
Prostate-specific Antigen and
All-Cause Mortality: Results
From the Baltimore
Longitudinal Study On Aging

Benign prostatic hyperplasia (BPH)
and prostate cancer are two common
diseases in aging males. Age is the
strongest known risk factor for the de-
velopment of both diseases. The preva-
lence of BPH and prostate cancer in-
crease exponentially with age (1,2).

Prostate-specific antigen (PSA) is a
protein product of the prostate that is a
recognized marker of both BPH and
prostate cancer. Cross-sectional data
suggest that PSA increases 4% per mil-
liliter of prostate volume and that 30%
and 5% of the variance in PSA can be
accounted for by prostate volume and

age, respectively (3). The risk of a pros-
tate cancer diagnosis in the 10 years
after a baseline PSA measurement in-
creases incrementally with increasing
PSA levels (4).

Because PSA is a marker of two dis-
eases that are closely related to aging,
we wondered if PSA levels might serve
as a proxy for the aging process. Our
hypothesis was that men in whom pros-
tate disease is present might be biologi-
cally more advanced in age than those
without prostate disease. If so, all-cause
mortality, as a surrogate for aging,
should be directly related to PSA.

To investigate this relationship, we
reviewed death records and autopsy data
of men who were participants in the

Table 1. Age-adjusted relative risks (RR) with
increasing prostate-specific antigen (PSA) level

Outcome

RR for each
ng/mL increase

in PSA level
(95% CI) P value*

All-cause
mortality

1.03 (1.02–1.04) P�.001

Cancer
mortality†

1.05 (1.03–1.06) P�.001

Cardiovascular
mortality

1.02 (0.98–1.06) P � .32

Development of
cancer

1.04 (1.02–1.05) P�.001

A cohort of 929 men who had participated in
the BLSA with no history of prostate cancer and
a median age of 50 years (range � 20 –92 years)
at first assessment for whom a total of 4152 PSA
levels had been measured from frozen sera sam-
ples over three decades. Median follow-up was
15.5 years (range � 1.5– 40.4 years) with 190
deaths (34% from cardiovascular disease and
22% from cancer other than prostate cancer).
Proportional hazards analysis was used to deter-
mine longitudinally the association of PSA with
all cause, cardiovascular, and cancer mortality
and with cancer incidence using the survival
functions developed by Therneau (6) and incor-
porated into S-PLUS (Insightful, Seattle, WA).
The dependent covariates PSA and age used the
Anderson-Gill (7) formulation as a counting
process. For each subject, time was divided into
intervals between evaluations, and the covari-
ates were based on the evaluation at the start of
the interval. Longitudinal models included age
and PSA at each evaluation. The final model
used the same statistical model with age and
PSA to evaluate the risk of development of
cancer (excluding prostate and non-basal/squa-
mous cell skin cancer) during the follow-up
period. The end point was either the diagnosis of
cancer or cancer at death.

*Derived using a Wald test with two-sided
comparison.

†Cancer mortality refers to deaths from all
cancers other than prostate cancer.
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Baltimore Longitudinal Study of Aging
(BLSA), a long-term, prospective study
of aging conducted by the National In-
stitute on Aging (5). This study on aging
has institutional approval (MedStar Re-
search Institute, Harbor Hospital - Johns
Hopkins Hospital), and all human sub-
jects give written informed consent for
the study prior to participation. There
were 1201 male subjects in the BLSA
who had PSA measurements from fro-
zen sera over three decades. After ex-
cluding all men who had undergone a
simple prostatectomy before their first
PSA measure (n � 61), men who had
used finasteride (n � 42), and all men
with a diagnosis of prostate cancer (n �
169), we were left with a cohort of 929
men who had no history of prostate can-
cer. Associations between PSA and
mortality, and PSA and the development
of cancer were evaluated by propor-
tional hazards analysis.

We demonstrated a statistically sig-
nificant direct relationship between PSA
and all-cause mortality, cancer mortal-
ity, and the development of cancer (Ta-
ble 1). For each ng/mL increase in PSA,
there was a 3%–5% increase in the risk
of an event. There was no statistically
significant relationship between PSA
and cardiovascular mortality, and this
finding was not the result of the lack of
events in the cardiovascular group be-
cause most deaths were from a cardio-
vascular event.

The inclusion of body mass index,
testosterone, and free testosterone in-
dex as covariates in the analysis did
not alter the findings in this study (data
not shown). We cannot exclude the
possibility that some men in our cohort
may have had undiagnosed prostate
cancer that could have resulted in ele-
vated PSA levels. However, it is not
likely that the cause of death was mis-
classified because of the careful review of
death records and autopsy data. Therefore,
it seems unlikely that the relationship be-
tween PSA and mortality from all can-
cers other than prostate could have been
driven by the presence of occult prostate
cancer.

A relationship between PSA and
mortality from cancer other than pros-
tate has not previously been reported.
One possible explanation for our find-
ings is that the development of pros-
tate disease with age reflects a loss of
growth-control mechanisms within the
prostate that also occurs simulta-

neously in other tissues within the
body. If so, men with prostate disease
(and elevated PSA levels) would be at
greater risk of non-prostatic neoplasia.
Although we do not know why men
with the highest PSA levels are at an
increased risk of development and
death from cancer other than prostate,
the relationships between PSA and
cancer mortality and between PSA and
cancer development suggests that the
events that lead to PSA elevations with
age may be related to the development
of cancer in non-prostate tissues.
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