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Abstract
Globally, hypertension is one of the leading causes of death. It can potentially
lead to heart disease and stroke, among others, that could result to premature
death. In Ghana, hypertension is considered as a disease that contributes to
an increase in outpatients’ attendance. To assess the trend differentials of
hypertension-induced deaths in Ghana, Chi-square test for equal proportions
and Marascuilo procedure for pairwise comparison were performed using
surveillance data on reported number of deaths from 2012 to 2016 across the
then ten regions. The results show that incidence of hypertension-induced
mortality was significantly different for almost all the regions and over the
years. The incidence of hypertension-induced mortality has significantly reduced from 2012 to 2016. However, Volta Region recorded the highest incidence of mortality cases (p-value less of 0.0001) than the other regions during
the period under review, while the Upper East Region recorded continuous
increase in incidence of mortality cases with the highest in 2016. The Eastern
Region, Central Region, and Greater Accra Region recorded significantly
(p-value less of 0.0001) higher incidence of hypertension-induced mortality
than the Ashanti Region, Brong Ahafo Region, Northern Region, Western
Region and Upper West Region. The Upper West Region and Western Region had the lowest incidence of mortality. The decline in trend of hypertension-induced mortality could be attributed to some healthcare interventions
put in place during the period. One of these interventions was the introduction of health insurance in 2003, a development which has been shown to af-

Aug. 7, 2020

158

Journal of Data Analysis and Information Processing

D. Adedia et al.

fect the health seeking behaviors of the people. It is, therefore, important to
investigate factors affecting these spatial and temporal dynamics in order to
determine appropriate ways to actively control the hypertension-induced
deaths in the country. Public education on health should be intensified so as
to totally curb hypertension and its attendant risks.

Keywords
Hypertension, Hypertension-Induced Mortality, Chi-Square Test, Marascuilo
Test, Incidence Rates, Ghana

1. Introduction
Across the world, hypertension is said to be responsible for over 7.5 million
deaths annually, which is about 12.8% of the total number of all deaths [1]. One
in every three adults suffers from hypertension and about 51% of all deaths from
stroke and 45% deaths from heart disease could be attributed to high hypertension alone [2] [3]. The estimated total number of people with hypertension in
2000 was 972 million, and this is projected to increase by 60% to a total of 1.56
billion by 2025 [4]. It is estimated that hypertension, also known as raised/high
blood pressure, kills 9 million people every year [5] in the world.
In Ghana, the hypertension-induced proportional mortality rate is 5.2%. As a
matter of fact, hypertension is highly ranked among the top ten causes of mortality [6]. This is the situation elsewhere in the world. In Brazil, for instance, [7]
reported that the main cause of mortality in that country was hypertension, as
well as diabetes. These studies explained that deaths occurring in Brazil as a result of diabetes were actually due to the many risk factors associated with hypertension. Besides, the predisposing factors of hypertension were high, ultimately
leading to the high hypertension-induced mortality.
A critical review of literature indicates that prior to 1930, hypertension was virtually nonexistent in African countries although the disease was thought to be
common in Europe and in North America at the time. However, by 1950, post
mortem reports suggested high blood pressure was beginning to be a problem in
Sub-Saharan Africa. From 1961, it has actually been found to be a public health
concern in Sub-Saharan Africa [8]. The prevalence of hypertension is now the
highest in Africa, within the range 15% - 70%, of adults aged 25 and above, while
the high-income countries have a lower prevalence of hypertension [9]. The rising
prevalence of hypertension is attributed to a number of factors, including the
growing population, ageing and behavioural risk factors, such as unhealthy diet, alcohol, lack of physical activity, tobacco use, obesity, high cholesterol, diabetes mellitus and persistent stress [10] [11], according to the Ministry of Health (MOH)
[12] report on non-communicable diseases, between 19% and 40% of all adults in
Ghana had hypertension. Also, the number of reported new cases of hypertension
in outpatient public health facilities increased more than ten-fold from 49,087 in
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1988 to 505,180 in 2007. Over the same period, hypertension relative to the total
reported outpatient diseases increased from 1.7% to 4.0% in all ages.
Hypertension has continuously ranked in the top five outpatient diseases for
more than 15 years in Ghana, accounting for 3% - 5% of all new outpatient diseases across all ages. In 2002, hypertension accounted for 8.9% of institutional
deaths (excluding teaching hospitals), compared with malaria which accounted
for 17.1% of the deaths (Ghana Health service (GHS) [13]). At the same time,
Ghana’s Ministry of Health reports have also listed hypertension as the leading
cause of deaths in over 45-year-olds [8] in the country. In 2008, cardiovascular
diseases caused about 14.5% of institutional deaths which was more than 13.4% of
deaths due to malaria. Moreover, hypertension was highly ranked among the cardiovascular diseases [14]. In addition, Darkobonsu [15] reported that hypertension
was among the top ten diseases causing mortality in the Sekondi-Takoradi, while
[16] also revealed that 19.4% of maternal deaths in the southern part of Ghana
were due to hypertension. Clearly, hypertension-related cases are on the ascendency. In this study, statistical assessment of deaths due to hypertension in all
the then 10 regions of Ghana was performed. This sought to establish the trend
differentials in incidence of mortality rates in the regions (Greater Accra (GAR),
Eastern (ER), Western (WR), Volta (VR), Ashanti (AR), Brong Ahafo (BAR),
Northern (NR), Upper East (UER), and Upper West (UWR) Regions) as well as
over the years (2012-2016).

