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The neutrophil-to-lymphocyte
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Guillain-Barre syndrome: a
systematic review with
meta-analysis
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Background and objectives: Guillain-Barre syndrome (GBS) is an immune-
mediated neuropathy. This has raised the possibility that the neutrophil-
lymphocyte ratio (NLR) may be a biomarker of its activity. We conducted a
systematic review and meta-analysis to summarize the evidence of NLR as a
potential biomarker for GBS.

Methods: We systematically searched databases (PubMed, Ovid-Medline,
Embase, Scopus, Web of Science, SciELO Citation Index, LILACS, and Google
Scholar) until October 2021 for studies evaluating pre-treatment NLR values in
GBS patients. A meta-analysis using a random-effects model to estimate pooled
effects was realized for each outcome and a narrative synthesis when this was
not possible. Subgroup and sensitivity analysis were realized. GRADE criteria were
used to identify the certainty of evidence for each result.

Results: Ten studies from 745 originally included were selected. Regarding GBS
patients versus healthy controls, a meta-analysis of six studies (968 patients)
demonstrated a significant increase in NLR values in GBS patients (MD: 1.76; 95%
Cl: 1.29, 2.24; 12 = 86%) with moderate certainty due to heterogeneity of GBS
diagnosis criteria used. Regarding GBS prognosis, assessed by Hughes Score >
3, NLR had a sensitivity between 67.3 and 81.5 and a specificity between 67.3
and 87.5 with low certainty due to imprecision, and heterogeneity. In relation to
respiratory failure, NLR had a sensitivity of 86.5 and specificity of 68.2 with high
and moderate certainty, respectively.

Discussion: With moderate certainty, mean NLR is higher in GBS patients
compared to healthy controls. Furthermore, we found that NLR could be a
prognostic factor for disability and respiratory failure with low and moderate
certainty, respectively. These results may prove useful for NLR in GBS patients;
however, further research is needed.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier: CRD42021285212.
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1. Introduction

(GBS), an
peripheral neuropathy, is the most common cause of acute flaccid

Guillain-Barre syndrome immune-mediated
paralysis and is characterized by rapidly progressive weakness or
sensory loss usually followed by slow clinical recovery (1). The
annual global incidence rate is 1-2 cases per 100,000 people per
year (2). The global prevalence of GBS has shown an increase of
6.4% from 1990 to 2019, reporting in the latter year, more than
150,000 cases and more than 44 000 years lived with disability
(YLD) (3). Also, Asia and Central and South America are the
regions with the highest frequency (30-65%) of the axonal subtype
of GBS which is the most severe subtype of the disease (4). In
addition, death or severe disability results in almost 20% of patients
despite adequate treatment (5).

The most frequent risk factor of GBS is gastrointestinal and
respiratory infection (6), which generates a cellular and humoral
response by T and B cells. The latter induces an antiganglioside
antibody response that crosses the blood-nerve barrier and activate
the complement. Likewise, T-cell activation leads to cytokine
release, Schwann cell damage and myelin destruction (7). This
mechanism results in axonal degeneration of motor and sensory
fibers of cranial and peripheral nerves (1). This is known as
“molecular mimicry autoimmunity.”

Despite that the role of the neutrophil in GBS pathophysiology
is not well understood, several investigations suggest the
neutrophil-to-lymphocyte ratio (NLR) as a possible index of
immune function, since the systemic inflammation generated by
the disease usually results in neutrophilia and lymphocytopenia
(1, 6-8).

Although the diagnosis of GBS is mainly based on a
combination of clinical criteria, cerebrospinal fluid (CSF) analysis
and nerve conduction studies (Brighton criteria); some criteria
are not present in early stages of the disease, such as cytological
albumin dissolution (after the first week) or alterations in
neuroconduction studies (after the second week) (9). This has led
to the search for biomarkers to establish a rapid and accurate
diagnosis, using serum, peripheral nervous tissue and CSF as the
main sources.

