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Plain English Summary

All humans have a specific apoE genotype. These genotypes are inherited from both parents and so the
type inherited from each parent constitutes an offspring’s genetic makeup. The study aimed at identifying
the number of times the six known variations in the apoE genotype were found in participants recruited from
a hospital clinic in Ibadan.

The apoE gene was selected because it has been shown to predispose to developing blood cholesterol
abnormalities which eventually can cause cardiovascular diseases and also a specific type of apoE
genotype can predispose to the development of Alzheimer's disease. The HIV population was used
because of the presence of HIV, the use of HAART can also predispose to diseases of the heart and brain
and apoE genotype can increase the rate of developing these diseases in them.
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Blood samples were taken from 124 study participants who attended the HIV outpatient clinic and their
blood was analyzed to see the type of apoE genotypes they have. The results of their sociodemographic
and clinical characteristics are seen in the tables in the result section, more than 75% of them were females
and more than 60% of them were older than 50 years. Their various apoE genotype is detailed in the pie

chart included in the article.

All six genotypes of apoE were seen in the study participants. The most common genotype of apoE seen
is the E3/E3 genotype. The E4-containing genotype had a higher frequency in our study than those seen
in the Caucasian population. The E2-containing genotypes had the smallest frequencies.

Introduction

The human apolipoprotein E gene is located on
the long arm of chromosome 19 clustering with
genes coding for apolipoprotein Cl and ClI- other
genes of importance in the metabolism of lipids.
The genetic information on the apo E gene is
located on four exons separated by 3 introns
forming a total of 3597 nucleotide base pairs.
Transcription of apo E in the hepatocyte is
activated by the genetic regulators- liver X
receptor and peroxisome proliferator-activated
receptor y. This activation induces the splicing of
the introns and the transcription of the gene to
produce its mMRNA with 1163 nucleotides. Single
nucleotide base substitutions of the gene produce
the apo E isoforms- apo E2, apo E3, and apo E4.
These isoforms differ in the amino acids present
at positions 112 and 158 (1, 2). About 75% of the
plasma apoE is synthesized primarily by liver
parenchymal cells. The brain also synthesizes
ApoE, however plasma apoE does not cross the
blood-brain barrier therefore apoE in the brain is
its de novo synthesis primarily by the astrocytes
in the brain. The second organ synthesizing apoE
is the brain, where it is produced primarily by
astrocytes (1, 2).

Plasma apolipoprotein E is involved in lipid
metabolism. ApoE is present on chylomicrons,
VLDL- cholesterol, and HDL- cholesterol where it
facilitates the uptake of chylomicron remnant and
IDL by its interaction with the LDLRs, lipoprotein
receptor-related protein 1 (LRP1), and HSPG.
This results in the trapping, sequestration, and
internalization of these lipoproteins, promoting
their clearance from circulation (3). A reduced
interaction of apoE with its receptor results in
inefficient clearance of these remnants and may
predispose to atherosclerosis (4).

The difference in apoE interaction with its
receptors varies due to missense single
nucleotide polymorphisms in the apoE gene and
resulting structural changes in the protein
product. The protein product is a single-chain
polypeptide with 299 amino acid residues. The N-
terminal domain on residues 1-191 is lipid-free
and functions as the LDL receptor-binding
domain while the C-terminal domain (on residues

