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Insulin Resistance and Hyperglycaemia are Associated With
Recurrent Stenosis in Diabetic Patients After
Percutaneous Coronary Intervention

J. B. Dahm!, A. Feldrappe?, H. Voelzke!, A. Hummel!, D. Vogelsang!, A. Staudt!, B. Moex!

Background: The objective of the present study was to investigate the influence of insulin resistance and hyperglycaemia on
restenosis after percutaneous coronary intervention in diabetic patients with coronary artery disease and coronary lesions eligi-
ble for balloon angioplasty.

Methods: Percutaneous coronary intervention was carried out in 218 diabetic patients. Prior to percutaneous coronary inter-
vention we analysed the association of diabetes-associated metabolic factors reflecting on: (1) glycaemic control (haemoglobin
Alc, fasting glucose), and (2) insulinaemia (C peptide) and restenosis after percutaneous coronary intervention. Primary com-
bined endpoint was angiographic target lesion revascularization (TLR) at 6-month follow-up and major adverse cardiac events
(MACE).

Results: In 85.8 % of cases, a follow-up coronary angiogram was obtained. MACE was 8.5 %, without significant difference
between diabetic patients with or without advantageous glycaemic control. Advantageous glycaemic control was associated with
significantly lower TLR in insulin-treated diabetic patients (independent of insulin resistance) and in non-insulin-treated dia-
betic patients without insulin resistance.

Conclusion: Insulin-treated and insulin resistant non-insulin treated diabetic patients have less restenosis if glycaemic control
is advantageous. Optimization of measures against insulin resistance and glycaemic control before angioplasty can likely reduce
restenosis after percutaneous coronary intervention. | Clin Basic Cardiol 2002; 5: 241-6.

Key words: diabetes mellitus, coronary artery disease, percutaneous coronary intervention,
restenosis, hyperglycaemia, insulin resistance

W e have learned from experience to date that restenosis
after percutaneous coronary intervention is more
common among diabetic patients, and that adverse long-term
clinical outcome is associated with recurrent coronary steno-
sis [1]. Although various studies have revealed no differences
in periprocedural angioplasty results, long-term outcome
after balloon angioplasty is inferior in diabetic compared to
non-diabetic patients, with divergence of the angioplasty-
outcome curves within the period of highest risk for
restenosis after percutaneous coronary intervention (first 6
months) [2].

Analogous to experience with non-diabetic patients, the
restenotic process in diabetic patients originates from mor-
phological, angioplasty-procedural, and other heretofore un-
known constituents. We have by now learned that each con-
stituent of the angioplasty related restenotic process can feasi-
bly be influenced by the diabetes-specific metabolic state:
1) The initiatory platelet aggregation at the injured site: In
diabetic patients, platelets are more frequently activated and
exhibit greater adhesion, synthesis of thromboxane A,
aggregability, and mitogenic activity. The levels of circulating
fibrinogen and factor VII are furthermore elevated, while
plasma-fibrinolytic and antithrombin-III activities are dimin-
ished [3]. 2) Diabetes-associated endothelial dysfunction
promotes restenosis through thrombosis, vasoconstriction,
and exposure of medial cells to circulating mitogens [4].
3) Increased smooth-muscle-cell proliferation and extracel-
lular matrix formation on the basis of increased diabetes-
associated expression, activity, and responsiveness to various
circulating growth factors [4].

For investigation of diabetes-associated metabolic influ-
ence on the different constituents of the angioplasty-related
restenotic process, as well as additional effects from insulin

resistance in diabetic patients, it is necessary to determine in
clinical practice the interdependence among diabetes-associ-
ated metabolic state, insulin resistance, and restenosis after
percutaneous coronary intervention. In the clinical study de-
scribed below we investigated the association among the fol-
lowing diabetes-associated metabolic factors: glycaemic con-
trol, insulinaemia (reflecting insulin resistance), and the inci-
dence of recurrent stenosis in diabetic patients after percuta-
neous coronary intervention.

