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Abstract

Aims/hypothesis. We examined features of the meta-
bolic syndrome to see if they modified the risk of
chronic diabetic complications in patients with Type
IT (non-insulin-dependent) diabetes mellitus.
Methods. A total of 85 randomly selected patients
with the metabolic syndrome (WHO definition)
were compared with 85 Type II diabetic patients
matched for age, sex, duration of diabetes, glycaemic
control and without the syndrome to assess the mi-
crovascular and macrovascular complications.
Results. The patients with the metabolic syndrome
had a higher prevalence of cardiovascular disease
(52 vs 21 %, p < 0.001), microalbuminuria or macro-
albuminuria (23 vs 7%, p = 0.003) and distal neurop-
athy (16 vs 6%, p = 0.048) than patients without the
syndrome. The patients with the metabolic syndrome
had smaller LDL particle size (25.4 + 1.4 vs 26.4 + 1.1
nm; p < 0.001), which correlated with the ratio of se-

rum triglycerides to HDL cholesterol (r=-0.64,
p <0.001). In a multiple logistic regression analysis
the metabolic syndrome was associated with coro-
nary heart disease (RR 3.84, p <0.001) and microal-
buminuria (RR 3.99, p =0.01). Small LDL particle
size was independently associated with neuropathy
(RR 0.58; p =0.04), whereas a high HbA, , was relat-
ed to neuropathy (RR 1.69, p =0.04), retinopathy
(RR 1.53, p=0.002) and microalbuminuria (RR
1.54, p = 0.01).

Conclusion/interpretation. Although chronic hyper-
glycaemia is the main predictor of microvascular
complications in patients with Type II diabetes, this
risk is modified by some of the components of the
metabolic syndrome. [Diabetologia (2001) 44: 1148-
1154]
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Type II (non-insulin-dependent) diabetes mellitus is
a heterogeneous disease involving both impaired
beta-cell function and insulin resistance [1]. A major-
ity of patients with Type II diabetes have features of
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the metabolic syndrome, also called “Syndrome X”
or the insulin-resistance syndrome [2-3]. The term
“Syndrome X” was introduced in 1988 by Reaven
who suggested that insulin resistance and compensa-
tory hyperinsulinaemia underlie the clustering of car-
diovascular risk factors such as glucose intolerance,
hypertension and dyslipidaemia. Several other com-
ponents have subsequently been added, including
obesity and especially abdominal obesity, microalbu-
minuria, abnormalities in fibrinolysis and coagulation
and the presence of small dense atherogenic LDL
particles [4-7]. Reports on the prevalence of the met-
abolic syndrome have varied considerably between
studies because the criteria for the definition for the
syndrome are not clear [8]. The World Health Orga-



B.Isomaa et al.: The metabolic syndrome and complication in Type II diabetes 1149

nisation (WHO) therefore proposed in 1998 a defini-
tion for the metabolic syndrome [9]. Although hyper-
glycaemia is a well established risk factor for micro-
angiopathy in patients with Type II diabetes, it is not
known whether this risk is modified by the metabolic
syndrome. Some investigators have questioned the
connection between the metabolic syndrome and mi-
croalbuminuria [10-11]. We aimed to study the im-
pact of different features of the metabolic syndrome
on chronic diabetic complications in patients with
Type 11 diabetes.

Subjects and methods

The diabetic patients were recruited from the Botnia Study in
western Finland, in which patients with Type II diabetes and
their family members have been enrolled since 1990 [12]. We
studied a random sample of 85 patients who fulfilled the crite-
ria for the metabolic syndrome (MSDR +) and compared
them to 85 patients, matched for age, sex and duration of dia-
betes, who did not fulfil the criteria of the syndrome
(MSDR-). Patients with maturity-onset diabetes of the young
(MODY) and patients with antibodies to glutamic acid decar-
boxylase (GADA) were excluded [13, 14]. The following defi-
nitions were used to define the metabolic syndrome and dia-
betic complications.

