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Introduction: Cardiovascular disease (CVD) is the foremost killer disease worldwide. ASCVD is one of the most common types of
CVD. It is mainly associated with a condition called atherosclerosis. Its occurrence is linked to several risk factors. Hypertension,
diabetes, dyslipidemia, smoking, genetic factors, and so on are examples. The presence of ASCVD, as well as its risk factors, causes
a variety of disruptions in the body’s physiological and biological functions. The presence of abnormal physiological and biological
functions, for example, tends to disrupt hematological parameters.

Purpose: The study’s aim was to assess and compare the pattern of hematological parameters in people with established athero-
sclerotic cardiovascular disease (ASVD) versus people with ASCVD risks alone who attended TASH Addis Ababa, Ethiopia, as well
as to correlate hematological parameters with the novel inflammatory marker hs-CRP.

Methods: A prospective cross-sectional comparative study with 100 study participants was conducted during where October 2019-
March 2020 proposal development, sample collection, and lab analysis period, and from March 2020-June to 2021 data entry, analysis,
and writing period. A serum sample was collected from each study participant for the lipid and hsCRP analyses and whole blood for
hematological parameter determination. The socio-demographic characteristics of the study participants were obtained through a well-
structured questionnaire.

Results: The ASCVD-risk group had significantly higher mean platelet volume (MPV), which was associated with the presence of the
risk. Furthermore, hs-CRPs show a significant correlation with MPV in a correlation analysis of highly sensitive C-reactive protein (hs-
CRP) with hematological parameters. Thus, using these affordable, routinely tested, and easily available tests may help to infer future
ASCVD risk as well as the presence of ASCVD morbidity while hsCRP level in comparison group vs cases requires further study.
Keywords: ASCVD, hematological parameters, hs-CRP, hypertension, diabetes

Introduction

Cardiovascular disease is the foremost reason for many deaths worldwide which is accountable for around 17-8 million
deaths in 2017" and atherosclerotic cardiovascular disease (ASCVD) is one of the most epidemic types of CVD which is
becoming a huge burden in the population.’

ASCVD is related to a condition called atherosclerosis, the deposition of fat in the artery due to endothelium
dysfunction, which is commonly manifested as coronary heart disease and stroke.”

Numerous factors are implicated as risk factors for atherosclerosis and its consequences, although the traditional risk
factors—hypertension, diabetes, dyslipidemia, age, smoking, drinking, eating poorly, and not exercising—account for
between 70% and 90% of the risk.> Metabolic syndrome (Mets) is another risk factor that has been identified.* The
primary elements of this MetS are obesity, insulin resistance, dyslipidemia, and hypertension.’
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Hypertension is defined as systolic or diastolic blood pressure above 140/90 mm Hg. Systolic pressure is the highest
pressure in the artery when the heart beats and fills the artery, while diastolic pressure is the lowest pressure in the artery
when the heart relaxes between beats.’

Diabetes is a group of chronic metabolic diseases characterized by hyperglycemia as a result of defects in insulin
secretion, insulin action, or both (. Both hypertension and diabetes are known to be substantial risk factors for
macrovascular and microvascular complications, including atherosclerotic cardiovascular disease (ASCVD) and periph-
eral vascular disease, including retinopathy, nephropathy, and possibly neuropathy.®’

Several metabolic diseases, including cardiovascular disease, have been linked to hematological parameters that can
be used as predictors of vascular complications.'® For example, hemoglobin, hematocrit, white blood cell (WBC), red
blood cell (RBC), and blood platelet (PLT) counts are elevated in adults with MetS,'" and increased platelet-leukocyte
conjugates in MetS contribute to the pathophysiological processes that increase risk for atherosclerotic disorders.'*!?
Furthermore, RDW has been linked to an increased risk of mortality and CVD events in patients with established
coronary artery disease (CAD)."

