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Abstract

Background: The red cell distribution width (RDW) is a numerical measurement of variability in the size of red
blood cells. Many studies have shown that high-density lipoprotein cholesterol (HDL-C), has an anti-inflammatory
effect. The aim of this study was to investigate the relationship between the serum HDL-C level and RDW in

patients with coronary artery disease (CAD).

Methods: Patients who underwent coronary angiography were reviewed. Patients who had moderate or severe
heart failure, moderate or severe renal failure, significant systemic disease, anemia, a blood transfusion within the
last 3 months, or a hematologic disease, as well as those who were taking lipid-lowering medication, were
excluded from the study. The Gensini scoring system was used to determine the severity of CAD. Biochemical and
hematological parameters were measured from venous blood samples taken after the patient fasted for at least 8 h.

The RDW was routinely obtained from a hemogram.

Results: In total, 328 patients were included in the study. The patients were categorized according to quartiles.
There were 80 patients in Quartile 1 (RDW < 13.2), 84 patients in Quartile 2 (13.2 2 RDW < 14.15), 81 patients in
Quartile 3 (14.15 2 RDW < 16), and 83 patients in Quartile 4 (RDW 2 16). There was a significant and inverse
relationship between the serum HDL level and RDW. Regression analysis showed that the HDL-C, hemoglobin, and
hs-CRP levels and Gensini score were predictors for the RDW.

Conclusion: We found an inverse and gradual association between the serum HDL-C level and RDW, and the
serum HDL-C level was an independent predictor for the RDW.
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Background

The red blood cell width (RDW), which is routinely
reported in a complete blood count, is the percentage
change in the size of erythrocytes [1]. An increased
RDW was first detected in anemia. Later studies showed
that RDW values were increased in many cardiovascular
diseases, such as acute and chronic heart failure [2, 3],
stroke [4], and coronary artery disease (CAD) [5, 6]. It
has also been reported that an increased RDW is
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associated with an increased mortality and morbidity in
patients with cardiovascular disease [7, 8]. It has been
reported that the increase in the RDW in cardiovascular
diseases may be related to increased inflammation.
Epidemiological studies have consistently shown that
low levels of high-density lipoprotein cholesterol
(HDL-C) are a powerful, independent predictor of CAD,
that the serum HDL-C level is related to the atheroscler-
otic process, and that the serum HDL-C concentrations
exhibited an inverse relationship with the incidence of
CAD [9]. Recent studies demonstrated a powerful anti-
inflammatory effect of HDL both in vivo and in vitro
[10-12]. Therefore, it is reasonable to conclude that the
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antioxidant and anti-inflammatory properties of HDL-C
may explain at least part of its anti-atherogenic poten-
tial. The aim of the present study was to investigate
whether there is a relationship between HDL-C, which
has anti-inflammatory properties, and the RDW, which
suggests underlying inflammation in patients with CAD.
Moreover, we hypothesized that there may be an inverse
relationship between the serum HDL-C level and RDW.

Methods

Patients

Patients who underwent elective coronary angiography
through the femoral artery route in the catheterization
laboratory of Balikesir University Faculty of Medicine
Cardiology Department were retrospectively reviewed.
Patients who had a normal coronary angiogram, an
acute coronary syndrome, a percutaneous coronary
intervention, severe valvular heart disease, moderate or
severe heart failure, coronary artery bypass grafting,
renal failure, significant systemic disease, anemia, a
blood transfusion within the last 3 months, or
hematologic disease, as well as those who were taking
lipid-lowering medication, were excluded from the study.
It is known that statins have a blood HDL-C level
enhancing effect. In addition, statins also have anti-
inflammatory and hemorheological properties. There-
fore, we did not include patients who used statins in
order to create a homogeneous group. Biochemical and
hematologic parameters were measured from venous
blood samples taken at least 8 h after the fasting of the
patient. The patients’ data were obtained from electronic
records.

High-density lipoprotein cholesterol measurements
A blood lipid profile and the serum HDL-C level were
measured from after at least an 8-h fasting blood sample.

