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Summary. Background: In recent years there has been a

significant increase in the diagnosis of sudden sensorineural

hearing loss (SSHL) in western, countries with an incidence of

20 of 100 000people affected every year.No clear causes for this

disease havebeen found thus far, but cochlear ischemiahasbeen

hypothesized in patients in whom an infectious episode or

acoustic neurinoma have been excluded.Objectives:The aim of

this case–control study was to investigate a number of acquired

and inherited thrombophilic risk factors [antithrombin, protein

C and S; factor V (FV) Leiden, FII polymorphism; lupus

anticoagulant (LA); anticardiolipin (aCL) antibodies; fasting

homocysteine (Hcy); lipoprotein(a) (Lp(a)); plasminogen acti-

vator inhibitor-1 (PAI-1)] in addition to cardiovascular risk

factors in patients with idiopathic SSHL (ISSHL). Patients and

methods:We investigated 155 patients (67 male/88 female; age:

55 (range 19–79 years) with a diagnosis of ISSHL within

30 days from the onset of symptoms, and155 controls (67male/

88 female; age 54 (range 19–78 years). Fasting Hcy levels were

significantly higher in patients than in controls [11.6 (6.7–60)

lmol/L vs. 8.7 (5.0–24) lmol/L] as well as PAI-1 levels [19

(2–95) mg/dL vs. 14.5 (4.0–87) mg/dL]. Lupus anticoagulant

was present in 13 of 155 (8.4%) patients; 20 patients (12.9%)

had positivity of aCL (four IgM and 16 IgG). In no patient was

a deficiency of physiological clotting inhibitors antithrombin,

protein C and protein S found. No significant differences

between patients and controls were observed for Lp(a) plasma

levels [111 (1–1146) mg/L vs. 103 (11–695) mg/L] and for the

presence of FV Leiden (4.5% vs. 4.5%) and FII variant

G20210A (3.8% vs. 3.2%). Results and conclusions: Indepen-

dent risk factors for ISSHLat themultivariateanalysis (adjusted

for age, sex and the traditional cardiovascular risk factors) were

the positivity of aCL: OR 5.6 (95% CI 2.0–15.3); cholesterol

levels within the second and third tertiles (with respect to the

first tertile): T2 ¼ OR 4.8 (95% CI 1.9–12.6)/T3 ¼ OR

19 (95% CI 7–50.1); PAI-1 and Hcy levels within the third

tertile (with respect to the first tertile): OR 20 (95% CI 7.8–78)

and OR 4.0 (95% CI 2.0–8.1), respectively. These preliminary

data suggest that hypercholesterolemia, hyperhomocysteine-

mia, elevated PAI-1 levels and anticardiolipin antibodies are

associated with ISSHL, so indirectly supporting the hypothesis

of a vascular occlusion in the pathogenesis of the disease.

Keywords: hearing loss, homocysteine, risk factors, thrombo-

philia.

Introduction

Idiopathic sudden sensorineural hearing loss (ISSHL) has an

incidence of approximately 20/100 000 people per year, and

young and otherwise healthy people are often affected.

The impairment site is usually localized in the cochlea, but

some cases of retrocochlear lesions (e.g. cerebello pontine angle

tumors, degenerative neural diseases, neuraxial ischemic

lesions) can induce sensorineural deafness. The diagnosis of

ISSHL [1,2] can bemade definitively when no causes are found.

Two main causes, viral and vascular, are considered in the

origin of ISSHL [2]. The second, cochlear ischemia, has been

related to alterations of cochlear microvessels [1,3,4]. This

region is provided with a terminal capillary bed and is not able

to form collateral vessels, which could restore blood flow in

ischemic regions. Because cochlea has a high sensitivity to

minimal blood flow reduction, occlusions at this level can lead

to clinical manifestations [1]. Moreover, in vivo studies carried

out in guinea pigs, in which impairment of cochlear blood flow

was induced by ferromagnetic obstruction, showed that

vascular obstruction in the inner ear resulted in a considerable

reduction in intracochlear oxygenation, causing a significant

loss in the auditory response [5]. Small infarctions of cochlear

tissue associated with deafness have been observed in young

subjects affected by multifocal microangiopathic encephalo-

pathies [6]. Some studies have suggested that hemostatic and

hemoreological alterations may be related to cochlear vascular

occlusion [3,4,7–9]. More recently, an association between
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hypoacusia and thrombophilic alterations has been also

reported [3,10,11], but data on this issue are scarce, contrasting

and often performed on a limited number of subjects.

