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INTRODUCTION 

Infectious and Non Communicable Diseases 

(NCDs) are serious issues affecting the health 

sector. The NCDs Cardiovascular, diabetes, 

cancer, and chronic respiratory diseases are 

common challenges to human health and 

development. These four diseases are the 

world’s biggest killers, causing in excess of 36 

million deaths each year of which 80% are in 

low- and middle- income countries (World 

Health Organization (WHO) 2011).Unhealthy 

diet, physical inactivity, tobacco use and the 

harmful use of alcohol are the behavioral risk 

factors responsible for about 80% of coronary 

heart disease and cerebrovascular disease deaths 

(WHO 2013). The WHO also predicted 

globally, between 2006 and 2015, NCDs deaths 

to increase by 17% with highest in the African 

region by 27%. The most rampant NCDs is 

hypertension. Hypertension is a common and a 

major public health problem (Murray et al 

1997). It is a serious threat to the health of 

adults usually in Africa.Hypertension was 

defined as systolic Blood Pressure (BP) ≥ 

140mmHg or as diastolic BP ≥ 90mmHg or 

being on drug therapy. Recently, the prevalence 

of hypertension was observed to be 28% in 

North America, 44% in Western Europe (Wolf-

Maier et al 2003), 28.3% for crude and 27.3% 

for age-standardized in urban Accra of Ghana 

West Africa (Amoah AGB 2003). 

Blood pressure is therefore the force of blood 

against the artery walls as it circulates through 

the body. Blood pressure is written as two 

numbers.  The first (systolic) number represents 

the pressure in blood vessels when the heart 

beats.  The second (diastolic) number represents 

the pressure in the vessels when the heart rests 

between beats.High blood pressure can cause 

serious damage to health. It can harden the 

arteries, decreasing the flow of blood and 

oxygen to the heart. Perhaps, this reduction of 

the blood flow can cause chest pain, angina 

orheart failure which occurs when the heart 

cannot pump enough blood and oxygen to other 

organs, heart attack which occurs when the 

blood supply to the heart is blocked and heart 

muscle cells die from lack of oxygen. The 

longer the blood flow is blocked, the greater the 

damage to the heart. High blood pressure can 

burst or block arteries that supply blood and 

oxygen to the brain causing stroke.High blood 
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pressure cannot be cured. It can however, be 

managed very effectively through lifestyle 

changes and, when needed medication.In most 

cases, the cause of high blood pressure is not 

known. In fact, high blood pressure usually 

doesn’t have symptoms. This is why it is 

sometimes called “the silent killer.” However, 

there are known risk factors for high blood 

pressure in which age is included. This deadly 

disease is not only common among the non-

medical staff but also the Healthcare Workers 

(HCW) especially the nurses. For instance, the 

report of the Medical Research Council (MRC) 

of the South Africa showed that NCDs 

(hypertension) accounted for 37% of deaths 

(Steyn et al 2006) and recently 20% of deaths 

were attributed to hypertension among the HCW 

in South Africa (Skaal L and Pengpid S 2011). 

This compared with that of the Mexico HCW of 

22% of deaths caused by the NCDs  (Gonzalez-

Valazquez et al 2006). 

METHODOLOGY 

The use of Bayesian reasoning in statistics and 

economics has roughly tripled since 1970 

(Poirer, 2006).Bayesian inference uses the 

Bayes’ theorem to update the degree of belief in 

the occurrence of certain events. Therefore, the 

Bayes theorem states that, 

Posterior ∝ Likelihood × Prior 

Mathematically given as: 

𝑃(𝜃/𝑦𝑖) ∝ 𝑃(𝑦𝑖/𝜃) × 𝑃(𝜃) 

𝑃(𝜃/𝑦𝑖) =
𝑃(𝑦𝑖)×𝑃(𝜃)

𝑃(𝑦𝑖)
                                (1) 

Where, 

𝑃(𝑦𝑖) 

