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Background: Hypertension is a common non-communicable disease detected through blood pressure measurement that makes 
periodic health examinations crucial for the detection, prevention, and timely treatment.
Objective: To assess the frequency of blood pressure examination and its determinant among civil servants in Arba Minch Town, 
south Ethiopia.
Methods: From February to March 2020 an organization-based cross-sectional study design was employed among civil servants in 
Arba Minch town. Data were collected from 580 randomly selected civil servants using a well-structured questionnaire. Hurdle 
Poisson regression model was conducted to identify determinants of frequency of blood pressure examination using R version 4.0.2.
Results: A total of 407 (70.2%) civil servants had never examined their blood pressure within a year before the study time. The 
mean frequency of blood pressure examination was 0.71 with a standard deviation of 1.46. The hurdle Poisson regression 
analysis indicates age above 40 years (IRR = 6.11, p < 0.001), elevated blood pressure (IRR = 1.48, p < 0.001), no family history 
of hypertension (IRR = 0.59, p < 0.001) had significant effects on the expected number of non-zero counts blood pressure 
examination. And education status (OR; 2.39, p < 0.05), poor knowledge about hypertension, not getting advice from health 
professionals (OR = 8.93, p < 0.001), and age above 40 years had significant effects on not taking blood pressure examination.
Conclusion: The frequency of blood pressure examinations among civil servants was found to be low. This study reveals age, 
elevated blood pressure, family history of hypertension, getting advice, and knowledge on hypertension were found to be determinants 
of the frequency of blood pressure examination. Thus, concerned health authorities and medical workers should work on these factors 
to prevent and detect hypertension among apparently healthy civil servants.
Keywords: Arba Minch, blood pressure examination, Ethiopia, hurdle Poisson regression, hypertension

Background
Hypertension is a major public health problem that causes heart disease, stroke, renal failure, premature death, and 
disability.1 And maintaining blood pressure in the normal range reduces 50% risk of heart failure, 40% risk of 
cerebrovascular accidents, and 25% risk of myocardial infarction.2 Approximately 17 million people die each year 
worldwide as a result of cardiovascular disease. Of these, 9.4 million die from complications of hypertension.3

Globally, diagnosed hypertension in 2019 was 59% in women and 49% in men, with less than half receiving 
treatment, 47% in women and 38% in men. Of these, only 23% of women and 18% of men controlled their blood 
pressure.4 This means that significant proportions of the world’s population were not diagnosed, were not treated after 
diagnosis, and did not control their blood pressure during treatment. Due to difference in risk factors such as unhealthy 
diet, lack of exercise, and obesity, the prevalence of hypertension varies among regions of the world. It is lower in high- 
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income countries (28.5%) than in low- and middle-income countries (31.5%). It was also slightly higher in men (31.9%) 
than in women (30.1%).5

Hypertension is a growing problem in developing countries, including Africa, and is the leading cause of morbidity 
and mortality from non-communicable diseases, accounting for 13% of all deaths worldwide.6 In many developing 
countries, more and more people are suffering from heart attack and stroke due to undiagnosed and uncontrolled risk 
factors such as high blood pressure.1 The staggering rise in hypertension and cardiovascular disease in Africa will have 
significant economic implications as there are many productive age groups affected by hypertension and its 
complications.7

Hypertension is a public health problem in Ethiopia and was the country’s seventh leading cause of death in 2000– 
2001, accounting for 1.4% of all deaths.8 A study indicates about one in four people in Ethiopia suffered from 
hypertension, and this was higher in the urban population (23.7%) than in the urban-rural population (14.7%). It was 
slightly higher in men (20.6%) than in women (19.2%).9 Despite this, about 37–78% of hypertensive patients were 
unaware of their blood pressure situation,10 and 12.3% to 40% of the population affected by undiagnosed 
hypertension.11–16 This evidence suggests the importance of blood pressure screening for preventive, control and timely 
treatment of hypertension.

