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Summary. Medial arterial calcification was studied among
4,553 subjects in a 20-year, longitudinal study of Pima Indi-
ans. The prevalence and incidence of medial arterial calcifi-
cation were highest among men, the elderly, and patients
with Type 2 (non-insulin-dependent) diabetes mellitus. Medi-
al arterial calcification was most commonly observed in the
feet and appeared to progress proximally. Proportional haz-
ards analysis was used to evaluate risk factors for medial ar-
terial calcification in the feet and to evaluate medial arterial
calcification as a risk factor for death and for complications
of diabetes. Among diabetic patients, risk factors for medial
arterial calcification were impaired vibration perception,
long duration of diabetes, and high plasma glucose concen-
tration (p<0.01 for each). Among nondiabetic subjects, age,
male gender (p<0.01 for each), and high serum cholesterol
concentration (p=0.02) were risk factors for medial arterial

calcification. Nondiabetic subjects with medial arterial calci-
fication did not have higher mortality rates than subjects
without medial arterial calcification (rate ratio = 0.95, 95%
confidence interval = 0.7-1.3). Diabetic patients with medial
arterial calcification, compared with diabetic patients with-
out medial arterial calcification, had 1.5-fold the mortality
rate (95% confidence interval =1.0-2.1), 5.5-fold the rate of
amputations (95% confidence interval=2.1-14.1), 2.4-fold
the rate of proteinuria (95% confidence interval =1.3-4.5),
1.7-fold the rate of retinopathy (95% confidence inter-
val=0.98-2.8), and 1.6-fold the rate of coronary artery dis-
ease (95% confidence interval =0.48-5.4).

Key words: Medial arterial calcification, diabetic complica-
tions, epidemiology, incidence, prevalence.

Medial arterial calcification (MAC), also known as
Monckeberg’s arteriosclerosis, is a focal calcification
of the media, particularly of medium-sized arteries,
that is readily and frequently identified outlining arter-
ies on radiographs of the extremities (Fig.1). The cal-
cium deposition in MAC is entirely within the medial
layer of the arterial wall between smooth muscle cells
[1]. MAC is linear in character and involves the vessel
wall uniformly, resembling a ring in vessel cross-sec-
tion and a railroad track in longitudinal section on ra-
diographs [2]. Unlike intimal arterial calcification, from
which it is easily discriminated, MAC has been
thought by some investigators to have little or no clini-
cal implications [1, 3], while others have linked it to
sympathetic denervation and peripheral neuropathy
[4-7]. MAC has been found commonly among men,
the elderly, and those with diabetes, renal failure, or fa-
milial amyloidosis with polyneuropathy [8-12]. It has
been unclear whether MAC begins as a proximal or
distal arterial lesion [8, 12, 13].

In this study, we determined the prevalence and in-
cidence of MAC among diabetic and nondiabetic Pi-

ma Indians, the anatomic progression of MAC, the ef-
fect of peripheral neuropathy and other factors on
development of MAC, and the value of MAC as a
predictor of mortality and diabetic complications.

Subjects and methods

Subjects and measurements

A longitudinal study of diabetes among Pima Indian residents of the
Gila River Indian Community of Arizona has been in progress since
1965. This population has a very high incidence and prevalence of
Type 2 (non-insulin-dependent) diabetes mellitus [14]. The present
study includes data collected between February 1965 and 1 October
1985. Bach community resident over 5 years of age was asked to
have an examination approximately every 2 years, but only informa-
tion on participatnts who were at least 15 years of age at some point
during the data collection has been used in this study. Recruitment
and examination were performed for research purposes and without
regard for the participants’ symptoms or state of health. The poten-
tial of follow-up bias for the detection of diabetes in this survey has
been previously examined and no significant differences were found
in the incidence of diabetes between subjects lost to study follow-up
and regular survey patticipants [14]. All participants underwent the
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same evaluation without examiner knowledge of clinical or diabetic
status. The examination included measurements of fasting serum
cholesterol, urine protein, serum and urine creatinine, a 12-lead rest-
ing electrocardiogram, supine blood pressure determination, direct
ophthalmoscopic examination by a physician after pupillary dila-
tion, and a modified glucose tolerance test (GTT) in which glucose
concentration was determined in plasma drawn 2 h after the inges-
tion of 75 g of carbohydrate (Dexcola, Custom Laboratories, Balti-
more, Md; or Glucola, Ames Co., Elkhart, Ind, USA). Diabetes was
diagnosed by a 2 h post-load plasma glucose concentration of at
least 11.1 mmol/1. Body mass index, a measure of obesity, was calcu-
lated as weight/height® in kg/m?