Methods

Between January 1999 and December 2000, all diabetic pa-
tients on drug- or insulin-therapy admitted to the Depart-
ment of Cardiology for percutaneous coronary intervention
for stable or unstable angina and more than 10 days after an
acute myocardial infarction without previous revasculari-
zation, were enrolled into the study. The study design in-
cluded: 1) Informed consent, 2) investigation of all enrolled
patients accordingly their diabetes-associated variables with
focus on their glycaemic status, and status of insulinaemia,
broken down into groups with favourable or unfavourable
status of their metabolic factors on the basis of the arbitrary
cut points shown in Table 1. The arbitrary cut points were
determined before the beginning of the study according to
the definition of normal and abnormal values of the meas-
ured parameters of the laboratory (Institut fuer Klinische
Chemie, EMA-University, Greifswald) used for analysis of
the blood samples. 3) Analysis of the continuous measure-
ments of the diabetes-associated metabolic variables, as an
indication of glycaemic control (haemoglobin Alc and fast-
ing glucose) and of insulinaemia (C-peptide) including im-
plementation into a multivariate model.
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Definitions

We analysed the primary combined endpoint of the study-
population — ie, target lesion revascularization (TLR) and
major adverse cardiac events (MACE) — in groups with
respect to their glycaemic status (fasting-glucose; HbAlc)
and status of insulinaemia (C-Peptide) as shown in Table 1
and in addition separately according whether they were insu-
lin-treated (insulin-treatment) or not (no-insulin treatment).

Individuals with an elevated C-peptide have more than
normal beta cell secretory function, which was rationalized as
characteristic for evidence of insulin resistance.

For all analysed groups we performed comparison with
baseline characteristics. Patients were classified as having dia-
betes on the basis of their medical history and of diabetes
medication taken (insulin or oral therapy). Patients only on
diet treatment of diabetes were excluded. The left ventricular
ejection fraction (LV-EF) was measured by echocardiography
using Simpson’s method (apical four-chamber view). Arterial
hypertension was defined according to the pertinent WHO
criteria [5].

Angioplasty Procedure

We performed all angioplasty procedures (balloon angio-
plasty and stent implantation) by standard techniques. Other
devices and techniques were excluded. We determined the
reference coronary segment diameter (target vessel) by quan-
titative angiographic analysis (Cardiovascular Angiography
Analysis System IT [CAAS II QCA], Pie Medical Imaging BV,
Netherlands), as described elsewhere, and with previously
stipulated and validated edge-detection algorithms using a
catheter for calibration [6, 7]. Angioplasty was carried out by
blinded high-volume interventional cardiologists who had
no information on the patients, on any of their laboratory re-
sults, or on their diabetes therapy. Stent implantation in dia-
betic patients was considered in the same manner as for non-
diabetic patients (dissections > Type C, strong recoil with
> 50 % luminal loss), on the basis of decisions reached by the
interventionists. Procedural success was defined as < 50 %
residual stenosis after PTCA, without major catheterization
laboratory complications (death, emergency bypass surgery,
or sustained coronary occlusion), and with non-impaired
antegrade flow assessed on the basis of the thrombolysis-in-
myocardial-infarction scale (TIMI). Clinical success was
defined as obtaining residual stenosis < 50 %, survival of the
hospital period without myocardial infarction (MI; Q wave
or non-Q wave) including elevation of creatine kinase (CK)
levels greater than twice the normal laboratory values, abnor-
mal MB fractions, development of new pathologic Q waves
on the ECG, or the need for repeat angioplasty or bypass sur-
gery. Because GPIIb/IIIa-antagonists were administered dur-
ing the study period only under exceptional conditions, none
of the study-patients received these antagonists.

Data Collection

Baseline characteristics as well as demographic, clinical,
angiographic, and procedural data were recorded prospec-
tively on standardized forms and entered into a computerized
data base.

Table 1. Definition of the arbitrary cut points (favourable; un-
favourable) of the investigated diabetes-associated metabolic
factors (HbA1c; fasting-glucose; C-Peptide)

Favourable Unfavourable
HbA1c <6.7 > 6.7
Fasting-glucose (mmol/l) <6.0 > 6.0
C-Peptide (nmol/l) <1.32 > 1.32

To detect possible bias by factors influencing restenosis,
we collected data on the following: gender, age, history of
diabetes and arterial hypertension, body mass index, choles-
terol values for high and low-density lipoproteins (HDL/
LDL), left ventricular ejection fraction, severity and extent of
lesion distribution resulting from coronary artery disease,
stenosis morphology, previous myocardial infarction, condi-
tion of infarct-related arteries, unstable angina pectoris, crea-
tine kinase values, as well as reference coronary diameters of
treated coronary vessels. Stenosis morphology was classified
as type A, B1, B2, or C stenosis according to AHA/ACC
guidelines [8].