The aim of this case–control study was to investigate the

possible risk factors of ISSHL by evaluating a number of

acquired and inherited thrombophilic risk factors in addition to

the classical cardiovascular risk factors.

Materials and methods

Subjects investigated

One hundred and fifty-five (67 male/88 female; age: 54 (range

19–79 years) with a diagnosis of ISSHL referred to the

Department of Audiology of Careggi University Hospital

(Florence, Italy), were enrolled. All patients underwent com-

plete audiological examination, complete history taking and

general physical examination. The diagnosis of ISSHL was

made by experienced audiologists by excluding other causes of

sudden deafness such as viral, congenital, inflammatory,

degenerative or traumatic.

The control population was of 155 sex- and age-matched

subjects [67 male/88 female; age 54 (range 19–78 years)], friends

or partners of patients, who volunteered to undergo laboratory

investigations.

Exclusion criteria for patients and controls were any history

of arterial or venous thrombotic disease or other chronic

diseases. All subjects gave their informed consent for the

experimental study, which was approved by the Institutional

Review Board. The presence of traditional cardiovascular risk

factors was assessed on the basis of patient’s interview and

hospital records.

Hypertension was defined as systolic pressure ‡140 mmHg

and/or diastolic pressure ‡90 mmHg according to the

Seventh Report of the Joint National Committee on Preven-

tion, Detection, Evaluation and Treatment of High Blood

Pressure [12]; dyslipidemia was defined in the presence of

total cholesterol levels > 200 mg dL)1 and/or triglyceride

levels > 150 mg dL)1, according to the Third Report of the

National Cholesterol Education Program (NCEP) [13];

diabetes was defined in agreement with the American

Diabetes Association [14].

Experimental procedure

Venous blood was collected within 30 days from the onset of

symptoms, after an overnight fasting between 8 and 10 a.m.

For determination of antithrombin (AT), protein C (PC),

protein S (PS), plasminogen activator inhibitor-1 (PAI-1),

lupus anticoagulant (LA) and lipoprotein (a) [Lp(a)], the first

2 mL of blood was discarded and blood samples were drawn in

evacuated tubes (Vacutainer, Becton Dickinson, Meylan,

France) containing a 0.129 mol L)1 concentration of sodium

citrate (final ratio with blood 1 : 10). Blood samples were

preserved and centrifuged at 4 �C (for PAI-1) or 18 �C (for AT,

PC, PS, LA and Lp(a) measurement) (2000 g for 10 min) and

frozen rapidly in liquid nitrogen and stored at )80 �C. Within

7 days, aliquots of plasma were thawed and used for determi-

nations. AT and PC activities were evaluated by automated

chromogenic methods (Dade, Behring, Marnurg, Germany).

The levels of free PS (Asserachrom, Diagnostica Stago,

Asnieres sur Seine, France), PAI-1 antigen (PAI-1 Asserach-

rom, Diagnostica Stago, Asnieres sur Seine, France) and Lp(a)

[Apo(a) enzyme-linked immunosorbent assay (ELISA),

Mercodia] were measured by ELISA. Platelet-poor plasma

(PPP) for LA test was obtained by centrifuging blood samples

twice at 1300 g for 10 min and was stored at )80 �C until used.

The detection tests used for the presence of LAwere: (1) diluted

(1 : 50) aPTT (Pathromptin, Dade Behring); (2) kaolin clotting

time (KCT, Diagnostica Stago); (3) tissue thromboplastin

inhibition test (TITT, Dade Behring, using 1 : 1000 dilution);

(4) dilute Russel’s viper venom time [dRVVT; interleukin (IL)

test LAC screening, Instrumentation Laboratory,Milan, Italy].

