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Abstract

Introduction In the current systematic review and meta-analysis, we aim to analyze the existing literature to evaluate
the role of inflammatory biomarkers, including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), C-reactive protein (CRP), tumor necrosis factor-a (TNF-a), and interleukin-6 (IL.-6) among individuals with cardiac
syndrome X (CSX) compared to healthy controls.

Methods We used PubMed, Web of Science, Scopus, Science Direct, and Embase to systematically search relevant
publications published before April 2, 2023. We performed the meta-analysis using Stata 11.2 software (Stata Corp,
College Station, TX). So, we used standardized mean difference (SMD) with a 95% confidence interval (Cl) to compare
the biomarker level between patients and healthy controls. The I and Cochran’s Q tests were adopted to determine
the heterogeneity of the included studies.

Results Overall, 29 articles with 3480 participants (1855 with CSX and 1625 healthy controls) were included in the
analysis. There was a significantly higher level of NLR (SMD =0.85, 95%CI=0.55-1.15, 12=89.0 %), CRP (SMD=0.69,
95%Cl=0.381t0 1.02, p<0.0001), IL-6 (SMD=5.70, 95%Cl=1.91 to 9.50, p=0.003), TNF-a (SMD =3.78, 95%C|=0.63
t06.92, p=0.019), and PLR (SMD=1.38, 95%CI=0.50 to 2.28, p=0.02) in the CSX group in comparison with healthy
controls.

Conclusion The results of this study showed that CSX leads to a significant increase in inflammatory biomarkers,
including NLR, CRP, IL-6, TNF-g, and PLR.
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Introduction

Cardiac syndrome X (CSX) is characterized by typical or
atypical anginal chest pain with no evidence of significant
coronary vascular abnormalities visualized on the angio-
gram. The etiology of cardiovascular symptoms due to
CSX has yet to be fully understood [1], and with previ-
ous studies failing to uncover specific pathophysiology
of CSX, our abilities to cure and prevent this disease are
limited. However, several pathogenic mechanisms have
been proposed, including inflammation, neuroendocrine
dysfunction, and oxidative stress [2, 3]. To further char-
acterize immune dysregulation in CSX, many studies
have evaluated levels of circulating inflammatory media-
tors, such as neutrophil to lymphocyte ratio (NLR), plate-
let to lymphocyte ratio (PLR), C-reactive protein (CRP),
tumor necrosis factor-a (TNF-a), and interleukin-6 (IL-
6) [4-32].

An emerging and unique inflammatory marker, the
NLR, has more recently been investigated in the setting
of human cardiac diseases like cancer, stroke, and hyper-
tension. A population-based study on 13,732 participants
published in 2024 showed that NLR was associated with
coronary heart disease risk in adults [33]. Pathologically,
blood neutrophils increase, and lymphocytes decrease
in response to inflammatory stress, increasing the NLR.
PLR, similar to NLR, is a relatively novel inflammatory
marker, with recent studies showing significant elevation
in several cardiac disorders [34]. For example, a recent
meta-analysis published in 2024 showed that among
heart failure patients, PLR was significantly lower in sur-
vived patients rather than deceased group [35]. In addi-
tion, CRP is an acute-phase protein released during times
of increased stress and inflammation. Recent studies have
shown that this biomarker can have some diagnostic and
prognostic role in several cardiovascular disorders. For
example, a 15-year prospective cohort study published
in 2024 showed that CRP is associated with an increased
risk of cardiovascular disease [36]. In addition, TNF-a
and IL-6 are well-studied inflammatory markers released
mostly by macrophages and monocytes during stressful
events and have some diagnostic roles in cardiac disor-
ders like hypertension and myocardial infarction [37-40].
While some previous studies have shown that these bio-
markers were increased in CSX patients, other studies
reported no association between these biomarkers and
CSX; so, debate continues about the role of these bio-
markers in CSX.

