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Introduction

Given the high prevalence of prostate cancer (PCa) in 
men (1), there has been a long-standing interest in the 
underlying pathogenesis of this malignancy. This disease 
process likely begins early in adulthood with autopsy studies 
demonstrating the presence of PCa precursor lesions in 
prostates of men in their twenties (2,3). As the prostate 

gland is highly sensitive to its hormonal milieu during 
puberty (2,3), variations in androgen levels during this 
period may potentially impact risk of PCa pathogenesis.

Maturation of the hypothalamic-pituitary-gonadal axis 
at time of puberty is associated with a surge of androgen  
levels (4). It has been hypothesized that an earlier androgen 
surge, and thus a more prolonged exposure to higher 
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androgen levels, may be associated with an increased risk of 
PCa development (5). While it may be difficult to discern the 
exact timing of puberty, it has been shown that earlier age of 
puberty is associated with earlier closure of the epiphyseal 
plate (6), and thus shorter adult height, and that shaving is 
one of the male pubertal milestones (7). We thus aimed to 
investigate the association between age of first shave and 
height, surrogates for age of puberty, and risk of PCa in men 
presenting for a prostate biopsy. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/tau-21-433).

Methods

Study design and participants

We utilized a prospectively collected outcomes registry 
of 2,480 patients presenting for a prostate biopsy at the 
Charlie Norwood Veterans Affairs (VA) Medical Center in 
Augusta, GA between July 1995 and June 2016. Patients 
missing information regarding results of prostate biopsy 
were excluded from our cohort. If patients underwent more 
than one biopsy, results of the first biopsy were included and 
they were subsequently censored to minimize confounding 
secondary to sampling biases. Appropriate institutional 
review board ethics approval was obtained at time of 
registry creation, with a yearly review process ensuring 
compliance with institutional reporting/ethics standards.

Study objectives

Our primary study objective was to evaluate the association 
between patient age of first shave and adult height, each, and 
presence of prostate adenocarcinoma on prostate biopsy (i.e., 
a positive prostate biopsy). Secondary objectives included 
evaluating the association between these two variables (i.e., 
age of first shave and adult height) and presence of high 
grade cancer on biopsy [defined by a Gleason Score (GS) 
of 8 or worse], high volume of cancer on biopsy (defined 
by 50% or more positive cores), and prostate volume as per 
transrectal ultrasound.

Study variables

All baseline patient characteristics were recorded at time of 
prostate biopsy. The two primary study variables were age 
of first shave (patient-reported) and patient adult height 

(recorded by a clinic nurse). Available baseline patient 
characteristics included: age, body mass index (BMI), race 
(Caucasian, African American, other), family history of 
PCa (yes versus no), prostate-specific antigen (PSA) level, 
percent free PSA level, clinical stage, prostate volume as 
per transrectal ultrasound, presence of cancer on biopsy 
(yes versus no), GS, and number of biopsy cores positive 
and sampled. Percentage of positive cores was derived from 
number of positive and sampled biopsy cores.

Statistical analysis

Continuous variables were described using medians and 
interquartile ranges (IQR), whereas frequencies and 
proportions were used for categorical variables. Continuous 
variables were compared using the Student’s t-test, while 
the chi-square test was used for categorical variables. 
Correlation between variables was assessed using the 
Pearson correlation coefficient. The associations between 
the two primary study variables and presence of PCa on 
biopsy, high grade cancer, and high volume cancer (binary 
dependent variables) were evaluated using univariable and 
multivariable logistic regression analyses, whereas gamma 
regression analysis was used to evaluate the association with 
prostate volume (continuous dependent variable). Age of 
first shave and height were operationalized as categorical 
variables with cutoffs selected by an author consensus to 
ensure relatively balanced distributions of study patients in 
each of the age/height category groups. Age of first shave 
was operationalized as follows: <16, 16–18, and >18 years, 
whereas height was categorized as <175, 175–180, and  
>180 cm. All of the remaining study variables, operationalized 
as categorical variables, were included in both the univariable 
and multivariable models in order to minimize any potential 
sources of confounding. Potential interactions between 
patient race and each of age of first shave and height were 
evaluated on a univariable level. The variance inflation factor 
test was used to evaluate variable collinearity. Sensitivity 
analyses to evaluate the effect of missing primary variables 
(age of first shave and height) by including only patients 
with all available data was performed to evaluate whether 
significant findings remained consistent between the full 
study cohort and the sub cohort with no missing data. 
Statistical significance was set at a two-sided P value of 0.05. 
Analyses were performed using R version 3.6.1 (The R 
Foundation for Statistical Computing, Vienna, Austria).
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Ethics statement

The trial was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the institutional review board of Augusta University 
(IRB No. 611094) and informed consent was taken from all 
individual participants.

