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Abstract

Aims/hypothesis. Elevated high-sensitivity C-reactive
protein (hsCRP) concentrations indicate increased risk
of future coronary events. The association between
hsCRP and coronary vasoreactivity has not yet been
examined in type 1 diabetic subjects.

Methods. We studied 18 young men who were
non-smokers and who had uncomplicated type 1 dia-
betes. The diabetic subjects were divided into two
groups, according to their median hsCRP concentra-
tion, as follows: (i) subjects with slightly elevated
hsCRP (median 0.76 mg/l, range 0.47-4.73 mg/l,
n=8); and (ii) subjects with low hsCRP (median
0.32 mg/l, range 0.11-0.35 mg/l, n=10). In addition
we investigated 22 non-diabetic age-matched sub-
jects (hsCRP: median 0.42 mg/l, range 0.11-
1.31 mg/l). Resting myocardial blood flow and hy-
peraemic adenosine-stimulated flow during eugly-
caemic-hyperinsulinaemic clamp were determined
using positron emission tomography and oxygen-/>-
labelled water.

Results. Diabetic subjects with slightly elevated hsCRP
had significantly higher hsCRP concentrations than non-
diabetic subjects (p=0.008). Resting myocardial blood
flow was similar (NS) in diabetic subjects with slightly
elevated hsCRP (0.79+0.19 ml-g-!-min-!) or low hsCRP
(0.81£0.15 ml-g-Imin-!) and non-diabetic subjects
(0.80£0.19 ml-g-!-min-1). Adenosine infusion induced a
significant increase in blood flow in all study subjects
(p<0.001) but was blunted in diabetic subjects with
slightly elevated hsCRP (3.42+0.61 ml-g-!-min-!) when
compared with diabetic subjects with low hsCRP
(5.08+1.65 ml-g-I-min-!, p=0.02) or non-diabetic sub-
jects (4.51+1.36 ml-g-1-min-!, p=0.04). Adenosine-stim-
ulated flow was inversely correlated with hsCRP con-
centrations in all diabetic subjects (r=—0.70, p=0.001).
Conclusions/interpretation. In young subjects with un-
complicated type 1 diabetes, even slightly elevated
hsCRP concentrations are associated with reduced cor-
onary vasoreactivity.
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Introduction

In the general population, even slightly elevated high-
sensitivity C-reactive protein (hsCRP) concentrations
(>0.57 mg/l) have been found to indicate increased
risk of future coronary events [1]. Endothelial dys-
function appears to be one of the earliest abnormali-
ties in the development of coronary artery disease [2].
Poor glycaemic control and long-term diabetic com-
plications are associated with endothelial dysfunction,
which promotes adherence of leucocytes to the vessel
walls and induces inflammatory response [3, 4]. In ad-
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Table 1. Characteristics of the study subjects
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Diabetic subjects

Non-diabetic subjects

All Elevated hsCRP Low hsCRP
n 18 8 10 22
hsCRP, median (mg/l) 0.35 0.76* 0.32 0.42
hsCRP, range (mg/1) 0.11-4.73 0.47-4.73 0.11-0.35 0.11-1.31
Age, years 34 (8) 35 (8) 34 (8) 34 (5)
Duration of diabetes, years 11 (9) 10 (9) 12 (8) -
HbAc % 7.9 (1.5) 8.0(2.1) 7.9 (1.0) 5.2 (0.4)F
Dose of insulin, U/kg 0.56 (0.17) 0.57 (0.17) 0.56 (0.18) -
BMI, kg/m? 24.7 (2.3) 25.0 (2.8) 24.4 (1.9) 25.5(2.0)
Blood pressure, mmHg 120/68 (9/9) 118/70 (8/9) 122/66 (9/9) 122/71 (11/10)
Cholesterol, mmol/l 4.6 (0.8) 4.8 (1.0) 4.4 (0.7) 4.9 (0.7)
HDL cholesterol, mmol/l 1.4 (0.3) 1.5 (0.4) 1.4 (0.2) 1.4 (0.4)
Triglycerides, mmol/l 0.9 (0.5) 0.9 (0.3) 0.9 (0.6) 0.9 (0.3)
LDL cholesterol, mmol/l 2.8 (0.7) 2.9 (0.8) 2.6 (0.6) 3.0(0.7)

Values are means (SD) unless otherwise stated. * p<0.05 vs diabetic subjects with low hsCRP and non-diabetic subjects; ¥ p<0.05

vs diabetic subjects

dition, to reflect the continuous inflammatory process,
CRP may be directly related to the development of
atherosclerosis [5]. Diabetic patients usually have in-
creased hsCRP concentrations [6]. Thus, inflammato-
ry response appears to be important in the develop-
ment of coronary artery disease in subjects with type 1
diabetes.

