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Abstract 

Background:  Only a few previous studies conducted to assess the association between body mass index (BMI) 
and prostate-specific antigen (PSA) related parameters have taken prostate volume (PV) and blood volume (BV) into 
consideration. The objective of this study was to assess the relationship between BMI and parameters of PSA concen-
trations in Chinese adult men.

Methods:  A total of 86,912 men who have received annual physical examination at the First Affiliated Hospital of 
Army Medical University from 1 January 2011 to 31 December 2018 were included in this study. Linear regression 
models were performed to assess the relationship between BMI, PV, BV and PSA, and analyze the correlation between 
BMI and PSA, PSA density and PSA mass.

Results:  The univariable linear regression showed that PV, BV, systolic pressure (SBP), pulse, fasting blood glucose 
(FBG) and age were significantly associated with PSA level (P < 0.05). The multivariate linear regression demonstrated 
that PV, BV, FBG and age were significantly associated with PSA level (P < 0.05). WHR and BMI is negatively associated 
with PSA and PSA density (P < 0.05), and no statistically significant association was found between PSA mass and WHR 
and (P = 0.268) or BMI (P = 0.608).

Conclusions:  The findings of this large-sample, hospital-based study in China indicate that PV was positively associ-
ated with serum PSA concentrations, while BMI and BV were inversely related with PSA levels. PSA mass can be used 
to estimate the PSA concentration without being affected by obesity in Chinese men.
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Background
Prostate cancer is a leading cause of death among men 
in the developed countries [1]. In 2012, 1.1 million men 
were diagnosed with prostate cancer worldwide, account-
ing for 15% of all cancers diagnosed in men according to 
the World Health Organization’s International Agency 
for Research on Cancer [2]. However, screening for pros-
tate cancer was one of the most hotly debated health care 

issues due to its controversy, overtreatment, psychologi-
cal distress, and unnecessary medical cost [3].

Prostate specific antigen (PSA) is the most common 
predictor for early screening and diagnosis of prostate 
cancer although there are still some challenges with 
PSA test [4]. A relationship between obesity and low 
PSA levels has been identified in several studies [5–8]. 
Obesity plays a key role in developing abnormalities in 
sex hormone metabolism and insulin levels, because 
of the excessive accumulation of adipose tissue or body 
fat. However, the specificity of PSA is low and the false 
positive rate is relatively high, as most men who under-
take biopsy for elevated PSA levels are not diagnosed 
with prostate cancer [9]. The most accepted hypothesis 
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was that the men with a higher BMI might have enlarged 
prostate [10, 11] and blood volume (prostate volume and 
blood volume) [8, 12], which could lead to the underesti-
mation or overestimation of serum PSA levels.

However, few large-scale studies in China conducted 
to assess the association between BMI and screening 
and diagnosis parameters of prostate cancer have taken 
prostate volume (PV) and blood volume (BV) into con-
sideration. The aim of this study is to assess the relation-
ship between BMI, PV, BV and PSA in Chinese men, 
and whether there is a PSA related parameter that is not 
affected by BMI and could be used for the diagnosis of 
prostate cancer based on the data collected in physical 
examination of the residents of Southwest China.

Methods
Overall study design
From 1 January 2011 to 31 December 2018, 86,912 con-
secutive ostensibly healthy Chinese men received physi-
cal examination in the Health Management Department 
of the First Affiliated Hospital of Army Military Medical 
University. The PSA measures were collected as part of 
early screening of prostate cancer of these men. The cri-
teria for inclusion in this study were as follows: physical 
examination, PSA testing, and prostate ultrasound test-
ing were performed; there were no obvious abnormalities 
in prostate ultrasound diagnosis; there was no history of 
prostate cancer and prostate surgery.