Follow-Up

After 6 months we obtained follow-up information by per-
forming coronary angiography. Coronary angiograms were
obtained in a routine manner by experienced cardiologists,
who had no information about patients including laboratory
results or diabetes-treatment. Angiograms were evaluated by
digital calipers or visual assessment. At follow-up we once
again analysed haemoglobin Alc, fasting-glucose, and C-
peptide.

Primary combined study endpoints were target-lesion
revascularization (TLR) and major adverse cardiac events
(MACE). Target lesion revascularisation was defined as sig-
nificant restenosis of the previously dilated segment (target
lesion), with need for revascularization either by re-angio-
plasty or coronary artery bypass graft. Major adverse cardiac
events (MACE) were defined as cardiovascular death, unsta-
ble angina pectoris, or myocardial infarction (Q and non-Q
wave), including elevation of creatine kinase (CK) levels
greater than twice the normal laboratory values with any ab-
normal MB fraction and the development of new pathologic
Q waves on the electrocardiogram. A non-Q wave MI was
defined as the development of similar CK elevations without
Q waves. Unstable angina was defined as new-onset, cre-
scendo, rest, or postinfarction angina.

Statistical Analysis

Baseline characteristics were analysed for all analysed groups.
Results are expressed as proportions or mean value =+ stand-
ard deviation (SD). Differences in categorical variables were
analysed by chi-square analysis or Fisher’s exact test, and dif-
ferences in continuous variables by Student’s t-test. Target
lesion revascularization rate (TLR) and major adverse cardiac
events (MACE) were determined for the total population, as
well as for each subgroup. Significant statistical differences
were assumed when p = 0.05. Continuous variables were in-
cluded in a multivariate model.

Results

93 of the 218 enrolled patients were insulin-treated diabetic
patients (42.7 %) and 125 non-insulin-treated diabetic pa-
tients (57.3 %). In 85 patients (39.0 %) a stent had been im-
planted. Invasive 6-month follow-up data were available for
187 patients (85.8 %). Their demographic baseline data are
shown in Table 2. Thirty-one patients had no angiographic
follow-up: 26 of the 31 patients did not show up at follow-up
due to personal reasons, 5 of the 31 patients died during the
follow-up period: 1 patient (0.5 %) due to cardiac causes,
1 patient (0.5 %) due to neurologic causes and 3 patients
(1.3 %) due to other causes. In 25 of the 187 patients with
angiographic follow-up, follow-up coronary angiograms had
been performed prematurely as a result of symptoms such as
angina (14 patients with unstable angina) and ischaemia. At
follow-up, 11 of 187 patients (5.8 %) experienced a change in
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at least one analysed metabolic factor from unfavourable to
favourable (4.2 %), or from favourable to unfavourable
(1.6 %). Study endpoints were analysed for all 187 patients
with angiographic follow-up.

Baseline Comparisons: The baseline characteristics of the sepa-
rately analysed groups are shown in Table 2. In the C-peptide
groups, diabetic patients with no remaining insulin production
(type-1 diabetic patients) were excluded. Procedural success
rates did not differ among the analysed groups (Tab. 2).

Glycaemic control (Haemoglobin Alc): Those demonstrating
an unfavourable HbAlc level were similar in this respect to
those with favourable HbAlc levels (Tab.2). Among the
many comparisons, however, C-peptide values differed sig-
nificantly between the unfavourable and favourable-HbAlc
groups (Tab. 2).

Glycaemic control (fasting glucose): Those demonstrating an
unfavourable fasting-glucose level were similar in this re-
spect to those with favourable fasting glucose levels (Tab. 2).

Endogenous Insulin-values (C-peptide): Those who exhibited
an unfavourable C-peptide level were similar in results to
those with a favourable C-peptide-level, but significantly
more insulin-treated diabetic patients (type-1 diabetic pa-
tients excluded) and fewer non-insulin-treated diabetic pa-
tients were in the favourable C-peptide group (Tab. 2).

Angiographic Follow-Up
Invasive 6-month follow-up data were obtained by angiogra-
phy for 187 patients (85.8 %).