Coronary vasoreactivity has been found to be de-
creased in diabetic patients [7, 8, 9, 10, 11]. However,
most of these previous studies included patients with
both type 1 and type 2 diabetes and/or included dia-
betic patients with other potentially confounding fac-
tors such as diabetic complications, smoking, hyper-
tension, obesity and lipid abnormalities, which are
known to impair coronary vasoreactivity. The question
of whether coronary vasoreactivity is impaired in sub-
jects with uncomplicated type 1 diabetes who are oth-
erwise healthy is still controversial [10, 12, 13, 14].
Elevated hsCRP concentrations are associated with
markers of endothelial dysfunction [15]. However, no
previous work addressing the effect of hsCRP on
myocardial perfusion has been undertaken in patients
with type 1 diabetes.

In the present study we investigated whether elevat-
ed hsCRP is associated with impaired coronary vasore-
activity in young subjects with uncomplicated type 1
diabetes. Resting myocardial blood flow and adeno-
sine-stimulated flow during euglycaemic— hyperinsuli-
naemic clamp were measured in diabetic and non-dia-
betic subjects using positron emission tomography
(PET) and oxygen-/-labelled water ([/°O]H,0).

Subjects and methods

Subjects. Characteristics of the study subjects are shown in Ta-
ble 1. Eighteen subjects with uncomplicated type 1 diabetes,
and 22 non-diabetic age-matched subjects volunteered for the

study. The diabetic subjects were divided into two groups, ac-
cording to their median hsCRP concentration, as follows: (i)
subjects with slightly elevated hsCRP (median 0.76 mg/l,
range 0.47-4.73 mg/l, n=8); and (ii) subjects with low hsCRP
(median 0.32 mg/l, range 0.11-0.35 mg/l, n=10). The subjects
were recruited from diabetes outpatient clinics in Turku, Fin-
land. All study participants were non-smokers, were otherwise
healthy, and were taking no medication other than insulin (dia-
betic subjects). The subjects had no clinical signs or symptoms
of heart disease, nephropathy (including microalbuminuria),
retinopathy or neuropathy. Each subject gave written informed
consent, and the studies were conducted according to the
guidelines of the Declaration of Helsinki. The study protocols
were also approved by the Ethics Committee of the Turku Uni-
versity Central Hospital.

Study design. PET studies were performed after an overnight
fast. The subjects were instructed to avoid all caffeine-contain-
ing food and drink for 12 h before the start. On the morning of
the PET study, to avoid hypoglycaemia, the normal dose of in-
termediate-acting insulin was reduced by one-third and short-
acting insulin was withdrawn in diabetic subjects. In the first
instance, myocardial blood flow was measured at rest. There-
after, euglycaemic—hyperinsulinaemic clamp was started for
60 min and then myocardial blood flow was measured during
hyperaemia induced by adenosine (140 pg-kg-!-min-! for
5 min i.v.; Fig. 1). The insulin infusion was continued until the
second perfusion measurement was performed. Electrocardio-
gram and heart rate were monitored continuously during the
studies. Blood pressure was monitored using an automatic os-
cillometric blood pressure monitor (OMRON 711; Omron
Matsuaka, Japan).

Euglycaemic—hyperinsulinaemic clamp technique and whole-
body glucose uptake. Insulin and glucose were infused via a
catheter inserted into the right antecubital vein. Arterialised
venous blood samples were withdrawn from a heated left ante-
cubital vein. Insulin (Actrapid Human; Novo Nordisk, Copen-
hagen, Denmark) was administered in a primed continuous
manner at a rate of 1 mU-kg-!-min-1, starting 60 min before the
adenosine-stimulated myocardial blood flow measurement and
continuing until the perfusion measurement was performed.
Normoglycaemia was maintained by infusing 20% glucose at
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Fig. 1. Design of the study. Myocardial perfusion was mea-
sured with [/°O]H,O under basal conditions and during simul-
taneous adenosine infusion and euglycaemic—hyperinsuli-
naemic clamp. Insulin was infused at a rate of 1 mU-kg-!-min-!.
Black boxes, perfusion measurements

the rate determined by plasma glucose concentrations, which
were measured every 5 min. Serum insulin and non-esterified
fatty acids were measured every 30 min during clamp. Whole-
body glucose uptake, a measurement of insulin sensitivity, was
calculated from the glucose infusion rate after correcting for
changes in the glucose pool size [16].