2. Materials and Methods
Data on hypertension-induced mortality in Ghana was collected from the District Health Information Management System (DHIMS-2) at the Ho Regional
node. DHIMS-2 was adopted by Ghana as a district web-based health information management platform to collect, collate and report on public health surveillance data. The Regional population and growth rates recorded for 2010
census by Ghana Statistical Service [17] were used to estimate the population for
each of the ten regions using geometric progression approach [18]. The estimated population and mortality cases were then used to determine the actual
population at risk, as well as incidence rates of hypertension-induced mortality.
In order to assess the changes in the incidence of mortality due to hypertension
in Ghana from 2012 to 2016, chi-square test of equality of proportions was
used. Usually, to compare more than two population means, the one-way
analysis of variance (ANOVA) is used for normal quantitative data whilst
Kruskal-Wallis test is used for non-normal or ranked data. The chi-square test
of goodness of fit (for proportions being the mortality incidence rates) is used
because the data (proportions) are categorized. The objective of the chi-square
test is to test whether the k independent sample proportions which are the incidence rates ( pi ; i = 1, 2 …, k) are the same. That is, the null hypothesis that
the incidence of mortalities for the various (k) regions in Ghana (or over the
p=

= pk ) is tested against the alternative hypotheyears) are the same ( p=
1
2
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sis that at least two of the population incidence of mortalities are different
1, 2, , k [19]. According to Williams [19], the
( pi ≠ p j ) , where i ≠ j =
chi-square test statistic is given by

χ = ∑ i =1 ni
2

where pi =

k

( pi − p )
v

2

(1)

np (1 − p )
ri
r
k
k
, r = ∑ i =1 ri , n = ∑ i =1 ni , p = , v =
, ri is the
n −1
ni
n

number of people who died as a result of hypertension, and ni is the population at risk of hypertension-induced mortality in each region or year.

The Pairwise Multiple Comparison
After testing the significance difference in k sample proportions, pairwise tests
were performed to test the hypotheses: H 0 : pi = p j (incidence of mortality
rate in one region is the same as the other) verses H1 : pi ≠ p j (incidence of
mortality in one region differs from the other, where i ≠ j using Marasscuilo
method for multiple comparisons. The Marascuilo procedure for multiple comparisons is used as a post-hoc analysis after chi-square test of equality of proportions show significant differences. The tables for Marascuilo test were arranged
in the order of ranks of incidence of hypertension-induced mortality where the
least incidence had the least rank and the highest incidence had the highest rank.
Groups were identified by alphabets. Years or Regions with representation of the
same alphabet signifies a non-significant difference between them and with different alphabets representation signifying a significant difference.

