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Abstract

Cryolipolysis is a non-invasive technique used to reduce localized body fat mass. The changes in fat percentage have been assessed by
many analytical methods, including bioelectrical impedance analysis. The most common effects of cryolipolysis on reducing subcutaneous
fat tissue have been addressed but potential changes in biochemical and hematological biomarkers have been not safely approached. This
study investigates potential changes in hematological and inflammatory biomarkers following the reduction of body fat mass. A prospective
longitudinal approach included a total of 20 participants divided into groups of 5 men and women in each with ages between 25 and 45 years.
They were submitted to standard cooling exposure for 60 minutes at -5°C and -10°C with 360° and “shielded” equipment, respectively.
The blood samples were analyzed at times TO (baseline), T1 (2 days), T2 (14 days), T3 (30 days) and T4 (60 days) after the procedure. The
percentage of body fat mass were analyzed by bioimpedance at times TO (baseline), T1(30 days), T2 (60 days), T3 (90 days) and T4 (120 days).
No changes in hematological and inflammatory biomarkers serum levels were observed in both temperatures. Bioimpedance analysis revealed
a reduction in the percentage of body fat mass only in men, with a decrease of 28 (24.5/29.9) compared to 30 (26.2/ 33.30) when submitted to
-5°C after 120 days. These findings support that cryolipolysis can be considered an effective and safe method for localized body fat reduction
without significant changes in blood biochemical parameters.
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Resumo

A criolipélise é uma técnica ndo invasiva utilizada para reduzir a gordura corporal localizada. A mudanga no percentual de gordura pode
ser avaliada de varias formas, incluindo a andlise de impeddncia bioelétrica. Os efeitos mais comuns da criolipélise na redugdo do tecido
adiposo subcutdneo sdo conhecidos, porém as possiveis alteragoes nos marcadores bioquimicos e hematoldgicos ainda ndo foram abordadas
com seguranga. Este estudo investiga possiveis alteragées em marcadores hematologicos e inflamatorios apos a redugdo da massa de gordura
corporal. Uma abordagem prospectiva longitudinal incluiu um total de 20 participantes divididos em 2 grupos de 5 homens e mulheres com
idades entre 25 e 45 anos. Os participantes foram submetidos a exposi¢do padrdo de resfriamento por 60 minutos a temperatura de -5°C e
-10°C com os equipamentos “360°” e “blindado” respectivamente. As amostras de sangue foram analisadas nos tempos T0 (basal), T1 (2
dias), T2 (14 dias), T3 (30 dias) e T4 (60 dias) apos o procedimento. O percentual de massa gorda corporal foi analisado por bioimpeddncia
nos tempos T0 (basal), T1(30 dias), T2 (60 dias), T3 (90 dias) e T4 (120 dias). Nao foram observadas alteragcdes nos niveis séricos de
biomarcadores hematologicos e inflamatorios em ambas as temperaturas. A andlise de bioimpedancia revelou redu¢dao do percentual de
massa gorda apenas nos homens com diminui¢do de 28 (24,5/ 29,9) em relagdo a 30 (26,2/ 33,30) quando submetido a -5°C apos 120 dias.
Os resultados obtidos sustentam a criolipdlise como um método eficaz e seguro para redugdo da gordura corporal localizada sem alteragées
significativas nos parametros bioquimicos sanguineos.

Palavras-chave: Biomacadores. Lipideos. Gordura Corporal. Bioimpeddncia

1 Introduction Zelickson et al.? used Yucatan and Yorkshire pigs to test a

Cryolipolysis is an adipose tissue cooling technique prototype cooling device designed to determine the selective

designed to reduce the localized adipose tissue. In fact,
subcutaneous fat tissue may be considered a risk factor
for cardiovascular diseases. Its principle consists of low
temperatures exposure to cause intentional damage to the
adipose tissue and preserve adjacent tissues. Fat tissues are
more susceptible to cold as demonstrated by the decrease
of children’s cheeks who consumed popsicles, called
“popsicle panniculitis” as a result of oral inflammation at low

temperatures'.

