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Diabetic foot ulcers (DFUs) are a growing health concern, affecting approximately 
18.6 million people worldwide and 1.6 million in the United States each year.1 DFUs are 
associated with major complications, including amputations and increased mortality.2,3 
Patients with DFU have a 2.5-fold higher mortality rate compared with those without 
DFU,4 with approximately 10% of patients with DFU dying within 1 year of diagnosis.3,5 

Approximately 20% of patients with DFU will require amputation, ranging from minor 
below-ankle procedures to major above-ankle amputations, or both,2 which contrib-
utes significantly to the financial burden on the health care system. The direct cost for 
treating DFUs in the United States is estimated to be in 2018 between $9 and $13 billion 
annually,6 making DFUs the second most expensive wound type covered by Medicare.7 

A meta-analysis estimated a worldwide DFU prevalence of 6.3%, while 19–34% of indi-
viduals with diabetes are expected to develop a DFU during their lifetime. As the global 
diabetes population is projected to increase from 463 million in 2019 to 700 million by 
2045, the burden of DFUs is expected to rise substantially in the coming decades.1,8-9 
With the increased incidence worldwide of diabetes and subsequently, of DFUs, these 
wounds have become an urgent health problem.8 US Wound Registry real-world data 
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ABSTRACT
Background. Diabetic foot ulcers (DFUs) are a significant complication of 
diabetes, leading to high morbidity rate, amputation, and health care costs. 
Autologous blood-derived products, including autologous whole blood clot 
(AWBC), platelet-rich plasma, and platelet-rich fibrin, have emerged as promising 
treatments that leverage the body’s own healing mechanisms. Objective. To 
evaluate the efficacy of autologous blood-derived products compared with 
standard-of-care (SOC) treatment in achieving complete healing of DFUs by 12 
weeks. Methods. A systematic review and meta-analysis of sources published 
through April 2025 was performed following PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines. PubMed, Embase, and the 
Cochrane Library were searched. Randomized controlled trials (RCTs) reporting 
complete healing at 12 weeks were included. Data were pooled using a random 
effects model to calculate odds ratio (OR) with 95% CI. Results. Six RCTs with a 
total of 629 patients met the inclusion criteria. Autologous blood-derived 
products significantly improved the odds of complete healing at 12 weeks 
compared with SOC (pooled OR, 2.24; 95% CI, 1.47-3.41; P = .0045). Among these 
products, AWBC demonstrated the highest efficacy, and there was minimal 
indication of publication bias. Conclusion. Autologous blood-derived products 
significantly improve healing outcomes in DFUs compared with SOC, supporting 
their clinical use. Further research should refine product preparation methods 
and treatment durations to maximize efficacy.
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indicate that 70% of patients with DFUs 
do not achieve healing within 12 weeks of 
receiving standard wound care.10 Current 
first-line treatments focus on moisture 
and infection control, regular debride-
ment, glucose monitoring, and appro-
priate wound dressings.11 These poor 
outcomes and the need for more effective 
therapies has led to the emergence of au-
tologous blood-derived products, includ-
ing autologous whole blood clot (AWBC), 
platelet-rich plasma (PRP), and plate-
let-rich fibrin (PRF). These technologies 
utilize the patient’s own blood to create a 
therapeutic dressing designed to restore 
the wound’s natural healing cascade.12,13 
The efficacy of autologous blood-derived 
products in managing DFUs and enhanc-
ing healing rates by week 12 has been 
established in clinical trials.13-18 To further 
assess the effect of these therapies, the 
authors of the present review conducted a 
meta-analysis of all relevant randomized 
controlled trials (RCTs) with the aim of 
providing robust evidence supporting 
their clinical effectiveness. 

METHODS
Literature Search and Study Selection

A systematic literature search was con-
ducted in accordance with the PRISMA 
(Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines 
using 3 databases: PubMed, Embase, and 
the Cochrane Library. The search for lit-
erature published through April 2025 used 

the terms “diabetic foot ulcer,” “autolo-
gous,” and “randomized controlled trial.” 
Two reviewers (RJS, SC) independently 
screened the titles and abstracts of all 
identified articles. Any disagreements 
regarding a manuscript’s eligibility were 
resolved through consultation with a third 
reviewer (SS).

