
are expressed in pancreatic beta islet 
cells.8 The receptor can then be cou-
pled to Gs or Gq proteins in beta 
cells of the pancreas and activate cy-
clic AMP, thus increasing intracel-
lular calcium levels. This results in 
the up-regulation and activation of 
protein kinase A, exchange protein 
activated by cAMP-2 (Epac-2), phos-
pholipase C, ERK 1 and 2 signaling, 
and the phosphoinositide 3 kinase 
(PI3K) transduction pathways.8 This 
pathway and its regulatory proteins 
are essential in cell cycle regulation,9 
and in wound healing promote re-
cruitment of growth factors in the 
extracellular matrix.

The Hopton Study
 In a retrospective observational 
study10 from Hopton, et al., patients 
from the Veteran’s Affairs health cen-
ters were identified who were on a 
pre-existing basal bolus insulin reg-
imen and were prescribed a GLP-1 
receptor agonist. The medications 
prescribed included: liraglutide, exen-
atide, albiglutide, and dulaglutide. A 
majority of the population consisted 
of males (94.2%) with a mean age 
of 63 years old, and a mean baseline 
A1c of 9%. Patients were assessed at 
baseline, 3 months, 6 months, and 1 
year following the implementation of 
GLP-1 agonist therapy in addition to 
their existing insulin regimen.
 The results showed a 0.5%, 0.7%, 
and 0.7% reduction in A1c from 9% 

Diabetes is the eighth 
leading cause of death in 
the United States1. It has 
led to an estimated 327 
billion dollars in medical 

costs in the U.S. alone,1 with 37.3 
million people being diagnosed with 
diabetes in 2019. It was estimated 
that roughly 96 million individuals 
older than eighteen were diagnosed 
with pre-diabetes,2 raising concern 
for its prevalence in a younger de-
mographic. People with diabetes are 
at risk for the development of foot 
infections, with a 7% yearly risk3 and 
25% lifetime risk.2,4 The annual inci-
dence of diabetic foot ulcers (DFUs) 
worldwide is between 9.1 and 26.1 
million.5 With such a large group of 
individuals being affected by the con-
dition, it is imperative to take mea-
sures to prevent formation of DFUs, 
and providing effective care is neces-
sary to minimize chances of infection 
and associated limb loss.
 Standard of care for DFUs consists 
of ensuring adequate vascularity to 
the wound area, bioburden control, 
moist wound healing, debridement 
of the wound; along with offloading 
for pressure mitigation.6 What hasn’t 
been assessed is the use of therapeu-
tic drugs, specifically, glucagon like 
peptide-1 receptor agonist (GLP-1 RA) 
medications in the treatment of DFUs, 
and management of diabetic periph-
eral neuropathy (DPN), a condition 
that in most cases is a precursor to the 
development of DFUs.

 The American Diabetes Associ-
ation (ADA) created practice guide-
lines in the pharmacological approach 
to the treatment of diabetes.7 These 
recommendations when developing 
a treatment plan include taking into 
consideration patient-specific factors 
such as comorbid conditions. For 
most people with diabetes, first line 
pharmacologic treatment has been the 
use of metformin and promoting life-
style changes. As an additive measure 
GLP-1, or sodium glucose transport-
er-2 (SGLT-2) inhibitors, can be ad-
ministered with or without metformin. 
These medications have shown to be 
efficacious as appropriate initial ther-
apy for patients with type 2 diabetes 
mellitus with comorbid atherosclerotic 
cardiovascular disease7

GLP-1 Receptors
 GLP-1 receptors were first dis-
covered in 1923 by Charles Kimball 
and John Murlin.8 In 1959, Roger 
Unger developed an antibody that 
could be used to detect glucagon in 
tissue samples using a radioimmuno-
assay.8 Unger further discovered that 
L cells in the gastrointestinal (GI) 
tract secreted GLP-1.8 In the 1980s, 
Joel Habner8 discovered glucagon-re-
lated peptides that are now known 
as glucagon-like peptides 1 and 2. 
Glucagon-like peptide-1 is composed 
of a 30-31 long amino acid sequence. 
The peptide hormone activates a sev-
en-transmembrane G protein-coupled 
receptor, or GLP-1R. These receptors 

