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Abstract
Cardiovascular diseases are among important causes of death. Atherosclerosis is an important etiology for coronary artery 
diseases in which coronary artery calcification plays a principal role. Recently novel cardiovascular risk factors in coronary 
calcification are under attention. In this study, we investigated possible association between novel cardiovascular risk factors 
and coronary calcification. This is a prospectively registered systematic review and meta-analysis in PROSPERO and was 
performed in accordance with PRISMA guidelines. Medical databases were searched. Primary papers were screened and 
studies reporting our outcomes of interest were selected for data extraction. Quantitative data syntheses were performed 
using Comprehensive Meta-analysis Ver.3. In this study, 5252 papers were screened and finally 28 papers including 31241 pa-
tients underwent data extraction. Based on our findings, neutrophil/lymphocyte ratio (8 out of 10), red cell distribution width 
(r = 0.250, p < 0.0001), and interleukin 6 (odds ratio [OR]: 1.101 [95% confidence interval (CI): 1.001-1.210], p = 0.047) were 
associated with severity of coronary calcification while C-reactive protein (one out of eight) was not associated with coronary 
calcification. Results of lymphocyte/monocyte ratio (r = –0.120, p < 0.001), platelet/lymphocyte ratio (OR: 1.47 [95% CI: 0.89-
2.41, p = 0.124]), and MPV (r = 0.017, p = 0.814 vs. OR: 1.91 [95% CI: 1.28-2.85, p = 0.002]) remained controversial due to 
few number of included studies or contrary results. We can conclude that neutrophil/lymphocyte ratio, red cell distribution 
width, and interleukin-6 are significantly associated with coronary calcification and C-reactive protein is not significantly as-
sociated with severity of coronary calcification. Our results about mean platelet volume, platelet/lymphocyte ratio, and lym-
phocyte/monocyte ratio are not reliable and require further investigations.
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Introduction

Coronary artery diseases (CAD) are a subgroup of 
wide spectrum of cardiovascular diseases and are one 
of the most common causes of death around the world 
and lead to a high mortality and morbidity rate annual-
ly1. In recent literature, different etiologies are defined 
for CADs and atherosclerosis is pointed out to be 
among the most important ones2.

Estimating burden and severity of atherosclero-
sis-mediated coronary artery diseases can be achieved 
by different modalities and depends on different param-
eters such as plaque morphology, plaque composition, 
and intensity of calcification in atherosclerotic plaque3,4.

Coronary computed tomography angiography (CCTA) is 
one of the most precise modalities in measuring severity 
of coronary artery calcification (CAC) in susceptible and 
high-risk patients for CADs. Extent of CAD is assessed 
through different markers and indices in CCTA such as 
morphology of plaque or coronary calcium score (CCS)5.

Considering low accessibility of CCTA and high ex-
penses of CCTA especially in low-income countries 
along with technical and radiation limitations of CCTA, 
it is important to separate high-risk and low-risk pa-
tients for CAD; thus, different factors are being under 
attention for risk assessment of CAD in susceptible 
patients6.

In the past decades, some inflammatory and routine 
hematological markers have attracted attention of re-
searchers around the world and are being studied under 
“novel cardiovascular risk factors” title. Several studies 
in different designs are performed in this field and con-
troversial results are reported from different regions7-10.

Considering high number of primary papers and long 
period of time spent on investigating so called novel 
cardiovascular risk factors along with importance of 
coronary artery calcification during atherosclerotic pro-
cesses, in this study, we aimed to sum up any possible 
association between novel cardiovascular risk factors 
and coronary artery calcification.

Methods

Study design and search strategy

This is a systematic review which was performed to 
investigate any possible association between recently 
discussed inflammatory markers and coronary artery 
calcification detected through coronary computed to-
mography (CT) angiography. This study covers all pub-
lished literature in this area before September 2020 
without any limitation. This systematic review was de-
signed and performed based on latest PRISMA guide-
lines and was prospectively registered in PROSPERO 

