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ABSTRACT

Background Researchers have linked gas flaring to
climate change, the hastening of the epidemiological
transition and an upsurge in the prevalence of non-
communicable diseases. We sought to determine if a
relationship exists between residing in a gas-flaring host
community and hypertension.

Methods We conducted an analytical cross-sectional
household survey among residents of 600 households

in three gas-flaring and three non-gas-flaring host
communities in the Niger Delta region of Nigeria. We took
geo-coordinates, administered a modified WHO-STEPS
questionnaire and built on Android mobile phones using
Open-Data-Kit (ODK) software. We also took biological
measurements and carried out descriptive and inferential
statistical analysis using SPSS and STATA.

Results We interviewed a total of 912 adults: 437
(47.9%) from non-gas-flaring and 475 (52.1%) from
gas-flaring host communities. There were differences

in level of education (x2=42.99; p=0.00), occupation
category (x2=25.42; p=0.00) and BMI category (x2=15.37;
0.003) among the two groups. The overall prevalence of
hypertension was 23.7%: 20.7% among persons living in
non-gas-flaring host communities compared with 25.3%
among persons living in gas-flaring host communities
(x2=2.89; p=0.89). Residence in a gas-flaring host
community, (AdjOR=1.75; 95% Cl=1.1110 2.74) and mean
age (AdjOR=1.05; 95% Cl=1.03to 1.07) were identified
as the predictors of hypertension. There was a significant
association between hypertension and age, 1.05 (1.04—
1.06) while the probability of being hypertensive was
higher among residents of gas-flaring host communities
between 20 to 40 years and 60 to 80 years.

Conclusion There is a need for the relevant agencies

to scale up environmental and biological monitoring of
air pollutants. The implication of a possible relationship
between gas-flaring and hypertension brings to the fore
the need for interventions to regulate gas-flaring activities.

INTRODUCTION

Nigeria is Africa’s largest producer of crude oil
and the sixth largest producer in the world,"™
with a capacity to produce approximately
2.5million barrels per day. The country has
been producing crude oil since the 1950s when

Key questions

What is already known about this topic?

» Air pollution has been associated with an increase
in the prevalence of hypertension and other
non-communicable diseases.

» Communities in the Niger Delta which are host to
gas-flaring activities are exposed to gas-flaring-
induced air pollution.

» A previous study in the Niger Delta has linked oil
pollution to increased prevalence of hypertension.

What are the new findings?

» Persons living in gas-flaring host communities
are 1.75 times more likely to be hypertensive
than persons resident in communities without oil
exploration activities.

» The prevalence of hypertension in the study
population was moderated by the age of study
participants with those at both extremes of adult
age residing in gas-flaring host communities being
more hypertensive compared with similar persons
in non-gas-flaring communities.

Recommendations for policy

» Study findings provide the impetus for stricter
prevention and control measures for gas-flaring
activities in the Niger Delta region of Nigeria.

» More attention need also be given to interventions
for prevention and control of socio-economic
lifestyle determinants of hypertension, especially
among residents of oil- bearing communities.

deposits were first discovered in Oloibiri in what
is now known as Bayelsa state. Oil and natural
gas extraction currently account for up to 97%
of the country’s revenue from foreign exchange,
20% of the country’s GDP and 65% of budg-
etary revenue. Nigeria is also blessed with huge
deposits of natural gas located mainly in the
Niger Delta region of the country.”® Despite this
obvious wealth, Nigeria is ranked among the
poorest countries in the world with over half of
its %opulation living on less than two dollars a
day.
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Gas-flaring, which is routinely carried out by oil
exploration companies in Nigeria, also poses a signifi-
cant hazard to the health of populations exposed to it.
It pollutes the air, heats up the atmosphere and releases
greenhouse gases.” Although Nigeria pledged to stop
gas-flaring and has imposed fines on oil exploration
companies still flaring gas in the country, the practice
of gas-flaring has not stopped.” Many of these compa-
nies admit that flaring of associated and non-associated
gas is wrong and wasteful, but they also contend that
the oil and gas sector in Nigeria faces infrastructure
and technology obstacles in adequately harnessing
natural gas. Consequently, Nigeria ranks as the 10th
highest contributor to flaring of natural gas worldwide
with flares of up to 426 billion cubic feet (bcf) of gas
in 2013, representing 10% of gas-flaring worldwide.” '’
Many companies in the Niger Delta have only reduced
flaring by a mere 10% since 2007 preferring to pay
fines rather than to abate gas-flaring activities.”* The
country had only succeeded in achieving a minimal
reduction in gas-flaring from 540 bcf in 2010 to 428
bef in 2013."

