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Abstract: Hypertension has emerged as an important public health concern in India. Several studies across globe and in 

India demonstrated a high prevalence and rising trends of hypertension, overweight and obesity in school children. And the 

conditions were also found to be associated increasing the tremendous burden on the children putting them at risk of its 

detrimental effects. In this paper, we have analyzed the association of hypertension and obesity with various risk factors 

through Markov Chain Analysis. 

Keywords: TPM, Markov Chain, Steady State, Hypertension.  

 

1. Introduction 

Stochastic models are used in several fields of medical research. Some of the models like traffic flow models, queuing models 

and reliability models are used in basic sciences. Biostatistics is a field of science that uses quantitative methods to study life 

sciences related problems that arise in a broad array of fields. Several studies across globe and in India demonstrated a high 

prevalence and rising trends of hypertension, overweight and obesity among school children. Both the conditions were also found 

to be associated increasing the tremendous burden on the children putting them at risk of its detrimental effects. Several lifestyle 

factors like diet and physical activities were attributed for this rising burden. Subramanyam et al., [12] have reported that 

overweight was seen in 9.7 % and obesity in 6.2% of the girls.  A study in 2002 showed that the prevalence was seen in 17.8 % in 

boys and 15.8 % in girls was increased due to changes in lifestyle factors. De Onis et al.,[2] have studied the worldwide trends 

and prevalence of overweight and obesity among preschool children on the basis the WHO standards. Genc [3] has developed 

stochastic algorithm for physiological model of the cardiovascular system. Buch et al., [1] have identified obesity, family history 

of diabetes mellitus, ischemic heart disease were found to be significant association for childhood hypertension. Wasan et al., [15] 

have discussed the impact of data mining techniques on medical diagnostics with neural network. Tayem et al., [14] have 

identified the high prevalence of elevated BP and excess weight gain among students at Al-Quds University. Rao et al.,[10] have 

highlighted that BP measurements needs to be a routine part of physical examination in school children, and the use of cut-offs 

anchored to metabolic risks may be essential for assessment of obesity. Kinra et al., [6] have examined association between socio-

economic position and cardiovascular risk factors, to investigate whether childhood socio-economic position is a risk factor. It 

showed evidence that mean BMI was 16.7 kg/m2 for boys and 17.8 kg/m2 for girls and Socio-economic position was positively 

associated with fat mass index (0.15 kg/m2; 95% CI: 0.05-0.25). Mishra et al.[7] have conducted a cross-sectional study among 
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1913  children (58.1% males) aged 6-16 years, from schools around Bangalore in 2015 shows that 15.1% were overweight/obese 

and 21.7% had high waist circumference. These obesity indicators were associated with risk of high blood pressure in urban 

Indian schoolchildren. Ranjani et al., [9] have reviewed overweight and obesity rates in children and adolescents. Kar et al.,[4] 

have conducted a cross sectional study  on 979 school children, in 2010 in Gangtok, Sikkim shows 2.04%, 14.5% and 5.62% 

prevalence of obesity, overweight, and hypertension respectively. The average fast food intake, screen time and limited outdoor 

activities were significantly associated with obesity and related hypertension. Mistry et al.,[8] showed significant association 

between overweight and obesity and various risk factors.  

 

2. Materials and Methods 

A family of random variables {X (t), t ∈T} is called stochastic processes for each t∈T, where T is the index set of the process, 

X (t) is a random variable.  An element of T is usually referred as a time parameter. The state space of the process is the set of 

these values that random variables X (t) can assume. Each of these values is called that state of the process.In stochastic processes 

the current state of the system depends on all of its previous states.  But in Markov process, the current states of the process 

depend only on immediate preceding state.  The Markov process is a system that can be in one of several numbered states, and as 

from one state to another for each time step according to fixed probabilities [5, 11]. 

 

2.1 Markov Chain 

The stochastic process X={X n : n N} is called a Markov chain provided that P[X 1n =j /X ,0 ,…., X n ] =P[x 1n =j|X n ] for 

all 𝐣 ∈S where S is the countable state space and n∈N.   A Markov Chain is a sequence of random variables such that for any n, 

the next state X 1n , of the process is independent of the past states𝑿𝟎,𝑿𝟏 , … , 𝑿𝒏−𝟏 provided that the present state X n   be known. 

