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Abstract. Improvement of arterial wall (AW) characteristics
decreases cardiovascular risk. In a previous study, it was
observed that AW characteristics in patients with diabetes
mellitus type 1 are significantly improved by short‑term
treatment with a low‑dose combination of fluvastatin and
valsartan. Additionally, a unique phenomenon of prolonged
effect after treatment discontinuation was suggested. The
present study tested whether repeated treatment after a certain
period results in the same beneficial effect, thereby advancing
the hypothesis that cyclic treatment can provide a long‑term
improvement of AW characteristics. A total of 44 patients
with diabetes mellitus type 1 that participated in the previous
study were recruited. Six months after the discontinuation
of the initial treatment, the same treatment with a low‑dose
fluvastatin (10 mg daily) and valsartan (20 mg daily) combination (n=22) or placebo (n=22) was repeated. Brachial artery
flow‑mediated dilation (FMD), pulse wave velocity (PWV)
and carotid artery β‑stiffness were measured. It was found that
the beneficial effect achieved with an initial 1‑month treatment
was completely regained following treatment repetition: FMD
improved by 50.9% (P<0.01), PWV by 5.7% (P<0.001) and
β‑stiffness by 9.9% (P<0.001). In addition, a gradual decline of
the obtained effects was observed, reaching the level of 9.6%
for FMD, 6.3% for PWV and 9.5% for β‑stiffness 6 months
after treatment discontinuation. It was observed that repetition
of treatment was similarly effective as the initial intervention.
The benefits achieved by treatment steadily declined with time.
Combining these findings, cyclic intermittent treatment with a
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low‑dose fluvastatin and valsartan combination is proposed as
a new cardiovascular preventive strategy in patients with DM1.
Introduction
In patients with diabetes mellitus type 1, impaired functional
and structural arterial wall (AW) properties, such as endothelial
dysfunction and increased arterial stiffness, progressively lead
to the development of cardiovascular diseases and their consequences (1,2). These manifestations in patients with diabetes
mellitus are accelerated and usually develop early (3,4).
Despite the intensive control of risk factors and strenuous treatment strategies, cardiovascular diseases continue to represent
the major cause of morbidity and mortality in patients with
diabetes mellitus type 1 (5,6). Consequently, a new, effective
cardiovascular preventive strategy is required. The strategy
investigated in the present study is oriented towards improving
AW properties per se (7). Such an approach has not previously
been evaluated.
It has previously been shown that a 1‑month treatment with
a low‑dose fluvastatin and valsartan combination is effective
in improving AW properties in patients with diabetes mellitus
type 1 (8) as well as in healthy middle‑aged individuals (9).
The beneficial effects obtained steadily declined after 1‑month
treatment discontinuation, although they remained significantly
present after 3 months. It is well established that improvement
of these AW characteristics (endothelial function and arterial
stiffness) leads to cardiovascular risk improvement.
Based on the data from previous studies, it was hypothesized that a new concept for improving AW characteristics
could be to take advantage of the phenomenon of prolonged
efficacy after treatment discontinuation with cyclic intermittent therapy. Therefore, testing and potentially introducing this
new concept was the aim of the present study.
Materials and methods
Participants and study design. The same 44 patients of both
genders (25 females and 19 males) with diabetes mellitus
type 1 that participated in a previous study (8) were again

