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Abstract: The goal of this study was to explore the relationship between age and serum prostate-specific antigen
(PSA) levels in a healthy population in northern China and to establish the normal age-specific PSA reference
levels. Clinical data were collected from healthy men who underwent routine health check-ups from July 2009 to
September 2015. The enrolled men were classified into six groups by 10-year intervals, namely 30-39, 40-49, 5059, 60-69, 70-79, and 80-89. Correlations between age and normal PSA levels were analyzed. The 95th percentile
range of each group was determined as the corresponding normal references of age-specific PSA, which were then
compared with other studies from China and Western countries. A total of 24,194 men were included in this study.
Serum PSA level was positively correlated with age (r=0.27, P<0.001). Normal serum PSA upper levels in each
age group were 1.79 ng/mL, 1.92 ng/mL, 2.63 ng/mL, 4.41 ng/mL, 6.20 ng/mL, and 6.54 ng/mL, respectively.
Age was correlated with normal serum PSA levels in general. Our results showed that the normal upper limit of
age-specific PSA, of a population in northern China, was lower than that in Taiwan and in other Western countries.
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Introduction
Prostate cancer (PCa) is the second most common cancer of men worldwide and greatly
threatens men’s health [1]. Although PCa incidence is lower in China than in western countries [2], it has an increasing trend with the
extension of lifespan, changing of dietary habits, and the improvement of screening [3].
Therefore, the prognosis for patients with PCa
would improve from early diagnosis and treatment. As one of the most commonly involved
tumor markers in prostate cancer studies,
prostate-specific antigen (PSA) is extensively
used in the screening of prostate cancer [4].
Currently, 4 ng/mL of PSA is accepted as the
upper limit for the normal reference value for
prostate screening in most countries. But various studies have shown that age was a significant factor that affects the range of normal
PSA levels [5-8]. Oesterling et al. [9] first established the age-specific PSA normal range based
on the white population, in 1993. In addition to
age, race is another essential factor that

