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Abstract

Background: Daily aerobic exercise such as healthy walking could have an immediate effect on parameters of
arterial stiffness; however, there is little evidence in the diabetic population. Our aim, therefore, is to evaluate the
association between healthy walking and acute effects on the parameters of arterial stiffness in subjects with type 2
diabetes.

Methods: The Effectiveness of a multifactorial intervention in diabetics study (EMID), is a study based on an
application for smartphones, healthy walking and a nutritional workshop in patients with type 2 diabetes in primary
care, is a randomized controlled trial of two parallel groups. This is a subanalysis of the intervention group to
evaluate the response to the healthy walking according to age and sex, in 89 subjects with type 2 diabetes, aged
between 40 and 70 years. The intervention was a 4 km of a healthy walking at low-moderate intensity. To value our
aim, the main study variables were measured before and after it.

Results: The study population had an average age of 65.0 years (61.2-68.1). After the healthy walking, there was a
decrease in the parameters of arterial stiffness: Cardio ankle vascular index (CAVI) of — 0.2 (95%Cl:-0.4 to — 0.1) and
pulse pressure (PP) of the lower extremities of — 3.9 mmHg (95%Cl: -5.9 to — 2.0). Furthermore, in the lower
extremities there was a decrease in systolic blood pressure of — 5.3 mmHg (95% Cl: -7.3 mmHg to — 3.3 mmHg), in
diastolic blood pressure of — 1.5 mmHg (95% Cl: -2.6 mmHg to — 0.4 mmHg) (p < 0.05 for all). It is observed that
males have an OR of 2981 (IC=95% 1.095 to 8.119) to achieve a reduction in the CAVI (p < 0.05) and an OR of 2.
433 (95%Cl: 0.871 to 6.794) in the ankle PP (p > 0.05), compared with females.

Conclusions: The findings of this study suggest that daily aerobic exercise at a low to moderate intensity, such as
healthy walking, has an immediate beneficial effect on the cardio-ankle vascular index, especially in males.

Trial registration: ClinicalTrials.gov identifier: NCT02991079.
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Background

Cardiovascular disease is the main determinant of mor-
bidity and mortality in patients with diabetes [1]. The
presence of diabetes accelerates vascular remodelling,
leading to an increase in arterial stiffness and, as a result,
the development of atherosclerotic diseases such as is-
chaemic cardiopathy, peripheral artery disease or carotid
stenosis [2]. There is evidence that an increase in physical
activity is associated with a decreased cardiovascular risk
[3, 4] and has a beneficial effect on glycaemic control [5].
Liu et al. [6] concluded that measuring the immediate
effect of exercise is a method to predict the magnitude of
blood pressure-lowering after chronic training.

The protective effect of physical exercise on the cardio-
vascular system has been widely investigated, however, the
immediate effect of the exercise on arterial stiffness is not
known with certainty. In the study conducted by De Van
et al. [7], resistance exercise produced a transient increase
in arterial stiffness. However, Tabara [8], found a reduction
in arterial stiffness after 30 min of aerobic exercise. Ac-
cording to Wang et al. [9], the intensity of the exercise is
the most important variable, which determines the
changes in stiffness. This author demonstrated that inter-
val exercise at low intensity decreased the cardio ankle
vascular index (CAVI), a parameter that assesses central
and peripheral arterial stiffness independently of the blood
pressure (BP) at the time of measurement [10].

The findings on the acute effect of the exercise and its
magnitude on BP are contradictory, presumably due to
the differences in sex and age in the different studies
[11]. Nickel et al. [12], found a transient increase in the
values of BP in older adults. Tibana et al. however [13],
found a decrease in both systolic blood pressure (SBP)
and diastolic blood pressure (DBP) in middle-aged fe-
males. Furthermore, the immediate reduction of BP after
exercise has been studied in hypertensive and prehyper-
tensive patients [14, 15], however, there is no evidence
in the patients with type 2 diabetes.

Daily aerobic exercise such as healthy walking could
have an immediate effect on parameters of arterial stiff-
ness in the population with cardiovascular risk. However,
there is less evidence of the acute effect of the exercise
in subjects with diabetes, considering also subgroups of
age and sex. Therefore, this study aims to evaluate the
association between healthy walking and the acute effect
on the parameters of arterial stiffness in patients with
type 2 diabetes and to analyse the differences for age
and sex.

Methods

Design and study setting

The Effectiveness of a multifactorial intervention in dia-
betics study (EMID) [16], is a study based on an applica-
tion for smartphones, healthy walking and a nutritional
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workshop in patients with type 2 diabetes in primary
care, is a randomized controlled trial of two parallel
groups, with a follow-up period of 12 months. This is a
subanalysis of the intervention group to evaluate the
response to the healthy walking according to age and
sex. The study was conducted in a primary healthcare
setting at La Alamedilla research unit in Salamanca,
which belongs to the Network for Research on Prevent-
ive Activities and Health Promotion (REDIAPP) and to
the Biomedical Research Institute of Salamanca (IBSAL).

