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Abstract

Introduction: Diabetes related foot ulcers (DFUs) are common complications of type 2 diabetes mellitus (T2DM),
affecting 15-25% of individuals living with diabetes and significantly contributing to healthcare costs ($9-13 billion annually
in the U.S.). Without effective management, these wounds often lead to severe outcomes like amputations. This study aims
to examine the association of semaglutide on DFU management.

Methods: This retrospective cohort study utilized TriNetX US Research Network data to assess the impact of sem-
aglutide, a GLP-I receptor agonist, on DFU outcomes between 2013 and 2023. The study compared outcomes between
semaglutide users with DFU (Cohort A, N = 6329) and non-users with DFU (Cohort B, N = 1 18,821) across 64 healthcare
organizations. We matched participants by age, gender, race, and ethnicity; however, we excluded patients with certain co-
morbidities. Statistical analysis, such as chi-square analysis and risk ratio, using TriNetX software evaluated different
complication outcomes.

Results: Semaglutide users with DFU demonstrated lower relative risks for complications compared to non-users. Within
| year, semaglutide users were associated with lower relative risks for wound healing complications (0.19% vs 0.38%),
chronic non-healing wounds (0.75% vs 1.23%), chronic pain (4.44% vs 8.06%), wound care (2.42% vs 4.86%), wound
dehiscence (0.26% vs 0.56%), and amputation (2.34% vs 5.21%) (p < .05). Similar trends persisted over 5 years. While these
findings highlight potential benefits of semaglutide with patients with DFU, causation cannot be inferred due to the study’s
observational design.

Conclusion: Semaglutide use was associated with favorable outcomes in patients with diabetes-related foot ulcers,
including reductions in wound-related complications. While these findings suggest potential benefits of semaglutide as an
adjunct in DFU management, further research is needed to confirm these associations and to better understand the
mechanisms involved.
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Introduction

Managing diabetes related foot ulcers presents a significant
challenge, contributing to high morbidity and healthcare
costs.' Approximately 15-25% of individuals with dia-
betes are expected to develop a foot ulcer during their
lifetime.> Additionally, the financial burden of treating
DFUs is substantial, with annual management costs in the
U.S estimated between $9 billion and $13 billion, on top of
the existing costs of diabetes care.’ These persistent
wounds are often difficult to treat and can lead to serious
complications such as infections, amputations, and ex-
tended hospitalizations.” Ensuring effective management
of DFUs is crucial for improving patient outcomes, en-
hancing patients’ quality of life, and alleviating the fi-
nancial strain on healthcare systems.’

Despite the availability of various medical and surgical
interventions aimed at promoting wound healing and
preventing complications, the incidence of chronic non-
healing wounds and associated morbidities remains high.®
Recently, the introduction of new therapeutic agents,
particularly glucagon-like peptide-1 (GLP-1) receptor
agonists like semaglutide, has shown potential in im-
proving wound healing and reducing complications related
to DFUs.”"® Nevertheless, there is a lack of extensive, real-
world data comparing the effectiveness of semaglutide to
that of other commonly used anti-diabetes drugs like
metformin in this patient group. This study seeks to fill this
knowledge gap by examining the association between
semaglutide use and wound healing outcomes in patients
with DFUs, utilizing the comprehensive patient data from
the TriNetX United States Research Network (live.trinetx.
com). Incorporating semaglutide as an adjunctive therapy
for diabetes related foot ulcer treatment could transform
clinical practice.” The current standard treatments for
diabetes-related foot ulcers—debridement, infection con-
trol, offloading, and advanced wound dressings—often
yield suboptimal healing rates, leading to prolonged pa-
tient suffering and higher healthcare costs.'” Adding
semaglutide to the treatment regimen could improve the
effectiveness of these conventional approaches, resulting in
quicker healing times and better overall outcomes for
patients.'' Additionally, the systemic benefits of sem-
aglutide, such as weight loss and cardiovascular protection,
provide additional advantages by addressing the multi-
faceted complications associated with diabetes.'? This
holistic approach could enhance the quality of life for
people living with diabetes, reducing the burden of chronic
wounds and their associated complications. Semaglutide
not only targets the wound itself but also addresses un-
derlying issues that exacerbate wound healing problems in
patients living with diabetes."?