Is the evidence (normalization constant useful 

for selection of Bayesian Model) 

P yi =  P(yi/θ) × P(θ)δθ                       (2) 

Constructing the Likelihood Function 

The likelihood function is constructed once the 

data has been observed. The likelihood function 

measures the support provided for each possible 

value of the parameter by the data. then, the 

likelihood function is given by; 

𝑃(𝑦𝑖/𝜃) = 𝐿(𝜃/𝑦1 ,… , 𝑦𝑛) 

= 𝑃  𝑦1,… ,
𝑦𝑛
𝜃
  

=  𝑃 (𝑦𝑖/𝜃) 

𝑝(𝑦|𝜇) ∝ 𝑒
−

1 

2𝜎2(𝑦−𝜇 )2

                                   (3) 

Equation (3) is the kernel distribution for 

the normal density function. 

Posterior Mean and Variance for the 

Conjugate Prior 

The observation y is a random variable taken 

from a normal distribution with mean μ and 

variance σ2which is assumed known. We have a 
prior distribution that is normal with mean m 

and variances2. The shape of the prior density is 

given by   

g(μ) ∝ e
−

1 

2s2(μ−m )2

                                        (4) 

Where, we are ignoring the part that doesn’t 

involve μ because multiplying the prior by any 
constant of proportionality will cancel out in the 

posterior. The shape of the likelihood is 

f y μ ∝ e
−

1 

2σ2 y−μ 2                    
                            (5) 

Where, we ignore the part that doesn’t depend 

on μ because multiplying the likelihood by any 
constant will cancel out in the posterior. The 

prior times likelihood is  

P(μ/y) = g μ × f y μ ∝ e
−

1 

2
 
 μ−m  2

s2  +
 y−μ 2

σ2  
    (6) 

Putting the terms in exponent over the common 
denominator and expanding them out gives 

∝ e
−

1 
2
 
σ2(μ2−2μm +m 2)+s2(y2−2yμ+μ2)

σ2s2  
 

We combine the like terms 

∝ e
−

1 
2
 
(σ2+s2)μ2−2(σ2m+s2y)μ+m 2σ2+y2s2

σ2s2  
 

and factor out σ2 + s2 σ2s2 . Completing the 

square and absorbing the part that doesn’t 
depend on μ into the proportionality constant, 

we have 

∝ e
−

1 
2σ2s2 (σ2+s2) 

 μ2−2 
(σ2m+s2y)

σ2+s2 μ+(
(σ2m+s2y)

σ2+S2 )2 
 

  ∝ e
−

1 

2σ2s2 (σ2 +s2) 
[μ−

(σ2m +s2 y )

σ2+s2 ]2

                        (7) 

Thus, the posterior mean, 

m′ =
(σ2m + s2y)

σ2 + s2
                                                    (8)   

 and   

The posterior variance, 

(s′ )2 =
(σ2m + s2y)

σ2 + s2
                                                  (9) 



Bayesian Analysis of Average Age Prevalence of Hypertensive Patients in South Western Part of Nigeria 

International Journal of Research in Humanities and Social Studies V5 ●I6●2018                                     30     

Hence, the prior has a normal(m,s2) and also, 

the posterior has a normal[ m′, (s′)2] . This 

shows that the normal(m, s2) distribution is the 

conjugate family for the normal observation 
distribution with known variance.  

Credible Interval 

A credible interval is an interval that contains 

the probability of the parameter. It is an interval 
in the domain of a posterior probability 

distribution used for interval estimation. 

= E(θ/y) ± Zα

2
SD(θ/y)                              (10) 

Where, 

E(θ/y) = Posterior Mean, SD(θ/y)
=  Posterior Standard  Deviation 

andZα

2
= z − value 

DATA ANALYSIS 

Table Ishows cross tabulation of sex and age.  It 

is clearly seen that for each age group, women 

have more cases compare to men. The female 
average age was 53.10 while the male average 

age was 53.50.Also, the age group 52-61 years 

had the highest occurrence of hypertension. 

