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A Common
Glu298 Asp
(894G T) Mutation
at Exon 7 of the
Endothelial Nitric
Oxide Synthase
Gene and Vascular
Complications in
Type 2 Diabetes

Nitric oxide (NO) regulates endothe-
lium-dependent vasodilatation and
blood pressure, and reduced pro-

duction has been implicated in hyperten-
sion, atherosclerosis, and diabetes (1-3).
Endothelial constitutive nitric oxide syn-
thase (ecNOS) mediates the oxidation of L-
arginine to produce NO and determines
basal vascular wall NO production (4).
The gene encoding ecNOS is located on
chromosome 7q35-36 and comprises 26
exons (5). To identify genetic markers rel-
evant to NO-related vascular risk, we
explored in 574 middle-aged Australian
type 2 diabetic patients a possible role for
a Glu298->Asp mutation at exon 7 of the
ecNOS gene; an association between the
mutation and coronary risk was reported
in the Cambridge Heart Anti-Oxidant
Study (6). Patients recruited were those
aged 62.4 ± 0.5 years (mean ± SEM), 329
men and 245 women, with and without
documented macro- and microvascular
complications. The genotype distribution
was 7.5, 40.6, and 51.9% for TT, TG, and
GG, respectively. It was in Hardy-Wein-
berg equilibrium (x2 = 0.088, P > 0.05)
and not different between men and
women (x2 = 0.713, P = 0.700). The

Table 1—Vascular complications and the ecNOS genotypes in type 2 diabetes

Angina pectoris
Yes
No

Myocardial infarction
Yes
No

Stroke
Yes
No

Peripheral vascular disease
Yes
No

Microalbuminuria
Yes
No

Retinopathy
Yes
No

Neuropathy
Yes
No

TT

11(25.6)
33

6 (14.0)
37

1 (2.6)
38

5 (12.8)
34

7 (20.6)
27

5 (20.8)
19

8(21.1)
30

TG

40 (17.2)
192

35(15.1)
197

7 (3.6)
187

41(21.1)
153

44 (28.8)
109

23 (16.8)
114

46 (26.0)
131

GG

40 (13.4)
258

54(18.1)
244

10 (3.9)
245

51 (20.0)
204

65 (30.5)
148

43 (26.7)
118

49(21.1)
183

P value

0.095

0.577

0.913

0.493

0.305

0.119

0.488

Data are n or n (%). P values refer to comparisons of the frequencies of the occurrence of vascular compli-
cations among the three ecNOS genotypes by x2 analysis.

ecNOS TT and TG genotypes were not
associated with age, age at onset of docu-
mented diabetes, BMI, systolic and dias-
tolic blood pressures (BPs), lipid profile,
plasma creatinine and glycosylated hemo-
globin (HbAlc) levels, or urinary albumin
index (UAI: albumin/creatinine ratio).
Furthermore, as shown in Table 1, in x2

comparisons, the mutation was not associ-
ated with vascular events (x2 = 4.698, P =
0.095 for angina pectoris; x2 = 1.100, P =
0.577 for myocardial infarction; x2 =
0.181, P = 0.913 for stroke; x2 = 1-414, P
= 0.493 for peripheral vascular disease; x2

= 2.372, P = 0.305 for microalbuminuria;
X2 = 1.434, P = 0.488 for neuropathy; and
X2 = 4.260, P = 0.119 for retinopathy). In a
logistic regression analysis, in which vas-
cular events were entered as dependent
variables and age, sex, BMI, current smok-
ing status, systolic and diastolic BPs, total
cholesterol, triglycerides, HDL cholesterol,
HbAlc, and UAI were entered as indepen-
dent variables, the ecNOS TT and TG
genotypes were still not predictive of the
occurrence of vascular events.

In conclusion, we identified a 27.8%
allele frequency of the Glu298—*Asp muta-
tion at exon 7 of the ecNOS gene in type 2
diabetic patients, but in these patients the
mutation was not associated with macro-

or microvascular complications or with any
of the traditional atherogenic risk factors.
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Influence of a
Physical Training
Program on
Psychological
Weil-Being in Elderly
Type 2 Diabetes
Patients

Psychological well-being, physical
training, and type 2 diabetes

Physical activity is positively associ-
ated with mental health and psycho-
logical well-being, but so far only a

few studies have investigated the associa-
tion between physical activity and psycho-
logical factors in patients with diabetes
(1,2). In a cross-sectional study in this
group of patients, of whom the majority
had type 2 diabetes, the level of physical
activity turned out to be the only signifi-
cant self-management behavior to predict
quality of life (2). We were interested in
the effects of a physical training program
on psychological well-being in these
patients. The present study was part of a
prospective randomized trial to evaluate
the effects of physical training on glycemic
control and lipid profile in elderly obese
type 2 diabetes patients (3). We hypothe-
sized first that aerobic physical training
results in an improved psychological well-
being and second, that an improved psy-
chological well-being is mediated by
changes in the maximal aerobic capacity
(Vo2max).