3. Results
The incidence of hypertension-induced mortality was estimated with the denominator as the estimated population at risk for the region or year and it was used
to determine the differences in mortality at each location (region) and time
(year). Figure 1 is a line graph presenting the yearly distribution of the incidence
of hypertension-induced mortality in Ghana from 2012 to 2016. Overall, mortality decreased from 3.7% in 2012 to 2.4% in 2016 (Figure 1). The decrease in
mortality was similar for the GAR and BAR, but different for the rest. The VR,
CR, NR and UWR showed increase in the first three years before showing consistent decrease. The AR showed a decrease from 2012 to 2013 but increase from
2013 to 2014 followed by a decrease in the incidence of mortality from 2014 to
2016 (Figure 2) in that order. The UER had mortality rising from 2012 to 2016,
whereas the UWR and WR were relatively stable over the period. The VR had
the highest incidence of mortality followed by CR and AR, then GAR, UER, AR,
BAR, NR, WR and UWR (Figure 2). The incidence for the UWR was, however,
the lowest, ranging from 0.012 to 0.018.
Table 1 presents the results of chi-square test, which is used to test whether
the sample incidence of mortalities are the same for all the years. As the computed p-value is far less than the significance level, α = 0.01 (<0.0001), the null
DOI: 10.4236/jdaip.2020.83009
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Figure 1. Yearly distribution of incidence of hypertension-induced mortality in Ghana.
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Figure 2. The regional yearly distribution of incidence of hypertension-induced mortality
in Ghana.
Table 1. Chi-square test for differences in incidence of hypertension-induced mortalities
in Ghana (from 2012 to 2016).
Chi-square (Observed value)

87,060.5871

Chi-square (Critical value)

9.4877

DF

4

p-value

<0.0001

Alpha

0.05

hypothesis that the incidences of hypertension-induced mortality are the same
for all years is rejected, and can therefore be concluded that the incidences of
mortalities are not the same. The Marascuilo procedure in Table 2 presents the
multiple comparison procedure which was further used to identify the years that
were significantly different from each other in terms of incidence of hypertension-induced mortality. The test revealed that there is a significant difference in
incidence of mortality due to hypertension in the five years (Table 2). The
hypertension-induced mortality reduced systematically from 2012 to 2016.
DOI: 10.4236/jdaip.2020.83009
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Table 2. Multiple comparisons of incidences using the Marascuilo procedure (from 2012
to 2016).
Sample

Proportion

2016

0.0240

2015

0.0283

2014

0.0327

2013

0.0334

2012

0.0372

Groups
A
B
C
D
E

Table 2 presents pairwise difference of the incidence rates of mortality due to
hypertension among the ten regions of Ghana for year groups. Tables 3-7
present the results of chi-square tests for equality of incidence of mortality in all
regions for 2012, 2013, 2014, 2015 and 2016, respectively. The p-values (<0.0001)
for these omnibus chi-square tests showed significant differences in the incidences of mortality for all regions (Tables 3-7). The probabilities of committing
type I error in all the omnibus chi-square tests in this study were less than 0.01%.
This implies that there is a lower risk of wrongly rejecting the null hypotheses of
no difference in incidences of hypertension-induced mortality.
The multiple comparisons showed that there is a significant difference in incidence of the mortality rates due to hypertension in the ten regions in 2012
(Table 8). The mortality rates from the least to the highest based on regions for
2012 are: UWR, NR, WR, UER, BAR, AR, CR, GAR, ER and VR. This means the
UWR reported the least incidence of mortality and VR recorded the highest. In
2013, the incidence of mortality occurred in ascending order as UWR, WR, AR,
UER, NR, BAR, GAR, ER, CR and VR (Table 9). The UWR recorded the least
incidence rate of mortality and VR recorded the highest as in 2012. However,
AR, UER and NR were ranked “C”, implying that the incidence of mortality in
AR were significantly different from all the other regions except UER and NR. In
2014, UWR followed by WR were ranked “A”, which means incidence of mortality was the same in the two regions but they both had the least significant incidence of mortality as compared to other regions (Table 10). The UER, ER and
GAR reported similar incidence of hypertension-induced mortality and the
records in the 3 regions were significantly lower than CR and VR but higher
than the rest. In 2015, AR and BAR were ranked “D”, implying they reported
similar incidences of mortality, but significantly higher incidence of mortality
than NR, WR and UWR, and significantly lower incidence of mortality than CR,
GAR, UER, ER and VR (Table 11). The incidence of hypertension-induced
mortality for 2015 in ascending order is as: UWR, WR, NR, AR, BAR, CR, GAR,
UER, ER and VR. The VR recorded the highest incidence of mortality in 2015.
The results for 2016 showed that all regions reported significantly different incidence of mortality, with BAR and UWR reporting the least and UER reporting
the highest (Table 12). The ER and GAR reported significantly lower incidence
of mortality than UER, VR and CR but higher than the rest. The incidence of
DOI: 10.4236/jdaip.2020.83009
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Table 3. Chi-square test for differences in incidence of hypertension-induced mortalities
for the Regions in Ghana for 2012.
Chi-square (Observed value)

