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Summary. The prevalence and distribution of medial arterial 
calcification was assessed in the feet of four subject groups; 54 
neuropathic diabetic patients with previous foot ulceration 
(U), median age 60.5 (50.5-67 interquartile range) years, 
duration of diabetes 19.5 (9.9-29.9) years; 40 neuropathic 
diabetic patients without a foot ulcer history (N), age 68 (62- 
73) years, duration of diabetes 14.0 (8.028.0) years; 43 non- 
neuropathic diabetic patients (NN), age 60.5 (52-68.5) years, 
duration of diabetes 14.0 (8.0-28.0) years and 50 non-diabetic 
control subjects, age 62.5 (53.7-70) years. A single radiologist 
graded medial arterial calcification as absent, mild or severe, 
at the ankle, hind-foot, mid-foot, metatarsals and toes on 
standardised plain lateral and antero-posterior foot radio- 
graphs taken by a single radiographer. Diabetes history, vi- 
bration perception threshold, ankle systolic pressure and 
serum creatinine were also assessed. Medial arterial calcifica- 
tion was significantly greater (total score 18 [3-31]) in neuro- 
pathic diabetic patients with previous ulceration (U vs N 
p < 0.01, U vs NN p < 0.001). Non-neuropathic diabetic pa- 
tients did not have significantly higher arterial calcification 
scores than age-matched non-diabetic control subjects. Me- 
dial arterial calcification correlated with vibration percep- 
tion threshold (r = 0.35), duration of diabetes (r = 0.32) and 
serum creatinine (r = 0.41), (allp < 0.01). Logistic regression 

models showed vibration perception and duration of dia- 
betes to predict the probability of any calcification. Serum 
creatinine level was added to predict severe calcification. Or- 
dered categorical modelling confirmed that medial arterial 
calcification was significantly heavier at the ankle than the 
toes for all groups, odds ratio 4.35 (2.94-6.43, 95 % con- 
fidence intervals), (p < 0.01). Ankle systolic pressure and 
ankle-brachial pressure index were significantly associated 
with degree of arterial calcification, r ; 0.40 and r = 0.35, re- 
spectively, (both p < 0.01) in diabetic patients. However, ar- 
terial calcification was present in more than one-third of pa- 
tients with an ankle-brachial pressure index of less than 1.0. 
In conclusion, although ankle pressures correlate with the 
degree of arterial calcification, medial arterial calcification 
may be present in patients with low ankle systolic pressures, 
which may be falsely elevated even at 'normal' values. This 
finding may provide a rationale for the use of toe rather than 
ankle pressure measurements in diabetic patients, particu- 
larly those with peripheral neuropathy, and this hypothesis 
should be directly tested in future studies. 
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Medial arterial calcification has been reported to be 
more frequent in patients with diabetes mellitus than in 
healthy subjects [1-4], and is reported to be associated 
with diabetic peripheral somatosensory and autonomic 
neuropathy [5-7]. Few previous studies have examined 
the distribution of medial arterial calcification quanti- 
tatively within the diabetic foot. Medial arterial calcifi- 
cation is significantly associated with an increased pre- 
valence of cardiovascular mortality [7-10], although this 
may also be related to the increase in medial arterial cal- 
cification associated with diabetic nephropathy [5, 6], an 
independent marker of increased mortality in diabetes 
[11]. 

Peripheral vascular disease is more common in diabetic 
patients than healthy control subjects [10] but the rela- 
tionship between medial arterial calcification and the de- 
velopment of clinically important peripheral vascular dis- 
ease is disputed [4, 6, 9, 12]. However, screening for the 
presence of peripheral vascular disease in diabetic pa- 
tients usually involves clinical examination of the foot pul- 
ses and a measurement of the ankle brachial pressure 
index [13-15]. Medial arterial calcification, when present, 
is known to alter the pulse waveform and falsely elevate 
ankle pressures in diabetic patients [16, 17]. For this rea- 
son it has been suggested that toe systolic pressure meas- 
urements might replace ankle-pressure measurements as 
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Table 1. Physical characteristics of the subject groups 
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n M:F Median Inter- VPT Inter- Diabetes Diabetes Inter- HbA1 Inter- Creatinine Inter- 
age quartile (Volts) quartile Type duration quartile (%)a quartile (~tmol/1) quartile 
(years) range range 1:2 (years) range range range 