Resumen
Las enfermedades cardiovasculares se encuentran entre las primeras causas de mortalidad. La aterosclerosis es una etiología 
importante de las enfermedades de las arterias coronarias en la que la calcificación de las arterias coronarias juega un papel 
principal. Recientemente, se están prestando atención a factores novedosos de riesgo cardiovascular en la calcificación 
coronaria. En este estudio investigamos la asociación posible entre los factores novedosos de riesgo cardiovascular y la 
calcificación coronaria. Esta es una revisión sistemática y metaanálisis registrados de forma prospectiva en PROSPERO y 
se realizó de acuerdo con las pautas de PRISMA. Se realizaron búsquedas en bases de datos médicas. Se examinaron los 
artículos primarios y se seleccionaron para la extracción de datos los estudios cuyos resultados fueron de nuestro interés. 
Las síntesis de datos cuantitativos se realizaron utilizando Comprehensive Meta-analysis Ver.3. En este estudio se selec-
cionaron 5252 artículos y finalmente se extrajeron los datos de 28 artículos que incluían 31241 pacientes. Según nuestros 
hallazgos, la proporción de neutrófilos/linfocitos (8 de 10), el ancho de distribución de glóbulos rojos (r = 0,250, valor de 
p < 0.0001) y la interleucina 6 (OR: 1.101 [IC del 95%: 1.001-1.210], valor p = 0.047) se asociaron con la gravedad de la 
calcificación coronaria, mientras que la proteína C reactiva (1 de 8) no se asoció con la calcificación coronaria. Resultados 
de la proporción linfocitos/monocitos (r = –0,120, valor p < 0,001), la proporción plaquetas/linfocitos (OR: 1,47 [IC 95%: 0.89-
2.41, valor p = 0.124]) y el volumen plaquetario medio (r = 0.017, valor p = 0.814 C. OR: 1.91 [IC 95%: 1.28-2.85, valor p = 
0.002]) siguieron siendo polémicos debido al escaso número de estudios incluidos o resultados contrarios. Podemos conclu-
ir que la proporción de neutrófilos/linfocitos, el ancho de distribución de los glóbulos rojos y la interleucina 6 se asocian 
significativamente con la calcificación coronaria y la proteína C reactiva no se asocia significativamente con la gravedad de 
la calcificación coronaria. Nuestros resultados sobre el volumen plaquetario medio, la proporción de plaquetas/linfocitos y la 
proporción de linfocitos/monocitos no son confiables y requieren más investigaciones.
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(international prospective register of systematic reviews 
of university of York, UK) with CRD42020177566 reg-
istration ID11.

Our search protocol was based on a PICO as P: pa-
tients at risk of coronary artery disease, I: computed 
tomography angiography, C: coronary artery calcifica-
tion, and O: different novel cardiovascular risk factors 
including red cell distribution width (RDW), platelet dis-
tribution width (PDW), red cell distribution width to plate-
let ratio (RPR), neutrophil to lymphocyte ratio (NLR), 
platelet to lymphocyte ratio (PLR), C-reactive protein 
(CRP), interleukin 6 (IL-6), mean platelet volume (MPV), 
and lymphocyte to monocyte ratio (LMR). To achieve an 
acceptable search sensitivity, we only searched key-
words associated with I, C, and O sections.

To obtain comprehensive and reliable search results, 
all prominent medical databases including PubMed, 
Web of Science, Scopus, and Embase were accurately 
searched in a systematic manner. Our PubMed search 
query was as (red cell distribution width[MeSH Terms]) 
OR (C-reactive protein[MeSH Terms]) OR (interleu-
kin-6[MeSH Terms]) OR (mean platelet volume[MeSH 
Terms]) OR (inflammation[MeSH Terms]) OR (risk fac-
tors[MeSH Terms]) OR (blood cell count[MeSH Terms]) 
OR (red cell distribution width[Title/Abstract]) OR (plate-
let distribution width[Title/Abstract]) OR (red cell distri-
bution width to platelet ratio[Title/Abstract]) OR 
(neutrophil to lymphocyte ratio[Title/Abstract]) OR 
(platelet to lymphocyte ratio[Title/Abstract]) OR (c reac-
tive protein[Title/Abstract]) OR (interleukin 6[Title/Ab-
stract]) OR (mean platelet volume[Title/Abstract]) OR 
(lymphocyte to monocyte ratio[Title/Abstract]) OR (in-
flammation[Title/Abstract]) OR (risk factor[Title/Ab-
stract]) OR (inflammatory marker[Title/Abstract]) OR 
(inflammatory index[Title/Abstract]) OR (blood cell 
count[Title/Abstract]) OR (complete blood count[Title/
Abstract]) AND (arteriosclerosis[MeSH Terms]) OR 
(atherosclerosis[MeSH Terms])) OR (arteriosclero-
sis[Title/Abstract]) OR (atherosclerosis[Title/Abstract]) 
OR (coronary calcification[Title/Abstract]) OR (coronary 
artery calcification[Title/Abstract]) OR (coronary calci-
um score[Title/Abstract]) AND (computed tomography 
angiography[Title/Abstract]) OR (CT angiography[Title/
Abstract]) OR (computed tomography angiogra-
phy[MeSH Terms]). All other databases were similarly 
searched with the same keywords but carefully adjusted 
based on requirements of each database. No limitations such 
as language, publication time, location, or study type were 
applied in any of searched databases.

