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Original Research Article  

 

COMPRATIVE STUDY OF REMNANT CHOLESTEROL, SOME LIPID FRACTION AND FBS LEVEL IN 
OVERWEIGHT AND OBESE PARTICIPANTS IN SOUTH EAST NIGERIA. 

 

ABSTRACT: 

 BACKGROUND: Obesity is one of the features of metabolic disorders, and has been shown to 
be involved in cardiovascular diseases. Remnant cholesterol has been suggested to be a link 
from obesity to coronary heart diseases, hence a predisposing factor in the development of 
cardiovascular disease by obese individuals. We compared the level of calculated non-fasting 
remnant cholesterol, fasting and non-fasting lipid profile and fasting blood sugar in overweight, 
obese and normal weight participants in Nnewi, a town in South East Nigeria. 

METHODS: this is a cross- sectional study. A total of 90 apparently healthy obese, overweight 
and normal weight participants who met the inclusion criteria were randomly enrolled into the 
study. They were grouped using their body mass index of 18.5 to 24.9 kg/m2 (normal weight), 
25 to 29.9 kg/m2 (overweight) and ≥30 kg/m2 (obese). The parameters were analyzed using 
standard methods. 

RESULTS: Our results shows that there was progressive increase of remnant cholesterol among 
the group but there was no statistical difference (p>0.05) in the mean calculated remnant 
cholesterol (mmol/l) between the obese (0.72±0.4), overweight (0.68±0.46), and normal weight 
(0.50±0.28) participants. Mean fasting very low density lipoprotein (VLDL) and triglyceride (TG) 
(mmol/l). Were significantly higher (p<0.05) in overweight compared to normal weight 
participants (0.76±0.31 vs. 0.47±0.22) and (1.72±0.60 vs. 1.09±0.51) and obese participants 
(0.82±0.23 vs. 0.47±0.22) and (1.85±0.59 vs. 1.09±0.51) when compared to normal weight 
participants respectively. While plasma glucose FBS levels (mmol/l) were significantly lower in 
normal weight participants when compared to overweight participants (3.45±0.79 vs. 
4.46±1.82) and obese participants (3.46± 0.79 vs. 4.94±1.26). Remnant cholesterol was not 
statistically significant among the obese, overweight and normal weight participants. 

CONCLUSION: The results obtained from this study demonstrated a progressive increase in the 
level of remnant cholesterol which was not statistically significant among apparently healthy 
individuals across the group. Furthermore we did not observed Remnant cholesterol as a sole 
predictor to obesity which will lead to cardiovascular diseases, with the rising prevalence of 
obesity in developing country as well as its associated complications and risks.  
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INTRODUCTION 

Obesity arise when there is an imbalance between food intake and energy metabolism (1), 
which gives rise to increased deposition of fat in adipose tissue, liver, muscle, pancreatic islets, 
and other organs involved in metabolic processes(1.2). Obesity elevates the risk of diabetes, 
fatty liver, coronary artery disease, gall stones, sleep apnea, arthritis and various types of 
cancer. (2). Metabolic consequences such as hyperlipidemia, diabetes, hypertension which are 
the important comorbidity of cardiovascular usually results from this metabolic imbalance. (3,8) 
These extremes of weight (obesity) tend to indicate the nutritional status of individuals and 
indirectly, the socioeconomic status. (4,5). studies has shown that Urban and rural residences 
are usually associated with higher and many a times, poorer socioeconomic status(5,6), leading 
to inappropriate unbalanced food intake, resulting to high prevalence of overweight/obesity 
may be seen in urban dwellers. (6,7,37).  In accordance with the Global Health Observatory 
Data, unsuitable metabolic effects such as blood pressure, cholesterol, triglycerides and insulin 
resistance can result from overweight and obesity,(7,38) with increased risks of coronary heart 
disease, stroke and type-2 diabetes mellitus as body mass index increases. also raised body 
mass index increases the risk of cancer of the breast, colon, prostate, endometrium, kidney and 
gall bladder, and mortality rates increases as the degrees of overweight increases, (8,9,10). 

Furthermore, despite the adverse risk associated with obesity, adults in developing countries 
believes that overweight and obesity is of no-concern and only affects the developed world, (9) 
and culturally in Nigeria there is this notion that any individual with huge body mass index is a 
sign that the individual is rich and is living well (9). This misunderstanding helped to elevates 
the dangerous silence as to the health effects/implications of obesity, which has been shown to 
be on the elevation trajectory in both urban and semi-urban areas. (8,9,10,4,11,38). 
Cardiovascular diseases (CVDs), which is the leading cause of morbidity and mortality in the 
western World, are now super-heading public health challenges in developing countries, 
(12,39,40,41). 

