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Abbreviations: FH, familial hypercholesterolemia; CO, 
cardiac output; MAP, mean arterial pressure; TRR: total peripheral 
resistance; PP, pulse pressure

Introduction
Cholesterol is an important substance in intermediary metabolism. 

Endocrine condition associated with hyperlipidemia include 
diabetes mellitus (Type ll especially) and hypothyroidism. Genetic 
predisposition, cigarette smoking, obesity, poor diet, and a sedentary 
lifestyle can all lead to hyperlipidemia.1 Hyperlipidemia can be 
acquired or familial.

The diagnosis of familial hypercholesterolemia by genetic testing 
is hampered by its cost and effectiveness.1 in many parts of the world 
including Africa. Familial Hypercholesterolemia (FH) is a common 

cause of premature cardiovascular disease and is often undiagnosed 
in young people.2 The principal metabolic causes of atherosclerosis 
include hyperlipidemia, hypertension, obesity, insulin resistance and 
diabetes mellitus.

Concerning hyperlipidemia, Subjects with Familial 
hypercholesterolemia are at increased risk for cardiac events. 
Therefore, there is an ardent need for the early diagnosis followed by 
aggressive therapeutic intervention and lifestyle modification.3

Three groups have developed clinical diagnostic tools for Familial 
hypercholesterolemia: the US MedPed Program, the Simon Broome 
Register Group in the United Kingdom, and the Dutch Lipid Clinic 
Network,3 though analysis of these criteria is not within the scope 
of this article however it is needful to say that studies on familial 
hypercholesterolemia using any of the criteria in Africa is not within 
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Abstract

Objective: Cholesterol is an important substance in intermediary metabolism. The 
correlation between hyperlipidemia and hypertension, mean arterial pressure, pulse 
pressure is not well characterised in Africans. This paper aim to address this. 

Methods: This is a pilot study involving 36 hypertensives and 35 normotensives as controls. 
The blood pressure of each participants was measured using a mercurial sphygmomanometer 
at heart level in the sitting position. The fasting plasma cholesterol for the hypertensives 
and control were taken using a cholesterol meter. The JNC 7TH sustained by JNC 8TH 
Classification of hypertension was used to define hypertension as blood pressure equal to or 
greater than 140/90mmHg. Hypercholesterolemia (hyperlipidemia) was defined as fasting 
plasma cholesterol above 200mg/dl. The mean arterial pressure was computed by adding 
diastolic blood pressure to one third of pulse pressure. The pulse pressure was computed by 
subtracting diastolic from systolic blood pressure. All measurements were taken during a 
free medical screening programme in Surulere Lagos, Nigeria, West Africa.

Results: The age range among hypertensives was 30 to 81years while it was 18 to 88years 
among normotensive controls. Hyperlipidemia was present in 33.3% of the hypertensives 
while it was present in only 17.1% of the control. We can therefore infer that in this 
African cohort sample studied though small in size, hyperlipidemia is twice as common 
in hypertensives in Africa compared to the general African population. Genderwise, 
hyperlipidemia was commoner among Hypertensives that are female. Further analysis 
showed that of the 18 subjects (25.35%) in the study with hyperlipidemia, 66.6% had 
hypertension while 33.3% were normotensive. 

Discussion: Routine screening of hypertensives for hyperlipidemia is supported by this 
study as 1 out of 3 hypertensives in Africa have hyperlipidemia. This paper finding also 
support the routine screening for hypertension among subjects with hyperlipidemia as 2 out 
of 3 with hyperlipidemia had hypertension. There is no correlation between hyperlipidemia 
and mean arterial pressure in hypertensive Africans according to this study. Non 
hypertensive Africans with hyperlipidemia tend to have lower mean arterial pressure than 
the other non hypertensive general population without hyperlipidemia. Hyperlipidemia 
occurs commonly at low pulse pressure in hypertensives and at wide pulse pressure in non 
hypertensive Africans.

Conclusion: There is correlation between hyperlipidemia and hypertension and pulse 
pressure but none between hyperlipidemia and mean arterial blood pressure in African 
hypertensives according to this pilot study.
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public domain to the best of our knowledge as at the time of writing 
this article and it will be worth looking into in the near future.