Ulcer 54 41:13 b 6 0 . 5  50.5-67.0 48.0 ~ 40.0-51.0 24:30 b 19.5 ~ 9.9-29.2 1 0 . 6  9.1-13.1 113.5 e 95.0-192.0 
neuropathic (U) 

Neuropathic 40 27:13 68.0 b 62.2-73.0 45.8 c 36.7-51.0 16:24 14.0 f 8.0-28.0 10.6 9.3-11.8 96.0 g 89.5-110.5 
no ulcer(N) 

Non-neuropathic 43 29:14 6 0 . 5  52.0-68.5 17.64 12.3-21.1 14:29 14.0 f 5.0-20.0 1 0 . 0  8.4-12.0 90.0 g 79.9-99.0 
(I,rN) 
Alldiabetic 137 97:40 6 3 . 0  54.0-69.0 4 0 . 0  21.8-49.9 51:86 1 5 . 5  8.0-26.0 10.5 9.1-12.4 9 7 . 0  87.0-120.5 
patients 

Non-diabetic 50 35:15 6 2 . 5  53.7-70.0 15.24 11.0-24.2 
control subjects 
(c) 
All 187 132:55 63.0 54.0-69.0 3 4 . 6  16.4-47.6 

a No significant difference between all groups; b p < 0.05 N vs all other  groups; c p = NS U vs N ,p  < 0.01 U or N vs NN or C; 4 p = NS NN vs C; 
~p < 0 . 0 5 U v s N o r N N ;  fp = N S N v s N N ;  gp < 0 . 0 5 N v s N N  
VPT, Vibration perception threshold 

an index of arterial inflow to the diabetic foot [17]. How- 
ever, the accuracy of toe pressure measurements would 
only be superior if medial arterial calcification in the 
diabetic foot was less prevalent in the distal foot than the 
hind foot or ankle region but this has not been described in 
the literature. 

This study examined standardised radiographs of the 
feet in groups of diabetic patients with and without neuro- 
pathy in a hospital-based diabetes clinic and in healthy 
control subjects. The purpose of the study was to deter- 
mine the prevalence and distribution of medial arterial 
calcification in these groups and assess its implications for 
screening diabetic patients for lower limb peripheral vas- 
cular disease. 

Subjects and methods 

This study was approved by the Central Manchester  Hospitals and 
Community Care Trust Ethical Commit tee  and all patients and 
healthy volunteers gave informed consent  prior to their participa- 
tion. 

A total  of 137 diabetic patients and 50 age- and sex-matched 
healthy control subjects (C) were included in this study. Their  char- 
acteristics are detailed in Table 1. In summary, there were 54 diabetic 
patients with neuropathy and a history of foot ulceration (U), 40 with 
neuropathy without  foot ulceration (N) and 43 with no clinical neu- 
ropathy (NN). No patient  had a foot ulcer at the t ime of study. 

Diabetic subjects were chosen at random from the appropriate 
clinical groupings as identified on the computer  database at the 
Manchester  Diabetes  Centre. In total, 179 patients were known to 
have had  neuropathic  ulceration. During 1988-1989, 520 consecu- 
tive patients had their vibration perception measured, of these 177 
had a vibrat ion perception threshold greater than 30 V and no his- 
tory of ulceration, and 260 had a vibrat ion perception threshold of 
less than 25 V. These patients formed the patient  pool for recruit- 
ment.  The diabetes centre is a hospital-based diabetes clinic and, as 
with most  studies of this type, may not  be  representat ive of the dis- 
tribution of diabetes within the general population. Therefore,  this 
study examined comparisons between groups and relationships 
within them rather  than stating absolute prevalence rates for medial 
arterial calcification. 

Normal  non-diabetic control subjects were taken from the age- 
sex register of a general practice within the referral area of the 

diabetes centre. These patients had no history of renal failure, alco- 
holism or other  cause of neuropathy and no symptoms of intermit- 
tent  claudication. 

After  completion of the study the diabetic neuropathic patients 
with previous foot ulceration were found to have a longer duration 
of diabetes and an excess of Type 1 (insulin-dependent) diabetic pa- 
tients than the non-neuropathic  diabetic patients (p < 0.05). Type 1 
diabetic patients had an overall significantly longer duration of 
diabetes than the Type 2 (non-insulin-dependent)  diabetic patients, 
median 26 (20-35 interquarti le range) years vs 11 (8-19) years 
(p < 0.01). The non-ulcer neuropathic diabetic patients were older 
than the other  diabetic groups and the non-diabetic control subjects 
(p < 0.05), (Table 1). 