1208

SAVIĆ et al: IMPROVEMENT OF ARTERIAL WALL CHARACTERISTICS IN DIABETES MELLITUS TYPE 1 PATIENTS

recruited in the present study, at 6 months after the discontinuation of the initial treatment. All participants were assigned
to the same groups and received the same treatment as in the
previous study. The treatment group (n=22) received a low‑dose
combination of 10 mg fluvastatin and 20 mg valsartan daily,
while the control group (n=22) received a placebo. The treatment period was 30 days. Inclusion criteria were: Diagnosis
of type 1 diabetes mellitus lasting ≥5 years, age between
30 and 50 years, stable insulin dosage in the last 6 months,
glycated hemoglobin (HbA1c) levels <7.5% (reported in the
last month) and no history of cardiovascular disease (carotid,
coronary or peripheral). Exclusion criteria were smoking,
and treatment with statins or any drug from the family of
renin‑angiotensin‑aldosterone system inhibitors. The average
age of participants at inclusion in the study was 35.6±2.1 years
in the control group and 36.3±1.7 years in the treatment group.
The body mass index (23.3±0.5 kg/m 2 vs. 25.2±0.9 kg/m 2;
P=0.10), waist‑hip ratio (0.9±0.1 vs. 0.9±0.1; P=0.64), HbA1c
values (6.5±0.5 vs. 6.3±0.6; P= 0.71) and duration of diabetes
mellitus (15.3±2.1‑years vs. 18.4±2.4 years; P= 0.35) did not
differ between the control and treatment groups, respectively.
All subjects were informed of the study protocol and gave their
informed consent. Age‑matched healthy individuals were also
invited to participate in order to allow for basal comparison
of AW characteristics in both observed groups. The National
Medical Ethics Committee of Slovenia (Ljubljana, Slovenia)
approved the study.
In the patients with diabetes mellitus type 1, ultrasound
measurements were performed 6 months after discontinuation
of the initial treatment and again at the end of the 1‑month
treatment repetition period; functional and structural AW
characteristics were measured. Ultrasound measurements
were performed at the initial visit for the age‑matched
individuals and the patients with diabetes mellitus type 1.
Blood pressure was measured with an automated sphygmomanometer (Welch Allyn Speidel & Keller, Skaneateles
Falls, NY, USA). Ultrasound measurements were performed
under similar conditions as in the previous study, that is, in
the afternoon after a 6‑h fast following their normal breakfast and morning insulin, in a quiet, temperature‑controlled
environment. Patients rested in a supine position for 10 min
prior to ultrasound measurements, which were performed by
a single examiner using an Aloka alfa‑10 Prosound ultrasound
machine with an integrated high‑resolution eTracking system
(Hitachi Aloka, Wallingford, CT, USA).
Ultrasound measurements
Brachial artery flow‑mediated dilation (FMD) measurement.
Brachial artery FMD was assessed in accordance with previously reported guidelines (10,11). As previously described, an
echo‑machine continuously tracked and recorded the brachial
artery diameter and automatically provided the FMD value.
The procedure was the same as that used in the first study: The
diameter of the brachial artery was continuously visualized
and recorded. After monitoring its baseline diameter (1 min),
the right forearm blood pressure cuff was inflated 50 mmHg
above systolic pressure (4 min), resulting in arterial occlusion.
This was followed by rapid cuff deflation, which induced
reactive hyperemia. The brachial artery diameter was then
recorded.

Assessment of arterial stiffness parameters. Detailed measurements of arterial stiffness parameters have also already been
described. They were performed on the right common carotid
artery. The ultrasound device automatically determined the
stiffness parameters through analysis of pulse waves. Pressure
waveforms were obtained noninvasively using arterial diameter change waveforms calibrated automatically on the basis of
systolic blood pressure values. Values of pulse wave velocity
(PWV) and carotid artery local stiffness (β ‑stiffness) were
then automatically calculated by the ultrasound machine.
Statistical analysis. All values were expressed as means ± standard error of the mean and were normally distributed. Any
differences between absolute or relative values during the
initial or current treatment and between the treatment and
control groups were assessed through one‑way analysis of variance (ANOVA). When a significant interaction was present,
the Bonferroni post‑test was performed. A P-value of less than
0.05 was considered to indicate a significant difference. All
statistical analyses were performed using GraphPad Prism
software, version 5.0 (GraphPad Inc., La Jolla, CA, USA).
Results
Patient characteristics. Patient characteristics at the beginning
(day 0) and at the end (day 30) of the current treatment period
are presented in Table I. No significant differences in systolic
and diastolic blood pressure, total, low‑density lipoprotein and
high‑density lipoprotein cholesterol, triglycerides and serum
glucose levels were found between the control and treatment
groups. Treatment with a low‑dose fluvastatin and valsartan
combination did not influence blood pressure, cholesterol or
triglyceride values (Table I).
Comparison of the effectiveness of the current and initial
treatment on the improvement of arterial wall characteristics.
Six months after treatment discontinuation, participants were
again invited to participate in the study. First, the baseline
AW characteristics measurements were repeated, which were
similar to the values at the beginning of the initial treatment.
After 1‑month treatment repetition with a low‑dose fluvastatin
and valsartan combination, all parameters describing AW
characteristics improved, whereas the absolute values did not
reach the level of significance (Fig. 1). Age‑matched controls
had FMD 4.8±0.2%; PWV 5.2±0.1 m/sec and β ‑stiffness
5.4±0.2 U.
When the relative values (percentage of improvement after
current treatment) of the current treatment were compared, it
was found that all three measured AW characteristics (FMD,
PWV and β‑stiffness) significantly improved compared with
those in the control group, as shown in Table II. No significant
changes were observed in the placebo group.
Time dependency of the beneficial effects of initial and
current treatments. The time dependency of the benefits of the
initial and current treatments was studied. All three measured
parameters improved after the initial 1‑month treatment with a
low‑dose fluvastatin and valsartan combination. Following the
discontinuation of treatment these observed benefits steadily
declined in a time‑dependent manner, although they continued
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Table I. Patient characteristics in the control and treatment groups at the beginning (day 0) and after 1 month of current treatment
(day 30).