Hypertension in endocrine disorder is well documented in conditions 
like hypothyroidism, hyperthyroidism, phaeochromocytoma, conns 
syndrome, cushion syndrome. Hypertension is a frequent feature of 
endogenous Cushing’s syndrome with a prevalence of approximately 
80% in adults.4,5 Hypertension is seen much more commonly in 
ectopic Cushing’s (95%).1 However, it is less common in children and 
adolescents (about 47%).6

Hypertension is the single biggest contributor to the global burden 
of disease,7,8 and is the most common chronic medical condition 
presenting to primary care physicians in Singapore.9 Hypertension 
and hyperlipidemia coexist in some individuals and in some endocrine 
condition like hypothyroidism.

lt is reported that among individuals aged 40 to 90 years, each 
20/10mm Hg rise in BP doubles the risk of fatal coronary events.10,11 
Treating hypertension only reduces CHD risk 25%. Treating 
hyperlipidemia in hypertensive patients reduces residual CHD 
risk 35%.12 while effective treatment of both hypertension and 
hyperlipidemia would reduce CHD by.≥50% and decrease residual 
risk observed when only hypertension is addressed.12

Recently a growing body of evidence has indicated that 
hypercholesterolaemia promotes impairment in several mechanisms 
implicated in blood pressure control such as nitric oxide bioavailability, 
renin-angiotensin activity, the sympathetic nervous system, sodium 
and fluid homeostasis and ion transport/signal transduction.13

The global variations in the prevalence of elevated cholesterol 
among patient with history of hyperlipidemia are associated with 
country-level economic development and health system indices.14

The mean arterial pressure (MAP), as calculated from the systolic 
and diastolic blood pressures, varies among individuals.15,16 The 
physiologic basis and pathophysiologic implications of mean arterial 
pressure are well understood. Mean arterial pressure is the product 
of cardiac output (CO) and total peripheral resistance (TPR), is the 
time-averaged blood pressure within the arterial circuit, as well as 
the average pressure in the arteries throughout the cardiac cycle. It is 
reliant on the elastic properties of arterial walls and the mean volume 
of blood in the arterial system.17 Mean arterial pressure is a critically 
important cardiovascular variable as it is the average effective pressure 
that drives blood through the systemic circulation.17

 Studies on the usefulness of blood pressure as a prognostic factor 
in cardiovascular disease have more often involved investigations 
of the levels of diastolic or systolic blood pressure. However, blood 
pressure may be divided into two other components: steady (mean 
pressure) and pulsatile (pulse pressure).18

Although a large pulse pressure (PP) measured at the brachial artery 
with use of the sphygmomanometer is not an accurate representation 
of the proximal aortic pulse pressure, it does suggest a stiffened aorta. 
Such stiffening, through a variety of mechanisms,19,20 tends to raise the 
SBP and lower the DBP. This affects the pulse pressure.

Correlation between hyperlipidemia, hypertension, mean arterial 
pressure and pulse pressure is not well characterised in Africans and 

in the world. The aim of this paper is to answer these questions what 
proportion of Africans Hypertensive have hyperlipidemia? ls the 
frequency of hyperlipidemia in hypertensive in Africa the same in 
both gender? Is there a correlation between hyperlipidemia and mean 
arterial pressure? Is there correlation between hyperlipidemia and 
pulse pressure? 

This paper also asks the questions what proportion of patient 
with hypercholesterolemia are hypertensive in Africa? lt is hoped 
that the level of awareness of coexisting hypercholesterolemia and 
hypertension will be raised amongst African so as to give way for 
better management approach.

Methodology
This is a pilot study involving 36 hypertensives and 35 

normotensives as controls. The blood pressure of each participant was 
measured using a mercurial sphygmomanometer at heart level in the 
sitting position. The JNC 7TH sustained by JNC 8TH Classification of 
hypertension was used to define hypertension as B/P ≥140/90mmHg.

The fasting plasma cholesterol for the hypertensives and control 
were taken using a cholesterol meter. All participants were preinformed 
to come fasting for the exercise. Hyperlipidemia was defined as 
fasting plasma cholesterol above 200mg/dl. All measurements were 
taken during a free medical screening programme in Surulere Lagos, 
Nigeria, West Africa. The hypertensive subjects and normotensives 
subjects were randomly selected hence this is a randomised controlled 
study.

The mean arterial pressure was computed by using the formular 
diastolic blood pressure plus one third of pulse pressure. The pulse 
pressure was computed by subtracting diastolic from systolic blood 
pressure. Further analysis was with the aid of SPSS statistics 17.0.

Statistical analysis
By using descriptive statistic in all subjects both hypertensive and 

control, the mean of the systolic blood pressure was 133mmHg, the 
median was same as the mode and was 130mmHg. The lowest systolic 
blood pressure was 84mmHg while the highest was 270mmHg. The 
mean of the diastolic was 85.80mmHg, the median was 80mmHg while 
the mode was also 80mmHg. The lowest diastolic was 52mmHg while 
the highest was 140mmHg. The mean of the PP was 47.42mmHg, 
the median was 46mmHg while the mode was 40mmHg, the lowest 
value was 14mmHg while the highest was 130mmHg. The mean 
of MAP was 76.07mmHg, the median was 72.67mmHg while the 
mode was 66.67mmHg, The standard deviation was 20.7. The mean 
of cholesterol was 177.08mg/dl,the median was 179mg/dl while the 
mode was 140mg/dl, the standard deviation was 34.5.