Clinical assessment 

Vibration perception threshold (VPT) was assessed by biothesio- 
metry (Biomedical, Newbury, Ohio, USA)  as the mean  of the as- 
cending threshold at five sites in each foot; the lateral malleolus, dor- 
sum of the foot, heel, first metatarsal  head and great toe. Patients 
were designated as neuropathic if they had a mean  VPT of greater 
than 30 V. Foot pulses were assessed by palpation: their absence was 
recorded if no pulses were palpable in ei ther foot. 

The brachial systolic blood pressure was measured in the right 
arm and the ankle systolic pressures were measured at the dorsalis 
pedis artery on each foot using an handheld  Doppler  ultrasound 
(Oxford Sonicaid Ltd., Oxford, UK). The mean  ankle systolic and 
ankle-brachial pressure index was used in the analyses. 

The diabetic patients had blood taken for glycated haemoglobin 
(HbAl- laboratory normal  < 8 %) and serum creatinine. 

Radiographic technique and analysis 

Weight-bearing (standing) true antero-posterior (A-P) and lateral 
radiographs were taken of each foot using a standardised protocol 
and fine grain X-ray film and screen (Kodak Ektamat  G 100 film and 
X-omatic cassette with X-omatic fine intensifying screens; Kodak 
plc, Hemel  Hempstead,  Herts., UK). All the radiographs were taken 
by a single radiographer. True lateral radiographs were taken with a 
horizontal beam centred 2 cm above the fifth metatarsal  head, the 
X-ray focus-ffim distance (FFD) was 100 cm, exposure 63 kV and 
25 mAs. A-P radiographs were taken with a 20 ~ cranial tilt from the 
vertical at FFD 80 cm, 63 kV and 20 mAs. Each foot was imaged sep- 
arately with the beam centred on the second metatarsophalangeal  
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Table 2. Prevalence of medial arterial calcification in the foot by 
group and region (%) 

n Ankle Hind Mid- Meta- Toes 
Foot Foot tarsals 

Ulcer neuropathic 54 78.8 75.0 69.2 69.2 40.4 
Nettropathic no ulcer 40 61.9 47.6 50.0 40.5 23.8 
Non-neuropathic 43 25.0 29.5 16.0 22.7 6.8 
Non-diabetic controls 50 22.5 6.0 10.0 6.0 0.0 

Table 3. Total calcification score in each subject group 

Mean total Median total Inter- 
calcification calcification quartile 
score score range 

Ulcer neuropathic (U) 18.46 18.0 a 3.0-31.0 
Neuropathic no ulcer (N) 6.83 2.0 b 0.0-13.0 
Non-neuropathic (NN) 4.3 0.0 ~ 0.0-3.0 
Non-diabetic controls (C) 0.7 0.0 0.0.0.0 

a p < 0.01 U vs N; b p < 0.01 N vs NN; c p = NS NN vs C 

joint. All the radiographs were read by a single radiologist (JEA) 
without knowledge of the subjects' clinical category. Medial arterial 
calcification was defined as parallel tramline calcification and, if 
present, was graded as mild or severe according to previously pub- 
lished criteria [1]. Absent calcification was scored as 0, mild calcifica- 
tion as 1 and severe as 2. 

Calcification was assessed in four soft tissue regions on dorsum 
and plantar aspect of each lateral radiograph, these were the ankle, 
hind foot, mid-foot and metatarsals. As the interdigital and inter- 
metatarsal arteries are not normally visible on lateral views, three re- 
gions on the A-P projections, the toes, metatarsals and mid-foot 
were also assessed. 

For the purposes of analysis the calcification data were analysed 
in two ways. The total amount of medial arterial calcification (total 
arterial calcification score) was assessed as the sum of the scores in 
each region, giving a total maximum score of 44 if severe calcification 
was present in all 11 regions of each foot. Amputees were scored as 
twice the score of the remaining intact foot. For comparing the re- 
gions and modelling the prevalence of calcification, the presence or 
absence of calcification on any view in each region of either foot was 
used. 

