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Abstract

Endothelial dysfunction (ED) is associated with the presence of atherosclerosis. However, ED is also considered a sign of the early
vascular changes preceding atherosclerosis. By measuring flow-mediated vasodilation (FMD) and circulating markers of endothelial function
we sought to explore whether impaired endothelial function is already present in healthy subjects at increased risk of developing type 2
diabetes mellitus. Furthermore, we aimed to assess the impact of short-term lifestyle intervention (10 weeks endurance exercise) on the
potentially primary defects of endothelial function. Twenty-nine healthy but insulin-resistant first-degree relatives of patients diagnosed with
type 2 diabetes mellitus (33 + 5 years; body mass index, 26.3 + 1.6 kg/m?) were compared with 19 control subjects without a family history
of diabetes mellitus (31 + 5 years; body mass index, 25.8 + 3.0 kg/m?). At baseline the von Willebrand factor was significantly increased in
the relatives (P < .05). Furthermore, mannose-binding lectin (P = .06), soluble intercellular adhesion molecule 1 (P = .08), and
osteoprotegerin (P = .08) tended to be increased in relatives. The following markers of endothelial function were comparable at baseline:
FMD, C-reactive protein, plasminogen activator inhibitor 1, and soluble vascular cell adhesion molecule 1. Exercise training resulted in a
decrease in mannose-binding lectin (P = .02) and osteoprotegerin (P < .01) in relatives only, whereas other biochemical markers were
unaffected in both groups. Moreover, the relatively high-intensity exercise training tended weakly to reduce FMD in the relatives (P = .15).
In conclusion, healthy subjects predisposed for type 2 diabetes mellitus show only minor signs of endothelial dysfunction. Under these almost
normal vascular conditions, exercise training has little effect on endothelial function.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction complications of diabetes mellitus are functional and
structural abnormalities in the micro- and macrovascular
system. Thus, in type 2 diabetic subjects, atherosclerosis is
more extensive and diffuse compared with a healthy popu-
lation, and diabetic patients have a considerably higher risk
of developing cardiovascular disease (CVD) [3]. Endothelial
dysfunction, most often defined as the reduced capacity of
endothelial nitric oxide (NO) production, is known to
precede atherosclerosis and is considered a risk marker for
future development of CVD [4]. In type 2 diabetic subjects,
endothelial dysfunction is a very consistent finding [5]. The

Type 2 diabetes mellitus develops gradually from asymp-
tomatic insulin resistance, and beta-cell dysfunction through
impaired glucose tolerance and ultimately turning into overt
type 2 diabetes mellitus [1]. During the phases of deteriorat-
ing insulin sensitivity and glucose tolerance the pathophys-
iologic processes giving rise to the diabetic complications
may also be in progress [2]. The main mechanisms behind the
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processes leading to atherosclerosis are thought to be related
to a subclinical systemic inflammatory condition. In line
with this hypothesis, patients with CVD and type 2 diabetes
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mellitus have increased levels of inflammatory markers [6].
It is controversial whether endothelial dysfunction in
diabetic subjects is a primary abnormality in the vasculature,
or is induced by an inflammatory condition or the deranged
metabolic milieu. First-degree relatives of patients with type
2 diabetes mellitus (offspring) have a high risk of devel-
oping type 2 diabetes mellitus later on in life [7]. Thus, the
study of healthy and normal glucose—tolerant offspring may
give indications of the primary events in the development of
type 2 diabetes mellitus and its complications.

Efforts to stop or slow the progression of the atheroscle-
rotic processes should have high priority in potentially
prediabetic subjects to prevent future disease. Exercise
reduces the risk of type 2 diabetes mellitus in subjects with
impaired glucose tolerance [8,9] and also improves endo-
thelial function in people with overt type 2 diabetes mellitus
[10]. However, whether the improvement of endothelial
function by exercise in those studies is a direct effect on the
vasculature or may be mediated by the concomitant
metabolic improvement is not clear.

