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Abstract

Introduction: It is not known what the minimum duration of training programme is effective in
primary prevention of cardiovascular disease. The objective of this study is to determine the ef-
fectiveness in physical fitness and exercise of the training programme of 8 weeks of duration
with two modalities (2 or 3 sessions per week) in subjects with moderate-high risk of cardio-
vascular disease in a primary care setting. Main Findings: A significant increase in the six-min-
ute walk test was observed (from 488 + 87.4 m to 532 % 68.0 m, p < 0.0001). A significant in-
crease of exercise duration (from 11.4 * 3.0 min to 12.3 £ 3.0 min, p < 0.0001) and a delay in the
anaerobic threshold (from 8.8 * 2.9 min to 10.1 * 2.5 min, p < 0.0001) during the ergometric
tests were also observed. The proportion of patients exercising regularly increased significantly
(from 36.1% to 83.3%, p < 0.0001). Both modalities of training programme improved fitness and
physical activity, without significant differences between them. Conclusion: Our study shows that
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a structured training programme of two months of duration with 2 or 3 sessions per week sig-
nificantly improves the fitness and physical activity of patients with moderate-high risk of car-
diovascular disease.
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1. Introduction

The primary prevention of cardiovascular disease (CVD) is a significant public health issue that remains un-
solved.

A sedentary style of life and low cardiorespiratory fitness increase the risk of CVD, and their impact is similar
to that of smoking, hypertension or dyslipidemia [1]. Physical fitness is an independent predictor of morbidity
and mortality [2]. In the European Union, 62.4% of the population older than 15 years of age have a sedentary
style of life. The percentage of sedentarism reaches 71% in Spain and Germany, only surpassed by that of Bel-
gium and Portugal [3].

Several interventions have been used to improve physical fitness and enhance life style. Structured training
programmes (TP) have been used to improve fitness and other CVD risk factors in the short-medium term [1]
[4]-[8]. However, it is not known what is the minimum programme duration required to obtain significant
results. Most studies conducted on CVD primary prevention have investigated TP with a duration longer
than 12 weeks [1] [4]-[7], [9]-[13]. The few studies investigating the effectiveness of short duration TP (<8
weeks) were conducted outside primary care, mainly on diabetic patients, with small sample sizes and incon-
clusive results [14]-[17]. It seems that the TP are effective when they have duration of more than 3 months.
However, the effectiveness is unknown in training programs of shorter duration. Due to the economic situa-
tion of the country and the need to optimize resources, our group started a study with the aim of determine the
effectiveness on improvement in physical fitness and physical activity of the training program of 8 weeks du-
ration.

2. Materials and Methods
2.1. Design Overview

This is a prevention intervention with before-after design and comparative study between groups with different
frequency sessions.

2.2, Setting and Participants

Patients with high-moderate risk of CVD were consecutively and prospectively recruited for January 2011 to
December 2012 in two primary care centres in the reference area of Hospital Universitari Mitua Terrassa. In-
clusion criteria: Patients of 35 - 74 years of age, with high-moderate risk of CVD, but free of overt disease. The
high-moderate risk of CVD was considered on the presence of type 2 diabetes mellitus or metabolic syndrome
(according to the National Cholesterol Education Program/American Heart Association criteria [18] or hyper-
tension with at least one associated CVD risk factors (smoking, dyslipidemia, or obesity). Presence of hyperten-
sion or dyslipidemia were diagnosed if the patient was receiving specific pharmacological treatment for these
conditions or if the following values were reached: systolic arterial blood pressure >140 mmHg or diastolic arte-
rial blood pressure >90 mmHg in non-diabetic patients, and systolic arterial blood pressure >130 mmHg or dia-
stolic arterial blood pressure >80 mmHg in diabetics, registered in 3 0 more occasions; Total cholesterol lev-
els >190mg/dL or Low Density Lipoprotein cholesterol levels >115 mg/dL in non-diabetics and total cholesterol
levels >175mg/dL or Low Density Lipoprotein cholesterol levels >100 mg/dL in diabetics [19]. Diabetes melli-
tus were diagnosed if the patients was receiving specific pharmacological treatment or glycosylated haemoglo-
bin levels >6.5% or if fasting plasma glucose >110 mg/dL [19]. Obesity were diagnosed if the body mass index
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>25 [19]. Exclusion criteria: patients with CVD disease; last clinical appointment more than one year ago;
pregnancy; disabling comorbidities. All patients gave informed consent to participate in the study. The study
was approved by the Ethical Committee of Hospital Universitari Mutua Terrassa.

2.3. Randomization and Intervention

A total of 94 patients were recruited for the study of them 13 were excluded for lack of adherence to the pro-
gramme. The final sample (N = 81) were all of them evaluated at the end of the programme.

