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Hyperglycaemia is one correlate of deterioration in vibration sense during 
the 5 years after diagnosis of Type 2 (non-insulin-dependent) diabetes 
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Summary. Seventy-one Type 2 (non-insulin-dependent) dia- 
betic patients showed only a slight deterioration in mean vi- 
bration sensory threshold (measured biothesiometrically) on 
the feet during the 5 years from diagnosis. However, multiple 
linear regression analysis of  the wide range of  individual 
changes in this threshold showed as significant independent 
associated factors the initial sensory threshold (p < 0.001), age, 
gender, and both the mean fasting blood glucose and failure 
to become thinner under treatment (t7< 0.05 for all). The rela- 
tionship with fasting glucose was stronger if the pre-treatment 
value was included in calculation of the mean (/,<0.001). 
Mean fasting blood glucose under treatment accounted for 

only a small fraction of the total variance of  the deterioration 
of  the vibration sensory threshold, but represented one- 
twelfth of  that attributable to identified factors, and one-third 
of  the variance ascribable to factors subject to therapy. Inter- 
im values revealed the persistent effect of  hyperglycaemia 
over the 5 years. An increase of  1 mmol/1 in mean fasting 
blood glucose has an equivalent effect on the sensory thresh- 
old to an extra 5 years of  age. 

Key words: Type 2 diabetes, mean fasting blood glucose, vibra- 
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I m p a i r e d  ]gedal sensitivity to v ibra t ion  lies be tween  
those  types  o f  diabet ic  tissue d a m a g e  that  are o f  imme-  
diate  clinical impor t ance  and  those  that  are impercept i -  
ble to the patient.  Vibra t ion sensitivity can be  deter- 
m i n e d  quant i ta t ively with the b io thes iometer  [1, 2]; it 
deter iorates  with increasing age in bo th  diabet ic  and  
non-d iabe t i c  subjects [3], and  m o r e  so in w o m e n  than  
m e n  [4]. Clinical  repor ts  o f  r e duc e d  n e u r o p a t h y  after 
lessened g lycaemia  lack the r igor  to establish a direct  as- 
socia t ion be tween  t h e m  [1, 5-7]. R e d u c i n g  the hyperg ly-  
caemia  o f  the newly  d i agnosed  diabet ic  pat ient  is ac- 
c o m p a n i e d  by  ei ther  i m p r o v e d  b io thes iomete r  readings  
[8] or  qu icken ing  towards  no rma l  m o t o r  nerve c onduc -  
t ion  [9]. A recent  s tudy  did  no t  f ind i m p r o v e d  c onduc -  
t ion  in sensory  nerves after g lycaemic  i m p r o v e m e n t  [10], 
while  the i m p r o v e d  veloci ty  in m o t o r  nerves migh t  have 
b e e n  due  to o ther  factors  wh ich  were  no t  analysed.  

The  sensory  th resho ld  to v ibra t ion at the ankles and  
toes, as m e a s u r e d  with a biothesiometer ,  is r epor ted  
here  in 71 pat ients  with Type 2 diabetes [11] dur ing  their  
first 5 years  after diagnosis ,  a nd  the factors  associa ted  
with its de ter iora t ion  are analysed.  

Methods 

From 1973-1975, 100 newly diagnosed Type 2 diabetic patients 
agreed to join a prospective study in which they were specifically ex- 
amined clinically and metabolically both initially and 1, 3 and 5 years 
later. Results reported here are those from the 71 subjects who com- 
pleted all four reviews; we have excluded six who died, nine pre- 
scribed insulin within the 5 years, and 14 on whom data were incom- 
plete. Mean age was 53.1 _+ 8.3 years; 44% were male and 41% were 
treated by diet alone. 

Patients were asked to join this study only if aged less than 66 
years and judged clinically not to require insulin within the next week. 
All had a K~ index [12] less than 1.0 in a 20 g/m 2 body surface IV glu- 
cose tolerance test, except two with a K~ of less than 1.2, but whose 
random blood glucose was greater than 8.5 mmol/1 when first seen. 

The periodic reviews followed an overnight fast. The 'fasting 
blood glucose' is the mean of samples drawn approximately 12 and 
2 min before the start of glucose injection. The mean fasting blood 
glucose for 5 years describes the mean of the initial and 1, 3 and 5 
years values. Mean values 'under treatment' exclude the initial value. 
The patients were randomised at entry between two different sets of 
dietary advice, as previously described [111. 

