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Abstract: Acute peripheral facial palsy (APFP), including Bell’s palsy and Ramsay Hunt syndrome,
is a disease that affects daily life through facial motor dysfunction, causing psychological problems.
Various tests to evaluate prognosis have been studied; however, there are no validated predictive
biomarkers to guide clinical decision making. Therefore, specific biomarkers that respond to treatment
are required to understand prognostic outcomes. In this review, we discuss existing literature
regarding the role of APFP biomarkers in prognosis and recovery. We searched the PubMed, EMBASE,
and Cochrane Library databases for relevant papers. Our screening identified relevant studies and
biomarkers correlating with the identification of predictive biomarkers. Only studies published
between January 2000 and October 2021 were included. Our search identified 5835 abstracts, of
which 35 were selected. All biomarker samples were obtained from blood and were used in the
evaluation of disease severity and prognosis associated with recovery. These biomarkers have been
effective prognostic or predictive factors under various conditions. Finally, we classified them into
five categories. There is no consensus in the literature on the correlation between outcomes and
prognostic factors for APFP. Furthermore, the correlation between hematologic laboratory values and
APFP prognosis remains unclear. However, it is important to identify new methods for improving the
accuracy of facial paralysis prognosis prediction. Therefore, we systematically evaluated prognostic
and potentially predictive APFP biomarkers. Unfortunately, a predictive biomarker validating APFP
prognosis remains unknown. More prospective studies are required to reveal and identify promising
biomarkers providing accurate prognosis.

Keywords: acute peripheral facial palsy; Bell’s palsy; Ramsay Hunt syndrome; biomarkers; prognosis

1. Introduction

Acute peripheral facial palsy (APFP), the seventh cranial nerve palsy, is the sudden
weakening of facial muscle movement on one side of the face. It appears as idiopathic
facial paralysis in the majority of cases, of which Bell’s palsy (BP) is the most common
form, accounting for 60-75% of all incidences [1]. The estimated lifetime risk of developing
Bell’s palsy for individuals is 1 in 60, and the annual incidence rate is approximately
11-40 per 100,000 people [2]. Ramsay Hunt syndrome (RHS) is the second most common
cause of APFP. It is characterized by paralysis of the facial nerve, otalgia, vesicles, and
rashes occurring in the affected ear.

The pathogenesis of APFP is unclear; however, it is widely recognized as a result of
reactivation of herpes simplex virus type 1 and varicella-zoster virus [3]. In addition to
viruses, there are other potential causes, such as tumors, trauma, anatomical abnormalities,
inflammation, ischemia, and acute cold exposure [4,5]. For APFP treatment, there is
consensus that early use of prednisolone is effective; however, the use of antiviral drugs
remains controversial. Moreover, combined steroid and antiviral therapy is more effective
in patients with severe BP [6]. The response of patients to treatment and prognosis varies.
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Despite the multifactorial factors of the disease, majority of patients resolve between 3 and
6 months, though certain patients never recover completely [7].

The initial degree of facial weakness is important for providing prognostic information
for facial recovery. The House-Brackmann grading system (HBS) and Sunnybrook scales are
commonly used to quantify facial weakness severity, and recently, the eFACE system, which
is measured with a smartphone [8]. A grading system that evaluates facial movements is
subjective and inconsistent depending on the clinician [9].

To date, accurate prediction of APFP prognosis is challenging for physicians. Elec-
trophysiological tests such as electroneurography (ENoG), stapedial muscle reflex, blink
reflex, nerve excitability test, and electromyography (EMG) have been useful. ENoG has a
significant correlation with prognosis and is used when considering facial nerve decom-
pression surgery [10]. EMG can assist in determining the presence of nerve damage and
determine its severity. However, these tests are occasionally clinically unsuitable because
they must take place over a specific time period [11]. Therefore, another indicator that can
predict prognosis is required.

Considering the above-mentioned etiologic factors of APFP development, a laboratory
test that evaluates prognosis is considered desirable. Numerous studies have investigated
hematologic markers based on inflammatory mediators, vascular failure, oxidative stress,
and immunological responses [12-15].

Potentially eligible studies were identified in a search of the US National Library of
Medicine electronic database (PubMed), EMBASE, and Cochrane Library, using a combi-

/i /7

nation of the following terms: “Facial palsy”, “Bell’s palsy”, “Ramsay-hunt syndrome”,
“biomarker”, “prognosis”, and “factor.” Additionally, studies were included in the studies
using a manual search method. Only studies published after 2000 were included in the
analysis. The initial search was performed in April 2021 and updated in October 2021.
Studies were selected for review based on the following criteria: (1) studies investigating
the association between APFP and biomarkers; (2) in English; and (3) studies reporting
outcomes based on prognostic and/or predictive biomarkers. Studies were excluded if they
met the following criteria: (1) not in English; (2) duplicate publications; (3) meta-analyses
and systemic reviews; (4) no human study population; (5) unclear clinical implications; and
(6) not related to the review topic. Finally, we included possibly relevant studies that were
screened to confirm their eligibility. A literature search identified 5835 studies. After initial
title screening and manual reduplication, 574 studies were excluded (not relevant to the
topic), and 5261 records remained for abstract review. We performed a full abstract review
evaluation of the remaining studies by applying exclusion criteria. Thirty-five studies
that investigated prognostic and predictive biomarkers for APFP were finally included
in this study (Figure 1). In all studies, the potential of blood biomarkers for APFP was
evaluated. Since biomarkers were evaluated using various techniques and there is no
standard categorization for AFPF biomarkers, prognostic biomarkers were subdivided as
follows: (1) inflammatory, (2) metabolic, (3) hemostatic, (4) immunological, and (5) oxida-
tive (Figure 2). Information regarding the studied biomarkers, including study design,
sample size, age, and results/conclusions, are listed in table format (Tables 1-5).

To our knowledge, very few potential biomarkers have actually proceeded towards
the path of validation, although many have been proposed. This review is the first to list
the published literature on biomarkers used to predict APFP prognosis. Our focus was on
biomarkers related to the following question: What are the currently available prognostic
biomarkers that aid in predicting the clinical outcomes of APFP? In this way, we aimed to
identify and pursue the most promising prognostic biomarkers for further evaluation and
validation studies.
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Figure 1. Diagram showing selection of studies for review.
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Figure 2. Diagram illustrating the review biomarkers.
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Table 1. Summary of prognostic biomarkers for acute peripheral facial palsy (Inflammatory parameter).

Author (Year)

Study Design

Sample Size

Age (years)

Biomarkers

Results/Conclusions

Shang et al. (2021) [16]

Retrospective

311 patients

39.7 + 11.8 (Mean)

Albumin

The serum albumin level of patients
with BP in the unrecovered group
was significantly lower than that of
the recovered group

Cayir et al. (2021) [17]

Retrospective

59 patients,
65 controls

10.69 + 5.76,
10.87 + 3.22 (Mean)

WBC, NLR, PLR, CAR

High NLR and CAR values in
pediatric BP may be related to poor
prognosis in such patients. CAR,
however, is a more valuable
parameter than NLR in terms of
indicating poor prognosis

Kim et al. (2020) [18]

Retrospective

84 patients

47 + 14.35 (Mean)

ELR, NLR, BLR

A higher pretreatment NLR and
neutrophil count and a lower day-7
lymphocyte count were observed in
patients with RHS with unfavorable
outcomes. In patients with BP, both
the initial HB grade and the
pretreatment eosinophil count were
included

Baklaci et al. (2020) [19]

Retrospective

76 patients, 60 controls

39.76 +9.02,
39.31 £+ 8.16 (Mean)

NLR, PLR

Mean LDH concentrations and NLR
were significantly high in BP group
than in control group

Cayir et al. (2020) [20]

Retrospective, archival,
cross-sectional study

79 patients (23 non
recovery group patients,
56 recovery group
patients), 60 controls

49 £ 3 (Non recovery),
49 + 3 (Recovery),
50 & 3 (Controls)

WBC, CRP, neutrophil,
lymphocyte, NLR, CAR, PLR

Higher CAR and NLR were
associated with poor prognosis in BP.
CAR might be the most significant
indicator of poor prognosis in BP

Kinar et al. (2020) [21]

Retrospective

88 patients,50 controls

54,47 (Mean)

Neutrophil, lymphocytes,
NLR, PLR

Patient group had higher neutrophil
counts and higher SII and NLR
values than the control group.
Among BP patients, the SII values of
the unrecovered group were
statistically higher than those of the
recovered group
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Table 1. Cont.

Author (Year)

Study Design

Sample Size

Age (years)

Biomarkers

Results/Conclusions

Aysel et al. (2020) [22]

Retrospective

47 patients

147 £25

NLR, TLR

NLR in patients with advanced
grades (grade 4, 5, 6) was higher,
compared to that of patients with

grade 2 and 3. NLR at admission can
be considered as a prognostic factor

Demir et al. (2020) [23]

Prospective

92 patients, 90 Controls

38 +9.5,41.7 + 17.2 (Mean)

Cyclophilin A

Low CyPA indicates the shorter
average recovery time than that of
high CyPA

Kim et al. (2020) [24]

Retrospective

54 patients, 39 controls

14.5 +4.1,11.9 £+ 5.2 (Mean)

NLR, PLR

The NLR and PLR values in the BP
group were significantly higher than
in the control group. However, there

were no significant differences
between the low-grade and
high-grade BP groups nor were there
any statically significant differences
in the other characteristics.

Kim et al. (2019) [25]

Retrospective

51 patients

39.7 £ 20.1 (Mean)

WBC, NLR, PLR

NLR was significantly higher in
patients with severe than with mild
to moderate palsy. Recovery time
was significantly longer in patients
with high NLR than low NLR

Soh et al. (2019) [26]

Retrospective

102 patients

451+ 16

NLR, PLR

The HBS grade of the high-NLR
group was significantly higher than
that of the normal-NLR group.
Patients with RHS who have an
elevated NLR have poor outcomes in
terms of the HBS grade

Karatoprak et al. (2019) [27]

Retrospective

102 patients

10.37 + 4.2 (Mean)

NLR

NLR and RDW were not found to be
predictive factors for early recovery
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Table 1. Cont.

