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Abstract

Background/Aim: Hashimoto thyroiditis (HT) is a common autoimmune thyroid disease that may have
systemic effects on any organ, including the inner ear. Increased frequency of autoimmune thyroid disease
in patients with Meniere's disease and benign paroxysmal positional vertigo (BPPV) has been found, and
autoimmunity was implicated in the etiopathogenesis of both diseases. The aim of this study was to
evaluate vestibular functions and the effect of levothyroxine (LT4) therapy in patients with Hashimoto's
thyroiditis.

Methods: The study included 61 men and women with HT diagnosis (group I: 31 patients who did not
receive treatment; group Il: 31 patients on LT4 treatment) and 30 healthy individuals (control group)
between 18 and 60 years of age. Free T3, free T4, TSH, anti-TPO, and anti-Tg levels of all individuals
were measured, and Cervical vestibular evoked myogenic potentials (cVEMPs), ocular vestibular evoked
potentials (0VEMP), and video head impulse test (vHIT)tests were performed.

Results: In the cVEMP results, a 20% VEMP wave was not obtained in the group with HT on LT4
treatment. However, no significant difference was found in the statistical results between the groups. There
was no significant difference in vHIT and 0VEMP tests between groups. Vestibular tests of patients with
hypothyroidism (TSH >4.9) were compared with those of euthyroid patients. The altered frequency in the
cervical VEMP test of the left ear was higher in hypothyroid patients (P=0.042). The oVEMP test results
were similar for both ears in both groups. The groups were similar in terms of VOR gain in the vHIT test.
Conclusion: In euthyroid HT patients, vestibular tests were normal. Progression of vestibular dysfunction
might be induced by hypothyroidism rather than autoimmune thyroid diseases.

Keywords: Hashimoto thyroiditis, vestibular evoked myogenic potentials, video head impulse test,
peripheral vestibular system

2023;7(11):722-726.
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Introduction

Autoimmune thyroid diseases are common and affect 1-
5% of the general population. Hashimoto thyroiditis (HT) is the
most frequent organ-specific autoimmune disorder and arises
from an immune response against thyroid antigens that is
triggered by environmental factors in genetically predisposed
individuals [1,2]. HT is known to cluster with a wide spectrum of
autoimmune disorders ranging from organ-specific diseases to
systemic diseases [3]. Dizziness affects 15% to over 20% of
adults yearly according to large population-based studies, and
vestibular vertigo has a prevalence of 5% and an annual
incidence of 1.4%. Its prevalence rises with age and is greater in
women than in men. The most common vestibular diseases are
Meniere’s disease (MD) and benign paroxysmal peripheral
vertigo (BPPV) [4].

Peripheral vestibular disorders result from vestibular
labyrinth or vestibular nerve pathologies. Vestibulospinal and
vestibulo-ocular reflexes are evaluated by a vestibular evoked
myogenic potential (VEMP) test and the video head impulse test
(VHIT). VEMP tests are non-invasive electrophysiological test
methods that measure the reflex arc resulting in muscle
contraction as a result of stimulation of the peripheral vestibular
organs. Cervical vestibular evoked myogenic potentials
(cVEMPs) involve the saccule and inferior vestibular nerve [5],
and ocular vestibular evoked potentials (0VEMP) involve the
utricle and superior vestibular nerve reflex arc responses [6]. The
VHIT is based on the examination of eye movements that
develop in response to repeated rapid head pushing movements
to measure the integrity of the vestibulo-ocular reflex (VOR). It
is especially useful for the differential diagnosis of peripheral
vestibular diseases and diseases originating from the central
nervous system.

The cochlear-vestibular system might be affected by
autoimmune diseases, and vertigo could be more common in
patients with autoimmune disorders [7]. Autoimmune inner ear
disease is rare and is a syndrome of progressive hearing loss
and/or dizziness, which is caused by antibodies or immune cells
attacking the inner ear [8]. Autoimmunity may be responsible for
several forms of frequently seen vestibular diseases, such as MD
and BPPV [9,10]. The increased prevalence of systemic
autoimmune diseases in patients with MD than the general
population, the elevated levels of immunocomplexes, the
association between MD and HLA-types, and good response to
glucocorticoid treatment are considered to support possible
autoimmune etiology in MD [11]. Although this association
between autoimmune disorders and vertigo has led to the
hypothesis that autoimmune mechanisms might also be involved
in the pathogenesis of benign paroxysmal positional vertigo
(BPPV), studies show conflicting results [12].

Based on clinical observations of increased
vestibulocochlear symptoms in patients with thyroid dysfunction
and possible role of autoimmunity in vestibular disorders, certain
studies have investigated the relationship between vestibular
disorders as MD benign paroxysmal positional vertigo [13,14].
Studies investigating the relationship between vestibular
disorders and autoimmune thyroid diseases revealed inconsistent
results and were unable to demonstrate a direct cause—effect
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relationship, and the role of thyroid dysfunction remains unclear.
The aim of this study was to investigate the association between
HT and vestibular function and the possible effect of
levothyroxine (LT4) treatment on vestibular function.

Materials and methods

Patients

This study examined 91 adult subjects. 61 patients with
HT were referred from the outpatient clinic of Baskent
University, Department of Endocrinology and Metabolism. This
study was approved by the Bagkent University Research
Committee of Medical and Health Sciences and Ethics
Committee (Project no: KA18/33). Written informed consent
was obtained from all the participants. The inclusion criteria
were an absence of a complaint or history of vertigo, no previous
use of medication that might affect the vestibular system in the
last 2 weeks, no history of head trauma or previous ear surgery,
absence of disorders related to cervical vertebra or the neck,
absence of problems with vision or the eyes, normal ear
examination, and normal spontaneous nystagmus records.
Subjects not meeting any of these criteria were excluded from
the study.

The study examined 3 groups. Group | comprised 31
patients who were diagnosed with HT but did not receive
treatment, group Il comprised 31 patients with HT who were on
LT4 treatment, and the control group comprised 30 age and sex-
matched healthy individuals. For power analysis, G-power 3.1
software were used. The three independent groups were
compared using the power test F test and one-way ANOVA. The
effect size was 0.42, type 1 error was taken as 0.05, and the
power of the study was 95%.

None of the subjects had wvestibular or hearing
complaints. All subjects underwent a complete thyroid
evaluation, including physical examination and measurement of
serum free T4 (FT4), free T3 (FT3), TSH, and anti-thyroid
peroxidase (anti-TPO) autoantibodies. Blood samples were
drawn after an overnight fast and studied immediately. Serum
concentrations of TSH (normal ranges: 0.35-4.94 pU/mL), FT4
(normal range: 0.7-1.48 ng/dL), FT3 (normal range: 2.3-4.2
pg/mL), and anti-TPO antibodies were determined by
chemiluminescence immunoassay using an Abbott-Architect
analyzer (Chicago, IL). Anti-TPO <35 U/mL was considered as
negative.

Procedure

Pure tone audiometry, tympanometry, VEMP, and vHIT
analyses were performed for all patients and the control group.
Audiologic tests were conducted using an AC40 Clinical
Audiometer audiometric device (Interacoustics A/S, DK-5610,
Assens, Denmark). The air and bone conduction hearing
thresholds were determined by routine audiologic analyses with
air conduction thresholds for values between 0.125 and 8 kHz
and bone conduction at 0.5, 1, 2, and 4 kHz. Hearing thresholds
greater than 20 dB at two or more frequencies were accepted as
sensorineural hearing loss.

Video head impulse test (vHIT)

The VHIT was performed using the Otosuite Vestibular
computer program and goggles with a camera attached (GN
Otometrics, Taastrup, Denmark). The head was leaned forward
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30° and then thrust right and left randomly in the horizontal
plane (head velocity ~100-250°/sec) to induce lateral
semicircular canals. The head was thrust forward and backward
randomly in the sagittal plane (head velocity ~50-250°/sec) to
induce vertical semicircular canals (LARP and RALP). Twenty
impulses given true were accepted for the evaluation of each
canal.

The normal ranges of the VOR gain for lateral and
vertical VHIT were accepted as 0.8-1.2 and 0.7-1.2, respectively.
Saccade with an amplitude higher than the peak head velocity
was accepted as pathological saccade. A saccade beginning
before the end of the head movement was considered as a covert
saccade, while a saccade beginning after head movement
termination was considered as an overt saccade. In some
patients, the saccade amplitude was lower than the peak head
velocity in vHIT.

c/oVEMP test technique

The c/oVEMP tests were performed using a Grason-
Stadler (GSI) Audera device (Grason-Stadler Inc., MN, USA).
All study participants first underwent skin cleansing using
alcohol and a peeling gel. Single-use Ag/AgCl (Ambu Blue
Sensor N Ref No N-00-S/25) superficial electrodes were used for
each test.

oVEMP

Reference electrodes were placed 5 mm below the eye
sockets on the inferior oblique muscle. Active electrodes were
placed 1-2 cm below the reference electrodes, and the ground
electrode was placed on the forehead. Electrode resistances were
kept <5 pQ. During the recording, volunteers in a sitting position
were asked to look at objects previously placed 1 m away at 30—
40° angles on a horizontal plane with a neutral gaze line for the
duration of sound. While giving stimuli via an insert earphone, a
recording was made from the contralateral eye. During ear
changeover, the individuals were asked to rest with their eyes
shut. The apices of the first waveform that was formed after the
introduction of the stimulus were designated as N1 and P1. The
latency and amplitude values of the waves were then measured.

cVEMP

The surface electromyographic activity of the SCM
muscle was recorded using an EP 25 device (Interacoustics Co.,
Assens, Denmark). The active electrode was put on the upper
half of the ipsilateral SCM muscle, and the reference electrode
was put on the suprasternal notch. During the recording, the
seated patients were instructed to rotate their heads to the side
opposite to the stimulated ear to activate the SCM. Background
electromyographic activity was monitored visually for consistent
tonic contraction.

Short tone bursts (100 dB nHL and 500 Hz each with a
1-ms rise/fall time and a 5-ms plateau time) were delivered
monaurally via TDH 49P insert earphones. The stimulation rate
was 5 Hz, and the analysis time was 60 ms. In total, 128
responses to stimuli were averaged, and the measurements were
repeated twice to check the test wave reproducibility. The
latencies of the first positive peak (p13), the next negative peak
(n23), and the amplitude difference between the pl3 and n23
amplitudes were measured.

Hashimoto thyroiditis and peripheral vestibular system
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Statistical analysis

Analyses were performed using SPSS version 25.0 for
Windows (SPSS, Chicago, IL, USA). Continuous data were
presented as the mean and standard deviation or the median
[minimum—maximum] as appropriate. Comparisons of various
numeric parameters among patient and control groups were
analyzed with ANOVA and Kruskal-Wallis tests as necessary.
Differences were considered to be statistically significant if P-
values were <0.05.

Results

The demographic and biochemical characteristics of
study subjects are presented in Table 1. Groups were similar in
terms of age (P=0.410) and gender (P=0.156). As expected,
serum TSH and anti-TPO levels were higher in patients with HT
compared with the control group (P<0.001). The audiometric
examinations of all study subjects were normal.

Table 1: Demographic and biochemical characteristics of study participants.