affects the normal PSA range. The reference of
normal PSA levels utilized in China was derived
from studies on the white population, which
may not be appropriate for the Chinese population. According to some studies [5-7, 10], Asians
have a relatively low upper limit of normal PSA,
compared with both white and black populations at the same age. Moreover, people from
the same race, but living in different areas, may
have different normal ranges of age-specific
PSA. Even though some researchers had developed some preliminary age-specific PSA reference in some areas in China, the results were
not able to be tested in a large area and large
population for reliability. This study aims to
establish a reference range of normal age-specific PSA in northern China, through a larger
population group without prostate cancer.
Materials and methods
Selection criteria
After obtaining approval from the Ethics
Committee of the Chinese People’s Liberation
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Army General Hospital, data were collected
from our database of 30 to 89 year-old men
from the north area, who underwent routine
health check-ups in our hospital from July 2009
to September 2015. In this study, the north
area refers to north China and northeast China
[11]. Abnormal PSA levels were defined as the
concentration >4 ng/mL, abnormal percent
free PSA (% fPSA) was defined as <0.16, abnormal PSA density (PSAD) was defined as >0.15
[12]. Abnormal transrectal ultrasonography
(TRUS) findings were defined as capsular irregularity, deformation, or existence of a hypoechoic region/nodule. Inclusion criteria: (1) serum
PSA level ≤4 ng/mL, TRUS normal; (2) 4 ng/mL
< serum PSA level ≤10 ng/mL, TRUS and %
fPSA and PSAD normal; (3) % fPSA and/or PSAD
abnormal with negative prostate biopsy result;
(4) 10 ng/mL < serum PSA level ≤20 ng/mL,
negative prostate biopsy result. Exclusion criteria: (1) history of prostate cancer/surgery; (2)
taking androgen antagonists, urinary tract infection, prostatitis, massage of prostate, cystoscopy, or prostate biopsy before the PSA test; (3)
serum PSA level >20 ng/mL because of the greater probability of undetected prostate cancer.
Prostate biopsy criteria: (1) serum PSA level ≤4
ng/mL, TRUS abnormal; (2) 4 ng/mL < serum
PSA level ≤10 ng/mL, % fPSA and/or PSAD
abnormal; (3) serum PSA level >10 ng/mL.
Diagnostic equipment and method
Serum total PSA (tPSA) levels and free PSA
(fPSA) levels were measured by LIAISON-XL,
DiaSorin (Italy) chemiluminesence. TRUS was
performed with Acuson Sequoia 512 (Siemens
Medical Solutions USA). Prostate volume (PV)
was measured via TRUS, before prostate biopsy. PV was defined by measuring the height (H),
width (W), and length (L) of the prostate from
two selected orthogonal views and was calculated using the ellipsoid volume formula: PV
(ml)=0.52 × W (cm) × H (cm) × L (cm) [13]. %
fPSA was calculated by dividing fPSA (ng/ml) by
tPSA (ng/ml). PSAD (ng/ml/ml) was calculated
by dividing tPSA (ng/ml) by PV (ml). TRUSguided 12-core needle biopsies were performed. All patients had signed the informed
consent before taking the prostate biopsy.
Statistical analysis
The results in this study were analyzed using
SPSS software (version 17.0, Chicago, USA). R
software (version 3.3.1, Auckland, NZL) was
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used for serum PSA percentiles graphing.
Subjects were divided into six age groups by
10-year intervals, namely, 30-39, 40-49,
50-59, 60-69, 70-79, 80-89. The descriptive
statistics, including the mean, standard deviation (SD), median, interquartile range (IQR, 75
th-25 th), 5th, 25th, 75th, and 95th percentiles
of the serum PSA level were calculated for each
10-year age group. The 95th percentile values
were determined as the upper limits of each
10-year age group for the serum PSA levels.
Spearman’s rank correlation coefficients were
calculated to measure the association between
serum PSA and age and Kruskal-Wallis ANOVA
was used to compare differences of serum PSA
level among each 10-year age group. The
Kolmogorov-Smirnov test showed that the distribution differed significantly from the Gaussian curve for the total age group. Asymmetry
was evaluated by calculation of the coefficients
of skewness. P<0.05 was considered statistically significant for all of the statistical analyses.
Results
Basic information
Out of the 24,685 men, (1) serum PSA level ≤4
ng/mL, TRUS abnormal, 1,539 cases. (2) 4 ng/
mL < serum PSA level ≤10 ng/mL, % fPSA abnormal, 167 cases, PSAD abnormal, 58 cases,
both % fPSA and PSAD abnormal, 23 cases. (3)
serum PSA level >10 ng/mL, 544 cases. 2285
cases had prostate biopsy (9.26%), and 491
cases were diagnosed with PCa (1.99% of all
screening, 21.49% of all prostate biopsy). The
remaining 24,194 cases, who had no evidence
of prostate cancer by any of the diagnostic
tests, formed the study population on which
the results of this study are based (Figure 1).
Distribution of serum PSA levels
According to the normality test (Z=36.418,
p<0.001), the distribution of serum PSA levels,
in general, was positively skewed with a skewness coefficient of 5.397, significantly deviating
from the normal distribution. The median
serum PSA level (IQR) was 0.82 (0.84) ng/mL
for the entire study population. The median age
was 52 years old (30-89). Table 1 shows the
distribution and comparison of age-specific
PSA concentration from each age group. The
differences of PSA level among each age group
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Figure 1. Flow chart of this study.

Table 1. Distribution of serum PSA levels according to age
Age
(years)
30-39
40-49
50-59
60-69
70-79
80-89
Total

Subjects (n(%))
PSA≤4 ng/ml PSA>4 ng/ml
1906 (99.9)
2 (0.1)
7476 (99.9)
9 (0.1)
7131 (98.8)
87 (1.2)
3823 (93.4)
272 (6.6)
2328 (86.5)
363 (13.5)
695 (87.2)
102 (12.8)
23359 (96.5)
835 (3.5)

Total
1908 (7.9)
7485 (31.0)
7218 (29.8)
4095 (16.9)
2691 (11.1)
797 (3.3)
24194 (100)