Eligibility Criteria
The inclusion criteria were as follows: 

(1) studies involving only DFU, (2) RCT 
design, (3) treatment groups receiving 
autologous blood-derived products, (4) 

control groups receiving conventional 
treatment only, (5) outcomes data report-
ing complete healing at 12 weeks, (6) full 
text available, and (7) articles published 
in English. Exclusion criteria included the 
following: (1) studies involving combined 
treatments, (2) retrospective studies, (3) 
retracted articles, and (4) studies lacking 
outcomes data.

Data Extraction
Data extracted from the search were 

entered into an electronic spreadsheet, 
capturing the full article title, first 
author’s name, year of publication, and 
reason for inclusion or exclusion. For 
studies included in the analysis, additional 
data were collected, including the number 
of patients in the intention-to-treat 
population, duration of active treatment, 
standard of care (SOC) used in the con-
trol group (ie, off-loading, debridement, 
wound cleansing, moisture and infection 
control, and the application of wound 
dressings [eg, petrolatum-based, alginate, 
hydrocolloid, semiocclusive]), outcome 
measures, wound duration, and ulcer size. 
Treatments involving advanced technolo-
gies, including hyperbaric oxygen therapy, 
negative pressure wound therapy, and 

Table 1. Eligible Studies

SOURCE TITLE NUMBER (ITT)

Snyder et al,14 
2024

Efficacy and safety of autologous whole blood clot in 
diabetic foot ulcers: a randomised controlled trial 119

Driver et al,13 2006
A prospective, randomized, controlled trial of autol-
ogous platelet-rich plasma gel for the treatment of 
diabetic foot ulcers

72

Gude et al,18 2019
Aurix gel is an effective intervention for chronic dia-
betic foot ulcers: a pragmatic randomized controlled 
trial

129

Game et al,15 2018
LeucoPatch system for the management of hard-to-
heal diabetic foot ulcers in the UK, Denmark, and Swe-
den: an observer-masked, randomized controlled trial

269

Ahmed et al,16 
2017

Platelet-rich plasma for the treatment of clean diabet-
ic foot ulcers 56

Li et al,17 2015
Autologous platelet-rich gel for treatment of diabetic 
chronic refractory cutaneous ulcers: a prospective, 
randomized clinical trial

103

Abbreviation: ITT, intention-to-treat.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram 
of study selection. Abbreviation: DFUs, diabetic foot ulcers; wk, week(s).
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advanced dressings such as cellular and/or 
tissue-based products were not consid-
ered part of SOC and were excluded from 
the final analysis.

Statistical Analysis
The meta-analysis used a random ef-

fects model because of the initial assump-
tion of heterogeneity in results between 
the 6 studies that ultimately were select-
ed. The odds ratio (OR) (blood-derived 
product vs control) in favor of healing 
was calculated for each of the studies and 
then pooled using the Mantel-Haenszel 
method. CIs for each individual study and 
overall based on the normal distribution 
approximation were computed. Assess-
ment of the homogeneity of the studies 

was performed using the Cochran Q test. 
In addition, the I2 index for the quantifica-
tion of heterogeneity was determined by 
the method of Higgins and Thompson.19 A 
CI for I2 was calculated using the method 
of Higgins et al.20 

Analysis was performed using data on 
complete healing, which was defined as 
100% reepithelialization of the wound 
surface in the absence of drainage or 
discharge and without the need for wound 
dressings. For all analyses, a P value of less 
than .05 was considered to be significant.

RESULTS
The initial search identified 828 studies, 

of which 110 were duplicates. Of the 
remaining studies, 645 were excluded 

because they investigated treatments 
that were not autologous. An additional 
67 articles were excluded based on the 
study inclusion and exclusion criteria: 21 
were not RCTs, 13 involved combination 
treatments in the treatment groups, 5 
did not use blood-derived products, 7 did 
not focus on DFUs, 16 assessed outcomes 
other than complete healing at 12 weeks, 2 
were not published in English, and 3 were 
retracted (Figure 1). Ultimately, 6 articles 
met the inclusion criteria and were in-
cluded in the final analysis. These articles 
are detailed in Table 1.

