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Abstract 
Introduction: Routine estimation of the majority of 
the atherogenic risk attributable to lipoproteins is done 
by the measurement of cholesterol content of the 
low density lipoprotein (LDL) as LDL-cholcstcrol 
(LDL-C). Non-high density lipoprotein cholesterol (n-
HDL-C) and Apo l ipopro te in B (Apo B) 
measurements have also been used as indices of risk 
as they account for other atherogenic molecules 
beyond LDL. We evaluate for discordance between 
these indices. 
Methodology: Fasting plasma total cholesterol, 
triglycerides, high density lipoprotein cholesterol, Apo 
B and glucose were measured on healthy non-diabetic 
participants.Low density lipoprotein- Cholesterol, 
non-HDL-C and BMI were calculated. Low density 
lipoprotein- Cholesterol LDL-C, apolipoprotein B and 
non-HDL cholesterol were grouped into percentiles.v 

Individuals were discordant if either their LDL-C or 
non-HDL values belonged to a percentile category 
different from their percentile category for Apo B. 
Results: A discordant result (apolipoprotein B /LDL-
C or apolipoprotein B /non-HDL-C) was seen in 55 
(22%) of the 252 participants. Discordance was more 
frequent between apolipoprotein B and non-HDL 
cholesterol, occurring in 50 (20%) persons than 
between apolipoprotein B and LDL-C, 21 (8.4%). 
Discordance -was associated a body mass index 
(BMI) > 25kg/m2 (p = 0.039) and > 30kg/m2 (p = 
0.008) and the median BMI of persons who were 
discordant was also higher than those who were not 
26.2 kg/m2 vs. 25.0 kg/m2, p = 0.018, respectively. 
Conclusion: Discordance between Apo B and the 
calculated LDL-C and non-HDL is common among 
overweight and obese persons. It may provide a 
useful insight into the presence of atherogenic small 
dense LDL particles among these persons. 
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Res u me 
Contexte: L'estimation routinicrc dc la majorite 
du risque atherogene attribuablc aux lipoproteines 
est r c a l i s c c p a r la m c s u r c dc la t e n e u r en 
cholesterol dc la lipoprotcinc de basse densite 
(LBD) sous forme dc LBD-cholcstcrol (LBD-C). 
Lcs mcsurcs du cholesterol des lipoproteines dc 
non-hautc densite (n-HDL-C) ct d 'apolipoprotcine 
B (Apo B) ont cgalcmcnt etc utilisccs commc 
indiccs dc risque car cllcs rcprcscntent d 'autrcs 
molecules athcrogcncs au-dcla des LBD. Nous 
cvaluons pour la discordance entrc ccs indiccs. 
Methodologie: Lc cholesterol total plasmatiquc a 
j c u n , lcs t r i g l y c e r i d e s , lc c h o l e s t e r o l des 
l ipoproteines dc haute densite, 1'Apo B et le 
g lucosc ont etc mcsu rc s sur des s u j e t s non 
diabct iques sains. Lcs l ipoproteines de bas se 
densite, lc cholcstcrol non HDL ct FIMC ont etc 
calculcs. Lcs lipoproteines dc basse densite, lc 
cholesterol LBD-C, Tapol ipopro te inc B ct lc 
c h o l e s t e r o l n o n - H D L ont etc r e g r o u p e s en 
percentiles. Lcs individus ctaicnt discordants si 
leurs valeurs LBD-C ou non-HDL appartcnaicnt 
a unc categoric dc percentile diffcrcntc dc leur 
categoric percentile pour Apo B. 
Resultats: Un rcsultat discordant (apolipoprotcinc 
B / LBD-C ou apolipoprotcinc B / non-HDL-C) a 
etc observe chcz 55 (22%) des 252 participants. 
La d i s c o r d a n c e e ta i t p lus f r c q u c n t c c n t r e 
Tapolipoprotcinc B ct lc cholcstcrol non HDL, 
survenant chcz 50 (20%) pcrsonncs q i f c n t r c 
apo l ipopro tc inc B ct LBD-C, 21 (8 ,4%) . La 
discordancc eta it associcc a un indicc dc masse 
corporcllc (IMC) > 25 kg/m2 (p = 0,039) ct > 30 
kg/m2 (p = 0,008) el TIMC median des pcrsonncs 
discordantcs ctait cgalcmcnt plus eleve que cclui 
dc ccux qui n'claicnt pas 26,2 kg/m2 contrc 25,0 
kg/m2, p = 0,018, rcspcctivcmcnt. 
Conclusion: La discordancc cntre PApo B ct lc 
LBD-C calculc ct non-HDL est frcqucntc chcz lcs 
pcrsonncs cn surpoids ct obcscs. II pent fournir 
tin apcrv'u utile dc la presence de pctitcs particulcs 
dc LBD dense athcrogcncs parmi ccs pcrsonncs. 
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Mots clcs: Discordance, Apoli/joproteine B. LBD-
cliolesteml, non-HDL-cholesteml 

