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Abstract 
Objectives: To investigate influence of metabolic syndrome on vibration 
perception threshold in first-degree relatives of type 2 diabetes who were not 
diagnosed with diabets before. Material and Methods: First-degree relatives 
of type 2 diabetes at the age of 40 - 60 s who had not been diagnosed with di-
abetes before were enrolled. Height, weight, waist circumference, hip circum-
ference, blood pressure (systolic and diastolic blood pressure), body fat per-
centage, fasting plasma lipid, fasting plasma glucose, 2-hour blood glucose 
after 75 g oral glucose and vibration perception threshold were measured. 
Results: 58 subjects were diagnosed with the level of vibration perception 
threshold ≥ 16 V. Vibration perception threshold in the metabolic syndrome 
group was significantly higher than that in the non-metabolic syndrome 
group (P < 0.05). Vibration perception threshold increased with the increase 
of metabolic syndrome component. The group with ≥3 components of 
metabolic syndrome had a significantly higher level of vibration perception, 
as compared with that of group with 0 component, group with 1 component 
of metabolic syndrome (p < 0.01). Group with 2 components of metabolic 
syndrome had a significantly higher level of vibration perception threshold 
when comparing with group with 0 component (P < 0.05). Vibration percep-
tion threshold was positively correlated with weight, body mass index, waist 
circumference, systolic blood pressure, diastolic blood pressure, fasting plas-
ma glucose and 2-hour blood glucose. Stepwise multiple regression analysis 
showed that there was a positive correlation between waist circumference, 
systolic blood pressure and vibration perception threshold. Conclusion: 
Some first-degree relatives of type 2 diabetes who have not been diagnosed 
with diabetes have high risk of peripheral neuropathy, especially those with  
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metabolic syndrome. Waist circumference and blood pressure are the main 
factors affecting Vibration perception threshold levels. Early detection of vi-
bration perception threshold should be performed in first-degree relatives of 
type 2 diabetes with metabolic syndrome. Waist circumference and blood 
pressure may be important risk factors of peripheral neuropathy for them.  
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1. Introduction 

Peripheral neuropathy (PN) is a common complication of diabetes whose onset 
is always insidious. When clinical symptoms appear, peripheral nerves have un-
dergone irreversible segmental demyelination and other pathological changes, 
such as foot ulcers, ulceration and necrosis necessitating limb amputations, 
which seriously affect the therapeutic effect and life quality. The vibration per-
ception threshold (VPT) in lower extremity is a sensitive predictor of distal 
symmetric peripheral neuropathy, whose sensitivity and specificity are high, and 
its sensitivity increases with age [1]. It is suspected that blood glucose and blood 
lipids may be involved in the PN pathogenesis. Abnormal lipid metabolism is an 
independent risk factor and is closely related to oxidative stress, insulin resis-
tance, and hyperuricemia [2]. First-degree relatives that are the parents, child-
ren, biological brothers or sisters of type 2 diabetes mellitus (FDRs) have same 
genetic background with patients with type 2 diabetes (T2DM). At present, the 
population of FDRs is larger, who are more prone to metabolic disorders, and 
always with dyslipidemia, hyperuricemia, insulin resistance, and blood glucose 
fluctuations although have not diagnosed with Diabetes. As far as we know, the 
occurrence of peripheral neuropathy is related to many factors. Then, whether 
there is VPT abnormality in FDR not diagnosed with diabetes before, and what 
may affect VPT, there are few studies in the past. This study is to investigate the 
VPT status and its influencing factors of FDR. 

2. Materials and Methods 
2.1. Patients and Samples 

We performed an observational study in the first-degree relatives of T2DM 
treated in our department from September 2013 to September 2014, and 405 
FDR at the age of 40 - 60 s who had not been diagnosed with diabetes before 
were enrolled. The exclusion criteria were: with peripheral neuropathy caused by 
genetics, drugs, surgery, trauma and other diseases, recent trauma, infection, 
surgery and other stress condition, accompanied by liver and kidney disease, 
with cancer. 
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2.2. Clinical and Biochemical Measurements 

1) Questionnaires were used to collect all participants, age, medical history, 
and smoking and drinking habits. Physical examination included measurements 
of height, weight, waist circumference (WC), hip circumference (HC) and blood 
pressure. Height was measured after taking off the shoes. Weight was measured 
after taking off the coat, shoes and taking out the weight in the pocket. A single 
examiner used a standard measuring tape to measure WC twice at 1.0 cm hori-
zontally above the navel of the participant who was standing and wearing 
light-weight clothing and after inhalation and exhalation. HC was horizontally 
measured in the maximum hip circumference. Blood pressure (systolic pressure 
(SBP), diastolic pressure (diastolic pressure (DBP)) was measured three times for 
all participants who were seated, after a 5-min rest, by use of an electronic 
sphygmomanometer (Omron, HEM-770AFuzzy, Kyoto, Japan). The percentage 
of body fat (Fat %) was measured by bioelectrical impedance method. 

