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ABSTRACT

Background: Obesity elevates the risk of developing diabetes, coronary artery disease, fatty liver,
gall stones, sleep apnea, arthritis and various types of cancer. Atherogenic indices have 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 looked at the level of these
selected indices and their association with obesity.

Aim: The aim of this study is to evaluate and compare the Level of atherogenic markers
concentration, in relation to body mass index of overweight and obese participants in Nnewi, South
East Nigeria.

Methods: 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
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body mass index of 18.5 to 24.9 kg/m’ (normal weight), 25 to 29.9 kg/m* (overweight) and =30
kg/m2 (obese). The parameters were measured using standard laboratory methods and statistical
analysis was performed using SPSS 20.0.

Results: There was progressive increase of remnant cholesterol among the groups. There was no
statistical difference (p>0.05) in the mean calculated remnant cholesterol (mmol/l) among 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 and obese participants when compared to normal weight participants
respectively, while plasma FBS levels (mmol/l) were significantly lower in normal weight
participants when compared to overweight participants and obese participants. RC correlated
negatively with non-HDLc and was not significant, but positively with TC/HDLc ratio and not
significant also negatively significant with LDLc/HDLc ratio. In the overweight category, RC
correlated negatively with non-HDLc, LDLc/HDLc but not significant and positively with TC/HDLc
ratio but not significant. Finally in the obese group it was observed that RC correlated negatively
with non-HDLc, positively with LDLc/HDLc and TC/HDLc ratio but was not significant.

Conclusion: The association of calculated remnant cholesterol with BMI is weak. Non-HDLc is
strongly associated with obesity as well as TC/HDLc and LDLc/HDLc ratios. There was a negative
correlation between calculated RC and non-HDLc. This suggests that remnant cholesterol can be

elevated in any individual without apparent increase in BMI.

Keywords: Remnant cholesterol; lipid profile;
obesity.

1. INTRODUCTION

Obesity defined by the World Health

Organization, as a Body Mass Index (BMI) =
30kg/m® has become an epidemic dimension in
the world with Nigeria also having its own share
of the burden as reported by Akarolo-Anthony et
al., [1-2]. This current trend of obesity has been
attributed to  the  socio-economic  and
epidemiological transition of Nigeria from a lower
income country to a middle income country,
resulting in the change of lifestyle behaviors and
dietary intake, as a result many Nigerians now
live sedentary lifestyle while at the same time
consuming diet with excess calories, as
observed by lloh et al., [3] thus resulting in high
energy intake with low energy expenditure
among most adult Nigerians. However, whatever
is the cause of obesity, its long term impact on
the life of adults across Nigeria are well
documented. Obesity has been shown to be a
predisposing factor in the rising prevalence of
morbidity and mortality associated with non-
communicable diseases like type-2 diabetes
mellitus, hypertension, cancer, stroke among
adults. [3,4]. Cardiovascular diseases (CVDs),
the leading cause of morbidity and mortality in
the western world, are now emerging public
health challenges in developing countries, [5-6].
Accounting for 80% of deaths and 87% of related
disability currently recorded in the low-and
middle-income  countries. In  developing
countries, mortality due to CVD is expected to
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rise to 19 million, with deaths among persons 15-
59 years of age three to eight times as high in
Tanzania and Nigeria as in England and Wales
[7-8].

Non-HDL cholesterol (non-HDL-C) represents
the cholesterol components carried by
atherogenic lipoproteins such as LDL, very low-
density lipoprotein (VLDL) and intermediate
density lipoprotein (IDL). Higher non-HDL-C
levels indicate increased risk of atherosclerosis
[9,4]. Remnant cholesterol also known as
remnant lipoprotein is a very athrogenic
lipoprotein composed primarily of very low
density lipoprotein (VLDL), Intermediate density
lipoprotein (IDL), and chylomicrons. It can also
be stated that, remnant cholesterol is all plasma
cholesterol that is not LDL or HDL cholesterol
which are triglyceride rich lipoproteins [10-11].
The  total/high-density  lipoprotein ~ (HDL)
cholesterol ratio, known as the atherogenic or
Castelli index and the LDL/HDL cholesterol ratio,
are two important components and indicators of
vascular risk, the predictive value of which is
greater than the isolated parameters. In this
respect, an increase in total cholesterol
concentration, and specifically LDL cholesterol, is
an atherogenic lipid marker, whereas reduced
HDL cholesterol concentration is correlated with
numerous risk factors, including the components
of the metabolic syndrome [12-13].