222-299) is the lipophilic region that binds the
lipids in the lipoprotein structure. The receptor-
binding domain has been identified as the N-
terminal end (amino acid positions 136 to 150),
hence mutations resulting in amino acid
substitutions in these regions result in impaired
binding of ApoE to its receptor culminating in
elevations in levels of triglyceride-rich VLDL-C,
chylomicrons and their remnants (4). ApoE3 is
the parent and most abundant isoform, with
cysteine as residue 112 and arginine as residue
158. ApoE?2 differs from apo E3 at residue 158,
where arginine is substituted for cysteine and
apoE4 contains arginine at residues 112 and 158.
ApoE4 and apoE3 have a high affinity for the LDL
receptor (LDLR) while apoE2 binds poorly (4, 5).
ApoE polymorphisms have been associated with
cardiovascular and neurological diseases (2).
One such clinical disorder associated with ApoE
is type Il hyperlipoproteinemia (HLP), an apoE2
homozygous atherosclerotic  cardiovascular
disease risk condition, resulting in elevated levels
of lipids (particularly, B-VLDL-C) in the plasma,
especially with secondary stressors such as
pregnancy, hypothyroidism, obesity, and
HIV/HAART use (2). ApoE4 homozygousity has
also been associated with Alzheimer’'s disease.
Differences in the apoE allele have also been
shown to play a significant role in individual
response to lipid-lowering drugs and therapeutic
lifestyle changes (4). The AACE/ACE guideline
identified the E4 isoform as an intermediate risk
for dyslipidemia (6). With the use of highly active
antiretroviral agents, HIV has become coexisting
morbidity now seen in the middle-aged and
elderly population. In addition to age, HIV, and
HAART as predisposing factors to neurocognitive
disorders and cardiovascular diseases, studies
have demonstrated that persons with HIV
possessing the apoE4 allele develop
neurocognitive disorders earlier compared with
those who do not possess the apoE4 allele. The
apoE genotype is also associated with elevations
in LDL-Cholesterol popularly called the bad
cholesterol, non E3/E3 carriers have been
studied to be at risk of developing
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hypertriglyceridemia seen with protease-inhibitor
boosted HAART regimen (7, 8, 9).

This cross-sectional study identified genes to
show the pattern of ApoE polymorphisms in a
Nigerian population, an understudied gene in the
Nigerian population, and an essential genetic
variation to understanding- the phenotypic
differences seen in lipid metabolism, an
atherosclerotic cardiovascular disease risk factor
and a predisposing factor to Alzheimer’s disease.
These allelic frequencies will serve as a pilot
study for future research as evidence that
genotyping for apoE may be required for a
personalized treatment regimen in the
management of HIV/AIDS with HAART.

Materials and methods

Study design and location

This was a cross-sectional study performed over
six months. The study was conducted in the
university college hospital, in Ibadan, Nigeria.
The University College Hospital/the University of
Ibadan (UCH/UI) ARV clinic was established by
the Government of Nigeria in 2002. The hospital
is a tertiary facility with an inpatient capacity of
over 850 beds and a full complement of
multispecialty services. The ARV clinic receives
referrals from all departments within the hospital
and other centers in the city. Activities in the clinic
are coordinated by doctors, public health nurses,
pharmacists, medical records officers, and other
cadres of health workers.

Study population and sample size estimation
The study population was the HIV-positive
individuals receiving treatment at the adult
antiretroviral (ARV) clinic of the University
College Hospital/the University of Ibadan, Ibadan
(UCH/UI ARV clinic). All consented individuals
that met the inclusion criteria; HIV patients on
HAART, age 18 and above, and non-pregnant
women were recruited into the study. One
hundred and twenty-four non-pregnant adults
aged 18 years and above who gave written
consent were recruited for the study.

Sampling method, data collection tools, and
techniques

Participants were randomly selected from the
HIV-positive individuals receiving treatment at the
adult antiretroviral (ARV) clinic of the University
College Hospital/the University of Ibadan, Ibadan
(UCH/UI ARV clinic). A semi-structured
guestionnaire was used as the survey instrument.
The questionnaire included socio-demographic

characteristics and clinical characteristics. The
total number of participant that met the inclusion
criteria were 124 and about 3-5ml of venous
blood sample was withdrawn into an EDTA bottle
for analysis.

Laboratory analytical methods

DNA extraction was done using whole blood and
following the manufacturer'’s protocol for the
QlAamp DNA blood mini kit (Qiagen
biotechnology, Hilden, Germany) to ensure DNA
yield in suitable quantity and quality for PCR
amplification. Amplification and analysis of ApoE
genotypes were determined using the Seeplex
apoE ACE genotyping kit. This is a polymerase
chain reaction DNA amplify, cation technique that
uses a proprietary oligo technology called DPO
(Dual Priming Oligonucleotide). It is designed to
identify the six common apoE genotypes in one
PCR step. Identification of the apoE genotype
was done using electrophoresis. 5uL of PCR
products and size markers were separated with
electrophoresis using 2% agarose gel. Fragment
sizes were estimated by comparison with known
size markers.

