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Background: The prevalence of type 2 diabetes mellitus (t2DM) has been steadily increasing. Patients with t2DM need to slow down 
the skin ageing processes and to obtain a rejuvenating effect. Treatments that do not damage the superficial layers of the epidermis 
could be a promising solution for those patients.
Purpose: The aim of this study was to evaluate the effects of radiofrequency therapy on the biophysical parameters and angiogenesis 
of facial skin, using CD34 as a biomarker in older diabetic women treated with metformin.
Patients and Methods: A total of 45 subjects with phototype 2 or 3 (Fitzpatrick scale) were investigated (25 t2DM – study group, 20 – 
healthy controls). A series of 6 treatments (once a week) with a Radio Frequency Skin Rejuvenation System device was used on facial 
skin. Measurements of skin hydration, transepidermal water loss (TEWL), melanin and erythema index, temperature, and pH, at baseline 
and after radiofrequency therapy were performed with the Courage + Khazaka MPA-9 device. Immunohistochemistry on paraffin- 
embedded sections was used to evaluate the intensity of CD34 expression.
Results: Radiofrequency treatment significantly improved facial skin hydration (p < 0.0001). Enhancement of the epidermal barrier 
observed, by reduced TEWL as a result of a series of treatments with radiofrequency on the facial skin (p < 0.0001), was observed. 
CD34 was more abundantly expressed after radiofrequency treatment. No side effects were observed.
Conclusion: Treatment with radiofrequency is an effective and non-invasive method of facial skin rejuvenation in older women with 
t2DM, with a relatively short post-procedure recovery time and low potential for severe adverse effects.
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Introduction
Ageing skin is characterized by remarkable structural changes, involving the thinning of the dermis, collagen volume 
loss, vessel atrophy, and flattening of the dermal-epidermal junction. Skin ageing is induced by both intrinsic and 
extrinsic factors.1 Noordam et al showed that high serum glucose levels are associated with a higher perceived age in 
both, diabetic and non-diabetic subjects.2 Advanced glycation end-products (AGEs) occur slowly during ageing, but the 
process is accelerated in the presence of diabetes mellitus (DM). The glycation process promotes dermal damage and 
premature skin ageing.3 Diabetes and ageing present separate pathologies but retain a crucial overlap in senescence- 
linked molecular and cellular processes.4 Moreover, cellular senescence is associated with an imbalance between pro- 
inflammation and anti-inflammation, contributing to a low-grade pro-inflammatory state (“inflammaging”), which 
accelerates age-related diseases, including DM.5 Cutaneous alterations are common in diabetic patients.6 In older 
subjects, the nonenzymatic glycation is high, not only because of the possible hyperglycemia but also due to long- 
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term exposure to normoglycemic conditions. The impairment of the skin barrier in t2DM is associated with a decrease in 
epidermal proliferation and AGEs. Serum AGEs and its epidermal receptors were increased in type 2 diabetic mice7 

Protein glycation contributes to skin ageing as it deteriorates the existing collagen by crosslinking. The production of 
AGEs in skin cells promotes stiffness and loss of elasticity.8 Also, dermal equivalents containing collagen modified by 
glycation show a reduction of contraction as compared to control without glycation.9 The Raman study revealed that the 
ageing effects caused by glycation of proteins degrade type I collagen differently.10 Argyropoulos et al, investigated the 
molecular basis of aged-appearing skin, mainly connected with metalloproteinases appearance, which is largely respon-
sible for the fragmentation of collagen fibers.11 AGEs are involved in the pathogenetic process of diabetic 
microangiopathy.12,13 CD34 is a marker of hematopoietic stem cells and a global marker of endothelial cells in human 
and mouse tissues.14 Therefore, it can be used to identify the vascular endothelial cells in the skin (membranous staining 
pattern) and visualize the dermal vascularisation.15