Periodic health examination (PHE) is a common component of preventive medicine that helps to detect risk factors 
and early signs of disease, used as a tool for early case finding, preventing illness through early intervention, and includes 
physical examination and screening tests.2 Also, it is essential to increase health-seeking behavior of the population.17 

Hypertension is a common non-communicable disease that detects commonly through unexpected blood pressure 
measurements which makes PHE crucial for the detection, prevention, and timely treatment.2 And BP is widely measured 
during PHE.18

There are various blood pressure screening methods around the world. Among them, office blood pressure measurement 
(OBP) is commonly and widely used to detect hypertension. The second commonly used method is ambulatory blood 
pressure monitoring (ABPM). This type of blood pressure screening method provides information about mean 24-hour 
blood pressure, means daily blood pressure, means nighttime blood pressure, and calculated nighttime blood pressure drop 
rate, and is the best way to diagnose hypertension. A third method is home blood pressure monitoring (HBPM). It is widely 
used in many countries and is the best method for long-term hypertension tracking. Others include blood pressure 
measurement in pharmacies and public places (kiosks), cuffless wearable blood pressure measurement, and blood pressure 
measurement using mobile technology.19–21 In the United States, a combination of office blood pressure (OBP), ambulatory 
blood pressure monitoring (ABPM), and home blood pressure monitoring (HBPM) screening methods is recommended.22 

But in our study only office blood pressure measurement (OBP) is used in government and private clinical settings 
screening for hypertension because other methods are not available.

To reduce the consequence of hypertension periodic blood pressure examination is mandatory. But there is limited 
evidence on periodic blood pressure examination in Ethiopia; hence, the objective of this study was to identify the 
determinants of periodic blood pressure examination among civil servants in Arba Minch town hypothesizing that there 
are factors associated with periodic blood pressure examination.

Materials and Methods
Study Design and Sources of Data
A cross-sectional study design was conducted in February–March among civil servants in the town of Arba Minch, 
Gamo Zone, Southern Ethiopia. Primary data were collected using a structured questionnaire administered by 
a personal interviewer that addressed the frequency of 12-month blood pressure assessments and related factors. 
Civil servants who had worked in the town of Arba Minch for at least 12 months and on work during the data 
collection were included, but those who had regular medical visits and already diagnosed as hypertension were 
excluded from the study.
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Knowledge about hypertension was measured using 19 standard questions.23 The collected data were coded “1” for 
correct answers and “0” for incorrect answers. We then summed up the correct answers and categorized those who scored 
above average as “know good” and “not good otherwise”.

Study Variables
The dependent and independent variables with their description are discussed in Table 1.

Sample Size Determination
A sample size of 580 was determined using a formula in [i]1 with the assumption of 5% level of significance, 0.05 margin 
of error, and standard deviation of 0.64001 from pilot study conducted in the study area.24

Sample size n = 580 were determined as shown below

where N is the total number of civil servants which is 7250, d is the margin of error, s is the standard deviation of blood 
pressure examination per year and Z2α=2 

= 1.96.

Sampling Technique
To get the sampling frame, we used secondary data from all civil service organizations found in Arba Minch town. 
Information from the government offices showed that there were 7250 civil servants. The respondents of this study were 
selected using single stage simple random sampling technique.

Statistical Models
The outcome variable of this study is the number of blood pressure examinations of a person within the last 12 months 
which is a count data. Count regression models are often used to model count data and analysis of count data can be done 
in various fields, including health science. The most commonly used are Poisson and negative binomial regression 
models. One of the assumptions of the Poisson model is that the variance equals the mean. However, count data often 
deviate from the Poisson distribution. This is because the variance of the observed variable, known as over-dispersion, 

Table 1 Coding and Variable Description for the Analyzed Blood Pressure Examination

