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Introduction

Type II diabetics (T2Ds) suffer from many aftermaths as vascular 
complications. Diabetic Peripheral Sensory Neuropathy (DPSN) 
is the most common microvascular complication with a prevalence 
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Abstract

Introduction: Among type  2 diabetics  (T2D), macrovascular complication lower limb Peripheral Arterial Disease  (PAD) and 
microvascular complication Diabetic Peripheral Sensory Neuropathy (DPSN) have scarcely studied concordance and their association 
with obesity. Qualitative and general body fat parameters give a complete picture of obesity. We studied the association of vibration 
perception threshold (VPT)‑based DSPN and ankle brachial pressure index (ABPI))‑based PAD, and the effect of obesity on them, in 
T2Ds. Methods: A cross‑sectional study was done on 152 under‑treatment T2Ds. Bio‑esthesiometer‑based VPT from the sole of each 
foot and VersaDop‑based ABPI from all limbs were assessed. Prevalence of DSPN (VPT ≥25) and PAD (ABPI ≤0.9) was measured and 
compared for concomitance. The odds ratio was used for testing association and multiple linear regressions were accomplished 
for predictors of VPT and ABPI taking P value < 0.05 as statistically significant. Results: T2Ds had a mean age of 53 years, a mean 
duration of 67 months, and 48% glycemic control. The prevalence of abnormal VPT and ABPI was 64% and 23%, respectively. VPT‑based 
subgroups do not defer significantly from ABPI and vice versa. Obesity was associated with only abnormal ABPI (visceral > general). 
Odd’s ratio for neuropathy with vasculopathy was insignificant while VPT and ABPI had differences in significant predictors. 
Conclusion: T2Ds having 64% neuropathy and 23% vasculopathy had one‑third concomitance but lack of association and different 
predictors for each. Vasculopathy not neuropathy was associated with obesity; visceral more than general; suggesting scope for its 
rectification. It suggests different progression of these complications, despite some cross‑talk between them.
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of  38% in our population.[1] Similarly, lower limb peripheral 
arterial disease (PAD) is a common macrovascular complication 
as reported previously with a 46% prevalence.[2] DPN can be 
measured by Vibration Perception Threshold (VPT)[3] and PAD 
can be measured by Ankle‑Brachial Pressure Index (ABPI).[4] Both 
VPT and ABPI offer qualitative and quantitative inferences to 
screen T2Ds with vascular complications. The crosstalk between 
microvascular complications like DPN and macrovascular 
complications like PAD[5] has an unknown status. It will be 
interesting to know the exact relationship between the two, in 
chronic T2Ds. With this background, we set out to study the 
prevalence, association, and concordance of  DPN and PAD in 
a sample population of  T2Ds by a cross‑sectional study.

Materials and Methods

Study design and setup
A cross‑sectional field study was conducted in a sample 
population of  under‑treatment T2Ds, attending the outdoor 
patient department of  the Medicine department of  a tertiary 
care hospital of  a government medical college. Prior approval 
for taken from the IRB committee of  our institution, and it 
was approved by the IRB board with EC approval number: 
1134/2022, Department number 92/2022 dated 28/06/2022. 
For our current study setup (population of  the city with type 2 
Diabetes prevalence of  9.6%), we came to find the adequate 
sample size of  134 patients, using Raosoft (free online sample 
size calculator software of  USA), getting 95% confidence interval 
and 5% error margin. Data was collected from April 2023 to 
October 2023, and further analysis was carried out.

Criteria for selection of participants
We included under‑treatment T2Ds (at least 6 months of  regular 
treatment), of  age 40‑60 years, of  either gender, not addicted 
to alcohol or any form of  smoking, and having recent glycemic 
control report. Of  potential participants, we excluded T2Ds 1) 
with concomitant neuropathy and/or vasculopathy (other than 
due to diabetes), 2) with Diabetic foot/amputated limb 3) having 
previous neurological or cardiovascular intervention and patients 
taking neurotoxic drugs (like AKT), insulin, vasodilators and/
or steroids. Post‑assessment, 12 participants were excluded from 
potential candidates of  study, due to ABPI being >1.4 (suggestive 
of  atherosclerotic changes of  vessels).

