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Abstract
The purpose of this study was to describe age-related changes in vibrotactile sensitivity in participants
of the Baltimore Longitudinal Study of Aging and to identify factors that are associated with
impairment in vibrotactile sensitivity independent of age. Participants (n=523, age:26–95 years)
underwent measurements of vibration perception threshold (VPT, 100Hz) under the 2nd metatarsal
head, glucose tolerance, serum inflammatory markers, nerve conduction parameters, movement time
and cognition. Univariate and multivariate regression analyses were performed to identify factors
that predicted VPT independent of age. Structural equation modeling was used to describe
relationships between these variables. VPT was progressively higher with older age. Adjusting for
age and height, VPT was similar in men and women and the slope of age-related decline was similar
in the two genders. Age, height, peroneal nerve conduction velocity and peroneal nerve amplitude
were independent predictors of VPT. Structural equation model demonstrated a direct relationship
between peripheral nerve function and VPT. Height and circulating inflammatory markers may
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influence age-related decline in vibrotactile sensitivity through their negative impacts on peripheral
nerve function.
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1. Introduction
Assessment of vibrotactile sensitivity is a common test used in a neurological examination for
evaluating sensory function. Interest in measuring vibrotactile sensitivity using objective
methods is growing due to a proposed association with functional mobility in older adults
[31] and also in connection with clinical studies testing the effectiveness of interventions aimed
at improving peripheral nerve function especially in diabetic patients [36]. Accordingly,
commercial devices have been developed that assess vibration sensitivity through
psychophysical techniques aimed at identifying the minimum amplitude of vibratory stimulus
required for perception (VPT). It has been proposed that in human glabrous skin, high
frequency vibration (60–250 Hz) is detected by fast adapting subcutaneous mechanoreceptors
such as Pacinian corpuscles and the information is conveyed to the central nervous system by
their corresponding nerve fibers (Fast Adapting Type II: FAIIs) [15,19].

Researchers have reported a significant age-related decline in vibrotactile sensitivity as shown
by increase in threshold for perception of vibration [12,23,27,34,40]. Within a healthy older
population (age >65 years), the increase in thresholds is particularly notable for high frequency
vibrations after the age of 70 years [27]. However, the age-related physiological changes that
account for such a decline are still unclear. Some pathologic conditions that tend to be more
prevalent and severe in older persons adversely influence peripheral neural function. For
example, significant deterioration in nerve conduction parameters and increased threshold for
various sensory modalities has been shown in diabetes mellitus (DM) [17]. Reduction in motor
nerve conduction velocity is also reported in subjects with impaired glucose tolerance (IGT)
in absence of DM [39] possibly due to the pro-oxidative effects of chronic hyperglycemia on
nervous cell structures [37]. However, it is not known whether age-related decline in
vibrotactile sensitivity can be partly attributed to progressive derangement of glucose
metabolism.

It is proposed that primary dysregulation of the immune system results in a chronic mild
proinflammatory state in the elderly [4]. It has been suggested that high levels of circulating
proinflammatory cytokines may cause neural cell apoptosis and, feasibly, play an important
role in age-related decline in central nervous system function [2,30]. Inflammatory cytokines
exert their biological effects through their interactions with specific receptors. Studies
performed on cell culture have demonstrated that the costimulation of Tumor Necrosis Factor
–α Receptor1 (TNF-αR1) and Tumor Necrosis Factor –α Receptor2 (TNF-αR2) is a powerful
pro-apoptotic stimulus [10]. Further, using data from a large population-based study, Di Iorio
et al [6] have recently reported a significant inverse association between peroneal nerve
conduction velocity and circulating levels of serum Interleukin-6 Receptor (sIL-6R). Thus, it
is reasonable to hypothesize that the mild pro-inflammatory state that is often encountered in
older adults may account, at least in part, for the progressive decline of vibrotactile sensitivity.

The aim of the present study was to describe age-related changes in the vibrotactile sensitivity
across the adult life span in a well-described cohort enrolled in the Baltimore Longitudinal
Study of Aging [35] and to identify factors that, independent of age, are associated with
decrements in vibrotactile sensitivity. In particular, we tested the hypothesis that independent
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of the confounding effects of age, lower vibrotactile sensitivity is correlated with the glucose
metabolism homeostasis and circulating levels of inflammatory markers.

