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Background: Prostate-specific antigen (PSA) testing remains 
controversial due to the debate about overdetection and 
overtreatment. Given the lack of published data regarding PSA 
testing rates in the population with spinal cord injury (SCI) 
within the US Department of Veterans Affairs (VA), there is 
concern for potential disparities and overtesting in this patient 
population. In this study, we sought to identify and evaluate 
national PSA testing rates in veterans with SCI. 
Methods: Using the VA Informatics and Computing 
Infrastructure Corporate Data Warehouse, we extracted PSA 
testing data for all individuals with a diagnosis of SCI. Testing 
rates were calculated, analyzed by race and age, and stratified 
according to published American Urological Association 
guideline groupings for PSA testing.
Results: We identified 45,274 veterans at 129 VA medical 

centers with a diagnosis of SCI who had records of PSA 
testing in 2000 through 2017. Veterans who were only tested 
prior to SCI diagnosis were excluded. Final cohort data 
analysis included 37,243 veterans who cumulatively underwent 
261,125 post-SCI PSA tests during the given time frame. 
Significant differences were found between African American 
veterans and other races veterans for all age groups (0.47 
vs 0.46 tests per year, respectively, aged ≤ 39 years; 0.83 vs  
0.77 tests per year, respectively, aged 40-54 years; 1.04 vs 
1.00 tests per year, respectively, aged 55-69 years; and 1.08 
vs 0.90 tests per year, respectively, aged ≥ 70 years; P < .001). 
Conclusions: Significant differences exist in rates of PSA testing 
in persons with SCI based on age and race. High rates of testing 
were found in all age groups, especially for African American 
veterans aged ≥ 70 years.
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P rostate cancer will be diagnosed in 
12.5% of men during their lifetime. It 
is the most commonly diagnosed solid 

organ cancer in men.1 However, prostate can-
cer screening for prostate-specific antigen 
(PSA) remains controversial due to concerns 
about overdiagnosis, as the overall risk of dying 
of prostate cancer is only 2.4%.1 

To address the risk and benefits of PSA test-
ing, in 2012 the US Preventive Services Task 
Force (USPSTF) recommended against rou-
tine PSA testing.2 Updated 2018 recommen-
dations continued this recommendation in men 
aged > 70 years but acknowledged a small 
potential benefit in men aged 55 to 69 years 
and suggested individualized shared decision 
making between patient and clinician.3 In ad-
dition, American Urological Association (AUA) 
guidelines for the early detection of prostate 
cancer recommend against PSA screening in 
men aged < 40 years or those aged > 70 years, 
shared decision making for individuals aged 55 
to 70 years or in high-risk men aged 40 to 55 
years (ie, family history of prostate cancer or 
African American race).4 PSA screening is not 
recommended for men with a life expectancy 
shorter than 10 to 15 years  aged > 70 years.4 

The Veterans Health Administration (VHA) 
is the largest integrated health care system 

in the US.5 In addition, the US Department of 
Veterans Affairs (VA) Spinal Cord Injury and 
Disorders System of Care operates 25 centers 
throughout the US.6 Life expectancy following 
spinal cord injury (SCI) increased significantly 
through the 1980s but has since plateaued, 
with life expectancy being impacted by age 
at injury, completeness of injury, and neuro-
logic level.7,8 As part of a program of uniform 
care, all persons with SCI followed at the Spi-
nal Cord Injury and Disorders System of Care 
centers are offered comprehensive annual 
evaluations, including screening laboratory 
tests, such as PSA level.9 

Patients with SCI present a unique chal-
lenge when interpreting PSA levels, given 
potentially confounding factors, includ-
ing neurogenic bladder management, high 
rates of bacteriuria, urinary tract infections 
(UTIs), testosterone deficiency, and pelvic 
innervation that differs from the noninjured 
population.10,11 Unfortunately, the literature 
on prostate cancer prevalence and average 
PSA levels in patients with SCI is limited by 
the small scope of studies and inconsistent 
data.10-16 Therefore, the purpose of the cur-
rent investigation was to quantify and analyze 
the rates of annual PSA testing for all men 
with SCI in the VHA. 

