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OBJECTIVE — Although persistent hyperglycemia contributes greatly to the progression of
diabetic micro- and macroangiopathy, microangiopathy progresses more rapidly than macroan-
giopathy in some type 2 diabetic patients, with the opposite being true in others. This study
was conducted to identify factors responsible for such dissociation.

RESEARCH DESIGN AND METHODS — Patients with proliferate diabetic retinopa-
thy and a carotid intima-media thickness (IMT) level ^1.0 mm were classified as the microan-
giopathy group (MIG); those with an IMT level >1.1 mm and without retinopathy or with
background retinopathy were assigned to the macroangiopathy group (MAG). Only middle-
aged patients, 50-69 years old, were included in this study. There were 54 patients in the MIG
and 68 patients in the MAG.

RESULTS — Patients in the MIG were significantly younger at the onset of diabetes, and diose
in the MAG had a significantly higher mean ratio of apoprotein (apo) B to apoAI. The percent-
age of patients with a family history of diabetes was significantly higher in the MIG. Maternal
inheritance was common among these patients. Those with obesity, a family history of diabetes,
and younger onset of hypertension were more common in the MAG. In the multiple logistic
regression analyses, maternal inheritance and early onset of diabetes were independent risk fac-
tors for the acceleration of microangiopathy. A personal history of obesity and a family history
of hypertension were independently related to the development of macroangiopathy.

CONCLUSIONS — Our results suggest that patients with early onset and maternal inher-
itance of diabetes may have a high risk for the progression of diabetic microangiopathy, while
patients with hyperlipidemia, a history of obesity, and a family history of hypertension seem
prone to the development of atherosclerosis.
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Many epidemiological studies have
shown that prolonged duration of
diabetes and poor glycemic control

are major risk factors for diabetic microan-
giopathy (1-3). The Diabetes Control and
Complications Trial (DCCT) showed that
the strict control of glycemia achieved by
intensive insulin therapy significantly

retards the progression of microangiopathy
in patients with type 1 diabetes (4). Recent
studies have shown that strict glycemic
control is also important in preventing
microangiopathy in patients with type 2
diabetes (5,6).

The major risk factors for diabetic
macroangiopathy are hypertension, hyper-
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lipidemia, obesity, and insulin resistance. A
clustering of these factors increases the risk
more than any single factor (7,8). Although
microangiopathy is a characteristic compli-
cation of diabetes, and glycemic control is
known to have a significant impact on its
progression, it is not clear whether the strict
control of glycemia can inhibit the pro-
gression of macroangiopathy (9).

Persistent hyperglycemia is associated
with the progression of diabetic angiopa-
thy: both micro- and macroangiopathy are
present after vascular damage has advanced
to a certain extent in elderly patients with
diabetes of long duration. Microangiopathy
progresses more rapidly than macroan-
giopathy in some patients, with the oppo-
site being true in other patients.

Previous studies have not addressed the
question of which factors are associated with
such dissociation of diabetic angiopathies,
although glycemic control and genetic back-
ground are possibly involved. To identify
those factors, we compared type 2 diabetic
patients with known dissociation of the pro-
gression of micro- and macroangiopathy,
using diabetic retinopathy as an indicator of
microangiopathy and the carotid intima-
media thickness (IMT) as an indicator of
macroangiopathy.

RESEARCH DESIGN AND
METHODS — A total of 545 patients
with type 2 diabetes who were seen at our
department underwent funduscopy as well
as ultrasound measurement of the carotid
IMT; these patients were divided into three
groups, as shown in Table 1. Patients with
proliferative retinopathy and an IMT level
<1.0 mm were classified as the microan-
giopathy group (MIG); those with an IMT
level >1.1 mm and without retinopathy
or with background retinopathy were
assigned to the macroangiopathy group
(MAG). Because age is a strong risk factor
for IMT (10), only middle-aged patients,
50-69 years old, were included in the
study. There were 54 patients in the MIG,
aged 59.5 ± 7.8 years (mean ± SD), and 68
patients in the MAG, aged 61.3 ± 5.4 years.

The carotid arteries were scanned bilat-
erally by use of a high-resolution ultra-
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Table 1—Diabetic retinopathy and carotid IMT in 545 type 2 diabetic patients

Retinopathy classification IMT ^ 1 . 0 mm 1.0 mm < IMT < 1.1 mm IMT > 1.1 mm

NDR, BDR
PDR

151 (28)
114(21)

5(1)
6(1)

87 (16)
182 (33)

Data are n (%). BDR, background diabetic retinopathy; NDR, no existence of diabetic retinopathy; PDR, pro-
liferative diabetic retinopathy.

sonographic system (EUB-565; Hitachi
Medico, Tokyo) with a 7.5-mHz linear
transducer as reported previously (10).
Scanning was performed at three different
longitudinal projections (anterior-oblique,
lateral, and posterior-oblique), and all
images were photographed. A micrometer
was used to measure IMT of the carotid
artery at the site of greatest thickness and at
two other points, 1 cm upstream and 1 cm
downstream from the site of greatest thick-
ness. The average thickness at these three
points was computed for each carotid
artery, and the highest value was consid-
ered the IMT. All measurements were per-
formed by one trained physician. Second
studies of 10 subjects were performed, 1-2
weeks after the first study, to estimate
reproducibility. The coefficient of variance
of IMT was 2.5%.

