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Abstract

It has been reported that overweight Japanese males have poorly organised dermis and their skin
may be fragile to external forces because of decreased dermal echogenicity. However, it is un-
known whether the changes in the dermal structure actually affect the dermal function. The ob-
jective of this study was to clarify the relationship between dermal structural parameters and
dermal functional parameters in overweight and obese Japanese males. A cross-sectional, obser-
vational study was conducted on Japanese male volunteers. Two ultrasound scanners, a 20-MHz
Dermascan C® and an 18-MHz Mylab™ five® were used to evaluate dermal structure. Echogenicity
of the lower dermis and dermal thickness of the participants’ abdomens and thighs were meas-
ured. A Cutometer® MPA580 was used to evaluate skin viscoelasticity, skin deformation (R0) and
elasticity (R2, R7). The correlation between dermal structural parameters and skin viscoelasticity
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were validated using Pearson’s correlation coefficient or Spearman’s correlation coefficient by
rank test. A total of 79 male volunteers were recruited of which 43 were control subjects with BMI
<25 (age, 22 - 63 years), 25 were overweight subjects with BMI = 25 to <30 (age, 23 - 64 years) and
the 11 obese subjects had a BMI = 30 (age, 26 - 47 years). There was no correlation between der-
mal structural parameters and skin viscoelasticity in the abdomens or thighs of all 79 participants.
On the other hand, in the 36 overweight and obese participants, thigh dermal echogenicity was
significantly and negatively correlated with RO (r = -0.456, p < 0.01) and dermal thickness in the
abdomen was significantly and positively correlated with RO (r = 0.464, p < 0.01). The dermal
functional parameter was significantly correlated with dermal structural parameters in over-
weight and obese males; in other words, a decrease in dermal function may be caused by structur-
al changes in the dermis during obesity.
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1. Introduction

It has been reported that obese or overweight people have an altered dermal structure compared with normal
healthy people. It has also been reported that obese people have a poorly organised dermal collagen structure
because of the degradation of collagen fibres, and that these dermal changes are irreversible [1]-[3]. Fur-
thermore, these individuals possess a degraded and diffused collagen matrix compared with normal healthy
controls [1]-[3]. Moreover, using ultrasonographic imaging, we have already reported a decrease in dermal
echogenicity and an increase in dermal thickness in overweight Japanese males compared with normal healthy
controls [4]. We therefore suggest that dermal structural change may take place in overweight and obese
people.

The clinical problem is that dermal structural change may cause a decrease in skin function and skin fragility,
leaving it vulnerable to insult by external forces. With regard to skin function during obesity, Ibuki et al. re-
ported that obese mice have low tensile strength in the dermal layer of the skin [5]. The dermal layer plays a role
in maintaining the mechanical strength of the skin, and a decrease in the dermal tensile strength may be reflected
in skin fragility to external forces. Therefore, we believe it is important to clarify the functional role of skin in
addition to examining dermal structure in overweight and obese humans.

In overweight or obese individuals there is clearly a decreased effectiveness of the skin as a barrier, but
there is no clarity concerning the biomechanical functions of the internal skin, i.e. the dermis. The skin of
overweight and obese individuals has higher trans-epidermal water loss (TEWL) compared with normal indi-
viduals [6]-[8]. Furthermore, they have a lower water content of the stratum corneum compared with normal
individuals [6]. As mentioned above, the skin of overweight and obese individuals has a decreased barrier
function, and an alien environmental substance may easily penetrate such skin. On the other hand, few studies
have reported on the biomechanical function or mechanical strength of the dermis in overweight or obese in-
dividuals.

We suggest that it is necessary to noninvasively measure skin function in overweight or obese individuals,
and to do this we focused on skin viscoelasticity, which may clarify the biomechanical functions of the skin. In a
previous study, the skin of obese subjects was noted to be similar to “Aging-like skin” because the changes in
dermal structure were similar to those observed in aged individuals [9] [10]; structural changes in the dermis
were also reported, such as a clear decrease in collagen and elastin fibres [11]. Aging skin has low elastic prop-
erties [12]-[14]; therefore, skin elasticity may be decreased by changes in dermal structure.

No previous studies have investigated dermal structure and skin viscoelasticity, or clarified the relationship
between dermal structure and skin viscoelasticity in overweight or obese people. Ishikawa et al. reported a lack
of relationship between the degree of obesity and skin elasticity [14], but this study did not investigate the body
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site, which is likely to be affected by fat accumulation during obesity. lizaka et al. [15] reported that the percen-
tage of BMI reduction is associated with the percentage of skin deformation and that this increases in over-
weight and obese individuals; however, this study only compared skin viscoelasticity before and after weight
reduction, and the relationship between BMI and skin viscoelasticity was unknown. Moreover, these previous
studies did not investigate the relationship between dermal structure and skin viscoelasticity.

