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Body mass index and serum lipid profile influence serum
prostate-specific antigen in Chinese men younger than
50 years of age

Ming Liu1, Jian-Ye Wang1, Ling Zhu2 and Gang Wan3

This study is to assess the potential factors that could affect the serum prostate-specific antigen (PSA) level in healthy younger men.

We evaluated the associations of age, body mass index (BMI) and serum lipid profile with serum PSA level in 6774 Chinese men

(aged 20–49 years) who received a routine health examination. Eligible men were classified into 10-year age groups. BMI was

categorized as underweight (,18.5), normal (18.5–22.9), overweight (23.0–24.9), obese (25.0–29.9) and very obese (.30)

according to the redefined World Health Organization (WHO) criteria for the Asia-Pacific region. PSA levels were compared among

groups as well. In multiple linear regression analysis, PSA was positively correlated with age (P,0.0001). Negative correlations existed

between PSA and BMI (P,0.0001) and triglyceride level (P50.01). No relationship could be found between PSA and serum

cholesterol (P50.711) or high-density lipoprotein (HDL; P 50.665). In addition, we found that serum PSA levels increased with age

and decreased with BMI. Our study demonstrates that age, BMI and triglyceride levels influence the PSA level in men ,50 years of age.
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INTRODUCTION

Serum prostate-specific antigen (PSA) concentration is one of the most

useful tumour markers available. Since its introduction into clinical

practice, it has led to remarkable changes in the diagnosis, staging and

treatment of prostate cancer. Although PSA has high tissue specificity,

it may be affected by many factors unrelated to prostate diseases.

However, most of the studies related to PSA have been carried out

in populations of men over 50 years of age, and the high incidence of

benign prostatic hyperplasia, prostate cancer and use of 5a-reductase

inhibitors in this population may influence the analysis.1,2 To elucidate

the factors influencing PSA in young men, our study was performed in

a routine health examination population. The influence of body mass

index (BMI), age and triglyceride, cholesterol and high-density lipo-

protein (HDL) levels on PSA level was analysed retrospectively.

MATERIALS AND METHODS

Population selection and analysis

A total of 7117 men, aged 20–49 years and residing in downtown

Beijing, visited the Beijing Hospital (Beijing, China), for routine health

examinations between 9 September 2006 and 15 November 2008.

Although in China, PSA testing is usually suggested only for men

aged over 50 years, the serum PSA was measured in these younger

men because they had chosen a fixed set of examinations that

included PSA assessment. All the men had blood drawn before

prostatic manipulation, including a digital rectal examination. Of

the 7117 men examined, 343 were excluded: 47 because they had a

PSA concentration .4 ng ml21, 35 because of prostatic nodules and

261 because of lack of PSA results. Age, BMI, PSA, cholesterol, trigly-

ceride and HDL were recorded in the other 6774 men. The research

protocol was approved by the Medical Ethics Committee of Beijing

Hospital. PSA was measured by electrochemiluminescence immuno-

assay on an ARCHITECT i4000 (Abbott, Abbott Park, IL, USA). BMI

was calculated as weight divided by height squared (kg m22). Eligible

men were classified into 10-year age groups. BMI was categorized as

underweight (BMI: ,18.5), normal (BMI: 18.5–22.9), overweight

(BMI: 23.0–24.9), obese (BMI: 25.0–29.9) and very obese (BMI:

.30) according to the redefined World Health Organization

(WHO) criteria for the Asia-Pacific region.3

Statistics

An analysis of variance and the Student–Newman–Keuls test were

used to compare the differences in PSA levels among the age and

BMI groups. Because PSA does not exhibit a normal distribution, it

was analysed as continuous terms after logarithmic transformation.

Multiple linear regression analysis was used to evaluate the interrela-

tionship between PSA and other factors. All statistical analyses were

carried out using SPSS 12.0 software (SPSS Inc., Chicago, IL, USA),

and P values ,0.05 were considered statistically significant.
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RESULTS

The mean (6s.d.) age of the study population was 39.2 (66.9) years;

the other parameters are shown in Table 1. Figure 1 is a scatter plot of

PSA distribution.