In patients with metabolic disorders, there are increased inflammatory markers (eg, C-reactive protein, chemokines,
adhesion molecules, etc.).'> C-reactive protein is a novel inflammatory biomarker that is promptly elevated during
inflammation.'®

The C- reactive protein (CRP); is a serum protein that was discovered >80 years ago and it is also known to be
associated with metabolic diseases (.'” It has also been demonstrated to be a useful predictor of disease development
and therapeutic efficacy for a variety of illnesses including cancer, diabetes, infection, and inflammation.'® Studies
on the associations of hematological parameters in people with atherosclerotic cardiovascular disease in contrast
with ASCVD risk alone are very few or scarce. Therefore, the present study aimed to assess and compare complete
blood cell counts of people with atherosclerotic cardiovascular disease, and thus with risk alone without ASCVD,
and correlate them to CRP to describe it as a cost-effective indicator of increased risk for ASCVD or morbidity
from ASCVD. The primary goal of this study was to examine the pattern of hematological parameters in people
with pre-existing atherosclerotic cardiovascular disease and those with ASCVD risk alone, as well as their relation-
ship with hs-CRP. The study was part of an MSc thesis uploaded on Addis Ababa University’s (AAU) library
websites'® (unpublished work).

Methods and Materials
Study Design and Place

A prospective cross-sectional study was conducted at Tikur Anbessa Specialized Hospital (TASH), Department of
Biochemistry, in collaboration with internal medicine, the renal clinic, diabetes, neurology, and the cardiac clinic at
Addis Ababa University, Addis Ababa, Ethiopia. The source population of the study was all patients visiting or attending
the renal, diabetic, neurology, and cardiac clinics at TASH. The study population was all volunteer patients who attended
these clinics.

Inclusion and Exclusion Criteria

The study included patients with HTN and/or DM who were willing to give their informed consent, as well as those with
no known hematological abnormalities or acute infections. Patients with known hematological abnormalities, patients
with acute infections, embolic ischemic stroke patients, and patients with hematological complications—tetinopathy,
nephropathy, and neuropathy—were all excluded from the study.

Sample Size and Sampling Techniques
The study population was chosen using a convenient sampling technique, and the sample size was calculated using the
double population formula. The prevalence of hypertension (0.28)*° and CVD (0.08)*" were considered.

n = (Zo/2 +ZB)* (pl (1—p1) +p2 (1 = p2)) / (pl —p2)*
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Where;

® Zu»- is the critical value of the Normal distribution at a/2 (eg for a confidence level of 95%, a is 0.05 and the
critical value is 1.96),

® Zg-is the critical value of the Normal distribution at B (eg for a power of 90%, B is 0.1 and the critical value is 1.28) and

e P, and P, - are the expected sample proportions of the two groups.

(1.96 + 1.28)*  (0.28(1 — 0.28) + 0.08(1 — 0.08)
(0.28 — 0.08)*

n=72.22 =72 plus 10% non-response rate 82 rounded to 100 (50 participants in each group) to increase the power of the study.

The studied hematological parameters were white blood cells (WBC), red blood cells (RBC), hemoglobin (HGB), hematocrit
(HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), red cell distribution width (RDW)), platelet count (PLT), and platelet distribution width (PDW). Inflammatory markers;
highly sensitive C-reactive protein (CRP) Socio-demographic characteristics include age, sex, height, weight, BMI, waist
circumference, alcohol consumption, cigarette smoking, exercise, and types of diet. Clinical variables include types of diabetes,
hypertension, systolic pressure, diastolic pressure, and types of atherosclerotic cardiovascular disease.

Sample Collection

Five (5) milliliters of fasting venous blood were drawn from each participant. Following an aseptic condition, 2.5 mL was
transferred to EDTA-containing tubes, and 2.5 mL was transferred to a serum separator tube. When the collection was completed,
it was placed in an ice box and transported to the laboratory. For the serum sample, after being left at room temperature for
a minimum of 30 minutes to allow coagulation, the coagulated blood was centrifuged for 10 minutes at 3500 rpm to separate
serum from clotted blood. Then serum was collected into an Eppendorf tube. Samples that were not assayed within 24 hours of the
collection were stored at a-20 °. The whole blood sample is placed in the ice box and transported to EPHI for analysis.

Data Collection

Socio-demographic characteristics and other related data were collected from the participants by the principal investi-
gator via face-to-face interviews using an Amharic-version structured questionnaire, reviewing the patient’s record, and
direct measurement of height, weight, and blood pressure. A pilot studies on 10% of study participants validated the
questionnaire ahead of actual sample collection.