Remnant cholesterol has been suggested as a link from obesity to ischemic disease, i.e., a part 
of the elevation risk of ischemic heart disease observed in obese individuals was explain by 
higher remnant cholesterol concentration (3,25,28,29,42). it is also known as remnant 
lipoprotein, it has been said to be very athrogenic lipoprotein and comprised primarily of very 
low density lipoprotein (VLDL), Intermediate density lipoprotein (IDL), and chylomicrons. Hence, 
can be stated that, remnant cholesterol is all plasma cholesterol that is not LDL or HDL 
cholesterol, because LDL and HDL are triglyceride rich lipoproteins. (13,49,50). 

Lipids are found in the body tissue as they have an important role in virtually all aspects of life 
acting as energy stores (Triglycerides), important structural component of cells (Cholesterol) 
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and they could also have special functions (Hormones) (14,40). The serum concentrations of 
Very low density lipoproteins, cholesterol and triglycerides are positively correlated with 
obesity.(48) A study in twins has shown that for an average increase of 7.3% in body mass index 
(BMI) there were increases of 2.5% in total cholesterol concentration, 3% in low density 
lipoprotein (LDL) cholesterol concentration, and 18.2% in triglyceride concentration(45,43). The 
elevation in the concentration of cholesterol is has been linked to LDL cholesterol because the 
high density lipoprotein (HDL) cholesterol is typically reduced (15,48). Obesity is associated with 
hyperlipidemia (typically mixed) although studies has dyslipidemia is low among younger 
ages(1). The propensity of these conditions is greater among obese individuals. However, not 
only does the prevalence of these metabolic imbalances increases with age, but the rate of 
increase is more adverse among obese individuals (16,43). The regulation of body weight 
comprises a complex homeostatic system that results in a balance between energy intake and 
energy expenditure and the hypothalamus plays a huge role as the central coordinating base 
for this system (17,18,51). 

MATERIALS AND METHODS 

This is a cross-sectional study, designed to compare the serum level of some lipid fractions and 
Remnant Cholesterol, in normal, overweight and obese participant. Based on the calculated 
sample size, 90 consenting participants that fulfill the inclusion criteria were randomly recruited 
for the study.  

Informed consent of the participant was obtained before the enrollment into the study. Ethical 
approval was obtained from the Ethics Committee (NAUTH/CS/66/VOL.11/154/2018/088) of 
Nnamdi Azikiwe University Teaching Hospital Nnewi. 

 Questionnaires were administered and it served as a primary instrument for this study. The 
questionnaires were structured to reflect the health issues relevant to the objectives of the 
study. The study comprised of 90 obese and non-obese subjects. Among them, 30 participant 
were known obese, 60 participant were non-obese and between 20-50 years of age. The 
participants were labeled Normal weight (BMI 18.5-24.9 kg/݉ଶ), over-weight (BMI 25.0-
29.9kg/݉ଶ) and Obese (≥30kg/݉ଶ). 

BMI was measured as weight in kilogram 0.01 divided by height squared (݉ଶ), WC was 
measured with a tape to the nearest 0.1cm at the end of a normal expiration at the midpoint 
between the subcostal plane and the iliac crest of an exposed abdomen. HC was also measured 
at the largest standing horizontal circumference of the buttock to determine the waist to hip 
ratio (WHR=WC/HC). Hypertension was defined as, systolic blood pressure≥140mmHg, diastolic 
blood pressure≥90mmHg.  

A fasting blood sample was obtained in the morning between 0800-0900 hours about 7ml, 
through venipuncture from each participant. Aliquots were drawn into fluoride oxalate 
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container for plasma glucose estimation and later on, a non-fasting blood sample was obtained 
from the participant and aliquots drawn into plain tubes and allowed to clot at room 
temperature.  

The serum for remnant cholesterol was separated after collection by centrifugation at 5000g 
for 5min and Serum samples aliquoted and frozen at -20◦C for analysis later on. To ensure 
proper collection of fasting and non-fasting sample, the participant fast overnight and blood 
sample collected in the morning between 0800-0900 hours. after which the participant had 
his/her breakfast followed by the collection of non-fasting blood samples.  