In a multiple linear regression analysis, PSA was positively corre-

lated with age (P,0.0001). Negative correlations existed between PSA

and BMI (P,0.0001) and triglyceride (P50.01). No relationship

could be found between PSA and serum cholesterol (P50.711) or

HDL (P50.665).

When the subjects were classified into age groups, there was an

increasing trend in serum PSA level with increasing age. After log-

arithmic transformation, PSA level was different among the 10-year

age groups (P,0.001; Table 2).

When the subjects were divided into BMI groups according to the

redefined WHO criteria for the Asia-Pacific region, serum PSA levels

were different among BMI groups in all ages. Analysis by Student–

Newman–Keuls test showed that the PSA level of the BMI o30 group

was significantly different from those of the other BMI groups

(P,0.01). However, no difference was found between other BMI

groups (P.0.05, Figure 2).

DISCUSSION

Although PSA has high tissue specificity, it can be affected by several

factors besides prostatic disease. Age is one of the most significant of

these factors. There are two phases of a man’s life in which dramatic

changes in PSA level occur: puberty and old age. The PSA level is

generally undetectable at the beginning of puberty and increases

rapidly during pubertal development.4 Many studies in elderly men

have shown that PSA is positively correlated with age in this popu-

lation.5–7 However, the potential high incidence of benign prostatic

Table 1 Distribution of the parameters

Mean (s.d.) P5 P25 P50 P75 P95

PSA (ng ml21) 0.90 (0.56) 0.31 0.52 0.76 1.11 1.99

BMI 25.5 (3.2) 20.3 23.4 25.4 27.5 31.0

Triglycerides (mmol l21) 1.94 (1.67) 0.64 1.04 1.52 2.26 4.50

Cholesterol (mmol l21) 5.02 (0.96) 3.65 4.37 4.93 5.56 6.61

HDL (mmol l21) 1.22 (0.26) 0.87 1.04 1.18 1.37 1.69

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; PSA, prostate-

specific antigen.

Figure 1 Scatter plot of PSA distribution by age. PSA, prostate-specific antigen.

Table 2 Serum PSA level by age group (ng ml21)

Age group

(years)

Number (%)

of patients

PSA level

(ng ml21)

(mean6s.d.)

P5 P25 P50 P75 P95

20–29 906 (13.4) 0.8460.54* 0.30 0.50 0.70 1.02 1.79

30–39 2379 (35.1) 0.8760.52* 0.31 0.51 0.75 1.07 1.85

40–49 3489 (51.5) 0.9360.59* 0.32 0.54 0.78 1.15 2.09

Abbreviation: PSA, prostate-specific antigen.

*P,0.001, compared between each two age groups.

Figure 2 The relationship between median serum PSA level and BMI in different age groups. *PSA level of the BMIo30 group was significantly different from those of

the other BMI groups (P,0.01). No difference was found between other BMI groups (P.0.05). BMI, body mass index; PSA, prostate-specific antigen.
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hyperplasia and prostate cancer in aged people may bias this correla-

tion. Our study aimed to investigate factors correlated with PSA in the

adult male population aged between 20 and 49 years to avoid the

influences of both puberty and some potential prostatic diseases. A

positive correlation was found between age and PSA in our multiple

linear regression analysis. The mean PSA level increased from

0.84 ng ml21 in the 20–29 years age group to 0.93 ng ml21 in the

40–49 years age group. Because the lower age limit of PSA screening

is usually 40 years, data on PSA level in young adults are limited.

Several studies have also demonstrated that age and PSA are positively

correlated in Western young males, but the mean PSA levels in these

studies differed from ours. Baillargeon et al.8 performed a study in

Western men and found mean PSA levels of 0.65 ng ml21 in the 20–39

years age group and 0.81 ng ml21 in the 40–49 years age group, which

are lower than our respective values. However, 81.4% of the men in

that study were classified as either overweight or obese, conditions that

may lower PSA level. Another study, performed by Preston et al.9

reported even lower PSA values. They found mean PSA levels in white

men of 0.47 in the 20- to 29-year group, 0.55 in the 30- to 39-year

group and 0.49 in the 40- to 49-year group; the levels in African-

Americans were 0.51 in the 20- to 29-year group, 0.57 in the 30- to

39-year group and 0.60 in the 40- to 49-year group. The study had the

limitation that the specimen analysed was frozen serum—the mean

storage time was 4.18 years, which may have affected the serum PSA

levels. Therefore, we cannot draw any conclusions about differences in

PSA between Chinese and Western people.