In this study we looked at the relationship of
these atherogenic markers with BMI and the



association of Remnant cholesterol with Non-
HDLc, TC/HDLc and LDLc/HDLc ratios.

2. MATERIALS AND METHODS

This is a cross-sectional study, designed to
compare the serum level of some lipid fractions,
Remnant Cholesterol in normal, overweight and
obese participants. Based on the calculated
sample size, 90 consenting participants that fulfill
the inclusion criteria were randomly recruited for
the study. 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, who are picked by non-
probability  sampling. Among them, 30
participants were known obese, 60 participants
were non-obese and between 20-50 years of
age. The participants were labeled Normal
weight (BMI 18.5-24.9 kg/m?), over-weight (BMI
25.0-29.9kg/m?) Obese (230kg/m?). BMI was
measured as weight in kilogram 0.01 divided by
height squared (m?), 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 to be systolic blood
pressure 2140 mmHg, diastolic blood pressure
290 mmHg.

2.1 Sample Collection

A fasting blood sample was obtained in the
morning between 0800-0900 hours about 7ml,
through venipuncture from each participant.
Aliguots was drawn into fluoride oxalate
container for plasma glucose estimation, lipid
profile and later on a non-fasting blood sample
was obtained from the participants after been fed
with the same type and quantify of food and
aliquots was 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.
Serum samples was aliquoted and frozen at -
20-C for analysis later on. To ensure proper
collection of fasting and non-fasting sample, the
participants fast overnight and the blood sample
collected in the morning between 0800-0900
hours and the participants had his/her
breakfast(diet we provided) after which the non-
fasting samples was collected.
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2.2 Biochemical Analysis

Fasting lipid profile was assessed using
commercially available kits (Randox) serum total
cholesterol and high density lipoprotein HDLc,
was determined by cholesterol oxidase method
Allain et al [14] serum triglyceride by glycerol
kinase method. Trinder [15] and LDLc was
calculated using Friedwald formula. Friedwald,
[16] And remnant cholesterol was calculated
using the formula. Rc= Tc— HDLc— LDLc .
(feldman, 2017). Non—-HDL-C was calculated as
the difference between TC and HDL-C.
Atherogenic ratios were calculated as total/HDL
cholesterol and LDL/HDL cholesterol. Fasting
plasma glucose was determined using the
enzymatic colorimetric method of Trinder [15].

2.3 Statistical Analysis

Statistical analysis was performed to compare
the 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.

3. RESULTS

Table 1 shows the mean anthropometric markers
of all participants. There was no significant
difference in the diastolic and systolic blood
pressures. There were significant increase in the
body mass index of all the participants (<0.001).
There was also significance difference in the
waist to hip ratio of the participants. 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 the
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, total cholesterol-HDLc ratio, LDLc-
HDLc ratio and fasting blood sugar, in the obese,
overweight and normal weight participants. There
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was no significant difference in the mean RC
between the obese and overweight when
compared to the 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
cholesterol among the groups. Table 5; shows

the correlation of the measured parameters with
BMI in obese participants. There was a positive
correlation of the measured parameters in
overweight and obese participants but not
statistically significant. There was no significant
correlation of BMI with other Parameters
measured. Table 6; shows the correlation of

remnant cholesterol with non-HDLc, total
cholesterol/HDLc ratio, and LDLc/HDL ratio in
normal  weight, overweight, and obese

participants.