Production of [150]CO and [150]JH20. For production of
150, a low-energy deuteron accelerator Cyclone 3 was used
(Ion Beam Application, Louvain-la-Neuve, Belgium). Oxygen-
I5-]abelled carbon monoxide ([/°O]CO) was produced in a con-
ventional way [17], and [/°O]H,0 was produced using dialysis
techniques in a continuously working water module [18]. Ste-
rility and pyrogenity tests for water, and chromatographic anal-
ysis for gases were performed to verify the purity of the prod-
ucts.

Image acquisition, processing and correction. The subjects
were positioned supine in a 15-slice ECAT 931/08-12 tomo-
graph (Siemens/CTI, Knoxville, Tenn., USA). After the trans-
mission scan, the subjects’ nostrils were closed and they in-
haled [°0]CO (~2.5 GBq) for 2 min through a three-way inha-
lation flap-valve (0.14% CO mixed with room air). After the
inhalation, 2 min were allowed for the CO to combine with
haemoglobin in red blood cells before a static scan (4 min) was
started. During the scan, three blood samples were drawn at 2-
min intervals and blood radioactivity was measured immedi-
ately using a well counter (Bicron 3MW3/3; USA). A 10-min
period was allowed for [/°0]CO radioactive decay before the
flow measurements. Flow was measured at rest and 60 s after
intravenous administration of adenosine. Then, [/°O]H,0
(~1.5 GBq) was injected intravenously and dynamic scanning
was started for 6 min (6x5 s, 6x15 s, 8x30 s). All data were
corrected for dead-time, decay and photon attenuation and
were reconstructed into a 128x128 matrix. The final in-plane
resolution in reconstructed and Hann-filtered (0.3 cycles/s) im-
ages was 9.5 mm (full-width half-maximum).

Calculation of regional myocardial blood flow. Regions of in-
terest (ROIs) were drawn in the lateral and anterior wall of the
left ventricle in four representative transaxial slices as previ-
ously described [19]. The ROIs were outlined in the baseline
images and copied to the images obtained after adenosine ad-
ministration. Values of regional myocardial blood flow (ex-
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pressed in ml-g-! of tissue min-!) were calculated according to
the previously published methodology using the single com-
partment model [20]. The arterial input function was obtained
from the left ventricular time—activity curve using a previously
validated method [21] in which corrections were made for the
limited recovery of the left ventricular ROI and the spillover
from the myocardial signals. The average blood flow of the lat-
eral and anterior part of the myocardium showed the lowest
coefficient of variation and was used in further analysis. The
variation coefficient of myocardial blood flow measurements
using PET and [/°O]H,0 is 14+11% at rest and 16+9% during
hyperaemic flow.

Retinal photography. Retinal photography was performed after
mydriatic instillation using a Canon CR4-45NM fundus cam-
era (Canong, Kanagawa, Japan), and one 45° field photograph,
including areas of papilla and macula, was taken from each
eye. Polaroid photo prints were analysed by an experienced di-
abetologist.

Echocardiographic examination. To rule out silent ischaemia
the subjects underwent echocardiographic examination during
rest and during bicycle exercise. All echocardiographic record-
ings and analyses were performed by the same experienced in-
vestigator using a commercially available ultrasound scanner
(Acuson 128XP/10; Acuson, Mountain View, Calif., USA).
Standard echocardiographic views of the left ventricle were
obtained and cardiac dimensions were measured, in the first in-
stance at rest. Thereafter, an upright bicycle—ergometer exer-
cise test was performed by increasing workload by 20 W at 1-
min intervals. The test was continued until extreme fatigue
when at least 90% of the predicted maximum heart rate was
reached. The echocardiograms were recorded before and im-
mediately after the exercise.

