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Diagnostic significance of complete blood count in cardiovascular patients

Chaulin A. M.1,2, Grigorieva Yu. V.2, Pavlova T. V.2, Duplyakov D. V.1,2

This article discusses the relationship between parameters 
of complete blood count (CBC) and cardiovascular diseases 
(CVD). The main advantages of CBC over other methods 
of CVD diagnostics are low cost and wide availability. At 
the same time, the low specificity of CBC is an important 
disadvantage, limiting its diagnostic value.
After analyzing the results of numerous clinical studies, 
we concluded that the most important CBC are red cell 
distribution width, mean platelet volume, total leukocyte 
count, neutrophil to lymphocyte ratio, platelet-to-
lymphocyte ratio, monocyte to high-density lipoprotein 
ratio. We discuss the diagnostic value of each of the 
above indicators in CVD. Careful attention to these 
parameters by clinicians can, to a certain extent, improve 
the therapeutic and diagnostic process in patients with 
CVD.

Keywords: complete blood count, cardiovascular diseases, 
red cell distribution width, mean platelet volume, leukocytes, 

neutrophil to lymphocyte ratio, platelet-to-lymphocyte ratio, 
monocyte to high-density lipoprotein ratio.

Relationships and Activities: none.

1Samara Regional Clinical Cardiology Dispensary, Samara; 
2Samara State Medical University, Samara, Russia.

Chaulin A. M.* ORCID: 0000-0002-2712-0227, Grigorieva Yu. V. 
ORCID: 0000-0002-7228-1003, Pavlova T. V. ORCID: 0000-
0003-3301-1577, Duplyakov D. V. ORCID: 0000-0002-6453-
2976.

*Corresponding author: 
alekseymichailovich22976@gmail.com

Received: 22.05.2020 
Revision Received: 20.06.2020 
Accepted: 13.09.2020 

https://russjcardiol.elpub.ru ISSN 1560-4071 (print)
doi:10.15829/1560-4071-2020-3923 ISSN 2618-7620 (online)

For citation: Chaulin A. M., Grigorieva Yu. V., Pavlova T. V., Duplyakov D. V. Diagnostic significance 
of complete blood count in cardiovascular patients. Russian Journal of Cardiology. 2020;25(12):3923. 
(In Russ.) doi:10.15829/1560-4071-2020-3923



55

OPINION ON A PROBLEM

Cardiovascular diseases (CVD) are globally 
characterized by widespread prevalence, high 
mortality, and disability rate [1-3]. CVDs are 
usually diagnosed via a clinical examination using 
relatively expensive methods: functional diagnostics, 
immunochemical methods determining cardiac 
biomarkers, such as natriuretic peptides, cardiac 
troponins, etc. [1, 4]. Along with clinical laboratory 
and systematic functional studies, doctors also 
widely use clinical blood testing to assess patients’ 
conditions. Such a test is low in cost and widely 
available, which provides a suitable approach to 
analyzing and diagnosing problems such as anemia, 
the risk of infection and/or hematological malignant 
neoplasms, inflammatory diseases, and coagulation 
disorders [5, 6]. However, due to its low specificity 
for CVD diagnosis, the blood test parameters are 
sometimes overlooked.

Nowadays, with the improvement of present-
day advancements and the presence of programmed 
hematology counters (automated hematology 
analyzers), it is possible to measure particular 
parameters associated with changes in the shape and 
size of cells, in addition to an accurate quantitative 
study of blood cells, which makes it possible to 
calculate several additional indicators using software 
formulas [7, 8]. These calculated values can facilitate 
the diagnosis and monitoring of many diseases, 
including CVD. In this review, based on many 
foreign studies, we estimate the relationship between 
some modern clinical blood test parameters to CVD 
and discuss the possibility of their use to monitor 
CVD and determine patients’ prognosis.

According to current data from international 
research, the most significant diagnostic/prognostic 
values among all clinical blood test parameters 
concerning CVD are the following: red cell 
distribution width (RDW), mean platelet volume 
(MPV), total white blood cell count (WBC), 
neutrophil-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), monocyte to high-density 
lipoprotein ratio (MHR). We considered each of 
these indicators’ diagnostic value and discussed 
the possible mechanisms underlying the change in 
reference values.