Study participants age 15 years and older had posteroanterior ra-
diographs of the hands and and feet and soft tissue radiographs of
the lateral left calf and anteroposterior left thigh performed every
2 years until 1972, and then every 4 years. Pelvic radiographs were
performed every 4 years in women age 45 years and older and men
age 15 years and older. All radiographs were performed regardless of
known disease and were examined for arterial calcification by one of
the authors who had no knowledge of the clinical data. Linear calci-
fication was categorised as MAC and any patchy calcification was
classified as intimal calcification [2]. Of the 14,690 radiographs eval-
uated for calcification, 33 (0.24%) had intimal calcification, 4 (0.03%)
had both intimal and medial calcification, and in 36 (0.25%) the type
of calcification could not be easily determined and was classified as
indeterminant. For the purposes of this report, radiographs with
both intimal and medial calcification were categorised as MAC
while radiographs that were indeterminant or only found to have in-
timal calcification were categorised as not having MAC. The group
with intimal calcification was considered too small for separate anal-
ysis.

Urine was obtained at the beginning of the GTT and discarded.
Presence of protein was determined by Labstix (Ames Co.) on an-
other sample obtained at the end of the GTT. For those samples con-
taining at least 1+ protein, a quantitative determination of protein-
uria was made [15]. Heavy proteinuria was defined as a urine protein
(2/) to urine creatinine (umol/1) ratio of greater than 1.13x10~% g/
wmol, which corresponds to a protein excretion of approximately 1 g
or more per 24-h period {16, 17]. Diabetic retinopathy, determined by
direct ophthalmoscopy, was diagnosed by the presence of one or
more microaneurysms or haemorrhages or of proliferative retinopa-
thy. Electrocardiograms were coded according to Minnesota code

17

Fig.1. Medial arterial calcification
(MAC) seen outlining the deep
plantar arteries on a radiograph of
the feet

(MC) [18]. Electrocardiographic abnormalities considered indicative
of coronary artery disease were Q waves (MC I-1, I-2), left bundle
branch block (MC VIII-1), and complete heart biock (not observed).
From 1965 until 1978, vibration perception threshold of the left great
toe was measured with a biothesiometer (Bio-Medical Instrument
Co., Chagrin Falls, Ohio, USA), which provides 1-50 volts to a vi-
brator. All patients who had lower extremity amputations for non-
traumatic conditions between 1 July 1972 and 30 September 1982
were identified by review of medical records at the Phoenix Indian
Medical Center, which is the general and orthopaedic surgical refer-
ral hospital for this population.

Statistical analysis

The prevalence of MAC was the percentage of subjects with MAC at
the last examination in which a radiograph was taken. Prevalence
rates were computed for 1381 diabetic patients and 3,172 non-diabet-
ic subjects who had at least one radiographic examination. The inci-
dence of MAC, computed in subjects who did not have MAC at
their first examination, was the number of new cases divided by the
time at risk according to diabetes status. Time until diagnosis of dia-
betes or until MAC was detected was tabulated as nondiabetic time
at risk for MAC. Time from the diagnosis of diabetes until the detec-
tion of MAC was tabulated as diabetic time at risk for MAC. Inci-
dence rates were expressed as cases per thousand person-years at
risk for the 3065 participants without MAC on their first examina-
tion who had at least one subsequent examination. Age and sex ad-
justed incidence rate ratios for MAC were computed by the Mantel
and Haenszel procedure modified for person-time denominators [19,
20]. A similar method was used to determine the incidence rate ratio
for the diagnosis of diabetes according to the presence or absence of
MAC, although cases were excluded in which MAC and diabetes
were discovered at the same examination.