Participants
This study analysed 89 patients with type 2 diabetes at-
tending La Alamedilla healthcare center. The inclusion
criteria were: patients with type 2 diabetes of both sexes,
routinely monitored at the health care center, aged 40-70
years who, after receiving information about the study,
agreed to take part and signed the informed consent. The
inclusion criteria were: patients with type 2 diabetes of
both sexes, routinely monitored in the health care center,
from 40 to 70 years of age who, after receiving information
about the study, agreed to participate and signed the
informed consent. The exclusion criteria were: history of
cardiovascular events (acute myocardial infarction, cere-
brovascular accident, etc.); documented musculoskeletal,
neurological and/or neuropsychological illness, which
prevented carrying out the walk; or any other circum-
stance that, being properly evaluated by the researchers,
could interfere with the proper development of the study.
With the 89 subjects included, and considering an
alpha risk of 0.05 and a common standard deviation of
the CAVI of 1.25, our study would have a contrast
power for paired groups of 0.62, to detect a difference as
statistically significant between the pre-intervention meas-
ure (8.6) and the post-intervention (8.3), of 0.3 units.

Masking

Due to the nature of the intervention, the participants
could not be blinded. However, the researcher who carried
out the intervention in the study group was different from
the person responsible for assessment and standardized
counseling. The person responsible for carrying out the
measurements before and after the intervention of all the
participants was blinded to the objective of the study, to
avoid bias. In addition, the person responsible for statis-
tical analysis remained blinded throughout the study.

Exercise intervention

The intervention involved a healthy walking of 4 km, on
level ground, leaving from and returning to the health
care center, accompanied at all times by health care
nursing. The intervention was always conducted at the
same time (5p.m.). These measurements were carried
out, having spent at least 2 h since their last meal. In
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order to make the walks qualify as aerobic exercise (50—
70% maximum heart rate) [17], participants were divided
into two groups depending on intensity. Approximate
speed of the group walking at moderate intensity (5
METs) was 6 km/hour compared to 3—-4 km/hour in the
group walking at low intensity (2.5 METs) [18].

Data collection

To evaluate the acute effects of the healthy walking, the
main study variables were measured before and immedi-
ately after it.

Cardio ankle vascular index, brachial ankle pulse wave
velocity and blood pressure

These parameters were estimated using the Vasera
device VS-1500 (Fukuda Denshi) after entering of the
participants’ information. These measurements were
carried out, having spent at least 2h since their last
meal, with the patien in supine position after resting for
10 min in a quiet room at a stable temperature. CAVI
integrates the cardiovascular elasticity derived from the
aorta to the ankle pulse velocity through an oscillometric
method. The CAVI values were automatically calculated
by estimating the stiffness parameter p in the following
equation:  =2p x 1/(Ps—Pd) x In (Ps/Pd) x PWV?2, where
p is the blood density, Ps and Pd are SBP and DBP in
mmHg, respectively, and the PWV is measured between
the aortic valve and the ankle (considered a measure of
central and peripheral arterial stiffness) [19]. The average
coefficient of the variation of the CAVI is less than 5%,
which is small enough for clinical use and confirms that
the CAVI has favourable reproducibility [20]. The
ba-PWV was estimated using the following equation:
ba-PWYV = (0.5934 x Height (cm) + 14.4724)/tba, (tba is
the time interval between the arm and ankle waves)
(considered a measure of central and peripheral arterial
stiffness) [21]. The CAVI was classified as normal (CAVI
< 8), borderline (CAVI >8 or<?9), or abnormal (CAVI
>9). Abnormal CAVI represents subclinical atheroscler-
osis [22-24]. In addition, with Vasera VS-1500 we ob-
tained the measurements of the blood pressure (using
the oscillometric method) and the heart rate (with an
electrocardiogram meter).

Blood glucose measurements

A determination of capillary blood glucose was per-
formed, with at least 2h having elapsed since eating,
using the glucose-meter GlucoMen LX PLUS (A. Menar-
ini GmbH) [25].

Other variables and measurement instruments

Before performing the intervention, the sociodemo-
graphic and lifestyle variables were collected: age, sex,
marital status, educational level and toxic habits
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(tobacco and alcohol consumption). On the other hand,
data were collected on the consumption of drugs, as well
as family and personal history of risk factors: hyperten-
sion, defined as the use of antihypetensive drugs and/or
systolic blood pressure > 140 mmHg or diastolic blood
pressure > 90 mmHg, measured under basal conditions
and making the average of three records; dyslipidemia,
described by the consumption of lipid-lowering drugs, as
well as, total cholesterol higher than 239 mg/dl or serum
triglycerides higher than 199 mg/dl.

Anthropometric variables

These values were measured with the subjects barefoot
and wearing light clothing. The weight was measured
twice (the final result being the average of these) with a
certified electronic balance (Scale 7830; Soehnle Profes-
sional GmbH & Co, Backnang, Germany), after having
been adequately calibrated with an accuracy of +0.1 kg.
The height was measured twice (the final result was the
average of these) with the subject standing, using a port-
able system (Seca 222; Medical scale and measurement
systems, Birmingham, United Kingdom). Body mass
index (BMI) was calculated by dividing the weight in kg
by the square of the height (m?). We obtained the meas-
urement of waist and hip circumference, following the
latest recommendations of the SEEDO [26], and using a
flexible measuring tape placed parallel to the floor.