Introduction 
The Framingham Heart Study provided strong 
evidence that there arc risk f ac to r s lor the 
development of atherosclerotic cardiovascular 
disease (ASCVD) [ I ]. Amongst these risk factors, 
disorders of lipid and lipoprotein metabolism arc 
especial ly cr i t ica l in the pa thogenes i s of 
atherosclerotic disease. The fatty streak, which is 
thought to be the initial lesion in atherosclerosis, is 
an accumulation of lipid-containing foam cclls in 
the endothelium of the arterial wall [2]. The 
progression of this streak to form an atheroma is also 
a function of the inability of the cholcstcrol reverse 
transport mechanisms to remove lipids from the 
developing lesion at a rate that exceeds that at which 
they enter the arterial wall [3]. In view of this central 
role of lipids in the pathogenesis of CVD, it has been 
recommended that lipid screening be done for all 
adults after 20 years of age. This should involve the 

. fas t ing measuremen t of total cho lc s t c ro l , 
triglycerides, LDL cholcstcrol and HDL cholcstcrol 
[4]. 

LDL - Cholcstcrol is the primary target of 
cholesterol lowering therapy [4]. This is because it 
is a surrogate marker of the lipoprotein LDL, which 
is considered the most atherogenic of all the lipid 
carrying l ipoproteins [5]. LDL is however a 
heterogeneous group of molecules consisting of 
distinct subclasses which vary in size, density and 
chemical composition [6]. Two distinct phenotypes 
have been described. Majority of healthy persons 
have phenotype A which is characterised by large 
buoyant LDL(IbLDL) particles. Phenotype B, which 
is seen in a small subset of healthy people have small 
dense LDL (sdLDL) part ic les [7]. The s d L D L 
par t ic les arc thought to be more a t h e r o g e n i c 
compared to the IbLDL particles. 

The IbLDL p a r t i c l e s con t a in m o r e 
cholesterol than the sdLDL particles implying that 
at a given level of LDL-Cholcstcrol, persons with a 
p r e d o m i n a n c e of s d L D L have m o r e of the 

r v n T " L ? L p a r ' ' c l c s a n d " C 1 " " K U w rtrt of 
, than individuals with more of the IbLDL 181. 
under l ines a w e a k n e s s in us ing L D L - C 

measurements as estimates o f C V D risk. In addition 

so be n r r n t , ° n C d ' C a S O n ' , h i s r C s i d l l i l 1 " sk may 
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accounted Ibr nor adequately estimated by LD| r 
measurements. 

To improve the risk prediction of ,h 
traditional lipid profile and capture the contribut C 

of the non-LDL pro-athcrogenic lipoproteins h" 
calculation of non-HDL-C has been used [9] n0

1C 

HDL-C is calculated as total cholesterol minus HDi" 
C and reflects the cholcstcrol content of all tl 
atherogenic lipoprotein particles. Several stud ^ 
have highlighted the increased capability of no^ 
HDL-C over LDL-C in predicting increased risk of 
CVD[ 10-12]. These have resulted in its inclusion in 
the newer recommendations of the National Lipid 
Association as a co-primary target along with LDL 
C. However, similar to LDL-C, the accuracy of this 
calculatcd index is influenced by the heterogeneity 
of VLDL and LDL particles. When these particles 
arc either cholcstcrol cnrichcd or depleted, its ability 
to act as a surrogate of the sum of all atherogenic 
lipoproteins is affected. 