Proportional hazards survival analysis modelling was used to ex-
amine peripheral neuropathy as a risk factor for MAC and MAC as
a risk factor for proteinuria, amputations, retinopathy, coronary ar-
tery disease, and mortality controlling for potentially confounding
factors [21]. The hazard rate ratio for a risk factor was defined as the
incidence of an event occurring at a given time for individuals with a
particular risk factor divided by the incidence of the event occurring
at the same time for individuals without that risk factor and is equiv-
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Fig.2. Prevalence of medial arterial calcification (MAC) in % in
the feet O ----- O, 514 cases), calf (O---- O, 378 cases), thigh
(@—@, 324 cases), hands (@-—@®, 262 cases) and pelvis
(@®----- ®, 127 cases) according to age at last radiographic exami-
nation. Prevalence for pelvis was truncated below 45 years of age as
pelvic radiographs on women were not performed earlier than this
age. O—0O Asites

Table 1. Age-adjusted prevalence (%) of medial arterial calcification
by radiographic site. Because pelvic radiographs were not performed
in women under age 45 years, age-adjusted prevalence is not shown
for this group

Radiographic Men Women

site Non- Diabetic Non- Diabetic
diabetic diabetic

Any site 24.7 39.5 10.7 27.7

Feet 20.8 379 9.3 24.6

Calf 17.1 289 7.7 19.4

Thigh 15.6 257 44 15.7

Pelvis 12.5 234 — -

Hands 838 229 53 1441

Table 2. Site of medial arterial calcification (MAC) in the lower ex-
tremity. Cases in whom MAC was concurrently detected in more
than one site were excluded

Feet Calf Thigh

% % (n) % (m
Site first observed 83 (218) 12 (32) 5 (13)
Site next observed - 82 (23) 18 (5

after the feet
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alent to the incidence rate ratio. The proportional hazards mode! as-
sumes that the hazard rate ratio is constant during the course of a
study, an assumption that appeared to be met by each variable in
each model. There were no significant interactions of neuropathy or
MAC with other variables, including age and sex.

To determine predictors of MAC, at least two radiographic ex-
aminations were required with MAC being absent on the first. Age
and sex adjusted hazard rate ratios were initially determined for po-
tential risk factors for MAC. Those factors whose 95% confidence
interval did not include 1 (p<0.05) were evaluated together with age
and sex.

For diabetic patients, the effects of MAC on subsequent diabetic
complications and mortality were determined using proportional
hazards analysis. The presence of MAC and values of other vari-
ables were determined at the last examination within five years of
the diagnosis of diabetes. At this baseline examination, 913 diabetic
patients had all measurements and were thus eligible for the subse-
quent study of mortality. Time at risk in these analyses was the dura-
tion of known diabetes up to the study end point. For mortality, the
end point was date of death or 1 October 1985 for those alive on that
date. The study end point for amputations was the date of first am-
putation or 1 July 1982 for those who had not an amputation by that
date. For heavy proteinuria, retinopathy, and coronary artery dis-
ease, the end point was the date at which the abnormality was first
noted or the date of the last examination if the abnormality was not
observed. Occurrences of death and amputations, heavy proteinuria,
retinopathy, and coronary artery disease were analysed only if they
were first documented at least 5 years after diabetes diagnosis. There
were fewer participants evaluated for outcomes other than mortality
primarily because of missing data such as vibration perception
threshold for amputation and incomplete follow-up for retinopathy,
proteinuria, and coronary artery disease.

