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GENDER COMPARISON OF APOLIPOPROTEIN AND LIPID PROFILES IN
APPARENTLY HEALTHY ADULT SUBJECTS AT NNAMDI AZIKIWE

UNIVERSITY TEACHING HOSPITAL, NIGERIA.

ABSTRACT:

Apolipoproteins are a group of proteins that are found on the surface of lipoprotein particles
and are involved in lipid metabolism. Lipoproteins are complexes of lipids and proteins that
transport lipids in the bloodstream, transport triglycerides to peripheral tissues, and reverse
transport of cholesterol from peripheral tissues to the liver for excretion. They are important
biomarkers of lipid metabolism and are known to be associated with an increased risk of
CVD. This study aims to assess the effect of gender on some of the apolipoproteins and lipid
profiles studied at Nnamdi Azikiwe University Teaching Hospital (NAUTH) Nnewi. A total
of 51 adult female and 49 adult male subjects were randomly recruited at the Voluntary and
counseling center NAUTH. The apolipoproteins such as Apo A-1, Apo A-2, Apo B, Apo C-
2, Apo C-3, and Apo E, and the lipoproteins such as Total cholesterol (Chol), Low-Density
Lipids (LDL), High-Density Lipids (HDL), and Triglycerides (TG) were analyzed using
routine laboratory analyses. The data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 21, independent Students’-test, and one-way analysis of variance
(ANOVA) were used to compare means. The Apo A-1, Apo A-2, Apo B, Chol, HDL, and TG
levels were significantly elevated in the male subjects compared to the female subjects with
p<0.05. Conclusively, the male subjects studied were more prone to cardiovascular

conditions.



INTRODUCTION

Cardiovascular disease (CVD) is a significant health burden in Nigeria, with high morbidity
and mortality rates ™. Gender-based differences in the pathogenesis of CVD are well
documented, with men at a higher risk of developing CVD than premenopausal women 2,
These differences are thought to be due to differences in sex hormones and their effects on
lipid metabolism ! Apolipoproteins and lipoproteins are important biomarkers of lipid

metabolism and are known to be associated with an increased risk of CVD ¥,

Apolipoproteins are a group of proteins that are found on the surface of lipoprotein particles
and are involved in lipid metabolism ©!. There are several types of apolipoproteins, ApoA-I is
the main component of high-density lipoprotein (HDL), which is known as the "good"
cholesterol 1. ApoB is the main component of low-density lipoprotein (LDL), which is
known as the “bad" cholesterol . ApoE is involved in the uptake of LDL and very low-
density lipoprotein (VLDL) by cells, and apoC-Ill is involved in the regulation of triglyceride
metabolism © Lipoproteins are complexes of lipids and proteins that transport lipids in the
bloodstream, transport triglycerides to peripheral tissues, and reverse transport cholesterol

from peripheral tissues to the liver for excretion o)

The study of gender differences in apolipoproteins and lipoproteins has significant
implications in the field of medicine and healthcare. Lipoproteins and apolipoproteins play a
critical role in cholesterol metabolism and are key indicators of cardiovascular disease risk.
The study of gender differences in these biomarkers can help identify sex-specific risk factors

and inform gender-specific diagnostic and treatment strategies.

Another important aspect of studying gender differences in lipoproteins and apolipoproteins

is the impact of menopause on lipid metabolism. A study by Anagnostis et al., found that



menopausal women had higher levels of total cholesterol, LDL-C, and apoB than
premenopausal women %!, This increase in cardiovascular disease risk factors highlights the
importance of regular lipid monitoring and intervention strategies targeted at menopausal

women.

Another important aspect to consider when studying gender differences in apolipoproteins
and lipoproteins is their role in other diseases. A study by Hildrum et al., found that women
had higher levels of high-density lipoprotein cholesterol (HDL-C) than men, which has been
shown to have protective effects against cardiovascular disease. However, the same study
also found that women had higher levels of HDL-C in conditions such as systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA), where higher HDL-C levels have been
linked to an increased risk of cardiovascular disease. ™! Moreover, research has also shown
that gender differences in lipid metabolism may contribute to differences in the progression
of neurological disorders such as Alzheimer's disease. A study by Kim et al. found that
women with Alzheimer's disease had higher levels of total cholesterol and triglycerides than
men with the same condition. The study suggests that gender-specific differences in lipid
metabolism may contribute to the differences in the progression and severity of Alzheimer's