Dependent variable Description

Blood pressure examination Number of blood pressure examination per year

Independent variables Categories

Age 0 = < 40, 1 = ≥ 40 years

Gender 0 = Male, 1 = Female

Marital status 0 = Unmarried, 1 = Married

Education 0 = below 1st degree, 1 = 1st degree and above

BMI 0 = Normal, 1 = Underweight, 2 = Overweight

Knowledge about hypertension 0 = Have Good, 1 = Have not Good

Advised by health professionals 0 = advised, 1 = not advised

Blood pressure status 0 = Normal, 1 = Elevated

Family history of hypertension 0 = Yes, 1 = No
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becomes larger than the mean as the percentage of zeros increases. In other words, excessive zeros in count responses can 
cause over-dispersion and lead to biased inferences. Negative binomial (NB) regression models, the most popular 
alternative to Poisson regression, address over dispersion by explicitly modeling correlated and sparse events via latent 
variables. Although the NB regression model can deal with over scattering, it is not appropriate to model data with a high 
percentage of zero counts. As a result, the regression model zero-inflated Poisson, zero-inflated negative binomial, and 
hurdle Poisson or hurdle negative binomial are used.25,26

When multiple maximum likelihood counting models are available, the Akaike Information Criterion (AIC) and the 
Bayesian Schwartz Information Criterion (BIC) can be used to compare the performance of alternative models based on 
multiple probability measures.27,28

In this study, hurdle Poisson regression models were used to model the number of blood pressure examination of 
a person within a year after comparing with Poisson, negative binomial, zero-inflated Poisson, zero-inflated negative 
binomial, hurdle Poisson, and hurdle negative binomial regression models (Table 2).

Hurdle Poisson Model
The hurdle model is a binary mixed model consisting of a probability of zero counts and a truncated Poisson distribution.12 

Unlike the zero-inflated model which assumes that zero observations have two distinct origins namely structural and sampling, 
a hurdle model assumes that all zero observations only have one origin namely “structural”. Let the response variables of the ith 

Table 2 Socio Demographic and Health-Related Factors of Civil Servants in 
Arba Minch Town

Variables Frequency Percent

Gender Female 249 42.9

Male 331 57.1

Age <40 418 72.1

≥40 162 27.9

Marital Status Unmarried 278 47.9

Married 302 52.1

Education Below 1st degree 213 36.7

Degree and above 367 63.3

BMI Normal 447 77.1

Under weight 29 5.0

Over weight 104 17.9

Knowledge about hypertension Good knowledge 203 35

Poor knowledge 377 65

Advice from health professionals Advised 255 44

Not advised 325 56

Blood pressure status Normal 489 84.3

Elevated 91 15.7

Family history of hypertension Yes 89 15.3

No 491 84.7
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count data Yi, i = 1, 2, 3, …, n, where n indicates the total number of count data. If the count data is distributed Poisson, the 
probability distribution for the Hurdle Poisson is given as follows:

Where pi ¼ pðyi ¼ 0Þ ; 0<pi<0 and λi ¼ expðxiβÞ.
For this study, P (i) is the probability of not taking blood pressure examination. The most natural choice for modeling 

the probability of zero is the logistic regression model

where zi ¼ 1; zi1;zi2; . . . ; ziq
� �

is the ith row of covariate matrix Z and are unknown q-dimensional column vector of 
parameters.

Count data (truncated at zero) are modeled using Poisson regression model:

Where xi ¼ 1; xi1;xi2; . . . ; xip
� �

is the ith row of covariate matrix X and β ¼ β1; β2; . . . ; βp

� �
are unknown p-dimensional 

column vector of parameters. The Maximum Likelihood Estimation (MLE) method is used to estimate parameters in the 
count models.26

Model Compressions of Count Data Analysis
The predictable power of the count models Poisson, NB, ZIP, ZINB, HP, and HNB were compared for the zero counts. 
Poisson and Negative Binomial models underestimated zero counts, the zero-inflated models overestimated zero counts 
and the hurdle models captured all zero values. The AIC and BIC test statistics suggest that the Poisson hurdle 
Regression model is a significant improvement over the other count models since the value of AIC and BIC are smaller 
than the other models. Consequently, the analysis is done by applying this model only (Table 2).