Author (Year) Study Design Sample Size Age (years) Biomarkers Results/Conclusions
There was no correlation between
the NLR value and the prognosis of
Bell’s Palsy. A comparison of the
4512 + 1234 recovered and unrecovered patients
Ulusoy et al. (2018) [28] Prospective 24 patients, 29 controls ’ o NLR, PLR revealed that the PDW value was
44.34 4+ 9.97 (Mean) L .
significantly higher and the platelet
count was lower in the recovered
patients than the unrecovered
patients
Horibe et al. . . RDW can predict recovery from BP
(2017) [29] Retrospective 61 patients 16-50 years NLR in patients aged 50 years and less
BP Mean
51.7 4 14.18.8 (recovered), Palsy Prognosis Prediction scores
. 468 patients 57.6 £ 16.6 (unrecovered) (PPP score) are useful for predicting
Wasano et al. (2017) [7] Retrospective (BP 374, RHS 94) RHS Mean NLR, Monocyte rate prognosis of facial palsy before
50.8 £ 18.7 (recovered), beginning treatment
50.5 + 18.0 (unrecovered)
Significant changes were not
. . . observed in NLR, PLR, MPV and
Sahin et al. (2017) [30] Retrospective 28 patients, 28 controls 29.5 4+ 10.5 (Mean) NLR, PLR RDW measurements in BP group
between HBS
Procalcitonin levels were
. Mean BP . e . .
54 patients (32 low-grade 39.1 4+ 14.2 (Low-grade) significantly associated with the
Kilicaslan et al. (2016) [31] Prospective group & 22 high-grade 3 6.9 19 5'9 (high-gra de)/ Procalcitonin severity of BP and higher PCT levels
group), 35 controls 38.6 + 18.1 (Controls) were found to be rela.ted with poor
prognosis
In the BP group, neutrophil rate,
Mean BP lymphocyte rate, NLR of recovered
51.7 £ 14.18.8 (recovered), patients were significantly different
. 468 patients 57.6 + 16.6 (unrecovered) than those of unrecovered patients.
Wasano et al. (2016) [32] Retrospective (BP 374, RHS 94) Mean RHS NLR, WBC In RHS group monocyte rate, platelet

50.8 + 18.7 (recovered),
50.5 £ 18.0 (unrecovered)

count, MCV of recovered patients
were significantly different than
those of unrecovered patients
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Table 1. Cont.

Sample Size

Age (years)

Biomarkers

Results/Conclusions

146 patients,
140 controls

HBS grade I-II (38.9 + 22.77),
HBS grade III-1IV
(36.04 £ 21.77), HBS grade
V-VI (42.30 + 17.43) (Mean)

NLR

As the severity of the paralysis
increased in the APFP patients in this
study, the NLR value increased. the
NLR value can be used as an early
predictive prognostic factor of IPFP

25 patients,
25 controls

9.86 £ 5.07,

9.14 4 5.94 (Mean)

NLR

NLR and pretreatment HBS showed
no statistically significant correlation

99 patients,
99 controls

47.84 £+ 16.94,

4422 + 8.64 (Mean)

NLR, PLR

No statistically significant relation
was detected between the degree of
facial paralysis and NLR and PLR

65 patients,
35 controls

45+ 32,

45.4 + 4.1 (Mean)

NLR

There was a positive and significant
correlation between NLR and HBS of
the patients. MPV did not show any
significant correlation with any of
the parameters studied

25 patients,
25 controls

40.7 £12.3,

39.7 + 8.26 (Mean)

NLR

A positive correlation between NLR
values and grade of facial paralysis

Author (Year) Study Design
Kilickaya, et al. (2015) [33] Retrospective
Eryilmaz et al. (2015) [34] Retrospective

Atan et al. (2015) [35] Retrospective
Kum et al. (2014) [36] Retrospective
Ozler, et al. (2014) [37] Prospective

Bucak et al. (2013) [38] Retrospective

54 patients,
45 controls

43.11 £ 18.12,

48.33 =+ 5.65 (Mean)

NLR

The mean NLR levels were higher in
unsatisfactory recovered patients
compared with satisfactory
recovered ones
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Table 2. Summary of prognostic biomarkers for acute peripheral facial palsy (Metabolic parameter).

Author (Year) Study Design Sample Size Age (years) Biomarkers Results/Conclusions
. Mean LDH concentrations and NLR were
. 76 patients, 39.76 £ 9.02, S N .
Baklac et al. (2020) [19] Retrospective 60 controls 39.31 + 8.16 (Mean) LDH significantly high in BP group than in
control group
The patients with higher HOMA-IR values
had more severe facial dysfunction at the
initial presentation and complete recovery
- . 86 patients, time took longer than the patients with
KARAGOZ et al. (2020) [39] Prospective 28 controls 41, 38 (Mean) IR, HOMA-IR normal HOMA-IR value. Recovery time was
significantly longer in prediabetics and
newly diagnosed diabetic patients than in
patients with normal glycemia
The recovery rate of BP was significantly
Jung et al. (2018) [40] Retrospective 124 patients 52.16 = 14.17 (Mean) TG, HDL-C lower in the MetS group than in the
& ' P p ’ ’ ! Non-MetS group, particularly affected by
high TG
Mean BP In the BP group, neutrophil rate, .
lymphocyte rate, NLR of recovered patients
51.7 + 14.18.8 (recovered), o .
468 patients 57.6 + 16.6 (unrecovered) were significantly different than those of
Wasano et al. (2016) [32] Retrospective ’ ’ HbAlc unrecovered patients. In RHS group
(BP 374, RHS 94) Mean RHS
monocyte rate, platelet count, MCV of
50.8 + 18.7 (recovered), . s
50.5 + 18.0 (unrecovered) recovered patients were significantly
’ ’ different than those of unrecovered patients
The 20 patients with abnormal HbAlc
values were more frequently diagnosed with
Riga et al. (2012) [41] Prospective 56 patients 54 £ 31.7 (Mean) HbAlc BP of grade V/VI. However, their HBS were
not found to be worse at the 6-month
follow-up visit
Facial movement in the DG was poorer than
64.6 £ 8.5 (Diabetic group), that in the NDG at 3 months and 6 months
Kanazawa et al. (2007) [42] Prospective 76 patients 61.3 £ 8.5 (Nondiabetic HbAlc after onset. In terms of the recovery rate, the

group) (Mean)

rate in the DG was much lower than that in
the NDG at 6 months after onset
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Table 3. Summary of prognostic biomarkers for acute peripheral facial palsy (Hemostatic parameter).

Author (Year)

Study Design

Sample Size

Age (years) Biomarkers

Results/Conclusions

Cayir et al. (2021) [17]

Retrospective

59 patients,
65 controls

10.69 + 5.76,

10.87 + 3.22 (Mean) MPV, Hbg, RDW

High NLR and CAR values in
pediatric BP may be related to poor
prognosis in such patients. CAR,
however, is a more valuable
parameter than NLR in terms of
indicating poor prognosis

Baklaci et al. (2020) [19]

Retrospective

76 patients,
60 controls

39.76 £9.02,

39.31 + 8.16 (Mean) MPV

Mean LDH concentrations and NLR
were significantly high in BP group
than in control group

Cayir et al. (2020) [20]

Retrospective, archival,
cross-sectional study

79 patients (23 non recovery
group patients, 56 recovery
group patients), 60 controls

49 £ 3 (Non recovery),
49 + 3 (Recovery), Platelet, Hbg
50 & 3 (Controls)

Higher CAR and NLR were
associated with poor prognosis in BP.
CAR might be the most significant
indicator of poor prognosis in BP

Kinar et al. (2020) [21]

Retrospective

88 patients,
50 controls

54,

47 (Mean) Platelet

Patient group had higher neutrophil
counts and higher SII and NLR
values than the control group.
Among BP patients, the SII values of
the unrecovered group were
statistically higher than those of the
recovered group

Aysel et al. (2020) [22]

Retrospective

47 patients

147 £2.5 MPV

NLR in patients with advanced
grades (grade 4, 5, 6) was higher,
compared to that of patients with

grade 2 and 3. NLR at admission can
be considered as a prognostic factor

Kim et al. (2020) [24]

Retrospective

54 patients,
39 controls

145+41,

11.9 + 5.2 (Mean) MPV, RDW

The NLR and PLR values in the BP
group were significantly higher than
in the control group. However, there

were no significant differences
between the low-grade and
high-grade BP groups nor were there
any statically significant differences
in the other characteristics.
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Table 3. Cont.

Author (Year) Study Design Sample Size Age (years) Biomarkers Results/Conclusions
NLR was significantly higher in
patients with severe than with mild
Kim et al. (2019) [25] Retrospective 51 patients 39.7 £ 20.1 (Mean) Platelet to moderate palsy. Recovery time
was significantly longer in patients
with high NLR than low NLR
There was no correlation between
the NLR value and the prognosis of
Bell’s Palsy. A comparison of the
. recovered and unrecovered patients
Ulusoy et al. (2018) [28] Prospective 24 patients, 45.12 £ 12.34, PDW, platelet revealed that the PDW value was
29 controls 44.34 £+ 9.97 (Mean) . .
significantly higher and the platelet
count was lower in the recovered
patients than the unrecovered
patients
Horibe et al. . . RDW can predict recovery from BP
(2017) [29] Retrospective 61 patients 16-50 years MPV, RDW in patients aged 50 years and less
BP Mean
51.7 4 14.18.8 (recovered), Palsy Prognosis Prediction scores
. 468 patients 57.6 £ 16.6 (unrecovered) (PPP score) are useful for predicting
Wasano et al. (2017) [7] Retrospective (BP 374, RHS 94) RHS Mean Platelet, MCY prognosis of facial palsy before
50.8 + 18.7 (recovered), beginning treatment
50.5 £ 18.0 (unrecovered)
Significant changes were not
Sahin et al. (2017) [30] Retrospective 28 patients, 295 + 10.5 (Mean) MPV, RDW observed in NLR, PLR, MPV and

28 controls

RDW measurements in BP group
between HBS
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Table 3. Cont.