disease 12,

The study of gender differences in lipoproteins and apolipoproteins is crucial for
understanding the sex-specific risk factors for cardiovascular disease. Hormonal factors,
genetic variations, and lifestyle factors all contribute to differences in lipid metabolism
between men and women. The identification of these differences can help inform the
development of gender-specific diagnostic and treatment strategies to improve cardiovascular
outcomes in both men and women. In this paper, we will examine the gender-based
comparison of mean serum apolipoproteins and lipoproteins at Nnamdi Azikiwe University

Teaching Hospital Nnewi.



METHODOLOGY

A total of 51 adult female and 49 adult male subjects aged 18-65 years were randomly
recruited at the Voluntary and counseling center, Nnamdi Azikiwe Teaching Hospital
(NAUTH), Nnewi. The procedure of the study was explained to the subjects and their

informed consent was obtained verbally before proceeding with sample collection.

The observation of standard aseptic procedures and universal safety precautions in samples
collected, stored, and processed was ensured ™%, Five milliliters (5 ml) of fasting blood
samples were collected from each of the participants in the study. The samples were placed in
different labeled plain sample tubes and were allowed to clot. They were further centrifuged,
separated, and aspirated into plain sample tubes. They were further frozen until assay for
lipoproteins (Chol, LDL, HDL, and TG) and apolipoproteins (Apo A-1, Apo A-2, Apo B,

Apo C-2, Apo C-3 and Apo E).
ESTIMATION OF APOLIPOPROTEINS:

Apolipoproteins Al, A2, B, C2, C3, and E were estimated using the principle of turbidimetry,

the method of Tietz ™ and using kits from Spinreact Laboratories Limited, Spain.
ESTIMATION OF LIPOPROTEINS

The lipoproteins were estimated as follows:

Total cholesterol was estimated using the enzymatic method as described by Allain et al. ™

For Triglycerides, enzymatic hydrolysis and oxidation by lipase method as described by

Buccolo and David [**. The HDL was estimated using Precipitating enzymatic method as



described by Assmann et al. ™ While LDL was Calculated from a formula described by

Kaplan et al. "),
STUDY DESIGN:

This is a cross sectional study on apparently healthy individuals that attended the voluntary
and counselling unit of Nnamdi Azikiwe University Teaching Hospital (NAUTH) Nnewi,

Anambra state, Nigeria.
INCLUSION AND EXCLUSION CRITERIA

Only apparently healthy individuals that visited the voluntary and counselling unit at

NAUTH Nnewi were included in this study.
STATISTICAL ANALYSIS

Student - t test was used for comparison of mean between the genders and p<0.05 was

considered statistical significant.

RESULT

A total of 100 adults (51 females and 49 males) aged between 18-65 years (32.52+5.50)
participated in the study. The mean age of female group is 30.05+6.54years and that for the
male group is 34.98+4.46. The mean age of the male group was significantly higher than in

the female group at p=0.00.



The serum cholesterol, LDL, HDL, and TG (mmol/L) in the female group were 4.56+0.25,
2.3240.12, 1.35+0.06, and 1.43+0.05 respectively. Also, the serum cholesterol, LDL, HDL,
TG (mmol/L) in the male group were 34.98+4.46, 4.68+0.22, 2.33+£0.14, 1.40+0.5, and
1.45+0.05 respectively. The serum levels of cholesterol, HDL and TG were significantly

higher in the male than in the female at p<0.05 respectively.

The serum Apo A-1, A-2, B, C-2, C-3 and E in the female group were 1.24+0.05, 0.22+0.04,
0.56+0.15, 0.05+0.02, 0.03+0.02, and 0.05+0.02 respectively. Also, the serum Apo A-1, A-2,
B, C-2, C-3 and E in the male group were 1.31+0.04, 0.26+0.11, 0.80+0.39, 0.05+0.01,
0.03+0.10, and 0.05+0.02 respectively. The serum Apo A-1, A-2, and B was significantly
higher in the male than the female, while there was no significant difference in the serum

Apo C-2, C-3 and E in the two groups studied.

