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INTRODUCTION
Prostate cancer (PCa) is the second most prevalent cancer
and the sixth most common cause of cancer-related mor-
tality in males worldwide, with 1.4 million new cases and
375,000 deaths in 2020 (1). The diagnosis of PCa is typi-
cally performed with a prostate biopsy, which is recom-
mended based on the results of prostate-specific antigen
(PSA) testing and/or a digital rectal examination (DRE). In
recent years, the advancement of magnetic resonance imag-
ing (MRI) technologies has significantly contributed to the
detection and treatment of prostate cancer. A prostate MRI
provides a clearer view of possible suspicious lesions with-
in the prostate tissue that could indicate PCa. By combin-
ing MRI with transrectal ultrasound (TRUS) images, a more
precise method called multiparametric MRI (mpMRI)/TRUS
fusion prostate biopsy can be used to more accurately
detect prostate cancer. The multicenter, randomized PRE-
CISION trial demonstrated that risk assessment with MRI
prior to biopsy and MRI-targeted biopsy yielded consider-
ably better results compared to the conventional TRUS
prostate biopsy (38% vs. 26%, respectively) (2).
Anogenital distances (AGDs), which refer to the distance
between the anus verge and the anterior insertion of the
penis (Anogenital DistanceAnus to Penis; AGDAP) as well as
the distance between the anus verge and the rear base of
the scrotum (AGDAS), are sexually dimorphic features
that can vary between males (3). Studies have demon-
strated that AGDs can be determined in the prenatal peri-
od and continue to differ in maturity based on various
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factors. In rat models, exposure to chemicals that inhibit
androgen activity results in shorter AGDs (4). Prenatal
exposure to high levels of androgens causes the develop-
ment of AGDs to be prolonged. Therefore, AGDs can
serve as a marker for prenatal androgenic activity (5).
Additionally, research has discovered that children who
have cryptorchidism or hypospadias exhibit shorter
AGDs (6).
Several studies have found a substantial correlation
between prostate cancer and AGDs. Elevated levels of
AGDAP have been demonstrated to correlate with a
reduced likelihood of developing PCa (4). A separate
study found a correlation between AGD and PCa severi-
ty, and it revealed that those with longer AGDAS had
higher Gleason scores and D'Amico risk class. These find-
ings indicate that exposure to androgen hormones during
pregnancy may have a significant impact on the develop-
ment and severity of prostate cancer (7). All of these
investigations are conducted utilizing the conventional
TRUS prostate biopsy method. Conducting a study using
mpMRI-TRUS fusion prostate biopsy data might enhance
our understanding of this potential association. 
In this study, we hypothesized that there could be a diag-
nostic connection between prostate cancer, prostatic
lesions, and AGDs. In this context, We aimed to investi-
gate the relationship between AGDs/BMI-adjusted AGDs
and overall PCa and clinically significant PCa (csPCa)
detected by mpMRI-TRUS fusion prostate biopsy. 

MATERIALS AND METHODS

Ethical standards and approvals 
The present study obtained approval from the Institutional
Medical Ethics Committee of Haseki Training and Research
Hospital (date: May 23, 2024, approval no. 25-2024).
Furthermore, the Hospital's Institutional Education
Planning Board has granted approval (approval no. 138).
Verbal and written informed consent was obtained from
all patients before biopsy. 

Study design
The study was conducted as a single-center analytical
comparative cross-sectional study. Due to the retrospec-
tive nature of the study and the aim to improve its statis-
tical power, all patients with PI-RADS 3/4/5 lesions
detected on mp-MRI scans between 2020 and 2024 were
included in the initial dataset. Our clinic has been con-
ducting fusion biopsies since 2016. However, the data
collected before 2020 was not included in the analysis
since our radiology department adopted Prostate Imaging-
Reporting and Data System (PI-RADS) version 2.1 in 2019.
All data included in the present study, including AGD
measurements, were obtained from the prospectively
maintained “urology department database” of our institu-
tion.
All mpMRI scans conducted at our hospital from July
2020 to May 2024 for suspected PCa were reviewed for
the study (n = 10,204). Among these, patients who
underwent fusion biopsy due to PIRADS 3/4/5 lesions
were included in the study (n = 675). Patients who
underwent cognitive fusion biopsies, active surveillance,