The objectives of this study are twofold: (1) to evaluate
the extent to which semaglutide use is associated with a

reduced risk of complications and (2) to compare these
associations between patients using semaglutide and those
who are not. Given the observational nature of this study,
we aim to describe associations between semaglutide use
and diabetes-related foot ulcer outcomes rather than es-
tablish causality. We hypothesized that semaglutide use
would be associated with improved healing outcomes and a
reduced risk of complications compared to patients who did
not use semaglutide.

Methods

Data source

A retrospective cohort analysis was conducted using the
TriNetX Research Network to identify patients who had
been prescribed semaglutide in the last year. As of June 14,
2024, the TriNetX United States (US) Collaborative Net-
work consists of 113.5 million patients across 64 healthcare
organizations (HCOs). TriNetX provides access to de-
identified patient data extracted from electronic medical
records (EMRS), encompassing inpatient and outpatient
visits. Consequently, our study was granted a letter of
waiver by our institution’s Institutional Review Board
(IRB) because it does not fall under the category of human
subject research.

Study population

Inclusion and exclusion criteria. The study population con-
sisted of patients with diabetes related foot ulcers and type
2 diabetes. Patients were selected based on the following
inclusion criteria: (1) diagnosed with foot ulcers (ICD-
10 codes: 197, L97.5, L97.50); (2) diagnosed with type
2 diabetes (ICD-10: E11); and (3) prescribed at least one
prescription for semaglutide (RxNorm:1991302). Since no
single ICD-10 code exists to explicitly combine DFUs with
type 2 diabetes, these separate codes were used as proxies
to identify relevant cases. Although this methodology may
not capture the full spectrum of clinical presentations as-
sociated with DFUs, it provides a reasonable approxima-
tion of the study population based on available coding
standards.'*'> The exclusion criteria were applied to re-
move patients with conditions that could affect wound
healing: peripheral vascular disease (ICD-10: 173, 173.9),
chronic kidney disease (ICD-10: N18), chronic obstructive
pulmonary disease (ICD-10: J44, J44.9), heart disease
(ICD-10: I51, 151.9).

The exclusion criteria were selected to minimize con-
founding conditions with well-documented, direct impacts
on wound healing in patients with diabetes related foot
ulcers. Specifically, we excluded patients with peripheral
vascular disease, chronic kidney disease, chronic obstructive
pulmonary disease, and heart disease are particularly
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relevant in diabetes related populations, as these conditions
significantly impair blood flow, oxygenation, and cellular
repair mechanisms critical for wound healing.'®'* Given the
prevalence of these conditions in diabetes patients and their
pronounced effects on wound healing, these exclusion cri-
teria were prioritized to create a more homogeneous study
population and to reduce potential confounding from con-
ditions that directly interfere with the study’s primary out-
comes. While other immunosuppressive conditions may also
influence healing, the selected exclusions represent those
most immediately relevant to the diabetes related foot ulcer
population. This targeted approach was chosen to reduce
potential confounding from conditions that directly interfere
with the study’s primary outcomes. As a result of selecting
those with less severe microvascular complications, the
findings may not be generalizable to patients with more
complex DFUs, such as ischemic or non-neuropathic ulcers.
In sum, this targeted approach was intended to focus on the
association between semaglutide use and outcomes within a
more homogeneous population with manageable ulcer
characteristics, but it inherently narrows the scope of the
analysis.

Cohorts and variables. Figure 1 outlines the process of our
study, which aimed to assess the risk of non-healing
complications for diabetes related foot ulcer patients
who had a Semaglutide prescription within 6 months prior

to developing their ulcer (Cohort A) compared to those
who had no Semaglutide prescription during that period
(Cohort B). Both cohorts were assessed at the time of index
of their diabetes related foot ulcer. The study investigated
six outcomes related to wound healing: wound healing
complications (ICD-10 codes: T79.8, T79.8XXA,
T79.8XXD, T79.8XXS), rate of chronic non-healing
wounds (ICD-10 code: T81.89XA), level of chronic
pain (ICD-10 codes: G89.2, G89.28), incidence of post-
procedural wound care (ICD-10 codes: Z48, 7Z48.02,
748.03, 748.01, Z48.00), occurrence of wound dehiscence
(ICD-10 code: T81.3), and rates of amputation (ICD-
10 codes: S98.332A, Z89.43). The inclusion of these
outcomes were chosen based on previous research in-
volving diabetes related foot ulcer patients, highlighting
their impact on wound healing.®2% 2

Cumulative outcomes collection. The cumulative prevalence
of outcomes was calculated by aggregating events related
to diabetes related foot ulcers over the designated follow-
up period, specifically from the time of the index DFU
diagnosis. The increase in prevalence from Year 1 to Year
5 can be translated to a growing burden on health systems
who are treating patients with diabetes related foot ulcers.