0823FED AVAHO PSA.indd   50 8/2/2023   4:19:50 PM



AUGUST 2023  •  FEDERAL PRACTITIONER SPECIAL ISSUE  •  S51

METHODS
Approval was granted by the Richmond VA 
Medical Center (VAMC) Institutional Review 
Board in Virginia, and by the VA Informatics 
and Computing Infrastructure (VINCI) data ac-
cess request tracker system for extraction of 
data from the VA Corporate Data Warehouse. 
Microsoft Structured Query Language was 
used for data programming and query design. 
Statistical analysis was conducted using Stata 
version 15.1 with assistance from professional 
biostatisticians. 

Only male veterans with a nervous system 
disorder affecting the spinal cord or with my-
elopathy were included, based on International 
Classification of Diseases (ICD) version 9 and 10 
codes, corresponding to traumatic and nontrau-
matic myelopathy. Veterans diagnosed with my-
elopathy based on ICD codes corresponding to 
progressive or degenerative myelopathies, such 
as multiple sclerosis or amyotrophic lateral scle-
rosis, were excluded. 

For each veteran, extracted data included 
the unique identification number, date of birth, 
ICD code, date ICD code first appeared, race, 
gender, death status (yes/no), date of death 
(when applicable), date of each PSA test, PSA 
test values, and the VAMC where each test was 
performed. Only tests for total PSA were in-
cluded. The date that the ICD code first ap-
peared served as an approximation for the date 
of SCI. The time frame for the study included 
all PSA tests in the VINCI database for 2000 
through 2017. However, only post-SCI PSA 
tests were included in the analysis. Duplicate 
tests (same date/time) were eliminated. 

Race is considered a risk factor for pros-
tate cancer only for African American patients, 
likely due to racial health disparities.17 Given 

this, we chose to categorize race as either Af-
rican American or other, with a third category 
for missing/inconsistent reporting. Age at time 
of the PSA test was categorized into 4 groups 
(≤ 39, 40-54, 55-69, and ≥ 70 years) based on 
AUA guidelines.4 The annual PSA testing rate 
was calculated for each veteran with SCI as 
the number of PSA tests per year. A mean an-
nual PSA test rate was then calculated as the 
weighted (by exposure time) mean value for 
all annual PSA testing rates from 2000 through 
2017 for each age group and race. Annual ex-
posure was calculated for each veteran and 
defined as the number of days a veteran was 
eligible to have a PSA test. This started with 
the date of SCI diagnosis and ended with either 
the date of death or the date of last PSA. If a 
veteran moved from one age group to another 
in 1 year, the first part of this year’s exposure 
was included in the calculation of the annual 
PSA testing rate for the younger group and the 
second part was included for the calculation 
of the older group. For deceased veterans, the 
death date was excluded from the exposure 
period, and their exposure period ended on the 
day before death.

Statistical Analysis
To compare PSA testing rates between African 
American race and other races, Poisson re-
gression was used with exposure treated as an 
offset (exposures were summed across years 
for each veteran). An indicator (dummy) vari-
able for African American race vs other races 
was coded, and statistical significance was set 
at P < .05. To check sensitivity for the Pois-
son assumption that the mean was equal to 
the variance, negative binomial regression was 
used. To assess for geographic PSA testing 

TABLE PSA Tests in Veterans by Age and Race

African American race Other races

Age groups No.a PSA tests, No. No.a PSA tests, No. P value

≤ 39 y 268 489 1226 2184 < .001

40-54 y 2195 9028 6776 25,753 < .001

55-69 y 4438 27,604 17,308 105,308 < .001

≥ 70 y 2144 11,391 11,664 52,765 < .001

Abbreviation: PSA, prostate-specific antigen.
aTotal number of veterans for all age groups does not match actual cohort size, as some received PSA testing in more than 
one age group.
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rate variability, the data were further analyzed 
based on the locations where PSA tests were 
performed. This subanalysis was limited to vet-
erans who had all PSA tests in a single station. 
For each station, the average PSA testing rate 
was calculated for each veteran, and the mean 
for all annual PSA testing rates was used to de-
termine station-specific PSA testing rates. 