Unlike the indirect measurement of all the 
atherogenic lipoproteins provided by non-HDL-C 
Apolipoprotcin B provides a direct assessment of 
these macromolcculcs . This is because it is an 
integral part of all atherogenic lipoprotein particles 
with each carrying a single apolipoprotcin B particle 
on their surface. This fact underlies the clinical utility 
of apolipoprotcin B as a marker of cardiovascular 
risk. Several studies have shown the superiority of 
apolipoprotcin B over both LDL-C and non-HDL-C 
in predicting likelihood of cardiovascular events. 
Snidcrman el cil, pe r formed a meta-analysis of 
published epidemiological studies with estimates of 
the relative risks of non-HDL-C and apolipoprotcin 
B of fatal or nonfatal ischemic cardiovascular events. 
They concluded that over a 10-ycar period, an 
apolipoprotcin B strategy would prevent 500 000 
more events than a n o n - H D L - C strategy. This 
suggests that cardiovascular risk is more closcly 
related to the number of atherogenic particles than 
to the total mass of cholcstcrol within them [13]. 

The above evidence suggests that despite the 
s t r o n g c o r r e l a t i o n that is f requent ly observed 
between LDL-C, non-HDL-C and apolipoprotcin B. 
they arc not of equivalent clinical value. This would 
iurther mean that there arccircumstanccs w h e r e there 
is significant disagreement between values obtained 
by these 3 parameters in an individual. This is defined 
as d i sco rdancc . Asse s smen t s of the degree o 
discordance, including descriptions of prcvalenee 
and associations, in a population should inform rfc 
assessment for C V D . The present study aims to 
define the level of discordancc that exists between 
LDL-C, and non-I IDL-C with apolipoprotcin B Thus 
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may give an estimate in the degree of over or under-
estimation of CVD risk that may be present in the 
use of these parameters among an apparently healthy 
Nigerian population. 

Materials and methods 
Study population 
This was a cross-sectional study. Participants were 
recruited from the staff of the University College 
Hospital, lbadan. They were apparently healthy and 
aged between 30 and 65 years. Persons with diabetes, 
on hypolipidemic agents or oral contraceptives were 
excluded. After conscnt for pa r t i c ipa t ion was 
obtained, a structured questionnaire was used to 
obtain information on demographic and social and 
clinical characteristics. 

Laboratory measurements 
Venous blood was obtained into EDTA bottles for 
fasting TC, TG, H D L - C and Apoprotein B 100 
measurements. LDL - C was calculated using the 
Fricdcwald formula (LDL-C = T C minus [HDL-C 
plus TG/5]) while non-HDL - C was calculated as 
TC - HDL-C. Fluoride oxalate specimens were also 
collected for fasting glucose studies. 

All analyses were carricd out on the Landwind 
C100 plus automated analyzer (Landwind Medicals, 
Schcnzcn, C h i n a ) . To ta l C h o l c s t c r o l , LDL 
Cholcstcrol, HDL Cholcstcrol and Triglycerides 
were measu red by e n z y m a t i c m e t h o d s whi le 
apo l ipopro te in B w a s m e a s u r e d by 
immunoturbidimctry. 

Statistical ana!) *sis 
Statistical Analysis was performed using Statistical 
Package for Social Sciences (SPSS) version 21. 
Statistical significance was set at p< 0.05. 
Ethical approval was obtained from the University 
of Ibadan/Univcrsity College Hospital, lbadan Ethics 
Committee. 

Results 
Two hundred and fifty two (252) apparently healthy 
adults were rccruitcd for the study. They included 
89 males (35.3%) and 163 females (64.7%) with 
mean (SD) ages of 42.0 (8.5) years and 47.3 (10.3) 
years respectively. The difference in the ages of the 
2 genders was not statistically significant. The mean 
age (SD) for all the participants was 45.4 (10.0) 
years. Twenty six persons (10.4%) were hypertensive 
and 52.7% were either overweight or obese. 

