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1. Introduction
Facial mimetic muscles are a group of striated skeletal 
muscles innervated by the facial nerve (FN) with a 
complex range of functions including the expression of 
the emotional status involuntarily. FN is also composed 
of parasympathetic to the lacrimal, submandibular and 
sublingual glands; sensory innervation to the part of the 
external ear and contribution to taste at the anterior two 
thirds of tongue [1]. Due to its complex and bony covered 
anatomical course, FN is the most prone nerve to ischemic 
and inflammatory injuries among the all cranial nerves [2]. 
The ancients suffered so much from facial paralysis than 
any other types of cranial neuropathies that it has become 
one of the most significant clinical problems throughout 

history even in the riddle of Leonardo da Vinci’s ‘Mona 
Lisa’ [3]. Facial paralysis has a broad range of possible 
aetiologies including numerous acquired and some 
congenital causes. Bell’s palsy (BP), defined as idiopathic 
facial paralysis, is the most frequent type with an incidence 
of 20/100.000 in the Western adult population [4].

There is no identified cause of BP, but some possible 
aetiologies include viral inflammation and/or micro-
vascular problems. The prognosis for individuals with 
BP is generally very good, but diabetes associated 
microangiopathy may be a potential etiologic and poor 
prognostic factor in BP [5]. Microcirculatory failure 
of the vasa nervosum impairs nerve metabolism and 
causes venous stasis, resulting in accumulation of toxic 

Background/aim: We aimed to reveal the incidence and predictive role of insulin resistance and distorted oral glucose tolerance test in 
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Materials and methods: Eighty-six patients with BP and 28 control subjects; all with normal blood glucose levels and no history of 
diabetes, were enrolled in the study. We investigated insulin resistance (IR) in all subjects, in terms of HOMA-IR greater than 2.7. Sixty-
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predicting BP prognosis at presentation.
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metabolites accompanied by a cascade of oedema and 
ischemia [6].

On the other hand, neuropathy is the most common 
chronic complication of diabetes mellitus. There are 3 
types of diabetic neuropathy: autonomic neuropathy, 
peripheral neuropathy, mononeuropathy [7]. Metabolic 
factors play role in autonomic and peripheral neuropathy, 
whereas involvement of vasa nervorum leads to the 
mononeuropathy [7]. Subclinical facial nerve dysfunctions 
were detected in 70% of patients with diabetic 
polyneuropathy [8]. Early stages of hyperglycaemia even 
cause distal peripheral nerve damage [8]. Impaired glucose 
tolerance (IGT) was observed in 45% of 187 patients with 
idiopathic neuropathies [9].

Neuropathic pain is one of the most common symptoms 
of IGT [10]. Prevalence of glucose metabolism disorders 
and insulin resistance were found higher in nondiabetic 
patients with BP than control group [11].

Prediabetes, defined as impaired fasting glycemia 
(IFG) and IGT associated with insulin resistance (IR), have 
an increased risk of developing diabetes [12]. Mechanisms 
underlying the pathogenesis of diabetic or even prediabetic 
neuropathy is associated with IR leading to neuronal 
injury via neuronal insensitivity to neurotropic properties 
of insulin [13].

In this clinical study; we evaluated HOMA-IR, and 
prediabetic status with an oral glucose tolerance test 
(OGTT) in nondiabetic patients with BP. Our purpose 
was to reveal the clinical relationship between BP and IR/
prediabetes. We also assessed the effect of higher HOMA-
IR value and prediabetes status on the prognosis and 
recovery period of BP.

2. Materials and methods
The study was approved by the Ethical Committee of 
Ministry of Health, Dışkapı Training and Research 
Hospital on March 2014 (all patients and people in 
control group gave their consent and informed consent 
was obtained and signed by each, in accordance with the 
official standards of the Declaration of Helsinki (1964), 
local laws and regulations). The registration number was 
14/34.