Definition of the metabolic syndrome. We used the WHO defi-
nition of the metabolic syndrome [9] but the cut-off limits for
WHR were adjusted to the distribution of obesity in a Scandi-
navian population [8]. According to the modified definition, a
patient with Type II diabetes has a metabolic syndrome if he
or she fulfils at least two of the following criteria: hypertension
defined as antihypertensive treatment and or elevated blood
pressure (> 160 mmHg systolic or > 90 mmHg diastolic); dys-
lipidaemia defined as elevated plasma triglyceride
(2 1.7 mmol/l) and/or low HDL cholesterol (< 0.9 mmol/l in
men, < 1.0 mmol/l in women) concentrations; obesity defined
as a high BMI (=30 kg/m?) and or a high waist-to-hip ratio
(WHR > 1.0 in men, > 0.9 in women) and microalbuminuria
(urinary albumin excretion rate > 20 ug/min).

Neuropathy. Diagnosis of distal sensory neuropathy was based
on a clinical examination and a symptom score [15]. The clini-
cal examination included a test of Achilles tendon reflexes, vi-
bration sensation at hallux and sensory perception by a 10 g
Semmes-Weinstein monofilament at three sites on each foot
[16]. The maximum score was 10 for the clinical examination
and 9 for the symptom questionnaire. The minimum criteria
for the diagnosis of sensory neuropathy were moderate signs
(score 2 6) with or without symptoms or mild signs (score
3-5) with moderate symptoms (score 2 5).

Neuropathy was also assessed by measuring the vibration
perception threshold at ankle with a Vibrameter (Somatomed-
ic productions AB, Sollentuna, Sweden) in 138 patients. In 45
control subjects between 35 and 70 years of age with normal
glucose tolerance and no clinical signs of neuropathy, the vi-
bration threshold correlated with height and a height-adjusted
threshold exceeding 3.3 um (corresponding to the 95th centile)
was considered pathological. In the Type II diabetic patients
the height-adjusted vibration threshold correlated with the
score from the neurological examination (r = 0.486, p < 0.001,
n=138) but not with the score for symptoms (r=-0.009,
p =092, n=138).

Microalbuminuria. Microalbuminuria was considered present
if the albumin excretion rate (AER) in overnight urine exceed-
ed 20 ug/min and macroalbuminuria if AER exceeded 200 pg/
min [17]. For 11 patients an albumin-creatinine ratio (ACR)
in the morning urine was used and values exceeding 2.5 mg/
mmol in males and 3.5 mg/mmol in females were considered
as pathological [17]. Two patients with chronic glomerulone-
phritis of non-diabetic origin were excluded from the analysis
of nephropathy.

Retinopathy. Diagnosis of retinopathy was based on fundus
photography. Colour fundus photographs were obtained after
pharmacological mydriasis at an angle of 45-60 ° with a Topcon
TRC NWS fundus camera (Topcon Optical, Tokyo, Japan) or a
Canon CF-60U fundus camera (Canon, Tokyo, Japan). The al-
ternative classification of the Wisconsin Epidemiological
Study of Diabetic Retinopathy was used to define the retinop-
athy level [18]. Based on an 11-step scale the retinopathy levels
of the patients were divided into four groups; no diabetic retin-
opathy (DR), mild DR, moderate DR and severe NPDR or
PDR [16].

Macular oedema was defined as presence of hard exudates
and retinal thickening or both within one disc diameter of the
centre of the macula in at least one eye.

In three patients, the diagnosis of retinopathy was based on
ophthalmologic hospital records and in one patient on oph-
thalmoscopy.

Cardiovascular disease. The patient’s history of myocardial in-
farction or strokes was based on information from hospital re-
cords. A diagnosis of coronary heart disease was also based
upon hospital records or use of nitro-glycerine and pathologi-
cal findings in resting ECG. The ECGs were coded using the
Minnesota codes 1.1-3, 4.1-4, 5.1-3 [19].

Peripheral vascular disease. The diagnosis of peripheral vascu-
lar disease was based on palpation of foot pulses, clinical symp-
toms of claudication and measurement of an ankle-brachial in-
dex (ABI) [16]. An ABI-index of less than 0.9 was the criteria
used for the diagnosis of peripheral vascular disease [20]. For
the multiple logistic regression analysis peripheral vascular
disease was defined as a low ABI-index (< 0.9) and/or a history
of surgical procedures or dilatation of peripheral vessels and/
or symptoms of claudication together with non-palpable foot
pulses.