Laboratory Methods

Determination of Hematological Parameters

To determine a complete blood count, SYSMEX was used, which provides accurate and precise results through high-
quality technology. This method accurately counts and sizes cells by using measurable charges in electric resistance
produced by nonconductive particles suspended in electrolytes.”?

Principles of Hematological Parameters Determination

A suspension of blood cells passes through a small orifice simultaneously with an electric current. A small opening
(aperture) between electrodes is the sensing zone through which suspended particles pass. In the sensing zone, each
particle displaces its own volume of electrolyte. Sysmex measures the displaced volume as a voltage pulse, with the
height of each pulse being proportional to the volume of the particle.*

hs-CRP Determination

The hs-CRP was determined using a Roche/Hitachi Cobas 6000 analyzer particle-enhanced immunoturbidimetric assay.
Human CRP agglutinates with latex particles coated with monoclonal anti-CRP antibodies. The precipitate is determined
turbidimetrically at the wavelength of 546 nm.
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Data Processing and Analysis

All the statistical analysis was performed using the Statistical Package for Social Science (SPSS) version 25. The variable
distribution was tested for normality by using the Kolmogorov test and transformed if necessary. Simple descriptive statistics such
as mean, standard deviations, median, and IQR were calculated for continuous variables, and percentages were calculated for
categorical variables. To compare socio-demographic, anthropometric, and clinical characteristics, the Chi-square test was used,
and to compare normally distributed quantitative data, the independent ¢-test was used, while the Mann—Whitney U-test was used
for non-normally distributed data. Pearson or Spearman correlation tests were also used as required. Multinomial logistic
regression was done. Tables and/or charts were used to interpret the output data, and a P value of 0.05 was considered statistically
significant for all analyses.

Result

Socio-Demographic, Anthropometric, and Clinical Characteristics

This study enrolled a total of 100 participants (50 cases, (74% female)) (Table 1) and only a quarter (24%) of the cases
are in the age category of above 55yr while two-thirds (66%) of the comparison group were in this age category, having
a significant P value of 0.001.

The case group (36%), and the comparison group (54%), were in the body mass index category of >25 kg/cm2 (p =
0.003), and the mean waist circumference in the case group was 41.5+12.16 while it was 36.914+9.94 in the comparison
group (Table 1). None of the participants in either group smoked, and 76% and 82% of the comparison and case groups,
respectively, exercised 4-5 days per week (Table 1). About 68% of the comparison group and 60% of the case group had

Table 1 Comparison of Sociodemographic, Anthropometric Characteristics and Clinical Characteristics

(N=100)
Variables Category Comparison Group | Case(n=50) p-value
(n=50)
Gender Female 20(40%) 13(26%) 0.137
Male 30(60%) 37(74%)
Age (yr) 15-35 1(2%) 20(40%) 0.001
36-55 16(32%) 18(36%)
>=56 33(66%) 12(24%)
BMI (kg/cm?) <18.5 0(0%) 11(22) 0.003
18.6-24.9 23(46%) 21(42)
>25 27(54%) 18(36)
WC (cm) 41.5%12.1 36.91+9.94 0.241
Exercise Occasionally 5(10%) 1(2%) 0.739
2-3 days/week 4(8%) 4(8%)
4-5 days/week 38(76%) 41(82%)
Never 3(6%) 4(8%)
Red meat eating Occasionally 30(60%) 34(68%) 0.037
| days/week 3(6%) 7(14%)
2-5 days/week 4(8%) 6(12%)
Never 13(26%) 3(6%)
(Continued)
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Table | (Continued).
Variables Category Comparison Group | Case(n=50) p-value
(n=50)

Vegetable eating Occasionally 7(14%) 4(8%) 0.716
Days/week 4(8%) 4(8%)
45days/week 37(74%) 41(82%)
Never 2(4%) 1(2%)

Fruit-eating Occasionally 21(42%) 20(40%) 0.929
Days/week 7(14%) 7(14%)
4-5days/ week 20(40%) 22(44%)
Never 1(2%) 2(4%)