Between March 2014 and March 2015, we studied 
prospectively 86 nondiabetic patients with Bell’s palsy (40 
women and 46 men) and 28 nondiabetic control subjects 
(18 women and 10 men) without a history of facial nerve 
palsy. All the subjects had normal blood glucose levels 
(fasting level < 100 gr/dL).

All the patients and the controls underwent the 
following tests: pure tone audiogram, stapes reflex, blood 
chemistry screen (including Vit B12, folic acid, serum 
HbA1c, cholesterol, triglyceride, iron and uric acid levels), 
temporal bone magnetic resonance imaging (MRI).

According to the World Health Organization 
classification, a body mass index (BMI) over 25 kg/m2 was 
defined as overweight, and over 30 kg/m2 as obese [14].

Exclusion criteria included the followings; previous 
otologic disease history and surgery, hereditary hearing 
loss, congenital facial paralysis, pregnancy, autoimmune 
rheumatic diseases, head trauma, history of alcohol abuse, 
chronic liver/kidney disease, the use of medications 
that affect glucose metabolism (such as beta-blockers, 
corticosteroids).

The House-Brackmann (HB) scale was used to quantify 
and describe facial nerve dysfunction.

To find a more accurate prognostic factor as well as 
to yield an estimate of insulin resistance in nondiabetic 
falsy palsy patients we measured the HOMA-IR measured 
by fasting blood glucose and insulin levels in 86 patients 
before starting steroid treatment. HOMA-IR used for 
evaluation of insulin sensitivity was calculated by the 
formula; basal plasma glucose (mg⁄dL) × basal plasma 
insulin (UI ⁄mL) ⁄ 405. HOMA-IR over 2.7 was admitted as 
abnormal according to the study of Bosco et al. and a study 
of Turkish population [11,15]. Written informed consent 
was obtained from 62 of 86 patients before performing 
OGTT. A zero time (fasting) venous blood sample was 
drawn after 10 h of overnight fast. The patients were 
then given a 75 g oral glucose load within a 5 min time 
frame. Venous blood was drawn after an interval of 2 h 
for measurement of glucose [16]. Systemic administration 
of corticosteroids was used for treatment of BP patients 
as soon as OGTT was performed and HOMA-IR was 
calculated. The standard treatment regimen consisted of 
initial administration of intravenous methylprednisolone 
250 mg. On day 2, patients received oral Metilprednizolon 
1 mg/kg/day. The corticosteroid dose was tapered 20 mg 
every second day until termination. 

3. Results
This study included 86 nondiabetic patients with BP; 40 
were females (46%) and 46 were males (54%) and their 
ages ranged from 18 to 75 years with a mean of 41. Of the 
28 control subjects; 18 were females (65%) and 10 were 
males (35%) and their ages ranged from 18 to 70 years, 
with a mean age of 38. None of the controls had a history 
of diabetes and BP. No significant difference was found in 
age and sex between 2 groups (P > 0.05) (post hoc test).

Mean BMI of 86 patients was found as 28 kg/m2; they 
were divided into 2 groups 17 patients had normal weight 
(BMI < 25), and 67 patients were overweight and obese. 
The mean BMI of the control group was 27.3 kg/m2; BMI 
less than 25 kg/m2 was found in 7 subjects while BMI ≥ 
25 kg/m2 was observed in 21 subjects. No significant 
difference was found between BMI distributions of the 2 
groups (P > 0.05) (t test).
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Four of 86 patients already had hypertension; but 
others had no history of systemic disease. Similarly, 2 
of 28 control subjects had hypertension. The mean time 
between disease onset and diagnosis was 1.8 day (min 1 
day, max 10 days; 80 of 86 patients applied within 3 days 
of clinical onset). BP affected the left side in 59% of the 
patients. Twelve patients suffered from previous episodes 
of unilateral facial nerve paralysis; 74 patients had their 
first attack.

Most of the patients suffered from incomplete facial 
palsy at the initial diagnosis (Table 1).

The mean value of HOMA-IR in patients’ group 
was found as 3.2 and was higher than the mean value of 
HOMA-IR in the control group which was calculated as 
1.6. 