Laboratory variables

Venous blood sampling were collected at the primary
healthcare center between 08:00 and 09:00. To make
these determinations properly, participants were in-
formed that they should be fasting and should not have
consumed tobacco, alcohol or caffeine during the previ-
ous 12 h. Subsequently, they were sent to the University
Hospital of Salamanca to perform the analysis of creatin-
ine, serum total cholesterol, low density lipoprotein
cholesterol, high density lipoprotein cholesterol, trigly-
ceride levels and glycosylated haemoglobin.

Physical activity

Regular physical activity was recorded using the short
version validated in Spanish of the International Physical
Activity Questionnaire (IPAQ) [27]. This questionnaire
evaluates the physical activities of the last 7 days and
classifies them into three types (walking, moderate and
intense physical activity), according to their energy
expenditure (3.3, 4.0 and 8.0 MET, respectively). This
allows to calculate METs-min/week and classify people
by three activity levels (low, intermediate and high).

Data analysis
Statistical normality was checked using the Kolmogorov—
Smirnov test. Normally distributed continuous variables
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were expressed as mean t standard deviation, while
non-normally distributed variables were presented as
median and 25-75th percentile. T-Student or U Mann-
Whitney tests were accordingly used to test the relation-
ship between quantitative variables with Bonferroni
correction. Categorical variables were presented as the
frequency distribution and compared using the chi-square
or Fisher’s exact test when necessary. Pre and post com-
parison analyses were carried out, using the Student’s
t-test for paired data. A logistic regression analysis was
performed considering the CAVI and the ankle pulse
pressure as dependent variables (reduction =1, no reduc-
tion=0) and as independent variables sex (male=1,
female =0), physical activity (METs/min/week), DBP
(mmHg), BMI (kg/m?), age (years), hypertension (hyper-
tensive  subject=1; non-hypertensive  subject=0),
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dyslipidemia (dyslipidemic subject =1; non-dyslipidemic
subject =0) and baseline CAVI value or baseline ankle
pulse pressure value (mmHg). For the two-sided tests, an
alpha risk of 0.05 was set as the limit of statistical signifi-
cance. The data were analysed using the IBM SPSS Statis-
tics for Windows version 23.0 (Armonk, NY: IBM Corp).

Results

Table 1 shows the characteristics (overall and by sex) of
89 patients with type 2 diabetes, with an average age of
65.0 years (61.2—-68.1), of which 52.8% are hypertensive,
59.9% dyslipemic and 10.1% smokers. The mean BMI
was 29.4 (29.2 + 4.4 in males and 29.6 + 4.1 in females).
Physical activity in males is greater than in the females
(1696.0 METs-min/week vs 1406.0 METs-min/week).
47.2% of the subjects performed the healthy walking at a

Table 1 Baseline demographic and clinical characteristics of patient by genre

Overall Males (N=52) Females (N=37) p-value

Mean/ Median/ SD/IQR/ (%) Mean/ Median/ SD/IQR/ (%) Mean/ Median/ SD/IQR/ (%)

Number Number Number
Age (years) 65.0 61.2-68.1 644 594-684 659 623-67.9 0474
BMI (Kg/m?) 294 4.2 29.2 44 296 4.1 0.693
Office systolic blood 1326 164 1309 17.0 1350 155 0241
pressure (mMmHg)
Office diastolic blood 80.5 9.0 79.5 9.0 82.0 9.0 0.200
pressure (mMmHg)
Pulse pressure (mmHg) 515 413-593 498 40.5-56.3 53.0 42.5-63.3 0.589
Heart rate (beats/min) 723 11.8 720 12.1 72.8 116 0.736
Smoker n (%) 9 10.1 3 58 6 16.2 0.388
Physical activity 1605.0 777.5-2785.5 1696.0 930.8-2928.8 1406.0 516.0-2772.0 0.098
(METS-min/week)
Intensity of the walk 0816

- Low 42 47.2 24 46.2 18 486
- High 47 528 28 538 19 514

Hypertensive n (%) 47 52.8 30 57.7 17 459 0.274
Dyslipemic n (%) 53 59.6 32 615 21 56.8 0.205
HbATc % 0.6 6.0-7.3 6.5 6.0-74 6.8 6.0-73 0.983
Serum glucose (mg/dl) 1180 100.0-138.0 1155 96.0-135.5 1280 104.5-145.5 0.141
Total Cholesterol 179.7 2792 1844 24.1 1730 317 0.056
(mg/dl)
Triglycerides (mg/dl) 110.0 82.5-140.0 109.0 76.0-141.0 113.0 85.0-140.5 0.736
HDL Cholesterol 55.0 14.2 553 145 545 139 0.801
(mg/dl)
LDL Cholesterol (mg/dl) 102.5 269 106.6 243 96.6 296 0.084
Antihypertensive 46 51.7 28 538 18 486 0234
drugs n (%)
Lipidlowering drugs n (%) 52 584 28 538 24 649 0.299
Antidiabetic drugs n(%) 81 91.0 46 88.5 35 94.6 0319