Group | Group 11 Control P-value

(n=31) (n=30) (n=30)
Age (years)?® 38.19 (10.58) 40.93 (10.39) 38.03(7.26) = 0.410
Gender (M/F) | 2/29 2/28 6/24 0.156
T3 (pg/mL)? | 2.91(0.52) 2.75 (0.36) 2.79 (0.33) 0.292
T4 (ng/dL)? | 1.51(1.95) 1.05 (0.23) 0.99 (0.12) 0.155
TSH (uIU/mL)® | 2.0 (0.86-7.1) 3.65 (0.03-16.83)  1.16 (0-3.36) = <0.001
AntiTPO (U/mL)? | 312.96 (298.56) = 582.01(349.02)  0.46 (0.39) <0.001

a: Mean (SD), b: Median (minimum-maximum), fT3: free T3, fT4: free T4, TSH: thyrotiropin stimulating
hormon, anti TPO: Anti-thyroid peroxidase antibodies

There were no differences between groups for the
frequencies of altered cervical and ocular VEMP tests (Table 2).
There was no statistically significant difference between the
groups in in terms of the absence of oVEMP and cVEMP. In
cVEMP responses, the number of people with absent VEMP
waves in group Il was higher, but the difference was not
statistically significant (P=0.379). In vHIT tests, there was no
statistically significant difference between the groups in the
mean VOR gain results in each group in all semicircular canals
(Table 3).

Table 2: The cervical and ocular VEMP test results of the study participants

Groupl | Group Il = Control = P-value
(n=31) (n=30) (n=30)
cVEMP Right Ear (A/P) | 2/29 5/25 1/29 0.161
Lower case? = Left Ear (A/P) ‘ 2129 5/25 0/30 0.357
No-hyphen?
OoVEMP Right Ear PL(A/P) | 4/27 5/25 5/25 0.895
Left Ear P1 (A/P) | 5/26 7123 3/27 0.379

cVEMP: Cervical vestibular evoked myogenic potential oVEMP: Ocular vestibular evoked myogenic
potentials A: absent P: positive

Table 3: The vestibulo-ocular reflex (VOR) gain results for each semicircular canal of study
participants

VOR gain Group | Group 1 Control P-value
(n=31) (n=30) (n=30)

Leftear | Lateral | 0.9(0-1.3) 0.9(0.7-1.4) 0.9 (0.6-15) = 0.998
Posterior | 0.9 (0-1.2) | 0.9 (0-1.1) 0.9(0-1.1)  0.883
Anterior | 0.8(0-1.2) 0.8 (0.6-1) 0.8 (0-1.06) = 0.694

Rightear = Lateral | 1(0-1.3) 1(0.8-1.3) 1(0.8-1.5) | 0.985
Posterior | 0.7 (0-0.9) 0.8(0.5-1.1) 0.8 (0-0.9) 0.152
Anterior | 0.9 (0-1.1) = 0.9(0.7-1.2) = 0.9 (0-1.2) 0.554

In order to investigate the effect of TSH levels on the
vestibular tests, the study subjects were grouped according to
their TSH level. There were 22 hypothyroid patients with a
median TSH level of 6.0 (4.2-16.4) pU/mL, and 69 were
euthyroid with a median TSH level of 1.5 (0.4-3.3) pU/mL. The
altered frequency in the cVEMP test of the left ear was higher in
hypothyroid patients (P=0.042). The oVEMP test results were
similar for both ears in both groups (Table 4). The groups were
similar in terms of VOR gain in the vHIT (Table 5).
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Table 4: The cervical and ocular VEMP test results of hypothyroid and euthyroid
participants.

Euthyroid = Hypothyroid = P-value
(n=69) (n=22)
cVEMP | Right Ear (A/P) | 4/65 4/18 0.093
Left Ear (A/P) | 1/68 3/19 0.042
oVEMP | Right Ear (A/P) | 10/59 4/18 0.737
Left Ear (A/P) | 10/59 5/17 0.509

cVEMP: Cervical vestibular evoked myogenic potential, oVEMP: Ocular vestibular evoked myogenic
potentials, A: absent, P: positive

Table 5: The vestibulo-ocular reflex (VOR) gain results for each semicircular canal
hypothyroid and euthyroid participants.

VOR gain Euthyroid = Hypothyroid = P-value
(n=69) (n=22)

Left Lateral | 0.9 (0-15) | 0.9(0-1.2) 0.607
Posterior | 0.8 (0-1.2) | 0.9 (0-1.1) 0.791
Anterior | 0.8(0-1.1) = 0.9 (0-1.2) 0.528

Right = Lateral | 1(0-1.5) 1(0-1.3) 0.433
Posterior \ 0.8 (0-1.1) @ 0.8 (0-0.9) 0.170
Anterior | 0.9 (0-1.2) | 1(0-1.1) 0.199

Discussion

This cross-sectional study showed that there was no
difference in vestibular function between patients with HT and
the control group in detailed vestibular tests. Studies show an
increased prevalence of autoimmune thyroid disease in patients
diagnosed with MD and BPPV, and autoimmunity was held
responsible in the etiopathogenesis of both diseases. Most studies
were designed to investigate thyroid autoimmunity or thyroid
dysfunction in patients who have already been diagnosed with a
vestibular disease, and some of these studies had no control
group [15]. There are limited studies concerning vestibular
pathologies in patients with HT.

To address the limitations in the literature, our study
evaluated the peripheral vestibular system in patients with
thyroid autoimmunity without vestibular complaints. The similar
results of vestibular function tests in both patient and control
group suggest that thyroid autoimmunity may not have a causal
role in vestibular dysfunction. Our study indicates that thyroid
autoimmunity might be limited to the thyroid gland alone and not
have any systemic effects. However, thyroid autoantibodies are
accepted as an indicator for predisposition to other autoimmune
diseases [16]. Considering the possible role of autoimmunity in
the pathogenesis of peripheral vestibular diseases, we may
conclude that patients with HT may be potential candidates for
developing peripheral vestibular diseases, especially MD.
Further prospectively designed studies are needed to evaluate
this.

In our study, the VEMP test results were similar in both
control and patient groups. We can conclude that the
endolymphatic sac, saccule macula, and inferior vestibular nerve
may be affected by these results. Similar to our study, Chiarella
et al. [14] found that cVEMP tests were higher in HT patients
than the control group. In this study, the ratio of female patients
to male patients in the HT group was significantly higher than in
the control group. There is a predominance of females among
those with MD, and hormonal factors may play a role in its
etiopathogenesis. Therefore, the high number of female patients
in the HT group in the study by Chiarella et al. [14] may have
caused the higher frequency of abnormal VEMP tests. Moreover,
in that study, only one SCC was evaluated using a caloric test,
whereas in our study, all three SCCs were evaluated with vHIT
tests. This increases the strength and reliability of our study.

Hashimoto thyroiditis and peripheral vestibular system
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There was no difference between groups in terms of
gain of VOR. VvHIT evaluates all three SCCs with a high-
frequency impulse. McCaslin et al. [17] showed that VHIT is the
most effective way of evaluating horizontal VOR in their study
on MD. Chen et al. [18] demonstrated that there are normal vHIT
symptoms in the early stages of the disease, but dysfunctions
arise in the advanced stages. In light of the results, it was
concluded that the immune response that may lead to
dysfunction in the cupula in the semicircular canals, afferent
cellular system, and vestibular nerve did not occur.

Our study was a cross-sectional study and was
performed on asymptomatic patients who had not yet developed
the autoimmune changes that cause MD or BPPV, which may be
the reason behind the failure to detect the pathology in vertigo-
related tests. Thus, prospective studies to investigate the
association between thyroid autoimmunity and vertigo in
asymptomatic HT patients are required. Approximately half of
the HT patients included in our study were under LT4 treatment
and were euthyroid. No significant difference was detected
between HT patients under LT4 treatment and HT patients not
receiving any treatment in terms of vestibular tests. There was an
altered frequency in the left ears of patients with hypothyroidism
in cervical VEMP tests. Since the patients did not have any
symptoms and signs of vestibular dysfunction, we could not
interpret the clinical importance of this result. Nevertheless, this
may be an early sign of vestibular dysfunction accompanying
thyroid dysfunction.

Limitations

This study had the following limitations. Firstly, due to
the small number of participants (both with HT and
hypothyroidism), some abnormalities in vestibular function may
not have been identified, and we may not have tested the exact
effect of hypothyroidism on the vestibular system. Secondly, the
cross-sectional design of our study did not allow us to follow the
patients for the symptoms and signs of vestibular dysfunction.

Conclusion

In conclusion, in our study, we did not find any
relationship between HT and vestibular dysfunction, despite the
opposite clinical observations and the findings in a relatively
small number of studies. For this reason, there is a need for
further studies with a prospective design to investigate the course
of vestibular function in patients with HT.
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Abstract

Background/Aim: Laboratory tests play a vital role in diagnosing, monitoring, treating, and determining
the prognosis of diseases. Several parameters, including mean corpuscular hemoglobin concentration
(MCHC), mean platelet volume (MPV), mean corpuscular volume (MCV), platelet distribution width
(PDW), platelet count (PLT), plateletcrit (PCT), neutrophil count (NEU), platelet/lymphocyte ratio (PLR),
and neutrophil/lymphocyte ratio (NLR), have been investigated in various diseases. This study aims to
explore whether these parameters can predict mortality in patients undergoing coronary artery bypass graft
surgery (CABG).

Methods: The study was conducted as a retrospective cohort study, analyzing 2478 patients who underwent
CABG in the cardiovascular surgery clinic of our hospital between January 2013 and November 2020.
Preoperative blood count parameter values (PLT, PCT, PDW, MPV, MCHC, MCV, PLR, NEU, NLR, and
MCHC/MCV) were compared between 80 patients who died after the operation (Group 1) and 80 patients
who were discharged from the hospital (Group 2).

Results: The analysis revealed that PLT and MCV were significantly lower in Group 1, while MPV, NEU,
NLR, and MCHC/MCYV were significantly higher. In the receiver operating characteristic (ROC) analysis,
the positive probability rate of PLT in predicting mortality (cut-off >260.2, +LR: 2.44, 95% CI: 0.605—
0.754) was higher than that of MPV (cut-off <7.53, +LR: 2, 95% CI: 0.584-0.735), MCV (cut-off <82.21,
+LR: 1.26, 95% CI: 0.513-0.671), NEU (cut-off <68.2, +LR: 2.03, 95% CI: 0.640-0.785), NLR (cut-off
<2.66, +LR: 2.58, 95% CI: 0.571-0.724), and MCHC/MCV (cut-off <0.4, +LR: 1.45, 95% CI: 0.551—
0.706).

Conclusion: Preoperative PLT, MCV, MPV, NEU, NLR, and MCHC/MCYV values are effective parameters
for predicting mortality in CABG patients.

Keywords: coronary artery disease, coronary artery bypass graft operation, mortality, blood count
parameters

patients undergoing coroner artery bypass graft surgery. J Surg Med. 2023;7(11):727-731.
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Introduction

The purpose of coronary artery bypass graft surgery
(CABG).can be summarized as improving the quality and duration
of life, relieving angina, and reducing the occurrence of recurrent
ischemic events, such as myocardial infarction, by decreasing the
need for subsequent procedures. Despite being considered one of
the most life-saving surgeries, the mortality rate for CABG ranges
from approximately 1.48% to 2.67%, depending on the surgical
technique employed and the surgeon's experience [1,2].

By identifying and addressing preventable factors
contributing to mortality, it may be feasible to further reduce this
rate. In the contemporary healthcare, laboratory tests are crucial in
disease diagnosis, prognostic evaluation, and treatment selection.