Plasma glucose was measured on an auto-analyser by the glucose 
oxidase (gum guiac) method of Technicon Instruments (Tarrytown, 
USA), and numerous metabolites were measured as previously de- 
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Table 1. Mean fasting glucose values initially and during treatment, and initial vibration sensory threshold and body mass index values with 
alterations during treatment in 71 Type 2 diabetic patients 

At diagnosis Later values (fasting blood glucose) or change from initial value 

1 year 3 years 5 years 

Vibration sensory threshold 29.2 _+ 10.6 - 0.72 + 8.74 - 0.17 + 6.98 + 0.40 _+ 7.02 
(arbitrary units) 

Fasting blood glucose 11.3+ 3.7 7.8 +2.4 7.9 _+2.3 8.0 +2.2 
(retool/l) 

Body mass index (kg/m 2) 28.0 + 4.6 - 2.53 + 4.00 - 1.73 _+ 2.29 - t.74 _+ 2.26 

Results are expressed as mean _+ SD. Mean body mass index calculated from the highest remembered weights was 31.2 + 5.3 kg/m 2 

Table 2. Multiple linear regression analysis of change in vibration 
sensory threshold during the first 5 years after diagnosis of diabetes, 
with mean fasting blood glucose under treatment analysed as a factor 
independent of pre-treatment fasting blood glucose 

Zero b Coeffi- p % Total 
order cient variance 
corre- _+ SEM attributable 
lation, to factor 
F 

Initial vibration - 0.41 - 0.39_+ 0.09 < 0.001 16 
sensory thresh- 
old 

Age (years) 0.06 0.22 + 0.11 < 0.05 5 

Sex ( M = I ,  0.05 -4 .33+1 .87  <0.05 3 
F = 2 )  

Mean treated 0.22 1.03 + 0.48 < 0.05 3 
fasting blood 
glucose 

Increase in 0.13 9.68 + 4.44 < 0.05 4 
body mass 
index 
(0-5 years) 

Pre-treatment 0.23 0.49 + 0.26 NS 9 
fasting blood 
glucose 

Standard error included for the b coefficient (slope constant). 
NS = Not significant 

scribed [13, 14]. Plasma insulin [15] and growth hormone [16] were 
measured by radioimmunoassay. 

The vibration sensory threshold (VST) was measured with the bio- 
thesiometer (Bio-Medical Instruments, Newbury, Ohio, USA) and ex- 
pressed as the mean of three values for the distal plantar surface of the 
distal phalanx of each hallux and for each external malleolus. The 
biothesiometer reading ranges from 0 to 50 on a linear scale and is 
proportional to the square root of the amplitude of a stimulus of con- 
stant frequency: low values indicate a weak stimulus. 

The body mass index [17] was calculated as weight (kg) 
height 2 (mZ)" 

Results were analysed using in ICL 2980 computer (International 
Computers, London, UK) with the Statistical Package for the Social 
Sciences [18] for means _+ SD, for correlation coefficients and for mul- 
tiple linear regression analysis. The significance of factors in this last 
analysis was judged from Snedecor's tables for 'F', the variance ratio 
[191. 

Results 

Some features of the patients at diagnosis (Table 1) are 
typical of Type 2 diabetes, and show that the initial VST 
varied widely. Fasting blood glucose and body mass in- 
dex decreased under treatment, with the l-year values 
the lowest (Table 1). VST tended to deteriorate continu- 
ously from year 1 to 5. 

Although the deterioration in VST over the 5 years 
(A VST) was small, its standard deviation was relatively 
large, allowing multi-variate analysis to test whether 
those factors with significant 'zero order' correlations 
with A VST still correlated once interactions between 
factors had been allowed for. The 5-year VST correlated 
strongly with the initial VST (r= 0.77, p <  0.001) and 
initial VST was the strongest numerical associate of 
A VST on linear regression multi-variate analysis 
(Table 2). 

Four other factors were significantly and indepen- 
dently related to deterioration in VST, all with less than 
5% probability of being due to chance elements in selec- 
tion or measurement. The two larger zero order correla- 
tions were with mean fasting blood glucose and in- 
crease in body mass index under treatment, while 
greater age and male gender were also positively corre- 
lated. The different weightings that may be given to the 
link with mean fasting blood glucose under treatment 
are illustrated in Figure 1, where the factors above-listed 
are first shown along with the residual variation (60% of 
the total variance) (Fig. 1 a), then as a percentage of the 
variance contributed to the regression equation by spec- 
ified factors (Fig. I b), and finally as a percentage of fac- 
tors that might be thought amenable to therapeutic ma- 
nipulation (e. g. glucose or growth hormone concentra- 
tions, or body mass index, but excluding such as age or 
gender) (Fig. 1 c). Mean treated fasting blood glucose 
contributes progressively 3%, 8% and 31% of the re- 
spective total variances. 

These results can be compared with analyses based 
on VST measurements just 1 or 3 years after diagnosis. 
The coefficient of the relationship between AVST and 
mean fasting blood glucose under treatment shows a 
linear increase with time between 1 and 5 years (Fig. 2), 
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Fig.l. Pie-diagrams of the contribu- 
tions of various factors to the vari- 
ance of the change in vibration sen- 
sory threshold (VST) during the first 
5 years from diagnosis in 71 Type 2 
diabetic patients. (a) Upper: Total 
variance, including residual; (b) low- 
er left: Variance due to attributable 
factors, i.e. total minus residual fac- 
tors; (c) lower right: Variance due to 
manipulatable factors, i.e. attribut- 
able minus inevitable (e. g. initial 
VST, gender, age) factors 
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Fig.2. From the multiple linear regression analyses of the deteriora- 
tion in vibration sensory threshold (VST) 1, 3 and 5 years after diagno- 
sis of Type 2 non-insulin-treated diabetes, the b constant +_ SE (for the 
slope of AVST against mean fasting blood glucose under treatment, 
without entry of pre-treatment fasting blood gluose) (y) is plotted 
against duration of recognised diabetes (x). p<0.05 for comparison 
1 versus 5 years 

indicating that the risk of deterioration of VST for a giv- 
en degree of hyperglycaemia is notably constant 
throughout the four years (even if mean fasting blood 
glucose is not a significant correlate of VST after just 
i year). 

