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Abstract

Background: Considering the cardiovascular complications in Type 2 Diabetes Mellitus (T2DM) despite normal Total
Cholesterol (TC) and Low Density Lipoprotein (LDL) levels, Non High Density Lipoprotein (non-HDL-C) and
Apolipoprotein B (ApoB) were added as secondary targets and have been increasingly acknowledged as measures of
risk estimation for developing atherosclerotic Cardiovascular Disease (CVD). Aim and Objectives: To study the
correlation between ApoB100 and non-HDL-C in assessing the risk of cardiovascular complications in T2DM
patients. Material and Methods: A total of 90 T2DM patients attending Medicine and Cardiology outpatient
departments were recruited for the study. They were categorised into 2 groups -T2DM with CVD and T2DM without
CVD. Three ml of fasting venous blood sample was taken from each patient and fasting blood sugar, TC, triglycerides,
HDL-C and ApoB were estimated on VITROS 5600 Integrated Autoanalyser. LDL-C was calculated using Friedewald
formula and non-HDL-C was calculated by subtracting HDL-C from TC. Results: The levels of ApoB and non-HDL-C
in T2DM patients with CVD and without CVD were found to be significant with p <0.001. There was a significant
correlation between ApoB and non-HDL-C values in both the groups as analysed by Karl Pearson's correlation
coefficient(p <0.001). After linear regression analysis, non-HDL-C was found to have a strong correlation with
ApoB100 in both the groups with r* of 0.753 and 0.215 respectively (p < 0.001). Conclusion: The present study has
demonstrated a strong correlation between ApoB and non-HDL-C in T2DM patients with or without CVD and hence
can substitute for each other.
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Introduction

Non-communicable diseases are now a massive
challenge in reducing morbidity and mortality as
they are known to cause major cardiovascular
changes. One among non-communicable diseases
is Type II Diabetes Mellitus (T2DM) in which
patients tend to be soft targets for deadly Cardio-
vascular Diseases (CVD) due to impaired lipid
metabolism besides enduring multiple complica-
tions of chronic hyperglycaemia[1].

CVD are the leading cause of premature death and

disability in humans and also generate a high socio-
economic burden in the general population [1].
Hyperglycaemia in T2DM leads to the formation of
several Advanced Glycation End Products (AGEs).
Apolipoprotein B100 (ApoB) is one such glycated
protein that causes the formation of proinflamma-
tory products by stimulating receptors on various
cells related to the development of atherosclerosis
and thus playing a vital role in the formation of
atherosclerotic plaque [2].
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Measurement of serum ApoB reflects total Low
Density Lipoprotein (LDL-C), Intermediate
Density Lipoproteins (IDL), Very Low Density
Lipoprotein (VLDL-C), and Lipoprotein (a)
[Lp(a)] particle concentrations because each parti-
cle contains exactly one molecule of ApoB100.
Thus, ApoB can be considered a powerful tool for
assessment of atherogenic lipid status.
Dyslipidemiais found to be one of the significant
risk factors for CVD [3]. The pattern of dyslipi-
demia in diabetes is characterized by elevated tri-
glyceride, low levels of High Density Lipoprotein
(HDL-C), and increased prevalence of LDL-C
particles. National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III) has
recognised hypertriglyceridemia as a risk factor for
coronary artery disease. Small dense (sd) LDL are
highly significant risk biomarkers for premature
CVD and many studies have shown that it can
predict CVD occurrence independent of traditional
lipid parameters. However, it is not being widely
used due to the limited availability of specialised
equipment for its estimation, time-consuming and
high cost. It has also been stated that LDL-C is nota
valid basis for the therapeutic purpose at trigly-
ceride levels over 200 mg/dL; rather non-HDL-C is
designated as"atherogenic cholesterol" and is iden-
tified as a therapeutic target at very high levels of
Triglycerides (TG) [3].

Non-HDL-C has been found to be strongly
associated with the risk of CVD when defined
based on Total Cholesterol (TC)/HDL ratio. Non-
HDL-C provides information on the concentra-
tions of all atherogenic lipoproteins [i.e., LDL,
VLDL, IDL, and Lp(a)] and is determined by
subtracting HDL-C from TC. The levels of non-
HDL-C should be under 130 mg/dl for anyone

aged 20 years or older and the higher the levels,
higher the risk of heart diseases [4].