Inclusion and exclusion criteria
Two authors (AN and HV) started the screening pro-

cess separately and all decisions about disagreements 
were made by a third author (HH). All studies that may 
report any association between severity of coronary 
calcification were eligible regardless of study type. 
Since we aimed to reach clinically applicable results, 
only studies performed on human were enrolled.

Hereby, we even enrolled conference abstracts that 
reported our outcomes of interest and bibliography of 
all relevant review articles were also carefully checked.

Data extraction and quality assessment
All studies about association between CAC and cir-

culating levels of inflammatory markers might have pos-
sibly reported our outcomes of interest including 
severity of CAC, CCS, NLR, RDW, PLR, RPR, LMR, 
CRP, and IL-6 entered data extraction and quality 
assessment.

Information associated with first author’s name, pub-
lication year, studied population, sample size, gender 
distribution, studied categories and number of patients 
in each category, measured levels of inflammatory 
markers in each category, and results of statistical tests 
was extracted. For this goal, Microsoft Office Package 
2020 and EndNote X9 softwares were used.

Since there were different types of studies included 
in this systematic review, a four level GRADE scoring 
system was used for quality assessment and evaluating 
certainty of evidences for each paper. Articles were 
categorized based on GRADE scoring system in four 
categories of very low, low, moderate, and high certain-
ty rate12.

All articles that entered data extraction step were also 
assessed for quality by two different authors (AN and 
HV) separately and disagreements were solved by 
consensus.

Statistical analysis
Comprehensive Meta-analysis Ver.3 Software (latest 

version) was used for all statistical analyses during 
quantitative data synthesis.

For all analyses, random effects model was used 
Fishers’ Z (standard error) and log odds ratio (standard 
error) were computed effect sizes for RDW and IL-6 
meta-analyses, respectively.

Heterogeneity tests were performed in both analyses 
and subgroup analysis was performed if applicable. 



215

A. Naghedi et al. Novel CV risk factors and CAC

Results of heterogeneity tests are reported as Co-
chrane’s Q statistic, I², and associated P.

For both meta-analyses, Begg’s funnel plot with both 
observed and imputed studies was used to visualize the 
results. Begg’s, Egger’s, and Rosenthal’s fail-safe N tests 
were used for quantitative evaluation of publication bias.

For sensitivity analysis, “one study removed” method 
was used.

Results are reported in the form of forest plots (for main 
analysis and sensitivity analysis) and funnel plots (for pub-
lication bias). In all tests, p < 0.05 was considered to be 
statistically significant except for Begg’s and Egger’s tests 
in which p < 0.1 was considered as statistically significant.

Results

Search results
After primary search up to September 9, 2020, a 

number of 5252 articles were found in all databases 
which were separately as PubMed: 1152 articles, Web 
of Science: 1653 articles, Scopus: 1178 articles, Em-
base: 1269 articles, and 22 more articles were also 
found while checking bibliography of included articles.

All references were imported into EndNote X9 soft-
ware and a number of 2686 duplicate records were 
removed meaning that 2588 primary papers entered 
title and abstract screening phase.

Considering our obsession for not missing any single 
paper, in title and abstract screening step, a very large 
number of papers were carefully screened and all pa-
pers that could have possibly reported any association 
between considered inflammatory markers and severity 
of coronary artery calcification were selected. In this 
step, a number of 2547 papers were excluded from the 
study, so 41 papers entered full-text screening step.

