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What’s known on the subject? and What does the study add?

Peyronie's disease (PD) is an acquired benign localized connective tissue disease. Abnormal healing pattern and excessive fibrosis develop-
ment in the tunica albuginea secondary to penile microtrauma is the most accepted mechanism. Clinical conditions, including hypertension,
hyperlipidemia, and abnormal glucose metabolism, can increase PD by creating a hypoxic microenvironment in erectile tissues. The visceral
adiposity index (VAI), defined as a marker of adipose tissue dysfunction, is a beneficial mathematical model based on anthropometric and
functional parameters. This study is the first one ever to define VAl as a new independent risk factor for PD. We think that considering VAI
in the follow-up and treatment protocols of PD will offer important innovations in clinical practice.

Abstract EEEEEETETTTTTTTET——————

Objective: We aimed to investigate the relationship between Peyronie's disease (PD) and the visceral adiposity index (VAI), which is thought to
predict visceral obesity homogeneously.

Materials and Methods: We included 102 healthy volunteers (Group 1) and 89 patients with PD (Group 2) in this retrospective study. We recorded
demographic, anthropometric, and clinical data, including age, comorbidity, International Index of Erectile Function (IIEF) score, waist circumference
(WC), body mass index (BMI), visceral adiposity index testosterone (VAI), serum fasting glucose, high-density lipoprotein (HDL), and triglyceride (TG).
For Group 2 participants, plaque size, duration of symptoms, and degree of penile curvature were recorded.

Results: The mean ages of Group 1 and Group 2 were 55.12+9.51 years and 54.79+9.99 years, respectively (p>0.05). The mean BMI, WC, VAI, fasting
glucose, and TG values were significantly higher in Group 2 (p<0.001, p=0.004, p=0.001, p=0.001, and p=0.003, respectively). The mean HDL values
between the groups were similar (p>0.05). The mean IIEF score was lower in Group 2 than in Group 1 (p=0.008). An increase of 1 unit in the VAI
value increases the probability of having PD 1.2 times (p=0.001). Each VAl integer increase decreased 1.25 points in the IIEF score, a 1 mm increase
in plaque size, and a 1.98-degree increase in curvature.

Conclusion: Our study has shown that VAl can be used as a reliable, independent risk factor for plaque size and penile curvature in patients with
patients with PD.
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Introduction Penile plaques can be palpated when the penis is flaccid. PD can
cause impotence, painful erection, and penile deformities such
Peyronie's disease (PD) is an acquired benign localized connective as narrowing, contraction, and shortening (3). As PD progressed,

tissue disease characterized by fibrous collagen plaque formation severe sexual dysfunction may occur (1,4). The incidence of PD
in the tunica albuginea of the penile corpus cavernosum (1,2).
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is reported to be 26 per 100.000 with a prevalence of 389 per
100.000, and it varies between geographies (3). PD is a clinical
condition whose pathophysiology has not been sufficiently
elucidated to date. Abnormal healing pattern and excessive
fibrosis development in the tunica albuginea secondary to
penile microtrauma are the most accepted mechanism. Clinical
conditions, including hypertension, hyperlipidemia, and
abnormal glucose metabolism, can increase PD by creating a
hypoxic microenvironment in erectile tissues (1).

With an increasing prevalence, obesity and obesity-related
health problems have become a threatening global problem.
Epidemiological studies have shown that the number of
overweight people in the world will increase to 1.35 billion
in 2030 and the number of obese people to 573 million (5).
Obesity may lead to endothelial dysfunction by increasing
susceptibility to hypertension and metabolic syndrome. Obesity
also causes significant changes in hormonal function (6). Body
mass index (BMI) and waist circumference (WC) are commonly
used anthropometric measures to assess obesity. However, BMI
is not a reliable indicator for estimating body fat distribution
due to such factors as age, gender, race, high muscle mass,
and fluid intake habits. Similarly, WC also fails to show visceral
adipose tissue because it measures the subcutaneous adipose
tissue (6,7). It plays an essential role in the physiopathology of
disorders secondary to obesity (8).