Many large prospective studies like Apolipoprotein
-related MOrtalityRISk (AMORIS) have proposed
the relation between Apolipoproteins and the risk
of cardiovascular diseases in the general population
[5-6]. Normal ApoB values range from 60 to 130
mg/dL, when exceeded indicate a high risk of
cardiovascular events.

INTERHEART Modifiable Risk Score (IHMRS)
has been developed by the more recent INTER-
HEART studies whichwere conducted in 52
countries worldwide and the Apolipoprotein ratio
independently topped the list in predicting risk of
future CVDs [7]. A study by Hermans et al.
demonstrated non-HDL-C represents not only a
metabolic surrogate but is close to a true biological
equivalent of ApoB in a specific population [8].
Diabetes mellitus is defined as plasma glucose >
126 mg/dL in at least two measurements, Glycated
Hemoglobin (HbAlc) = 6.5%, or prescription of
any antidiabetic medication [9]. CVDs are
predominantly of atherosclerotic origin where the
patient has a history of coronary artery disease or
cerebrovascular disease or venous thromboembo-
lism or peripheral vascular diseases [10]. Hence
this study was undertaken to establish the correla-
tion between Apo-B100, an established risk factor
and non HDL-C, a cost-effective and reliable
parameter in assessing the risk of developing
cardiovascular complications in patients of T2DM
in the general population.

Material and Methods

This was a cross sectional study conducted in a
tertiary care hospital at Tumkur. The ethical
clearance from Institutional Ethics Committee was
obtained before the initiation of the project. Ninety
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participants > 18 years of age of both the gender
who were ready to give informed consent, diagno-
sed with diabetes mellitus according to American
Diabetes Association (ADA) criteria [9], and
attending Medicine and Cardiology Outpatient
Departments (OPDs) were included in the study
through convenient sampling method. While
subjects with history of acute/chronic infections,
history of acute/chronic inflammations, neoplasms,
previous history of myocardial infarction, and pre-
vious history of coronary artery intervention were
excluded.

After obtaining informed consent in the local
language, baseline characteristics of participants
such as age, gender, vitals, comorbidities and their
duration and concomitant medications were
recorded in a predesigned proforma. Under aseptic
precautions, 3 ml of fasting venous blood was
collected from each of the study participants and
the following parameters were estimated. Fasting
blood glucose was estimated by colorimetric
Glucose Oxidase Peroxidase (GOD-POD) method
[11]. TC was estimated by cholesterol oxidase
method (colorimetric), TG levels by Lip/Glycerol
kinase method (colorimetric), HDL-C by non-HDL
precipitation method (colorimetric) and ApoB100
by Electrochemiluminescence Immunoassay
(ECLIA) method [12-13]. All the parameters were
analysed on the VITROS 5600 integrated auto-
analyzer. LDL-C was calculated using Friedewald
formula [14] and non-HDL-C was calculated by
subtracting HDL-C from TC.

Statistical analysis

Statistical analysis was performed using IBM
SPSS® version 20.0 and a p-value below 0.05 was
considered statistically significant. Results were
presented as mean value + standard deviation.

Student t-test for independent variables was used
to compare continuous variables with normal
distribution between groups. Karl Pearson corre-
lation was used to analyze the correlation between
non-HDL-C and ApoB100, and 1’ was calculated
using linear regression analysis.

Results

A total of 90 patients diagnosed with T2DM were
recruited for the study. All the patients were middle
aged adults (Table 1). They were divided into 2
groups as patients with CVD (n = 45) and without
CVD (n = 45). Their demographic profile and the
biochemical values have been presented in Table 1.
A significant difference in serum levels of TC, TG
and VLDL among cases and controls was observed
with p <0.001. The ApoB100 levels in cases were
found to be 108.74 +22.22 and in controls 81.84 +
23.75 with a significant difference (p <0.001). Non
HDL-C levels in cases were 150.71 £ 30.69 and in
controls 118.20 + 30.42 with a difference (p <
0.001). There was no significant age difference in
both groups. After applying Pearson's correlation
coefficient, ApoB100 showed a positive correla-
tion with non-HDL-C with r value of 0.868 and
was statistically significant (p <0.001) as shown in
Table 2. The findings were strongly supported by
the scatter plot with positive correlation between
ApoB100 and non-HDL-C in patients with CVD
(Figures 1 and 2). Receiver Operating Charac-
teristic (ROC) for both the parameters were
plotted. ApoB100 had a sensitivity of 73% and
specificity of 74% with a cut-off value of 99.01
whereas non-HDL-C had sensitivity of 76% and
specificity of 61% with a cut off value of 125.5
(Table 4, Figure 3).
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Table 1: Comparison of various parameters between patients with