The process of gas-flaring results in the dissemina-
tion of greenhouse gases (GHG) and other air pollut-
ants such as carbon dioxide (CO,), methane (CH,),
ethane, propane, butane, hydrogen sulphide (H,S)
and nitrous oxide (NO,). Greenhouse gases have
long been implicated in global warming and climate
change.” There is evidence of the adverse effects of
heat-trapping gases on surface temperature.” '’ Apart
from the effect on atmospheric temperature, the gases
flared serve as pollutants to air and water. Green-
house gases also precipitate the formation of acid
rain. All this leads to negative outcomes in the health
of the people who live and work in communities that
are exposed to gas-flaring activities. These health
outcomes range from chronic and recurrent respira-
tory diseases, abnormal haematological indices and
increased susceptibility to blood dyscrasias, dermato-
logical diseases and malignancies among others. The
association between global warming and disease trans-
mission has also been noted.”®

Several researchers have hinted at the relationship
between air pollution and non-communicable diseases
such as hypertension.'*' However, this has not been
demonstrated in the Niger Delta region of the country
except for a recent publication which showed an associ-
ation between residing in an oil-polluted environment
and the prevalence of hypertension.*

We determined the relationship between residence in a
gas-flaring host community and the prevalence of hyper-
tension in six Niger Delta communities in Nigeria. This
research was part of a larger survey titled ‘Epidemiolog-
ical assessment of the health and well-being of residents
of communities exposed to gas-flaring activities in the
Niger Delta region of Nigeria’ which explored morbidity
and mortality patterns of persons living in gas-flaring host
communities.

MATERIALS AND METHODS

The Niger Delta region of Nigeria as defined by the
Nigerian government occupies about 70000km? and
makes up 7.5% of Nigeria's land mass. It comprises the
nine oil-producing states in the country namely: Bayelsa,
Rivers, Delta, Akwa Ibom, Cross River, Edo, Abia, Imo
and Ondo. These states are home to about 31 million
people spanning more than 40 ethnic groups and 185
Local Government Areas (LGAs). The inhabitants speak
about 250 different dialects This research was part of
a larger study conducted to compare morbidity and
mortality of persons residing in gas-flaring host commu-
nities with those residing in communities where there are
no oil exploration activities, using an analytical cross-sec-
tional household survey. Rivers, Bayelsa and Delta states
arguably have the highest number of oil exploration and
gas-flaring activities in the Niger Delta of Nigeria and so
were purposively sampled for the study. We chose two
communities from each of the three states: one ‘exposed’
community and one ‘un-exposed’ community.

A total of six communities, Sampou and Nedugo in
Bayelsa state, Ibada-Elume and Oton-Yasere in Delta
state, and Omerelu and Mbodo-Aluu in Rivers state
were selected. Nedugo, Oton-Yasere and Mbodo-Aluu
were designated as gas-flaring host communities (host
to gas-laring activities for a minimum of 10 years with
gas-flaring activities occuring within a five-kilometre
radius from community settlements). Sampou, Ibada-
Elume and Omerelu were designated as non-gas-flaring
communities (no history of exposure to any oil explora-
tion activities and not contiguous with exposed commu-
nities). These communities were, however, in the same
state as exposed communities with similar population
size, structure and socio-demographic characteristics as
gas-flaring host communities. Individuals included in
the household survey were all current residents of the
selected communities, who were born into that commu-
nity or had lived there for a minimum of 10 years.