Values are means [standard deviations (SD)] for normally distributed continuous data and medians (interquartile range) for asymmetrically distributed

continuous data

BMI Body mass index, METs Metabolic equivalent, HbA1c hemoglobin Alc, HDL high-density lipoprotein, LDL low-density lipoprotein, SD Standard Deviation, IQR

Interquartile Range
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low intensity, while 52.8% performed it at a moderate
intensity. There are no significant differences between
males and females in the studied variables. Furthermore,
general anthropometric and clinical characteristics, by
age (<64 years or > 65 years), are presented in Table 2.
The differences in the parameters before and after
performing the healthy walking by sex are shown in
Table 3. There was a decrease in the CAVI values of -
0.2 (95% CI: -0.4 to - 0.1) (p =0.012), although this only
reached statistical significance in males - 0.3 (95% CI:
-0.5 to - 0.1) (p=0.012), but not in females - 0.1 (95%
CL: -0.5 to 0.2) (p=0.299). Furthermore, in the lower
extremities there was a decrease in SBP of - 5.3 mmHg
(95% CI: -7.3 mmHg to - 3.3 mmHg) (p <0.01), in DBP
of — 1.5 mmHg (95% CI: -2.6 mmHg to — 0.4 mmHg) (p
=0.007) and in the pulse pressure (PP) of — 3.9 mmHg
(95% CI: -59 mmHg to - 2.0 mmHg) (p <0.01). There
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was an increase in the HR of 9.2bpm (95% CI: 7.2 bpm
to 11.1 bpm) (p <0.01) and a decrease in blood glucose
of —37.6mg/dl (-43.7mg/dl to - 31.6 mg/dl) (p <0.01).
Comparing the changes of the different variables
between males and females, none of these reached statis-
tical significance.

Table 4 shows the differences in the parameters before
and after performing the healthy walking by age. There
was a decrease in the CAVI values, however, it only had
statistical significance in the elderly - 0.3 (95%CIL: -0.6 to
-0.0) (p =0.033). On the other hand, as in the classifica-
tion by sex, in the lower extremities, there was a
decrease in SBP and in the PP in both groups, but only
there was a decline in DBP of — 2.0 mmHg (95% CI: -3.3
mmHg to - 0.7 mmHg), in the older group. Moreover,
there was a decrease in blood glucose in both groups, in
the <64 years of — 37.9 mg/dl (95% CI: -47.6 mg/dl to -

Table 2 Baseline demographic and clinical characteristics of patient by age

<64 years (N=47) 2 65 years (N=42) p-value

Mean/ Median/ SD/IQR/(%) Mean/ Median/ SD/IQR/(%)

Number Number
Age 60.5 55.8-63.3 68.1 66.8-68.8 <0.001
Sex 16 38.1 21 447 0.535
BMI (Kg/mz) 293 38 294 4.6 0.924
Office systolic blood 1316 16.5 1335 164 0.575
pressure (mMmHg)
Office diastolic blood 81.0 9.2 80.0 9.0 0.608
pressure (mmHg)
Pulse pressure (mmHg) 52.0 40.9-56.3 51.0 41.5-64.5 0.326
Heart rate (beats/min) 73.1 11.2 716 124 0.567
Smoker n (%) 4 9.5 3 6.4 0.542
Physical activity 1689.3 779.8-2772.0 1406.0 757.0-2972.0 0.745
(METS-min/week)
Intensity of the walk 0.940

- Low 20 476 22 46.8
- High 22 524 25 532

Hypertensive n (%) 23 548 24 51.1 0.731
Dyslipemic n (%) 25 59.5 28 59.6 0.99
HbA1c % 6.6 6.0-7.3 6.6 6.0-74 0.725
Serum glucose (mg/dl) 116.0 98.8-140.5 1220 100.0-138.0 0.977
Total Cholesterol (mg/dl) 180.7 295 1788 26.7 0.753
Triglycerides (mg/dl) 106.0 74.0-128.0 1120 83.0-149.0 0357
HDL Cholesterol (mg/dl) 539 12.2 56.0 15.8 0.505
LDL Cholesterol (mg/dl) 104.4 294 100.8 256 0.526
Antihypertensive drugs n (%) 18 429 28 596 0.118
Lipidlowering drugs n (%) 22 524 30 63.8 0.279
Antidiabetic drugs n(%) 37 88.1 44 936 0.369

Values are means [standard deviations (SD)] for normally distributed continuous data and medians (interquartile range) for asymmetrically distributed

continuous data

BMI Body mass index, METs Metabolic equivalent, HbA1c hemoglobin Alc, HDL high-density lipoprotein, LDL low-density lipoprotein, SD Standard Deviation, IQR

Interquartile Range
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Table 4 Effect of healthy walks on arterial stiffness, blood pressure and glycaemic, by age
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< 64 years (N=47) 2 65 years (N=42)