Author (Year)

Study Design

Sample Size

Age (years)

Biomarkers

Results/Conclusions

Zhao et al. (2016) [43]

Retrospective

105 patients,
22 controls

Fibrinogen

The plasma fibrinogen concentration

was significantly higher in the group

of patients with BP (HBS IV-VI) than

the in the control group. The plasma

fibrinogen levels became higher with
the HBS grading increase

Wasano et al. (2016) [32]

Retrospective

468 patients
(BP 374, RHS 94)

Mean BP
51.7 + 14.18.8 (recovered),
57.6 £ 16.6 (unrecovered)
Mean RHS
50.8 £ 18.7 (recovered),
50.5 £ 18.0 (unrecovered)

Platelet, Hbg, MCV

In the BP group, neutrophil rate,
lymphocyte rate, NLR of recovered
patients were significantly different
than those of unrecovered patients.

In RHS group monocyte rate, platelet
count, MCV of recovered patients
were significantly different than
those of unrecovered patients

Ozler, et al. (2014) [14]

Prospective

30 patients,
30 controls

39.9 £ 10.68,
37.1 £ 6.91 (Mean)

MPV, PDW, platelet

There was positive correlation
between MPV values and grade of
facial paralysis. Also, there was
positive correlation between PDW
values and grade of facial paralysis.
In contrast, there was no correlation
between MPV and PDW values and
prognosis of facial paralysis

Kum et al. (2014) [36]

Retrospective

65 patients,
35 controls

45 +3.2,
45.4 + 4.1 (Mean)

MPV

There was a positive and significant
correlation between NLR and HBS of
the patients. MPV did not show any
significant correlation with any of
the parameters studied
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Table 4. Summary of prognostic biomarkers for acute peripheral facial palsy (Immunologic parameter).

Author (Year) Study Design Sample Size Age (years) Biomarkers Results/Conclusions

CD4+ cell and ratio of CD4+/CD8+
lower and the percentage of the CD8+

. 30 patients, TNF-o, IEN-y, TGF-3, CD3+, CD4+, and CD16+ plus 56+ cells higher
Kaygusuz et al. (2004) [44] Prospective 30 controls 38.7 £15.3 (Mean) CD8+, CD19+, CD16+ plus 56+ compared with the control group. The
levels of TNF-« were lower, whereas
IFN-y and TGF-f31 were higher
Immunologic parameters (total T cells We did not find any prognostic
Tekgul et al. ‘ 17 patients, 7.82 + 441, (CD3+), B cells (CD19+), T ' 51gn1'f1§ance pf lymphocyte subset'
(2004) [15] Prospective 20 controls 124+ 84 helper/inducer cells (CD4+), T cytotoxic ~ analysis in peripheral blood to predict
’ ’ (CD8+), and natural killer cells (CD16+  outcome in patients with unsatisfactory
CD56+) recovery
Yilmaz et al. Prospective 23 patients, 40.2 +£15.7, Immunologic parameters (IL-13, IL-2r, The cytokine levels of did not correlate
(2002) [45] P 30 controls 424 + 8.4 (Mean) IL-6, IL-8, and TNF-x) with the degree of recovery

Table 5. Summary of prognostic biomarkers for acute peripheral facial palsy (Oxidative parameter).

Author (Year) Study Design Sample Size Age (years) Biomarkers Results/Conclusions
PON and ARE levels of the patient group
. 30 patients, 33.6 + 8.3, PON, ARE, IMA, were significantly lower than controls and
Galeretal. (2018) [46] Prospective 30 controls 31.1 £ 6.4 (Mean) albumin-adjusted IMA IMA, albumin-adjusted IMA levels were

significantly higher than controls

The mean native thiol and total thiol were

77 patients, 38 38.48 & 10.31, Native thiol (-SH) and total ~ .8nificantly lower and disulfide levels were

. higher in BP than controls. However, there
controls 37.37 + 10.75 (Mean) thiol (-SH+-S-S-) V\%as no correlation between the HBS and

thiol profiles

Babademez et al. (2016) [12] Prospective
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2. Prognostic Biomarkers in APFP
2.1. Inflammatory

Inflammation theory suggests that when the facial nerve becomes inflamed, the nerve
sheet thickens and the nerve jam swells in the fallopian canal, particularly in the labyrinth
segment [47]. The majority of studies have focused on the association between inflamma-
tory parameters and biomarkers. Immune system cells, including lymphocytes, neutrophils,
and monocytes, and cell-mediated inflammatory responses are recognized as important for
tumorigenesis and carcinogenesis [33].

The neutrophil-to-lymphocyte ratio (NLR) is a commonly used inflammatory marker
that appears in all 23 inflammatory studies we reviewed. It can be used to diagnose and
follow up on various inflammatory diseases, and has been found to provide useful in-
formation on the prognosis of these diseases [13]. Furthermore, NLR has been used to
evaluate the risk of cardiovascular disease, and the prognosis of patients with cardiovas-
cular disease and various cancers [48,49]. Other studies have investigated the association
between BP and various hematological parameters. C-reactive protein (CRP) is a posi-
tive acute-phase reactant used for the diagnosis and evaluation of therapeutic efficacy
in patients with infection/inflammation [50]. In general, albumin is known to decrease
in acute inflammation, however, in chronic processes of inflammation, it is also seen in
malnourished patients [51]. CRP and albumin have prognostic value for inflammation
in the short- or long-term [52]. Procalcitonin, a precursor of the hormone calcitonin, is
produced by C cells in the thyroid gland and neuroendocrine cells in the lungs or in-
testine. It is currently the most frequently used pro-inflammatory biomarker in clinical
practice [53]. A new inflammatory index, the systemic immune-inflammation index (SII),
has been shown to be a prognostic marker for malignant tumors and inflammatory diseases,
where SII = platelets x neutrophils/lymphocytes [54]. Cyclophilin A (CyPA) is secreted in
response to inflammatory stimuli, such as infection, hypoxia, and oxidative stress [55].

It is widely known that NLR levels are highly correlated with BP prognosis [32,38];
certain studies have reported a higher NLR in BP patients experiencing poor outcomes [38],
a positive correlation between NLR and disease severity [14,33,36,56], and longer recovery
times in patients with a higher NLR [25]. Additionally, facial nerve contrast enhancement
was confirmed by MRI in patients with a high NLR [36]. A study on RHS patients revealed
that a high NLR was associated with poor outcome of facial palsy, and showed a lower
rate of complete recovery than that of the normal NLR group [26]. It was observed in a
Japanese study that the NLR of all subjects in the RHS group was significantly higher than
that in the BP group, with a lower recovery rate. The severity of inflammation caused
by viral infection has been shown to correlate with the prognosis of facial paralysis. In a
previous study examining the correlation between the C-reactive protein to albumin ratio
(CAR) and certain disorders, such as chronic sinusitis, nasal polyposis, various cancers,
and inflammatory diseases, CAR was reported as a valuable prognostic parameter [57].
Similarly, one study concluded that CAR, rather than other values, was an indicator of poor
BP prognosis [20]. Procalcitonin levels were also significantly correlated with HBS and
poor recovery, which may provide important information on facial nerve inflammation [31].
In the analysis using SII, the SII value was better indicative of BP than the NLR value. The
SII has a higher specific and positive predictive value than NLR [21]. In addition, unlike
EMG, serum CyPA concentration can be measured in the early phases of the disease and
is an early marker that could have important implications. Although the recovery period
CyPA levels cannot be predicted through observation, our results show that low CyPA
levels indicate a shorter average recovery time than high CyPA levels [23].

Contrary to previous studies reporting that RHS patients with a high NLR experienced
poor outcomes, NLR may only have a limited prognostic role in RHS patients [26]. For BP,
NLR was not associated with its severity or prognosis. A group in Turkey reported that
NLR and platelet-to-lymphocyte ratio (PLR) may be related to BP; however, no significant
relationship was detected in BP prognosis [35]. Another study reported that only the NLR
ratio value of the RHS group was higher than that of the control group; however, there
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was no statistically significant association with HBS [30]. In a Japanese study, the NLR was
higher in the RHS group than in the BP group, suggesting that the severity of inflammation
caused by viral infection is correlated with prognosis [32]. Inflammation plays an important
role in the pathogenesis of RHS. The initial RHS severity and response to corticosteroids
may determine the final treatment outcome. However, inflammation markers were not
predictive of all BP outcomes. BP may be etiologically heterogeneous [18].

Prognosis and prognosis-related factors have been applied in various parameters in
adults, however, studies on children are limited, and reliable recovery evaluation methods
are lacking. In facial paralysis patients, ENoG and EMG are useful tools for predicting
prognosis; however, in children, this prediction is difficult because of limited cooperation.
There are reports that there is no difference between the pediatric population and adults in
terms of these pathophysiological causes [58]. Children have a high rate of complete recov-
ery and are generally characterized by acute onset and non-rapid self-limiting features [59].
Consistent with the evidence in the literature, significantly higher NLRs were identified in
pediatric patients than in controls in a recent study. Furthermore, the authors postulated
that the NLR was significantly higher in the non-recovery group than in the recovery
group, which may indicate poor prognosis in pediatric BP patients [17]. According to the
results obtained from the receiver operating characteristics analysis, it was determined that
CAR (0.879) had higher area under the curve values than those of NLR (0.794). Therefore,
CAR is predicted to be a more valuable prognostic marker than NLR in pediatric facial
paralysis. In was seen in another pediatric study that the higher the grade of facial paralysis,
the higher the NLR ratio. However, there was no significant relationship between mean
platelet volume (MPV) and thrombocyte-to-lymphocyte ratio (TLR) values and severe facial
paralysis [22]. There was a positive correlation between NLR and HBS. PLR values were
also found to be positively correlated with HBS. However, a positive correlation could not
be demonstrated in MPV and red cell distribution width (RDW) values [24]. One study
reported that NLR cannot be an early recovery value because variability (such as patient
age, heritability, and weather) occurs due to genetic and environmental factors [60].