Hematologic parameters, including mean platelet volume
(MPV), plateletcrit (PCT), platelet distribution width (PDW),
platelet/lymphocyte ratio (PLR), and mean corpuscular
hemoglobin concentration (MCHC), can be determined through
cost-effective laboratory tests. The literature reports these
parameters' utilization in the diagnosis and treatment of numerous
diseases. For instance, MPV has been identified as an independent
parameter associated with well-known risk factors such as
dyslipidemia, hypertension, increased fibrinogen levels, and
elevated white cell count. Moreover, a significant correlation has
been observed between MPV and atherothrombosis [3].

Research has demonstrated the utility of PCT and PLR as
markers for identifying heightened thrombotic status and
inflammatory response in individuals with morbid obesity [4].
Additionally, a separate study indicated a correlation between
NLR and acute coronary syndromes [5].

This study aims to examine whether MPV, PCT, PDW,
PLR, MCHC, mean corpuscular volume (MCV), and
MCHC/MCV can serve as predictors of mortality in CABG
patients.

Materials and methods

The study commenced after obtaining approval from the
Local Ethics Committee (TC. Non-Interventional Ethics
Committee of Adiyaman University) on November 17, 2020, with
session number 2020/10-11. A total of 3,478 patients who
underwent CABGO and were diagnosed with coronary artery
disease (CAD) between January 2013 and November 2020 were
included in the study, along with 80 randomly selected patients
who were discharged with recovery. The data were collected
electronically from the hospital's data recording system. An equal
number of male and female patients were randomly selected as the
control group. The patients who died were categorized as Group
1, while the control patient group was referred to as Group 2. The
preoperative PLT, PCT, PDW, MPV, MCHC, MCV, PLR, NEU,
NLR, and MCHC/MCYV values of these groups were compared.
Blood samples were analyzed using the Abbott Cell-Dyn Ruby
(USA) hematology analyzer.

Patients who underwent additional operations other than
CABGO and emergency surgeries were excluded from the study.
Furthermore, patients with hematologic diseases, active
infections, and liver dysfunction were also excluded. To mitigate
gender bias, an equal number of male and female patients were
selected in this study, matching the number in the control group.
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Statistical analysis

Statistical analysis was conducted using SPSS 15.0 for
Windows (SPSS Inc.) and Medcalc v.9.4.4.0. The one-sample
Kolmogorov-Smirnov test was employed to assess the normal
distribution of the data. Group comparisons were performed using
the Independent Two Samples t-test or the Mann-Whitney U test,
as appropriate. Results were presented as mean, standard deviation
and median (min-max). Non-parametric data were compared
using the Chi-square test and reported as numbers or percentages.
Pearson correlation coefficients were utilized for continuous
variables. Multivariate binary logistic regression analysis was
conducted to determine predictive factors for ex-subjects
considering statistically relevant confounding variables. The
receiver operating characteristics (ROC) curve was employed for
evaluating clinical parameters. A P-value <0.05 was considered
statistically significant.

Results

Randomly selected patients who underwent CABGO
with a diagnosis of CAD and subsequently died after surgery were
included in the study. Group 1 consisted of 40 males and 40
females, while Group 2 comprised 40 men and 40 women. The
study was conducted between January 2013 and November 2020.
The mean age of Group 1 was 66.49 (9.99) years, whereas Group
2 had a mean age of 63.30 (8.34) years (P=0.030). No significant
differences were observed in comorbidity between the two groups
(Table 1). Table 1 provides a summary of the demographic,
clinical, and laboratory characteristics of the patients.

Table 1: Demographic, clinical and laboratory characteristics of the patients.

Variables Group 1 (n=80) Group 2 (n =80)
Exitus (Deceased) Discharge
Mean (SD) Median Mean (SD) Median P-value
n(%) (Min-Max) n(%) (Min-Max)
Age 66.49 (9.99) 65.00 63.30 (8.34) 63.00 0.030®
(45.00- (46.00-
89.00) 81.00)
Gender = Male 40 (50%) 40 (50%) 1.000%
Female | 40 (50%) 40 (50%)
Smoking 21 (26.25%) 19 (23.75%) 0.710"
Hypertension 29 (36.25%) 26 (32.50%) 0.614%
Alcohol 11 (13.75%) 10 (12.5%) 0.807%
Diabetes Mellitus 20 (25%) 22 (27.5%) 0.715%
PLT 229.69 229.69 276.82 269.5 <0.001*
(64.2) (87.32- (92.43) (116.2-
481.0) 747.1)
MPV 8.40 (1.63) 8.16 7.50 (1.47) 7.2 <0.001
(5.37-12.65) 5.11-11.74 °
PCT 0.22 (0.1) 0.20 0.19 (0.06) 0.18 0.095°
(0.10-0.63) (0.09-0.41)
PDW 18.40 (3.36) 19.27 17.70 (3.95) 18.57 0.228®
(9.60-24.84) (8.50-24.70)
MCHC 33.27 (1.64) 32.90 32.86 (1.49) 33.04 0.105®
(29.62- (29.26-
37.66) 36.39)
MCV 85.03 (5.93) 85.7 86.88 (4.23) 86.72 0.025®
(70.64- (73.41-
99.62) 100.30
NEU 69.53 69.70 60.88 (8.11) 60.34 <0.001
(11.77) (46.63- (42.81- @
92.40) 78.39)
LYM 26.56 (7.82) 21.75 29.09 (6.38) 28.50 0.143®
(9.40-42.96) (16.04-
45.60)
NLR 3.01(1.4) 2.76 2.22(0.75) 217 <0.001*
(1.30-7.37) (0.14-3.93)
PLR 9.71 (5.1) 8.40 10.07 (5.5) 9.0 0.187°
(3.51-29.66) (0.52-46.58)
MCHC/MCV 0.393 (0.03) 0.39 0.382 (0.02) 0.38 0.002®
(0.37-0.42) (0.32-0.70)

¥ Chi-Square test was used, ® Independent two sample t-test was used, *Mann-Whitney U test was used. SD:
Standard deviation, Min: Minimum, Max: Maximum, PLT: Platelet, MPV: Mean platelet volume, MCV:
Mean corpuscular, PCT: Plateletcrit, PDW: Platelet distribution width, MCHC: Mean corpuscular hemoglobin
concentration, MCV: Mean corpuscular volume, NEU: Neutrophil, LYM: Lymphocyte, NLO: Neutrophil-to-
lymphocyte ratio, PLO: Platelet-to-lymphocyte ratio, MCHC/MCV: Mean corpuscular hemoglobin
concentration to mean corpuscular volume ratio

Based on the file scans, it was determined that all
patients who experienced mortality had died prior to the follow-
up period in the ward after being in the Intensive Care Unit.
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Significant differences were observed between Group 1
and Group 2 in terms of PLT levels from laboratory data
(P<0.001). Furthermore, Group 1 exhibited significantly higher
values of MPV, MCV, NEU, NLO, and MCHV/MCV compared
to Group 2 (P<0.001, P=0.025, P<0.001, P<0.001, and P=0.002,
respectively). The results of the Multivariate Binary Logistic
Regression Analysis are presented in Table 2. According to these
findings, elevated PLR values were associated with increased
mortality, whereas decreased MPV, PCT, PDW, NLR, and
MCVC/MCYV rates were associated with decreased mortality. The
analysis revealed that MPV (OR: 0.653, 95% CI: 0.493-0.864,
P=0.003), PCT (OR: 0.004, 95% CI: 0.000-1.000, P=0.003),
PDW (OR: 0.885, 95% CI: 0.787-0.996, P=0.042), NLR (OR:
0.197, 95% CI: 0.102-0.381, P<0.001), and PLR (OR:1.310,
95%ClI: 1.124-1.526, P=0.001) values were independent
predictive factors for mortality (Table 2). Pearson Correlation
Analysis was performed to examine the relationships between the
predictive parameters and other variables (Table 3). In the
deceased group (Group 1), PLR exhibited significant positive
correlations with PLT (r=0.560, P<0.001), NEU (r=0.296,
P<0.001), and NLR (r=0.778, P<0.001), while demonstrating a
significant negative correlation with LYM (r=-0.724, P<0.001).
NLR showed a significant positive correlation with NEU
(r=0.632, P<0.001) but a negative and significant correlation with
LYM (r= -0.922, P<0.001). PDW displayed a positive and
significant correlation with MCHC (r=-0.224, P<0.001). No
significant correlations were observed between MPV and PCT
predictive parameters and other variables (P=0.095). In Group 2,
PDW exhibited a negative and significant correlation with PCT
(r=-0.224, P=0.05), while the other measurements were similar to
those of the deceased group.

Table 2: The multivariate binary logistic regression analysis to identify predictors of mortality

Variables B S.E. P-value | OR 95% CI
Lower = Upper
MPV | -0.427 0.143 = 0.003 0.653 = 0.493 0.864
PCT | -5.590 2.852  0.050 0.004  0.000 1.000
PDW | -0.122 0.060 = 0.042 0.885  0.787 0.996
NLR | -1.625 0.337  <0.001 0.197  0.102 0.381
PLR | 0.270 0.078 = 0.001 1310 1.124 1.526
MCHC/MCV | -23.555 @ 7.684 @ 0.002 0.000  0.000 0.000

B: Beta coefficient, SE: Standard error, OR: Odds Ratio, Cl: Confidence Interval, Hosmer—Lemeshow
goodness-of-fit test: X% 12.32, P=0.138, MPV: Mean platelet volume, PCT: Plateletcrit, PDW: Platelet
Distribution Width, NLR: Neutrophil-lymphocyte ratio, PLR: Platelet- lymphocyte ratio, MCHC/MCV: Mean
corpuscular hemoglobin concentration to mean corpuscular volume ratio

Table 3: Receiver operating characteristics curve analysis
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ROC curve analysis was conducted to assess the
diagnostic performance and characteristics of the variables found
to be significant in Table 1. The results revealed that the predictive
capacity of probable positivity rate in predicting mortality (cut-off
>260.2, +LR: 2.44, 95% CI: 0.605-0.754) was higher compared
to MPV (cut-off <7.53, +LR: 2, 95% CI: 0.584-0.735), MCV (cut-
off <82.21, +LR: 1.26, 95% CI: 0.513-0.671), NEU (cut-off
<68.2, +LR: 2.03, 95% CI: 0.640-0.785), NLR (cut-off <2.66,
+LR: 2.58, 95% CI: 0.571-0.724), and MCHC/MCV (cut-off
<0.4, +LR: 1.45, 95% CI: 0.551-0.706). Consequently, the PLT
value with a cut-off of 260.2 exhibited a more accurate diagnostic
value in predicting mortality (AUC: 0.683, 95% CI: 0.605-0.754)
(Table 3). The ROC chart illustrated that MPV, NLR, and
MCHC/MCYV were significantly higher in Group 1 than in Group
2, as indicated by their positioning above the reference line
(Figure 1). Conversely, PLT and MCV were significantly lower in
Group 1 than Group 2, causing them to be situated below the
reference line.