Mixing studies with normal plasma (pooled PPP from

20 normal subjects) were employed to exclude clotting factor

deficiencies or the presence of antibodies against specific

coagulation proteins. Specimens shown to be abnormal were

also assayed according to the platelet neutralization procedure

(PNP, Diagnostica Stago) as the confirmation test. We

considered LA positive only those patients with tests confirmed

by PNP. Sera for testing anticardiolipin antibodies (aCL) were

obtained by centrifuging blood collected in evacuated tubes

without anticoagulant at 1300 g for 10 min and stored at

)20 �C. The aCL assay was performed by ELISA (first

cardiolipin IgM and IgG, Eurospital, Trieste, Italy) and aCL

levels were reported in anti IgG phospholipid (GPL) units (for

IgG) and in anti IgM phospholipid (MPL) units (for IgM). On

the basis of the analysis of several hundred normal serum

specimens performed in our laboratory in the past, and

according to the literature, values above 20 units for both IgG

and IgMwere considered abnormal.We considered antiphosp-

holipid antibodies positive only in those patients with a test

confirmed after at least 2 months. Hcy levels were measured by

an immunoassay method (FPIA assay, IMx system, Abbott,

IL, USA) on plasma samples obtained after centrifuging blood

collected into tubes containing ethylenediamine tetra-acetic

acid (EDTA_. For detection of factor V (FV) Leiden and

G20210A polymorphism in the FII gene, genomic DNA was

extracted from peripheral blood leukocytes using a MagNA

Pure (Roche, Penzberg, Germany) and QUIAmp Blood Kit

(Quiagen, Hilden, Germany), respectively. FV Leiden and

G20210A polymorphism in the FII gene were identified by the

light-cycler capillaries method (Roche).

Statistical analysis

Unless indicated otherwise, results are given as median (range).

The non-parametricMann–Whitney test for unpaired data was

used for comparisons between single groups. Hypertension,

smoking, aCL positivity (IgM > 20 MPL and/or IgG > 20

GPL), lupus anticoagulant, heterozygosity for FV Leiden and

heterozygosity for FII polymorphism were used as dichotom-
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ous variables. Cholesterol, triglycerides, Lp(a), Hcy and PAI-1

were divided in tertiles (based on the distribution in patients

and controls). Univariate and multivariate analysis were used

to describe the association between ISSHL and cholesterol,

triglycerides, PAI-1, Lp(a), Hcy levels (second and third tertiles

with respect to the first tertile), hypertension, smoking, aCL

positivity, lupus anticoagulant, heterozygosity for FV Leiden

and FII polymorphisms. Deficiencies of AT, PC and PS were

not included in the logistic regression because no subject was

found with these alterations. Diabetes was not included in the

logistic regression as no control had diabetes. Lp(a) levels

above 300 mg L)1, a level associated with an increased risk of

occlusive arterial disease, were considered over the normal

range; high levels of Hcy and PAI-1 were diagnosed when

plasma levels exceeded the 95th percentile of distribution of

values obtained in controls (Hcy: 13 lmol/L in females and

19 lmol/L in males; PAI-1: 40 mg dL)1).

All odds ratios (OR) are given with their 95% confidence

interval. All probability values are two-tailed, with values of

less than 0.05 considered statistically significant.

Results

Clinical characteristics of subjects investigated are shown in

Table 1. Among the classical risk factors for vascular disease,

the incidence of hypercholesterolemia and hypertriglyceridemia

was higher among patients with respect to controls (Table 1).

Thrombophilic risk factors investigated in ISSHL patients and

control subjects are shown in Table 2.

AT, PC and PS levels were similar in patients and controls

(Table 2) and in no patient was a deficiency of physiological

clotting inhibitors antithrombin, PC and PS found. In patients

fasting Hcy levels were higher than in controls [11.6 (6.7–60)

lmol/L vs. 8.7 (5.0–24) micromol/L], as well as PAI-1 levels

[19 (2–95) mg/dL vs. 14.5 (4–87) mg/dL] (Table 2). The

incidence of hyperhomocysteinemiawas 29/155 (18.7%)among

patients (15 of 882 females and 14 of 67 males) and eight of 155

(5.1%)amongcontrols (fourof88 femalesand fourof67males).