Consequently, the present study was undertaken to
investigate whether endothelial dysfunction is already
present in potentially prediabetic subjects not yet influenced
by significant metabolic derangement (diabetes or impaired
glucose tolerance). Moreover, we wanted to explore whether
offspring respond to exercise training with respect to
markers of vascular function similar to healthy subjects
without a family history of diabetes. To this end we assessed
the capability of flow-mediated vasodilation (FMD) and
measured markers of endothelial dysfunction, inflammation,
endothelial activation, and coagulation/fibrinolysis in first-
degree relatives of type 2 diabetic subjects and a matched
control group before and after endurance exercise training.
C-reactive protein (CRP) and mannose-binding lectin
(MBL) are 2 circulating substances synthesized by hepato-
cytes and involved in the acute-phase response [11,12]. The
von Willebrand factor (VWF) is an endothelial-derived
glycoprotein that is involved in primary hemostasis.
Elevated plasma concentrations of vWF are considered a
measure of endothelial dysfunction [13]. Plasminogen
activator inhibitor 1 regulates fibrinolysis, and high levels
have been shown to predict development of CVD and type 2
diabetes mellitus [14,15]. Soluble vascular cell adhesion
molecule 1 (s-VCAM-1) and soluble intercellular adhesion
molecule 1 (s-ICAM-1) are expressed on endothelial cells
after stimulation by inflammatory cytokines. They mediate
leukocyte adhesion, and increased expression is related to
increased risk of CVD and insulin resistance [16,17]. In
addition, we measured a novel putative marker of endothe-
lial matrix changes, osteoprotegerin (OPG).

2. Methods
2.1. Subjects

Twenty-nine first-degree relatives of patients diagnosed
with type 2 diabetes mellitus were compared with 19 control

subjects without any family history of diabetes and matched
groupwise by sex, age, and body mass index (BMI). Four
offspring and 3 controls did not volunteer for the assess-
ment of FMD. They did not differ anthropometrically or
metabolically from the remainder. The offspring were
recruited either through their parents diagnosed with type
2 diabetes mellitus from the outpatient clinic at Medical
Department M, Aarhus University Hospital, Denmark, or
like control subjects, through advertisements in local news-
papers. All subjects were required to be of white inheritance;
aged 20 to 50 years; with a BMI of less than 30 kg/m?;
and to exhibit a normal glucose tolerance, a sedentary
lifestyle (not engaged in regular physical activity), and
maximum oxygen consumption (VO,max) of less than
50 mL kg~' min~'. In the offspring group, 3 subjects had
one known family member with type 2 diabetes mellitus
(a parent) and 26 subjects had 2 or more family members
(at least one parent) known to be diagnosed with type 2
diabetes mellitus. Eight had a maternal history and 21 had a
paternal family history of type 2 diabetes mellitus. None
(offspring and controls) were related. All subjects gave
written consent to participate in the study, which was
approved by the local ethical committee of the county of
Aarhus, Denmark. The study complies with the guidelines
proposed in the Declaration of Helsinki.

2.2. Experimental design

All subjects were examined before and after 10 weeks of
exercise training. The investigational program consisted of
an initial evaluation with respect to general health status
and the fulfillment of inclusion and exclusion criteria. A
standard oral glucose tolerance test was performed to
ascertain normal glucose tolerance, and an exercise test
was performed to assess aerobic physical capacity. Fasting
levels of plasma lipids and the levels of circulating
endothelial-related substances were also assessed. One week
later, eligible subjects were examined by the hyperinsuline-
mic euglycemic clamp to determine peripheral insulin-
stimulated glucose uptake (insulin sensitivity = M value).
Finally, on a separate day, subjects were evaluated with
respect to FMD by a noninvasive ultrasonographic method.
All investigational procedures were repeated after 10 weeks
of exercise training timed 7 days from the last exercise bout
to observe the long-term effects of exercise training.

2.3. Oral glucose tolerance test

Subjects were admitted to the research unit in the
morning after an overnight fast (10-12 hours). At time
0 minutes, 75 g glucose was ingested and blood samples for
plasma glucose were obtained at # = 0 and # = 120 minutes.

2.4. Hyperinsulinemic euglycemic clamp

Subjects were admitted to the research unit in the morn-
ing (08:00 AM) after an overnight fast. They were placed in
a bed and intravenous catheters were inserted in an ante-
cubital vein for infusions and in a heated dorsal hand vein on
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the opposite arm for blood samples. Subjects rested for
150 minutes before start of the clamp. From ¢ = 150 minutes,
insulin was infused at a rate of 1.0 mU kg~' min~' and
plasma glucose was kept at 5 mmol/L by a variable infusion
of glucose (200 mg/L). The interval 270 to 300 minutes
was considered a “steady-state” situation, and the average
glucose infusion rate in this period was taken as an
expression of insulin-stimulated glucose uptake (M value).