These are potential mediators in limb salvage efforts.
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poorly controlled type 2 diabetes mel-
litus. Outcome measures included re-
sults from the DN4 questionnaire, 
vibration perception threshold, su-
domotor function, and the effects of 
these treatments on diabetic retinop-
athy. Diabetic peripheral neuropathy 
was assessed using corneal confocal 
microscopy (CCM).
 The results of the study showed 
that treatment with the combina-
tion therapy or basal bolus insulin 
demonstrated improvements in cor-
neal nerve regeneration, but there 

was no change in neuropathic symp-
toms or sudomotor functions at the 
one-year follow-up. However, there 
were improvements in the A1c lev-
els. In the exenatide and pioglitazone 
treatment group, there was a reduc-
tion of 3.8% in the A1c level; and in 
the basal bolus insulin group, there 
was a reduction of 2.7%.
 The authors acknowledged that a 
limitation in the findings of this study 
was that the participants were not 
blinded to the therapy that they were 
receiving. The authors did mention 
that the investigator was blinded to 
the intervention administered in the 
two treatment groups. The results of 
this study suggest that although there 
were no improvements in neuropath-
ic symptoms, GLP-1 agonist combi-
nation therapy may have beneficial 
effects on reducing blood A1c levels.

The Qi and Pandey Studies
 Although the results of the previ-
ously mentioned study didn’t demon-
strate neuroprotective effects, Qi, et 
al.15 found a different result with the 
use of liraglutide. Neuroblastoma SH-
SY5Y cells administered with methyl-
glyoxal, a byproduct of glucose me-
tabolism, can be used to mimic dia-
betic neuropathy. Qi, et al.15 showed 
that use of liraglutide in SH-SY5Y 
cells decreased superoxide dismutase 
(SOD) and reactive oxygen species 

in the intent-to-treat group at the 3-, 
6-, and 12-month mark, respectively. 
In patients who had an A1c of < 8% 
at the time of GLP-1 RA initiation, the 
A1c levels were unchanged or even 
increased over time. Mean weight re-
ductions in the intent-to treat group 
were 1.2kg, 2.3 kg, and 2.9kg from a 
mean baseline of 120.6kg at the 3-, 6-, 
and 12-month marks.
 The authors concluded that ini-
tiating GLP-1 RAs in patients on a 
pre-existing basal bolus insulin regi-
men can result in a reduction of A1c 
levels in patients with an A1c greater 
than or equal to 9% and promote 
weight loss. The results of this study 
suggest that patients with diabetes 
may benefit from the administration 
of GLP-1 receptor agonists in regu-
lating A1c levels and preventing the 
formation of excessive advanced gly-
cosylation end products that could 
result in damage to peripheral nerves, 
and subsequently cause diabetic foot 
ulcer formation.

The Wolak and Nagae Studies
 Wolak and colleagues assessed 
the efficacy of the GLP-1 RA exen-
din-4, aka exenatide, on wound heal-
ing in human skin in vitro, based 
on normo- and hyperglycemic con-
ditions. In chronic, hard-to-heal 
wounds, there is an excess of matrix 
metalloproteinase-9 (MMP-9) and in-
sufficient production of tissue inhibi-
tor metalloproteinase concentrations 
(TIMP). MMP’s in excess can degrade 
fibrous proteins of the extracellular 
matrix (ECM), while TIMPs suppress 
the activity of MMPs11. An imbal-
ance of the two regulatory proteins 
can result in impaired or delayed 
wound healing.8 Hyperglycemia plac-
es cells at a higher risk for apoptosis 
due to improper tissue repair.
 Wolak, et al. found in their study 
that exendin-4 can be used to assist 
with up-regulation of the ECM, col-
lagen, and glycosaminoglycans, and 
promote growth factors in a normo-
glycemic state. Unfortunately, these 
findings were not applicable to the 
simulated hyperglycemic environment 
in vitro. The authors suggest that this 
could have been due to mitochondrial 
dysfunction, overproduction of reac-

tive oxygen species, or abnormal ex-
pression of chaperone proteins in the 
presence of increased glucose.
 In another study12 from Nagae, et 
al., liraglutide was assessed to see if 
there was facilitated healing by ac-
tivation of the PI3K/Akt pathway in 
keratinocytes. The authors identified 
HaCaT cells from diabetic mice using 
real time quantitative reverse tran-
scriptase PCR (qRT-PCR) and immu-
noblotting assays to assess the effect 
on wound closure. The results of the 
study demonstrated that keratinocytes 

expressed liraglutide at the mRNA and 
protein levels. Exogenous liraglutide 
promoted keratinocyte migration in 
vitro and facilitated wound closure in 
these mice. The up-regulatory capacity 
was mediated through the PI3K/Akt 
pathways. The authors thus conclud-
ed that administration of the GLP-1 
mimetic facilitates wound closure. 
Since GLP-1 agonists are already rec-
ommended for treatment in patients 
with diabetes, this patient population 
may be able to supplement standard 
of care practices with this drug class 
to further promote wound healing.