97,120.7985

Chi-square (Critical value)

16.9190

DF

9

p-value

<0.0001

alpha

0.05

Table 4. Chi-square test for differences in incidence of hypertension-induced mortalities
in Ghana for 2013.
Chi-square (Observed value)

101,056.5548

Chi-square (Critical value)

16.9190

DF

9

p-value

<0.0001

alpha

0.05

Table 5. Chi-square test for differences in incidence of hypertension-induced mortalities
for the Regions in Ghana for 2014.
Chi-square (Observed value)

92,698.7867

Chi-square (Critical value)

16.9190

DF

9

p-value

<0.0001

alpha

0.05

Table 6. Chi-square test for differences in incidence of hypertension-induced mortalities
for the Regions in Ghana for 2015.
Chi-square (Observed value)

69,037.8984

Chi-square (Critical value)

16.9190

DF

9

p-value

<0.0001

alpha

0.05

Table 7. Chi-square test for differences in incidence of hypertension-induced mortalities
for the Regions in Ghana for 2016.

DOI: 10.4236/jdaip.2020.83009

Chi-square (Observed value)

60,870.1412

Chi-square (Critical value)

16.9190

DF

9

p-value

<0.0001

alpha

0.05
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Table 8. Multiple comparisons of incidence of hypertension-induced mortalities for the
Regions in Ghana using the Marascuilo procedure for 2012.
Sample

Proportion

UWR

0.0121

NR

0.0203

WR

0.0214

UER

0.0230

BAR

0.0360

AR

0.0368

CR

0.0415

GAR

0.0460

ER

0.0510

VR

0.0525

Groups
A
B
C
D
E
F
G
H
I
J

Table 9. Multiple comparisons of incidence of hypertension-induced mortalities for the
Regions in Ghana using the Marascuilo procedure for 2013.
Sample

Proportion

Groups

UWR

0.0156

WR

0.0186

AR

0.0255

C

UER

0.0257

C

NR

0.0258

C

BAR

0.0275

GAR

0.0398

ER

0.0414

CR

0.0493

VR

0.0542

A
B

D
E
F
G
H

Table 10. Multiple comparisons of incidence of hypertension-induced mortalities for the
Regions in Ghana using the Marascuilo procedure for 2014.
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Sample

Proportion

UWR

0.0179

A

WR

0.0180

A

NR

0.0226

BAR

0.0260

AR

0.0280

UER

0.0361

E

ER

0.0364

E

GAR

0.0366

E

CR

0.0469

VR

0.0562
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Table 11. Multiple comparisons of incidence of hypertension-induced mortalities for the
Regions in Ghana using the Marascuilo procedure for 2015.
Sample

Proportion

Groups

UWR

0.0173

WR

0.0188

NR

0.0215

AR

0.0223

D

BAR

0.0223

D

CR

0.0294

GAR

0.0312

UER

0.0358

ER

0.0427

VR

0.0449

A
B
C

E
F
G
H
I

Table 12. Multiple comparisons of incidence of hypertension-induced mortalities for the
Regions in Ghana using the Marascuilo procedure for 2016.
Sample

Proportion

Groups

BAR

0.0146

A

UWR

0.0148

A

NR

0.0169

WR

0.0175

AR

0.0206

ER

0.0270

E

GAR

0.0273

E

CR

0.0286

VR

0.0384

UER

0.0417

B
C
D

F
G
H

mortality are ranked in ascending order by regions as: BAR, UWR, NR, WR, AR,
ER, GAR, CR, VR and UER.
Table 4 contains the results of chi-square test for differences in incidence of
hypertension-induced mortalities for the Regions in Ghana in 2013.

