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Research Article

Clinical Lipidology

The association of dyslipidemia with
erythrocyte aggregation

Aim: The present study aims to associate erythrocyte aggregation with plasma lipid
concentration. Materials & Methods: Ninety-nine participants were divided into two
groups: normolipidemic and dyslipidemic. Lipid parameters were measured from
serum and erythrocyte aggregation parameters: critical stress and critical time were
measured from whole blood. Data were analyzed using IBS SPSS statistics software.
Results: Erythrocyte aggregation was higher in the dyslipidemic group when
compared with the normolipidemic group. Erythrocyte aggregation was associated
with the abnormalities in lipid parameters, with the association of HDL-cholesterol
and triglyceride being stronger than that of LDL-cholesterol and total cholesterol.
Conclusion: The strong association of triglyceride and HDL-cholesterol with erythrocyte
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aggregation emphasizes the role of these lipids in the cardiovascular system.
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Background

Dyslipidemia is a modifiable risk factor for
cardiovascular diseases (CVDs). Elevated
LDL-cholesterol (LDL-C) levels in blood
are associated with coronary heart diseases;
the National Cholesterol Educa-
tion Programme, Adult Treatment Panel III
(NCEP ATP III) report mentions LDL-C as
a primary target of therapy [1]. The type of

hence,

dietary lipids and the plasma lipid concentra-
tions have an effect on the lipid composition
of the erythrocytes [2]. An increased concen-
tration of cholesterol in plasma implies its
increased accumulation in the erythrocyte
membrane, which leads to altered shape and
stiffness [3]. It has been shown that increased
erythrocyte aggregation is associated with
adverse effectsin the cardiovascular system [4].
A long-standing postulation is that erythro-
cyte aggregates could form a thrombus in the
circulation at low shear stress, which may
lead to ischemia and infarction [5]. However,
this has yet to be considered in clinical appli-
cations. It has been reported that the odds of
having myocardial infarction in patients with
unstable angina was 5.7-times higher among

groups with elevated erythrocyte aggrega-
tion when compared with groups with nor-
mal erythrocyte aggregation [6]. Thus, it is
important to study the effect of dyslipidemia
on erythrocyte aggregation and in this con-
text, this study investigated the association
of dyslipidemia with erythrocyte aggregation
and compared the strengths of associations
with the serum lipid measurements: LDL-C,
HDL-cholesterol (HDL-C), triglyceride
(TG) and total cholesterol (TC).

Materials & methods

Participants

Participants were recruited from two rural
cities of Australia from June to Decem-
ber 2013 as part of studies into the asso-
ciation

of hemorheological ~parameters

with metabolic syndrome [7]. Pregnant
women, nonambulatory patients and chil-
dren under 18 years of age were excluded
from the study. Ninety-nine participants
who qualified for this study were divided
into two groups on the basis of the absence
or presence of dyslipidemia. An NCEP-
ATPIII guideline was referred to in order to
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classify dyslipidemia [1]. According to NCEP-ATPIII
guidelines, hypercholesterolemia is defined as TC
>200 mg/dl, LDL-C as >100 mg/dl, hypertriglyceride-
mia as TG >150 mg/dl and low HDL-C as <40 mg/dl.
Dyslipidemia was defined by the presence of one or
more abnormal serum lipid concentration. The study

was approved by the University Human Research
Ethics Committee (2012/131).

Laboratory analysis

Approximately 20 ml of blood was taken from the
participants into ethylenediaminetetraacetic acid and
plain vials. Erythrocyte aggregation measurement was
carried out using a RheoScan-And 300 system (Rheo-
Meditech, Inc., Seoul, Korea). All measurements were
performed in duplicate according to the manufactur-
ers’ instructions within 1.5 h of blood collection and
the principle involved was light transmission. The test
kit was filled with 500 pl of 40% hematocrit adjusted
whole blood and loaded in the instrument. While
the blood was owing through the microchannel, a
laser beam emitted from the laser diode traversed the
diluted erythrocyte suspension and was scattered by
the erythrocytes. The backscattered light was captured
by two photodiodes, linked to a computer. When a
high pressure differential was initially applied, a strong
shear ow occurred through the microchannel and
the erythrocyte aggregates started to disaggregate and
this was indicated by the corresponding increase in
light intensity. As the pressure differential decreased
exponentially, the shear ow also decreased and the
disaggregated erythrocytes re-aggregated, resulting
in a decrease in the corresponding light intensity. The
initial increase of backscattered light was caused by the
disaggregation of erythrocytes due to high-shear ow,
and the decrease of backscattered light was a result of
the re-aggregation of erythrocytes that were associated
with low-shear ow [8]. Two measurement indices were
used to define erythrocyte aggregation; critical time
and critical stress. Critical time is the maximum point
of backscattered light and indicates the starting point
of the erythrocyte re-aggregation, which is dependent
on shear stress and time. The time and shear stress
values corresponding to the maximum point of back-
scattered light are defined as the critical time and the
critical shear stress. Before and after critical time and
critical shear stress, there is a critical transition period
from disaggregation to re-aggregation of the erythro-
cytes that is associated with a decreasing shear ow.
The lower the critical time, the faster the erythrocyte
aggregation process and the higher the critical stress,
the faster the erythrocyte aggregation [9]. Lipid profile
was measured in a fully automated clinical chemistry
analyzer in a commercial pathology laboratory.