Results

Our study cohort included 2,456 patients undergoing a 
prostate biopsy (Figure 1). Baseline patient characteristics 
are found in Table 1. Median patient age was 61.1 years 
(IQR 57.1–66.2) and 1,199 (48.8%) were African American. 
Median PSA at time of biopsy was 5.6 ng/mL (IQR 4.7–
8.0), with median % free PSA of 14.7% (IQR 10.0–18.8). 
Median prostate volume was 38.3 cc (IQR 29.1–54). Of 
the 2,456 initial biopsies performed, 1,257 (1.2%) were 
positive for malignancy. Of patients diagnosed with PCa, 
293 (23.3%) had high grade disease (i.e., GS 8 or worse) 
and 407 (32.4%) had high volume disease (i.e., ≥50% cores 
sampled were positive for malignancy). Sextant cores were 
obtained in 340 (13.8%), eight cores in 788 (32.0%), and 
twelve cores in 1328 (54.1%) patients. There were no 
significant differences in baseline patient characteristics of 
patients undergoing twelve versus non-twelve core biopsies 
(Table S1).

Median age of first shave was 17.0 years (IQR 16.0–19.0) 
and median patient height was 177.7 cm (IQR 172.8–182.9). 
Later age of first shave was associated with increased adult 
height (Pearson’s correlation coefficient, R2=0.70). 

On univariable logistic regression analyses, patients with 
later age of first shave had significantly higher odds of a 

positive prostate biopsy [odds ratio (OR) for 16–18 years 
versus <16 years: 1.50, P=0.006, Table S2]. There was no 
significant association with odds of high grade or high volume 
PCa on biopsy (Tables S3,S4). On multivariable analysis, 
later age of first shave was still significantly associated 
with increased odds of a positive prostate biopsy (OR for  
>18 years versus <16 years: 5.34, P=0.02, Table 2). There was 
an increased incidence of high volume cancer in patients with 
later age of first shave (OR for 16–18 versus <16 years: 11.55, 
P=0.057, Table 2). No interaction was seen between patient 
race and age of first shave with regards to associated risk of 
any, high grade or high volume PCa (Tables S2-S4).

On univariable logistic regression analyses, patient height 
was not associated with presence of PCa on prostate biopsy 
(Tables S2-S4). On multivariable analyses, taller patients 
had significantly increased odds of high grade cancer on 
their prostate biopsy (OR for 175–180 versus <175 cm 7.46, 
P=0.037, Table 2). No interaction was seen between patient 
race and adult height with regards to associated risk of any, 
high grade or high volume PCa (Tables S2-S4).

Patient age of first shave was not associated with prostate 
volume on ultrasound on both univariable and multivariable 
gamma regression analyses (P>0.05, Tables S5 and S6). 
Taller patients had larger prostates (coefficient for >180 cm  
versus <175 cm 1.11, P<0.001) on univariable analysis 
(Table S5). This association was no longer significant on 
multivariable analysis (Table S6).

Sensitivity analyses in the subcohort of patients (n=1,176) 
with no missing age of first shave or height data demonstrated 
consistent results with older patients having increased odds of 
a positive prostate biopsy (OR for >18 versus <16 years: 5.36, 
P=0.03) and taller patients having increased odds of high 
grade cancer on their prostate biopsy (OR for 175–180 versus 

2,480 patients undergoing a 
prostate biopsy

2,456 (99.0%) patients included 
in the final study cohort

24 (0.97%) patients with missing 
prostate biopsy results

Positive prostate biopsy: 
1,213 (49.4%)

High grade cancer (i.e. 
Gleason Score 8 or worse): 

292 (11.9%)

High volume cancer (i.e. at 
least 50% of cores positive): 

435 (17.7%)

Figure 1 Study flow chart.
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Table 1 Baseline patient characteristics (n=2,456)

Characteristics Value

Age in years, median (IQR) 61.1 (57.1–66.2)

Race, n (%)

African American 1,199 (48.8)

Caucasian 1,196 (48.7)

Other 61 (2.5)

BMI in kg/m2, median (IQR) 28.6 (25.7–32.1)

Height in cm, median (IQR) 177.7 (172.8–182.9)

Height in cm, n (%)

<175 cm 752 (30.6)

175–180 cm 634 (25.8)

>180 cm 1,060 (43.2)

Not available 10 (0.41)

Age of first shaving in years, median (IQR) 17.0 (16.0–19.0)

Age of first shaving in years, n (%)

<16 years 239 (9.73)

16–18 years 613 (25.0)

>18 years 310 (12.6)

Not available 1,294 (52.7)

PSA in ng/mL, median (IQR) 5.6 (4.7–8.0)

% Free PSA, median (IQR) 14.7 (10.0–18.8)

Clinical T Stage, n (%)

≤T1c 1,670 (68.0)

T2 737 (30.0)

≥T3 49 (2.0)

Prostate volume in cc, median (IQR) 38.3 (29.1–54.1)

Positive prostate biopsies, n (%) 1,257 (51.2)

Gleason Score, n (%)

≤6 (3+3) 488 (38.8)

7 (3+4) 266 (21.2)

7 (4+3) 210 (16.7)

8 (4+4) 202 (16.1)

≥9 91 (7.2

Percent positive cores, median (IQR) 18.5 (4.3–28.8)

BMI, body mass index; IQR, interquartile range; PSA, prostate 
specific antigen.