Outcomes definitions and coding approach. The outcomes in
this study were identified using ICD-10 codes available in

Patients with TriNetX US Collaborative Network
(n=115,951,504)

}

Patients diagnosed with
Diabetic Foot Ulcers and has
Type 2 Diabetes
n= 125,152

Patients excluded because they
did not have diabetic foot ulcers
or had conditions that could

affect wound healing
(n=115,826,352)

!

118,821 patients without previous history of
Semaglutide use

|

|

6331 patients with Semaglutide use in that last
six months

6,329 patients included for both
cohorts in 1:1 propensity score
matching

Outcomes analyzed:
Wound healing completion
Rate of chronic non-healing wounds
Chronic pain
Post-procedure wound care
Wound dehiscence
Amputation rates

Figure |. Flowchart diagram of selection process for our study.
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the TriNetX database. Definitions of outcomes and limi-
tations of using ICD-10 to select clinical conditions are
described below:

® Time to Complete Wound Healing: The codes T79.8,
T79.8XXA, T79.8XXD, and T79.8XXS were used
as indicators of complications related to wound
healing. Although not exclusive to diabetes related
foot ulcers, they were chosen as reasonable proxies
to capture delayed wound healing.

® Chronic Non-Healing Wounds: The code T81.89XA
was used to represent chronic non-healing wounds.
This code encompasses a range of complications and
was selected as a general marker of non-healing,
acknowledging that it may include broader wound
complications.

® Amputation: The codes S98.332A and Z89.43 were
utilized to capture amputation events. While
S98.332A includes traumatic amputations, it was the
closest available code to represent DFU-related
amputations in the dataset. This was chosen as a
surrogate for amputation due to DFU complications.

® Wound Dehiscence: The code T81.3 was used to
capture wound disruption, despite it being associated
more frequently with surgical wounds healed by
primary intention. It was chosen to approximate
wound dehiscence in the context of DFUs.

Due to the de-identified nature of the TriNetX dataset,
individual chart reviews to validate these codes against
clinical notes were not feasible. Therefore, these ICD-10
codes serve as proxy measures for the outcomes of interest.
We recognize that this coding approach may introduce some
variability and have clarified this limitation in the manuscript.

Propensity score matching. Propensity score matching (PSM)
was conducted using a 1:1 nearest neighbor matching al-
gorithm without replacement, focusing on demographic
variables of age, gender, race, and ethnicity to create
comparable cohorts. This matching approach was performed
using the TriNetX platform, which applies automated al-
gorithms to ensure balanced matching. We selected age,
gender, race, and ethnicity as matching variables due to their
consistent coding across the dataset and their well-
established influence on health outcomes and disparities,
particularly in diabetes related foot ulcer (DFU) healing.
Additional clinical variables such as chronic kidney disease
that could confound healing outcomes were also excluded to
create a more homogeneous cohort.

Statistical analysis

All statistical analyses were performed using TriNetX
software (TRINETX, LLC, Cambridge, MA), which

utilizes JAVA, R, and Python programming languages. For
outcome analysis, we used chi-square tests to compare
categorical variables and t-tests or Mann-Whitney U tests
for continuous variables. Statistical significance was de-
termined using TriNetX’s criteria (p < .05) without ad-
justments for multiple comparisons.

Results

There were 118,821 DFU patients without a semaglutide
prescription, with a mean age of 60.1 + 14.3 years. A total
of 6331 patients had received a Semaglutide prescription
within 6 months prior to developing diabetes related foot
ulcers, with a mean age of 56.7 + 11.4 years. We matched a
group of non-semaglutide users with the semaglutide users
by age, gender, race, and ethnicity. After matching, both
cohorts consisted of 6329 patients each. Demographic
details for each cohort after matching are provided in
Table 1.