Serum albumin is the most abundant protein in the plasma, with various essential
biological functions, and is a well-known nutritional and inflammatory marker [61,62].
Under inflammatory conditions, the vascular endothelial permeability increases. When
various components in blood vessels, including albumin, permeate the tissue space, the
concentration of albumin in the plasma decreases [63]. Therefore, low albumin levels may
indicate persistent inflammation. The clinical significance of serum albumin in prediction
has been reported for the prognosis of certain diseases, including ulcerative colitis, cirrhosis,
and cardiovascular disease [64—66]. It was clear that serum albumin levels were positively
correlated with the prognosis of Bell’s palsy patients. The number of days hospitalized was
negatively correlated with the recovery of Bell’s palsy [16].

2.2. Metabolic

Schwann cells and myelin sheaths are more likely to be affected in diabetic patients
than in non-diabetic patients. Chronic hyperinsulinemia in diabetic patients may cause
a decrease in endoneural oxygen, blood flow, and extraneural arteriovenous shunt and
compensatory response to intimal ischemia /hypoxia, all of which can contribute to chronic
nerve ischemia [41]. The prognosis of individual BP patients is generally good, however,
diabetes is a potential etiologic and poor prognostic factor for BP [67]. There was no
difference in HBS between the diabetic and nondiabetic groups at the onset of treatment,
and at 1 month after onset. However, it was confirmed that the diabetic group had poor
facial movements at 3 and 6 months. The recovery rate after six months was also lower
in the diabetic group [42]. Adour et al. recommend a blood glucose elevation test for
patients with recurrent facial paralysis given the frequency of diabetes mellitus (DM) in BP
patients [68]. Conversely, multivariate analysis suggested that DM-related decreased blood
circulation may negatively affect the prognosis of facial paralysis patients, and a recent
study on diabetes and facial paralysis recovery time reported that diabetes had a partial
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effect on BP prognosis [69]. There was no significant difference in the complete BP recovery
rate between the diabetic and non-diabetic groups [70]. Similarly, patients with abnormal
HbA1c values had more HBS V/VI, however, follow-up results after 6 months were not
correlated with prognosis [41].

Prediabetes, defined as impaired fasting glycemia and impaired glucose tolerance
associated with insulin resistance (IR), increases the risk of developing diabetes [71]. The
pathogenesis of diabetes or prediabetes neuropathy is understood as an IR-related mech-
anism for neuronal injury associated with the insensitivity of neurotropic properties to
insulin [72]. In addition to identifying more accurate prognostic factors, studies have
used the Homeostatic Model Assessment for IR (HOMA-IR) to estimate IR in non-diabetic
facial palsy patients [39]. HOMA-IR used for evaluation of insulin sensitivity was calcu-
lated using the following formula: basal plasma glucose (mg/dL) x basal plasma insulin
(UI/mL)/405. The results showed that patients with higher HOMA-IR values had a higher
HBS, suggesting slower recovery than those with low HOMA-IR values.

Lactate dehydrogenase (LDH) is found in the cytoplasm of all human tissues. During
inflammation-mediated cell damage, lactic acid is converted to pyruvic acid and released
extracellularly. LDH has previously been used as an infectious disease biomarker in
inflammatory diseases [73,74]. Serum LDH concentrations were significantly higher in
the BP group than in the control group. This finding could be considered an indicator of
inflammatory disease during BP development [19].

Metabolic syndrome (MetS) is a chronic metabolic disease characterized by the man-
ifestation of various symptoms, such as impaired glucose tolerance, hypertension, hy-
perlipidemia, and obesity. MetS is associated with an increased risk of DM, myocardial
infarction, stroke, and cardiovascular mortality, and is directly or indirectly involved in
the development of various other diseases [75]. MetS induces various types of neuropathy
through nitrous oxide inhibition, vascular degeneration, oxidative injury, and the patholog-
ical mechanisms involved. The complete recovery rate determined by the final HBS was
lower in the MetS group than in the non-MetS group. The recovery rate in the MetS group
was significantly lower in patients with DM, obesity, or high triglyceride (TG) levels [40].
TG and high-density lipoprotein cholesterol (HDL-C) are associated with atherosclerosis.
Microcirculation disorders occur due to an increase in fat and cholesterol accumulation in
the lining of the blood vessel wall. This, in turn, leads to endothelial dysfunction and vascu-
lar inflammation, leading to plaque formation, vascular remodeling, and vascular luminal
obstruction, eventually resulting in microvascular ischemia and facial paralysis. [76].

2.3. Hemostatic

The ischemia theory suggests an impaired blood circulation. Vasa nervorum, caused by
blood clots or vasospasm, causes nerve damage [77]. MPV is an indicator of platelet function
and indicates the rate at which platelets are produced. High MPV values are associated
with ischemic vascular conditions, such as atherosclerosis and thromboembolism [78]. The
MPYV value shows the platelet size, while the PDW value is used to evaluate variations in
platelet size [79]. PLR has been proposed as a marker for ischemic disorders. Patients with
increased PLR values have been found to be at high risk for several peripheral vascular
and coronary artery diseases [80].

In a comparative study between the recovery and non-recovery groups, PDW values
were significantly higher and platelet counts were lower in the recovered group than in the
unrecovered group [28]. PLR was higher in BP patients than in healthy controls. However,
no correlation was found between PLR and BP grades [35]. In another study, MPV was
found to be higher in BP patients. Resultingly, the authors found that higher MPV and PDW
values were associated with HBS. However, they reported that there was no correlation
between MPV and PDW values and the prognosis of facial paralysis [14]. Meanwhile, one
study did not find higher MPV and PLR values in BP patients than in controls [19]. In
addition, previous studies have reported no correlation between MPV and HBS [30,36].
MPYV values also vary greatly depending on sex, age, and ethnicity. Therefore, it is argued
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that the MPV value is inconducive for disease diagnosis and prognosis prediction [81].
Plasma fibrinogen, an important coagulation factor, is synthesized in the liver and converted
to fibrin by activated thrombin. In addition, it is a modest acute phase response protein
that accumulates in response to many types of tissue damage and inflammation [82]. In
a Chinese study, it was reported that plasma fibrinogen levels increased with an increase
in HBS. In particular, the levels of HBS-VI were the highest [43]. It was suggested that
increasing fibrinogen content increases blood viscosity, which aggravates the impaired
facial nerve microcirculation.

The RDW and mean corpuscular volume (MCV) are parameters that describe the
diameter and variation in red blood cell volume. RDW increases in anemia, hemolytic,
microvascular thrombosis, and inflammatory diseases [83,84]. Inflammatory changes and
erythropoiesis can increase RDW because immature red blood cells are released into the
peripheral circulation [83]. MCV is calculated by multiplying the percent hematocrit by ten
divided by the erythrocyte count, which is useful in determining the etiology of anemia [85].

A recent study showed RDW to be significantly higher in non-recovered patients
than in recovered patients. The authors suggested that RDW could be a useful prognostic
factor in BP patients. In multiple logistic regression analysis, only RDW had a significant
effect on the likelihood of recovery from BP. Multivariate analysis results further indicated
that only RDW was an independent prognostic factor for BP recovery [29]. Even when
the MCV values were compared, there was a significant difference between the recovered
and unrecovered groups [32]. The Yanagihara grading system was used to evaluate facial
movements; this grading system is most commonly used in Japan, and is similar to the
Sunnybrook scales and HBS [86]. In contrast, in other studies, RDW values were not
significantly higher in BP patients [30]. Similarly, in pediatric patients, the RDW value was
not correlated with prognosis [24]. A pediatric study suggested that RDW was unaffected
by age, sex, and asymptomatic nutritional anemia, and therefore, was not associated with
early recovery values [27].

Here, we report on the development and testing of a new scoring system, and the
resulting simple scores (PPP-H score for RHS and PPP-B score for BP) to predict the
prognosis of facial palsy patients. It consists of pre-treatment hematological biomarkers
and patient profiles. We selected age, sex, and NLR to construct the PPP-B score, and
age, monocyte rate, MCV, and platelet count to construct the PPP-H score. Resultingly,
the PPP-B score included age (>65 years), sex (male), and NLR ratio (>2.9). The PPP-H
score included age (>50 years), monocyte rate (>6.0%), mean corpuscular volume (>95 fl),
and platelet count (<200,000/L). The patient recovery rate significantly decreased with
increasing PPP scores (both PPP-B and PPP-H) in a stepwise manner [7].

2.4. Immunologic

The primary factors responsible for the elimination of viral infections is antibody-
dependent cytotoxicity resulting from cellular and humoral immune responses. Interleukin
(IL) and tumor necrosis factor alpha (TNF-«) cytokines are secreted by specific cells (in-
cluding, monocytes, endothelial cells, epithelial cells, T cells, and natural killer cells). These
cytokines are involved in immune responses, inflammation, acute phase reactions, and
fever. The proinflammatory cytokines IL-13, TNF-o, and IL-6 can be secreted by glial cells.
Transient expression of these molecules triggers secondary events conducive to the repair
and regeneration of the facial nerve [87]. In cases where the patient has a low CD19+ cell
count, viral clearance is completely or partially reduced as a result of insufficient antiviral
immune antibodies. Therefore, a decreased CD19 level such as in the case of B lymphopenia
may be the cause of facial paralysis [88]. Moreover, depression of CD4 subsets leads to
prolonged viral clearance and an autoimmune response to targeted tissue [89]. A study on
adult patients revealed that there were changes in lymphocyte subsets in the peripheral
blood during the acute phase of BP [90]. Decreased percentages of total T cells (CD3) and T
helper/inducer cells (CD4) have been documented in the acute phase of BP [91]. Serum
concentrations of inflammatory markers, such as TNF-«, IL-6, and IL-8, were increased in
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BP patients [45,92]. Additionally, IL-6, IL-8, and TNF-« levels were significantly higher in
patients with Bell’s palsy than in controls, and IL-1f and IL-2r levels were similar in both
groups. However, levels of the cytokines IL-6, IL-8, TNF-«, IL-13, and IL-2r did not corre-
late with recovery [45]. In a pediatric patient study, lower rates of CD19 and CD4 levels
were found in the child BP group than in the age-matched healthy control group. How-
ever, after 3 months, there was no significant difference in peripheral blood lymphocyte
subsets between the satisfactory recovery group and the unsatisfactory group [15]. Overall,
cytokines cannot function or be stored in cells. Therefore, in response to facial paralysis,
levels may change owing to cytokine production. This may be helpful in understanding
the pathogenic factors and underlying pathology mediating BP [45].