Statistical analysis 

The majority of the data was not normally distributed and Mann- 
Whitney U tests have been used throughout for the standard com- 
parisons between groups. Chi-squared tests have been used to assess 
the distribution of gender and diabetes type between groups and for 
tests of associations. Spearman Rank correlations were used to as- 
sess the inter-relationships between parameters. All the standard 
statistics were performed using Minitab software (Minitab Inc, State 
College, Pa., USA). 

The ceiling effect of a maximum VPT of 50 V and a skewed dis- 
tribution of calcification would artificially inflate the correlations in 
the diabetic groups. All correlations therefore include only those 
subjects with a measurable VPT and/or a minimum calcification 
score of 1, this left 86 of 137 of the diabetic patients in correlation 
analyses. 

Within the control group the total calcification score, median 0.0 
(range 0-10, interquartile range 0.0~.0) was markedly skewed to 
the left, with 40 of the 44 subjects scoring 0. Therefore correlations 
of the total arterial calcification score and other parameters using 
this group were not performed. 

An ordered categorical model was fit to the data [18] in order to 
determine the existence and nature of any ordered progression in 
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the prevalence of calcification along the axis of the foot (ankle to 
toe) and between groups of patients. The presence or absence of me- 
dial arterial calcification in a given region represented the dichoto- 
mous variable of interest. The ordered categorical data analysis was 
performed using 'Proc Catmod' in SAS software (SAS Institute Inc., 
Cary, NC, USA). The complete absence of calcification in the toe re- 
gion of the non-diabetic control subjects resulted in a zero cell for 
that data point. As this caused a singularity, which would not allow 
the program to run, the value 0.00001 was placed in this cell. Running 
the model with values as high as 0.01 did not alter the result and 
therefore 0.00001 was felt to be as near zero as to be insignificant in 
its effects on the model. 

A statistical model was fit to this ordered data to reveal any 
trends which may have been suppressed by the underlying variability 
in the data. The log odds of the probability of calcification was mod- 
elled using nominal group effects (U, N, NN, C) and ordinal region 
effects (heel, hind foot, mid-foot, metatarsals, toes), with an indica- 
tor term for calcification in the toe region. 

Finally, to examine the multivariate predictors of mild and 
severe calcification in diabetic patients, two stepwise logistical 
regression models were used to predict the probability of calcifi- 
cation in any region of the foot. In the first model patients were 
allocated in two groups as those with any calcification vs those with 
no calcification. In the second model those with severe calcification 
in at least one region were compared with all the others. The poten- 
tial predictor variables offered to the models were ankle systolic 
pressure, ankle pressure index, VPT, age, sex, duration and type of 
diabetes, HbA1 and serum creatinine. The analysis was performed 
using the SAS procedure 'Proc logit'. The p values for entry and 
exit of the model were set at 0.1. The procedure was run with and 
without patients with off scale VPT ( > 50 V) and the results were 
similar. The results shown below are those without these patients to 
remove the ceiling effect. 

Results 

Arterial calcification 

T h e  p r e v a l e n c e  of  ca lc i f i ca t ion  in  each  r e g i o n  of  t he  foo t  
in  each  g r o u p  of  subjec ts  is de t a i l ed  in  T a b l e  2. T h e r e  was  
a g r a d i e n t  i n  the  d i s t r i b u t i o n  of  m e d i a l  a r te r ia l  calcif ica-  
t i o n  wi th  a g r ea t e r  p r e v a l e n c e  at t he  a n k l e  a n d  h i n d  foo t  
t h a n  at  t he  toes  in  al l  g r o u p s  (Tab le  2). Th i s  is f u r t h e r  ex-  
p l o r e d  in  t he  s ta t is t ical  m o d e l  be low.  

T h e  to ta l  ca lc i f ica t ion  score  in  the  n e u r o p a t h i c  d i abe t i c  
g r o u p  wi th  a h i s to ry  of  foo t  u l c e r a t i o n  was  s ign i f i can t ly  
h i g h e r  t h a n  t he  n e u r o p a t h i c  g r o u p  w i t h o u t  foo t  u l c e r a t i o n  
( U  vs N p < 0.01) (Tab le  3). T h e  n e u r o p a t h i c  d i abe t i c  
p a t i e n t s  w i t h o u t  foo t  u l c e r a t i o n  h a d  s ign i f ican t ly  h i g h e r  
to ta l  ca lc i f ica t ion  scores  t h a n  t he  n o n - n e u r o p a t h i c  
d i abe t i c  con t ro l  sub jec t s  (N vs N N p  < 0.01). T h e r e  was  n o  
s ign i f ican t  d i f f e r ence  b e t w e e n  t h e  to t a l  ca lc i f i ca t ion  score  
in  t he  n o n - n e u r o p a t h i c  d i abe t i c  a n d  n o n - d i a b e t i c  g roups  
(p = O.25). 