2.5. Exercise tests

The exercise tests were carried out as maximal exhaus-
tive incremental exercise tests on a cycle ergometer.
However, 5 offspring and 5 control subjects were examined
by a submaximal test. Each individual was assessed by the
same method before and after the exercise program.

2.6. Maximal incremental test

Subjects were placed on a bicycle ergometer and were
connected to a spiroergometer system by which heart rate,
oxygen consumption, and carbon dioxide production were
monitored continuously throughout the test (Oxycon Delta,
Erich Jaeger, Wiirtzburg, Germany). After a short warm-up,
the exercise intensity was increased by 20 or 30 W/min so
that the total time of the test would not be more than 10 to
12 minutes. The test was considered sufficient if (1) subjects
felt exhaustive, (2) if the respiratory exchange ratio was
more than 1.1, and/or (3) heart rate was close to expected
maximal heart rate (220 — age). Peak oxygen consumption
(mL/min) was divided by body weight and VO,max
accordingly given as milliliters per kilogram per minute.

2.7. Submaximal test

Subjects were placed on a cycle ergometer and heart rate
was monitored during the test. They were instructed to pedal
constantly with 50 rpm, and by increasing the exercise
intensity in steps of 25 W (women) or 50 W (men), heart
rate was aimed to reach 125 beats per minute or more and
kept constant during the fourth and sixth minute of the test.
By using the exercise intensity and the actual heart rate at 4
to 6 minutes, VO,max was estimated by extrapolation [18].

2.8. Exercise training regimen

All study subjects were instructed to perform aerobic
exercise training on a bicycle ergometer for 10 weeks. The
duration of the exercise program was chosen to be able to
observe the potential long-term effects by exercise training.
The exercise sessions were performed 3 times weekly,
45 minutes each session at 70% of VO,max. Subjects either
exercised at local fitness centers or were provided an
ergometer bicycle to use at home. The exercise intensity was
prescribed, adjusted and monitored by heart rate. By the
initial exercise test the maximal pulse rate of each individual
was assessed simultaneously with the maximal aerobic
capacity (VO,max). From these parameters the pulse rate
corresponding to approximately 70% of VO,max was
estimated and passed on to each subject to aim for in their

training sessions. Each subject was supplied a diary in
which they were instructed to enter date, actual duration of
each exercise session, and pulse rate at 15, 30, and
45 minutes after commencing each training session.

2.9. Measurements of endothelial function

2.9.1. Flow-mediated vasodilation

Changes in right brachial artery diameter in response to
reactive hyperemia and nitroglycerin were measured with
high-resolution ultrasound (Acuson 128XP/10 with a
7.0-MHz linear-array transducer, Mountain View, CA). After
being placed in the supine position, blood pressure was
measured before commencing the scanning sequence. The
artery was scanned in longitudinal sections immediately
below the elbow. Depth and gain settings were optimized to
identify the lumen-to-vessel wall interface and were kept
constant during each study. After a baseline scan, a blood
pressure cuff placed around upper arm was inflated to more
than 250 mm Hg. After 4 1/2 minutes, the cuff was released
and the artery scanned continuously from 30 seconds before
to 90 seconds after cuff deflation. A second baseline scan was
recorded 10 minutes later. Finally, glyceryl trinitrate (GTN)
(400-ug spray) was administered sublingually and the artery
was scanned 3 minutes later. All scans were recorded on
super-VHS tapes, and arterial diameters were measured
directly from the tape by 2 independent observers blinded
to the scan sequence and the identity of the subject. Vessel
internal diameters were measured from the anterior to the
posterior interface between the media and the adventitia. An
average diameter was calculated from 4 cardiac cycles inci-
dent with the R wave on the electrocardiogram. The tech-
nique has been shown to be reliable and reproducible [19].

2.9.2. Markers of inflammation

C-reactive protein was measured by a commercially
available high-sensitive CRP enzyme-linked immunosor-
bent (ELISA) kit (DakoCytomation, Glostrup, Denmark).
Serum MBL concentrations were measured using an in-
house time-resolved immunofluorometric assay [20].

2.9.3. Markers of coagulation/fibrinolysis

The vWF was measured by a sandwich ELISA technique
as previously described [21]. Plasminogen activator inhib-
itor 1 was measured by a commercially available ELISA kit
(Technoclone, Surrey, UK).