Analytical methods. Venous blood samples were taken after
12 h of overnight fast. Serum hsCRP was measured using a la-
tex immunoturbidimetric method (Wako Chemicals, Neuss,
Germany; detection limit 0.06 mg/l). HbA ¢ was measured by
high-pressure liquid chromatography. Plasma glucose was de-
termined by the glucose oxidase method. Serum insulin con-
centrations were measured using a time-resolved immunofluo-
rometric assay (Autodelfia; Wallac, Turku, Finland). Serum to-
tal cholesterol, HDL cholesterol and triglyceride concentra-
tions were measured by standard enzymatic methods (Boehrin-
ger Mannheim, Germany) using a fully automated analyser
(Hitachi 704; Hitachi, Tokyo, Japan). The LDL cholesterol
concentration was calculated using the Friedewald formula.
The first morning urine sample was analysed to define the ratio
of urinary albumin (mg/l) to urinary creatine (mmol/l) in order
to screen for microalbuminuria [22]. If the screening test gave
a positive result (=2 mg/mmol), urinary albumin excretion rate
(ug/min) was measured during the night. Urinary albumin was
determined by immunonephelometry (Behring) using antise-
rum from Dakopatts (Glostrup, Denmark). Microalbuminuria
was defined as an albumin excretion rate of 20 pg/min or high-
er in at least two of the three overnight urine samples.

Statistical methods. The results are expressed as median
(range) for hsCRP and as mean + SD for other study variables.
Student’s paired and unpaired ¢ tests as well as Wilcoxon
paired and unpaired tests were used when appropriate. For cor-
relation analysis, Spearman’s correlation coefficients were cal-
culated. Multivariate modelling was performed using linear re-
gression analysis. The distribution of hsCRP was highly
skewed, and even after log-transformation, the test for normal-
ity (Shapiro—Wilk) suggested non-normal distribution. There-
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fore, in the multivariate models, hsCRP was treated as a di-
chotomised variable using median value as the cut-off point.
We considered p values of less than 0.05 to be statistically sig-
nificant. All statistical tests were performed using the SAS sta-
tistical analysis system (SAS Institute, Cary, N.C., USA).

Results

Characteristics of the study participants. No differ-
ences were detected between the study subjects in
terms of the traditional risk factors, except that HbA ¢
was lower in non-diabetic subjects than in diabetic
subjects (Table 1). None of the diabetic subjects had
microalbuminuria, retinopathy or any signs or symp-
toms of neuropathy. Mass, dimensions and function of
the left ventricle as determined by echocardiography
and stress echocardiography were within the normal
range in all study participants [23]. All subjects had a
normal exercise capacity, were asymptomatic, had no
diagnostic ST-changes in electrocardiograms and had
no wall motion disturbances either at rest or immedi-
ately after the maximal exercise.

Metabolic and hormonal characteristics. Plasma glu-
cose, serum insulin and non-esterified fatty acid con-
centrations as well as insulin-stimulated whole-body
glucose uptake values were similar in the two diabetic
groups during the PET studies (Table 2). Plasma glu-
cose and serum insulin concentrations were lower in
non-diabetic subjects than in diabetic subjects
(p<0.05). During clamp, plasma glucose concentra-
tions decreased significantly in diabetic subjects
(p<0.05). Serum insulin concentrations increased and
serum non-esterified fatty acid concentrations de-
creased significantly in all study subjects during
clamp (p<0.01). Whole-body glucose uptake tended to
be reduced in diabetic subjects compared with in non-
diabetic subjects (p<0.1; Table 2).

Haemodynamic measurements during PET studies.
During clamp, adenosine infusion induced a signifi-
cant and similar increase in heart rate and rate—pres-
sure product in all studied groups (p<0.001; Table 3).
No differences were detected between the study
groups in terms of heart rate, blood pressure or
rate—pressure product values (Table 3).