PAI-1 levels above the 95th percentile of controls were

documented in 31 of 155 (20%) patients and in eight of 155

(5.1%) controls. Lupus anticoagulant was present in 13 of 155

(8.4%) patients; 20 patients (12.9%) had a positivity of aCL

(four IgM and 16 IgG). No differences between patients and

controls were observed for Lp(a) plasma levels [111 (1–1146)

mg/L vs. 103 (11–695)mg/L] (Table 2); 36 patients (23.2%) and

22 controls (14.2%) had Lp(a) levels above 300 mg L)1. The

presence of FV Leiden and FII variant 20210GAwas not more

prevalent inpatientswith respect to controls (4.5%vs. 4.5%and

3.8%vs. 3.2%, respectively) (Table 2). BothFVLeiden andFII

polymorphism genotype distribution in controls were compat-

ible with theHardy–Weinberg equilibrium. Thrombophilic risk

factors investigated were not significantly different in the

subgroup of patients < 45 years (Table 2).

Independent risk factors for ISSHL at the multivariate

analysis (adjusted for age, sex, hypertension, smoking, choles-

terol and triglyceride levels) were the positivity of aCL: OR 5.6

(95% CI 2.0–15.3); cholesterol levels within the second and

third tertiles (with respect to the first tertile): T2 ¼ OR 4.8

(95% CI 1.9–12.6)/T3 ¼ OR 19 (95% CI 7–50.1); PAI-1 and

Hcy levels within the third tertile (with respect to the first

tertile): OR 20 (95% CI 7.8–78) and OR 4.0 (95% CI 2.0–8.1),

respectively (Table 3).

Discussion

The pathogenesis of ISSHL is unknown, even if viral infections

and vascular occlusions are the most frequent mechanisms

hypothesized to explain its occurrence. To support vascular

occlusion, an impaired cochlear perfusion is a widely accepted

hypothesis, although the location of cochlea in the temporal

bone makes the identification of a thrombotic occlusion

difficult [1,2]. In order to identify possible risk factors which

are commonly linked to an impaired vascular perfusion in

regions different from the cochlear region, during recent years a

limited number of studies has evaluated the possible role of

different cardiovascular and thrombophilic factors in the

pathogenesis of ISSHL. However, all the available studies

have assessed one or only a few factors, often in a limited

number of patients [3,4,7–11,15–17]. This is the first study

Table 1 Clinical and laboratory characteristics of subjects investigated

ISSHL

n ¼ 155

Controls

n ¼ 155

Hypertension 25 (16.1) 18 (11.6)

Smoking 21 (13.5) 23 (14.8)

Diabetes mellitus 3 (1.9) –

Hypercholesterolemia 52 (33.5) 11 (7.0)

Hypertriglyceridemia 31 (20) 8 (5.1)

Oral contraceptives* 4 (4.5) 2 (2.2)

Hormone replacement therapy* 5 (5.6) 8 (9.0)

Menopause* 45 (51.1) 39 (44.3)

Data are expressed as n (%).

*The percentage was calculated on the subgroup of females (n ¼ 88).

Table 2 Thrombophlic risk factors in patients and controls

Patients

(n ¼ 155)

Patients < 45

years (n ¼ 58)

Controls

(n ¼ 155)

Heterozygosity for

FV Leiden (n,%)

7 (4.5) 2 (3.4) 7 (4.5)

Heterozygosity for

FII polymorphism

(n,%)

6 (3.8) 2 (3.4) 5 (3.2)

Antithrombin (%) 108 (77–140) 101 (80–135) 107 (74–140)

Free protein S (%) 97 (70–153) 95 (70–140) 97.5 (69–153)

Protein C (%) 138 (81–217) 130 (85–200) 138 (81–2167)

Lupus anticoagulant

(n,%)

13 (8.4) 5 (8.6) 1 (0.6)

ACL IgM (UMPL) 2.8 (0.5–33.4) 3.0 (1–32) 3.0 (1.1–6.1)

ACL IgG (UGPL) 6.6 (1.3–56.1) 6.1 (1.5–46) 4.8 (2.6–36.1)

Hcy (lmol/L) 11.6 (6.7–60) 11 (5–51) 8.7 (5.0–24)

Lp(a) (mg/L) 111 (1–1146) 120 (30–48) 103 (11–695)

PAI-1 (mg/dL) 19 (2–95) 18 (10–81) 14.5 (4–87)

Data are expressed as median (range).
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which has thoroughly evaluated the most important cardio-

vascular and thrombophilic risk factors in a large number of

patients with ISSHL. The results obtained in our study have

identified a number of risk factors significantly associated with

ISSHL.