Despite all this, there is a lack of accessible and reliable
biomarkers of systemic inflammation in neurology, which could
provide information to differentiate or predict GBS activity (10-
12). The neutrophil-to-lymphocyte ratio (NLR) is calculated
from the white blood cell count and is a new biomarker used
in neurological diseases such as autoimmume encephalitis and
multiple sclerosis (8, 13). Even now, its part of routine blood
tests and is therefore available for research as possible alternatives.
So, the importance of NLR lies of its performance, its low cost,
its availability in routine examinations and its easy acceptance by
physicians and patients.

NLR is more reflective of systemic inflammation compared to
other leukocyte subtypes, is easier to obtain by blood test, and is
stable and reliable (14). Given that the prognosis of GBS is not
fully elucidated, NLR could be an accessible prognostic factor of
GBS activity and severity. For those reasons, this systematic review
summarizes current knowledge about the potential of NLR as a
biomarker in GBS.
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2. Methods

This systematic review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (15). The study protocol was registered in PROSPERO
with the code CRD42021285212.

2.1. Data sources

We searched in PubMed, Ovid-Medline, Embase, Scopus,
Web of Science, SciELO Citation Index, LILACS and Google
Scholar until October 2021. The search strategy is detailed in
Supplementary Table 1. There were no restrictions on language
or publication date. We completed the search by reviewing the
bibliographic references of the included studies and selecting the
articles that met the requirements.

2.2. Eligibility criteria

Studies were included if they met the following criteria: (1)
Analytical observational studies (cross-sectional, case-control and
cohort studies); (2) Studies included adult participants (aged
> 18 years old) and (3) NLR values assessed at pre-treatment
period in GBS patients. We excluded narrative and systematic
reviews, studies in non-humans, case reports, conference abstracts
and letters.

2.3. Study selection

Results from electronic searches were exported to Endnote X9
and duplicate documents were removed. After, two reviewers (CCB
and MPG) performed a peer review process using Rayyan QCRI
(https://rayyan.qcri.org/) for the selection of articles according
to the inclusion criteria and then reading the full text. Any
discrepancies were resolved by consensus or a third author
(CAD). The complete list of excluded articles is provided in
Supplementary Table 2.

2.4. Outcomes

Our outcomes were (1) Assessment of NLR comparing GBS
patients with healthy control subjects (NLR is the biochemical
parameter calculated by dividing the absolute neutrophil count
by the absolute lymphocyte count); and (2) Assessment of NLR
comparing GBS mild and severe, which was assessed with at least
one of the following from discharge: (a) Hughes’s score (16) using a
scale from 0 to 6 ranging from no symptoms to death, (b) Medical
Research Council (MRC) scale (17) using a scale from 0 to 5
ranging from no visible contraction to active movement against full
resistance, or (c) respiratory failure.
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FIGURE 1
PRISMA flowchart of included studies.

2.5. Data extraction

Two authors (CCB and MPG) independently carried out
information using a data extraction form and any disagreements
were resolved by consensus and ultimately a third author (CAD).
We extracted the following information: title of the study, first
author, year of publication, study design, country where the
study was performed, number of participants, sex, age, sample
time, criteria for diagnosis of GBS, mean or median NLR
according to sample stratification, follow-up crude and adjusted
association measures, type of outcome and its definition. We
contacted the corresponding author through email if additional
data was needed.
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2.6. Risk of bias assessment

The quality of the studies was assessed with the Newcastle
Ottawa Scale (18) by two authors (MCL and CQV) and any
discrepancies were resolved by consensus. This tool evaluates the
quality of published observational studies and is based on three
items: selection, comparability, and outcome/exposure. Each item
has sub-items, on which a star-based score was assigned. Studies
with scores > 6 were considered as having a low risk of bias (high
quality), scores of 4-5 as having a moderate risk of bias, and scores
< 4 as having a high risk of bias (19). If the studies had a double
design (cases and controls, cohorts), the design was considered
according to the main objective of the study.
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TABLE 1 Characteristics of included studies evaluating the clinical significance of neutrophil-to-lymphocyte ratio (NLR) in Guillain-Barré syndrome (GBS) (n = 10).

