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ABSTRACT 

 
Accurate determination of usual or average blood pressure (BP) is 
necessary for the assessment of risk for stroke and coronary heart 
disease. In this study, we provide a statistically based guide for 
using results of blood pressure monitoring to resolve this issue. 
We collected blood pressure samples from 900 people for 
evaluation of borderline or stage I hypertension.  A Markov model 
is used for calculate the probability that a patient's blood pressure 

falls within the hypertensive range (>140/90 mm Hg). From the 
analysis of the results, there is a 15% probability that the patient's 
"true" average blood pressure is actually in the hypertensive range. 
This approach may be useful for clinical decision making and also 
for the design of clinical trials. 
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1.  INTRODUCTION  
 
Blood is pumped around the body 

by the heart, carrying oxygen and nutrients. 
Hypertension (HTN) or high blood pressure 
is a chronic medical condition in which the 
systemic arterial blood pressure is elevated1. 
It is classified as either primary (essential) or 
secondary. About 90–95% of cases are 
termed "primary hypertension", which refers 
to high blood pressure for which no medical 
cause can be found. The remaining is caused 
by other conditions that affect the kidneys, 
arteries, heart, or endocrine system. 
Persistent hypertension is one of the risk 

factors for stroke, myocardial infarction, 
heart failure and arterial aneurysm, and is a 
leading cause of chronic kidney failure2. 
Moderate elevation of arterial blood pressure 
leads to shortened life expectancy. Dietary 
and lifestyle changes can improve blood 
pressure control and decrease the risk of 
associated health complications, although 
drug treatment may prove necessary in 
patients for whom lifestyle changes prove 
ineffective or insufficient3. 

Blood pressure is usually classified 
based on the systolic and diastolic blood 
pressures. Systolic blood pressure is the 
blood pressure in vessels during a heartbeat. 
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Diastolic blood pressure is the pressure 
between heartbeats. A systolic or the 
diastolic blood pressure measurement which 
is higher than the accepted normal values for 
the age of the individual is classified as 
prehypertension or hypertension.  

Hypertension has several sub-
classifications including, hypertension stage 
I, hypertension stage II, and isolated systolic 
hypertension. Isolated systolic hypertension 
refers to elevated systolic pressure with 
normal diastolic pressure and is common in 
the elderly. These classifications are made 
after averaging a patient's resting blood 
pressure readings taken on two or more 
office visits. Individuals older than 50 years 
are classified as having hypertension if their 
blood pressure is consistently at least 
140 mmHg (millimeters of mercury) systolic 
or 90 mmHg diastolic. Patients with blood 
pressures higher than 130/80 mmHg with 
concomitant presence of diabetes mellitus or 
kidney disease require further treatment. 
Hypertension is also classified as resistant if 
medications do not reduce blood pressure to 
normal levels. 

Hypertensive encephalopathy is 
caused by severe small blood vessel 
congestion and brain swelling, which is 
reversible if blood pressure is, lowered5. 

Some signs and symptoms are especially 
important in newborns and infants such as 
failure to thrive, seizures, irritability, lack of 
energy, and difficulty breathing. In children, 
hypertension can cause headache, fatigue, 
blurred vision, nosebleeds, and facial 
paralysis6. 

In adults, hypertension has been 
defined due to the adverse effects caused by 
hypertension. However, in children, similar 
studies have not been performed thoroughly 
to link any adverse effects with the increase 
in blood pressure. Therefore, the prevalence 
of pediatric hypertension remains unknown 
due to the lack of scientific knowledge. 

Hypertension in pregnant women is 
known as pre-eclampsia, which can progress 
to a life-threatening condition. Other 
symptoms indicating that brain function is 
becoming impaired may precede these 
seizures such as nausea, vomiting, 
headaches, and vision loss. In addition, the 
systemic vascular resistance and blood 
pressure decrease during pregnancy7. The 
body must compensate by increasing cardiac 
output and blood volume to provide 
sufficient circulation in the utero-placental 
arterial bed.According to American Heart 
Association, the hypertension is classified in 
Table 14. 

 
Table 1: Hypertension classification 

 

 
Classification 

Systolic pressure Diastolic pressure 

mmHg kPa mmHg kPa 

Normal 90–119 12–15.9 60–79 8.0–10.5 
Pre-hypertension 120–139 16.0–18.5 80–89 10.7–11.9 
Stage I 140–159 18.7–21.2 90–99 12.0–13.2 
Stage II ≥160 ≥21.3 ≥100 ≥13.3 
Isolated systolic 
hypertension 

≥140 ≥18.7 <90 <12.0 
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Normally people’s blood pressure in 
‘normal’ stage (60-119 mmHg) which 
changes into pre-hypertension stage (80 – 
139 mmHg), then enter to Stage I (90 – 159 
mmHg) and stage II   (>99 - >159 mmHg). 
This is a natural situation, when people 
doing exercise or doing heavy tasks. Due to 
some illness or problems (physical or 
mental), the normal blood pressures become 
stage I or stage II, and make very harmful 
problems including heart attack. 