Visceral adiposity is closely related to increased adipocytokine
production, increased proinflammatory activity, atherosclerosis,
hypertension, insulin resistance, glucose, and lipid profile
disorders (9). Different medical equipment, such as bioelectrical
impedance, magnetic resonance imaging, and dual-energy
X-ray absorptiometry are needed to reveal the visceral adipose
tissue distribution directly. Since these techniques require
specific technological infrastructure and are costly, it is
almost impossible to apply them in our daily clinical practice
(10). This situation has led researchers to look for easy and
practical methods. In this context, the visceral adiposity index
(VAI), defined as a marker of adipose tissue dysfunction, has
attracted great interest. VAl is a beneficial mathematical model
based on anthropometric and functional parameters. Ever since
Amato et al. (10) first described the concept of VAl in 2010,
numerous studies have been conducted for many conditions
such as neurologic, cardiovascular, and metabolic disorders (11).
However, as a predictor of adipose tissue function, in Andrology,
the VAl has been considered only recently, and few studies have
been published (12).

We conducted out this study to show whether the VAl can affect
the plaque size and severity of penile curvature in Peyronie's
disease. To the best of our knowledge, this is the first study

in the English literature that analyzed VAl in patients with PD
patients.

Materials and Methods

Patients

Of the 191 participants, 102 were assigned to the control
group (Group 1), and 82 patients with PD were to Group 2. We
retrospectively analyzed the data of the patients who applied to
our clinics between April 2010 and March 2021, and we obtained
detailed informed consent from the participants. Patients with
PD were defined as Group 1. The patients who applied for
routine checks and had no uropathology was determined as
Group 2. We recorded their demographic data, comorbidities,
clinical complaints, duration of symptoms, physical examination
findings, and any history of trauma, pelvic radiotherapy, and
genital surgery. The diagnosis of PD was established based on
the characteristic symptoms and palpable penile plaque on
physical examination.

Plaque size was determined by physical examination. Curvature
degree was calculated by reviewing the images taken after
intracavernosal injection (1,2). Additionally, the weight, height,
and WC of the patients were measured. The erectile function
was calculated using the International Index of Erectile Function
(IIEF) (6). Fasting morning blood samples were taken between
8:30 and 10:00 in the morning for total testosterone, fasting
blood glucose, HDL, and TG.

This study was conducted according to the Declaration of
Helsinki Principles. The local ethics committee (Clinical Studies
Ethics Committee decision no: 21-KAEK-132, date: 20.05.2021)
approved this study.

Measurements of BMI, WC, and VAI

BMI was determined as weight/height? (kg/m?). WC was
calculated by measuring the circle's circumference passing
through the midpoint of the lines perpendicular to the 10™ rib
on both sides and the spina iliaca anterior superior. The units
for BMI and WC were kg/m? and cm, respectively (9). The VAI
was calculated according to the male gender-specific formula
[WC/39.68 + (1.88xBMI)] [TG/1.03] [1.31/HDL] (10).

Inclusion and Exclusion Criteria

Only the participants with complete data were included in our
study. Cases with a history of penile trauma, pelvic surgery, and
radiotherapy were excluded.

Statistical Analysis

Statistical analysis of the data was carried out using the
SPSS (Version 22, SPSS Inc., Chicago, IL, USA) package Inc..
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The normal distribution of the data was evaluated using the
Kolmogorov-Smirnov test. Descriptive statistics of continuous
variables were presented using mean + standard deviation or
median + interquartile range (IQR), depending on the data
distribution. Categorical variables were presented as number
(n) and percentage (%). Student's t-test and the Mann-Whitney
U test were used to compare the numerical variables between
two independent groups for normally and non-normally
distributed data, respectively. Proportion comparisons between
categorical variables were performed using the chi-square test
or Fisher's exact test. Receiver operating characteristic (ROC)
analysis was used to determine whether the AVI scores could
be a prognostic indicator for disease prediction. ROC curves and
area under the curve (AUC) and 95% confidence intervals (Cls)
were also calculated. The AUC values obtained in the analyses
were interpreted as 0.9-1: excellent, 0.8-0.9: good, 0.7-0.8:
fair, 0.6-0.7: poor, and 0.5-0,6: unsuccessful. The Youden index
(maximum sensitivity and specificity) was used to determine the
best cut-off point in the ROC analysis. The success of the cut-off
points was evaluated using the values of accuracy, sensitivity,
specificity, positive predictive value, negative predictive value,
and positive likelihood ratio. Pearson correlation coefficients
and Univariate linear regression analysis were used to make the
correlation analysis between the VAl score and the IIEF score,
plaque size, and degree of curvature. Binary logistic regression
analysis was used to show the effect of VAI on PD, and the
odds ratios were calculated. Statistical significance level was
accepted as p<0.05.