Therefore, the mean HOMA-IR of the patients were 
significantly higher than the controls (P < 0.001) (Mann–
Whitney test).

Of the 86 patients; 48 (55.8%) had HOMA-IR of <2.7; 
and 38 (44.2%) had HOMA-IR of  ≥2.7; and of the 28 
control subjects 23 (82%) had HOMA-IR of <2.7; and 5 
(18%) had HOMA-IR of ≥2.7  (P < 0.05) (Pearson chi-
square test) (Table 2). The percentage of high HOMA-IR 
subjects were higher in the BP group when compared to 
the controls.

Average value of HbA1c in patients’ group was found 
as 5.6 and 5.4 in the control group, the difference was not 
significant (P > 0.05).

OGTT could be performed in 62 of the patients and 
following the 2 h-OGTT, we found an abnormal glucose 
metabolism in 37 patients (29 patients with IGT and 8 
patients with new onset DM). 

We could determine the exact recovery time of 56/86 
patients. Recovery time of patients with HOMA-IR value 
of ≥2.7 was significantly longer than patients with HOMA-
IR value of <2.7 (75.8 days and 42.9 days, respectively; P 
< 0.048; Mann–Whitney U) Recovery time, with respect 
to OGTT, was statistically longer in prediabetic and newly 
diagnosed diabetic patients than in patients with normal 
glycaemia (68 days, 52, days and 32 days, respectively, P 
< 0.01). 

When we looked at the relationship between HOMA-
IR and HB stage at the initial patient presentation; the 
group with lower HOMA-IR value had statistically more 
patients with HB grade 2 and 3. Additionally 18 of the 30 
patients with HB grade 4,5, and 6 were detected in the 
higher HOMA-IR group (P < 0.05; Pearson chi-square) 
(Table 3).

4. Discussion
Bell’s palsy as an acute impairment of facial nerve 
functions, is a diagnosis of exclusion and affects men 
and women equally. The peak incidence is between the 
ages of 15–45, but may occur at any age [2]. There is no 

known blood test to give the diagnosis of BP or to predict 
the prognosis. There is also no proved etiologic factor or 
disease in BP. Viral infections and diabetes are considered 
to have some role in the etiopathogenesis and prognosis 
of BP. Our hypothesis in the present clinical study was; 
IR or prediabetes may play a role in the clinical severity 
and prognosis of the disease in nondiabetic BP patients. 
Therefore, we included the BP patients with normal fasting 
blood glucose levels (<100 gr/dL) in this study. All our 
patients were given steroids but no antiviral agents, all our 
patients recovered to at least HB grade 2 with different 
recovery periods, none of our patients underwent surgery 
for facial nerve decompression. In our study considering 
the optimal HOMA-IR cut off value as 2.7 for Turkish 
population, 45% of BP patients presented with higher 
HOMA-IR levels, as well as the 18% of the controls. In 
addition to that, the mean value of HOMA-IR was 3.2 in 
the patients’ group, whereas it was 1.6 in the control group. 
Our results are consistent with the hypothesis that insulin 
resistance is more frequent in nondiabetic BP patients. 
These data may point out to a role for insulin resistance in 
the etiopathogenesis of BP as well.

The mean age of the patients in our study was 41, 
parallel to that of the literature. While 30% of BP cases 
reported in the literature suffer from partial paralysis at the 
onset, 85% of our patients suffered from partial paralysis 
(House Brackman grade 2-3-4). In our study, in the lower 
HOMA-IR group (<2.7) there were less patients presenting 
with severe HB grades (5–6) but more with lower HB 
grades (2–3–4). There were totally 14 patients presenting 
with HB grade 5 and 6 in the study, and of these patients 
10 had HOMA-IRof >2.7. Our findings suggest that, those 
BP patients with higher HB grades had higher HOMA-
IR. Therefore it is possible to comment that prediabetic 
status or IR can be associated with worse HB grade at 
presentation. This result may also be consistent with the 
hypothesis that IR can have a role in the etiopathogenesis 
of BP.