2 Methods
2.1 Participants

The BLSA participants are men and women aged 19–90+ years from a prospective study of
aging that started in 1958. Participants in the BLSA are community residing volunteers who
generally have above average income, high education levels and good access to medical care.
Over 90% of BLSA participants rate their health as good or excellent at study entry. At ~2-
year intervals, participants visit the National Institute on Aging Research Unit in Baltimore,
MD for 2–2.5 days of research testing. Details about recruitment and testing have been reported
elsewhere [35]. In 2004–2005, out of 583 BLSA study participants, 523 participants (263
females, age: 26–95 years and 260 males, age: 28–95 years) were tested for vibrotactile
sensitivity. The data from all 523 participants were included in the present study. From those
who reported alcohol intake (n = 350), 17% participants were teetotalers, 77% were mild
drinkers and 6% were heavy drinkers. Thirty-six participants (6.5%) were diabetic (Type II).
Within the diabetics, 22 participants were on oral hypoglycemics and one was on insulin
treatment.

2.2 Outcome measures
Vibration perception threshold (VPT): The testing was performed in a quiet room. Vibration
perception thresholds were measured using a commercial device (Medoc VSA 3000 Advance
Medical Systems, Minneapolis, MN). The diameter of the stimulating probe was 1.25 cm. If
the initial limb temperature was below 32°C, the foot was heated with a heating pad until 32°
C was achieved. The participant was asked to sit in a chair and the bare testing foot was placed
on the foot plate with the probe surface under the head of the 2nd metatarsal. The vibratory
stimulus was delivered at 100 Hz and the method of limits was used. The machine delivered
the stimulus with increasing intensity in the steps of 0.5 micrometers (µm). The participant
was instructed to concentrate on the foot and to click the mouse as soon as s/he perceived the
vibration. The test was repeated 6 times. The highest and the lowest scores were eliminated
and the average of the remaining four trials was recorded as the VPT (µm). Testing was
performed on the right foot unless contraindicated. Participants were excluded if they had both
great toes missing (e.g., if both great toes were amputated), or bilateral foot ulcers, trauma, or
surgery.

Glucose tolerance measure: Oral Glucose Tolerance Test (OGTT) was performed using a
standard dose of 75 gm Fructose [33] (n = 466). A 5 cc blood sample was removed using an
indwelling catheter once prior to oral glucose administration and then at designated intervals.
The last sample was collected at 120 minutes post administration. Plasma glucose levels were
measured using a glucose oxidase-based assay (Glucose Analyzer 2, Beckman Coulter In.,
Brea, CA). Fasting glucose and glucose level 120 minutes post glucose administration
(Glucose120) were used in the analysis as indicators of glucose tolerance [25]. Glucose
tolerance test was not performed if the participant was on insulin treatment, s\he had used
steroids in the previous three months or had exercised on the morning of the scheduled
procedure.

Inflammatory markers: Enzyme linked immunosorbent assay (ELISA) method (R & D Systems
Inc., Minneapolis, MN) was used to determine serum levels of Tumor Necrosis Factor –α
Receptor1 (TNF-αR1), TNF-αR2, and serum interleukin 6 receptor (sIL-6R DR 600) from the
blood samples obtained after overnight fast. The samples were stored at −70°C Upon arrival
in the laboratory, the samples were centrifuged at 2000 Gs at +4°C for 15 to 20 minutes. The
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lower detectable limit was 6.5 pg/ml for sIL-6R DR 600, 6.7 pg/ml for TNF-αR1 and 2.3 pg/
ml for TNF-αR2. The interassay coefficient of variation was < 6.7% for all three assays.
Measuring serum level of Tumor Necrosis Factor –α (TNF-α) is notoriously difficult and
unreliable, therefore, it was excluded and serum interleukin 6 (sIL-6) was measured for
descriptive purposes only. Serum inflammatory markers level data were available up to July,
2005 and provided data for a total of 188 participants. This is 36% of the total sample. The
distribution in the 5 quintile groups was quite compatible and was as follows: 30%, 37%, 34%,
44% and 32%.