Figure 1: Receiver operating characteristic curve of group variables to estimate the likelihood
of mortality
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MPV <7.53 62.5 68.75 2 0.55 0.662 <0.001
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(81.2-95.6) (19.2-40.0) (0.9-1.8) (0.2-0.7)  (0.513-0.671)

NEU <68.02 81.25 60 2.03 0.31 0.716 <0.001
(71.0-89.1) (48.4-70.8) (1.7-25)  (0.2-0.5) (0.640 - 0.785)

NLR <2.66 75 52.5 1.58 0.48 0.651 0.001
(64.1-84.0) (41.0-63.8) (1.2-2.0) (0.3-0.7)  (0.571-0.724)

MCHC/MCV | <0.4 925 36.25 1.45 0.21 0.631 0.003
(84.4-97.2)  (25.8-47.8) (1.1-2.0) (0.09-0.5) (0.551-0.706)

+LR: positive likelihood ratio, ~LR: negative likelihood ratio, PLT: Platelet, MPV: Mean platelet volume, MCV: Mean corpuscular volume,
NEU: Neutrophil, NLR: Neutrophil-to-lymphocyte ratio, MCHC/MCV: Mean corpuscular hemoglobin concentration to mean corpuscular

volume ratio
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Discussion

Despite advancements in cardiac surgery and cardiac
anesthesia techniques, the mortality rate attributed to various
complications remains around 2%, even in top-tier medical
centers [2]. A thorough examination of the factors influencing
mortality reveals that multiple variables, including body mass
index, age, gender, aortic clamp time, and total cardiopulmonary
bypass time, contribute to increased risk [6].

This study aimed to examine preoperative laboratory
values and identify factors influencing mortality, excluding
obvious factors. Multivariate Binary Logistic Regression Analysis
was conducted to compare patients who died in the intensive care
unit of cardiovascular surgery with those who were discharged,
considering matching numbers and genders. The results revealed
that PLT, MPV, PCT, PDW, and NLR were independent
predictive factors for mortality. Specifically, low preoperative
PLT and MCV levels, along with elevated MPV, NLR, and
MCHC/MCYV ratios, were found to significantly impact mortality.

MPV serves as an approximate indicator of platelet
activation and has been utilized for risk assessment and prognostic
evaluation in cardiovascular diseases [7]. However, no significant
correlations were observed between Group 1 (patients who died)
and Group 2 (patients who were discharged) in our study. Previous
research has demonstrated that MPV is an independent risk factor
in individuals with acute coronary syndrome and is closely linked
to complications following acute myocardial infarction and
restenosis post-stent placement in percutaneous coronary
interventions [8]. Additionally, Smyth et al. conducted a separate
study revealing elevated MPV levels in patients who experienced
restenosis after successful single-vein angioplasty [9]. Our study
found that low platelet (PLT) count and elevated MPV were
associated with increased mortality.

A separate study highlighted the potential of MPV and
MCHC as cost-effective and influential parameters for prognostic
evaluation in three vascular coronary artery diseases [8]. MCV
and MCHC were initially introduced by Wintrobe in 1929 to
assess the size of red blood cells and the amount of hemoglobin.
These values, referred to as red cell indices, were initially utilized
solely for diagnosing specific types of anemia and understanding
their underlying causes [10]. Subsequent clinical trials have
emphasized that MCHC, in particular, could serve as a
determinant of mortality in CAD and may also predict acute
mortality in patients presenting at the emergency department [11-
13].

Our study revealed that both MCV and MCHC/MCV
ratios significantly impacted mortality. A low MCV value below
the cut-off of 82.21, as well as an MCHC/MCYV ratio below the
cut-off of 0.4, were identified as significant determinants of
mortality.

Atherosclerosis, diabetes mellitus, hypertension,
dyslipidemia, and smoking are interconnected risk factors
contributing to the complex systemic disease known as CAD [14].
Recent research findings indicate that the development of
atherosclerosis involves not only passive vascular damage
triggered by blood lipoproteins and other elements within the
arterial wall but also a significant contribution from white blood
cells in the inflammatory process [15,16]. Neutrophils, in
particular, have been shown to play various roles, from
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atherosclerosis progression to plaque stabilization [14]. As a
result, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) have been extensively studied as
inflammation biomarkers, with NLR specifically linked to the
severity and prognosis of CAD [14,17,18].

Our study evaluated the preoperatively calculated NLR
using Multivariate Binary Logistic Regression and ROC Analysis.
The results demonstrated that NLR independently served as a risk
factor for predicting mortality in patients undergoing coronary
artery bypass grafting (CABG).

Limitations

Our study had several limitations that should be
acknowledged. Firstly, it was a single-center retrospective study,
which inherently restricts the generalizability of the findings. The
patient population included in the study was relatively small,
further limiting the statistical power of the analysis. Another
limitation is that most patients underwent interventional
procedures such as coronary angiography, catheter insertion, and
urinary probe placement at the cardiology clinic, and many were
on anticoagulant and antiplatelet therapy. These procedures and
medications can potentially induce inflammatory responses,
which may have influenced the inflammatory parameters
measured. It is important to recognize that inflammatory
parameters can be influenced by various factors, and therefore, a
multicenter study considering all relevant prospective influencing
factors is necessary to provide a more comprehensive
understanding.

The primary limitation of our study is its single-center
design, which may restrict the generalizability of the findings to a
broader population. Additionally, our study is retrospective in
nature, which introduces inherent limitations such as potential bias
and limited control over data collection. However, our study has
notable strengths, including a relatively large sample size
compared to similar studies and the novelty of being the first
single-center study reporting on these specific findings in the
literature.

Conclusion

In summary, our study demonstrated the significant
impact of inflammatory parameters, including preoperative MPV,
NEU, NLR, MCHC/MCV, PLT, and MCV, on mortality in
patients who underwent CABG. These findings align with existing
literature regarding the influence of inflammatory markers on
CAD and surgical mortality. Notably, these parameters offer
several advantages, such as cost-effectiveness, quick availability
(results in less than 20 minutes), and ease of repeatability.
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Abstract

Background/Aim: Considering the effects of inflammation on fibromyalgia and the small intestine, we
hypothesize that vitamin D deficiency may contribute to inflammation and affect vitamin B12 and ferritin
levels in patients with fibromyalgia. The objectives were: 1) to compare the levels of vitamin D, vitamin
B12, and ferritin in patients with fibromyalgia and patients who have local painful conditions, and 2) to
evaluate the correlation of vitamin D levels with vitamin B12 and ferritin levels.

Methods: The records of 299 patients with fibromyalgia (274 female, 25 male) and 128 patients with local
painful conditions (114 female, 14 male) between April 2019 and 2020 were examined, including
measurements of 25-hydroxy vitamin D, vitamin B12, ferritin, erythrocyte sedimentation rate, and C-
reactive protein.

Results: The levels of 25-hydroxy vitamin D were low in both groups, with levels below 30 ng/ml in
90.3% of all patients. However, there was no significant difference in vitamin B12 and ferritin levels
between the two groups, and the levels of these markers were within normal limits in both groups.
Correlation analysis showed that vitamin D levels were significantly correlated with vitamin B12
(P<0.001, r=0.211) and ferritin (P=0.005, r=0.337) levels in patients with fibromyalgia but not in the
other group.

Conclusion: Consistent with our hypothesis, an association was found between vitamin D levels and
vitamin B12 and ferritin levels in fibromyalgia. However, this correlation was not found in patients with
local painful conditions.

Keywords: fibromyalgia, neuroinflammation, vitamin D

ﬁ How to cite: Bakilan F, Ortanca B, EKim A, Mutlu FS. Does the levels of vitamin D correlate with the levels of vitamin B12 and ferritin in fibromyalgia? J Surg Med. 2023;7(11):732- ]

735.

Page | 732


https://jsurgmed.com/

_ J Surg Med. 2023;7(11):732-735.

Introduction

Fibromyalgia is characterized by widespread chronic
pain and fatigue [1], and its exact origin is unknown. It is
speculated that vitamin deficiencies may play a role in its
development, although it remains unclear whether they
contribute to the underlying pathophysiology [2].

The relationship between iron and fibromyalgia has
been investigated in previous studies, yielding varying results. A
controlled study comparing fibromyalgia patients with healthy
subjects suggested that iron, as a cofactor in the dopamine and
serotonin pathways, may play a role in the etiology of
fibromyalgia [3]. In contrast, another controlled study with
healthy volunteers reported that patients with fibromyalgia do
not have reduced iron stores [4]. Deficiency in vitamin B12 can
lead to a decrease in neurotransmitter levels by affecting
methylation reactions [5], and it has been associated with pain
and other musculoskeletal disorders [6]. Therefore, several
studies have examined the relationship between fibromyalgia and
vitamin B12, finding normal serum levels of vitamin B12 [3,7].

Vitamin D has been extensively studied in relation to
fibromyalgia, with many studies reporting low levels of this
vitamin in individuals with the condition [8-10]. Akar et al. [8]
suggested that patients with vitamin D levels below 25 ng/ml
may be more prone to experiencing pain and developing
fibromyalgia. Similarly, Ozcan et al. [9] observed lower levels of
25-hydroxy vitamin D in 60 patients with fibromyalgia compared
to 30 healthy controls. Ozgen et al. [10] reported that only
11.48% of the patients with fibromyalgia had normal vitamin D
levels (above 30 ng/ml).

There is evidence of both neuroinflammation and
systemic inflammation in fibromyalgia [11-13]. Fibromyalgia
often coexists with gastrointestinal dysbiosis and intestinal
hyperpermeability [14-16], which can be attributed to the effects
of systemic inflammation on the gastrointestinal tract, including
barrier function, epithelial cells, villus structures, and intestinal
absorptive area [17,18]. On the other hand, vitamin D has been
shown to have anti-inflammatory properties [19], as well as the
ability to reduce intestinal hyperpermeability [20] and improve
intestinal dysbiosis [21].

Given the impact of inflammation on the small intestine,
we hypothesize that vitamin D deficiency may contribute to
inflammation and potentially affect vitamin B12 and ferritin
levels in patients with fibromyalgia.

This study was conducted with the following objectives:
1) to investigate the levels of vitamin D, vitamin B12, and
ferritin in patients with fibromyalgia, 2) to compare these results
with patients who have local painful conditions, and 3) to
evaluate the correlation between vitamin D levels and vitamin
B12 and ferritin levels.

Materials and methods

The study involved a retrospective analysis of patients
with fibromyalgia and a local painful condition at the Physical
Medicine and Rehabilitation Outpatient Clinic between April
2019 and 2020. This analysis was conducted by searching the
computerized database and patient files. The medical records of
956 patients diagnosed with fibromyalgia, according to the
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American College of Rheumatology (ACR) 1990 Criteria (ICD-
10: M79 and subgroups), were reviewed, along with the records
of 350 patients with a local musculoskeletal problem
(experiencing pain but without a systemic musculoskeletal
problem) (ICD-10: M75.1, S83, G56.0, M17). The review
focused on gathering information regarding age, gender, and
blood test results.

Two-hundred-ninety-nine patients with fibromyalgia
(274 female, 25 male) were included in Group 1, while 128
patients (114 female, 14 male) with only a local musculoskeletal
problem (Group 2) and no systemic musculoskeletal problem
were also included in the study. The inclusion criteria specified
that patients must be aged between 20 and 75 years, with
available records of age and gender, as well as 25-hydroxy-
vitamin D (25(OH)vit D) and vitamin B12 values from blood
tests. Patients who did not have both 25-hydroxy-vitamin D and
vitamin B12 values, those with C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) levels higher than twice the
normal upper limit, and patients who visited the hospital for
control purposes and received vitamin therapy were excluded
from the study. Additionally, patients with multi-joint
osteoarthritis were excluded from Group 2.