A Markov chain X is said to be time- homogenous if the conditional probability P[X 1n =j| X n  i] =P I j , i, j∈S is independent of n 

and s is the countable state space.  The probabilities P ij  are then called the transition probabilities for the Markov chain X. It is 

customary to arrange the P ij or P (ij) =P ij  into a square array and to be called the resulting matrix P= (𝑷𝒊𝒋) the transition matrix of 

the Markov chain X; for any i, j∈S, P ij  0. and for each 



ji

piji 1 for any MЄN.  
thinmn pijmXjXp ]/[   Power of 

pij  

 

3. Results and Discussions 

A study was conducted among school children’s between the ages of 10 to 14 years at various government schools in 

Tamilnadu. Prevalence rate estimated according to the various categories like age, sex, socio-economic status etc.  
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Sample size estimated for hypertension prevalence study based on the below formula  

                                                                                    𝑛 =
𝑧2𝑃(1−𝑃)

𝑑2
                                                                                   … (1) 

Where  n= sample size,  Z= z statistics for a level of confidence, p= Expected prevalence or proportion and d= precision. 

Sample size was calculated by using N master software and approximately 6% the prevalence of hypertension as reported by 

various studies across India. [13, 1]. Considering prevalence of 6%, level of confidence 95% with precision of 0.02 the estimated 

sample size was 542. It was observed that the majority, 187 (34.4%)  of the students belonged to the age group of 11 years, 

followed by 162, (29.8%) students in the age group of 12 years. The mean age of the participants was 11.81±0.95 years. Out of 

the total 544 students, 343 (63.1%) were males and 201 (36.9%) were females. 

Table 1: Baseline anthropometric parameters of school children’s 

Parameters Height Weight Waist Hip Waist-Hip ratio 

Sex Male Female Male Female Male Female Male Female Male Female 

Mean 146.95 147.90 40.64 41.10 68.94 99.14 78.17 77.42 0.88 1.35 

SD 9.28 8.59 9.97 10.13 9.97 30.65 10.09 10.75 0.050 6.53 

Minimum 120 122 21 21 48 42 52 50 0.73 0.77 

Maximum 175 168 75 80 97 73 106 118 1.05 93.53 

 

Table 1 describes the baseline anthropometric parameters of the male students. The mean height of the boys was 146.95 ± 9.284 

cm, the mean weight was 40.64 ± 9.973, and the mean waist-hip ratio was 0.8813 ±. 05064. The mean height of the girls was 

147.90 ± 8.595 cm, the mean weight was 41.10 ± 10.135, and the mean waist-hip ratio was 1.3502 ±. 6.534. It was observed that 

a majority, 484 (89.0%) of the students lived in urban areas followed by 60 students (11.0%) in rural areas. 

Table 2: Body mass index of the participant according to age 

 

Age 

In years 

BMI Category 

Normal Thinness 
Severe 

Thinness 
Overweight Obesity Total 

10 32 (80.0%) 1 (2.5%) 1 (2.5%) 6 (15.0%) 0 (0.0%) 40 (100) 

11 149 (79.7%) 7 (3.7%) 9 (4.8%) 21 (11.2%) 1 (0.5%) 187 (100) 

12 129 (79.6%) 12 (7.4%) 6 (3.7%) 12 (7.4%) 3 (1.9%) 162 (100) 

13 126 (84.6%) 8 (5.4%) 5 (3.4%) 10 (6.7%) 0 (0.0%) 149 (100) 

14 4 (66.7%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 1 (16.7%) 6 (100) 

Total 440 (80.9%) 29 (5.3%) 21 (3.9%) 49 (9.0%) 5 (0.9%) 544 (100) 
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Table 2 shows the Body Mass Index of the school students. It has been observed that of the 544 students, 440 students had normal 

BMI values followed by overweight (49 students) (9.0 %), whereas only few 5 students (0.9 %) were obese. A total of 29 students 

(5.33) had BMI values in thin category and 21 students belonged to severely thin category, as per their BMI.The body mass index 

of the students according to their age out of the 544 students, 440 had a BMI in the normal range. A total 49 (9%) students were 

overweight, among them maximum ie. 21students were belonging to the age group of 11 years, followed by 12 students in the age 

group of 12 years. Maximum no of obese individuals (3 students) was seen in 12 years age group, and 1 obese student each in 11 

and 14 years age group. For analysis purposes, we clubbed the values of thin and normal in one category and overweight and 

obesity into another and applied the chi square test to find out the association between age and obesity. Since P= 0.41, there is no 

statistically significant association observed between the BMI values and student’s age. The mean days of sport activities of 

students per week were comparatively higher in non-obese students (3.302 ± 3.0814) than in those who are obese (2.83 ± 2.8266) 

and this difference was statistically significant (P=0.025). 