Peripheral nerve function: Peripheral nerve function was examined for sural and peroneal
nerves using a standardized neurophysiological technique described by Aminoff [3] (Nicolet
Viking Select, Madison, WI). Testing was performed on the right leg unless contraindicated.
Contraindications included amputation, ulcer, trauma, knee replacement, or surgery. If the
initial limb temperature was below 32°C, the leg was heated with a heating pad until 32°C was
achieved. The skin was cleaned with alcohol or a degreaser. Surface electrodes were placed
on the testing leg with conducting gel. For peroneal nerve testing, recording electrode was
placed on the extensor digiti minimi belly and the stimulating electrode was placed on the nerve
where it winds around the fibular head. Distal stimulation was applied at 8.5 cm proximal to
the recording electrode, lateral to the tibialis anterior tendon, and the ground was placed on
the 5th metatarso-phalangeal joint, lateral to the long extensor tendons. For sural nerve testing,
the recording electrode was applied approximately 2 cm behind the lateral malleolus and the
ground was placed four centimeters more distal on the foot (usually directly below the lateral
malleolus). The stimulation electrode was applied 10 cm proximal to the recording site. Nerve
conduction velocity (NCV) and signal amplitude (Amp) were measured for both, sural and
peroneal nerves from sensory action potential and compound muscle action potential,
respectively. Amplitude measurements were performed all at the same sweep speed of final
waveform acquisition. NCV was calculated in m/s and approximated to nearest one decimal
[3] (n = 442).

Movement time was measured using a finger tapping test of the dominant hand [5]. The wrist
was rested on the table and the participant was instructed to tap as quickly as possible in a
continuous succession with his/her index finger, on the spacebar key of the desktop key board.
The total number of taps (TFT) in ten seconds was counted by the computer. The current finger
tapping test was introduced in the BLSA protocol in February 2004, which is after the
vibrotactile testing was introduced. Therefore, only 325 participants had data on finger tapping.
Cognitive function of the participants was evaluated using the Short Blessed Test (SBT) (n =
419) [20].

Height and body weight were measured to the nearest 0.5 cm and 0.1 kg, respectively. Body
Mass Index was calculated as weight divided by height squared (kg/m2).

2.3 Statistical analysis
All statistical analyses were conducted using SPSS version 13.0. Data are presented as means
± SD unless mentioned otherwise. Distributions of continuous variables were tested for
normality and, as appropriate, non-parametric tests or log10 transformations of skewed
variables (fasting glucose, Glucose120, TNFα-R1, TNFα-R2, SuralAmp and PeronealAmp)
were used in subsequent analyses. The participants were stratified in four age groups (20–40,
40–60, 60–80 and >80 years). General Linear Model (GLM) was used to test for age-group
differences. Analysis of covariance was performed in GLM to test for differences between
groups while adjusting for potential confounders. Relationships between continuous variables
were assessed using Pearson correlation coefficients. Multiple linear regression models were
constructed to identify factors independently associated with VPT. For regression analyses,
missing values were adjusted as the average values calculated from the respective age-group.
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A p <0.05 was considered statistically significant. Structural equation modeling [11] was used
to describe relationships between the dependent and independent variables, taking into account
the inter-relationships between the independent variables. The correlation matrix was used in
the analysis, because of convergence problems using the covariance matrix which resulted
from the marked differences in the size of the variances for different variables. The model fit
statistics, standard error and standardized correlation coefficients were estimated. A non-
significant χ2 test (p >0.05) implied that the model was consistent with the underlying
correlation matrix.

3. Results
Vibration perception threshold data were log10 transformed to achieve normal distribution
(logVPT) (Figure 1). Table 1 describes the study population according to VPT quintiles. The
average age, height, Glucose120, TNF-αR1 and TNF-αR2 were significantly higher with
higher VPT. In contrast, mean Sural and Peroneal Amp, PeronealNCV and TFT tended to be
lower with higher VPT (Table 1).