Initial assessment and risk factor assessment
After general data collection and medical history evaluation, 
neuropathy and vasculopathy risk factor assessment was done 
with pre‑validated questionnaires. The assessment included 
personal demographic and epidemiological data, diabetes history, 
drug  (oral hypoglycemics and concomitant) history, addiction 
and other personal history and relevant laboratory investigations.

Dichotomous outcome was noted for the following risk factors, 
for each participant; hypertension, hyperlipidemia, cardiovascular 
diseases like valvular heart disease, family history of  neuropathy 

and/or vasculopathy, asymptomatic neuropathy, male gender, 
poor glycemic control, and physical inactivity.

Vibration Perception Threshold (VPT) measurement
VPT measurement is as per our previous work.[1] Bio‑esthesiometer, 
calibrated and validated by the company Diabetic Food Care, 
Chennai, India was used. Vibration perception was measured in 
each participant’s pressure points of  each foot, on the following 
sites; great toe, ball of  great toe, and heel. The vibration was 
increased from 0 to 50 Hz until the threshold was achieved. 
The average of  the results of  pressure points was considered as 
a result of  the VPT assessment.

Ankle Brachial Pressure Index (ABPI) measurement
ABPI measurement is as per our previous work.[2] Instrument 
VersaDop, vascular Doppler, working on the principle of  
photo‑plethysmography was used for ABPI measurement. 
The cuff  was applied on the following application sites; arm: 
aid‑arm (bilaterally), Ankle: above level of  malleoli (bilaterally). 
For the manual method, a doppler was applied to sites of  the 
brachial and dorsalis pedis artery. After inflating the cuff  20–30 
mm Hg above the last heard sound, pressure was slowly released. 
The first heart sound heard was recorded as the systolic pressure 
at that site. The order of  measurement of  the four sites was 
followed according of  AHA guidelines.

Obesity parameters
A digital and portable non‑invasive Omron Karada Scan (Omron 
Karada Scan HBF‑375 Body Fat Analyzer, Omron Health Care 
Pvt Ltd. China), working on the principle of  tetra polar BIA, 
was used that passes an electric current of  500 µA at 5 kHz 
frequency to scan the whole body.[6] It derived measures of  body 
composition like total body fat, visceral fat, and BMI, and also 
measured the waist‑to‑hip ratio of  each participant.

Defining the norms
•	 Glycemic control[7]:

1.	 FPG ≥126 mg% fasting is defined as no caloric intake 
for at least 8 hr. or

2.	 2 hr PG ≥200 mg% during or
3.	 HbA1c ≥6.5% or
4.	 In a patient with classic symptoms of  hyperglycemia or 

hyperglycaemic crisis, and random plasma glucose ≥200 
mg%

•	 ABPI grading of  PAD[8]:
1.	 Normal: 0.9–1.4
2.	 High: ≥ 1.4, typically indicative of  vessel stiffening
3.	 Low: ≤ 0.9, narrowing of  vessels
4.	 Nonmeasurable: unable to occlude blood vessels at 

300 mm Hg of  pressure application.
•	 VPT grading of  DPSN[9]:

1.	 Normal: <15 V
2.	 Mild neuropathy: 15–20 V
3.	 Moderate neuropathy: 20–25 V
4.	 Severe neuropathy: >25 V
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•	 Cut‑off  for ABPI‑based PAD:
1.	 ≤ 0.9 = Abnormal
2.	 0.9–1.4 = Normal