Type of oil Palm oil 31(62%) 36(72%) 0.202
Sunflower 6(12%) 9(18%)
Non-particular 12(24%) 4(8%)
Don’t know 1(2%) 1(2%)

Cigarette smoking Never 50(100%) 50(100%)

Alcohol consumption Occasionally 31(62%) 36(72%) 0.554
| bottle/day 18(36%) 13(26%)
Never 1(2%) 1(2%)

DM 12(24%) 2(4%) 0.001
Type | 11(22%) 2(4%)
Type 2 1(2%) 0(0%)

HTN 20(40%) 10(20%) 0.001

HTN and DM 18(36%) 8(16%) 0.001
Type | 8(16%) 0(0%) 0.121
Type2 10(20%) 8(16%)

SBP (mmHg) <120 14(28%) 22(44%) 0.128
120-140 28(64%) 25(50%)
>140 8(16%) 3(6%)

DBP (mmHg) <70 4(8%) 6(12%) 0.128
70-80 36(64%) 38(76%)
>80 14(28%) 6(12%)

ASCVD Ischemic - 38(76%)

CHD Stroke - 12(24%)
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the habit of eating meat occasionally (p = 0.037). Out of 50 cases included in the study, 76% had a history of coronary
heart disease, and 24% had an ischemic stroke (Table 1). Out of the 50 members of the comparison group, 11 (22%) were
diabetic (2% type 1, 20% type 2), 21 (42%) were hypertensive, and 18 (42%) were both hypertensive and diabetic (8
(16%) type 1, 10 (20%) type 2) (Table 1). The other socio-demographic, anthropometric, and clinical characteristics of
both groups are summarized in Table 1 and Table 2.

According to the Framingham risk score classification, 25 (50%), 14 (28%), and 11 (22% of the comparison group)
are in the low, moderate, and high-risk groups, respectively (Figure 1).

Comparison of Clinical Laboratory Results

Hematological Parameters

When the hematological parameters of the two groups (case and comparison) are compared (Table 3), the meant SD of
MCHC (33.32+1.01 vs 33.7+0.68, p=0.031) and MPV (8.44+£1.03 vs.9.32+1.16, p=0.00) were lower and the MD (IQR)
of MCV (89.52 (5.50) vs 87.5 (4.25), p=0.006) and MONO (7.85 (2.77) vs 6.25 (2.70), p=0.00) were higher in the case
group, while values of RBC, HCT, MCHC, HGB, NEUT, and lymphocytes were lower but not significantly. But WBC,
MCH, RDW, and PLT counts were higher in the case group but not significantly. Additionally, the neutrophil-lymphocyte
ratio and platelet-lymphocyte ratio were compared and shown to be higher in the case group than in the comparison
group but not significant (Table 3).

Table 2 Comparison of Anthropometric, Demographic, and Clinical Characteristics in
ASCVD Sub-Types (N=50)

Variables Category CHD (38) Ischemic Stroke | P-value
(n=12)
Gender Male 8(21.05%) 6(50%)
Female 30(78.9%) 6(50%)
Age (year) 13-35 18(47%) 1(2%) 0.011
36-55 12(32%) 6(50%)
>56 8(21%) 5(41.6%)
BMI (kg/m?) <185 11(28.9%) 0.005
18.6-24.9 16 (42.1%) 4(10.5%)
>25 11(28.9%) 8(21.05%)
WC (cm) 38.67+£3.27 36.41£11.33 0.287
Systolic blood <120 21(55.26) 0.013
Pressure 120-140 13(34.2%) 12(31.5%)
>140 4(1.05%)
Diastolic blood <70 4(1.05%) 2(1%) 1.000
Pressure 70-80 29(76.3%) 8(6.6%)
5(13.1) 2(1%)
Hypertension >80 13(35.1%) 5(13.1%)
Diabetes 10(26.3%) 2(5.26%)
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Figure | Classification of the comparison group according to the Framingham risk score.

NB: For parameters expressed in mean + SD, the p-value is derived from the independent 7-test, while it is derived from
the Mann—Whitney U-test for parameters expressed in median (interquartile range); the p-value of 0.05 is significant.