Pre Post Difference (95% Cl) p-value Pre Post Difference (95% Cl) p-value
CAVI 85+ 1.1 83+ 10 -02(-0401) 0.182 86+ 13 83+15 -03 (- 06;,-00) 0.033
baPWV 157 £28 155+£24 -02(=0.7,03) 0.495 157 £29 156 £29 —0.04 (- 06; 0.5) 0.881
Heart rate 731 £112 843+ 126 84 (5.5, 11.3) < 0.001 716 £ 124 825+ 142 9.9 (7.2, 126) <0.001
Brachial SBP 1349 + 124 1331+ 118  -17(-42,07) 0.165 137.7 £ 140 1370+ 147 —-08(=37,21) 0.583
Brachial DBP 840+ 83 838 £82 -02(=19;16) 0.849 822 £85 818 +£87 —-04 (=21, 14) 0.678
Ankle SBP 1549 + 16.1 1507 £ 166  —42 (=69, -15) 0.003 1566 £ 209 1503+ 187 —62(-92,—-33) <0.001
Ankle DBP 78070 770+ 74 -10(=27,08) 0.287 766+ 7.7 746 £ 89 -20(-33,-07) 0.004
Brachial pulse 508 £ 7.7 492 +79 —1.6 (-3.7,0.5) 0.130 556 £ 109 551+£118 -04 (3.2, 23) 0.755
pressure
Ankle pulse 770+ 132 733+ 146 -36(-63;,-10) <0001 800172 758 + 153 —-42(=70,-14) 0.004
pressure
Glycaemic 1528 £424 1199 +301 —379(-476,—-282) <0001 1647 £542 1273 +£455 —373(-453;,-294) <0001

CAVI cardio ankle vascular index, ba-PWV brachial-ankle pulse wave velocity, SBP systolic blood pressure, DBP diastolic blood pressure, C/ confidence interval

28.2mg/dl) and in the >65years of —37.3mg/dl (95%
CIL: -45.3 mg/dl to - 29.4 mg/dl). Comparing the changes
of the different variables between elders and minors of
65 years, none of these reached statistical significance.

In the logistic regression analysis (Table 5), it can be
seen that being male has an OR of 2.981 (95% CI: 1.095
to 8.119) to obtain a reduction in CAVI (p < 0.05) and an
OR of 2433 (95% CI: 0.871 to 6.794) to obtain a
decrease in the pulse pressure in the ankles (p >0.05),
after the healthy walking, compared to being female.

Discussion

The main findings of the study were that the healthy
walking of low-moderate intensity could have an imme-
diate improvement of parameters of CAVI in patients
with type 2 diabetes, especially in males and in people

over than 65 years, since this is an inexpensive, simple
and everyday exercise.

Various studies [9, 13, 27] support our results on the
immediate beneficial effect that aerobic exercise could
have on the parameters of arterial stiffness. Tabara et al.
[8] found an association of the immediate effect of
exercise with the long-term effects on parameters of
arterial stiffness. Along these same lines, Madden et al.
[28] found that aerobic training, on a treadmill and cycle
ergometer, for 3 months produced an improvement in
the arterial stiffness, despite not finding any improve-
ment in other parameters such as weight, BP, BMI and
waist-to-hip ratio. Yokoyama et al. [29] conducted a
3-week study, combining exercises on an ergometer and
walking, which also found a decrease in arterial stiffness.

The intensity and type of exercise deserve key consid-
eration when investigating the effect of exercise on

Table 5 Determinants in the improvement of arterial stiffness after a healthy walk

Cardio ankle vascular index

Pulse pressure in the ankles

OR 95% Cl p-value OR 95% Cl p-value

Sex 2981 1.095 to 8.119 0.033 2433 0871 to 6.794 0.090
Age 0978 0.897 to 1.066 0614 0.989 0.907 to 1.079 0.809
Office diastolic blood 1.039 0.982 to 1.100 0.182 1.035 0.975 to 1.099 0.263
pressure

Hypertension 0.531 0.183 to 1.543 0.245 0.769 0.276 to 2.269 0.663
Dyslipidemia 0813 0314 to 2.103 0.669 1.018 0.376 to 2.756 0971
Physical activity 1.000 0.999 to 1.000 0.129 1.000 1.000 to 1.000 0.821
BMI 0.992 0.881to 1.117 0.894 1.084 0.948 t0 1.241 0239
Baseline CAVI value 1.796 1.152 to 2.799 0.010 - - -
Baseline Pulse pressure - - - 1.037 0.999 to 1.075 0.055

value

Logistic regression analysis with CAVI decrease (0 = No decrease; 1 = decrease) and Pulse pressure decrease (0 =No decrease; 1 = decrease) as dependent variables
and Sex (1: male; 0: female), age (years), office diastolic blood pressure (mmHg), Hypertension (1: Hypertensive subject; 0: Non-hypertensive subject), dyslipidemia
(1: dyslipidemic subject; 0: non-dyslipidemic subject), physical activity (METs/min/week), BMI (kg/m?), baseline CAVI value or baseline ankle pulse pressure vale

(mmHg), as independent variables
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arterial stiffness. Thus, in the study carried out by Mc
Clean et al. [30], they found that no change had taken
place in the parameters of arterial stiffness, since the
intensity of the aerobic exercise had been insufficient.
However, Wang et al. [9] found that low to moderate
intensity aerobic exercise such as the healthy walking
carried out in our study, produces a transient improve-
ment in arterial stiffness, these results being supported
by the meta-analysis performed by Ashor et al. [27].

