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Approximately 1.9 billion people are considered overweight, 
and approximately 650 million adults have obesity.1 Glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) are increasingly 

popular for managing type 2 diabetes and obesity. As of 2024, there are 
approximately 3.5 million prescriptions of GLP-1 RAs filled monthly in the 
United States (US).2 These medications, while effective for weight loss, 
have been associated with unintended effects on facial appearance, often 
referred to as “Ozempic face.” Patients taking GLP-1 RAs may experience 
rapid or massive weight loss (MWL), whereas patients using lifestyle 
modifications for weight loss may experience gradual, less pronounced 
weight loss. GLP-1 RA–associated MWL (GLP-1 RA-MWL) can lead to 
a reduction in facial fat, resulting in not only volume depletion but 
also changes in skin quality and laxity. As these medications become 
increasingly prescribed beyond the diabetes indication, it is imperative to 
understand the effects of GLP-1 RAs on the cutaneous microenvironment 
and provide effective aesthetic treatments to counteract these changes.

ADIPOSE TISSUE AND HOMEOSTASIS
Facial adipose tissue (AT) has long been considered an inert, space-

occupying lipid repository. Recent evidence, however, suggests that 
AT plays a role in cutaneous homeostasis, fitness, and appearance.3–6 
Intrinsic aging and cellular senescence, UV-induced photodamage, and 
nutrition and exercise affect adipocyte quantity and quality and ultimately 
homeostatic ability.6 Cellular senescence and UV-induced inflammation 
result in greater regenerative signaling requirements and attenuated 
peroxisome proliferator-activated receptor γ expression, resulting in fewer 
differentiated, mature adipocytes.6–8 Less adipogenesis leads to reduced 
antioxidant ability in the skin and further susceptibility to UV damage. In 
vitro studies showed exacerbation in areas that are thinner and experience 
higher UV-A penetration.6,9

ANATOMY AND PHYSIOLOGY OF FACIAL ADIPOSE TISSUE
Facial AT is composed of the dermal white adipose tissue (dWAT), 

subcutaneous white adipose tissue (sWAT), and deep white adipose 
tissue. The dWAT is located beneath the reticular dermis, sWAT is beneath 
the dWAT, and the deep white adipose tissue is beneath the sWAT, 
separated by the superficial musculoaponeurotic system (SMAS).6 With 
age, most individuals undergo fat hypertrophy in the deep white adipose 
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tissue with generalized atrophy of dWAT.6,10 
Facial compartments with thinner dermal 
layers, including the periorbital skin, undergo 
selective atrophy of the sWAT as well.6,10

AT functions in cutaneous homeostasis 
primarily in 3 ways: through paracrine signaling 
to reticular fibroblasts and keratinocytes, 
direct extracellular matrix (ECM) secretion, and 
structural support.6 Healthy dWAT secretes 
anti-inflammatory adipokines, such as leptin 
and adiponectin, that stimulate fibroblasts to 
synthesize collagen, elastin, and hyaluronic 
acid.11–13 Adiponectin stimulates keratinocytes 
to secrete natural moisturizing factor in 
vitro.14 Conversely, hypertrophied AT secretes 
inflammatory adipokines that attenuate 
fibroblast-mediated collagen production in 
vitro.6,11–13

Healthy AT contributes directly to the ECM.15–17 
Adipocyte precursors secrete hepatocyte 
growth factor to facilitate proliferation, 
motility, pigmentation, and angiogenesis.18–23 
Healthy adipocytes secrete matrix proteins 
and matrix-degrading enzymes, resulting in 
improved collagen structure. Hypertrophic 
AT secretes more matrix metalloproteinase 9, 
leading to elastin fiber and ECM degradation, 
thereby diminishing skin structural integrity 
and its ability to resist vertical gravitational 
vectors.6,24,25 Clinically, this manifests as 
depressed superior fat compartments with full 
inferior aspects encroaching on the inferior 
retaining ligament. In patients taking GLP-1 
RAs, atrophied AT may deleteriously affect this 
tissue microenvironment.