or had incomplete data were excluded from our study (n
= 256). The remaining patients were divided into 3
groups. The study group (study group, n = 153) consist-
ed of patients with cancer pathology, while the study sub-
group (study subgroup, n = 80) included patients with
csPCA. The control group (control group, n = 266) com-
prised patients without cancer (benign prostate hyperpla-
sia; BPH, high grade prostatic intraepithelial neoplasia;
HGPIN, atypical small acinar proliferation; ASAP, prosta-
titis, non-neoplasm). The groups were comparatively
analyzed in terms of age, BMI, comorbidity, total PSA,
PSA density, DRE, prostate volume, PIRADS score, lesion
number on mp-MRI, number of cores taken in biopsy,
Gleason score, ISUP grade, and cancer stages in patholo-
gy, AGDs, and adjusted AGDs. 
Metabolic syndrome status was determined retrospective-
ly from the institutional database at the time of biopsy,
based on recorded comorbidities (diabetes, hypertension,
dyslipidemia) and BMI. 
The primary endpoint was to determine the correlation
with prostate cancer, while the secondary endpoint was
to assess the relationship with csPCa.

MRI scans
All MRI scans were performed using either 1.5 Tesla or 3
Tesla MRI machines. The MRI sequences that were
assessed consisted of T1-weighted, T2-weighted, diffu-
sion-weighted, and dynamic gadolinium-contrast images.
A proficient radiologist (R.T.) with expertise in prostate
MRI analyzed each mpMRI picture based on the specified
criteria in PI-RADS v2.1 guideline recommendations (8).
The radiologist measured the prostate volumes using
axial and sagittal T2-weighted scans, using the formula
height x breadth x depth/2. 

Histology
The tissues, fixed in formalin and embedded in paraffin,
were analyzed for pathological examination. The tissues
were evaluated as slices with a thickness of 4 µm and
stained with hematoxylin & eosin. The cases were
assessed by analyzing the primary and secondary Gleason
patterns and classified based on the International Society of
Urological Pathology (ISUP) 2014 classification (9). 
A Gleason score of 3+4 (ISUP grade-2) or higher was con-
sidered indicative of csPCa.

Measurements of anogenital distances
The measurements were performed utilizing a digital
vernier. AGDAP was defined as the measurement from
the upper edge of the anus to the anterior base of the
penis, whereas AGDAS was defined as the measurement
from the upper edge of the anus to the perineoscrotal
junction caliper (Figure 2). Adjusted AGDs were calculat-
ed as AGD scores divided by BMI.

Biopsy procedure 
Patients who had PI-RADS 3 or higher lesions underwent
transrectal mp-MRI/TRUS fusion prostate biopsy (both tar-
get and systemic sampling) under local anesthesia. Each
patient was given oral fosfomycin as antibiotic prophylax-
is, with a dosage of 3 g given orally in two doses – one 24
hours before the biopsy and another 24 hours after. The
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biopsies were conducted with the Biojet rigid image-fusion
platform (D&K Technologies GmbH, Barum, Germany) with
the patient positioned in lithotomy. Analgesia was achieved

with the administration of pudendal nerve blocks and
periprostatic nerve blocks. A biplane probe (BK-Medical,
Herlev, Denmark) and disposable automated tru-cut
prostate biopsy gun with an 18G needle, were used for the
sample. A minimum of three core samples were collected
from each suspicious lesion, with at least two of them being
obtained from the lesion center (Figure 3). The systematic
biopsy schedule included 10-12 systematic samples from
the prostate's peripheral zone. The samples were collected
from the lateral and far-lateral areas of the apical, mid, and
base portions of the prostate on both sides.

Statistical analysis 
The study's statistical analysis was conducted using IBM
SPSS Statistics® version (last version) 29.0.2 software
developed by IBM Corp. in Armonk, NY, USA. Numerical
variables that follow a normal distribution were present-
ed using the mean ± standard deviation (sd), while numer-
ical variables having a distribution that differs from nor-
mality were presented using the median and minimum
(min.)-maximum (max.) values. Categorical variables
were expressed as proportions denoted by a percentage
symbol (%). The normality of the quantitative variables
was evaluated by various methods, including histogram
visuals, coefficient of variation, skewness and kurtosis
values, normal Q-Q plot and detrended normal Q-Q plot
graphics, and the Kolmogorov-Smirnov test. 

Figure 1. 
Flowchart 
of the study.

