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Original Article

Prostate cancer (PCa) is the one of most common can-
cers in males, with an estimated 1.3 million PCa inci-
dent cases in 2018 (Culp et  al., 2020). In the United 
States, PCa accounted for 21% of all new diagnosed 
cancers and 10% of cancer-caused deaths among males 
in 2020 (Siegel et  al., 2020). Although PCa screening 
remains controversial, it is still the main method used to 
reduce the PCa burden. The main purpose of screening 
is to detect meaningful clinical indications and apply 
appropriate clinical interventions as early as possible in 
order to reduce the incidence and mortality of PCa 
(Smith et al., 2006). The PSA test is currently the most 
effective and economical method for PCa screening 
(Lin et al., 2008), with it reportedly reducing the risk of 
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Abstract
Objective: To investigate the nonlinear relationship between age and the likelihood of undergoing prostate-specific 
antigen (PSA) testing, and the difference of factors influencing the test likelihood among subjects aged 40–54, 55–69, 
and ≥70 years.
Methods: Data were extracted from the 2018 Behavioral Risk Factor Surveillance System, with the primary outcome 
defined as receipt of a PSA test within the previous 12 months. Restricted cubic splines were used to assess the 
relationship between age and the likelihood of undergoing PSA testing. Backward conditional logistic regression analyses 
were used to identify the predictors of undergoing PSA testing among subjects aged 40–54, 55–69, and ≥70 years.
Results: Finally, 92,177 people were identified. The likelihood of PSA testing increased up to around 71 years 
old and then decreased rapidly for higher ages, showing a clear nonlinear inverted U-shaped relationship with age  
(p < .001). Insurance status, shared decision-making, whether a recommendation for PSA testing had been accepted, 
income level, smoking status, and age were the common predictors of testing in the three age groups. However, the 
predictors differed somewhat among the three groups: being overweight or obese was only positively associated with 
increased testing among people aged 40–54 and ≥70 years, being retired only greatly impacted the test likelihood 
among those aged 40–54 years, and the general health status, marital status, and race affected people aged ≥55 years.
Conclusion: The factors influencing PSA screening differ with age, which should be fully considered when screening 
different target age groups.
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death from PCa by 21% and the rate of metastatic dis-
ease at a diagnosis of PCa by 40% (Buzzoni et al., 2015; 
Schroder et al., 2014).

Based on a full consideration of the benefits and 
adverse effects of screening, in 2013 the American 
Urological Association (AUA) recommended narrowing 
the screening age range to 55–69 years (Carter et  al., 
2013), which was consistent with the age range recom-
mended by the U.S. Preventive Services Task Force (Jin, 
2018). However, according to the Annual Report of the 
Behavioral Risk Factor Surveillance System (BRFSS), 
many people aged 40–54 and ≥70 years routinely receive 
PSA testing, with a lower proportion of people aged 55–
69 years being screened (Nguyen et al., 2020). Based on 
this, the situation regarding PSA screening appears to be 
inconsistent, and so it is necessary to investigate the pos-
sibility of nonlinear relationships between age and PSA 
screening likelihood, and the predictors of undergoing 
PSA test among people of different ages. The results 
could provide guidelines that would act as a sound basis 
for decision-makers to efficiently implement mass PSA 
testing and avoid resource wastage.

The relationship between age (as a continuous vari-
able) and screening probability has not been reported pre-
viously. Several studies have investigated the factors 
influencing the frequency of PSA testing (Bowen et al., 
2011; Cooper et al., 2019; Kensler et al., 2020; Li et al., 
2015; Nguyen et al., 2020; Sammon et al., 2016, 2018; 
Scosyrev et  al., 2012), with most of them based on 
BRFSS data. However, these studies either investigated 
the influencing factors for the general population or a  
certain factor in different age groups. There has been no 
large-scale survey of the factors influencing the uptake of 
PSA screening at different ages.

This study was based on the BRFSS data in 2018, 
and fully considered factors such as demographics, 
financial status, mental status, and social support when 
analyzing the relationship between age and the likeli-
hood of undergoing PSA testing. We also separately 
analyzed the factors influencing testing among people 
aged 40–54, 55–69, and ≥70 years. The information 
obtained in this study will provide direction for the 
development of future health-care policies aimed at 
improving PSA screening.