Table 1.Data on the age and sex distribution for  the hypertensive patients  

Age Distribution 

Sex 

Total Female Male 

2 - 11yr 5 5 10 

12 - 21yr 4 0 4 

22 - 31yr 24 18 42 

32 - 41yr 134 29 163 

42 - 51yr 227 72 299 

52 - 61yr 252 90 342 

62 - 71yr 151 86 237 

72 - 81yr 52 10 62 

82 - 91yr 12 2 14 

92yr+ 1 0 1 

Total 862 312 1174 

Determination of Distribution of the Data Using Normal Curve 

From the figure below, it is observed that the data is normally distributed. Therefore, normal 

distribution density function will be employed to obtain the data likelihood. 

 
Figure1. Normal Curve Depicting Data Distribution 

Therefore, 

  μ = 53.23andσ = 13.168 

The mean and standard deviation of the data are 53.23 and 13.168 respectively. 

Testing for the goodness of fit 
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H0 = The distribution of the age follows normal distribution 

H1 = The distribution of the age does not follow normal distribution. 

Table2.Chi-square Easyfit Output 

Chi-Squared 

Deg. of freedom 

Statistic 

P-Value 

Rank 

10 

19.312 

0.03648 

1 

 0.2 0.1 0.05 0.02 0.01 

Critical Value 13.442 15.987 18.307 21.161 23.209 

Reject? Yes Yes Yes No No 

From Table II shows that normal distribution was rank the best among other distribution that was in 

line with the data and was accepted at 98% and 99% Confidence Interval. 

Bayesian Analysis 

A non-informative and informative prior will be 

used to ascertain the average age of 

hypertensive patients in the area under coverage. 

Posterior Mean and Standard Deviation 

Using Uniform Prior 

The Bayes Estimate (Posterior mean) of the age 
distribution of the patients is; 

E θ yi =  θ × P θ yi = 53.40156

1174

i=1

 

And the Posterior Variance is; 

V θ yi = E θ2 yi − [E θ yi ]2 

Where,     

E θ2 yi =  θ2 × P θ yi = 2934.494

1174

i=1

 

Therefore, 

V θ yi = 2934.494 − (53.40156)2 

V θ yi = 82.76787 

Also, 

Posterior Standard Deviation =  V θ yi  

=  82.76787 

= 9.097685 

Posterior Mean and Standard Deviation 

Using Conjugate Prior 

Using the conjugate prior of a Normal 

Distribution which is also Normal Distribution 
with a mean and variance parameters. It is given 

as: 

f y μ = e
−

1 
2σ2(y−μ)2

 

The Posterior Mean (Bayes Estimate) of y is 

E θ y = m′ =
(σ2m + s2y)

σ2 + s2
   = 53. 7014   

Where Posterior Variance is 

V θ y = (s′)2 =
(σ2m + s2y)

σ2 + s2
= 10.8921 

Therefore, the Posterior Standard Deviation is = 
3.3003 

The credible interval 

= Posterior mean of point estimate 

± Zα/2 (Posterior Precision) 

= E(θ/y) ± Zα
2

SD(θ/y) 

Where, 

 E(θ/y) = 53.7014, SD(θ/y) =
 3.3003andZα

2
= 1.96 

Therefore, 

The 95% credible interval for y (the average age 
of hypertensive patients): [47.23, 60.17] 

RESULTS AND SUMMARY OF FINDINGS 

A total number of 1174 patients’ information 

was used in the analysis. The data was obtained 

between January and November 2016. The age 

of the patients range from 2 to 99 years which 

was grouped into 10 classes of 10 class size. 