Clinical variables
The information of physical examination of the partici-
pants was collected, including age (year), height (cm), 
weight (kg), PSA level (ng/ml) and prostate volume (ml). 
BMI (kg/m2) was defined as weight (kg) divided by the 
square of height (m2). According to WHO’s BMI grad-
ing standards for the Asia–Pacific region, the recruited 
subjects were divided into: normal weight (18.5  kg/m–
23.9  kg/m2), overweight (24  kg/m2–27.9  kg/m2) and 
obese (BMI > 28 kg/m2). Body surface area (m2) = weight 
0.425 × height 0.725 × 0.2025. BV (L) = body surface 
area × 1.67. PV (ml) = left and right diameter × front 
and back diameter × up and down diameter × 0.52. PSA 
density (μg) = PSA/PV. PSA mass = PSA × BV. A blood 
sample was obtained for serum PSA. All  anthropomet-
ric measurements were made by trained observers using 
standardized techniques. All measures collected in this 
retrospective study were part of the routine physical 
examination.

Statistical analysis
After a log transformation, the values of PSA, PSA den-
sity, and PSA mass were normally distributed, and 
then a linear regression was performed to quantify the 

relationship between BMI and PSA parameters. The 
SPSS 20.0 software (SPSS, Inc, Chicago, IL) was used for 
statistical analysis and P < 0.05 was considered significant 
for all analysis.

Results
Baseline characteristics of participants
In the present study, all data collected from 86,912 men 
were analyzed (age range: 18–98, with the median age of 
46). The median BMI was 24.88 kg/m2, the median PSA 
level was 0.45 ng/mL, the median PV was 16.97 mL, the 
median PSA density level was 0.026  μg, the median BV 
level was 2.96  L, and the median PSA mass level was 
1.34  μg. The minimum and maximum values of these 
variables were also presented. The demographics of the 
study population are listed in Table 1.

Correlation among BV, PV and PSA levels
The values of PSA, PSA density, and PSA mass were nor-
mally distributed after a log transformation. The uni-
variable regression showed that PV, BV, systolic pressure 
(SBP), pulse, fasting blood glucose (FBG) and age were 
significantly associated with PSA level (P < 0.05) (Table 2). 
Furthermore, the multivariate regression analysis showed 
that PV, BV, FBG and age were significantly associated 
with PSA level (P < 0.05).

Correlation among BMI and PSA‑related parameters
Table  3 shows the relationship between WHR or BMI 
and PSA, PSA density and PSA mass in different WHR or 
BMI categories (normal weight, overweight and obese). 
FBG, age and WHR were used as independent vari-
ables, and the multivariate regression analysis showed 
that WHR was negatively associated with PSA and PSA 
density in all categories (Table 3). However, no significant 
association was found between WHR and PSA mass. The 
same results were found in the relationship between BMI 
and PSA, PSA density and PSA mass. BMI was negatively 
associated with PSA and PSA density in all categories, 
and no significant association between BMI and PSA 
mass was detected in all categories.

Discussion
Our results demonstrated that PV was positively associ-
ated with serum PSA concentrations, while BMI and BV 
were inversely related with PSA levels, indicating that 
BMI, BV and PV should be taken into account when rec-
ommending a patient to take prostate biopsy based on 
serum PSA concentrations. Furthermore, the present 
study demonstrated that a higher BMI might be associ-
ated with a larger PV and BV. In addition, PSA-related 
parameters (PSA density and PSA mass) associated with 
different BMI categories were introduced in this study 
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and it was demonstrated that PSA mass was not related 
to BMI in Chinese men.

Our results showed that serum PSA concentrations 
decreased with the increase in BMI among the partici-
pants who were not diagnosed with prostate cancer. This 
confirms the results from previous studies which have 
shown an inverse correlation between BMI and serum 
PSA [5–8, 12–14]. Obesity plays a key role in developing 
abnormalities in sex hormone metabolism and insulin 
levels, as a result of the excessive accumulation of adi-
pose tissue or body fat. It can lead to the benign prostatic 
enlargement by raising the estrogen and estradiol levels, 

while lowering testosterone and serum globulin-binding 
protein levels [15]. The elevated estrogen/testosterone 
ratio associated with obesity might increase the stromal/
epithelial cell ratio in benign prostatic hyperplasia nod-
ules [16].