2.5. Oxidative

Oxidative stress begins as a result of impaired antioxidant defense and the balance of
reactive oxygen species (ROS), and has been identified as a key step in the pathophysiology
of vascular diseases. A few small intrinsic blood vessels exist in the labyrinthine segment
of the facial nerve compared to the mastoid and tympanic segments. Thus, the labyrinthine
segment may be more susceptible to oxidative stress. Thiols, which consist of a sulfur atom
and a hydrogen atom bound to a carbon atom, are functional sulthydryl groups [93]. The
thiol group of proteins, such as albumin, is oxidized by molecular oxygen and reversibly
converted to a disulfide bond. These disulfide bonds can be reduced to thiol groups
under conditions of reduced oxidative stress [94]. Alterations in the thiol /disulfide balance
contribute to antioxidant protection, detoxification, enzyme activity, and regulation of
cell signaling mechanisms [95]. The mean native thiol and total thiol levels and native
thiol /total thiol ratios were lower in the study group than in the control group. However,
there was no correlation between HBS and thiol profiles [12]. Paraoxonase 1 (PON1)
is an enzyme with a glycoprotein structure that has both PON and arylesterase (ARE)
activities [96]. PON1 is an antioxidant enzyme linked to HDL and plays a role in protecting
low-density lipoprotein from free radicals [97]. Systemic markers of oxidative stress include
ischemia-modified albumin (IMA). When tissue ischemia occurs, a newly formed albumin
called IMA is produced [98]. In BP patients, PON and ARE activities decreased, and
IMA increased due to excess ROS [46]. The exact mechanism of this numerical change
is unknown; however, it will provide information on the relationship between oxidative
stress and BP.

3. Conclusions

Biomarkers play an important role in APFP prognosis, but the developmental path
toward a clinically valid biomarker is always long and challenging. In this review, we
divided biomarkers into five categories and described those that are helpful in APFP
prognosis; however, we could not identify biomarkers with clinically distinct promising
validity. Notably, these biomarkers have demonstrated different clinical values. All the
biomarkers discussed in this review have the advantage that they can be obtained from
blood and can be easily collected from routine tests. However, studies on biomarkers that
can be obtained from the central nervous system, such as cerebrospinal fluid, should also
be reviewed. In addition to biomarker studies focusing on inflammatory parameters, more
extensive prospective studies such as those on endocrine and neurological parameters are
needed. In this way, we will be able to acquire information that will facilitate better clinical
decision making and apply it to the treatment of patients.
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Abbreviations

NLR Neutrophil to lymphocyte ratio
PLR Platelet to lymphocyte ratio

CAR C-reactive protein to albumin ratio
MPV Mean platelet volume

RDW Red cell distribution width

Hbg Hemoglobin

ELR Eosinophil to lymphocyte ratio

BLR Basophil to lymphocyte ratio

LDH Lactate dehydrogenase

WBC White blood cell

TLR Thrombocyte to lymphocyte ratio
SII Systemic Immune-Inflammation Index, SII = platelets x neutrophils/lymphocytes
CyPA Cyclophilin A

IR Insulin resistance

HOMA Homeostasis model assessment
HOMA-IR basal plasma glucose (mg/dL) x basal plasma insulin (UI/mL)/405
TG Triglyceridemia

HDL-C High density lipoprotein cholesterol
PON Paraoxonase

ARE Arylesterase

IMA Ischemia modified albumin

MCV Mean corpuscular volume

HBS House-Brackmann facial nerve grading system
BP Bell’s palsy

RHS Ramsay-Hunt syndrome

IPFP Idiopathic peripheral facial palsy
PDW Platelet distribution width

HbAlc Serum glycosylated hemoglobin
DG Diabetic group

NDG Non diabetic group

IL Interleukin

TNF-a Tumor necrosis factor alpha

References

1.  Holland, N.J.; Weiner, G.M. Recent developments in Bell’s palsy. BM] 2004, 329, 553-557. [CrossRef]

2. McCaul, J.A.; Cascarini, L.; Godden, D.; Coombes, D.; Brennan, P.A.; Kerawala, C.J. Evidence based management of Bell’s palsy.
Br. J. Oral Maxillofac. Surg. 2014, 52, 387-391. [CrossRef] [PubMed]

3. Chang, D.S,; Lee, J.; Shin, S.A.; Lee, H.Y. Characteristics of patients with acute peripheral facial palsy showing Varicella zoster
virus DNA in saliva. . Med. Virol. 2018, 90, 959-964. [CrossRef] [PubMed]

4. Zhang, W.; Xu, L.; Luo, T.; Wu, F; Zhao, B.; Li, X. The etiology of Bell’s palsy: A review. ]. Neurol. 2020, 267, 1896-1905. [CrossRef]

5. Kim, S.J.; Lee, H.Y. Acute Peripheral Facial Palsy: Recent Guidelines and a Systematic Review of the Literature. J. Korean Med. Sci.
2020, 35, €245. [CrossRef]

6. Lee, H.Y,; Byun, ].Y;; Park, M.S,; Yeo, S.G. Steroid-antiviral treatment improves the recovery rate in patients with severe Bell’s
palsy. Am. J. Med. 2013, 126, 336-341. [CrossRef]

7. Wasano, K,; Ishikawa, T.; Kawasaki, T.; Yamamoto, S.; Tomisato, S.; Shinden, S.; Minami, S.; Wakabayashi, T.; Ogawa, K. Novel
pre-therapeutic scoring system using patient and haematological data to predict facial palsy prognosis. Clin. Otolaryngol. 2017, 42,
1224-1228. [CrossRef] [PubMed]

8. Banks, C.A.; Bhama, PK.; Park, J.; Hadlock, C.R.; Hadlock, T.A. Clinician-graded electronic facial paralysis assessment: The
eFACE. Plast. Reconstr. Surg. 2015, 136, 223e—230e. [CrossRef] [PubMed]

9. Ushio, M.; Kondo, K.; Takeuchi, N.; Tojima, H.; Yamaguchi, T.; Kaga, K. Prediction of the prognosis of Bell’s palsy using
multivariate analyses. Otol. Neurotol. 2008, 29, 69-72. [CrossRef] [PubMed]

10. Takemoto, N.; Horii, A.; Sakata, Y.; Inohara, H. Prognostic factors of peripheral facial palsy: Multivariate analysis followed by

receiver operating characteristic and Kaplan-Meier analyses. Otol. Neurotol. 2011, 32, 1031-1036. [CrossRef] [PubMed]


http://doi.org/10.1136/bmj.329.7465.553
http://doi.org/10.1016/j.bjoms.2014.03.001
http://www.ncbi.nlm.nih.gov/pubmed/24685475
http://doi.org/10.1002/jmv.25030
http://www.ncbi.nlm.nih.gov/pubmed/29319192
http://doi.org/10.1007/s00415-019-09282-4
http://doi.org/10.3346/jkms.2020.35.e245
http://doi.org/10.1016/j.amjmed.2012.08.020
http://doi.org/10.1111/coa.12853
http://www.ncbi.nlm.nih.gov/pubmed/28222241
http://doi.org/10.1097/PRS.0000000000001447
http://www.ncbi.nlm.nih.gov/pubmed/26218397
http://doi.org/10.1097/mao.0b013e31815c2aa0
http://www.ncbi.nlm.nih.gov/pubmed/18199959
http://doi.org/10.1097/MAO.0b013e31822558de
http://www.ncbi.nlm.nih.gov/pubmed/21725266

Int. J. Mol. Sci. 2022, 23, 307 19 of 21

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tojima, H.; Aoyagi, M.; Inamura, H.; Koike, Y. Clinical advantages of electroneurography in patients with Bell’s palsy within two
weeks after onset. Acta Oto-Laryngol. 1994, 114, 147-149. [CrossRef] [PubMed]

Babademez, M.A.; Gul, F;; Kale, H.; Muderris, T.; Bayazit, Y.; Ergin, M.; Erel, O.; Kiris, M. Thiol /disulphide homeostasis in Bell’s
palsy as a novel pathogenetic marker. Clin. Otolaryngol. 2017, 42, 239-244. [CrossRef] [PubMed]

Oya, R.; Takenaka, Y.; Imai, T.; Sato, T.; Oshima, K.; Ohta, Y.; Inohara, H. Neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio as prognostic hematologic markers of Bell’s palsy: A meta-analysis. Otol. Neurotol. 2019, 40, 681-687. [CrossRef]
Ozler, G.S,; Okuyucu, S. Increased mean platelet volume in patients with Bell’s palsy. J. Int. Adv. Otol. 2014, 10, 281. [CrossRef]
Tekgul, H.; Polat, M.; Serdaroglu, G.; Ikizoglu, T.; Yalaz, M.; Kutukculer, N.; Gokben, S. Lymphocyte subsets in Bell’s palsy:
Immune pathogenesis and outcome prediction. Pediatric Neurol. 2004, 31, 258-260. [CrossRef]

