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Abstract
Objective: To determine the relationship between severe tinnitus and inflammation using the neutrophil-to-
lymphocyte ratio as a marker of stress.

Methods: A total of 107 patients who had been suffering with severe tinnitus (tinnitus handicap inventory scale
grades of 3–5) for at least 2 weeks were recruited. Patients underwent detailed ENT examinations and audiometric
tests to exclude a relevant pathological cause of the tinnitus. Patients with systemic diseases, malignancy or
inflammatory diseases that could alter neutrophil-to-lymphocyte ratio were excluded. A total of 107 age- and
sex-matched healthy control participants were also recruited. Routine laboratory test results and neutrophil-to-
lymphocyte ratio were compared between the patients and controls.

Results: Lipid profile, liver function, white blood cell count, haemoglobin level, mean corpuscular volume, and
vitamin B12 and folate levels were similar among the patients and controls. However, mean neutrophil-to-
lymphocyte ratio was significantly higher among the patients than the controls (p< 0.05).

Conclusion: The findings of this novel study suggest that neutrophil-to-lymphocyte ratio should be considered
during the evaluation of tinnitus patients as a potential clinical marker of tinnitus. Further studies are required to
verify the findings.
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Introduction
Tinnitus is the perception of sound in the ear when no
external sound is present. Patients with tinnitus usually
report hearing a ringing, buzzing or whistling sound. It
is estimated that chronic tinnitus affects 5–10 per cent
of the population, and that severe tinnitus – which
substantially reduces quality of life – affects approxi-
mately 1 per cent of the population.1

Tinnitus can be objective or subjective. Objective
tinnitus is caused by sounds generated by an internal
biological activity. Subjective tinnitus is much more
common and results from abnormal neural activity; it
is not caused by sound.2 In this paper, we will focus
on subjective tinnitus and refer to it henceforth
simply as tinnitus.
There is a direct correlation between the duration of

tinnitus and the severity of stress experienced.3 Blood
levels of stress hormones seem to have some diagnostic
and clinical value in patients with tinnitus.4 The total and
differential white blood cell (WBC) counts are known to

be classic inflammatory markers, especially in cardio-
vascular diseases.5 The neutrophil-to-lymphocyte ratio
has been proposed as a reliable indicator of the host’s
inflammatory status, and a potential marker of inflam-
mation in cardiac and non-cardiac disorders.6–10

In the present study, we compared the neutrophil-to-
lymphocyte ratio between patients with severe tinnitus
and healthy participants. To the best of our knowledge,
this is the first study to evaluate the neutrophil-to-
lymphocyte ratio in patients with tinnitus.

Materials and methods
This prospective study involved 107 patients (72 women
and 35 men; mean age, 38.7± 12.7 years) who pre-
sented to the Department of Otorhinolaryngology,
Dumlupınar University, with tinnitus. All patients had
suffered with tinnitus for at least twoweeks. The patients
underwent a detailed ENT examination and audiometric
tests to rule out any related pathological cause of the
tinnitus.
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The tinnitus handicap inventory, which is a standar-
dised scale, was used to determine the subjective sever-
ity of the tinnitus. Patients with tinnitus handicap
inventory scale grades of 1 or 2 (with slight or mild tin-
nitus symptoms, respectively) were excluded from the
study because of the less severe stress associated with
these grades of tinnitus. Only patients with scale
grades of 3, 4 or 5 (with moderate, severe or cata-
strophic tinnitus symptoms, respectively) were eligible
for inclusion in this study.
All patients underwent audiometric tests; those with

moderate or severe hearing loss were excluded from the
study because the hearing loss would have affected
their ability to perceive tinnitus. Tinnitus patients
with systemic diseases, malignancy or any inflamma-
tory disease that could alter the neutrophil-to-lympho-
cyte ratio were also excluded from the study.
In addition to the tinnitus patients, we recruited 107