Results

The prevalence of MAC at last examination is shown
in Figure 2 for all 4553 study participants at their last
examination according to age and site of radiographic
examination. For each radiographic site, the preva-
lence of MAC was highest in older age groups, The
prevalence of MAC was highest in distal sites of the
lower extremity, so that age specific prevalence rates
were greatest in the feet and least in the pelvis and
hands. The prevalence of MAC, age-adjusted to a uni-
formly distributed population, is shown in Table 1 for
the various radiographic sites according to sex and dia-
betic status. For each radiographic site, diabetic men
and women had a higher age adjusted prevalence of
MAC than their non-diabetic counterparts (p<0.01).
The greater prevalence of MAC in the feet suggests
that MAC may begin distally. This possibility is sup-
ported by Table 2, which shows the first and second
detected sites of MAC for persons with concurrent ra-
diographs of the feet, calf, and thigh. Of those with
MAC present at only one site, the feet were the site of
calcification in 83% of cases (86% of the non-diabetic
subjects and 82% of the diabetic patients). Of those
with MAC only in the feet who subsequently develop-
ed MAC elsewhere, it was observed next in the calf in
82%.

Figure 3 shows that the incidence of MAC in the
feet was higher among diabetic patients than non-dia-
betic subjects. Similar relationships of age, sex, and
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L : Fig.3. Incidence of medial arterial
calcification (MAC) in the feet in
cases per 1,000 person-years of ob-
servation according to age, sex, and
presence of diabetes. There were
149 incident cases of MAC in 6,272
person-years among diabetic pat-
ients (@----- @) and 29 cases in
29,594 person-years among non-dia-
betic subjects (@—@®). The age-ad-
justed diabetic to non-diabetic inci-
dence rate ratio and 95% confi-
dence interval for men was 3.0
(1.8-5.1) and for women was 6.7
3.7-12.2)

LI T T T T 1 I T
1524 2534 3544 45564 5564 65

Men
Age (years)

15-24 2534 3544 4554 5564 > 65
Women

Table 3. Age and sex adjusted rate ratios for development of medial arterial calcification (MAC) of the feet for potential risk factors among
640 diabetic patients and 1223 non-diabetic subjects without MAC at the time of first examination. During follow-up 149 diabetic and 29 non-

diabetic subjects developed MAC

Diabetic patients

95%
Rate confidence

Non-diabetic subjects

95%
Rate confidence

ratio interval ratio interval
Vibration perception threshold (V) 10-20/<10 2.2 1.5 -32 0.91 0.34- 24
=20/ <10 23 1.3 -4.1 0.58 0.15- 22
2-h post-load glucose (tertiles) middle/low 1.5 0.90-2.5 12 0.44- 84
high/low 3.7 2.5 -54 0.56 0.20- 1.6
Systolic blood pressure (mm Hg) 120-165/ <120 13 0.78-2.2 0.53 0.22- 13
>165/<120 13 0.61-2.7 0.63 0.10- 3.8
Diastolic blood pressure (mm Hg) 80-105/ <80 0.98 0.70-1.4 0.82 0.27- 1.8
>105/<80 0.58 0.21-1.6 6.3 1.3 -30.3
Serum cholesterol (mmol/1) 4.66-6.46/ < 4.66 1.1 0.80-1.6 22 0.96~ 5.1
>6.47/4.66 1.2 0.68-2.2 45 1.3 -153
Body mass index (kg/m?) 28-33/<28 0.96 0.63-1.5 19 0.77- 4.6
=33/<28 0.75 0.48-1.2 241 0.79- 538
Ankle reflexes absent/present 22 15 -31 1.1 043- 2.6
Serum creatinine (umol/1) 88.4-133/<88.4 2.0 1.0 -3.7 0.23 0.03- 1.8
>133/<884 0.69 0.28-1.7 29 0.85- 9.7
Proteinuria > trace/none 1.1 0.64-2.0 0.52 0.07- 4.0
Diabetes duration (years) 1-4/=<1 21 14 -31 - -
>4/ <1 4.0 27 -59 — -

~diabetes were found at proximal sites and the hands,
but with lower incidence rates of MAC (not shown).
The age adjusted male to female incidence rate ratio of
MAC of the feet for nondiabetic subjects was 3.0 (95%
confidence interval=1.4 to 6.3) and for diabetic pat-
ients 1.3 (95% confidence interval =0.87 to 1.9).