Duration and type of diabetes, sex and age 

T h e  to t a l  ca lc i f i ca t ion  score  c o r r e l a t e d  wi th  t he  d u r a t i o n  
of  d iabe tes ,  r -- 0.32 p < 0.01. N o  s ign i f i can t  a s soc ia t ion  
was  f o u n d  b e t w e e n  age a n d  to ta l  a r t e r i a l  ca lc i f i ca t ion  
score,  e i t he r  i n  the  d i abe t i c  p a t i e n t s  a lone ,  r = - 0 . 1 8  
p = NS,  or  in  the  g r o u p  c o m p r i s i n g  al l  of  t he  d i abe t i c  pa-  
t i en t s  a n d  con t ro l  subjects ,  r = - 0.01 p = NS. 
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Table 4. Systolic pressure measurements, ankle-brachial pressure indices and absent foot pulses in each group 

Median Interquartile Ankle systolic Interquartile Ankle brachial Interquartile Patients with 
brachial range (mmHg) range pressure index range absent foot 
systolic pulses 
(mmHg) 

Ulcer 
neuropathic (U) 160 c 146-183 195 u 142-248 1.16 a 0.92-1.45 6 (11%)" 

Neuropathic 
no ulcer (N) 155 134-170 158 120-190 1.00 a 0.80-1.18 2 (5 %)a 

Non-neuropathic 
(NN) 150 136-156 162 150-176 1.09 a 1.00-1.20 3 (7 %)" 

All diabetic patients 156 140-170 168 13%196 1.08 0.93-1.27 11 (8%) 

Non-diabetic 
control subjects (C) 150 128-170 160 141-177 1.10 a 0.94-1.25 1 (2 %) 

All 151 136-170 166 140-191 1.09 0.93-1.27 12 (6 %) 

"No significant difference between all groups; b p < 0.05 U VS all other groups; c p = NS U vs N,p < 0.01 U vs NN or C 

In the diabetic patients total arterial calcification score 
was significantly higher in Type 1 diabetic patients than in 
Type 2 diabetic patients in all groups, overall median 
score 13.0 (1.5-28 interquartile range) vs 1.0 (0-14), 
p < 0.01. The prevalence of medial arterial calcification 
was equal in Type 1 diabetic patients and Type 2 diabetic 
patients in each group. Type i diabetic patients in each 
group had a longer known duration of diabetes than 
Type 2 diabetic patients, overall median duration 20 vs 
11.5 years (p < 0.01). 

There  was no significant difference in total calcifica- 
tion score between males and females in the diabetic 
groups, 4.0 (0-20.5) vs 2.5 (0-18.8), p = NS. 

Vibration perception threshold 

There was no significant difference between the VPT of 
the ulcer and non-ulcer neuropathic diabetic patients, me- 
dian 48.0 (40-51 interquartile range) V vs 45.8 (36.7-51) V, 
p = NS and no difference between the non-neuropathic 
diabetic and non-diabetic groups, 17.6 (12.3-21.1) V vs 
15.2 (11.0-24.2) V,p = NS, nor more 'off-scale' VPT read- 
ings in the neuropathic with foot ulceration group (16 vs 
11, p = NS). By definition the neuropathic groups had sig- 
nificantly higher VPT than the non-neuropathic and con- 
trol groups (Table 1). 

In the diabetic patients VPT correlated with total calci- 
fication score, r = 0.35p < 0.01. An off-scale VPT of 51was 
associated with a higher prevalence of arterial calcification 
than a measurable VPT ( < 50), (Z 2 Test, p < 0.01). It pre- 
dicted the presence of calcification with a specificity 96 %, 
sensitivity 29.1%, positive predictive value (ppv) 92.6 %. 

Ankle and brachial systolic pressures 

The ankle and brachial pressures are detailed in Table 4. 
The brachial systolic blood pressure was significantly 
higher in the group of neuropathic diabetic patients with a 
history of foot ulceration than the non-neuropathic 
diabetic group and the non-diabetic group but not the 

diabetic patients without previous foot ulceration (p = NS 
U vs N,p  < 0.01 U vs NN or C). The brachial systolic blood 
pressure did not correlate with calcification score in the 
diabetic patients, r = 0.09 p = NS. 