Majority 342(29.1%) of the patients fall within 

the age group 52 and 61 years while only 1 

patient fall within the age group 92 and 99 

years. More than three-quarters of the patients’ 

ages 1041(88.7) fall within four age groups (i.e 

between 32 and 71 years) while 133(11.3%) 

which less than one-quarter fall within the 

remaining six age groups (i.e. between 2 and 31 

years, and 62 and 99 years). The average age of 

the patients is 53yeras±13.4568. 862(73.4%) of 
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the patients were female while 312(26.6%) of 

them were male. The female average age was 

53.10±13.203 whilethe male average age was 

53.50±13.301.Chi-square and normal curve 

was used to show that the age distribution of the 

respondents follow normal distribution. Using a 

positive uniform prior (which is non-

informative), the posterior follows a normal 

distribution. The posterior mean (Bayes 

estimate) of the age distribution of hypertensive 

patients is 53.402 while the posterior standard 

deviation is 9.098.Using a Conjugate prior 

(which is informative), the prior, the likelihood 

and the posterior follow a normal distribution. 

The posterior mean (Bayes estimate) of the age 

distribution of hypertensive patients is 53.7014 

while the posterior standard deviation is 

3.3003.The posterior confidence interval for 

average age of hypertensive patients is [47.23, 

60.17]. 

CONCLUSION 

This research outlines the basic goal of Bayesian 

inference, which is understood as a weighted 

average between knowledge about the parameter 

before data is observed (which is represented by 

prior distribution) and the information about the 

parameters (average age of hypertensive 

patients) contained in the observed data (which 

is represented by the likelihood function). In all, 

the following findings were made:Having 

grouped data into 10 age groups, the frequency 

distribution of age groups of hypertensive 

patients in the area under study was obtained 

and the age group that had the highest 

occurrence is 52-61 years. Age distribution of 

hypertensive patients in the area under study 

follows a normal distribution. The average age 

of hypertensive patients in the area was obtained 

to be 53.23. For the classical approach, non-

informative and informative prior give the same 

average age (53 years) but 13.168, 9.098 and 

3.3003 standard deviation respectively.Credible 

Interval for posterior mean was obtained to be 

[47.23, 60.17] 

REFERENCES 

[1] Amoah AGB. Hypertension in Ghana: a cross-

sectional community prevalence study in 

Greater Accra. Ethn Dis. 2003;13:310–315.  

[2] Bartosh SM, Aronson AJ. Childhood 

hypertension: an update on etiology, diagnosis, 

and treatment. PediatrClin North Am 

1999;46(2):235-252. 

[3] Bradshaw D, Groenewald P, Laubscher R, 

Nannan N, Nojilana B et al. (2003) Initial 

burden ofdisease estimates for South Africa, 

2000. South African Medical Journal 93(9) 

[4] Delbecq A, Van de Ven A, Gustafson D. Group 

techniques for program planning: A guide to 

nominal group and delphi process. Glenview, 

IL:Scott, Foresman;1975. 

[5] European Society of Hypertension/European 

Society of Cardiology (2003).Guidelinesfor the 

management of arterial hypertension.Journal of 

Hypertension,21:1011–1053. 

[6] Franklin SS, Gustin W, Wong ND, Larson MG, 

Weber MA, Kannel WB, et al. 

Hemodynamicpatterns of age-related changes 

in blood pressure. The Framingham Heart 

Study.Circulation 1997;96:308-15. 

[7] Gelman, A., Carlin, J. B., Stern, H. S. and 

Rubin D. B. (2004): Test in Statistical Science: 

Bayesian Data Analysis. Second Edition 

[8] González-Velázquez F, Mendez GF. 

Cardiovascular risk stratification by mean of 

the SCORE system in healthcare workers in 

Veracruz, Mexico.Int J Cardiol. 2006;121:81-

83. 

[9] Hillege HL et al. Urinary albumin excretion 

predicts cardiovascular andnoncardiovascular 

mortality in general population. Circulation, 

2002, 106:1777–1782. 

[10] JNC 6. National High Blood Pressure 

Education Program.The sixth report of the Joint 

National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood 

Pressure.ArchIntern Med 1997;157:2413-46. 