Previous studies have demonstrated that higher BMI 
might be associated with larger BV [8, 12], which could 
bias real serum PSA concentrations, and this find-
ing was confirmed in the present study. The underlying 
hypothesis is that the amount of PSA released from cells 
in the prostate would be diluted to a lower concentra-
tion in men with larger BV in comparison with the one 
with smaller BV. Moreover, we found that the BMI was 
positively correlated with PV, whilst PV was positively 
correlated with the level of PSA. However, the BMI was 
negatively correlated with PSA level. One possible expla-
nation is that, on one hand, higher BMI might cause 
larger PV and increase PSA levels, and on the other hand, 
higher BMI could cause hemodilution because the BV 
has increased, and the hemodilution of blood volume 
on PSA was more remarkable than the increase in PSA 
caused by PV [8, 17].

Due to the impact of BV and PV on PSA levels, it is 
necessary to make a comprehensive judgment by com-
bining BV and PV. Some new PSA parameters have been 
proposed to eliminate the effects of these factors on PSA 
and improve the sensitivity and specificity of prostate 
cancer screening. We estimated PSA density and PSA 
mass, respectively, as PSA concentration divided by PV 
and PSA concentration times BV, and showed that PSA 
density concentration was inversely correlated with 
BMI, but PSA mass showed no significant correlation 
with BMI. Our analysis results indicated that assessment 
of PSA concentration by using PSA mass will not be 
affected by obesity in Chinese men. The previous study 
also showed that there was no association between BMI 
and PSA mass that relates to prostate cancer screening in 
our study. Furthermore, we also introduced WHR to ana-
lyze the relationship between obesity and PSA because 
PSA density and PSA mass were related to height and 
weight, and it might lead to the misjudgment of relation-
ship between obesity and PSA. The obesity was repre-
sented by both WHR and BMI, and it was found that the 
results obtained from both WHR and BMI showed a con-
sistent trend.

There were some limitations in our study. First, this 
is a cross-sectional study. Second, because the study 
participants were Chinese, the data may not necessarily 
represent populations outside China. We have analyzed 
the data according to WHO’s BMI standard grading 
system as it is the globally recognized standard to assess 
somebody’s weight. However, Asians have smaller 
skeletal frame and it is significant to perform further 

Table 1  Characteristics of the study population

BMI, body mass index; PSA, prostate specific antigen; PV, prostate volume; BV, 
blood volume; WHR, waist-hip ratio; SBP, systolic pressure; DBP, diastolic blood 
pressure; CHOL, cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, 
low density lipoprotein; FBG, fasting blood glucose; Alb, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl 
transferase; ALP, alkaline phosphatase; TP, total protein; GLB, globulin; BUN, 
blood urea nitrogen; Cr, creatinine; UA, uric acid