RDW as an independent predictive biomarker for 
CVD

RDW is an indicator of the clinical blood test, 
which makes it possible to characterize the degree 
of variability in size (volume) of erythrocytes  — 
anisocytosis (from the Greek anisos  — ‘unequal’, 
cytos — ‘cell’) [9, 10]. Modern hematology analyzers 
can calculate RDW and detect anisocytosis much 
faster and more accurately than the microscopic 
examination of a blood smear. Normal RDW values   

are 11,5-14,5% but may vary slightly depending on 
the type of analyzer. This indicator is commonly 
used for the differential diagnosis of various types 
of anemias. There are three types of anisocytosis 
(increased RDW): anisocytosis due to microcytes 
(small erythrocytes)  — characteristic of iron 
deficiency anemia; anisocytosis due to macrocytes 
(large erythrocytes)  — observed in megaloblastic 
anemia and mixed anisocytosis  — occurs in 
newborns (physiological anisocytosis) [11, 12].

Several types of research have mentioned the role 
of RDW as an independent predictive biomarker in 
cardiovascular diseases. In particular, it was noted 
that increased RDW is associated with adverse 
outcomes and mortality in patients with arterial 
hypertension, heart failure, stroke, acute myocardial 
infarction (MI), peripheral arterial disease, and 
in patients with a history of primary coronary 
intervention. This relationship can be traced in 
many studies [13-15]. Nevertheless, the specific 
pathophysiological mechanisms linking increased 
RDW to CVD are not completely clear [9, 16]. There 
are several hypotheses and assumptions about this. 
Systemic factors such as inf lammation increased 
neuroendocrine system activity, and oxidative stress is 
the most likely hypothesis to explain the relationship 
between increased RDW and cardiovascular 
diseases. Mechanisms such as inf lammation, 
increased activity of adrenergic mechanisms, and 
the renin-angiotensin-aldosterone system, which are 
frequent CVD companions, lead to a change in the 
maturation of erythrocyte precursors and a change 
in the size of erythrocytes  — anisocytosis and an 
increase in RDW. Oxidative stress also significantly 
increases RDW in acute inflammatory conditions, 
causing damage to erythrocyte cell membranes and 
enhancing the release of immature erythrocytes from 
the red bone marrow into peripheral blood [10, 12, 
16].

A prospective cohort study of 696 adult patients 
with congenital heart disease (Boston Biobank of 
Congenital Heart Diseases) discovered a correlation 
between increased RDW and poor outcomes. 
The average RDW was 14,0±1,3%. In 81 patients 
(11,6%), the RDW value exceeded the 15% mark. 
Mortality among patients with RDW >15% was on 
average 4,5 times higher than in the rest of the study 
participants (odds ratio (OR) 4,5 (95% confidence 
interval (CI) (3,0-6,6)) , p<0,0001) [17].

The diagnostic value of the erythrocyte parameter 
RDW in CVD has been confirmed in many studies 
with a relatively large number of examined patients. 
Almost identical results were obtained across all 
studies, which support a link between increased 
RDW and poor CVD outcomes. Also, a decreased 
RDW has been associated with a favorable prognosis 
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Table 1
CVD-Associated clinical blood test markers from Clinical Trials

Parameter of the 
clinical blood test 

Diagnosis, number of patients Clinical data, statistical indicators Source

RDW Diabetes (n=3061) RDW proved to be a significant and 
independent predictor of death from all 
causes in these patients

S. Al-Kindi (2017) [13]

Acute MI, Heart failure, stroke (n=26784) RDW is associated with the rate of primary 
hospitalization

Y. Borne (2011) [15]

Congenital heart disease, congestive 
heart failure (n=696)

Elevated RDW is an independent predictor of 
all-cause death in adult patients with chronic 
heart failure

L. Alshawabkeh (2018) 
[17]

Acute heart failure (n=1702) High RDW was correlated with an increased 
risk of anemia in patients with acute heart 
failure

J. Nunez (2011) [27]

MPV Patients with various diseases 
(n=206554)

Increased MPV is correlated with a higher 
risk of death in patients with coronary artery 
disease

G. Slavka (2011) [28]

Patients without special conditions 
(n=25923)

Increased MPV is a predictor of venous 
thromboembolism

S. Braekkan (2010) 
[22]

Patients with venous thromboembolism 
(n=594)

High MPV is an independent risk factor for 
death in venous thromboembolism

J. Díaz (2019) [24]

Patients with acute pulmonary embolism 
(n=192)

MPV is associated with right ventricular 
dysfunction and is an independent predictor 
of early death in acute pulmonary embolism.