Data analysis

Data were analyzed using IBM SPSS Statistics ver-
sion 20. The normality of the data was tested using
a Shapiro—Wilk test. Age and sex adjusted regression
analysis was performed to find out whether erythro-
cyte aggregation could be predicted from the lipid
parameters. Erythrocyte aggregation parameter (criti-
cal stress) was divided into quartiles and the value at
highest quartile was considered an abnormal value
(hyperaggregation). Ordinal regression analyses were
used through generalized linear model to find out the
odds of having dyslipidemia on the highest or lowest
quartile of erythrocyte aggregation. A receiver oper-
ating characteristics (ROC) curve was constructed
to find out the association of lipids parameters with
hyperaggregation.

Results

The present study is a part of a larger study that was
undertaken to investigate the association of hemorhe-
ology with oxidative stress and systemic in ammation
among participants with and without metabolic syn-
drome (MetS). The detailed demographic and baseline
characteristics of the participants with and without
MetS have been published in our recent studies [710].
Among the 99 participants, 29 did not have dyslipid-
emia (controls), 21 had one, 36 had two, 11 had three
and two had all four abnormal lipid parameters. The
anthropometric measurements and clinical charac-
teristics of participants between normolipidemic and
dyslipidemic group are shown in Table 1.

Erythrocyte aggregation parameters (critical time
and critical stress) were not normally distributed in
either group (p <0.05) as assessed by Shapiro—Wilk
tests. Therefore, a Mann—Whitney U test was used
to determine if there were differences in the median
levels of erythrocyte aggregation parameters between
normolipidemic and hyperlipidemic groups. The dis-
tributions of the parameters (critical time and criti-
cal stress) for both groups were similar, as assessed by
visual inspection. Erythrocyte aggregation was found
to be significantly higher in the dyslipidemic group
when compared with normolipidemic group. Median
score of the parameters in the two groups along with U
and Z values is given in Table 2. Correlation of eryth-
rocyte aggregation parameters with lipids parameters
is shown in Table 3. Figure 1 shows the scatter plot of
critical stress against HDL-C and TG.

The critical stress was divided into four groups
(quartiles) using 25th, 50th and 75th percentiles.
The values at 25th, 50th, and 75th percentile were
259.85, 329.25 and 476.9 Pa. Ordinal logistic regres-
sion (generalized linear model) showed that the dyslip-
idemia occurred 2.825 (95% CI: 1.267-6.299) times
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Table 1. Clinical characteristics and anthropometric measurements among participants with and

without dyslipidemia.

Demographic characteristics Normolipidemic (n =29)  Dyslipidemic (n = 70) p-value
Mean age (£SD) 57.66 +15.39 54.43 £12.75 0.284
Male/female 11/18 42/28 -
Diagnosed diabetes mellitus 14 19 0.042
Diagnosed hypertension 12 29 0.996
Mean body mass index (+SD) 26.31 +4.40 28.15 +5.38 0.107

more frequently than normolipidemia, on the highest
quartile of erythrocyte aggregation (critical stress), a
significant effect, 3? (1) = 6.445, p = 0.011.

The lipid risk factors most strongly asso-
ciated with  hyperaggregation  (critical  stress
>476.9 Pa) were decreased levels of HDL-C (odds
ratio [OR]: 10.833; 95% CI: 3.749-31.307;
p-value <0.0005) followed by increased concentra-
tion of TG (OR: 9.714; 95% CI: 3.412-27.659;
p-value <0.0005) and LDL-C level (OR: 4.031;
95% CI: 1.438-11.304; p-value = 0.008). The asso-
ciation of TC level with critical stress did not reach
to the significance level (p >0.05). ROC curve analy-
sis showed that the area under the curve (AUC) was
highest for TG followed by HDL-C for correctly
classifying hyperaggregation (critical stress >476.9 Pa)
(Table 4 & Figure 2).

