusion criteria for the systematic review included (1) cohort studies, report data, and economic evaluations (2) the study
population were diabetic patients with DFU (3) evaluation or assessment of the pharmacoeconomic burden of antibiotics (4)

economic burden of antibiotic used in DFU management as intervention (5) research articles published in the English language.

The exclusion criteria for this study comprised (1) case studies, narrative reviews, and systematic reviews or meta-analyses (2)
research articles discussing other types of interventions rather than antibiotics usage (3) studies dealt with non-diabetic

populations (4) articles published in languages other than English.
2.4. Data extraction

After following PRISMA guidelines for screening and selection, we extracted necessary data including authors, year of
publication, study location, study population (size), study design, study aim, pharmacoeconomic burden, and study finding as
shown in table 1.

2.5. Assessment of study quality and data synthesis

The quality assessment of the included studies was conducted by using a 24-item Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) checklist [30]. For further quality assessment, two reviewers independently assessed the
included studies according to the study aim, criteria and set scores out of 24. Each component received one point, and if any
study partially met the requirements i.e., by not explaining why it chose a particular perspective, then partial marks were given.
Both of the reviewers examined discrepancies (if any) in the grades given and came to a consensus. It was done to calculate a
precise percentage score. Due to the lack of a widely used approach for evaluating quality, predetermined categories were based
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on available literature. Studies with scores of 85% or above were deemed to be of "outstanding” quality, studies with scores of
70-85% were deemed to be of "very good" quality, studies with scores of 55—-70% were deemed to be of “bettet” quality and

studies with scores of less than 55% were deemed to be of "poor" quality.
3. RESULTS
3.1. Identified studies

For this systematic review, we found 1267 studies related to the pharmacoeconomic burden of antibiotic usage for the
management of DFUs among DM patients. According to the inclusion criteria, 80 papers were found to be related and
reputable, as well as met the study's aim and objectives. Due to duplication, around 68 studies were removed from 80 studies
using exclusion criteria. About 12 out of the remaining papers were up to the standard and met the study inclusion criteria.

3.2. Descriptive analysis of identified studies

Among 12 selected studies, 13930 DFU infected diabetic patients were analyzed in the recent systematic review. These 12
studies were cohortt, retrospective, and longitudinal studies conducted in Saudi Arabia, Canada, Malaysia, the United States, the
Caribbeans, United Kingdom, Australia, Chile, China, India, Tanzania, Singapore and Syria [31-42]. These studies tepresent

different regions of the world with high, low, and moderate economies.
3.3. Quality assessment

The quality assessment of the included studies was conducted by using the CHEERS checklist and the results are mentioned
in figure 2.

3.4. Key results

Each included study discussed the economic burden imposed by antibiotic usage for DFU infection management among DM
patients (from different regions of the world). Among all of the 12 included studies, most of them reported direct, indirect,
medical and non-medical costs as well as other interventional costs such as foot amputation, lower limb or leg amputations or
comorbidities management etc, but we only evaluated/reviewed the pharmacoeconomic burden of antibiotics usage in
treatment of DFU infections. Few studies also evaluated pharmacoeconomic burden related to the high prevalence of DFU
infection and related comorbidities. Among the total 12 included studies, only 2 studies, Prince ¢ 4/, [36] and Motley ez al., [42]
evaluated the percentage increase in pharmacoeconomic burden by antibiotics usage among DFU patients, as 33.1% and 24.1%,
respectively. Among the remaining 10 studies, four studies reported per year cost of antibiotic usage in DFU infected patients
[38-41] and six studies reported overall burden of DFU infection among DM patients for a particular/defined study petiod [31-
37].