The ankle systolic pressure was significantly higher, 
(p < 0.01), in the neuropathic diabetic patients with pre- 
vious foot ulceration than in any of the other  groups. None 
of the other groups differed significantly. The median 
ankle brachial pressure index did not differ significantly 
between the four groups. In the diabetic patients ankle 
systolic blood pressure correlated significantly with total 
arterial calcification score, r = 0.40 p < 0.01 as did the 
ankle brachial pressure index, r = 0.35 p < 0.01. 

The specificity and sensitivity of ankle systolic blood 
pressure to detect the presence of medial arterial calcifica- 
tion is shown in Figure 1. An ankle systolic pressure of 
190 m m H g  has a 90 % specificity for the presence of me- 
dial arterial calcification, but with the low sensitivity 
(43.2 %), 56.8 % of patients with medial arterial calcifica- 
tion had ankle systolic pressures below this level. One- 
third of all patients with medial arterial calcification in this 
series had an ankle systolic pressure below 150 m m H g  
and an ankle pressure index of less than 1.0. 

The diabetic patients with a history of foot ulceration 
had a higher prevalence of patients with both foot pulses 
absent than all other groups, but this did not reach statisti- 
cal significance (Table 4). 

Serum creatinine and HbA1 

Total calcification score was significantly associated with 
serum creatinine in the diabetic patients, r = 0.41p < 0.01. 
Serum creatinine was significantly higher in the ulcer 
neuropathic diabetic group than the other diabetic 
groups. The median creatinine in the non-ulcer neuropa- 
thic group was significantly higher than the non-neuropa- 
thic group (Table 1). A serum creatinine of more than 
130 gmol/1 was not significantly associated with an excess 
of medial arterial calcification (p = NS) but a creatinine 
greater than 150 gmol/1 was, (p < 0.01, sensitivity 23.5 %, 
specificity 94 %, ppv 87 %). 
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HbA1 did not correlate with total arterial calcification 
score, r = 0.05 p = NS and was not significantly different 
between groups (Table 1). 

Model of the distribution of medial arterial calcification 

significant difference between the predicted probability 
of calcification in non-neuropathic patients than in non- 
diabetic control subjects (p = 0.09). Neuropathic diabetic 
patients had a significantly higher probability of calcifica- 
tion than non-neuropathic (diabetic or control) patients 
(p < o.ool). 

There was a significant association between odds of 
calcification and foot region (p < 0.001). The odds of calci- 
fication were found to increase by a multiple of 1.16 (1.07- 
1.26, 95 % confidence intervals) for each region nearer  the 
ankle. In addition to this ordered effect of region, a signi- 
ficant toe effect was noted (p < 0.0001) which decreased 
the odds of calcification by an additional factor of 0.42. 
Overall, the predicted odds of calcification in the ankle 
were 4.35 (2.94-6.43) times greater than in the toes 
(p < 0.001). 

Multiple logistic regression 

The presence of any calcification, either mild or severe, in 
a patient was predicted by two variables, VPT and dura- 
tion of diabetes, where 

log odds [P(calcification)] = - 2.943 + 0.069 * VPT + 
0.060" duration 

This indicated that a 5 V increase in VPT increased the log 
odds of the presence of any calcification in the foot by a 
multiple of 1.42 (calculated from exp{5 * 0.069}) and a 5- 
year increment in diabetes duration increased the log 
odds of calcification by a multiple of 1.34 (exp. {5 * 
O.O6O}). 

The presence of severe calcification in at least one re- 
gion of the foot could be modelled using three variables, 
VPT, duration of diabetes and serum creatinine. 

log odds [P(calcification)] = - 4.841 + 0.053 * VPT + 
0.076 * duration + 0.012 * creatinine 

By a similar analysis of the individual coefficients as 
shown in the previous model, a 5 V increase in VPT in- 
creased the log odds of the presence of severe calcification 
in any region of the foot by a multiple of 1.3, a 5-year incre- 
ment in diabetes duration increased the log odds of calci- 
fication by a multiple of 1.46 and a 30 gmol/1 increase in 
serum creatinine increased the log odds of calcification by 
a multiple of 1.42. 

