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Prostate cancer and cardiovascular disease: Correlated?
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Many authors have reported that Prostate Cancer (PC) and Cardiovascular
Disease (CVD) are strongly associated, while it is not yet well established. The
current report examines this fundamental query by examining the associations
of a PC biomarker known as serum Prostatic Acid Phosphatase (PAP) with
CVD risk factors such as Diastolic Blood Pressure (DBP), Systolic Blood
Pressure (SBP), along with CVD history, and classified CVD patients based
on Electrocardiogram (EKG) status, and conversely. It is derived herein that
PAP has no association with SBP and DBP, while the mean PAP level is
significantly higher for non-CVD subjects (P=0.0179), than for CVD patients.
The variance of PAP level is significantly more scattered for CVD patients
(P=0.0190) than normal, and also it is significantly more scattered for normal
subjects based on EKG (P=0.0249), than the others. On the other hand, the
mean and variance of DBP have no relation with PAP. Only the variance of DBP
is significantly more scattered for normal subjects (P=0.0004) than PC patients,
and it is significantly more scattered for PC patients with bone metastases (BM)
(P=0.0021) than normal. Again, mean SBP decreases (P=0.0621) if PAP rises,
while it increases as the primary tumor size (P=0.0054) increases. A similar
association is observed for the variance of SBP with PAP, that is SBP variance
is negatively associated with PAP (P=0.0045). It can be concluded that the
association between PC and CVD exists, which should be considered for the
medical treatment process.
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INTRODUCTION

Prostate Cancer (PC) is one of the most powerful cancers in
men. In the European and American male populations, PC-
associated death is ranked second among all cancer-connected
deaths, yet its etiology was not marked out [1-3]. However, PC
may be completely cured if it is detected in its early stage, while
other cancers are very difficult to treat. For early detection of PC,
some biomarkers such as Prostate-Specific Antigen (PSA), serum
Prostate Acid Phosphatase (PAP), Prostate Specific Membrane
Antigen (PSMA), and Prostate Stem Cell Antigen (PSCA) are
commonly used [4-8]. It was first noticed by Gutman and Gutman
in 1938 that the PAP’s functional activity was increased in the
circulation of PC patients [9]. Later on, it was proved that PAP
was highly connected with PC progression, which was supported
by many authors such as Small et al. and Sheridan et al. [10,11].

It is commonly observed that the PC treatment’s late effect is
CVD, and the supportingbiological mechanisms considerastrong
hormone manipulation cardio-toxic effect, or an indirect CVD
effect through metabolic mechanisms [12-19]. PC literature
review shows inconsistent relationships between PC and CVD
risk factors in different ages, PC stages, follow-up time lengths,
therapy types, and CVD outcomes [20,21]. Some articles have
studied CVD risk outcomes for PC patients along with non-PC
patients, which have shown different findings [20,21]. Therefore,
the present literature shows an inconsistent relationship between

PC and CVD.

The relationship between PC and CVD is still controversial.
Several authors attempted to focus on it based on percentage,
ratio, or simple correlation, which are not statistically significant
[1,12-20,22]. In addition, previous authors conclude the existence
of the above relationship through confounders, without proper
modelling of the response with the explanatory factors [1, 22-
24]. For instance, the article concluded that two-thirds of men
with PC are at high CVD risk [1]. There is a direct connection
between a plan to use Androgen Deprivation Therapy (ADT)
and baseline CVD risk factors. However, this direct connection
is expressed by confounding factors without proper statistical
modelling [1,12,15,22-24]. Therefore, all the previous studies

invite many doubts and debates.