In full-text screening step, 13 articles were removed 
and 28 final articles entered quality assessment and 
data extraction step. Among excluded papers, one was 
written in Chinese13, one was a review article14, three 
were removed15-17 because of reporting the same re-
search material of two included articles18,19, and eight 
of them seemed to report our outcomes of interest 
during title and abstract screening but were finally ex-
cluded after full-text screening20-27.

In this research, we aimed to assess any possible rela-
tionship between coronary calcification with RDW, PDW, 
RPR, NLR, PLR, CRP, IL-6, MPV, and LMR but detected 
papers only included RDW, IL-6, LMR, NLR, PLR, CRP, 
and MPV meaning that we were unable to find any article 
reporting results associated with RPR and PDW markers.

In included papers, some of them reported more than 
one inflammatory marker, thus in data extraction tables, 
37 rows of data extracted from 28 articles are reported 
which some of them are the same study but reporting 
different variables.

At the end, ten papers were eligible for quantitative 
data synthesis; 5 in IL-6 meta-analysis and 5 in RDW 
meta-analysis. Performing meta-analysis for other in-
flammatory markers was impossible due to different 
result reporting formats.

The search diagram is summed up in PRISMA search 
flowchart as shown in figure 1.

Studies and patients’ characteristics

In this study, a total number of 28 scientific papers 
covering 31241 patients were enrolled. Based on what 
we found in our primary search, this topic was studied 
since 2005 and is still being under attention up to 2020.

The researches were all performed on patients that 
are somehow at risk of coronary artery calcification and 
coronary artery disease and most of them were per-
formed on patients with susceptible coronary artery dis-
ease or patients with diabetes, chronic kidney disease, 
non-alcoholic fatty liver disease, rheumatoid arthritis, or 
apparently healthy population.

All information associated with coronary artery calci-
fication were obtained through non-contrast CT angi-
ography of 8-slice multidetector computed tomography 
(MDCT) up to 320-slice MDCT device. All studies were 
performed on adult population and none of them were 
performed on patients below 18 years.

NLR

Among enrolled papers, 10 of them28-37 included in-
formation about NLR and coronary artery calcification. 
Results of all of them indicate a very significant asso-
ciation between NLR and intensity of CAC but consid-
ering different types of data reporting formats, we were 
not able to perform a meta-analysis on NLR.

Only two articles (out of 10) did not detect any signif-
icant association between NLR and CAC which one 
was performed on healthy adults (Nam et al.)35 and one 
(Chaikriangkrai et al.)37 was performed on patients with 
acute chest pain; this is while other studies were per-
formed on patients with a more chronic condition or 
moderate-to-high risk for CAD. This is also notable that 
Park et al. also worked on healthy population and 
achieved p = 0.045 while other statistically significant 
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Figure 1. Diagram of our search protocol.

studies were not performed on healthy population and 
reported a much more significant P.

Results associated with all above mentioned 10 stud-
ies along with quality assessment of studies are report-
ed in Supplementary Table 128-37.

RDW
Among 28 enrolled studies, eight of them28,37-43 re-

ported information about RDW. All eight articles report-
ed a statistically significant association between RDW 
levels and coronary artery calcification except one 

which was performed by K Chaikriangirai et al. on pa-
tients with acute chest pain.

There was no study performed on patients with acute 
symptoms among those with statistically significant re-
sults. Data extracted from studies about RDW are sum-
marized in Supplementary Table 228,37-43.

We were able to enter five studies28,38,41-43 (out of 
eight) in a meta-analysis of correlational type since they 
were reporting a correlational r and P. As seen in the 
forest plot (Fig. 2), there is a statistically significant 
correlation between RDW and coronary calcification 
(r = 0.250, p < 0.0001).
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Figure  2. There is a statistically significant correlation between red cell distribution width and severity of coronary 
artery calcification (r = 0.250, p < 0.0001, I² = 87.890) in both diabetic (r = 0.548, p < 0.0001, I² = 0.000) and non-diabetic 
(r = 0.167, p < 0.0001, I² = 28.765) patients.