Older age (F(3,515) = 71.987, p < 0.001) and male gender (F(1,515) = 17.302, p < 0.001) were
independently associated with higher VPT (Figure 2). A lack of age x gender interaction
(F(3,515) = 0.342, p = 0.795) suggested that the slope of age-related decline in vibrotactile
sensitivity is similar in the two sexes. After adjusting for differences between genders in age
and height, gender was no longer a significant independent correlate of logVPT (F(1,504) =
0.0230, p = 0.879). In the final multivariate model, age and height, but not sex, were significant
covariates of logVPT (F(1,504) = 256.977, p < 0.001 and (F(1,504) = 25.514, p < 0.001,
respectively). Based on these findings, correlation analyses were performed with the genders
pooled.

Bivariate correlation analysis demonstrated a significant association between logVPT and age.
In addition, height, logGlucose120, logTNFα-R1, logTNFα-R2, logSuralAmp, PeronealNCV,
logPeronealAmp, TFT and SBT were significantly correlated with both age and logVPT (Table
2).

In linear regression analysis, age explained 32% of the variance in logVPT (β coefficient =
0.021 ± 0.001, p < 0.001). After including height, gender and BMI as main effects in the linear
regression model (Table 3, model 1) the percent variance explained in logVPT increased to
38%. Age and height but not gender and BMI were independently associated with logVPT as
suggested by the corresponding p values (Table 3, model 1).

In further analyses, the variables that were found to be associated with both age and logVPT
(logGlucose120, logTNF-αR1, logTNF-αR2, logSuralAmp, PeronealNCV, logPeronealAmp,
TFT and SBT scores) were introduced as main effects in a multiple regression model predicting
VPT in addition to age, height, gender and BMI, (Table 3, model 2). Beyond age and height,
only PeronealNCV and logPeronealAmp were found to be independent predictors of logVPT.
Consequently, only demographic variables (age, height, gender and BMI) and Peroneal NCV
and logPeronealAmp were retained in the final model (Table 3, model 3). This model could
explain 40.8% of variance in logVPT.

We fitted a structural equation model summarizing the overall relationship between age, height,
fasting glucose, Glucose120 and latent variables Inflammatory Markers, Peripheral Nerve
Function and Central Nervous System function (Figure 3). The latent variables were estimated
from the measured variables of common characteristics (shown in small rectangles with dashed
arrows going from the respective latent variable to the measured variables). The model was
based on assumptions that age would directly influence the other variables and the latent and
other variables would influence logVPT. The directionality of the relationships was assigned
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based on theoretical assumptions. Gender and BMI were eliminated from the model because
they did not contribute to the fit. A high correlation between SuralNCV and logSuralAmp
introduced a bias on its latent variable (Peripheral Nerve Function). Since SuralNCV was
neither associated with age nor with VPT, it was removed from the model.In this model (Figure
3) age directly influenced height, Glucose120, Inflammatory Markers, Peripheral Nerve
Function and Central Nervous System function. No direct association was found between age
and logVPT. Peripheral Nerve Function was the only variable that was significantly directly
associated (negatively) with logVPT. Inflammatory Markers negatively impacted Peripheral
Nerve Function Height had an inverse effect on Peripheral Nerve Function and a positive
influence of CNS function.

Fasting glucose or Glucose120 were not associated with vibration threshold. To get further
insight in this finding, participants were stratified into normals, an impaired glucose tolerance
(IGT) and diabetes mellitus (DM) [25]. The VPT was significantly higher in IGT and DM
groups compared to the normals (p = 0.046 and 0.040, respectively). Adjusting for age, the
trend was no longer statistically significant. However, this finding should be interpreted with
caution due to the limited number of diabetic participants in our population.

4 Discussion
Using cross-sectional data collected from a population based sample we found a progressively
increasing loss of vibrotactile sensitivity with age across the adult lifespan. The age-associated
decline was found to be similar in men and women. When controlled for age and height
differences, VPTs were comparable in the two sexes. Glucose120, circulating levels of
inflammatory markers TNF-αR1 and TNF-αR2, peripheral nerve function variables such as
signal amplitude of sural and peroneal nerves, peroneal nerve conduction velocity, movement
time and cognition were associated with vibrotactile sensitivity and age. Age, height,
peronealNCV and peroneal nerve amplitude were independently associated with vibrotactile
sensitivity. Structural equation analysis suggested that peripheral neural function may directly
impact vibrotactile sensitivity, whereas age, inflammatory markers and height possibly exerted
their influence on VPT through their association with peripheral nerve function.