age- and sex-matched healthy participants for the
control group. These individuals had visited the
Internal Medicine Department at our hospital for
routine check-ups and had not been found to have
any diseases. The control group was composed of 83
women and 24 men, with a mean age of 35.8± 13.9
years.
The protocol of this study was approved by the ethics

committee of Pamukkale University. All individuals
included in the study provided written informed
consent. Participants were enrolled in the study only
after they had agreed to participate in the study and
had signed an informed consent form.
Blood samples were routinely drawn from the ante-

cubital vein by careful vein puncture. The samples
were collected in ethylenediamine tetra-acetic acid
blood collection tubes. These were used for the haemo-
gram and full biochemistry profile analyses, which
involved determination of blood glucose level, lipid
profile and vitamin status, and included liver function

tests, renal function tests and thyroid function tests.
The laboratory data were screened using the hospital’s
computerised database, and comparisons between the
patient group and control group were made. The neu-
trophil-to-lymphocyte ratio was calculated and com-
pared between the two groups.
Statistical analysis was conducted using SPSS soft-

ware, version 19 (SPSS, Chicago, Illinois, USA).
Normality of the data was assessed using the
Shapiro–Wilk test. For the descriptive data, the normal-
ly distributed values are expressed as mean± standard
deviation. The independent-samples t-test and
Kruskal–Wallis test were used to examine differences
between the groups. Statistical significance was
defined as p< 0.05.

Results
There were no significant differences between the
patient and control groups in terms of age or sex. In
addition, there were no significant differences
between the groups in terms of lipid profile, liver func-
tion, WBC count, haemoglobin level, mean platelet
volume, or vitamin B12 and folate levels (Table I).
However, the mean neutrophil-to-lymphocyte ratio
was significantly higher in patients with severe tinnitus
than in the control participants (p< 0.05; Figure 1).

Discussion
Tinnitus is the subjective perception of sound without
external acoustic signals and is caused by inappropriate
activation of the auditory cortex. Tinnitus can be
induced by a variety of pathological conditions that
alter middle- or inner-ear functions, such as otoscler-
osis, labyrinthitis, ototoxicity and chronic otitis
media, or by conditions that directly or indirectly
affect neurons in the auditory pathway, such as multiple
sclerosis, acoustic neuroma, meningioma, stroke and
haemorrhage.11

TABLE I

LABORATORY TEST RESULTS FOR TINNITUS AND CONTROL GROUPS

Variable Control group Tinnitus group p

Glucose (mmol/l) 90.43± 15.98 136± 14.14 0.320
Total cholesterol (mmol/l) 173.71± 47.35 178.5± 10.60 0.401
Triglyceride (mmol/l) 101.29± 57.32 201.5± 108.18 0.349
Creatinine (mg/dl) 0.676± 0.13 0.645± 0.02 0.286
AST (U/l) 19.40± 9.22 21.48± 15.81 0.129
ALT (U/l) 16.57± 10.54 63± 48.08 0.055
WBC (1000/μl) 9.043± 1.87 7.8± 0.84 0.548
Haemoglobin (g/dl) 12.457± 3.25 14.15± 0.63 0.508
Platelets (103/mm3) 259.86± 110.67 225± 9.89 0.916
MPV (fl) 8.76± 1.12 10.35± 1.34 0.312
Neutrophils (109/l) 4.434± 1.46 4.44± 1.40 0.135
Lymphocytes (109/l) 2.269± 0.65 2.384± 0.72 0.145
Neutrophil/lymphocyte ratio 2.136± 1.31 2.067± 1.43 0.002
TSH (mU/l) 2.29± 1.30 2.71± 6.58 0.539
FT4 (ng/dl) 1.24± 0.16 1.27± 0.24 0.760
Folate (ng/ml) 8.157± 2.74 9± 0.98 0.687
Vitamin B12 (pg/ml) 367± 163.02 466± 352.04 0.964