Serum PSA level (ng/ml)
Mean ± SD Median
0.81±0.58
0.67
0.86±0.61
0.7
1.06±1.20
0.78
1.67±2.14
1.03
2.27±2.68
1.4
2.22±2.34
1.5
1.25±1.60
0.82

Percentile value
25th, 75th IQR
5th, 95th
0.46/1.01 0.55 0.28/1.79
0.49/1.05 0.56 0.28/1.92
0.51/1.23 0.72 0.27/2.63
0.59/1.89 1.3 0.26/4.41
0.72/2.81 2.09 0.25/6.20
0.73/2.91 2.18 0.14/6.54
0.52/1.36 0.84 0.27/3.46

PSA=prostate-specific antigen; SD=standard deviation; IQR=interquartile range.

Table 2. Correlation analysis of age and serum PSA levels
Serum PSA
levels
r
P

Age (years)
30-39 40-49 50-59 60-69 70-79 80-89
Total
-0.023 0.017 0.083 0.105 0.043 -0.061
0.27
0.313 0.133 <0.001 <0.001 <0.001 0.083 <0.001

PSA=prostate-specific antigen.

were statistically significant (χ2=1927.074,
P<0.001).
Correlation analysis of age and serum PSA
levels
Serum PSA level was positively correlated with
age in general (r=0.27, P<0.001). Specifically,
the serum PSA level positively correlated with
age in age groups, 50-59, 60-69, 70-79.
Correlation was not significant in age groups
30-39, 40-49, 80-89. There was no significant
change in the median and IQR of serum PSA
level up to 50 years, and a gradual increase
was observed in men older than 50 years
(Table 2, Figure 2).
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Serum PSA levels among
Chinese, different regions,
and different races

Normal serum PSA upper
levels in each age group
were 1.79 ng/mL (30-39
years), 1.92 ng/mL (40-49
years), 2.63 ng/mL (50-59 years), 4.41 ng/mL
(60-69 years), 6.20 ng/mL (70-79 years), and
6.54 ng/mL (80-89 years). This shows serum
PSA levels (95th percentile) among Chinese different regions. As for all age groups, serum PSA
levels in Taiwanese were higher than those in
this study, and Shaanxi was the lowest (Table
3). Among different races, serum PSA levels in
White, Black, and Latino were higher than those
in this study (Table 4).
Discussion
The aim of this study was to prove the positive
correlation between age and serum PSA level,
through a healthy population in north China
Int J Clin Exp Med 2018;11(2):1376-1382
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Figure 2. Serum prostate-specific antigen (PSA) percentiles in different ages.