RDW determination

The RDW was measured using an automated
hematology analyzer. The patients were divided into
quartiles based on their RDW values.

Determination of the severity of CAD

The Gensini scoring system was used to determine the
severity of CAD [13]. The classification system devel-
oped by Gensini is based on the degree of stenosis of the
coronary lumen and localization of stenosis and includes
two types of coronary angiography scores: vascular
scores and stenosis scores. According to the angio-
graphic degree of stenosis, narrowings of 0-25, 25-50,
50-75, 75-90, 90-99, and 100% were scored as 1, 2, 4,
8, 16, and 32 points, respectively. The score was then
multiplied by the coefficient defined for each main cor-
onary artery and each segment, and the results were
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summed. In the present study, two independent cardiol-
ogists assessed the Gensini scores.

Statistical analysis

The statistical software package SPSS for Windows 20.0
(SPSS Inc., Chicago, IL, USA) was used for the statistical
analysis. Continuous data that fit a normal distribution
are shown as the mean + standard deviation, and those
that did not fit a normal distribution are presented as
the median (minimum and maximum values). Categor-
ical variables are expressed as the frequencies and per-
centages. Comparisons between categorical variables
were done using a chi-square test. Between-group differ-
ences in the RDW quartiles were compared using a one-
way analysis of variance (ANOVA). Correlation analyses
were performed using Spearman (non-normally distrib-
uted data) or Pearson (normally distributed data)
correlation analyses. Logistic regression analyses were
performed to determine the variables that were inde-
pendently associated with the RDW. The RDW variable
was categorized based on the median value (values
below the median value of the RDW are encoded as “0”,
and values above the median value of the RDW are
encoded as “1”). In the logistic regression analysis, age,
gender, body mass index, smoking, HDL-C, hyperten-
sion, hemoglobin, diabetes, hs-CRP, and Gensini score
were included in the regression model as independent
variables. A p value of less than 0.05 was considered to
be significant. The study protocol was approved by the
institutional ethics committee.

Results

In total, 328 patients were included in the study. When
the patients were categorized according to the quartiles,
there were 80 patients in Quartile 1 (RDW < 13.2), 84
patients in Quartile 2 (13.2 > RDW < 14.15), 81 patients
Quartile 3 (14.15 > RDW < 16), and 83 patients in Quar-
tile 4 (RDW > 16).The median age (years) was 59 years
in Quartile 1, 60 years in Quartile 2, 59 years in Quartile
3, and 64 years in Quartile 4. There were no significant
between-group differences in age (p =0.578). With
regard to sex, females accounted for 44% of the patients
in Quartile 1, 37% of the patients in Quartile 2, 42% of
the patients in Quartile 3, and 33% of the patients in
Quartile 4. The frequencies of hypertension and diabetes
were similar among the RDW quartiles. The smoking
status, blood creatinine, body mass index (BMI), total
cholesterol, and triglyceride values were identical for the
quartiles. The quartiles were comparable in terms of
hemoglobin. The mean serum HDL-C levels (mg/dl)
were 54.8 in Quartile 1, 51 in Quartile 2, 47.8 in Quartile
3, and 40.5 in Quartile 4. The serum HDL-C levels were
significantly different between all of the quartiles. The
median Gensini score was 5 in Quartile 1, 8 in Quartile
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2, 10.5 in Quartile 3, and 12 in Quartile 4. The one-way
ANOVA test revealed a significant difference in the
Gensini scores of Quartile 1 versus Quartile 4, Quartile
2 versus Quartile 4, and Quartile 3 versus Quartile 4
(p <0.0001, p =0.02 and p =0.019, respectively). The
median hs-CRP levels (mg/dl) were 1.6 in Quartile 1, 2.3
in Quartile 2, 3.2 in Quartile 3, and 4.7 in Quartile 4.
The comparison of the hs-CRP levels revealed differ-
ences between Quartiles 1 and 4 and between Quartiles
2 and 4, (p <0.0001 and p <0.0001, respectively). The
results of the correlation analyses revealed a moderate
and negative correlation between the serum HDL level
and RDW (r =-0.555, p <0.001) (Fig. 1). The demo-
graphic, clinical, and laboratory findings of each patient
are summarized in Table 1.