A meta-analysis was conducted to eval-
uate wound healing outcomes at 12 weeks 
after the initiation of treatment with 
autologous blood-derived products. Only 

Table 2. Baseline Characteristics

SOURCE TREATMENT 
GROUP

AGE, MEAN 
(SD), Y SEX, NO. (%) WOUND 

LOCATION, NO. (%)
WOUND MEASUREMENT AT 
BASELINE, MEAN (SD), CM2

Snyder et al,15 2024 AWBC (n = 59) 58.3 (8.8) M, 45 (76)
F, 14 (24)

Plantar, 45 (76) 
Toe, 8 (13)

5.3 (5.6)

SOC (n = 60) 56.2 (10.9) M, 49 (82)
F, 11 (18)

Plantar, 48 (80) 
Toe, 12 (20)

4.6 (4.8)

Driver et al,14 2006 PRP gel (n = 40) 56.4 (10.2) M, 32 (80)
F, 8 (20)

Toe, 13 (32.5) 
Heel, 18 (45)

4.0 (5.3)

Control (n = 32) 57.5 (9.1) M, 27 (84.4)
F, 5 (15.6)

Toe, 14 (43.8) 
Heel, 10 (31.2)

3.2 (3.5)

Gude et al, 2019 PRP + UCC (n = 66) 64.7 M, 51 (77.3)
F, 15 (22.7)

No data available 4.1

UCC (n = 63) 66.9 M, 49 (77.8)
F, 14 (22.2)

No data available 5.6

Game et al,16 2018 PRF (n = 132) 61.9 (11.4) M, 107 (82)
F, 24 (18)

Total forefoot, 108 (82)
Plantar forefoot, 57 (43)
Hindfoot, 24 (18)

2.3 (2.1)

SOC (n=135) 62.0 (11.9) M, 110 (81)
F, 25 (19)

Total forefoot, 99 (74) 
Plantar forefoot, 54 (40) 
Hindfoot, 35 (26)

2.5 (2.3)

Ahmed et al, 2017 PRP (n=28) 43.2 (18.2) M, 20 (71.4)
F, 8 (28.6)

Toe, 5 (17.9)
Heel, 7 (25)
Metatarsal, 16 (57.1)

Range, 2.5-11.6

Control (n=28) 49.8 (15.4) M, 18 (64.3)
F, 10 (35.7)

Toe, 6 (21.4)
Heel, 8 (28.5)
Metatarsal, 14 (50)

Range, 2.2-10.2

Li et al, 2015 APG (n=59) 61.4 (13.1) M, 37 (62.7)
F, 22 (37.3)

No data available 4.1

Control (n=58) 64.1 (9.4) M, 38 (65.5)
F, 20 (34.5)

No data available 2.9

Abbreviations: AWBC, autologous whole blood clot; F, female; M, male; SOC, standard of care; PRP, platelet-rich plasma; UCC, usual and customary care; 
PRF, platelet-rich fibrin; APG, autologous platelet-rich gel; SD, standard deviation; y, year(s).
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RCTs comparing these products with SOC 
treatment and reporting complete healing 
rates at 12 weeks were considered. The 
6 studies included in the analysis were 
Snyder et al,14 Ahmed et al,16 Driver et al,13 
Li et al,17 Gude et al18 (limited to patients 
whose control group received SOC), and 

Game et al,15 with analysis focused on the 
12-week data. The products used in these 
studies included AWBC, PRP, autologous 
platelet-rich gel, PRP, and PRF.

In the analyzed sources, a total of 629 
patients were enrolled to receive either 
an autologous blood product or a control 

treatment. Most patients were male 
(92%), with mean age ranging from 43.2 
years to 66.9 years across the studies. All 
wounds were chronic (>28 days), with 
mean wound size at baseline ranging from 
2.2 cm² to 5.6 cm² (Table 2). Wound size 
assessment varied across the included 
studies. Snyder et al14 and Li et al17 used 
validated planimetric digital measurement 
systems, Gude et al18 and Driver et al13 
estimated wound area using linear mea-
surements (length × width), and Game et 
al15 and Ahmed et al16 did not report the 
methods used for wound measurement. 
The wounds included in the present study 
were predominantly classified as Wagner 
grade 1.13-16 Wagner grades 2 and 3 were 
reported in 2 studies.17-18 However, these 
publications did not provide exact distri-
butions of wound counts across Wagner 
grade categories. 