All included patients were assigned consecutively without randomization in two intervention groups depend-
ing on logistic and adherence reason related with patients. Both groups were performed a TP during two months,
one of them twice a week (TP2) and the other three times a week (TP3). Of the total of 81 studied patients 32
performed TP2 and 49 TP3.

A structured TP was conducted for both groups (TP2 and TP3) in series of 6 participants each under the su-
pervision of a physiotherapist. Each session lasted 60 minutes and consisted of: 5 minutes of warming up, 30
minutes of endurance training on a treadmill walking, cycle ergometer or on a cross trainer, 15 minutes of iso-
tonic resistance (weight ) training of the large muscle groups of the upper and lower body, and 10 minutes of
cool-down. The intensity of the endurance or resistance training was adjusted for each patient according to
European Association for Cardiovascular Prevention & Rehabilitation recommendation [20] taking into account
their CVD risk factors and considering the anaerobic threshold (AT) level determined during the cardiopulmon-
ary exercise testing (CPET) as the reference parameter. During the resistance training, two sets of 10 - 12 repeti-
tions were performed at each station. The load was adjusted for each patient according to the muscular fatigue
observed (5 - 6 out of 10 according to a visual analogue scale). In addition to the TP, two informative talks about
CVD, healthy diet and exercise were offered.

As exercise test we performed 6 Minute walking test (6MWT) and CPET. Both tests were performed follow-
ing the guidelines of the Spanish Society of Pneumology and Thoracic Surgery (SEPAR) [21] and of the Euro-
pean Respiratory Society [22]. The CPET by treadmill was performed following the modified protocol of Bruce,
except in those cases with associated co-morbidity or lack of motor skills, where a cycle ergometer with work-
load increases of 25 watts every 2 minutes was used. Maximum CPET was considered when the respiratory
quotient peak was more than 1.1 at the end of the CPET [23]. The AT was determined from the gas exchange
analyses using the V-slope method [24]. In those cases where the V-slope was difficult to determine, the venti-
latory equivalent method was used [25].

2.4. Outcomes and Follow-Up

The primary endpoint was the change in the result of the six-minute walk test (6MWT). Secondary endpoints
included ergometric data (peak oxygen uptake (ml/kg/min) (VO2p), exercise duration, AT expressed as VO2
and as time (minutes), double product (heart rate x systolic arterial blood pressure) basal and at peak of exercise),
frequency and duration of exercise, anthropometric (weight, body mass index, abdominal perimeter), analytical
(glucose, glycosylated haemoglobin, total cholesterol, Low Density Lipoprotein cholesterol levels and High
Density Lipoprotein cholesterol levels , and triglycerides), systolic arterial blood pressure, diastolic arterial
blood pressure and smoking habits. The waist circumference was measured from the point midway between the
inferior margin of the last rib and the iliac crest, above the umbilicus in a relaxed standing position. Blood pres-
sure was measured using a mercury sphygmomanometer after 5 minutes rest.

Regular exercise was considered when the patient exercised moderately or vigorously for at least 30 minutes
3 times a week.

All study variables were collected at basal point and after the completion of the TP.

2.5. Sample Power Calculations

The sample size required to determine the effectiveness of the TP was based on the 6BMWT published results
(difference > 35 meters) [26]. Twenty five individuals per group will give a power of 80% for a correlation co-
efficient before-after of 0.7. To determine differences between TP2 and TP3 (with alpha = 0.05 and Beta < 0.2,
two-sided), 25 subjects per group were required to detect differences > 35 metres in the 6MWT, considering a
standard deviation of 65, a correlation between measurement of 0.8, and an experimental loss of 10%.
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2.6. Statistical Analysis

As the subjects were included in a group with 2 weekly training sessions (TP2) or a group with 3 weekly train-
ing sessions (TP2) without randomisation, we performed the comparative analyses among twenty-seven patients
per group (TP2 and TP3), those matched by age and gender in order to minimise bias of design.

Comparisons before and after the interventions were performed with all samples, and within and between TP2
and TP3 matched groups. Non-parametric tests were performed to analyse the data. Wilcoxon signed-rank tests
were used for the analyses of quantitative data and Mc Nemar exact tests for qualitative data. For comparisons
between TP2 and TP3, Fisher exact test, covariance analysis or regression were used as appropriate, considering
the basal values of the corresponding variable. A p < 0.05 was considered statistically significant. The statistical
packages Stata SE and SPSS v17 were used for the analyses.

