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	 Abstract
	 Context. With more studies investigating effects of 
high serum lipid levels, new findings are emerging regarding 
the damage these biomolecules may cause.
	 Aim. In this study we aimed to find a relation 
between neuropathy and hypertriglyceridemia in patients 
with metabolic syndrome (MS).
	 Material and methods. One hundred and twenty 
subjects (Ninety subjects with metabolic syndrome and 30 
healthy controls) were included in the study. Subjects with 
MS were divided into three groups. HbA1C levels of the 
subjects were < 5.7% in group A, ≥ 5.7% - < 6.5% in group B, 
and ≥ 6.5% - < 8.0% in group C. Pin-Prick test and Semmes- 
Weinstein Monofilament were used for neurological 
examination. Electromyography was performed to patients 
with neuropathy to support the diagnosis.
	 Results. Neuropathy prevalence was found to be 
higher in the subjects with metabolic syndrome compared to 
control group. (9.9 %; 16.65 %; 23.31 % vs. 3.3%; in group 
A, group B, group C vs. healthy control group respectively) 
(p=0.003 for group A, p=0.0002 for group B, p=0.0002 for 
group C). There was an association between triglyceride 
levels and neuropathy in group C.
	 Conclusion. Patients with MS may have more 
neuropathy risk than we estimate.

	 Key words: hypertriglyceridemia, metabolic 
syndrome, neuropathy.

INTRODUCTION

	 The Metabolic Syndrome (MS) is a cluster of 
findings including central obesity, glucose intolerance, 
hyperinsulinemia, low high density lipoprotein (HDL) 
level, high triglyceride levels and hypertension (1), 
associated with a high risk of coronary heart disease 
(CHD) and mortality (2). Along with macrovascular 
complications, there is growing evidence indicating 
that MS, like diabetes mellitus (DM), can cause 
microvascular complications in patients with type 2 
DM (3-5).

Neuropathy, one of the microvascular complications, 
is an overlooked cause of morbidity in patients with 
diabetes. From infections to arrhythmia, neuropathy 
can result with a wide range of medical conditions. 
Most frequent cause of neuropathy is DM (6). In 
patients with MS, neuropathy is not uncommon due to 
high glucose levels in most of the patients.
	 In 1999, Drory et al. observed subclinical 
neuropathy in patients with hypertriglyceridemia 
(7) and same findings were also found in another 
prospective study by Kassem et al.(8). Patients with 
metabolic syndrome have both hyperglycemia and 
hypertriglyceridemia, thus prone to neuropathy 
risk more than patients with DM. In this study we 
aimed to find a relation between neuropathy and 
hypertriglyceridemia in patients with MS.

MATERIAL AND METHODS

	 Between April 2012 and April 2013, ninety 
patients who were referred to Istanbul Medeniyet 
University Goztepe Training and Research Hospital and 
were diagnosed with metabolic syndrome according to 
2009 Joint Interim Statement (JIS) definition (9) and 
30 healthy control subjects were enrolled to the study. 
Inclusion criteria were, being older than 18 years, giving 
consent to participating, normal serum folate, vitamin 
B6 and B12 levels. Exclusion criteria included; diabetes 
history for more than 5 years, presence of metabolic, 
infectious, inflammatory and mechanic conditions 
that may cause neuropathy and being younger than 
18 years. The study was approved by the Ethical 
Committee, and informed consents were obtained 
from the patients. Patients with metabolic syndrome 
were stratified into 3 groups according to their HbA1c 
levels as; group A (n=30): HbA1c level < 5.7%, group 
B (n=30): HbA1c level between ≥ 5.7% and < 6.5%, 
group C (n=30): HbA1c level between ≥ 6.5% and < 
8.0%. Demographic, clinical and laboratory data of the 
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patients were recorded. The patients were questioned 
about their diseases, their medications and alcohol use. 
Pin-prick test and Semmes-Weinstein Monofilament 
test were used to assess peripheral neuropathy. Patients 
with positive results in both tests were accepted as 
patients with neuropathy (10, 11).
	 Patients with neuropathy were examined with 
electromyography (EMG) to support the diagnosis. 
EMG was performed with Medelec Synergy EMG 
device (Oxford, London). Upper and lower extremity 
motor and sensory nerve conductions were studied 
(latency, amplitude and nerve conduction velocity). 
Right and left leg sural nerve velocities of each patient 
were recorded. Sural nerve conduction velocity lower 
than 40 m/s was considered to be abnormal.
	 Statistical analysis was performed using 