2) Overnight fasting blood samples were collected and stored at −20˚C for 
measuring fasting glucose (FPG), triglycerides (TG), serum total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
blood uric acid (UA), creatinine (Cr), urea nitrogen (BUN)) by use of an auto-
matic biochemical analyzer (Beckmann DXC800, USA), HbA1c (high pressure 
liquid phase method) and 2 hours after oral administration of 75 g of glucose 
were also measured. 

3) Vibration perception thresholds were measured at multiple frequencies us-
ing a Digital Vibration Sensing Threshold Checker (Sensiometer A, China) in 
accordance with previously described technique [3]. Subjects were trained by the 
examiner to experience a vibration first: firstly adjusted the vibration head of the 
handle to a state of obvious vibration, and then tested in the osseous part of the 
upper limb of the subject, so that the subject could tell the correct vibration 
feeling. Then, the vibration head was adjusted to a non-vibrating state test to 
confirm that the subject could correctly distinguish the difference between the 
vibration sensation and the normal pressure sensation. Subjects were allowed to 
relax and lie flat on the test, and then were instructed to inform the examiner 
immediately when they first felt a shock. The examiner touched the probe per-
pendicularly to the back of the big toe of the subject and rotated the control 
button. The amplitude of the vibration gradually increased from “0”, letting the 
patient concentrate on the measurement point until the fixed point where the 
vibration just felt is Sensitive threshold. Detected twice in succession and aver-
aged as the final test result. 

Modified criteria of the “International Diabetes Federation (IDF) to diagnose 
MetS in adults” [4]: central obesity (waist circumference ≥ 90 centimeter in men 
and ≥85 centimeter in women) and any two of the following factors: raised tri-
acylglycerol level ≥ 1.7 mmol/l, reduced HDL-cholesterol level ≤ 1.03 mmol/l, 
raised blood pressure (systolic ≥ 130 mmHg and/or diastolic ≥ 85 mmHg), and 
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raised fasting plasma glucose ≥ 5.6 mmol/l or diagnosed type 2 diabetes. 
All subjects were equally divided into three groups by the vibrations thre-

sholds [i.e. VPT6.05 V - 10.20 V (group 1), VPT 10.25 V - 12.45 V (group 2), 
VPT 12.50 V - 26.85 V (group 3)]. All subjects were also divided by metabolic 
syndrome components (i.e. MS group and non-MS group; group with 0 MS 
component, group with 1MS component, group with 2 MS components, group 
with ≥3 MS components).Results were presented as mean ± SD. Independent 
t-tests and x2 were performed for comparisons of general characteristics of par-
ticipants between the two groups. Multiple groups were compared using analysis 
of variance of completely random design data. Comparison between each group 
was performed using the least significant difference method (LSD). Pearson cor-
relation analysis was performed for correlation analysis and multiple linear 
stepwise regression analysis were performed for multivariate analysis. Statistical 
significance was defined as P value < 0.05. 

3. Results 
3.1. General Characteristics of Subjects 

Of all subjects, 186 (45.9%) with hypercholesterolemia, 118 (29.1%) with hyper-
triglyceridemia, 106 (26.2%) with high LDL-Cemia, and 54 with low HDL-Cemia 
(13.3%),118 with hypertension (29.1%), 58 with diabetes (14.3%), 48 with im-
paired fasting glucose (11.9%), 91 with impaired glucose tolerance (22.5%), 57 
with VPT 16 - 25 V (14.07%),and 1with VPT > 25 V (0.25%). 

The correlation between VPT on the left and right sides was good (r = 0.911, P 
< 0.05), so the average VPT on both sides was used for analysis. After being di-
vided into three equal divisions according to VPT levels, the age, proportion of 
patients with dyslipidemia, proportion of patients with hypertension (respec-
tively 23.7%, 28.2%, 30.4%), proportion of patients with diabetes (9.6%, 13.3%, 
20.0%), proportion of smokers, proportion of drinking, BMI, Fat%, waist cir-
cumference, hip circumference, UA, Cr, CHO, LDL-C, FPG, 2h-PG, HbA1c, 
SBP, and DBP increased with the increase of VPT levels. There were significant 
differences in age, proportion of patients with hypertension, proportion of pa-
tients with diabetes, waist circumference, HbA1c, CHO, SBP and DBP (P < 0.05) 
(Table 1). 