M. Kostrubiec (2010) 
[25]

Patients with stable coronary artery 
disease (n=2872)

Low MPV was associated with worse clinical 
outcomes in patients

H. Wada (2018) [29]

Portal vein thrombosis (n=855) As a prognostic biomarker, MPV can be used 
in patients with portal vein thrombosis

W. Lin (2018) [30]

WBC Senile patients (73-91) without ischemic 
heart disease (n=2879)

Increased WBC is associated with a higher 
risk of congestive heart failure

S. Karino (2015) [32]

Acute MI (n=975) Increased WBC is associated with decreased 
blood flow and higher death rates from new 
congestive heart failure

H. Barron (2000) [33]

Ischemic heart disease, ischemic stroke 
(n=13555)

An increase in WBC is directly related to an 
increase in CVD mortality (p<0,001)

C. Lee (2001) [37]

NLR PAOD (n=508) Higher NLR Associated with Higher CVD 
Mortality

M. Erturk (2014) [39]

Acute coronary syndrome (n=400) Elevated NLR is associated with higher all-
cause mortality

Bajari R. (2017) [40]

PLR MI without ST-segment elevation 
(n=619)

Higher PLR is a significant independent 
indicator of long-term patient mortality 
(p<0,0001)

B. Azab (2012) [46]

PAOD (n=2121) Increased PLR is significantly associated with 
critical limb ischemia in patients at higher 
risk of CVD endpoints (optimal PLR threshold 
is 150) (p<0,001)

T. Gary (2013) [47]

MHR ST-segment elevation MI (n=414) MHR is an independent predictor of high 
thrombotic load in patients with ST-segment 
elevation MI (p<0,001)

A. Arısoy (2017) [43]

Obstructive sleep apnea syndrome with 
and without various CVDs (n=1050)

MHR values are significantly higher in 
patients with CVD compared with patients 
without CVD (p<0,001)

H. Inonu Koseoglu,  
et al. [48]

Abbreviations: IHD — Ischemic heart disease, MI — myocardial infarction, CBC — clinical blood test, AMI — acute myocardial infarction, 
HF — heart failure, CVD — cardiovascular diseases, MHR — monocyte to high-density lipoprotein ratio, MPV — mean platelet volume, 
NLR — neutrophil-lymphocyte ratio, PAOD — peripheral arterial occlusive disease, PLR — platelet-to-lymphocyte ratio, RDW — red cell 
distribution width, WBC — total white blood cell count.
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platelets are more active than smaller platelets; they 
also have more storage granules and have a higher 
capacity to produce prothrombogenic factors such as 
thromboxane A2. It is believed that MPV increases 
in CVD due to tissue ischemia, platelet consumption 
in atherosclerotic plaques, and secretion of 
cytokines — Interleukin-3 (IL-3) and Interleukin-6 
(IL-6), which affect the ploidy of megakaryocytes. 
IL-3 and IL-6 increase the size and deformation of 
platelets and promote the release of larger and more 
active platelets [21, 26], causing additional adhesion 
and aggregation of platelets through the release of 
thromboxane A2, adenosine diphosphate (ADP), 
and adenosine triphosphate (ATP), contributing to 
the pathogenesis of CVD acute MI [27]. Considering 
the rapid increase in MPV during the first hours 
of acute CVD development and its persistence 
in elevated values   for several days after CVD 
development, this RF can be used as a prognostic/
diagnostic biomarker for CVD, especially acute MI 
and ischemic stroke. The rapidity and stability of 
the MPV increase are the main advantages of this 
essential diagnostic/prognostic parameter [28-30].

Inflammatory markers that can predict adverse 
cardiovascular events

Generally, an increase in total white blood cell 
count (WBC) and an imbalance in the leukocyte 
formula, expressed as an increase in the percentage 
of neutrophils and a decrease in lymphocytes, 
are considered the main laboratory signs of 
inflammation [31, 32].

Several studies have established a link between 
inflammation and CVD markers and showed that 
inflammatory processes play a decisive role in the 
pathogenesis of atherosclerosis, which predisposes 
to most CVDs [33, 34]. Hence, measurement and 
evaluation of inflammation markers play a critical 
role in determining patients’ prognosis with CVD 
[35].

Neutrophil-lymphocyte ratio (NLR) is an 
inflammatory marker that can predict the likelihood 
of death in patients with acute coronary syndrome 
and arrhythmias. Normal NLR value should not 
exceed 3.0. An increase in this ratio is associated 
with an increased risk of CVD and mortality rates 
from all causes, including congestive heart failure 
[36]. It has been shown that with NLR >3,15, the 
risk of atrial fibrillation in patients increases 2,5 
times. NLR is an important marker for assessing 
the prognosis of patients with CVD because it is 
minimally influenced by physiological conditions 
of the patient, as a result of which it provides an 
opportunity to check the balance or imbalance of 
the immune pathways of inflammation (the number 
of neutrophils), as well as the body’s response to 