J Health Scie, 2022;24(4):272-6

destruction of fat cells with no damage to surrounding tissues.
Furthermore, the analysis of serum lipids demonstrated no
changes in the animal’s lipid profile. In vitro, adipocytes
underwent necrosis at temperatures ranging from -2 °C to 2
°C and markedly increased apoptosis over 7 °C3.

Clinical studies also showed that cryolipolysis did not
affect serum lipids and liver function as revealed by no
significant changes in the lipid profile of liver biomarkers*.

However, the local injury after the freezing application may
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cause systemic changes in the body by affecting body thermal
balance. Tissue response includes the increase in energy
metabolic rate to maintain its thermoregulation®.

Increased mitochondrial energy metabolism generates
reactive oxygen species, which may activate proteolytic
caspases enzymes in the apoptosis cascade signaling®. Other
intracellular disturbances caused by ice-induced tissue
ischemia affect the osmoregulation by changing Na-K-ATPase
activity, adenosine triphosphate (ATP) levels and lactic acid
acidosis’.

Despite the fact that more than 650,000 procedures have
been performed worldwide since its inception, cryolipolysis
remains unstandardized, with few physio pathological
approaches®. The current scientific basis outlines the
equipment used, as well as the location, exposure period and
temperature. Inflammation that occurs as a result of adipose
tissue cooling injury has not been addressed. In this context,
the use of peripheral blood biomarkers might be useful in
ensuring patient safety when applying the technique. These
findings contribute to maximize the safe use of cryolipolysis

technique while achieving the most desirable results.

2 Material and Methods
2.1 Study design

In this prospective and open label clinical study, the
participants were selected according to the inclusion criteria
that included healthy individuals, with adipose tissue deposits
in the abdomen greater than 2.0 mm as measured by the
Lafayette Adipometer and a body mass index between 21.0
and 33.6 in men and 22.9 and 45.8 kg/m in women. A total
of 20 participants were divided by computer-generated
simple randomization into two groups, A and B, each group
consisting of 10 participants (5 men and 5 women). Body fat
mass was measured and blood samples were collected at time
zero (baseline), time one (2 days), time two (30 days), time
three (60 days), and time four (90 days) after the procedure.
This work was conducted in accordance with human study
rights and approved by the Research Ethics Committee of
Tuiuti University of Parana (CAAE: 17004919.3.0000.8040).

2.2 Cryolipolysis

Cryolipolysis technique was applied to the lower and upper
abdomen. During the 60-minute experiment, the temperature
was -5 °C for group A and -10 °C for group B. Applications
were performed in the upper abdomen (above the navel) and
lower abdomen (below the navel) in a single application. The
Dermasul company supplied the Adoxy Medical, Asgard
VC10 model equipment to carry out the procedure. Two types
of handles, 360° conventional “shielded” models were used.
Procedure steps included the pieces of equipment installation,
room acclimatization at 17 °C, skin protect of participants with
anti-freeze membrane and vacuum application for 60 minutes.
Diuretic drugs were not taken for at least 24 hours before the
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tests, food and beverages were not consumed up to 4 hours
before tests, and the patient was kept at rest. Body fat mass was
measured using the Bioelectrical Impedance Analysis (BIA),
following the Brazilian Medical Association (AMB) and the
Federal Council of Medicine (CFM) guidelines (2009).

2.3 Hematological and inflammatory biomarkers

Each study participant had 3 mL of venous blood drawn
into an EDTA tube via venin puncture. A blood liquate was
extracted from the whole blood sample for hematological
analysis. Hematological parameters such as white blood cells
(WBC) and red blood cells (RBC), hematimetric indices and
platelets, were determined using an automated hematology
analyzer, the ADVIA 120 (Siemens Healthcare, Berlin,
Germany), a hematology analyzer that performs a complete
blood count and provides results in printouts. An experienced
Senior Laboratory Technologist who had special training and
was certified on the automated hematology analyzer performed
hematological analysis in accordance with the standard
protocol and manufacturer instructions of the hematology
analyzer machine and the Clinical and Laboratory Standards
Institute (CLSI) guideline. Inflammatory biomarkers such as
mean platelet volume (MPV), neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-
monocyte ratio (LMR) and the immune inflammation index

(SII) were calculated as described previously®!!.