RESULTS
A total of 45,274 veterans were initially identi-
fied of which 367 females were excluded (Fig-
ure 1). Moreover, 1688 male veterans were 
excluded for ICD codes that were less rele-
vant, yielding 43,219 male veterans with rele-
vant ICD codes. From this group, an additional 
5976 were excluded because no PSA test was 
found after the SCI date. The racial makeup of 
the remaining 37,243 male veterans included 
6327 African American patients, 25,277 of 
other races, and 5639 with missing/inconsis-
tent race data. The included sample received 
care in ≥ 1 of 129 VAMCs. The final cohort 
yielded 261,125 PSA tests. The Table shows 
PSA tests categorized by age group and race.

The PSA testing rate rose for veterans 
in the age groups ≤ 39, 40 to 54, and 55 to 
69 years (Figure 2A). The PSA testing rate 
dropped for the oldest age group (≥ 70 years), 
for the entire population, and the other race 

and missing/inconsistent race groups; how-
ever, PSA testing rates continued to rise in 
the African American group aged ≥ 70 years. 
For the entire population, average PSA test-
ing rates in tests per year for the age groups 
were 0.46 (aged ≤ 39 years), 0.78 (aged 40-54 
years), 1.0 (aged 55-69 years), and 0.91 (aged 
≥ 70 years). However, PSA testing rates were 
significantly higher for the African American 
vs other races group at all ages (0.47 vs 0.46 
tests per year, respectively, aged ≤ 39 years; 
0.83 vs 0.77 tests per year, respectively, aged 
40-54 years; 1.04 vs 1.00 tests per year, re-
spectively, aged 55-69 years; and 1.08 vs 0.90 
tests per year respectively, aged ≥ 70 years; P 
< .001) (Figure 2B). 

Of the cohort of 37,243 veterans, 28,396 
(76.2%) had their post-SCI tests done at a sin-
gle facility, 6770 (18.1%) at 2 locations, and 
2077 (5.5%) at > 2 locations. Single-station 
group data were included in a subanalysis to 
determine the mean (SD) PSA testing rates, 
which for the 123 locations was 0.98 (0.36) 
tests per veteran per year (range, 0.2-3.0 tests 
per veteran per year). Figure 3 shows a heat 
map of the US: each dot represents a specific 
VAMC and shows PSA testing rate variability 
between stations. 

To assess the impact of the 2012 USPSTF 
recommendations on PSA testing rates in vet-

FIGURE 1 Inclusion Criteria 

5639 �Veterans with missing/ 
inconsistent racial information

25,277 �Veterans of  
other races

6327 �African  
American veterans

8031 Excluded
   1688 �Nonspecific ICD codes
     367 Female patients
   5976 �No prostate-specific  

antigen test after spinal 
cord injury diagonsis

37,243 �Veterans with spinal cord injury included

45,274 �Veterans with spinal cord injury
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erans with SCI, mean PSA testing rates were 
calculated for 5 years before the recommenda-
tions (2007-2011) and compared with the av-
erage PSA testing rate for 5 years following the 
updated recommendations (2013-2017). The  
USPSTF updated its recommendation again in 
2018 and acknowledged the potential benefit for 
PSA screening in certain patient populations.2,3 
Surprisingly, and despite recommendations, the 
results show a significant increase in PSA test-
ing rates in all age groups for all races (P < .001) 
(Figure 4). For the entire population, the aver-
age PSA testing rates for 2007 to 2011 in tests 
per year were 0.39, 0.76, 1.03, and 0.89 for the 
≤ 39 years, 40 to 54 years, 55 to 69 years, and  
≥ 70 years age groups, respectively. Likewise, 
the average PSA testing rates for years 2013 to 
2017 in tests per year were 0.75, 0.96, 1.13, and 
0.98 for the ≤ 39 years, 40 to 54 years, 55 to 69 

years, and ≥ 70 years age groups, respectively, 
with an increased rate of testing of 0.92, 0.26, 
0.10, and 0.11, respectively, from years 2007-
2011 to 2013-2017 (P < .001). 