Age significantly influences morphology and function of the nervous system. Since
quantitative sensory testing captures the overall function of the sensory neuroanatomical
circuitry, age-related decline detected in our study could potentially arise from deterioration
in multiple components of the sensory pathway, ranging from structural deformation and
reduced density of sensory receptors to degraded information processing in the somatosensory
cortex [23]. Studies investigating aging effects on spatial and temporal summation
characteristics of the P channels that are mediated by Pacinian corpuscles and their
corresponding nerve fibers suggest that the primary factor responsible for elevation in the
detection thresholds of high frequency vibration in older subjects is a reduced afferent input
to central nervous system (CNS) [12,13]. It has been also hypothesized that age-related
reduction in receptor density, morphological modification of the surviving receptors, and
possibly degeneration of corresponding peripheral nerve fibers may all contribute to the decline
in tactile and proprioceptive sensitivity that is often observed in older persons [12,21,38].

The relationship observed between the logVPT and age is consistent with previous findings of
an accelerated loss of vibrotactile sensitivity in the thenar eminence over the aging process
[38] and is also in line with the measurements used for quantifying other sensory functions
such as auditory function [7] or visual contrast sensitivity [26]. Notably, the age-associated
decline in tactile sensitivity is steeper for vibration compared to other sensory modalities such
as touch [34] and age contributes the most to increase in vibration threshold [8,23] leading to
suggestions that the decline in vibrotactile sensitivity is an inherent manifestation of nervous
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system aging. Functionally, impaired vibrotactile sensitivity in older adults is associated with
increased falls [24] and impaired compensatory stepping responses [28]. Therefore, it would
of great interest to develop protocols for early identification of older persons with impaired
vibrotactile sensitivity that can benefit from interventions aimed at reducing the risk of falls.

It has been previously demonstrated that height, which affects the length of peripheral nerves,
may substantially influence measures of sensitivity [16,32]. Accordingly, in our study height
was significantly associated with tactile sensitivity. This is also in accordance with the studies
that showed a significant relationship between the height and vibration perception thresholds
tested at the medial malleolus or great toe [8,16,17]. Thus our findings support the notion that
in addition to age, height of the participant should be considered as an important covariate
while interpreting results of vibration perception threshold for clinical purposes, particularly
when sensitivity is tested on distal sites of the lower limb.

The evidence for a gender effect on VPT is not clear in literature. Lin et al.[23] reported a
significant effect of gender on vibration threshold measured at the lateral malleolus. However,
the authors neither mentioned the direction of this relationship nor did they control for height
differences between men and women. In our study, males demonstrated significantly higher
VPTs. However, males were also significantly older and taller than the females. After adjusting
for age and height sex-related difference disappeared.

In the multiple regression analysis (Table 3, model 3) age, height, PeronealNCV and
PeronealAmp were independently associated with logVPT. Age accounted for most of the
explained variance (32%). When adjusted for age, height accounted for 6% of the explained
variance, whereas peroneal nerve conduction parameters accounted for only 2.8% of variance
in logVPT (Table 4). We also found that Glucose120, TNF-αR1, TNF-αR2, SuralAmp, Total
Finger Taps and Short Blessed Test scores were not independently associated with the
vibrotactile sensitivity. However, a potential indirect contribution, particularly of inflammatory
markers, should not be ruled out as the correlation matrix demonstrated a significant negative
association of TNF-αR1 and TNF-αR2 with Peroneal nerve conduction parameters (r = −0.277
to −0.337; p < 0.001).