A minimum sample size of 964 adults (482 resident in
gas-flaring host communities and 482 resident in non-gas-
flaring, and 880 not exposed) was considered adequate
to determine a difference in prevalence of hypertension
among the two groups of communities using the formula
for difference between two proportions. This calcula-
tion was done using Winpepi version 9.7,% with power
set at 80% (u=0.84) and a 5% significance level (v=1.96).
From a previous study, the proportion of study partici-
pants in the oil-polluted community in Rivers state who
were hypertensive (pl) was 43.3%, while the proportion
of hypertensive persons in the non-polluted community
(p2) was 31.2%.** A 10% mark-up in sample size was
done to allow for non-response and multiplication by a
factor of two used to correct for design effect.

Based on an estimate of an average of two adults per
household, a total of 600 households (100 households
per community) were targeted for data collection. We
visited each household once and studied all eligible and
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available adults in 600 households. We did not conduct
repeat visits. The geographical zones/villages in each
community were identified based on an oral history
provided by community gatekeepers such that the total
number of households per community was further
divided into these zones/villages. The first households
studied in each zone/village was selected by tossing a
coin between the two households closest to the village/
zone centre. Subsequently, every household adjacent to
the last sampled household was included if the residents
met the eligibility criteria.

An interviewer-administered questionnaire adapted
from the WHO STEPS questionnaire was used to obtain
information on morbidity and mortality patterns in the
study communities. It had the following sections: consent
form, socio-demographic and household information,
and physical measurements such as weight, height and
blood pressure.

Every respondent had their blood pressure measured
twice (at the start and end of the interview) using the
Omron 3 Series Upper Arm Blood Pressure Monitor
with wide-range cuff (BP710N). Appropriate cuffs sizes
were used at all times, and blood pressure was taken

while the study participant was comfortably seated. The
mean of the two readings (rounded off to the nearest
whole number) was used. Hypertension was defined as
systolic blood pressure =140mmHg and/or diastolic
BP >90mmHg, or persons on anti-hypertensive medi-
cation irrespective of their observed blood pressure.
Persons identified as hypertensive for the first time were
referred to the nearest Primary Health Centre.

The weight of study participants was measured in kilo-
grams using the Seca Clara 803 Digital Personal Scale.
Study participants stood barefoot on the scale, and the
weight was recorded by the research assistant based on
readings from the scale. The Doran Scales Mechanical
Height Rod Stadiometer was used to take all height
measurements. Height was measured in metres and
measurements taken barefoot with the study participants
standing up straight against the vertical ruler.

The data collection tool was built and uploaded on
Android mobile phones using the Open Data Kit soft-
ware. A server domiciled in the WHO state office was
set up for real-time upload and storage of completed
questionnaires. Six Android mobile phones which are
GPS-enabled were used for data collection including the

Table 1 Socio-demographic characteristics of persons residing in gas-flaring host communities compared with non-gas-

flaring communities

Characteristics Non gas-flaring Gas-flaring Chi-square (p Value)
Sex (n=912)
Male 148 (33.9) 178 (37.5) 1.29 (0.26)
Female 289 (66.1) 297 (62.5)
Level of education (n=836)
Primary 84 (21.6) 49 (10.9) *42.99 (0.00)
Secondary 257 (66.2) 27 (60.5)
Tertiary 47 (12.1) 128 (28.6)
Marital status (n=912)
Married/living with partner 306 (70.0) 326 (68.6) 6.44 (0.09)
Widowed 4 (5.5) 16 (3.4)
Divorced/separated 1(2.5) 6 (1.3)
Single 96 (22.0) 127 (26.7)
Occupation category (n=912)
Unemployed/student/pensioner 168 (51.7) 142 (42.5) 25.42 (0.00)
Unskilled 95 (29.2) 70 (21.0)
Skilled 56 (17.2) 110 (32.9)
Professional 6 (1.8) 12 (3.6)
BMI category
Underweight 63 (14.4) 51 (10.7) *15.37 (0.003)
Normal 245 (56.1) 226 (47.6)
Overweight 74 (16.9) 107 (22 5)
Obese 55 (12.6) 1(19.2)
Mean age (SD)t 36.6 (16.1) 35.6 (14.0) 0.97 (0.33)

*significant Chi-square values at p<0.05,1t-test (p-value).
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capture of the GPS coordinates for each household. We
recruited and trained six field data collectors who were
university graduates to administer the study tool. These
data collectors were blinded to the objectives of the
study and the purpose of the physical measurements as a
means of controlling measurement bias. In each commu-
nity, we further recruited another five persons who were
indigenes to work with each data collector (making up a
two-person team of one data collector and one indigene).
The local recruits served as interpreters/guides/assis-
tants to each data collector. Data collection was carried

team collected data from a minimum of 20 households
per day.