The ACR 1990 Fibromyalgia Criteria defines
fibromyalgia as the presence of widespread pain accompanied by
tenderness at 11 or more of the 18 tender points for a duration of
at least 3 months [1].

Blood tests were conducted to gather records of 25-
hydroxy-vitamin D, vitamin B12, ferritin, ESR, and CRP levels.
The following reference ranges were used: serum 25(OH)vit D
values of 0-19.99 ng/ml (or 50 nmol/ml) indicated vitamin D
deficiency, values of 20-29.99 ng/ml (or 50-75 nmol/ml)
indicated mild deficiency and values of 30 ng/ml and above were
considered within the normal serum concentration range.
Vitamin B12 values between 190 and 880 pg/ml, ferritin values
between 5-120 ng/ml, CRP values between 0 and 5 mg/l, and
ESR values between 1 and 20 mm/h were regarded as normal
serum concentrations. However, for geriatric patients, the normal
upper limit of ESR values was calculated using the formula (age
+ 10)/2 for women and age/2 for men [22].

The study obtained approval from the Eskisehir
Osmangazi University Ethics Committee (14/07/20-34: E-
25403353-050.99-77349).

Statistical analysis

The distribution of each continuous variable was
assessed using the Shapiro-Wilk test. Non-normally distributed
variables were analyzed using the Mann-Whitney U test and are
reported as median values with the interquartile range (25th-75th
percentile). Categorical variables were compared using chi-
square statistics and are presented as numbers and percentages.
Spearman correlation analysis was employed to examine the
relationships between variables. A significance level of P <0.05
was considered statistically significant. All statistical analyses
were conducted using SPSS version 22.0 software (SPSS Inc.,
Chicago, IL, USA).

Results

No significant differences were found in age, gender,
vitamin B12, ferritin, CRP, and ESR levels between the two
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groups. The levels of these factors were within normal limits in
both groups. However, both groups exhibited low vitamin D
levels (Table 1). Table 2 displays the 25(OH)vit D levels for all
patients. Only 11.6% of group 1 and 5.4% of group 2 had normal
25(0OH)vit D levels.

Correlation analysis revealed significant correlations
between vitamin D levels and vitamin B12 (P<0.001) as well as
ferritin (P=0.005) levels in fibromyalgia patients. However, this
correlation was not observed in patients with a local painful
condition (Table 3).

Table 1: Comparison of age, gender, vitamin, c-reactive protein and erythrocyte
sedimentation rate levels between groups

Group 1 Group 2 P-value
Age, years, mean (range) | 48.0 (40-56) 48.5(38-57) 0.857

n % n %
Gender
Female 274 91.63% 114 89.06% 0.212
Male 25 8.36% 14 10.93%

Median (IQR 25-75%) | Median (IQR 25-75%)
25-hydroxy vitamin D 18.30 (12.90-25.10) 16.65 (9.65-22.97) 0.011
Vitamin B12 353.0 (265.25-434.0) 342.50 (265.50-412.0) = 0.482
Ferritin 22.0 (6.50-44.0) 23.0 (6.0-51.0) 0.655
C-Reactive Protein 1.0 (0.10-3.10) 1.0 (0.20-2.90) 0.757
ESR 9.0 (6.0-15.0) 11.0 (5.0-17.0) 0.378

ESR: Erythrocyte Sedimentation Rate, IQR: inter quartile range
Table 2: Vitamin D levels of both groups

Group 1 (n=299) Group 2 (n=128)

VitaminD | <20ng/ml ~ 20- >30ng/ml <20ng/ml  20- >30ng/ml

categories 30ng/ml 30ng/ml

n (%) 163 102 35 82 39 7
(54.51%) @ (34.11%) @ (11.70%) | (64.06%) @ (30.46%)  (5.46%)

Table 3: Correlation of vitamin levels in all patients

Group 1 (n=299) Group 2 (n=128)
25- Vitamin Ferritin =~ 25- Vitamin Ferritin
hidroxy- B12 (n=68) hidroxy- B12 (n=45)
vitamin D (n=299) vitamin D (n=128)
(n=299) (n=128)
Vitamin r=0.211 r=0.073
B12 P<0.001 P=0.411
Ferritin r=0.337 r=0.128 r=0.223 r=0.121
P=0.005 P=0.295 P=0.141 P=0.429
Discussion
Vitamin deficiencies may play a role in the

pathophysiology of fibromyalgia, although the mechanisms are
still unclear [2]. On the other hand, many studies have compared
the vitamin status of individuals with fibromyalgia to that of
healthy controls, making it unclear whether vitamin deficiency is
associated with fibromyalgia or simply a painful condition. To
address this, we compared fibromyalgia with local painful
conditions to evaluate the levels of vitamin D, ferritin, and
vitamin B12. We found a deficiency in 25(OH)vit D levels but
not in ferritin and vitamin B12 levels. Our results suggest that
vitamin B12 and ferritin are not related to fibromyalgia. In our
study, the level of 25(OH)vit D was below 30 ng/ml in 90.3% of
all patients, indicating a relationship between painful conditions
and vitamin D deficiency. These results are consistent with
previous studies comparing patients with fibromyalgia and
musculoskeletal pain. Block et al. [23] found low vitamin D
levels in both patients with fibromyalgia and chronic
musculoskeletal pain who do not meet the ACR criteria for
fibromyalgia. These findings indicate that not only patients with
fibromyalgia but also those with local painful conditions
experience vitamin D deficiency. It is already known that low
levels of vitamin D are associated with various musculoskeletal
problems such as pain [8,24], myopathy, osteoporosis, and
cognitive function [25]. Therefore, there is no doubt that vitamin
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D levels should be studied in general practice, physical therapy,
and rehabilitation clinics, not only in relation to fibromyalgia.

According to our hypothesis, an association was found
between the levels of vitamin D and the other vitamins, vitamin
B12 and ferritin, in fibromyalgia. The impact of vitamin D levels
on vitamin B12 and ferritin levels can be attributed to the effect
of vitamin D on the gastrointestinal tract. Vitamin D receptors
have been identified in various human tissues, including stomach
and intestine cells [26]. Stumpf et al. [27] demonstrated the
presence of vitamin D receptors in the digestive tract, including
gastric glands and the absorptive epithelium of the small and
large intestines. They suggest that vitamin D affects various
digestive processes, such as parietal cell and intrinsic factor
secretion. If a correlation were found only between vitamin D
and B12 levels but not ferritin levels, it would indicate that
vitamin D deficiency affects the parietal cells and intrinsic
factors and reduces vitamin B12 levels.

Additionally, studies have shown a relationship between
vitamin D deficiency and autoimmune gastritis [28]. However,
vitamin D deficiency affects both vitamin B12 and ferritin levels.
We believe that vitamin D deficiency may reduce absorption
from the small intestine, which is the site of absorption for both
vitamin B12 and ferritin. It is important to note that the
association between vitamin D and ferritin, as well as vitamin
B12 levels, was observed only in patients with fibromyalgia and
not in those with a local painful condition. By examining the
pathogenesis of fiboromyalgia differently from local pain, we may
have an opportunity for further discussion.

Evidence suggests the presence of both central
neuroinflammation and neurogenic inflammation in peripheral
tissues in fibromyalgia. Patients with fibromyalgia have been
found to have elevated levels of neuropeptides associated with
neuroinflammation, such as substance P [13], nerve growth
factor [29], and brain-derived neurotrophic factor [30], in their
cerebrospinal fluid (CSF). Additionally, increased levels of IL-8
have been reported in the CSF of fibromyalgia patients [31].
Furthermore, other studies have shown elevated levels of
proinflammatory chemokines and cytokines in the blood of
individuals with fibromyalgia [11,12]. While the exact cause of
fibromyalgia remains unclear, these findings suggest a potential
immune-related link to neuroinflammation. However, it is
important to note that the presence of neuroinflammation alone is
premature without considering the coexistence of small intestine
bacterial overgrowth (SIBO), a type of gastrointestinal dysbiosis,
and vitamin D deficiency.

Systemic inflammation has well-established effects on
gastrointestinal function and morphology, including barrier
function, epithelial cells, and the absorptive area of the intestines.
Clinical and experimental evidence indicates systemic
inflammation leads to reduced villus height, increased
permeability, and disruptions in digestion and absorption
processes [17,18]. Given the impact of inflammation on the
gastrointestinal tract, it is common for neuroinflammation in
fibromyalgia to coexist with gastrointestinal dysbiosis [14].
Pimentel et al. [16] reported that all 42 fibromyalgia patients in
their study exhibited laboratory evidence of SIBO, and the
severity of SIBO positively correlated with the severity of
fibromyalgia symptoms. Additionally, Goebel et al. [15]
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demonstrated that patients with fibromyalgia have increased

intestinal permeability, a condition known as intestinal
hyperpermeability.
Research has demonstrated that vitamin D

supplementation can alleviate inflammation [19], reduce pain in
fibromyalgia [32], improve intestinal hyperpermeability [20],
address intestinal dyshiosis [21], and even inhibit experimental
microglial activation [33], which is a crucial component of
central sensitization and neuroinflammation. Furthermore, low
vitamin D levels have been associated with high levels of
lipopolysaccharide (LPS) [34]. LPS-induced stimulation of
proinflammatory cytokines has been linked to chronic pain, and
the presence of SIBO and increased intestinal permeability can
lead to enhanced systemic absorption of LPS [35].

Neuroinflammation, SIBO, and vitamin D deficiency
each have an additive or synergistic effect on the others [14].
Based on the aforementioned studies, we propose that in
fibromyalgia, if vitamin D levels are low, the impairment of
absorption for both vitamin B12 and ferritin from the small
intestine may be further exacerbated by the additive
inflammatory effects. Conversely, in patients with local
musculoskeletal problems, low vitamin D levels may not cause
absorption disorders due to the absence of SIBO and
neuroinflammation. A study by Curic et al. [36] supports our
hypothesis, as they found a significant association between
25(0OH) vitamin D levels and vitamin B12 levels in obese
middle-aged women. This study further strengthens our
hypothesis, as neuroinflammation is also observed in obesity
[37,38], similar to fibromyalgia.

Limitations

To our knowledge, this is the first study to investigate
the relationship between levels of vitamin D and ferritin, as well
as vitamin B12. This aspect represents a notable strength of our
study. However, it is important to acknowledge certain
limitations. First, our study has a retrospective design, which
may introduce inherent biases and limitations in data collection.
Additionally, a lack of a third control group consisting of healthy
individuals is another limitation. This absence is because healthy
individuals did not seek treatment at our clinic, thus restricting
our ability to include them in the study.

Conclusion

In this study, our investigation revealed vitamin D
deficiency in 90.3% of all patients with musculoskeletal
problems. Additionally, we observed a positive correlation
between vitamin D levels and the levels of vitamin B12 and
ferritin in individuals with fibromyalgia. This finding suggests
that vitamin D may play a role in the absorption of vitamin B12
and ferritin among fibromyalgia patients. However, further
studies are necessary to explore this relationship in other diseases
characterized by neuroinflammation and to determine the impact
of vitamin D replacement therapy on vitamin B12 and ferritin
levels.
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Abstract

Background/Aim: The prevalence of myopia is increasing worldwide especially among adolescents.
Changes in living conditions such as reduced engagement in outdoor activities as well as increased
activities near the workplace like reading, writing, and screen exposure are thought to be responsible for
this increase. Adolescence is a sensitive period of rapid changes in psychological, physiological, and social
aspects. Mental health issues such as anxiety and depression are common during this period. During the
pandemic, mental health issues among children and adolescents increased due to stress caused by the
disease, social isolation, disruption of routines, and the loss of loved ones. With the rapid increase in
myopia among adolescents, there is a need to investigate the effects of myopia on mental health. The aim
of this study is to evaluate anxiety, depression, and hopelessness levels in adolescents with myopia after
the COVID-19 pandemic and to examine the relationship between myopia and anxiety, depression, and
hopelessness.