<175 cm: 7.41, P=0.038, Tables S7-S13).

Discussion

Our results demonstrate that indicators of somatic/pubertal 
development are associated with risk of PCa in patients 
presenting for a prostate biopsy. Namely, patients who start 
shaving after 18 years of age have a five-fold greater risk 
of a positive prostate biopsy compared to those who start 
shaving prior to 16 years of age and those 175–180 cm in 
height had a greater than seven fold increased risk of being 
diagnosed with high grade cancer on their prostate biopsy 
compared to those <175 cm.

In a case control study of 1,088 Spanish patients diagnosed 
with PCa, Lope et al. similarly demonstrated that risk of 
PCa rose by 6% for each year of delayed puberty onset, with 
this risk significantly increased in those reaching puberty 
after 15 years of age (OR 1.35, 95% CI: 1.08–1.68) (8).  
These results however were not corroborated in two other 
studies that found no association between age of first shave 
and risk of PCa (5,9). Similarly, patient height was not 
found to be associated with risk of PCa (8,9). Nair-Shalliker 
et al. demonstrated that both later (versus same as peers; 
OR=0.75, 95% CI: 0.59–0.97) and earlier (OR=0.85, 95% 
CI: 0.61–1.17) onsets of puberty were associated with risk 
of PCa (10). In a population-based, case-control study from 
Australia between 1994 and 1998, Giles et al. demonstrated 
that having a growth spurt later than friends reduced risk (OR 
0.79, 95% CI: 0.63–0.97) of PCa (11).

Our findings suggest that patients with later age of 
puberty, and thus later testosterone surges, are at increased 
risk of overall and high grade PCa, which contradicts our 
earlier hypothesis of increased PCa risk with prolonged 
androgen exposure. A possible explanation for these 
findings may be related to insulin-like growth factor 
(IGF-1) levels. IGF-1 is vital for cellular differentiation, 
proliferation, transformation, and apoptosis, and increased 
levels have been positively associated with PCa risk (12,13). 
IGF-1 levels increase rapidly during puberty and then drop 
during adulthood (14). A delay in IGF-1 level peaks in 
patients with delayed puberty may thus, theoretically, be an 
underlying cause of increased PCa risk in such patients.

While increased testosterone levels have long been 
accepted as a risk factor for PCa pathogenesis, and treatments 
for advanced PCa target androgen suppression (15),  
there has been increasing evidence to suggest that patients 

https://cdn.amegroups.cn/static/public/TAU-21-433-supplementary.pdf
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presenting for a prostate biopsy, and thus at high baseline 
risk for PCa, may have lower levels of testosterone 
(16,17). In a prospective study of patients with high grade 
prostatic intraepithelial neoplasia undergoing a re-biopsy,  
Garcia-Cruz et al. demonstrated that patients with lower 
free testosterone levels exhibited increased risk of PCa (18). 

These findings are further supported by additional studies 
demonstrating that patients with lower testosterone levels at 
time of prostate biopsy had higher odds of being diagnosed 
with PCa (19,20). Additionally, such patients may also be at 
increased risk of diagnosis with high grade disease (21,22). 
We must highlight however the observational nature of 
these studies that evaluate associations, which are often 
biased by multiple confounders and thus subject to selection 
biases, and not causation.

Our results may also be partly explained by the cross-
sectional nature of this study. Patients referred for a 
prostate biopsy are at higher risk for PCa than the general 
population, and thus have a higher pre-test probability of a 
positive prostate biopsy. It can also be argued that patients 
with shorter duration of exposure to high androgen levels 
(i.e., those with delayed puberty) are expected to have lower 
serum PSA levels (23), and thus those referred for a prostate 
biopsy, often due to an elevated PSA measurement, are 
actually at an inherently higher risk of having underlying 
malignancy explaining the increased odds of a positive 
prostate biopsy in our cohort. 