To better determine the association of NLR, CRP, IL-6,
TNF-a, and PLR with CSX, we have conducted a meta-
analysis to review the published literature examining
inflammatory marker levels in these patient populations.
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Materials and methods

This study follows the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) 2020
reporting guideline [41]. The PRISMA checklist of this
study is shown in Supplementary File A. The protocol
was registered in PROSPERO (CRD42023448843).

Eligibility criteria
Our inclusion criteria based on PICO criteria were as
follows:

(a) Population: Patients with CSX.

(b)Control: Healthy controls.

(c) Intervention/Exposure: Level of NLR, CRP, IL-6,
TNF-a, and PLR in CSX.

(d) Outcomes: Diagnostic significance of NLR, CRP,
IL-6, TNF-a, and PLR in CSX.

(e) Study design: cohort, case-control, and cross-
sectional studies.

Our exclusion criteria were as follows: (1) Those that
did not compare any one of our outcomes inflamma-
tory biomarkers (NLR, CRP, IL-6, TNF-a, OR PLR) levels
between CSX patients and controls; (2) Studies that did
not report their results as Mean+standardized division
(SD). There were not any limitations on language or date
of publication.

Information sources

One author (ShS) searched PubMed, Web of Science,
Scopus, ScienceDirect, and Embase databases to identify
all studies comparing the level of inflammatory biomark-
ers between CSX patients and healthy controls, published
before April 2, 2023. Initially, we conducted a thorough
search to identify all studies on the role of inflammatory
biomarkers in CSX.

Search strategy
Our search strategy was as follows: (“NLR“[All Fields] OR
“neutrophil to lymphocyte ratio“[All Fields] OR “platelet
to lymphocyte ratio“[All Fields] OR “PLR“[All Fields] OR
“C-reactive protein“[All Fields] OR “CRP“[All Fields] OR
“tumor necrosis factor“[All Fields] OR “TNF“[All Fields]
OR “interleukin“[All Fields]) AND (“cardiac syndrome
X“[All Fields] OR “microvascular angina“[MeSH Terms]
OR “microvascular angina“[All Fields]). There was no
limitation on the publication date or language of studies
in our search. The exact search strategy is shown in Sup-
plementary file B. We did not search unpublished studies.
Additionally, two authors (ShKh and ShS) reviewed the
reference lists of included and relevant studies, accord-
ing to the snowball method, to identify further eligible
studies.
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Selection process

EndNote was used for study screening [42]. Initially,
duplicate studies were deleted (521). Then, two authors
(PA and ShS) screened the titles and abstracts of stud-
ies found in the initial search of databases and found the
closely relevant studies (N=85). Then, the same authors
obtained and screened the full texts of these studies.
Then, 41 studies were deleted due to lack of data on NLR,
CRP, IL-6, TNF-a, or PLR, 11 studies due to irrelevant
population, four for being review articles, and one due to
lack of peer review. The remaining studies were used in
the meta-analysis (N=29). The kappa statistic was used
to calculate Inter-reviewer agreement for the study selec-
tion [43]. The Kappa value of >0.6 was considered a sig-
nificant agreement between the authors.

Data collection process

Supplementary file C shows our data extraction form.
Two authors (MAD and PA) extracted data manually and
independently using an Excel sheet.

Data items

The first author, year of publication, study design, study
location, total sample size, number of patients and
healthy controls, type of biomarker measured, mean
and SD of biomarker level, or any data for estimating
the mean and SD (median and IQR or/and range) were
extracted.

Study risk of bias assessment

Two authors (MKh and MAD) conducted the quality
assessment of included studies, utilizing the Newcastle—
Ottawa scale (NOS) [44]. Disagreements between the
authors were finally resolved via consensus and consult-
ing with the third author(HB). Those studies with six or
more points were deemed to have good quality.

Effect measures

we used standardized mean difference (SMD) with
a 95% confidence interval (CI) to compare the bio-
marker level between patients and healthy controls. The
median(Interquartile range) values were converted to
meantSD using the method introduced by Wan et al.
[45].