Results

The mean ages were 55.12+9.51 years and 54.79+9.99 years
in Groups 1 and 2, respectively (p>0.05). The mean symptom
duration of the patients in Group 2 was 17.1+4.1 months. The
mean penile curvature degree and plaque size of the patients in
this group were 47.83+12.79° and 16.1+4.9 mm. Patients with
PD had a higher rate of Dupuytren's contracture, hyperlipidemia,
and smoking than Group 1 (p<0.05). Both groups had similar
rates of coronary artery disease (p=0.074) (Table 1).

Group 2 patients had higher BMI and WC than Group 1 (p<0.001
and p=0.004). When blood biochemical analyses were examined,
the mean fasting glucose and TG levels in Group 2 were found
to be 100430 mg/dL and 155+84 mg/dL, respectively. These
values were significantly higher than Group 1 (p=0.001 and
p=0.003, respectively). Conversely, total testosterone levels were
significantly lower in Group 2 than in Group 1 (p=0.002). HDL
values were similar in Groups 1 and 2 (p>0.05). Mean VAl values
in Groups 1 and 2 were recorded as 3.83+1.79 and 5.72+4.62,
respectively. These values were significantly higher in Group
2 (p=0.001). While erectile dysfunction was observed in only
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20 (19.6%) cases in Group 1, it was detected in 44 (49.4%)
patients in Group 2 (p<0.001), and the IEFF score in Group 2 was
recorded to be significantly lower than Group 1 (p=0.008) (Table
2). The distribution of VAl and IIEF scores among the groups is
documented in Figure 1.

The results of the linear regression analysis showed that each
integer increase in VAl increased the probability of having PD
1.2 times (Cl: 1.07-1.35), decreased the IIEF score by 1.25 points
(CI: 1.03-1.47) (R2=0.4, p<0.001), increased plaque diameter by
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Figure 1. Boxplot of the distribution of VAI and IIEF scores among the

research groups

VALI: Visceral adiposity index, IIEF: International Index of Erectile Function

Table 1. Distribution of the study population by comorbidity
Comorbidity ?;::‘821) ?nr:;g)z p-values
Diabetes mellitus 9 (8.8%) 17 (19.1%) | 0.039°
Hypertension 6 (5.9%) 13 (14.6%) | 0.044°
Hyperlipidemia 15 (14.7%) 32 (36%) 0.001°
Coronary artery disease 3 (2.9%) 8 (9%) 0.074°
Smoking 34 (33.3%) 46 (51.7%) | 0.010?
Dupuytren's contracture | 2 (2%) 8 (9%) 0.047°
“Chi-square test, “Fisher exact test

Table 2. General characteristics of Groups 1 and 2
Characteristics ?;:;1821) ?nr:;g)z p-values
Age (years) 55.12+9.51 54.79+9.99 | 0.816°
WC (cm) 95.6+12.3 101.8+16.3 | 0.004*
BMI (kg/m?) 26.2343.65 28.50+4.61 | <0.001°
TG (mg/dL) 142.5+65.75 | 155+84 0.003°
HDL (mg/dL) 50+13.25 45426 0.185°
Testosterone (ng/dL) 456+33 308+300 0.002°
Glucose (mg/dL) 95+19.25 100430 0.001°
VAI 3.83+£1.79 5.72+4.62 0.001°
[IEF score 23+2 22410 0.008°
Student's t-test with mean + standard deviation

®Mann-Whitney U test with median + interquartile range (IQR), WC: Waist
circumference, BMI: Body mass index, TG: Triglyceride, HDL: High-density lipoprotein,
VAI: Visceral adiposity index, IIEF: International Index of Erectile Function
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1 mm (Cl: 0.07-0.13) (R2=0.31, p<0.001), and penile curvature
by 1.98 degrees (Cl: 1.14-2.82) (R2=0.2, p<0.001) (Figure 2)
(Table 3).

ROC analysis was performed to determine the success of VAI
scores in predicting PD. AUC values, accuracy, sensitivity,
selectivity, positive-negative predictive values, and likelihood
ratio (+) values together with the 95% confidence intervals
calculated because of the ROC analysis are shown in Table 4.
The ROC curve is documented in Figure 3. ROC analysis showed
a statistically significant difference between the VAI scores of
Groups 1 and 2 [AUC=0.640 (0.559-0.721); p=0.001]. In terms of
the AUC value, the discrimination power of VAl was weak. The
cut-off point for the VAl score was found to be 5.43. For this
cut-off point, classification success was determined as: 55.1%
sensitivity and 80.4% selectivity.