3.2. The Clinical Characteristics of MS and Non-MS Groups 

Compared with non-MS group, the MS patients had significantly higher age and 
VPT (P < 0.05). There was a significant metabolic disturbance in the MS group 
(Table 2). 

Comparison of VPT levels in patients with different metabolic components 
with the increase of metabolic components, VPT levels gradually increased, and 
there was a significant difference between MS0 group and MS1 group, as well as 
MS1 group and MS ≥ 3 group (P < 0.01). There was also significant difference 
between MS0 group and MS2 group (P < 0.05) (Figure 1). 
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Table 1. Relationship between VPT level and each indicator. 

Group Ia IIb IIIc F or x2 P-value 

Cases (Male/Female) 135 (47/88) 135 (52/83) 135 (51/84) 0.444 >0.05 

Age (years) 47.43 ± 5.82 49.12 ± 5.79 52.54 ± 5.64 9.56 <0.05 

BMI (Kg/m2) 24.3 ± 3.0 24.6 ± 2.6 24.9 ± 2.6 1.28 >0.05 

WC (cm) 81.58 ± 9.23 83.19 ± 8.32 84.41 ± 8.98 3.388 <0.05 

HC (cm) 91.30 ± 6.22 91.56 ± 5.77 92.63 ± 5.92 1.859 >0.05 

Fat (%) 31.78 ± 6.77 32.00 ± 6.51 32.26 ± 6.62 0.489 >0.05 

Smoking (Y/N) 22/113 30/105 36/99 4.287 >0.05 

Drinking (Y/N) 23/112 19/116 22/113 0.481 >0.05 

ALT (U/L) 27.99 ± 1.61 24.94 ± 1.56 25.38 ± 1.64 1.056 >0.05 

AST (U/L) 23.99 ± 3.78 22.05 ± 3.71 23.58 ± 3.53 2.522 >0.05 

UA (umol/l) 264.18 ± 42.13 272.27 ± 35.95 275.25 ± 41.29 0.347 >0.05 

Cr (umol/l) 59.22 ± 12.58 60.01 ± 14.10 60.46 ± 12.90 0.688 >0.05 

BUN (mmol/l) 4.58 ± 1.13 4.54 ± 1.26 4.77 ± 1.08 0.330 >0.05 

SBP (mmHg) 122.39 ± 15.98 124.51 ± 18.28 128.15 ± 17.13 3.813 <0.05 

DBP (mmHg) 79.50 ± 9.49 80.76 ± 11.63 82.17 ± 10.88 2.06 >0.05 

CHO (mmol/l) 5.09 ± 1.06 5.15 ± 1.04 5.23 ± 1.02 9.56 <0.05 

TG (mmol/l) 1.65 ± 0.14 1.55 ± 0.19 1.56 ± 0.18 1.453 >0.05 

HDL (mmol/l) 1.28 ± 0.23 1.29 ± 0.24 1.28 ± 0.24 1.003 >0.05 

LDL (mmol/l) 2.94 ± 0.72 2.95 ± 0.77 3.06 ± 0.71 1.114 >0.05 

FPG (mmol/l) 5.53 ± 1.37 5.62 ± 1.29 5.88 ± 1.25 6.062 <0.05 

2h-PG (mmol/l) 7.64 ± 1.66 7.65 ± 1.60 8.71 ± 2.18 3.399 <0.05 

HbA1c (%) 5.60 ± 0.89 5.72 ± 0.96 5.88 ± 0.99 3.215 <0.05 

a: Group I: VPT 6.05 V - 10.20 V; b: Group II: VPT 10.25 V - 12.45 V; c: Group III VPT 12.50 V - 26.85 V. 

 
Table 2. Comparison between MS group and non-MS group. 