In almost all of the studied studies, it was found that the intervention of antibiotic usage was either cost-effective or cost-saving.
This suggested that in majority of the cases, treatments given had offered greater health benefits at lower incremental costs.
Usually, economic evaluation comparisons are difficult to be performed because of the different analyses types and
methodologies used, but the interventions outperformed the comparison in the nine studies because it offered better health
outcomes at a cheaper cost. Due to the adjunct's higher unit cost, the comparator in one study outperformed the intervention.
Three of the studies found that the antibiotics used were cost-saving because their medical advantages were comparable. In six
included studies overall therapy was found to be cost-effective. The intervention was economical for greater-risk patients across

all age categories, whereas the treatment was cost-effective for the least-risk group, according to findings of the studies included.
4. DISCUSSION

The treatment cost of antibiotics used in DFUs impose a significant economic burden on healthcare budgets as compared to
simple diabetic care without DFU infection among DM patients [43, 44]. The high prevalence rate of diabetes has been
triggering high incidence rates of DFU infection due to its poor management along with altered glycemic control [45-47]. Hence,
economic burden of the DM with DFU or without DFU on the healthcare systems can be managed through appropriate
preventive practices, better glycemic control, and precise patient awareness among diabetic patients. Moreover, an early
diagnosis of DFU and effective treatment plans would play a vital role in reducing overall pharmacoeconomic burden (of
antibiotics used in DFUs) on healthcare systems as well as on patient families [47-49].
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In this systematic review, the goal of the study was to evaluate the pharmacoeconomic burden of antibiotic usage in DFU
infection management among DM patients. The economic burden in terms of antibiotic usage and other allied costs (direct,
indirect, medical and non-medical) enormously affect overall healthcare expenditure of diabetic foot care across the globe. The
potential economic burden of DFU infection can be managed by adopting preventative measures and improving healthcare
education which result in overall improvement in glycemic control, quality of life and lowering related expenditures.
Uncontrolled HbA1c, length of antibiotic therapy, type and severity of DFU infection, existence of comorbidities, and therapy
complications are well-known risk factors which often result in prolonged and expensive DFU treatment among DM patients.
Peripheral artery disease, which develops in almost half of the DM patients is another paramount risk factor for development
of DFUs. Other major risk factors of developing DFUs among DM patients include advanced age, poor glycemic control,
unhygienic lifestyle, non-adherence to DM medications, and vatious comorbidities. [50]

The economic cost or pharmacoeconomic burden per DFU-infected patient has been tremendously increased due to multiple
factors. These days, apart from the average price of antibiotics use, and overall diabetic foot care costs, [46] new biological
therapies costs and peripheral surgical procedures to improve blood circulation to the affected foot have also been added to
the treatment choices for patients with DFU. These changes aim to save the affected foot or the lower limb and avoid worse
amputation. Though these two variables have raised the intensity and quality of care in DFU therapy but simultaneously they
have also lengthened the total time spent in providing optimum care [47]. Along with more effective treatment options, there
has been a greater emphasis on treating Wager wounds’ first or second-degree infections for further interventions in the
management of DFU infections and its complications. Moreover, patients with DFUs have a compromised health related
quality of life, higher rate of permanent disabilities and even death, which further increase the intensity of overall resources
used in DFUs care. [48]

Twelve studies were evaluated based on model-based approach and the aim and objectives of the study. This analysis relied on
published data regarding pharmacoeconomic burden of antibiotics usage in DFUs treatment among diabetic patients. All
evaluations were assessed to elaborate the ratio and cost of antibiotics usage in DFUs management strategy. The CHEERS
checklist [30] was used for assessment of the quality of included studies. This checklist found few studies to be “excellent” [31,
33, 35, 306, 38], and a few as “good” [32, 34, 38,], contributing to the authenticity of the systematic review. This highlights that

this systematic review includes high quality studies with recent publications dates.

Pharmacoeconomic evaluation of antibiotic usage in treatment of DFU in diabetic patients is very important in order to know
the exact costs or burden on healthcare systems. Pharmacoeconomic burden of DM has been determined in various countries
across the globe like the US, UK, Saudi Arabia, Australia, Singapore, Chile, China, Syria, India, Malaysia and Canada. According
to a study done in Saudi Arabia, it was observed that about 30% of the overall expenditure of the DM management i.e.,
529389.804 USDs (5347 USDs per ‘person) was spent on antibiotic usage especially among patients suffering from DFU
infections [31]. In Canada, another study reported that per day per patient cost of antibiotics in severe DFU infection was 65
USDs and per person burden was approx. 23725 USD [32]. In that study most of the antibiotics were administered orally and
fewer were IV antibiotics [32]. A study from Malaysia reported that per person daily cost of antibiotics usage was 52 USDs
among DM patients suffering from DFUs [33]. In the US, antibiotic usage cost to treat DFU was 2760 USDs in 2005 and 3315
USDs in 2013 among DM patients [34]. A study done in the Catibbean states/countries, the estimated cost of antibiotic usage
was 31,216 USDs among DM patients suffering from different types and severity of DFUs in hospitals [35].