The current study aimed to investigate whether skin function decreased in overweight or obese individuals
due to structural changes of the dermis. The objective of this study was to clarify the relationship between the
parameters of dermal structure and function.

2. Methods
2.1. Study Design and Setting

We conducted this cross-sectional observational study from April 2013 to November 2014. All data collection
and analyses took place at the campus of the School of Health Science, College of Medical, Pharmaceutical and
Health Sciences, Kanazawa University, Japan. All measurement was conducted in the day time, from 9:00 to
18:00. Room temperature and humidity on the ward were controlled to 21°C - 25°C and 40% - 60%, respective-

ly.

2.2, Participants

The study population included healthy volunteer males with a BMI of >25 kg/m?; these individuals consisted of
staff members or students of the university, employees of nonfinancial companies and residents around Kana-
zawa University. We also sought healthy volunteer males with a BMI of <25 kg/m? to act as control subjects.
All participants were aged between 20 and 64 years. Exclusion criteria were the presence of a sharp pain or ru-
bor in the body part that would be used for dermal structural measurements or a systemic skin disorder, dry skin,
oedema, alcoholism, liver cirrhosis, hepatic insufficiency or renal insufficiency.

2.3. Measurements and Instruments

2.3.1. Measurement of the Dermal Structure

All measurements of dermal structure and function were performed at the same sites on the abdomen and thigh.
We examined the abdomens and thighs as described in our previous study [4]. For the abdomen, we examined
the navel circumference while the study participant was in a dorsal recumbent position. For the thigh, we ex-
amined the rear side of left thigh while the study participant was in a prone position. All measurement of dermal
structure and function were performed by the same investigator.

The 20-MHz Dermascan C® ultrasound scanner (CortexTechnology, Hadsund, Denmark) equipped with soft-
ware for image analysis was used for the assessment of echogenicity of the dermal structure [16]-[19]. The 20-
MHz ultrasound transducer allowed for a 60 x 150 um resolution and a 13-mm penetration depth and the ultra-
sound velocity for skin was set at 1580 m/s [17]. The probe for the longitudinal scan was placed on each site and
a total of three photographs were acquired per site in the B-mode. All photographs were taken using fixed values
for gain-level 3 and gain-profile-level 10.

The 18-MHz Mylab™ five® ultrasound scanner (Esaote, Genoa, Italy) was used for the assessment of dermal
thickness [4]. For the longitudinal scan, the probe was placed at two sites. The gain was adjusted for each indi-
vidual, and a photograph was taken. A total of three photographs were acquired per site.

2.3.2. Measurement of Dermal Function

The Cutometer MPA 580® (Courage + Khazaka, Cologne, Germany) was used to evaluate skin mechanical vis-
coelasticity parameters [12] [20]-[22]. We used a 2-mm-diameter measuring probe and we applied a constant
suction of 500 mbar [13]. The time/strain mode was used with three consecutive cycles of a 2 s suction applica-
tion followed by a 2 s relaxation period. We determined the following three parameters [13] [20]. RO (Uf) was
skin deformation (skin length when elongated). R2 (Ua/Uf) was the overall elasticity of the skin including creep
and creep recovery (recovery ratio of skin length). R7 (Ur/Uf) was the ratio of elastic recovery to total deforma-

tion (ratio of elasticity during constriction).
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2.3.3. Demographics and Characteristics of the Study Population

Data collection of the demographics and characteristics of the study population were similar to our previous
study [4]. Information on age, sex, anamnesis, oral medication intake and drinking and smoking habits were
collected during an oral consultation with each subject. We also measured their height and body weight. We
calculated BMI (kg/m?) and body fat ratio (%) to determine the degree of obesity of each study participant.
Bioelectrical impedance analysis was performed using a multi-frequency body composition analyser (MC-
190; Tanita, Tokyo, Japan) to measure body weight and body fat ratio. We also measured waist circumference
diameter using a tape measure; this is an index of visceral fat accumulation. We also interviewed the subjects
as to whether they had diabetes, hyperglycemia, hypertension or hyperlipemia, as well as any history of smo-
king.