Study-1D

Country

Study design

GBS diagnostic
criteria

N GBS

N Controls

Match GBS-
control

Characteristics of
the GBS population:
age (years) mean

Blood

sample time

Follow-up

Age: 48.0 (19.9)*

Bedel et al. (20) Turkey Case-control Asbury (1990) 98 101 NR Male (%): 63.3 Admission NR
Age: 55.02 (17.4)*
Ethemoglu and Turkey Retrospective cohortand | NR 68 63 Age Male (%): NR Day post 3 months
Calik (21) Case-control Age: 48.5 (19.0)* admission
Geyik et al. (22) Turkey Retrospective cohort and Asbury (1990) 94 101 Age Gender Male (%): 66 Admission 1 month
Case-control Age: 48.7 (20.6)*
Hashim et al. Egypt Prospective Cohort and Asbury (1990) 35 40 Age Gender Male (%): 42.9 Admission 1 month
(23) Case-control Age: 32.29 (13.4)*
Huang et al. China Retrospective cohortand | Dutch Neuromuscular 117 217 Age Gender Male (%): 62.4 Day post 2 months
(24) Case-control Research Support Age: 49.36 (16.9)* admission
consensus (2001)
Giimiisyayla Turkey Retrospective cohortand | NR 50 49 NR Male (%): NR Day post 3 months
and Vural (25) Case-control Age: 52.8 (17.0)* admission
Sahin et al. (26) Turkey Retrospective cohort Asbury (1990) 24 NR NR Male (%): NR Admission 6 months
Age: 41 (16.0)*
Tung (27) Turkey Retrospective cohort Asbury (1990) 81 NR NR Male (%): 54.3 Day post 1 month
Age: 52.3 (18.4)* admission
Ning et al. (28) China Retrospective cohort Asbury (1990) 426 NR NR Male (%): 59.6 Admission NR
Age: 49.5 (4.7)*
Ozdemir (6) Turkey Retrospective cohort Brighton (2011) 62 NR NR Male (%): 58.1 Admission Discharge

*Mean (standard deviation). NR, not reported.
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Patients Controls
Study Total Mean SD Total Mean SD
Bedel, 2021 98 377 213 101 129 052
Geyik, 2016 94 543 398 101 253 094
Hashim, 2020 35 395 134 40 258 085
Ethemoglu, 2018 36 365 173 30 191 059
Huang, 2018 117 299 047 217 151 0.14
Gumusyayla, 2019 50 299 213 49 217 084
Random effects model 430 538
Heterogeneity: /% = 86%, ©> = 0.2729, p < 0.01
Test for subgroup differences: y_f =284,df=1(p =0.09)

FIGURE 2

NLR MD 95%-ClI Weight

— 248 [205; 291] 18.0%

i —=—— 290 [207; 373] 129%

—+ 137 [085; 1.89] 16.9%

—'— 174 [114; 2.34] 158%

148 [1.39; 157] 21.1%

— 082 [0.18; 1.46] 153%

| I “:>I-’ : I1.76 [1.29; 2.24] 100.0%
-1 0 1 2 3 4

Mean difference of neutrophil-to-lymphocyte ratio (NLR) between GBS patients and healthy controls according to reported diagnostic criteria.

2.7. Statistical analysis

A meta-analysis was planned for each outcome; however,
when this was not possible due to unavailable data, narrative
synthesis was performed. Meta-analyses were performed using
the inverse variance method and the randomized effects model.
The variance between studies (t2) was estimated using the
DerSimonian-Laird method. Mean differences (MD) with their
95% confidence intervals (CI 95%) were pooled if the studies
had a confounder control. Heterogeneity between studies was
assessed using the I? statistic. Heterogeneity was defined as low
if > < 30%, moderate if I 30-60%, and high if I >
60%. The metacont function of the meta-package in R 4.1.0 was

used (www.r-project.org).

We performed subgroup analyses by reported diagnostic
criteria. Finally, we performed a leave-one-out sensitivity analysis,
and other only including studies with case-control matches.