DATA ANALYSIS

Data was downloaded from the WHO server in Microsoft
Excel 2013 version for data cleaning and analysed using
Statistical Package for the Social Sciences (SPSS) version

8

statistics carried out, Chi-square test, t-tests, analysis of
variance, simple logistic and multiple logistic regression.
We determined the fitness of the regression model using
Hosmer-Lemeshow goodness-of-fit test regression diag-
nostics. We also performed the tolerance test for multicol-
linearity, link test to check for model specification error
and plotted the receiver operating characteristic curves
(c-statistics) analyses to determine the predictive powers
of the final multivariate model. Results were presented as
odds ratios (ORs) with 95% confidence intervals (CIs).
The significance tests were 2-tailed, and statistical signifi-
cance was defined at the alpha level of 0.05.

ETHICAL CONSIDERATIONS

Ethical approval for the research was obtained from the
research ethics committee of the University of Port Harcourt.
A consent form explaining the study objectives, proce-
dures, benefits and risks was prepared for all potential study
participants to review and give written informed consent

Study category
Non gas-flaring (n=93)

Gas-flaring (n=123) Chi-square (p Value)

Hypertensive 93 (20.7) 123 (25.3) 2.89 (0.89)

Male 39 (26.4) 45 (25.6) 0.03 (0.87)

Level of education

Secondary 39 (15.2) 56 (20.7) 2.69 (0.10)

Non-response 21 (42.9) 11 (40.7) 0.32 (0.86)

Unemployed/student 39 (28.3) 42 (29.8) 1.71 (0.19)

Skilled 12 (21.8) 22 (19.3) 0.1 (0.7)

Age group

35 to 54 years 38 (30.9) 46 (33.8) 0.25 (0.62)

75years and above 8 (57.1) 5 (55.6) 0.006 (0.94)

Underweight 13 (20.6) 5(9.8) 1.49 (0.12)

Overweight 21 (28.8) 34 (31.8) 0.19 (0.67)

*significant Chi-square values at p<0.05.

=
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(by signature or thumb print). Permission to carry out the
study was obtained from the local government headquarters
of each community and the community gatekeepers. Study
participants were assured of confidentiality. Data collection
tools did not bear participants names. All records gener-
ated remained in the custody of the researchers and were
kept in a secure location. Data entry files were passworded
to further guarantee confidentiality. Study participants were
also informed of their rights to withdraw consent at any time
during the study without concern for negative consequences.

RESULTS

Socio-demographic characteristics of study participants

A total of 912 adults (aged 18 years and above) were inter-
viewed during the household survey giving a response
rate of 94.6%. A total of 437 (47.9%) of these were resi-
dents of communities not exposed to gas-laring, while 475
(52.1%) persons were residents of communities exposed to
gasflaring activities. There was no difference in the mean
age (SD) of respondents in communities not exposed to
gasflaring (36.6; 16.1 years) compared with respondents
residing in communities exposed to gas-flaring activities
(85.6; 14.0 years). A comparison of the distribution of
socio-demographic characteristics across study categories

revealed differences in level of education (x*=43.0; p=0.00),
occupation category (x°=25.4; p=0.00) and BMI category
(x?=15.4; 0.003) table 1.