•	 Cut‑off  for VPT‑based DPSN:
1.	 <15 V = Normal
2.	 ≥15 V = Abnormal

Statistical analysis
The collected data was entered and sorted on an Excel 
spreadsheet and used Graphpad‑InStat software for analysis of  
data. Data were expressed as the mean ± standard deviation for 
continuous data and as a number or percentage for categorical 
data. A normality test was run to check the distribution of  data 
and depending on it, parametric or nonparametric statistical tests 
were applied. Groups were compared by t‑test, Mann–Whitney 
U test or ANOVA for continuous data, and Chi‑square or 
Normality test for categorical data. For the contingency table of  
exposure to the outcome, odds ratios were calculated by a 95% 
confidence interval. Multiple linear regressions were performed 
to find significant predictors of  VPT or ABPI from independent 
parameters. For all tests, the P value cut‑off  was 0.05 to take 
statistical significance.

Ethical aspects
After preliminary presentation and approval from the 
Department of  Physiology, the proposal was scrutinized by 
the institutional Scientific Review Committee and Institutional 
Ethics Committee and approval was given as EC approval 
no.  1134/2022, Department no  92/2022, dated 28/06/2022. 
Later it was prospectively registered in the Controlled Trial 
Registry of  India (CTRI), numbered CTRI/2017/01/007692. 
In‑principal approval was taken from department of  Physiology 
to make use of  necessary instruments for the study and from 
the Department of  Medicine, for the recruitment of  study 
participants. Written informed consent form in vernacular 
language was sought from each potential participant, before 
assessment. he procedures in the study follow the guidelines laid 
down in the Declaration of  Helsinki (2013).

Results

The mean age and duration of  diabetes were 53  years and 
67 months, with equal males and females having predominantly 
urban domicile. Two‑thirds had hypertension, half  had 
glycaemic control and SRPA, and one‑third had hyperlipidemia. 
The mean ABPI was 1.2 with a one‑fourth prevalence of  
ABPI ≤ 0.9. The mean VPT was 20 with one‑fourth prevalence 
of  VPT ≥25. [Table 1]

On stratifying groups based on ABPI  (cut‑off  = 0.9) values, 
VPT did not significantly differ between groups. On stratifying 
groups based on VPT (cut‑off  = 15), there is an insignificant 
difference in ABPI values.  [Table  2] ABPI values did not 
significantly differ in 3 subgroups based on VPT value‑based 
grades. [Table 3] Qualitative ABPI and VPT did not significantly 

differ in subgroups based on BMI stratification (cut‑off  = 22.9). 
There was a significant difference in ABPI qualitative distribution 
in groups based on visceral fat, but it was not evident for VPT 
distribution. [Table 4]

Gender and total body fat were predictors for both VPT and 
ABPI. Age, hypertension, and SRPA were other predictors for 
VPT while hyperlipidemia and BMI were other predictors for 
ABPI. [Table 5]

Taking VPT cut‑off  25 and ABPI cut‑off  0.9, there were 15 T2Ds 
with both DSPN, and PAD; 24 with only DSPN; 20 with only 
PAD, and 93 had neither DSPN nor PAD [Figure 1].

Discussion

Among chronic T2Ds, VPT‑based DPSN and ABPI‑based 
PAD were evaluated, keeping in focus the cross‑talk between 
two complications affecting vessels of  a different calibre. 
Diabetic neuropathy is the most common form of  neuropathy 
worldwide,[9] and one of  the serious and crippling microvascular 
complications, which needs prompt treatment, extensive care, 
and preventive strategies. Based on reviews of  major studies 
of  diabetic neuropathy in the last four decades, the global 
prevalence of  clinical DSPN varies between 20% and 30% for 
type 2 diabetes, with significant variability between studies and 
geographical regions.[10] With VPT cut‑off  15 and 25, our study 
revealed a point prevalence of  64.47% and 25.65%, respectively, 
of  DSPN in known T2Ds. In another study[1] done in similar 
T2Ds using similar eligibility criteria, the prevalence of  abnormal 
VPT (cut‑off  >25) reported is 38%. Such high prevalence in 
our population can be due to the private setup, poor glycaemic 
control, high mean age, high prevalence of  obesity, and high mean 
disease duration. Such changes are due to underlying nerve barrier 
disruption, inflammation advanced glycation end products, 