Ethical Consideration
Ethical approval and clearance were obtained from the College of medicine and health Sciences, Arba Minch University. 
Written informed consent was obtained from the study participant after informing the purpose of the study. The study 
conducted corresponds to the Declaration of Helsinki.

Results
A total of 580 civil servants with a mean age of 36 years participated in the study. The majority of respondents were male 
331 (57.1%), married 302 (52.1%), had at least a first degree 367 (63.3%), and had a normal body mass index 447 
(77.1%). Less than 1 in 5 had elevated blood pressure and a family history of hypertension (Table 3).

Frequency of Blood Pressure Examination
More than seven out of ten civil servants 407 (70.2%) never examined their blood pressure for the last 12 months. The 
minimum frequency of examination was 0 and the maximum frequency of examination was 8 with 0.71 mean and 1.458 
variances. This indicated that the distribution was extremely skewed right with a spike at zero Figure 1.

Results of Hurdle Poisson Regression Analysis
From the count part of the hurdle Poisson regression model variables like age, family history of hypertension and 
elevated blood pressure had a significant effect on the expected number of non-zero frequencies of blood pressure 
examination. The expected number of non-zero frequencies of blood pressure examination of participants with age 
greater than or equal to 40 years was 6.11 times more examined than participants with age less than 40 years (Incidence 
Rate Ratios [IRR]: 6.11, p < 0.001). The expected numbers of non-zero frequencies of blood pressure examination of 
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civil servants not having a family history of hypertension were 0.59 times less examined than civil servants having 
a family history of hypertension. The expected number of non-zero frequencies of blood pressure examination of civil 
servants with elevated blood pressure was 1.48 times more examined than civil servants with low blood pressure 
(Table 4).

The odds of no blood pressure examination were 2.39 times higher among civil servants who had a first degree and 
above compared to those who had a diploma and less (OR: 2.39, p < 0.001). The odds of no blood pressure examination 
were 78.26 times higher among civil servants who had poor knowledge compared to their counterparts. Civil servants 
who did not receive advice from health professionals were 8.93 times more likely not examined than civil servants who 
receive advice (OR: 8.93, p < 0.001) and civil servants without a family history of hypertension were 62% less likely not 
to be blood pressure examined than civil servants with a family history of hypertension (Table 4).

Discussion
Blood pressure examination is an excellent mechanism for detecting and treating hypertension and controlling related 
diseases such as coronary artery disease, acute myocardial infarction, peripheral vascular disease, stroke, congestive heart 
failure, and renal failure, and premature death. The purpose of this study was to document the frequency and associated 
factors of blood pressure examination in civil servants. However, this study had certain limitations, including recall bias, 
lack of data on blood pressure self-measurement, and self-measurement challenges.