Discussion

The present study investigated the effect of dyslipid-
emia on erythrocyte aggregation and demonstrated
significant differences in erythrocyte aggregation
parameters between normolipidemic and dyslipid-
emic group (Table 2). There was no difference in the
mean age and BMI level among normolipidemic and
dyslipidemic participants. Similarly, there was no
difference in the distribution of hypertensive partici-
pants between groups; however, for some unknown
reason, the proportion of diabetic participants was
found to be higher in the normolipidemic group
(Table 1). The higher value of critical stress in the
dyslipidemic group indicated that higher initial
pressure is required to disaggregate the erythrocyte
suggesting increased erythrocyte aggregation or
decreased erythrocyte disaggregation. Erythrocyte

aggregation was associated with the abnormalities
in lipids parameters with the association of HDL-C
and TG being stronger than for LDL-C and TC.
Similarly, erythrocyte aggregation parameters cor-
related negatively with HDL-C and positively with
TG and LDL-C in the present study (Table 3). These
data support the idea that there are some underlying
processes related to dyslipidemia that are relevant to
erythrocyte aggregation. LDL-C enhances erythro-
cyte interaction and increases erythrocyte aggrega-
tion [11,12] and the interaction of LDL-C with erythro-
cyte membrane is competitively reduced by HDL-C,
thus decreasing erythrocyte aggregation [13]. This
plausible mechanism reinforces the negative effect of
LDL-C and positive effect of HDL-C in the cardio-
vascular system. It has also been hypothesized that
changes in lipid composition of plasma and erythro-
cyte membrane may enhance the interaction between
erythrocytes and plasma proteins that could lead to
hyperaggregation [14,15]. Several studies have associ-
ated dyslipidemia with erythrocyte aggregation in
the past supporting our findings [16,17].

ROC curve analysis (Table 4) and regression analy-
sis showed that among the lipids parameters, levels of
plasma TG and HDL-C were most strongly associ-
ated with erythrocyte aggregation. Studies have dem-
onstrated increased level of erythrocyte aggregation
due to elevated TG concentration [15.18]. It has been
shown that among plasma lipids, TG was predomi-
nantly associated with increased erythrocyte aggre-
gation in survivors of acute myocardial infarction [19]
augmenting the findings of the present study. It is not
clear whether TG is directly related to atherosclero-
sis and/or CVD [20]. The stronger association of TG
among lipid parameters with erythrocyte aggregation

Table 2. Median, Mann-Whitney U, Z and p-values of erythrocyte aggregation parameters: critical

time and critical stress.

Research Article

Parameters Median normolipidemic  Median dyslipidemic U z p-value
(n=29) (n=70)
Critical time 8.10 7.5 707.5 -2.3 0.018
Critical stress 289.70 355.45 660.0 -2.7 0.006
fsg future science group www.futuremedicine.com 131
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Table 3. Correlation between lipids and hemorheological parameters.

Erythrocyte aggregation parameters

Critical time R
p-value

Critical stress R
p-value

HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol; TC: Total cholesterol; TG: Triglyceride.

HDL-C TG LDL-C TC

.280 -.438 .097 .034
.005 <0.0005 .340 737
-.459 .591 .204 -117
<0.0005 <0.0005 .043 .248

in the present study suggests that the possible effect
of TG in the cardiovascular system should not be
ignored. The American Heart Association considers
TG as an independent cardiovascular risk factor [21]
and, similarly, HDL-C has been considered as an
independent CVD risk factor [22]. Patients who have
achieved LDL-C target goal could still remain at risk
for cardiovascular events if they have elevated TG
and low HDL-C concentrations [23.24]. Hence, the
European Atherosclerosis Society consensus panel
recommends elevated TG and low HDL-C as targets
for treatment [25]. The association of HDL-C with
myocardial infarction was found to be stronger than
LDL-C in the study of Sigdel ez al. [26], possibly indi-
cating that HDL-C could be the major determinant
of clinical outcomes. The findings from the pres-
ent study emphasize that HDL-C and TG should
be given equal, if not more, importance than other
routinely measured lipid parameters in the context of
blood rheology and CVD.