Table 1 shows the distribution of the lipid and 
lipoprotein indiccs in the study population. The 
range of va lues for LDL-C, n o n - H D L - C and 
apolipoprotein B were 1.24 - 5.9mmol/L, 1.37 - 6.44 
mmol/L and 0.62 - 2.57 |imol/L respectively. Values 
greater than the 75,h percentile were observed in 191 
(76.4%), 188 (75.2%) and 188 (75.2%) of the values 
for LDL-cholcstcrol, apolipoprotein B and non-HDL 
cho lcs tc ro l respec t ive ly . Tab le 2 s h o w s the 
Spearman's correlation of LDL-C, non-HDL-C and 
apolipoprotein B with clinical and biochemical 
parameters. The correlation studies show that these 
3 parameters had significant associations with age, 
BMI, Total Cholcstcrol and Triglycerides. Non-

Tab le 1: Dis t r ibut ion o f Lip id a n d L i p o p r o t e i n mc t r i c s 

L D L - C 
( m m o l / L ) 

n o n - H D L - Q m m o l / L ) A p o B 
( m m o l / L ) ( n m o l / L ) 

Mcan, (SD) 
Range 
Median 

Interquartile R a n g e 

3.34 (0.82) 
1 .24-5 .9 
3.23 
2 .74-3 .83 

3.71 (0.92) 
1.37-6.44 
3.59 
3 .05 -4 .28 

1.88(0.5) 
0 .62-3 .55 
1.79 
1.52-2.17 

Definition of discordancc 
Discordancc was def ined as used in p rev ious 
reports.[14, 15] Values for LDL-C, apolipoprotein 
B and non-HDL cholcstcrol were grouped into 2,wl, 
20"' 50 ,h and 80"' percent i le . Ind iv idua ls were 
considered discordant for if cither their LDL-C or 
non-HDL values belonged to a percentile category 
which was higher or lower than that for the Apo 13. 

H D L - C was the only pa rame te r s ign i f i can t ly 
associated with systolic blood pressure, diastolic 
blood pressure and fasting plasma glucosc while 
LDL-C and apolipoprotein B were significantly 
associated HDL-C. 

A discordant result (apolipoprotein B /LDL-
C or apolipoprotein B /nonHDL-C) was seen in 55 
(22%) of the participants. Table 3 shows the pattern 
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Correlation of Lipid and Lipoprotein mct r ics with Clinical and 

Age, years 
BMI, kg/nr 
Systolic BP 
Diastolic BP 
Total Cholcstcrol 
Triglycerides 
HDL-C 
LDL-C 
non-HDL-C 
Apolipoprotcin B 
FPG 

LDL-C 

rho p value 
0.196.0.002 
0.193,0.002 
0.079, 0.211 
0.102.0.109 
0.954, 0.000 
0 . 2 2 8 , 0 . 0 0 0 
0.133,0.035 

0.972,0.000 
0.994, 0.000 
0.111,0.080 

non-HDL-C 

rho p value 
0.215,0.001 
0 . 2 2 1 , 0 . 0 0 0 
0.125,0.048 
0.143, 0.023 
0.972, 0.000 
0.368, 0.000 
0.104,0.102 
0.972,0.000 

0.967, 0.000 
0.139,0.027 

Biochemical Para 

A p o B 

meters 

r h o P value 
0194,0.002 

183,0.004 
0088,0.168 
0.107,0.091 
0-949,0.000 
0-230,0.000 
0.129,0.041 
0.994,0.000 
0.967,0.000 

0.107,0.092 

of discordancc between values of apolipoprotcin B 
and those of LDL-Cholcstcrol while Table 4 shows 
that of apolipoprotcin B and non-HDL cholesterol. 
D i s c o r d a n c c w a s more f r equen t b e t w e e n 

persons with discordancc between Apolipoprotcin B 
and non-HDL cholcstcrol, 27 (54%) were due to non-
HDL-C values occurring in a lower percentile. In 
both comparisons, discordance was more frequently 

Table 3: Discordancc of Apo B and LDL-C percentiles 

< 2nd > 2nd - < 20"' > 20"' - < 50th > 50,h - < 80,h >80,h Total 

<2n<l 5(83.3) 1(16.7) 0(0.0) 0(0.0) 0 (0.0) 6(100.0) 