Material and Methods

Study Population

The data used in this study were obtained from the latest 
2018 BRFSS (https://www.cdc.gov/brfss/annual_data/
annual_2018.html). The study population comprised 
responders who either had or had not received a PSA test 

within the previous year, which was identified using the 
following questions: “have you ever had a PSA test?” and 
“how long has it been since you had your last PSA test?” 
Responders who answered “yes” to the first question and 
“within the past year (anytime less than 12 months ago)” 
to the second question were identified as having under-
gone PSA testing within the previous year. Responders 
were identified as having not received a PSA test in the 
previous year where those who answered “no” to the first 
question or gave one of the following responses to the 
second question: “within the past 2 years (1 year but less 
than 2 years ago),” “within the past 3 years (2 years but 
less than 3 years ago),” “within the past 5 years (3 years 
but less than 5 years ago)” or “5 or more years ago.” 
Since we were studying the general population, we 
deleted responders who underwent a PSA test because of 
a prostate problem or family history. These people were 
identified as responders who answered the question of 
“what was the main reason that you had this PSA test?” 
with “because of a prostate problem,” “because of a fam-
ily history of prostate cancer,” or “because you were told 
you had prostate cancer.”

Study Variables

The primary outcome variable was undergoing a  
self-reported PSA test within the previous year. The 
influencing factors that were planned to be analyzed 
included age, body mass index (BMI), race, self-
reported health status, health insurance status, marital 
status, employment status, education level, income 
level, smoking status, binge drinking status, urban/rural 
status, presence of a depressive disorder, and whether a 
recommendation for PSA testing had been received. 
Participants who responded with “don’t know” or 
“refused” for these variables were excluded.

Given that American Cancer Society (ACS), the 
AUA, and the European Urological Association have 
strongly emphasized the requirement for shared deci-
sion-making (SDM) before ordering a PSA test, we also 
collected SDM information using following questions: 
“has a doctor, nurse, or other health professional ever 
talked with you about the advantages of the prostate-
specific antigen or PSA test?” and “has a doctor, nurse, 
or other health professional ever talked with you about 
the disadvantages of the PSA test?” The SDM status 
was divided into four categories: discussed both advan-
tages and disadvantages, only discussed advantages, 
only discussed disadvantages, and did not discuss 
advantages or disadvantages of testing.

Ethical approval of this study was waived, and 
informed consent was unnecessary because the data of 
BRFSS are anonymous and publicly available.

https://www.cdc.gov/brfss/annual_data/annual_2018.html
https://www.cdc.gov/brfss/annual_data/annual_2018.html
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Statistical Analysis

We first drew a line chart to observe the trend in the 
screening rate for different age groups set by eight 
5-year periods from 40 to 79 years plus ≥80 years. 
Restricted cubic splines (RCSs) were then fitted in 
adjusted logistic regression models to assess the rela-
tionship between age and past-year PSA test likelihood. 
The adjusted factors included all study variables except 
for age. The RCS curves had four equally distributed 
knots, and an age of 55 years was chosen as the refer-
ence point for calculating odds ratios (ORs) because 
this age is the starting age for screening recommended 
in the most of the guidelines.

Finally, according to the recommended guidelines for 
screening age, the study population was divided into 
three groups: 40–54, 55–69, and ≥70 years. We described 
all variables using count (percentage) values in the three 
age groups, and analyzed the predictors for undergoing 
PSA testing in every age group using backward condi-
tional logistic regression while adjusting all of the 
included study variables.

Results

Relationship Between Age and Past-Year PSA 
Test Likelihood

The study population comprised 92,177 people. Figure 
1A shows the trend in the likelihood of past-year PSA 
testing with age. At the age of 40–44 years, only 273 
(3.11%) persons had undergone a PSA test, and the 
likelihood of PSA testing increased with age, peaking 
at 70–74 years of age (4420, 43.22%) and then decreas-
ing for higher ages.