 
EFFECT OF GLYCEMIC CONTROL ON 
CUTANEOUS MICROENVIRONMENT

GLP-1 RAs limit gastric motility and promote 
better glycemic control.26 Lower circulating 
glucose reduces the rate of nonenzymatic 
glycation of collagen and ECM components, 
reducing the formation of advanced glycation 
end products (AGEs) in collagen.27 Better 
glycemic control through caloric restriction 
limits the accumulation of AGEs and reduces 
cross-linking that stiffens and damages collagen 
fibers.28 Caloric restriction stimulates autophagy 
of AGEs and damaged proteins, preserving 
collagen integrity and preventing premature 
aging.29 Additionally, caloric restriction can 
activate sirtuins (especially SIRT1), which 
are NAD+-dependent deacetylases that 
support fibroblast function, enhance collagen 

production, and promote ECM remodeling. In 
the skin, SIRT1 has been implicated in both 
intrinsic and stress-induced aging processes and 
may help preserve elasticity and firmness.30,31 
Further, better glycemic control also dampens 
systemic inflammation and oxidative stress, 
both of which contribute to aging. Reduced 
inflammatory signaling protects dermal and 
epidermal cells from damage and slows matrix 
degradation.28,31 Finally, lower glycation levels 
preserve fibroblast viability and function, 
improving wound healing, matrix deposition, 
and angiogenesis. In animal models, caloric 
restriction is associated with more efficient skin 
wound repair and regeneration, possibly via 
enhanced vascular supply and growth factor 
signaling in the dermis.31–33

MWL AND ITS IMPACT ON AT
Until recently, the literature focused on 

bariatric surgery–associated MWL (BS-MWL); 
however, GLP-1 RA-MWL is believed to differ 
from BS-MWL. Both experience excess skin 
laxity, reduced elasticity, and devolumization.34 
Fat volume depletion in BS-MWL results from 
anatomical changes that restrict calorie intake 
and reduce nutrient absorption and through 
hormonal shifts and alterations in the gut 
microbiome that affect appetite, metabolism, 
and energy expenditure rather than adipocyte 
cell count depletion.17 BS-MWL exhibits 
increased fibrosis; decreased thick, organized 
collagen and elastin in the dermis; and vascular 
proliferation.35,36 Behavior of elastic fibers 
varies and can differ across body regions.37 
GLP-1 RA-MWL has a direct lipolytic effect in 
addition to inhibiting lipid storage, reducing 
adipose-derived stem cell (ADSC) populations 
and attenuating adipocyte proliferation and 
differentiation.38–41

FACIAL AESTHETICS AFTER WEIGHT 
LOSS

MWL leads to significant pan-facial 
volume loss, starting with the superficial 
fat compartments before impacting deeper 
ones.42 Valente et al43 reported that BS-MWL 
contributes to accelerated perceived facial aging 
from facial fat deflation and laxity. Men older 
than 40 years, patients with a preoperative 
body mass index of 40 to 49.9 kg/m2, and those 
who lost more than 75% of excess weight 
experienced greater perceived aging. The 
periorbital region and temples showed atrophy, 

with 1 study reporting up to 41.8% reduction 
in superficial temporal fat pads.44 MWL leads 
to significant midfacial volume loss; the same 
study reported a reduction in cheek fat pads by 
69.9% in GLP-1 RA-MWL.44 In a radiographic 
study of midface volume loss, Sharma et al45 
reported a median fat loss of 11.0% in the 
superficial compartment and 7.0% in the deep 
compartment after GLP-1 RA therapy. Fat loss 
in the cheek and lips leads to lip atrophy, malar 
eminence flattening, and deep nasolabial 
folding.42,46 In the lower third, MWL is associated 
with platysmal band formation, increased 
submental and jowl laxity, and chin ptosis.42,46–48 
Volume loss, which accentuated facial wrinkles, 
ligamentous laxity, and ECM degeneration, lead 
to a general downward sagging of the face and 
neck.42,47,49,50

TREATMENT CONSIDERATIONS FOR 
THE PATIENT TAKING A GLP-1 RA

Given the multifaceted role of AT in tissue 
homeostasis, a comprehensive regenerative 
approach should be considered for patients 
experiencing GLP-1 RA-MWL, rather than an 
approach focused on volumetric correction. 