In the logistic regression analyses performed with the
categorized RDW values as the accepted confounding
dependent variable, it was determined that the Gensini
score and hs-CRP, HDL-C, and hemoglobin levels were
independent predictors for the RDW. Logistic regression
analysis showed that the HDL-C, hemoglobin, and hs-
CRP levels and Gensini score were predictors for the
RDW. The logistic regression analysis results are shown
in Table 2.

Discussion

The present study revealed an inverse and gradual asso-
ciation between the blood HDL-C level and RDW in pa-
tients with CAD and additionally an inverse correlation
between the serum HDL-C and hs-CRP levels. To the
best of our knowledge, this is the first study to evaluate
the relationship between the RDW and serum HDL-C
level in patients with CAD.
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Fig. 1 A scatterplot graphic showing the relationship between the
HDL and RDW

Page 3 of 6

Coronary artery disease is a leading cause of death and
disability worldwide. Despite scientific advances in the
area, the exact mechanism underlying the pathophysi-
ology of atherosclerosis remains unclear. In the majority
of cases, the underlying cause of CAD is atherosclerosis,
which is a chronic inflammatory disease of an unknown
cause [14]. Firstly, Constantinides [15] showed that
plaques in the coronary artery were characterized by
marked inflammation and macrophage infiltration and
that inflammation was a leading cause of CAD. Consist-
ent with the literature, we found a close correlation
between the Gensini score and CRP level in the ANOVA
analyses. In the correlation analysis, there was a weak
but significant correlation between the CRP level and
Gensini score (Table 3).

The relationship between the serum HDL-C level and
atherosclerosis has been known for a long time. Reduced
levels of HDL-C are associated with an increased risk for
coronary artery disease and future cardiovascular events
[16]. At least some of these anti-atherogenic effects of
HDL-C may be due to its anti-inflammatory and antioxi-
dant properties, which shows that the anti-inflammatory
and antioxidant properties of HDL-C remain unques-
tionable in previous studies [17-20]. We found a signifi-
cant correlation between the serum HDL-C level and
Gensini score, which indicates the anti-atherogenic
properties of HDL (Table 3).

There is evidence that high RDW values are associated
with chronic inflammation and oxidative stress [21]. It
has been reported that an increased RDW in various
cardiac diseases, such as heart failure and coronary
artery disease, reflects the underlying inflammatory state
[22-24]. In a study by Lippi et al. that included a large-
scale and unselected patient population, higher RDW
levels were found to be associated with lower HDL-C
levels, and they reported that an elevated RDW is associ-
ated with underlying low-grade inflammation [25].
Because our study was conducted in a selected group of
patients (in patients with coronary artery disease), it dif-
fers from that of Lippi. However, the results of our study
confirm the results of the aforementioned study. In the
present study, we found a gradual and significant rela-
tionship between the CRP level and RDW quartiles in
the ANOVA analyses, and HDL-C was an independent
predictor for the RDW. In another study, Gang and col-
leagues [26] reported that those with high RDW values
during a 4-year follow-up were at a greater risk for DM
development. Researchers have speculated that an
increased RDW may be associated with inflammation
insomuch that it has been shown that the lowering of
cholesterol by statins leads to a decrease in the RDW
[27]. Given that atherosclerosis is an inflammatory
disease, a lower Gensini score and lower CRP levels in
the low RDW quartile may indicate a lower
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Table 1 Clinical and laboratory characteristics of the RDW quartiles
Quartile 1 Quartile 2 Quartile 3 Quartile 4 p