Target-lesion revascularization: Angiographic target-lesion
revascularization rates (TLR) for the different groups are
shown in Figure 1.

Sub-analysis (centered on insulin treatment) revealed signifi-
cantly higher target lesion revascularization rate for insulin-
treated diabetic patients in the unfavourable HbA1c and fasting-
glucose groups (Fig. 2). Non-insulin-treated diabetic patients in
the favourable-HbA1c and fasting-glucose groups revealed sig-
nificantly higher target lesion revascularization rate (Fig. 2).

Analysis considering endogenous insulin-values showed
significant differences in target lesion revascularization rate
in patients with or without favourable C-peptide values
(Fig. 1). The more detailed subanalysis performed for insulin
treatment in this group showed a significantly higher target
lesion revascularization rate for insulin-treated diabetic
patients (type-1 diabetic patients excluded) and non-insulin-
treated diabetic patients for the patient group with insulin
resistance (Fig. 2).

Although continuous C-peptide values did not differ
significantly between diabetic patients with a favourable or
unfavourable HbAlc or fasting-glucose in diabetic patients
without relevant restenosis (no-TLR) (Tab. 3A), C-peptide
values were significantly higher in non-insulin-treated dia-
betic patients and relevant restenosis (TLR), who had favour-
able HbA1c and fasting-glucose, while no differences in con-
tinuous C-peptide values were detected in insulin-treated
diabetic patients (Tab. 3B).

Multivariate analysis revealed that, in contrast to non-in-
sulin-treated diabetic patients with insulin resistance, the
predictability of target lesion revascularization rate is lower
for those non-insulin-treated diabetic patients without insu-
lin resistance if glycaemic control is favourable (Tab. 4A).

In insulin-treated diabetic patients, the difference in target
lesion revascularization rate slightly increased between those

Table 2. Patients’ characteristics of the 187 follow-up patients at baseline

HbA1c (%) Fasting-glucose (mmol/l) C-Peptide* (nmol/l)
<6.7 > 6.7 p-value <6.0 > 6.0 p-value <1.32 > 1.32 p-value

N = 86 101 11 9 68

Age (years) 66.4 +10.6 659 +10.8 n.s. 619 =11.0 681 =122 n.s. 651100 67.0=111 n.s.

Male (%) 779 782 n.s. 776 76.6 n.s. 77.8 779 n.s.

Stent implantation (%) 43.0 485 ns. 447 459 n.s. 444 441 n.s.

No insulin treatment (%) 535 545 ns. 513 55.9 ns. 54.5 67.7 <01

Insulin treatment (%) 46.5 455 ns. 48.7 441 n.s. 455 32.3 <0.05

Diabetes history (years) 10562 11868 ns. 11=78 120=79 ns. 128 £ 80 99+65 < 0.1

Hypertension (%) 34.9 36.6 ns. 355 36.0 ns. 32.3 36.8 ns.

LV-EF 483 £19.0 479 +20.0 ns. 470+ 185 50.1 =211 ns. 499 +189 485+179 ns.

HDL (mmol/l) 12+04 14+05 n.s. 11+04 11+£05 ns. 12+04 10+04 n.s.

LDL (mmol/) 36+14 38+13 ns. 35+12 36+12 ns. 34+13 35+12 ns.

C-peptide* (pmol/l) 934 + 121 770 = 111 n.s. 890 + 135 830 + 117 n.s.

CAD  1-vessel (%) 372 346 n.s. 387 ns. 34.3 338 n.s.
2-vessel (%) 326 337 n.s. 315 324 ns. 313 309 n.s.
3-vessel (%) 30.2 317 n.s. 30.3 288 ns. 34.3 353 n.s.

Stenosis morphology
A (%) 18.6 19.8 ns. 210 19.8 ns. 21.2 20.6 ns.
B1 (%) 57.0 54.4 ns. 55.3 57.7 ns. 55.6 57.3 ns.
Bo (%) 16.3 139 ns. 158 16.2 ns. 14.1 16.2 ns.
C (%) 8.1 19 <01 6.3 ns. 9.0 5.9 < 0.1

RCSD (mm) 25+04 26+04 n.s. 25+03 25+04 n.s. 25+04 25+03 n.s.

Infarct related artery (%) 7.0 79 n.s. 6.3 n.s. 6.1 59 n.s.