WHY A REGENERATIVE APPROACH?
Regenerative medicine uses the body’s 

natural reparative mechanisms to restore 
tissue function following injury, disease, 
trauma, congenital defects, and aging. This 
multidisciplinary field integrates cellular 
therapy, biochemical cues, scaffolds, and 
thermomechanical modulation through energy-
based devices (EBDs) to target and rejuvenate 
adipocytes, fibroblasts, and keratinocytes. 
There are few large, randomized studies 
using regenerative aesthetics in patients 
taking GLP-1 RAs; however, we provide expert 
recommendations based on existing studies and 
clinical experience.

FAT GRAFTING
Replenishing the adipocyte reservoir through 

fat grafting could restore tissue homeostasis 
and protective mechanisms against facial aging. 
Injectable tissue replacement and regeneration 
is a standardized method of placing millifat 
(2.25 mm), microfat (1 mm), and nanofat 
(500 µm) into facial fat compartments.51 
Deeper compartments are filled first followed 
by superficial ones, and larger parcel sizes are 
injected first before smaller ones. A regenerative 
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approach to fat grafting involves placing fat in 
a multilayered approach based on anatomy and 
physiological need.51,52

Millifat is coarsely filtered and contains 
mature adipocytes, stromal vascular 
fraction, ADSCs, pericytes, fibroblasts, and 
ECM.53–56 Millifat is injected into the deep 
fat compartments for volumization and 
ligamentous support, providing structural 
integrity and minimizing MWL-related vertical 
tissue displacement.52,54 Microfat provides 
a modest volumization effect with more 
regenerative capacity. Microfat is placed in the 
deep white adipose tissue and sWAT.52 Nanofat 
contains primarily ADSCs along with growth 
factors, peptides, and cytokines that stimulate 
ECM remodeling, sustained angiogenesis, 
and cell turnover.52,57 ADSCs more efficiently 
stimulate adipogenesis through paracrine 
signaling of adiponectin, leptin, lipoprotein 
lipase (LPL), perilipin, and fatty acid-binding 
protein 1.57,58 Nanofat has a high regenerative 
capacity, enhancing overlying skin quality and 
fine wrinkles.52–56,59,60 

Weight gain after discontinuation of a GLP-1 
RA creates a theoretical risk of hypertrophy 
of mature adipocytes in grafted millifat 
and microfat, potentially causing excessive 
volumization.51 Placing nanofat, which contains 
no mature adipocytes, in superficial fat 
compartments can potentially prevent contour 
irregularities and overfilling.52,60 However, it 
is unknown to the authors if the regenerative 
properties of nanofat are impacted by GLP-1 
RAs, which could raise a concern regarding early 
use of this modality.

BIOCHEMICAL CUES
Biochemical cues are molecular signals 

that regulate cellular processes by interacting 
with specific receptors or signaling cascades. 
Polynucleotide (PN) is a general term 
referring to DNA or RNA fragments derived 
from salmon sperm (eg, Oncorhynchus mykiss 
or Oncorhynchus keta) that enter cells via 
pinocytosis, hydrate tissues, and serve as a 
source of nucleotide bases.61 PNs generally 
refer to longer chains (>1500 kDa) that 
serve as biochemical cues and scaffolds. 
Polydeoxyribonucleotides are smaller (<1500 
kDa) polymers of DNA fragments that function 
as biochemical cues. Though their exact 
mechanism is unclear, proposed actions include 
activating DNA repair pathways, stimulating 

adenosine A2A receptors, and enhancing 
extracellular signal–regulated kinase/
mitogen-activated protein kinase signaling, 
processes that boost collagen production and 
reduce tissue breakdown.62,63 PNs also support 
fibroblast activity, increasing production of 
structural and ECM components.64 In case 
studies, PNs have been shown to improve skin 
tone, hydration, and elasticity and reduce 
wrinkles, particularly around the eyes.64–67 
Additional studies suggest benefits in reducing 
facial redness and improving scar quality.68–70