Fasting lipid profile was assessed using commercially available kits (Randox). serum total 
cholesterol and high density lipoprotein HDLc, was determined by cholesterol oxidase method 
of Allain et al (19), serum triglyceride by glycerol kinase method of Tinder (20) and LDLc was 
calculated using Friedwald formula. Friedwald, (21). and remnant cholesterol was calculated 
using the formula. Rc=  ܶܿ − ܿܮܦܪ −  Fasting plasma glucose was .(feldman, 2017) .ܿܮܦܮ
determined using the enzymatic colorimetric method of Trinder (20).  

Statistical analysis was performed to compare the two groups using ANOVA. The values were 
expressed as the Mean ± S.D. Values were regarded as significant if p is ≤ 0.05. Pearson 
correlation coefficient was used to correlate the parameters estimated. 

RESULTS; 

Table 1 shows the mean anthropometric markers of all participants. There was no significant 
difference in the diastolic and systolic blood pressures among the groups. There were 
significant increase in the body mass index among the groups (<0.001). There was significance 
difference in the waist to hip ratio among the groups. Table 2; shows the mean of the various 
fasting biochemical parameters of Obese, Overweight and Normal weight group. Significant 
change was observed in the fasting plasma Triglyceride (TG) and very low density lipoprotein 
(VLDL) (p<0.001), in the obese subjects when compared with the corresponding control values. 
No significant change was observed in other lipid parameters. Table 3; show the mean of the 
various Non-fasting biochemical parameters of obese, overweight and normal weight group. 
Significant change was observed in the Non-fasting plasma Triglyceride (TG) (p<0.005) in obese 
subjects when compared with the corresponding control values. No significant change was 
observed in other lipid parameters. Table 4; Show the mean serum remnant cholesterol, fasting 
blood sugar, in obese, overweight and normal weight participant. There was no significant 
difference in the mean remnant cholesterol between obese and overweight subjects when 
compared to the normal weight control. There was statistical significance in the fasting blood 
sugar level between the normal weight participants (3.46±0.79) and overweight (4.46±1.82) at 
(P<0.021), also between the normal weight and obese participants (3.46±0.79 vs 4.94±1.26) at 
(P<0.001). No significant difference was observed in the level of the calculated remnant 
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cholesterol among the groups. Table 5; shows the correlation of the measured parameters with 
BMI in Obese participant. There was a positive correlation of the lipid profile in overweight and 
obese participants but not statistically significant. There was no significant correlation of BMI 
with calculated remnant cholesterol. 

 

 

DISCUSSION 

Obesity is a well-documented risk factor for various chronic medical conditions like diabetes, 

hypertension, dyslipidemia and cardiovascular diseases(41,42,46,48). In this study, a total of 90 

participants were recruited, and classified according to groups using BMI. BMI was used as a 

standard for general obesity. WHR were used as predictors of cardiovascular risk factor and 

measure of central obesity. This study is in agreement with previous studies that reported 

unpleasant plasma lipid profile among subjects with higher BMI. (22,23,37,39), the levels of 

fasting serum VLDLc and TG where observed to be significantly higher in overweight (0.76±0.31, 

1.72±0.60 P<0.001) and obese (0.82±0.23, 1.85±0.59 p<0.001) participants when compared to 

normal healthy controls (0.47±0.22, 1.09±0.51) which was in accordance to the study findings 

of Gupta and Mukherjee, (24) and Haddad et al., (25), that observed higher TG and VLDL-C in 

obese subjects when compared with the controls,  and contradicted the study by Zavorini et al 

(26), who found no increase significant difference between the normal weight and overweight 

subjects. There was no observed significant change in other lipid fraction (TC, LDL-C and HDL-C) 

amongst all the different groups. Furthermore there was positive correlation of the lipid 

fractions (TG, VLDLc, LDLc, TC, and HDLc) with BMI in the obese group but not significant, this 

finding was in corroboration with the study of Ugwuja et al in which they observed a positive 

correlation of lipid in obese subjects without starting if its significant or not, but it reaffirms the 

role of lipids in the pathophysiology of overweight and obesity (24,46). 