Data management and analysis

Continuous variables are described as mean *
standard deviation or median with an interquatrtile
range, whereas categorical variables are
presented as numbers and percentages. The
epidemiological distribution of apoE is figured
with a pie graph. SPSS version 22.00 was used
for all statistical analysis

Results

Table 1 describes the demographic
characteristics of the study participants. A total of
98 (79%) participants in the study group were
females while 26 (21%) of them were males. The
mean (SD) age of the female participants was
47.39 (10.0) years, while the male participants
had a mean age of 49.69 (8.00) years. The
majority of the female participants 54(54.5) had
their ages between 40 and 49 years, while the
majority of the male participants 16 (61.6) were
between ages 40 and 59. Most of the study
participants had formal education with 52 (53.1)
females and 14 (53.8) males having at least a
secondary school education. The majority
(98.4%) of the study participants were non-
smokers. Although 16 (12.26%) of the
participants had smoked in the past, only 2
(1.6%) were current smokers.
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Table 1: Sociodemographic characteristics of study participants

Variables Total Female Male p-value
Number of participants 124 98 (79) 26 (21)
Age (years) mean (SD) 48.12 (9.46) 47.39 (10.0) 49.69 (8.00) 0.22
Age Distribution (years)
<40 22 (17.7%) 18 (18.4%) 4 (15.4%)
40-49 62 (50.0%) 54 (54.5%) 8 (30.8%)
50-59 18 (14.5%) 10 (10.2%) 8 (30.8%)
=260 22 (17.7%) 16 (16.3%) 6(33.1%) 0.029
Educational status
None 6 (4.8%) 4(4.1%) 2 (7.7%)
Primary 22 (17.7) 20 (20.4%) 2 (7.7%)
Secondary 66 (53.2) 52 (53.1%) 14 (53.8%)
Tertiary 26 (21.0) 20 (20.4%) 6 (23.1%)
Postgraduate 4 (3.2) 2 (2%) 2 (7.7%) 0.339
Past Smoker* 16 (12.26) 6 (6.1%) 10 (38.5%) <0.01
Current smoker 2 (1.6) 2 (2.0%) 0 (0.0%) 0.623

*Significant at p<0.05. Variables are represented as n (%)

Table 2 describes the clinical characteristic of the
study participants. Among the study participants,
16 (12.26%) were known hypertensive and 8
(6.3%) had past CVD events. There were 18
(14.2%) participants who reported a family history

of CVD and there were 2 (1.6%) participants with
diabetes mellitus. There was a significant
difference in BMI across gender (females vs
males, 26.44 (5.71) Vs 23.53 (3.36), p-value
<0.01).

Table 2 Clinical characteristics of the study participants

Variables Total Female Male p-value
Height (m)* 1.64 (0.09) 1.62 (0.09) 1.71 (0.06) 0.003
Weight (kg) 69.05 (14.75) 68.93 (15.65) 69.52 (10.95) 0.820
BMI (kg/m?)* 25.83 (5.42) 26.44 (5.71) 23.53 (3.36) 0.007

Systolic BP (mmHg)
Diastolic BP (mmHg)

130.61 (21.54)
80.97(14.15)

130.86 (22.70)
80.84 (13.54)

129.69 (16.77) 0.770
81.46 (16.53) 0.860

Known Hypertensive 16 (12.26) 10 (10.2%) 6 (23.1%) 0.084
Past History of CVD 8 (6.3) 6 (6.1%) 2 (7.7%) 0.530
Family history of CVD 18 (14.2) 14 (14.3%) 4 (15.4%) 0.550
Diabetes mellitus 2 (1.6) 2 (2.0%) 0 (0.0%) 0.623

*Significant at p<0.05. Variables are represented as mean (SD)

Figure 1 shows the ApoE genotype among the
study participants, the most common ApoE
genotype observed was E3/E3. This genotype
was present in 52 (41.9%) of the participants. At

least one allele of ApoE2, ApoE3, and ApoE4
was present in 28(22.5%), 102 (82.2%), and 50
(40.3) of the study participants respectively.
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Figure 1: Apo E genotype of study participants