In our study, the logistic regression shows that the
only variable that could influence the change on the
parameters of arterial stiffness after the healthy walking
is sex; it being found that males are more than twice as
likely as females to reduce the CAVI, compared to base-
line, after the healthy walking. Some in vitro studies have
described the action of estrogen on the vessels, in the
reduction of smooth muscle proliferation [31] and in the
increase in the release of nitrous oxide that leads to
vasodilation [32]. Although the females studied are of an
advanced age, and it can be assumed that they are in the
post-menopausal state, there is evidence to suggest that
differences due to sex in vascular biology are related not
only to the type and levels of sex hormones, but also
with the differences in the cells and in the tissues
responsible for the responses to different stimuli [33].
Various studies have linked sex with differences in the
CAVI, as occurs in our study, the CAVI being less in
females than in males [34, 35], irrespective of their age.

Regarding the blood pressure, there was a decrease in
both SBP and DBP in both lower extremities. These
results are consistent with the meta-analysis conducted
by Carpio et al. [11], where a reduction of 3 to 4 mmHg
was found, confirming the importance of the immediate
effect of exercise as a non-pharmacological method in
reducing BP.

Considering the possible association, of the healthy
walking used in our study, with the immediate beneficial
effects on the CAVI, blood glucose and BP in the both
lower extremities, this could be an activity to be recom-
mended at primary care consultations, especially in
males and in people over than 65 years, since this is an
inexpensive, simple and everyday exercise. There was no
improvement of BP in the upper extremities, this being
because healthy walking exercise the both low extrem-
ities more intensely, furthermore, these are subjects with
type 2 diabetes, a population more likely to have periph-
eral artery disease that causes a decrease in BP only in
both lower extremities, after the exercise. We therefore
believe that more studies are required to establish which
exercises can be added to the healthy walking to produce
cardiovascular improvement in both the upper and
lower limbs.

This study has various limitations that need to be
considered in the interpretation of our results. Firstly,
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the patients with diabetes included had multiple path-
ologies, and may be being treated with various drugs,
which could modify the CAVI and BP values. We have
tried to control this limitation through the inclusion of
the most common drugs in the logistic regression.
Secondly, being a pre-post intervention study, we had
no control group with which to compare the data.
Finally, the small size of the sample can make it difficult
to find differences caused by the exercise.

Conclusions

The findings of this study suggest that daily aerobic
exercise at a low to moderate intensity, such as healthy
walking, has an immediate beneficial effect on the
Cardio-ankle vascular index, in patients with type 2
diabetes, especially in males.

Abbreviations

ba-PWV: brachial-ankle pulse wave velocity; BMI: Body mass index; BP: Blood
pressure; CAVI: Cardio ankle vascular index; Cl: Confidence interval;

DBP: Diastolic blood pressure; EMID: Effectiveness of a multifactorial
intervention in diabetics; HDL: High density lipoprotein; HR: Heart rate;

IBM: International Business Machines; IBSAL: Biomedical Research Institute of
Salamanca; IPAQ: International physical activity questionnaire; LDL: Low
density lipoprotein; MET: Metabolic equivalent; OR: Odds ratio; PP: Pulse
pressure; redIAPP: Spanish Network for Preventive Activities and Health
Promotion; SBP: Systolic blood pressure; SEEDO: Spanish Society for the
Study of Obesity; SPSS: Statistical Package for the Social Sciences

Acknowledgements

C Castano-Sanchez, S Conde-Martin, MC Rodriguez-Martin, S Pascual-
Sanchez, E Ruiz-Fernandez, C Lugones-Sanchez, MD Mufoz-Jiménez, T
Vicente-Garcia, E Sdnchez-Méndez, P Martin-Gonzélez, JA Maderuelo-
Ferndndez and E Rodriguez-Sénchez.

Funding

This study is supported by research grants from the Regional Health
Management awarded in 2016 for research projects in biomedicine, health
management, and social and health care (GRS 1276/B/16) in the setting of
the 2016 programme for promoting research activity of nurses (BOCYL-D-
11022016-2) and the 2015 programme for motivating nurses who have
completed their residency (ORDER SAN/360/2015), jointly funded by the
Instituto de Salud Carlos Ill and European Regional Development Fund
(ERDF) (RD 16/0007/0003).

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Authors’ contributions

RAD has the original idea with JIRR, NSA, LGO, MCPA and MAGM, and
gained the funding. RAD, MAGM, NSA and JIRR wrote the first draft. RAD,
LGO and MCPA did the statistical analysis. All authors read and approved the
final manuscript.