APOLIPOPROTEIN PARAMETERS

The mean (£SD) Apo A-1 value in female participants was 1.24+0.05, while that of the male
was 1.31+0.04. The Apo A-1 level was significantly higher in the male subjects than the
female subjects (p<0.05). The mean (xSD) Apo A-2 value in female was 0.22+0.04, while
that of the male subjects was 0.26+0.11. There was significant elevation in the Apo A-2 value
in the male subjects compared to the female subjects (p<0.05). The mean (xSD) Apo B value
in the female participants was 0.56+0.15, while in the male subject the mean (£SD) Apo B
value was 0.80+0.39. Apo B was significantly elevated in the male subjects than the female

subjects (p<0.05).

Although no significant elevation was observed in the Apo C-2 values of the subjects with
p>0.05, the mean (£SD) Apo C-2 value in female was 0.05+0.02, while that of the male
subjects was 0.05+0.01. The mean (xSD) Apo C-3 value in female was 0.03+0.02, while that

of the male was 0.03+0.01. The Apo C-3 value of the female subjects were significantly not



elevated than the male subjects (p>0.05). Although no significant difference was observed in

the Apo E of the male and female subjects with p>0.05, the mean (xSD) Apo C-3 value in

female was 0.05£0.02, while that of the male subject was 0.05+0.02.

SEX AGE | Apo A-1 | Apo A-2 Apo B Apo C-2 | ApoC-3 Apo E
g/L g/L g/L g/L g/L g/L
FEMALE | 30.05 | 1.24+0.05 | 0.22+0.04 | 0.56+0.15 | 0.05+0.02 | 0.03+0.02 | 0.05+0.02
(n=51) |+ 6.54
MALE |34.98 |1.31+0.04 | 0.26+0.11 | 0.80+0.39 | 0.0540.01 | 0.03+£0.01 | 0.05+0.02
(n=49) |+ 4.46
P-value | <0.05 <0.05 <0.05 <0.05 >0.05 >0.05 >0.05
t-value | 0.000 .000 .030 .030 653 821 141

TABLE 1: Gender-based comparison of the mean (xSD) levels of Apolipoproteins

parameters studied among the participants.

LIPOPROTEIN PARAMETERS

The mean (£SD) total cholesterol (Chol) value in female subjects was 4.56+0.25, while that
of male subjects was 4.68+0.22. The Chol value was significantly elevated among the male
subjects than the female subjects (p<0.05). The mean (xSD) Low Density Lipid (LDL) value
in the female subjects was 2.32+0.12, while that of the male subjects was 2.33+0.14. There
was no significant elevation in the LDL value of the male subjects compared to that of the
female subjects (p>0.05). The mean (£SD) High Density Lipid (HDL) value in the female
subjects was 1.35+0.06, while that of the male subjects was 1.40+0.05. The HDL in the male

subjects was significantly elevated, compared to that of the female subjects (p<0.05). The




mean (£SD) Triglycerides (TG) value in the female subjects was 1.43+0.05, while that of the
male subjects was 1.45+0.05. TG value was significantly elevated in the male subjects

compared to the female subjects (p<0.05).

TABLE 2: Gender-based comparison of the mean (xSD) levels of Lipoproteins

parameters studied among the participants.

SEX AGE CHOL LDL HDL TG
mmol/L mmol/L mmol/L mmol/L
FEMALE 30.05 + 6.54 4.56+0.25 2.32+0.12 1.35+0.06 1.43+0.05
(n=51)
MALE 34.98 +4.46 4.68+0.22 2.3310.14 1.40+0.05 1.4540.05
(n=49)
P-value <0.05 <0.05 >0.05 <0.05 <0.05
t-value 0.000 011 786 .000 .013
DISCUSSION

The study of gender differences in lipoproteins and apolipoproteins, important biomarkers of
lipid metabolism known to be associated with an increased risk of CVD is crucial for
understanding the sex-specific risk factors for cardiovascular disease. Hormonal factors,
genetic variations, and lifestyle factors all contribute to differences in lipid metabolism

between men and women.