> 2nd - < 20,h 0 (0.0) 41 (97.6) 1 (2.4) 0 (0.0) 0 (0.0) 42(100.0) 

> 20,h - < 50,h 0 (0.0) 4(5.3) 69 (90.8) 1 3(3.9) (0.0) 76(100.0) 

> 50,h - < 80"' 0 (0.0) 0(0.0) 3 (4.0) 68 (90.7) 4(5.3) 75 (100.0) 

>80th 0(0.0) 0(0.0) 0 (0.0) 5 (9.8) 46 (90.2) 51(100) 

Values arc n (%) 

apolipoprotcin B and non-HDL cholcstcrol, occurring 
in 50 (20%) persons. The number of persons with 
discordance between apolipoprotcin B and LDL-C 

o b s e r v e d f o r v a l u e s w i th in the 20th and 
80 , hpcrccntilcs, occur r ing in 9.2% and of values 
ob t a ined in this r ange . T h i s corresponds to a 

Tabic 4: Discordancc of Apo B and nonHDL-C percentiles 

CO 
c 

2 1/1 
o . « o •-CL — <D ° ^ 

< Q. 

<2nd 

> 2,)d - < 20"' 
> 20'" - < 50lh 

> 50,h - < 80,h 

>80,h 

< 2ml > 2nd - < 20,h> 20,h - < 50th > 50,h - < 80"' >80' 

5(83.3) 
0 ( 0 . 0 ) 
0 (0 .0 ) 
0 (0.0) 
0(0.0) 

1 (16.7) 
35 (83.3) 
10(13.2) 
0 (0.0) 
0 (0.0) 

0 (0.0) 
7(16.7) 
69 (90.8) 
7(9.3) 
0 (0.0) 

0 (0.0) 
0 (0.0) 
3 (3.9) 
58 (77.3) 
10(19.6) 

0(0 .0) 
0 (0.0) 
(0.0) 
10(13.3) 
41 (80.4) 

Total 

6 ( 1 0 0 . 0 ) 
4 2 (100-0) 
7 6 ( 1 0 0 . 0 ) 
7 5 (100.0) 
5 1 ( 1 0 0 ) 

Values arc n (%) 

was 21 (8.4%). 16 (6.4%) persons had a discordant 
percentile classification for both Apolipoprotcin B and 
LDL-C as well as Apolipoprotcin B and nonl lDL-
C. Of the persons with d i s c o r d a n c c b e t w e e n 
Apolipoprotcin B and LDL-C, 13 (61.9%) had LDL-
C values occurring in a lower percentile and for 

concentration of 2.66 and 3.93 mniol/L for LP 
and 2.97 and 4.40 mmol/L for n 0 I v H D L ' C

h nvCCn 
T h e r e was a s t rong association . 

/ L D L - C discordant-
d i s c o r d a n c c IP 

A p o l i p o p r o t c i n 
Apol ipopro tc in B /non - H D L - C 
<0 .0001) . Discordance (either ApoB/ 

L P L - C or 
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ApoB/non-HDL-C) was associated a body mass 
index (BMI) > 25kg/m2 (p = 0.039) and > 30kg/nv 
(p = 0.008). The median BMI of persons who were 
discordant was also significantly higher than persons 
who were not discordant. 26.2 kg/m2 vs. 25.0 kg/m2 

, p = 0.018, respectively. 