Methods: This was a case-control study that included 40 myopic adolescents aged 16-19 with a spherical
refractive degree of -2 diopters (D) and above and 40 emmetropic (no refractive error). Participants who
had previously undergone refractive surgery, had binocular visual acuity less than 1.0, had strabismus and
amblyopia, had a diagnosis of glaucoma, had undergone ocular surgery for any reason, had retinopathy, or
had an astigmatic refractive degree greater than +0.50 were excluded from the study. The study did not
include patients with chronic physiological or psychiatric diseases. Both groups were administered the
Automatic Thoughts Questionnaire (ATQ), Coronavirus Anxiety Scale (CAS), Beck Hopelessness Scale
(BHS), and Beck Depression Inventory (BDI). The groups were compared according to the scales. Myopic
degrees were compared with mixed-effect linear models according to scale categories, and the relationship
between ATS scores and myopia degrees was evaluated using the Spearman correlation coefficient.
Results: The mean (SD) spherical refractive power of myopic adolescents was -3.156 (1.40) diopters;
62.5% of participants with myopia had been exposed to COVID-19, and the anxiety rate in myopic
participants compared to controls was 15% (P=0.026). However, no significant difference was found
between the myopia and control groups in terms of automatic thoughts, hopelessness, and depression
inventory scores when comparing the groups. No correlation was found between the CAS (F=1.098), BHS
(F=1.610), BDI (F=1.699), and ATQ (r=0.151) scales and the increase in myopia when we performed
linear mixed model analysis and Spearman correlation analysis. There was no significant relationship
between the degree of myopia and automatic thoughts, hopelessness anxiety, and depression.

Conclusion: The results indicate that adolescents with myopia had higher levels of anxiety after the
COVID-19 pandemic. There was no significant correlation between the degree of myopia and anxiety,
depression, hopelessness, and automatic thoughts. It is important to monitor adolescents with myopia
carefully during pandemics and provide the necessary mental health support. This is because offering
mental health support to myopic young people may protect them from potential lasting emotional
problems in adulthood during potential future pandemics. It may be beneficial for adolescents to increase
their engagement in outdoor activities to reduce myopia and anxiety.

Keywords: COVID-19, myopia, adolescents, anxiety, depression, hopelessness
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Introduction

Myopia is a serious vision problem worldwide. The
World Health Organization estimates that by 2050, half of the
global population will be myopic [1]. According to other
estimates, by 2050, 5 billion people will be myopic with over 1
billion having myopia exceeding -5 diopters (D) [2]. Studies
have shown an increasing prevalence of myopia in adolescents,
and this increase is thought to be due to changes in living
conditions such as increased near work activities, reading,
writing, and screen exposure [3,4].

Studies have shown that people with myopia tend to be
more introverted, have fewer friends, prefer indoor activities
over outdoor ones, and are often engaged in intellectual activities
rather than sports [5]. Considering that the frequency of myopia
in adolescents is rapidly increasing, it is crucial to understand its
effects on adolescent mental health [4].

Adolescence is a vulnerable period of rapid
psychological, physiological, and social changes. The most
common mental health problems in adolescents are anxiety and
depression [6]. Angi et al. [7] found that university students with
myopia had higher levels of anxiety and somatization than
controls. Another study showed that anxiety was higher in
adolescent boys with myopia [4].

During the pandemic, children and adolescents
experienced an increase in mental health issues due to factors
such as fear of the disease's pathogenic effect, social isolation,
inability to meet friends, disruption of routines, and the loss of
loved ones [8,9]. Among these mental health problems, anxiety
and depression were the most common [10]. Thus, this study
aims to evaluate the presence of anxiety and depression in
adolescents with myopia who have experienced the COVID-19
pandemic and investigate the relationship between anxiety,
depression, hopelessness, and myopia.

Materials and methods

Study groups and sample size

This study was conducted between September and
October 2023 and included 40 myopic adolescents aged 16-19
with a spherical refractive power of -2 diopters (D) or higher
who applied to the ophthalmology clinic for eye diseases as well
as 40 emmetropic adolescents with no chronic physiological or
psychiatric diseases who visited the general pediatric outpatient
clinic. Refractive measurements were obtained using an
autorefractometer (TonoRef I, Nidek, Japan). After the ocular
and systemic examinations, participants' best-corrected visual
acuity was determined using the Snellen chart. In addition,
intraocular pressure was measured, slit-lamp examination of the
anterior segment and posterior segment was performed, and
color vision was assessed using the Ishihara test. Participants
who had previously undergone refractive surgery, had binocular
visual acuity less than 1.0, had strabismus and amblyopia, had a
diagnosis of glaucoma, had undergone ocular surgery for any
reason, had retinopathy, or had an astigmatic refractive degree
greater than +£0.50 were excluded. The study did not include
patients with chronic physiological or psychiatric diseases in the
emmetropic group. To reduce bias during patient selection,
comprehensive pre-defined criteria were used to identify
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individuals for inclusion in the study. These criteria were set in
accordance with the main aims and hypotheses of the research.
In addition, methods such as random assignment or the creation
of balanced groups were used to minimize potential bias between
groups. Each step in this selection process was carefully planned
and implemented to increase the reliability and internal validity
of the research.

Sample size and power analysis were performed using
G*Power 3.1 software. A minimum of 39 participants in each
group was required to detect a moderate or higher difference in
the studied variables between the groups (Cohen's d=0.65) with
80% power and a 5% Type-I error rate. Ethical approval for the
study was obtained from the Erciyes University Non-
Interventional Clinical Research Ethics Committee (Decision
No: 2023/575). Participants were administered The Automatic
Thoughts Questionnaire (ATQ), the Coronavirus Anxiety Scale
(CAS), the Beck Hopelessness Scale (BHS), and the Beck
Depression Inventory (BDI).

Data Collection Tools

Automatic Thoughts Questionnaire (ATQ): This
scale was developed by Hollon and Kendall and consists of 30
items. The scale is a 5-point Likert type. The lowest score is 30,
and the highest score is 150. Higher scores indicate that the
individual’s automatic thoughts occur frequently [11].

Coronavirus Anxiety Scale (CAS): This was
developed by Lee [12] to identify possible dysfunctional anxiety
cases related to the COVID-19 crisis. It is a one-dimensional
Likert-type scale consisting of five questions and is scored from
0 to 4. The lowest possible score is 0, while the highest is 20. A
score of nine and above indicates a high level of anxiety. Scores
of 9 and above indicate anxiety, while scores below 9 suggest no
anxiety.

Beck Hopelessness Scale (BHS): Developed by Beck,
Weissman, Lester, and Trexler, this scale is used to determine
the level of future-oriented pessimism in adolescents and adults.
The scale assesses three sub-dimensions of the future: Feelings
about the future, loss of motivation, and expectations about the
future. The scale consists of 20 items, and the score ranges from
0 to 20. Questions are answered with "Yes" or "No," and 0 points
are given for negative answers, and one point is given for
positive answers. The score ranges from 0 to 20. A higher score
implies more hopelessness [13]. People who score between 4-8
points have mild hopelessness symptoms, those who score
between 9-14 points have moderate hopelessness symptoms, and
those who score 15 points and above have severe symptoms of
hopelessness [14].

Beck Depression Inventory (BDI): Developed by
Beck, Ward, Mendelson, Mock, and Erbaugh, this inventory is a
multiple-choice self-report inventory used to assess the severity
of depression in adolescents and adults [15]. The BDI contains
21 items with four choices each. A score of 0-9 indicates
minimal depression, 10-18 indicates mild depression, 19-29
indicates moderate depression, and 30-63 indicates severe
depression [16].

Statistical analysis

Data were analyzed using the statistical package
program IBM SPSS Statistics Standard Concurrent User V 29
(IBM Corp., Armonk, New York, USA). Descriptive statistics
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were given as number of units (n), percentage (%), mean
(standard deviation), median and inter-quartile range values. The
normal distribution of the numerical variables was evaluated
with the Shapiro-Wilk normality test. Variance homogeneity of
the groups was analyzed by Levene's test. Two-group
comparisons for numerical variables were performed by an
independent sample t-test if the data were normally distributed
and by the Mann-Whitney U test if the data were not normally
distributed. Chi-square analyses (Pearson chi-square, Yates chi-
square, Fisher exact test) were used to compare the groups with
categorical variables. Myopia degrees were compared with
mixed-effect linear models based on scale categories, and the
relationship between ATS scores and myopia degrees was
evaluated using the Spearman correlation coefficient. A P-value
<0.05 was considered statistically significant.

Results

The study comprised of 40 adolescents with myopia and
40 healthy controls aged between 16 and 19 years. All myopic
participants had a visual acuity of 1.0, normal intraocular
pressure, and normal anterior and posterior segment findings.
Their mean (SD) spherical refractive error was -3.156 (1.40)
diopters (Table 1). The myopic group consisted of 47.5% of
males and 52.5% of females; 62.5% of whom had been
diagnosed with COVID-19. Between those with and without
myopia, there was a significant difference in the CAS (P=0.048).
When compared with the control group according to the cut-off
point of the scale, 15% of those with myopia were anxious and
the difference was significant (P=0.026). No differences were
found between the groups on the ATQ, BHS, and BDI (Table 2).
Table 1: Mean spherical equivalent of the right and left eyes in the myopia group

Degree of myopia = Degree of myopia = Mean Spherical

in right eye in left eye Equivalent
Mean diopters | -3.1437 -3.1687 -3.1562
Standard deviation | 1.42200 1.48323 1.40162
Minimum | -2 -1.25 -1.75
Maximum | -7.75 -7.25 7.5

Table 2: Comparison of groups according to demographic data and scales

Groups Test Statistics

Myopic Control Test results ~ P-value
Sex n (%) n (%)
Boy 19 (47.5) 20 (50.0) 0.001 1.000
Girl 21 (52.5) 20 (50.0)
Age year, mean (SD) 17.6 (1.1) 17.2(1.1) 1.782 0.079¢
COVID-19 infection history | n (%) n (%)
No 15 (37.5) 20 (50.0) 0.813 0.367¢
Yes 25 (62.5) 20 (50.0)
ATQ 60.50 (37.75) = 55.50 (34.50) = 0.977 0.329%
CAS 0.50 (1.00) 0.00 (0.00) 1.974 0.048%
BHS 5.50 (8.75) 4.00 (6.50) 0.126 0.900%
BDI 13.00 (21.25) = 13.50 (14.00) = 0.520 0.603%
CAS n (%) n (%)
Absence of anxiety 34 (85.0) 40 (100.0) 6.486 0.026*
Presence of anxiety 6 (15.0) 0 (0.0)
BHS n (%) n (%)
Minimal 15 (37.5) 16 (40.0)
Mild 12 (30.0) 14 (35.0) 1.457 0.742¢
Moderate 8 (20.0) 8 (20.0)
Severe 5 (12.5) 2 (5.0)
BDI n (%) n (%)
Absence of depression 21 (52.5) 24 (60.0) 0.203 0.652%
Presence of depression 19 (47.5) 16 (40.0)

SD: standard deviation, n: number of patients, %: Column percentage, numerical data presented as mean
(SD) or median (interquartile range) values, *: Independent samples t-test, & Mann-Whitney U test, ATQ:
Automatic Thoughts Questionnaire CAS: Coronavirus Anxiety Scale, BHS: Beck Hopelessness Scale, BDI:
Beck Depression Inventory

No correlation found between the CAS (F=1.098), BHS
(F=1.610), BDI (F=1.699), and ATQ (r=0.151) scales and the
increase in myopia when we performed linear mixed model
analysis and Spearman correlation analysis. There was no
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significant relationship between the degree of myopia and scores
on automatic thoughts anxiety, depression, and hopelessness
(Table 3).