2.4.Image Analysis

For the evaluation of dermal echogenicity, we used Dermascan C® (CortexTechnology) image analysis software.
For each patient we measured the echogenicity of the lower dermis for a similar area of 0.754 (0.58 mm x 1.3
mm) mm?. We identified the region-of-interests (ROI) at the top of the subcutaneous adipose tissue by super-
posing a “Shapel rectangle”, from which the “Total intensity in %” was measured. Total intensity in % means
the average value of the echogenicity (0 - 255 range of pixel intensity) of the ROI by percentage as described in
our previous study [4]. For the evaluation of dermal thickness, we used the built-in measurement tool Mylab™
five® (Esaote) as previously described [4]. Dermal thickness was calculated by computing for the average
thickness of three areas per image.

2.5. Statistical Analysis

All analyses were performed using SPSS for Windows Ver. 22.0. Descriptive data were expressed as the mean +
standard deviation for continuous variables and “n” for categorical variables. The correlation between dermal
structure parameters and BMI and skin viscoelasticity were validated using Pearson’s correlation coefficient or
Spearman’s correlation coefficient by rank test. The subjects were classified into three groups according to BMI
< 25, 25 < BMI < 30 and 30 < BMI, representing the normal, overweight and obesity groups, respectively.
These three groups were compared using one-way ANOVA followed by the Bonferroni post-tests. Moreover,
we determined dermal structure and skin viscoelasticity with dependent variables, and the relationship between
dependent variables and independent variables (BMI and age) were calculated using two-way analysis of va-
riance (ANOVA). A p-value of <0.05 was considered significant.

2.6. Ethical Considerations

This study was approved by the Ethics Committee of the Kanazawa University School of Medicine (#430). In-
formation obtained from the subjects was not used for any other purpose than the study objective. The subjects
were not identified and their privacy was protected. Participation in the study was voluntary, and no disadvan-
tage was incurred by any refusal to participate.

3. Results

3.1. Demographics and Characteristics of the Study Population

A total of 79 male volunteers were recruited (Table 1). The average age of the 43 control subjects with a BMI <
25 was 38.1 + 13.6 years (range, 22 - 63 years); that of the 25 overweight subjects with BMI > 25 to <30 was
42.7 + 12.2 years (range: 23 - 64 years) and that of the 11 obese subjects with BMI > 30 was 32.4 + 7.3 years
(range: 26 - 47 years). In terms of the basic characteristics of the subjects, the values for body weight, body fat
ratio, abdominal circumference and the number of individuals with metabolic syndrome showed significant dif-
ferences among groups.

3.2. Dermal Structure in Obese Participants

There was a significant correlation between dermal structure parameters and BMI. Dermal echogenicity of the
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Table 1. Demographics and characteristics of study population.

Control Overweight Obesity
Items p-value
BMI < 25 (n = 43) 25<BMI <30 (n=25) 30 <BMI (n =11)

Age® (years old) 38.1 (13.6) 42.7(12.2) 32.4(7.3) 0.071°

Body weight® (kg) 65.9 (6.6) 80.4 (7.8) 92.5 (8.9) 0.000°¢

Body fat ratio® (%) 17.2 (4.3) 24.4 (3.3) 30.6 (4.0) 0.000°¢
Abdominal circumference® (cm) 81.9 (6.0) 94.0 (5.5) 104.4 (6.6) 0.000%¢
Hyper tension® (n) 3(7.0) 4 (16.0) 4 (36.4) 0.044¢
Hyperlipemia® (n) 6 (14.0) 5 (20.0) 3(27.3) 0.458¢
Diabetes mellitus® (n) 0 (0.0) 2 (8.0) 1(9.0) 0.121¢
Metabolic syndrome® (n) 1(2.3) 4 (16.0) 3(27.3) 0.016¢
Smoking® (n) 11 (25.6) 7(28.0) 4(36.4) 0.475¢

*Mean value (SD), number of subjects (%), “One-way ANOVA, “Fisher’s exact test, “Multiple comparison (significant difference between all
groups).

abdomen was significantly and negatively correlated with BMI (r = —0.388, p < 0.01). Dermal thickness of
the abdomen was significantly and positively correlated with BMI (r = 0.448, p < 0.01). Dermal echogenicity
of the thigh was significantly and negatively correlated with BMI (r = —0.659, p < 0.01). Dermal thickness of
the thigh was significantly and positively correlated with BMI (r = 0.681, p < 0.01). The results of multiple
comparisons showed that the obesity group exhibited a significantly thicker abdominal dermis than the nor-
mal group, and normal and overweight group for the thigh. Moreover, the obesity group showed a signifi-
cantly lower dermal echogenicity than the normal and overweight groups for the abdomen, and the normal
group for the thigh (p < 0.01, respectively) (Figure 1). Figure 2 shows typical structure of dermis in ultraso-
nographic images by the 20 MHz ultrasound scanner of normal, overweight and obese subject in abdomen
and thigh.