2.9.4. Markers of endothelial activation

Serum s-ICAM-1 and s-VCAM-1 were measured by
commercially available ELISA kits, as described by the
manufacturer (R&D Systems, Minneapolis, MN, catalog no.
BBEIB, BBE3, and DY809, respectively).

2.9.5. Osteoprotegerin
Osteoprotegerin is a novel putative marker of vascular
matrix changes. Plasma concentration of OPG was measured
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Table 1
Baseline characteristics of study groups
Offspring Controls
(n = 29) (n =19)
Sex (M/F) 19/10 14/5
Age (y) 33+5 315
BMI (kg/m?) 263 £ 1.6 25.8 £ 3.0
Fasting glucose (mmol/L) 53105 51+£03
HbA . (%) 52+ 04 51 +03
M (mg kg™ min~") 55+ 1.9% 72 £ 26
Systolic blood pressure (mm Hg) 130 £ 8 129 £ 7
Diastolic blood pressure (mm Hg) 78 + 4 77 £3
Vo,max (mL kg~ min~") 38 £ 6.5 408 £ 6.1

HbA,. indicates hemoglobin Aj..
* P < .05 (Student ¢ test).

in duplicate by a sandwich ELISA method as previously
described [22] (R&D Systems, catalog no. DY805).

2.9.6. Other laboratory procedures

Plasma glucose was measured in duplicate immediately
after sampling (Beckman Instruments, Palo Alto, CA).
Hemoglobin A, was determined by high-pressure liquid
chromatography (reference range, 4.8%-6.4%). Plasma
lipids (cholesterol, low-density lipoprotein [LDL] choles-
terol, high-density lipoprotein cholesterol, and triglyc-
erides) were analyzed at the Department of Clinical
Biochemistry, Aarhus University Hospital, by an enzymatic
colorimetric method (Cobas Integra 700, Hoffmann-La
Roche, Basel, Switzerland).

2.10. Statistical analyses

Data are given as mean * SD for parametrically
distributed data. Nonparametrically distributed data are
given as geometric mean or median and interquartile range.
Student ¢ test for independent data or Mann-Whitney U test
was used to test differences between groups. Pre-post values

Table 2

were analyzed by Student ¢ test for paired data or the
Wilcoxon signed rank test. Bivariate correlations were done
by the Pearson product moment correlation test or the
Spearman correlation test. All statistical analyses were
performed using SPSS for Windows version 11.0 (SPSS,
Chicago, IL).

3. Results

3.1. Baseline characteristics

The offspring group was insulin-resistant as shown by
the reduced M value, but was otherwise comparable to
control subjects. Systemic blood pressure was comparable
in the 2 groups, and controlling for blood pressure in the
analyses did not affect the results. In response to the training
program, both offspring and controls exhibited significant
improvements in VO,max (14.1% + 11.3% [P < .05] vs
16.1% £ 14.2% [P < .05]; P = not significant [NS]) and
insulin sensitivity (9.3% % 22.0% [P < .001] vs 11.4% *
33.2% [P < .001]; P = NS). Adherence to the training
protocol was similar in both groups (97% + 6% vs 97% =+
5%; P = NS). Weight changes were comparable in the
2 groups (—0.7 £ 1.6 vs 0.9 £ 2.6 kg; P = NS) (Table 1).

3.2. Lipids and markers of endothelial function

3.2.1. Endothelium-dependent vasodilation

There were no differences between the 2 groups in the
diameter of the brachial artery before and after exercise
training (Table 2). At baseline, neither FMD nor GTN-
provoked vasodilation differed between offspring and
control subjects. There were no significant changes in
FMD after exercise training in either group, although a
weak tendency of reduced FMD was present in first-
degree relatives (AFMD [%], —1.34%; P = .15) (Fig. 1).

Markers of endothelial function and circulating lipids before and after 10 weeks of exercise training in healthy relatives of type 2 diabetic subjects (offspring)