Unstable angina (%) 19.8 18.8 n.s. 236 20.7 ns. 20.2 17.6 n.s.

Procedural success (%) 99.2 989 n.s. 100.0 992 n.s. 98.6 98.3 n.s.

* = type 1 diabetics excluded; LVEF = left ventricular ejection fraction; HDL = high density lipoproteins; LDL = low density lipoproteins;
CAD = coronary artery disease; RCSD = reference coronary segment diameter
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Table 3A. Diabetics without relevant restenosis at follow-up (no-TLR): with favourable glycaemic control and those with unfavour-
Endogeneous insulin-values (mean C-Peptide + SD in nmol/l) in able glycaemic control after including insulin resistance as an
relation to glycaemic control (HbA1c, fasting-glucose) and insulin- additional variable (Tab. 4B).
treatment . - .

Major adverse cardiac events: The rate of major adverse
C-peptide HbA1c (%) Fasting-glucose (mmol/l) cardiac events (MACE) was 8.5 % (6.4 %—13.0 %), without
(nmol/l) <67 >67 p <6.0 > 6.0 P significant difference between the favourable and unfavour-

able groups) (p-values between 0.31 and 0.11) (Figs. 1, 2).

IT 801305 615+258 0.18 582+291 712+244 0.20

No-IT

1171£479 990+£298 021 941x408 1141+450 0.19

Discussion

(IT = insulin-treatment; No-IT = no insulin-treatment); p = p-value

Table 3B. Diabetics with relevant restenosis at follow-up (TLR):
Endogeneous insulin-values (mean C-Peptide = SD in nmol/l) in

Laboratory findings and relatively small clinical studies have
disclosed that hyperglycaemia can influence the different
constituents of the angioplasty-related restenotic process [9,
10]. These findings include the fact that hyperglycaemia dis-

relation to glycaemic control (HbA1c, fasting-glucose) and insulin- rupts the inhibition of smooth muscle migration and prolif-
treatment eration and promotes the formation of extracellular matrix

- - proteoglycans: which provides cellular migration leading to
C-Peptide HbATc (%) Fasting-glucose (mmol/) stenosis and restenosis [11, 12]. Hyperglycaemia can induce
(hmolf) <67 >6.7 p <6.0 >6.0 p restenosis on the basis of hyperglycaemia-induced persistent
T 6424281 661-308 039  531+300 634+955 027 platelet activation [3]. Hyperglycaemia furthermore directly

No-IT 1201452 748+301

inactivates endothelial relaxation factors and leads to the in-

0.009 1382+460 996+328 0.01 . Lo
creased production of advanced glycolization end products

(IT = insulin-treatment; No-IT = no insulin-treatment; p = p-value) (AGE). This occurs via non-enzymatic glycolization in capil-

laries and vessels. Hyperglycaemia leads to enhanced produc-

60 1 .
i ns p=0.01 Metabolic state:
20y O Favourable:
30 HbA ¢ <67 %
Fasting-gluc. < 6 mmol/l
40 1 37.2 36.6 C-peptide < 960 pmol/l
B Unfavawahie
30 4 HbA,¢c = 6.7 %
Fasting-gluc. = 6 mmal/l
C-peptide = 960 pmol/l
20 1 ns
10 +
8.1 69
0
£6.7 >6.7 <6 >6 <960 =960
HbA ¢ (Y0) Fasting-glucose (mmol/l) C-peptide (pmol/1)

(type-1 diabetics excluded)

Figure 1. Percent target lesion revascularisation (TLR) in the different subgroups associated with glycaemic control (HbAc; fasting-glucose)
and insulinaemia (C-peptide)

LTS p = 0.008
60 p=0.0098 p=0011 _
Metabolic state:
50 49.0 p= 0.019 | ‘.:"m:m::a:::"
HbA e =67 %
40 1 378 35.0 Fasting-glue. £ 6 mmol/|
s C-peptide < 960 pmaol/l
304
274 B Unfavourable:
HbA €= 6,7 %
20 A n Fnsﬂ;ng-glu-:. =6 mmol/|
ns Capeptide = 960 pmaol/l
10 4 108 [ 10.2
77 |4 6.4
0
IT-D No-IT-D IT-D No-IT-D IT-D No-IT-D
HbA ¢ (%) Fasting-glucose (mmol/l) C-peptide (pmol/1)