The relationship between CVD and PC may be focused on in
the following ways. Every PC biomarker (or risk factor) is to be
modelled on all the remaining factors along with the CVD risk
factors. Conversely, every CVD risk factor is to be modelled on all
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the remaining factors along with PC biomarkers. From all possible
probabilistic models, it may be concluded about the association
between CVD and PC. In the present study, the considered
data set contains some PC factors such as serum Prostatic Acid
Phosphatase (PAP) (a PC biomarker), study unit’s stage (0=no
cancer; 1=prostate cancer); primary tumor size; tumor index stage
and histolic grade; bone metastases (0=no, 1=yes). On the other
hand, the considered data set contains some CVD factors such as
SBP, DBP, the subject’s CVD history (0=no, 1=yes), the subject’s
CVD stage identified by electrocardiogram code (0=normal;
1=benign; 2=heart strain; or rhythmic disturb & electrolyte; or
conduction; or heart block; old Myocardial Infarction (MI); or
recent MI). The current report examines the following hypothesis.

1. Is there any association between PAP with CVD factors? If it
is affirmative, what are the resultant associations?

2. Isthere any association between DBP with PC factors? If it is
affirmative, what are the resultant associations?

3. Is there any association between SBP with PC factors? If it is
affirmative, what are the resultant associations?

The article inquires about the above three relationship hypotheses
connected to PC and CVD literature adopting the following
sections such as materials & methods, statistical analysis, results
& discussions, and conclusions. The three probabilistic models are
displayed in Table 1 through 3 using the data set described in the
materials section. These models are derived from Joint Generalized
Linear Models (JGLMs), which are described in the methods
section. The necessary derived results are focused on in the results
and discussion section. Based on these three probabilistic models,
the present article aims to reach conclusions.

MATERIALS AND METHODS

The relationship between CVD and PC is studied herein adopting
a randomized clinical experimental data set that was executed on
474 men with 3rd or 4th PC stages. The data set was collected by
D.P. Byar, who produced two articles based on this data set with
his co-workers [25,26]. The above data set was republished in the
book by Andrewsand Herzberg [27]. Regarding each experimental
subject, the following characters/factors were investigated:

1. Study unit’s stage (SU-stage=E1) (0=no cancer; 1=prostate
cancer)

2. Follow up months (=F-time=v2)
Estrogen (mg) (=RX=v3)

4. Survival status (Alive=E4) (0=Alive; 1=Dead due to PC;
2=Dead due to cerebrovascular; or vascular or heart; or
pulmonary embolism; or other cancer; or other specific
non-cancer; or respiratory disease; or unknown cause; or
unspecified non-cancer)

5. Weight (=Wt=v5)
6. Age(=v6)

7. Performance rating (=PER=E7) (O=normal mobility;
1=confined to bed; 2=in bed<50% daytime; or in bed>50%
daytime)

8. Cardiovascular disease (CVD=ES8) history (0=no, 1=yes)

9. SBP=v9

10. DBP=x10

11. EKG=E11l code (0=normal; 1=benign; 2=heart strain;
or rhythmic disturb & electrolyte; or conduction; or heart
block; old myocardial infarction (MI); or recent MI)

12. Serum haemoglobin (=HG=v12)

13. Primary tumor size (SZ=v13)

14. Tumour index stage and histolic grade (=SG=v14)

15. Serum prostatic acid phosphatase (=PAP=v15)

16. Bone metastases (=BM=E16) (0=no, 1=yes);

17. Study date (S-date=v17).

The undertaken PC data set comprises seven attributes and ten
continuous factors. In the present investigations, PAP, DBP,
or SBP is taken as the continuous response variable, and the
remaining others are treated as the explanatory variables/factors.

Statistical methods

In the current study, three considered responses such as PAP, DBP,
and SBP are identified as heteroscedastic, which may be suitably
modelled by stabilizing variance, but it may not be always stabilized
[28]. For deriving better models, Joint Generalized Linear Models
(JGLMs) under gamma, or lognormal distribution are adopted
herein [29,30]. The above method under both the distribution is
illustrated in the books by Lee ct al., and Das [29,31]. Recently,
two articles by Das et al. used JGLMs along with R-codes in
History for studying silver and gold production trends [32,33].
JGLMs under both distributions are discussed very shortly for
ready reference as follows.