Considering very high heterogeneity among five in-
cluded studies (Q = 33.031, I² = 87.890, p < 0.0001), we 
performed a subgroup analysis based on diabetes mel-
litus. Among five papers, three were performed on dia-
betic patients41-43 and two were performed on non-diabetic 
patients28. After grouping studies and performing the 
analysis once more, heterogeneity reduced in both dia-
betic (Q = 0.641, I² = 0.000, p = 0.726) and non-diabetic 
(Q = 1.404, I² = 28.765, p = 0.236) groups. We found 
that the correlation between RDW and coronary calcifi-
cation is higher in diabetic patients (r = 0.548, p < 0.0001) 
compared to non-diabetic patients (r = 0.167, p < 0.0001).

Figure 3. Begg’s funnel plot is suggestive for a slight publication bias (Egger’s p = 0.016, Begg’s p = 0.462).

Associated funnel plot (Fig. 3) is suggestive for exis-
tence of a possible publication bias among included 
papers which is confirmed by Egger’s test (p = 0.016); 
this is while the hypothesis of existence of publication 
bias is rejected by Begg’s test (p = 0.462) or Rosen-
thal’s fail-safe N (121 more studies in opposite direction 
are required to bring the p > 0.05) and this conflict can 
be due to few number of analyzed studies.

As seen in supplementary figure 1, results of “one 
study removed” sensitivity analysis indicate that our 
overall results are not significantly dependent to any of 
primary studies.
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CRP
Eight studies29,35,44-49 reported information about 

CRP levels and its association with coronary calcifica-
tion and only one of them reported a really weak sta-
tistically significant correlation between CRP and 
coronary calcification with r = 0.06. This study was 
performed by Arad et al. in 2005 on apparently healthy 
population which is also the oldest included study in 
this systematic review.

There also exist two controversial studies on CRP. In 
the study performed by Ramadan MM, et al., the au-
thors declare that CRP is higher in CAC positive group 
but the correlational analysis denies any significant 
correlation between CRP and CAC.

The other controversial study is done by Jenny, et al. 
in which the authors claim a relationship between CRP 
and CAC based on their first statistical model with less 
adjustments; this is while in their second model with 
more adjustments, this relationship is insignificant.

Results extracted from studies performed on CRP 
are summed in Supplementary Table 329,35,44-49.

Considering different formats in reporting the results 
of CRP along with lack of any significant association 
in almost all studies, we ignored to perform a me-
ta-analysis on association between CRP levels and 
coronary artery calcification.

IL-6
In this systematic review, seven primary research-

es19,44,47-51 reported results about correlation between 
IL-6 levels and severity of coronary artery calcification 

Figure 4. There is a statistically significant association between interleukin-6 and severity of coronary artery calcification 
(OR: 1.101 [95% CI: 1.001–1.210], p = 0.047, I² = 88.645).

Figure  5. Begg’s funnel plot is suggestive for a slight 
publication bias (Egger’s p = 0.041, Begg’s p = 0.462).

which six of them reported a significant association 
between IL-6 and intensity of coronary calcification.

Results of data extraction from all seven articles of 
IL-6 are presented in Supplementary Table 419,44,47-51.

In terms of association between IL-6 and coronary 
calcification, we were able to do a meta-analysis on five 
articles19,44,47-49, including the only non-significant study 
performed on patients with rheumatoid arthritis19. As 
seen in the forest plot (Fig. 4), there is a significant as-
sociation between IL-6 and coronary artery calcification 
(OR: 1.101 [95% CI: 1.001–1.210], p = 0.047).

We could also record a very high between study het-
erogeneity with a Q = 35.227, I² = 88.645, p < 0.001 
which could not be resolved by different logical sub-
group or regression analyses.

As seen in funnel plot (Fig. 5), there is a slight 
asymmetry in the plot which means imputed studies 
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can slightly change the results of this me-
ta-analysis. The hypothesis of existence of publi-
cation bias is rejected by Begg’s test (p = 0.462) 
and is confirmed by Egger’s test (p = 0.041). These 
are while Rosenthal’ss fail-safe N test indicates 
that a number of 43 papers of opposite direction 
can bring the p > 0.05.

Results of “one study removed” sensitivity analysis 
indicate a very sensitive and fragile result since remov-
ing almost any of the included studies can change di-
rection of the results (Supplementary Fig. 2).