From our results, there is a progressive increased of remnant cholesterol level in the groups 

(0.50±0.28) in normal weight to (0.69±0.46) in overweight to (0.72±0.40) in obese participants 

but there is no significant difference as shown by the analysis of variance (ANOVA) at 2.853 and 

the p value at 0.064. it shows that the relationship of remnant cholesterol and cardiovascular 

disease is not caused by adiposity, but it can be explained by remnant cholesterol ability to 
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cause atherosclerosis in the arterial wall which is a process that has been assumed to be driven 

by remnant cholesterol concentration in the blood stream, independent of it reasons for 

elevations in overweight and obesity,(27,49) this finding is in correspondence with Varbo et al 

and chinonso et al (27,31). RC has considered to be the main factor mediating the residual risk 

of major cardiovascular events. (27,28,31,32,33,36) It has been stipulated that remnants 

cholesterol can be taken up directly by the microphages, thereby converting such cells into 

foam cells, which is the hallmark of atherosclerosis lesions and the hydrolysis of triglyceride in 

remnant particles at the endothelial surface or within the arterial intima may generate local 

inflammation. (29,42). However our findings showed that the risk of cardiovascular accidents by 

high levels of remnants cholesterol may not be sorely driven by BMI and level of fat tissues, this 

was observed in some overweight and normal weight individual with high level of remnant 

cholesterol,this was in accordance with the findings of Chinonso et al., 2021. (31) this 

phenomenon can be explained by the attribute of metabolically obese normal 

weight,(30,31,47) but obese individual with higher remnant cholesterol levels are exposed to 

cardiovascular incidents due to remnant cholesterol mediated atherosclerotic process. The 

other lipid parameters, fasting TG and VLDL were significantly elevated in obese participants 

when compared to the corresponding groups (0.82±0.23) obese to (0.47±0.22) normal weight 

at p<0.001 for VLDL, and (1.85±0.59) obese to (1.09±0.51) normal weight at p<0.001 for TG. 

There was also a significance difference in the fasting blood glucose among the groups. There 

was no significance difference among the other lipid fractions measured in this study. 

Furthermore, Retrospective Study (33), cohort studies (32, 34,35,36) and randomized clinical 

trials (27) investigating the relationship between RC, non-HDL-C, and the outcomes of CVDs 

have been carried out in recent years. Castañer et al. (34) enrolled 6,901 patients in the 

Prevención con Dieta Mediterránea (PREDIMED) research, while Langsted et al. enrolled 

patients from the Copenhagen General Population Study (CGPS), a cohort study involving a 

total of 109,574 individuals (35). and Xie et al in their study enrolled 15,464 individuals at  

Murakami Memorial Hospital, these studies showed that the high level of remnant-C was 

associated with the MACEs(32). In addition to the CGPS, Varbo et al. (27) included the patients 

from the CCHS Copenhagen City Heart Study (CCHS) and the Copenhagen Ischemic Heart 

Disease Study (CIHDS), a total of 73,513 subjects In which they demonstrate that a 1 mmol/L 
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(39 mg/dl) non-fasting remnant cholesterol increase may lead to a 2.8-fold causal risk for 

ischemic heart disease (27). but a cohort study on African/black population is lacking. In a study 

carried out in Nigeria by Chinonso et al., 2021, in which they observed that the association of 

calculated remnant cholesterol with BMI is weak.  Non-HDLc is associated with obesity. There 

was  a negative correlation between calculated RC  and non-HDLc. Implying that remnant  

cholesterol can be elevated in any individual  without apparent increase in BMI. Suggesting, it 

to be predictive of cardiovascular incidents  irrespective of BMI.(31). 

Further studies can be carried out to determined Remnant cholesterol in metabolically obese 

normal weight and overweight individuals, this is because study design of this current research 

work limits our resources to determine this, and its attendant indices. 

CONCLUSION 

This study demonstrated a progressive increase in the level of remnant cholesterol which was 

not statistically significant among apparently healthy individuals across the group, there was a 

significance difference in the level of FBS among the groups, also the total blood pressure (SBP 

and DBP) were elevated in the obese participants.  Furthermore we did not observed Remnant 

cholesterol as a sole predictor to obesity which will lead to cardiovascular diseases. But with the 

increase in prevalence of obesity in developing country, with its associated complications and 

risks, large population cohort studies on remnant cholesterol in African/black population needs 

to be carried out to substantiate it as a marker towards the development of cardiovascular 

diseases in African population. 