By using the pearson correlation, there is an inverse relationship 
between hyperlipidemia and pulse pressure as the pearson correlation 
was -0.011 with a p-value of 0.927. The pearson correlation between 
hyperlipidemia and mean arterial pressure was 0.043 with p-value of 
-0.722.Using the pearson correlation further showed that the systolic 
blood pressure was well correlated to mean arterial pressure (0.955), 
pulse pressure (0.863) and diastolic blood pressure (0.794) in that 
order with a p-value of less than 0.0001. These are all shown in Table 
1. 
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Table 1 Correlations between Hypercholesterolemia, Systolic Blood Pressure, Diastolic Blood Pressure, Mean Arterial Presure (MAP) and Pulse Pressure (PP)

    Cholesterol Systolic Diastolic MAP PP

Cholesterol

Pearson Correlation 1 .115 .224 .043 -.011

Sig. (2-tailed)   .340 .060 .722 .927

Sum of Squares and Cross-
products

83309.493 7732.732 8244.183 2148.115 -488.535

Covariance 1190.136 110.468 117.774 30.687 -6.979

N 71 71 71 71 71

Systolic

Pearson Correlation .115 1 .794** .955** .863**

Sig. (2-tailed) .340   .000 .000 .000

Sum of Squares and Cross-
products

7732.732 54421.831 23634.958 38580.241 30848.662

Covariance 110.468 777.455 337.642 551.146 440.695

N 71 71 71 71 71

Diastolic

Pearson Correlation .224 .794** 1 .578** .378**

Sig. (2-tailed) .060 .000   .000 .001

Sum of Squares and Cross-
products 8244.183 23634.958 16271.239 12764.693 7387.915

Covariance 117.774 337.642 232.446 182.353 105.542

N 71 71 71 71 71

MAP

Pearson Correlation .043 .955** .578** 1 .974**

Sig. (2-tailed) .722 .000 .000   .000

Sum of Squares and Cross-
products 2148.115 38580.241 12764.693 30010.437 25862.153

Covariance 30.687 551.146 182.353 428.721 369.459

N 71 71 71 71 71

PP

Pearson Correlation -.011 .863** .378** .974** 1

Sig. (2-tailed) .927 .000 .001 .000  

Sum of Squares and Cross-
products -488.535 30848.662 7387.915 25862.153 23499.324

Covariance -6.979 440.695 105.542 369.459 335.705

N 71 71 71 71 71

**Correlation is significant at the 0.01 level (2-tailed).

Results
A total of 36 hypertensives with age range 30-81years and 35 

normotensives controls with age range 18-88years were involved 
in the study. Of the hypertensives 25% (9) were male and 75% (27) 
were female. Among the control normotensive 37% (13) were male 
while 63% (22) were females. The mean age of the hypertensives 
was 52.86 years while the mean age of the control was 41.51years. 

Hypercholesterolemia was present in 33.3% (12 subjects) of the 
hypertensives while it was present in only 17.1% (6) of the control 
see Figure 1.

Genderwise, hypercholesterolemia was commoner among 
hypertensives that are female, 40.74% (11females) of the hypertensive 
female population compared to 11.1% among hypertensive male 
population see Figure 2. 
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Figure 1 Percentage distribution of Hypercholesterolemia among African 
Hypertensive’s and Control (n=71).

Figure 2 Sex distribution of Hypercholesterolemia among African 
Hypertensives (n=36).

Further analysis showed that of the 18 subjects (25.35% of the 
population studied) in the study with hypercholesterolemia (both 
control and hypertensives) 66.6% (12subjects) have hypertension 
while 33.3% (6) were normotensive which translate that 2 out of every 
3 with hypercholesterolemia had hypertension.

The relationship between hypercholesterolemia and mean 
arterial pressure is not linear among African, this is true for both 
hypertensives and control group in this study. Furthermore among 
all the hypertensives in this study, the average of mean arterial 
pressure was 113.98mmHg while among African hypertensives with 
hypercholesterolemia the average of mean arterial pressure was 
113.75mmHg.