Table 1: Distribution of study parameters in study 
population; male, female and total

Variables Male 
(79)

Female 
(73)

P Total 
(152)

Age, years 54.6±5.6 51.1±6.6 <0.001 53.2±6.1
Domicile (rural/urban) 61/18 57/16 0.90 118/24
Disease duration, months 79.6±56 59.5±45.2 0.016 66.8±51.1
Glycemic control, number 40 33 0.61 73
Hypertension, number 52 52 0.59 104
Hyperlipidemia, number 26 23 0.99 49
SRPA, number 41 31 0.32 72
ABPI 1.2±0.12 1.2±0.12 0.84 1.2±0.14
ABPI <0.9, number 20 15 35
VPT (mean±SD) 20.1±9.6 20.1±10.9 0.99 20.1±10.1
VPT, number
•	 Normal 29 25

χ2=1.54, 
P‑0.67

54
•	 Mild 19 23 42
•	 Moderate 10 6 16
•	 Severe 20 19 39
VPT ≥25, number 20/58 19/54 0.96 39/112
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dyslipidemia, and many other mechanisms.[11] Most participants 
had mild‑to‑moderate DSPN without symptoms of  same that 
calls for prompt treatment, early diagnosis, and better health 
literacy among type 2 diabetics. It can delay the disease progression 
to prevent dreadful aftermaths like neuropathic pain, ulceration, 
and ultimately spontaneous amputations.[12] All study participants 
were asymptomatic with respect to any neurological symptoms 
or signs, and therefore prevalence of  ~64%, suggests potential 
possible early detection of  manifest diabetic neuropathy. Another 
notable finding in our study was a significant increase in patients 
having abnormal VPT, concomitant with increased duration of  
diabetes (6.5 years and more); in line with the literature.[13] PAD 
is one of  the most debilitating chronic complications of  the 
diabetic spectrum, being either asymptomatic or intermittent 
claudication as the typical presenting symptom. The prevalence 
of  PAD in diabetes is approximately 42%, globally.[13] ABPI is a 
non‑invasive, symptom‑independent tool to estimate the effect of  
PAD. A previous study from our population,[2] reveals abnormal 
ABPI in around 35% of  the total sample population. Our 
study estimates a prevalence of  abnormal ABPI of  about 23%, 
owing to a relatively narrower range of  age, for the selection of  
participants. Such low prevalence of  abnormal ABPI can be due 
to age, use of  hypolipidemics, use of  anti‑hypertensives, exclusion 
of  smokers, and prevalent self‑reported physical activity.[14]

DSPN  ‑  a microvascular and PAD a macrovascular diabetic 
complication have different pathways but not without a 

cross‑talk. DSPN was more prevalent than PAD indicating 
more prevalence of  microangiopathy than macroangiopathy 
in type  2 diabetics, in accordance with literature[15,16] Both 
these complications have in common interplay of  metabolic 
dysregulation, inflammation, oxidative stress, and endothelial 
dysfunction as basic pathophysiology.[16] But there are differences 
in pathways, disease course, and risk factors also. So, we associated 
VPT‑based DSPN with ABPI‑based PAD both quantitatively 
and qualitatively among T2Ds. DSPN was not significantly 
associated with prevalent PAD and vice versa. Among those 
having PAD or severe DSPN, one‑third had both concomitant; 
while the rest one‑third had either PAD or DSPN. ABPI was 
not associated with the severity of  VPT grades and there was an 
insignificant odds ratio for PAD with DSPN. Both have different 
predictors also except body fat and gender which are known 
in the literature.[17‑19] This lack of  association between the two 
can be due to: 1) the different nature of  blood vessels in which 
complications are being studied[16]; 2) treated rather than newly 
diagnosed diabetics, 3) the difference in methods of  assessment 
of  DSPN and PAD, 4) high mean age and mean duration[20] 
5) poor glycaemic control and lack of  availability of  HbA1c 
based glycaemic variability that is better than HbA1c per se[21]; 6) 
difference in pathway for progression of  both complications[16] 7) 

