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Complete blood cell count-derived ratios
can be useful biomarkers for neurological
diseases
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Abstract
Complete blood cell count-derived parameters such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) have recently shown to be highly sensitive biomarkers. Their
usefulness has been proven as prognostic factors in several cancers, in the stratification of mortality in major cardiac events,
as predictors and markers of infectious or inflammatory pathologies, and in many other conditions. Surprisingly, the study
of these biomarkers in neurological diseases is somewhat limited. This paper aims to take stock of the data present in the
literature regarding the complete blood cell count-derived ratios in this group of pathologies and to formulate a hypothesis,
based on the most recent data concerning innate and acquired immunity, on which diseases of the nervous system could
benefit in diagnostic and prognostic terms from the in-depth study of these new biomarkers.
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Introduction

Recently, complete blood cell count (CBC)-derived pa-
rameters such as neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (LMR) have been extensively studied
and proven to be highly sensitive biomarkers of disease.

Neutrophil-to-lymphocyte ratio, PLR, and LMR are not
only inflammatory indices, but their trend reveals alter-
ations in the immunological balance due to various pa-
thologies, such as neoplastic or cardiovascular ones. For
example, a neutrophilic response in cancer is associated
with a poor prognosis. Indeed, it can inhibit the immune
system by suppressing the cytotoxic activity of T cells, and
likewise, the polarization status of monocytes/macrophage
cells derived from blood regulates the response to tumors in
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all areas of the organism. In turn, platelets can participate in
the inflammatory reaction by releasing growth factors or
increasing angiogenesis.

In almost all neurological diseases, an imbalance be-
tween innate immunity cells (such as neutrophils or
macrophages) and acquired immunity cells (such as B and
T lymphocytes) can be identified and also linked to the
altered permeability of the blood–brain barrier.1 Further-
more, in recent years, NLR, LMR, and PLR indices in
neurological diseases have begun to be studied (Figure 1).

This paper aims to take stock of the study of these
indices in neurological diseases and highlights the rationale
for possible practical use, even in diseases in which they
have not yet been studied.

Methods

Pertinent studies published were selected employing a
MEDLINE search, accessed via PubMed database scanning.
Search keys gave the following results: “neutrophil-to-
lymphocyte ratio and neurology,” 117 outputs; “platelet-
to-lymphocyte ratio and neurology,” 28 outputs; and
“lymphocyte-to-monocyte ratio and neurology,” 15 outputs.

Given the short format of the paper, we made a close
selection of the most representative studies. The articles we
decided to cite in this paper were chosen based on their
overall significance, referring to two main criteria: (i) we
took into account the most recent studies in the considered
topic, namely, for the ability to better represent state of the
art on this focus; (ii) we considered the value of topics
covered, in terms of relevance and scopes.

Results

The main results we could summarize from the literature
review are that, currently, evaluating the blood cell count-
derived indices (NLR, LMR, and PLR) finds its most
significant application in cerebrovascular diseases and
primary and secondary brain tumors. However, they have
great potential also in other neurological diseases, and
future applications may include neurodegenerative and
neuropsychiatric diseases in which neuroinflammation is
present.2

Discussion

The hematological indices studied have only recently been
correlated with neurological pathologies. The first studies
on NLR and LMR date back to 2013 and those on PLR date
back to 2016. Interestingly, these studies focused mainly on
cerebrovascular diseases. The outcome of patients with
acute ischemic stroke can be related to such inflammatory
indexes.3 The authors showed that high levels of NLR on
hospital admission were associated with poor outcomes

within 90 days, in a robust analysis, corrected for con-
founder variables.3 Post-thrombolysis early neurological
outcomes have also been recently studied.4 The patients
with early neurological deterioration (END) have higher
levels of NLR, PLR, and lower levels of LMR than patients
in the early neurological improvement (ENI) group.4