Based on the OGTT in 62 of the BP patients, prevalence 
of glucose metabolism abnormalities was found in 60% 

Table 1. Distribution of clinical severity of 86 patients with facial 
palsy at the initial diagnosis.

House Brackmann grading scale n = 86
Count (%)

2 35 (41.4%)
3 21 (24.1%)
4 16 (18.4%)
5 6 (6.9%)
6 8 (9.2%)
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of our patients (47% with IGT and IFG and 13% with 
a newly diagnosed DM). BMI over 25 kg/m2 was found 
in 77% of patients and 75% of control group. This data 
emphasizes that HOMA-IR value and/or impaired 
OGTT, rather than BMI may play role in BP. Our study 
may have some criticisms. Firstly the 2h-OGTT was not 
performed after loading the diet with carbohydrates for 
4 days, this is because we should start steroid treatment 
as soon as possible and secondly, we could not perform 
OGTT to control group because it was time consuming, 
costly, and risky attempt.

BP is considered to be a consequence of entrapment 
neuropathy following inflammation, oedema and 
strangulation due to microangiopathies, which responds 
to corticosteroids significantly [6,17]. Unlike other cranial 
nerves, facial nerve with its long bony canal is open to 
effects of inflammation and oedema and presents with 
various degrees of nerve damage. Perineural vascular 
congestion gives rise to nerve injury determined on 
MRI and detected perioperatively while improvement 
was also shown after steroid treatment [17,18,19]. 
Considering that DM is frequent in BP patients, Adour 
et al. advised screening for blood sugar elevation for 
those, who have recurrent facial paralysis [20]. On the 
other hand, Schwann cells and the myelin sheath are 
more likely to be affected in diabetics than nondiabetic 
patients [20]. The early stages of hyperglycaemia are 
critical for peripheral nerve damage which may result 
in peripheral neuropathy [8,9]. Prediabetic neuropathy 
affects sensory nerve fibres particularly more than motor 
nerve fibres [21].

Osmosis in early stages of hyperglycaemia directly 
causes myelin sheath damage in small nerve fibres [22]. 
Therefore, prediabetic neuropathy is an indicative of 
early distal small sensory neuropathy whereas diabetic 
neuropathy causes loss of vibration sense [23].

Even though some studies could bring a conclusion 
that DM or hyperglycaemia itself does not cause facial 
nerve palsy but may facilitate the demyelination and 
degeneration of the facial nerve during HSV-1 infection 

[24]. This may end with facial nerve paralysis, and 
histopathologically confirmed that HSV-1 infection and 
nerve degeneration were more remarkable in the DM 
mice than in non-DM mice [24].

Sittel et al. reported no significant differences in 
complete recovery rate from BP, between diabetic and 
nondiabetic groups [25]. The underlying reason for 
that may be the possible presence of prediabetic and 
IR patients in nondiabetic group. In our study, all our 
patients recovered to at least HB grade 2 regardless 
of the prediabetic status or IR. However, our patients 
with HOMA-IR of >2.7 had longer recovery time 
compared to those with HOMA-IR of <2.7 (76 days vs 
43 days, respectively). Although there was no apparent 
hyperglycaemia, higher HOMA-IR had some role in 
the recovery period time. It seems that neuropathy in 
BP is not only correlated to hyperglycaemia associated 
pathogenesis. Prediabetic neuropathy has been delineated 
by multiple potential pathogenical mechanisms. Leading 
to oxidative stress in addition to activation of protein 
kinase C (PKC) and polyol pathway, hyperglycaemia 
has neurotoxic effect directly [26]. In an animal study, 
hyperglycaemia induces apoptotic changes in dorsal 
root ganglion neurons and Schwann cells which result in 
damaged mitochondria in the nerve fibre and premature 
neuronal death [26,27,28]. In vivo acute transient 
hyperglycaemia episodes lead to endothelial dysfunction 
due to increase of reactive oxygen metabolites. This may 
result in neuronal metabolic dysfunction and consequent 
direct DNA damage which promote neuronal cell death 
[29]. In diabetic patient’s chronic hyperinsulinemia 
may cause reduction in endoneural oxygen, reduced 
blood flow, and epineurial arteriovenous shunting and a 
compensatory response to endoneural ischemia/hypoxia; 
and these may all contribute to chronic nerve ischemia 
[6].