SPSS for Windows 15.0. Chi-square test was used 
for categorical data comparison. One-way ANOVA 
was used for normal distributed data and p<0.05 was 
considered as statistically significant.

RESULTS

	 A hundred and eighty six patients were 
screened and 66 patients were excluded according 
to exclusion criteria. Table 1 shows demographic 
characteristics of the patients. Mean body mass index 
of the groups were 26.77 for healthy controls, 32.01 
for group A, 31.67 for group B and 33.38 for group 
C. There were no patients with neuropathy in healthy 
controls. Neuropathy prevalence was found 10 % in 
group A, 16.67 % in group B and 23.33 % in group C 

Table 1. Demographic and clinical data

BMI: Body Mass Index, WC: Waist Circumference, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, N/A: not applicable Control group: Healthy 
subjects (n=30)
Group A: Subjects with metabolic syndrome HbA1c levels <% 5.7 (n=30)
Group B: Subjects with metabolic syndrome HbA1c levels between ≥% 5.7, <% 6.5 (n=30) 
Group C: Subjects with metabolic syndrome HbA1c levels between ≥% 6.5, <% 8.0 (n=30).

Control group  
n=30

Group A  
n=30

Group B  
n=30

Group C  
n=30

Age (Years) 48.96 ± 11.16 49.60 ± 13.02 50.13 ± 11.74 49.73 ± 9.51

Sex
Male:13 Male:14 Male:15 Male:15

Female:17 Female:16 Female:15 Female:15
BMI (kg/m2) 26.77 ± 2.53 32.01 ± 4.97 31.67 ± 4.29 33.38 ± 5.83
WC(cm) 84.60±6.34 103.73±7.68 102.96±9.47 111.03±12.02
SBP (mm/Hg) 120.50 ± 8.94 128.40 ± 18.43 129.27 ± 8.88 128.17 ± 13.74
DBP(mm/Hg) 77.00 ± 6.51 81.23 ± 9.87 77.00 ± 6.27 79.00 ± 5.93
Triglyceride (mg/dL) 112.57 ± 50.76 158.5 ± 65.90 143.43 ± 74.38 160.73 ± 58.40
Total cholesterol (mg/dL) 166 ± 23.72 182 ± 45.53 225 ± 64.56 195 ± 54.92
Subjects with Neuropathy (n;%) None 3; 10 5; 16.67 7; 23.33
Mean Diabetes Duration (months) N/A N/A 19.23±14.96 22.26±17.53

Amplitude (microV) Conduction Velocity (m/s)
Group A, patient 1 3.42 39.5
Group A, patient 2 3.92 36.3
Group A, patient 3 3.46 37.6
Group B, patient 1 4.58 32.8
Group B, patient 2 4.54 34.9
Group B, patient 3 3.98 36.2
Group B, patient 4 Response not achieved Response not achieved
Group B, patient 5 4.12 35.9
Group C, patient 1 4.92 31.7
Group C, patient 2 4.36 34.3
Group C, patient 3 3.52 32.4
Group C, patient 4 4.46 31.6
Group C, patient 5 4.68 33.8
Group C, patient 6 4.54 34.9
Group C, patient 7 Response not achieved Response not achieved

MicroV: microvolt 
M/s: meters/second.