LMR

Among all 28 primary articles only in Si et al.’s 
article51, the authors investigated possible associ-
ated between LMR and coronary calcification in 
which they found a slight negative correlation 
r = –0.120 between LMR and coronary calcification; 
meaning lower LMR levels are associated with el-
evated CCS and thus higher risk for coronary ar-
tery diseases.

Detailed information about above mentioned paper is 
shown in Supplementary Table 552.

PLR

PLR was also reported only in one primary paper36 
in which the authors found a significant difference in 
PLR levels across different groups of coronary artery 
calcium score but they were unable to find any signifi-
cant association between PLR and severity of coronary 
artery calcification in their odds ratio model.

Information related to this paper is reported in Sup-
plementary Table 636.

MPV

Two papers53,54 included information about relation-
ship between MPV and coronary calcification. M Bulun-
maz et al. investigated patients with diagnosed chronic 
ischemic heart disease and could not find any associ-
ation between MPV and coronary calcification; this is 
while DH Jung et al. performed their study on general 
population and reported that people with positive cor-
onary calcification with have a higher MPV level com-
pared to people with CCS = 0.

Results of both papers are extracted and demonstrat-
ed in Supplementary Table 753,54.

Discussion
We performed this study aiming to achieve a final 

conclusion about any association between “novel car-
diovascular risk factors” and extent of coronary artery 
calcification and thus coronary artery disease.

This systematic review started with a sensitive search 
and included an intense screening of a vast number of 
5252 primary papers. Based on our knowledge, there 
is not any similar systematic review published in this 
field up to this date.

The idea of performing this systematic review was 
triggered by achieving controversial results after pub-
lishing several primary papers about importance of nov-
el cardiovascular risk factors in different CVDs including 
CADs. We decided to cover all inflammatory markers 
from all regions without any limitation and for this goal, 
a careful evaluation was done on different up to date 
review articles in this field and some novel risk factors 
were defined to include our main search query.

After performing the systematic search over almost 
all important databases, unfortunately, we had to ignore 
RPR and PDW markers since no paper was published 
on association between these two and severity of cor-
onary artery calcification.

We can sum up that RDW, NLR, and IL-6 are asso-
ciated with severity of coronary artery calcification while 
CRP is not associated with severity of coronary calcifi-
cation. In case of MPV, our results cannot be helpful 
since two study with almost the same quality showed 
opposite results. It must be noted that our results about 
LMR and PLR are not clinically applicable or reliable at 
all since only one study was found for each of them.

Another point that should be in mind while reading 
our results is that we only focused on association be-
tween mentioned markers and severity of coronary ar-
tery calcification, which under specific circumstances, 
does not necessarily mean severity of coronary artery 
disease and the relationship between coronary artery 
calcification and severity of coronary artery disease 
can also be questionable.

Qualitative results of NLR show that we can at least 
rely on this marker on susceptible patients for coronary 
artery disease with a more chronic condition and this 
marker was not helpful on healthy population or acute 
chest pain. Our findings about NLR are in accordance 
with a systematic review and meta-analysis performed 
by Angkananard et al.55 in 2018. In mentioned paper, 
the authors reported that higher NLR ratio is associated 
with coronary artery disease, acute coronary syn-
drome, and composite cardiovascular events.
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The same point of chronicity can be also true about 
RDW since the only insignificant study was performed 
on patients with acute symptoms while all other studies 
reported a significant association. In this study, we 
found that RDW has a stronger correlation with severity 
of coronary artery calcification in diabetic patients com-
pared to non-diabetic patients but the overall correla-
tion in both groups is closer to those non-diabetic 
patients. Based on C Su et al.’s findings in 2015, it is 
notable that RDW is also associated with increased risk 
of mortality in patients with stablished CAD56.

Based on our observations, IL-6 is associated with 
severity of coronary calcification. The positive point 
about meta-analysis on this marker is that we were able 
to include the only non-significant study among other 
significant studies and this reduces possible bias in 
quantitative results.

Focusing more on high between study heterogeneity 
and fragile results of sensitivity analysis, it is expected 
that the final conclusion on IL-6 marker can be easily 
changed after a quality study is published in this field 
and it makes us uncertain about clinical applicability of 
the results.

Our uncertainty even increased while reading a pa-
per by Danesh et al. in 2008. In this really valuable 
paper, the authors performed two more prospective 
studies plus a systematic review in which authors de-
clared that long-term IL-6 levels are associated with risk 
of coronary heart disease57.

