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Abstract

Background: Developing countries of sub-Saharan Africa (SSA) face a double burden of non-communicable diseases (NCDs)
and communicable diseases. As high blood pressure (BP) is a common global cardiovascular (CV) disorder associated with
high morbidity and mortality, the relationship between gradients of BP and other CV risk factors was assessed in Abia State,
Nigeria.

Methods: Using the WHO STEPwise approach to surveillance of chronic disease risk factors, we conducted a population-
based cross-sectional survey in Abia state, Nigeria from August 2011 to March 2012. Data collected at various steps
included: demographic and behavioral risk factors (Step 1); BP and anthropometric measurements (Step 2), and fasting
blood cholesterol and glucose (Step 3).

Results: Of the 2983 subjects with complete data for analysis, 52.1% were females and 53.2% were rural dwellers. Overall,
the distribution of selected CV disease risk factors was diabetes (3.6%), hypertension (31.4%), cigarette smoking (13.3%), use
of smokeless tobacco (4.8%), physical inactivity (64.2%) and being overweight or obese (33.7%). Presence of hypertension,
excessive intake of alcohol, smoking (cigarette and smokeless tobacco) and physical inactivity occurred more frequently in
males than in females (p,0.05); while low income, lack of any formal education and use of smokeless tobacco were seen
more frequently in rural dwellers than in those living in urban areas (p,0.05). The frequency of selected CV risk factors
increased as BP was graded from optimal, normal to hypertension; and high BP correlated with age, gender, smokeless
tobacco, overweight or obesity, annual income and level of education.

Conclusion: Given the high prevalence of hypertension in this part of Nigeria, there is an urgent need to focus on the
reduction of preventable CV risk factors we have observed to be associated with hypertension, in order to effectively reduce
the burden of NCDs in Africa.

Citation: Okpechi IG, Chukwuonye II, Tiffin N, Madukwe OO, Onyeonoro UU, et al. (2013) Blood Pressure Gradients and Cardiovascular Risk Factors in Urban and
Rural Populations in Abia State South Eastern Nigeria Using the WHO STEPwise Approach. PLoS ONE 8(9): e73403. doi:10.1371/journal.pone.0073403

Editor: Guoying Wang, John Hopkins bloomerg school of public health, United States of America

Received February 19, 2013; Accepted July 20, 2013; Published September 5, 2013

Copyright: � 2013 Okpechi et al. 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.

Funding: No external funding sources for this study.

Competing Interests: All the authors have declared that no competing interests exist.

* E-mail: osogah56156@yahoo.com

Introduction

Developing countries of the world, especially in sub-Sahara

Africa (SSA) face a double burden of communicable diseases (e.g.

HIV/AIDS, malaria and tuberculosis) and chronic non-commu-

nicable diseases [NCDs] (e.g. diabetes, hypertension, cancer and

chronic renal failure) [1]. As much attention continues to be given

to the diagnosis, treatment and eradication of communicable

diseases, the prevalence of many NCDs in these countries have

continued to increase unfettered. Rapid urbanization, often

involving lifestyle changes (high salt and fat diet, cigarette smoking,

increased alcohol intake and lack of exercise) may partly explain

the epidemiological transition in SSA away from infectious

diseases, towards NCDs as leading causes of death [2,3]. It is

estimated that NCDs may account for up to 60–64% of all deaths

in low- and middle- income countries (LMIC); and that by the

year 2015 over 70% of all deaths worldwide will be attributable to

a non-communicable cause [1,4–6]. In South Africa, one study has
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reported an increasing burden of NCDs in rural communities as

well as a disproportionate burden of NCDs in poor people who

live in urban settings [7].

Cardiovascular diseases (CVD) including hypertension, coro-

nary artery disease, cerebrovascular disease, cardiomyopathies,

rheumatic heart diseases, etc., are a major component of NCDs

and are now emerging or rapidly increasing in many developing

countries [8]. Cardiovascular diseases are sustained by risk factors

like use of tobacco and alcohol, physical inactivity and unhealthy

choices of diet. Of all the CVDs, hypertension is globally the most

prevalent as it affects up to 1 billion people, contributing to 7.1

million deaths per year and 92 million disability-adjusted life years

[9]. The prevalence of hypertension reported from many SSA

countries has been shown to vary extensively between and within

studies. Using a BP$140/90 mmHg as cut-off, the prevalence of

hypertension is reported to be between 7.5% in Sudan [10] and

42.2% in Nigeria [11].