Measurements and assays. Patients were considered to have
hypertension if they used antihypertensive drugs or had a
mean blood pressure over 160/90 mm Hg during two blood
pressure recordings from the right arm at 5 min intervals sit-
ting after 30 min of at rest. BMI and WHR were measured
[16] and GAD antibodies were determined by a modified ra-
diobinding assay using >S-labelled recombinant human
GADG65 [14]. Fasting serum C-peptide concentrations were
measured by a radioimmunoassay (Linco Research,
St.Charles, Mich., USA) with an interassay CV of 9%. HbA, .
concentrations were measured by high-pressure liquid chro-
matography (Diamat, Hercules, Calif., USA). The reference
values for the assay were 4-6%. For the multiple logistic re-
gression analysis we used the mean of HbA, . measurements
from the last 5 years (median 4 measurements, range 1-18).
Serum total cholesterol, HDL cholesterol (after precipita-
tion) and triglyceride concentrations were measured on a Co-
bas Mira analyser (Hoffman LaRoche, Basel, Switzerland).
The LDL cholesterol concentrations were calculated using
the Friedewald formula [21]. Apolipoprotein A-I and A-II
were determined with immunoturbidimetric methods using
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commercially available kits (Boehringer Mannheim, Mann-
heim, Germany) while apolipoprotein B concentration was
measured by an immunochemical assay (Orion Diagnostica,
Espoo, Finland). The interassay CV for apolipoprotein A-I,
A-IT and B were 3.6, 2.1 and 4.9 %, respectively. The LDL par-
ticle size was determined (59 MSDR + and 70 MSDR- pa-
tients) by electrophoresis on gradient polyacrylamide gel [22].
The particle size of two isolated LDL samples were used as a
reference and their size was measured by electron microscopy.
The calculated mean diameters of LDL standards were 27.9
and 23.9 nm. The mean particle diameter of the major LDL
peak was determined by comparing the mobility of the sample
to the mobility of the calibrated LDL preparation run on each
gel. The intergel CV of the control sample was 1.4 %. Urinary
albumin concentration was measured by radioimmunoassay
(Pharmacia & Upjohn, Uppsala, Sweden) with a detection lim-
it of 2 mg/l and an interassay CV of 5%.

Statistics. The values are presented as Means = SD or as a per-
centage. The significance of differences between group means
was tested using the ¢ test after logarithmic transformation of
variables not showing normal distribution (triglycerides, HDL
cholesterol, ApoA2, ApoB and C-peptide) and after adjust-
ment for BMI. Differences between group frequencies were
tested with chi-square (x?) or Fisher’s exact test. Correlations
were tested using the Spearman rank correlation coefficients.
The relation between dependent and independent variables
were tested with multiple logistic regression analysis using an
SPSS programme for Windows (Chicago, Ill., USA). In all
analyses we used mean-HbA, . and duration of diabetes as con-
tinuous variables and sex and the metabolic syndrome or the
components of the syndrome as categorical variables. We also
tested variables related to the different complications in a uni-
variate analysis. A p value of less than 0.05 was considered sta-
tistically significant.

Results

The MSDR + patients had, as expected, higher BMI,
WHR, fasting C-peptide, triglyceride (all p val-
ues < 0.001) and apoB concentrations (p = 0.009) as
well as lower total HDL (p<0.001), HDL,
(p = 0.008) and HDL; cholesterol (p < 0.001) concen-
trations (Table 1). There was, however, no difference
in total cholesterol or LDL cholesterol concentra-
tions between the groups. The LDL particle size was
smaller in the MSDR + than in the MSDR- patients
(254 +1.4vs26.4 = 1.1 nm; p < 0.001). The triglycer-
ide concentration correlated negatively and the
HDL cholesterol concentration positively with the
LDL particle size (both r = 0.56; p < 0.001). Both the
ratio of LDL cholesterol to apoB (r=0.53,
p < 0.001) and the ratio of triglycerides to HDL cho-
lesterol (r =-0.64, p <0.001), which have been sug-
gested as surrogate measures for LDL particle size
[23], correlated with the LDL particle size. The defi-
nition of dyslipidaemia used in the current study (tri-
glycerides > 1.7 mmol/l and/or HDL cholesterol < 0.9
in males and < 1.0 in females) had a sensitivity of
73 % and a specificity of 80 % to detect small, dense
LDL particles [24].