and a matched control group of subjects without diabetic predisposition

Preexercise training P Postexercise training P P (ex-effects)®
Offspring Controls Offspring Controls
FMD (%) 10.0 £+ 3.6 83 £ 58 NS 8.6+ 3.5 83 +39 NS .15/.98
GTN (%) 230+ 75 22.0 + 10.8 NS 21.7 £ 6.0 238 £ 7.1 NS NS
Artery diameter (mm) 2.87 £ 0.52 2.82 +£ 0.53 NS 2.88 + 0.49 2.85 +£ 0.52 NS NS
Hyperemia (%) 618 + 331 732 + 422 NS 715 + 397 754 + 371 NS NS
Cholesterol (mmol/L) 51+ 08 4.6 £ 09 <.05 51+ 09 45+ 1.1 .07 NS
LDL (mmol/L) 32+ 06 2.7+ 1.0 <.05 32407 27 +09 <.05 NS
HDL (mmol/L) 1.2 £ 03 1.3 +£03 NS 1.2 £ 03 1.4+ 04 NS NS
Triglycerides (mmol/L) 1.2 (0.8-1.5) 1.1 (0.8-1.5) NS 1.3 (0.9-1.8) 1.0 (0.7-1.3) .08 NS
MBL (ng/mL) 1510 (310-2225) 353 (100-1280) .06 1203 (259-2445) 288 (82-1453) <.05 .02/.10
CRP (mg/L) 0.16 (0.10-0.28) 0.13 (0.06-0.19) NS 0.14 (0.08-0.23)  0.14 (0.08-0.20) NS NS
vWF (U/mL) 0.89 (0.62-1.17) 0.67 (0.55-0.82) <.05 0.92 (0.72-1.16) 0.60 (0.52-0.79) <.001 NS
PAI-1 (U/mL) 10.6 (5.7-15.3) 13.0 (7.0-24.8) NS 12.6 (9.2-15.8) 7.2 (3.8-20.0) NS NS
s-ICAM (ug/L) 229 (161-331) 168 (130-235) .08 219 (152-293) 178 (139-239) NS NS
s-VCAM (ug/L) 594 + 124 595 + 114 NS 605 + 121 625 + 117 NS NS
OPG (pg/mL) 1.2 (1.1-3.5) 1.1 (0.9-1.4) .08 1.1 (0.9-3.2) 1.0 (0.9-1.4) NS .005/.59

Data are expressed as mean + SD or geometric mean/median (IQR). HDL indicates high-density lipoprotein; PAI-1, plasminogen activator inhibitor 1.

* Offspring/controls.
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Fig. 1. Changes in FMD [AFMD (%)] after 10 weeks of endurance exercise
in healthy offspring of type 2 diabetic patients and control subjects. No
significant changes were observed, albeit a weak tendency of reduced FMD
in offspring (P = .15).

Flow-mediated vasodilation was not correlated with insulin
sensitivity (M value) or VO,max in any of the groups at
baseline. Furthermore, changes in FMD were not associated
to changes in M or VO,max in any of the groups.

3.2.2. Plasma lipids and inflammatory markers

Total cholesterol and LDL cholesterol levels were higher
in offspring before and after the training program. We did
not observe any significant changes in lipid parameters after
exercise. Mannose-binding lectin was higher in offspring
both before (P = .06) and after exercise training (P < .05).
Furthermore, MBL was significantly reduced by exercise in
offspring (AMBL, —13.1%; P < .05) and a trend toward a
reduction was found in controls (AMBL, —14.8%; P = .10).
Mannose-binding lectin concentrations did not correlate
with insulin sensitivity or VO,max (baseline values or
changes). C-reactive protein concentrations were similar
between groups and did not change after exercise training.

3.2.3. Markers of coagulation and fibrinolysis

The vWF was increased in offspring both at baseline
(P < .05) and after exercise training (P < .001). The vWF
was not influenced by exercise in any of the groups.
Plasminogen activator inhibitor 1 levels were similar in
offspring and controls at baseline and did not change
significantly in any of the groups after exercise.

3.2.4. Markers of endothelial activation

At baseline, s-ICAM-1 tended to be higher in offspring
(P = .08). Exercise did not change s-ICAM-1 levels
significantly in any group. Soluble vascular cell adhesion
molecule 1 concentrations were comparable between groups
at baseline and did not change after exercise training.

3.2.5. Osteoprotegerin

Initially, no statistical difference between offspring and
controls could be detected in the distribution of OPG at
baseline (P = .17). However, the statistical analysis was
clearly skewed by one subject in the control group with an
extremely high OPG concentration both pre- and postexer-
cise training (25-30 ug/mL [subject] vs 1-2 ug/mL [the rest of
the group]). The reason for this was not obvious. Excluding
this subject, a trend toward higher OPG levels in offspring at
baseline could be demonstrated (1.22 [1.07-3.46] vs 1.12
[0.94-1.42] ug/mL; P = .08). Moreover, OPG concentrations
were significantly reduced in offspring after exercise,
whereas in controls, no change in OPG levels could be
detected (Table 2). At baseline, low insulin sensitivity
(M value) was related to higher OPG concentrations in
controls (r = —0.47; P = .06). Changes in insulin sensitivity
after exercise however were not related to changes in OPG
concentrations. We were not able to demonstrate associations
of OPG to endothelial function (FMD), lipid parameters, or
the inflammatory markers assessed in this study. Likewise,
changes in these parameters after exercise were not related to
changes in OPG concentrations.