The relationship between facial palsy and DM is well 
known. However, there are few controlled studies on the 

Table 3. Relationship between HOMA-IR and HB stage at 
presentation.

Number of patients

HOMA-IR
value of <2.7

HOMA-IR
value of ≥2.7

House Brackman
grading scale

2 26 (74.3%) 9 (25.7%)
3 10 (47.6%) 11 (52.4%)
4-5-6 12 (40%) 18 (60%)

P = 0.015 (chi-square test)

Table 2. Distribution of patients and control groups in terms of 
their HOMA-IR index with cut off value of 2.7. 

Groups

Number of patients

TotalHOMA-IR
value of <2.7

HOMA-IR
value of ≥2.7

Bell’s palsy patients 48 (55.8%) 38 (44.2%) 86 (100.0%)
Control 23 (82.1%) 5 (17.9%) 28 (100.0%)

P: 0.023
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association of facial palsy and manifestation of prediabetes 
and insulin resistance. The most widely accepted 
prognostic indicator of BP is electroneuronography 
(ENoG) test, however we believe that calculating HOMA-
IR value may also give additional clues to predict the 
prognosis. In a clinical study it was stated that; although 
being diabetic does not influence the severity of facial 
palsy at the time of onset, recovery time from Bell’s 
palsy took longer in patients with diabetes compared to 
the nondiabetic patients [30]. Our data suggested that 
patients with higher HOMA-IR presented with higher 
HB grade and they recovered later than the lower HOMA-
IR patients. Hyperglycaemia induces direct nerve injury 
by similar pathogenetic mechanisms either in IGT or in 
diabetes [21]. Glycaemic control is a crucial factor in the 
progress of neuropathy [31]. Therefore, targeted therapy 
in BP may also include regulation of glucose metabolism 
even in nondiabetic patients with IR. 

Our clinical data documented that there may be a 
linkage between facial palsy and insulin resistance, in 
terms of severity and prognosis in Bell’s palsy. We found 
that in nondiabetic patients with BP; those with higher 
HOMA IR of >2.7 and prediabetics had longer recovery 
period. Therefore, further studies in larger groups are 

needed in understanding the underlying potential 
mechanisms of insulin resistance and distorted OGTT.

Acknowledgements 
Each of the authors has contributed to, read and 
approved this manuscript. This paper was presented 
at ENT WORLD CONGRESS IFOS, Paris on 27 June 
2017. The authors thank Sevilay Karahan (Department 
of Biostatistics, Hacettepe University School of Medicine, 
Ankara, Turkey) for helping to the statistical analysis. 

Conflict of Interest 
Authors declare no financial disclosure or no conflict of 
interest.

Informed Consent 
The study was approved by the Ethical Committee of 
Ministry of Health, Dışkapı Training and Research 
Hospital on March 2014 (all patients and people in 
control group gave their consent and informed consent 
was obtained and signed by each, in accordance with the 
official standards of the Declaration of Helsinki (1964), 
local laws and regulations). The registration number was 
14/34.

References

1. Akyıldız N. Periferik Fasiyal Paraliziler ve Cerrahi Tedavisi. In: 
Akyıldız N (eds). Kulak Hastalıkları ve Mikrocerrahisi. 2.Cilt. 
Ankara, Türkiye: Bilimsel Tıp; 2002. pp.560-580 (in Turkish). 

2. Mattox DE. Clinical Disorders of the Facial Nerve. In: Flint 
PW, Haughey BH, Lund VJ, Niparko JK, Robbins KT, Thomas 
JR, Lesperance MM (eds). Cummings Otolaryngology: Head-
Neck Surgery. 6th edition. Philadelphia, USA: Mosby Elsevier; 
2015. pp. 2617-2628.