2.4 Statistical analysis

Quantitative variables were expressed as mean + standard
deviation. Gaussian distribution (i.e., normality) were
analyzed by the Shapiro-Wilk test. The levels in biomarkers
and percentage of body fat mass among the groups were
performed using analysis of variance (ANOVA) followed
by Holm-Sidak post hoc test or Friedman'’s test followed by
Dunn’s pos hoc test for multiple comparisons. All the tests
were two-tailed, with a value of p<0.05 considered statistically
significant. All the statistical analyzes were performed using
GraphPad Prism 9.2.0 software (GraphPad Software, Inc., La

Jolla, California, USA).

3 Results and Discussion
3.1Subject demographics

In this study, 20 participants were included and allocated
into two experimental groups, namely: group A (n=10) and
group B (n=10), according to the protocol of intervention
described early. Their age ranged from 25 to 45 years (man
35 £ 5 and women 35 = 8 years old). The mean age was 36
+ 8 for group A and 35 + 5 for group B. Within group A, the
mean age for women was 35 £ 10, and for men it was 36 = 7.
Considering group B, women had a mean age of 36 = 7, and
men had a mean age of 34 + 5.
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3.2 Determination of changes
cryolipolysis

The effects of cryolipolysis application on hemogram
showed no differences over time at -5 °C (Table 1). Similar

in hemogram after

results were observed at -10 °C (data not shown). All measure
values were kept stable with means not exceeding the
reference value established by the National Quality Control

Program guidelines.

Table 1 — Analysis of hemogram in patient’s group submitted to cryolipolysis at -5 °C

Cryolipolisys AT -5° C
Parameter Baseline 2 days 14 days 30 days 60 days
HT (%) 41.2(3.2) 40.9 (3.3) 41.4 (3.6) 42.4(3.3) 42.2 (3.5)
HB (g/dL) 14.7 (1.4) 14.4 (1.5) 14.3 (1.4) 14.9 (1.3) 14.8 (1.5)
MCY (fL) 86.5(3.8) 86.6 (2.9) 87.0 (3.8) 89.6 (3.7) 89.4 (4.0)
MCH (pg) 30.8 (1.4) 30.5(0.9) 30.1(1.2) 31.7(1.4) 31.4(1.3)
MCHC (%) 35.6(0.9) 35.3(0.8) 34.6 (0.6) 35.3(0.8) 35.1(1.1)
RBC (mil/pL) 4.7 (0.4) 4.6 (0.4) 4.7 (0.4) 4.7 (0.4) 4.7 (0.5)
RDW (%) 10.9 (0.5) 10.9 (0.4) 11.2 (0.2) 11.0 (0.3) 11.0 (0.3)
LINF (mm?) 3145 (1378) 2759 (745.7) 2978 (1083) 3156 (837.1) 2575 (843.0)
MONO (mm?®) 550.3 (153.9) 615.1(170.8) 489.3 (176.4) 333.3(238.3) 597.3 (164.7)
NEU (mm?) 4614 (1422) 4380 (1941) 4095 (1499) 4619 (1130) 4742 (1421)
PLAT (mm?) 27250 (44733) 279930 (62278) 274288 (56847) 276920 (48913) 261620 (58986)
LEU (mm?) 8806 (2381) 7782 (2157) 7967 (2157) 8365 (1969) 8350 (1732)
A0 ) (71.21;4371 1.3) (79.71/21889.5) (0/;(1)(5).5) (034138 ) (66‘71/22%2.3)

Data are expressed as median and interquartile interval. Friedman’s test and Dunn’s pos test are used in multiple comparisons. Legend: HT=

Hematocrit; HB = Hemoglobin; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Hemoglobin; MCHC= Mean Corpuscular Hemoglogin
Concentration; RBC= Red Blood Cells; RDW= Red Cell Distribution Width; LINF= Linfocytes; MONO= Monocytes; NEU= Neutrophils; ROD= Rod

Cells; PLAT = Platelets; LEU= Leucocytes; EOS=Eosinophils.
Source: Resource data.