in cardiac patients. Thus, a recent meta-analysis by 
Abrahan L, et al. (2018), which included 13 studies 
and 10410 patients, showed that a lower level of 
RDW is associated with a decrease in the risk of 
adverse cardiovascular events in patients with the 
acute coronary syndrome (OR 0,35 (95% CI 0,30 to 
0,40 ), p<0,0001; I2 =53%) both in the short and long 
term [18]. Several studies have also demonstrated 
the role of RDW levels in predicting the growth 
of atherosclerotic plaque of the carotid artery and 
the relationship between acute heart failure and 
increased RDW [16, 19].  Red cell distribution width 
indicator can be considered a valuable independent 
biomarker for assessing patients’ prognosis with heart 
failure, atherosclerosis, acute MI, and other CVDs.

MPV as an independent risk factor (RF) for CVD
Platelets perform a vital function — they prevent 

bleeding by forming a thrombus at the site of 
vascular damage, but their inadequate functioning 
leads to thrombosis and, as a result, to ischemia 
of the corresponding tissues and organs. There is 
a direct relationship between the size of platelets 
and their activity. Platelet activity can be indirectly 
measured using MPV (a parameter measuring the 
size of circulating platelets) [20, 21]. The normal 
MPV value is from 7 to 10 fL, depending on the 
type of analyzer and its operating principles. Various 
studies have found a correlation between an increase 
in MPV and CVD and noted a predictive role 
for this biomarker in these diseases. For example, 
an increase in MPV is associated with acute MI, 
unstable angina, and stroke. An increase in platelet 
volume is also associated with an increased risk 
of death caused by CVD [21, 22]. Another study 
demonstrated that MPV is the risk factor for 
unprovoked venous thromboembolism, suggesting 
that MPV and platelet activity are risk factors for 
developing arterial and venous thrombosis [23]. In 
a recent retrospective study, Díaz J, et al. it was 
found that a high level of MPV (>11,0 fL) is an 
independent risk factor of death in patients with 
venous thromboembolism [24]. Kostrubiec M, et al. 
also reported that elevated MPV levels (>10,9 fL) are 
independent predictors of early mortality in patients 
with acute pulmonary embolism during first 7 and 
30 days: OR =2,0 (95% CI 1,3-3,0), p<0,001 and 
OR =1,7 (95% CI 1,2-2,5), p<0,01, respectively. In 
addition, a correlation was found between MPV and 
right ventricular diameter (r=0,28, p<0,01), as well 
as between MPV and right ventricular dysfunction 
(r=0,19, p<0,02) [25].

Current studies have shown a strong correlation 
between platelet size and platelet activity, which 
explains the pathophysiological mechanisms of 
the relationship between MPV and CVD. Larger 
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stress (the number of lymphocytes) [36, 37]. One 
of the hypotheses of the relative mechanism of 
an increase in the NLR ratio is a decrease in the 
number of lymphocytes after programmed cell death 
(apoptosis) or the movement of lymphocytes from 
peripheral blood into cardiac tissue followed by its 
infiltration, which was found in patients with heart 
failure and acute MI [31]. An increase in NLR is 
often accompanied by an increase in neutrophils and 
total leukocyte count, which is also the risk factor 
of atherosclerosis. Elevation of these parameters is 
associated with a higher incidence of ischemic heart 
disease (IHD) and ischemic stroke, since neutrophils 
and macrophages increase phagocytosis and 
degradation of vascular tissue and, as a consequence, 
the progression of atherosclerosis  — the growth of 
atherosclerotic plaque followed by vascular occlusion 
[38-40]. An increase in total WBC is also associated 
with decreased blood f low to cardiac tissue [33].

Several studies have shown that inflammation 
is closely related to lipid metabolism. The total 
number of leukocytes and numbers of individual 
subpopulations (neutrophils and lymphocytes) are 
associated with the concentration of a relatively 
recently discovered regulator of lipid metabolism — 
Proprotein Convertase Subtilisin Kexin Type 
9 (PCSK9) [41-43]. In patients with myocardial 
infarction (MI) without ST elevation, PCSK9 
concentrations were elevated on admission and were 
associated with neutrophil count (r=0,24; p=0,009). 
The anti-inflammatory drug tocilizumab, containing 
the monoclonal antibodies of the cytokine IL-6, 
reduced both the concentration of leukocytes and the 
concentration of PCSK9. Presumably, leukocytes, 
releasing pro-inf lammatory factors, increase the 
formation of PCSK9, which is another additional 
pathophysiological mechanism of atherosclerosis 
progression [41, 43].