Figure 1B shows the RCSs used in the logistic regres-
sion and visualizes the relationship between age (as a 
continuous variable) and past-year PSA test likelihood. 
After adjusting all confounding factors (as listed in the 
Methods), there was a clear inverted U-shaped relation-
ship between age and past-year PSA test likelihood: the 
likelihood increased up to around 71 years of age and 
then decreased rapidly for higher ages (p for nonlinear-
ity <.001). The test likelihood was lower for those 
younger than 55 years (OR <1) and higher for those 
aged ≥55 years (OR >1) compared with that for those 
aged 55 years.

Distributions of Variables Among Three Age 
Groups

Based on the recommended PSA screening age in guide-
lines, we stratified the population into three age groups: 
40–54, 55–69, and ≥70 years. Table 1 lists the distribu-
tion of possible factors influencing the past-year PSA test 
likelihood. Most of the entire population was in excellent/
very good general health, had health insurance, was mar-
ried, had a relatively high education level, an income of 
≥$50,000, were living in urban areas, white, overweight 
or obese, had formerly smoked or never smoked, no 
binge drinking, and no history of depressive disorder.

The proportion of people receiving SDM and a recom-
mendation to undergo a PSA test was much higher in the 
PSA-test group than in no-PSA-test group. Most of those 
aged 40–54 years were employed, while most of those 
aged ≥70 year were retired. The distribution of the urban/
rural status did not differ significantly between the PSA-
test group and no-PSA-test group among those aged 40–
54 years, while the distribution of the variable “ever told 

Figure 1.  The trend in the likelihood of past-year PSA testing with age (A); adjusted cubic spline models showing association 
between age and the likelihood of past-year PSA testing (B).
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Figure 2.  Backward conditional logistic regression analysis of predictors of likelihood of past-year PSA testing in men aged 40–54 
years.

a depressive disorder” did not differ significantly between 
those aged 40–54 years and those aged ≥70 years. The 
distributions of all of the other variables differed signifi-
cantly between the PSA-test group and no-PSA-test 
group for all three age groups (p < .05).

Predictors of PSA Test Likelihood for Different 
Age Groups

We used backward conditional logistic regression to 
screen for factors affecting the likelihood of PSA testing in 
the different age groups. Figure 2, Figure 3 and Figure 4  

shows the variables that eventually entered the model and 
their impact on the PSA test likelihood.

Among those aged 40–54 years, the factors that sig-
nificantly affected the PSA test likelihood were no health 
insurance (vs. yes: OR = 0.55, 95% confidence interval 
[CI] = 0.44–0.68, p < .001), only discussed the disad-
vantages of testing (vs. discussed both advantages and 
disadvantages: OR = 0.44, 95% CI = 0.29–0.68, p < 
.001), did not discuss the advantages or advantages of 
testing (vs. discussed both advantages and disadvantages: 
OR = 0.27, 95% CI = 0.24–0.32, p < .001, respectively), 
retired (vs. employed: OR = 1.54, 95% CI = 1.20–1.98, 
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p = .001), no recommendation about testing (vs. yes: OR 
= 0.09, 95% CI = 0.08–0.10, p < .001), overweight (vs. 
normal BMI: OR = 1.21, 95% CI = 1.05–1.39, p = 
.008), obese (vs. normal BMI: OR = 1.18, 95% CI = 
1.02–1.35, p = .024), income of ≥$50,000 (vs. <$15,000: 
OR = 1.31, 95% CI = 1.01–1.70, p = .042), former 
smoker (vs. current smoker—now smokes every day: OR 

= 1.45, 95% CI = 1.20–1.74, p < .001), never smoked 
(vs. current smoker—now smokes every day: OR = 1.43, 
95% CI = 1.20–1.70, p < .001), and age (OR = 1.07, 
95% CI = 1.05–1.08, p < .001) (Figure 2).

Among those aged 55–69 years, the factors that sig-
nificantly affected the PSA test likelihood were poor/fair 
self-reported health (vs. excellent/very good: OR = 0.87, 

Figure 3.  Backward conditional logistic regression analysis of predictors of likelihood of past-year PSA testing in men aged 
55–69 years.
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Figure 4.  Backward conditional logistic regression analysis of predictors of likelihood of past-year PSA testing in men aged ≥70 
years.

