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Abstract

Objectives: The aim of this study was to investigate whether serum apolipoprotein E (ApoE) and adiponectin were as-
sociated with discordance of low-density lipoprotein cholesterol (LDL-C) and non-high-density lipoprotein cholesterol
(non-HDL-C) levels in coronary artery disease (CAD) patients.

Methods: A total of 243 patients with significant CAD were studied. The fasting levels of serum lipids, plasma ApoE,
and adiponectin were measured. The median LDL-C and non-HDL-C values were determined to assess and analyze
discordance. Discordance was defined as an LDL-C= the median and non-HDL-C< the median, or an LDL-C< the median
and a non-HDL-C= the median. ApoE and adiponectin were compared between discordant and concordant groups.
Results: Discordance between the LDL-C and the non-HDL-C was observed in 14% of the patients. Although the me-
dian adiponectin was lowest in the group with an LDL-C< median and a non-HDL-C= the median, and the median ApoE
was lowest in the group with an LDL-C= median and a non-HDL-C< the median, no statistically significant differences
in the ApoE and adiponectin were recorded between the groups (p=0.186 and p=0.161, respectively). Adiponectin was
negatively correlated with triglyceride and remnant cholesterol (p<0.001 and p<0.001, respectively).

Conclusion: While discordance between the LDL-C and the non-HDL-C in CAD patients (14%) was observed, the plas-

ma ApoE and adiponectin levels were not significantly different between the discordant and concordant groups.
Keywords: Adiponectin, apolipoprotein E, coronary artery disease

therosclerosis is a multifactorial disorder and lipoprotein

abnormalities are important in the pathogenesis of the
disease. A subset of patients with either normal lipid levels or
low levels of low-density lipoprotein cholesterol (LDL-C) fol-
lowing treatment still experiences atherosclerotic events [1].
Other hidden lipoprotein alterations may have a potential role
in the pathogenesis of atherosclerosis.

Apolipoprotein E (ApoE), predominantly synthesized in the
liver, is essential for lipid metabolism. It promotes the clear-
ance of remnants of triglyceride-rich lipoproteins TRLs (TRLs)

from the circulation into the liver [2]. ApoE is not a constituent
of the LDL particle [3, 4]. ApoE, although generally considered
antiatherogenic, is associated with metabolic syndrome and
ApoE-rich lipoprotein particles are atherogenic [5-71.

Adiponectin is secreted from adipose tissue and displays
antiatherogenic and anti-inflammatory properties [8, 9]. It is
linked to obesity, diabetes mellitus and dyslipidemia [10-12].

LDL-C and non-high-density lipoprotein cholesterol (non-
HDL-C) are main targets for lipid-lowering therapy to prevent
atherosclerotic events. However, not all patients have concor-
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dant LDL-C and non-HDL-C levels. Reports have suggested
that a sizeable proportion of patients have a low LDL-C and
a high non-HDL-C level, or a high LDL-C and a low non-HDL-C
level [13-15]. The objective of this study was to investigate
whether the serum ApoE and serum adiponectin values were
associated with discordance of the LDL-C and non-HDL-C lev-
els in patients with significant coronary artery disease (CAD).

Materials and Methods

Study design and patients

This was a cross-sectional study. The research protocol was ap-
proved by Istanbul University Faculty of Medicine Clinical Re-
search Ethics Committee on October 13,2017 (no: 16). Written
informed consent was obtained from each patient. Patients
referred for coronary angiography with the suspicion of sta-
ble CAD were prospectively recruited between June 2018 and
January 2019. The coronary angiography procedures were
performed through the femoral artery using the standard
Judkins method. The baseline diagnostic angiograms of the
patients were assessed independently by 2 experienced inter-
ventional cardiologists who were blinded to the patients’lipid
parameters, and ApoE and adiponectin levels. Epicardial coro-
nary vessel stenosis of 250% was considered significant CAD.
Diffusion of CAD lesions was assessed by calculating the Gen-
sini score [16]. The exclusion criteria for the study were a his-
tory of coronary revascularization, severe valvular disease or
heart failure, malignancy, inflammatory disease, active infec-
tion, renal or hepatic insufficiency, or hypo/hyperthyroidism.
Since statins and peroxisome proliferator-activator receptor
agonists have been suggested to effect plasma adiponectin
and ApokE levels, patients using a statin, fibrate, or thiazoli-
dinedione were also excluded [17-19]. In all, the study group
comprised 243 patients with significant CAD detected during
coronary angiography.