The relationship between BP and CV risk is known to be

continuous such that CV risk doubles with every 20 mmHg

elevation in systolic BP (SBP) or 10 mmHg elevation in diastolic

BP (DBP) [12]. There is still paucity of data in SSA assessing the

relationship between gradients of hypertension (as defined by

various guidelines) and the frequency of selected CV risk factors

determined from large population studies. Hence, the purpose of

this study is to examine this relationship in rural and urban

populations in Abia state, South East of Nigeria using the WHO

STEPwise approach [13].

Materials and Methods

Ethics Statement
This study was approved by the Abia State Ministry of Health

Ethics Review Committee and all the participants provided

informed consent in writing, in accordance with the Declaration

of Helsinki.

Study Population
Abia state is in the South Eastern part of Nigeria with an

estimated population of 3,152,691 people (approximately 2% of

the national population) (see Figure 1). It is predominantly

inhabited by Igbo people of Nigeria. This study was of cross-

sectional design using the WHO STEPwise approach to surveil-

lance in adult men and women aged 18 years and older in Abia

state.

We adopted the WHO STEPS guideline (http://www.who.int/

chp/steps/resources/sampling/en/) to calculate the appropriate

and minimum sample size and the STEPS method to select a

representative sample for the state. The level of confidence and the

corresponding margin of error (MOE) used for the sample size

calculation for the survey were 95% and 0.05 respectively. As

there was no previous data on baseline levels of the indicators for

the state, an estimated prevalence of 50% was used in order to

ensure the most conservative sample size (n1). Using the values

obtained and the population estimate for each 10-year age group

by sex cluster for the population of the state (based on the 2006

population census), the estimated sample size was computed for

each age and sex strata (n2). The total sample size was then

adjusted for design effect (n3) and for expected non-response rate

(n4 or final sample size). The design effect of 1 was chosen (for

random sampling) while the expected response rate was 80%.

Step 1: n1 =Z2 p (1-p)/e2

Where:

n = sample size

z = level of confidence (1.96 or 95%)

p= baseline level of indicators (0.5 or 50%)

e =margin of error

Step 2: n2 = n1/(1+ [n1/population])

Step 3: n3 = n2 * design effect

Step 4: n4 = n3/response rate.

Hence, the minimum calculated sample size for this study,

making allowance for design effect, age-sex estimates as well as

non-response rate was 2,880. However, of 2,999 subjects that were

interviewed, 2,983 subjects with complete demographic and

clinical data were included for analysis in this study. A multistage

stratified cluster sampling technique was used to select the study

participants over a seven month period (August 2011 to March

2012). Abia state is divided into three senatorial zones: Abia

North, Abia Central and Abia South. One rural and one urban

local government area (LGA) was randomly selected from each

senatorial zone. They were Ohafia and Isuikwuato/Bende for

Abia North, Umuahia North and Ikwuano for Abia Central and

Aba South and Ukwa East for Abia South Senatorial Zones

(Figure 1). In each LGA, four Enumeration Areas (EAs) were

randomly selected from the listing of all the EAs. Households in

these EAs were further listed and eligible participants were

selected. The selection was such that not more than two eligible

participants of either sex were selected from each household.

Using the EA map and starting from a prominent landmark in the

community (e.g. church, school, police station etc), trained

interviewers proceeded from household to household; interviewing

eligible listed respondents until a minimum of 120 respondents

were interviewed in the community.

Study Questionnaire
The WHO-STEPwise approach surveillance questionnaire was

used for data collection, and was administered by a team of trained

health workers comprising of six interviewers and supervisors. The

supervisors were public health physicians, a cardiologist and a

nephrologist. Information collected included socio-demographic

parameters such as gender, age, use of alcohol and tobacco and

dietary information on consumption of fruits and vegetables.

Other data recorded includes personal history and family history

of chronic NCDs such as hypertension, diabetes, cancer, asthma

and awareness of common NCDs and physical activity.