Patients with a prior history of diabetes related foot
ulcer and previous use of semaglutide were compared to
those who only had a prior history of diabetes related
foot ulcers and without semaglutide. Our study revealed
a greater association of significantly lower risk for
wound healing complications, chronic non-healing
wounds, chronic pain, wound care, wound dehis-
cence, and amputation following diabetes related foot
ulcers in the semaglutide group for 1-year and 5-years
after their foot ulcer compared to patients without a
semaglutide prescription (Table 2).

At 1 year, semaglutide users were associated with a
lower risks of wound healing complications (0.19% vs
0.38%, p = .0461), chronic non-healing wounds (0.75% vs
1.23%, p = .0075), chronic pain (4.44% vs 8.06%, p <
.0001), wound care (2.42% vs 4.86%, p < .0001), wound
dehiscence (0.26% vs 0.56%, p = .0083), and amputation
(2.34% vs 5.21%, p < .0001) compared to non-users. At
5 years, semaglutide users continued to show a lower
associated risks of wound healing complications (0.65% vs
0.89%, p <.0001), chronic non-healing wounds (0.94% vs
1.71%, p = .0002), chronic pain (7.71% vs 9.04%, p =
.0188), wound care (3.69% vs 7.25%, p < .0001), wound
dehiscence (0.45% vs 0.92%, p = .0013), and amputation
(3.39% vs 6.55%, p <.0001).

Discussion

While the findings suggest a significant association be-
tween semaglutide use and improved diabetes related foot
ulcer outcomes, it is important to recognize that this as-
sociation does not imply causation. The improved out-
comes observed in semaglutide users may reflect better
overall diabetes management, rather than a direct effect of
the medication itself. Thus, semaglutide could act as a
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Table I. Demographics before and after matching Cohorts A (patients with diabetes related foot ulcer with semaglutide use) and

Cohort B (patients with diabtes related foot ulcer without semaglutide use).

Before matching

After matching

Diabetes related foot

Diabetes related foot

Diabetes related foot

Diabetes related foot

ulcer patients with ulcer patients without  p- ulcer patients with ulcer patients without p-
Demographics  semaglutide semaglutide value  semaglutide semaglutide value
Number of 6331 118,821 6329 6329
patients
Mean age in 567+ 11.4 60.1 + 143 <.0001 56.7 £ 114 567+ 114 .9055
years (SD)
Male 3526 (55.6%) 69,437 (60.9%) <.0001 3523 (55.6%) 3526 (55.7%) .9572
Female 2403 (37.9%) 40,098 (35.1%) <.0001 2403 (37.9%) 2401 (37.9%) .9708
White 4453 (70.3%) 73,688 (64.6%) <.0001 4451 (70.3%) 4453 (70.3%) .9690
Black 787 (12.4%) 15,847 (13.9%) .0009 787 (12.4%) 785 (12.4%) .9570
Asian 121 (1.9%) 2708 (2.3%) 0175 121 (1.9%) 120 (1.8%) .9481
Other races 186 (2.9%) 3987 (3.4%) 0177 186 (2.9%) 187 (2.9%) 9581
Unknown races 705 (I1.1%) 15,793 (13.8%) .0009 705 (11.1%) 707 (11.1%) .9550
American Indian 24 (0.3%) 472 (0.4%) 6718 24 (0.3%) 24 (0.3%) 1.000
Native Hawaiian 55 (0.8%) 1476 (1.2%) .0032 55 (0.8%) 53 (0.8%) .8467
Not Hispanic or 4637 (73.2%) 71,544 (62.7%) <.0001 4635 (73.2%) 4641 (73.3%) 9041
Latino
Hispanic or 440 (6.9%) 10,988 (9.6%) <.0001 440 (6.9%) 434 (6.8%) .8334
Latino
Unknown 1254 (19.8%) 31,439 (27.5%) <.0001 1254 (19.8%) 1254 (19.8%) 1.000
ethnicity

SD = Standard Deviation.
p-value: p < .05 was deemed significant.

Table 2. Postoperative outcomes following diabetes related foot ulcers comparing Cohort A (diabetes related foot ulcers with previous
use of Semaglutide) versus Cohort B (diabetes related foot ulcers with no previous use of semaglutide).