Further hemogram analysis was stratified by gender.
Figure 1 shows RBC elements by sex submitted to -5 °C.
Men group showed a slight drop in hematocrit 2 days after
the procedure as compared to baseline. An increase could

also be seen from after 14 days. Changes in hemoglobin were
minimal with a small decrease in hemoglobin in 14 days in
men and no changes in RBC cells in both sexes.

Figure 1 - Analysis of hematological parameters in men and women after cryolipolysis at -5 °C. Data are expressed as mean + standard

deviation. A) Hematocrit; B) Hemoglobin; C) Red blood cells
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Source: the authors.

Figure 2 depicts the levels of leukocytes, eosinophils,
and platelets levels stratified by sex. Leukocytes and platelets
remained stable with very similar levels in both sexes after
60 days after cryolipolysis (Figures 2A and 2B). In women,
eosinophils tended to increase after 2 days (Figure 2C). Men
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showed a gradual increase in neutrophils when submitted
to application, which could not be seen in women (Figure
2D). As part of the immune response as precursors of tissue
macrophages, monocytes had a mild decrease in both sex 30

days after criolipolysis as compared to baseline (Figure 2E).
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Figure 2 - Analysis of white blood cells in men and women after cryolipolysis at -5 °C. Data are expressed as mean =+ standard
deviation. A) Leukocytes; B) Platelets; C) Eosinophils D) Neutrophils; E) Monocytes
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Source: the authors

3.3 Body fat mass measurement Surprisingly, the same effect could not be seen in women

The changes in body fat mass were monitored during 120 8P with statistical significance (Table 2). Tissue fat mass

days after the cryolipolysis at different temperatures. There ~ reduction by cryolipolysis stands for until 6 months after

were significant differences in man as revealed by BIA. The  application, reaching up to 25% loss in total period". Dierickx

results showed a decrease in the percentage of fat mass after et al.”® also demonstrated the fat layer reduces up to 23% in

120 days (28 — 24.45/29.85 vs 30 — 26.20/33.30) at -5 °C. 3 months.

Table 2 — Analysis of percentage of fat mass by sex submitted to cryolipolysis at -5 °C and -10 °C

Men Women
DAYS 0 30 60 90 120 0 30 60 90 120
CRYO 30 30 28 28 28 43 43 42 42 42
AT -5° C (26.2/ (22/ (25/ (24.6/ (24.5/ (29.8/ (28.9/ (26.3/ (25.9/ (25.4/
33.30) 31.95) 30.50) 29.95) 29.9)* 45.3) 44.3) 43.9) 43.5) 43.1)
Data are expressed as median and interquartile interval. Friedman’s test following Dunn post test for multiple comparison.

Source: the authors.

3.4 Determination of inflammatory biomarkers The results of MPV, NLR, PLR, SSI as well as CRP showed no
changes at the plasma levels. PLR and LMR means had a slight

Additional analysis were performed to assess potential .
increase after 2 and 30 days respectively at -5 °C (Table 3).

changes in plasma inflammatory biomarkers during 60 days.