Table 3 Model Comparison Using AIC, BIC and Number of Zeros

No Models Df AIC BIC No of 0s

1 Poisson 11 865.04 913.04 403

2 Negative Binomial 12 863.44 915.80 408

3 Zero-inflated Poisson 22 787.51 883.49 419

4 Zero-inflated Negative binomial 23 789.51 889.85 419

5 Hurdle Poisson 22 752.81 849.79 407

6 Hurdle Negative Binomial 23 754.91 855.26 407

Observed No of 0s 407

Figure 1 Frequency of blood pressure examination for the last 12 months among civil servants in Arba Minch town.
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A previous study conducted in Ethiopia found a high level of hypertension among civil servants and recommend 
instructional-based blood pressure examination.29 But the frequency of blood pressure examination still has not 
improved. In this study, 70.2% of civil servants were never examined their blood pressure within a year before study 
time and the average number of blood pressure examinations was 0.71 with a variance of 1.458. It is a known fact that as 
age becomes older the elasticity of the blood vessels was reduced which increases the risk of hypertension. Also, 
evidence indicated that the incidence of hypertension was higher among older individuals.29 This evidence may 
encourage the older population to examine their blood pressure frequently. Our finding supports this idea that the 
frequency of blood pressure examination among participants with age greater than or equal to 40 years were 6.11 times 
more than participants with age less than 40 years. This may be due to participants’ fear of elevated blood pressure due to 
the significant association between age and hypertension, with the risk of hypertension increasing with age.29,30

In this study, a family history of hypertension has significant effects on the blood pressure examination. This may be 
because a family history of hypertension is one of the cause for elevated blood pressure,31,32 and those individuals who 
observe one of their family members suffering from hypertension had a better intention to check the blood pressure level. 
According to this study, elevated blood pressure was identified as another factor that affects the expected frequency of 
blood pressure examination. This is because civil servants with elevated blood pressure may want to control their blood 
pressure. One of the findings of this study showed that knowledge of hypertension had a significant effect on blood 
pressure examination. The probability of not making blood pressure examinations was high for those civil servants who 
did not have a good knowledge of hypertension. This may be because knowledge of hypertension has an association with 
self-care practice.33 Getting advice from a health professional was found significant association with blood pressure 
examination. The probability of not making blood pressure examinations was high for those civil servants who did not 

Table 4 Parameter Estimates of Hurdle Poisson Regression Model

Variables Count Part Logit Part

β Std. IRR p-value β Std. OR p-value

Gender
Female −0.10 0.13 0.90 0.44 0.08 0.34 1.08 0.82

Age
≥ 40 years 1.81 0.28 6.11 1.6e-10 1.75 0.36 5.75 1.3e-06

Educational status

Degree and above −0.21 0.13 0.81 0.11 0.87 0.36 2.39 0.02

Marital Status
Married −0.11 0.14 0.90 0.40 0.32 0.33 1.38 0.32

BMI
Under −0.05 0.33 0.95 0.88 −0.31 0.66 0.73 0.64
Over 0.13 0.14 1.14 0.38 0.65 0.43 1.92 0.13

Knowledge on hypertension
Poor −0.04 0.19 0.96 0.84 4.36 0.40 78.26 2e-16

Health professionals advise
Not advised −0.29 0.20 0.75 0.15 2.19 0.37 8.93 2.2e-09

Family HTN history
Have No history −0.52 0.14 0.59 0.0001 −0.98 0.43 0.38 0.0234

Elevated blood pressure
Yes 0.39 0.14 1.48 0.005 −0.32 0.50 0.73 0.5212

Intercept 0.19 0.37 1.21 0.619 −4.8 0.70 0.01 4.9e-12
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get advice from health professionals. This shows getting advice about blood pressure examination from health profes-
sionals is important.

Our results show that a significant proportion of civil servants are unaware of their blood pressure status despite being 
exposed to sedentary work habit. It also provides evidence that health professionals need to pay special attention to civil 
servants in order to achieve Sustainable Development Goals for non-communicable diseases by 2030.

Conclusion
Less than 3 out of 10 civil servants examined their blood pressure. Variables such as age, education, knowledge, advice 
from a medical professional, family history of hypertension, and elevated blood pressure had a significant impact on 
blood pressure testing. Relevant public health authorities and medical professionals should therefore consider these 
factors in their efforts to prevent and detect hypertension in civil servants.

Abbreviations
AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; PHE, Periodic health examination; SSA, sub- 
Saharan Africa; NB, Negative Binomial; ZIP, Zero Inflated Poisson; ZINB, Zero Inflated Negative Binomials; HP, Hurdle 
Poisson; HNB, Hurdle Negative Binomial; IRR, Incidence Rate Ratios.
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