Discussion

This study identified the allele frequencies of
human apolipoprotein E. The majority of the study
participants 98 (79%) were females and only 26
(21%) were males. This is similar to studies done
by Kuti et. al. and Mafigiri et. al (10, 11) in a
similar study population of patients attending HIV
clinics (12). The majority of the female
participants 54(54.5) had their ages between 40
and 49 years, while the majority of the male
participants 16 (61.6) were between ages 40 and
59. Most of the study participants had formal
education with 52 (53.1) females and 14 (53.8)
males having at least a secondary school
education. This finding supports those seen by
Hegdahl et. al that, HIV prevalence in urban
areas is more in females, within the age group 25-
49 years. However, there was no difference in
HIV prevalence by education Hegdahl et al (12).
Although 16 (12.26%) of the participants had
smoked in the past, only 2 (1.6%) were current
smokers. The majority (98.4%) of the study
participants were non-smokers (Table 2). Among
the study participants, 16 (12.26%) were known
hypertensive and 8 (6.3%) had past CVD events.
There were 18 (14.2%) participants who reported
a family history of CVD and there were 2 (1.6%)
participants with diabetes mellitus. These
findings negate those of Sasha et al, Murphy et
al, and Kwarisiima et al who reported that HIV-
infected adults on ART have a higher prevalence
of hypertension and smoking history when
compared with HIV-uninfected individuals (13,
14, 15). But it is supported by the studies of Davis
K et al who reported that high blood pressure is

less common among people with HIV in sub-
Saharan Africa compared to the rest of the world
population, a systematic review presented at HIV
Glasgow 2020 (16).

In this study, the ApoE genotype E3/E3 was
observed to be the most dominant genotype. This
is in keeping with previous studies by Atadzhanov
et al in Zambia, other African populations, and in
African-Americans reported by Ziki et al (17, 18).
The ApoE3 allele is the most common allele seen
in more than half of the population and it binds
LDL-C receptor with high affinity. This is because
apoE3 possesses both the requisite lipid-binding
ability and affinity for LDLR to mediate
appropriate lipolysis and endocytosis of TG-rich
lipoprotein remnant particles (4). The ApoE
genotype E3/E4 was the second dominant
genotype. This also supports the findings of
Seperhnia et al and Ziki et al on the prevalence
of ApoE polymorphisms in a different Nigerian
population (15, 16). Previous findings in Nigerian
populations by Seperhnia et al reported that the
prevalence of APO E polymorphism is in general
agreement with those reported in other world
populations  (19). Some studies have
demonstrated that the apoE3/E3 genotype may
be cardioprotective, especially for those on
protease inhibitor therapy as hypertriglyceridemia
was significant in non-carriers of the E3/E3
genotype who were on ritonavir-boosted HAART
regimen (8, 9). Ritonavir-boosted HAART
remains a significant 2" line of therapy for the
management of HIV in Nigeria (20).
Furthermore, in the grouping of the frequencies
of the polymorphisms, we observed that at least
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one allele of- E3, E4, and E2 was present in
82.3%, 40.3%, and 22.5% of the study
participants  respectively. The order of
representation was similar to studies on the
prevalence of ApoE. Srinivasan et al in a study
demonstrated the relative frequency of the E3
allele was most common in white than black
children; while the E3/3 genotype was the most
frequent phenotype, and E2/2 was the least (21).
The apo E phenotype distribution and allele
frequency showed a significant race difference.
(P <0.01) A lower frequency of the E3 allele in
blacks, as compared with whites, was associated
with higher frequencies of both E2 and E4 alleles.
They also demonstrated that there was no sex
difference in apo E phenotype distribution
patterns (16, 17).

In this study, there was a high frequency of the
ApoE4 allele. This supports findings of a higher
ApoE4 allele in people of African descent
especially of Nigerian ancestry (21, 22) as
against those of Caucasian descent (21, 22, 23).
while a study in brazil found no significant
associations between the various apoE allele and
cognitive disorders (24), a large meta-analysis
observed that possessing the E4 allele confers a
42% increase in cardiovascular risk, the apoE4
allele has also been closely linked with the
development of neurocognitive disorders,
premature brain aging, lipid disorders and the
presence of debilitating opportunistic infection in
the HIV populace. Since ApoE4 is higher in the
African population and has been associated with
adverse effects in the HIV population, there may
be a need to determine individual genotypes
before commencing the HAART regimen to limit
these adverse effects in predisposed individuals
(7, 8,9, 25).