Table 3 — Analysis of immune cells and inflammatory biomarker after cryolipolysis at -5°C

Cryolipolisys AT -5° C

Parameter Baseline 2 days 14 days 30 days 60 days

MPV (fL) 7.2 (0.9) 7.1(0.8) 6.8 (0.7) 6.9 (0.6) 7.4 (1.3)
NLR (n/pL) 1.6 (0.7) 1.6 (0.7) 1.5 (0.6) 1.5(0.2) 2.1(1.2)
PLR (n/pL) 99.5 (35.7) 104.4 (18.1) 102.2(35.5) 92.1 (22.6) 109.2 (35.0)
LMR (n/pL) 5924 4.8 (1.9) 7.1(3.8) 13.9(9.1) 4.4(1.4)

1.9 1.5 1.5 2.1 1.3

RCP (mg/L)' (0.65/3.55) (1.02/5.35) (0.87/3.67) (0.92/4.20) (0.92/6.27)

Data are expressed as mean + standard deviation using ANOVA followed by Holm-Sidak post test. T Data are expressed as median and interquartile
interval. Friedman's test and Dunn'’s pos test are used in multiple comparisons.Legend: MPV = Mean Platelet Volume; NLR=Neutrophil Lymphocyte
Ratio; PLR=Platelet Lymphocyte Ratio; LMR=Lymphocyte Monocyte Ratio; CRP= C Reactive Protein.

Source: the authors.

J Health Scie, 2022;24(4):272-6

275



4 Conclusion

The present work monitored body fat mass reduction and
the potential changes in hematological and inflammatory
parameters following cryolipolysis. No effects were found on
circulating inflammatory markers in the individuals submitted
to the technique application. Also, for the first time, a clinical
study systematically investigated the relationship between the
reduction in fat body mass at different temperatures by gender.

The effects of cryolipolysis on body fat mass reduction
remain controversial. Recent clinical studies examined the
single-session effect of unilateral cryolipolysis on visceral and
subcutaneous over a period of 12 weeks'®. On the other hand,
the fat percentage analyzed by BIA showed a decrease of 25%
and 27% in abdomen and flanks after 6 months'®. In our study,
cryolipolysis reduced fat mass percentage significantly only
in men group. By the methods employed, it was not possible
to see any significant change in these biochemical parameters,
what reinforces cryolipolisys as safe technique. BIA measures
the effect of electric current on body tissues. The method is
precise and allows to determine body composition parameters.

The selective reduction in fat mass after cryolipolysis
is ascribed to adipocyte cell death by apoptosis after cold
exposure, which is then eliminated by macrophage engulfment
as part of the inflammatory process'®!”.

The use of biomarkers has provided an additional safety
tool for clinical practice. In humans, studies have shown that
the procedure preserves liver function 2. Inflammatory activity
is evident after 3 days as demonstrated by the increase in
inflammation biomarkers and migration of immune cells to
the injury site, lasting up to 30 days before start declining®.
Despite LMR ratio shows no statistical significance, a peak in
patients submitted to either -5 or -10°C has been observed after
30 and 14 days respectively. Nevertheless, the levels returned
close to baseline after 60 days. Scientifically, cryolipolysis
still can be on debate as an effective method for localized fat
reduction, nevertheless, these findings support the technique
as a safe by employing biochemical biomarkers to predict the
potential systemic effects on patients’ health.

Acknowledgements

Dr. Estetica offered the infrastructure and professional
teamwork.

Funding

This work was supported by Dermasul and Ice Protection
companies which provided Asgard VC10 machine, handles
and antifreeze membranes

References

1. Manstein D, Laubach H, Watanabe K, Farinelli W, Zurakowski
D, Anderson RR. Selective cryolysis: a novel method of non-
invasive fat removal. Lasers Surg Med 2008;40:595-604. doi:
https://doi.org/10.1002/1sm.20719.

2. Klein KB, Zelickson B, Riopelle JG, Okamoto E, Bachelor EP,

J Health Scie, 2022;24(4):272-6

10.

11.

12.

13.

14.

15.

16.

17.

Harry RS. Non-invasive cryolipolysis™ for subcutaneous fat
reduction does not affect serum lipid levels or liver function
tests. Lasers Surg Med 2009;41:785-90. doi: https://doi.
org/10.1002/1sm.20850.

Preciado JA, Allison JW. 59. The effect of cold exposure on
adipocytes: Examining a novel method for the non-invasive
removal of fat. Cryobiology 2008;57:327. doi: https://doi.
org/10.1016/j.cryobiol.2008.10.060.