Synthesis methods

We performed the meta-analysis using Stata 11.2 soft-
ware (Stata Corp, College Station, TX). The I? and
Cochran’s Q tests were adopted to determine the hetero-
geneity of the included studies. Significant heterogeneity
between studies was conceived as I > >50% and p-value
of the Q test<0.05. In the case of significant heterogene-
ity, we used the random-effects model. Otherwise, the
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fixed-effect model was chosen. Pvalue<0.05 was consid-
ered significant.

Reporting bias assessment

We used the funnel plot and Egger’s test to determine the
publication bias. The symmetric plot was seen in the lack
of bias.

Certainty assessment

One of the authors (ShKh) utilized the Grading of Rec-
ommendations Assessment, Development, and Evalu-
ation (GRADE) method to evaluate the certainty of the
evidence for the outcome investigated in the meta-anal-
ysis [46].

Results

Search results and included studies

Table 1 shows the general characteristics of included
studies, and Fig. 1 shows the PRISMA flow diagram, indi-
cating the process of inclusion and exclusion in detail [4—
32]. We found an almost perfect agreement between the
authors concerning interrater reliability of study selec-
tion (94% agreement; kappa=0.83; 95%CI=0.65-1.0,
P<0.001).

NLR level in patients with cardiac syndrome X

A random-effect model revealed significantly higher
NLR levels in the CSX group than healthy controls
(SMD=0.85, 95%CI=0.55 to 1.15, p<0.0001, 1*=89.0%)
(Fig. 2). However, the GRADE approach determined that
the certainty of this summary estimate of effect was very
low. (Table 2).

The subgroup analysis according to the study design
demonstrated that there was a significantly higher
NLR level among CSX patients in comparison with
healthy controls in either retrospective (SMD=0.83,
95% CI=0.51 to 1.14, p<0.001, I*=74.3%) or prospec-
tive studies (SMD=0.98, 95% CI=0.32 to 1.64, p=0.004,
12=94.2%) (Fig. 3).

CRP level in patients with cardiac syndrome X

CRP level was significantly higher in the CSX group
than healthy controls (SMD=0.69, 95%CI=0.38 to 1.02,
»<0.0001). A random-effect model was used due to high
heterogeneity (1°=92.2%, Fig. 4). However, the GRADE
approach determined that the certainty of this summary
estimate of effect was very low (Table 2).

IL-6 level in patients with cardiac syndrome X

Meta-analysis of four relevant articles using the random-
effect model showed that IL-6 level was significantly
higher in the CSX group compared to healthy controls
(SMD=5.70, 95%CI=1.91 to 9.50, p=0.003, [*=99.1%,
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Fig. 1 PRISMA 2020 Flow diagram for new systematic reviews which includes searches of databases, registers and other sources

syndrome [48]. Another meta-analysis reported that
NLR could predict arrhythmia, in-stent thrombosis,
angina, no-reflow, advanced heart failure, nonfatal myo-
cardial infarction, long-term all mortality, cardiac mor-
tality, MACE, and nonfatal myocardial infarction (MI)
in patients with acute ST-segment elevation MI after
percutaneous coronary intervention [49]. In addition,
a meta-analysis conducted by Liu et al. has shown that
elevated preoperative NLR could predict postoperative
atrial fibrillation [50]. In another meta-analysis, an ele-
vated preoperative NLR (>5 in vascular surgery, >3.3 in
cardiac surgery) was associated with high mortality at a
mean follow-up of 34.8 months, raised risk of post-oper-
ative re-intubation, amputation in vascular operations,
and increased cardiac mortality [51]. In the recent meta-
analysis on the association of NLR with heart failure,
NLR was associated with all-cause mortality and renal
dysfunction [52].

To the best of our knowledge, there has not been a
review of research on CSX. Our findings are the first to
provide a thorough and up-to-date assessment of NLR
and other inflammatory marker levels in CSX patients
based on a review of all publications.