Table 1. Clinical characteristics of diabetic patients with and
without the metabolic syndrome

MSDR + MSDR- p-value

N (male/female) 85(53/32) 85 (53/32)
Age (years) 59.5+88 61.2+75 0.19
Duration (years) 81+58 87+64 0.57

Male 30.8+4.4 26.6 +2.7 <0.001

Female 323+54 26.7+33 <0.001
WHR

Male 1.02+0.06 0.97+0.05 <0.001

Female 093+0.05 0.86=+0.05 <0.001
HbA,, (%) 79+16  75+14 0.06
fS-C-peptide (nmol/l) 0.77 £038 0.55+0.34 <0.001
fP-glucose (mmol/l) 89+28 85+28 041
Cholesterol (mmol/1)? 53+09 52+09 052
HDL cholesterol (mmol/1)* 1.10+0.26 1.28+0.28 < 0.001
HDL, cholesterol (mmol/1)* 0.30+0.16 0.40+0.22 0.008
HDL, cholesterol (mmol/1)* 0.80 +0.14 0.88+0.12 < 0.001
LDL cholesterol (mmol/l)® 33+09 34+08 0.72
Triglycerides (mmol/1)* 1.9+£09 12+03 <0.001
ApoAl (mg/dl)* 1285+19.7 134.0+19.5 0.08
ApoA2 (mg/dl)? 33.7+64 326+48 029
ApoB (mg/dl)* 982+183 89.1+20.4 0.009
LDL particle size (nm)? 25613 26.4+1.1 0.001
Lipid-lowering treatment 13 6 0.19
(%)
Hypertension (%) 81 27 0.001
Current smoking (%) 6 8 0.77
Diabetes therapy (%)
Diet alone 34 35 1.00
Oral agents 27 39 0.14
Oral agents and insulin 31 13 0.009
Insulin 8 13 0.45

Values are means + SD. Trigycerides, HDL, HDL, and HDL;
cholesterol, ApoA2, ApoB and C-peptide were analysed after
logarithmic transformation. T test, Fischers exact test were
used. HDL cholesterol, trigycerides, apoB, LDL particle size
and C-peptide were adjusted for BMI

2 Patients with lipid-lowering medication excluded

The prevalence of current smokers (6 % and 8 %)
and users of lipid-lowering medication (13% and
6 %) was low in both groups. Antidiabetic treatment
regimes differed between the two groups; the combi-
nation of insulin and oral agents was more frequent
in the group with the metabolic syndrome than in
those without it (31 % vs 13 %, p = 0.009) (Table 1).

Neuropathy. 16 % of the MSDR + patients compared
with 6 % of the MSDR- patients had distal neuropa-
thy (p = 0.048) (Table 2). There was no difference be-
tween the MSDR + and MSDR- patients regarding
the height-adjusted vibration threshold (3.8 + 3.0 vs
3.2 +23, p=0.2). Neither did the proportion of pa-
tients with a height-adjusted vibrameter value of
more than 3.3 um differ between the groups (45 % vs
38%, p = 0.49).

In univariate analysis, neuropathy was related to
higher HbA, ., longer duration of diabetes, presence
of the metabolic syndrome, lower fasting C-peptide
concentrations, smaller LDL particle size, insulin



B.Isomaa et al.: The metabolic syndrome and complication in Type II diabetes 1151

Table 2. Chronic diabetic complications in patients with and
without the metabolic syndrome

MSDR + MSDR-  p-value

N (male/female) 85(53/32) 85 (53/32)
Distal neuropathy (%) 16 6 0.048
Elevated vibration threshold (%) 45 38 0.49
AER > 20 pg/min (% )* 23 7 0.003
Retinopathy (%)

None 52 59 0.44

Mild 36 38

Moderate 4 4

Severe 8 0 0.01
Macular oedema (%) 6 8 0.77
Cardiovascular disease (% )® 52 21 <0.001
Coronary heart disease (%) 46 18 <0.001