Figure 2. 
Measurement of AGDS.
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The Independent-Samples T test was used to compare
numerical variables that demonstrated a normal distribu-
tion (age, BMI, and adjusted AGDAP) between two dis-
tinct groups that were not dependent on each other.
Conversely, the Mann-Whitney U test was used to com-
pare variables that did not display a normal distribution,
such as total PSA, PSA density, prostate volume, number
of significant lesions on the mp-MRI, total number of
cores in biopsy, AGDAP, AGDAS, and adjusted AGDAS.
The Chi-square test was to compare categorical data
(comorbidity, DRE findings, and 5-ARI usage). 
To identify independent predictors of csPCa, logistic
regression analyses were performed. Multivariable mod-
els were adjusted for age, total PSA, prostate volume, and
PIRADS score. 
Anogenital distance parameters and their BMI-adjusted
counterparts were entered into separate models to avoid
multicollinearity.
The data were analyzed at a 95% confidence level, and

any p-values that were equal to or less than .05 were con-
sidered statistically significant.

RESULTS
A total of 419 patients were included in the study, with
153 in the study group and 266 in the control group.
Within the study cohort, 80 patients (study group) were
diagnosed with csPCa, while 73 patients presented with
insignificant PCa. The study group exhibited a signifi-
cantly higher age compared to the control group; never-
theless, no differences were seen between the groups for
BMI and metabolic syndrome (Table 1). 
As expected, there were significant differences between
the study and control groups in terms of total PSA, PSA
density, DRE findings and prostate volume (Table 2).
There was no significant difference between the study
and control groups in terms of AGDAP, adjusted AGDAP,
AGDAS, adjusted AGDAS (Table 3).

Table 1. 
Comparison of demographic
characteristics and
comorbidities in study 
and control groups.

Variables Study group Control group P value
(Overall PCa) (n = 153) (Non- cancer) (n = 266)

Age (years), mean ± sd (range) 63,1 ± 5,7 (48-75) 61,1 ± 6,5 (40-77) ,002 a

BMI (kg/m2), mean ± sd (range) 27,6 ± 3,4 (19,5-41,2) 27,6 ± 3,7 (16,9-39,4) ,90 a

Comorbidity, n (%) ,08 b

metabolic syndrome (-) 130 (85%) 241 (90,6%)
metabolic syndrome (+)   23 (15%) 25 (9,4%)

PCa: prostate cancer, sd: standard deviation, BMI: Body mass index
a: Independents samples T test; b: Pearson Chi-square test.

Table 3. 
Comparison of AGDs and
adjusted AGDs between the
groups.

Variables Study group Control group P value
(Overall PCa) (n = 153) (Non- cancer) (n = 266)

AGDAP, mean ± sd (range) 108,3 ± 16,2 (76-180) 108,1 ± 15,9 (66-193) ,903 e

Adjusted AGDAP, mean ± sd (range) 3,96 ± 0,59 (2,49-5,37) 3,96 ± 0,65 (2,59-7,46) ,888 f

AGDAS, mean ± sd (range) 36,2 ± 14,6 (10-96) 38,0 ± 14,5 (8-97) ,222 e

Adjusted AGDAS, mean ± sd (range) 1,32 ± 0,51 (0,42-3) 1,39 ± 0,52 (0,22-3,33) ,241 e

AGDAP: Anogenital DistanceAnus to Penis; AGDAS: Anogenital DistanceAnus to Scrotum.
e: Mann-Whitney U Test; f: Independents samples T test.

Table 2. 
Comparison of PSA derivates,
lesion characteristics, and
biopsy features between the
groups.

Variables Study group Control group P value
(Overall PCa) (n = 153) (Non- cancer) (n = 266)

Total PSA, mean ± sd (range) 10,98 ± 22,4 (2,3-270) 7,59 ± 5,36 (0,7-39,2) ,007 c

PSA density, mean ± sd (range) 0,25 ± 0,47 (0,04-5,63) 0,12 ± 0,07 (0,03-0,57) <,001 c

DRE findings, n (%) <,001 d

positive 41 (26,8%) 16 (6%)
negative 112 (73,2%) 250 (94%)

5-ARI usage, n (%) ,360 d

(+) 11 (7,2%) 26 (9,8%)
(-) 142 (92,8%) 20 (90,2%)

Prostate volume, mean ± sd (range) 52,1 ± 32,5 (9-275) 64,9 ± 32,3 (12-195) <,001 c