It has been shown that increased erythrocyte aggre-
gation leads to slow coronary blood ow resulting in

1000.0] o r=-0.459
p < 0.0005
800.0-
o
o
2 600.0
o
%
S 400.0
200.0]

0.0

I I
0.5 1.0 1.5 2.0 25 3.0
HDL-C (mmol/l)

altered microcirculation [27]. Aggregates could form a
thrombus at low shear stress [5]. Yedgar et al. [28] sug-
gested that erythrocyte ow could be altered due to
abnormal rheological properties that may lead to vascu-
lar occlusion. Similarly, it has been demonstrated that
increased erythrocyte aggregation increases the plasma
layer formed along the wall of blood vessels which
decreases oxygen diffusion from the vessels [29.30].
Moreover, it has been demonstrated that aggregation
of erythrocytes reduces the surface-area-to-volume
ratio of the cells for oxygen release [29]. The circula-
tory impairment due to increased erythrocyte aggrega-
tion could be one of the pathophysiological bases of
cardiovascular risk due to dyslipidemia. By contrast,
an alternative view has been proposed that suggests
some beneficial effect of erythrocyte aggregation on
microvascular perfusion (31]. Erythrocyte aggregation
has been considered to enhance axial accumulation
of erythrocyte [32) by increasing plasma skimming [33)
and Fahraeus effect [34]. This lowers the microvascular
hematocrit increasing tissue blood ow [31]. The net
effect of erythrocyte aggregation on microcirculation

1000.04 |r=0.591 0]
p < 0.0005
800.0
g
% 600.0
o
]
G 400.0
200.0
0.0
I I I I I
0.0 1.0 2.0 3.0 4.0
TG (mmol/l)

Figure 1. Correlation of critical stress with triglyceride and HDL-cholesterol level.

Crit: Critical; HDL-C: HDL-cholesterol; TG: Triglyceride.
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Table 4. Area under the curve and 95% Cl obtained from receiver operating characteristics curve

analysis for classifying hyperaggregation by lipid parameters.

Parameters AUC 95% ClI p-value
TG 0.831 0.740-0.922 <0.0005
HDL-C 0.800 0.694-0.906 <0.0005
LDL-C 0.259 0.137-0.380 <0.0005
TC 0.324 0.196-0.452 0.010

AUC: Area under the curve; HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol; TC: Total cholesterol; TG: Triglyceride.

could possibly depend on the interplay of the vari-
ous complexities underlying the particular diseases in
dyslipidemic participants.

Conclusion

This study has shown the association of dyslipid-
emia with erythrocyte aggregation and has also dem-
onstrated that the association of TG (positive) and
HDL-C (negative) to be stronger than other lipid
parameters. The strong association of plasma TG and
HDL-C with erythrocyte aggregation in the pres-
ent study possibly emphasizes on the role of altered
hemorheology in the cardiovascular system. Dyslip-
idemia is present in most of the metabolic diseases
and the abnormal microcirculation present in meta-
bolic diseases could possibly be due to the effect of
dyslipidemia on erythrocyte aggregation.

Future perspective

Larger studies should be undertaken to establish the
causal relationship between hemorheological param-
eters, such as erythrocyte aggregation, and dyslipid-
emia. Some of the effect of dyslipidemia on the car-
diovascular system could be due to the abnormalities
in erythrocyte rheological properties. It is high time
studies be focused toward the clinical importance
of hemorheological parameters. The significance of
erythrocyte aggregation as a marker of CVD certainly
deserves more attention.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-
ment with any organization or entity with a financial inter-
est in or financial conflict with the subject matter or mate-
rials discussed in the manuscript. This includes employment,
consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.
No writing assistance was utilized in the production of this
manuscript.

Ethical conduct of research
The authors state that they have obtained appropriate insti-
tutional review board approval or have followed the principles

outlined in the Declaration of Helsinki for all human or animal
experimental investigations. In addition, for investigations in-
volving human subjects, informed consent has been obtained
from the participants involved.

1.0+

0.8

0.6

Sensitivity

0.4+

0.2+

0.0 T T T T 1
00 02 04 0.6 0.8 1.0

1 - specificity

1.0

0.8

0.6

Sensitivity

0.4

0.2+

0.0 T T T T 1
00 02 04 06 08 1.0

1 - specificity

Figure 2. Receiver operating characteristics curve
showing the area under the curve for correctly
predicting hyperaggregation (critical stress >476.9 Pa).
HDL-C: HDL-cholesterol.
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Executive summary

properties of erythrocytes.

Increased erythrocyte aggregation is associated with the adverse effect in the cardiovascular system.
Erythrocyte aggregation was associated with the abnormalities in lipid parameters with the association of
HDL-cholesterol and triglyceride (TG) being stronger than for LDL-cholesterol and total cholesterol in the

present study.

There are some underlying processes related to dyslipidemia that are relevant to erythrocyte aggregation.
The stronger association of TG among lipid parameters with erythrocyte aggregation in the present study
suggests that the possible effect of TG in the cardiovascular system should not be ignored.

Some of the effect of dyslipidemia on the cardiovascular system could be due to the increased erythrocyte

aggregation.

e The nature of the dietary lipids and the lipid composition of the erythrocytes influence the aggregation
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