There are a few limitations to the study, study
participants were adults attending the
antiretroviral outpatient clinic, and this study may
be done in the community as this would ensure a
larger sample size more representative of the
study population.

In conclusion, this study helps determine the
various polymorphisms in the apoE genotype, an
important gene in understanding the genetic
basis of certain cardiovascular and neurological
diseases.

List of Abbreviations

AACE: American  Association of  Clinical
Endocrinology

ACEK American College of Endocrinology
ApoE: Apolipopreotein E

ART: Antiretroviral therapy

ARV: Antiretroviral

BMI:  Body Mass Index

CVD: Cardiovascular Disease

DNA: Deoxyribonucleic acid

DPO: Dual Priming Oligonucleotide
EDTA: Ethylenediaminetetraacetic acid
HDL: High-Density Lipoproteins

HIV: Human Immunodeficiency Virus
HSPG: Heparan Sulphate Proteoglycans
IDL: Intermediate Density Lipoproteins
LDLRs: LDL receptors

LRP1: lipoprotein receptor-related protein 1
MRNA: Messenger Ribonucleic Acid

PCR: Polymerase Chain Reaction

SD: Standard Deviation

UCH: University College Hospital, Ibadan
ul: University of Ibadan

VLDL: Very Low-Density Lipoproteins

Declarations

Ethics approval, and Consent to Participate
Ethical approval for study implementation was
obtained from the UI/UCH ethical review
committee (ethical review reference number
18/0328). Each participant was allowed to sign a
consent form through which their confidentiality
was also ascertained. Verbal consent was also
taken before every sample collection and the
procedure was explained to the participants in the
language they understand. A letter of permission
was written to the Principal Investigator, HIV
program, Infectious Disease Institute, the
University of Ibadan toward recruiting the patients
attending the adult antiretroviral clinic of the
University College Hospital, Ibadan for this study.
The study adhered to the proper conduct of
research with human subjects.

Consent for publication

All the authors gave consent for the publication of
the work under the creative commons Attribution-
Non-Commercial 4.0 license.

Availability of data and materials

The data and materials associated with this
research will be made available by the
corresponding author upon reasonable request.

Competing interests
The authors declare that they have no competing
interests.

Funding
The research was sponsored by the authors.

Authors’ contributions

147



Bamidele et. al. Babcock Univ. Med. J.2022 5(2):142-149

BOT: Organized the research group, wrote the
result, and discussion of the manuscript

OO: did the statistical analysis

EM and AJO: were involved in data collection and
writing the manuscript

NN, BJ, and OOIl: were involved in sample
collection and laboratory analysis of the samples
MA: Conceptualized and supervised the research
work.

All authors revised the draft and approved the
final version.

Acknowledgment

Sincere appreciations go to all members of staff
of the UCH/ Ul ARV clinic for their support
throughout this study. We also thank the director
and members of staff of the molecular laboratory
where the study was carried out.

References

1.

Yin'Y, Wang Z. ApoE and neurodegenerative
diseases in aging. Aging and Aging-Related
Diseases. 2018:77-92.
https://doi.org/10.1007/978-981-13-1117-
85

Mahley RW. Apolipoprotein E: from
cardiovascular disease to neurodegenerative
disorders. Journal of molecular medicine.
2016 Jul;94(7):739-46.
https://doi.org/10.1007/s00109-016-1427-y
Morton AM, Koch M, Mendivil CO, Furtado
JD, Tjgnneland A, Overvad K, Wang L,
Jensen MK, Sacks FM. Apolipoproteins E
and CllII interact to regulate HDL metabolism
and coronary heart disease risk. JCI insight.
2018 Feb 22;3(4).
https://doi.org/10.1172/jci.insight.98045
Phillips MC. Apolipoprotein E isoforms and
lipoprotein metabolism. IUBMB life. 2014
Sep;66(9):616-23.
https://doi.org/10.1002/iub.1314

Marais AD. Apolipoprotein E in lipoprotein
metabolism, health, and cardiovascular
disease. Pathology. 2019 Feb 1;51(2):165-
76.
https://doi.org/10.1016/j.pathol.2018.11.002
Yuen KC, Biller BM, Radovick S, Carmichael
JD, Jasim S, Pantalone KM, Hoffman AR.
American Association of Clinical
Endocrinologists and American College of
Endocrinology guidelines for management of
growth hormone deficiency in adults and
patients transitioning from pediatric to adult
care. Endocrine Practice. 2019 Nov
1;25(11):1191-232.
https://doi.org/10.4158/GL-2019-0405

7.