Shang, W.; Hu, H.; Shen, M.; Wu, J.; Yu, Z.; Xuan, L. Investigating the correlation between serum albumin level and the prognosis
of Bell’s palsy. Medicine 2021, 100, €26202. [CrossRef]

Cayir, S.; Kilicaslan, C. Hematologic parameters as predictive markers in pediatric Bell’s palsy. Eur. Arch. Oto-Rhino-Laryngol.
2021, 278, 1265-1269. [CrossRef]

Kim, SJ.; Lee, H.Y. Hematological Findings in Patients with Acute Peripheral Facial Palsy. . Int. Adv. Otol. 2020, 16, 382. [CrossRef]
Baklaci, D.; Guler, I.; Kuzucu, I.; Kum, R.O.; Ozcan, M. Status of Lactate Dehydrogenase, Neutrophil-lymphocyte Ratio, Mean
Platelet Volume, and Platelet-lymphocyte Ratio in Bell’s Palsy. Cureus 2020, 12, €7432. [CrossRef]

Cayir, S.; Hizli, O.; Kayabasi, S. Is C-reactive protein to albumin ratio an indicator of poor prognosis in Bell’s palsy? Eur. Arch.
Oto-Rhino-Laryngol. 2020, 277, 115-119. [CrossRef] [PubMed]

Kinar, A.; Uly, S.; Bucak, A.; Kazan, E. Can Systemic Immune-Inflammation Index (SII) be a prognostic factor of Bell’s palsy
patients? Neurol. Sci. 2021, 42, 3197-3201. [CrossRef]

Aysel, A.; Miuderris, T.; Yilmaz, F,; Tokat, T.; Aliyeva, A.; Simsek, 0.0,; Altas, E. Pediatric Bell’s palsy: Prognostic factors and
treatment outcomes. Turk. J. Pediatrics 2020, 62, 1021-1027. [CrossRef] [PubMed]

Demir, B.; Kersin, B.; Gojayeva, E; Arman, A.; Binnetoglu, A. Concentrations of Serum Cyclophilin A in Patients With Bell Palsy.
J. Craniofacial Surg. 2020, 31, e368-370. [CrossRef] [PubMed]

Kim, D.H.; Oh, ].H.; Kim, J.; Cho, C.H.; Lee, ].H. Predictive values of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio,
and other prognostic factors in pediatric patients with Bell’s palsy. Ear Nose Throat J. 2020, 100, 720-725. [CrossRef]

Kim, H.-S,; Jung, J.; Dong, S.H.; Kim, S.H.; Jung, S.Y.; Yeo, S.G. Association between high neutrophil to lymphocyte ratio and
delayed recovery from bell’s palsy. Clin. Exp. Otorhinolaryngol. 2019, 12, 261. [CrossRef] [PubMed]

Soh, Y.; Lee, ].H.; Jung, J.; Dong, S.H.; Byun, J.Y.; Park, M.S.; Kim, S.H.; Yeo, S.G. A high neutrophil-to-lymphocyte ratio is
associated with recovery from Ramsay Hunt Syndrome. ORL 2019, 81, 130-137. [CrossRef] [PubMed]

Karatoprak, E.; Yilmaz, S. Prognostic factors associated with recovery in children with Bell’s palsy. J. Child Neurol. 2019, 34,
891-896. [CrossRef] [PubMed]

Ulusoy, B.; Bozdemir, K.; Kale, H.; Korkmaz, M.H. The role of inflammation markers in predicting the prognosis of Bell’s palsy.
Eur. Res. J. 2018, 5, 629-635. [CrossRef]

Horibe, Y.; Tanigawa, T.; Shibata, R.; Nonoyama, H.; Kano, F.; Yamaguchi, S.; Murotani, K.; Ogawa, T.; Ueda, H. Efficacy of the
red blood cell distribution width for predicting the prognosis of Bell palsy: A pilot study. Eur. Arch. Oto-Rhino-Laryngol. 2017, 274,
2303-2306. [CrossRef]

Sahin, C.; Varim, C. Neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, mean platelet volume and red cell distribution
width measures in bells palsy. Open Access Maced. |. Med. Sci. 2017, 5, 14. [CrossRef]

Kilicaslan, S.; Uluyol, S.; Gur, M.H.; Arslan, I.B.; Yagiz, O. Diagnostic and prognostic value of procalcitonin levels in patients with
Bell’s palsy. Eur. Arch. Oto-Rhino-Laryngol. 2016, 273, 1615-1618. [CrossRef]

Wasano, K.; Kawasaki, T.; Yamamoto, S.; Tomisato, S.; Shinden, S.; Ishikawa, T.; Minami, S.; Wakabayashi, T.; Ogawa, K.
Pretreatment hematologic findings as novel predictive markers for facial palsy prognosis. Otolaryngol. Head Neck Surg. 2016, 155,
581-587. [CrossRef]

Kilickaya, M.M.; Tuz, M.; Yariktas, M.; Yasan, H.; Aynali, G.; Bagci, O. The importance of the neutrophil-lymphocyte ratio in
patients with idiopathic peripheral facial palsy. Int. ]. Otolaryngol. 2015, 2015, 981950. [CrossRef]

Eryilmaz, A.; Basal, Y.; Tosun, A.; Omurlu, LK; Basak, S. The neutrophil to lymphocyte ratios of our pediatric patients with Bell’s
palsy. Int. |. Pediatric Otorhinolaryngol. 2015, 79, 2374-2377. [CrossRef]

Atan, D,; Hdnciogullarl, A.; Koseoglu, S,; Ozcan, KM.; Cetin, M.A; Ensari, S.; Dere, H. New predictive parameters of Bell’s palsy:
Neutrophil to lymphocyte ratio and platelet to lymphocyte ratio. Balk. Med. ]. 2015, 32, 167. [CrossRef] [PubMed]

Kum, R.O.; Yurtsever Kum, N.; Ozcan, M.; Yilmaz, Y.F,; Gungor, V.; Unal, A.; Ciliz, D.S. Elevated neutrophil-to-lymphocyte
ratio in Bell’s palsy and its correlation with facial nerve enhancement on MRI. Otolaryngol. Head Neck Surg. 2015, 152, 130-135.
[CrossRef] [PubMed]

Ozler, G.S.; Gtinak, G. Neutrophil-lymphocyte ratio: A new predictive and prognostic factor in patients with Bell palsy.
J. Craniofacial Surg. 2014, 25, 944-945. [CrossRef] [PubMed]

Bucak, A.; Uly, S.; Oruc, S.; Yucedag, F; Tekin, M.S.; Karakaya, F.; Aycicek, A. Neutrophil-to-lymphocyte ratio as a novel-potential
marker for predicting prognosis of Bell palsy. Laryngoscope 2014, 124, 1678-1681. [CrossRef] [PubMed]


http://doi.org/10.3109/00016489409128320
http://www.ncbi.nlm.nih.gov/pubmed/8203218
http://doi.org/10.1111/coa.12701
http://www.ncbi.nlm.nih.gov/pubmed/27383276
http://doi.org/10.1097/MAO.0000000000002166
http://doi.org/10.5152/iao.2014.250
http://doi.org/10.1016/j.pediatrneurol.2004.05.003
http://doi.org/10.1097/MD.0000000000026726
http://doi.org/10.1007/s00405-020-06459-w
http://doi.org/10.5152/iao.2020.8748
http://doi.org/10.7759/cureus.7432
http://doi.org/10.1007/s00405-019-05691-3
http://www.ncbi.nlm.nih.gov/pubmed/31620889
http://doi.org/10.1007/s10072-020-04921-5
http://doi.org/10.24953/turkjped.2020.06.014
http://www.ncbi.nlm.nih.gov/pubmed/33372441
http://doi.org/10.1097/SCS.0000000000006308
http://www.ncbi.nlm.nih.gov/pubmed/32149981
http://doi.org/10.1177/0145561320922097
http://doi.org/10.21053/ceo.2018.01018
http://www.ncbi.nlm.nih.gov/pubmed/30545211
http://doi.org/10.1159/000499471
http://www.ncbi.nlm.nih.gov/pubmed/31117094
http://doi.org/10.1177/0883073819865672
http://www.ncbi.nlm.nih.gov/pubmed/31390913
http://doi.org/10.18621/eurj.404778
http://doi.org/10.1007/s00405-016-4445-z
http://doi.org/10.3889/oamjms.2017.007
http://doi.org/10.1007/s00405-016-3937-1
http://doi.org/10.1177/0194599816646552
http://doi.org/10.1155/2015/981950
http://doi.org/10.1016/j.ijporl.2015.10.047
http://doi.org/10.5152/balkanmedj.2015.15456
http://www.ncbi.nlm.nih.gov/pubmed/26167340
http://doi.org/10.1177/0194599814555841
http://www.ncbi.nlm.nih.gov/pubmed/25347990
http://doi.org/10.1097/SCS.0000000000000722
http://www.ncbi.nlm.nih.gov/pubmed/24657977
http://doi.org/10.1002/lary.24551
http://www.ncbi.nlm.nih.gov/pubmed/24307612

Int. J. Mol. Sci. 2022, 23, 307 20 of 21

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

Karagoz, T.; Bayir, O.; Tatar, E.C; Cakal, E.; Ozdek, A.; Keseroglu, K.; Sahin, M.; Korkmaz, M.H. Prognostic role of homeostasis
model assessment and oral glucose tolerance test in nondiabetic patients with Bell’s palsy. Turk. J. Med. Sci. 2020, 50, 405-410.
[CrossRef] [PubMed]

Jung, S.Y.; Jung, J.; Byun, J.Y.; Park, M.S.; Kim, S.H.; Yeo, S.G. The effect of metabolic syndrome on Bell’s palsy recovery rate. Acta
Oto-Laryngol. 2018, 138, 670-674. [CrossRef] [PubMed]