The severity of diabetic retinopathy
was determined by an ophthalmologist,
and each patient was classified as having no
diabetic retinopathy, background diabetic
retinopathy, or proliferative diabetic
retinopathy (11).

Blood samples were drawn after
overnight fasting. HbAlc was measured by
high-performance liquid chromatography;
serum total cholesterol, triglyceride, and
HDL cholesterol levels were determined
by enzymatic methods (Eiken Kagaku,
Tochigi, Japan), and apoproteins (apo)
were determined by immunoturbidimetry
(Sanwa Kagaku, Nagoya, Japan).

Patients were considered to have dia-
betic neuropathy if they had relevant symp-
toms, a positive R-R interval, or a positive
result on Schellongs test (12).

The background factors investigated
included a family history of diabetes and
hypertension, early onset of hypertension
(<40 years), and a history of obesity (BMI
>27 kg/m2).

Data are expressed as means ± SD. The
unpaired t test was used to examine the sig-
nificance of differences in mean values
between two groups, and a x2 t e s t ( t n e

Mantel-Haenszel test) was used to examine
differences in frequency.

Multiple logistic regression analyses
were used to evaluate risk factors for dis-
criminating between micro- and macroan-
giopathy. The SPSS medical package was
employed in data analysis (version 6.1,
SPSS, Chicago). A level of P < 0.05 was
accepted as statistically significant.

RESULTS— The groups did not differ
significantly with respect to mean duration of
diabetes (—14 years), BMI (—23 kg/m2),
HbAlc (-8.9%), blood pressure (~ 143/-79
mmHg), serum total cholesterol (—5.3
mmol/1), triglycerides (—1.6 mmol/1), HDL
cholesterol (—1.26 mmol/1), and the
prevalence of subjects receiving treatment
for hypertension and hyperlipidemia. The
incidence of diabetic neuropathy and
nephropathy and of insulin therapy was
significantly higher in the group with dia-
betic microangiopathy (Table 2). These
patients were significantly younger at the
onset of diabetes, although they did not
have a longer duration of diabetes. The
group with macroangiopathy had a signifi-
cantly higher mean apoB-to-apoAI ratio
than the group with microangiopathy.

The percentage of patients with a fam-
ily history of diabetes (77.8 vs. 41.2%, P <
0.0005) was significantly higher in the MIG
(31.5 vs. 76.8%, P < 0.0005), whereas
patients with a history of obesity and a
family history of hypertension were more

Table 2—Clinical characteristics of subjects

common in the MAG (20.3 vs. 52.9%, P <
0.0005). The prevalence of subjects who
were younger at onset of hypertension did
not differ between the two groups.

Among patients with a family history of
diabetes, maternal inheritance occurred in
31 of 54 patients in the MIG, and paternal
inheritance occurred in 13 of 68 patients in
the MAG. There was no sex-related differ-
ence in the pattern of inheritance in either
group. No patient had symptoms suggest-
ing the presence of mitochondrial myopa-
thy encephalopathy lactic acidosis, or
stroke-like episodes (MELAS) (13,14).

Multiple logistic regression analyses
were applied to identify factors that would
distinguish the two groups. Independent
variables for microangiopathy were mater-
nal inheritance of diabetes, insulin therapy,
neuropathy, nephropathy, age at onset of
diabetes, and duration of diabetes; those for
macroangiopathy were paternal inheritance
of diabetes, a family history of hyperten-
sion, early onset of hypertension, obesity,
smoking, and the apoB-to-apoAI ratio.
Maternal inheritance and early onset of dia-
betes were independent risk factors for
microangiopathy (odds ratios were 2.13, P
< 0.005, and 1.73, P < 0.05, respectively).
A history of obesity and a family history of
hypertension were independently related to
the development of macroangiopathy
(odds ratios were 3.74, P < 0.05, and 1.60,
P < 0.05, respectively).