2.8. Evidence certainty assessment

Two authors (CQV and CCB) assessed the certainty
of our pooled results and narrative synthesis applying the
Grading of Recommendation, Assessment, Development, and
Evaluation (GRADE) on continuous outcomes (29) and narrative
synthesis (30), respectively. This assessment is based on five
domains: study limitations (risk of bias of the studies included),
imprecision (sample size and confidence interval), indirectness
(generalizability), inconsistency (heterogeneity), and publication
bias as stated in the GRADE handbook (31) and prognostic factor
(32). We adapted the assessment to our results. The certainty
of the evidence was characterized as high, moderate, low, or
very low.
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2.9. Ethical considerations

This
information in which no human subjects participated. Thus,

systematic review included published and open

no ethics committee approval was required.

3. Results
3.1. Study selection

We identified 745 studies through our systematic search. We
removed duplicated and screened 610. Finally, 10 articles (6, 20-28)
were included (Figure 1).

3.2. Characteristics of studies

Five studies (21-25) included both cohort and case-control
designs, four (6, 26-28) included only retrospective cohorts and
one (20) was a case-control study. The total number of participants
was 1,626 (1,055 GBS patients and 571 healthy controls). The
average age range of GBS patients was between 32.3 and 55.0. The
studies characteristics are summarized in Table 1.

3.3. GBS patients and healthy controls

Among the ten studies that met our inclusion criteria, six (20-
25) were pooled. A total of 968 participants were selected, of which
430 were assigned to the GBS group and 538 to the control group.
In the pooled analysis, a significant increase in NLR was observed
in GBS vs. control groups but with high heterogeneity (MD: 1.76;
95% CI: 1.29; 2.24; I* = 86%) (Figure 2).
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TABLE 2 Characteristics of included studies evaluating the use of neutrophil-to-lymphocyte ratio (NLR) as a prognosis factor of Guillain-Barré syndrome (GBS) patients (n = 9).

Number of
analized
patients

Outcome

NLR mean
(SD) in poor
outcome

NLR mean
(SD) in good
outcome

Correlation
NLR-
Hughes

NLR cutoff

Sensitivity
(%)

Specificity
(%)

Area under
the curve
(AUC)

Follow-up

Geyik et al. (22) 94 Response to 9.10 (3.89) 4.67 (3.57) 0.36* NR NR NR NR 1 month after
plasmapheresis’ discharge
Hashim et al. (23) 35 Hughes score > 3 5.11 (1.78) 3.60 (1.18) 0.55% 4.40 81.5 87.5 0.85 1 month after
admission
Huang et al. (24) 117 Hughes score > 3 3.37(0.83) 2.34 (0.45) NR 3.05 67.3 67.3 0.72 2 months after
admission
Ethemoglu and 36 Hughes score >3 2.92 (1.69) 4.38 (1.49) NR NR NR NR NR At discharge
Calik (21)
Giimiigyayla and 50 Hughes score NR NR 0.36** NR NR NR NR 3 months after
Vural (25) admission
Tung (27) 81 Hughes score NR NR 0.23* NR NR NR NR 1 month after
admission
Ning et al. (28) 426 Respiratory 6.69 (1.19) 2.70 (0.43) NR 35 86.5 68.2 0.79 NR
failure
Sahin et al. (26) 24 MRC sum score NR NR 0.007% ** NR NR NR NR 6 months after
admission
Ozdemir (6) 62 Hughes score NR NR NRT NR NR NR NR At discharge

SD, Standard deviation; NR, Not reported; MRC, Medical Research Council. *Pearson r, **Spearman rho. TOutcome not specified; TTCorrelation r no specified but described as not significant; ¥ Correlation between NLR and MRC2st score.
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TABLE 3 Summary of findings.

10.3389/fneur.2023.1153690

Outcome No. of Certainty of the Anticipated absolute effects 95% ClI
participants evidence .
(studies) (GRADE) Mean difference (MD)
Mean difference between GBS 968 (6 observational D D P O Moderate? 1.76 1.29-2.24
patients and healthy studies)
participants
Sensitivity for prognosis 152 (2 observational DD OO Lowd The studies showed a sensitivity of 67.3 to 81.5 for prognosis in GBS

Hughes’s score > 3 studies)

patients.