Myocardial infarction (%) 12 2 0.03
Cerebrovascular disease (%) 6 1 0.21
Peripheral vascular disease (%) 12 5 0.16

2 AER excluded from the definition of the metabolic syn-
drome

b Cardiovascular disease defined as coronary heart disease
and/or cerebrovascular disease and or peripheral vascular dis-
ease

treatment and peripheral vascular disease. In a multi-
ple logistic regression analysis (Table 3) — which in-
cluded these variables together with mean HbA,,
duration of diabetes, sex and the metabolic syndrome
—only HbA, . (RR 1.69, p =0.04) and LDL-particle
size (RR 0.54, p = 0.01) were independent risk factors
for neuropathy. None of the individual components
of the metabolic syndrome was associated with neu-
ropathy (Table 4). Small LDL particle size (cut-off
value 25.5 nm), adjusted for peripheral vascular dis-
ease, was associated with neuropathy (RR 5.4;
p =0.03).

Retinopathy. There was no difference in the preva-
lence of retinopathy between the MSDR + and
MSDR- patients (48 % vs 41 % ). However, seven of
the MSDR + patients (8% ) had severe retinopathy
compared with none of the MSDR- patients
(p =0.01). The prevalence of macular oedema did
not differ between the groups (8% vs 6%).

In univariate analysis, retinopathy was related to
longer duration, higher HbA,, lower C-peptide,

smaller LDL particle size, hypertension and insulin
treatment. In a multiple logistic regression analysis
(Table 3) only mean HbA, . (RR 1.53, p = 0.002) and
duration of diabetes (RR1.11, p = 0.002) were inde-
pendently related to retinopathy. If the metabolic
syndrome was substituted by its components in the
regression analysis (Table 4), hypertension (RR 2.24,
p = 0.04) was an independent risk factor for retinopa-
thy.

Cardiovascular disease. The prevalence of coro-
nary heart disease was higher in the MSDR + com-
pared to the MSDR- patients (46% vs 18%,
p <0.001). Altogether 12% of the MSDR + and 2%
(p = 0.03) of the MSDR- patients had a history of my-
ocardial infarction whereas 16 % compared with 7 %
(» = 0.09) had undergone by-pass surgery or angio-
plasty. A history of cerebrovascular disease was
slightly more common in the MSDR + patients than
in the MSDR- patients (6% vs 1%).

An ankle-brachial index below 0.9 was seen in
6.1% of the MSDR + patients and in 2.3% of the
MSDR- patients (p =0.27). If we use the extended
definition, peripheral vascular disease was seen in
12% of the MSDR + and in 5% of the MSDR- pa-
tients (p = 0.16).

In univariate analysis, CHD was related to higher
HbA, ., smaller LDL particle size, the metabolic syn-
drome and insulin treatment. No significant relation
was seen between CHD and LDL cholesterol or
smoking. In a logistic regression analysis (Table 3)
with coronary heart disease as a dependent variable,
the metabolic syndrome was strongly related to coro-
nary heart disease (RR 3.84, p < 0.001). If the meta-
bolic syndrome was substituted by its components in
the regression analysis (Table 4), only dyslipidaemia
was independently associated with CHD (RR 2.81,
p = 0.007).

Microalbuminuria. To study whether the metabolic
syndrome is associated with microalbuminuria, we
excluded microalbuminuria from the criteria of the
metabolic syndrome so that a patient was thus consid-
ered to have the metabolic syndrome if 2 of the 3 re-
maining criteria (obesity, dyslipidaemia or hyperten-

Table 3. Risk factors (RR, 95 %-CI) for diabetic complications in patients with Type II diabetes

Neuropathy
n=126

Retinopathy
n=169

CHD
n=169

Microalbuminuria
n=167

Mean HbA, . (%)
Duration (years)
Metabolic syndrome
Male sex

LDL particle size (nm)

1.69 (1.00-2.83)*
0.98 (0.86-1.11)
0.71 (0.14-3.56)
2.44 (0.42-14.0)
0.58 (0.34-0.97)*

1.53 (1.19-1.99)%*
111 (1.04-1.19)%*
1.23 (0.61-2.47)
0.80 (0.39-1.64)

1.54 (1.11-2.15)*
1.01 (0.93-1.10)