Table 1. Anthropometric maker and indices of obesity. it highlights the bmi, whr, diastolic
blood and systolic blood pressures (meanzsd)

Groups SBP (mmHg) DBP (mmHg) BMI (Kg/m?) 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
AvsB 1.000 1.000 <0.001* 1.000 0.234
AvsC 0.040* 0.003* <0.001* <0.001* 0.083
BvsC 0.287 0.056 <0.001* <0.001* 1.000

Table 2. Levels OF FASTING HDL-C, LDL-C, VLDL-C, TG, and TC in normal weight, over weight
and obese groups (MEANxSD)

GROUPS F-HDL-C F-LDL-C F-VLDL-C F-TG F-TC
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (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
AvsB 0.732 0.201 <0.001* <0.001* 1.000
AvsC 1.000 1.000 <0.001* <0.001* 1.000
BvsC 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 NF-LDL-C NF-VLDL-C NF-TG NF-TC
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (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
AvsB 1.000 0.176 0.014* 0.003* 1.000
AvsC 1.000 1.000 0.049* 0.182 0.253
BvsC 1.000 0.058 1.000 0.418 0.614
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Table 4. Levels of RC, NON-HDLc, TOTAL/HDLc RATIO, LDLc/HDLc RATIO and FBS IN normal
weight, over weight and obese groups (MEANzSD)

GROUPS RC(mmol/l) FBS (mmol/L) N-HDL-C TC/HDL-C LDL/HDL-C
(mmol/l)

NORMAL WEIGHT (A) 0.50+0.28 3.46+0.79 2.39+0.45 3.08+0.67 1.61+0.70
OVER WEIGHT (B) 0.69+0.46 4.46+1.82 2.52+0.33 3.65+0.42 1.60+0.42
OBESE (C) 0.72+0.40 4.94+1.26 2.45+0.36 3.45+0.32 1.84+0.26
f-test 2.853 8.740 0.501 1.357 1.558
p-value 0.064 <0.001* 0.608 0.264 0.217

Avs B 0.199 0.021* 0.960 0.413 0.457
AvsC 0.095 <0.001* 1.000 1.000 0.072
BvsC 1.000 0.647 1.000 0.534 0.331

RC = Remnant Cholesterol, FBS = Fasting Blood Sugar, N-HDL-C = Non High Density Lipoprotein Cholesterol, *
Significance

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
BMI vs RC -0.002 0.993 -0.312 0.129 -0.074 0.726
BMI vs non-HDLc -0.131 0.498 -0.172 0.411 0.097 0.645

Table 6. The correlation of remnant cholesterol with non-hdl cholesterol, total cholesterol/hdlc
ratio, and ldI/hdl cholesterol ratio in normal weight, overweight, and obese participants

Participants Parameters r p-value
Normal weight RC vs nonHDL -0.064 0.743
RC vs TC/HDL-C 0.209 0.278
RC vs LDL-C/HDL-C -0.451 0.014*
Overweight RC vs nonHDL -0.050 0.812
RC vs TC/HDL-C 0.021 0.920
RC vs LDL-C/HDL-C -0.050 0.812
Obese RC vs nonHDL -0.175 0.402
RC vs TC/HDL-C 0.012 0.953
RC vs LDL-C/HDL-C 0.313 0.127

4. DISCUSSION

In this study, a total of 90 participants were
recruited, and classified according to groups
using BMI. BMI was used as a yardstick for
general obesity. WHR were used as predictors of
cardiovascular risk factor and measure of central
obesity. The systolic blood pressure and diastolic
blood pressure make up the total blood pressure
in the body. This study demonstrated a
significant difference in the blood pressure
among the groups. The systolic and diastolic
blood pressure may be related to risk of
cardiovascular diseases in a linear fashion,
which might be due to obesity. The higher the
level of BMI and blood pressure the greater the
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incidence of cardiovascular accidents,
suggesting that those with higher blood pressure
and increased BMI tend to have higher serum
cholesterol level. [3,17]. this might be caused by
the increase in the level of fatty materials such as
cholesterol and other lipid fraction leading to the
thickening of the arterial walls affecting arterial
blood pressure and causing an increase in the
blood pressure. This agrees with a study carried
out in Omani in 2006 which shows that obese
individuals has significantly elevated blood
pressure when compared with the controls [18,6].
Obesity is associated with many deleterious
changes in lipid biosynthesis or metabolism, the
significant of this finding in the elevation of TG is
usually associated with reduced levels of HDL-c