Characteristics

Control group
Treatment group
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Day 0
Day 30
Day 0
Day 30

Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol (mmol/l)
LDL cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Triglycerides (mmol/l)
Serum glucose (mmol/l)

123.0±1.8
79.9±1.0
4.8±0.2
2.6±0.2
1.7±0.1
1.0±0.1
8.0±0.9

123.5±1.9
79.2±1.0
4.7±0.2
2.7±0.2
1.7±0.1
0.9±0.1
7.9±0.7

119.8±2.5
79.2±1.1
5.1±0.2
2.6±0.1
1.8±0.1
0.8±0.1
7.0±0.7

120.1±2.4
78.6±1.4
5.0±0.2
2.4±0.2
1.8±0.1
0.8±0.1
6.3±0.7

P-value
0.43
0.89
0.39
0.45
0.31
0.56
0.21

The treatment group received a combination of 10 mg fluvastatin and 20 mg valsartan daily while the control group received placebo for
30 days. Values are expressed as mean ± standard error of the mean (n=22 per group). BP, blood pressure; LDL, low-density lipoprotein; HDL,
high-density lipoprotein. The P-value refers to comparison among all four measured values of separate variables.

Table II. Relative improvements (% change) of brachial artery
FMD, and common carotid artery PWV and β-stiffness values
for the current treatment in the control and treatment groups.
Variable

Control group

FMD
1.6±2.7
PWV
0.2±0.3
β-stiffness	-0.3±0.2

A

Treatment group
+50.9±14.5a
-5.7±1.1a
-9.9±1.3b

The control group received placebo for 30 days and the treatment
group received a combination of 10 mg fluvastatin and 20 mg valsartan daily for 30 days. Values are expressed as mean ± standard error
of the mean (n=22 per group). aP<0.01 and bP<0.001 for comparison
with control group. FMD, flow-mediated dilation; PWV, pulse wave
velocity.

to be present at the level of 66.6% for FMD, 36.1% for PWV
and 56.0% for β‑stiffness 3 months after discontinuation of
the initial treatment. Six months after the discontinuation of
the initial treatment the observed benefits were 9.6% for FMD,
6.3% for PWV and 9.5% for β‑stiffness. At that time point,
treatment was repeated (current treatment). The improvement
reached levels comparable to those previously obtained with
the initial treatment (Fig. 2).

B

C

Discussion
In the present study, 1‑month treatment with a low‑dose
fluvastatin and valsartan combination was repeated 6 months
following the discontinuation of the initial treatment in patients
with diabetes mellitus type 1. It was found that 6 months after
initial treatment discontinuation, minimal to slight residual
improvements of AW properties remained (FMD 9.6%, PWV
6.3% and β ‑stiffness 9.5%). Notably, repetition of the same
treatment again led to improvement of AW properties when
compared with the initial treatment (significant improvements:

Figure 1. Values of (A) brachial artery flow‑mediated dilation (FMD), and the
(B) pulse wave velocity (PWV) and (C) β ‑stiffness of the common carotid
artery at the beginning (day 0; white columns) and at the end (day 30, shaded
columns) of current treatment and initial treatment in the control group
(received placebo for 30 days) and the treatment group (received a combination of 10 mg fluvastatin and 20 mg valsartan daily for 30 days). *P<0.05 vs.
the control group.
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Figure 3. Schematic presentation of a new approach to cardiovascular disease prevention in patients with diabetes mellitus type 1: Cyclic, intermittent
treatment with a low‑dose fluvastatin and valsartan combination.

C

Figure 2. Time dependence of the observed benefit (%) for (A) brachial artery
flow‑mediated dilation (FMD), and the (B) pulse wave velocity (PWV) and
(C) β‑stiffness values of the carotid artery with the initial treatment, during
the rest period and with the current treatment. The treatment consisted of
1‑month therapy with a low‑dose fluvastatin and valsartan combination. The
observed benefits were calculated with respect to the benefit of the initial
treatment, which was considered as 100%.

FMD +50.9%, PWV ‑5.7% and β ‑stiffness ‑9.9%). These
results strongly support a new approach to the prevention
of cardiovascular disease in patients with diabetes mellitus
type 1, that is, cyclic, intermittent treatment with a low‑dose
fluvastatin and valsartan combination (Fig. 3).
Overall, the effectiveness of cyclic intermittent low‑dose
fluvastatin and valsartan combination treatment as a new
approach with for the long‑term improvement of AW properties
in patients with diabetes mellitus type 1, has been demonstrated.
During the rest period (time without treatment) a steady but slow
decline in the benefit obtained was observed. Thus, 6 months
after the discontinuation of the initial treatment, only a slight
improvement of AW parameters was present (FMD 9.6%,
PWV 6.3% and β‑stiffness 9.5%). At that particular time point,
repetition of the same treatment (new therapeutic cycle) again
lead to improvements in AW properties comparable to those of
the initial treatment (significant improvements: FMD +50.9%,
PWV ‑5.7% and β‑stiffness ‑9.9%). These results confirm the
possibility of ‘benefit repetition’. It is expected that the benefits