DISCUSSION 
The goal of this study was to establish testing 
rates and analyze PSA testing trends across 
races and age groups in veterans with SCI. 
This is the largest cohort of patients with SCI 
analyzed in the literature. The key findings of 
this study were that despite clear AUA guide-
lines recommending against PSA testing in 
patients aged ≤ 39 years and ≥ 70 years, there 
are high rates of testing in veterans with SCI 
in these age groups (0.46 tests per year in 
those aged ≤ 39 years and 0.91 tests per year 
in those aged ≥ 70 years). In terms of race, 
as expected based on increased risk, African 

FIGURE 2 Average PSA Testing Rates for Veterans With SCI 
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American veterans with SCI had higher PSA 
test rates.18 However, the continued increase 
in PSA testing rate for African American vet-
erans aged ≥ 70 years was unexpected and 
not seen in other racial groups. As racial dis-
parities are known to affect prostate cancer 
outcomes in African American men, it is re-
assuring that PSA testing was actually higher 
among African American men with SCI in our 
population, suggesting this vulnerable popula-
tion is not being left behind in terms of screen-
ing.17 In contrast to other studies that show a 
lower rate of PSA screening in patients with 
SCI, our study suggests general PSA overt-
esting in veterans with SCI and a need for im-
proved education for both veterans and their 
health care practitioners.19 

Prostate Cancer Incidence
Although the exact mechanism behind altera-
tions in prostate function in the SCI population 
have yet to be fully elucidated, research sug-
gests that the prostate behaves differently after 
SCI. Animal models of prostate gland dener-
vation show decreased prostate volume and 
suggest that SCI may lead to a reduction in 
prostatic secretory function associated with au-
tonomic dysfunction. Shim and colleagues hy-
pothesized that impaired autonomic prostate 
innervation alters the prostatic volume and PSA 

in patients with SCI.10 
Additional studies looking at actual PSA 

levels in men with SCI reveal conflicting 
data.10-15,20 Toricelli and colleagues retrospec-
tively studied 140 men with SCI, of whom 34 
had PSA levels available and found that mean 
PSA was not significantly different for patients 
with SCI compared with controls, but patients 
using clean intermittent catheterization had 
2-fold higher PSA levels.21 In contrast, Konety 
and colleagues found that mean PSA was not 
significantly different from uninjured controls 
in their cohort of 79 patients with SCI, though 
they did find a correlation between indwelling 
catheter use and a higher PSA.22

Studies have shown an overall decreased 
risk of prostate cancer in patients with SCI, 
though the mechanism remains unclear. A large 
cohort study from Taiwan showed a lower risk 
of prostate cancer for 54,401 patients with SCI 
with an adjusted hazard ratio of 0.73.23 Patel 
and colleagues found the overall rate of pros-
tate cancer in the population of veterans with 
SCI was lower than the general uninjured VA 
population, though this study was limited by 
scope with only 350 patients with SCI.24 A more 
recent systematic review and meta-analysis of 
9 studies evaluating the prevalence of pros-
tate cancer in men with SCI found a reduction 
of up to 65% in the risk of prostate cancer in 

Abbreviations: PSA, prostate-specific antigen; SCI, spinal cord injury; VA, US Department of Veterans Affairs.
Terciles of post-SCI average annual PSA testing rates for individual VA stations (colored dots) can be seen. Lowest tercile (green, < 0.61 tests per 
veteran per year); middle tercile (yellow, 0.61-1.34 tests per veteran per year); and highest tercile (red, > 1.34 tests per veteran per year).