Ethics approval and consent to participate

The study was approved by the Clinical Research Ethics Committee of the
Health Area of Salamanca on November 28, 2016. All procedures were
performed in accordance with the ethical standards of the institutional
research committee and with the 2013 Declaration of Helsinki. [36] All
patients signed written informed consent documents prior to participation
in this study.

Consent for publication
Not applicable.



Alonso-Dominguez et al. BMC Cardiovascular Disorders (2019) 19:56

Competing interests
The authors declare that they have no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'"The Alamedilla Institute of Biomedical Research of Salamanca (IBSAL),
Primary Health Care Research Unit, La Alamedilla Health Center, Salamanca,
Spain. “Health Service of Castilla y Ledn (SACyL), Salamanca, Spain. *Spanish
Network for Preventive Activities and Health Promotion (redIAPP), Salamanca,
Spain. “Faculty of Health Sciences, University of Burgos, Burgos, Spain.
SDepartment of Statistics, University of Salamanca, Salamanca, Spain.
®Department of Biomedical and diagnostic sciences, University of Salamanca,
Salamanca, Spain. 7Department of Medicine, University of Salamanca,
Salamanca, Spain. ®Salamanca, Spain.

Received: 7 June 2018 Accepted: 1 March 2019
Published online: 08 March 2019

References

1. Olokoba AB, Obateru OA, Olokoba LB. Type 2 diabetes mellitus: a review of
current trends. Oman Med J. 2012;27(4):269-73.

2. Spinetti G, Kraenkel N, Emanueli C, Madeddu P. Diabetes and vessel wall
remodelling: from mechanistic insights to regenerative therapies. Cardiovasc
Res. 2008;78(2):265-73.

3. Shiroma EJ, Lee IM. Physical activity and cardiovascular health: lessons
learned from epidemiological studies across age, gender, and race/ethnicity.
Circulation. 2010;122(7):743-52.

4. Taylor BA, Zaleski AL, Capizzi JA, Ballard KD, Troyanos C, Baggish AL, et al.
Influence of chronic exercise on carotid atherosclerosis in marathon
runners. BMJ Open. 2014;4(2):e004498.

5. de Lade CG, Marins JC, Lima LM, de Carvalho CJ, Teixeira RB, Albuquerque
MR et al. Effects of different exercise programs and minimal detectable
changes in hemoglobin Alc in patients with type 2 diabetes. Diabetol
Metabol Syndrome. 2016;8:13.

6.  Liu'S, Goodman J, Nolan R, Lacombe S, Thomas SG. Blood pressure
responses to acute and chronic exercise are related in prehypertension.
Med Sci Sports Exerc. 2012;44(9):1644-52.

7. DeVan AE, Anton MM, Cook JN, Neidre DB, Cortez-Cooper MY, Tanaka H.
Acute effects of resistance exercise on arterial compliance. J Appl Physiol
(Bethesda, Md: 1985). 2005,98(6):2287-91.

8. TabaraV, Yuasa T, Oshiumi A, Kobayashi T, Miyawaki Y, Miki T, et al. Effect of
acute and long-term aerobic exercise on arterial stiffness in the elderly.
Hypertens Res. 2007;30(10):895-902.

9. Wang H, Zhang T, Zhu W, Wu H, Yan S. Acute effects of continuous and
interval low-intensity exercise on arterial stiffness in healthy young men. Eur
J Appl Physiol. 2014;114(7):1385-92.

10. Ibata J, Sasaki H, Kakimoto T, Matsuno S, Nakatani M, Kobayashi M, et al.
Cardio-ankle vascular index measures arterial wall stiffness independent of
blood pressure. Diabetes Res Clin Pract. 2008;80(2):265-70.

11. Carpio-Rivera E, Moncada-Jimenez J, Salazar-Rojas W, Solera-Herrera A.
Acute effects of exercise on blood pressure: a meta-analytic investigation.
Arq Bras Cardiol. 2016;106(5):422-33.

12. Nickel KJ, Acree LS, Gardner AW. Effects of a single bout of exercise on
arterial compliance in older adults. Angiology. 2011;62(1):33-7.

13. Tibana RA, Pereira GB, Navalta JW, Bottaro M, Prestes J. Acute effects of
resistance exercise on 24-h blood pressure in middle aged overweight and
obese women. Int J Sports Med. 2013;34(5):460-4.

14. Ciolac EG, Guimaraes GV, VM DA, Bortolotto LA, Doria EL, Bocchi EA. Acute
effects of continuous and interval aerobic exercise on 24-h ambulatory
blood pressure in long-term treated hypertensive patients. Int J Cardiol.
2009;133(3):381-7.

15. Terblanche E, Millen AM. The magnitude and duration of post-exercise
hypotension after land and water exercises. Eur J Appl Physiol. 2012;
112(12):4111-8.