In addition to a potential selection bias, there may be a 
recall bias related to having patients self-report their age 
of first shave. These patients may also have had varying 

Table 2 Predictors of presence of cancer on prostate biopsy, high grade cancer, and high-volume cancer (multivariable†)

Variable OR 95% CI P value

Predictors of presence of cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16–18 1.90 0.59–4.55 0.28

>18 5.34 1.15–9.39 0.02

Height (categorical, reference: <175 cm)

175–180 cm 1.26 0.49–3.30 0.61

>180 cm 1.81 0.82–4.20 0.15

Predictors of high-grade cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16–18 0.49 0.06–4.51 0.42

>18 0.17 0.009–2.30 0.20

Height (categorical, reference: <175 cm)

175–180 cm 7.46 4.41–9.47 0.037

>180 cm 2.68 0.86–8.26 0.19

Predictors of high-volume cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16–18 11.55 0.97–18.48 0.057

>18 8.99 0.91–11.30 0.79

Height (categorical, reference: <175 cm)

175–180 cm 2.32 0.81–4.10 0.14

>180 cm 1.80 0.81–4.90 0.20
†, controlling for patient age, race, prostate specific antigen, % free prostate specific antigen, clinical stage, prostate volume, body mass 
index, family history.
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“thresholds” to start shaving, potentially influenced by 
social factors. Age of first shave was not available in 52.7% 
of patients, with missing data a source of potential bias. 
However, sensitivity analyses of the subcohort of patients 
without missing data (n=1,176) demonstrated consistent 
results suggesting that the data may be missing at random. 
Furthermore, the cutoffs for the categorical variables of 
age of first shave and height were chosen by a consensus of 
the authors with choice of cutoffs potentially influence the 
significance of the results obtained. As a patient’s BMI is 
derived from his height and weight, including both height 
and BMI variables in the multivariable models may have 
introduced collinearity, influencing the significance of 
the results. As patients in our cohort were recruited from 
1995, a significant proportion (45.9%) did not undergo a 
twelve core prostate biopsy, which is the current standard of 
practice (24). No differences were seen however in baseline 
characteristics of patients undergoing a twelve versus non-
twelve core biopsy. Given that our study period spanned 
two decades, prostate biopsies were likely performed by 
different providers, which may have potentially temporally 
impacted the accuracy of the biopsy results.

Conclusions

Amongst patients presenting for a prostate biopsy, those 
with a later age of first shave and increased adult height 
have an increased risk of a positive prostate biopsy and high 
grade PCa, respectively. These results suggest that androgen 
levels variations in early age may potentially impact risk of 
PCa pathogenesis later in adulthood.
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Table S1 Baseline patient characteristics by number of biopsy cores taken

Variable Twelve core biopsy group (n=1,326) Non-twelve core biopsy group (n=1,130) P-value

Age in years, median (IQR) 61.0 (57.2-64.6) 61.5 (55.7-66.5) 0.68a

Race, n (%) 0.96b

African American 640 (48.3%) 559 (49.5%)

Caucasian 651 (49.1%) 545 (48.2%)

Other 32 (2.41%) 29 (2.57%)

BMI in kg/m2, median (IQR) 28.9 (26.0-32.7) 28.4 (25.1-32.0) 0.32 a

Height in cm, median (IQR) 177.7 (172.4-182.8) 177.7 (172.7-183.0) 0.83a

Age of first shaving in years, median (IQR) 17.0 (16.0-18.7) 17.0 (16.0-18.7) 0.89a

PSA in ng/ml, median (IQR) 5.47 (4.32-7.72) 5.73 (4.19-8.97) 0.47 a

% Free PSA, median (IQR) 14.2 (9.90-19.7) 14.9 (9.87-19.7) 0.42 a

Clinical T Stage, n (%) 0.52 b

≤T1c 913 (68.9%) 757 (67.0%)

T2 404 (30.5%) 333 (29.5%)

≥T3 28 (2.11%) 21 (1.86%)

Prostate volume in cc, median (IQR) 38.9 (29.0-54.1) 37.6 (27.9-52.7) 0.18 a

Positive prostate biopsies, n (%) 676 (51.0%) 581 (51.4%) 0.19 b

Gleason Score, n (%) 025 b

≤6 (3+3) 277 (41.0%) 211 (36.3%)

7 (3+4) 130 (19.2%) 136 (23.4%)

7 (4+3) 110 (16.3%) 100 (17.2%)

8 (4+4) 106 (15.7%) 96 (16.5%)

≥9 53 (7.84%) 38 (6.54%)

Percent positive cores, median (IQR) 19.7% (9.0%-33.3%) 18.3% (12.0-25.0) 0.19 a

aStudent’s t-test; bChi-square test. BMI, body mass index; IQR, interquartile range; PSA: Prostate specific antigen. 