3.3. Correlations between Dermal Structure and Skin Viscoelasticity

There was no correlation between the parameters of dermal structure and skin viscoelasticity in the abdomens
and thighs of all 79 participants including persons with normal BMI (Table 2). On the other hand, in 36 over-
weight and obese participants, dermal echogenicity of the thigh was significantly and negatively correlated with
RO and dermal thickness of the abdomen was significantly and positively correlated with RO. There was no sig-
nificant correlation between R2 and R7 (Table 3).

3.4. Relations between Dermal Structure, BMI and Age

From the results of two-way ANOVA, a main effect was found between the parameters of dermal structure,
dermal thickness (p < 0.001) and dermal echogenicity (p = 0.004), and BMI in abdomen; a main effect was
found between the parameters of dermal structure, dermal thickness (p < 0.001) and dermal echogenicity (p <
0.001), and BMI in thigh. However, no main effect was found between dermal structural parameters and age.
Also, no interaction was found between BMI and age (Table 4).

3.5. Relations between Skin Viscoelasticity, BMI and Age

From the results of two-way ANOVA, a main effect was found between the parameters of skin viscoelasticity,
R2 (p =0.004) and R7 (p < 0.001), and age in abdomen; a main effect was found between the parameters of skin
viscoelasticity, RO (p = 0.015), R2 (p < 0.001) and R7 (p < 0.001), and age in the thigh. However, no main effect
was found between the parameters of skin viscoelasticity and BMI and no interaction was found between BMI

and age (Table 5).
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Figure 1. Dermal thickness and echogenicity in three groups. (A) Dermal thickness in abdo-
men; (B) dermal echogenicity in abdomen; (C) dermal thickness in thigh; (D) dermal echo-
genicity in thigh. Statistical significance was taken as p < 0.05. A p-value was expressed as:
*p < 0.05 and **p < 0.01.
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Figure 2. Typical structure of dermis in ultrasonographic images by the 20 MHz ultrasound
scanner of normal, overweight and obese subject in abdomen and thigh. In two parts, echo-
genicity decreased in the lower dermis in an overweight and obese person. (A) (B) A normal
subject; 20s male, BMI of 22.6. (C) (D) An overweight subject; 20s male, BMI of 27.6. (E)
(F) An obese subject; 20 s male, BMI of 36.4. (A) Echogenicity of lower dermis; 16.9%. (B)
Echogenicity of lower dermis; 26.4%. (C) Echogenicity of lower dermis; 2.9%. (D) Echoge-
nicity of lower dermis; 6.6%. (E) Echogenicity of lower dermis; 2.1%. (F) Echogenicity of
lower dermis; 2.5%. (e) Epidermis. (d) Dermis. (s) Subcutaneous adipose tissue.
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Table 2. The correlation coefficient between the parameters of dermal structure and skin
viscoelasticity in all participants (n = 79).

Skin viscoelasticity

Dermal structure Body site

RO R2 R7

Abdomen —0.049 0.010 0.034
Dermal echogenicity
Thigh —-0.181 0.146 —0.215
Abdomen 0.217 0.045 -0.006
Dermal thickness
Thigh 0.180 —0.164 0.161

Table 3. The correlation coefficient between the parameters of dermal structure and skin
viscoelasticity in overweight and obese participants (n = 36).

Skin viscoelasticity

Dermal structure Body site
RO R2 R7
Abdomen —0.212 —0.046 —0.053
Dermal echogenicity
Thigh -0.456" 0.197 0.239
Abdomen 0.464" 0.067 0.114
Dermal thickness
Thigh 0.270 —0.088 —0.145
“Statistically significant relationship (p < 0.01).
Table 4. Relationship between dermal structure and BMI, age.
Abdomen
Dermal thickness Dermal echogenicity
Variables Degrees of Degrees of
freedom F PRELTE freedom F PREITE
BMI 2 9.127 <0.001 2 6.118 0.004
Age 4 2.115 0.090 4 0.416 0.796
BMI, Age 6 2.072 0.070 6 11.448 0.566
Thigh
Dermal thickness Dermal echogenicity
Variables
Degrees of F p-value Degrees of F value
freedom freedom P
BMI 2 24.291 <0.001 2 14.194 <0.001
Age 4 0.687 0.604 4 0.603 0.662
BMI, Age 6 1.985 0.082 6 1.940 0.088
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Table 5. Relationship between skin elasticity and BMI, age.