[11] Kearney PM, Whelton M, Reynolds K, 

Muntner P, Whelton PK, He J. Global burden 

of hypertension: Analysis of worldwide data. 

Lancet 2005; 365:217-23. 

[12] L, Rodicio JL, eds. Hypertension. London, 

McGraw Hill International, 2001: 63–71. 

[13] Last JM, Abramson JH. A dictionary of 

epidemiology. 3rd ed. New York, NY: Oxford 

University Press;1995. 

[14] Mancia G et al. Ambulatory blood pressure is 

superior to clinic blood pressure inpredicting 

treatment induced regression of left ventricular 

hypertrophy. Circulation,1997, 95:1464–1470.  

[15] Mayosi B, Fisher A, Lalloo U, Sitas F, Tollman 

S & Bradshaw D (2009) Health in South Africa 



Bayesian Analysis of Average Age Prevalence of Hypertensive Patients in South Western Part of Nigeria 

33                                    International Journal of Research in Humanities and Social Studies V5 ●I6 ●2018                                       

4. TheBurden of non-communicable diseases in 

South Africa.The Lancet 374(9693): 934- 947. 

[16] Messerli FH et al. Serum uric acid in essential 

hypertension: an indicator of renalvascular 

involvement. Annals of Internal Medicine, 

1980, 93:817–821.  

[17] Minematsu K, Omae T. Detection of damage to 

the brain. In: Zanchetti A, HanssonMogensen 

CE.(2003).Microalbuminuria and hypertension 

with focus on type 1 and 2diabetes. Journal of 

Internal Medicine,254:45–66. 

[18] Murray CJ, Lopez AD. Mortality by cause for 

eight regions of the world.Global Burden of 

Disease.Lancet.1997;349:1269–1276.  

[19] National Heart, Lung, and Blood Institute. 

Report of the Second Task Force on Blood 

Pressure Control in Children-- 1987.Pediatrics 

1987;79(1):1-25. 

[20] National High Blood Pressure Education 

Program. Report of the National High 

BloodPickering T. Recommendations for the 

use of home (self) and ambulatory 

bloodpressure monitoring. American Society of 

Hypertension Ad Hoc Panel. AmericanJournal 

of Hypertension, 1996, 9:1–11.  

[21] Pressure Education Program Working Group on 

High Blood Pressure in Pregnancy. Am J 

ObstetGynecol2000;183:S1-22. 

[22] Roccella E, Kaplan N. Interpretation and 

evaluation of clinical guidelines. In: Izzo JL Jr, 

Black HR (editors): Hypertension Primer: The 

Essentials of High Blood Pressure: Basic 

Science, Population Science, and Clinical 

Management. Philadelphia, PA: Lippincott 

Williams & Wilkins; 2003. pp. 126-7.  

[23] Ruilope LM et al. (2001).Renal function and 

intensive lowering of blood pressure 

inhypertensive participants of the Hypertension 

Optimal Treatment (HOT) study.Journal of the 

American Society of Nephrology, 12:218–225.  

[24] Sakuma M et al.(1997).Reproducibility of 

home blood pressure measurements over a1-

year period.American Journal of Hypertension, 

10:798–803.  

[25] Shaughnessy AF, Slawson DC, Bennett JH. 

(1994). Becoming an information master: A 

guidebook to the medical information jungle.J 

FamPract,39:489-99. 

[26] Sheps SG, Roccella EJ. (1999).Reflections on 

the sixth report of the Joint National Committee 

on Prevention, Detection, Evaluation, and 

Treatment of High Blood 

Pressure.CurrHypertens Rep 1:342-5. 

[27] Skaal L and Pengpid S.(2011). Obesity and 

health problems among South African 

healthcare workers: do healthcare workers take 

care of themselves? S AfrFamPract. 53(6): 563-

567. 

[28] Slawson DC, Shaughnessy AF.(1997). 