Among the cardiovascular risk factors, a relevant role has

been documented for dyslipidemia. High levels of both total

cholesterol and triglycerides are more prevalent in ISSHL

patients with respect to controls, but at multivariate analysis

only hypercholesterolemia remained an independent risk factor

for ISSHL. Hypercholesterolemia is a well-established risk

factor for atherosclerosis and is associated with vascular

occlusion of large arteries in the coronary, cerebral and

peripheral regions [18–20]. It is conceivable a similar role in the

impairment of cochlear perfusion, which is a vascular region

provided with a terminal capillary bed. Furthermore, in animal

models affected by hypercholesterolemia, the presence of

alterations was demonstrated in cochlear ultrastructures con-

sisting of profound edema in the strial marginal layer and slight

edema in the outer hair cells [21,22].

Among other parameters investigated, we found an inde-

pendent association between ISSHL and hyperhomo-

cysteinemia, elevated PAI-1 levels and anticardiolipin

antibodies which are not clear, or sole, prothrombotic abnor-

malities.

No data are available in the literature on Hcy levels in

patients with ISSHL. Hcy is an amino acid whose role as risk

factor for coronary, cerebrovascular and peripheral artery

disease has been well documented [23–25], even if contrasting

results are available on the clinical effect of its pharmacological

correction [26–28]. Genetic and environmental factors are

responsible for high Hcy levels: in particular, a number of

polymorphisms in genes coding for enzymes involved in Hcy

metabolism has been found to be associated with high Hcy

levels, the first C677T polymorphism in the gene coding for

methylenetetrahydrofolate reductase (MTHFR) [29]. On the

other hand, low levels of the vitamins which act as cofactors of

the enzymes involved—folic acid, vitamin B6 and vitamin

B12—are the other main cause of hyperhomocysteinemia [30].

Interestingly, recent studies have documented a role of folic

acid deficiency as a cardiovascular risk factor independently of

Hcy levels [31]. Only a single study performed on 43 ISSHL

patients [15] is available in the literature in which lower folate

levels were observed in patients with respect to controls. Our

results revealed a possible therapeutic target, as high levels of

Hcymay be lowered easily by a vitamin supplementation based

on folic acid, vitamin B6 and B12.

Our results on PAI-1 levels underline the possible role of

fibrinolysis in ISSHL. Only one previous report on 25 patients

with ISSHL [17] has investigated fibrinolysis and has reported

high PAI-1 levels in seven patients. Elevated PAI-1 levels,

resulting in impaired fibrinolysis, are an unclear and contro-

versial risk factor for venous thrombosis, whereas they may be

predictive of the future development of atherothrombosis

[32,33]. Furthermore, elevated PAI-1 levels are related to the

presence of dyslipidemia (both hypercholesterolemia and

hypertriglyceridemia), low physical activity and high body

mass index [34]. Accordingly, in our study the incidence of

elevated PAI-1 and dyslipidemia are increased significantly in

ISSHL patients, but remained risk factors at the multivariate

analysis independently from one other.

Our findings on the high incidence of lupus anticoagulant

and anticardiolipin antibodies confirm data from studies

performed on a lower number of patients [35–37]. However,

until now no study had evaluated lupus anticoagulant and aCL

antibodies in the same patients. In the most recent and large

available study, performed on 51 patients with ISSHL, the

authors [36] found an incidence of 31% for aCL antibody

positivity in the acute phase, whereas the lack of aCL antibody

persistence after 3 months in as many as half the patients

suggested strongly that transient phenomena (e.g. viral infec-

tion) may trigger aCL antibody activity. On the other hand,

ISSHL is a rarely reported manifestation of systemic lupus

erythematosus [38,39]. This condition has been seen most

frequently in individuals with concomitant antiphospholipid

syndrome, although a direct causal relationship remains

unconfirmed. ISSHL may be caused by autoimmune disorders

localized in the inner ear or secondary to systemic immune

diseases. Our data suggest that aCL are an independent risk

Table 3 Univariate and multivariate analysis

Univariate

analysis

(OR 95% CI)