4. Discussion

In the present study we demonstrate that offspring of type
2 diabetic patients only show few signs of endothelial
dysfunction at a stage when they are still healthy,
normotensive, and normal glucose—tolerant but insulin-
resistant. Moreover, we show that exercise training affects
vascular function minimally when no prior significant
impairment of endothelial function is present.

Impaired endothelial function is typically seen in subjects
with clinically overt metabolic dysregulation, for example,
type 2 diabetes mellitus [23-25]. Nonetheless, endothelial
dysfunction has previously been demonstrated in healthy
and normal glucose—tolerant subjects who were predisposed
for development of type 2 diabetes mellitus. In the study by
Caballero et al [25], healthy relatives of type 2 diabetic
patients were found to have reduced endothelium-dependent
vasodilation compared with controls. However, their sub-
jects were 20 years older than the population studied here.
In a cohort more similar to the present, Balletshofer et al
[26] failed to show a significant difference in FMD between
offspring and controls, but were able to demonstrate an
association between endothelial dysfunction and insulin
resistance in offspring. It has previously been proposed that
endothelial dysfunction is a condition progressing with the
severity of insulin resistance [27], and this hypothesis seems
to be in accordance with our findings of almost normal
endothelial function in healthy offspring. Apparently, the
metabolic impairment in our population was not as
pronounced yet as to have caused endothelial dysfunction
detectable by the methods applied here.

In the current study, endothelial function as assessed by
FMD did not improve in either offspring or controls after
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exercise training. Indeed, in contrast to what we anticipated,
FMD tended weakly to decrease in offspring after the
training period. Although such tendency obviously is of
uncertain significance it seems to be in contrast with the
generally favorable effects of exercise on cardiovascular
morbidity and mortality that have been shown in previous
studies (eg, reference [28]). Furthermore, a positive effect of
exercise on the endothelium has been suggested as an
important mechanism by which exercise diminishes the risk
of CVD [29]. Endothelium-dependent vasodilation has
previously been reported to increase after exercise training
in healthy subjects [30,31] and in individuals with the
polymetabolic syndrome [32]. However, Bergholm et al
[33] reported lower FMD after 12 weeks of high-intensity
running and presented evidence of a simultaneous reduction
in circulating antioxidant concentrations. Differences in
both the exercise regimen and exercise intensity may
explain these discrepancies. Accordingly, Goto et al [34]
demonstrated that only moderate-intensity exercise im-
proved endothelial function in healthy subjects, whereas
both low-intensity and high-intensity exercise did not. The
previously sedentary subjects studied in the current study
performed relatively high-intensity exercise 3 times weekly
for 10 weeks. The present data could suggest that this
regimen after 10 weeks did not affect endothelial function
markedly, but may in some have resulted in a worsening of
endothelial function as assessed by FMD. As proposed [33],
one possible mechanism may well have been a reduction in
circulating antioxidants. Interestingly, type 2 diabetes
mellitus and insulin resistance have been associated with
mitochondrial dysfunction [35-37], and we have been able
to show indications of reduced oxidative capacity in the
offspring participating in the present study [38]. Thus, as the
tendency toward a reduction in FMD in our study only was
apparent in offspring, one could hypothesize that the
clearance of free radicals produced by intense exercise
might be impaired in offspring characterized by a degree of
mitochondrial dysfunction. Obviously, these hypotheses
need further testing.

The changes in endothelial function induced by exercise
may also be time-dependent. Animal studies suggest that
short-term exercise probably affects endothelial function by
enhanced NO production, whereas in later stages, structural
changes in the vasculature may predominate and conse-
quently endothelial-dependent vasodilation will normalize
[39,40]. Clearly, our results cannot be extrapolated to other
training regimens and to already physically active subjects.
Still, our study poses the question how exercise should be
prescribed to reduce CVD risk.