3.99 (1.38-11.5)*
341 (1.05-11.1)*

1.18 (0.98-1.51)
1.01 (0.95-1.08)
3.84 (1.85-7.9)%%x
1.87 (0.89-3.9)

*p < 0.05, *¥p < 0.01, ***p < 0.001
The analysis for neuropathy was also adjusted for peripheral
vascular disease. In the analysis of microalbuminuria the defi-

nition of the metabolic syndrome was defined as presence of at
least two of the three components (obesity, dyslipidaemia and
hypertension)
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Table 4. Risk Ratios (RR, 95 %-CI) for diabetic complications in patients with Type II diabetes — the metabolic syndrome substi-

tuted by its components

Neuropathy

n=165 n=167

Retinopathy

Microalbuminuria
n=167

Coronary heart disease 7
n=167

Mean-HbA, , (%)
Duration (year)

1.77 (1.19-2.63)**
1.03 (0.94-1.13)

Male sex 2.67 (0.72-9.8)
Obesity 1.85 (0.57-6.03)
Dyslipidaemia 1.44 (0.47-4.4)
Hypertension 2.30 (0.70-7.5)
Microalbuminuria 0.60 (0.14-2.50)

1.56 (1.19-2.06)**
1.10 (1.02-1.09)*
0.98 (0.46-2.11)
0.71 (0.33-1.5)
0.75 (0.34-1.66)
2.24 (1.03-4.86)*
1.66 (0.56-4.91)

1.67 (1.19-2.36)**
0.99 (0.91-1.09)
5.0 (1.44-17.4)%
1.96 (0.65-5.89)
1.85 (0.67-5.16)
539 (1.67-17.3)**

1.19 (0.92-1.54)
1.03 (0.96-1.10)
1.72 (0.78-3.79)
1.88 (0.89-3.99)
2.81 (1.32-5.97 )%+
1.19 (0.55-2.57)
1.24 (0.45-3.40)

*p < 0.05, **p < 0.01

sion) were fulfilled. According to these modified cri-
teria 19.3% of the MSDR + patients had microalbu-
minuria and 3.8 % had macroalbuminuria. The corre-
sponding figures for the MSDR- patients were 5.6 %
and 1.1%. In univariate analysis, microalbuminuria
was related to higher HbA, ., smaller LDL particle
size, male sex, the metabolic syndrome and insulin
treatment. In a logistic regression analysis with
microalbuminuria or macroalbuminuria as a depen-
dent variable, the metabolic syndrome (defined with-
out microalbuminuria) (RR 3.99; p =0.01), mean
-HbA,. (RR 1.54, p = 0.01) and male sex (RR 3.41,
p = 0.04) were independent risk factors for albumin-
uria (Table 3). When the metabolic syndrome was
substituted by its components in the logistic regres-
sion analysis, hypertension (RR 5.39, p = 0.005) was
independently associated with microalbuminuria
(Table 4).

Discussion

This study underlined the role of chronic hypergly-
caemia in predicting neuropathy, retinopathy and
microalbuminuria. The metabolic syndrome was
strongly associated with cardiovascular disease and
microalbuminuria but had little effect on the devel-
opment of retinopathy and neuropathy. Of note,
small dense LDL particles were associated with neu-
ropathy.

In addition to high triglyceride and low HDL cho-
lesterol concentrations, the MSDR + patients also
had a smaller LDL particle size than the MSDR- pa-
tients. The prevalence of small LDL particle size
(<25.5 nm) was 52% in the MSDR + compared to
17% in the MSDR- patients (p <0.001). Small,
dense LDL particles are highly atherogenic [25-26]
and could explain part of the increased cardiovascu-
lar risk associated with high triglycerides and low
HDL cholesterol concentrations. A recent study re-
ported a relation between the metabolic syndrome
(defined according to the WHO criteria), small LDL
particle size pattern and the occurrence of preclinical
atherosclerosis (intima-media thickness) in healthy
58-year-old men [27].