CONCLUSIONS— Major risk factors
for the progression of microangiopathy
include poor glycemic control, a prolonged
history of diabetes, and hypertension
(3,15,16). Those for macroangiopathy are
aging, obesity, abnormal lipid metabolism,
hypertension, and smoking (9,17). Although
some risk factors are associated with the pro-

Characteristics

n(MAV)
Retinopathy classification
IMT (mm)
Age (years)
Age at onset of type 2 diabetes (years)
apoB/apoAI
Neuropathy prevalence (%)
Macroalbuminuria prevalence (%)
Insulin treatment (%)

Microangiopathy

54 (30/24)
PDR
<1.0

59.5 ±7.8
44.8 ± 10.6
0.88 ± 0.38

62.5
37.0
44.4

Macroangiopathy

68 (40/28)
NDR, SDR

>1.1
61.3 ±5.4
48.9 ±9.1
1.04 ±0.43

35.5
19.1
20.6

P

NS

NS
<0.05
<0.05
<0.05
<0.05
<0.005

Data are means ± SD. NDR, no existence of diabetic retinopathy; PDR, proliferative diabetic retinopathy;
SDR, simple diabetic retinopathy.
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gression of both micro- and macroangiopa-
thy, microangiopathy does not always
progress simultaneously with macroan-
giopathy and one type of diabetic angiopathy
often worsens more rapidly than the other.

We used diabetic retinopathy as an
index of microangiopathy and the carotid
IMT as a measure of macroangiopathy
Retinopathy was selected as an indicator of
microangiopathy because the clinical fea-
tures of diabetic neuropathy are diverse
and difficult to evaluate. In addition, dia-
betic nephropathy is the least common
microangiopathy, and patients with
advanced diabetic nephropathy often
develop macroangiopathy because of the
long duration of diabetes. Because
advanced diabetic macroangiopathy often
coexists with advanced microangiopathy,
we selected carotid IMT as an index of early
macroangiopathy The IMT for normal sub-
jects is reported to be < 1.1 mm (18) or 1.0
mm (19); therefore, the criterion of IMT for
microangiopathy was set at ^1.0 mm, and
that for macroangiopathy was set at >1.1
mm. Visona et al. (20) reported that the
IMT value was greater in the patients with
diabetic microangiopathy than in those
without diabetic microangiopathy.

Of the more than 500 type 2 diabetic
patients in whom we examined IMT and
diabetic retinopathy, 28% of patients did
not demonstrate both diabetic retinopathy
and atherosclerosis, and 34% of patients
did demonstrate both conditions, indicat-
ing that the degree of progression of the
micro- and macroangiopathy was linked in
more than half the patients with type 2 dia-
betes. Based on the findings that progressed
diabetic retinopathy alone was seen in 17%
of patients and that carotid atherosclerosis
alone was detected in 21%, we assume that
dissociation of micro- and macroangiopa-
thy may occur in ~ 30-40% of middle-
aged Japanese type 2 diabetic patients with
a mean diabetes duration of 14 years.

The maternal inheritance of diabetes
and early onset of type 2 diabetes were
independent risk factors for a predomi-
nance of microangiopathy Although long
duration of diabetes was considered to be a
major risk factor for microangiopathy in
previous studies (15,16), it is also linked to
macroangiopathy. Thus, long duration of
diabetes is not considered to be a signifi-
cant risk factor for the progression of
retinopathy alone. Patients with early onset
of diabetes that has a maternal inheritance
pattern may have a high risk for the pro-
gression of diabetic microangiopathy

Among the type 2 diabetic patients in
whom macroangiopathy predominated,
20 had a family history of diabetes, and in
13 of these patients, the diabetes had a
paternal inheritance pattern. A history of
obesity and a family history of hyperten-
sion were significantly more common in
this group. Multiple logistic regression
analyses showed that a history of obesity
and a family history of hypertension were
independent risk factors for the early pro-
gression of macroangiopathy Thus, insulin
resistance was associated with obesity, and
a genetic susceptibility of hypertension,
rather than hyperglycemia itself, appeared
to precipitate the earlier progression of
macroangiopathy.

The genetic contribution to the devel-
opment of type 2 diabetes is well known
(21,22), and genetic involvement in dia-
betic angiopathy has also been reported
(23-26). In the present study, maternal
inheritance was predominant in the MIG,
and paternal inheritance tended to pre-
dominate in the group with macroan-
giopathy, suggesting a relationship between
diabetic angiopathy and parental history.
Although not investigated in this study,
mitochondrial gene abnormalities were
recently reported to be associated with type
2 diabetes (14,27). It may be important to
study the relationship between microan-
giopathy and mitochondrial gene muta-
tions in patients with type 2 diabetes that
has a maternal inheritance pattern.

A few reports have suggested an asso-
ciation of macroangiopathy with genetic
factors. ACE polymorphism (28), which
may be associated with hypertension, was
found to be related to the presence of
myocardial infarction, but not to the pres-
ence of microangiopathy (29,30), in type 2
diabetic patients. Results of the present
study also suggest that a family history of
hypertension is a risk factor for macroan-
giopathy, but not microangiopathy

In conclusion, our results suggest that
patients with early onset of diabetes that
has a maternal inheritance pattern may
have a high risk for the progression of dia-
betic microangiopathy, whereas patients
with hyperlipidemia, a history of obesity,
and a family history of hypertension seem
prone to the development of atherosclero-
sis. Further studies that include larger
numbers of patients than this study, and
parameters such as hemostatic factors, are
necessary to investigate whether our obser-
vations might contribute to the manage-
ment of diabetic vascular complications.
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