suggesting a possible metabolic interaction
between these two lipid fractions. The
mechanism to this relation may be due to the
increase in fat deposition in obese subjects
which is associated to leptin resistance in the
peripheral tissues and which might also involve
insulin resistance, as stipulated by Howard et al,
leading to varied alterations in intracellular
signaling and changes in substrate handling
resulting to increase in the synthesis and
secretion of TG enriched VLDL particles [1,
19,20].

From our results, there was a progressive
increased of remnant cholesterol level in the
groups in normal weight, in overweight and in
obese participants above the projected normal
range and percentile by Varbo et al, this show
that race might have role to play in the
pathophysiology of atherosclerosis induced by
remnants cholesterol, and there was no
significant statistical difference in the level of the
remnant cholesterol among the groups. This
suggest that the association of remnant
cholesterol and cardiovascular disease is not
caused only by adiposity, mechanistically it can
be explained by remnant cholesterol ability to
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, this finding is in
correspondence with Varbo et al., [21, 10, 8].

In the correlation analysis of RC with other
atherogenic markers, we observed in normal
weight participants, that RC correlated negatively
with non-HDLc but was not significant (r-0.064 p
0.743), positively with TC/HDLc ratio but not
significant(r 0.209, p 0.278) and negatively
significant with LDLc/HDLc ratio (r-0.451, p
0.014*). Also in the overweight category RC
correlated negatively with non-HDLc, LDLc/HDLc
but not significant(r-0.050, p 0.812; r-0.050, p
0.812) and positively with TC/HDLc ratio but not
significant (r 0.021, p 0.920). Finally in the obese
group it was observed that RC correlated
negatively with non-HDLc (r-0.175, p 0.402),
positively with LDLc/HDLc and TC/HDLc ratio but
was not significant(r 0.313, p 0.127; r 0.012, p
0.953).

Atherogenic indices, (RC) calculated in this study
was increased 1.5 fold above the reference
range but was not statistically significant, (n-
HDL-C, TC/HDL-C and LDL/HDL-C ratios)
calculated in this study were within the reference
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range, also RC did not significantly correlated
with BMI across the groups. non-HDLc correlated
positively BMI in the obese group, this
observation is in accordance with the study of
Denke et al., in which they observed that in the
analysis of men enrolled in NHANES I,
increasing obesity (assessed by BMI) was
associated with higher triglyceride, total and non-
HDL cholesterol levels, and lower HDL-C [22,13]
LDL-C did not vary with BMI and the elevation in
total cholesterol was due mainly to an increased
non-HDL-C level (i.e. an increase in cholesterol
carried by VLDL and IDL particles). Our study
also showed that non-HDL-C is more strongly
correlated with obesity than RC. This might be
due to the accumulation of visceral (abdominal)
adipose tissue which drives the metabolic
syndrome and diabetes, which is associated with
the lipoprotein profile of obese individual with a
normal LDL-C despite elevated levels of
atherogenic lipoproteins and cardiovascular risk
markers, this observation was in accordance with
Yusuf et al., [23-24] and this suggest that even
though the obese participants appear healthy,
there is tendency for the development of
metabolic syndrome, chronic diseases or
cardiovascular disease apparently.

5. CONCLUSION

In this study we 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. This implies 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. This throws a limelight on the
cause of cardiovascular incidents in lean or
normal weight individuals. Based on these
observations we recommend an extensive study
of remnant cholesterol in individuals of all weight
categories, gender and race, to establish a
consensus cut of point and its relevance to the
medical practice.
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