could be repeated numerous times, allowing for true long‑term
treatment.
When comparing the values of measured AW characteristics in patients with diabetes mellitus type 1 with those of
age‑matched controls, it was found, as in other studies (12‑15)
that patients with diabetes type 1 have impaired functional and
structural AW characteristics. It seems that the changes of AW
characteristics start to occur early in the disease course and
slowly progress, finally leading to macrovascular complications.
Taking these facts into account, it is hypothesized that patients
with diabetes mellitus type 1 are ideal targets for an approach
directly focusing on impaired AW properties. Long‑term
improvement of AW characteristics could, at least in theory
but based on strong data, lead to a reduction of cardiovascular
disorders and events. We consider that a cyclic, intermittent
approach using sub‑therapeutic dosages of well‑known drugs is
the most suitable, since it enables long‑term improvement of AW
characteristics, good compliance of the patients and no drug
side‑effects. Since the AW characteristics slowly declined over
time (following treatment discontinuation), the identification of
the period in which the benefits almost disappear was of interest.
Thus, it was found that after 6 months the AW characteristics
were only slightly above the initial values. It may be concluded
that at this time point would be the most logical at which to
investigate the possibility of effect repetition. A 6‑month rest
period was therefore selected.
The process of atherosclerosis is widely known to be
accelerated in patients with diabetes mellitus type 1, leading
to increased morbidity and mortality in this particular population (16). Furthermore, as these changes are accelerated,
atherosclerotic manifestations in this particular patient group
start at an earlier age. Even though there is great effort in
combating risk factors for atherosclerosis in patients with
diabetes mellitus type 1, their residual cardiovascular risk
remains high (17,18). It should be emphasized that effects of all
cardiovascular risk factors converge on the AW, which is the
main focus of pathologic events in atherosclerosis as well as the
main target of the present proposed approach. Furthermore, it is
also known that disrupted or impaired AW properties (endothelial dysfunction and increased arterial stiffness) have a negative

EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 1207-1211, 2015

prognostic value in cardiovascular risk stratification (19,20).
Notably, no study or intervention has yet targeted the AW per
se. Improvement of AW disorders could lead to the lowering
of cardiovascular risk in patients with diabetes mellitus type 1.
To the best of our knowledge, no similar studies have been
performed to date. Therefore, the present study represents a
completely new cardiovascular preventive approach that has not
yet been tested elsewhere.
This study leads to a proposal of a new concept: An intermittent approach comprising cyclic treatment with low‑dose statin
and sartan combination. The use of a low, sub‑therapeutic dose
of a combination of fluvastatin and valsartan is proposed. The
administration of these drugs combined is proposed in a cyclical
manner, with therapy repeating in certain time cycles (6 months
in patients with diabetes mellitus type 1). Furthermore, the
approach is intermittent, with therapy being administered for
1 month, followed by a so‑called free‑of‑treatment or ‘rest’
period (when the beneficial effects remain present, but gradually
decline). The free‑of‑treatment period is followed by another
cycle (7). The main advantages of the approach described lie
particularly in the low doses used, so there are no side‑effects,
while the short‑term regimen improves patient compliance.
Multiple repetitions, for example biannually, present repeated
improvements of preclinical atherosclerosis, thus leading to
postponement of its presentation in a naturally evolving process.
The major limitation of this study is that only a small group
of patients was included. However, larger studies are planned in
the future, as well as multiple repetition evaluation. In addition,
the present study was not focused on exploring the mechanistic
background of the observed beneficial effects. This is planned
for larger future studies. However, it is hypothesized that the
expression of vasoactive genes, and anti‑inflammatory and
anti‑oxidative effects are at least partially involved, as shown in
previous studies (21,22).
In conclusion, the present study has confirmed and expanded
the authors' previously established concept of low‑dose intermittent treatment with fluvastatin and valsartan combination.
Its effectiveness has been demonstrated in patients with diabetes
mellitus type 1 and showed that after a rest period of 6 months,
during which the level of benefit obtained declines, treatment
repetition leads to improvements in AW properties similar to
those of the initial treatment. The level of AW improvements
can be again achieved after 6 months of ‘rest’. These results give
further support to the proposed new approach in cardiovascular
disease prevention, since the combination of short ‘treatment
periods’ and longer ‘rest periods’, which constitute ‘cyclic treatment’, would enable continuous/long‑term arterial function
improvement.
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