The clinical parameters assessed were age, gender, and coro-
nary risk factors. Hypertension was defined as systolic blood
pressure =140 mmHg and/or diastolic blood pressure =90
mmHg and/or current medication with antihypertensive
drugs. Patients were classified as diabetic if they had been in-
formed of this diagnosis prior to the study and had been using
oral antidiabetic drugs or insulin treatment upon study admis-
sion. Body mass index (BMI) was calculated as body weight in
kilograms divided by the squared height in meters (kg/m?).

Laboratory measurements

Lipid measurements were performed using fasting blood
samples taken before the angiography. The plasma concentra-
tion of total cholesterol, LDL-C, HDL-C, and triglycerides (TG)
was measured with a clinical biochemistry analyzer (Architect
c8000; Abbott Laboratories, Lake Bluff, IL, USA). The enzymatic
colorimetric method was used for quantitative determina-
tion of total cholesterol. The endpoint colorimetric method

was used for quantitative determination of HDL-C. LDL-C was
measured using the quantitative colorimetric method. The
glycerol phosphate oxidase method was used to determine
a quantitative TG level measurement. The level of non-HDL-C
was calculated as total cholesterol minus HDL-C and remnant
cholesterol was calculated as non-HDL-C minus LDL-C.

The concentration of ApoE was assessed immunonephelo-
metrically using a BN ProSpec analyzer (Siemens Healthcare
Diagnostics Products GmbH, Marburg, Germany). Adiponectin
was measured immuneturbidimetrically using a Randox kit
(Randox Laboratories Ltd., Crumlin, County Antrim, UK) and
a Cobas c501 chemistry analyzer (Roche Diagnostics, Basel,
Switzerland).

Statistical analysis

Categorical variables were defined as percentages. The nor-
mality of the distribution of continuous variables was evalu-
ated with the Kolmogorov-Smirnov test or the Shapiro-Wilk
test. Continuous data were described as mean+SD for nor-
mal distributions, and median (interquartile range [IQR]) for
skewed distributions. Pearson’s or Spearman’s correlation
analysis was used to examine the correlation between contin-
uous variables of lipid parameters, ApoE, and adiponectin. Dif-
ferences between the 2 groups were analyzed using the Man-
n-Whitney U test. First, the medians for LDL-C and non-HDL-C
we determined in order to examine the discordance between
them. The patients were categorized into groups of less than
or equal to/greater than the median LDL-C and non-HDL-C
levels. As there is no standard cutoff point for discordance,
the median was selected to define discordance and to make it
easier to apply to our study population. Discordance was de-
fined as an LDL-C> the median, and non-HDL-C as < the me-
dian, or an LDL-C< the median and a non-HDL-C> the median.
Concordant groups were defined as both the LDL-C and the
non-HDL-C> the median, or both LDL-C and non-HDL-C< the
median. Differences between the baseline patient characteris-
tics across these categories were analyzed with a chi-squared
test to compare categorical variables and one-way analysis of
variance or the Kruskal-Wallis test for continuous measures.
The Bonferroni or Conover-lInman test was performed for bi-
nary comparisons between the groups. The data analysis was
performed using IBM SPSS Statistics for Windows, Version 22.0
(IBM Corp., Armonk, NY, USA). A p value <0.05 was accepted as
statistically significant.

Results

The mean age of the study population was 61.4+11.6 years
and 53.9% of the 243 patients were male. The baseline charac-
teristics are presented in Table 1. The mean serum adiponectin
concentration was 7.3+3.9 pg/mL and the mean serum ApoE
concentration was 3.9+2.8 mg/dL.