Riga, M.; Kefalidis, G.; Danielides, V. The role of diabetes mellitus in the clinical presentation and prognosis of Bell palsy. J. Am.
Board Fam. Med. 2012, 25, 819-826. [CrossRef] [PubMed]

Kanazawa, A.; Haginomori, S.-I.; Takamaki, A.; Nonaka, R.; Araki, M.; Takenaka, H. Prognosis for Bell’s palsy: A comparison of
diabetic and nondiabetic patients. Acta Oto-Laryngol. 2007, 127, 888-891. [CrossRef] [PubMed]

Zhao, H.; Zhang, X.; Tang, Y.; Li, S. Plasma Fibrinogen in Patients With Bell Palsy. |. Craniofacial Surg. 2016, 27, e608—e610.
[CrossRef] [PubMed]

Kaygusuz, I.; Godekmerdan, A.; Keles, E.; Karlidag, T.; Yalgin, S.; Yildiz, M.; Tazegiil, A. The role of viruses in idiopathic
peripheral facial palsy and cellular immune response. Am. J. Otolaryngol. 2004, 25, 401-406. [CrossRef] [PubMed]

Yilmaz, M.; Tarakcioglu, M.; Bayazit, N.; Bayazit, Y.A.; Namiduru, M.; Kanlikama, M. Serum cytokine levels in Bell’s palsy.
J. Neurol. Sci. 2002, 197, 69-72. [CrossRef]

Calcy, E,; Yiticel, C.; Tiirkay, B.; Turhan, T.; Acar, A. The importance of serum paraoxonase, arylesterase and ischemia modified
albumin levels in evaluation of patients with Bell palsy. Turk. J. Ear Nose Throat 2018, 28, 168-172. [CrossRef]

Kefalidis, G.; Riga, M.; Argyropoulou, P.; Katotomichelakis, M.; Gouveris, C.; Prassopoulos, P.; Danielides, V. Is the width of the
labyrinthine portion of the fallopian tube implicated in the pathophysiology of Bell’s palsy?: A prospective clinical study using
computed tomography. Laryngoscope 2010, 120, 1203-1207. [CrossRef] [PubMed]

Mascarella, M.A.; Mannard, E.; Silva, S.D.; Zeitouni, A. Neutrophil-to-lymphocyte ratio in head and neck cancer prognosis: A
systematic review and meta-analysis. Head Neck 2018, 40, 1091-1100. [CrossRef]

Xu, N.; Tang, X.E; Yao, Y.; Zhao, X,; Chen, J.; Gao, Z,; Yang, Y.; Gao, R.L.; Xu, B.; Yuan, ].Q. Predictive value of neutrophil to
lymphocyte ratio in long-term outcomes of left main and/or three-vessel disease in patients with acute myocardial infarction.
Catheter. Cardiovasc. Interv. 2018, 91, 551-557. [CrossRef] [PubMed]

Pévoa, P; Coelho, L.; Almeida, E.; Fernandes, A.; Mealha, R.; Moreira, P; Sabino, H. Pilot study evaluating C-reactive protein levels in
the assessment of response to treatment of severe bloodstream infection. Clin. Infect. Dis. 2005, 40, 1855-1857. [CrossRef] [PubMed]
Don, B.R.; Kaysen, G. Poor nutritional status and inflammation: Serum albumin: Relationship to inflammation and nutrition.
Semin. Dial. 2004, 17, 432-437. [CrossRef]

Qin, G.; Ty, J.; Liu, L.; Luo, L.; Wu, J; Tao, L.; Zhang, C.; Geng, X.; Chen, X,; Ai, X. Serum albumin and C-reactive protein/albumin
ratio are useful biomarkers of Crohn’s disease activity. Med. Sci. Monit. 2016, 22, 4393-4400. [CrossRef] [PubMed]

Whicher, J.; Bienvenu, J.; Monneret, G. Procalcitonin as an acute phase marker. Ann. Clin. Biochem. 2001, 38, 483-493. [CrossRef]
Yang, R.; Chang, Q.; Meng, X.; Gao, N.; Wang, W. Prognostic value of systemic immune-inflammation index in cancer: A
meta-analysis. ]. Cancer 2018, 9, 3295. [CrossRef] [PubMed]

Wang, P.; Heitman, J. The cyclophilins. Genome Biol. 2005, 6, 1-6.

Axelsson, S.; Berg, T.; Jonsson, L.; Engstrom, M.; Kanerva, M.; Pitkdranta, A.; Stjernquist-Desatnik, A. Prednisolone in Bell’s palsy
related to treatment start and age. Otol. Neurotol. 2011, 32, 141-146. [CrossRef] [PubMed]

Cengiz, A.B.; Gumuslu, B.C.; Tansuker, H.D.; Ogreden, S.; Oktay, M.E. The comparison of inflammatory markers for the prediction
of recurrence of the nasal polyp after endoscopic sinus surgery. Indian ]. Otolaryngol. Head Neck Surg. 2020, 72, 1-7. [CrossRef]
Jenke, A.C,; Stoek, L.-M.; Zilbauer, M.; Wirth, S.; Borusiak, P. Facial palsy: Etiology, outcome and management in children. Eur. J.
Paediatr. Neurol. 2011, 15, 209-213. [CrossRef] [PubMed]

Yilmaz, U.; Cubukcu, D.; Yilmaz, T.S.; Akinci, G.; Ozcan, M.; Giizel, O. Peripheral facial palsy in children. ]. Child Neurol. 2014, 29,
1473-1478. [CrossRef] [PubMed]

Lin, B.D.; Hottenga, ]J.-J.; Abdellaoui, A.; Dolan, C.V.; de Geus, E.J.; Kluft, C.; Boomsma, D.I.; Willemsen, G. Causes of variation in
the neutrophil-lymphocyte and platelet-lymphocyte ratios: A twin-family study. Biomark. Med. 2016, 10, 1061-1072. [CrossRef]
Kratz, F. Albumin as a drug carrier: Design of prodrugs, drug conjugates and nanoparticles. J. Control. Release 2008, 132, 171-183.
[CrossRef]

Rezvani, A R.; Storer, B.E.; Storb, R.E.; Mielcarek, M.; Maloney, D.G.; Sandmaier, B.M.; Martin, PJ.; McDonald, G.B. Decreased
serum albumin as a biomarker for severe acute graft-versus-host disease after reduced-intensity allogeneic hematopoietic cell
transplantation. Biol. Blood Marrow Transplant. 2011, 17, 1594-1601. [CrossRef]

Dahn, M.; Jacobs, L.; Smith, S.; Lange, M.; Mitchell, R.; Kirkpatrick, J. The significance of hypoalbuminemia following injury and
infection. Am. Surg. 1985, 51, 340-343.

Carvalho, J.R.; Machado, M.V. New insights about albumin and liver disease. Ann. Hepatol. 2018, 17, 547-560. [CrossRef]

Khan, N.; Patel, D.; Shah, Y.; Trivedi, C.; Yang, Y.-X. Albumin as a prognostic marker for ulcerative colitis. World ]. Gastroenterol.
2017, 23, 8008. [CrossRef]

Suzuki, S.; Hashizume, N.; Kanzaki, Y.; Maruyama, T.; Kozuka, A.; Yahikozawa, K. Prognostic significance of serum albumin
in patients with stable coronary artery disease treated by percutaneous coronary intervention. PLoS ONE 2019, 14, e0219044.
[CrossRef]

Donald, H.; Gilden, M. Clinical practice: Bell’s palsy. NEJM 2004, 351, 1323-1331.


http://doi.org/10.3906/sag-1901-151
http://www.ncbi.nlm.nih.gov/pubmed/32041386
http://doi.org/10.1080/00016489.2018.1425902
http://www.ncbi.nlm.nih.gov/pubmed/29374993
http://doi.org/10.3122/jabfm.2012.06.120084
http://www.ncbi.nlm.nih.gov/pubmed/23136321
http://doi.org/10.1080/00016480601075399
http://www.ncbi.nlm.nih.gov/pubmed/17763003
http://doi.org/10.1097/SCS.0000000000002931
http://www.ncbi.nlm.nih.gov/pubmed/27763983
http://doi.org/10.1016/j.amjoto.2004.04.011
http://www.ncbi.nlm.nih.gov/pubmed/15547808
http://doi.org/10.1016/S0022-510X(02)00049-7
http://doi.org/10.5606/Tr-ENT.2018.25744
http://doi.org/10.1002/lary.20896
http://www.ncbi.nlm.nih.gov/pubmed/20513040
http://doi.org/10.1002/hed.25075
http://doi.org/10.1002/ccd.27495
http://www.ncbi.nlm.nih.gov/pubmed/29330938
http://doi.org/10.1086/430382
http://www.ncbi.nlm.nih.gov/pubmed/15909277
http://doi.org/10.1111/j.0894-0959.2004.17603.x
http://doi.org/10.12659/MSM.897460
http://www.ncbi.nlm.nih.gov/pubmed/27848931
http://doi.org/10.1177/000456320103800505
http://doi.org/10.7150/jca.25691
http://www.ncbi.nlm.nih.gov/pubmed/30271489
http://doi.org/10.1097/MAO.0b013e3182009f35
http://www.ncbi.nlm.nih.gov/pubmed/21099725
http://doi.org/10.1007/s12070-020-01952-4
http://doi.org/10.1016/j.ejpn.2010.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21159531
http://doi.org/10.1177/0883073813503990
http://www.ncbi.nlm.nih.gov/pubmed/24097851
http://doi.org/10.2217/bmm-2016-0147
http://doi.org/10.1016/j.jconrel.2008.05.010
http://doi.org/10.1016/j.bbmt.2011.07.021
http://doi.org/10.5604/01.3001.0012.0916
http://doi.org/10.3748/wjg.v23.i45.8008
http://doi.org/10.1371/journal.pone.0219044

Int. J. Mol. Sci. 2022, 23, 307 21 of 21

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

98.