The statistical model was fit to the entire data set and re- 
tained the structure of the data whilst suppressing the 
underlying variability. The Goodness of Fit statistic 
p = 0.273 demonstrated no significant difference between 
the model  and the data, i.e. a good fit (usual criterion 
p > 0.10). The predicted probabilities of calcification for 
each region of the foot in each group are shown in Fig- 
ure 2. 

A significant difference in odds of calcification was 
found between neuropathic diabetic patients with and 
without previous foot ulceration (p < 0.01). There  was no 

D i s c u s s i o n  

This study describes a significant association between 
diabetes, peripheral neuropathy and the presence of me- 
dial arterial calcification. There is also a significant gra- 
dient in the prevalence of medial arterial calcification 
from the ankle to the toe. The association of medial arte- 
rial calcification with diabetes [1-4] and neuropathy [5-7] 
has been described previously but there have been no pre- 
vious studies of groups with different levels of diabetic 
complications or with age- and sex-matched normal con- 
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trol subjects using a standardised radiographic technique 
for each patient to allow for accurate comparisons be- 
tween regions and groups. 

The development of medial arterial calcification is be- 
lieved to be due to autonomic denervation of the intima 
media of the small muscular arteries of the foot [5-7], and 
increased medial arterial calcification has been reported 
following sympathectomy [6]. Edmonds et al. [5] de- 
scribed increased vascular calcification in the knee, the 
hands and the feet in diabetic patients with autonomic and 
peripheral sensory neuropathy. In the present study the 
total amount of medial arterial calcification was signifi- 
cantly higher in the neuropathic diabetic groups than in 
the non-neuropathic diabetic group. The total arterial cal- 
cification score also correlated significantly with the vi- 
bration perception threshold and provides quantitative 
confirmation of this hypothesis. 

Uncomplicated diabetes, as represented in the non- 
neuropathic diabetic group, did not appear to increase the 
development of medial arterial calcification when com- 
pared with the non-diabetic group of a similar age. This 
was apparent from both the total calcification score and 
from the statistical modelling of the calcification data but 
no previous study has compared uncomplicated diabetic 
patients with normal control subjects to confirm this [1- 
10]. 

The increase in medial arterial calcification from non- 
neuropathic diabetic control subjects through neuropa- 
thic patients without a history of foot ulceration to neuro- 
pathic diabetic patients with a history of foot ulceration is 
probably due to a combination of factors. The addition of 
peripheral neuropathy is associated with a significant in- 
crease in the probability of the presence of calcification 
and the total amount of arterial calcification, despite the 
fact that the non-neuropathic and neuropathic non-ulcer 
diabetic patients have a very similar duration of diabetes. 
The neuropathic group with previous foot ulceration had 
a higher serum creatinine and a longer duration of 
diabetes than the non-ulcer neuropathic group. VPT was 
not significantly different between these groups and this 
may be because of the proximity to the ceiling of measur- 
able VPT and the large number of 'off-scale' values in 
each group, 16 of 54 and 11 of 40, respectively, although 
the median and interquartile range were higher in the 
ulcer group. A chi-square test of presence of calcification 
with an off-scale VPT was also highly significant, further 
reinforcing the association of medial arterial calcification 
and neuropathy. 

The combination of factors, serum creatinine, duration 
of diabetes and VPT, all of which significantly correlated 
independently with the total calcification score and 
strongly predicted the presence of severe calcification in 
the multiple logistic regression model, may have con- 
tributed to the higher levels of arterial calcification within 
the ulcer neuropathic group. It is not however possible, 
from the present analysis to infer that the three predictor 
variables are independent risk factors for the probability 
of the presence of severe arterial calcification. 

The lack of any correlation with age and calcification is 
surprising. Increasing age is associated with an increase in 
medial arterial calcification in a number of studies [1-4, 6]. 
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A possible explanation is the high median and narrow 
range of age of our subjects. Three-quarters were over 
50 years of age, at which time calcification was more com- 
mon in all these studies. This may have masked any 
possible relationship of calcification with age. However, 
the non-diabetic control group were well matched to the 
diabetic group in age and yet they had virtually no arterial 
calcification. 