Respiratory failure study)

Specificity for prognosis 152 (2 observational DD OO Lowb* The studies showed a specificity of 67.3 to 87.5 for prognosis in GBS patients
Hughes’s score > 3 studies)

Sensitivity for prognosis 426 (1 observational D P P P High The study showed a sensitivity of 86.5 of the NLR for predicting respiratory
Respiratory failure study) failure in GBS patients.

Specificity for prognosis 426 (1 observational @b B D O Moderate* The study showed a specificity of 68.2 of the NLR for predicting respiratory

failure in GBS patients.

CI, confidence interval; MD, mean difference. GRADE Working Group grades of evidence: High certainty, we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty, we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low

certainty, our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect. Very low certainty, we have very little confidence in the
effect estimate: the true effect is likely to be substantially different from the estimate of effect. *High inconsistency was detected in meta-analyses. The calculated I> was >60%. ®Inconsistency:
values of studies are heterogeneous among themselves. “Imprecision due to confidence interval <70% in one study.

To identify potential sources of heterogeneity, subgroup
analysis was performed according to reported diagnostic criteria.
NLR was significantly higher in GBS patients compared to
healthy controls regardless of whether GBS was diagnosed with
Asbury criteria (MD: 2.22; 95% CI: 1.34; 3.09; P = 86%) or
other/no mentioned (MD: 1.39; 95% CI: 1.00; 1.79; I> = 59%)
(Figure 2). In addition, heterogeneity was high among studies
that used the Asbury criteria and moderate in those that used
other/no mentioned.

Regarding sensitive analysis, when single studies were
sequentially removed, no significant effect on the pooled MD was
observed, with an effect size ranging from 1.59 to 1.94 and I
ranged from 76 to 89 (Supplementary Table 3). Additionally, when
studies without case-control match were excluded, no significant
effect was described (MD: 1.75; 95% CI: 1.29; 2.21; 2 = 75%).
These suggest that the results estimated by meta-analysis were
stable (Supplementary Table 4).

3.4. GBS mild and severe

Nine studies (6, 21-28) (925 GBS patients) assessed NLR
as a poor prognostic factor. Only three reported sensitivity
and specificity. Regarding prognosis of disability (Hughes >
3), Hashim et al. (23) included 35 patients whose cut-off
point was 4.4 with a sensitivity of 81.5% and specificity of
87.5%, Huang et al. (24) included 117 participants whose cut-
off point was 3.05 with a sensitivity of 67.3% and specificity of
67.3% (Table 2).

3.5. Respiratory failure

For the respiratory failure outcome, only one large-size study
reported this. Ning et al. (28) included 426 patients whose cut-oft
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point was 3.5 with a sensitivity of 86.5% and a specificity of 68.2%
(Table 2).

3.6. Risk-of-bias assessment

We performed the risk of bias of the ten included studies.
Eight articles had “low risk of bias.” Among the cohort studies,
Giimiigyayla et al. (25) scored the lowest for deficiencies in the
comparability domain, while Ning et al. (28), Huang et al. (24),
and Ethemoglu et al. (21) scored the highest. The only case-
control design considered for risk of bias assessment (20) scored
6/9 for deficiencies in information response rate and the selection
of controls (Supplementary Table 5).

3.7. Evidence certainty

Regarding GBS patients and healthy controls, we judged the
certainty of the included evidence as moderate. We started the
evaluation from high certainty because we included observational
studies (comparative observational design). We downgraded
according to the high heterogeneity between the studies (I> = 86%)
(Table 3). About the severity and respiratory failure outcome, we
started the assessment from high certainty because all included
studies were observational studies (cohort design). For severity,
Hughes’s score > 3 had a low certainty for sensitivity and specificity,
downgraded according to inconsistency due to high heterogeneity
(studies showed a sensitivity of 67.3 to 81.5 and specificity of
67.3 to 87.5) and imprecision (sensitivity and specificity crossed
through the imprecision point of 70%). For respiratory failure,
was assessed as moderate and high certainty to specificity and
sensitivity, respectively, downgraded according to imprecision
(specificity crossed through the imprecision point of 70%).
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4. Discussion

4.1. Summary of main results

Our results revealed a higher mean NLR in GBS patients
compared to healthy controls. Furthermore, we found that NLR
could be a prognostic factor for disability and respiratory failure.