In this study, we could evaluate eight papers in as-
sociation between CRP concentration and severity of 
coronary artery calcification and only in one of them 
CRP was reported to be associated with severity of 
CAC with a very low correlation strength. These find-
ings about CRP are well supported by previously pub-
lished reviews.

In a valuable systematic review performed by Shah 
et al. in 2009, the authors concluded that superiority of 
CRP against Framingham risk equation is not proved 
and they also stated that clinical use of CRP in predic-
tion of coronary events requires further researches58.

In another large systematic review and meta-analysis 
of 83 cohort studies performed by Hemingway et al., 
the authors stated that no clinical practice recommen-
dation can be made due to uncertainty of evidences 
about association between CRP and prognosis of pa-
tients with stable coronary disease which is totally con-
firmed by our results59.

Another valuable critical review done by Casas et al. 
found the same results as others. They concluded that 
animal studies indicate that CRP can be definitely 

pathogenic after ischemic infarction by the relevance 
with process of atherogenesis is unproved60. Since cor-
onary artery calcification is a part of atherogenesis 
process, we believe that our results are confirming their 
findings.

Although we were unable to achieve a reliable and 
strong evidence about association between MPV and 
severity of coronary artery calcification, other similar 
studies with a focus on MPV have concluded that MPV 
is associated with coronary artery disease and can be 
helpful in risk prediction especially in combination with 
other risk factors61,62

We could only find one primary paper in association 
between LMR and severity of CAC which showed a 
negative correlation between LMR and CAC. We were 
unable to find any review article of high quality in asso-
ciation between LMR and severity of coronary artery 
disease. Only two primary papers with acceptable qual-
ity were found on this topic which both of them conclud-
ed that LMR is independently correlated with severity 
of coronary atherosclerosis or presence of CAD and 
high SYNTAX scores63,64.

In this systematic review, we could only find one pa-
per that points out to the role of PLR in predicting CAC 
in which the authors reported a very significant differ-
ence in mean PLR in different groups of patients based 
on CAC while in their model, the odds ratio was not 
significant.

In a recent systematic review published by Z Qiu 
et al. in 2020 about relationship between PLR and sta-
ble CAD, the authors have reported that PLR is asso-
ciated with stable CAD, severe stenosis in CAD, 
collateral circulation, and coronary slow flow phenom-
enon. They also suggested that future studies are re-
quired to better clarify this association and this is totally 
supported by our results65.

We feel like that it must be remarked again at the end 
that in all qualitative and quantitative analyses in this 
paper, we aimed to assess the association between 
novel cardiovascular risk factors and coronary artery 
calcification; not mortality rate, necessarily severity of 
coronary artery stenosis or even incidence or preva-
lence of newly stablished coronary artery disease and 
this is what makes our paper novel and such data were 
not presented priorly.

Like any other systematic review, one of our main 
challenges was to be able to unify data formats of 
primary papers to do a meta-analysis for better results. 
Unfortunately, we could only achieve this task in case 
of RDW and IL-6. We are lucky to report that our 
qualitative results about other markers except MPV, 
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PLR, and LMR are reliable since we did not find any 
serious controversial results in qualitative analyses.

What we found after reviewing 5252 articles and per-
forming data extraction on results of more than 31,000 pa-
tients indicate that most of these so called novel 
cardiovascular risk factors are not yet investigated enough 
and are not clinically reliable at all and there is still a long 
way ahead of researchers to achieve a unique conclusion 
about them. This reliability may vary between markers 
but what seems to be clear is that NLR, RDW, and IL-6 
are significantly associated with severity of coronary ar-
tery calcification while CRP is not associated with CAC 
because of the fact that mentioned markers were studied 
more and the results are less controversial.

Conclusion

This systematic review and meta-analysis is a totally 
novel paper with a scientific and sensitive search strat-
egy covering more than 5000 published papers and 
included seven different markers.

Based on our results, we can conclude that severity 
of coronary artery calcification is correlated with at least 
NLR, RDW, and IL-6 and is not correlated with CRP.

Our results about other novel risk factors including 
MPV, LMR, and PLR are not reliable and a lot of more 
primary papers and further meta-analyses are required 
to achieve a trustable result.
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