or without CVD

Type Patients without CVD | Patients with CVD p*

Age 55.48 +11.18 54.67 +11.84 0.737
FBS/RBS 144.63 +40.38 198.42 £ 71.82 <0.001
TC 150.89 +37.21 184.07 +£29.44 <0.001
HDL 31.61 £8.55 39.04 +£11.05 0.001
LDL 83.61 £26.56 100.36 +27.32 0.004
VLDL 32.89£16.01 51.49 +£22.60 <0.001
TG 148.07 + 56.38 253.49 £ 108.50 <0.001
ApoB100 81.84 £23.75 108.74 £22.22 <0.001
Non-HDL 118.20 +30.42 150.71 +30.69 <0.001

"Independent sample t-test

Table2: Karl Pearson's correlation coefficient
of ApoB100 with Non-HDL

Correlation P
Patients with CVD
Non HDL 0.868 <0.001
Patients without CVD
Non HDL 0.464 0.001

Table 3: Linear regression equation for estimation of ApoB100 using Non-HDL

Regression Equations SSE r p
Equation for Diabetes with CVD

1.778 + 0.677 (Non-HDL) 11.944 0.753 <0.001
Equation for Diabetes without CVD

58.127 + 0.336 (Non-HDL) 19.914 0.215 0.001
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Table 4: Sensitivity, specificity, AUC and cut off values OD ApoB100
and non-HDL among patients with and without CVD

Parameter Sensitivity Specificity AUC Cut-off
ApoB100 73% 74% 0.80 99.01
Non-HDL 76% 61% 0.76 125.5
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Figure 1: Scatter plot for correlation between
ApoB100 and Non-HDL in patients
with CVD

Figure 2: Scatter plot for correlation between
ApoB100 and Non-HDL in patients
without CVD
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Figure 3: Receiver Operating Characteristics
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Discussion

CVD is the leading cause of death in T2DM
patients, thus prioritizing cardiovascular risk
reduction becomes of utmost importance in these
individuals [15-16]. T2DM patients with LDL-C
within the target range suffer from cardiovascular
events. It suggests that there is residual CV risk
that is unaccounted for by LDL-C assessment.
Hence, the 2016 ESC/EAS guidelines had
highlighted the importance of ApoB and non-
HDL-C determination in patients with diabetes
[17].

Findings in the present study showed a statistically
significant difference in the ApoB levels in
patients with CVD and those without CVD
individuals which is concordant with the study by
Jiang et al. in which diabetic patients with CVD
had ApoB values of 111.1+22.2 and without CVD
had 104 + 24.6 with a significant p value [17].
Non-HDL-C levels in patients with CVD were
150.71 + 30.69 and in patients without CVD were
118.20 £+ 30.42 with a significant p < 0.001 which
is also similar to the study by Jiang et al. in which
diabetic patients with CVD had non-HDL-C
values of 181.1 + 36 and without CVD had 168 +
39.4 with a significant p value [17]. There was a
significant correlation between ApoB and non-
HDL-C values in both the groups as analyzed by
Karl Pearson's correlation coefficient (p < 0.001)
as shown in Table 2 which is similar to a study
done by Wagner ef al. in which both non-HDL and
ApoB when compared with LDL-C had given
positive correlation regarding the occurrence of
CVD [12]. This may be due to the characteristics
of Apo B and non-HDL-C where, ApoB is
essential for the binding of LDL particles to the
LDL receptor, allowing cells to internalize LDL,