The types of ASCVD (ischemic stroke and coronary heart disease) were also compared in terms of hematological
parameters (Table 4), and it was discovered that the mean + SD of total WBC count (5.98+2.05 vs 7.55+2.43, p = 0.048)

Table 3 Comparison of Hematological Parameters in Comparison and Case Group (N=100)

Hematological Parameter Comparison Group Case Group P-value
Mean £ SD Median (IQR) Mean £SD Median (IQR)
Hgb (g/dl) 15.23£1.47 14.94£2.22 0.436
Hct (%) 45.19+1.47 44.77+6.63 0.707
RBC (1076/ul) 5.16+0.53 5.03+0.67 0.275
WBC (10”3/ul) 6.41+2.75 7.1712.42 0.086
MCHC (g/dl) 33.7040.68 33.32%1.01 0.031
RDW (%) 13.69+0.95 14.15£1.71 0.106
PLT (1073/ul) 245+67.60 268468 0.142
MPV (fl) 9.32£1.16 8.44+1.03 0.00
Neutrophil (%) 54.31+10.45 53.48+12.97 0.726
Lymphocyte (%) 33.74£9.69 33.14£11.36 0.776
MCV (fl) _ 87.5(4.25) 89.52(5.50) 0.006
Monocyte (%) _ 6.25(2.70) 7.85(2.77) 0.001
Eosinophil (%) _ 2.75(2.97) 2.35(4.78) 0.926
MCH (pg) _ 29.65(1.80) 29.95(1.77) 0.155
Basophil (%) _ 0.80(0.70) 0.65(0.50) 0.426
NLR (%) 1.82+ 0.88 2.05 +1.52 0.350
PLR (%) 7.97+3.53 9.53+ 5.98 0.117
Diabetes, Metabolic Syndrome and Obesity 2023:16 https: 1875
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Table 4 Comparison of Hematological Parameters in ASCVD Sub Types (N=100)

Variables Ischemic Stroke (n=12) Coronary Heart Disease (n=38) P-value
Meant SD Median (IQR) Mean SD Median (IQR)
WABC (1073/ul) 5.98+2.05 7.55+2.43 0.048
RBC (1076/ul) 5.3+0.45 4.97+0.72 0.243
Hgb (g/dl) 15.27+2.89 14.83£1.99 0.552
HCT (%) 45.45+7.48 44.55+6.43 0.685
MCHC (g/dl) 33.39+1.63 33.30+0.96 0.800
RDW (%) 14.30£2.85 14.09£1.20 0.711
PLT (10A3/ul) 271.92+69 267.39191.1 0.875
MPV (fl) 8.59 £1.26 8.39+ 0.96 0.570
NEU (%) 46.4+9.36 55.72%13.23 0.028
LYM (%) 40.03+8.78 30.96%11.30 0.024
MCV (fl) 88.75(6.77) 90.4(5.47) 0.369
MONO (%) 7.65(3.10) 7.85(2.80) 0.682
EOS (%) 2.90(2.72) 2.35(3.16) 0.601
MCH (pg) 29.95(2.52) 30(1.63) 0.927
BASO (%) 0.75(1.80) 0.6(0.43) 0.946
N/L 1.24+0.44 2.34%1.67 0.001
P/L 7.01+1.08 10.44+6.7 0.007

Notes: NB: For parameters expressed in mean * SD, the p-value is derived from the independent T-test, while it is derived from the Mann—Whitney test
for parameters expressed in median (interquartile range).

and neutrophil count (46.4+9.36 vs 55.72 £ 13.23, p = 0.028) were higher in the CHD group, while lymphocytes were
lower (40. 03+8.78 vs.30.96+11.30, p=0.024, whereas the RBC count, HCT, MCHC, MCH, Hgb, RDW, PLT, P/L, N/L,
BASO, and EOS count did not show significant differences between the two groups.

The hs-CRP

The comparison group, or the group without established ASCVD but with risk factors for ASCVD, has significantly
higher levels of highly sensitive C-reactive Protein (hs-CRP) (2.38 (2.98) vs 0.95 (1.98); P = 0.005) (Figure 2).