The higher total arterial calcification score in Type 1 
diabetic patients in each group is probably due to the 
longer known duration of diabetes in these patients com- 
pared to Type 2 diabetic patients. This is in keeping with a 
report of higher ankle-brachial pressure indices in Type 1 
diabetic patients which was attributed to higher levels of 
medial arterial calcification and a longer duration of 
diabetes [19]. This was not reflected in an increase in the 
prevalence of any degree of calcification in Type 1 
diabetic patients as demonstrated by the fact that diabetes 
type did not enter the logistic regression model. 

The probability of calcification in each group sug- 
gested a trend from non-neuropathic diabetic patients to 
ulcer diabetic patients and from the toe to the ankle region 
in each group. The ordered categorical model [18] allows 
further analysis of repeated ordinal measurements by sup- 
pressing the underlying variability of these measure- 
ments. The predicted probability of calcification con- 
firmed the apparent higher probability of medial arterial 
calcification in neuropathic diabetic patients with pre- 
vious foot ulcers than in neuropathic diabetic patients 
without a history of foot ulceration. It also confirmed the 
increase in calcification with neuropathy and also that 
diabetes alone, when not complicated by neuropathy, did 
not add to the prevalence of calcification. 

The ordered effect of region, which represents the in- 
crease in calcification progressing from the metatarsals to 
the ankles provided a good linear fit of predicted pre- 
valence vs observed prevalence. However, the prevalence 
of medial arterial calcification at the toe in all groups was 
significantly lower than that predicted by a purely linear 
model. This 'toe effect' was estimated and when intro- 
duced as a factor of 0.42 times the odds of calcification for 
a linear fit, made the model more representative of the 
data. 

The testing of the raw prevalence data with a statistical 
model has confirmed the inter-group and inter-regional 
trends which would have been difficult to test significantly 
using individual statistical tests. These trends are also 
clinically relevant. 

Screening diabetic patients for peripheral vascular dis- 
ease and implied cardiovascular disease [4, 6, 9, 13-15] 
often includes a measurement of the ankle brachiat sys- 
tolic pressure index [13-15]. This measure has however 
been discredited by the false elevation reported in 
diabetic patients with non-compressible medial arterial 
calcification in the tibial and ankle plexus arteries [16, 17]. 
Ankle systolic pressure and ankle-brachial pressure index 
were significantly associated with total arterial calcifica- 
tion score in this study, and, as calcification was more 
marked in the ankle and hind foot regions this would sup- 
port the assumption. However, whilst an ankle systolic 
blood pressure of 200 mmHg or more is often believed to 
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demonstrate the presence of medial arterial calcification, 
this study demonstrates that arterial calcification is pres- 
ent in 8.6 % of patients with ankle systolicpressures below 
100 mmHg.  Carter [20], investigated the effect of medial 
arterial calcification on intra-arterial measurements of 
dorsalis pedis arterial pressure in five patients. One pa- 
tient had a significant rise in cuff pressure vs directly 
measured arterial pressure, whilst the others had slightly 
lower cuff pressures. Similar results were found in patients 
with brachial artery calcification. However, this study was 
uncontrolled and requires further studies to be performed 
to confirm the main findings, particularly as they appear 
to contradict clinical and non-invasive testing experience 
[7,15-17,19]. It is therefore quite likely that in diabetic pa- 
tients ankle systolic pressures and ankle-pressure indices 
may be falsely elevated even at 'normal '  levels due to me- 
dial arterial calcification. For this reason, toe systolic 
pressure is regarded as a more reliable indicator of arterial 
inflow to the foot than ankle pressure in diabetic patients 
[17]. The demonstration of significantly lower levels of ar- 
terial calcification in the toe regions provides a possible 
explanation for this premise and a rationale for the use of 
toe, rather than ankle, pressure measurements in diabetic 
patients. However, this hypothesis remains to be tested. 

In conclusion, this study, using standardised methods to 
compare well-defined groups, has confirmed the previous 
assumptions about the associations of medial arterial cal- 
cification and neuropathy, duration of diabetes and renal 
dysfunction. The low discriminatory value of ankle pres- 
sures to detect arterial calcification and the converse, that 
calcification may be elevating the ankle-pressure index, 
even in the normal range, must cast further doubt over the 
use of ankle pressures to screen for lower limb arterial dis- 
ease. The demonstration of a gradient in calcification be- 
tween the ankle and the toes supports the theoretical use 
of toe pressure measurements rather than ankle pressures 
in diabetic patients, particularly those with neuropathy, 
but this benefit remains to be proven clinically. 
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