Structural equation analysis was used to better understand the relationship of vibrotactile
sensitivity with the multiple variables in the structural equation model. Unlike multiple linear
regression analysis, structural equation analysis takes into consideration the dynamics of the
relationship among the independent variables and therefore allows for the evaluation of direct
(independent) as well as potential indirect influences of independent variables on dependent
variables. We used a model that was based on the theoretical construct of the complex
relationships between the multiple variables (Figure 3). We assumed that the inflammatory
markers had a common feature that could be represented by a single latent variable that has
been designated “Inflammatory Markers”. Likewise, the peripheral nerve measurements were
represented by “Peripheral Nerve Function”, and the tapping test and Short Blessed mental test
were together represented by “Central Nervous System Function”. Age exerted a direct
influence on Glucose120, Inflammatory Markers, Peripheral Nerve Function, height and
Central Nervous System function [5,6,29,30,32]. When the mediating effect of these variables
was accounted for, we found no residual direct effect of age on vibration threshold. Noteworthy,
Peripheral Nerve Function was the only variable that exerted a direct influence (inverse) on
vibration perception threshold in the model model. Thus, our findings support the results of
previous research that suggested a primary role of reduced afferent input to central nervous
system centers in age-related decline in vibrotactile sensitivity [12,39]. Our research suggests
that age, height and inflammatory markers may not be directly associated with the decline in
vibrotactile sensitivity. However, they could possibly contribute through their effects on
peripheral nerve function (figure 3). A problem with this interpretation is that our study did
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not directly measure the function of the tibial nerve or its branch, the medial plantar cutaneous
nerve that supplies the foot sole which is where the tactile sensitivity was measured. However,
the assessment of sural and peroneal nerves is generally considered a standard practice for
getting insight into overall lower limb peripheral nerve function. It is important to underline
that the results of the structural equation model do not prove causal relationships as the model
is based on a correlation analysis. However, since the directionality of the relationships between
the variables was ‘apriori’ before fitting the statistical model, the results reasonably support
the underlying mechanisms.

Contrary to our initial hypothesis, we failed to demonstrate an effect of Glucose120 on vibration
perception threshold. However, previous studies have shown significantly better peripheral
nerve conduction in individuals with IGT and DM on controlled diet and exercise regime [9,
14]. As mentioned in the results section, this unexpected finding may be due to sample size
limitations.

Although, we were unable to demonstrate a significant direct association of the Central Nervous
System function on VPT (Figure 3), a role of the central nervous system in the age-related
decline in detection of tactile stimulus cannot be ruled out. It is possible that the two measures
of central nervous system function that we used did not sufficiently capture the components
of tactile processing. Nonetheless, a considerable inverse association with vibrotactile
sensitivity suggests a connection between efferent and afferent function, and possibly an
overall delay in information processing. The structural equation analysis also demonstrated
that height had a positive association with central nervous system function. Similar relationship
has been previously described in older adults, in cross-sectional as well as prospective studies,
particularly with respect to cognitive function [1,22]. Interestingly, we could not find an
evidence of the positive relationship between Inflammatory Markers and Central Nervous
System function.

The main limitation of the study is that other variables that can potentially influence vibration
perception threshold, such as status of peripheral arterial circulation, skin thickness and
receptor density were not taken into consideration. Inclusion of these variables could possibly
help in explaining a much larger variance in vibrotactile sensitivity. In addition, because of the
cross-sectional nature of our analysis, the extent of the causal relationship can be reasonably
hypothesized but not definitely demonstrated.

In conclusion, various factors may contribute to age-related decline in cutaneous vibrotactile
sensitivity, as measured by threshold for perception of vibration. The results of this study
indicate that decline in peripheral nerve function has a direct bearing on age related decline in
vibrotactile sensitivity. The model suggested that height and circulating inflammatory markers
may further influence age related decline in vibrotactile sensitivity through their negative
impact on peripheral nerve function.
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Figure 1.
Vibration perception threshold (VPT) data were significantly skewed (a). Therefore, data were
log10 transformed to achieve normal distribution (logVPT) (b).
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Figure 2.
Vibrotactile sensitivity according to age and gender groups. The vibration perception
thresholds (VPT) are plotted on a logarithmic scale scale. Tukey’s post hoc analysis
demonstrated significant difference between age groups. Vibration thresholds were
significantly higher in males. Black bars represent women and grey bars represent men.
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Figure 3.
Structural equation model displays the relationships among the vibration perception threshold
and age, inflammatory markers, peripheral neural function, central nervous system function,
glucose120 and height (χ2 = 45.283, df = 40, p = 0.261). The arrows denote the assigned
direction of the relationship between the variables that was based on theoretical perspective.
The numbers denote standardized correlation coefficients. The variables at the head of the
dashed arrows show the measured variables that contributed to estimation of the respective
latent variable. Thick lines represent statistically significant standardized correlation
coefficients and thin lines represent non-significant standardized correlation coefficients.
Abbreviations are explained in the footnote.
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Table 2
Bivariate correlation coefficients of study variables with age and VPT. The abbreviations are explained in the Table 1
footnote.