Platelet-rich plasma (PRP) is an autologous 
concentrate rich in growth factors that promote 
angiogenesis, collagen production, and tissue 
regeneration.71 Platelet-rich fibrin contains a 
fibrin matrix with platelets, leukocytes, and 
cytokines for sustained release of growth 
factors.72 While there is a lack of large 
randomized trials, in smaller studies, PRP 
enhanced skin vitality by boosting collagen, 
elastin, and hyaluronic acid and improving tone, 
texture, and vascularity. Smaller studies have 
shown efficacy in reducing fine lines, enlarged 
pores, and uneven skin tone.71,73–75 PRP as an 
adjunct therapy for fat grafting can potentially 
enhance graft survival, decrease bruising and 
inflammation, and stimulate tissue repair and 
regeneration.76–78

Exosomes are extracellular vesicles (EV) (30–
150 nm in size), released by most cell types, 
that carry proteins, lipids, and nucleic acids. 
They show promise in immunomodulation, 
regeneration, drug delivery, and aesthetics.79 
ADSC-EVs have been shown to upregulate type 
1 and type 3 collagen via the PI3K/Akt pathway 
and stimulate angiogenesis, supporting their 
potential in dermal remodeling.80–82 However, 
clinical use faces hurdles due to variability 
in sourcing, isolation methods, and stability. 
Production at scale is costly and slow, and 
research lacks standardization, with most 
data still preclinical. These issues hinder 
reproducibility, validation, and regulatory 
approval.83

Peptides are short-chain (3–30 amino 
acids) molecules with potential anti-oxidant, 
antimicrobial, and anti-inflammatory 
functions important for tissue homeostasis and 
inhibiting age-related enzymes.84 Peptides 
are classified based on their function: signal, 
carrier, neurotransmitter inhibitor, and enzyme 
inhibitor peptides. As a cosmeceutical, peptides 
act on fibroblasts to stimulate collagen and 

neuromuscular junctions to relax facial muscles 
while also providing ample essential trace 
elements to promote tissue repair and prevent 
collagen breakdown, all potentially attenuating 
rhytids.85,86 Recent literature supports the role 
of peptides in augmenting cell communication, 
reducing inflammation, and stimulating 
angiogenesis.85,87 A multicenter study of a 
proprietary peptide blend reformulated with 
octapeptide-45 and magnolol demonstrated 
significant improvements in collagen, elastin, 
hyaluronic acid (HA), and adipocyte maturation 
as evidenced by increased proportion of 
perilipin-1 staining.88 Stability and permeability 
are major concerns for peptides. Environmental 
factors and proteases degrade peptides before 
reaching their target, and peptides poorly 
penetrate cell membranes. Effective delivery 
systems are required for topical use.86 Despite its 
potential, further large randomized trials with 
robust statistical power are needed.

SCAFFOLDS
Calcium hydroxyapatite (CaHA) is a 

biostimulator made of synthetic microspheres 
that stimulates collagen, elastin, and 
proteoglycan production, as well as 
neovascularization and dermal remodeling 
through fibroblast recruitment and 
proliferation.89 It enhances skin thickness and 
elasticity and is approved by the US Food and 
Drug Administration (FDA) for treating facial 
wrinkles, HIV-associated lipoatrophy, hand 
volume loss, and jawline resorption.89 Diluted 
CaHA is widely used for skin rejuvenation, 
improving hydration, texture, and fine lines.90 
When combined with treatments such as 
micronutrient mesotherapy or HA fillers, CaHA 
shows potential synergistic effects, enhancing 
skin firmness, luminosity, pigmentation, and 
volume restoration.91