Advanced, non-invasive anti-ageing cosmetic treatments for the skin, as well as instrumental methods used to assess 
their efficacy, should be of special interest in diabetic patients,16 as they present with skin dryness, skin barrier damage, 
and increased transepidermal water loss (TEWL).17–19 One of the available methods is rejuvenating therapy with the use 
of radiofrequency (RF). The method allows controlled heating of the tissues, but the produced energy does not cause 
dermabrasion or ablation. Instead, it generates heat energy in the target tissue, which affects conformational changes in 
collagen fibers.20 The existence of thermal wounds zones between the areas of the unaffected zones can be a supply of 
reservoir cells to promote healing, so there is less downtime, and it is considered a safe modality.21 RF is widely used 
both, in cosmetology and dermatology.20–27 However, data about the usefulness of RF treatment in ageing diabetic skin 
remains limited, at best. Therefore, our study aimed to investigate the effects of RF therapy on the biophysical parameters 
of facial skin and its possible impact on angiogenesis in older women with t2DM.

Materials and Methods
The study was approved by the Local Bioethics Committee (Poznan University of Medical Sciences, no. 1320/18, 
Poland). The Declaration of Helsinki was followed. Written informed consent, including for publication of patient 
medical images, was obtained from all participants.

Study Population
The study was conducted at the Department of Cosmetology and Skin Diseases Prophylaxis, between 2019 and 2021. 
The study group included 45 non-smoking women (25 with t2DM and 20 controls without t2DM), aged 60–63 years, 
with signs of skin ageing such as wrinkling, dyspigmentation, sagging, and skin phototype of 2 or 3 according to 
Fitzpatrick scale.28 General practitioners confirmed the health status of the controls, while general practitioners and 
diabetologists confirmed the health status of the diabetic group. All t2DM women were treated with metformin 
hydrochloride (daily dose of 500–1000 mg). Detailed characteristics of the participants are presented in Table 1.

Table 1 Characteristics of the Study Group

Parameter Women with t2DM Women without t2DM

Number of patients 25 20

Mean age (years) 60.76±2.13 61.05±2.01

Mean fasting blood glucose concentration (mg/dL; mmol/l*) 133±24.87 

7.4±1.37*

86.75±7.17 

4.82±0.4*

Mean daily dose of metformin (mg) 820 –

Mean HbA1c (%) 6.59±0.83 5.1±0.41

Notes: normal fasting blood glucose value: 70 mg/dL (3.9 mmol/l) - 100 mg/dL (5.6 mmol/l); *fasting blood glucose (mmol/l). HbA1c, 
glycated hemoglobin, normal range from 4% to 6%.
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The exclusion criteria were as follows: age <60, smoking, poor overall health condition, skin diseases, history of 
esthetic dermatology treatments in the last 2 years.

Measurements of Skin Biophysical Parameters
Skin biophysical parameters were measured at baseline and after the series of RF treatments on the same area of the face 
in the entire study population. The following parameters were evaluated: skin hydration, TEWL, melanin index (MI), 
erythema index (EI), temperature, and skin pH. The measurements were performed on the three anthropometric points on 
the facial skin: the forehead – 2 cm above Glabella in the midline, the left cheek – 2 cm below Orbitale on the left side of 
the face in the interpupillary line, and the chin – 1 cm above Gnathion in the midline.

The in vivo non-invasive skin bioengineering techniques were used with the Courage + Khazaka MPA-9 device 
(Courage + Khazaka Electronic, Köln, Germany) with the following probes: Corneometer CM825, Tewameter CM300, 
Mexameter MX18, Thermometer ST 500, and Skin-pH-Meter PH 908. All measurements were performed in controlled 
conditions at a temperature of 22–25°C and average relative humidity of 52–58%. Before the measurements, the 
volunteers were asked to stay in the test room for at least 15 minutes, so the skin could acclimatize to room conditions. 
To minimize study errors, the participants were instructed not to apply any cosmetics in the tested area before the study 
and avoid ultraviolet radiation and solar exposition.