3. Maloney WJ. Bell’s palsy: the answer to the riddle of Leonardo 
da Vinci’s ‘Mona Lisa’. Journal of Dental Research 2011;90 (5): 
580-582. doi: 10.1177/0022034510384629 

4. Peitersen E. Bell’s Palsy: The spontaneous course of 2,500 
peripheral facial nerve palsies of different etiologies. 
Acta Oto-Laryngologica 2002; 122 (7): 4-30. doi:  
10.1080/000164802760370736 

5. Gilden DH. Clinical practice. Bell’s palsy. The New England 
Journal of Medicine 2004; 351: 1323–1331.

6. Riga M, Kefalidis G, and Danielides V. The role of diabetes 
mellitus in the clinical presentation and prognosis of Bell palsy. 
Journal of the American Board of Family Medicine 2012; 25(6): 
819-826. doi: 10.3122/jabfm.2012.06.120084

7. Vinik A, Mitchell B. Clinical aspects of diabetic neuropaties. 
Diabetes Metabolism Reviews 1988;4 (3): 223-253. doi: 
10.1002/dmr.5610040304

8. Smith AG, Singleton JR. Impaired glucose tolerance and 
peripheral neuropathy. Neurologist 2008; 14: 24-29. doi: 
10.1097/NRL.0b013e31815a3956

9. Smith AG, Singleton JR. The diagnostic yield of a standardized 
approach to idiopathic sensory-predominant neuropathy. 
Archives of  Internal Medicine 2004; 164: 1021-1025. doi: 
10.1001/archinte.164.9.1021

10. Smith AG, Russell J, Feldman EL, Goldstein J, Peltier A et al. 
Lifestyle intervention for pre-diabetic neuropathy. Diabetes 
Care 2006; 29 (6): 1294-1299. doi: 10.2337/dc06-0224

11. Bosco D, Plastino M, Bosco F, Consoli A, Labate A et al. 
Bell’s palsy: a manifestation of prediabetes? Acta Neurologica 
Scandinavica 2011; 123 (1): 68-72. doi: 10.1111/j.1600-
0404.2010.01365.x

12. Buysschaert M, Bergman M. Definition of prediabetes. Medical 
Clinics of North America 2011; 95 (2): 289-297. doi: 10.1016/j.
mcna.2010.11.002

13. Kim B, Feldman EL. Insulin resistance in the nervous system. 
Trends Endocrinology Metabolism 2012; 23 (3): 133-141. doi: 
10.1016/j.tem.2011.12.004

14. WHO expert consultation. Appropriate body-mass index 
for Asian populations and its implications for policy and 
intervention strategies. The Lancet 2004; 363 (9403): 157-163. 
doi:  10.1016/S0140-6736(03)15268-3



410

KARAGÖZ et al. / Turk J Med Sci

15. Hatun Ş. Çocukluk çağında obezite ve insulin rezistansı. 
Turkish Journal of Endocrinology and Metabolism. 2003; 7(2): 
23-26 (in Turkish).

16. Alberti KG, Zimmet PZ. Definition, diagnosis and classification 
of diabetes mellitus and its complications. Part 1: diagnosis 
and classification of diabetes mellitus provisional report of 
a WHO consultation. Diabetic Medicine 1998; 15 (7): 539-
553. doi: 10.1002/(SICI)1096-9136(199807)15:7<539::AID-
DIA668>3.0.CO;2-S

17. Engström M, Berg T, Stjernquist-Desatnik A, Axelsson S, 
Pitkäranta A et al. Prednisolone and valaciclovir in Bell’s palsy: 
a randomised, double-blind, placebo-controlled, multicentre 
trial. The Lancet Neurology 2008; 7(11): 993-1000. doi: 
10.1016/S1474-4422(08)70221-7

18. Schwaber MK, Larson TC 3rd., Zealear DL, Creasy J. 
Gadolinium-enhanced magnetic resonance imaging in Bell’s 
palsy. Laryngoscope 1990;100: 1264-1269.