10.

11.

12.

13.

14,

Geffin R, McCarthy M. Aging and
apolipoprotein E in HIV infection. Journal of
Neurovirology. 2018  Oct;24(5):529-48.
https://doi.org/10.1007/s13365-018-0660-2
Lazzaretti RK, Gasparotto AS, Sassi MG,
Polanczyk CA, Kuhmmer R, Silveira JM,
Basso RP, Pinheiro CA, Silveira MF, Sprinz
E, Mattevi VS. Genetic markers associated to
dyslipidemia in HIV-infected individuals on
HAART. The Scientific World Journal. 2013
Jan 1;2013.
https://doi.org/10.1155/2013/608415
Abondio P, Sazzini M, Garagnani P, Boattini
A, Monti D, Franceschi C, Luiselli D, Giuliani
C. The genetic variability of APOE in different
human populations and its implications for
longevity. Genes. 2019 Mar 15;10(3):222.
https://doi.org/10.3390/genes10030222
Mafigiri R, Matovu JK, Makumbi FE,
Ndyanabo A, Nabukalu D, Sakor M, Kigozi G,
Nalugoda F, Wanyenze RK. HIV prevalence
and uptake of HIV/AIDS services among
youths (15-24 Years) in fishing and
neighboring communities of Kasensero,
Rakai District, South Western Uganda. BMC
public health. 2017 Dec;17(1):1-0.
https://doi.org/10.1186/s12889-017-4166-2
Kuti MA, Adesina OA, Awolude OA,
Ogunbosi BO, Fayemiwo SA, Akinyemi JO,
Adetunji AA, Irabor AE, Odaibo GN, Prosper
O, Taiwo BO. Dyslipidemia in ART-naive
HIV-infected persons in Nigeria—
implications for care. Journal of the
International Association of Providers of
AIDS Care (JIAPAC). 2015 Jul;14(4):355-9.
https://doi.org/10.1177/2325957414555227
Hegdahl HK, Fylkesnes KM, Sandgy IF. Sex
differences in HIV prevalence persist over
time: evidence from 18 countries in sub-
Saharan Africa. PloS one. 2016 Feb
3;11(2):e0148502.
https://doi.org/10.1371/journal.pone.014850
2

Fahme SA, Bloomfield GS, Peck R.
Hypertension in HIV-infected adults: novel
pathophysiologic mechanisms.
Hypertension. 2018 Jul;72(1):44-55.
https://doi.org/10.1161/HYPERTENSIONAH
A.118.10893

Kwarisiima D, Atukunda M, Owaraganise A,
Chamie G, Clark T, Kabami J, Jain V,
Byonanebye D, Mwangwa F, Balzer LB,
Charlebois E. Hypertension control in
integrated HIV and chronic disease clinics in
Uganda in the SEARCH study. BMC public
health. 2019 Dec;19(1):1-0.

148


https://doi.org/10.1007/978-981-13-1117-8_5
https://doi.org/10.1007/978-981-13-1117-8_5
https://doi.org/10.1007/s00109-016-1427-y
https://doi.org/10.1172/jci.insight.98045
https://doi.org/10.1002/iub.1314
https://doi.org/10.1016/j.pathol.2018.11.002
https://doi.org/10.4158/GL-2019-0405
https://doi.org/10.1007/s13365-018-0660-2
https://doi.org/10.1155/2013/608415
https://doi.org/10.3390/genes10030222
https://doi.org/10.1186/s12889-017-4166-2
https://doi.org/10.1177/2325957414555227
https://doi.org/10.1371/journal.pone.0148502
https://doi.org/10.1371/journal.pone.0148502
https://doi.org/10.1161/HYPERTENSIONAHA.118.10893
https://doi.org/10.1161/HYPERTENSIONAHA.118.10893

Bamidele et. al. Babcock Univ. Med. J.2022 5(2):142-149

15.

16.

17.

18.

19.

20.

21.

22.