Poly-L-lactic acid (PLLA) is a synthetic, 
biodegradable polymer that has been shown 
to stimulate ADSCs, which go on to further 
differentiate into fibroblasts and preadipocytes, 
resulting in a 27% increase in superficial 
adipose tissue and 26.1% increase in thickness 
of dermal tissue.92 In vitro studies and gene 
expression analysis support the ability of PLLA 
to stimulate adipokine expression, type 4 and 6 
collagen production, and greater adipogenesis 
compared to CaHA.93,94 After injection, PLLA 
is slowly broken down by macrophages, with 
peak collagen synthesis around 6 months and 
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continued activity up to 2 years.95 Approved 
by the FDA for HIV-related facial lipoatrophy, 
PLLA has been shown to improve skin thickness, 
elasticity, and hydration and reduce wrinkles, 
redness, and pigmentation.96–100

Hybrid cooperative complexes (HCCs) of 
high- and low-molecular weight hyaluronan is 
a HA-based medical device that delivers HA for 
a precise, natural, and less invasive alternative 
for adipose tissue restoration.101,102 In vitro 
studies support the ability of HCCs to stimulate 
elastin and collagen synthesis in fibroblast and 
keratinocyte cultures, potentially improving 
fibroblast function and skin elasticity.102 In 
an in vitro study with cultured ADSCs treated 
with HCCs and linear or cross-linked HA, 
HCCs improved adipogenic differentiation 
and viability as evidenced by a greater 
increase in LPL expression at Day 14 (40-fold 
compared to baseline), greater adiponectin 
immunofluorescence staining (Day 14), and 
improved Oil Red O staining (Day 14).103,104

THERMAL-MECHANICAL EBD
Several EBDs deliver thermal-mechanical 

energy to superficial and deep layers to 
improve skin quality, laxity, and appearance. 
Microfocused ultrasound with visualization 
(MFU-V) targets multiple skin layers and the 
SMAS with ultrasound energy.105,106 Ultrasound 
energy creates localized thermal coagulation 
points, which initiate fibroblast recruitment and 
collagen and elastin expression.107,108 MFU-V 
results in improved skin firmness, biomechanics, 
and appearance.105 Combination therapy with 
HA, CaHA, and PLLA has been explored for the 
synergistic effects on multiplane fibroblast 
function while providing immediate volumetric 
improvement.105,109–114

Other EBDs using thermal energy or 
controlled wounding also provide similar 
regenerative effects on fibroblast function 
and ECM remodeling. Fractional lasers create 
thermal injury, which stimulates collagen 
production and remodeling.115–117 Recent 
literature suggests that EBDs also modulate 
epigenetic changes that lead to sustained 
rejuvenation and remodeling.118–120 For 
example, EBD therapy attenuates matrix 
metalloproteinase and heat shock protein 
expression through epigenetic modification.121 
EBD can upregulate DNA methylation, which 
silences genes associated with skin aging.122 
EBDs also modulate histone accessibility 

through acetylation and methylation, 
promoting collagen synthesis and cell 
proliferation.117,122,123

A STAGED THERAPEUTIC 
RECOMMENDATION

GLP-1 RA-MWL requires a multistep 
treatment plan that addresses each component 
of aging. The initial consultation involves a 
thorough history, including length of GLP-1 
RA treatment, estimated weight loss, future 
treatment plans, history of cosmetic procedures, 
comorbidities, and medication reconciliation. 
The authors propose a staged treatment plan 
that takes into consideration the timing of the 
treatment (Table 1). 

Time zero. Patients are not at an ideal body 
weight when starting a GLP-1 RA; therefore, 
injecting an HA-based filler or biostimulators 
might cause excessive volumization. The goal 
is to target fibroblasts and keratinocytes to 
improve skin quality and laxity. Multilayer 
tightening using MFU-V recruits fibroblasts 
to initiate ECM remodeling, especially elastin, 
that can contribute to a better recoil of the skin 
during the deflation of fat pads. A combination 
of ablative and nonablative fractional lasers 
assists with superficial epidermal resurfacing 
and dermal collagen and elastin production that 
can be impaired due to AT changes. Topical PN 
and peptides help improve skin tone, rhytids, 
hydration, and elasticity.