The incidence of diabetes according to presence of
MAC of the feet was also evaluated. There were
443 persons who developed diabetes before MAC was
detected and only 25 who developed diabetes after
MAC was detected. The incidence of diabetes for per-
sons with MAC of the feet compared to persons with-
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Fig.4. Estimated survival curve for mortality according to the pres-
ence (—) or absence (----) of medial arterial calcification (MAC) at
an examination within 5 years of the diagnosis of diabetes control-
ling for variables noted in Table 4

out MAC of the feet was 0.53 (95% confidence inter-
val=0.33 to 0.83).

As the feet were the most frequent and usually the
earliest site of MAC, further results for risk factors and
consequences of MAC focus on radiographs of this
site. In general, evaluation of MAC at other sites led to
similar conclusions. Age and sex adjusted rate ratios
for levels of potential risk factors are shown stratified
by diabetic status in Table 3. Participants could con-
tribute time at risk to both analyses if they did not have
diabetes at first examination and subsequently devel-
oped diabetes prior to the detection of MAC. There
was a significantly higher (p<0.05) age and sex adjust-
ed risk of MAC for those diabetic patients with high
vibration perception thresholds, highest tertile of 2-h
post-load plasma glucose concentrations, absent ankle
reflexes, the mid-range of serum creatinine concentra-
tion, or longer duration of diabetes.

Of particular interest was the relationship of pe-
ripheral neuropathy as measured by vibration percep-
tion threshold to the development of MAC in the feet.
In this study, 20 V, which was the 95th percentile of vi-
bration perception threshold among the non-diabetic
subjects, was chosen arbitrarily as an upper normal
limit. The effect of neuropathy on MAC was calculat-
ed as the ratio of the hazard rates for development of
MAC for those with abnormally high vibration percep-
tion threshold and those with a threshold of less than
10 V. Diabetic patients with abnormal vibration per-
ception developed MAC of the feet at 2.3-fold the rate
(95% confidence interval=1.4 to 3.9, p<0.01) of dia-
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betic patients with vibration perception of less than
10 volts when controlling for age, sex, and the other
significant factors from the age-sex adjusted analysis
with proportional hazards analysis. Of the other vari-
ables analysed, degree of hyperglycaemia and duration
of diabetes (p<0.01 for each variable) were also asso-
ciated with development of MAC in the proportional
hazards model, while age, sex, serum creatinine con-
centration, and absent ankle reflexes were not.

MAC in the feet was detected in 29 of the 1,223
non-diabetic subjects following an initial negative ex-
amination. Controlling for age and sex, the detection
rate of MAC was greater for subjects with high serum
cholesterol concentrations or high diastolic blood pres-
sures (Table 3). These variables, age, sex, and vibration
perception threshold were evaluated together as risk
factors for MAC. There was no relationship of im-
paired vibration perception threshold to the develop-
ment of MAC (hazard rate ratio=1.3 with 95% confi-
dence interval =0.37 to 4.3), but age and male gender
were predictive of MAC (p<0.01) as was a high serum
cholesterol concentration (p=0.02).

The presence or absence of MAC in the feet was
ascertained at the last examination in which a radio-
graph was obtained within 5 years of the diagnosis of
diabetes. Rates of mortality and subsequent diabetic
complications were determined after a median dura-
tion of follow-up of 12.4 years after diabetes diagnosis.
As shown in Table 3 and Figure 4, the mortality rate
was higher for diabetic patients with MAC than with-
out MAC even when controlling for age, sex, degree of
hyperglycaemia, blood pressure, serum cholesterol
concentration, presence or absence of proteinuria, and
body mass index (hazard rate ratio=1.5 with 95% con-
fidence interval=1.0 to 2.1). Controlling only for age
and sex, the mortality hazard ratio for diabetic patients
was 1.9 (95% confidence interval=1.3 to 2.3). Among
non-diabetic subjects, controlling for age and sex,
those with MAC did not have a higher mortality rate
than those without MAC (incidence rate ratio=0.95,
95% confidence interval =0.70 to 1.3).