Table 2. Electromyography results of right sural nerve
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with p values 0.003, 0.0002 and 0.0002 respectively. 
Right and left leg sural nerve velocities of each patient 
are shown in Table 2. In group A, three patients were 
found to have neuropathy and EMG results of these 
patients confirmed the diagnosis. In group B, five 
patients had neuropathy and with EMG, four patients’ 
neuropathy diagnosis was confirmed, in one patient 
sural nerve response was not achieved. In group C there 
were seven patients with neuropathy and EMG results 
have found sensory neuropathy in 6 of these patients, 
in one patient sural nerve response was not achieved. 
Although, higher HbA1C levels found to be related 
with higher neuropathy prevalence, this difference was 
not statistically significant (p=0.31 for group A vs. 
group B; p=0.36 for group B vs. group C).
	 Table 3 shows the treatment modalities of the 
patients according to their groups. Only one patient in 
this study was on insulin treatment.
	 Mean total cholesterol levels were 166 for 
healthy controls, 182 for group A, 225 for group B 
and 195 for group C. No significant difference was 
observed between cholesterol levels of the groups. 
Mean triglyceride levels of the groups are shown in 
Figure 1. A significant association between neuropathy 
and triglyceride levels was found only in group C 
(p=0.01).

DISCUSSION

	 Study results show increasing neuropathy 
prevalence with increasing HbA1c levels. In another 
study by Young et al. in patients with diabetes less 
than 5 years (12), neuropathy prevalence was 21 %, our 
study result correlates with this finding.
	 In this study we found that about 10 percent 
of patients with MS and with normal HbA1C levels 
and 16% of patients with MS and pre-diabetes have 
neuropathy. In an analysis from NHANES study 
showed, peripheral neuropathy risk was 11 % higher in 
patients with prediabetes compared to patients with no 
diabetes (13).
	 In our study an association was found between 
high triglyceride levels of patients with the highest 
Hba1c levels and neuropathy. Same correlation was 
found in another study by Hughes et al. which suggests 
that neuropathy linked to hypertriglyceridemia can be 
more painful (14). In another study by Smith (15) et 
al. hypertriglyceridemia was found as one of the risk 
factors for neuropathy. Metabolic syndrome consists of 
both diabetes and hypertriglyceridemia; the results of 
our study and the other studies mentioned may reveal 
that patients with metabolic syndrome may be at double 
“jeopardy” for neuropathy.
	 There can be several mechanisms that may 
explain this finding. One of which is oxidative stress. 
Increased triglyceride levels may harm neurons by 
inflammatory pathways. In a study by Rosenson 
et al. with fenofibrate treatment in subjects with 
hypertriglyceridemia, amelioration in inflammatory 
markers was observed (16). Another explanation 
to these findings may be that hypertriglyceridemia 
itself can cause damage to neurons, particularly their 
conduction ability. In a study by Lupachyk et al. a 
niacin derivative “acipimox” was given to rats with 
hypertriglyceridemia and improvement in neuropathy 
and reduction in triglyceride levels were observed with 
this agent (17).

Only diet Single OAD (metformin) Dual OAD ≥3 OAD Insulin
Group 2 27/30 3/30 - -
% 89.1(%) (10.9%)
Group 3 9/30 16/30 5/30 - -
% (29.9%) (53.3%) (16.6%)
Group 4 17/30 12/30 - 1/30
% (56.7%) (39.9%) (3.33%)

Table 3. Treatment modalities according to groups

OAD: Oral antidiabetics.

Figure 1. Mean serum triglyceride levels of the groups.
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	 There are several limitations of this study. First 
of all, our sample size is relatively small and positive 
findings are limited. Secondly, diagnosis of peripheral 
neuropathy is not at ease and the non-invasive methods 
are still not highly sensitive (18).
	 Our results may provide additional data for a 
possible relationship between hypertriglyceridemia 
and neuropathy. Because MS is an increasing 
epidemic, neuropathy risk of these patients due to both 
hyperglycemia and hypertriglyceridemia should be 
sought further with more prospective studies in order to 
decrease morbidity and even mortality due to relevant 
complications.
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