Supplementary
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Table S2 Predictors of presence of cancer on prostate biopsy (univariable)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.50 1.18–2.102 0.006

>18 1.30 0.92–1.74 0.15

Height (Reference: <175 cm)

175-180 0.97 0.82–1.21 0.89

>180 0.98 0.76–1.17 0.68

Age at biopsy (Reference: 50-59)

<50 0.99 0.72–1.40 0.96

60-69 1.09 0.94–1.28 0.29

70+ 0.99 0.77–1.28 0.92

Race (Reference: Caucasian)

African American 1.94 1.67–2.20 <0.001

Other 1.13 0.55–2.23 0.72

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.53

African American * 16-18 years 0.79 0.41– 1.50 0.55

Other * 16-18 years 8.60 0.48–32.0 0.98

African American * >18 years 0.84 0.44–1.58 0.54

Other * >18 years 2.06 0.60–7.23 0.97

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.38

African American * 175-180 cm 1.15 0.76–1.60 0.58

Other * 175-180 cm 0.93 0.16–5.06 0.94

African American * >180 cm 1.02 0.68–1.49 0.95

Other * >180 cm 2.08 0.69–6.67 0.37

PSA (Reference: 0-4 ng/ml)

4-10 2.50 2.07–3.10 <0.001

10-20 2.72 2.00–3.59 <0.001

20+ 7.91 5.28–11.87 <0.001

Free PSA (Reference: <10%) 

10-20% 0.40 0.27–0.61 <0.001

>20% 0.24 0.16–0.33 <0.001

Clinical stage (≥T2 versus ≤T1) 0.92 0.78– 1.12 0.12

TRUS Volume (Reference: <40 cc)

40-80 cc 0.45 0.43–0.52 <0.001

>80 0.23 0.17–0.29 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.98 0.53–1.88 0.94

25-29.9 0.92 0.76–1.13 0.56

30-34.9 0.90 0.75–1.12 0.40

>35 1.08 0.82–1.39 0.62

Family history (yes vs. no) 1.57 1.19–2.06 <0.001

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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Table S3 Predictors of presence of high grade cancer on prostate biopsy (Univariable)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.01 0.62–1.66 0.96

>18 0.79 0.42–1.32 0.33

Height (Reference: <175 cm)

175-180 0.86 0.60–1.15 0.26

>180 0.90 0.70–1.27 0.70

Age at biopsy (Reference: 50-59)

<50 0.65 0.28– 1.17 0.19

60-69 1.06 0.78–1.38 0.83

70+ 2.42 1.60–3.36 <0.001

Race (Reference: Caucasian)

African American 1.66 1.32–2.17 <0.001

Other 0.31 0.016–1.35 0.23

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.29

African American * 16-18 years 0.61 0.24–1.77 0.28

Other * 16-18 years 0.79 0.35–2.44 0.85

African American * >18 years 0.90 0.61–1.74 0.87

Other * >18 years 1.33 0.59–2.90 0.85

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.82

African American * 175-180 cm 1.01 0.55–1.88 0.74

Other * 175-180 cm 0.43 0.12–1.67 0.86

African American * >180 cm 1.03 0.59–1.77 0.69

Other * >180 cm 0.42 0.15–1.40 0.94

PSA (Reference: 0-4 ng/ml)

4-10 2.60 1.68–4.18 <0.001

10-20 3.98 2.37–6.70 <0.001

20+ 19.64 11.9–34.0 <0.001

Free PSA (Reference: <10%) 

10-20% 0.24 0.14–0.545 <0.001

>20% 0.19 0.079–0.40 <0.001

Clinical stage (≥T2 versus ≤T1) 1.62 1.13–1.68 0.005

TRUS Volume (Reference: <40 cc)

40-80 cc 0.57 0.49–0.65 <0.001

>80 0.20 0.12–0.39 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.99 0.30–2.46 0.98

25-29.9 0.66 0.47–0.84 0.0043

30-34.9 0.80 0.52–1.10 0.25

>35 1.10 0.75–1.44 0.72

Family history (yes vs. no) 1.13 0.79–1.55 0.59

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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Table S4 Predictors of presence of high volume cancer on prostate biopsy (univariable)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.07 0.72–1.69 0.72

>18 1.04 0.66–1.62 0.88

Height (Reference: <175 cm)

175-180 1.00 0.79–1.30 0.98

>180 0.98 0.79–1.25 0.89

Age at biopsy (Reference: 50-59)

<50 0.63 0.42–1.06 0.09

60-69 0.88 0.70–1.09 0.34

70+ 1.52 1.14–2.00 0.012

Race (Reference: Caucasian)

African American 1.58 1.35–1.892 <0.001

Other 1.36 0.54–2.99 0.46

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.35

African American * 16-18 years 0.64 0.29–1.41 0.27

Other * 16-18 years 2.88 0.77–5.07 0.96

African American * >18 years 0.93 0.7–2.35 0.85

Other * >18 years 2.43 0.55–4.02 0.96

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.41

African American * 175-180 cm 1.30 0.78–2.14 0.37

Other * 175-180 cm 2.16 0.26–6.89 0.46

African American * >180 cm 1.03 0.65–1.65 0.89

Other * >180 cm 1.96 0.25–15.4 0.49

PSA (Reference: 0-4 ng/ml)