Factors Median P25 P75 Min Max

Age (years) 46 38 53 18 98

Height (cm) 166.5 162.5 170.8 134 202

Weight (kg) 69 62.9 75.5 39.6 126.7

BMI (kg/m2) 24.88 22.93 26.89 18.50 43.37

PSA (ng/ml) 0.45 0.27 0.76 0.01 2.99

PV (ml) 16.97 14.66 20.18 0.14 189.82

PSA density (μg) 0.026 0.016 0.429 0 4.23

BV (L) 2.96 2.81 3.11 2.06 4.19

PSA mass (μg) 1.34 0.81 2.23 0.03 11.15

Waist 87.2 82 92.6 56.2 132

Hip 97 93.8 101 69 164

WHR 0.90 0.86 0.93 0.60 1.24

SBP (mmHg) 126 115 138 77 237

DBP (mmHg) 80 73 88 41 155

Pulse 78 70 86 41 154

CHOL 5.04 4.44 5.68 1.88 18.91

TG 1.61 1.13 2.39 0.23 9.99

HDL 1.25 1.08 1.45 0.24 7.48

LDL 2.60 2.22 2.99 0.02 8.21

FBG 5.42 5.07 5.88 3.23 25.92

Alb 46.2 44.5 48 17.9 63.8

ALT 27 19 39 1.0 1111

AST 25 21 31 1.0 814

GGT​ 32 22 53 10 2676

ALP 87 75 103 21 677

TP 75.6 73 78.4 50.6 115.3

GLB 29.3 27.2 31.6 15.1 89.3

BUN 5.3 4.5 6.2 1.5 39.3

Cr 79.7 72.4 87.4 10.2 567.2

UA 385.8 337.4 441.7 102.8 1127.1
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analysis according to the BMI standard for Asian adults 
and compare the results of these two systems. Moreo-
ver, the study measures did not include total levels of 
testosterone, which is an important indicator, as it was 
not routinely measured. The serum total testosterone 
is inversely associated with BMI, and obesity is usu-
ally directly associated with the low testosterone levels 

and causes many systemic illnesses. Neither did the 
present study perform analysis of other obesity indi-
ces except BMI. In addition, the socioeconomic factors 
and other potential confounders which might influence 
the BMI and PSA levels were not introduced into this 
study. However, our findings are consistent with those 
of numerous studies conducted in other regions and 
population.

Table 2  Linear regression analysis for the associations between BV and PV with PSA level

BMI, body mass index; PSA, prostate specific antigen; PV, prostate volume; BV, blood volume; WHR, waist-hip ratio; SBP, systolic pressure; DBP, diastolic blood 
pressure; CHOL, cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; FBG, fasting blood glucose; Alb, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; TP, total protein; GLB, globulin; BUN, blood urea 
nitrogen; Cr, creatinine; UA, uric acid. SE, standard error

Factors Univariable regression Multivariable regression

β SE P value β SE P value

BV − 0.118 0.005 < 0.01 − 0.109 0.005 < 0.01

PV 0.012 < 0.01 < 0.01 0.012 < 0.01 < 0.01

SBP 0.012 0.003 < 0.01 0.004 0.003 0.123

DBP − 0.001 0.003 0.727

Pulse 0.007 0.003 0.022 0.003 0.003 0.24

CHOL − 0.005 0.003 0.075

TG − 0.003 0.002 0.149

HDL − 0.003 0.003 0.305

LDL 0.002 0.002 0.138

FBG − 0.009 0.003 0.002 − 0.007 0.003 0.023

Alb 0.015 0.009 0.082

ALT 0.001 0.003 0.640

AST − 0.001 0.005 0.863

GGT​ − 0.001 0.003 0.58

ALP 0.003 0.003 0.434

TP − 0.009 0.006 0.156

GLB − 0.003 0.004 0.456

BUN 0.004 0.007 0.535

Cr − 0.001 0.004 0.851

UA 0.002 0.003 0.506

Age 0.004 < 0.01 < 0.01 0.001 < 0.01 < 0.01

Table 3  Multivariate linear regressions for the associations of factors with PSA, PSA density and PSA mass

Factors PSA PSA density PSA mass

β SE P value β SE P value β SE P value

WHR − 0.149 0.02 < 0.01 −0.206 0.021 < 0.01 − 0.023 0.021 0.268

Normal weight 0.115 0.035 0.001 0.089 0.034 0.009 0.163 0.035 < 0.01

Overweight − 0.157 0.034 < 0.01 − 0.175 0.033 < 0.01 − 0.129 0.034 < 0.01

Obese −0.238 0.052 < 0.01 −0.272 0.052 < 0.01 −0.192 0.052 < 0.01

BMI − 0.007 < 0.01 < 0.01 − 0.01 < 0.01 < 0.01 0 < 0.01 0.608

Normal weight − 0.006 0.001 < 0.01 − 0.008 0.001 < 0.01 0.003 0.001 0.074

Overweight − 0.008 0.002 < 0.01 − 0.011 0.002 < 0.01 − 0.001 0.002 0.406

Obese −0.011 0.002 < 0.01 −0.013 0.002 < 0.01 −0.005 0.002 0.002
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Conclusions
The results of this large-sample, hospital-based study in 
China indicate that PV is positively associated with PSA 
concentration, but BMI and BV are inversely correlated 
with PSA concentration. Otherwise, PSA mass might be 
the best parameter to estimate the PSA concentration 
without being affected by obesity in Chinese men.
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