The results of the present study 
demonstrate that autologous blood-de-
rived products show significantly greater 
efficacy compared with SOC treatment in 
DFUs. The ORs across the included stud-
ies range from 1.23 in Driver et al13 to 3.89 
in Snyder et al,14 with a pooled OR of 2.24 
(95% CI, 1.47-3.41; P = .0045) (Figure 2). 
It is important to note that the authors of 
the present study used only the reported 

Table 3. Odds Ratio Results From the Combined and Individual Studies

LOG(OR) OR TEST (OR = 1) PERCENT WEIGHT

OR VALUE STD ERR LOWER UPPER VALUE P VALUE FIXED RANDOM COCHRAN Qa

Combined

Fixed model               2.2474 0.8098 0.1861 1.5605 3.2366 4.351 .0000 100.0  3.833

Random model          2.2364 0.8048 0.1643 1.4659 3.4118 4.898 .0045  100.0

Studies

Snyder et al, 202414   3.8857 1.3573 0.4483 1.6140 9.3551 3.028 .0025 13.4 17.5 1.492

Driver et al, 200613 1.2305 0.2074 0.5182 0.4456 3.3976 0.400 .6890 17.1 13.1 1.351

Gude et al, 201918 2.7300 1.0043 0.5011 1.0225 7.2892 2.004 .0450 12.6 14.0 0.151

Game et al, 201815      1.7070 0.5347 0.3375 0.8810 3.3075 1.584 .1131 34.5 30.9 0.664

Ahmed et al, 201716    2.8421 1.0445 0.6748 0.7572 10.6676 1.548 .1217 6.9 7.7 0.121

Li et al, 201517                 2.5000 0.9163 0.4601 1.0147 6.1596 1.992 .0464 15.5 16.6 0.054

aThis column shows the contribution of the study (or group of studies) to this test for homogeneity, with the overall value of Q shown in the first line
Abbreviations: OR, odds ratio; Std Err, standard error.

Figure 2. Forest plot illustrating the odds ratios (ORs) and 95% CIs for the 6 individual studies 
evaluating the effect of the intervention compared with standard of care. Red circles represent point 
estimates of the ORs for each study, with horizontal blue lines indicating 95% CIs. The yellow diamond 
represents the pooled OR and corresponding CI from the meta-analysis. 
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12-week efficacy results from Game et al,15 
which were substantially lower than the 
20-week outcomes (the primary end point 
of that study). Additionally, concerning 
the study by Gude et al, the authors of 
the present study only used data from the 
control group that received SOC treat-
ment (excluding advanced therapies), 
based on the reported information.

Cochran Q test of homogeneity yielded 
a value of 3.833, which was not statistically 
significant (P = .57). In addition, the I2 
index was 0.000 (95% CI, 0.000-66.895), 
further supporting the lack of heteroge-
neity in results between the studies; how-
ever, it is important to note that with only 
6 studies, there is limited power to detect 
heterogeneity. Nonetheless, a fixed model 
could have been used; however, as shown 
in Table 3, it would not have resulted in 

a different estimate of the combined OR 
(OR, 2.24; 95% CI, 1.56-3.24; P < .0001). 

Although only 6 studies were includ-
ed in the analysis, the distribution of 
points in the funnel plot appears roughly 
symmetrical, suggesting a low likelihood 
of publication bias (Figure 3). However, 
with so few studies available, a single un-
published negative study could adversely 
affect this plot.

DISCUSSION
Autologous blood-derived products 

offer a potential unique advantage by 
delivering the body’s physiological healing 
cascade directly into the wound bed. By 
providing a rich supply of growth factors 
and cytokines, the autologous blood-de-
rived products form a scaffold, and sup-
port cell migration, tissue regeneration, 

and extracellular matrix (ECM) recon-
struction.21-23 This balanced microenviron-
ment actively promotes and accelerates 
healing. Additionally, the autologous na-
ture of these products carries significantly 
reduced risk of disease transmission and 
immune rejection, making them both safe 
and highly biocompatible. 

The present study demonstrates that 
autologous blood-derived products are 
highly effective in treating DFUs com-
pared with SOC. The 3 main products in 
this category—PRP, PRF, and AWBC—
have been used as treatments for DFUs. 
Although all 3 products are derived from 
the patient’s own blood, they differ in their 
preparation methods and composition. 