Discussion

To the best of our knowledge, this study is first ever to define VAI
as a new independent risk factor for PD. Each integer increase
in the VAI value increases the probability of having Peyronie's
disease 1.2 (1.07-1.35) times. Each VAl integer increase decreased
1.25 (Cl: 1.03-1.47) points in the IIEF score, an increase of 1 mm
(Cl: 0.7-1.3) in plaque diameter, and an increase of 1.98 degrees
(Cl: 1.14-2.82) in curvature.

Table 3. Correlation analysis results between the VAI score
and IIEF score, plaque size, and curvature degree in Group 2

lIEF score | Plaque size (mm) g:;::zure
r -0.610% 0.557* 0.449*
VAI P values | <0.001 <0.001 <0.001
N 89 89 89

*Pearson correlation coefficient (statistically significant p<0.001), VAI: Visceral

adiposity index, IIEF: Index of Erectile Function

Table 4. ROC analysis results and sensitivity, specificity, PPV,
NPV, and likelihood ratio (+) values of VAI score in disease

prediction
VAI
AUC (95% CI) 0.640 (0.559-0.721)
P values 0.001
Cut-off <1.43
Accuracy 68.6% (131/191)

Sensitivity (95% Cl)

55.1% (44.1-65.5) (49/89)

Specificity (95% Cl)

80.4% (71.1-87.3) (82/102)

PPV (95% Cl)

71% (58.7-81) (49/69)

NPV (95% Cl)

67.2% (58-75.3) (82/122)

LR+ (95% Cl)

2.81(1.82-4.34)

adiposity index, LR: Likelihood ratio

ROC: Receiver operating characteristic, PPV: Positive predictive value, NPV: Negative
predictive value, AUC: Area under the curve, Cl: Confidence interval, VAI: Visceral
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Figure 3. ROC curves for VAl scores in disease prediction

VAI: Visceral adiposity index, ROC: Receiver operating characteristic
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Figure 2. Scatterplots with regression curve for the correlation between VAl score and IIEF score, plaque size, and degree of curvature in the case group

VAI: Visceral adiposity index, IIEF: International Index of Erectile Function
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Penile curvature is a common finding of PD. According to the
most widely accepted theory, repetitive penile microtraumas
stimulate subsequent scar formation in the penile tunica
albuginea. Some conditions that accelerate the atherosclerotic
process by decreasing tissue oxygenation, such as diabetes
mellitus, hyperlipidemia, hypertension, and ischemic heart
disease, may play a role in the etiopathogenesis of PD (10,13).
One study reported 4.15 times reduced erectile response to
combined injection and penile stimulation in patients with PD
with type 2 diabetes mellitus (1). Excessive fibrin production
and inhibition of fibrinolytic activity at the site of inflammation
cause excessive fibrin deposition (14). Neutrophils, macrophages,
and mast cells, which have a strong chemotactic effect,
increase the production of proinflammatory cytokines such as
transforming growth factor beta (TGF-B1) (15,16). The increase
in TGF-B1 has a pleiotropic effect on fibroblast functions by
increasing the synthesis of tissue collagenase inhibitors, which
prevents connective tissue destruction (17). Fibroblasts have the
same phenotype as smooth muscle cells and differentiate into
myofibroblasts, mesenchymal cells capable of contraction and
collagen synthesis (18). Myofibroblasts are the common cell types
of all fibrotic diseases (19). Under normal conditions, collagen
synthesis increases with the differentiation of fibroblasts to
myofibroblasts in wounds, the damage is repaired, and re-
epithelialization occurs with the formation of granulation tissue.
In the later stages of healing, collagen synthesis is inhibited by
apoptosis of myofibroblasts, the fibrinolytic system degrades
fibrin, and matrix metalloproteinases remodel collagen fibers.
In PD, unlike normal wound healing, myofibroblast production
continues, and excess collagen causes tissue contraction,
ultimately leading to fibrosis and plaque formation (20). One
study reported that 67.5% of patients with PD had at least
one risk factor (1). Another study reported that patients with
diabetes with PD had much more severe penile deformity (21).
Similarly, the rate of diabetes mellitus in this study was two
times higher among patients with PD than in the control group.