Outcomes Cohort A, % Cohort B, % RR (95% ClI) p-value

One year
Wound healing complications 0.19 0.38 0.501 (0.251, 1.002) .0461
Chronic non-healing wounds 0.75 1.23 0.611 (0.425, 0.880) .0075
Chronic pain 4.44 8.06 0.550 (0.371, 0.814) <.0001
Wound care 242 4.86 0.499 (0.408, 0.611) <.0001
Wound dehiscence 0.26 0.56 0.460 (0.225, 0.831) .0083
Amputation 2.34 521 0.448 (0.368, 0.545) <.0001

Five years
Wound healing complications 0.65 0.89 0.728 (1.422, 1.717) <.0001
Chronic non-healing wounds 0.945 1.71 0.533 (0.402, 0.760) .0002
Chronic pain 7.7 9.04 0.852 (0.745, 0.974) .0188
Wound care 3.69 7.25 0.509 (0.433, 0.599) <.0001
Wound dehiscence 0.45 0.92 0.486 (0.310, 0.762) .0013
Amputation 339 6.55 0.517 (0.438, 0.610) <.0001

marker of high-quality diabetes care, which may include
comprehensive management of diabetes related foot ulcers.
The results may be subject to residual confounding, as
patients who receive semaglutide might be those who have
better access to healthcare resources or receive more

comprehensive diabetes management, including optimal
diabetes related foot ulcer care.

Diabetes related foot ulcers represent a formidable
challenge in healthcare due to their propensity for severe
complications such as chronic non-healing wounds,
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chronic pain, wound care, wound dehiscence, and ampu-
tation.”® These complications not only significantly impact
patients’ quality of life but also impose a substantial burden
on healthcare systems.”**> This study provides strong
evidence that semaglutide, a glucagon-like peptide-1
(GLP-1) receptor agonist, is associated with enhance
healing of diabetes related ulcers. Our findings revealed
that patients with a history of semaglutide use were as-
sociated with significantly lower risk of adverse outcomes
such as wound dehiscence and amputation. These results
align with existing research highlighting the benefits of
GLP-1 agonists in skin healing and systemic diabetes
management.® Given the high incidence of non-healing
wounds among patients living with diabetes, which can
lead to severe complications like infections, chronic pain,
and amputations, the role of semaglutide in promoting
wound healing is especially crucial."® Our study provides
evidence on the potential benefit of semaglutide in man-
aging diabetes and enhancing wound healing outcomes,
filling a crucial gap in the existing literature.

Existing literature on diabetes related foot ulcers often
reports varying success rates in wound healing and com-
plications, reflecting the complexity of managing this
condition.”**’ In contrast, our study demonstrated con-
sistent advantages for semaglutide users across multiple
outcome measures, providing robust real-world evidence
supporting its potential role in clinical practice. These
findings contribute valuable insights into the effectiveness
of semaglutide in improving diabetes related foot ulcer
management, complementing and reinforcing previous
research efforts. The long-term management of diabetes
related foot ulcers poses significant challenges due to the
risk of recurrence and persistent complications.! By ex-
tending our follow-up period to 5 years, our study provided
valuable insights into the ongoing associations between
semaglutide use and outcomes, including reduced risks of
chronic pain and amputation. These findings shed light on
the potential of semaglutide to mitigate the chronic se-
quelae of diabetes-related foot ulcers, offering hope for
improved long-term patient outcomes.

Mechanisms of action

The mechanisms by which semaglutide facilitates wound
healing are complex and interconnected. One of the pri-
mary factors is semaglutide’s ability to improve glycemic
control.”” Chronic hyperglycemia, common in individuals
living with diabetes, hampers wound healing by reducing
angiogenesis, increasing inflammation, and promoting the
formation of advanced glycation end-products (AGEs) that
can damage tissues.”® By effectively lowering blood glu-
cose levels, semaglutide alleviates these harmful effects,
creating a more conducive environment for wound
repair.>’°

GLP-1 receptors are found in various tissues, including
endothelial cells, which are essential for angiogenesis—the
formation of new blood vessels.’® Semaglutide has been
shown to stimulate endothelial cell proliferation and mi-
gration, crucial steps in angiogenesis.’' This process likely
enhances oxygen and nutrient delivery to the wound site,
promoting more efficient healing. Improved angiogenesis
is particularly beneficial in diabetes related foot ulcers,
where poor blood supply is a major obstacle to effective
wound healing.'?