PRP is prepared by drawing whole 
blood into a tube containing anticoagu-
lants, followed by centrifugation steps to 
concentrate the platelets. However, the 
procedure lacks standardization, leading 
to variability in product composition.24 
In contrast, PRF preparation does not 
require anticoagulants or external activa-
tors. The blood is drawn and subjected to 
a single centrifugation step, resulting in 3 
layers, 1 of which is the PRF matrix used 
for treatment.25 

Unlike PRP and PRF, the preparation 
of AWBC does not involve centrifugation. 
Instead, whole blood is placed into an 
activation mold that contains clotting 
factors, which accelerates the clotting 
process and produces a blood clot within 
a few minutes.14 Whereas PRP and PRF 
focus on concentrating activated platelets, 
which are widely recognized as major con-
tributors to the wound healing process, 
AWBC incorporates all the blood compo-
nents, including all activated platelets, in 
its final product.

Platelets, which are a common com-
ponent in all the blood-derived products, 
play a central role in regulating hemo-
stasis and thrombosis.26 When activated, 
platelets secrete growth factors such as 
platelet-derived growth factor (PDGF) 
and epidermal growth factor (EGF), 
which are vital to wound healing because 
they promote the production of collagen, 
glycosaminoglycans, and proteoglycans 

Figure 3. Funnel plot showing the relationship between the standard error and the log odds ratio of 
each study included in the meta-analysis, generated to assess publication bias. 
1, Snyder et al14; 2, Driver et al13; 3, Gude et al18; 4,  Game et al15; 5, Ahmed et al16; 6, Li et al17.
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by fibroblasts.27-29 Together with fibrin, 
the scaffold formed by platelets deliv-
ers a wide array of growth factors, such 
as vascular endothelial growth factor, 
PDGF, basic fibroblast growth factor, and 
EGF, into the wound bed. These factors 
play crucial roles in the wound healing 
cascade, supporting reepithelialization, 
dermal maturation, and cellular prolif-
eration.28 Researchers have found that 
in blood-derived products, the factors 
stored within platelets play a key role in 
influencing the molecular mechanisms 
and biological processes essential for 
wound healing.23,30,31 

Although there is a focus on plate-
lets when looking at PRP products, the 
optimal platelet concentration remains a 
topic of debate. Some studies suggest that 
a minimum concentration of 1,000,000 
platelets/µL is required to achieve ther-
apeutic effects,32 but others caution that 
excessively high levels of secreted growth 
factors and proteins may lead to abnormal 
cell proliferation or dysregulated signal-
ing, potentially disrupting normal tissue 
repair.33 The optimal platelet concentra-
tion for PRP has not been clearly defined. 
The concentration of growth factors can 
vary depending on the preparation meth-
od and platelet levels, and these variations 
may significantly affect the efficacy of PRP 
in healing DFUs.31 

In contrast to PRP, which contains 
high concentrations of platelets, PRF also 
includes elevated levels of host immune 
cells.22 During PRF preparation a dense fi-
brin network forms, allowing for the slow 
and sustained release of growth factors 
into the surrounding tissue.34 Unlike PRP, 
PRF is produced using a standardized 
protocol.21 

Different from both PRP and PRF, the 
AWBC preparation technique involves 
no separation of blood components; 
the final product retains all elements of 
whole blood, including activated platelets, 
leukocytes, red blood cells, fibrin, and 
plasma. Each of these components has 
been shown to contribute to the heal-
ing process by promoting the secretion 
of growth factors essential for wound 

repair.23 When examining the mechanism 
of action of AWBC, the combination of 
various blood cells and the fibrin mesh, 
which mimics the properties of the ECM, 
appears to closely replicate the natural 
healing cascade.23 This may explain why, 
in the present study, AWBC demonstrated 
the highest OR among the blood-derived 
products analyzed. However, the authors 
of the present study acknowledge that the 
95% CI for the OR for healing with AWBC 
versus control in Snyder et al14 (95% CI, 
1.61-9.36) overlaps that for the pooled 
results for the PRP and PRF preparations 
(95% CI, 1.33-2.98); thus, there is no mean-
ingful statistical evidence for a difference 
between these approaches.