95% CI = 0.80–0.94, p = .001), no health insurance (vs. 
yes: OR = 0.58, 95% CI = 0.50–0.67, p < .001), 
divorced/widowed/separated (vs. married married/a 
member of an unmarried couple: OR = 0.85, 95% CI = 
0.79–0.91, p < .001), never married (vs. married 
married/a member of an unmarried couple: OR = 0.88, 
95% CI = 0.80–0.97, p < .001), only discussed the dis-
advantages of testing (vs. discussed both advantages and 

disadvantages: OR = 0.52, 95% CI = 0.42–0.66, p < 
.001), did not discuss the advantages or disadvantages of 
testing (vs. discussed both advantages and disadvantages: 
OR = 0.41, 95% CI = 0.38–0.44, p < .001), no recom-
mendation about testing (vs. yes: OR = 0.12, 95% CI = 
0.12–0.13, p < .001), Hispanic (vs. white: OR = 0.86, 
95% CI = 0.74–0.99, p = .038), other race (vs. white: 
OR = 0.84, 95% CI = 0.75–0.95, p = .004), only 
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discussed the advantages of testing (vs. discussed both 
advantages and disadvantages: OR = 1.29, 95% CI = 
1.22–1.37, p < .001), retired (vs. employed: OR = 1.07, 
95% CI = 1.00–1.14, p = .049), being a homemaker/a 
student/unable to work (vs. employed: OR = 1.17, 95% 
CI = 1.04–1.31, p = .01), income of $25,000–<$35,000 
(vs. <$15,000: OR = 1.20, 95% CI = 1.04–1.40, p = 
.014), income of $35,000–<$50,000 (vs. <$15,000:  
OR = 1.20, 95% CI = 1.04–1.38, p = .011), income of 
≥$50,000 (vs. <$15,000: OR = 1.41, 95% CI = 1.24–
1.61, p < .001), former smoker (vs. current smoker—
now smokes every day: OR = 1.33, 95% CI = 1.20–1.46, 
p < .001), never smoked (vs. current smoker—now 
smokes every day: OR = 1.36, 95% CI = 1.23–1.49,  
p < .001), binge drinking (vs. no: OR = 1.08, 95% CI = 
1.00–1.16, p = .043), and age (OR = 1.05, 95% CI = 
1.04–1.06, p < .001) (Figure 3).

Among those aged ≥70 years, the factors that signifi-
cantly affected the PSA test likelihood were good self-
reported health (vs. excellent/very good: OR = 0.88, 
95% CI = 0.82–0.95, p < .001), poor/fair self-reported 
health (vs. excellent/very good: OR = 0.80, 95% CI = 
0.73–0.87, p < .001), no health insurance (vs. yes: OR = 
0.67, 95% CI = 0.50–0.90, p = .008), divorced/wid-
owed/separated (versus married married/a member of 
an unmarried couple: OR = 0.89, 95% CI = 0.82–0.95,  
p = .001), only discussed the disadvantages of testing 
(vs. discussed both advantages and disadvantages: OR = 
0.61, 95% CI = 0.48–0.78, p < .001), did not discuss the 
advantages or disadvantages of testing (vs. discussed 
both advantages and disadvantages: OR = 0.50, 95% CI 
= 0.46–0.55, p < .001), no recommendation about test-
ing (vs. yes: OR = 0.17, 95% CI = 0.16–0.19, p < .001), 
other race (vs. white: OR = 0.85, 95% CI = 0.73–0.98,  
p = .028), age (OR = 0.96, 95% CI = 0.95–0.96, p < 
.001), only discussed the advantages of testing (vs. dis-
cussed both advantages and disadvantages: OR = 1.38, 
95% CI = 1.28–1.48, p < .001), overweight (vs. normal 
BMI: OR = 1.20, 95% CI = 1.11–1.29, p < .001), obese 
(vs. normal BMI: OR = 1.19, 95% CI = 1.09–1.30, p < 
.001), income of ≥$50,000 (vs. <$15,000: OR = 1.37, 
95% CI = 1.15–1.63, p < .001), former smoker (vs. cur-
rent smoker, smoking every day: OR = 1.30, 95% CI = 
1.11–1.52, p = .001), and never smoked (vs. current 
smoker—now smokes every day: OR = 1.36, 95% CI = 
1.16–1.60, p < .001) (Figure 4).