Figure 2. Percent target lesion revascularisation (TLR) associated with glycaemic control (HbA1c, fasting-glucose) and insulinaemia
(C-peptide) in relation to insulin-treatment (IT = insulin treatment; No-IT = no insulin treatment)
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tion of endothelin-1, which supports restenosis [13].
Recently published data furthermore suggest a higher re-
stenotic and atherosclerotic risk for diabetic patients with
hyperinsulinaemia than for those with elevated serum glu-
cose values [14]. In addition, diabetic patients with remain-
ing or elevated endogenous insulin secretion demonstrated
higher frequency of atherosclerotic coronary artery disease
than diabetic patients without endogenous insulin produc-
tion [15].

Until now, the only verified clinical effects of hyperglycae-
mia and insulinaemia on coronary artery disease in patients
with diabetes mellitus have been limited to effects on cardio-
vascular morbidity and mortality. These results have shown
that diabetic patients with higher fasting-plasma glucose or
haemoglobin-Alc levels exhibited greater cardiovascular
morbidity and mortality [16, 17]. Analogous to smaller,
partly non-prospective studies on angioplasty-induced re-
stenosis in diabetic patients [18-20], our study, if focused
on the whole group of diabetic patients (no matter whether
insulin-treated or not), showed no significant influence of
glycaemic control on restenosis after percutaneous coronary
intervention. But in contrast to the so far attainable data, we
discovered significant differences in restenosis if glycaemic
control was favourable or not after analyzing the data sepa-
rately for insulin-treated and non-insulin treated diabetic pa-
tients, conceding a positive correlation between the diabetes-
specific metabolic state and the angioplasty-induced restenotic
process in diabetic patients.

Analogous to Ronnemaa, who has described heightened
CAD risk among hyperinsulinaemic diabetic patients [15],
our study disclosed likewise, that hyperinsulinaemia ap-
peared to be a convincing predictor of angioplasty-related
restenosis in insulin-treated and non-insulin treated diabetic
patients (Fig. 2).

Glycaemic control furthermore proved to be a potent pre-
dictor of restenosis among insulin-treated diabetic patients
and diabetic patients without insulin resistance. However,
analysis in greater detail (and without consideration of insu-
lin resistance) revealed that the negative influence of hyper-
glycaemia on angioplasty outcome was limited to insulin-
treated patients. Among non-insulin-treated patients we de-
tected comparatively inferior results in cases in which glycae-
mic control was satisfactory during percutaneous coronary
intervention (Fig. 2). Surprisingly, it was precisely in these
patients that subanalysis of endogenous insulin levels re-
vealed significantly higher C-peptide values: rendering pos-
sible an influence of insulin resistance on angioplasty out-
come (Tab. 4A, B). In non-insulin-treated diabetic patients
the probability of favourable angioplasty results was signifi-
cantly greater only among those non-insulin-treated diabetic
patients who had no insulin resistance.

The analysis of the entire population revealed significantly
higher probability of an unfavourable angioplasty outcome in
insulin-treated diabetic patients (type-1 diabetic patients ex-
cluded) and non-insulin treated diabetic patients if C-peptide
was unfavourable. This supports the hypothesis that insulin
resistance may directly promote the restenotic process in dia-
betic patients. But insulin resistance and glycaemic control
apparently affect each other: our study revealed that the posi-
tive influence of favourable glycaemic control on angioplasty
outcome was limited to certain insulinaemia conditions: 1) In
diabetic patients (whether or not insulin-treated) the prob-
ability of favourable angioplasty outcome was significantly
higher in patients without insulin resistance if glycaemic con-
trol was favourable (Tab. 4A, B). 2) In insulin-treated diabetic
patients, favourable glycaemic control improved angioplasty
outcome significantly in patients with insulin resistance

(Tab. 4B). 3) In insulin-resistant non-insulin treated diabetic
patients, glycaemic control obviously showed no influence
on angioplasty outcome (Tab. 4A). One possible explanation
is that hyperinsulinaemia in these patients apparently domi-
nated the influence of glycaemic control on angioplasty out-
come.

The results of this study might have been biased by the
different angioplasty outcome influencing factors like steno-
sis morphology, diabetes history or concomitant diseases like
hypertension or impaired left ventricular function, but the
characteristics of these parameters at baseline did not differ
between those who had a favourable glycaemic and insulin-
aemic control and those who had not (Tab. 1).