JGLMs under log-normal distributed:

For the positive response Y, (=PAP, or DBP, or SBP) with E
(Y=PAP, or DBP, or SBP)=y (mean) and Var(Y,=PAP, or DBP,

2 2 i 2
or SBP)=0, ui*=0;, V(,ul.) say, where O
parameters and V (*) reveals the variance function, generally the

log transformation Zi=log (Y1=PAP, or DBP, or SBP) is applied to

s are dispersion

stabilize the variance Var(Zi)~ & l-2 , but the variance may not be
stabilized always [28]. For developing an improved model, JGLMs
for the mean and dispersion are considered. For the response PAP
or DBP, or SBP assuming log-normal distribution, JGL mean and
dispersion models (with Z =log (Y =PAP, or DBP, or SBP)) are

as follows:

E(Z)=uzi and Var(Z)=0 .,
luzi = Xltﬂ and log(o-zl.z) = gi Vs

t t
where X ; and g, are the dependent or explanatory factors/
variables vectors linked to the regression coefficients ﬂ and ¥
, respectively.

Gamma distributed JGLMs:

For the above-stated Yi’s (=PAP, or DBP, or SBP), the variance

has two components such as V(4;) (based on the mean
parameters) and O; (free of pi’s). The variance function V (*)

reveals the GLM family distributions. For example, if V( ¢ )= #¢,



it is Poisson, gamma if V( £ ) ,L12 , and normal if V( & )=1, etc.
Gamma JGLMs mean and dispersion models are as follows:
' 2 t

m=g(W)=x; fand & =h(c;)=w,7,

Where g(-)and A(-) are the GLM link functions associated
witb thetmcan and dispersion linear predictors respectively, and
W, W, , are the explanatory factors/variables vectors attached
with the mean and dispersion parameters respectively. The
Maximum Likelihood (ML) method is used for estimating mean
parameters, while the Restricted ML (REML) method is applied

for estimating dispersion parameters, which are explicitly stated in
the book by Lee et al., [29].

Statistical & graphical analysis

Analysis of PAP:

The response PAP is modelled on the rest explanatory factors/
variables (described in the materials section) using JGLMs under
both distributions. The final selected fitted model for PAP is
accepted based on the lowest Akaike Information Criterion
(AIC) value that minimizes both the squared error loss and
predicted additive errors [34]. According to the AIC rule, the log-
normal model fit (AIC=1399) of SPAP is better than the gamma
fit (AIC=1590.239). The best log-normal fitted PAP analysis
outcomes are shown in Table 1. In both the mean and dispersion
models, the included factors are most significant and important

for the models [34].

The data-derived PAP models are verified using graphical
diagnostic tools. The final accepted fitted log-normal PAP joint
models are examined in Figure 1. Figure 1(a) presents the absolute
PAP log-normal JGL fitted absolute residuals plot concerning its
predicted values, which is exactly a flat straight line, implying that
variance is constant with the running means. Figure 1(b) reveals
the PAP log-normal fitted mean model (normal probability plot,
which does not reflect any fitting discrepancy. So, both Figures
1(a) & 1(b) imply that the PAP log-normal fitted JGLMs are close

Tab. 1. Results for PAP fitting of
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to the unknown PAP models.
Analysis of DBP

The response DBP is modeled on the rest explanatory factors/
variables (described in the materials section) using JGLMs under
both distributions. The final selected fitted model for DBP is
accepted based on the lowest AIC value [34]. According to the
AIC rule, the gamma model fit (AIC=1433.133) of DBP is better
than the log-normal fit (AIC=1448). The best gamma-ficted
DBP analysis outcomes are shown in Table 2. In both the mean
and dispersion models, the included factors are all statistically
significant.