The Ponirakis Study
 Aside from the potential benefits 
in assisting wound closure, GLP-1 
analogs have displayed a neuropro-
tective effect in research studies.13 
GLP-1 is secreted by neurons in the 
nucleus of the solitary tract of the 
brainstem.8 Since the peptide hor-
mone is produced in the brainstem, it 
can cross the blood brain barrier, as 
well as its analogs. The receptors in 
the brain are expressed in regions of 
the hypothalamus including the para-
ventricular nucleus, the dorsal medial 
nucleus of the hypothalamus, and the 
arcuate nucleus.8 In a randomized 
controlled trial, Ponirakis, et al.14 as-
sessed the use of exenatide and piogl-
itazone combination therapy versus 
basal bolus insulin on diabetic pe-
ripheral neuropathy in patients with 

Aside from the potential benefits in 
assisting wound closure, GLP-1 analogs have displayed 

a neuroprotective effect in research studies.
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cose and A1c levels are commonly 
utilized to assess perioperative risk 
management and patient outcomes. 
The American Society of Anesthesiol-
ogists (ASA) have created guidelines 
for the management of GLP-1 ago-
nists in the perioperative period. The 
recommendations state that GLP-1 
receptor agonists should be stopped 
one day prior to surgery in patients 
who are on daily dosing, and for 
patients who are on weekly dosing 
should discontinue its use one week 
prior to surgery.21

 The society for perioperative as-
sessment and quality improvement 
recommends discontinuing GLP-1 

RAs on the day of surgery.22 If a pa-
tient does not stop taking their med-
ication, then a decision should be 
made on performing a guided gastric 
ultrasound to assess the volume of 
gastric contents.23 This could possi-
bly delay surgery. In the event of an 
urgent case, anesthesiologists should 
proceed with full stomach precau-
tions.23 Per the ASA guidelines, if a 
GLP-1 agonist is held pre-operatively 
for an extended period of time, con-
sulting an endocrinologist would be 
beneficial to bridge these patients 
and prevent hyperglycemia.24 If bridg-
ing does not occur, the patient may 
also be at risk for developing adverse 
cardiovascular events.23

Delayed Gastric Emptying
 In a case study from Fujino, et 
al.,24 the authors discovered that a 
31-year-old female diabetic patient, 
with multiple comorbidities and on 
semaglutide, had increased gastric 
contents once she presented for 
her esophagogastroduodenoscopy 

(ROS), suggesting that liraglutide re-
duced oxidative stress in methylgly-
oxal induced SH-SY5H cells.
 Pandey, et al.16 further analyzed 
these cells with the use of exenatide 
and discovered that exendin-4 ele-
vated the level of protein kinase B 
(Akt) and B-cell lymphoma 2 (Bcl-2); 
this suppressed the level of Bax and 
lowered the level of cellular oxidative 
stress. Since decreased levels of ox-
idative stress and formation of ROS 
can prevent cellular apoptosis, the 
use of GLP-1 agonists may prove to 
be beneficial in preventing or slow-
ing down neurodegeneration in the 
treatment of diabetic peripheral neu-
ropathy, in addition to its therapeutic 
effects in regulating hyperglycemia.

The STARDUST Clinical Trial
 Liraglutide was administered in 
patients diagnosed with type 2 dia-
betes mellitus with concomitant pe-
ripheral arterial disease in the STAR-
DUST (effects of the GLP-1 Receptor 
Agonist Liraglutide on Lower Limb 
Perfusion in People with Type 2 Dia-
betes and Peripheral Artery Disease) 
open-label randomized clinical trial.17 
A total of 55 individuals were recruit-
ed in the study. The mean age of the 
patients was 67 years old, and 43 of 
the 55 patients were male (78%). 
The patients were randomly assigned 
to the treatment and control groups. 
Of the 55 patients, 27 were assigned 
to the liraglutide treatment, and 28 
of the patients were assigned to the 
control group. The mean A1c of the 
patients was 6.9% ranging anywhere 
from 6.5%-7.8%. Transcutaneous ox-
ygen pressure (TcPO2) measurements 
were taken with the mean TcPO2 
being 40.3 mmHg.
 The authors assessed if liraglu-
tide would improve TcPO2 levels. The 
results of the study demonstrated 
that there was an increase of 10% in 
TcPO2 measures in 24 participants 
receiving liraglutide treatment (89%) 
and in 13 participants (46%) in the 
control group. This increase in pe-
ripheral perfusion was noted after 
six-months’ duration of treatment. 
The authors suggest that based on 
the findings of this study, liraglutide 
can be used to prevent the clinical 