Variable Pearson correlation coefficient(r) with
logVPT

Pearson correlation coefficient(r) with
Age

Age 0.566**
Height 0.133** −0.195**
BMI 0.019 −0.027

logFastingGlucose 0.069 0.091*
logGlucose120 0.144** 0.228**

sIL-6R 0.085 0.139
logTNFα-R1 0.484** 0.541**
logTNFα-R2 0.478** 0.527**
Sural NCV 0.075 0.083

logSuralAmp −0.238** −0.259**
Peroneal NCV −0.357** −0.303**

logPeronealAmp −0.420** −0.433**
TFT −0.168** −0.329**
SBT 0.098* 0.207**

*
p < 0.05

**
p < 0.001

Neurobiol Aging. Author manuscript; available in PMC 2009 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Deshpande et al. Page 16
Ta

bl
e 

3
M

ul
tip

le
 li

ne
ar

 re
gr

es
si

on
 fa

ct
or

s a
ss

oc
ia

te
d 

w
ith

 v
ib

ro
ta

ct
ile

 se
ns

iti
vi

ty
. T

he
 a

bb
re

vi
at

io
ns

 a
re

 e
xp

la
in

ed
 in

 th
e 

Ta
bl

e 
1 

fo
ot

no
te

.

va
ri

ab
le

M
od

el
 1

M
od

el
 2

M
od

el
 3

β 
± 

SE
p

β 
± 

SE
p

β 
± 

SE
p

A
ge

0.
02

3 
± 

0.
00

1
< 

0.
00

1
0.

01
8 

± 
0.

00
1

< 
0.

00
1

0.
02

0 
± 

0.
00

1
< 

0.
00

1
H

ei
gh

t
0.

01
5 

± 
0.

00
2

< 
0.

00
1

0.
01

2 
± 

0.
00

2
< 

0.
00

1
0.

01
1 

± 
0.

00
2

< 
0.

00
1

G
en

de
r

−0
.0

02
 ±

 0
.0

38
0.

95
8

−0
.0

06
 ±

 0
.0

38
0.

87
7

0.
00

4 
± 

0.
03

7
0.

91
1

B
M

I
0.

00
3 

± 
0.

00
3

0.
28

1
0.

00
3 

± 
0.

00
3

0.
29

3
0.

00
4 

± 
0.

00
3

0.
19

1
lo

gG
lu

co
se

12
0

0.
07

2 
± 

0.
09

9
0.

47
1

lo
gT

N
F-
αR

1
0.

50
8 

± 
0.

31
2

0.
10

4
lo

gT
N

F-
αR

2
0.

28
9 

± 
0.

22
7

0.
29

7
lo

gS
ur

al
A

m
p

−0
.0

11
 ±

 0
.0

51
0.

83
1

Pe
ro

ne
al

N
C

V
−0

.0
08

 ±
 0

.0
02

< 
0.

00
1

−0
.0

09
 ±

 0
.0

02
< 

0.
00

1
lo

gP
er

on
ea

lA
m

p
−0

.2
21

 ±
 0

.0
47

< 
0.

00
1

−0
.2

36
 ±

 0
.0

47
< 

0.
00

1
TF

T
−0

.0
05

 ±
 0

.0
05

0.
24

9
SB

T
0.

00
8 

± 
0.

00
8

0.
34

4
C

on
st

an
t

−3
.3

51
 ±

 0
.3

49
< 

0.
00

1
−4

.6
87

± 
0.

77
0

< 
0.

00
1

−2
.0

82
 ±

 0
.3

94
< 

0.
00

1

Neurobiol Aging. Author manuscript; available in PMC 2009 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Deshpande et al. Page 17

Table 4
r2 obtained from main effect multiple regression analyses by successively adding independent variables.

Model Variables r2

1 Age 0.320
2 Age, height 0.380
3 Age, height, Gender 0.380
4 Age, height, Gender, BMI 0.380
5 Age, height, Gender, BMI, Peroneal Nerve Function* 0.408

*
Peripheral Nerve Function: PeronealNCV and logPeronealAmp
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