19. Tien R, Dillon WP, Jackler RK. Contrast-enhanced MR imaging 
of the facial nerve in 11 patients with Bell’s palsy.  American 
Journal of Roentgenology 1990;155(3): 573-579. doi. 10.2214/
ajr.155.3.2117359 

20. Adour KK, Wingerd J, Doty HE. Prevalence of concurrent 
diabetes mellitus and idiopathic facial paralysis (Bell’s palsy). 
Diabetes 1975; 24(5): 449-451. doi: 10.2337/diab.24.5.449

21. Singleton JR, Smith AG, Bromberg MB. Increased prevalence 
of impaired glucose tolerance in patients with painful sensory 
neuropathy. Diabetes Care 2001; 24(8): 1448-1453. doi: 
10.2337/diacare.24.8.1448

22 Yagihashi S, Mizukami H, Sugimoto K. Mechanism of diabetic 
neuropathy: where are we now and where to go? Journal of 
Diabetes Investigation 2011; 2(1): 18-32. doi: 10.1111/j.2040-
1124.2010.00070.x

23. Putz Z, Tabák AG, Tóth N, Istenes I, Németh N et al. 
Noninvasive evaluation of neural impairment in subjects with 
impaired glucose tolerance. Diabetes Care 2009; 32(1):181-
183. doi: 10.2337/dc08-1406 

24. Esaki S, Yamano K, Kiguchi J, Katsumi S, Keceli S et al. Diabetic 
mice show an aggravated course of herpes-simplex virus-
induced facial nerve paralysis. Otology & Neurotology 2012; 
33(8): 1452-1457. doi: 10.1097/MAO.0b013e318268d54d

25. Sittel C, Sittel A, Guntinas-Lichius O, Eckel HE, Stennert E. 
Bell’s palsy: a 10-year experience with antiphlogisticrheologic 
infusion therapy. American Journal of Otolaryngology 2000; 
21(3): 425-432. doi: 10.1016/s0196-0709(00)80055-1 

26. Pleiner J, Schaller G, Mittermayer F, Bayerle-Eder M, 
Roden M et al. FFA-induced endothelial dysfunction can be 
corrected by vitamin C. The Journal of Clinical Endocrinology 
and Metabolism 2002; 87(6): 2913-2917. doi: 10.1210/
jcem.87.6.8596 

27. Russell JW, Sullivan KA, Windebank AJ, Herrmann DN, 
Feldman EL. Neurons undergo apoptosis in animal and cell 
culture models of diabetes. Neurobiology of Disease 1999; 6(5): 
347-363. doi: 10.1006/nbdi.1999.0254

28. Jonkers IJ, van de Ree MA, Smelt AH, de Man FH, Jansen 
H et al. Insulin resistance but not hypertriglyceridemia per 
se is associated with endothelial dysfunction in chronic 
hypertriglyceridemia. Cardiovascular Research 2002; 53(2): 
496-501. doi: 10.1016/s0008-6363(01)00504-1

29. Boyanovsky B, Karakashian A, King K, Giltiay N, Nikolova-
Karakashian M. Uptake and metabolism of low density 
lipoproteins with elevated ceramide content by human 
microvascular endothelial cells: implications for the regulation 
of apoptosis. Journal of Biological Chemistry 2003; 278(29): 
26992-26999. doi: 10.1074/jbc.M301536200

30. Kanazawa A, Haginomori S, Takamaki A, Nonaka R, Araki M 
et al. Prognosis for Bell’s palsy: a comparison of diabetic and 
nondiabetic patients. Acta Oto-Laryngologica 2007; 127(8): 
888-891. doi: 10.1080/00016480601075399

31. Feldman EL, Russell JW, Sullivan KA, Golovoy D. New insights 
into the pathogenesis of diabetic neuropathy. Current Opinion 
in Neurology 1999; 12(5): 553-563. doi:  10.1097/00019052-
199910000-00009