Table 2: Quantitative & Qualitative comparison of ABPI 
distribution in sub‑groups stratified by VPT cut‑off 15 
and VPT distributions in sub‑groups stratified by ABPI 

cut‑off 0.9
ABPI <0.9 ABPI ≥0.9 P

VPT (mean±SD) 19.8±10.8 20.2±10.1 0.84
VPT >15 VPT ≤15 P

ABPI (mean±SD) 1.15±0.23 1.12±0.23 0.45
ABPI <0.9*, number 15 20 χ2=1.06, 

P‑0.30ABPI ≥0.9, number 38 76
*Odds risk=1.5 (95% C.I. ‑0.69, 3.25)

Table 4: Comparison of the qualitative distribution of ABPI (cut‑off 0.9) and VPT (cut‑off 15) in subgroups stratified 
by BMI, visceral, and waist‑to‑hip ratio

BMI 
≥22.9 

BMI 
<22.9

Statistic VF 
≥10

VF 
<10

Statistic WHR 
High

WHR 
Normal 

Statistic

ABPI abnormal 103 13 OR=0.72, 95% CI 
(0.19,2.68), P=0.63

99 17 OR=2.73, 95% CI, 
(1.23,6.08), P=0.014

90 15 OR=4.06, 95% CI 
(1.87,8.85), P=<0.001ABPI Normal 33 3 32 15 31 21

VPT abnormal 86 12 OR=0.57, 95% CI 
(0.18,1.87), P=0.35

83 15 OR=0.69, 95% CI, 
(0.25,1.90), P=0.47

75 23 OR=1.55, 95% CI 
(0.75,3.18), P=0.23VPT normal 50 4 48 6 40 19

Table 3: Comparison of ABPI parameters among 3 subgroups stratified by DPSN grading
Parameters Group 1 (VPT <15) Group 2 (VPT 15‑25) Group 3 (VPT >25) P Post‑hoc test
AP (mean±SD) 161.44±56.02 171.06±29.91 170.07±36.25 0.97 NA
BP (mean±SD) 143.88±21.60 143.23±21.75 142.50±30.46 0.96 NA
ABPI (mean±SD) 1.09±0.23 1.17±0.20 1.05±0.31 0.09 NA

Figure 1: Prevalence and concomitance of DSPN and CAD in study 
participants
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cut‑offs of  VPT and ABPI used that affect disease classification 
8) varying prevalence of  both complications at the onset of  
disease that cannot be ascertained by cross‑sectional nature of  
study[22] 9) subjective nature of  VPT against objective nature of  
ABPI assessment, 10) Asian ethnicity,[23] 11) presence of  other 
confounders that affects both complications differently. This lack 
of  total agreement between the prevalence of  these two also hints 
at and reiterates the use of  both together for better monitoring 
of  disease progression and suggests intervention for the same.

Obesity is known to be associated with vascular complications 
in diabetes as evidenced by a recent large multi‑ancestry 
genome‑wide study.[24] We found a lack of  association between 
obesity and VPT indicating a lack of  prevalent association 
between body adiposity and microangiopathy in chronic 
diabetics with lack of  glycaemic control. This is in contrast to 
literature citing obesity as a metabolic driver for neuropathy.[25] 
Contrastingly, ABPI was associated with obesity, visceral more 
than general, in our diabetics, in line with previous molecular 
evidence cited[26] but in the context of  our chronic diabetics 
who are far from the glycaemic target. The association of  
obesity with macro, not microvascular complication, is in 
line with a current study[27] revealing that bariatric surgery in 
people with obesity can lead to a reduction in the incidence of  
macrovascular complications with the impact of  bariatric surgery 
on microvascular complications staying less clear. Irrespective of  
its association with complications of  diabetes, obesity especially 
central must be controlled for better disease control especially in 
light of  poor glycaemic control in our diabetics.