Immunohistochemical Analysis
A 4 mm skin punch biopsy was taken from the area subjected to RF treatment from 10 patients with t2DM, at baseline 
and after RF. Paraffin-embedded 4-μm skin sections were mounted on poly-L-lysine-coated glass slides. 
Immunohistochemical staining (IHC) using immunoperoxidase technique with monoclonal antibodies against human 
CD34 (Perlan Technologies), and Real EnVision detection kit (Dako, Denmark) was applied to detect dermal micro- 
vessels. CD34 staining was performed after enzymatic digestion with proteinase K (Dako, Denmark). Then, the slides 
were incubated with an appropriate dilution of antibody (1:100) in Antibody Diluent (Dako, Denmark) at room 
temperature for 1 hour, and, after visualization, washed with PBS, counterstained with hematoxylin, dehydrated with 
an alcohol gradient, treated with xylene, and coverslipped. The slides were examined by the EuroStar III Plus microscope 
operated by Bluelight LED technology (Euroimmun, Germany) and digitally photographed. The intensity of positive 
immunostaining signals (expression intensities) on the slides was reported according to the arbitrarily assigned semi-
quantitative five-point scale (from “-” to “+++”) at identical objective magnifications (×20; ×40).

Radiofrequency
RF treatments were carried out with the use of a Radio Frequency Skin Rejuvenation System device (Hebe, Poland), and 
the following parameters: 1 MHz frequency generator, 230 V, 50 Hz voltage, and 40–42 W power. The duration of a 
treatment session started at 20 minutes, and was extended by 1 minute upon every visit, up to 26 minutes at the last visit. 
Every woman was subjected to a series of 6 treatments, once a week. After the treatment, the use of a soothing, 
moisturizing cream (for day and night), without any other facial cosmetics, as well as drinking a minimum of 2 liters of 
water a day, were recommended.

Statistical Analysis
Statistical analysis was conducted using Software Statistica PL 10.0 (StatSoft Inc., Tulsa, OK, USA). The Shapiro–Wilk 
test was used to analyze the results. A comparative analysis was performed with the use of a non-parametric Mann– 
Whitney U-test. Other analyses were performed using Student t-test for independent variables. The p value of <0.05 was 
considered as statistically significant.

Results
The results of skin rejuvenation in a representative t2DM woman at baseline and after RF are presented in Figures 1–3.
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Figure 1 A 63-year old female patient with diabetes mellitus type 2: (A, C and E) at baseline; (B, D and F) after a series of radiofrequency treatments. 
Note: Images property of Daria Sobkowska.

Figure 2 A 61-year-old female patient with diabetes mellitus type 2: (A) at baseline; (B) after a series of radiofrequency treatments. 
Note: Images property of Daria Sobkowska.
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Adverse Events
No adverse events were observed during the study. Skin erythema of the face persisted for approximately 20 minutes 
after the RF procedure, which is a normal reaction, and resolved.

Biophysical Parameters of the Skin
Measurements of the biophysical parameters at baseline and after RF are presented in Tables 2 (for the forehead), 3 (for 
the left cheek), and 4 (for the chin). At baseline, skin hydration was higher and TEWL was lower in t2DM patients and 
controls for all of the investigated areas of the face. RF therapy significantly improved skin hydration and reduced TEWL 
in all areas for t2DM women and controls, with no differences between the groups. RF reduced EI on the left cheek 
(p=0.0135) and the chin (p=0.0299) in both groups, but on the forehead only in controls (p=0.0001). MI measurements 
and temperature of the skin were nearly the same for all areas of the face, at baseline and after RF. A significant reduction 
of skin pH was observed in both t2DM women and controls, but only for the left cheek (p=0.0284). The value was 
reduced to acidic pH.

Immunohistochemical Staining
Comparison of CD34 expression at baseline and after RF revealed significant differences. Skin samples after RF showed 
higher expression of CD34 (“++”) as compared to baseline (“+”). Biopsy from patients with t2DM presented visible 
serration patterns of CD34 just below the dermo-epidermal junction (DEJ). The number of the micro-vessels was higher 
in the dermal infiltrate and at DEJ after RF compared with baseline. CD34 expression in skin biopsy of a representative 
t2DM patient before and after RF is shown in Figure 4.