There were 92 patients with type 2
diabetes who applied for the study. Of
these, 58 enrolled and were randomized to
either a physical training group (TG) (n =
30; aged 64.2 ± 5.4 years [mean ± SD]) or

a control group (CG) (n = 28; aged 61.8 ±
5.4 years). There were 51 patients who
completed the study. The training pro-
gram consisted of an intensive supervised
6-week physical training period in which
the patients exercised three times a week
for 1 h, aiming at 60-80% of their Vo2max.
This period was followed by a 6-week
guided home training period. The control
group followed a diabetes education pro-
gram during that time. In the 14-week fol-
low-up phase, patients in the training
group were advised to continue their
home training, but without supervision.
Psychological well-being was assessed by
means of the 22-item self-administrated
well-being questionnaire of Bradley and
Lewis (4), which was completed at base-
line, after 6 weeks of training, and at the
end of the study. Items referring to physi-
cal symptoms possibly related to diabetes
were excluded to obtain a pure estimate of
the psychological domain of well-being.
The scores of the questionnaire were
determined by four subscales: depression,
anxiety, energy, and positive well-being. A
repeated measures analysis of variance
with polynomial contrasts was used to
determine differences in well-being. To
test for Vo2max as a mediator variable,
regression analyses were performed
according to Baron and Kenny (5).

At baseline, no differences between
TG and CG were found with respect to
age, BMI, duration of disease, sex, physical
activity status, smoking habits, HbAlc,
Vo2max, the total psychological well-being
score, or the four subscales. After 6 weeks
of training, a significant improvement was
found in TG for total psychological well-
being (baseline: 49.2 ± 11.2 [TG], 45.3 ±
14.4 [CG]; after 6 weeks: 54.8 ± 7.6 [TG],
46.9 ± 14.2 [CG]; F = 5.46, P = 0.023),
anxiety (baseline: 5.0 ± 4.1 [TG], 5.3 ± 4.0
[CG]; after 6 weeks: 2.8 ± 3.2 [TG], 5.3 ±
4.3 [CG]; F = 7.80, P = 0.007), positive
well-being (baseline: 13.9 ±4.3 [TG], 11.5
±5.1 [CG]; after 6 weeks: 14.4 ±3.1 [TG],
12.2 ± 4.7 [CG]; F= 6.37, P = 0.014), and
energy (baseline: 8.0 ± 2.4 [TG], 7.9 ± 3.5
[CG]; after 6 weeks: 9.4 ± 2.1 [TG], 8.0 ±
3.0 [CG]; F = 4.88, P = 0.031). For
depression, no significant difference was
found. After 6 weeks of training, a signifi-
cant difference in Vo2max levels emerged
between TG and CG (P < 0.01) and
remained significant until the end of the
study, although the scores of TG decreased
(TG: 21.0 [prestudy], 22.0 [after 6 weeks],
and 21.0 ml • kg"1 • min"1 [after 26

weeks]; CG: 20.8 [prestudy], 19.6 [after 6
weeks], and 18.2 ml • kg"1 • min"1 [after
26 weeks]). The Vo2max difference score
was used in the analysis as a mediator vari-
able for total psychological well-being, but
no mediation could be observed.

It is important to note that after the
supervised period of 6 weeks, well-being
scores returned to baseline levels. It is pos-
sible that changes in compliance with the
training program caused the declining
scores of Vo2max and well-being at the fol-
low-up measurements. Several factors can
influence compliance with training pro-
grams, e.g., group participation, spouse
support, and periodic testing. It is imagin-
able that the decreased support and atten-
tion for the training group during the unsu-
pervised period caused the declining well-
being scores. Another explanation may be
that physical training benefits the physio-
logical response to stress (6). The initial
improvements in aerobic capacity coupled
with the psychological well-being scores
and the subsequent return to baseline val-
ues of both parameters seems to support
this view However, no statistical proof of
direct influence of Vo2max on improvement
of quality of life could be obtained. Finally,
a cognitive explanation for the stress-reduc-
ing effects of physical training can be given
(7). Training may affect feelings of self-
esteem, as a result of the mastering and the
increased performance of challenging phys-
ical activities, and subsequently improve
well-being. When the initially positive
excitement and actual performance decline,
the positive psychological effects may sub-
side as well. Based on the results of the
present study, it seems that feelings of well-
being, presumably related to self-efficacy or
self-esteem, are only positively affected by a
training program when the participants
actual performance of the training activities
is continued.
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