Discussion

Age is one of the most controversial issues in PSA screen-
ing for PCa. We are not aware of any research into the 
relationship between age and PSA screening rate, or that 
has examined the different factors affecting PSA screen-
ing rates in different age groups. The present study 

utilized 2018 BRFSS data to investigate the above two 
shortcomings. We found a nonlinear relationship between 
age and PSA testing likelihood, with the PSA testing like-
lihood increasing with age to peak at 71 years, and then 
decreasing thereafter. We also found there were some dif-
ferences in the predictors among the three age groups 
(40–54, 55–69, and ≥70 years): overweight or obese sta-
tus was only positively associated with increased odds of 
testing among people aged 40–54 and ≥70 years; retired 
people had higher test likelihood only for those aged 40–
54 years; the general health status, marital status, and race 
affected people aged ≥55 years. These results had shed 
light on the gamut of factors that influence the decision-
making process for PSA testing in different age groups. 
When plan to screen the target age group, the influencing 
factors of the screening odds of this age group should be 
fully considered. Conductors should focus on publicity 
and intervention for those with characteristics related to 
low odds of screening, so as to narrow the screening—
disparities among general population.

Drawing a line chart revealed that the screening 
probability was highest among those aged 70–74 years, 
which was consistent with the RCS regression analysis 
showing an inverted U-shaped relationship between age 
and likelihood of PSA testing with a peak at about 71 
years old. This result is consistent with those of Nguyen 
et al. (2020), who reported that being aged 70–74 years 
was associated with the highest probability of PSA test-
ing using 2016 BRFSS data. However, there were some 
discrepancies with previous research findings. Jerant 
et  al. reported that PSA screening increased up to the 
age range of 75–79 years based on 2001 BRFSS data 
(Jerant et al., 2004). This difference is partly due to the 
conflicting recommendations for PCa screening in 
guidelines or policies in recent decades (Hoffman et al., 
2016). In the early 1990s the AUA and ACS began rec-
ommending routine annual PSA screening, while the 
U.S. Preventive Services Task Force has recommended 
against routine screening since 2000, and in 2008 spe-
cifically against screening males older than 75 years 
(U.S. Preventive Services Task Force, 2008). These 
policy-related factors may affect the willingness of 
elderly subjects to undergo PSA screening.

It should be noted that when we analyzed the factors 
affecting the screening rates in different age groups, we 
performed age stratification according to the screening 
age recommended by the guidelines, rather than accord-
ing to the results of our RCS analysis. We adopted this 
approach since we thought it might be of more practical 
significance to the formulation of guidelines. In addition, 
among those aged ≥70 years, there is no obvious nonlin-
ear trend between age and screening rate. By constructing 
regression models, we found that insurance status, SDM, 
whether a PSA test recommendation had been accepted, 
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income level, and age were the common predictors of 
PSA testing in the three age groups. These results are con-
sistent with most previous research results (Li et  al., 
2015; Nguyen et al., 2020).

We found that PSA screening is less common among 
current smokers. Smoking status has not been considered 
in previous studies related to PSA screening, but studies 
of lung cancer screening have reported similar results, 
with smokers being less willing to undergo computed 
tomography screening for lung cancer (Pallin et al., 2012; 
Silvestri et al., 2007). This phenomenon may be related to 
the large differences in other demographic sociological 
factors between smokers and nonsmokers. Smokers are 
more likely to be less educated, nonwhite, have a lower 
income, report worse health, and less likely to be able to 
identify a usual source of health care (Silvestri et  al., 
2007; Tanner et al., 2013). These factors have been iden-
tified to be related to low rates of participation in cancer 
screening both in our research and other studies (Breen 
and Kessler, 1994; Demark-Wahnefried et  al., 1993; 
Hoffman-Goetz et al., 1998). Moreover, because smok-
ing is an important risk factor for PCa (Pernar et  al., 
2018), increasing the screening rate of smokers is of prac-
tical significance. However, our findings suggest that 
there are substantial obstacles to the successful imple-
mentation of a mass-screening program for PCa that is 
aimed at current smokers.