Myocardial blood flow. When all studied diabetic sub-
jects (n=18) were compared with non-diabetic sub-
jects, myocardial blood flow values were similar at
baseline (0.80+0.17 vs 0.80+£0.19 ml-g-!-min-1,
p=0.94) and during simultaneous clamp and adenosine
infusion (4.34+1.52 vs 4.51x£1.36 ml-g-!-min-!,
p=0.72). When diabetic subjects were divided into
two groups based on hsCRP concentrations, basal
myocardial blood flow was not different in the two
groups (0.79+0.19 vs 0.81+0.15 ml-g-!min-! [sub-
jects with slightly elevated hsCRP vs subjects with
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Table 2. Metabolic and hormonal characteristics of the study
subjects

Fasting During clamp
Plasma glucose, mmol/l
All (D) 7.8 (3.4) 6.5 (2.1)**
Elevated hsCRP (D) 7.53.4) 6.7 (2.1)**
Low hsCRP (D) 8.1 (3.5) 6.4 (2.1)**
Non-diabetic subjects 5.4 (0.4)1 5.1 (0.5)%
Serum insulin, mU/1
All (D) 17.8 (7.9) 77.7 (20.2)**
Elevated hsCRP (D) 18.8 (10.6)  73.4 (9.3)**
Low hsCRP (D) 17.2(5.7) 80.5 (25.0)**
Non-diabetic subjects 12.0 (6.8)  60.9 (17.6)**,f
Serum NEFA, pmol/l
All (D) 470 (250) 90 (70)**
Elevated hsCRP (D) 460 (260) 60 (50)**
Low hsCRP (D) 470 (260) 110 (80)**
Non-diabetic subjects 490 (230) 60 (40)**
WBGU, umol-kg-!-min-!
All (D) 27.2 (11.1)
Elevated hsCRP (D) 29.2 (10.9)
Low hsCRP (D) 259 (11.5)
Non-diabetic subjects 33.2 (10.8)

Values are means (SD). D, subjects with type 1 diabetes; WBGU,
whole-body glucose uptake. ** p<0.01 vs fasting; ¥ p<0.05 vs di-
abetic subjects

Table 3. Haemodynamic data during the PET study

Basal Adenosine and clamp
Heart rate, bpm
All (D) 61 (15) 105 (17)***
Elevated hsCRP (D) 62 (12) 100 (18)***
Low hsCRP (D) 61 (17) 109 (15)***
Non-diabetic subjects 58 (9) 103 (10)***
Systolic BP, mmHg
All (D) 120 (9) 126 (10)
Elevated hsCRP (D) 118(8)  121(11)
Low hsCRP (D) 123 (9) 129 (8)
Non-diabetic subjects 122 (11) 129 (16)
Diastolic BP, mmHg
All (D) 68 (9) 71 (8)
Elevated hsCRP (D) 70 (9) 69 (9)
Low hsCRP (D) 66 (9) 73 (6)
Non-diabetic subjects 71 (10) 73 (12)
RPP, mmHg/min
All (D) 7472 (2303) 13 731 (2121)%
Elevated hsCRP (D) 7267 (1644) 12755 (1751)***
Low hsCRP (D) 7620 (2756) 14 414 (2167)***

Non-diabetic subjects 7031 (1160) 13 160 (1909)%***

Values are means (SD). D, subjects with type 1 diabetes; RPP,
rate—pressure product (systolic BP x heart rate). *** p<0.001
vs basal
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Fig. 3. Association between coronary vasoreactivity and
hsCRP in diabetic subjects. Adenosine-stimulated flow during
clamp was inversely correlated with hsCRP concentrations in
all diabetic subjects (r=—0.70, p=0.001)

low hsCRP], p=0.86; Fig. 2). During clamp, adenosine
infusion induced a significant increase in blood flow
in all study subjects (p<0.001), but the flow was sig-
nificantly lower in diabetic subjects with slightly ele-
vated hsCRP (3.42+0.61 ml-g-!-min-!) than in diabet-
ic subjects with low hsCRP (5.08+1.65 ml-g-!-min-!,
p=0.02) or non-diabetic subjects (4.51£1.36 ml-g-
Lmin-!, p=0.04; Fig. 2). No difference was detected in
terms of adenosine-stimulated flow during clamp be-
tween diabetic subjects with low hsCRP and non-dia-
betic subjects (p=0.31; Fig. 2). Adenosine-stimulated
flow during clamp was inversely correlated with
hsCRP concentration in all diabetic subjects (r=—0.70,
p=0.001; Fig. 3), whereas no significant correlation
was detected in non-diabetic subjects (r=-0.26,
p=0.23).
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In a stepwise multivariate model adjusted for age,
BMI, serum lipids and blood pressure, the hsCRP
group remained independently associated with adeno-
sine-stimulated flow in the diabetic subjects (P=-
1.30+0.47, p=0.016).