We demonstrate that MBL concentrations were higher in
offspring, whereas no difference was detected in CRP levels
between offspring and control subjects. Furthermore, only
MBL concentrations decreased after exercise training. The
mechanisms responsible for these results are not apparent
from this study. Elevated CRP concentration is considered a
marker of subclinical inflammation and is associated with an

increased risk of developing CVD [41] and diabetes [15].
Mannose-binding lectin is an important component of the
innate immune system and low levels of MBL are associated
with a greater susceptibility for infections [42]. However,
comparable to other acute-phase proteins, MBL levels
increase during acute-phase responses [12], although the
changes are much slower and less pronounced than changes
in CRP concentrations. In our view the increased MBL levels
in offspring at baseline may in part support previous reports
of the presence of low-grade inflammation in subjects at risk
for CVD or diabetes [6]. Furthermore, the reduction in MBL
only occurred in subjects with increased levels, suggesting a
greater impact of exercise in subjects with some degree of
metabolic impairment (insulin resistance). C-reactive protein
levels were comparable between groups and did not change
after exercise training. This might be due to a higher within-
subject variation in CRP levels opposed to MBL. Moreover,
the importance of CRP as a marker of increased risk for
vascular disease has recently been challenged [43]. As an
indication of some degree of endothelial dysfunction in
offspring we found that vWF was increased in potentially
prediabetic subjects compared with control subjects. In-
creased vVWF has been shown to indicate a higher risk of
future thrombotic events [13]. However, other markers of
coagulability and endothelial activation were not different
between the 2 groups and the variables were not affected by
exercise. Overall, these data seem to indicate only minor
endothelial dysfunction in subjects predisposed for type 2
diabetes mellitus at a stage when they are still healthy and
glucose-tolerant but insulin-resistant.

Finally, we evaluated a potential new vascular marker,
OPG. Osteoprotegerin, which was first discovered in bone,
is a member of the tumor necrosis factor receptor
superfamily. In addition to bone tissue, OPG is present in
the arterial wall, where it has been linked to the develop-
ment of vascular calcifications in both experimental [44]
and human studies [45,46]. Because an increased incidence
of linear media calcifications is seen in patients with
diabetes [47,48] it is interesting that augmented amounts
of OPG are found in individuals with diabetes [49].
Osteoprotegerin circulates in plasma, and increased con-
centrations have been reported both in patients with diabetes
[22,46,50] and in individuals with CVD [46,50,51]. Thus, it
is possible that plasma OPG, at least partly, reflects the
matrix changes, which develop in parallel with vascular
calcification, either as part of atherosclerotic plaques or as
part of linear media calcifications in the diabetic macro-
angiopathy. It should be noted however that the role of OPG
is still unclear, and that the production of this molecule is
induced by pro-inflammatory peptides, but inhibited by
insulin [49] and peroxisome proliferator-activated receptor-
gamma (PPAR-y) ligands [52], and that data suggest that it
operates as an endothelial “survival factor,” that is, a decoy
receptor for the receptor activator of nuclear factor-B ligand
and tumor necrosis factor-related apoptosis-inducing li-
gand. Our results, showing a tendency toward increased
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OPG concentrations in offspring, significantly reduced by
exercise, are compatible with the idea that plasma OPG
concentrations mark the presence of early diabetic arterial
changes, which can be influenced by hormonal and
metabolic factors.

One limitation to the interpretation of the results from this
study is the relatively low number of subjects in each group.
The study was carried out as a supplement to a study
examining primarily insulin sensitivity and exercise capacity
in which the size of the study population was appropriate
[38]. Furthermore, as in other studies examining FMD, the
variance in the measurements of FMD and GTN should be
taken into consideration when evaluating the data. Thus,
some of the results from the present study probably may only
serve as indications of mechanisms taking place in first-
degree relatives, which should be confirmed in larger studies.

In conclusion, our results indicate that significant
endothelial dysfunction (indications of impaired NO pro-
duction, inflammation and hypercoagulability) is not present
in young and healthy, but insulin-resistant offspring of type
2 diabetic patients. We speculate whether the metabolic
derangement in subjects with more severe insulin resistance
or type 2 diabetes mellitus may aggravate endothelial
dysfunction rather than the other way around. Furthermore,
based on data from this study one could speculate that
intensive exercise may influence endothelial function
adversely in previously unfit individuals and poses the
question how exercise should be prescribed to improve
endothelial function optimally.
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