Age, years, 59 (39-75) 60 (35-75) 59 (35-75) 64 (32-75) 0.578
Female, n (%) 35 (44) 31 (37) 34 (42) 27 (33) 0.237
DM, n (%) 9(11) 11 (13) 10 (13) 12 (15) 0.587
HT, n (%) 22 (28) 35 (42) 25 (31) 29 (35) 0.639
Smoke, n (%) 33 (29 28 (33) 24 (30 23 (28) 0.871
hs-CRP, mg/dl 16 (0.3-94) 23(0.3-9.7) 3.2 (0.5-93) 4.7 (06-9.7) <0.001
Hb, mg/dl 141091 142+09 139+ 094 14+1 0.123
Cr, mg/dl 0.8 (04-1.5) 0.9 (0.5-1.5) 0.9 (05-1.5) 0.8 (0.5-1.5) 0.135
BMI, kg/m 27.5 (22-35) 27.8 (23-36) 28.8 (22-36) 289 (22-33) 0.732
Gensini score 5(3-83) 8 (2-90) 10.5 (3-90) 12 (3-114) <0.001
HDL, mg/dl 548+9.7 51+£86 478+94 405+87 <0.001
TCHOL, mg/dl 206 + 31 210+ 39 198 £32 206+ 38 0.221
LDL, mg/d! 124£32 130+ 34 126 £30 136+ 30 0.080
TG, mg/dl 118 (36-308) 129 (49-324) 112 (45-317) 126 (42-288) 0.948

BMI body mass index, Cr creatinine, hs-CRP high sensitive C-reactive protein, HDL high-density lipoprotein cholesterol, Hb hemoglobin, LDL low-density lipoprotein

cholesterol, TG triglyceride, TCHOL total cholesterol

Age, hs-CRP, Cr, BMI, TG, and Gensini score are given as median (minimum-maximum). Hemoglobin, HDL-C, TCHOL, and LDL-C are given as

mean + standard deviation

inflammatory activity in patients in this group. In
addition, we showed a moderate and significant correl-
ation between the CRP level and RDW (Table 3). Find-
ings from previous studies and the present study suggest
that an increased RDW may be a consequence of in-
creased inflammatory activity in patients with coronary
artery disease. In both the ANOVA and correlation ana-
lyses, we found a significant and inverse correlation be-
tween the serum HDL-C level and RDW. The
correlation coefficient between the serum HDL-C and
CRP levels was very high (Table 3). Moreover, the serum
HDL-C level was an independent predictor for the
RDW. These results of our study can be explained by
the anti-inflammatory properties of HDL-C, and the

Table 2 Logistic regression analyses results

Variable B p OR 95% Cl

Age 0.09 05M 1.009 0.982-1.036
Diabetes —-0.257 0.550 0.774 0.333-1.795
Gensini score 0.024 0.001 1.024 1.009-1.039
Gender -0.256 0424 0.774 0414-1.449
Hemoglobin -0514 0.001 0.598 0439-0.815
HDL-C —-0.100 <0.000 0.904 0.876-0.934
hs-CRP 0.108 0.048 1.300 1.007-1.817
BMI 0.064 0.187 1.066 0.969-1.173
Smoking 0432 0.136 1.539 0.873-2.714
Hypertension -0418 0.158 0.659 0.369-1.177

present study once again highlights the anti-
inflammatory properties of HDL-C.

Nutrition has a very significant effect on blood
lipid levels. While malnutrition has a negative effect
on blood lipid levels, there are studies in which
compounds called nutraceuticals have positive effects
on blood lipid levels and that show that they are
effective in slowing atherosclerosis and protecting
cardiovascular diseases in primary and secondary
(antioxidant and anti-inflammatory) effects. However,
in a meta-analysis of 104 studies, Scicchitano and col-
leagues [28] concluded that the positive effects of nutra-
ceuticals on blood lipid parameters and the cardiovascular
system were doubtful. In our study, we did not investigate
the dietary characteristics of patients. The patients in our
study group were from the same geographical area and
were diagnosed for the first time, and none of the patients
stated that they had a special diet. Therefore, the effect of
nutrition can be considered to be the same for all of the
patients in this study.