A decrease in Apo Al may compromise the structural composition of HDL, since it is the
major apolipoprotein in HDL %!, HDL particles must adhere to the ATP-binding cassette
transporter (ABCA-1) on the cell surface in order for ApoAl to function ! Lecithin
cholesterol acyl transferase also needs the cofactor apoAl % Typically, there is a
significant correlation between plasma ApoAl concentration and HDL-C levels 4. In this
study, we observed a significant elevation in the Apo A-1 of the male subjects when
compared to the female subjects. This finding is in contrary to that of Anagnostis et al where
Apo A-1 was significantly higher in post-menopausal women than men %1, Our finding also
contradicted the findings of Nakhjavani et al, where there was a significant elevation in the
Apo A-1 of the female subjects compared to the male subjects studied ®!. However, our
finding concurs with that of Ezeugwunne et al where Apo A-1 was significantly higher in

HIV seropositive subjects studied.

The rate of hepatic and lipoprotein lipase activity has been found to rise in response to normal
blood Apo A2, and this impact tends to promote plasma TG hydrolysis and subsequently
reduce plasma TG. Elevated Apo A-2 level was observed among the male subjects than the
female subjects in this study. While our finding was relatively comparable with the findings
of Ogbodo et al **), this finding concurs with the findings of Ezeugwunne et al who studied

the Apo A-2 levels among HIV seronegative subjects.

Apo B is strongly associated with coronary heart diseases 2. The liver produces apoB,
which is then secreted together with VLDL. They are then transformed into intermediate-
density lipoproteins (IDL) and then LDL in the peripheral circulation. Each lipoprotein
particle contains one apoB molecule, hence apoB represents the overall amount of VLDL,
IDL, and LDL particles and, consequently, the concentration of proatherogenic particles.
Similarly, Apo B was found significantly elevated when compared with the Apo A-3 of the

female subjects that participated in this study. The Apo B value of our male subjects was not



comparable to the values of the male subjects with Coronary Heart Disease in the study by
Pischon et al. 1

This study showed no significantly higher serum levels of Apo C-2, Apo C-3, and Apo E
levels in the studied subjects. Increased blood Apo C2 levels have been associated with

(32 |ntermediate

hypertriglyceridemia, hypercholesterolemia, and hyperchylomicronemia
lipoproteins (IDLs) and chylomicrons include the apo E protein, which is necessary for the
transfer of cholesterol to neurons via apo E receptors and for the degradation of triglyceride-

rich lipoprotein components 2.

There is evidence that Apo E prevents atherogenesis, hence the decreased value of Apo E
seen as the length of therapy increased may suggest a cardio-protective role on the heart B4,
A relationship between Apo E and neurodegenerative diseases like multiple sclerosis and

Alzheimer's disease has also been reported !,

The serum total cholesterol studied in this study was significantly higher in the male subjects
when compared to the female subjects. This finding is in line with that of Ezeugwunne et al,
where total cholesterol level was elevated in both symptomatic not on ART and on ART, and
asymptomatic seronegative HIV male subjects. ™! On the contrary, this finding disagrees

with that of Chinechelum et al who studied the lipid profiles in undergraduate students.

While LDL- cholesterol levels were significantly increased in male than in female subjects
studied in symptomatic HIV-positive subjects not on ART and in asymptomatic HIV
seronegative, as reported by Ezeugwunne et al "%, this study observed no significant
elevation in the LDL levels of the male subjects than the female subjects. This finding also
contradicts that of Magati et al where LDL was significantly higher in the male subjects

studied. B9



Our subjects had significantly higher HDL values than the female subjects. This finding is in
contrary to similar study where males had lower HDL cholesterol than the female subjects 1*°!
but agrees with the findings of Zhang et al where HDL was significant elevated in the female

subjects studied.“"!

Cardiovascular disorders are strongly predicted by an elevated LDL level. ! Cardiovascular
illnesses have been linked to high levels of total cholesterol, triglycerides, and LDL. 42
Significantly, in our study, the male subjects had higher TG values than those of females, a
finding concurring with that of similar studies, 3" 1 However, this finding agrees with
the findings of Ezeugwunne et al, where TG values were significantly higher in the male
seronegative subjects than the female subjects.!*®! This finding suggests that the male subjects

are more prone to cardiovascular conditions

CONCLUSION

Apolipoproteins and lipoproteins are important biomarkers of lipid metabolism and are
known to be associated with an increased risk of CVD. Constant monitoring of these values
will play a significant role in the prevention and control of many pathological conditions.
This stud revealed significant Gender-based discrepancies in the Apolipoprotein and Lipid
profiles. Additionally, this study revealed a significant elevation in the Apo A-1, Apo A-2,
Apo B, Total Cholesterol, HDL and TG in the male subjects compared to the female subjects.
Therefore, our study suggests that men have more chances of cardiovascular conditions than

the female subjects.