Despite numerous studies investigating the correla-
tion between NLR and CSX in the past, the findings
have been inconsistent. The existing literature has shown

a significant variability in the reported associations
between NLR and CSX. While dissecting the results, we
found that NLR has been shown in the literature to be a
unique inflammatory marker that may reflect important
immunologic abnormalities critical to the development
of CSX [31].

The PLR is increasingly being viewed as a marker of
systemic inflammation due to studies indicating that
platelets have early involvement in the inflammatory
response and tissue healing [53]. However, studies on the
PLR are less frequent compared to studies on the NLR
[54]. Platelets collaborate with different types of white
blood cells and release substances that prompt leuko-
cytes to adhere faster to endothelial surfaces, potentially
causing cellular leakage. Platelets can significantly impact
the inflammatory response of leukocytes, either enhanc-
ing or suppressing their activity. An increased PLR may
result from chronic low-grade inflammation, and a rising
PLR could indicate persistent inflammation, increasing
susceptibility to various conditions like CSX, coronary
artery disease, autoimmune diseases, and solid organ
tumors [55].

Similar to the NLR, many studies have investigated the
potential of the PLR as a diagnostic tool for determin-
ing the extent of inflammation in various cardiovascu-
lar diseases. Recently, a meta-analysis revealed that an
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Fig. 2 Meta-analysis of differences in NLR level between CSX patients and healthy controls

increased PLR may indicate stable CAD and can help
predict collateral circulation, severe CAD stenosis, and
CSF [56]. Higher PLR predicts worse in-hospital and
long-term outcomes in STEMI patients following pPCI,
according to a meta-analysis published in 2021 [57]. In
another study, Wang and colleagues discovered that NLR
and PLR are potential biomarkers for predicting prog-
nosis in individuals with acute pulmonary embolism
(PE) since the increase of both biomarkers was linked
to greater mortality rates [58]. A meta-analysis con-
ducted in 2021 found that patients with STEMI who have
higher PLR levels upon admission and receive primary
PCI treatment are more likely to experience in-hospital
MACE and mortality, as well as long-term MACE and
mortality [59]. Lastly, Li and colleagues discovered that
PLR has the potential to be an effective biomarker to pre-
dict the likelihood of poorer prognosis in patients with
ACS [60]. Our study also showed significantly higher lev-
els of PLR in CSX patients.

The positive results from different studies indicate that
NLR and PLR are proper biomarkers for cardiovascular
diseases, and their elevation can predict adverse out-
comes. However, the specificity of NLR and PLR for these
diseases is under debate as they may not differentiate two
different illnesses. Aging, ethnicity, obesity, and genetic
factors are other factors that can alter inflammatory bio-
markers, so clinicians should be cautious when using
these biomarkers for their diagnosis [61, 62].

Other investigations have shown an unequal distri-
bution of pro-inflammatory elements and anti-inflam-
matory processes in individuals with CSX, suggesting
that inflammation could contribute to endothelial and
microvascular dysfunction, which are believed to play
a role in the onset of CSX [2]. Tousoulis and colleagues
found elevated levels of intercellular adhesion molecule-1
and vascular cell adhesion molecule-1 (VCAM-1) in the
bloodstream of patients with CSX. These molecules are
produced by activated endothelial cells in response to
inflammatory triggers [63].
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Table 2 Grade' evidence profile for studies on the role of neutrophil to lymphocyte ratio in cardiac syndrome X

Certainty assessment

No of patients  Certainty® Im-

No of Study Risk of Inconsistency® Indirectness  Imprecision* Publica-  Partici- Cases, por-
studies design bias? tion bias® pants, n tance
n

NLR

13 obser- not serious  very serious not serious not serious very 1936 996 OO0 CriT-
vational serious Very low CAL
studies