2.5

1.5

0.5

y

Case Group

Figure 2 Comparison of hs-CRP (N=100).
Abbreviations: NB, hs-CRP- highly sensitive C-reactive protein; MD, median; IQR, interquartile range.

y

Comparison group

y
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Table 5 Correlation of Haematological Profiles with hsCRP (N=100)

Variables Comparison Group Case

WBC (1073/ul) 0.025(0.867) 0.176(0.125)
RBC (1076/ul) 0.122(0.403) 0.221(0.128)
Hgb (g/dl) 0.121(0.406) 0.162(0.265)
Hct (%) 0.223(0.123) 0.183(0.194)
MCV (fl) 0.132(0.367) —0.006(0.969)
MCH (pg) 0.007(0.962) —0.062(0.673)
MCHC (g/dl) —0.218(0.128) —0.133(0.364)
RDW (%) 0.241(0.092) —0.017(0.906)
PLT (10A3/ul) 0.143(0.326) —0.258(0.073)
Neutrophil (%) —0.097(0.506) 0.221(0.124)
Lymphocyte (%) —0.019(0.896) —0.237(0.101)
Monocyte (%) 0.163(0.264) 0.020(0.893)
Basophil (%) 0.135(0.351) —0.198(0.172)
Eosinophil (%) 0.236(0.102) —0.134(0.360)
Neutrophil lymphocyte ratio —0.002(0.992) 0.195(0.174)
Platelet lymphocyte ratio 0.187(0.193) —0.004(0.978)

Notes: P<0.05 (2-tailed), derived from Pearson and Spearman rank correlation.

Correlation of Hematological Parameters with hs-CRP

While we analyze the correlation of hematological parameters with hsCRP (Table 5), only MPV (0.341 (0.016))
(Figure 3) had a significant positive association in the comparison group. But the rest of the hematological parameters
had no significant association. Additionally, the correlation of NLR and PLR with hsCRP (Table 5) was also done, but

significance was not spotted.

Prognostic Value of the Hematological

Parameters

All the hematological parameters related to CVD and its risk were used in multinomial logistic regression (Table 6).
WBC, MCV, RDW, and MONO are significantly associated with pre-existing ASCVD, while MPV is significantly

haCRP
o
n

6 7 8 9

MPV

TO-H-1—+12--113

hsCRP
—— Linear (hsCRP)

Figure 3 Correlation of hs-CRP and MPV. In the case group, p=0.016, r =0.341, derived from the Pearson correlation test.

Abbreviations: Hs-CRP, highly sensitive C-reactive protein; MPV, mean platel

let volume.
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Table 6 Predictive Value of Hematological Parameters (N=100)

Variables Regression Adjusted Odd P-value 95% CI
Coefficient (B) Ratio (B) (Confidence Interval)

Upper Lower Bound
Bound

WBC 0.281 0.755 0.033 0.583 0.977

MONO 0.500 0.607 0.000 0.463 0.795

RDW 0.231 1.512 0.034 1.037 2.203

MPV —0.828 2.289 0.008 1.245 4.206

MCV 0.122 1.135 0.013 1.029 1.252

HsCRP —0.828 0.437 0.041 0.198 0.966

Note: Reference category comparison group. P<0.05.
Abbreviations: WBC, white blood cells; MONO, monocyte; RDWY, red cell distribution; MPV, mean platelet volume; MCV, mean cell
volume; hs-CRP, highly sensitive C-reactive protein.

associated with the presence of ASCVD risk. Additionally, hs-CRP is significantly associated (odds ratio (B) =0.437,
95% CI 0.1988-0.966, P =0.041) with the presence of ASCVD risk factors.