Shared decision making exerted important influence 
on the odds of PSA screening. People only discussed the 
disadvantages of testing or discussed neither advantages 
nor disadvantages of testing have lower odds of testing 
compared with people discussed both advantages and dis-
advantages. This is consistent with the research results of 
most articles (Bowen et al., 2011; Cooper et al., 2019; Li 
et al., 2015; Nguyen et al., 2020). This indicated shared 
decision making should be increased, especially for peo-
ple with high risk of PCa, to improve screening rate.

We also found that the predictors of PSA screening 
probability differed between age groups. Retired people 
were more likely to undergo PSA testing only among 
those aged 40–54 years, which is consistent with the find-
ings of Li et al. (2015) for those older than 40 years. The 
employment status did not have a large impact in the 
other two age groups in our study, which we speculated 
was due to most people older than 70 years being retired, 
and those aged 55–69 years are more affected by the pol-
icy orientation, thereby obscuring any impact of employ-
ment. We also found that being overweight or obese had 
a greater impact on the screening likelihood of people 
aged 40–54 and ≥70 years. This result is expected given 
that obesity itself is a risk factor for PCa and other dis-
eases (Pernar et al., 2018; Stefan et al., 2013). These peo-
ple may have a greater awareness of disease prevention, 
resulting in a higher screening rate despite them not being 

within the age range recommended for screening. We 
also found that general health status, marital status, and 
race exerted impacts among people aged ≥55 years. 
These factors are consistent with other studies finding  
an impact on the probability of PSA screening for those 
older than 50 years (Nguyen et  al., 2020; Scosyrev  
et  al., 2012). Knowledge of these differences will be 
helpful for improving the decision-making for people of 
different ages.

Races were widely studied as influence factors for 
PSA screening. However, results were inconsistent. For 
general population, some researches concluded black 
men had higher rates and odds of screening than white 
men (Cooper et  al., 2019; Li et  al.,2015), while some 
didn’t find any significant differences (Bowen et  al., 
2011; Nguyen et  al., 2020). For specific age groups, 
Sammon et  al. (2016) reported younger black males  
(45-59 years old) had higher rates of screening than non-
Hispanic white men of a similar age. While, the odds was 
not significantly different between black and white men 
for the elderly (≥76 years) (Scosyrev et al., 2012). This 
study got different results that black men showed higher 
odds of screening than white men only in age group over 
70 years. The may reason for the different results was that 
PSA testing frequencies varies across races, age groups 
and year of survey (Kensler et al., 2020). Overall, the risk 
of PCa in the United States differs markedly between dif-
ferent races, as does the availability of medical health-
care resources (Fiscella and Sanders, 2016; Negoita et al., 
2018). Research into the application of PSA screening to 
different races would therefore be very meaningful, and 
so follow-up research should aim at comparing the fac-
tors affecting PSA screening among different races.

The limitations of this study are mainly related to the 
limitations of the BRFSS database itself. Firstly, the 
BRFSS data are self-reported and so are prone to recall 
bias, especially for the elderly. Secondly, the understand-
ing of problem may differ between responders and inves-
tigators, leading to measurement bias. Thirdly, there was 
a certain sampling bias for 2018 BRFSS data due to dif-
ferences in the level of economic development in various 
regions. Those living in low-income rural areas may have 
a lower probability of being linked because of possibly 
having less phone access. Fourthly, it is difficult to judge 
whether the purpose of PSA testing is for screening  
or diagnosis based on the questionnaire information of 
BRFSS, because of lack of relevant information. 
However, despite of above information bias of the data-
base, we included a large population-based sample, and 
the statistical power is very high. The overall results were 
therefore reliable.

In conclusion, this study found a nonlinear relation 
between age and PSA test probability, with the likelihood 
peaking at the age of 71 years. The differences in the 
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factors that influence PSA screening in different age 
groups should be fully considered when screening differ-
ent target age groups. Additional research is needed into 
the different predictors for decisions about PSA testing 
among different races.
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