Obtaining useful information from expert based 

sources. BMJ314:947-9. 

[29] Steyn NP, Bradshaw D, Norman R, et 

al.(2006). Dietary changes and the health 

transitionin South Africa 2006: implications for 

health policy. Cape Town: South 

AfricanMedical Research Council. 

[30] The seventh report of the Joint National 

Committee on Prevention, Detection, 

Evaluation, and Treatmentof High Blood 

Pressure: The JNC 7 Report. JAMA 

2003;289:2560-72. 

[31] U.S. Department of Health and Human 

Services, National Heart, Lung, and Blood 

Institute. 2001. 

[32] Vasan RS, Beiser A, Seshadri S, Larson MG, 

Kannel WB, D’Agostino RB, et al. (2002). 

Residual lifetime risk for developing 

hypertension in middleaged women and men: 

The Framingham Heart Study. 

JAMA;287:1003-10. 

[33] Vasan RS, Larson MG, Leip EP, Kannel WB, 

Levy D. Assessment of frequency of 

progression to hypertension in nonhypertensive 

participants in the Framingham Heart Study: A 

cohort study. Lancet 2001;358:1682-6. 

[34] WHO (2011) Global status report on non-

communicable diseases. Geneva: WHO 

[35] WHO (2011) Non Communicable Diseases 

country profile. Geneva: WHO. 

[36] WHO (2011) Report on the Global Tobacco 

Epidemic: Warning about the dangers of 

tobacco.Geneva 

http://whqlibdoc.who.int/publications/2011/978

9240687813 

(accessed 14 May 2013) 

[37] WHO (2011) Serum retinol concentrations for 

determining the prevalence of vitamin A 

deficiencyin populations. Vitamin and Mineral 

Nutrition Information System. Geneva:WHO. 

http://www.who.int/vmnis/indicators/retinol.pdf 

[38] WHO (2013) Global Health Observatory Data 

Repository. 

http://apps.who.int/gho/data/node.main. A1079 

[39] WHO African Region (2013). Stakeholders’ 

Dialogue to Address Risk Factors for Non-

http://whqlibdoc.who.int/publications/2011/9789240687813
http://whqlibdoc.who.int/publications/2011/9789240687813
http://www.who.int/vmnis/indicators/retinol.pdf
http://apps.who.int/gho/data/node.main.%20A1079


Bayesian Analysis of Average Age Prevalence of Hypertensive Patients in South Western Part of Nigeria 

International Journal of Research in Humanities and Social Studies V5 ●I6●2018                                     34     

communicableDiseases in the WHO African 

Region. Meeting held in Johannesburg, South 

Africa  

[40] Wolf-Maier K, Cooper RS, Banegas JR, 

Giampaoli S, Hense H, JoffresM, Kastarinen 

M, Poulter N, Primatesta P, Rodriguez-Artalejo 

F,Stegmayr B, Thamm M, Tuomilehto J, 

Vanuzzo D, Vescio F. (2003). Hypertension 

prevalence and blood pressure levels in 6 

European countries,Canada, and the United 

States.JAMA.289:2363–2369.Whelton PK, He 

J, Appel LJ, Cutler JA, Havas S, Kotchen TA, 

et al. (2002).Primary prevention of 

hypertension: Clinical and public health 

advisory from The National High Blood 

Pressure Education Program. JAMA;288:1882-

8 

[41] William M. Bolstad: Introduction to Bayesian 

Statistics, John Wiley and Sons Inc. Hoboken, 

New Jersey, 2004 Edition. 

 

Citation: Olawale Basheer Akanbi.” Bayesian Analysis of Average Age Prevalence of Hypertensive Patients 

in South Western Part of Nigeria”. (2018). International Journal of Research in Humanities and Social 

Studies, 5(6),  pp.28-34. 

Copyright: © 2018 Olawale Basheer Akanbi.This is an open-access article distributed under the terms of 

the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in 

any medium, provided the original author and source are credited. 

 

 