Anthropometry and Blood Pressure Measurement
Weight and height were measured and used to assess the body

mass index (BMI). Body mass index was categorized using

standard cut-off values. Blood pressure measurements were

performed with an Omron Digital Blood Pressure machine

(Omron M2 automatic BP monitor - Tokyo Japan) which was

battery powered. Blood pressure was measured with subjects

sitting and after resting for 5 minutes and with their legs uncrossed.

Three BP reading at intervals were taken; the average of the

second and third readings was used for analysis. Systemic

hypertension was defined as SBP$140 mmHg and or

DBP$90 mmHg or normal SBP and DBP in a subject using

antihypertensive treatment [14]. Gradients of BP into ‘‘optimal’’,

‘‘normal’’, ‘‘pre-hypertension’’, ‘‘stage 1’’, ‘‘stage 2’’ and ‘‘stage 3’’

hypertension was defined according to guideline recommendations

[14–16].

Biochemical Analysis
Although blood was drawn in the fasting state for assessment of

glucose and fasting lipogram, only fasting glucose was evaluated in

all the subjects. Fasting lipogram could only be performed in 168

subjects, i.e. 5.6% of the entire study population and was therefore

not used in analysis of our data.

Blood Pressure Gradients and CV Risks in Nigeria
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Data Analysis
Data was analyzed using SPSS statistical software (SPSS Inc,

Chicago Illinois, USA). Data was tested for normality using the

Kolmogorov-Smirnov Test. All the continuous variables were

found to be normally distributed. Continuous variables were

reported as mean 6 standard error of mean (SEM) while

categorical variables were reported as percentages. Pearson

correlation was used to test association of hypertension (presence

or absence) with various demographic variables including age,

gender, place of domicile, smoking, alcohol use, physical inactivity

etc. Significant variables were entered into a multiple regression to

determine the independent predictors of hypertension and the

95% confidence intervals were reported when appropriate. A p-

value of ,0.05 was taken as significant.

Results

Features of the Study Participants Enrolled into the Study
Participants in this study were enrolled from all the enlisted

24 EAs of the six LGAs chosen for this study. Although a total of

2,999 subjects were enrolled, complete data was available only in

2,983 of the subjects who were included in this analysis. There was

a slight preponderance of female subjects in this study (52.1%) and

a slightly higher sampling of subjects in rural areas (53.2%). The

mean age at time of interview was 41.760.3 years (41.560.5 years

for males and 41.860.5 years for females) with 47.8% of all those

sampled falling within the age group of 20–39 years old; similar to

the proportion of this age group in the Abia state adult population.

There were 319 people (10.7%) without any formal education and

2011 people (67.4%) were actively employed. The level of illiteracy

was higher in rural dwellers and in females (Table 1).

The Extent of Selected Risk Factors for Non-
communicable Diseases in Abia State, Nigeria
Diabetes mellitus was present in 3.6% of all those assessed and

this was similar in distribution for males and females and those in

urban or rural areas (P.0.05). Overall, high intake of alcohol,

inadequate consumption of fruits and vegetables and low physical

activity were commonly observed (46.9, 70.4 and 64.2%

respectively). Alcohol consumption (including daily intake and

excessive use of alcohol) was significantly higher in males than in

females (66.4% vs 28.9%; P,0.05). There was a significantly

higher proportion of females that were overweight or obese

compared to males (37.0% vs 30.1%; P,0.05) and a higher

prevalence of overweight and obesity in urban residents compared

to rural inhabitants (37.5% vs 30.4%; P,0.05) (Table 2).

Hypertension was present in 31.4% of the overall population.

Although the frequency of hypertension was significantly higher in

males than in females (34.9% vs 28.1%; P,0.05), there was no

significant difference in the frequency of hypertension in urban

and rural areas (Table 2). In both the rural and urban areas, mean

systolic blood pressure (SBP) was significantly higher in males than

in females and there were significantly more males classified as

pre-hypertension or stage 1 hypertension than females in both

areas (Table 3). The proportion of subjects with stage 2 and stage 3

Figure 1. Geographical location of Abia State in Nigeria showing the distribution of local government areas within the state.
doi:10.1371/journal.pone.0073403.g001
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hypertension was similar to the overall prevalence in urban and

rural males and females.