ETHICAL APPROVAL and Consent

Ethical approval was obtained from the Ethics Committee, nauth (in full)Nnewi, Anambra

State.

Written Informed Consent were obtained from the participants.



References.

1. Omilabu, T. O. (2021). The prevalence of risk factors for the development of
cardiovascular diseases in nigeria. In Heoens monooesxcrnoi nayxu (pp. 379-380).

2. Manrigue-Acevedo, C., Chinnakotla, B., Padilla, J., Martinez-Lemus, L. A., & Gozal,
D. (2020). Obesity and cardiovascular disease in women. International Journal of
Obesity, 44(6), 1210-1226.

3. Kittnar O. (2020). Selected sex related differences in pathophysiology of
cardiovascular system. Physiol Res. 2020 Feb 19;69(1):21-31. doi:
10.33549/physiolres.934068. Epub 2019 Dec 19. PMID: 31852195; PMCID:
PMC8565954.

4. Silva, I. T. D., Almeida-Pititto, B. D., & Ferreira, S. R. G. (2015). Reassessing lipid
metabolism and its potentialities in the prediction of cardiovascular risk. Archives of
Endocrinology and Metabolism, 59, 171-180.

5. Mehta, A., Shapiro, M.D. (2022). Apolipoproteins in vascular biology and
atherosclerotic disease. Nat Rev Cardiol 19, 168-179 (2022).

https://doi.org/10.1038/s41569-021-00613-5

6. Cho, K. H. (2022). The current status of research on high-density lipoproteins (HDL):
a paradigm shift from HDL quantity to HDL quality and HDL
functionality. International Journal of Molecular Sciences, 23(7), 3967.

7. Yu, Q., Zhang, Y., & Xu, C. B. (2015). Apolipoprotein B, the villain in the
drama?. European journal of pharmacology, 748, 166-169.

8. Huang, J. K., & Lee, H. C. (2022). Emerging evidence of pathological roles of very-
low-density lipoprotein (VLDL). International Journal of Molecular Sciences, 23(8),

4300.



10.

11.

12.

13.

14.

15.

16.

Feingold KR. Introduction to Lipids and Lipoproteins. (2021). In: Feingold KR,
Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South Dartmouth
(MA): MDText.com, Inc.; 2000-. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK305896/

Anagnostis, P., Stevenson, J.C., Crook, D., Johnston, D.G. and Godsland, I.F. (2016),
Effects of gender, age and menopausal status on serum apolipoprotein concentrations.

Clin Endocrinol, 85: 733-740. https://doi.org/10.1111/cen.13085

Hildrum, B., Mykletun, A., Hole, T., Midthjell, K., & Dahl, A. A. (2015). Age-
specific prevalence of the metabolic syndrome defined by the International Diabetes
Federation and the National Cholesterol Education Program: the Norwegian HUNT 2
study. BMC Public Health, 15(1), 130.

Kim, Y., Lee, Y., Lee, S. R, Choi, S. H., & Park, Y. J. (2020). Gender differences in
lipid metabolism in patients with Alzheimer's disease: a retrospective study. Scientific
Reports, 10(1), 1-9.

Tietz N.W. Clinical Guild to Laboratory Tests (1983). Edited, Phipladelphia.
Saunders, Co. p. 483.

Allain CC, Poon LS, Chan CSG, Richmond W, Fu. (1974). Enzymatic determination
of Total serum cholesterol. J Clinical Chemistry, 20: 470-473.

Buccolo G, David H. (, 1973). Quantitative determination of serum triglycerides by
the use of Enzymes. J Chemistry19476-482.

Assmann G, Jabs H U, Nolte W, Schriewer H. (1984). LDL- cholesterol
determination in blood serum following precipitation of LDL with polyvinyl sulphate.

Clin, Chim Acta, 140: 77 -88.



17.

18.

19.

20.

21.

22.

23.