Table 3: Correlation between scales based on the severity of myopia

Degree of myopia | Test results = P-value
Mean (SD)
CAS
Absence of anxiety -3.059 (0.240) F=1.098 0.301
Presence of anxiety -3.708 (0.571)
BHS
Minimal -3.675 (0.354)
Mild -2.760 (0.395) F=1.610 0.204
Moderate -3.266 (0.484)
Severe -2.375 (0.613)
BDI
Absence of depression | -3.429 (0.303) F=1.699 0.200
Presence of depression | -2.855 (0.316)
ATQ r=0.151 0.183

SD: standard deviation, F: Linear mixed model analysis, r: Spearman correlation coefficient, CAS:
Coronavirus Anxiety Scale, BHS: Beck Hopelessness Scale, BDI: Beck Depression Inventory, ATQ:
Automatic Thoughts Questionnaire

Discussion

Adolescence denotes the transition from childhood to
adulthood. Amidst the pandemic, adolescents, who are among
vulnerable groups, faced numerous mental health problems
because of several factors such as stressful life events,
quarantines, the loss of family members due to illness, and the
subsequent mourning process. Furthermore, excessive use of the
Internet and social media was common since they couldn't
socialize with their peers [17]. As per recent studies, anxiety and
depression emerged as the most prevalent mental health issues
among adolescents who contracted COVID-19 [10]. Anxiety and
depression are prevalent mental health conditions in young
individuals which can persist into adulthood as anxiety disorders
[6]. The closure of schools, shift to online education, prolonged
near-work, and reduced engagement in outdoor activities due to
the COVID-19 pandemic have been associated with an elevated
incidence of myopia [18,19]. One study [20] found a higher
incidence of separation and castration anxiety in myopia patients,
while anxiety and somatization disorder were more prevalent in
university students with myopia versus those without vision
problems in another [7].

Consistent with prior research, patients diagnosed with
myopia exhibited higher levels of coronavirus-related anxiety,
although there was no observable escalation in anxiety with a
greater degree of myopia. A previous investigation indicated that
increased myopia amongst young people corresponded to
heightened anxiety levels [21]. Nonetheless, other studies have
so far been unable to corroborate these findings, which is
consistent with the outcomes of our study. Adolescents with
myopia who wear glasses may experience peer bullying at
school, thus leading to a victim mentality [22]. Furthermore,
Horwood et al. [23] suggest that a victim mentality beginning in
early life may result in psychosocial maladjustment, increased
anxiety, depression, and loneliness; lower self-esteem and
behavioral problems may also be observed. A study conducted
by Rosanes and colleagues [24] demonstrated a rise in non-
specific anxiety disorders amongst myopic and hypermetropic
patients who are required to wear glasses relative to healthy
volunteers. Furthermore, people with myopia—particularly those
with high myopia—exhibit lower quality of life which serves as
another contributing factor to anxiety [21,25].
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Limitations

Self-assessment questionnaires were used here to
evaluate anxiety levels among adolescents. However, relying
solely on scale scores to determine the presence of anxiety can
lead to misconceptions. To obtain more accurate results in future
studies, it may be beneficial to supplement self-assessment
questionnaires with a complete psychiatric evaluation

Conclusion

We found that myopic adolescents had higher levels of
coronavirus anxiety, as expected, but no differences were found
between the groups in terms of automatic thoughts, hopelessness,
and depression. As part of the pandemic measures, adolescents in
particular were not allowed to leave their homes. Thus, near
vision became mandatory for adolescents who had to socialize at
home and communicate with computers via the Internet for their
education. It should not be forgotten that myopia, and therefore
anxiety, may increase if people are unable to leave their homes
during pandemic periods. Therefore, during possible future
pandemics, it may be beneficial for this age group to have the
opportunity to go out and also to limit the time they spend on the
computer. Mental health support for myopic adolescents may
protect them from emotional problems that may persist into
adulthood.
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Introduction

Facial trauma is a common occurrence in urban areas
due to population growth and increased transportation options.
Its prevalence remains high in Africa, particularly in underserved
communities, resulting in many clinical injuries [1].

Centrofacial fractures refer to discontinuities in the
central part of the face. While they were once rare, they have
become more frequent and often result from violent incidents.
These fractures can be severe as they are often associated with
fractures of the anterior part of the skull base. Therefore,
meticulous radioclinical exploration is necessary. Failure to
recognize these fractures can lead to infectious complications
(such as post-traumatic meningitis, which is particularly
concerning), functional complications (such as anosmia or
blindness), and aesthetic complications [2,3].

In the existing literature, very few studies have focused
on this specific type of facial bone injury. Moreover, in Cote
d'Ivoire, no studies have been conducted on these fractures. This
motivated us to initiate this research project to describe the
epidemiological and anatomical-clinical aspects of these
fractures.

Materials and methods

This descriptive cross-sectional study was conducted at
the Stomatology and Maxillofacial Surgery Department of the
Cocody University Hospital Center from January 2016 to
December 2020. The study included patients of all ages who
were admitted to the department with a central facial fracture.

Patients with maxillofacial trauma who underwent a
complete clinical examination and radiological assessment
revealing a central facial bone lesion were included. Patients
with incomplete exploration were excluded from the study.

The following variables were examined:
epidemiological [gender, age categorized in 20-year intervals,
profession of the traumatized individual (student, worker,
professional, middle manager, executive, unemployed), date and
location of the occurrence, cause of the trauma (road accident,
work accident, assault, domestic accident, altercation), role of the
injured person at the time of the trauma (driver of wheeled
vehicles, motorcyclist, pedestrian), and compliance or non-
compliance with safety measures (wearing a helmet or seat belt)]
and clinical and paraclinical [observed clinical signs (including
nosebleeds, cerebrospinal fluid rhinorrhea, telecanthus, nasal
pyramid flattening, tearing, enophthalmos, diplopia, anosmia,
and others), centrofacial skeletal lesions (including naso-
ethmoidal-maxillo-front-orbital (NEMFO) complex, maxillary,
nasal, and naso-ethmoidal fractures), and associations with other
facial and extra-facial fractures (including mandible, zygomatic
bone, anterior floor, skull, lower and upper limbs, pelvis, and
spine)].

Sampling methodology

A non-probabilistic sampling method was used to select
patients admitted to the stomatology and maxillofacial surgery
department during the study period.

Sample size

The sample size (n) was determined using the following
formula:

Centrofacial fractures: State of play at Cocody University HospitalA
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N=[€2 x P x (1-P)] / m2=[(1.96)2 x 0.08 x (1-0.08)] /
0.052~113

Where N is the sample size, P is the prevalence (8%), m
is the margin of error of 5%, and € is 1.96.

Operational definitions

The operational definitions used were: centrofacial
region [the middle third of the face between the horizontal line
passing through the glabella (upper part) and the horizontal line
passing through the nostril wings (lower part)] (Figure 1); upper
frame (patients working in companies with a minimum education
level of BAC+5); middle frame (patients working in companies
with a maximum education level of BAC+2); and liberal
profession (patients working independently, regardless of the
nature of their activity).

Figure 1: Centrofacial region

Centrofacial region

Statistical analysis

The data was entered into Excel 2016, and tables and
graphs were generated using the same software version.
Descriptive statistics were calculated for quantitative variables,
including mean and standard deviations. For certain variables,
median values and extremes were also specified. Proportions
were calculated for qualitative variables.

Results

We identified a total of 151 patients, with centrofacial
fractures accounting for 24.20% of all facial fractures. The
average age of the patients was 30 (8) years, and the highest
incidence was observed in the third and fourth decades of life.
The male-to-female ratio was 9:1. Patients in liberal professions
represented 49% (n=74) of the cases (Figure 2).

Figure 2: Distribution by occupation
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Among the different municipalities, Abobo had the
highest number of centrofacial fractures, accounting for 17%
(n=25) of the cases (Figure 3). Road traffic accidents were the
leading cause, accounting for 76.80% of cases (Table 1). Two-
wheeled vehicles were involved in 44% of accidents, and in
78.44% of cases, the victims were not wearing seatbelts (Table
2). Among victims from four-wheeled vehicles, 69% were not
wearing seatbelts. Nosebleeds were present in all patients, with
53% (n=80) experiencing nasal pyramid flattening and 20%

(n=30) experiencing cerebrospinal fluid leakage (Figure 4).
Table 1: Distribution by causes

Causes | Number | Percentage

AVP | 116 76.80%

ACCwork | 10 6.60%

Attack | 11 7.30%

ACC domestic | 6 4%

Brawl | 4 2.60%

Others | 4 2.60%

AVP: Road accidents, ACC work: work accidents, ACC domestic: domestic accidents
Table 2: Distribution by type of engine

Occupation of the victim \ Number = Percentage

Two-wheeler driver | 51 44%
Four-wheel driver | 48 41%
Pedestrian | 17 15%

Figure 3: Distribution by location
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Regarding specific fractures, the most common form
was the NEMFO complex fracture, accounting for 32.50% of
cases. Additionally, 36.4% of centrofacial fractures were
associated with zygomatic bone fractures (Table 3). Most of
these fractures occurred in December and January, with rates of
17% (n=25) and 13% (n=19), respectively. Monday and
Thursday had the highest number of cases, with 31 and 28
recorded, respectively. Most traumas occurred between 12 PM
and 4 PM (Figure 5, 6, 7).
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Table 3: Distribution according to maxillofacial and extra-maxillofacial fractures
Treatment of centro-facial fractures | Number Percentage
NEMFOC 49 32.50%

Maxilla 40 26.45%
Nasal 33 21.85%
Naso ethomodal 29 19.20%
Facials fracture association
Mandible 43 28.50%
Os zygomatic 55) 36.40%
Fracture front floor 30 19.87%
No 23 15.23%
Extra-facial fracture association
Skull 23 15.20%
Lower limb 9 6%
Senior limb 9 6%
Spine 1 7%
Basin 0 0%
NEMFOC: naso-ethmoido-maxillo-fronto-orbital complex
Figure 5: Distribution by month
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Figure 6: Distribution according to the days of the week
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Figure 7: Distribution by time of day
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Discussion

Centrofacial fractures accounted for 24.20% of all facial
fractures in our study. Our findings show a higher prevalence
than Bourguila et al. [5], who reported a prevalence of 8% in
Tunis. The mean age of our patients was 30 years old, with a
median of 28 years old. Bourguila et al. also found similar mean
and median ages of 29 and 27 years old, respectively.

A notable sex ratio of 9:1 was observed, indicating a
clear male predominance, which aligns with findings from other
studies. This male predominance can be attributed to factors such
as engagement in risky behaviors, participation in dangerous
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games, violent contact sports, and a propensity for risk-taking. In
Western series, although the male predominance is less
pronounced, it typically ranges around 2-3 males per female
[6,7].