In a study by Li S, et al. (2014) the relationship 
between plasma levels of PCSK9 and WBC 
(r=0,167; p=0,008) were noted in patients with 
stable coronary artery disease (n=251). Multivariate 
regression analysis discovered that plasma PCSK9 
concentration was significantly and independently 
associated with WBC and their subpopulations 
(neutrophils and lymphocytes). Researchers believe 
that PCSK9 is involved in developing chronic 
atherosclerotic inflammation in the walls of coronary 
arteries and promoting coronary artery disease [42].

MHR can also be considered a valuable indicator 
retrieved from clinical and biochemical blood tests. 
A massive study by Zhang Y, et al. (2016) showed 
that MHR is an independent marker of major 
adverse cardiovascular events, including death, 
acute MI, heart failure, unstable angina, and stroke. 
This is because high-density lipoproteins (HDL) 

play an antiatherogenic and anti-inflammatory role 
by inhibiting CD11b integrin activation, which is 
involved in the adhesion migration and regulation 
of the inf lammatory activity of monocytes/
macrophages [34]. Consequently, an increase in 
the MHR ratio, characterized by an increase in 
the number of monocytes and/or a decrease in 
HDL, indicates inhibition of the protective anti-
inflammatory and antiatherogenic mechanisms.

Arisoy A, et al. (2017) assessed the relationship of 
MHR with angiographic thrombotic load calculated 
on the basis of thrombolysis in patients with 
ST-segment elevation MI (STEMI) who underwent 
primary percutaneous coronary intervention 
(n=414). In patients with a high thrombotic load, the 
MHR index was significantly higher than in patients 
with a low thrombotic load (25,4 (13,5-44,6) vs. 16,0 
(9,2-22,1); p<0,001) [44]. Thus, the MHR index is 
an independent predictor of high thrombotic load 
in patients with ST-segment elevation myocardial 
infarction who underwent primary percutaneous 
coronary intervention.

Similar to the ratios of NLR and MHR, platelet-
to-lymphocyte ratio (PLR) is another marker of 
inflammation with a significant predictive value. An 
increase in it correlates with increased functional 
activity, platelet count, decreased lymphocyte count, 
and a poor prognosis in patients with CVD [45]. 
A study by Azab B, et al. (2012) found that PLR is 
a significant independent predictor of long-term 
(4-year) mortality after MI [46]. Interestingly, 
mortality at a PLR value of >176 in patients treated 
with one antiplatelet drug was significantly higher 
than in patients receiving dual antiplatelet therapy: 
50% vs. 32%, p=0,0018 [46].

In another clinical study with Gary T, et al. (2013) 
investigated the PLR value in patients (n=2121) with 
the peripheral arterial occlusive disease (PAOD). 
The optimal PLR value was 150 or less, and patients 
with PLR >150 developed critical limb ischemia 
much more often (OR 1,9 (95% CI 1,7-2,1)). An 
increase in PLR was associated with critical limb 
ischemia even after adjusting for all other well-
known CVD risk factors [47].

Clinical blood test parameters and clinical appli-
cation

Table 1 summarizes the clinical studies results 
that showed the relationship between clinical blood 
test parameters and various CVD parameters. It is 
worth noting that the clinical blood test parameters’ 
exact reference values may differ depending on the 
type of analyzer, its principles of operation, and units 
of measurement. Therefore, we avoided excessive 
use of specific numerical indicators when analyzing 
individual clinical studies. Specific hospitals 
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should make empirical (experimental) estimates, 
particularly on retrospective patient data, for the 
optimum use of the clinical blood test for tracking 
and predicting CVD.

Conclusion
The diagnostic/prognostic value of clinical blood 

test parameters for CVD is an important research 
area. Clinical blood testing is an inexpensive, 
widespread, and at the same time, a valuable 
additional prognostic tool for patients with CVD.

After analyzing the results of clinical studies, we 
concluded that such blood testing parameters as red 
cell distribution width, the mean platelet volume, 
the total white blood cell count, the neutrophil-
lymphocyte ratio, the platelet-to-lymphocyte ratio, 

the monocyte to high-density lipoprotein ratio are 
reliable in monitoring and assessing the progno-
sis of various cardiovascular diseases. Such dis-
eases include atherosclerosis, MI, stroke, heart fai-
lure, venous thromboembolism, and PAOD. These 
parameters represent the most accessible and easy-
to-use tools for assessing the prognosis of patients’ 
life, which is their undoubted advantage over com-
plicated, expensive, and time-consuming examina-
tion methods. Further research is required in this 
area, both of a fundamental (the study of specific 
pathophysiological mechanisms) and clinical types, 
to study the possibilities of widespread use of these 
indicators in real clinical practice.
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