Kaplan A, Szabo L, Opheim K (1983). Clinical chemistry interpretation and
techniques. 3 ed.Published by Lea and Febiger at 600 Washington Square
Philadelphia, USA. Pp 307 — 316.

Nakhjavani M, Larry M, Nargesi AA, Mostafavi E, Mirmiranpour H, et al. (2015)
Gender-Related Differences in HDL Structure with the Progression of
Microalbuminuria in Patients with Type 2 Diabetes. J Diabetes Metab Disord Control
2(3): 00043. DOI: 10.15406/jdmdc.2015.02.00043

Ifeoma Priscilla Ezeugwunne, Ikedichukwu Chibueze Ejiogu, Victor Nwabunwanne
Oguaka, Obinna David Ibemere, Nwanneka Victoria Elosiuba, Blessing K Myke-
Mbata, Adesuwa Peace Eidangbe, Joseph Eberendu. Ahaneku, Charles Chinedum
Onyenekwe, Gladys.l. Ahaneku. (2021). Gender Comparison of Apolipoprotein and
Lipid Profiles in Hiv Seropositives In Nauth. IOSR Journal of Biotechnology and
Biochemistry (IOSR-JBB). ISSN: 2455-264X, Volume 7, Issue 5 (Sep. — Oct. 2021),
PP 55-61. DOI: 10.9790/264X-0705015561

Srivastava, R.K., Srivastava, N. (2000). High density lipoprotein, apolipoprotein Al
and coronary artery disease. Biochemistry and molecular cell 2000; 209:131-144.
Silver DL, Wang N, Xiao X, Tall AR. (2001). High density lipoprotein (HDL)
particle uptake mediated by scavenger receptor class B type 1 results in selective
sorting of HDL cholesterol from protein and polarized cholesterol secretion. J Biol
Chem.; 276:25287-25293.

Rader DJ. (2003). Regulation of reverse cholesterol transport and clinical
implications. Am J Cardiol. 2003; 92:42J-49J.

Arai Y, Hirose N. (2004). Aging and HDL metabolism in elderly people more than

100 years old. J Atheroscler Thromb. 11:246-252.



24.

25.

26.

27.

28.

29.

Kuyl JM, Mendelsohn D. (1992). Observed relationship between ratios HDL-
cholesterol/total cholesterol and apolipoprotein Al/apolipoprotein B. Clin Biochem.
25:313-316.

Ogbodo EC, Ezeugwunne IP, Bakare EE, Analike RA, Njoku-Oji NN, Ugwu MC,
Oguaka VN, Amah AK and Meludu SC. 2018. Evaluation of Apo-lipoproteins and
Troponin levels in post-menopausal women in Nnewi Metropolis, Anambra State,
Nigeria. Acta Medica Scientia 05 [01] (2018) E-ISSN: 2454-3594

Lamarche B, Moorjani S, Lupien PJ, Cantin B, Bernard PM, Dagenais GR, Despres
JP. (1996). Apolipoprotein A-I and B levels and the risk of ischemic heart disease

during a five-year follow-up of men in the Quebec cardiovascular

study. Circulation. 94: 273-278.CrossrefMedlineGoogle Scholar

Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, Steiner E.(2001). High
apolipoprotein B, low apolipoprotein A-1, and improvement in the prediction of fatal
myocardial infarction (AMORIS study): a prospective study. Lancet. 358: 2026—

2033.CrossrefMedlineGoogle Scholar

van Lennep JE, Westerveld HT, van Lennep HW, Zwinderman AH, Erkelens DW,
van der Wall EE. (2000). Apolipoprotein concentrations during treatment and
recurrent coronary artery disease events. Arterioscler Thromb Vasc Biol. 2000; 20:

2408-2413.CrossrefMedlineGoogle Scholar

Gotto AM Jr, Whitney E, Stein EA, Shapiro DR, Clearfield M, Weis S, Jou JY,
Langendorfer A, Beere PA, Watson DJ, Downs JR, de Cani JS. (2000). Relation
between baseline and on-treatment lipid parameters and first acute major coronary
events in the Air Force/Texas Coronary Atherosclerosis Prevention Study

(AFCAPS/TexCAPS). Circulation. 101: 477-484.CrossrefMedlineGoogle Scholar




30.

31.

32.

33.

34.

35.

36.

37.