Table 3 Correlation analyses results

r p
HDL-RDW —0.555 <0.001
Gensini score- CRP 0.204 <0.001
HDL- GENSINI score -0.193 <0001
RDW-CRP 0.356 <0.001

HDL-C high density lipoprotein cholesterol, hs-CRP high sensitivity C-reactive
protein, BMI body mass index

HDL high density lipoprotein cholesterol, RDW red blood cell distribution, CRP
C-reactive protein
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Study limitations

First, this is a retrospective study and the study popula-
tion was limited. Second, the objective markers of in-
flammation have not been studied. Another limitation of
our study is that it lacks a control group. We believe
that more comprehensive studies will be useful for clari-
fying the anti-inflammatory properties of HDL-C.

Conclusion

The present study revealed an inverse and gradual associ-
ation between the blood HDL-C level and RDW in pa-
tients with CAD. Furthermore, the serum HDL-C level
was an independent predictor for the RDW. It might be
speculated that the results of the present study can be ex-
plained by the anti-inflammatory properties of HDL-C.

Abbreviations
CAD: Coronary artery disease; HDL-C: High-density lipoprotein cholesterol;
RDW: Red cell distribution width

Acknowledgements
This study was not financially supported.

Funding
The authors received no financial support for the research, authorship, and/
or publication of this article.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Authors’ contributions

EA: Acquisition of the data, analysis and interpretation of the data, and
drafting of the manuscript. TK: Analysis and interpretation of the data. AOD:
Acquisition of the data and analysis and interpretation of the data. HK: Study
conception and design, analysis and interpretation of the data, and drafting
and critical revision of the manuscript. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
The study protocol was approved by the institutional ethics committee.

Consent for publication
Yes.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Cardiology Department, Balikesir University Faculty of Medicine, Balikesir,
Turkey. Cardiology Department, Ataturk Education and Research Hospital,
[zmir, Turkey.

Received: 2 February 2018 Accepted: 13 March 2018
Published online: 16 March 2018

References

1. Biaggioni |, Robertson D, Krantz S, Jones M, Haile V. The anemia of primary
autonomic failure and its reversal with recombinant erythropoietin. Ann
Intern Med. 1994;121(3):181-6.

~

20.

21.

22.

23.

24,

25.

26.

Page 5 of 6

Jung C, Fujita B, Lauten A, Kiehntopf M, Kiithe F, Ferrari M, et al. Red blood
cell distribution width as useful tool to predict long-term mortality in
patients with chronic heart failure. Int J Cardiol. 2011;152(3):417-8.

van Kimmenade RR, Mohammed AA, Uthamalingam S, van der Meer P,
Felker GM, Januzzi JL Jr. Red blood cell distribution width and 1-year
mortality in acute heart failure. Eur J Heart Fail. 2010;12:129-36.

Ani C, Ovbiagele B. Elevated red blood cell distribution width predicts
mortality in persons with known stroke. J Neurol Sci. 2009,277(1-2):103-8.
Akin F, Kdse N, Ayca B, et al. Relation between red cell distribution width
and severity of coronary artery disease in patients with acute myocardial
infarction. Angiology. 2013;64(8):592-6.

Ma FL, Li S, Li XL, et al. Correlation of red cell distribution width with the
severity of coronary artery disease: a large Chinese cohort study from a
single center. Chin Med J. 2013;126(6):1053-7.

Arbel Y, Weitzman D, Raz R, et al. Red blood cell distribution width and the
risk of cardiovascular morbidity and all-cause mortality. A population-based
study. Thromb Haemost. 2014;111(2):300-7.

Sotiropoulos K, Yerly P, Monney P, et al. Red cell distribution width and
mortality in acute heart failure patients with preserved and reduced
ejection fraction. ESC Heart Fail. 2016;3(3):198-204.

Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR. High density
lipoprotein as a protective factor against coronary heart disease: the
Framingham study. Am J Med. 1977,62(5):707-14.