progression of peripheral arterial dis-
ease in patients with type 2 diabetes 
mellitus. Increasing oxygen levels for 
this patient population can prevent 
the formation of reactive oxygen spe-
cies that prevent wound healing, and 
in patients who already have DFU 
formation can potentially promote 
angiogenesis and prevent lower ex-
tremity amputation.

The LEADER Study
 The therapeutic benefits of lira-
glutide were further assessed in the 
LEADER (liraglutide effect and action 
in diabetes: evaluation of cardiovas-
cular outcome results) study. The re-

sults showed that patients with dia-
betes managed with liraglutide had a 
35% lower risk of diabetic foot ulcer-
ation-related lower extremity ampu-
tations when compared with use of 
a placebo.17,18 Werkman, et al.19 found 
a similar outcome when comparing 
the risk of lower extremity ampu-
tation rates with the use of SGLT-2 
inhibitors or GLP1-RAs versus sul-
fonylureas. The results of the study 
found that GLP1-RAs were associated 
with a lower risk of lower extremity 
amputation when compared to use of 
sulfonylureas. The authors also sug-
gested that increasing the duration of 
use of GLP1-RAs could further lower 
the amputation risk.

ASA and SPAQI Recommendations
 People with diabetes are at a high 
risk for the development of DFUs and 
foot infections.20 In those who may 
need to have urgent or emergent sur-
gery, it is imperative to understand 
risk factors associated with GLP1-
RA use that could influence pre- and 
post-operative outcomes. Blood glu-
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Since decreased levels of oxidative stress and formation 
of ROS can prevent cellular apoptosis, the use of 

GLP-1 agonists may prove to be beneficial in preventing 
or slowing down neurodegeneration in the treatment 
of diabetic peripheral neuropathy, in addition to its 

therapeutic effects in regulating hyperglycemia.
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(EGD) procedure. The authors sug-
gested that the patient adhere to a 
liquid diet for 36 hours prior to her 
repeat EGD that was scheduled for 
one month after her initial proce-
dure. The patient was also instructed 
to withhold semaglutide for 7 days 
prior to the procedure. The results of 
the second EGD demonstrated that 
there were no gastric food contents 
present. Based on these findings the 
authors suggested that the delayed 
gastric emptying from semaglutide 
can result in retention of solid gastric 
contents and could present as a po-
tential risk for pulmonary aspiration 
during operative procedures.
 The recommendation was that 
patients should consider stopping 
semaglutide prior to surgery, adhere 
to a liquid diet prior to EGDs, or ad-
minister prokinetic drugs such as, 
metoclopramide or erythromycin, to 
promote gastric emptying. The find-
ings of this study were similar to that 
of a retrospective study performed 
by Silveira et, al.25 Silveira and col-
leagues noted in 404 patients under-
going elective EGD procedures that 
there was an increase in residual gas-
tric contents in patients taking sema-
glutide for diabetic management or 
weight loss when compared to the 
control subjects. Therefore, it may 
be pertinent to consider temporary 
cessation or bridging therapies for 
patients on semaglutide, prior to sur-
gical intervention to prevent delayed 
gastric emptying.

Conclusion
 GLP-1 receptor agonists are widely 
used to regulate hyperglycemic effects 
in patients with type 2 diabetes. Due 
to its positive effects on decreasing 
A1c levels, it may potentially prevent 
the formation of diabetic peripheral 
neuropathy or slow its progression. 
GLP-1 receptor agonists’ effects on 
weight loss may further aid in regulat-
ing A1c levels. There are also studies 
demonstrating that these drugs may 
have a neuroprotective effect that can 
potentially prevent damage in nerves 
and promote cellular regeneration. 
This may prove to be beneficial in 
preventing the formation of diabetic 
foot ulcers and, in turn, decrease the 

incidence of diabetic foot infections 
and lower extremity amputations. Ad-
ditional research to further assess the 
therapeutic effects of GLP-1 receptor 
agonists in wound healing and as a 
potential mediator in limb salvage ef-
forts is warranted. PM
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