The peak occurrence of centrofacial fractures was
between the third and fourth decades of life, a finding consistent
with several other studies. The higher incidence during these
decades in our study can be attributed to the fact that this age
group represents the most active population and, therefore, the
most exposed to potential risks. Additionally, this population
may exhibit a certain carelessness and engage in dangerous
practices. These fractures can have significant socio-economic
impacts.

In a Japanese series, Lida et al. [8] reported the peak
occurrence of centrofacial fractures between the ages of 10 and
20 years. In our study, the most affected individuals were
freelancers, accounting for 74 out of 151 cases. These results are
similar to those reported by Rabenandrasana et al. [9] in
Antananarivo and exceed those reported by Ngaba et al. [10] in
Yaoundé. Freelancers typically belong to the low-income bracket
and work in the informal sector, constantly on the move and
seeking subsidies.

Our series' primary cause of fractures was public road
accidents, accounting for 76.8% of cases. This aligns with the
findings of other African authors [11]. Several factors contribute
to this trend: rapid urban population growth, leading to a younger
population, increased production of faster-motorized equipment,
non-compliance with or disregard for traffic regulations, poor
road conditions, lack of vehicle maintenance, and the emergence
of new means of transport with limited or no safety measures.

In the context of the socio-economic crisis, there has
been a rise in the “moto-taxi phenomenon”. These motorcycles
are used for transporting people and goods, driven by young
individuals who lack knowledge of traffic regulations due to a
lack of driving licenses. Moreover, these individuals often use
psychoactive substances while performing their activities.
Furthermore, these motorcycles are frequently overloaded,
sometimes carrying three or four passengers, making them
unstable.

According to Bourguila [5], “this high frequency of
public road accidents requires public health reflection and
political efforts to improve prevention”. In Western series, sports
accidents account for 25.8%, followed by public road accidents
at 23.1%, as reported by Lebeau [6]. The causes of maxillofacial
trauma vary depending on the habits and practices of different
populations.

In our series, the peak occurrence of fractures was
observed in December with 25 cases, followed by January with
19 cases and June with 17 cases. This can be explained by the
fact that December, corresponding to the end-of-year
celebrations, involves significant population movements. During
this period, vigilance tends to decrease due to the festive
atmosphere. Additionally, the young population generally tends
to consume alcohol and psychoactive substances during this
month.

Monday had the highest number of patients, while
Sunday had the least. This could be attributed to the fact that
Monday marks the beginning of the workweek after the weekend

Centrofacial fractures: State of play at Cocody University HospitalA
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break, resulting in increased traffic density and higher accident
risks.

Most accidents occurred between 12 PM and 4 PM,
coinciding with the lunch break for formal sector workers.
However, this period also corresponds to the peak activity hours
for certain categories of self-employed workers, particularly
“motorcycle deliverymen”.

Clinically, all of our patients exhibited rhinorrhea, and
80 out of 151 cases showed flattening of the nasal pyramid. The
clinical presentation of centrofacial fractures can vary, ranging
from benign to severe deformities. The clinical examination of
these fractures should be conducted meticulously and
systematically to avoid overlooking any underlying serious
injuries. In the presence of rhinorrhea, healthcare practitioners
should be concerned about cerebrospinal fluid (CSF) leakage and
actively seek its presence. CSF leakage indicates a breach in the
meninges and can lead to serious complications such as post-
traumatic meningitis, which is challenging to treat and can
rapidly become fatal.

Fractures of the nasal-ethmoid-fronto-orbital complex
were the most frequent, accounting for 32.50% of cases,
followed by maxillary fractures at 26.45%. Additionally, facial
fracture associations were noted, particularly involving the
zygomatic bone (36.4%). Furthermore, we observed 23 cases
(15.2%) of skull fracture associations on the extra-facial level.
Our findings differ from those of Lebeau, who reported lower
numbers. The predominance of NEMFO fractures and associated
cranial vault fractures reflects the extreme violence of the
impacts in our context. These fractures present significant
functional, aesthetic, and life-threatening implications,
highlighting the urgent public health challenge they pose in
tropical regions.

Limitations
During our literature review, we encountered
insufficient data on centrofacial fractures in the African

literature. Additionally, it should be noted that a significant
number of medical records were unusable at the time of data
collection, resulting in a reduced sample size. Despite these
limitations, we could still obtain a representative population
sample.

Conclusion

Centrofacial fractures are inadequately described in the
existing literature, and it is crucial for both specialists and
general practitioners to be aware of them. Failure to recognize
these fractures can lead to severe and potentially fatal
complications. As these fractures primarily affect young adults,
who are part of the most productive segment of the population,
they present a significant public health concern. Authorities
should address this issue through awareness campaigns,
education, and training.

Further  prospective studies are
comprehensively assess the epidemiological,
anatomical aspects of centrofacial fractures.

warranted to
clinical, and
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Abstract

Spontaneous spinal epidural hematoma (SSEH) is a rare neurological emergency affecting the spinal cord.
The etiology of SSEH is unknown, but it may occur due to using anticoagulants and antiplatelet agents,
which are commonly used to treat vascular diseases. Because of its rarity and non-specific initial symptoms,
early and accurate diagnosis can be difficult, potentially negatively impacting a patient's survival and quality
of life. In this report, we present the case of a young male patient with SSEH who had no comorbidities, did
not use anticoagulants, and presented with sudden-onset neck pain without predisposing factors. Regarding
survival and prognosis, postoperative patient follow-up is equally important as prompt diagnosis and
treatment of SSEH.

Keywords: posterior cervical, laminectomy, neck pain, spontaneous, re-bleeding

Introduction

Spontaneous spinal epidural hematoma (SSEH) is a hemorrhage in the spinal epidural
space without evident traumatic or iatrogenic causes [9]. SSEH requires prompt diagnosis and
treatment, as its risk of morbidity and mortality is high despite its estimated frequency of only 1
in 100,000 population [7]. SSEH is a rare condition with an unknown origin that may occur
secondary to using anticoagulant and antiplatelet agents, primarily prescribed for vascular disease
treatment. Due to its extreme rarity and initial non-specific symptoms, early and accurate
diagnosis can be challenging, potentially impacting the patient’s clinical course and quality of life
[1].

While the pathogenesis of SSEH is not yet fully understood, coagulation disorders,
vascular malformations, hypertension, cancer, pregnancy, and anticoagulant and antiplatelet
therapies are believed to be the primary causes of SSEH [4]. Nevertheless, in 40% of cases
reported in the literature, no predisposing factor has been identified [5].

The most common clinical symptoms of SSEH include sudden-onset spinal pain,
followed by nerve root and spinal cord compression symptoms [8]. While the severity of its
symptoms is variable, they are often atypical, and the extent and duration of bleeding are
significantly related to the severity of the clinical presentation [6]. SSEH is most commonly
located between the lower cervical and upper thoracic levels but can occur throughout the entire
spine. Prompt and accurate diagnosis and emergency surgical intervention can yield positive
neurological and functional outcomes [10,11].

This report presents the case of a young male patient with SSEH who had no
comorbidities, did not use anticoagulants, presented with sudden-onset neck pain, and had no
known predisposing factors.
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Case presentation

A 36-year-old male patient presented to our emergency
department with severe neck pain that had started three days
earlier. Ethics approval and participation consent were not
required as this report presents our clinical experiences and
observations regarding a single individual. The patient exhibited
no motor or sensory deficits or neurological issues on
examination. The patient had not experienced recent head or
spinal trauma, undergone surgical treatment, or smoked. Routine
blood parameters, including bleeding time, platelet count, and
biochemical tests, were normal. Contrast-enhanced cervical
magnetic resonance imaging (MRI) revealed a posterior SSEH at
the C6-T1 level. The patient underwent emergency surgery
(Figure 1).

Figure 1: Preoperative MRI showing a posterior SSEH located at C6-T1 level. (A) T1-
weighted images showing isointensity, (B) T2-weighted sagittal images showing

heterogeneous signal intensity, (C) contrast-enhanced T2-weighted sagittal images showing
heterogeneous signal intensity, and (D) T2-weighted axial images showing spinal cord
compression on dorsal and left lateral sides.

Under general anesthesia, the patient was placed in a
supine position. The surgical site was disinfected with a tincture
of iodine and covered with sterile drapes. The skin was incised
using the classical posterior cervical approach, and the hematoma
was completely evacuated via a left-sided C7-T1
hemilaminectomy. The surgical site was closed to fit the anatomy,
and a Hemovac drain was inserted. Following surgery, the patient
was awakened and taken to the postoperative neurosurgery clinic.

On the first postoperative day, although the pain had
decreased, a significant regression was observed in neurological
functions. On examination, there was hypoesthesia below C7, and
finger flexion and extension had a motor strength of 2/5, with all
lower extremity muscles having a strength of 2/5 as well. The
American Spinal Cord Injury Association Impairment grade was
C. An urgent repeat cervical MRI revealed C6-T1 epidural re-
bleeding (Figure 2).

Figure 2: Postoperative MRI showing a recurrent posterior SSEH at C6-T1 level. (A) T1-
weighted images showing isointensity, (B) T2-weighted sagittal images heterogeneous signal
intensity suggestive of spinal cord compression, and (C) T2-weighted axial images showing
spinal cord compression in dorsal and left lateral sides in the laminectomy area.

Due to the patient's symptoms and MRI findings, a
second surgery was performed. This time, the patient underwent
C6-C7 total laminectomy, followed by posterior cervical
instrumentation involving C5-6 lateral mass screw fixation and C7
pedicle screw fixation. On the second postoperative day, the pain
subsided, and motor strength improved. By the first postoperative

Aweek, lower extremity motor strength had reached 4/5; by the
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second postoperative week, it had returned to 5/5. A follow-up
MRI showed complete evacuation of the hematoma (Figure 3).

Figure 3: MRI images showing the spinal cord following hematoma evacuation in the second
surgery. (A) T1l-weighted sagittal images, (B) T2-weighted sagittal images, and (C) T2-
weighted axial images.

The sutures were removed in the second postoperative
week, and the patient was transferred to the physical therapy
department for rehabilitation.

Discussion

SSEH is a rare but significant neurological emergency
that can occur at any age, although it primarily affects those over
40 years old [12]. The use of anticoagulants and antiplatelet drugs
in treating vascular diseases is among the most common factors
contributing to the development of SSEH [13].

It is estimated that 25% to 70% of SSEH patients have a
history of anticoagulant use. The first cases of SSEH were
described by Jackson in 1869, and since then, approximately 900
cases have been reported, with 40% to 60% lacking an identifiable
etiology. After the onset of SSEH, the pathophysiologic process
involves mechanical compression and hemodynamic variation.
An epidural hematoma can directly damage the spinal cord
structure or lead to spinal cord hypoxia [2]. Multiple studies have
shown that prompt surgical intervention can result in rapid
recovery within 12-36 h. Therefore, timely decompression
surgery is paramount for SSEH [11]. However, many studies have
also reported favorable outcomes with conservative treatment in
patients with mild clinical symptoms [3].

Conclusion

Although SSEH is rare, its clinical symptoms can rapidly
progress. In addition to early diagnosis and prompt treatment,
patient follow-up is crucial. SSEH clinical outcomes are closely
related to its symptoms, and surgical options are determined based
on the patient's clinical condition and MRI findings. Close
monitoring of the patient following surgery is critical for the
prognosis.
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