Some studies have reported that plaque diameter was associated
with decreased serum testosterone levels in patients with PD
patients, whereas some showed only mild hypoandrogenemia
and failed to show a relationship between increased plaque
diameter and serum testosterone level (20-25). Based on
testosterone levels, our results showed that androgen levels
were within normal ranges, but the PD group had a slightly
lower testosterone level. Testosterone is an endogenous
anabolic hormone and is central to wound healing. Testosterone
deficiency results in impaired wound healing and subsequent
keloid formation by suppressing the overexpression of TGF-B1
(20,21).

A reason for decreased testosterone levels is the increased BMI
(5). Adipose tissue dysfunction reduces adiponectin production
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decrease and increases proatherogenic, proinflammatory, and
prediabetic adipocytokines (26). Itis widely accepted that adipose
tissue dysfunction is a critical process in the pathophysiology of
obesity-related disorders by negatively affecting oxygenation
(27). Adipose tissue, also known as fuel storage, supports the
internal organs, which play an essential role in maintaining
homeostasis via many bioactive mediators such as leptin,
estrogen, resistin, and tumor necrosis factor-alpha (26). The
distribution of adipose tissue may show individual heterogeneity.
The adipose tissue is mainly localized in the superficial
subcutaneous region and deep areas surrounding the internal
organs. These components have different metabolic properties
depending on tissue-specific gene expression, vascularization,
and anatomical location. Visceral adiposity content is the most
effective component of the pathophysiologic process (28).

Previous studies have showed obesity-associated decreases
in testosterone levels secondary to decreased sex hormone-
binding globulin, increased insulin resistance, and suppression
of the hypothalamic-pituitary-testicular axis (5). Wang et al.
(29) reported that obesity is closely related to hypogonadism.
That study reported a high VAl level with high FSH and LH levels
in response to hypogonadism.

Erectile dysfunction is a prevalent clinical condition in
patients with PD. Erectile dysfunction in patients with PD is
closely related to penile deformity, vascular dysfunction, or
psychological reasons (30). Previous studies have reported
the prevalence of erectile dysfunction in patients with PD
patients ranging between 20% and 54.4% (31). Increased
penile deformity may mechanically challenge the movement
of the penis within the vagina, resulting in unsuccessful sexual
intercourse. Patients may suffer from impaired body perception,
leading to performance anxiety (32). Tunica albuginea is an
essential part of penile erection where the veno-occlusive
mechanism is provided. Irreversible structural changes within
the penile tunica albuginea may potentialize the underlying
ED (30,32). Indeed, previous reports showed that 30-86% of
patients with PD had veno-occlusive dysfunction, and 44-52%
had arterial insufficiency (30). We found that VAl increase was
related to erectile dysfunction (1.25 odds ratio, Cl: 1.03-1.47).
Recent studies have showed similar odds ratios for erectile
dysfunction ranging between 1.21 and 3.0 (33,34). The vascular
endothelium is a sensitive part of the vascular system which
can be negatively affected by inflammatory products including
cytokines, adipokines, and fatty acids, in obese and dyslipidemic
individuals (23). A subsequent decrease in nitric oxide release
resulted in erectile dysfunction.

These factors are the potential contributing risk factors causing
hypooxygenation at the level of the penile microenvironment
(35). In addition, patients with PD younger than 40 years had a
two-fold higher incidence of hypertension and hyperlipidemia
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than those in the control group (36). Contrary to these reports,
conflicting reports exist that show no relationship between PD
and these comorbidities (31,37). Our results also showed no
relationship between PD and ischemic heart disease.

In their study evaluating 1,833 cases, 319 of which were
patients with PD, Habous et al. (38) found no relationship
between PD and metabolic syndrome. They did report, however,
that the incidence of PD increased in cases with uncontrolled
diabetes (38). We examined the physiopathology of PD from a
broad perspective in our study by analyzing VAI, which is closely
related to a wide range of pathologies such as ischemic heart
disease, hypertension, insulin resistance, pre-diabetes, diabetes
mellitus, dyslipidemia, and hormonal disorders.

Study Limitations

The main limitation of our study is that it was conducted
retrospectively with a limited number of cases. The lack of a
quantitative analysis investigation of the abovementioned
cytokines that are involved in the inflammatory process is
another limitation.

Conclusion

This study has shown that as a predictor of visceral adipose
dysfunction, VAl can be used as a reliable, independent risk
factor for plaque size and penile curvature in patients with
patients with PD. That being said, further evidence-based,
comprehensive studies are needed to support our data.
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