Multivariate

analysis�
(OR 95% CI)

Hypertension 0.7 (0.4–1.3) 0.4 (0.1–0.9)

Smoking 0.9 (0.5–1.7) 1.3 (0.5–3.4)

Cholesterol (mg/dL)–

T1 (< 147) 1 1

T2 (148–190) 7.0 (3.4–14.0)* 4.8 (1.9–12.6)*

T3 (> 190) 19 (10–38.6)* 19 (7–50.1)*

Triglycerides (mg/dL)–

T1 (< 82) 1 1

T2 (82–98) 0.9 (0.5–1.5) 0.6 (0.4–1.3)

T3 (> 98) 12.8 (6.4–27)* 3.0 (0.3–42)

PAI-1 (mg/dL)–

T1 (< 11.7) 1 1

T2 (11.7–25) 0.5 (0.2–1.3) 1.2 (0.4–3.0)

T3 (> 25) 6.4 (2.3–18)* 20 (7.8–78)*

Homocysteine (lmol/L)–

T1 (< 8.9) 1 1

T2 (8.9–11) 1.2 (0.7–2.0) 0.8 (0.4–1.5)

T3 (> 11) 3.9 (2.8–6.8)* 4.0 (2.0–8.1)*

Lp(a) (mg/L)–

T1 (< 67) 1 1

T2 (68–163) 1.4 (0.8–3.0) 1.2 (0.5–2.53)

T3 (> 163) 1.8 (1.1–3.0)* 1.8 (0.5–4.1)

Lupus anticoagulant 15.9 (2.0–123)� 3.6 (0.3–43.3)

aCL positivity§ 6.0 (2.0–18.2)* 5.6 (2.0–15.3)�

Heterozygosity for FV Leiden 1.0 (0.3–2.9) 0.6 (0.2–3.5)

Heterozygosity for FII polymorphism 1.3 (0.3–5.0) 0.7 (0.05–6.0)

�Adjusted for age, sex, hypertension, smoking, cholesterol and

triglycerides levels.
�P < 0.005; *P < 0.0001.
§aCL IgM > 20 MPL and/or aCL IgG > 20 GPL.
–First tertile (T1) as the reference group.
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factor for ISSHL and therefore may play an important role

in the pathogenesis of this disability. The incidence of

antiphospholipid antibodies found in our patients is probably

overestimated, as it is based on a single aCL and LA

determination which could have been influenced by a transient

inflammatory state. On the other hand, the concomitant

corticosteroids administered to the majority of our patients

could have decreased the titre of autoantibodies investigated.

aCL, PAI-1 and Lp(a) levels also act as acute phase proteins.

Even if we studied our patients within 30 days from the onset

of symptoms, further studies will be needed to confirm our

results at a longer interval from the acute event.

Finally, no role has been documented for anticoagulant

deficiencies and thrombophilic polymorphisms, FVLeiden and

prothrombin G20210A in the pathogenesis of ISSHL. A

previous report [9] on 118 German patients has documented a

significantly higher incidence of prothrombin G20210A in

ISSHL with respect to controls, whereas FV Leiden was not

associated with the disease. Furthermore, the incidence of

prothrombin G20210A was even higher in the subgroup of

young patients (< 40 years of age). Our study, performed in

Italian patients, could not confirm those results. We repeated

our analysis on the incidence of all cardiovascular and

thrombophilic risk factors in the subgroup of young patients

(58 of 155 with ISSHL < 45 years of age), but we did not

document any significant difference with respect to the whole

group.

In summary, our ISSHL patients had no increased incidence

of �true� prothrombotic abnormalities, whereas they were more

often hypercholesterolemic, therefore suggesting the possible

role of a pro-atherogenic alteration in ISSHL. On the other

hand, there are some inconsistencies in our findings because

other cardiovascular risk factors (such as smoking and

hypertension) had a similar incidence in patients and controls.

Moreover, the role of the positive findings—hyperhomo-

cysteinemia, elevated PAI-1 levels and anticardiolipin

antibodies—in ISSHL also need to be clarified by further

studies.
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