In a study done in United Kingdom, it was reported that about 33% cost of DFU infection was taken up by antibiotics usage
in the management of DFUs among DM patients [36]. According to another study reported in Australia, it was determined that
about 16334-76 ASDs were spent on the treatment of DFU optimal care at an average age of 45-65 years for infection treatment
[37]. A study from UK, reported that overall cost of healing DFU by antibiotics ranged from £2140 to £8800 among DM
patients [38]. Another study compared pharmacoeconomic burden of antibiotic usage for DFUs treatment among DM patients
from different parts of the world [39]. This study was done on five different countries; Chile, China, India, Tanzania, and the
United States. This study reported that approximately 124000 USD per annum cost increased for antibiotics usage in the
management of DFUs due to the high prevalence of DFU infection rate among DM patients [39].

A study performed among DM patients suffering from DFUs in Singapore reported that the estimated cost for the antibiotics
used to treat a single DFU infected case was approx. 3368 USDs per annum [40]. In Syria, a study done among DM patients
stated that about 400 USDs were increased each year for antibiotics usage in treating DFUs among DM patients suffering from
complicated DFU infections [41]. Another study from the United States, reported that the cost of antibiotics used to treat
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DFUs among DM patients is 24.1% less than the overall cost for affected limb amputation [42]. These all studies highlighted
the importance of knowing the pharmacoeconomic burden of antibiotic used in the management of DFUs among DM patients
in different parts of the world.

Due to rising demand of pharmacoeconomic studies, the majority of the DFU therapies undergo financial assessment
comparisons. All of the included studies in this systematic review, observed whether antibiotic usage in DFU treatment in a
clinical setting was cost-effective or not. In summary, it can be said that implementing precise treatment approaches with
appropriate antibiotic usage over the short- and long-term time spans have lessened the pharmacoeconomic burden of
antibiotics usage in DFU infections while ensuring the best possible patient care [43]. The average level of care for DFUs and
related expenses were included in the included studies evaluations along with some other factors were also taken into account.
These factors include evaluations of the effectiveness of antibiotics, the method and environment in which they were
administered, and adaptation of the strategies which were reflected in various guidelines and suggestions to reduce overall costs
in DFUs [44]. In most of the studies, the analysis collectively evaluated the financial costs associated with antibiotic use among
DFU infected patients. It was also observed that such financial evaluations are varied and difficult to compare since the
antibiotics used for DFUs varied in type, dose, and brands together with various antimicrobial and antifungal agents and

numerous conventional wound care methods. [45].
Strength and limitations of the study

This study has some shortcomings. The findings of this systematic review are solely based on articles written in English, which
might not be a complete representation of all research or available data. Due to time restrictions, we did not look for secret or
published but not publicly accessible gray literature. Only full texts articles available through the online library could be obtained.
The bulk of studies were model-based, hence results mainly relied on the prediction of the impact of intervention rather than
actual application, even if few studies were comparable to clinical studies. The healthcare expenditures of antibiotics used in
DFU management were high due risks of surgical procedures and highest rates of hospital admission among diabetic population.
Proper awareness and precise management of both types of DM can result in reduction of DFU incidence rates as well as other

complications of high blood sugar levels. Thus, the cost of DFU management would also reduce.
5. CONCLUSIONS

Opverall, pharmacoeconomic burden of antibiotic usage in management of DFUs have tremendously increased in the last few
years due to the high prevalence DM, the delayed healing process, antibiotic resistance and several comorbidities among DM
patients. Although the IV antibiotic treatment has replaced traditional oral drug therapy in numerous DFU infections and
somehow reduced the DFU infection-linked antibiotic usage cost. However, there is a great need to manage the high prevalence
of DM in order to reduce DFU infection rate which directly imposes an economic burden on the diabetes care budget of

healthcare systems of developed as well as developing countries.
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Figure 1: PRISMA flow chart of the systematic review
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Figure 2. Quality assessment of included studies using the CHEERS checklist
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