Prevalence of hypertension

A total of 216 persons among the adults in the study were
found to be hypertensive, giving an overall prevalence
of 23.7%. A total of 93 (43.06%) hypertensive persons
were residents of communities not exposed to gasflaring,
while 123 (56.94%) hypertensive persons were residents
of communities exposed to gas-laring activities. These
correspond to a prevalence of hypertension among
persons resident in non-gasflaring communities of
20.7% compared with 25.3% prevalence of hyperten-
sion among persons living in communities exposed to
gas-flaring. These two prevalences were however not
significantly different 2.89 (0.89). A comparison of prev-
alence of hypertension across socio-demographic char-
acteristics is shown in table 2. Females (x°=4.82; 0.03),
unskilled workers (x*=4.15; 0.04) and persons aged 18-34
years (x°=5.14; 0.02), living in communities exposed to
gas-flaring activities had a higher prevalence of hyperten-
sion than those residing in communities not exposed to
gas-flaring activities table 2.

Table 3 Predictors of hypertension using regression models

Unadjusted Adjusted

Variable OR (95% CI) p Value OR (95% CI) p Value
Study category

Residence in a gas-flaring versus  1.31 (0.96 to 1.76) 0.090 *1.75 (1.11 to 2.74) 0.02

non- gas-flaring host community
Mean age *1.05 (1.04 to 1.06) 0.000 *1.05 (1.03 to 1.07) 0.00
Sex

Female versus male 0.82 (0.60 to 1.12) 0.20 0.9 (0.57 to 1.42) 0.65
BMI 1.01 (1.00 to 1.02) 0.00 1.01 (0.99 to 1.02) 0.11
Levels of education

Primary (reference) Reference Reference

Junior secondary 0.2 (0.09 to 0.44) 0.000 0.51 (0.18 to 1.39) 0.19

Senior secondary 0.52 (0.34 to 0.80) 0.003 1.08 (0.59 to 1.99) 0.80

Tertiary 0.81 (0.49 to 1.32) 0.399 1.33 (0.67 to 2.64) 0.42
Marital status

Single (Reference) Reference Reference

Married/living with partner *2.96 (1.92 to 4.55) 0.000 1.59 (0.88 t0 2.89) 0.13

Widowed *8.39 (4.03 to 17.47) 0.000 1.45 (028 to 7.58) 0.66

Divorced/separated *5.87 (2.07 to 16.66) 0.001 3.95(0.97 to 16.12) 0.06
Occupation

Unemployed/student (reference) Reference Reference

Unskilled 0.75 (0.48 to 1.17) 0.203 0.73 (0.420 to 1.25) 0.25

Skilled 0.73 (0.46 to 1.14) 0.165 0.68 (0.40 to 1.15) 0.15

Professional 1.46 (0.53 to 4.02) 0.460 0.90 (0.28 t0 2.92) 0.86

*Confidence Intervals showing significant association between variables and hypertension status.
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Figure 1 Predicted probability of hypertension for all ages
by gas-flaring status.
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Association between hypertension and residence in gas-
flaring host community

We carried out bivariate and multivariate regression of the
following independent variables found to be associated
with hypertension status (dependent variable) at p<0.25,
gas-flaring status of the community of residence, age, sex,
BMI, marital status, the level of education and category
of occupation. Bivariate regression analysis showed that
mean age (OR=1.05; 95% CI=1.04to 1.06), the status
of being married/living with partner (OR=2.96; 95%
CI=1.92to 4.55), being divorced/separated (OR=8.39,
95%CI=4.03to 17.47) and being widowed (OR=5.87;
95% CI=2.07to 16.66) were related to being hyperten-
sive. Table 3 However the multivariate regression model
adjusted for confounders and identified residence in a
community exposed to gasflaring (AdjOR=1.75; 95%
CI=1.11to 2.74) and mean age (AdjOR=1.05; 95%

Table 4 Interaction of demographic variables and
hypertensive status
Odds ratio
Interaction effect (95% Cl) p Values
Hypertensive (vs non- 1.30 0.09
hypertensive) x gas-flaring (0.96 to 1.76)
Model fit statistics
Area under ROC curve 0.53
Lemeshow test (p Value) 1.00
Link test (p Values)
Collinearity diagnostic (mean 1.00
VIF)
Hypertensive (vs non- 1.05 <0.001
hypertensive) x age (1.04 to 1.06)
Model fit statistics
Area under ROC curve 0.74
Lemeshow test (p Value) 0.19
Link test (p Values)
Collinearity diagnostic (mean 1.00
VIF)

CI=1.03to 1.07) as the only significant predictors of
hypertension among the study participants table 3.