Zelickson B, Egbert BM, Preciado J, Allison J, Springer K,
Rhoades RW. Cryolipolysis for noninvasive fat cell destruction.
Dermatol Surg 2009;35:1462-70. doi: https://doi.org/10.1111/
j-1524-4725.2009.01259.x.

Grivicich I, Regner A, Rocha AB da. Morte Celular por
Apoptose. Rev Bras Cancerol 2007;53:335-43. doi: https://
doi.org/10.32635/2176-9745.RBC.2007v53n3.1801.

Salahudeen AK, Huang H, Joshi M, Moore NA, Jenkins JK.
Involvement of the Mitochondrial Pathway in Cold Storage
and Rewarming-Associated Apoptosis of Human Renal
Proximal Tubular Cells. Am J Transplant 2003;3:273-80. doi:
https://doi.org/10.1034/j.1600-6143.2003.00042.x.

Sasaki GH, Abelev N, Tevez-Ortiz A. Noninvasive selective
cryolipolysis and reperfusion recovery for localized natural fat
reduction and contouring. Aesthet Surg J 2014;34:420-31. doi:
https://doi.org/10.1177/1090820X13520320.

Jalian HR, Avram MM, Garibyan L, Mihm MC, Anderson
RR. Paradoxical adipose hyperplasia after cryolipolysis.
JAMA Dermatol 2014;150:317. doi: https://doi.org/10.1001/
jamadermatol.2013.8071.

Tokgoz S, Kayrak M, Akpinar Z, Seyithanoglu A, Giiney
F, Yiiriiten B. Neutrophil lymphocyte ratio as a predictor of
stroke. J Stroke Cerebrovasc Dis 2013;22:1169-74. doi: https://
doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.011.

Goto W, Kashiwagi S, Asano Y, Takada K, Takahashi K,
Hatano T. Predictive value of lymphocyte-to-monocyte ratio
in the preoperative setting for progression of patients with
breast cancer. BMC Cancer 2018;18:1137. doi: https://doi.
org/10.1186/s12885-018-5051-9.

Erdal E, Inanir M. Platelet-to-lymphocyte ratio (PLR) and
Plateletcrit (PCT) in young patients with morbid obesity.
Rev Assoc Méd Bras 2019;65:1182-7.  doi: https://doi.
org/10.1590/1806-9282.65.9.1182.

Coleman SR, Sachdeva K, Egbert BM, Preciado J, Allison J.
Clinical efficacy of noninvasive cryolipolysis and its effects on
peripheral nerves. Aesthetic Plast Surg 2009;33:482-8. https://
doi.org/10.1007/s00266-008-9286-8.

Dierickx CC, Mazer J-M, Sand M, Koenig S, Arigon V.
Safety, tolerance, and patient satisfaction with noninvasive
cryolipolysis. Dermatol Surg 2013;39:1209-16. doi: https://
doi.org/10.1111/dsu.12238.

Hwang IC, Kim KK, Lee KR. Cryolipolysis-induced abdominal
fat change: Split-body trials. Plos One 2020;15:€0242782. doi:
https://doi.org/10.1371/journal.pone.0242782.

Sasaki GH, Abelev N, Tevez-Ortiz A. Noninvasive selective
cryolipolysis and reperfusion recovery for localized natural fat
reduction and contouring. Aesthetic Surg J 2014;34:420-31.
doi: https://doi.org/10.1177/1090820X13520320.

Avram MM, Harry RS. Cryolipolysis™ for subcutaneous fat
layer reduction. Lasers Surg Med 2009;41:703-8. doi: https:/
doi.org/10.1002/1sm.20864.

Jalian HR, Avram MM. Body Contouring: the skinny on
noninvasive fat removal. Sem Cutan Med Surg 2012;31:121-
5. doi: https://doi.org/10.1016/j.sder.2012.02.004.4.

276