Even the predictors were not the same for VPT and ABPI in our 
diabetics. Gender and total body fat were significant predictors 
for both these complications in line with previous works[1,2] on 
our population but done on different sets of  diabetics. HbA1c 
value was not a significant predictor of  any of  the two possibly 
owing to lack of  HbA1c control in most diabetics. Visceral fat 
was alike an insignificant predictor of  any of  the two outcomes 
indicating it to be not a predictor despite its association with 
both complications. Age, prevalent hypertension, physical activity, 
and waist‑to‑hip ratio were exclusive predictors of  VPT; while 

hyperlipidemia and BMI were exclusive predictors of  ABPI. This 
differential pattern of  predictors further ascertains the difference 
between DSPN and PAD in diabetics.

Lack of  co‑existence, lack of  association, different prevalence, 
and non‑overlap of  predictors were found between neuropathy 
and vasculopathy in a sample population of  our diabetics with 
high HbA1c and mean high duration of  disease. A global study 
showed that both the prevalence and three‑year incidence 
of  vascular complications were high  in type  2 diabetics with 
relatively short duration, highlighting the need for early risk‑factor 
modification.[28] Similarly, the lack of  HbA1c in most T2Ds gives 
a false glycaemic status that is used more than the gold standard 
in the Indian context and can give false values of  disease control. 
Post‑COVID, the diabetic situation has gotten even worse[29] as 
reported recently. In diabetes microvascular complication like 
proteinuria is monitored but retinopathy and neuropathy are not 
used optimally. Similarly, macrovascular complications are not 
used for screening in the Indian context, and with the fact that 
it can be present in the absence of  microvascular complications 
as seen in our study.

Diabetes has a threatening future prediction for India with 
anticipation of  a heavy load on health are system.[30] Family 
physicians working at the primary care level will be the backbone 
of  diabetes, better to be said as diabesity. Our study suggests 
early diagnosis of  diabetes, optimum screening for both micro 
and macrovascular complications, and better glycaemic control 
as per HbA1c that is lacking in diabetics even at private setup. 
It hints use of  screening for vasculopathy, neuropathy, and 
visceral obesity at the family physician level. It also calls for a 
study on newly diagnosed diabetics to study the prevalence of  
these complications and to monitor how they progress to further 
clarify the cross‑talk in question.

Conclusion

Type 2 Diabetics, with poor glycemic control, 64% prevalent 
peripheral sensory neuropathy, and 23% prevalent lower limb 
vasculopathy, had their one‑third concomitance but with lack 
of  association and difference of  predictors for each. Both 
complications are associated with obesity; visceral more than 
general; suggesting scope for rectification of  same. It suggests 
different progression of  these microvascular and macrovascular 
complications, despite of  cross‑talk between them.
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Table 5: Predictors of ABPI or VPT by multiple linear 
regressions

Predictors (X) Y1=VPT Y2=ABPI
β P β P

Age 0.18 0.018 0.03 0.69
Sex −0.29 <0.001 −0.16 0.04
Glycemic control 0.02 0.79 0.07 0.32
Hypertension 0.21 0.021 0.10 0.23
Hyperlipidemia −0.12 0.14 −0.45 <0.001
SRPA 0.26 <0.001 −0.05 0.53
WHR 0.37 <0.001 −0.11 0.15
Total Body Fat −0.39 <0.001 −0.60 <0.001
Visceral Fat 0.25 0.10 −0.16 0.26
BMI −0.05 0.72 0.57 <0.001
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