In conclusion, the findings of this study of the influence of
diabetes-specific metabolic status on restenosis after percuta-
neous coronary intervention have supplied evidence that hy-
perglycaemia and hyperinsulinaemia influence the restenotic
process in diabetic patients. In analogy to the findings of the
DIGAMI study on patients after myocardial infarction, our
findings signify that all diabetic patients —and particularly pa-
tients at high risk for angioplasty-related restenosis (insulin-
resistant insulin-treated diabetic patients) — can be recognised
carly, and that therapies potentially improving angioplasty
outcome can be initiated before percutaneous coronary inter-
vention (ie, optimization of glycaemic control and insulin re-
sistance). Future studies are required to disclose whether op-

Table 4A. Multivariate analysis for prediction of TLR at 6-months
follow-up for non-insulin-treated diabetic patients (A), and after
offering insulin resistance (C-peptide > 1.32 nmol/l) as an additional
variable (B)

Variable OR p-value
(95 % Cl)

A Age 0.9 (0.7-1.2) 0.4
Male gender 1.2 (0.8-1.6) 0.4
Diabetes history > 10 years 0.9 (0.4-1.3) 0.09
LV-function < 50 % 0.9 (0.5-1.2) 0.1
Reference coronary segment diameter 0.8 (0.3-1.4) 0.1
HbA1c 1.9 (0.9-2.7) 0.01
Fasting-glucose 2.1 (1.1-3.0) 0.009

B HbAlc>6.7%
Fasting-glucose > 6.0 mmol/|

05(0.3-09) 003
06(0.2-1.0) 004

(Cl = confidence interval, OR = odds ratio; LV = left ventricular)

Table 4B. Multivariate analysis for prediction of TLR at 6-months
follow-up for insulin-treated diabetic patients (A), and after offering
insulin resistance (C-peptide > 1.32 nmol/l) as an additional
variable (B)

Variable OR p-value
(95 % Cl)

A Age 1.1 (0.7-1.4) 0.4
Male gender 1.2 (0.8-1.6) 0.4
Diabetes history > 10 years 1.3(0.8-1.8) 02
LV-function < 50 % 1.2 (0.7-1.6) 0.1
Reference coronary segment diameter 1.1 (0.8-1.5) 0.2
HbA1c 1.6 (0.9-2.2) 0.04
Fasting-glucose 1.7 (0.8-2.3) 0.03

B HbAlc>6.7% 1.9 (1.0-3.4) 0.009
Fasting-glucose > 6.0 mmol/l 2.1 (1.1-4.0) 0.007

(CI = confidence interval; OR = odds ratio; LV = left ventricular)
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timization of glycaemia and insulin resistance prior to and
during percutaneous coronary intervention can improve
angioplasty-related restenosis.

Study Limitations

Although the restenotic process is a continuous process over
the course of at least 6 months, our study was solely focussed
on endogenous insulin and glycaemic variables during percu-
taneous coronary intervention. This restriction took consid-
eration of the fact that only a few patients would profoundly
change their metabolic control during the restenotic process
(less than 5 % in our study).

Even though hyperglycaemia can induce glycolization in
many human structures, our investigation was limited to
glycolisated haemoglobin and did not cover other
glycolisated structures: which, if included, could strengthen
the power of study.

References

1. Kannel WB, McGee DL. Diabetes and cardiovascular disease:
Framingham Study. JAMA 1979; 241: 2035-8.

2. Kip KE, Faxon DP, Detre KM, Yeh W, Currier JW, for the investigators of the

NHLBI PTCA Registry. Coronary angioplasty in diabetic patients: The Na-

tional Heart, Lung and Blood Institute Percutaneous Transluminal Coronary

Angioplasty Registry. Circulation 1996; 94: 1818-25.

. Davi G, Ciabattoni G, Consoli A, Mezzetti A, Falco A, Santarone S, Pennese
E, Vitacolonna E, Bucciarelli T, Constantini F, Capani F, Patronon C. In vivo
formation of 8-iso-prostaglandin F2-alpha and platelet activation in diabetes
mellitus: effects of improved metabolic control and vitamin E supplementa-
tion. Circulation 1999; 99: 224-9.

. Aranson D, Bloomgarden Z, Rayfield EJ. Potential mechanisms promoting
restenosis in diabetic patients. ] Am Coll Cardiol 1996; 27: 528-35.