Further analysis was done to determine the interaction
effects and fit of the model between hypertension and
gas-flaring status, and hypertension status and age. The
interaction between hypertension status and age O.R
1.05 (1.04-1.06) was found to be significant, while that
between hypertension and gas-flaring status was not O.R
1.30 (0.96-1.76). This finding was supported by the area
under the ROC curve which was 0.533 for hypertension
versus gas-flaring status and 0.737 for hypertension versus
age. Other model fit statistics are as shown in table 4. The
probability of being hypertensive was modified by age
(figure 1) such that the probability of being hypertensive
was higher among residents of gas-flaring host communi-
ties between 20 to 40 years and 60 to 80 years.

DISCUSSION

Principal findings

Our study compared hypertension status of persons resi-
dent in gas-flaring host communities with persons resi-
dent in communities in which oil exploration had never
occurred. Findings from this study indicate that about
one out of four adults interviewed in all six communi-
ties was hypertensive. About one-quarter and one-fifth
of respondents were found to hypertensive in gas-flaring
and non-gas-flaring communities respectively. This
observed difference was not significant. However, after
adjusting for confounding variables, age and residence
in a gasflaring host community were found to be the
strongest predictors of hypertension status. Residents
in a gasflaring host community were 1.75 times more
likely to be hypertensive than residents in non-gas-flaring
communities. The interaction effects and model fit statis-
tics identified age as the stronger predictor of hyperten-
sion. The age-adjusted probability of being hypertensive
among those 20 to 40 and 60 to 80 years, was found to
be higher among residents of a gas-flaring host commu-
nity compared with residents of a non-gas-flaring host
community.

Implications

A previous study done in other communities in the
Niger Delta identified residence in a crude oil-polluted
environment as a strong predictor of hypertension. It
also identified age as the most important moderating
variable in the relationship between oil pollution and
hypertension.” This identified relationship and interac-
tions between hypertension status, age and residence in a
gas-flaring host community may be explained by observed
interactions between exposure to air pollution and meta-
bolic changes underlying the development of hyperten-
sion, cardiovascular disease and diabetes observed by
previous air pollution studies.'*"* 7182021 The report of
the United Nations Environment Programme (UNEP) in
Ogoniland in South-South Nigeria® and other research
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in the Ogoni axis in South-South Nigeria also support
biological plausibility for this phenomenon.? %"

An alternative theory explaining the observation may be
an increase in the adoption of negative lifestyle changes
relating to improved socio-economic status resulting from
the economic advantages that go along with residing in
oilproducing communities.”* Study participants residing
in gas-flaring host communities were significantly better
educated, had a higher proportion of skilled jobs and
were more overweight and obese than study participants
residing in non-gas-flaring communities. This obser-
vation is in keeping with the theory of lifestyle-related
risk factors strongly associated with non-communicable
diseases.” ™

Limitations and strengths

This study did not evaluate the relationship between
socio-economic status, modifiable risk factors, hyper-
tension and residence in gas-flaring host communities.
However, a previous study that did evaluate this rela-
tionship did not find any modifiable risk factor to have
a significant association with oil pollution and hyper-
tension.”” Our study also did not employ a longitudinal
study design that is preferable for establishing temporal
relationships. However, this study had a large sample size
and employed rigorous sampling and statistical analysis.
Finally, our study was unable, due to funding constraints,
to conduct bio-monitoring of study participants to elicit
the presence of specific pollutants. Further longitudinal
research is needed in this regard to determine the long-
term attributable effects of gas flaring on the health of
persons living in the Niger Delta region of Nigeria

CONCLUSION

The implication of a significant relationship between
gas-flaring and hypertension brings to the fore the need
for regulatory activities that prevent and stop gas-flaring
activities. There is also the need for greater efforts by
government regulatory bodies such as the ministries of
environment and health to scale up environmental and
biological monitoring of pollutants.
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