Discussion
Diabetes Mellitus and the Skin
The number of people with t2DM has quadrupled in the last three decades, and DM has become the ninth major cause of 
death globally.29 DM incidence has been known to increase with age so the number of people suffering from t2DM is 
expected to steadily increase as the life expectancy figures are on the rise.30 Altered carbohydrate metabolism in the 
human body considerably affects the condition of the skin, an important barrier for the external environment.7,31 Diabetic 
skin becomes dry, sensitive, itchy, congested, extensively flaky, and aged-appearing.2–4,7,9–11

Metformin reduces AGEs-induced reactive oxygen species (ROS) generation in high glucose conditions and is widely used 
as the first-line anti-diabetic medication.32,33 Studies confirmed the protective effects of metformin in the in vitro model of ageing 
3T3 fibroblasts under high glucose conditions.33,34 Exposure to metformin induces cell proliferation, collagen I and III 
production, protects from apoptosis, and reduces pro-inflammatory cytokines.32,33,36,37 As reported by Pennacchi et al, glycation 

Figure 3 A 63-year-old female patient with diabetes mellitus type 2: (A) at baseline; (B) after a series of radiofrequency treatments. 
Note: Images property of Daria Sobkowska.
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processes affect the dermal matrix and the epidermal compartments, leading to poor stratification of the epidermal layers and 
vacuolization keratinocyte cytoplasm, which are typical for aged skin.35 In our study, women with t2DM were treated with 
metformin hydrochloride. The results of corneometry and TEWL were very similar in diabetic women ≥60 years and their 
control peers, which may be indicative of the positive effect of metformin on the skin barrier in patients with t2DM.17,31

Table 2 The Results of Biophysical Parameters Measurements on the Skin of the 
Forehead Area Before, and After the Radiofrequency Intervention

Parameter Mean±SD Results of the Forehead Area p

Diabetic Group Control Group

Hydration (AU)
Before 49.81±9.05 46.69±9.27 0.2612

After 69.52±11.45 73.72±7.0 0.2052

p <0.0001* <0.0001*

TEWL (g/h/m2)

Before 21.23±7.62 23.86±4.00 0.1708
After 10.45±2.97 9.62±1.99 0.2915

p <0.0001* <0.0001*

EI (AU)

Before 363.26±90.11 371.60±88.98 0.7578

After 351.67±91.88 324.08±64.52 0.2623
p 0.3051 0.0001*

MI (AU)
Before 109.21±31.76 102.23±20.62 0.4073

After 106.44±30.49 104.45±±17.07 0.7965

p 0.3337 0.4898

Temperature (°C)
Before 31.30±1.24 31.01±0.80 0.3675

After 30.82±0.81 30.75±0.66 0.7561

p 0.0684 0.0836

pH

Before 5.60±0.51 5.85±0.39 0.0876
After 5.49±0.37 5.83±0.31 0.0018**

p 0.1393 0.7789

Notes: *Significant difference between results before and after RF, **significant difference between the groups. 
Abbreviations: SD, standard deviation; AU, arbitrary unit; TEWL, transepidermal water loss; EI, erythema 
index; MI, melanin index.

Figure 4 Effects of CD34 expression analysis in a representative t2DM patient: at baseline (A); after a series of radiofrequency treatments (B). Immunoperoxidase staining 
of paraffin-embedded tissue, original magnification x100.
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Efficacy of Radiofrequency for Diabetic Patients
After a series of 6 RF treatments, a significant reduction of TEWL and increased skin hydration were observed in both 
groups for all of the investigated areas of the face. Louis et al38 investigated normal human skin substitutes subjected to 
RF and ultrasound treatment, and found significant induction of genes related to epidermal differentiation processes, ie, 
keratin. Histology assessment showed a higher expression of cytokeratin 10 and 14, which may be evidence of a possible 
reactivation of the proliferative skin state as a rejuvenation strategy, as well as explain the beneficial effect of RF on the 
skin barrier.