4. Discussion
This study was carried out to assess the differences in incidence of hypertension-induced deaths in the then ten regions of Ghana (BAR, UWR, NR, WR,
AR, ER, GAR, CR, VR and UER). It was revealed that the incidence of hypertension-induced deaths has been decreasing steadily from the year 2012 to 2016.
This development is probably due to the positive effects of some interventions
and programs that affect health seeking-behavior like the introduction of the
National Health Insurance Scheme (NHIS) [20] [21]. The programs such as the
DOI: 10.4236/jdaip.2020.83009
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NHIS, healthy life lifestyles, health promotion and treatments are very effective
to lower the risk of hypertension in Ghana [20]. The effectiveness of the NHIS in
helping control hypertension has been highlighted by [20], who made it clear
that even the very poor communities also suffer from hypertension, thus, the
NHIS aids their access to life-saving drugs and care.
Although the three northern regions were considered the poorest [22] [23]
[6], the general decrease in rates was not the same for all of them. Although the
intervention programs could be responsible for the decrease in the hypertension-induced deaths over the years, this was not the case for UER. Using the
2014 Ghana Demographic and Health Survey data, [24] assessed the risk factors
of hypertension in Ghanaian men and concluded that coming from UER and ER
were related to family history of hypertension. The authors stated that the high
prevalence of hypertension in these regions cannot be easily explained. The reasons why hypertension increased steadily in the UER, thus, could be multifaceted. These may include low attendance at hospital and poverty as indicated by
other health indicator reports and studies [6] [24].
A study by [24] reported that men with higher economic status and educational background are more likely to have history of hypertension. [25] also
stated that people with the highest grade of employment are more likely to be
hypertensive. Similarly, adult wealth was positively associated with hypertension.
People with the least literacy level and economic status in the UER, as well as
with low awareness of the condition may account for lifestyles which predispose
some of the inhabitants to hypertension. However, the steady increase in the incidence of hypertension-induced mortality in the UER needs further assessment.
In terms of the availability of healthcare, NR, UER and UWR recorded the
fewest health facilities and hospital beds in Ghana, from 2011 to 2014 [26].
However, these regions also had the lowest cases of new reported outpatient
hypertension with UWR recording the lowest of them [6]. One possible reason
for this could be the fact that the fewest health facilities and Hospital beds recorded by the UWR could account for the likely less access to the health facilities
by people from this region, which then leads to having lower incidence of
hypertension-induced mortality.
Although the rates within the UWR, NR and the WR did not decrease as happened for the other regions, they should constitute the lowest. Other studies
have reported low prevalence of hypertension in the WR [15]. The high hypertension-induced mortality in some of regions like the VR, CR, ER and GAR
could be as a result of lifestyle and other risk factors of hypertension [20] [27].

5. Conclusions
The incidence of hypertension-induced deaths in Ghana differs among the regions and has been decreasing steadily over the years (2012-2016). VR recorded
the highest incidence of mortality cases than other regions. ER, CR, GAR, and
UER recorded significantly higher incidence of hypertension-induced mortality
DOI: 10.4236/jdaip.2020.83009
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than the AR, BAR, NR, WR and UWR. The UWR and WR had the lowest incidence of mortality. The results suggest that there may be some health care interventions or indicators that may have contributed to the decrease in prevalence of
hypertension-induced mortality over the years. One of these could be the introduction of health insurance in 2003, which has been shown to affect health
seeking behaviors of the populace [21]. It is, therefore, important to investigate
the factors affecting the dynamics in order to determine appropriate ways to actively control hypertension-induced deaths.
Based on the findings of this study, we suggest that the Public Health Department of the Ghana Health Service should partner with the media to sensitize the
citizens on the early signs and symptoms of hypertension. Also, there is the need
for people to go in for periodic checkups. In the case of those diagnosed, they
must constantly take their medications. The Public Health Department of the
Ghana Health Service should also educate the citizens on the importance of living a healthy life style in order to reduce hypertension and its risks.

Limitations
The difficulty in having access to data on some variables such as the demographics of subjects limited the study and therefore may limit our inferences toward important markers such as age and gender as well as complete intervention
activities. We recommend a further study be conducted taking into consideration age, gender and lifestyle of the study population.
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