 

Table 3: Age wise hypertension status of students 

Age in years Normal Pre- hypertension Stage 1 HTN Stage 2 HTN Total 

10 24 (60.0%) 4(10.0%) 9(22.5%) 3(7.5%) 40(100%) 

11 136 (72.7%) 19 (10.2%) 27 (14.4%) 5 (2.7%) 187(100%) 

12 112 (69.1%) 18 (11.1%) 27 (16.7%) 5 (3.1%) 162(100%) 

13 120 (80.5%) 18 (12.1%) 9 (6.0%) 2 (1.3%) 149(100%) 

14 3 (50.0%) 1 (16.7%) 2 (33.3%) 0 (0.0%) 6(100%) 

Total 395 (72.6%) 60 (11.0%) 74 (13.6%) 15 (2.8%) 544(100%) 

 

Table 3 shows the age distribution and the hypertension status of the study group. It was seen that out of the 544 students, 395 

students were normotensive, 60 were pre hypertensive, 74 had stage 1 HTN and 15 were in stage 2 HTN. Maximum number of 

students exhibiting pre-hypertension were in the 11 years age group (19 students).  Maximum numbers of students in Stage 1 

Hypertension were in 11 and 12 years age group (27 students each). Maximum numbers of students exhibiting hypertension stage 

2 were in 11 and 12 years age group (5 each). And applied the chi square test to find out association between age and 

hypertension. Since P= 0.025 there is a statistically significant association observed between the hypertension and student’s age. 
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Table 4: Association between hypertension and obesity 

Variables 

HTN Category 

Normal Pre-hypertension Stage 1 HTN Stage 2 HTN 
 

Total   

BMI 

Thin and normal  369 (75.3%) 49 (10.0%) 62 (12.7%) 10 (2.0%) 
490 (100% ) 

Overweight and 

Obesity 
26 (48.1%) 11 (20.4%) 12 (22.2%) 5 (9.3%) 

54 (100%) 

Total 395 (72.6%) 60 (11.0%) 74 (13.6%) 15 (2.8%) 
544 (100%) 

 

Table 4 shows that out of total 54 students who were overweight and obese 11 students were pre-hypertensive, 12 students were 

in stage 1 hypertension and 5 students were in stage 2 hypertension. There is a strong association between hypertension and 

obesity as p= 0.000. 

Table no 5: Transition Count Matrix for hypertension  

Variable Normal Prehypertension Stage 1 HTN Stage 2 HTN Total 

Normal 323 46 61 10 440 

Prehypertension 26 1 1 1 29 

Stage 1 HTN 17 2 1 1 21 

Stage 2 HTN 26 11 12 5 54 

Total 395 60 74 15 544 

 

Table no 6: TPM for hypertension 

State 1 2 3 4 

1 0.734 0.105 0.139 0.023 

2 0.897 0.034 0.034 0.034 

3 0.304 0.036 0.196 0.464 

4 0.031 0.034 0.014 0.920 

 

In the above matrix all the entries are non-zero hence it confirms that the underline Markov chain is ergodic. The above estimated 

transition probability matrix reveals that probability of student staying in same state 1, sate 2 is higher compared to transitioning 

to another state.(Staying in State 1 (P) = 73 %; and in State 4 (P) = 92%). A negligible percent of students transition from State 1 

to State 4 (P) = (0.023%) and 0.034 % transition from State 2 to State 3 and State 4 (P) was observed. 

 

4. CONCLUSION  

Hypertension among school going students overweight/obese suggested an early clinical detection of prehypertension and life 

style modification mainly weight management. The body mass index is closely associated with both systolic and diastolic blood 

pressure among the school going students. BP is also associated with rising age independently. The risk of hypertension was 

higher among school going students who were overweight or obese. There is a strong association between hypertension and 

obesity indicating its importance as a target group for immediate intervention to prevent further morbidity and mortality. 
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hypertension of school going students for the probability 34% of chance for normal, 5.9 % of chance for prehypertension, 7% of 

chance for Stage 1 HTN and 53 % of chance for Stage 2 HTN. The steady state transition is reached from after 50 months.  

Although traditional populations around the world were often believed to have low blood pressure, gradually with changing 

socioeconomic environment, marked increase in blood pressure and overweight or obesity level has been noted as was evident 

from the present study among the School going students.  
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