Adour, KK.; Wingerd, J.; Doty, H.E. Prevalence of concurrent diabetes mellitus and idiopathic facial paralysis (Bell’s palsy).
Diabetes 1975, 24, 449-451. [CrossRef]

Eligora, S.S.; Erdem, D. Does Type 2 Diabetes Mellitus Affect the Healing of Bell’s Palsy in Adults? Can. |. Diabetes 2018, 42,
433-436. [CrossRef]

Sittel, C,; Sittel, A.; Guntinas-Lichius, O.; Eckel, H.E.; Stennert, E. Bell’s palsy: A 10-year experience with antiphlogistic-rheologic
infusion therapy. Otol. Neurotol. 2000, 21, 425-432. [CrossRef]

Buysschaert, M.; Bergman, M. Definition of prediabetes. Med. Clin. N. Am. 2011, 95, 289-297. [CrossRef]

Kim, B.; Feldman, E.L. Insulin resistance in the nervous system. Trends Endocrinol. Metab. 2012, 23, 133-141. [CrossRef]

Click Jr, ].H. Serum lactate dehydrogenase isoenzyme and total lactate dehydrogenase values in health and disease, and clinical
evaluation of these tests by means of discriminant analysis. Am. |. Clin. Pathol. 1969, 52, 320-328. [CrossRef] [PubMed]

Pincus, M.R.; Abraham, N.Z,, Jr.; Carty, R.P. 20 Clinical Enzymology. In Henry’s Clinical Diagnosis and Management by Laboratory
Methods E-Book; ELSEVIER SAUNDERS: Philadelphia, PA, USA, 2011; p. 273.

Grundy, S.M.; Brewer, H.B., Jr.; Cleeman, ].I; Smith, S.C., Jr.; Lenfant, C. Definition of metabolic syndrome: Report of the National
Heart, Lung, and Blood Institute/ American Heart Association conference on scientific issues related to definition. Circulation
2004, 109, 433-438. [CrossRef] [PubMed]

Alessi, M.-C.; Juhan-Vague, I. Metabolic syndrome, haemostasis and thrombosis. Thromb. Haemost. 2008, 99, 995-1000. [PubMed]
Omori, H.; Ikeda, M. Intravascular hypercoagulability in patients with recent Bell’s palsy. Eur. Arch. Oto-Rhino-Laryngol. 1994,
251,278-282. [CrossRef]

Braekkan, S.; Mathiesen, E.; Njelstad, I.; Wilsgaard, T.; Stermer, J.; Hansen, J. Mean platelet volume is a risk factor for venous
thromboembolism: The Tromse study. . Thromb. Haemost. 2010, 8, 157-162. [CrossRef]

Vagdatli, E.; Gounari, E.; Lazaridou, E.; Katsibourlia, E.; Tsikopoulou, F.; Labrianou, I. Platelet distribution width: A simple,
practical and specific marker of activation of coagulation. Hippokratia 2010, 14, 28.

Gary, T.; Pichler, M.; Belaj, K.; Hafner, F.; Gerger, A.; Froehlich, H.; Eller, P.; Rief, P.; Hackl, G.; Pilger, E. Platelet-to-lymphocyte
ratio: A novel marker for critical limb ischemia in peripheral arterial occlusive disease patients. PLoS ONE 2013, 8, e67688.
[CrossRef]

Noris, P.; Melazzini, F.; Balduini, C.L. New roles for mean platelet volume measurement in the clinical practice? Platelets 2016, 27,
607-612. [CrossRef]

Humpbhries, S. Genetic regulation of fibrinogen. Eur. Heart ]. 1995, 16, 16-20. [CrossRef]

Nonoyama, H.; Tanigawa, T.; Shibata, R.; Nakao, Y.; Horibe, Y.; Katahira, N.; Nishimura, K.; Murotani, K.; Murohara, T.; Ueda, H.
Red blood cell distribution width predicts prognosis in idiopathic sudden sensorineural hearing loss. Acta Oto-Laryngol. 2016,
136, 1137-1140. [CrossRef]

Uemura, Y.; Shibata, R.; Takemoto, K.; Uchikawa, T.; Koyasu, M.; Watanabe, H.; Mitsuda, T.; Miura, A.; Imai, R.; Watarai, M.
Elevation of red blood cell distribution width during hospitalization predicts mortality in patients with acute decompensated
heart failure. J. Cardiol. 2016, 67, 268-273. [CrossRef] [PubMed]

Nagao, T.; Hirokawa, M. Diagnosis and treatment of macrocytic anemias in adults. J. Gen. Fam. Med. 2017, 18, 200-204. [CrossRef]
[PubMed]

Hato, N.; Fujiwara, T.; Gyo, K; Yanagihara, N. Yanagihara facial nerve grading system as a prognostic tool in Bell’s palsy. Otol.
Neurotol. 2014, 35, 1669-1672. [CrossRef] [PubMed]

Streit, W.J.; Semple-Rowland, S.L.; Hurley, S.D.; Miller, R.C.; Popovich, P.G.; Stokes, B.T. Cytokine mRNA profiles in contused
spinal cord and axotomized facial nucleus suggest a beneficial role for inflammation and gliosis. Exp. Neurol. 1998, 152, 74-87.
[CrossRef] [PubMed]

Bergmann, C.C.; Ramakrishna, C.; Kornacki, M.; Stohlman, S.A. Impaired T cell immunity in B cell-deficient mice following viral
central nervous system infection. J. Immunol. 2001, 167, 1575-1583. [CrossRef]

Zhong, W.; Roberts, A.D.; Woodland, D.L. Antibody-independent antiviral function of memory CD4+ T cells in vivo requires
regulatory signals from CD8+ effector T cells. J. Immunol. 2001, 167, 1379-1386. [CrossRef]

Aviel, A.; Ostfeld, E.; Marshak, G.; Burstein, R.; Bentwich, Z. Peripheral blood T and B lymphocyte subpopulations in Bell’s palsy.
Ann. Otol. Rhinol. Laryngol. 1983, 92, 187-191. [CrossRef]

Gorodezky, C.; Carranza, ].M.; Bustamante, A.; Yescas, P.; Martinez, A.; Vilatela, M.E.A. The HLA system and T-cell subsets in
Bell’s palsy. Acta Oto-Laryngol. 1991, 111, 1070-1074. [CrossRef]

Greco, A.; Gallo, A.; Fusconi, M.; Marinelli, C.; Macri, G.; De Vincentiis, M. Bell’s palsy and autoimmunity. Autoimmun. Rev. 2012,
12,323-328. [CrossRef]

Sen, C.K.; Packer, L. Thiol homeostasis and supplements in physical exercise. Am. J. Clin. Nutr. 2000, 72, 6535-669S. [CrossRef]
Jones, D.P; Liang, Y. Measuring the poise of thiol /disulfide couples in vivo. Free Radic. Biol. Med. 2009, 47, 1329-1338. [CrossRef]
Circu, M.L.; Aw, T.Y. Reactive oxygen species, cellular redox systems, and apoptosis. Free Radic. Biol. Med. 2010, 48, 749-762. [CrossRef]
Durrington, P.; Mackness, B.; Mackness, M. Paraoxonase and atherosclerosis. Arterioscler. Thromb. Vasc. Biol. 2001, 21, 473—480. [CrossRef]
Mackness, M.L; Arrol, S.; Durrington, PN. Paraoxonase prevents accumulation of lipoperoxides in low-density lipoprotein. FEBS
Lett. 1991, 286, 152-154. [CrossRef]

Liyan, C,; Jie, Z.; Yonghua, W.; Xiaozhou, H. Assay of ischemia-modified albumin and C-reactive protein for early diagnosis of
acute coronary syndromes. J. Clin. Lab. Anal. 2008, 22, 45-49. [CrossRef]


http://doi.org/10.2337/diab.24.5.449
http://doi.org/10.1016/j.jcjd.2017.10.055
http://doi.org/10.1016/S0196-0709(00)80055-1
http://doi.org/10.1016/j.mcna.2010.11.002
http://doi.org/10.1016/j.tem.2011.12.004
http://doi.org/10.1093/ajcp/52.3.320
http://www.ncbi.nlm.nih.gov/pubmed/5805997
http://doi.org/10.1161/01.CIR.0000111245.75752.C6
http://www.ncbi.nlm.nih.gov/pubmed/14744958
http://www.ncbi.nlm.nih.gov/pubmed/18521499
http://doi.org/10.1007/BF00181885
http://doi.org/10.1111/j.1538-7836.2009.03498.x
http://doi.org/10.1371/journal.pone.0067688
http://doi.org/10.1080/09537104.2016.1224828
http://doi.org/10.1093/eurheartj/16.suppl_A.16
http://doi.org/10.1080/00016489.2016.1195919
http://doi.org/10.1016/j.jjcc.2015.05.011
http://www.ncbi.nlm.nih.gov/pubmed/26140955
http://doi.org/10.1002/jgf2.31
http://www.ncbi.nlm.nih.gov/pubmed/29264027
http://doi.org/10.1097/MAO.0000000000000468
http://www.ncbi.nlm.nih.gov/pubmed/24945585
http://doi.org/10.1006/exnr.1998.6835
http://www.ncbi.nlm.nih.gov/pubmed/9682014
http://doi.org/10.4049/jimmunol.167.3.1575
http://doi.org/10.4049/jimmunol.167.3.1379
http://doi.org/10.1177/000348948309200218
http://doi.org/10.3109/00016489109100758
http://doi.org/10.1016/j.autrev.2012.05.008
http://doi.org/10.1093/ajcn/72.2.653S
http://doi.org/10.1016/j.freeradbiomed.2009.08.021
http://doi.org/10.1016/j.freeradbiomed.2009.12.022
http://doi.org/10.1161/01.ATV.21.4.473
http://doi.org/10.1016/0014-5793(91)80962-3
http://doi.org/10.1002/jcla.20223

	Introduction 
	Prognostic Biomarkers in APFP 
	Inflammatory 
	Metabolic 
	Hemostatic 
	Immunologic 
	Oxidative 

	Conclusions 
	References