Diabetic skin requires special daily care with gentle cleansers and moisturizers.39 Together with proper skincare, RF 
can be used to strengthen the skin barrier in older women, including those with t2DM. Devices using electromagnetic 
radiation are easily available and offer non-invasive and safe therapeutic options for skin rejuvenation. In our study, 
immediate short-term erythema, which is a normal skin reaction after such a procedure, was observed in both groups.

The use of mono- or bipolar RF for the treatment of facial skin caused the thickening of skin layers.40 Kokolakis et 
al41 used this technology for deep ablation, obtaining the growth of fibrous connective tissue, with the subsequent new 
creation of collagen fibers. Other authors also reported the beneficial rejuvenating effect of RF on the ageing facial 
skin,42–44 ie reduced laxity, an increased skin elasticity, and smoothing of the wrinkles. In our study, we did not assess the 
clinical signs of ageing, but concentrated on the evaluation of the biophysical parameters of facial skin in diabetic older 
women as compared to non-diabetic controls.

Moreover, age-related skin inflammation results in compromised epidermal barrier, impaired moisture retention, 
erythema, and pigment alteration.45 Our findings indicate that RF may especially reduce erythema, as the objective sign 
of different phases of skin inflammation. In our study, the probands developed lesser erythema on the left cheek 
(p=0.0135) and chin (p=0.0299), which significantly affects beautifying treatments.

It is a well-known fact that barrier abnormalities in the ageing skin may be normalized by acidifying the epidermis 
exogenously with proper therapies.46 Therefore, the slight reduction in the baseline skin surface pH after RF in our study 
could be the result of improved integrity of the stratum corneum.

Effect of Radiofrequency on Angiogenesis
Using semi-quantitative IHC to investigate protein expression and localization within tissues, our study demonstrated that 
CD34, a marker of vascular endothelial cells, was abundantly expressed after RF. The increased number of micro-vessels 
after RF suggests a possible link between angiogenesis and the RF treatment. These results present morphological 
evidence for the angiogenic activity of RF, indicating that local microvasculature may in fact undergo the process of 
treatment-dependent angiogenesis.

Reduced turnover rate and cell renewal slowdown in the epidermis are observed with advancing age,47 resulting in 
dry, rough, uneven, and dull skin in older people. Epidermal stem cells are responsible for the constant renewal of the 
epidermis. CD34 is one of the markers which they express and, as such, may be used to characterize epidermal stem cell 
properties.48 Our results indicated that CD34 expression was upregulated after RF, which may suggest the stimulation of 
undifferentiated cells in epidermal development. Notably, the expression pattern of CD34 after RF is compatible with the 
localization of the epidermal stem cells – they are dispersed in the inner layer of the epidermis. Based on our findings, it 
seems safe to conclude that RF activates epidermal renewal by stimulating cell proliferation, compensating for the usual 
deterioration associated with ageing. That, in turn, leads to higher epidermal turnover rate and, consequently, much 
improved skin complexion, as demonstrated in our study by improved biophysical parameters of the skin after RF.

As the process of ageing has a degenerative effect on the skin, increasing skin vulnerability to damage, especially in 
diabetic patients, all available methods should be implemented to restore normal biophysical and mechanical properties 
of the skin.

Limitation
Our study is not without limitations, chief among them a relatively small sample size and short period of observation at 
only one center, as well as lack of comparison with other methods of skin rejuvenation.
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Conclusion
RF is an effective, non-invasive, and safe method of enhance facial skin hydration, reduce TEWL and skin pH in older 
women affected with t2DM.

Abbreviations
AGEs, advanced glycation end-products; DEJ, dermo-epidermal junction; EI, erythema index; HSP47, heat shock protein 
47; IHC, immunohistochemical staining; MI, melanin index; NFKB, nuclear factor kappa-light-chain-enhancer of 
activated B cells; RF, radiofrequency; ROS, reactive oxygen species; t2DM, type 2 diabetes mellitus; TEWL, transepi-
dermal water loss.
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