FIGURE 3 Heat Map Showing Annual PSA Testing Rates for Veterans With SCI at VA Facilities
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men with SCI, and PSA was found to be a poor 
screening tool for prostate cancer due to large 
study heterogeneity.16 

PSA Screening
This study identified widespread overscreening 
using the PSA test in veterans with SCI, which 
is likely attributable to many factors. Per VHA 
Directive 1176, all eligible veterans are offered 
yearly interdisciplinary comprehensive evalua-
tions, including laboratory testing, and as such 
veterans with SCI have high rates of annual visit 
attendance due to the complexity of their care.9 
PSA testing is included in the standard battery 
of laboratory tests ordered for all patients with 
SCI during their annual examinations. Addition-
ally, many SCI specialists use the PSA level in 
patients with SCI for identifying cystitis or pros-
tatitis in patients with colonization who may not 
experience typical symptoms. Everaert and col-
leagues demonstrated the clinical utility for lo-
calizing UTIs to the upper or lower tract, with 
elevated PSA indicating prostatitis. They found 
that serum PSA has a sensitivity of 68% and a 

specificity of 100% in the differential diagnosis 
of prostatitis and pyelonephritis.25 As such, the 
high PSA screening rates may be reflective of di-
agnostic use for infection rather than for cancer 
screening.

Likely as a response to the USPSTF rec-
ommendations, there has been a national 
slow decline in overall PSA screening rates 
since 2012.26-28 A study from Vetterlein and 
colleagues examining changes in the PSA 
screening trends related to USPSTF recom-
mendations found an 8.5% decline in overall 
PSA screening from 2012 to 2014.29 However, 
the increase in PSA testing across all ages 
and races in the VA population with SCI over 
the same period is not entirely understood and 
suggests the need for further research and ed-
ucation in this area. Additionally, as factors 
associated with SCI impact the life expec-
tancy of these patients, further shared deci-
sion making is needed in deciding whether 
to pursue PSA screening in this population to 
minimize unnecessary screening in patients 
with a life expectancy of < 10 to 15 years. 

FIGURE 4 Rates of Annual PSA testing in Veterans With SCI Before and After USPSTF Recommendationsa

Abbreviations: PSA, prostate-specific antigen; SCI, spinal cord injury; USPSTF, US Preventive Services Task Force.
aP < .001 for all comparisons.
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Limitations
This study is limited by the use of data identi-
fied by ICD codes rather than by review of in-
dividual health records. This required the use 
of decision algorithms for data points, such as 
the date of SCI. In addition, analysis was not 
able to capture shared decision making that 
may have contributed to PSA screening out-
side the recommended age ranges based on 
additional risk factors, such as family history 
of lethal malignancy. Furthermore, a detailed 
attempt to define specific age-adjusted PSA 
levels was beyond the scope of this study but 
will be addressed in later publications. In ad-
dition, we did not exclude individuals with a 
diagnosis of prostate adenocarcinoma, pros-
tatitis, or recurrent UTIs because the onset, 
duration, and severity of disease could not 
be definitively ascertained. Finally, veterans 
with SCI are unique and may not be reflec-
tive of individuals with SCI who do not receive 
care within the VA. However, despite these 
limitations, this is, to our knowledge, the larg-
est and most comprehensive study evaluating 
PSA testing rates in individuals with SCI. 

CONCLUSIONS
Currently, PSA screening is recommended fol-
lowing shared decision making for patients at 
average risk aged 55 to 70 years. Patients with 
SCI experience many conditions that may af-
fect PSA values, but data regarding normal PSA 
ranges and rates of prostate cancer in this pop-
ulation remain sparse. The study demonstrated 
high rates of overtesting in veterans with SCI, 
higher than expected testing rates in African 
American veterans, a paradoxical increase in 
PSA testing rates after the 2012 publication of 
the USPSTF PSA guidelines, and wide variability 
in testing rates depending on VA location. 

African American men were tested at 
higher rates across all age groups, including 
in patients aged > 70 years. To balance the 
benefits of detecting clinically significant pros-
tate cancer vs the risks of invasive testing in 
high-risk populations with SCI, more work is 
needed to determine the clinical impact of 
screening practices. Future work is currently 
ongoing to define age-based PSA values in 
patients with SCI. 
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