Also, even though hypertension was seen in 58.7% of

participants with diabetes, most of the subjects were observed to

have systolic hypertension (52.4%) rather than diastolic hyperten-

sion (33.3%). This pattern was seen for all the other NCD risk

factors assessed in our study: smoking (38.4% vs 23.4%); alcohol

(29.4% vs 14.2%); obesity (36.1% vs 18.4%); sedentary lifestyle

(31.1% vs 14.3%); inadequate intake of fruits and vegetables

(28.6% vs 13.1%), no formal education (55.0% vs 23.4%) and low

level annual income (28.1% vs 13.1%) (Table 4). Systolic and

diastolic blood pressures were significantly higher in those who

used any tobacco product (regular cigarettes [SBP: 139.761.6 vs

134.160.7; DBP: 80.061.0 vs 77.660.4] or smokeless tobacco

[SBP: 148.162.9 vs 133.760.6; DBP: 82.161.6 vs 77.560.4]),

those who are overweight or obese [SBP: 137.361.1 vs

132.660.8; DBP: 80.360.6 vs 76.160.5] and those with no

formal education [SBP: 149.662.2 vs 132.660.6; DBP: 82.161.0

vs 77.360.4] (P,0.001) (Figure 2). SBP was not significantly

different between the 2 income groups, however those of low

Table 1. Demographic features of participants enrolled in the Abia State NCD STEPS survey.

Factor Overall (n =2983) Urban (n=1396) Rural (n =1587) Male (n =1430) Female (n =1553)

Male 1430 (47.9) 699 (50.1) 731 (46.1) 1430 (100) –

Female 1553 (52.1) 697 (49.9) 856 (53.9) – 1553 (100)

Age (years) 41.760.3 39.360.5 43.960.5 41.560.5 41.860.5

,20 years 168 (5.6) 84 (6.0) 84 (5.3) 82 (5.7) 86 (5.5)

20–29 years 864 (29.0) 449 (32.2) 415 (26.2) 432 (30.2) 432 (27.8)

30–39 years 561 (18.8) 294 (21.1) 267 (16.8) 255 (17.8) 306 (19.7)

40–49 years 389 (13.0) 199 (14.3) 190 (12.0) 197 (13.8) 192 (12.4)

50–59 years 380 (12.9) 139 (10.0) 241 (15.2) 173 (12.1) 206 (13.3)

60–69 years 282 (9.5) 108 (7.7) 174 (11.0) 131 (9.2) 151 (9.7)

$70 years 312 (10.5) 111 (8.0) 201 (12.7) 153 (10.7) 159 (10.2)

Highest level of education

None 319 (10.7) 108 (7.7) 211 (13.3) 72 (5.0) 247 (15.9)

Primary 731 (24.5) 261 (18.7) 470 (29.6) 374 (26.2) 357 (23.0)

Secondary 1395 (46.8) 668 (47.9) 727 (45.8) 695 (48.6) 700 (45.1)

Tertiary 538 (18.0) 359 (25.7) 179 (11.3) 289 (20.2) 249 (16.0)

Occupation

Employed 2011 (67.4) 916 (65.6) 1095 (69.0) 1011 (70.7) 1000 (64.4)

Studying/Apprentice 403 (13.5) 217 (15.5) 186 (11.7) 212 (14.8) 191 (12.3)

Retired 139 (4.7) 57 (4.1) 82 (5.2) 70 (4.9) 69 (4.4)

Unemployed 430 (14.4) 206 (14.8) 224 (14.1) 137 (9.6) 293 (18.9)

Data is presented as mean 6 standard error of mean (SEM) or as number of subjects (percentage).
doi:10.1371/journal.pone.0073403.t001

Table 2. Distribution of selected NCDs and their risk factors in participants enrolled in the Abia State NCD STEPS survey.