The LDL-C levels were strongly and positively correlated
with the non-HDL-C levels (r=0.849; p<0.001), but there was
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Table 1. Baseline characteristics of the study population

Characteristics

Gender (% male) 53.9

Age (years) (mean+SD) 61.4+11.6
Smoking (%) 41.6
Hypertension (%) 453
Diabetes (%) 36.3
Body mass index (kg/m?) (mean=SD) 23.5+3.8

Biochemical analysis (mean+SD or median [interquartile range])

Total cholesterol (mg/dL) 198.2+47.4
LDL-C (mg/dL) 117 (51)
HDL-C (mg/dL) 40.749.5
Triglycerides (mg/dL) 140 (95)
Non-HDL-C (mg/dL) 157.4+45.5
Fasting

glucose (mg/dL) 118.9+38.7
Creatinine (mg/dL) 0.92+0.38
Mean Gensini score 35.6£11.1
Mean adiponectin (ug/mL) 7.3£3.9
Mean ApoE (mg/dL) 3.9+2.38

ApoE: Apolipoprotein E; HDL-C: High-density lipoprotein cholesterol;
LDL-C: Low-density lipoprotein cholesterol.

discordance between them. Discordance of LDL-C and non-
HDL-C values was found in 14% of the patients. The magni-
tude of the discordance and the distribution of LDL-C and
non-HDL-C levels according to median values are shown
in Figure 1. Non-HDL-C was positively correlated with TG
(r=0.474; p<0.001).

Adiponectin was negatively correlated with both TG and rem-
nant cholesterol (r=-0.299; p<0.001 and r=-0.259; p<0.001, re-
spectively). It was positively correlated with HDL-C (r=0.227;
p<0.001). Adiponectin was not correlated with LDL-C or non-
HDL-C (p=0.081 and p=0.815, respectively). ApoE was not cor-
related any of the lipid parameters. Furthermore, adiponectin
was not correlated with ApoE (p=0.838). When the patients
were divided into 2 groups according to HDL-C level, the pa-
tients with an HDL-C =40 mg/dL had higher adiponectin lev-
els than patients with an HDL-C <40 mg/dL (6.8 [IQR: 5.5] pg/
mL and 4.8 [IQR: 4.7] ug/mL, respectively; p<0.001). Patients
with a TG level = 200 mg/dL had lower adiponectin levels than
patients with a TG <200 mg/dL (3.9 [IQR: 3.2] pg/mL and 6.6
[IQR: 5.5] pg/mL, respectively; p<0.001). Female patients with
an HDL-C =50 mg/dL had higher adiponectin levels than fe-
male patients with an HDL-C <50 mg/dL (7.8 [IQR: 6.5] ug/mL
and 5.9 [IQR: 5.4] ug/mL, respectively; p<0.038).

To further evaluate the characteristics of patients with discor-
dance and concordance of LDL-C and non-HDL-C, the patients
were classified into 4 subgroups: Group 1: LDL-C< the median
and non-HDL-C< the median, group 2: LDL-C< the median
and non-HDL-C= the median, group 3: LDL-C= the median
and non-HDL-C< the median, and group 4: LDL-C> the median
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Figure 1.Scatterplotand prevalence of discordance and concordance
defined according to median values of LDL-C and non-HDL-C.

HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol.

and non-HDL-C= the median. Groups 2 and 3 were discordant
(Table 2). The variables of age, gender, BMI, smoking history,
and the percentage of patients with hypertension were not
significantly different between the groups. The patients in
group 2 (LDL-C< the median and non-HDL-C> the median)
had the highest prevalence of diabetes mellitus (p=0.007).
Although the median adiponectin measurement was lowest
in group 2, the TG levels were highest, and the median ApoE
was lowest in group 3 (LDL-C> the median and non-HDL-C<
the median), there were no statistically significant differences
between groups in the ApoE or adiponectin levels (p=0.186
and p=0.161, respectively).

Discussion

In the present study, we assessed the cross-sectional asso-
ciation between LDL-C and non-HDL-C discordance and the
serum adiponectin and ApoE concentrations in patients with
significant CAD. The serum levels of adiponectin and ApoE in
the discordant and concordant groups were not significantly
different.