23.

https://doi.org/10.1186/s12889-019-6838-6
Murphy JD, Liu B, Parascandola M. Smoking
and HIV in Sub-Saharan Africa: a 25-country
analysis of the demographic health surveys.
Nicotine and Tobacco Research. 2019
Aug;21(8):1093-102.
https://doi.org/10.1093/ntr/nty176

Davis K, Guzman PP, Gregson S, Smit M.
Comparing the prevalence of hypertension
by HIV status in sub-Saharan African adults:
a systematic review and meta-analyses of
cross-sectional  studies.  JIAS. 2020
Oct;23(7):70.

Atadzhanov M, Mwaba MH, Mukomena PN,
Lakhi S, Mwaba P, Rayaprolu S, Meschia JF,
Ross OA. Frequency of APOE, MTHFR, and
ACE polymorphisms in the Zambian
population. BMC research notes. 2014
Dec;7(1):1-0. https://doi.org/10.1186/1756-
0500-7-194

Abou Ziki MD, Strulovici-Barel Y, Hackett NR,
Rodriguez-Flores JL, Mezey JG, Salit J,
Radisch S, Hollmann C, Chouchane L, Malek
J, Zirie MA. Prevalence of the apolipoprotein
E Argl145Cys dyslipidemia at-risk
polymorphism in African-derived populations.
The American journal of cardiology. 2014 Jan
15;113(2):302-8.
https://doi.org/10.1016/j.amjcard.2013.09.02
1

Sepehrnia B, Kamboh MI, Adams-Campbell
LL, Bunker CH, Nwankwo M, Majumder PP,
Ferrell RE. Genetic studies of human
apolipoproteins. X. The effect of the
apolipoprotein E polymorphism on
guantitative levels of lipoproteins in Nigerian
blacks. American journal of human genetics.
1989 Oct;45(4):586.

Federal Ministry of Health, Nigeria. National
Guidelines for HIV Prevention Treatment and
Care: 2016.

Srinivasan SR, Ehnholm C, Wattigney W,
Berenson GS. Apolipoprotein E
polymorphism and its association with serum
lipoprotein concentrations in black versus
white children: the Bogalusa Heart Study.
Metabolism. 1993 Mar 1;42(3):381-6.
https://doi.org/10.1016/0026-
0495(93)90091-2

Bos MM, Noordam R, Blauw GJ, Slagboom
PE, Rensen PC, van Heemst D. The ApoE ¢4
isoform: can the risk of diseases be reduced
by environmental factors? The Journals of
Gerontology: Series A. 2019 Jan 1;74(1):99-
107. https://doi.org/10.1093/geronal/gly226
Sandholzer C, Delport R, Vermaak H,

24,

25.

Utermann G. High frequency of the apo €4
allele in Khoi San from South Africa. Human
genetics. 1995 Jan;95(1):46-8.
https://doi.org/10.1007/BF00225073
Brito-Marques PR, Rocha-Filho PA,
Dellalibera E, Muniz MT, Cunha-Correia C.
Cognitive changes in patient living with HIV-
AIDS and apolipoprotein-E polymorphism: is
there an association? Molecular Biology
Reports. 2020 Nov;47(11):8757-62.
https://doi.org/10.1007/s11033-020-05923-4
Martinez-Martinez AB, Torres-Perez E,
Devanney N, Del Moral R, Johnson LA,
Arbones-Mainar JM. Beyond the CNS: the
many  peripheral roles of APOE.
Neurobiology of disease. 2020 May
1;138:104809.
https://doi.org/10.1016/j.nbd.2020.104809

149


https://doi.org/10.1186/s12889-019-6838-6
https://doi.org/10.1093/ntr/nty176
https://doi.org/10.1186/1756-0500-7-194
https://doi.org/10.1186/1756-0500-7-194
https://doi.org/10.1016/j.amjcard.2013.09.021
https://doi.org/10.1016/j.amjcard.2013.09.021
https://doi.org/10.1016/0026-0495(93)90091-2
https://doi.org/10.1016/0026-0495(93)90091-2
https://doi.org/10.1093/gerona/gly226
https://doi.org/10.1007/BF00225073
https://doi.org/10.1007/s11033-020-05923-4
https://doi.org/10.1016/j.nbd.2020.104809