Group MS group Non-MS group x2 or t P-value 

Cases (Male/Female) 120 (36/84) 285 (114/171) 3.205 >0.05 

Age (years) 51.10 ± 5.27 49.13 ± 6.27 2.93 <0.01 

Weight (Kg) 68.54 ± 10.98 61.70 ± 10.44 5.92 <0.01 

BMI (Kg/m2) 26.3 ± 3.0 23.9 ± 1.7 6.99 <0.01 

wc (cm) 89.63 ± 7.30 80.23 ± 7.90 11.00 <0.01 

hc (cm) 94.85 ± 6.59 90.53 ± 5.21 6.36 <0.01 

HDL (mmol/l) 1.24 ± 0.26 1.30 ± 0.22 -2.17 <0.05 

CHO (mmol/l) 5.24 ± 1.26 5.12 ± 0.94 0.90 >0.05 

FPG (mmol/l) 5.94 ± 1.29 5.53 ± 1.36 3.40 <0.01 

2h-PG (mmol/l) 9.24 ± 2.49 7.48 ± 1.75 3.83 <0.01 

HbA1C (%) 5.95 ± 0.97 5.64 ± 0.94 3.042 <0.01 

ALT (U/L) 27.94 ± 5.38 28.31 ± 4.32 0.154 >0.05 

AST (U/L) 23.21 ± 5.21 22.91 ± 4.45 0.301 >0.05 

Cr (umol/l) 57.61 ± 11.57 60.68 ± 14.03 1.568 >0.05 

UA (umol/l) 287.82 ± 45.98 271.51 ± 41.89 1.803 >0.05 

Fat (%) 35.49 ± 5.58 30.62 ± 6.50 6.614 <0.01 

VPT (V) 12.19 ± 3.56 11.38 ± 2.93 2.416 <0.05 
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Figure 1. Vibrational sensory threshold changes with metabolic components. There was 
significant difference between MS0 group and MS1 group (P > 0.01); There was 
significant difference MS1 group and MS ≥ 3 group (P > 0.01); There was also significant 
difference between MS0 group and MS2 group (P < 0.05). 

3.3. Analysis of Influencing Factors in VPT 

Taking VPT as the dependent variable, BMI, waist circumference, hip circumfe-
rence, SBP, DBP, TG, LDL, HDL, CHO, FPG, 2h-PG, HbA1c, and Fat% as inde-
pendent variables, Pearson correlation analysis was performed. It was showed 
that there was a positive correlation between VPT and weight, BMI, waist cir-
cumference, SBP, DBP, FPG and 2h-PG. The difference was statistically signifi-
cant (Table 3). 

Multiple stepwise regression analysis showed that waist circumference and 
systolic pressure were positively correlated with VPT (r = 0.182, P < 0.01; r = 
0.211, P < 0.01), and the regression equation was: 

1 25.191 0.049 0.019Y X X= + +  

4. Discussion 

Symptomatic pain and paresthesia are clinically present in PN, and approx-
imately 50% of patients with PN are asymptomatic, wihch may leading to 
non-sensory damage to foot and is a major risk factor for foot ulceration, infec-
tions, and gangrene [5]. Nerve conduction velocity examination is currently the 
“gold standard” for diagnosis of PN, but it requires specialist’s operation, which 
is time-consuming, labor-intensive, and costly, thus is difficult to applied exten-
sively in large-scale screening and outpatient clinics [6]. Determination of VPT 
using a biothesiometer is a quick and easy way for detecting large-fiber dysfunc-
tion and identifing patients at risk of foot ulceration, lower-limb amputation. Its  
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Table 3. Pearson correlation analysis between VPT and each metabolic indicator. 

 r P-value 

BMI 0.106 0.029 

WC 0.131 0.010 

HC 0.091 0.070 

SBP 0.136 0.007 

DBP 0.191 0.043 

TG 0.043 0.370 

LDL 0.090 0.062 

HDL 0.022 0.644 

CHO 0.075 0.120 

FPG 0.206 0.000 

2h-PG 0.117 0.018 

HbA1c 0.132 0.008 

Fat% 0.094 0.078 

 
operation is simple, fast, painless, and well tolerated which is not affected by the 
temperature of the ankles and limbs. There is a standardized test algorithm, 
which is not only better than using a tuning fork. The sensory threshold of vi-
bration is simple and accurate, and it can detect the trend of sensory changes in 
the nervous system. It is a popular method in PN assessment and research [7] 
[8] [9] [10]. Jia et al. [11] found that the consistency between VPT examination 
and nerve conduction velocity examination was good by evaluating the sensitiv-
ity, specificity, accuracy, and clinical applicability of the simple method for di-
agnosing PN. In a word, VPT examination can be used as a simple neuropathy 
method in outpatient and epidemiological investigations [6]. 

