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1. INTRODUCTION

High blood pressure (BP) is a primary
cardiovascular risk factor. Both systolic BP
(SBP) and diastolic BP (DBP) are defined by
current guidelines [1-3]. Historically DBP has
taken precedence in hypertension management.
However, there are many strong evidences that
SBP is superior to DBP as a cardiovascular
events predictor [4, 5]. Practically, hypertension
(or elevated blood pressure) is positively
connected with ischemic heart disease for 47%,
and 54% of stroke. It strongly affects
approximately 30% of the adult population [1, 3,
5]. Generally, cardiac factors such as SBP, DBP,
gjection fraction, and heart rate are closely inter-
connected medical situations, and they coexist
[3-5]. In practice, elevated BP is managed by
pharmacotherapy. Practically, there are many
risk factors such as family history, lifestyle,
biochemical factors and sleep apnoea, which are
associated with elevated BP [6, 7]. The
following inquiries are searched in the current
report.

e How do we determine the relationships of
SBP with many other risk factors of acute
myocardial infarction (AMI) heart patients?

e What are the associations of SBP with many
other risk factors of AMI heart patients?

e What are the effects of SBP on other risk
factors of AMI heart patients?

The above inquiries are searched herein with a
real data set of 500 subjects on 18 factors/
variables from the Worcester Heart Attack
Study (WHAS) that was investigated by Dr.
Robert J. Goldberg, Department of Cardiology,
and The University of Massachusetts Medical
School. The data collection method and patient
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population are well described in [8], and the

data can be found in Wiley's FTP site:

ftp//ftp.wiley.com/public/sci_tech_med/survival.

For necessary use of the covariates, they are

redisplayed as follows.

o Sex (O=male, 1=female),

e Age at hospital admission,

o Initial heart rate (HR),

e Body mass index (BMI),

e |nitial SBP,

e I|nitial DBP,

e History of cardiovascular disease (HCVD)
(0 =no, 1 =yes),

e Congestive heart complications (CHC) (0 =
no, 1 = yes),

o Atrial fibrillation (AFB) (0 =no, 1 = yes),

e Cardiogenic shock (CSK) (0 = no, 1 = yes),

e Complete heart block (AV3) (0 = no, 1 =
yes),

e Ml type (MIT) (0= non Q-wave, 1= Q-
wave),

e Myocardial infarction (MI) order (MIO) (0
= first, 1 = recurrent),

e Cohort year (CYR) (1=1997, 2=1999,
3=2001),

e Period of hospital stay from admission to
discharge (PHS) (in days),

e Total follow-up days from hospital
admission date to date of last follow-up
(TFD)

e Discharge status from hospital
(O=alive, 1= dead),

o Vital status at last follow-up (VSF) (0=
alive, 1= dead).

(DSH)
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The above data set contains seven continuous
variables, and the rest are attributing. The above
inquiries can be searched by modeling SBP on
the remaining attribute/ variables. Note that SBP
is a positive continuous non-constant variance
random response which is non-normally
distributed. Joint generalized linear models

(JGLMs) using Log-normal or Gamma
distribution is an appropriate method for
modeling SBP [9-11]. Here it is found that joint
Log-normal fit of SBP gives better results than
Gamma fit, and the final Log-normal JGLMs
results are presented in Table 1.

Tablel. Mean & dispersion SBP models from joint Log-normal fit results

Model Covariate Estimate Standard error t-value | P-value
Mean Constant 4.329 0.07441 58.173 | <0.0001
Model Age 0.002 0.00059 2.492 0.0131

Sex 0.047 0.01567 3.033 0.0022
Heart rate (HR) -0.001 0.00032 -3.684 0.0001
Diastolic BP (DBP) 0.007 0.00036 19.885 | <0.0001
Body mass index (BMI) 0.002 0.00150 1.265 0.2081
History of Cardiovascular | 0.041 0.01611 2.544 0.0112
Disease (HCVD)
Atrial Fibrillation (AFB) -0.053 0.02069 -2.566 0.0111
Cardiogenic Shock (CSK) -0.176 0.04565 -3.864 0.0001
MI Type (MIT) -0.061 0.01676 -3.655 0.0001
Dispersion | Constant -4.166 0.1608 -25.907 | <0.0001
Model History of Cardiovascular | 0.482 0.1514 3.182 0.0021
Disease (HCVD)
Cardiogenic Shock (CSK) 0.468 0.3328 1.407 0.1602
MI Order (MI0O) -0.205 0.1394 -1.470 0.1422
Cohort year (CYR)2 0.257 0.1584 1.619 0.1061
Cohort year (CYR)3 0.526 0.1675 3.139 0.0022