Number of significant lesions,mean ± sd (range) 1,28 ± 0,54 (1-3) 1,30 ± 0,53 (1-3) ,48 c

Total number of cores, mean ± sd (range) 17,2 ± 2,4 (8-24) 16,9 ±2,0 (8-22) ,07 c

csPCa, n (%) 96 (52,2%) 0 NA 
PSA: prostate specific antigen, DRE: digital rectal examination, ARI: alpha reductase inhibitor, csPCa: clinically significant prostate cancer, NA: not available.
c: Mann-Whitney U Test.
d: Pearson Chi-square test.
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When csPCa subgroup was selected as the study group, no
significant difference was observed between the control
group in terms of AGDs and adjusted AGDs (Table 4).
In multivariable logistic regression analysis for csPCa, age
and PIRADS score were identified as robust independent
predictors, although prostate volume exhibited an inverse
association with csPCa. Total PSA and PSA density did
not exhibit an independent association with csPCa fol-
lowing correction. Among the metrics of anogenital dis-
tance, only the standard AGDAP exhibited a statistically
significant association; however, this was not maintained
following BMI correction, and neither AGDAS nor BMI-
adjusted AGD measurements were recognized as inde-
pendent predictors (Table 5). 

DISCUSSION
Our investigation did not find any statistically significant
association between the measurements of AGDs / adjust-
ed AGDs and the occurrence of PCa, including both over-
all PCa and csPCa. Our findings add a new perspective to
the existing literature on the association between AGD
and PCa. In this context, the relationship between AGDS
and PCa needs to be questioned.
A recent systematic review study, comprising 47 studies,
investigated the association between AGDs and different
reproductive disorders. The study concluded that AGDs
could serve as a potentially useful non-invasive indicator
for predicting the likelihood of developing PCa, depend-
ing on hormonal exposure during early life. Reviewed
publications have generally demonstrated a positive cor-

relation between elevated AGD levels and a risk of PCa.
Despite this positive correlation, this systematic review
emphasized that it was not possible to reach a definitive
overall conclusion due to variations in study design,
patient sample sizes, and demographic characteristics. In
addition, all biopsies performed in the studies included in
the systematic review relied on conventional systematic
TRUS-guided biopsy, a technique known to be limited by
sampling error and underdetection of clinically signifi-
cant prostate cancer, and no study utilizing mpMRI/TRUS
fusion biopsy was included (5). 
A meta-analysis of 26 studies investigating the correlation
between endogenous testosterone and PCa revealed no
statistically significant association between PCa and levels
of endogenous testosterone. Furthermore, the meta-
analysis indicated that, despite the absence of trials with
very long follow-up periods, testosterone replacement
therapy for symptomatic hypogonadism did not result in
elevated PSA levels or an increased risk of developing
PCa. This meta-analysis demonstrates that although a
relationship can be established between AGDs and andro-
gen exposure at an early age, this androgen exposure may
not be sufficient to cause PCa (10). 
Similarly, another collaborative analysis of 18 prospective
studies, including 3886 PCa and 6438 control patients,
found no significant correlation between PCa and
endogenous sex hormones (11). Collectively, these two
meta-analyses indicate that prenatal androgen exposure
alone is unlikely to be sufficient to initiate or drive
prostate carcinogenesis. Taken together, these findings
suggest that, in contrast to some previously published
studies reporting a significant association, the results of
our study may more accurately reflect the true clinical
relationship between AGDs and PCa. Moreover, among
the studies reporting a significant association, conflicting
results have been described, with one study showing a
decreased risk of PCa with increasing AGDAP (4), anoth-
er reporting higher AGDAP values in the PCa group (12),
and a third demonstrating an association between
increased AGDAS and higher Gleason scores (7). 
In recent years, the diagnostic paradigm of PCa has
undergone a fundamental transformation with the inte-
gration of mpMRI, which has reshaped patient selection
and risk stratification prior to biopsy. Contemporary evi-
dence demonstrates that mpMRI-based diagnostic path-
ways significantly reduce unnecessary biopsies, limit the
detection of indolent disease, and improve the identifi-
cation of clinically significant PCa compared with sys-
tematic TRUS-guided biopsy alone (13). Within this
refined diagnostic framework, biomarkers or anthropo-

Table 4. 
Comparison of AGDs and
adjusted AGDs between study
subgroup and control group.