CRP

21 obser- not serious  very serious not serious not serious very 266 1224 OOQO CRIT-
vational serious Very low CAL
studies

IL-6

4 obser- not serious  very serious not serious not serious very 494 261 OO0 CriT-
vational serious Very low CAL
studies

TNF-a

4 obser- not serious  very serious not serious not serious not serious 477 257 SOOO CRIT-
vational Very low CAL
studies

PLR

4 obser- not serious  very serious not serious not serious not serious 694 347 SO0 CrimT-
vational Very low CAL
studies

'Grading of Recommendations Assessment, Development and Evaluation

2Risk of bias based on Newcastle-Ottawa Scale

3When 12 was <30% inconsistency considered as Not serious limitation, >50 considered as serious and more than 75% considered as very serious limitation

“Serious limitations when there was fewer than 400 participants for each outcome and very serious limitations when there was fewer than 300 participants for each

outcome

SFunnel plot revealed some evidence of asymmetry and test of publication bias approached P<0.10

%Data from cohort studies begin with a grade of “LOW”. Downgraded for very serious inconsistency

As for IL6 and TNF-g, similar elevation was found in
our analysis of CSX patient studies.

IL-6 is a significant cytokine that has both anti-
inflammatory and pro-inflammatory effects. It can be
produced locally by crucial cells in the development of
atherosclerosis, such as muscle cells, endothelial cells,
and macrophages [26]. Therefore, it can lead to vascu-
lar inflammation by inducing the formation of foam
cells in macrophages, dysfunction of the endothelium,
migration of inflammatory cells into the subintima, and
smooth muscle proliferation [64]. This indicates that IL-6
may contribute to the pathogenesis of CSX by promot-
ing inflammation and initiating endothelial dysfunction,
which leads to reduced vascular reactivity, specifically
microvascular vasoconstriction. It may also cause myo-
cardial ischemia in CSX by increasing diffuse atheroscle-
rosis at the microvasculature [65].

TNF-a has been associated with the development and
advancement of atherosclerosis and its related outcomes,
such as acute coronary syndrome. Additionally, TNF-a
has been demonstrated to hinder the generation of NO
by inhibiting the production of the endothelial nitric
oxide synthase enzyme in endothelial cells [66]. The most
commonly accepted explanation of CSX pathogenesis

suggests that this condition can induce endothelial dys-
function, leading to impaired microvascular function.

Notably, new evidence suggests that CRP may be
both a marker and a mediator of cardiac syndrome X.
CRP induces endothelial cells to produce cellular adhe-
sion molecules, endothelin-1, and interleukin-6 [25].
CRP plays a role in activating monocyte chemoattrac-
tant protein-1 and enhancing the uptake of low-density
lipoprotein by macrophages. Additionally, CRP inhibits
angiogenesis, decreases nitric oxide synthesis, upregu-
lates the angiotensin type 1 receptor in smooth muscle
cells, and reduces prostacyclin release by endothelial
cells [67]. Reducing CRP levels by using statins or aspi-
rin could improve coronary microvascular function.
However, the efficacy and safety of this approach are not
definitively established and require further investigation.
Indeed, since many inflammatory mediators exist, iden-
tifying inflammatory mechanisms and triggers in each
specific clinical scenario and targeting therapy to the par-
ticular rate limiting or trigger stages in effector pathways
looks more plausible [67].

While patients with CSX have a favorable prognosis,
they frequently develop recurring angina pectoris cri-
ses. Several drugs used to treat stenotic coronary artery
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Study %
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- 1
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Fig. 3 Subgroup analysis of differences in NLR level between CSX patients and healthy controls according to study design

disease can be recommended in this clinical state; how-
ever, there is no specific treatment available due to the
unknown etiology of the disease [1]. We believe future
research into specific CSX treatment approaches will
concentrate on novel pathways, such as targeting inflam-
mation and NLR levels.