AST= aspartate aminotransferase; ALT= alanine aminotransferase; WBC=white blood cells; MPV=mean platelet volume; TSH=
thyroid-stimulating hormone; FT4= free thyroxine
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The onset of tinnitus can be associated with emo-
tional factors and stress.12 In many cases, the cause
of tinnitus is multifactorial. Therefore, any combination
of changed auditory and somatosensory inputs,
together with abnormal activity in the central nervous
system, such as traumatic or ischaemic damage or emo-
tional factors, can be relevant for tinnitus develop-
ment.13 Although stress can be the cause of tinnitus,
tinnitus can also be the cause of stress; thus, there is
a strong link between stress and tinnitus, and the two
conditions often co-exist.
Tinnitus has been found to be modulated by stress,

and is closely related to an individual’s emotional
state and to the limbic system. The term ‘stress’was ori-
ginally used in physics to define a pressure causing the
deformation of a physical body. In biology and medi-
cine, the term ‘stress’ is used to describe the reaction
of an organism to a stressor. Stressors can be of a
physiological or psychosocial nature.11 Kim et al. eval-
uated the diagnostic and clinical value of several stress
hormones in a large number of tinnitus patients.4 The
authors concluded that blood levels of stress hormones
seemed to have some diagnostic and clinical value in
patients with tinnitus. Gomaa et al. evaluated co-
morbid depression, anxiety and stress associated with
tinnitus; the authors found a direct correlation
between the duration of tinnitus and the severity of
stress.3 Furthermore, they recommended that depres-
sion, anxiety and stress be taken into consideration
during the treatment of tinnitus patients.
It is well known that stress causes inflammation.6–9

Total and differential WBC counts can act as inflam-
matory markers in cardiovascular disease. Moreover,
the neutrophil-to-lymphocyte ratio, which can easily
be calculated from the neutrophil and lymphocyte
counts in peripheral blood, is a potential marker of
inflammation in cardiac and non-cardiac disorders.6–10

Doğan et al. investigated the relationship between
the neutrophil-to-lymphocyte ratio and infarct-related

arterial patency in patients with ST-segment elevation
myocardial infarction.14 They found that the neutro-
phil-to-lymphocyte ratio was higher in patients with
occluded infarct-related arteries than in patients with
ST-elevation myocardial infarction.

• This study investigated the relationship
between the neutrophil-to-lymphocyte ratio
and severe tinnitus

• A significant relationship between the
neutrophil-to-lymphocyte ratio and severe
tinnitus was found

• The results suggest that the neutrophil-to-
lymphocyte ratio should be considered as a
potential marker of tinnitus when evaluating
tinnitus patients

The neutrophil-to-lymphocyte ratio also seems to be a
reliable predictor of adverse clinical outcomes in
patients with cancer. Jin et al. investigated the impact
of the neutrophil-to-lymphocyte ratio on the survival
of patients with metastatic nasopharyngeal carcinoma,
and found that the ratio was a prognostic factor in
these patients.15 Seretis et al. investigated the signifi-
cance of the neutrophil-to-lymphocyte ratio as a pos-
sible marker of underlying papillary microcarcinomas
in cases of thyroidal goitre. They concluded that the
neutrophil-to-lymphocyte ratio was significantly ele-
vated in patients with incidental papillary thyroid
microcarcinomas and thyroid cancer.16

Conclusion
In this study, we investigated the relationship between
severe tinnitus and inflammation by means of the
neutrophil-to-lymphocyte ratio. To the best of our
knowledge, this is the first study to evaluate the neutro-
phil-to-lymphocyte ratio in patients with tinnitus. We
found that the neutrophil-to-lymphocyte ratio was sig-
nificantly higher among patients with severe tinnitus
than among healthy controls. However, we did not
include patients with slight or mild tinnitus (graded
according to the tinnitus handicap inventory scale) in
this study. The inclusion of patients with varying
degrees of tinnitus might have affected the findings
in terms of the reported relationship between stress
and tinnitus. We intend to conduct another investiga-
tion that will include patients with mild to severe tin-
nitus. However, on the basis of the present evidence,
we conclude that there is a strong correlation between
severe tinnitus and the neutrophil-to-lymphocyte ratio.
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