Moreover, semaglutide may have anti-inflammatory
properties that are advantageous in treating chronic
wounds. Chronic inflammation is a characteristic of dia-
betes related foot ulcers, often resulting in delayed heal-
ing.”® Activation of GLP-1 receptors has been linked to
reduced expression of pro-inflammatory cytokines and
increased levels of anti-inflammatory mediators, creating a
more favorable environment for wound repair.* This anti-
inflammatory effect is critical, as prolonged inflammation
can cause tissue damage and further complicate the healing
process.

Limitations and future research

Despite the encouraging findings, several limitations must
be considered. Firstly, TriNetX does not provide patient-
level data; instead, it includes encounter-level health rec-
ords, pharmacy records, and insurance billing data, which
are used to detect the presence or absence of specific
medical, surgical, and prescription codes. This data is de-
identified, restricting our ability to examine precise rela-
tionships between variables, such as weight loss and
glycemic control (e.g., HbAlc levels) which are potentially
influential in wound healing outcomes for patients on
semaglutide. For instance, while previous studies have
shown a lower risk of wound healing complications in
patients living with diabetes using semaglutide, our study
only indicates the presence of a diagnostic code without
detailing pain levels. As an observational study, this
analysis cannot establish causation between semaglutide
use and diabetes related foot ulcer outcomes. The potential
for residual confounding remains, as semaglutide pre-
scription could be associated with higher standards of
diabetes and foot ulcer care, rather than the medication
directly improving outcomes. Future research should aim
to control for these factors, possibly through randomized
controlled trials, to more definitively establish the impact of
semaglutide on diabetes related foot ulcer healing.
Another limitation is the lack of detailed information on
the quantities of semaglutide prescribed versus those
consumed by individual patients, as such data is un-
available. One important limitation of this study is the use
of administrative codes to identify DFU cases and out-
comes. Although the ICD-10 codes used (L97, L97.5,
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L97.50) are widely employed in research to identify DFU
populations, they may not capture all relevant cases, par-
ticularly those with ischemic components. Additionally, we
focused on foot amputations (ICD-10: Z89.4), which ex-
cludes major amputations above the foot, potentially un-
derestimating the severity of some cases. The last limitation
is the exclusion of patients with advanced vascular or
cardiac comorbidities. While this reduces potential con-
founding, it also limits the generalizability of the results to a
subset of patients with neuropathic ulcers and fewer
complications. Thus, while the study suggests a potential
association between semaglutide use and improved out-
comes, it does not encompass the full spectrum of DFU
presentations. Future studies are needed to explore these
relationships in DFU populations at a severer level, in-
cluding those with ischemic and mixed etiology ulcers.
Despite these limitations, the database provides evi-
dence that supports the need for further investigation into
patient-level data to better understand the relationships
between semaglutide usage and wound healing outcomes.
Larger, long-term studies are necessary to explore the
potential efficacy and safety of semaglutide in diverse
patient populations. Additionally, the specific pathways
through which semaglutide may influence wound healing
require further examination. A deeper understanding of
these mechanisms could lead to the development of tar-
geted therapies that enhance the wound healing potential of
GLP-1 agonists. Future research should also consider the
potential synergistic effects of semaglutide in combination
with other wound healing modalities. For example, com-
bining semaglutide with growth factors, stem cell therapy,
or novel biomaterials could improve its therapeutic effi-
cacy. Investigating these combinations in controlled clin-
ical trials will be essential for optimizing treatment
protocols. Furthermore, exploring the genetic and molec-
ular mechanisms by which semaglutide impacts wound
healing could pave the way for personalized medicine
approaches in diabetes-related foot ulcer management.

Conclusion

Our study suggests an association between semaglutide use
and favorable outcomes in patients with diabetes-related
foot ulcers, including reductions in wound healing com-
plications, chronic non-healing wounds, chronic pain,
wound care needs, wound dehiscence, and amputation.
These findings indicate that semaglutide may have po-
tential as an adjunct in diabetes-related foot ulcer man-
agement, though further investigation is warranted to
confirm its effects within clinical practice. Future research
should focus on clarifying the underlying mechanisms and
exploring possible synergistic treatment combinations to
enhance protocol effectiveness for this complex and
prevalent complication of diabetes.
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