Elovson J, Chatterton JE, Bell GT, Schumaker VN, Reuben MA, Puppione DL, Reeve
JR Jr, Young NL. (1998). Plasma very low density lipoproteins contain a single
molecule of apolipoprotein B. J Lipid Res. 29: 1461-1473.

Tobias Pischon, Cynthia J. Girman, Frank M. Sacks, Nader Rifai, Meir

J. Stampfer, and Eric B. Rimm. (2005). Non-High-Density Lipoprotein Cholesterol
and Apolipoprotein B in the Prediction of Coronary Heart Disease in Men.

Volume 112, Issue 22, 29 November 2005; Pages 3375-3383.

https://doi.org/10.1161/CIRCULATIONAHA.104.532499

Jackson RL, Baker HN, Gilliam EB, Gotto AM (1977). Primary structure of Very
Low Density Apolipoprotein C-11 of human plasma. Journal of Proceedings of
National Academy of Sciences, USA. 74 (5):1942 — 1945.

Singh PP, Singh m, Mastana SS (2002). Genetic variation of apolipoproteins in North
Indians journal of Human Biology. 74 (5): 673 -682.

Larkin L, Khachigian LM, Jessup W. (2000). Regulation of apolipoprotein E
production in macrophages (review). International Journal of Molecular Medicine 6:
253-258.

Fazekas F, Enzinger C, Ropele S, Schmidt H,Schmidt R, Strasser-Fuchs S (2006).
The impact of our genes: consequences of the apolipoprotein E polymorphism in
Alzheimer disease and multiple sclerosis; Journal of Neurological Sciences. 245(1-
2):35-9

Nam, KW., Kwon, HM., Jeong, HY.. et al. High triglyceride/HDL cholesterol ratio is
associated with silent brain infarcts in a healthy population. BMC Neurol 19, 147

(2019). https://doi.org/10.1186/s12883-019-1373-8

Gebreegziabiher G, Belachew T, Mehari K, Tamiru D. (2021). Prevalence of

dyslipidemia and associated risk factors among adult residents of Mekelle City,



38.

39.

40.

41.

42.

Northern Ethiopia. PLOS ONE 16(2):

e0243103. https://doi.org/10.1371/journal.pone.0243103

Analike Rosita Chinechelum, Okwara John Ekenedilichukwu, Meludu Samuel
Chukwuemeka, Analike Rosemary Adamma,Ogbodo Emmanuel Chukwuemeka.
(2022). Evaluation of dyslipidemia prevalence among undergraduate university
students., J. Journal ofClinical Research and Reports, 12(1) DOI:10.31579/2690-
1919/274.

(3) (PDF) Evaluation of dyslipidemia prevalence among undergraduate university
students. Available from:

https://www.researchgate.net/publication/365708308 Evaluation of dyslipidemia pr

evalence_among_undergraduate_university students [accessed Mar 26 2023].

Al-Maqati, Thekra & Gazwani, Ali & Taha, Murtada & Almusabi, Saleh & Elnagi,
Elmoeiz & Maawadh, Rawan & Almish, Mohammed & Algahtani, Faten & Alnaam,
Yaser. (2022). The impact of age, gender and fasting blood glucose on serum lipid
profile at tertiary care hospital: a retrospective study. Acta bio-medica : Atenei
Parmensis. 93. e2022341. 10.23750/abm.v93i6.13194.

Zhang P, Su Q, Ye X, Guan P, Chen C, Hang Y, Dong J, Xu Z, Hu W. (2020). Trends
in LDL-C and Non-HDL-C Levels with Age. Aging Dis. 11(5):1046-1057. doi:
10.14336/AD.2019.1025. PMID: 33014521; PMCID: PMC7505266.

Kabiri N, Asgary S, Madani H, Mahzouni P. (2010). Effects of Amaranthus caudatus
extract and lovastatin an atherosclerosis in hypercholesterolemic rabbits. Journal of
Medicinal plants Respiration. 4 (5): 355 -381.

Joseph E. Ahaneku, Cosmas M. Nwosu, Gladys I. Ahaneku, and Adeola Farotimia.
(2001). Lipid and Lipoprotein cardiovascular Risk factor Responses to Episodic

Academic Stress. Journal of Health Sciences, 47(3) 323-326(2001).