The data produced model fit should be tested by
model diagnostic plots, which are presented in
Figurel. Figurel (a) presents the absolute
residuals plot against the predicted SBP values,
which is a flat straight line in the middle part,
but its two ends are increasing as the larger
observations are located at the two boundaries.
It shows that variance is constant with the
running means.

Figurel (b) shows the SBP normal probability
plot for the Log-normal fitted mean model in
Table 1, which does not reveal any lack of fit.
Thus, both the plots show that Log-normal fitted
SBP model (Table 1) is closely to its true
models. Log-normal fitted SBP mean &
dispersion models are as follows.
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Figurel. For the SBP Log-normal fitted models (Table 1) the (a) absolute residuals plot with respect to SBP
fitted values, and (b) normal probability plot for the mean SBP model
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Mean= /- Log (SBP) = 4.329 + 0.002Age +
0.047Sex — 0.001HR + 0.007DBP + 0.002 BMI
+ 0.041 HCVD - 0.053AFB - 0.176CSK -
0.061MIT,

Table 1 and the above SBP mean & dispersion
models show the following associations of SBP
with other cardiac and biological factors.

e The mean SBP is positively associated with
Age (P=0.0131), concluding that SBP is
higher for older AMI patients than younger.
For this data set, the mean age of AMI
patients is 69.85 years with minimum age is
30 years.

e The mean SBP is positively associated with
Sex (0O=male, 1=female) (P=0.0022),
implying that SBP is higher for AMI female
patients than male.

e The mean SBP is inversely associated with
HR (P=0.0001), interpreting that it rises as
HR decreases.

e The mean SBP is partially positively
associated with BMI (P=0.2081), indicating
that it is higher for obesity AMI patients
than others.

e The mean SBP is positively associated with
DBP (P<0.0001), concluding that it rises as
DBP rises, which is commonly observed.

e The mean SBP is positively associated with
history of cardiovascular disease (HCVD)
(0=no, 1=yes) (P=0.0112), interpreting that
SBP is higher for AMI patients with HCVD
than others.

e The mean SBP is inversely associated with
atrial fibrillation (AFB) (0=no, 1=yes)
(P=0.0111), implying that SBP is higher of
AMI patients with no AFB than others.

e The mean SBP is inversely associated with
cardiogenic shock (CSK) (0=no, 1=yes)
(P=0.0001), concluding that SBP is higher
for AMI patients with no CSK than others.

e The mean SBP is inversely associated with
Ml type (MIT) (0O=non Q-wave, 1= Q-wave)
(P=0.0001), interpreting that SBP is higher
for AMI patients with non Q-wave MIT
than others.

e The variance of SBP is positively associated
with HCVD (P=0.0021), concluding that
SBP variance is higher for AMI patients
with HCVD than others.
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A2
Dispersion = O = exp (-4.166 + 0.482HCVD
+ 0.468CSK — 0.205MI0 + 0.257(CYR)2 +
0.526(CYR)3).

e The SBP variance is positively associated
with cohort year (CYR) (1=1997, 2=1999,
3= 2001) at the year 3=2001, (P=0.0022),
interpreting that SBP variance is higher for
AMI patients at the cohort year 3=2001,
than the other years.

e The SBP variance is partially positively
associated with cardiogenic shock (CSK)
(0=no, 1=yes) (P=0.1602), concluding that
SBP variance is higher for AMI patients
with CSK than others.

The report has shown some significant
associations of SBP for AMI patients with some
cardiac factors such as DBP, atrial fibrillation,
HR, cardiogenic shock, history of cardiovascular
disease, MI type, MI order, and along with age,
BMI, sex, cohort year.

The effects of SBP on many cardiac factors are
shown herein. Researchers and cardiologists will
be benefitted from the report. For the AMI
patients, special care should be taken on history
of cardiovascular disease, SBP, DBP and HR.
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