. Zanchetti A, Chalmers JP, Arakava K, Gyarfas I, Hamet P, Hansson L, Julius S,
MacMahon S, Mancia G, Menard J. The 1993 guidelines for the management
of mild hypertension: memorandum from a WHO/ISH meeting. Blood Press
1993: 86-100.

. Haase J, Escaned J, van Swijndregt EM, OzakiY, Gronenschild E, Slager CJ,
Serruys PW. Experimental validation of geometric and densitometric coro-
nary measurements of the new generation Cardiovascular Angiography
Analysis System (CAAS II). Catheterization Cardiovasc Diag 1993; 27: 16-27.

The

w

IS

&

[}

~

o]

el

10.

1

—

13.

14.

18.

19.

20.

. Gronenschild E, Janssen J, Tijdens F. CAAS II: A second generation system

for off-line and on-line quantitative coronary angiography. Catheterization
Cardiovasc Diag 1994; 33: 61-75.

. Ryan TJ, Faxon DP, Gunnar RP, ACC/AHA Task Force. Guidelines for percu-

tancous transluminal coronary angioplasty. ] Am Coll Cardiol 1988; 12: 529—
45.

. Dahm ]JB, Feldrappe A, Niederst PN, Motz W. Influence of current- and

long-term metabolic state on PTCA-outcome in diabetics. Circulation 1998;
98 (Suppl): 1-148.

Dahm JB, Feldrappe, Kleine V, Vélzke H. Predictors of restenosis in diabetics
after coronary intervention (Abstract). Circulation 2000; 102 (Suppl II): II-
736.

. Kornowski R, Minz GS, Kent KM, Pichard AD, Satler LF, Bucher TA, Hong

MK, Popma JJ, Leon MB. Increased restenosis in diabetes mellitus after coro-
nary interventions is due to exaggerated intimal hyperplasia: a serial intravas-
cular ultrasound study. Circulation 1997; 95: 1366-9.

. Eschwege E, Richard JL, Thibult N, Ducimetiere P, Warnet JM, Dlaude JR,

Rosselin GE. The Paris Prospective Study, ten years later. Horm Metab Res
1985; 15 (Suppl Series): 41-6.

Brownlee M, Cerami A, Vlassara H. Advanced glycolysation end products in
tissue and biochemical basis of diabetic complications. N Engl ] Med 1988;
318: 1315-21.

Nishimoto K, Miyazaki Y, Murakami R, Shinoda M, Fukushima A,
Kanayama H. Enhanced secretion of insulin plays a role in the development
of atherosclerosis and restenosis of coronary arteries: elective percutaneous
transluminal coronary angioplasty in patients with effort angina. J Am Coll
Cardiol 1998; 32: 1624-9.

. Ronnemaa T, Laakso M, Puukka P, Kallio V, Pyorala K. Atherosclerotic vascu-

lar disease in middle-aged, insulin-treated diabetic patients. Association with
endogenous insulin secretion capacity. Arteriosclerosis 1988; 237—44.

. Kuusisto J, Mykkanen L, Pyorala K, Laakso M, Non-insulin-dependent dia-

betes and its metabolic control predict coronary heart disease in elderly sub-
jects. Diabetes 1994; 43: 960-7.

. Malmberg K, Norhammar A, Wedel H, Ryden L. Glycometabolic state at ad-

mission: important risk marker of mortality in conventionally treated patients
with diabetes mellitus and acute myocardial infarction: long term results
from the Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarc-
tion (DIGAMI) study. Circulation 1999; 99: 2626-32.

Moraes DL, Leopold JA, Cupples A, Moxey C, Ryan TJ, Jacobs AK. Diabetes
does not influence outcome of percutanous coronary intervention (Abstract).
Circulation 1998; Suppl I: I-147.

Holmes DR, Rihal CS, Garrat KN, Terzik A, Grill D. Relationship between
diabetic glycemic control and outcome after percutanous coronary interven-
tion (Abstract). Circulation 1998; Suppl I: I-148.

Timmis SBH, Catlin TR, Boura J, Tomaka L, Timmis GC. The influence of
diabetes on in-hospital outcomes following percutanous coronary re-
vascularization (Abstract). Circulation 1998; Suppl I: I-148.