Another group of studies devoted to these hematological
indices focused on primary and secondary brain tumors.
The NLR may be a useful prognostic biomarker in brain
tumors such as gliomas, meningiomas, or medulloblasto-
mas and metastases from non-small cell lung cancer. In
melanoma patients with brain metastases, higher NLR and
PLR and lower LMR were associated with reduced overall
survival.5

Interestingly, a significantly higher PLR and a lower
LMR were found in patients with brain metastasis than in
patients with glioblastoma. Both PLR and LMR had good
diagnostic accuracy in differentiating glioblastoma from
brain metastasis, but LMR showed the highest diagnostic
accuracy. On the contrary, NLR showed low diagnostic
accuracy.6

The hematological indices have also been evaluated in
multiple sclerosis (MS).7 The NLRwas found to be higher in
MS and optic neuritis patients compared to healthy controls.
The NLR may be a new supplemental marker of disease
activity in relapsing–remitting MS patients, revealing an
association between a high NLR value and MS occurrence.7

Inflammatory hypotheses have been suggested to ex-
plain the etiopathogenesis of several neurodegenerative
and neuropsychiatric illnesses.2 Therefore, hematological
indices have excellent potential in this field, but surpris-
ingly, studies on this topic are very limited. The NLR may
help identify patients with cognitive impairment from
Alzheimer’s disease.8 In bipolar disorder, the NLR, PLR,
and LMR were significantly higher in (hypo)manic than
depressed individuals.9

The main reason why these hematological parameters are
not yet widely used in diagnostics is that they are influenced
by ongoing therapies and intercurrent diseases.10 Studies on
this topic have only begun in recent years, but, likely, the use
of parameters such as NLR, LMR, and PLR will soon
become systematic in all neurological diseases.

This could have a substantial impact on diseases such as
dementia and psychiatric disorders, where pathogenetic aspects
of the neuroinflammatory type have emerged more recently.

Furthermore, over the last few years, new indices, in-
cluding the platelet-to-neutrophil ratio (PNR) and the
eosinophil-to-neutrophil ratio (ENR) and the eosinophil-to-
monocyte ratio (EMR), which take into account the eo-
sinophils, a type of immune cell involved in the acute
inflammatory response, were found to have considerable
effectiveness in cerebrovascular disease prognostic pre-
diction. Future research will explore whether and how these
new indices should be used to express their potential as
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reliable markers to guide diagnostic and therapeutic
strategies in neurodegenerative diseases.

Conclusion

Complete blood cell count-derived parameters, includ-
ing neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and lymphocyte-to-monocyte
ratio (LMR), reveal alterations in the immunological
balance and have been found helpful markers for
prognostic evaluation of several diseases, such as neo-
plasms and cardiovascular ones. Encouraging applica-
tions of these parameters are cerebrovascular diseases
and primary and secondary brain tumors, for which they

displayed good effectiveness as a predictive outcome
measure and prognostic biomarkers. Moreover, several
lines of evidence suggest that they are useful in
multiple sclerosis, Alzheimer’s disease, and bipolar dis-
orders. These findings suggest that they have great po-
tential in other neurological diseases. Future promising
applications may include neurodegenerative and neuro-
psychiatric diseases in which neuroinflammation has re-
cently been identified as a fundamental pathogenetic
mechanism.
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Figure 1. Complete blood cell count-derived parameters, including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and lymphocyte-to-monocyte ratio (LMR), have recently been applied to neurological diseases as sensitive biomarkers for
early diagnosis and accurate prognosis. Among diseases in this field, cerebrovascular diseases and primary and secondary brain tumors
are the conditions in which these parameters have been studied better, showing good effectiveness as predictive and prognostic
biomarkers. However, they have been found useful in multiple sclerosis, Alzheimer’s disease, and bipolar disorders, thus having great
potential in other neurological diseases. Future applications may include neurodegenerative and neuropsychiatric diseases in which
neuroinflammation has recently emerged as a key pathogenetic mechanism.
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