The data obtained from DBP models are examined by applying
graphical diagnostic tools. The final selected gamma JGL fitted
DBP models are examined in Figure 2. Figure 2(a) presents the
absolute DBP gamma JGL fitted residuals plot concerning its
predicted values that is nearly a flat straight line, indicating that
variance is equal with the running means. Figure 2(b) presents the
JGL gamma fitted DBP mean model normal probability plot that
does not reveal any lack of fitting. Therefore, both these Figures
2(a) and 2(b) indicate that the JGL gamma-fitted DBP models are
similar to the true DBP models.

Z z

Absolute-residual plot Norml plot

Absolute values of residuals
Residuals

10 45 o0 95 1 15 20 28 3 2 ' o 1 z H
Fited values. Expected Normal quanties

Figure 1(a) Figurel(b)

Fig. 1. For the JGL log-normal PAP fit (Table 1), the (a) absolute residuals
plot against the PAP fitted values, and (b) the normal probability plot for
the PAP mean model.

JGLMs Log-normal fitted

mean and dispersi‘onA quels Model Covariate estimate Standard error t(464) P-value
under Log-normal distribution
Constant -2.0336 0.439 -4.632 <0.0001
Study unit’s stage (=SU-stage=E1), 1.8521 0.1094 16.924 <0.0001
Performance rating (=PER=E7)2 4.6645 2.4894 1.874 0.0616
Performance rating (=PER=E7), 0.1095 0.1147 0.955 0.3401
Mean Cardiovascular disease (=CVD=E8), -0.1319 0.0555 -2.376 0.0179
Bone metastases (=BM=E16), 1.019 0.2425 4.203 <0.0001
Estrogen (=RX=v3) 0.0211 0.0145 1.449 0.148
Serum haemoglobin (=HG=v12) 0.0378 0.0154 2.459 0.0143
Primary tumor size (SZ=v13) 0.0087 0.0031 2.796 0.0055
Study date (S-date=v17) 0.0003 0.0001 1.974 0.049
Constant -0.3993 1.1926 -0.335 0.7378
Study unit’s stage (=SU-stage=E1), 1.4617 0.194 7.534 <0.0001
Cardiovascular disease (=CVD=E8), 0.3395 0.1443 2.353 0.019
Bone metastases (=BM=E16) , 0.7738 0.2226 3.476 0.0006
Estrogen (=RX=v3) 0.0733 0.0348 2.103 0.036
Dispersion Electrocardiogram (=EKG=E11), -0.788 0.35 -2.251 0.0249
Electrocardiogram (=EKG=E11)3 -0.1309 0.1529 -0.856 0.3924
Serum haemoglobin (=HG=v12) -0.0799 0.0425 -1.881 0.0606
Primary tumor size (SZ=v13) 0.0129 0.0061 211 0.0354
Tmm;gsz ?iasiejl’i)h'sml'c 0.1286 0.0471 2.728 0.0066
Study date (S-date=v17) -0.0005 0.0003 -1.458 0.1455
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Fig. 2. For the JGL gamma DBP fit (Table 2), a. absolute residuals plot against the DBP fitted values, and b. the normal probability plot for the DBP mean