Limitations and strengths

We gathered all information on the association between
inflammatory biomarkers and cardiac syndrome X for
the current meta-analysis. Although meta-analysis often
strengthens the existing evidence, there are various limi-
tations to consider when interpreting our study results.
Our study has several limitations associated with the
observational nature of the included studies with all the
inherited biases. In fact, the considerable heterogeneity
found, which is likely due to the inclusion criteria used

by the participants, as well as the study designs, diagnos-
tic criteria, sex, and age of participants, may have led to
indefinite findings. Furthermore, the results could have
been biased due to publication bias. Furthermore, using
the GRADE method, the GRADE approach determined
that the certainty of this summary estimate of effect
was very low. Another limitation was that most of the
included studies were conducted in Turkey, China, and
Italy. Inflammatory biomarkers may differ depending on
race and other factors. As a result, further studies in other
regions are needed to verify or reject the influence of race
on inflammatory biomarkers. In addition, our findings
are limited by the use of SMD instead of odds ratio(OR),
risk ratio (RR), and hazard ratio (HR). When we extracted
the data, most relevant studies reported mean=SD. So,
in our study, SMD was used. This limitation means that
study findings must be interpreted cautiously because
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Tondi (2011)

Karakas (2012)
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Fig. 4 Meta-analysis of differences in CRP level between CSX patients and healthy controls

3.46

%

Author (year) Effect (95% CI) Weight
Li (2007) :—0— 7.38 (6.02, 8.75) 24.72
Rasmi (2012) i —&— 12.20(10.61, 13.80) 24.43
Demir (2016) - i 0.44 (0.17, 0.70) 25.50
Mahfouz (2016) - i 3.10 (2.46, 3.74) 25.35
Overall, DL (f = 99.1%, p = 0.000) 0 5.70 (1.91, 9.50) 100.00
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Fig. 5 Meta-analysis of differences in IL-6 level between CSX patients and healthy controls
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Fig. 6 Meta-analysis of differences in TNF-a level between CSX patients and healthy controls
%
Author (year) Effect (95% CI) Weight
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Yasar (2022) —o—:r 1.11 (0.82, 1.40) 25.33
Overall, DL (f = 96.3%, p = 0.000) <> 1.38 (0.50, 2.26) 100.00
I T
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Fig. 7 Meta-analysis of differences in PLR level between CSX patients and healthy controls

average values can prove differences but not correlations.
This issue is intriguing and could be usefully explored
in further research. Despite these limitations, our find-
ings provide crucial clinical implications. To the best of
our knowledge, this is the first meta-analysis that com-
pletely analyzes information addressing the relationship
between inflammatory biomarkers and cardiac syndrome
X. Other key strengths of our meta-analysis should also
be highlighted. First, we established a repeatable and
thorough search method for each database, in addition
to the manual reference search of the references of the
first selected papers, reviews, meta-analyses, or com-
ments. Furthermore, various inflammatory biomarkers
were carefully analyzed in this study, although further
research is required to determine a cut-off value point
for such biomarkers. Finally, all the included articles
excluded the patients with disorders affecting inflamma-
tory markers, such as hematological disorders, chronic or
acute inflammatory or infectious diseases, malignancies,
hepatic insufficiency, renal dysfunction, or steroid ther-
apy. Regarding the fact that in several systemic disorders,

the level of inflammatory markers may rise, and it can
affect the results of diagnostic tests, this exclusion crite-
rion among included studies could substantially increase
our results’ validity.

Conclusion

Despite the limitations, our results showed that the levels
of NLR, CRP, IL-6, TNF-4, and PLR in patients with CSX
were increased compared to healthy controls. Although
these biomarkers are straightforward and readily acces-
sible, making them potentially suitable options for coun-
tries with limited healthcare resources, their ability to
predict CSX needs further exploration. Additional stud-
ies are necessary to investigate the correlation between
these ratios and CSX in more depth.

Abbreviations
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C-reactive protein CRP
tumor necrosis factor-a TNF-a
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