Of the 36 first time amputations performed among
the diabetic patients during the study period, 28 (78%)
were of toes. The presence of MAC was associated
with a marked increase in risk of amputation (unad-
justed hazard rate ratio=5.6, 95% confidence inter-
val=2.9 to 10.7). This association persisted even when
controlling for impaired vibration perception and ab-
sent ankle jerks (Table 4, Fig.5). Controlling only for
age and sex the rate of amputations among diabetic
smokers was 1.1-fold that of diabetic non-smokers
(95% confidence interval=0.79 to 1.6). Smoking was
not included in the multivariate model of amputation
because smoking history was not gathered initially in
the study and the proportion of smokers is low among
the Pima Indians, with only 0.6% of study participants
reporting cigarette smoking of at least a pack per day.

Risk of development of proteinuria and retinopa-
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Table4. Rate ratios for mortality and diabetic complications according to presence or absence of medial arterial calcification (MAC) within

5 years of diabetes diagnosis

MAC number Unadjusted Adjusted
Present Absent 95% 95%
Rate confidence Rate confidence
ratio interval ratio interval
Death Yes 85 121 41 32- 53 1.5 1.0- 2.12
No 42 665
Amputation Yes 17 19 5.6 29-10.7 5.5 2.1-14.4°
No 42 422
Heavy proteinuria Yes 15 30 24 14- 42 24 13- 4.5%
No 46 408
Retinopathy Yes 19 192 2.5 1.5- 4.0 1.7 0.98-2.82
No 15 258
Coronary artery disease Yes 5 12 42 1.4-12.0 1.6 0.48-5.4°
No 64 459

2 Proportional hazards analysis controlling for age, sex, 2-h post-load plasma glucose, blood pressure serum cholesterol, proteinuria, and body
mass index at examination in which MAC was determined. ® Proportional hazards analysis controlling for age, sex, 2-h post-load plasma glu-
cose, blood pressure, serum cholesterol, proteinuria, body mass index, vibration perception threshold, and ankle reflexes at examination in
which MAC was determined. © Proportional hazards analysis controlling for age and sex at examination in which MAC was determined

thy among diabetic patients with MAC was greater
than for those without MAC, but the difference in risk
were not as pronounced as for amputation (Table 4,
Fig.5). There were only 17 cases of electrocardiogra-
phic changes indicative of coronary artery disease. The
hazard rate ratio of 1.6 for coronary artery disease was
calculated controlling only for age and sex and had a
wide 95% confidence interval of 0.48 to 5.4 (Table 4).
Similar increased risks of mortality and diabetic com-
plications were found for patients with MAC at radio-
graphic sites other than the feet (data not shown).

Discussion

MAC occurs more commonly in diabetic than non-dia-
betic Pima Indians. The greatest prevalence of MAC
was in elderly diabetic men. Similar relationships have
been found in other studies involving large numbers of
participants [8, 22]. In our study, the incidence of MAC
in the feet of non-diabetic men was 3.0-fold that of
non-diabetic women, but among diabetic men it was
only 1.3-fold that of diabetic women. The similar rates
of MAC among diabetic men and women but not non-
diabetic men and women is a pattern seen with other
diabetic vascular complications, such as ischaemic
heart disease [23-25] and peripheral vascular disease
[26]).

The observation that MAC was usually found first
in the feet and then the calf indicates that the lesion
originates in the smaller or more distal leg arteries and
progesses proximally. It is possible, however, that
MAC may be detected more easily in these distal sites,
leading to higher distal prevalence and incidence esti-
mates. A careful study that compared plain radio-

5 10 15 20
Diabetes duration in years

Fig.5. Estimated survival curves for amputation, heavy proteinuria,
retinopathy, and coronary artery disease according to the presence
(——) or absence (----) of medial arterial calcification (MAC) at an
examination within 5 years of the diagnosis of diabetes controlling
for variables noted in Table 4

graphs to angiography did not comment on a low like-
lihood of proximal detection of MAC [2]. More
frequent evaluation with measurement of extension of
MAC would be necessary to confirm proximal pro-
gression.