and to establish the normal reference of agespecific PSA levels. Digital rectal examination
(DRE) and abnormal prostate-specific antigen,
on routine screening, were independently associated with clinically significant prostate cancer
and prostate cancer specific mortality [14].
DRE remains as the simplest method of assessing patients for prostate cancer and can usually
find large prostate nodules, but small lesions
located on both sides of the peripheral zone or
near the transitional zone of the prostate were
not easily found. As PSA is highly sensitive to
prostate cancer detection, a TRUS-guided systematic prostate biopsy has been the gold standard method for the detection of prostate cancer [15]. It has been widely used as a screening
and a follow-up procedure for patients with
prostate cancer in China because it is an economical way to accurately observe the internal
structure and condition of the prostate and to
monitor blood flow changes [16]. In addition,
TRUS can detect lumps or nodules that DRE
cannot.
PSA is a type of serine protease produced by
prostate epithelial cells. Prostate volume determines the production of PSA in population with
no clinical evidence of prostate cancer [9]. This
study showed that over the entire age range,
serum PSA level was directly correlated with
age (r=0.27, P<0.001), which was in parallel
with previous studies [5-8, 17, 18]. The factor
most likely to be responsible for the increase in
serum PSA concentration with advancing age
was concomitant increase in the size of the
prostate gland. Further, as men age, normal
physiological barriers of prostate glands that
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keep PSA in the prostatic duct system, may
become more permeable and allow PSA to
enter the general circulation via the capillaries
and lymphatics [9]. Our results showed that
serum PSA level did not increase linearly. More
specifically, the median and IQR increased
gradually after 50 years old. The studies of He
et al. [5] and Ku et al. [18] arrived at a similar
conclusion. Histologically, the incidence of
benign prostatic hyperplasia (BPH) increases
with age, and usually begins at the age of 40
[19]. Autopsy data have shown prostatic
enlargement in 40%, 55%, and 80% of men
50-59, 60-69, and 70-79 years of age, respectively [20]. Given the observed association
between age and the increase in serum PSA
level in normal individuals, it was necessary to
determine normal serum PSA level according to
each age interval, making it age-specific.
Only age groups 50-59, 60-69, and 70-79 had
positive correlation between age and serum
PSA level out of all of the age groups. There was
no significant correlation between age and
serum PSA level in those below 50 or above 80
years old. Serum PSA level was affected by
ejaculation [21] and physical activities [22].
There was no correlation between age and
serum PSA level in age groups 30-39, 40-49,
which might be explained by the intensity of
these factors. Serum total testosterone was
decreased at age less than 60 years, and did
not significantly reduce at age more than 60
years [23]. A direct correlation between serum
testosterone levels and serum PSA level was
reported in BPH patients [24]. The androgen
level decreased with aging and its influence on
prostatic cells might explain the lack of correlation between age and serum PSA levels for the
above 80 years old group. Another plausible
reason was the inherent problem of the small
numbers in the 80-89 age group in the present
study, and it might not represent the actual
clinical findings. Therefore, not only the increase
of age could cause the elevation of PSA level
but also a series of factors could affect the
serum PSA level. Therefore, all of these factors
should be considered in prostate cancer
screening.
In this study, the upper limits (95th percentile)
of normal age-specific PSA levels of all age
groups were lower than the White, Black/
African-American, Latino/Hispanic, respective-
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Table 3. Serum PSA levels among Chinese different regions (ng/ml, 95th percentile, subject number)
Age (years)
20↓
20-29
30-39
40-49
50-59
60-69
70-79
80-89
Total

Taiwanese[6]
1.712 (17)
1.796 (360)
1.836 (1442)
2.167 (2333)
3.329 (2258)
5.114 (880)
6.237 (440)
6.613 (93)
471

Shanghai[7]
-690
2.15 (1880)
3.20 (2255)
4.1 (1800)
5.37 (1797)
8422

Shaanxi[5]
1.20 (77)
1.21 (189)
1.23 (233)
2.35 (177)
3.20 (265)
3.39 (155)
1096

Shandong[8]
1.89 (1135)
2.19 (3700)
2.88 (2859)
4.42 (1075)
6.52 (589)
9358

Beijing[25]
1.565 (46)
2.920 (312)
4.113 (536)
5.711 (414)
7.285 (264)
1572

Present study
1.79 (1908)
1.92 (7485)
2.63 (7218)
4.41 (4095)
6.20 (2691)
6.54 (797)
24194

PSA=prostate-specific antigen.

Table 4. Serum PSA levels among different races (ng/ml 95th percentile, subject number)
Age (years)
20-29
30-39
40-49
50-59
60-69
70-79
80-89
Total

White[9]
2.5 (165)
3.5 (144)
4.5 (94)
6.5 (68)
471

Black[10]
2.7 (1377)
4.4 (1582)
6.7 (1112)
7.7 (414)
4485

Latino[10]
2.0 (139)
4.5 (313)
5.5 (302)
6.8 (146)
900

Japanese[17]
2.0 (47)
3.0 (64)
4.0 (106)
5.0 (69)
286

Korean[18]
2.25 (225)
2.35 (1867)
2.36 (3934)
2.96 (1941)
3.78 (295)
7.49 (35)
8297

Present study
1.79 (1908)
1.92 (7485)
2.63 (7218)
4.41 (4095)
6.20 (2691)
6.54 (797)
24194

PSA=prostate-specific antigen.