4.2. NLR in GBS patients vs. healthy controls

Our pooled analysis showed that mean NLR was significantly
higher in GBS patients than in healthy patients. These results
were not altered by any study or by studies reporting case-control
matching as our sensitivity analysis demonstrates. This agrees with
previous reviews that evaluated the NLR in other autoimmune
diseases. Olsson et al. (8) evaluated 4 case-control studies and
found that the NLR was higher in patients with MS than in healthy
controls. Similarly, Paliogiannis et al. (33) reported that a meta-
analysis of 12 studies showed a higher values NLR (SMD = 0.69,
95% CI 0.53-1.85, p < 0.001) in patients with psoriasis than in
healthy patients. In turn, Erre et al. (34) and Ma et al. (35) reported
similar results for rheumatoid arthritis (SMD = 0.79, 95% CI 0.55-
1.03; p < 0.001) and systemic lupus erythematosus (SMD = 1.004,
95% CI = 0.781-1.227, P < 0.001), respectively. This would show
that high NLR values could differentiate between autoimmune
diseases and healthy persons. The biological mechanism that would
explain these relationship between NLR and GBS, is the increase of
immune cells such as neutrophils, macrophages, dendritic cells and
T cells in response to peripheral nerve injury (36).

4.3. NLR as prognostic factor in GBS
patients

Despite its importance and novelty, the presence of systematic
reviews about NLR and its prognosis in neurological diseases,
specifically autoimmune diseases, is limited. Olsson et al. (8)
reported five studies that evaluated NLR as a prognostic factor
in multiple sclerosis. Among these, one reported that high NLR
(>3.9) was an independent predictor of disability progression (p
=0.001). Also, Guzel et al. (37) reported that a cut-off point of 4.52
(sensitivity: 96.1%; specificity: 57.1%) in multiple sclerosis patients
have a discriminatory capacity for disability [Expanded Disability
Status Scale (EDSS) > 5]. These results were similar to our results
in patients with GBS where the cut-off points were 4.40 (sensitivity:
81.5%; specificity: 87.5%) and 3.05 (sensitivity: 67.3%; specificity:
67.3%) for disability (Hughes > 3). This is also supported by
an observational study in which 34 patients with autoimmune
encephalitis presented a cut-off value of 4.82 (sensitivity: 78%;
specificity: 88%) to predict severity defined as Modified Rankin
Scale (mRS) score > 3 (13). This can be explained by the presence
of serum low-density neutrophils (LDN), which are immature
and degranulated cells with immunomodulatory capacity that are
prematurely mobilized from the bone marrow (38, 39). These
LDNss secrete higher levels of proinflammatory cytokines, including
interleukin 10 and interferon 21 (40). Levels of this cell type have
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been correlated with poor prognosis in patients with GBS (41).
However, despite the findings, the pathological levels of NLR for
different diseases have not yet been standardized, with a possible
range of normality being between 0.78 and 3.53 (42).

Otherwise, one of our included studies also evaluated the
ability of NLR to predict respiratory failure in patients with GBS
with a cut-off point of 3.5 (sensitivity: 86.5%; specificity: 68.2%).
According to Moisa et.al. (43), NLR with a cut-off point > 2
was found to predict the need for mechanical ventilation and
>11 for mortality at 48 h after admission to ICU in patients with
severe or critical pneumonia due to COVID-19. Nair et al. (44)
also reported a cut-off point of 4.6 (sensitivity: 79.2%; specificity:
62.3%) for ventilatory assistance 24h after admission to ICU,
which is supported by an SR where the NLR cut-off points
ranged from 3.3 to 5.9 predicted a severe COVID-19 condition
defined as present respiratory failure (45). As mentioned above,
the correlation between NLR and a worse prognosis in GBS could
be because neutrophils are one of the first lines of response to
peripheral nerve injury so it proliferates within the first hours of
trauma (46). This would make the NLR more susceptible to any
poor prognosis with respect to other biomarkers.