Factor Overall (n = 2983) Urban (n=1396) Rural (n = 1587) Male (n =1430) Female (n=1553)

Diabetes1 107 (3.6) 61 (4.4) 46 (3.0) 51 (3.6) 56 (3.6)

Hypertension 936 (31.4) 429 (30.7) 507 (32.0) 499 (34.9)* 436 (28.1)

Alcohol 1399 (46.9) 669 (47.9) 730 (46.0) 950 (66.4)* 449 (28.9)

Smoking (Ex- and current) 398 (13.3) 184 (13.2) 214 (13.5) 383 (26.8)* 15 (1.0)

Use of smokeless tobacco 142 (4.8) 42 (3.0)# 100 (6.3) 103 (7.2)* 39 (2.5)

Inadequate intake of fruits and vegetables 2100 (70.4) 975 (69.8) 1125 (70.9) 970 (67.8)* 1126 (72.5)

Physical Inactivity 1914 (64.2) 911 (65.3) 1003 (63.2) 995 (69.6)* 918 (59.1)

Obese or overweight 1006 (33.7) 523 (37.5)# 483 (30.4) 431 (30.1)* 575 (37.0)

Low income (#100,000/yr) 1665 (55.8) 706 (50.6)# 959 (60.4) 654 (45.7)* 1001 (64.5)

No formal education 282 (9.5) 90 (6.5)# 192 (12.1) 65 (4.6)* 217 (14.0)

1Represents subjects with self reported diabetes, those with fasting blood glucose $7.0 mmol/L or a random blood sugar $11.1 mmol/L.
*P,0.05 for males vs females.
#P,0.05 for urban vs rural dwellers.
Data is presented as number of subjects (percentage).
doi:10.1371/journal.pone.0073403.t002
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income had a slightly lower DBP compared to subjects of the

higher income group (P,0.05; Figure 2).

Correlates of Hypertension in Abia State, Nigeria
Table 5 shows the correlation between hypertension and

selected NCDs in this study. We observed a strong and significant

correlation between hypertension and age, gender, use of

smokeless tobacco, being overweight or obese and level of

education (P,0.0001). Hypertension also correlated with annual

income (P= 0.025). Cigarette smoking, alcohol use and physical

activity did not correlate with hypertension in this population

(p.0.05). However, a multivariate regression analysis for hyper-

tension and NCD risk factors, indicated that age (P,0.0001),

gender (P = 0.002) and overweight or obesity (P = 0.001) were the

predictors of hypertension (Table 6).

Discussion

Hypertension is common in adults and remains a major risk

factor for both CV and cerebrovascular morbidity and mortality

worldwide [17]. There has for long been much neglect of CV

diseases in developing countries, as these diseases were often

considered not to be a significant problem in developing countries

that have perpetually been under the grip of numerous commu-

nicable diseases. Recently, an increased awareness of the double

burden of disease (communicable plus non-communicable) in

developing countries has gathered pace and has led to increased

surveillance for NCDs in many of these countries.

The results of the present study are important as they

corroborate reports that risk factors for NCDs are common in

SSA and with such high prevalence may significantly contribute to

the prevalence of CV diseases in the region. Our results also show

that certain socio-demographic and cultural factors like poverty

(level of income), level of education and use of smokeless tobacco

may play a role in the development or worsening of high BP in our

population. Our study therefore strengthens the need for regular

and frequent surveillance for NCD risk factors in order to increase

population awareness, and for early identification of people at high

risk for various NCDs.

Our results have also confirmed those of recent large

epidemiological studies in Nigeria that have found a high

prevalence of hypertension among predominantly rural (20.8%)

[18] and low income earners (42.2%) [11]. Despite the reported

high prevalence of hypertension, awareness has often been

reported to be low. In this study only 40.7% of those found to

be hypertensive were aware of having elevated blood pressure.

Ulasi et al have reported only 29.4% awareness prior to screening

[11] while Dzudie et al observed that 31.7% from major cities in

Cameroon were aware of having elevated blood pressures [19]. A

high burden of disease and low awareness of hypertension will

significantly impact on the incidence and prevalence of morbidity

and mortality from cardiovascular diseases. We have previously

reported that an unexpectedly high level of target organ damage

was present in newly diagnosed hypertensives in Nigeria (retinop-

athy in 63.8%, nephropathy in 40.7% and echocardiographic left

ventricular hypertrophy in 36.7%) [20]. This obviously implies

that many in our population with hypertension are likely to first

present with CV or renal complication associated with hyperten-

sion at the time of first diagnosis of hypertension.