CONSENT 

Informed consent of the participants was sought and obtained before enrollment into the 

study. 
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Ethical approval was sought and obtained from the Ethics Committee 
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Table 1 Anthropometric maker and indices of obesity. it highlights the BMI, WHR, AGE, DBP and 
SBP (mean±sd) 

GROUPS SBP (mmHg) DBP (mmHg) BMI (Kg/m2) WHR AGE 

NORMAL WEIGHT 
(A) 

115.28±11.89 75.59±10.03 21.75±1.82 0.85±0.05 36.05±1.5  

OVER WEIGHT (B) 118.92±25.02 78.40±9.55 27.11±1.02 0.86±0.07 36.54±0.7  

OBESE (C) 127.00±10.86 85.64±12.25 33.85±4.51 0.96±0.10 37.85±2.1  

f-test 3.310 6.246 123.387 18.038 150.044  

p-value 0.042* 0.003* <0.001* <0.001* 0.556  

A vs B 1.000 1.000 <0.001* 1.000 0.234  

A vs C 0.040* 0.003* <0.001* <0.001* 0.083  

B vs C 0.287 0.056 <0.001* <0.001* 1.000  
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Table 2 levels of fasting HDL-C, LDL-C, VLDL-C, TG, AND TC in normal weight, over weight and 
obese groups (mean±sd) 

GROUPS F-HDL-C 
(mmol/L) 

F-LDL-C 
(mmol/L) 

F-VLDL-C 
(mmol/L) 

F-TG 
(mmol/L) 

F-TC 
(mmol/L) 

NORMAL WEIGHT (A) 1.00±0.21 1.77±0.67 0.47±0.22 1.09±0.51 3.39±0.66 

OVER WEIGHT (B) 0.95±0.09 1.52±0.34 0.76±0.31 1.72±0.60 3.47±0.42 

OBESE (C) 1.00±0.17 1.84±0.38 0.82±0.23 1.85±0.59 3.45±0.53 

f-test 0.816 3.006 9.391 8.638 0.135 

p-value 0.446 0.055 <0.001* <0.001* 0.874 

A vs B 0.732 0.201 <0.001* <0.001* 1.000 

A vs C 1.000 1.000 <0.001* <0.001* 1.000 

B vs C 0.906 0.067 0.019* 0.030* 1.000 

 

 

 

Table 3 levels of non-fasting HDL-C, LDL-C, VLDL-C, TG AND TC in normal weight, over weight 
and obese groups (mean±sd) 

GROUPS NF-HDL-C 
(mmol/L) 

NF-LDL-C 
(mmol/L) 

NF-VLDL-C 
(mmol/L) 

NF-TG 
(mmol/L) 

NF-TC 
(mmol/L) 

NORMAL WEIGHT (A) 1.05±0.27 1.87±0.68 0.44±0.23 1.02±0.52 3.42±0.80 

OVER WEIGHT (B) 1.08±0.30 1.56±0.47 0.66±0.35 1.67±0.93 3.32±0.47 

OBESE (C) 1.07±0.23 1.95±0.58 0.62±0.22 1.37±0.53 3.66±0.75 

f-test 0.088 3.167 5.031 6.023 1.625 

p-value 0.916 0.048* 0.009* 0.004* 0.204 

A vs B 1.000 0.176 0.014* 0.003* 1.000 

A vs C 1.000 1.000 0.049* 0.182 0.253 
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B vs C 1.000 0.058 1.000 0.418 0.614 

 

Table 4 levels of RC, AND FBS IN normal weight, over weight and obese groups (MEAN±SD) 

GROUPS RC(mmol/l) FBS (mmol/L) 

NORMAL WEIGHT (A) 0.50±0.28 3.46±0.79 

OVER WEIGHT (B) 0.69±0.46 4.46±1.82 

OBESE (C) 0.72±0.40 4.94±1.26 

f-test 2.853 8.740 

p-value 0.064 <0.001* 

A vs B 0.199 0.021* 

A vs C 0.095 <0.001* 

B vs C 1.000 0.647 

 

 

Table 5 correlation of BMI with Lipid Profile, AND RC In Normal weight, Overweight and Obese 
individuals 

PARAMETRS NORNAL WEIGHT OVERWEIGHT OBESE  

  

 

r 

 

p-value 

 

r 

 

p-value 

 

r 

 

p-value 

 

BMI vs F-HDL -0.202 0.293 0.083 0.693 0.217 0.298 

BMI vs F-LDL -0.041 0.831 -0.108 0.607 0.089 0.672 

BMI vs F-VLDL -0.087 0.654 0.223 0.285 0.085 0.685 

BMI vs F-TG -0.134 0.490 0.024 0.909 0.031 0.882 

BMI vs F-TC -0.181 0.348 -0.141 0.502 0.141 0.503 

BMI vs FBS -0.103 0.593 0.010 0.962 0.021 0.919 
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BMI vs RC -0.002 0.993 -0.312 0.129 -0.074 0.726 

 

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

 * Correlation is significant at 0.05 level (2tailed) 

 

 