The present analysis clearly demon-
strates the advantage of autologous 
blood-derived products over SOC in treat-
ing DFUs. The 6 studies analyzed included 
a total of 629 subjects and yielded a com-
bined OR of 2.24. Of these studies, Snyder 
et al15 (AWBC) demonstrates the highest 
OR at 3.88 (as a point estimate). 

A review of baseline characteristics 
across all 6 studies shows that Snyder et 
al14 has relatively larger baseline wound 
areas compared with most other included 
studies, although direct comparisons are 
limited because wound size was report-
ed using different summary measures 
across studies (AWBC, 5.3 [5.6] cm² vs 
SOC, 4.6 [4.8] cm²), that may highlight 
the strength of those findings. It is worth 
noting that only 2 studies, Snyder et al14 
and Ahmed et al,16 reported mean wound 
duration prior to treatment. As a result, it 
is not possible to assess whether wound 
age influenced the healing outcomes 
across all 6 studies. However, the data 
from these 2 studies suggest variability in 
wound chronicity: Snyder et al14 reported 
a longer mean wound duration of 78.8 
weeks in the AWBC group and 45.3 weeks 
in the control group, whereas Ahmed et 
al16 reported mean durations of 11.5 weeks 
in the PRP group and 12.5 weeks in the 
control group.

This variability in wound duration 
complements the considerable heteroge-
neity observed in wound severity across 

the included studies. While 4 studies, 
including Snyder et al,14 primarily evalu-
ated Wagner grade 1 wounds, Gude et al18 
and Li et al17 included patients with more 
advanced Wagner grades 2 and 3 wounds. 
Both wound chronicity and severity can 
influence treatment efficacy; thus, studies 
focusing on Wagner grade 1 wounds may 
report higher efficacy rates compared 
with studies that include more chronic or 
advanced wounds. The present analysis 
focused on outcomes reported after 12 
weeks of treatment. It is worth noting 
that Game et al15 assessed their primary 
end point at 20 weeks (OR, 1.58), with 
a healing rate of 34% in the PRP group 
compared with 22% in the SOC group. 
However, when examining the 12-week 
time point used in the present analysis, 
their data showed a lower healing rate of 
20% for PRP versus 13% for SOC.16 More-
over, inclusion of the 20-week end point 
in the pooled analysis would likely have 
resulted in a greater overall treatment 
effect for autologous blood-derived prod-
ucts compared with SOC. This suggests a 
significant benefit to extending treatment 
beyond 12 weeks, as reflected in improved 
patient outcomes. Interestingly, Snyder et 
al14 also noted that it is highly likely that 
approximately 11.8% of the wounds that 
were not healed at 12 weeks with AWBC 
would have healed with additional applica-
tions.

LIMITATIONS
Although this meta-analysis provides 

robust evidence supporting the efficacy 
of autologous blood-derived products in 
the treatment of DFUs, several limitations 
must be acknowledged. Variations in study 
design, intervention protocols (eg, differ-
ences in PRP, PRF, and AWBC preparation 
techniques), and patient populations may 
introduce bias and affect comparability 
across studies. Additionally, while this 
analysis focused on healing outcomes at 
12 weeks, some studies reported primary 
end points at later time points, which may 
underestimate the long-term benefits of 
these treatments. 
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CONCLUSION
This meta-analysis highlights the clini-

cal effectiveness of autologous blood-de-
rived products in enhancing wound 
healing in DFUs compared with SOC. 
The pooled analysis of 6 RCTs involving 
629 patients demonstrates a significant 
improvement in complete healing rates at 
12 weeks, with AWBC showing the highest 
OR among the evaluated products. These 
findings support the integration of autol-
ogous therapies into clinical practice for 
DFU management, especially in patients 
who do not respond adequately to conven-
tional care. The analysis also underscores 
the potential importance of extending 
treatment duration beyond 12 weeks, as 
evidenced by improved outcomes in stud-
ies with longer follow-up periods. Given 
the growing prevalence of diabetes and 
the substantial clinical and economic bur-
den of DFUs, autologous blood products 
present a promising advanced solution. 
Further research is needed to refine prod-
uct preparation methods and treatment 
duration to maximize efficacy. 
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