Among all the non hypertensive control, the average 
of mean arterial pressure was 89.16mmHg while among 
the non hypertensives with hypercholesterolemia the 
average of mean arterial pressure was 87.33mmHg.  
Hypercholesterolemia occurs at both low and wide pulse pressure 
in African hypertensives but with those occurring at lower pulse 
pressure in the majority. Hence there is association between 
hypercholesterolemia and low pulse pressure in hypertensive 
Africans. Hypercholesterolemia tend to occur at wider pulse pressure 
in non hypertensives compared to hypertensive Africans however 
higher values of hypercholesterolemia does not equate to higher 
pulse pressure. Normal cholesterol level does not equate to low pulse 
pressure, as some with normal cholesterol had wide pulse pressure. 
No linear relationship between cholesterol level (whether normal or 
not) and pulse pressure. There are other cardiovascular risk factors in 
the subjects studied for instance diabetes mellitus but the analysis of 

this is not part of the objective of this study.

Discussion
The routine screening of hypertensives for hypercholesterolemia 

is supported by this study as 1 out of 3 hypertensives in Africa have 
hypercholesterolemia, the dearth of literature on this subject among 
Africans within the continent limits our understanding of the true 
picture of hypercholesterolemia among hypertensives in Africa,it may 
be more than 1 in 3 in some African populations perhaps.

Since hypercholesterolemia was present in 33.3% of the 
hypertensives while it was present in only 17.1% of the control 
meaning hypercholesterolemia is twice as common among 
hypertensives compared to the normotensive controls, we can 
therefore infer that in this African cohort sample studied though small 
in size, hypercholesteroleamia is twice as common in hypertensives in 
Africa compared to the general African population.

Accurate determination of MAP is important in the calibration of 
pressure waveforms for calculating central blood pressure. Currently, 
a precise, individualized measurement of mean arterial pressure can 
be obtained only with intra-arterial measurements of blood pressure or 
with applanation tonometry.15

The gold standard for determining MAP would be intra-arterial 
measurements of systolic blood pressure and diastolic blood pressure 
however because of its invasive nature such an approach is not 
feasible in some studies on mean arterial pressure. As a gold standard 
for non-invasive pressure measurements, the second best solution is 
applanation tonometry.15 However adding 1/3 of the pulse pressure to 
the diastolic blood pressure is the most frequently used method for 
calculating mean arterial pressure.

Since among all the hypertensives in this study, the average 
of mean arterial pressure was 113.98mmHg while among african 
hypertensives with hypercholesterolemia the average of mean arterial 
pressure was 113.75mmHg,this suggest that hypercholesterolemia 
does not have additional effect on mean arterial pressure among 
hypertensives in Africa hence there is no correlation between 
hypercholesterolemia and mean arterial pressure. This has not been 
documented in any African study based literature on this issue and my 
study is the first to point this out to the best of my knowledge. A similar 
study is hereby recommended among African Americans, Hispanics, 
Native Americans, Latinos, Europeans, Asians and all ethnic groups 
whether this scientific fact that there is no correlation between 
hypercholesterolemia and mean arterial pressure is reproducible in 
other population.

As shown earlier in the result section, among all the non hypertensive 
control, the average of mean arterial pressure was 89.16mmHg while 
among the non hypertensives with hypercholesterolemia the average 
of mean arterial pressure was 87.33mmHg, hence non hypertensive 
Africans with hypercholesterolemia tend to have lower mean arterial 
pressure than the other non hypertensive general population without 
hypercholesterolemia.

The majority of African hypertensives with hypercholesterolemia 
in this study had low pulse pressure. However the presence of 
hypercholesterolemia also at wide pulse pressure points to the fact 
that there are other co-morbidities in these hypertensives that affects 
pulse pressure.

These paper findings also support the routine screening for 
hypertension among subjects with hypercholesterolemia as 2 out of 3 
with hypercholesterolemia had hypertension. 
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With the newly released definition of hypertension now 130/80 
according to the American College of Cardiology and American Heart 
Association,21 it will be interesting to know if this new definition will 
change the findings in this paper if used compared to the JNC 8th 
definition of 140/90 used in this study. This is a subject for future 
research.

Conclusion
The frequency of hypercholesterolemia among Africans that 

are hypertensive is more than in the general African population. 
Similarly majority of Africans with hypercholesterolemia are 
hypertensive. There is no correlation between hypercholesterolemia 
and mean arterial pressure in africans. Hypercholesterolemia occurs 
at low and wide pulse pressures in Africans. Since hypertension and 
hypercholesterolemia are both risk factors for coronary heart disease, 
the diagnosis of one should lead to a search for the other as they could 
coexist in Africans, this will help to reduce the overall mortality rates 
from coronary heart disease. 

There is correlation between hypercholesterolemia and hypertension 
and pulse pressure but none between hypercholesterolemia and 
mean arterial blood pressure in African hypertensives. Same study is 
suggested in other races and ethnic groups.
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