thus absorbing cholesterol and an excess of Apo B-
containing particles is a main trigger in the
atherogenic process [18-19]. Non-HDL-C is a
calculated parameter and its measurement is
representative of all atherogenic ApoB containing
lipoproteins which includes LDL-C, VLDL-C,
IDL-C, and Lp(a) [19]. After linear regression
analysis, non-HDL was found to have a strong
correlation with ApoB100 in both the groups with
* of 0.753 and 0.215 respectively (p < 0.001)
which is similar to a study by Hermans et al. [8]
which demonstrated, non-HDL-C and ApoB100
with the uncorrected linear regression of ApoB
(mg/dl) =0.60 [non-HDL-C (mg/dl)] + 12.0 mg/dl
which signified that both performed equally well
to discriminate patients according to their
atherogenic cholesterol values or atherogenic
particles number and the underlying correlation
between these two continuous variables reached
unity [20-21]. The scatter plot as shown in Figure 1
showed a stronger linear correlation with 1* value
of 0.723 of ApoB 100 and non-HDL-C with
cardiovascular events which indicates both the
variables are interrelated and slight change in non-
HDL-C can cause changes in values of ApoB100
whereas as in Figure 2, though there is a linear
correlation but r’ value is 0.215 which is very weak
relationship among non-cardiac patients. This
shows that ApoB100 and non-HDL-C can be
major predictors of cardiovascular events.

ApoB is less sensitive than non-HDL-C (73% vs.
76%) but specificity was higher for ApoB than non-
HDL-C (74% vs. 61%) which is in contrast to a
study by Aditya et al. where ApoB was more
sensitive and non-HDL-C was more specific [22].
The area under ROC curve was greater for Apo B
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than non-HDL-C (0.80 vs. 0.76). Though ApoB
and non-HDL-C theoretically often equally reflect
the atherogenic burden, ApoB was a more
discriminating factor for ACS cases than non-
HDL-C which is similar to Sniderman et al. [23]
which found that ApoB is superior over non-HDL-
C and in contrast to Aditya et al. [22] in which non-
HDL-C (r=0.138, p <0.001) was slightly superior
in predicting cardiovascular events. Villalpando et
al. [9] in their study showed a positive association
between ApoB/ApoAl (r*=0.187, p=0.001), and
non-HDL-cholesterol/HDL-cholesterol (r'= 0.269,
p=0.0001) ratios and between ApoB/ApoAl ratio
and ischemic cardiomyopathy (r* = 0.160, p =
0.032) after adjusting for comorbidities and risk
factors in women with MS.

Though ApoB and non-HDL-C are considered to
be the secondary targets for lipid-lowering therapy
according to the 2016 European Society of
Cardiology/European Atherosclerosis Society
(ESC/EAS Guidelines), several studies have
demonstrated the role of these 2 parameters
concerning the occurrence of cardiovascular
disease in T2DM [23-24].

Sondermeijer ef al. [25] concluded that both non-
HDL-C, as well as Apo-B, are equivalent in
predicting the future CAD risk. Our study is in line
with many studies and demonstrated that in
diabetic patients, the results confirm the
equivalence of both measurements from normal to
frank dyslipidemia with elevated cholesterol (non-
HDL-C) and/or atherogenic particles (ApoB).
Unlike Apo-B, non-HDL-C can be easily
determined from the standard lipid profile panel

and requires no additional expense and thus, is
readily available for clinical decision making [26-
28]. Also, the mean time to report for Apo-B is
about four times longer than that of non-HDL-C.
Additionally, non-HDL- C seems able to predict
CVD over a wider range of TG concentrations
surpassing Friedewald formula limitation, which
is affected by TG concentrations [29-30]. The
limitations of our study are that sample size was
small and it was a cross-sectional study conducted
at a single centre. Follow-up of the patients was
required for assessing risk of cardiovascular
complications.

Conclusion

Though there are many studies which prove the
role of ApoB in the CVD complications in T2DM,
it is costly and a developing country like India
cannot afford it to all segments of population. Both
the Apo-B and non-HDL-C are being considered
as parameters of cardiovascular risk stratification
beyond LDL-C. Considering pathophysiological
reliability, easy to determine and low cost, it can be
proposed that non-HDL-C can be used as an
atherogenic index instead of ApoB in T2DM
patients in a developing countries.
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