Discussion

To the best of our knowledge, this was Ethiopia’s first study on the role of a complete blood count in the presence (case
group) and absence (comparison group) of established ASCVD. We tried to discuss this by referring to various related
studies, as follows: There was an association of total leukocyte count with pre-existing ASCVD in the current study,

25,26 and

which is similar to a previous study done by Kim et al in Korea and Waterhouse et al in Ireland, respectively,
different scholars have shown that there is a higher total leukocyte count in CVD diseased groups than non-diseased
groups.”” There are also additional supportive studies, like a study conducted by Lasek-Bal et al that showed a positive
association between high leukocyte counts and a worse prognosis regarding the course of acute stroke, and WBC was
higher in the group with symptomatic atherosclerosis than in patients with no clinical features of atherosclerosis*® Studies
by Lee et al also revealed that a higher WBC is associated with an increased incidence of the two prominent ASCVD
types (ischemic stroke and CHD).*®

About the WBC subtypes, this study revealed that it was only the monocyte that was associated with pre-existing

ASCVD. This is consistent with previous research,” '

and some review articles confirmed this by analyzing previous
research.”** This would be due to the nature of the monocyte, which is involved in both innate and adaptive immunity
and has high trafficking and plasticity abilities, is highly recruited to the site of inflammation, and differentiates into lipid
phagocytizing cells and macrophages. These macrophages aggravate the formation of atherosclerotic lesions by secreting
the metalloproteinase enzyme and ROS in the atherosclerotic lesion.**

On the other hand, Waterhouse et al discovered that monocytes are associated with CVD risk.?> And also, some
studies have found out the role of other WBC subtypes concerning CVD. For instance, a study by Fan et al showed that
higher NLR and decreased eosinophils are associated with ischemic stroke mortality rather than monocytes.*> Verdoia
et al also showed that NLR is independently associated with the prevalence and severity of coronary artery disease
(CAD).®

In this study, higher RDW was associated with ASCVD morbidity rather than risk, which is consistent with various
studies like the Lappé et al study that was done on 1489 patients with CAD and a population of 449 normal subjects (no
CAD), in which RDW was associated with mortality in patients with stable angina pectoris or normal coronary
subjects.’” Similarly, other studies found that an elevated RDW was linked to death in patients with stable angina
pectoris and MI, respectively.*®° Furthermore, Ani and Ovbiagele’s study on adults in the United States revealed that
the mean RDW was significantly higher among people who had a known stroke compared to those who did not have
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a stroke.*” The explanation for this may be due to the presence of inflammation, in which pro-inflammatory cytokines are
produced or released continuously. Those cytokines can interact with erythropoietin in the bone marrow and result in the
reduction of RBC synthesis and also result in an elevation in the number of immature RBCs by suppressing RBC
maturation, which is detected by higher RDW levels.>**!

In contrast, the epidemiological study done in Taiwan found that elevated RDW is associated with increased risk
rather than with the development of the disease.*?

In our study, MCV was significantly higher in the case group than in the comparison group. Similarly, Solak et al
discovered that MCV is a predictor of composite CV events independent of major confounding factors and that it is
linked to endothelial dysfunction.*® Consistently, Myojo et al also showed that a higher MCV is significantly associated
with all-cause and cardiac mortality.** According to Tulubas et al, who studied “MCV and MCH values in coronary
artery patients with a positive Gensini score”, the angiographic positive CAD group has a significantly higher MCV than
the angiographic negative.*’

An MPV is one of the platelet indices that estimate the size of individual platelets, and it is higher expressively in the
comparison group as compared to cases. Many studies done on the role of MPV in various inflammatory diseases
revealed that it has an inverse correlation with the level of inflammation.**** Thara et al discovered that MPV is lower in
the angiographic positive group than in the angiographic negative group.”

The longitudinal study done in Brazil on the association of platelet volume with the Framingham risk score pointed
out that elevated MPV is significantly related to Framingham risk. That means it increases as the Framingham risk score
increases.’’ This contradicts many studies; for instance, high MPV was indicated to be correlated with the severity of
coronary atherosclerosis in the study done by Murat et al on 395 patients with ACS.>? Similarly, the study conducted by
Henning et al on a total of 518 patients conveyed that high MPV is associated with coronary heart disease.’

The lower MPV in the case group might be due to the use of antiplatelet drugs, while the comparison groups might
not be taking them. But we did not investigate the treatment status of our study participants, and it could be a new insight
for future studies.