Weight loss phase. For every 4 to 5 kg of 
weight lost, patients require follow-up visits 
to assess skin quality and volumetric changes. 
Skin quality can be addressed with EBDs along 
with topical therapy. Scaffolds such as CaHA 
alone or in combination with peptides and 
micronutrients can be used, especially if skin 
density needs to be enhanced. Volume loss is 
addressed with HCCs and/or PLLA. HA filler can 
be used in follow-up appointments to address 
stubborn areas of volume loss.

Maintenance. After desired weight 
is achieved and stable, visits should occur 
every 6 to 12 months. Along with all the 
previous recommendations, fat grafting can 
be considered; however, careful placement 
of appropriate fat products is crucial for a 
natural appearance. Skin tightening should 
be addressed at every appointment. MFU-V or 
microneedling with radiofrequency (RF) can 
be employed to lift and tighten dermal and 
subdermal planes. Microneedling-assisted 

drug delivery with PNs can potentially amplify 
dermal tightening and remodeling.

Final considerations. Cost, accessibility, 
and safety are important considerations with 
regenerative modalities. These therapies can 
be cost-prohibitive and may require multiple 
sessions, limiting accessibility for a broader 
patient population. Additionally, variability in 
provider expertise and device availability can 
impact treatment outcomes and equity of care. 
Given the cost and accessibility parameters of 
these elective procedures, clinicians should 
counsel patients regarding expected results 
and prioritize safety. Care must be taken to 
avoid infections, granulomas, and vascular 
occlusion with biostimulators and fillers. EBDs 
can potentially lead to pigmentary changes, 
scarring, infections, and burns.

Lifestyle modifications are essential for 
managing patients taking GLP-1 RAs. Adequate 
protein and nutrition are essential for tissue 
regeneration and repair. Vitamins A, C, and D 
are enzymatic cofactors that facilitate wound 
healing, collagen synthesis, and remodeling. 
Zinc, selenium, and iron are necessary for 
fibroblast proliferation, collagen synthesis, and 
epithelialization.124–129

TABLE 1. Bioregenerative aesthetic approach for 
patients on GLP-1 RA therapy

Step 1: 
Time Zero

•	 Skin quality
•	 AFL/NAFL (675 nm/CO2) + 

PDRN + peptides
•	 Multilayer tightening: MFU-V

Step 2: 
Every 4 to 5 kg

•	 Skin quality: EBD, CaHA + NCTF, 
PN

•	 Fat regeneration: HCC HA/PLLA
•	 After second visit: volume 

correction, minimal amounts HA
•	 Multilayer tightening: 

microneedling RF + PDRN

Step 3: 
Maintenance

•	 Skin quality: EBD, PN, nanofat
•	 Fat regeneration: nanofat, 

microfat
•	 Skin tightening: surgery, if needed

AFL/NAFL: ablative/nonablative fractional laser; 
CaHA: calcium hydroxyapatite; CO2: carbon dioxide; 
EBD: energy-based device; GLP-1 RA: glucagon-like 
peptide-1 receptor agonist; HA: hyaluronic acid; HCC 
HA: hybrid cooperative complexes of hyaluronan; 
MFU-V: microfocused ultrasound with visualization; 
NCTF: new cellular treatment factor; PDRN: 
polydeoxyribonucleotide; PLLA: poly-L-lactic acid; PN: 
polynucleotides; RF: radiofrequency
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CONCLUSION
GLP-1 RA-MWL significantly affects multiple 

facial planes, leading to visible volume loss, skin 
laxity, and signs of accelerated aging. These 
changes reflect both structural and homeostatic 
disruptions, requiring a regenerative, 
multifaceted approach to aesthetic treatment. 
Skin laxity is addressed through MFU-V or 
microneedling with RF; fractional lasers, 
CaHA, and topical PNs and peptides improve 
skin quality; and,finally, PLLA, HCCs, and HA 
filler are useful for volume repletion. Ongoing 
monitoring and tailored interventions are 
critical, especially as patients may experience 
fluctuating weight or continued treatment with 
GLP-1 RAs. Finally, incorporating nutritional 
support and lifestyle optimization ensures more 
durable aesthetic and functional outcomes in 
this growing field.
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