4.4. Recommendations for future research

According to GRADE approach, the certainty of evidence
from the NLR was moderate in GBS patients vs. healthy controls
due to high heterogeneity between studies. In our subgroup
analysis by GBS diagnostic criteria, it was possible to observe
differences in effect size and heterogeneity. This aspects should be
expanded in future studies, in addition to taking into account the
Brighton criteria (47), since only one study reported using them
(6). Finally, we recommend conducting studies that use the NLR
for the differential diagnosis of other polyneuropathies (chronic
inflammatory demyelinating polyradiculoneuropathy, metabolic
diseases, toxicity, others).

Certainty for sensitivity and specificity for poor prognosis
(Hughes > 3) was low due to heterogeneity and imprecision.
Therefore, prospective studies with long-term follow-up are needed
to determine optimal cut-off point taking into account the different
prognosis of axonal and demyelinating GBS (48, 49). In addition,
since majority of included studies was realized in one country
(Turkey), it is recommended to analyze the NLR in different GBS
populations due there are variations in clinical patterns and severity
between Europe/America and Asia (50). On the other hand, the
modified Erasmus GBS Outcome Score (mEGOS) is a validated tool
that predicts short- and long-term disability with clinical variables
that are easy to obtain at admission (51), so the NLR could be added
to that tool for better prognostic accuracy. Regarding the prognosis
of respiratory failure, the evidence was moderate based on a single
large size cohort; however, there are no data about the time in which
this failure will be established so more studies are recommended to
evaluate the NLR as a prognostic of early requirement of mechanic
ventilation. Like mEGOS, there is a validated tool that predicts
respiratory failure (EGRIS) based on three simple variables (52, 53),
so NLR could also be a biomarker to take into account due to its
similar characteristics.
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4.5. Clinical applicability

NLR is not only an indicator of systemic inflammation
but can also serve as an early warning of a pathological state
or process (54). For neurological diseases, it has demonstrated
clinical utility in assessing the activity or prognosis of diseases
such as multiple sclerosis (8). Our results show that the NLR
was significantly higher in GBS patients with respect to healthy
patients and that, in turn, it was also a poor prognostic factor.
The early identification of GBS patients with poor prognosis
could benefit them since they can be treated with different
doses, although this is not yet conclusive (55, 56). In addition,
determine who will have respiratory failure may allow early
intubation and reduce the risk of early-onset pneumonia (57).
Several biomarkers associated with GBS such as cerebrospinal
lipids (58) or IL-8 have been reported to differentiate GBS
from chronic inflammatory demyelinating polyneuropathy (CIDP)
(59).However, the clinical importance of NLR lies in the simplicity
of its performance, its low cost, its availability in routine
examinations and its easy acceptance by physicians and patients.
Therefore, if its role is confirmed with more and better studies,
it should be recommended for its diagnostic and prognostic
application.

4.6. Limitations and strengths

There are some limitations to this systematic review. First,
most of the studies were retrospective in nature, so their results
could be prone to confounding. In addition, most on the
included studies were realized in only one country (Turkey) so
it's necessary to analyze the NLR values of other GBS patients
from different parts of the world, to seek for variations in clinical
patterns and severity. Also, there was significant heterogeneity
among the included articles in our meta-analysis. However, our
results were strengthened by sensitivity analyzes performed. Our
study also has strengths. This is the first systematic review
that evaluates the clinical significance of NLR in the diagnosis
and prognosis of GBS. Second, we conducted a comprehensive
systematic search without language or time restrictions. Finally, we
performed an assessment of the certainty of our results using the
GRADE criteria.

4.7. Conclusions
Based on the evidence available, with moderate certainty, mean

NLR is higher in GBS patients compared to healthy controls.
Furthermore, with low and moderate certainty, we found that NLR
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