4-10 2.55 1.79–3.70 <0.001

10-20 3.56 2.40–5.46 <0.001

20+ 18.9 12.0–30.2 <0.001

Free PSA (Reference: <10%) 

10-20% 0.45 0.28–0.70 0.003

>20% 0.23 0.12–0.44 <0.001

Clinical stage (≥T2 versus ≤T1) 1.53 1.22–1.93 0.001

TRUS Volume (Reference: <40 cc)

40-80 cc 0.42 0.36–0.56 <0.001

>80 0.10 0.039–0.20 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.73 0.27–1.60 0.43

25-29.9 0.66 0.52–0.81 <0.001

30-34.9 0.75 0.55–0.99 0.043

>35 0.76 0.49–1.06 0.13

Family history (yes vs. no) 1.49 1.10–1.95 0.014

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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Table S5 Association between patient characteristics and prostate volume on ultrasound at biopsy (univariable)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 0.99 0.88–1.12 0.77

>18 0.99 0.90–1.10 0.89

Height (Reference: <175 cm)

175-180 1.10 1.04–1.14 0.022

>180 1.11 1.05–1.16 <0.001

Age at biopsy (Reference: 50-59)

<50 1.29 1.19– 1.44 <0.001

60-69 1.47 1.36–1.60 <0.001

70+ 1.72 1.55–1.90 <0.001

Race (Reference: Caucasian)

African American 1.04 0.99–1.07 0.10

Other 1.01 0.85–1.22 0.92

PSA (Reference: 0-4 ng/ml)

4-10 1.20 1.14–12.4 <0.001

10-20 1.45 1.35–1.55 <0.001

20+ 1.55 1.40–1.68 <0.001

Free PSA (Reference: <10%) 

10-20% 1.36 1.23– 1.50 <0.001

>20% 1.70 1.52–1.91 <0.001

Clinical stage (≥T2 versus ≤T1) 0.87 0.84–0.91 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 1.20 1.01–1.42 0.030

25-29.9 1.33 1.10–1.57 0.004

30-34.9 1.48 1.23–1.75 <0.001

>35 1.49 1.22–1.75 <0.001

Family history (yes vs. no) 0.99 0.93–1.06 0.68

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen.

Table S6 Association between patient characteristics and prostate volume on ultrasound at biopsy (multivariable*)

Age of first shave (categorical, reference: <16) OR 95% CI P

16-18 1.08 0.91–1.40 0.35

>18 1.12 0.88–1.45 0.34

Height (categorical, reference: <175 cm)

175-180 cm 0.95 0.82–1.14 0.50

>180 cm 1.00 0.84–1.18 0.97

*Controlling for patient age, race, prostate specific antigen, % free prostate specific antigen, clinical stage, body mass index, family 
history.
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Table S7 Baseline patient characteristics for the subcohort of patients 
with no missing data (n=1,176)

Value

Age in years, median (IQR) 61.0 (57.0–66.0)

Race, n (%)

African American 572 (48.6%)

Caucasian 574 (48.9%)

Other 30 (2.6%)

BMI in kg/m2, median (IQR) 28.6 (25.5–32.4)

Height in cm, median (IQR) 177.8 (172.7–182.9)

Height in cm, n (%)

<175 cm 359 (30.6%)

175-180 cm 306 (26.0%)

>180 cm 511 (43.4%)

Age of first shaving in years, median (IQR) 17.0 (16.0–19.0)

Age of first shaving in years, n (%)

<16 years 239 (20.3%)

16-18 years 623 (53.0%)

>18 years 314 (26.7%)

PSA in ng/ml, median (IQR) 5.7 (4.4–8.2)

% Free PSA, median (IQR) 14.8 (10.0–19.0)

Clinical T Stage, n (%)

≤T1c 823 (70.0%)

T2 328 (27.9%)

≥T3 25 (2.1%)

Prostate volume in cc, median (IQR) 38.0 (28.0–53.3)

Positive prostate biopsies, n (%) 599 (50.9%)

Gleason Score, n (%)

≤6 (3+3) 233 (39.0%)

7 (3+4) 125 (20.9%)

7 (4+3) 100 (16.7%)

8 (4+4) 97 (16.2%)

≥9 44 (7.3%)

Percent positive cores, median (IQR) 18.6% (4.2–30.0%)
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Table S8 Predictors of presence of cancer on prostate biopsy, high grade cancer, and high volume cancer (multivariable*) in the subcohort of 
patients with no missing data (n=1,176)

Variable OR 95% CI P value

Predictors of presence of cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16-18 1.88 0.55–4.71 0.32

>18 5.36 1.13–9.53 0.03

Height (categorical, reference: <175 cm)

175-180 cm 1.30 0.51–3.37 0.59

>180 cm 1.82 0.80–4.24 0.16

Predictors of high-grade cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16-18 0.45 0.05–4.30 0.48