model.
Tab. 2. Results for DBP fitting of mean Model Covariates estimate Standard error. t(470) P-value
and dispersion models under Gamma Constant 1.5564 0.08487 18.34 <0.0001
distribution
Mean Serum haemoglobin (=HG=v12) 0.008 0.00333 2.39 0.0172
Age (=v6) -0.0031 0.00087 -3.61 0.0003
SBP(=v9) 0.0457 0.00265 17.27 <0.0001
Constant -4.192 0.1347 -31.13 <0.0001
Study unit’s stage (=SU- -0.452 0.1562 2.892 0.0004
stage=E1),
Dispersion dis,C:arSeK(J:g\S/C[;J:I?z;)Z 0.256 0.1389 1.844 0.0602
Bone metastases (=BM=E16) , 0.64 0.207 3.091 0.0021
Electrocardiogram (=EKG=E11), 0.336 0.3279 1.026 0.3054
Electrocardiogram (=EKG=E11)3 0.286 0.1426 2.003 0.0457
Tab. 3. Results for SBP fitting of mean . JGLMs Log-normal fit
and disp-ers-ion ) models under Log- Model Covariates estimate Standard error. t(468) P-Value
normal distribution
constant 1.8191 0.06405 28.402 <0.0001
Age (=v6) 0.0032 0.00075 4.196 <0.0001
Cardiovascular disease(=CVD=E8), 0.0202 0.01177 1.718 0.0864
Mean DBP(=x10) 0.0708 0.00367 19.296 <0.0001
Primary tumor size (SZ=v13) 0.0013 0.00046 2.796 0.0054
(F’:szt;:'vclgj'd phosphatase 0.0001 0.00002 -1.87 0.0621
Constant -2.2205 0.5583 -3.977 <0.0001
Cardiovascular disease(=CVD=E8), 0.3273 0.1375 2.38 0.0177
DBP(=x10) -0.0822 0.0363 -2.264 0.0085
Dispersion Electrocardiogram (=EKG=E11), 0.375 0.3254 1.152 0.2499
Electrocardiogram (=EKG=E11)3 0.3503 0.1464 2.394 0.0171
Serum haemoglobin (=HG=v12) -0.1207 0.0377 -3.203 0.0015
Prostatic acid phosphatase -0.0045 0.0016 2.858 0.0045

(=PAP=v15)

Analysis of SBP

The response SBP is modelled on the rest explanatory factors/
variables (described in the materials section) using JGLMs under
both distributions. The final selected fitted model for SBP is
accepted based on the lowest AIC value [34]. According to the
AIC rule, the log-normal model fit (AIC=1862) of SBP is better
than the gamma fit (AIC=1864.812). The best log-normal fitted
SBP analysis outcomes are shown in Table 3. In both the mean
and dispersion models, the included factors are all statistically
significant.

The data executed by SBP models are verified by graphical

diagnostic tools. The final considered SBP-fitted JGL log-normal
mean and dispersion models are tested in Figure 3. Figure 3(a)
represents the absolute SBP log-normal JGL fitted residuals plot
against its predicted values that is almost a flat straight line, except
for the two tails, indicating that variance is equal with the running
means. The left tail is increasing as a larger absolute residual is
located at the left boundary, while the right tail is decreasing as a
smaller absolute residual is located at the right boundary. Figure
3(b) represents the SBP log-normal fitted mean model normal
probability plot, which shows no fit discrepancy. So, these two
figures imply that the SBP log-normal fitted JGLMs is similar to
the unknown true SBP models.
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Fig. 3. For the JGL log-normal SBP fit (Table 1), a. absolute residuals plot against the SBP
fitted values, and b. the normal probability plot for the SBP mean model.

RESULTS AND DISCUSSION

According to the present study's aims, two sets of variables/factors
are considered from all 17 factors/variables from the considered
PC data set (in the material section). One set of covariates is PC-
related factors/variables, which is termed as PC-set and the other
set of covariates is CVD-related factors/variables, which is termed
as CVD-set. Note that the PC-set contains 6 elements (variables/
factors}, which is denoted by PC-set ={Study unit’s stage (SU-
stage=E1) (0=no cancer, 1=prostate cancer), performance rating
(=PER=E7) (0O=normal mobility; 1=confined to bed; 2=in
bed<50% daytime; or in bed>50% daytime), primary tumour
size (SZ=v13), tumor index stage and historic grade (=SG=v14),
serum prostatic acid phosphatase (=PAP=v15); bone metastases
(=BM=E16) (0=no, 1=yes)}, while the CVD set contains 5
clements (variables/ factors), which is denoted by CVD-set
={Cardiovascular disecase (CVD=ES8) history (0=no, l=yes),
SBP=v9, DBP=x10, EKG=El1 code (0=normal; l=benign;
2=heart strain; or thythmic disturb & electrolyte; or conduction;
or heart block; old Myocardial Infarction (MI); or recent MI)}.