A sizeable proportion of patients have discordant LDL-C and
non-HDL-C. The discordance rate in our study was 14%, which
is similar to that of previous studies [13-15]. It has been sug-
gested that the LDL-C alone may give a false sense of security
in one-fifth of diabetic subjects with a low LDL-C level, and pa-
tients with a normal LDL-C level may still be at risk for cardio-
vascular events [20]. Non-HDL-C is the second target for lipid-
lowering therapy and represents the cholesterol content of all
circulating atherogenic lipoproteins [21]. It has been demon-
strated that discordance of LDL-C and non-HDL-C either un-
derestimates or overestimates coronary risk [14]. In particular,
studies that follow up with patients who have alow LDL-C and
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Table 2. Characteristics of patients with concordant and discordant LDL-C and non-HDL-C levels

LDL-C<median,
non-HDL-C<median
n=102 (group 1)

LDL-C<median,

n=16 (group 2)

non-HDL-C=median

LDL-C=median,
non-HDL-C<median
n=19 (group 3)

LDL-C=median, P
non-HDL-C=median
n=106 (group 4)

Age (years) 63.4+124 58.7+11.3
Gender (% male) 5838 56.3
Smoking (%) 43.1 50.0
Hypertension (%) 529 50.0
Diabetes (%) 40.2 68.8
Body mass index (kg/m?  23.6+3.8 24.2+44
Total cholesterol (mg/dL) 164 (34) 204.5 (31)
LDL-C (mg/dL) 86.5 (25) 99.5 (22)
HDL-C (mg/dL) 40(17) 32.5(7)
Triglycerides (mg/dL) 116 (80) 275 (184)
Non-HDL-C (mg/dL) 121 (28) 170 (27.5)
Fasting glucose (mg/dL) 109 (34) 112 (96)
Gensini score 36.1£17.6 458+11.4
Adiponectin (ug/mL) 52(4.2) 47(2.8)
ApoE (mg/dL) 24(6.1) 34(55)

61.9+£10.5 59.6+10.7 0.085

474 50 0.571

421 396 0.877

421 36.8 0.127

158 32.1 0.007
24234 23.2+39 0.620
189(16) 230 (36) <0.0012b<ef
121 (7) 145 (31) <0.0012bcdef
45 (12) 42 (9) <0.0012d*
104 (50) 164 (97) <0.0012cdef
143 (13) 190 (41) <0.0012¢def
111(17) 100(37) 0.217
23.2+18.1 35.3+20.1 0.856
9.1(5.2) 6.6 (5.6) 0.161
1.0(3.3) 2.7 (5.8) 0.186

Data are expressed as percentage for categorical variables; chi-squared test was used. Data are presented as mean+SD or median (interquartile range) for continuous variables,
and one-way analysis of variance or Kruskal-Wallis test were used to compare continuous measures. Statistically significant p values are in bold. The Bonferroni or Conover-lnman
test was performed for binary comparisons between groups, and the p value was set at 0.05. Significant differences were found between a) group 1 vs group 2, b) group 1 vs
group 3, ¢) group 1 vs group 4, d) group 2 vs group 3, €) group 2 vs group 4, and f) group 3 vs group 4. ApoE: Apolipoprotein E; HDL-C: High-density lipoprotein cholesterol;

LDL-C: Low-density lipoprotein cholesterol.

a high non-HDL-C or vice versa and evaluate the impact of dis-
cordance on a CAD prognosis are currently lacking.

Discordance of LDL-C and non-HDL-C has been associated
with obesity, glucose abnormalities, hypertriglyceridemia, and
low HDL levels in previous studies [14, 15]. Adiponectin and
ApoE levels have also been found to be associated with simi-
lar risk factors. A low plasma concentration of adiponectin has
been observed in patients with metabolic syndrome, obesity,
and diabetes mellitus [10, 11]. ApoE levels increased in parallel
with the number of metabolic syndrome components [6]. Both
ApoE and adiponectin were associated with CAD and serum
lipids. To further investigate the differences in CAD patients
with discordant and concordant LDL-C and non-HDL-C, we
evaluated plasma the ApoE and adiponectin concentrations.