In this paper, we analyses the blood 
pressure of patients and make some finding, 
which is very useful analyze the 
hypertension problem of people, especially 
working in IT field. Our motivation of this 
work is the high rate of cardiac problems 
and other illness due to the hypertension in 
modern life. This paper presents the use of 
Markov models to analyses the onset of 
acute hypotension, using blood pressure 
measurements over time. Our use of Markov 
models has been motivated by their ability to 
characterize sequential/temporal trends in a 
given time signal. This lends the ability to 
infer the health status based on blood 
pressure information collected over an 
interval of time, rather than just 
instantaneous measurements. 

 
2. MARKOV  MODEL 
 

The Markov Process is a system that 
can be in one of several numbered states, 
and pass from one state to another, each time 
step, according to fixed probabilities8, 9. A 
Markov model is a stochastic process whose 
dynamic behavior is such that its future 
development depends only on the present 
state space. In another way the Markov 
process can be explained as, it is a stochastic 
process3 by its present state. That is, the 

distinctions of events are independent of the 
history of the system10,11. In other words, the 
description of the present state fully captures 
all the information that could influence the 
future evolution of the process. Being a 
stochastic process means that all state 
transitions are probabilistic. At each step the 
system may change its state from the current 
state to another state (or remain in the same 
state) according to a probability distribution. 
The changes of state are called transitions, 
and the probabilities associated with various 
state-changes are called transition 
probabilities. In other words, the description 
of the present state fully captures all the 
information that could influence the future 
evolution of the process. In order to 
formulate a Markov model we must first 
define all the mutually exclusive states of 
the system. The state of the system at t = 0 
are called the initial states (P0), and those 
representing a final or equilibrium state are 
final stage (P1). The set of Markov state 
equations describes the probabilistic 
transition from the initial to final states. The 
transition probabilities must obey the 
following two rules: 
1. The probability of transition in time ∆t 

from one state to another is given by 
gain into ∆t. 

2. The probabilities of more than one 
transition in time are infinitesimals of 
higher order and can be neglected. 

The Markov system can be 
illustrated by means of a state transition 
diagram; which shows all the states and 
transition probabilities. There is an initial 
probability distribution to the set of states. 
We can define a Markov model as 

 

M = <π, A> 
π = (π1, π2, . . ., πN) 
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A = aij ; i;   j = 1,. . . , N 
 
Where N is the number of state. A first order 
Markov chain is a probabilistic model 
depends on current and the predecessor 
state. ie, 
 
P [qt = Sj | qt-1 = Si; qt-2 = Sk; . . . .]  
= P [qt = Sj | qt-1 = Si] 
 
The set of state transition probabilities ai,j , 
of the form 
 
ai,j = P[qt = Sj | qt-1 = Si] 
 

With the state transition coefficients having 
the properties 
ai,j ≥ 0 
 
3. DATA  COLLECTION 
 

900 male patients’ (age 30-40 years) 
records were taken as collection from 
hospitals, which include blood pressure 

measures from the year 2009 to 2010. The 
patients are mainly working in IT, 
management and related fields, who have lot 
of work pressure. This leads people to a 
hypertension due to their work style and 
nature of job. We collected such patient’s 
data from private hospitals in 
Thiruvananthapuram, who have close 
insurance relationship between IT 
companies. A patient data include the 
systolic and diastolic blood pressure with 
respect to time intervals.  

 
4. PROPOSED  MODEL 
 

We derived four states from the 
analysis hypertension classification from 
American Heart Association. We avoid the 
condition ‘Isolated systolic hypertension’, 
because the ranges of that class covers Stage 
II criterion. Table 2 shows these four states 
and its systolic and diastolic pressure ranges. 
Figure 1 shows the Markov chain with 
respect to the four states. 

 

Table 2: Markov states based on blood pressure 
 

State Classification base Systolic pressure (in mmHg) Diastolic pressure (in mmHg) 

S1 Normal 90–119 60–79 
S2 Pre-hypertension 120–139 80–89 
S3 Stage I 140–159 90–99 
S4 Stage II ≥160 ≥100 

 

                                               
Figure 1. Markov chain of the proposed system 
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Transition probability calculation 
 

The state transition probability 
distribution  

 
A = { ai,,j }  

ai,,j = P[qt+1 = Sj|qt = Si]; 1 ≤  i; j  ≤  4 
 

Transition probability T, is a matrix 
of size 4 x 4 for the proposed model. As 
Transition probability between two pairs of 
states (say X and Y), we used the following 
calculation 

 
    No. of Transition from X to Y 
TXY   = 

  Total no. of transitions from X 
 

The transition probability is 
calculated from Table 3 and is given in   
Table 4. 
 