Most participants developed diabetes before MAC
was detected. Yet it is not clear why subjects with
MAC would have a lower incidence of diabetes than
subjects without MAC. 1t is possible that MAC devel-
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oped before diabetes was diagnosed in some cases that
were excluded from analysis because MAC and diabe-
tes were detected simultaneously.

A possible causal relationship between neuropathy
and MAC is suggested by the increased risk of MAC
in diabetic patients with previously impaired percep-
tion of vibration. This effect of impaired sensation per-
sisted after controlling for age, sex, and other risk fac-
tors for peripheral vascular disease. Other studies have
also implicated neuropathy as a cause of MAC. Deteri-
oration of arterial smooth muscle cells has been dem-
onstrated following sympathetic denervation in rabbits
[4, 5]. Human studies have shown that MAC in asso-
ciated with diabetic peripheral neuropathy [6] and fa-
milial amyloidosis with polyneuropathy [11], and oc-
curs in the ipsilateral leg following lumbar sympathec-
tomy [7]. In the University Group Diabetes Program,
however, the relationship of vibration perception
threshold to calcification was not significant in either
sex, but systolic blood pressure and serum triglyceride
concentration were associated with development of ar-
terial calcification in diabetic women [12]. That report
did not discriminate medial from intimal calcification,
which may have obscured a relationship of neuropathy
to MAC.

Among non-diabetic subjects, neuropathy did not
predict subsequent MAC, but older age, higher serum
cholesterol concentrations, and being male were pred-
ictive. While there have been no previous reports of an
association of serum cholesterol concentration and
MAC, both elevated serum cholesterol concentrations
and diabetes have been associated with calcific aortic
stenosis, another vascular calcific disorder of obscure
cause [27]. It is unknown if MAC and calcific aortic
stenosis are otherwise related.

Higher all-cause mortality among diabetic patients
with MAC but not non-diabetic subjects with MAC
might be explained by the association of MAC and
subsequent amputations, proteinuria and retinopathy,
which occurred almost exclusively among diabetic pat-
ients. The association of MAC with amputation was
particularly marked, as the rate of first amputation for
diabetic patients with MAC was 5.5-fold that of pat-
ients without MAC. There may be anatomical and
physiological reasons why MAC predicts amputation.
A positive relationship of MAC with narrowing and
obstruction of the arteries was reported in feet ampu-
tated for peripheral vascular disease and gangrene [28].
Blood flow in the legs has been found to be lower for
diabetic patients with MAC than for those without
MAC [29, 30]. A study of diabetic gangrene and ampu-
tations did not find a significantly higher rate of MAC
in patients with gangrene, but did find that the pres-
ence of MAC among patients with gangrene was posi-
tively related to subsequent amputation [11].

Reasons for the association of MAC in the feet and
subsequent proteinuria and retinopathy are not as
clear as for the association of MAC and amputations.
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Peripheral neuropathy, which predicts the develop-
ment of MAC, is also associated with proteinuria and
retinopathy, even when controlling for degree of hy-
perglycaemia [31]. Thus MAC may be an early mani-
festation of a metabolic, vascular, or other process
which precedes the onset of overt proteinuria and reti-
nopathy. Because of the few cases of electrocardio-
graphic changes suggestive of myocardial infarction, it
is difficult to draw firm conclusions concerning MAC
and the risk of coronary artery disease.

MAC is predictive of diabetic complications and
mortality and thus is of prognostic significance in
Type 2 diabetes. Recognition of the presence of MAC
may help identify individuals who are at high risk of
diabetic complications, particularly amputation, and
who, therefore, might benefit from intensive foot-care
and other types of treatment.
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