Highly sensitive C-reactive Protein (hs-CRP) had a significant association with the presence of the risk in the
comparison group and was significantly higher in these groups compared to cases in this study. The decrement in the
presence of the disease is also seen in the cohort study done by Taheri et al, in which the level of hs-CRP is lower in
patients with CVD than in those without CVD.>* According to some studies, determining hs-CRP is beneficial in
individuals with intermediate cardiovascular risk (10-20% risk at 10 years) to improve risk stratification and clinical
management.”>>° This is also confirmed by the result of the Seo et al study, in which the levels of hs-CRP significantly
increased from the low to the very high-risk group®’ and were also shown to have a significant association with CVD
(CHD, MI, and stroke risk).’® In reverse, the cross-sectional study done by Chowta et al revealed that there was a higher
mean hsCRP level in patients with CVD than in those without CVD.>

The lower hs-CRP in the already established ASCVD group could be due to the fact that people in this group had the
opportunity to take drugs like statins, which can affect or reduce CRP levels, or it could be due to the fact that they began
to change their lifestyle after learning that they had ASCVD. Unfortunately, this study did not go through the types of
drugs that the study participants were taking, and this might require further investigation.

Only MPV showed a significant positive association with hs-CRP in the group with pre-existing ASCVD. This result
was concordant with a study that was conducted on 84 IHD patients and found that there was a significant correlation
between MPV and hs-CRP levels.®® The Kaya et al study on the relationship between MPV and hs-CRP in dippers and
non-dippers with hypertension found a significant positive association in non-dippers with hypertension, who have
approximately three times the risk of atherosclerotic events.®’ This relationship was also demonstrated in the study
piloted by Yazici et al and Yarlioglues et al on-platelet indices in rheumatoid arthritis and the relationship between mean
platelet volume levels and subclinical target organ damage in newly diagnosed hypertensive patients, respectively.®®¢?

There are many studies in controversy to this; in 2001, Kapsoritakis et al conveyed that there is a significant inverse
relationship between MPV and hs-CRP®* and a cross-sectional study done on 100 children with a diagnosis of infectious
and inflammatory disease in 2014 revealed that MPV and CRP have negative relation.*’
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According to the analysis of hematological parameters in ASCVD subtypes, a higher WBC is observed in coronary
heart disease than in ischemic stroke. But there is no ample evidence from other studies to discuss this. Many studies on
ischemic and coronary heart disease have found elevated leukocytes in the presence of both coronary heart disease and
ischemic stroke,**> but why and how WBC is higher in CHD than in ischemic stroke is still unknown.

With regard to the WBC subtype, even though it is in the normal range, neutrophil, lymphocyte, NLR, and PLR were
higher in CHD; this may be due to the presence of a large number of participants as well as a large number of participants
with diabetes, hypertension, and other clinical variables in a group with CHD than ischemic stroke, which may result in
higher inflammation and stress.®® This could also be an explanation for the above result.

Generally, in addition to inflammation and other clinical factors, the presence of different age distribution, BMI, and
lifestyle factors such as eating habits, drinking habits, and exercising could also result in the presence of a different

pattern of hematological and biochemical parameters between the comparison group and the case group.®” %

Strength and Limitation

This study has strength by being the first to give a new insight into the pattern of hematological parameters in pre-
existing ASCVD and ASCVD risk factors, and it also gives new information on the existing proofs. It has limitations in
that the type of medication that the participants were taking was not assessed, which may affect the pattern of
hematological parameters and could result in the occurrence of bias. There may also be selection and misclassification
biases regarding the participants.

Conclusion and Recommendation
The purpose of this prospective comparative cross-sectional study was to compare the pattern of hematological
parameters in the confirmed ASCVD group versus the risk group. WBC, monocyte, RDW, and MCV were associated
with ASCVD morbidity, while MPV and hs-CRP were associated with the presence of ASCVD risk factors. Furthermore,
in the group with ASCVD risks, MPV and hsCRP had a significant positive correlation. Therefore, using these affordable,
routinely tested, and easily available tests might help to identify future ASCVD risks as well as the current ASCVD
morbidity.

The current study also showed research directions by revealing that hs-CRP and some CBC parameters were higher in
the comparison group than the group with already established ASCVD, which is different from pre-existing proofs and

needs further intensive investigation.
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