Neuropathy. Distal neuropathy was more common in
the MSDR + than in the MSDR- patients (16 % vs
6%; p =0.048) suggesting that the metabolic syn-
drome might influence the development of neuropa-
thy. However, when duration, mean-HbA,, and the
metabolic syndrome were included in a multiple lo-
gistic regression analysis, only mean HbA, . was an
independent risk factor for neuropathy. Of note, pe-
ripheral vascular disease was also a strong indepen-
dent predictor of neuropathy (RR 10.1; p = 0.004)
and low ABI has previously been reported to predict
neuropathy [28]. It is, however, not easy to distinguish
between symptoms and signs of peripheral vascular
disease and neuropathy clinically. Of note, the LDL
particle size (but not the metabolic syndrome) was as-
sociated with neuropathy and this association was in-
dependent of the presence of peripheral vascular dis-
ease.

How can the association between small dense
LDL particles and neuropathy be reconciled? Oxida-
tive stress and impaired n-6 essential fatty acid me-
tabolism contribute to impaired nerve conduction ve-
locity in diabetic rats and can be corrected by antiox-
idants such as y-linolenic acid and a-lipoic acid [29,
30]. Small dense LDL particles are vulnerable to oxi-
dation in the vessel wall [31], but it is not known
whether the same applies to peripheral nerves. It is
also possible that small dense LDL particles could
contribute to impaired microcirculation of the pe-
ripheral nerves and thereby cause impaired nerve
function.

Retinopathy. The prevalence of any kind of retinopa-
thy (48% in the MSDR + and 41 % in the MSDR-
patients) is in line with previously reported figures
on retinopathy in patients with Type II diabetes [32,
33]. Interestingly, severe retinopathy was seen only
in the MSDR + patients. Despite this, the metabolic
syndrome did not predict retinopathy or moderate
or severe retinopathy in the multiple logistic regres-
sion analysis, possibly because of the relatively small
number of patients with severe retinopathy. When
the metabolic syndrome was replaced by its individu-
al components, hypertension was an independent risk
factor for retinopathy (RR 2.24, p = 0.04). An associ-
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ation between retinopathy and hypertension has
been seen in some studies [34, 35]. In the prospective
Wisconsin study [36], systolic blood pressure predict-
ed progression of retinopathy only in patients under
30 years of age at onset. In the UKPDS tight control
of blood pressure reduced the progression rate of ret-
inopathy [37].

Cardiovascular disease. The MSDR + patients re-
ported a higher prevalence of coronary heart disease
and previous myocardial infarction compared with
the MSDR- patients (p < 0.001). There were no dif-
ferences between the groups with respect to glycae-
mic control, current smoking or LDL cholesterol con-
centration. The only significant risk factor for coro-
nary heart disease in the multiple regression analysis
was the metabolic syndrome with a risk rate of 3.84
(p <0.001). This increased risk was mainly explained
by the presence of dyslipidaemia (RR 2.8, p = 0.007).
The mean HbA,  was only of borderline significance
as a risk factor for CHD (RR 1.18; 95% CI
0.98-1.51) in this study. Although there are prospec-
tive studies [38-40] suggesting an association be-
tween hyperglycaemia and cardiovascular disease,
this relation is relatively weak and could be over-
shadowed by other risk factors. In fact, we have only
seen an association between hyperglycaemia and car-
diovascular disease in a subgroup of Type II diabetic
patients with few features of the metabolic syndrome,
i.e. in patients with LADA (latent autoimmune dia-
betes in adults)[16].

Microalbuminuria. The MSDR + patients had a high-
er prevalence of microalbuminuria or macroalbumin-
uria than the MSDR- patients (23% vs 7%,
p =0.003). In the multiple regression analysis, the
metabolic syndrome (RR 3.99, p=0.01) was the
strongest predictor of albuminuria suggesting a close
relation between the metabolic syndrome and in-
creased AER. In accordance with previous studies,
poor glycaemic control and male sex were also risk
factors for microalbuminuria [41, 42]. It should be
noted that microalbuminuria is also one of the strong-
est risk factors for cardiovascular death in patients
with Type II diabetes [8, 43].

In conclusion, chronic hyperglycaemia is the main
predictor of chronic complications in patients with
Type 1I diabetes but risk of chronic complications is
modified by the presence of components of the meta-
bolic syndrome. Hypertension increases the risk of
retinopathy and albuminuria whereas the presence
of small dense LDL particles seems to increase the
risk for neuropathy.
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