ly, but were similar to Japanese and Korean.
This might be due to several major reasons:
First, the differences among races could have
affected the PSA levels [10]; Second, dietary
habits differ greatly, as in people in East Asia
ingest mainly grains and vegetables, while
Western people commonly have high-fat and
high-caloric foods; Third, prostate biopsy was
mostly performed based on research from
western countries where the serum PSA level
was documented as higher than 4 ng/mL. This
study followed the principle of Chinese expert
consensus on prostate biopsy [12], which suggested a prostate biopsy when the serum PSA
level is higher than 10 ng/mL. % fPSA, PSAD,
and such tools were utilized to determine the
necessity of performing a prostate biopsy for
those with PSA level of 4-10 ng/mL, to reduce
unnecessary invasive procedures, which possibly missed a few subjects with prostate cancer at the time; Fourth, the data of our current
study were not derived from a communitybased population, but came from the same
hospital, which was a retrospective single-center study; Fifth, there were differences in measurement systems and analytical methods.
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Previous studies [5-8, 25] indicated the differences of age-specific PSA level existed within
the same race as well. The upper limit of agespecific PSA from our study was similar to that
in Beijing, Shanghai, and the Shandong area,
while lower than the results of the Taiwan area.
All above-mentioned study results were higher
than those in the Shaanxi area. Those results
confirmed that, even within the same race, normal age-specific PSA level might differ due to
climate, dietary habits, living environment, geographical conditions, etc.
PCa screening plays an important role in reducing the PCa mortality rate and improving the
quality of life for patients. Analyzing the distribution total age group showed not only serum
PSA levels that increased significantly with age,
but also an increasing variance, and positive
skewness. This meant that, the normal upper
limit of 4 ng/mL was not always accurate for all
age intervals in the screening process. In our
study, percentages of subjects with serum PSA
levels higher than 4 ng/mL in age groups
30-39, 40-49, and 50-59 were 0.1%, 0.1%, and
1.2%, and the upper limits (95th percentile) of
Int J Clin Exp Med 2018;11(2):1376-1382
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these groups were 1.79 ng/mL, 1.92 ng/mL,
and 2.63 ng/mL, respectively. Simply utilizing 4
ng/mL as the upper limit to diagnose prostatic
cancer for these age groups would potentially
lower the diagnostic sensitivity. On the other
hand, 6.6%, 13.5%, and 12.8% of subjects in
age groups 60-69, 70-79, and 80-89 had
serum PSA levels higher than 4 ng/mL. The
upper limits of serum PSA levels of these three
groups were 4.41 ng/mL, 6.20 ng/mL, and
6.54 ng/mL, which were all beyond 4.0 ng/mL.
Utilizing 4 ng/mL as the reference for these age
groups would increase unnecessary prostate
biopsies. Reissig et al. [26] found that the use
of age-specific references resulted in an 8%
increase in biopsies, and an 8% increase in
detected cancers in men aged 45-59 years,
whereas 21% fewer biopsies would have been
performed in men aged 60-75 years, with 4% of
cancers not detected. Our study indicated that
establishing the references of normal age-specific levels would increase the sensitivity of
serum PSA testing in the younger population,
which would detect more potentially curable
early organ-confined prostate cancer. It is more
appropriate to employ age-specific PSA references, than using the single cutoff of 4.0 ng/
mL for men in all age groups.
The current study has several limitations. First,
the data of the current study were not derived
from a community-based population. Yet, in the
Department of Health Examination of our hospital, most visitors were healthy people who
came for routine health check-ups, which was
quite different from the out-patients suffering
from diseases. Urinary and infectious diseases
were excluded. Thus, the bias was decreased
to the minimum by selecting the subjects in the
Department of Health Examination instead of
out-patients. Second, this study was a singlecenter retrospective research, further study
derived from multi-centers should be performed to minimize the bias. Third, a certain
level of bias might have caused by the lack of
digital rectal examination in the screening process of prostate cancer.
In summary, age was positively correlated with
serum PSA levels in general. The serum PSA
level started to increase significantly after 50
years of age. Normal values of age-specific PSA
levels might vary among races or even within
the same race, but residing in different areas.
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Our results showed that the normal upper agespecific PSA level of population in northern
China is lower than in Taiwan and in other
Western countries.
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