>18 0.17 0.008–2.36 0.21

Height (categorical, reference: <175 cm)

175-180 cm 7.41 4.25–9.48 0.038

>180 cm 2.62 0.82–8.19 0.21

Predictors of high-volume cancer on prostate biopsy

Age of first shave (categorical, reference: <16)

16-18 11.56 0.98–18.46 0.055

>18 8.97 0.89–11.32 0.080

Height (categorical, reference: <175 cm)

175-180 cm 2.34 0.82 –4.12 0.13

>180 cm 1.82 0.78–4.93 0.21
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Table S9 Predictors of presence of cancer on prostate biopsy (univariable) in the subcohort of patients with no missing data (n=1,176)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.56 1.15–2.11 0.005

>18 1.26 0.90–1.78 0.18

Height (Reference: <175 cm)

175-180 0.98 0.81–1.20 0.88

>180 0.96 0.80–1.14 0.64

Age at biopsy (Reference: 50-59)

<50 0.99 0.70–1.41 0.97

60-69 1.10 0.93–1.30 0.26

70+ 0.99 0.75–1.30 0.94

Race (Reference: Caucasian)

African American 1.92 1.65–2.23 <0.001

Other 1.15 0.59–2.19 0.68

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.53

African American * 16-18 years 0.82 0.44–1.52 0.53

Other * 16-18 years 8.34 0.52–31.0 0.97

African American * >18 years 0.82 0.41–1.64 0.57

Other * >18 years 2.04 0.59–7.32 0.97

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.38

African American * 175-180 cm 1.10 0.73–1.66 0.66

Other * 175-180 cm 0.93 0.15–5.08 0.94

African American * >180 cm 1.01 0.71–1.46 0.94

Other * >180 cm 2.00 0.65–6.61 0.40

PSA (Reference: 0-4 ng/ml)

4-10 2.52 2.04–3.12 <0.001

10-20 2.69 2.03–3.57 <0.001

20+ 7.85 5.21–12.06 <0.001

Free PSA (Reference: <10%) 

10-20% 0.41 0.26–0.64 <0.001

>20% 0.22 0.13–0.37 <0.001

Clinical stage (≥T2 versus ≤T1) 0.82 0.68–0.99 0.040

TRUS Volume (Reference: <40 cc)

40-80 cc 0.48 0.40–0.56 <0.001

>80 0.22 0.16–0.30 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.98 0.50–1.91 0.95

25-29.9 0.94 0.76–1.15 0.55

30-34.9 0.91 0.72–1.14 0.41

>35 1.07 0.82–1.38 0.63

Family history (yes vs. no) 1.54 1.16–2.07 <0.001

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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Table S10 Predictors of presence of high grade cancer on prostate biopsy (Univariable) in the subcohort of patients with no missing data (n=1,176)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.02 0.65–1.63 0.95

>18 0.74 0.43–1.28 0.29

Height (Reference: <175 cm)

175-180 0.84 0.61–1.15 0.28

>180 0.91 0.72–1.24 0.68

Age at biopsy (Reference: 50-59)

<50 0.62 0.30–1.15 0.16

60-69 1.03 0.79–1.34 0.84

70+ 2.30 1.59–3.28 <0.001

Race (Reference: Caucasian)

African American 1.69 1.33–2.14 <0.001

Other 0.28 0.016–1.31 0.21

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.29

African American * 16-18 years 0.61 0.21–1.83 0.30

Other * 16-18 years 0.77 0.32–2.35 0.82

African American * >18 years 0.93 0.59–1.76 0.90

Other * >18 years 1.29 0.56–2.98 0.88

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.82

African American * 175-180 cm 1.01 0.52–1.95 0.79

Other * 175-180 cm 0.39 0.09–1.73 0.89

African American * >180 cm 1.03 0.59–1.82 0.72

Other * >180 cm 0.37 0.12–1.45 0.98

PSA (Reference: 0-4 ng/ml)

4-10 2.57 1.65–4.20 <0.001

10-20 3.92 2.34–6.78 <0.001

20+ 19.48 11.55–34.11 <0.001

Free PSA (Reference: <10%) 

10-20% 0.27 0.15–0.50 <0.001

>20% 0.18 0.064–0.41 <0.001

Clinical stage (≥T2 versus ≤T1) 1.49 0.10–0.68 0.0071

TRUS Volume (Reference: <40 cc)

40-80 cc 0.54 0.41–0.70 <0.001

>80 0.22 0.097–0.42 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.99 0.33–2.41 0.98

25-29.9 0.63 0.45–0.87 0.0043

30-34.9 0.82 0.59–1.16 0.26

>35 1.06 0.72–1.53 0.78

Family history (yes vs. no) 1.10 0.76–1.57 0.62

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.
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Table S11 Predictors of presence of high volume cancer on prostate biopsy (univariable) in the subcohort of patients with no missing data (n=1,176)