Abdomen
RO R2 R7
R - T S T <
BMI 2 2.543 0.089 2 1.071 0.349 2 1.865 0.163
Age 4 2.384 0.060 4 4.193 0.004 4 6.437 <0.001
BMI, Age 6 0.780 0.589 6 0.273 0.948 6 0.602 0.728
Thigh
RO R2 R7
Variables Dfegrees of = P-value Degrees of = P-value Degrees of = p-value
reedom freedom freedom
BMI 2 1.232 0.299 2 0.450 0.639 2 0.350 0.706
Age 4 3.331 0.015 4 6.845 <0.001 4 7.242 <0.001
BMI, Age 6 1514 0.188 6 0.513 0.796 6 0.795 0.577

4. Discussion

The current study investigated dermal structure and skin viscoelasticity in overweight and obese Japanese males.
The study was novel, in that we clarified that dermal echogenicity was decreased and dermal thickness was sig-
nificantly increased in obese subjects. Moreover, we clarified the parameters of skin deformation that were sig-
nificantly correlated with dermal echogenicity and dermal thickness in overweight and obese males.

An increased degree of obesity may increase dermal thickness and may decrease dermal echogenicity; fur-
thermore, changes in dermal structure may be reflected in histological changes in the dermis. This study showed
a significant difference in dermal structural parameters between overweight and obese males, and also showed a
significant correlation between BMI and these parameters. To our knowledge, this is the first study to show
quantitative data on dermal structure in obese individuals; whereas a previous study [23] has shown similar
findings using qualitative data. Furthermore, in obese people, a diffusion or decrease of collagen fibres [1]-[3]
and elastin fibres [24] has been reported in the dermal layer. A decrease of dermal echogenicity is known to be
common with skin aging [25], and the decreasing density of collagen or elastin fibres may influence the de-
crease in dermal echogenicity. However, it has been reported that aging skin has a thinner dermis [26], and the
increase in dermal thickness found in the current study was different from the results of aging skin. Therefore,
the skin of obese males may have different histological characteristics from aging skin.

We believe that dermal function is decreased by the change of dermal structure in overweight or obese sub-
jects because this study showed a significant correlation between the dermal structure parameters and skin vis-
coelasticity. In previous studies, structural changes of the dermis and a decrease in parameters of skin viscoelas-
ticity due to aging have been shown [12] [13] [25] [26]. On the other hand, a previous study investigated rela-
tions between dermal structure and function and showed that the depth of dermal anchoring structure was sig-
nificantly and positively correlated with the R7 parameter (skin elasticity) [27]. In addition, the loss of intact
dermal collagen fibre bundles was significantly and positively correlated with a decrease of RO parameter (skin
deformation) [28]. Moreover, the RO parameter addresses the maximum amplitude and represents the passive
behaviour of the skin to force (firmness). An increase of the RO parameter in skin with a low echogenicity or
thick dermis may also be associated with an abnormal softness of the skin.

This present study revealed a correlation between dermal structure and skin mechanical properties and indi-
cated that a change of dermal structure due to obesity may cause a decrease in dermal function. The main func-
tion of the dermis is to buffer the impact of external forces on the body, and it may be effective in preventing
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external forces from causing damage to the skin of overweight and obese patients in a clinical setting. In addi-
tion, the parameter of skin viscoelasticity, which we used in this study, may be important in developing new skin
care practices for obese individuals in the future.

This study had some limitations. Although racial and sex differences have been noted in dermal structure
[29]-[31], this present study only produced results for Japanese males. Furthermore, we did not evaluate skin
hydration in this study. It has been reported that high frequency ultrasound is effective in predicting skin hydra-
tion. For example, it has been reported that dermal echogenicity is decreased in dry facial skin and skin oedema
[32] [33]. Since we did not include subjects with dry skin or skin oedema in the present study, we suggest that
the influence of echogenicity on skin hydration is minimal. As the skin viscoelasticity measurements were li-
mited to just 2 mm probe (Cutometer®), the measurements may not represent the skin elasticity of the whole
area but also the area from epidermis to upper dermis.

5. Conclusion

Decreased dermal echogenicity and increased dermal thickness in ultrasonographic images were significantly
correlated with the degree of obesity. Dermal functional parameters were significantly correlated with dermal
structural parameters in overweight and obese males, which suggested that a decrease of dermal function may be
caused by structural changes of the dermis during obesity.
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