16.  Alonso-Dominguez R, Gomez-Marcos MA, Patino-Alonso MC, Sanchez-
Aguadero N, Agudo-Conde C, Castano-Sanchez C, et al. Effectiveness of a
multifactorial intervention based on an application for smartphones, heart-
healthy walks and a nutritional workshop in patients with type 2 diabetes

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

Page 9 of 9

mellitus in primary care (EMID): study protocol for a randomised controlled
trial. BMJ Open. 2017,7(9):.e016191.

Krader CG. American Diabetes Association. Diabetes clinical practice
recommendations focus attention on individualization of care. Med Econ.
2014,91(16):22.

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32(9 Suppl):5498-504.

Shirai K, Hiruta N, Song M, Kurosu T, Suzuki J, Tomaru T, et al. Cardio-ankle
vascular index (CAVI) as a novel indicator of arterial stiffness: theory,
evidence and perspectives. J Atheroscler Thromb. 2011;18(11):924-38.
Shirai K, Utino J, Otsuka K, Takata M. A novel blood pressure-independent
arterial wall stiffness parameter; cardio-ankle vascular index (CAVI). J
Atheroscler Thromb. 2006;13(2):101-7.

Yamashina A, Tomiyama H, Takeda K, Tsuda H, Arai T, Hirose K, et al. Validity,
reproducibility, and clinical significance of noninvasive brachial-ankle pulse
wave velocity measurement. Hypertens Res. 2002;25(3):359-64.

Hu H, Cui H, Han W, Ye L, Qiu W, Yang H, et al. A cutoff point for arterial
stiffness using the cardio-ankle vascular index based on carotid
arteriosclerosis. Hypertens Res. 2013;36(4):334-41.

Sun CK. Cardio-ankle vascular index (CAVI) as an indicator of arterial
stiffness. Integr Blood Press Control. 2013;6:27-38.

Gomez-Sanchez L, Garcia-Ortiz L, Patino-Alonso MC, Recio-Rodriguez JI,
Frontera G, Ramos R, et al. The association between the cardio-ankle
vascular index and other parameters of vascular structure and function in
Caucasian adults: MARK study. J Atheroscler Thromb. 2015;22(9):901-11.
Pfutzner A, Demircik F, Ramljak S, Pfutzner AH, Berti F, Scuffi C, et al.
Evaluation of system accuracy of the GlucoMen LX Plus blood glucose
monitoring system with reference to 1SO 15197:2013. J Diabetes Sci
Technol. 2015;10(2):618-9.

Salas-Salvado J, Rubio MA, Barbany M, Moreno B. SEEDO 2007 consensus for
the evaluation of overweight and obesity and the establishment of
therapeutic intervention criteria. Med Clin. 2007;128(5):184-96 quiz 181 p
following 200.

Ashor AW, Lara J, Siervo M, Celis-Morales C, Mathers JC. Effects of exercise
modalities on arterial stiffness and wave reflection: a systematic review and
meta-analysis of randomized controlled trials. PLoS One. 2014;9(10):e110034.
Madden KM, Lockhart C, Cuff D, Potter TF, Meneilly GS. Short-term aerobic
exercise reduces arterial stiffness in older adults with type 2 diabetes,
hypertension, and hypercholesterolemia. Diabetes Care. 2009;32(8):1531-5.
Yokoyama H, Emoto M, Fujiwara S, Motoyama K, Morioka T, Koyama H, et al.
Short-term aerobic exercise improves arterial stiffness in type 2 diabetes.
Diabetes Res Clin Pract. 2004,65(2):85-93.

Mc Clean CM, Mc Laughlin J, Burke G, Murphy MH, Trinick T, Duly E, et al.
The effect of acute aerobic exercise on pulse wave velocity and oxidative
stress following postprandial hypertriglyceridemia in healthy men. Eur J
Appl Physiol. 2007;100(2):225-34.

Khalil RA. Sex hormones as potential modulators of vascular function in
hypertension. Hypertension (Dallas, Tex: 1979). 2005;46(2):249-54.
Mendelsohn ME. Protective effects of estrogen on the cardiovascular
system. Am J Cardiol. 2002;89(12a):12E-7E discussion 17E-18E.

Coutinho T. Arterial stiffness and its clinical implications in women. Can J
Cardiol. 2014;30(7):756-64.

Choi SY, Oh BH, Bae Park J, Choi DJ, Rhee MY, Park S. Age-associated
increase in arterial stiffness measured according to the cardio-ankle vascular
index without blood pressure changes in healthy adults. J Atheroscler
Thromb. 2013;20(12):911-23.

Nishiwaki M, Kurobe K, Kiuchi A, Nakamura T, Matsumoto N. Sex differences
in flexibility-arterial stiffness relationship and its application for diagnosis of
arterial stiffening: a cross-sectional observational study. PLoS One. 2014;
9(11):e113646.

World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 2013;310(20):2191-4.



	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Design and study setting
	Participants
	Masking
	Exercise intervention
	Data collection
	Cardio ankle vascular index, brachial ankle pulse wave velocity and blood pressure
	Blood glucose measurements

	Other variables and measurement instruments
	Anthropometric variables
	Laboratory variables
	Physical activity

	Data analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