Variable OR 95% CI P-value

Age of first shave (Reference: <16 years)

16-18 1.08 0.72–1.66 0.71

>18 1.03 0.64–1.66 0.90

Height (Reference: <175 cm)

175-180 1.00 0.76–1.30 0.99

>180 0.98 0.78–1.25 0.89

Age at biopsy (Reference: 50-59)

<50 0.65 0.38–1.07 0.11

60-69 0.90 0.73–1.12 0.35

70+ 1.51 1.08–2.08 0.014

Race (Reference: Caucasian)

African American 1.53 1.26–1.89 <0.001

Other 1.39 0.56–3.03 0.44

Race*Age of first shave (Race reference: Caucasian, Age of first shave reference: <16 years) 0.35

African American * 16-18 years 0.64 0.27–1.47 0.29

Other * 16-18 years 2.87 0.73–5.12 0.98

African American * >18 years 0.92 0.35–2.39 0.86

Other * >18 years 2.46 0.51–4.12 0.98

Race*Height (Race reference: Caucasian, Height reference: <175 cm) 0.41

African American * 175-180 cm 1.27 0.73–2.19 0.39

Other * 175-180 cm 2.13 0.23–6.84 0.47

African American * >180 cm 1.03 0.64–1.67 0.90

Other * >180 cm 1.98 0.22–15.6 0.51

PSA (Reference: 0-4 ng/ml)

4-10 2.57 1.80–3.76 <0.001

10-20 3.49 2.28–5.42 <0.001

20+ 18.68 11.76–30.28 <0.001

Free PSA (Reference: <10%) 

10-20% 0.47 0.28–0.76 0.002

>20% 0.23 0.11–0.46 <0.001

Clinical stage (≥T2 versus ≤T1) 1.50 1.17–1.91 0.001

TRUS Volume (Reference: <40 cc)

40-80 cc 0.44 0.35–0.56 <0.001

>80 0.09 0.037–0.20 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 0.71 0.26–1.62 0.45

25-29.9 0.65 0.50–0.84 0.001

30-34.9 0.74 0.55–0.98 0.039

>35 0.78 0.56–1.09 0.15

Family history (yes vs. no) 1.45 1.07–1.95 0.016

BMI, body mass index; CI, confidence interval; OR, odds ratio; PSA, prostate-specific antigen; TRUS, transrectal ultrasound.



  | https://dx.doi.org/10.21037/tau-21-433© Translational Andrology and Urology. All rights reserved.

Table S12 Association between patient characteristics and prostate volume on ultrasound at biopsy (univariable) in the subcohort of patients with 
no missing data (n=1,176)

Variable OR 95% CI P value

Age of first shave (Reference: <16 years)

16-18 0.99 0.91–1.07 0.73

>18 0.99 0.91–1.09 0.90

Height (Reference: <175 cm)

175-180 1.07 1.01–1.13 0.024

>180 1.10 1.04–1.15 <0.001

Age at biopsy (Reference: 50-59)

<50 1.26 1.15–1.39 <0.001

60-69 1.51 1.38–1.65 <0.001

70+ 1.69 1.51–1.89 <0.001

Race (Reference: Caucasian)

African American 1.03 0.99–1.08 0.11

Other 1.01 0.85–1.21 0.93

PSA (Reference: 0-4 ng/ml)

4-10 1.18 1.12–12.4 <0.001

10-20 1.43 1.33–1.54 <0.001

20+ 1.56 1.42–1.73 <0.001

Free PSA (Reference: <10%) 

10-20% 1.35 1.21–1.50 <0.001

>20% 1.67 1.48–1.90 <0.001

Clinical stage (≥T2 versus ≤T1) 0.87 0.83–0.92 <0.001

BMI (Reference: 18.5-24.9 kg/m2)

<18.5 1.22 1.01–1.46 0.033

25-29.9 1.30 1.08–1.55 0.004

30-34.9 1.46 1.21–1.74 <0.001

>35 1.44 1.19–1.72 <0.001

Family history (yes vs. no) 0.99 0.92–1.06 0.70

BMI, body mass index; CI, confidence interval; OR: odds ratio; PSA, prostate-specific antigen.

Table S13 Association between patient characteristics and prostate volume on ultrasound at biopsy (multivariable*) in the subcohort of patients 
with no missing data (n=1,176)

Age of first shave (categorical, reference: <16) OR 95% CI P

16-18 1.11 0.89–1.39 0.36

>18 1.13 0.86–1.47 0.37

Height (categorical, reference: <175 cm)

175-180 cm 0.94 0.80–1.11 0.48

>180 cm 1.00 0.86–1.15 0.96

*Controlling for patient age, race, prostate specific antigen, % free prostate specific antigen, clinical stage, body mass index, family 
history.