Park SH, Park JH, Kang JS, Kang YH. Involvement of transcription factors in plasma
HDL protection against tumor necrosis factor (TNF)-alpha-induced vascular cell
adhesion molecule-1 expression. Int J Biochem Cell Biol. 2003;35(2):168-82.
Tolle M, Pawlak A, Schuchardt M, et al. HDL-associated lysosphingolipids
inhibit NAD(P)H oxidase-dependent monocyte chemoattractant protein-1
production. Arterioscler Thromb Vasc Biol. 2008;28(8):1542-8.

Murphy AJ, Woollard KJ, Hoang A, et al. High-density lipoprotein reduces
the human monocyte inflammatory response. Arterioscler Thromb Vasc Biol.
2008;28(11):2071-7.

Gensini GG. A more meaningful scoring system for determining the severity
of coronary heart disease. Am J Cardiol. 1983;51(3):606.

Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Circulation.
2002;105(9):1135-43.

Constantinides P. The role of the endothelium in atherosclerosis. Verh Dtsch
Ges Inn Med. 1975,81:839-43.

Gordon DJ, Rifkind BM. High-density lipoprotein — the clinical implications
of recent studies. N Engl J Med. 1989;321(19):1311-6.

Baker PW, Rye KA, Gamble JR, Vadas MA, Barter PJ. Phospholipid
composition of reconstituted high density lipoproteins influences their
ability to inhibit endothelial cell adhesion molecule expression. J Lipid Res.
2000;41(8):1261-7.

Cocherill GW, Rye KA, Gamgle JR, Vadas MA, Barter PJ. High-density
lipoproteins inhibit cytokine-induced expression of endothelial cell adhesion
molecules. Arterioscler Thromb Vasc Biol. 1995;15(11):1987-94.

Hessler JR, Robertson AL Jr, Chisolm GM. LDL-induced cytotoxicity and its
inhibition by HDL in human vascular smooth muscle and endothelial cells
in culture. Atherosclerosis. 1979;32(3):213-29.

Sue |, Escargueil-Blane |, Troly M, Salvayre R, Negre-Salvayre A. HDL and
ApoA prevent cell death of endothelial cells induced by oxidized LDL.
Arterioscler Thromb Vasc Biol. 1997;17(10):2158-66.

Ferrucci L, Guralnik JM, Woodman RC, et al. Proinflammatory state and
circulating erythropoietin in persons with and without anemia. Am J Med.
2005;118(11):1288.

Lappé JM, Horne BD, Shah SH, et al. Red cell distribution width, C-reactive protein,
the complete blood count, and mortality in patients with coronary disease and a
normal comparison population. Clin Chim Acta. 2011:412(23-24).2094-9.

Allen LA, Felker GM, Mehra MR, et al. Validation and potential mechanisms
of red cell distribution width as a prognostic marker in heart failure. J Card
Fail. 2010;16(3):230-8.

Tonelli M, Sacks F, Arnold M, et al. Relation between red blood cell
distribution width and cardiovascular event rate in people with coronary
disease. Circulation. 2008;117(2):163-8.

Lippi G, Sanchis-Gomar F, Danese E, Montagnana M. Association of red
blood cell distribution width with plasma lipids in a general population of
unselected outpatients. Kardiol Pol. 2013;71(9):931-6.

Gang L, Lifang W. Association of the elevated red blood cell
distribution width with the risk of developing diabetes mellitus. Intern
Med. 2016;55(15):1959-65.



Avci et al. Lipids in Health and Disease (2018) 17:53

27.

28.

Kucera M, Balaz D, Kruzliak P, et al. The effects of atorvastatin treatment on
the mean platelet volume and red cell distribution width in patients with
dyslipoproteinemia and comparison with plasma atherogenicity indicators-a
pilot study. Clin Biochem. 2015;48(9):557-61.

Scicchitano P, Cameli M, Maiello M, et al. Nutraceuticals and dyslipidaemia:
beyond the common therapeutics. J Funct Foods. 2014,6:11-32.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	High-density lipoprotein cholesterol measurements
	RDW determination
	Determination of the severity of CAD
	Statistical analysis


	Results
	Discussion
	Study limitations

	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