Data from the WHO in 2004 suggest that the estimated age-

standardized mortality from CV disease may be up to three times

higher in some SSA countries than in some countries of Europe

[21]. As many rural populations in SSA are undergoing an

epidemiological transition towards a more urban (or Western) way

of life, the prevalence of hypertension as well as other CV risk

factors in many of these areas may be on the increase. Previous

epidemiological studies from many SSA countries have shown

higher prevalence of hypertension in urban compared to rural

areas. Result of the International Collaborative Study of Hyper-

tension in Blacks [ICSHIB]) in seven populations of West African

origin have shown a lower prevalence of hypertension in more

rural West Africa where one in seven adults was found to be

hypertensive compared with one in three adults in the United

States (using the cut-off of 140/90 mm Hg) [22]. Even within West

Africa, the ICSHIB study found that the prevalence of hyperten-

sion was higher in urban than in rural Cameroon whether blood

pressure cut-off was taken as $140/90 mmHg (19.1% vs 15.4%)

or $160/95 mmHg (8.7% vs 6.1%) [22]. Our study shows a

reversal of that trend, with a slightly higher prevalence of

hypertension in rural compared to urban parts of Abia state

(32.0% vs 30.7%). We believe a large part of this can be explained

not only by the differences in income, education or use of

smokeless tobacco between rural and urban dwellers but by the

similarities in their diet (Table 2). Age might also have played a

Table 3. Blood pressure and blood pressure classification of participants dwelling in urban and rural parts of Abia state.

Blood pressure class Overall (n = 2983) Urban (n =1396) Rural (n =1587)

Male n=699 (%) Female n=697 (%) Male n=731 (%) Female n=856 (%)

Mean SBP (mmHg) 134.360.4 136.960.7# 130.560.8 137.060.8* 132.960.9

Mean DBP (mmHg) 77.760.2 78.460.5# 76.560.5 78.060.5 77.960.5

Optimal BP 656 (22.0) 81 (11.6)# 221 (31.7) 105 (14.4)* 249 (29.1)

Normal BP 937 (31.4) 236 (33.8) 205 (29.4) 245 (33.5) 251 (29.3)

Pre-Hypertension 743 (24.9) 230 (33.0)# 138 (19.8) 215 (29.4)* 160 (18.7)

Stage 1 Hypertension 655 (22.0) 189 (27.0)# 124 (17.8) 178 (24.4)* 163 (19.0)

Stage 2 Hypertension 271 (9.1) 62 (8.9) 57 (8.2) 68 (9.3) 84 (9.8)

Stage 3 Hypertension 160 (5.4) 34 (4.9) 29 (4.2) 38 (5.2) 59 (6.9)

Hypertension 936 (31.4) 249 (35.6)# 180 (25.8) 250 (34.2) 256 (29.9)

#P,0.05 for urban males vs females.
*P,0.05 for rural males vs females.
Data is presented as mean 6 standard error of mean (SEM) or as number of subjects (percentage).
doi:10.1371/journal.pone.0073403.t003
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role for the differences in hypertension prevalence between urban

and rural dwellers in our study as rural dwellers were older than

urban dwellers and age is a strong determinant of hypertension in

this study (Tables 1 and 5). In Africa, rural dwellers are frequently

peasants with low income and are often assumed to more likely

consume a healthy diet rich in fruits and vegetables. This may not

always hold true, as this study has shown a similar proportion of

urban and rural dwellers who consume inadequate amounts of

fruits and vegetables (69.8% vs 70.9%). This could therefore

indicate an increased adoption of the unhealthy lifestyles that

predispose to hypertension among rural dwellers. Although a

recent study from the same region in Nigeria reported a higher

prevalence of hypertension in urban dwellers, there was significant

under-sampling from the rural area in that study [23].

Finally, in this study we found an inverse relationship between

presence of hypertension with level of education and level of

income (Table 5). A large study of over 6000 subjects from India

that evaluated sociodemographic, biophysical and biochemical

factors according to socioeconomic and educational levels, has

reported a high clustering of $3 CV risk factors mainly in those

with low education, occupation and socioeconomic status [24].