The presentarticle examines the relationship of a factor/variable of

PC-set with any other factor/variable of CVD-set, and conversely.
The analyses of PAP from the PC set, DBP, and SBP from the
CVD set have been derived above in the current report. Based
on these analyses, the relationships between PC and CVD are
examined herein. Therefore, only the related results are mentioned
herein, even though there are many results in the three analyses.

RESULTS OF PAP

From Table 1 (PAP analysis), it is derived herein that the mean and
variance of PAP have no association with SBP and DBP, while the
mean PAP level is significantly negatively associated with CVD
history (P=0.0179). The variance of PAP level is significantly
positively associated with CVD history (P=0.0190), while it is
significantly negatively associated with the second level of EKG
(P=0.0249).

JGL log-normal fitted PAP level mean model Table 1 is

Estimated  log(PAP)=--2.0336+1.8521  SU-stage2+4.6645
PER2+40.1095 PER3-0.1319 CVD2+1.0190 BM2+0.0211
RX +0.0378 HG +0.0087 SZ +0.0§)03S—date, and the JGL

log-normal fitted PAP variance x (0" )model from Table 1 is
A2
o =exp (--0.3993+1.4617 SU-stage,+0.3395 CVD,+0.7738
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BM,+0.0733 RX--0.7889 EKG,-- 0.1309 EKG,--0.0799
HG+0.0129 SZ+0.1286 SG --0.0005 S-date).

From Table 1 (PAP analysis), the mean PAP level is not directly
associated with SBP and DBP.

RESULTS OF DBP

From Table 2 (DBP analysis), it is obtained that the mean and
variance of DBP have no relation with PAP. Only the variance
of DBP is significantly negatively associated with the study unit’s
stage (SU-stage) (P=0.0004), and it is significantly positively
associated with bone metastases (BM) (P=0.0021).

JGL gamma fitted DBP level mean model Table 2 is ££ =exp
(1.5564+0.0080 HG--0.0031 Age+0.0457 SBP), and the JGL

A2 2

gamma fitted DBP level variance 0 model from Table 2 is O

=exp(--4.192--0.452 SU-stage, +0.256 CVD +0.640 BM +0.336
EKG, +0.286 EKG,).

RESULTS OF SBP

From Table 3 (SBP analysis), it is developed that mean SBP is
partially negatively associated with Prostatic Acid Phosphatase
(PAP) (P=0.0621), while it is significantly positively associated
with the primary tumor size (SZ) (P=0.0054). The variance of
SBP is significantly negatively associated with PAP (P=0.0045).

JGL log-normal fitted SBP level mean model Table 3 is Estimated
log(SBP)=1.8191+0.0032  Age +0.0202 CVD,+0.0708
DBP+0.0013SZ-0.0001 PAP, and the JGL log-normal fitted

A2
SBP level dispersion & model from Table 3 is O =exp (--

2.2205+0.3273 CVD,--0.0822 DBP+0.3750 EKG,+0.3503
EKG,--0.1207 HG--0.045 PAP).

DISCUSSIONS

PAP analysis outcomes and models are displayed above. From
Table 1, it is obtained that there is no association between PAP
and hypertension risk factors such as SBP and DBP both in the
mean and dispersion models. It is derived herein that the mean
PAP level is significantly negatively associated with CVD history
(P=0.0179) (0=no, l=yes), implying that PAP level is higher
for non-CVD patients than CVD patients, who were under
PC with third and fourth stage. It shows that mean PAP level
is a protective factor for CVD, and it has no direct (or positive)
association with CVD. The variance of PAP level is significantly
positively related to CVD history (P=0.0190) (0O=no, 1=yes),
implying that PAP level is more dispersed for CVD patients than
non-CVD. Also, the variance of PAP level is inversely related to
the second level of EKG (P= 0.0249), and it is insignificant at the
third level (P=0.3924) (0=normal; 1=benign; 2=heart strain; or
rthythmic disturb & electrolyte; or conduction; or heart block;
old Myocardial Infarction (MI); or recent MI), interpreting that
PAP level is more dispersed for the normal subjects without heart-
disease related problems that were identified by EKG than the
others with heart-disease related problems.