Discussion

In the present study we demonstrate the novel finding
that even slightly elevated hsCRP concentrations are
associated with impaired coronary vasoreactivity in
young subjects with uncomplicated type 1 diabetes. In
contrast, diabetic subjects with low hsCRP concentra-
tions have normal coronary vasoreactivity.

In previous studies coronary vasoreactivity has been
found to be decreased in diabetic patients with compli-
cations or other risk factors for coronary artery disease
[7, 8,9, 11, 12, 13]. However, studies with young type
1 diabetic subjects without complications have mainly
shown normal coronary vasoreactivity [10, 12, 13, 14].
The present study is the first study to examine the ef-
fect of hsCRP on coronary vasoreactivity in subjects
with type 1 diabetes. To eliminate potential confound-
ing factors and to specifically investigate the associa-
tion between hsCRP and coronary vasoreactivity, the
young type 1 diabetic subjects of this study had no dia-
betic complications or other diseases such as hyperten-
sion or dyslipidaemia. Consistent with the results of
previous studies, we found that coronary vasoreactivity
was normal when all patients with uncomplicated type
1 diabetes were pooled into one group. However, when
diabetic subjects were divided into two groups based
on hsCRP concentration, diabetic subjects with slightly
elevated hsCRP had impaired coronary vasoreactivity,
whereas in diabetic subjects with low hsCRP, coronary
vasoreactivity was normal.

Increased hsCRP is associated with early-stage ca-
rotid atherosclerosis in young subjects with type 1 dia-
betes [24]. In the present study, coronary vasoreactivi-
ty was inversely correlated with hsCRP in diabetic
subjects. The impaired coronary vasoreactivity found
in diabetic subjects with slightly elevated hsCRP might
indicate that these subjects are at increased risk of fu-
ture cardiovascular events [2] and therefore would es-
pecially benefit from intensive treatment of cardiovas-
cular risk factors. In peripheral vasculature, normalisa-
tion of elevated hsCRP concentrations is associated
with a normalisation of endothelium-mediated flow in
patients with coronary artery disease [25]. Therefore,
further studies in patients with type 1 diabetes are
needed to investigate the predictive value of impaired
coronary vasoreactivity and the potential benefits of
anti-inflammatory medications in this context.

Long-term diabetic complications are associated
with increased hsCRP concentration [6], which could
explain the elevated hsCRP concentrations in diabetic
subjects in many previous studies. In one study in-
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volving patients with uncomplicated type 1 diabetes,
who were at a similar age to the diabetic subjects of
the present study, the average hsCRP concentration
was 1.42 mg/l [26]. In that study, duration of diabetes
was longer (approximately 20 years) than in the pres-
ent study and smokers were included. The relatively
low hsCRP concentrations in the present study sup-
port the finding that the diabetic subjects were actual-
ly otherwise healthy.

In the present study, synergistic effect of adenosine
and insulin was used to measure the coronary vasoreac-
tivity. Insulin induces and enhances vasodilation mainly
by the endothelium-dependent mechanism [27]. A sig-
nificant part of the adenosine-induced vasodilation is
endothelium dependent [28], and therefore adenosine-
induced vasodilation is an integrating measure of endo-
thelial function and vascular smooth muscle relaxation.
In contrast to under resting conditions where flow and
myocardial work (oxygen consumption) are tightly
coupled, metabolic control of myocardial blood flow is
lost during adenosine stimulation, but endothelial and
neurogenic controls are still functional [29].

Limitations. In the present study, inflammatory re-
sponse factors other than hsCRP were not investigat-
ed. In addition, only a relatively small number of pa-
tients were studied. Despite the limited size of the
study population we were able to demonstrate a sig-
nificant association between elevated hsCRP and im-
paired coronary vasoreactivity in type 1 diabetic sub-
jects. This finding, when considered together with epi-
demiological data on hsCRP and coronary events,
suggests that hsCRP might have a pathophysiological
effect on myocardial blood supply in subjects with
type 1 diabetes. However, more studies addressing the
effect of hsCRP on myocardial perfusion are needed
to clarify its specific role in the development of coro-
nary artery disease in diabetic subjects.

Conclusions. The present study demonstrates that even
slightly elevated hsCRP concentrations are associated
with impaired coronary vasoreactivity in young sub-
jects with uncomplicated type 1 diabetes.
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