Similarly, in a birth cohort study conducted to investigate the

contribution of prenatal and antenatal environmental exposures to

later-life hypertensive status, Chen et al. found several factors,

including poor education (OR=1.76, P,0.01), as predictors of

later life hypertensive status [25]. Several factors such as adverse

early life events, unemployment, stressful environment at work,

poor public transport, low social support and cohesion, unhealthy

dietary habits and poverty have been associated with greater

prevalence of CV risks in populations of low socioeconomic status

[26]. Despite having plenty of natural resources such as crude oil,

poverty is common in Nigeria and together with an assortment of

Figure 2. Relationship between selected non-communicable diseases and mean systolic and diastolic blood pressures.
doi:10.1371/journal.pone.0073403.g002
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socio-economic problem; the provision by various tiers of

government towards health care for the population is usually

inadequate. Individuals are therefore often left with inadequate

means of livelihood to give sufficient thought to personal health

issues until complications set in: many people are therefore too

busy trying to make ends meet and are forced to live in a world

where they are completely unaware of the health implications of

their lifestyles. Oladapo et al have, in an epidemiological study of

2000 rural dwellers in Ibadan South-West of Nigeria, identified a

number of patients and health care provider factors that

contribute to chronic health issues [18]. On the part of the

patients, these factors included difficulties with transportation to

clinics, unwillingness to be absent from work hence missing the

day’s wage and many other competing issues; while lack of

medications, equipment and personnel at the hospitals were

contributory factors from the health care providers. A number of

these identified factors hinge on poverty and low levels of

education. In this study, SBP was not significantly different

between the income groups and although DBP was slightly lower

in those who earn a low income, close to a third of those

categorized as low earners had hypertension (Figure 2 and

Table 4). One study of diabetic patients has shown that people

with higher educational attainment benefit to a greater extent

from brief self-care interventions, while those with lower educa-

tional attainment will require more intensive treatment [27].

Whether this could apply to hypertension awareness, treatment

and control in our population is currently unknown. However, our

study results show that there is a high prevalence of hypertension

among those with no formal education and a strong correlation
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Table 5. Correlation analysis for hypertension* and selected
NCD risk factors in Abia state Nigeria.

Factor Pearson’s coefficient P

Age 0.431 ,0.0001

Gender 20.069 ,0.0001

Cigarette Smoking 0.005 0.804

Smokeless tobacco 0.110 ,0.0001

Alcohol 0.012 0.533

Overweight and obesity 0.121 ,0.0001

Annual Income 20.045 0.025

Level of education 20.200 ,0.0001

Physical activity 0.002 0.937

*subjects were stratified as having hypertension or not having hypertension.
Hypertensives were those with SBP and/or DBP$140 mmHg and/or
$90 mmHg respectively or taking antihypertensive medications with lower
values.
doi:10.1371/journal.pone.0073403.t005

Table 6. Regression analysis for hypertension and NCD risk
factors in Abia state Nigeria.

Factor B (S.E.) t P

Age 0.012 (0.001) 18.15 ,0.0001

Gender 0.072 (0.023) 23.08 0.002

Overweight and obesity 0.073 (0.021) 3.42 0.001

B – Unstandardized coefficients; S.E. – standard error.
doi:10.1371/journal.pone.0073403.t006

Blood Pressure Gradients and CV Risks in Nigeria

PLOS ONE | www.plosone.org 7 September 2013 | Volume 8 | Issue 9 | e73403



between presence of hypertension and lack of education (Tables 4

and 5).

Although this study may be representative of Abia State and

some South-Eastern parts of Nigeria, the data presented here may

not be applicable to the entire country with a very large population

and that share a great diversity in socio-economic, socio-cultural

and socio-demographic features. This is a limitation of this study.

A nation-wide population based study on NCD risk factors is

therefore warranted in Nigeria. Another limitation of this study

was the inability to assess other factors that contribute to

cardiovascular diseases such as lipid profiles in all the participants.

In conclusion, the prevalence of hypertension is high in Abia

state Nigeria, especially in rural communities. Although we have

reported that in this population hypertension is predominantly age

and gender related, awareness needs to be created regarding other

lifestyle factors for NCDs (e.g. obesity, use of smokeless tobacco

and excessive use of alcohol) that contribute to hypertension

prevalence. Further longitudinal studies on the impact of various

NCD risk factors on societal health are needed in this part of

Nigeria and there is an urgent need to address the growing

problem of increasing NCDs in rural parts of Nigeria. Although

beyond the scope of this study, we feel the National and State

governments need do more to reduce poverty and support the

education of people in the community, as these factors often

become the drivers for NCDs.
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