A

A2

DBP analysis outcomes and models are displayed above. From
Table 2, it is derived that the mean and variance of DBP level have
no relation with PAP level. It is derived herein that the variance of
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DBP is significantly inversely related to the study unit’s stage (SU-
stage) (P=0.0004) (0=no cancer; 1=prostate cancer), indicating
that DBP level is more dispersed for normal subjects than PC
patients. Also, the variance of DBP is significantly directly related
to Bone Metastases (BM) (P=0.0021) (0=no, 1=yes), concluding
that DBP level is more dispersed for PC subjects with BM than
others.

SBP analysis outcomes Table 3, and models are displayed above.
From Table 3, it is derived that mean SBP is partially inversely
related to PAP (P=0.0621), implying that the SBP level is lower
for the subjects with higher PAP levels. It shows that PAP is
a protective factor against SBP. Also, the mean SBP level is
significantly directly related to the primary tumor size (P=0.0054),
interpreting that the SBP level increases as the primary tumor size
increases. From Table 3, it is observed that PAP level is directly
related to primary tumor size (P=0.0054), so the PC subjects with
bigger primary tumors should have higher PAP levels, therefore,
they may have lower SBP levels. So, PC subjects with bigger
primary tumors may not have higher SBP levels. Therefore, PC
subjects without a CVD history may have normal SBP levels.
Even though there is a direct association between SBP and PC
subjects’ primary tumor size, it does not affect SBP as there is an
inverse association between SBP and PAP. The variance of SBP is
significantly inversely related to PAP (P=0.0045), implying that
the SBP level is more dispersed for the subjects with lower PAP

levels.

From the above three models (PAP, DBP, and SBP), it has been
derived that there are some associations between the two sets such
as PC-set and CVD-set. So, one can conclude that there are some
associations between CVD and PC diseases. It has been observed
herein that even though there are some associations between PC
and CVD, they may not be identified by percentages, as PAP acts
as a protective factor for CVD. Again, there are some complicated
associations between SBP and PC-set, as shown above in the SBP
analysis. Due to these complicated relationships, it is shown herein
that PC subjects are not affected highly by CVD risk factors.
Therefore, earlier research could not identify the associations
between PC disease and CVD.

The present findings between the associations of PC-set
and CVD-set have been derived herein using JGLMs as the
considered responses are heteroscedastic. All the previous articles
tried to establish these relationships using simple correlation
and regression, percentages, and meta-analysis which are not

suitable for heteroscedastic data sets. The article has shown several
associations between PC-set and CVD-set using mean and
dispersion models, which are very little focused on in the previous
articles. One can examine the present associations between the PC
set and CVD set using the data mentioned in the materials section.
In the current report, only the PC biomarker PAP is considered,
while other biomarkers such as PSA, PSMA, and PSCA can be
considered. The other biomarkers are not considered herein as
the considered data set does not contain information on these
biomarkers. Similarly, one can consider other CVD risk factors
such as heart rate, basal blood pressure, ejection fraction, etc.

CONCLUSION

The relationships between PC-set and CVD-set are identified
herein using probabilistic modelling. The accepted models
are taken based on the lowest AIC, graphical examinations,
comparison of two distributions, and the small standard error of
the estimates. The above associations are derived herein based on
the selected final models, where models are verified by graphical
examinations. Best of our knowledge, these above associations are
not reported in any previous articles. The other PC biomarkers
and CVD risk factors will be considered in our subsequent studies.
The current research has established the association between
PC disease and CVD. It may remove the controversial ideas
between PC disease and CVD. It may help the researchers and
practitioners. It can be concluded that the association between
PC and CVD exists, which should be considered for the medical
treatment process. Care should be taken for PC disease and CVD
in older ages of men.
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