Variables Study subgroup Control group P value
(csPCa) (n = 80) (Non- cancer) (n = 266)

AGDAP 109,6 ± 17,8 (78-180) 108,1 ± 15,9 (66-193) ,889 g

Adjusted AGDAP 3,98± 0,58 (2,49-5,36) 3,96 ± 0,65 (2,59-7,46) ,887 h

AGDAS 36,1 ± 15,9 (12-96) 38,0 ± 14,5 (8-97) ,173 g

Adjusted AGDAS 1,30 ± 0,53 (0,42-3) 1,39 ± 0,52 (0,22-3,33) ,199 g

AGDAP: Anogenital DistanceAnus to Penis; AGDAS: Anogenital DistanceAnus to Scrotum.
g: Mann-Whitney U Test; h: Independents samples T test.

Table 5. 
Multivariable logistic regression analyses for csPCa.

Variables OR 95% CI p-value

Age 1.12 1.06–1.18 <0.001

Total PSA 1.03 0.95–1.11 0.509

PSA density 1.80 0.04–89.02 0.767

Prostate volume 0.97 0.95–0.99 0.001

PIRADS score 4.99 3.03–8.21 <0.001

AGDAP 1.03 1.01–1.05 <0.001

Adjusted AGDAP 1.42 0.89–2.28 0.146

AGDAS 1.01 0.99–1.03 0.340

Adjusted AGDAS 1.03 0.58–1.85 0.908

PSA: prostate specific antigen; PIRADS: Prostate Imaging–Reporting and Data System; 
AGDAP: Anogenital DistanceAnus to Penis; AGDAS: Anogenital DistanceAnus to Scrotum.
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metric surrogates such as AGDs are likely to provide lim-
ited incremental value once high-quality imaging and
targeted biopsy techniques are incorporated into clinical
decision-making. Moreover, large population-based
studies and guideline-driven diagnostic models increas-
ingly prioritize mpMRI findings, PSA density, and lesion-
specific characteristics over indirect developmental
markers when predicting cancer presence and aggres-
siveness (14). Collectively, these considerations support
the interpretation that the absence of an observed associ-
ation between AGDs and PCa in our study reflects the
predominance of modern imaging-guided diagnostic
strategies rather than a methodological limitation,
underscoring the limited clinical utility of AGDs in con-
temporary PCa diagnostic algorithms. This interpretation
is further supported by our multivariable logistic regres-
sion analysis, in which age and PIRADS score emerged as
robust independent predictors of csPCa, while prostate
volume showed an inverse association. In contrast, AGD
parameters did not demonstrate a consistent independ-
ent association after BMI adjustment, reinforcing their
limited incremental value within contemporary MRI-
guided diagnostic models.
Interpreting our study, taking into account its limitations
and strengths, will provide valuable guidance for com-
prehension. A most important limitation of the study is
that it analyzed data retrospectively from a single center.
However, the prospective recording of all data in our
study mitigates this limitation. Another limitation is that

anogenital distance measurements were obtained at a sin-
gle time point. In addition, AGDs are considered surro-
gate markers of prenatal androgen exposure and may not
fully reflect lifelong hormonal dynamics or postnatal
environmental influences that contribute to prostate car-
cinogenesis. The use of BMI-adjusted AGDs in the pres-
ent study was intended to partially mitigate these poten-
tial confounding effects of body habitus and adult anthro-
pometric variability.
Despite these limitations, the present study represents
one of the largest cohorts assessing the relationship
between AGDs and PCa using mpMRI/TRUS fusion biop-
sy, which provides superior diagnostic accuracy com-
pared to conventional systematic biopsy. The inclusion of
csPCa as a separate outcome further strengthens the clin-
ical relevance of our findings.

CONCLUSIONS
From a clinical perspective, our results clearly demon-
strate that while standard AGDAP emerged as an inde-
pendent predictor, BMI-adjusted AGD measures did not
provide independent diagnostic value for identifying
csPCa in patients diagnosed by mpMRI/TRUS fusion
biopsy. Risk stratification and biopsy decision-making
should thus persist in utilizing established clinical crite-
ria, serum PSA derivatives, and mpMRI-derived lesion
features. The routine incorporation of AGDs into con-
temporary prostate cancer diagnostic algorithms is not
supported by our results. Future research should focus
on biomarkers that have direct and reproducible clinical
relevance inside MRI-guided diagnostic systems. 
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