Other than glucose, no metabolite measured in ve- 
nous blood was an independent correlate of AVST, nor 
were the K~ index or fasting insulin or growth hormone 
concentrations. Treatment with sulphonylureas in addi- 
tion to diet was not a numerical determinant of AVST 
(apart, that is, from possible action through altered gly- 
caemia). Neither did the dietary randomisation, nor the 
blood pressure nor prescription of hypotensive agents 
correlate with AVST. The histories of smoking and of al- 
cohol intake obtained on entry to the study were also 
not predictive factors. 

Discussion 

This study produced the conclusion expected on 'classi- 
cal' grounds, namely that lower glucose levels are asso- 
ciated in diabetic patients with less deterioration in the 
appreciation of vibration over the feet. Although not an 
important property in itself, loss of vibration sense 
correlates with loss of position sense and, in general, de- 
velopment of peripheral sensory neuropathy is linked 
with the appearance of diabetic retinopathy [20]. It may 
be emphasised that the study ran from the time of diag- 
nosis (though hyperglycaemia doubtless preceded this), 
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that the same group of patients was analysed through- 
out, and that the link between glucose levels and tissue 
damage was demonstrable after as short a time as 
3 years. 

It is important to know whether the hyperglycaemic 
promotion of tissue damage depends on any increase 
above a glycaemic threshold or increases proportionate- 
ly over the whole range of mean fasting glucose values 
(here 5-12 mmol/1). As far as our number of patients al- 
lows the distinction, the relationship appeared a linear, 
and not curvilinear, correlation over the whole range. 
Contrariwise, a threshold effect has been suggested for 
the effect of  hyperglycaemia on development of retin- 
opathy [21]. 

It will not surprise those working in diabetic clinics 
that the fasting glucose level was not the only factor nu- 
merically determining AVST. Age and gender have both 
previously been suspected to influence development of 
diabetic tissue damage. Weight reduction by obese dia- 
betics is widely recommended but one cannot be certain 
that its beneficial influence here (independent of asso- 
ciated reduction in fasting blood glucose) is not based 
on technical factors involved in the biothesiometer mea- 
surements. However, this is made less likely by analysis 
of factors associated with the pre-treatment VST values, 
for the body mass index calculated from the highest 
remembered weight is more closely linked with the VST 
at diagnosis than the coincident body mass index. 

Such analysis of variance helps to place the influ- 
ence of glycaemia in perspective. Thus, the mean fasting 
blood glucose values account for less than 10% of the 
total variance and, over the 5 years, are a weaker influ- 
ence than the initial VST. However, as emphasised in 
Figure 1, fasting blood glucose values loom large on 
considering their contribution to the variance in AVST 
attributable to factors that might, even theoretically, be 
open to therapeutic manipulation. 

The size of the residual (non-accountable) variance 
will depend upon both the technical and biological ac- 
curacy of the measurements of the factors involved; it 
may be questioned how accurately a mean fasting blood 
glucose derived from four measurements over 5 years 
reflects the glycaemic levels prevailing throughout the 
study. In a sense it makes identification of blood glu- 
cose as a significantly related factor all the more impres- 
sive; but the inaccuracy may not be great, as single fast- 
ing values correlate strongly with more sophisticated 
measures of glycaemic control in Type 2 diabetic pat- 
ients [22, 23]. 

Multi-variate analysis states the gradient of risk for 
each factor. Thus, one unit of deterioration of VST may 
be linked, for example, to either an increase in mean 
fasting blood glucose of (approximately) 0.75 mmol/1, 
or an extra 4 years of age. The benefit of female gender 
corresponds to just a quarter of a VST unit. 

In Figure 2 the long recognised importance of dura- 
tion of diabetes [7] in evolution of diabetic tissue dam- 
age is confirmed. 

The primacy of glucose among circulating metabo- 
lites as a quantitative index of liability to development 
of this form of tissue damage lightens the doubts previ- 
ously expressed as to whether glucose is the best haemic 
factor by which to express 'diabetic control' [24]. 

Finally, three points should be emphasized. First, 
what applies to one type of diabetic tissue damage may 
not apply to another, just as what applies to Type 2 dia- 
betics may not apply to Type 1 patients. Secondly, the 
large residual variance of the deterioration in VST illus- 
trated the great differences between individuals, as well 
as providing a stimulus to categorise other responsible 
factors. And, lastly, these findings increase the weight of 
evidence pointing to the need to restore blood glucose 
in diabetics as near to normal concentrations as is possi- 
ble and safe. 
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