In this study, we retrospectively analysed results from routine health

examinations in Beijing Hospital. The participants in the health

checkup were local residents of Beijing. Because no records of prostate

cancer history, prostate volume or use of 5a-reductase inhibitors

could be obtained, we chose a population aged 20–49 years, so as to

avoid the interference of these elements on PSA. Patients with a PSA

level .4 ng ml21 were excluded from the study because they did not

agree to undergo a biopsy to rule out the prostate cancer. These are

potential limitations of our study, given that we could not expand the

analysis to men aged over 50 years, which is the age group with high

prostate cancer prevalence. Another limitation is that even in these

low-PSA men, there is the possibility of undiagnosed prostate cancer.

There have been previous studies on the relationship between BMI

and PSA. Although some of these demonstrated no correlation

between BMI and PSA, the results of most of them support the finding

that, compared with non-obese men, obese men have significantly

lower PSA levels.10 The discrepancy between these results may be

traced to the different age ranges of the populations, ways of evaluating

patients with abnormal PSA and statistical methods performed in the

studies. Race is another factor that apparently influences PSA levels.

Some large-scale investigations based on Asian populations have also

sustained the inverse correlation between PSA and BMI in younger

men. In Korean men ,60 years of age, Han et al.11 found that PSA

was significantly interrelated with BMI, age and HDL. Kim et al.12

found an inverse correlation in men 40–59 years old, but not in those

60–79 years old. In our study, BMI correlated inversely with serum

PSA levels in the multiple linear regression analysis, although the

correlation was weak. When we compared PSA levels among BMI

groups using the Student–Newman–Keuls test, we found that only

the BMI o30 group differed from the others. The men with BMI

o30 had 0.18 ng ml21 (19.3%) less serum PSA than those with

BMI 18.5–22.9 (0.7560.48 ng ml21 versus 0.9360.59 ng ml21). The

intergroup PSA comparisons did not show any differences in men with

BMI ,30. A study in Japanese men performed by Ando et al.13 showed

similar results: PSA decreased significantly with BMI. Although they

did not report the significance of intergroup PSA level differences,

only the BMI .30 group (mean PSA: 0.67 ng ml21) appeared to be

different from the others (mean PSA: 0.81–0.84 ng ml21). Most of

the Asian studies used the BMI classification system according to the

redefined WHO criteria for the Asia-Pacific region. However, the

main difference between this system and the international one is

the reclassification in BMI ,25, and this discrepancy would not affect

the conclusions of these studies because most apparent disparities in

PSA levels were in the BMI .30 group.

Several explanations of the relationship between BMI and PSA have

been postulated. One could be the alteration of serum androgen level

because obese men usually have a lower androgen level. The growth or

differentiation of normal prostate is affected by androgens,14 and

androgens may affect PSA production as a result of the androgen

response element in the PSA promoter region.15 Another postulation

is that men with higher BMI have higher circulating plasma volumes,

which lower the PSA concentrations through haemodilution.

This postulation was recently supported by two large retrospective

studies,16,17 one of which examined prostate cancer patients and the

other individuals without cancer. The investigators estimated PSA

mass as PSA concentration times estimated plasma volume and

showed that although PSA showed an inverse trend with BMI, PSA

mass did not. Thus, they demonstrated that haemodilution accounted

for this inverse correlation between PSA and BMI.

In our study, we found a negative correlation between PSA and

triglyceride, but no correlation between PSA and cholesterol or

HDL. There have been few studies on the relationship between PSA

and serum lipid profile. One case–control study showed that choles-

terol level was associated with the risk of high-grade prostate cancer,

but the authors found neither association between cholesterol and the

incidence of prostate cancer nor did they examine the influence of

cholesterol on PSA.18 Further studies are needed to obtain a full

understanding of the mechanism that underlies the correlation

between serum lipid profile and PSA.

Our study demonstrates that age, BMI and triglyceride level affect

PSA level in males aged 20–49 years. However, the magnitude of this

influence is minor. Whether clinical practice would be affected is not

yet clear.
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