Table 3: People count of each states  
 

S1 S2 S3 S4 

S1 230 464 114   92 

S2 218 200 317 165 

S3 103 192 398 207 

S4   70 181 460 189 
 

Table 4: Transition probability of states 
 

S1 S2 S3 S4 

S1 0.255556 0.515556 0.126667 0.102222 

S2 0.242222 0.222222 0.352222 0.183333 

S3 0.114444 0.213333 0.442222 0.2300 

S4 0.077778 0.201111 0.511111 0.2100 

 
The initial state distribution π = { πj  },  
where 

πj = P [q1 = Sj] ; 1 ≤ j  ≤ 4 

The number of people having 
hypertension within each class is given as 
[151, 244, 345, 160], corresponding initial 
probability vector is [0.167778, 0.271111, 
0.383333, 0.177778]. 

 
Mean and variance calculation 
 

If State i for which Pii > 0, the 
probability that the processes remains in the 
state for exactly d time units. Let Di be a 
random variable denote the number of units 
that the processes remain in state i before 
leaving the state, then the probability mass 
function of Di is given by 
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By using the Markov chain rule. The 

state of the process denotes the members of 
an observation sequence, then )(dP

iD

represents the probability that the sequence 
remain unchanged exactly d times. Because 
Di is geometrically distributed random 
variable, the mean and variance sojourn time 
of the state i is given by  
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For the equilibrium state,   

lim
���

 �
�

�  � 

 
DISCUSSION 
 

From the data analysis, most of the 
people have a chance of hypertension and 
leads to a change of heart related problems. 
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The state S4 (state II) is critical for most of 
the people, but their blood pressure comes 
down to state S3 (Stage I). That is from the 
transition matrix analysis, 649 people out of 
900 were suffered hypertension (Stage I and 
Stage II) and still 398 people out of 900 may 
retain the stage I or Stage II. Which means 
that, the chances of hypertension is high in 
such people. This study shows, 621 people 
out of 900 come down in the normal stage, 
but other 279 people have hypertension 
problems. 

From the transition probability 
matrix we can calculate  

 
lim
����

 �� �  �0.16413   0.26292   0.38006  0.1929� 

 
The mean and variance of the 

hypertension can be seen in Table 5, it 
shows that hypertension is varying in people 
at Stage I (90-159 mmHg, State 3) highly, 
rather than other states. It may be due to 
some mental tension or over pressure in their 
works. 

 
Table 5: mean and variance 

 

States Mean Variance 
S1 1.343284 0.461127 
S2 1.285714 0.367347 
S3 1.792829 1.421406 
S4 1.265823 0.336485 

 
At this time we have to set the null 

hypothesis (µo) as that the subject is 
hypertensive with a "true" average blood 
pressure equal to 140/90 mm Hg. 
Hypotheses concerning the appropriate order 
Markov Chain model and transition 
probabilities can be statistically examined 
using a   Chi-square statistic (X2) to compare 

observed and expected transition fre-
quencies.  

As the null hypothesis, we assume 
that the test subject is hypertensive, with an 
average blood pressure (BP) equal to 140/90 
mm Hg (ie, µ=140/90 mm Hg). Based on the 
fifth report of the Joint National Committee 

on the detection, evaluation, and treatment 
of high blood pressure (JNC-V), a BP of 
140/90 mm Hg was chosen as the lower 
limit  of hypertension.  

There is significant difference 
between the expected and observed 
frequencies of blood pressure and a χ2  test 
of goodness fit with 3 degrees of freedom  
when χ2 = 17.77 

The tabulated value at 5% level of 
significance with 3 degrees of freedom is 
7.815, so the null hypothesis is accepted. 
Therefore there is no significant difference 
between the observed and expected 
frequencies for the blood pressure for 
samples collected by calculation (Table 6). 
This results show our experiments are "true" 
related to hypertension analysis in a selected 
sample. 

 
Table 6: Observed and expected frequencies 

 

State 
Observed 
frequency 

Expected 
frequency 

S1 621 590.87 
S2 1037 946.45 
S3 1289 1368.22 
S4 649  695.1 

 
CONCLUSIONS 
 

From the above discussion, we came 
to know that, the hypertension in stage-I is 
near common for people who are working in 
a high pressure jobs such as IT and 
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management jobs. This study shows a clear 
analysis of hypertension of such people and 
the related results.  We represent a Markov 
model, which included systolic blood 
pressure in men, resulted in considerably 
heart related problems. Meditation, yoga and 
such related remedies are required for 
reducing their hyper tension and which leads 
to safe life.  
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