Among lipoprotein abnormalities, a high LDL-C is major pre-
dictor of atherosclerosis, but many other hidden lipoprotein
alterations may have a potential role in the pathogenesis of
atherosclerosis. In a study by Barbagallo et al. [7], it was re-
ported that patients with CAD had a higher concentration of
ApoE-enriched TRLs than controls, despite both groups having
similar TG, LDL-C, and non-HDL-C levels. The results of another
study revealed that CAD patients had a lower concentration of
ApoE-containing HDL than the subjects without CAD, though
both had similar total cholesterol and TG levels [22].

Plasma lipids affect the concentration of plasma ApoE. In
normolipidemic subjects, the majority of serum ApoE resides
in the HDL, whereas in hypertriglyceridemic subjects, it re-

sides in the TRLs [4]. Total ApoE, TRL-ApoE and intermediate-
sized remnant-like lipoprotein-ApoE values were found to be
higher in patients with hyperlipidemia than normolipidemic
subjects [4]. The serum total ApoE concentration was signifi-
cantly higher in low HDL-C subjects in a study that assessed
ApoE at the extreme ends of HDL-C distribution [6]. We eval-
uated the serum ApoE concentration in patients with CAD
and we further divided the patients into subgroups of those
with discordant or concordant LDL-C and non-HDL-C. CAD
severity was measured with the Gensini score and it was ob-
served that the serum ApoE levels and the Gensini score did
not differ significantly between the discordant and concor-
dant groups. The ApoE value was numerically lowest (not sta-
tistically significant) in the group with the highest HDL-C and
the lowest TG, but it was numerically highest in the group
with the highest non-HDL-C and the highest LDL-C, rather
than the group with the lowest HDL-C and the highest TG
measurement.

Experimental studies have shown that adiponectin demon-
strated antiatherosclerotic properties [23]. Also, a low serum
adiponectin level has been associated with an increased risk
of CAD in initially healthy subjects [24, 25]. In contrast to stud-
ies including healthy subjects, a high serum adiponectin level
has been associated with increased mortality in patients with
manifest CAD in many studies, including a meta-analysis [26-
28]. The underlying mechanism of the adiponectin paradox in
experimental studies of patients with and without CAD is still
to be fully understood. Adiponectin has also been linked to
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dyslipidemia. A high plasma concentration of adiponectin has
been associated with increased HDL-C, increased apolipopro-
tein A1, and total cholesterol [12, 27, 29]. Moreover, it has been
inversely correlated with serum TG and apolipoprotein B [12,
27,29].While the relationship between adiponectin and LDL-C
is unclear, adiponectin has been found to be associated with
smaller LDL particle size [30, 31]. In the present study, consis-
tent with earlier studies, patients with a low HDL-C or high TG
level had lower adiponectin levels than patients with a high
HDL-C or a low TG level. The median LDL-C and non-HDL-C
cutoffs used in our study indicated that the adiponectin was
no longer significantly different between the discordant and
concordant groups. It was numerically lowest (not statistically
significant) in the discordant group with the lowest HDL-C and
the highest TG.

Study limitations

This study has several limitations, such as the lack of measure-
ment of ApoE subfractions or various isoforms of adiponectin.
In addition, the plasma TRLs may or may not have contained
ApokE, and the TRL or HDL may have been ApoE-poor or ApoE-
rich. ApoE subfractions may differ in discordant and concor-
dant groups. There is no absolute definition or standard cutoff
value for the discordance of LDL-C and non-HDL-C. We used
the median values of our study population. Other limitations
include the small sample size and multiple factors that can
affect plasma adiponectin levels and lipoprotein metabolism,
including gender, age, dietary factors, and lifestyle. Age and
gender did not differ between the discordant and concordant
groups, but we did not assess dietary factors or lifestyle pa-
rameters. Considering the unmeasured potentially confound-
ing factors in the population studied, the findings of our study
should be interpreted as suggestive and additional, large-s-
cale studies would be required to validate our results.

Conclusion

Among patients with significant CAD, 14% demonstrated a
discordance of LDL-C and non-HDL-C. While high risk fea-
tures, such as diabetes mellitus, hypertriglyceridemia, a
higher total cholesterol and a higher LDL-C level differed
between the discordant and concordant groups, the ApoE
and adiponectin values were not significantly different.
Adiponectin was negatively correlated with TG and posi-
tively correlated with HDL-C.
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