Discussion 
Appropriate estimation of an individuals' CVD risk 
allows for the appropriate interventions, whether 
lifestyle modification or pharmacologic therapy as 
indicated by risk category. A discordancc between 
Apolipoprotein B and the more routinely used LDL-
C and nonHDL-C indicates inappropr ia te risk 
estimation (under - or o v c r c s t i m a t i o n ) and 
inappropriate interventions. About one out of every 
five (22%) of our study participants had a discordant 
result with cither an LDL-C and/or nonHDL-C value 
that occupicd a different percentile category with the 
correspondingly measured Apolipoprotein B value. 
In more than 50% of these persons with discordant 
results, Apolipoprotein B results were in a higher 
percentile when compared to cither LDL-C or 
nonHDL-C. This suggests that risk estimation using 
either of the latter 2 parameters in these persons will 
result in an underestimation of risk and inappropriate 
intervention. This has consequences for long-term 
cardiovascular health of these persons. This is 
supported by the longitudinal CARDIA (Coronary 
Artery Risk Development in Young Adults) 'study 
which followed up persons aged between 18 and 30 
years for 25 ycars[16]. It reported that persons with 
Apolipoprotein B values greater than median and 
with LDL-C or nonHDL-C values lower than median 
(discordant) had a higher likelihood of having year 
25 cvidcncc of coronary artery calcium than in those 
persons in whom all the parameters were below the 
median (concordant) . Whi le this may prov ide 
cvidcncc of the be t t e r p r c d i c t i v c v a l u e of 
ApolipoproteinB, it also implies that the management 
of CVD risk in these persons would have been 
suboptimal if dependent on just LDL-C or nonHDL-
C alone. 

Our data also suggests that individuals arc 
likely to have d iscordant resu l t s if they were 
overweight and yet more likely if they were obese. 
This may guide the sclcction of persons who in 
addition to the routine and traditional lipid studies 
should have a p o l i p o p r o t e i n B m e a s u r e m e n t s 
performed for optimal risk assessment. That a raised 
BMI may serve as a clinical predictor of discordance 
was also suggested by the results of Mora ct al among 
participants in the Women's Health Study [14]. They 

noted that individuals who had Apolipoprotein B 
values greater than the median value and LDL-C 
lower than the median value of their study population 
had a higher BMI compared with individuals who 
had both Apolipoprotein B and LDL-C concordantly 
below the median. These findings arc consistent with 
changcs in the structurc/composition of LDL that is 
observed in obesity, particularly an increase in the 
number of small dense LDL particlcs [17]. Ohmura 
ct al [18] demonst ra ted that , re la t ive to their 
ApolipoproteinB contcnt, small dense LDL particlcs 
had s i g n i f i c a n t l y lower f r ee cho l c s t c ro l and 
cholcstcrol ester when compared to large buoyant 
LDL. This would provide a pathophysiological 
explanation to our observation. Thus the presence 
of A p o B / L D L d i s c o r d a n c c m a y gu ide the 
management of dyslipidacmia by helping to identify 
individuals who despite having desirable LDL-C 
cho l c s t c ro l va lues may h a v e inc reased 
concentrations of the atherogenic small dense LDL 
par t i c lcs . These persons may then be o f fe red 
appropriate lipid lowering interventions which they 
may not have rcccivcd if LDL-C alone was the main 
guide for therapy. 

There arc methodological reasons for a using 
a surrogate marker to dctcct the presence of small 
dense LDL particlcs. The conventional approach has 
relied on either analytical ultraccntrifugation (UC) 
or g rad ien t gel e l e c t r o p h o r e s i s ( G G E ) . A l so 
previously used in LDL class separation are tube gel * 
electrophoresis, nuclcar magnetic resonance, high 
p e r f o r m a n c e l iquid c h r o m a t o g r a p h y wi th gel 
filtration columns, ion mobility analysis, dynamic 
light scattering and direct homogenous assays [19]. 
The low cost options (UC, GGE) may require up to 
72 hours of separation time and 10 mis of plasma 
while the ones with shorter duration of analysis arc 
typically high costing. In addition, there is significant 
heterogeneity in the identified LDL subclasses as to 
make comparison across methods difficult due to 
cur rent poor standardization across the different 
methods [19]. This in contrast to Cholcstcrol and 
A p o l i p o p r o t e i n B m e t h o d s that h a v e had 
in t e rna t iona l r c f c r cncc p r e p a r a t i o n s / m e t h o d s 
available for over 2 dccadcs [20, 21 ]. This suggests 
that discordancc as an index for assessing for the 
p r c scncc of small dense LDL may p rov ide a 
rcproduciblc index. 

In conclus ion , d i sco rdancc is common 
among apparently healthy adults, especially those 
who arc overweight and obese. It may provide an 
insight in to the prcscncc of the atherogenic small 
dense LDL particlcs in circulation. 
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