There have been many studies in the past to investigate the peripheral neuro-
pathy in diabetic patients. However, studies have suggested that blood glucose 
control does not delay the development of PN in type 2 diabetic patients with 
peripheral neuropathy that has already occurred. [12] Impaired fasting glucose 
or impaired glucose tolerance may be associated with increased risk of peripher-
al neuropathy [13] [14]. At the same time, the American Diabetes Association 
recommends that early diet and exercise intervention in prediabetes patients 
may be the best way to prevent PN. Therefore, it is especially important to study 
VPT and its influencing factors in patients with high risk of hyperglycemia for 
early diagnosis and prevention of this disease. 

Type 2 diabetes is a multifactorial disease associated with both genetic and 
environmental factors. FDR has a similar genetic background and similar living 
environment with patients with type 2 diabetes, thus the incidence of diabetes is 
significantly increased. Even without diabetes, FDR has significantly higher 
blood glucose and BMI than non-FDR [15]. At the same time, study found that 
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in individuals with a family history of young-onset, over 20% of siblings with an 
average age of 40 years had diabetes and 25% had prediabetes. After a decade, 
over one-fifth of those who were initially euglycaemic had developed Type 2 di-
abetes [16]. Previous studies have demonstrated that continuous glucose moni-
toring could identify the presence of significant dysglycaemia in FDR who were 
categorized as having normal glucose tolerance according to the OGTT [17]. 
Deepak Kumar Dash et al. found that subjects with DM history of family have 
increased BMI, worse Glycemic prfile, higher insulin resistance, increased SBP, 
higher adiposity indices and hsCRP. [18] So, how is the risk of PN in FDR those 
with high risk of diabetes? Previous studies mostly reflected the risk of PN in 
people with T2DM, and rarely studied PN in FDR not diagnosed with diabetes 
before. We conducted a VPT test on FDR and found that 14.32% of non-diabetic 
FDR had intermediate to high risk of PN. At the same time, our results suggest 
that the VPT of MS patients in FDR was significantly higher than that of 
non-MS subjects, and VPT was significantly increased with the increase of me-
tabolic components. Weight, BMI, waist circumference, SBP, DBP, FPG, 2h-PG 
and other metabolic indicators all affect VPT. The effect of metabolic syndrome 
and its components on VPT is similar to that of previous studies. Callaghan BC 
[19] found in a cohort study of 2382 subjects that metabolic syndrome compo-
nents were associated with PN independent with glycemic status. Similarly, 
Cortez M. [20] and his teamers believe that the baseline neuropathy is most 
strongly related to two or more components of the metabolic syndrome, not de-
pending on blood glucose status. At the same time, Lee CC and his team [21] 
found in a 3-year follow-up study that the incidence of PN was highest in par-
ticipants developed into type 2 diabetes 3 years later, followed by those who de-
veloped prediabetes and those with normal blood glucose had the lowest inci-
dence. In addition, Shen Qin et al. [22] found that in the Shanghai community, 
there was a high prevalence of PN in pre-diabetes patients. 

The exact mechanism of the relationship between various metabolic factors 
and PN is not yet clear. It may be related to the effects on blood vessels and 
nerves. Hypertension can cause hyaline degeneration of small arteries and ne-
crosis of small blood vessels, accelerating the hardening of small arteries and 
damage of the vascular endothelium [23]. Metabolic syndrome is a common 
vascular risk factor and oxidative stress is greatly increased in patients with me-
tabolic syndrome. El Boghdady NA [24] suggested that oxidative stress markers 
and vascular risk factors may be involved in the pathogenesis of peripheral neu-
ropathy. Brownlee M. [25] et al. believe that excessive peroxide production is the 
key to induce various diabetic complications including PN. In addition, it may 
also be related to neurotrophic factors. Groover AL [26] found that after 2 weeks 
and 10 weeks of high-fat diet, although the mice have not yet reached diabetes, 
weight, blood glucose and insulin levels have increased sharply. The expression 
of neurotrophin protein in peripheral tissues and the composition of epidermal 
innervation have changed, which is closely related to the occurrence of peripher-
al neuropathy. 
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5. Conclusion 

Our study shows that some of the FDRs that have not diagnosed with diabetes 
have a high risk of DN, especially in patients with MS. Waist circumference and 
blood pressure are main factors affecting VPT. It suggests that in FDR, MS pa-
tients are more likely to have peripheral neuropathy. Early detection of VPT 
should be performed in these people. Meanwhile, waist circumference and blood 
pressure may be important risk factors for peripheral neuropathy (PN) in FDRs. 
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