3. Results

The final sample (N = 81) were all of them evaluated at the end of the programme. The average age were 62.2 +
6.3 years and 71.6% were males. The most frequent CVD risk factors observed in the sample was diabetes mel-
litus (76.5), followed by hypertension (65.4%), dyslipidemia (64.2%) and smoking (27.5%). As shown in Table
1 a significant increase in the walked distance during the 6MWT test was observed (from 488 + 87.4 m to 532 +
68.0 m, p < 0.0001). The respiratory quotient peak was always lower than 1.1 in all EGA performed indicated a
submaximal effort. A significant delay in the AT (from 8.8 £ 2.9 min to 10.1 + 2.5 min, p < 0.0001) and a sig-
nificant increase in exercise duration (from 11.4 + 3.0 min to 12.3 + 3.0 min, p < 0.0001) were observed. The
basal and peak double product showed a decrease (10,307 £ 1909 to 9820 + 2276 and 30,679 + 36,647 to 25,317
* 4728, respectively; p < 0.05). A 47.2% increase in exercise practice was observed (p < 0.0001), with a signifi-
cant increase in both, the number of weekly sessions and the duration of the sessions.

Table 2 summarises the anthropometric, analytical and blood pressure data pre and post intervention in the
total sample. A significant reduction in systolic arterial blood pressure and diastolic arterial blood pressure was
observed (from 144 £ 19.9 to 140 + 15.5, p = 0.0277 and from 82.5 + 8.8 to 79.3 + 7.9, p = 0.0012, respectively).
No anthropometric or analytical changes were observed. Only one patient gave up smoking after the pro-
gramme.

Table 3 summarises the results of comparisons between and within groups. Regarding to differences within
groups (pre-post TP) we observed significant increases in the walked distance during the 6MWT (from 496 +
80.9 m to 540 + 73.7 min TP2; p < 0.001, and from 482 + 109.8 m to 521 + 59.4 min TP3; p < 0.01), in the du-
ration of the exercise (from 11.2 + 3.3 min to 12.3 £ 3.1 min in TP2; p < 0.01, and from 11.0 + 2.5 minto 11.8 +
2.9 min in TP3; p < 0.05). A delay in the AT was observed in both groups but only were significant in TP3
(from 9.0 £ 3.3 min to 10.1 + 2.6 min in TP2; p = 0.058, and from 8.3 + 2.5 min t0 9.7 £ 1.9 min in TP3; p <
0.001).

We observed a significant increase of proportion of patients that referred regular exercise practice post TP in
both groups (TP2: 40.0% to 84.0% and TP3: 32.0% to 80.0%; p < 0.001). Additionally, the frequency and the
duration of weekly exercise increased similarly in both groups (Table 3).

There were no significant differences between groups in any of the study variables (Table 3).

No side effects were observed during the CPET. A patient suffered from acute severe hypertension and an-
other from angina during exercise sessions. Both patients recovered after cessation of exercise and pharmacol-
ogical treatment.

4. Discussion

Our study shows that a two month structured TP, with 2 or 3 sessions per week, increases significantly the
physical fitness and physical exercise of patients with moderate-high risk of CVD but without overt disease.
This is the first study that analyse the effectiveness of a shorter duration TP on a primary care setting and in pa-
tients with a range of risk factors including diabetes, hypertension, dyslipidemia, smoking, and obesity.

The TP improved the fitness of patients, with a significant increase in the 6MWT of 43.7 + 61.5 m. Several
studies have been used this test to evaluate fitness changes in the context of TPs but not in primary care with our
target population. There is only one previous study [26] in which this test was used to analyse the results of sev-
eral educational interventions with similar characteristics of setting and target population as ours study. These
authors reported a maximum increase in the 6MWT test of 35 m with the most intensive educational intervention.

()
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Table 1. Changes in physical fitness and exercise in the final sample (n = 81).

Basal Mean (SD) Final TP Mean (SD) p

BMWT, meters (n = 73)" 488 (87.4) 532 (68.0) <0.001

Ergometric data

HR x SBP basal (n = 76)" 10,307 (1,909) 9820 (2276) 0.04

HR x SBP peak (n = 74)" 30,679 (36,647) 25,317 (4728) 0.03

VO2p, ml/kg/minute (n = 54)" 22.8 (5.3) 22.7 (5.6) 0.98
Exercise duration, minutes (n = 81)" 11.4 (3.0) 12.3(3.0) <0.001

VO2AT, ml/kg/minute (n = 48)" 16.9 (3.6) 16.7 (4.1) 0.63
AT, minutes (n = 50)" 8.8 (2.9) 10.1 (2.5) <0.001
Physical Exercise, n (%) (n = 72)" 26 (36.1) 60 (83.3) <0.001

Frequency,days/week (n = 30)" 5.4 (1.9) 6.2 (1.6) 0.01
Duration, minutes/session (n=31)" 52.3 (20.5) 67.3 (21.5) <0.001

AT, Anaerobic threshold ; HR, heart rate; VO2AT, Oxyge*n consumption in AT; VO2p Peak Oxygen Uptake; 6MWT, Six Minute Walking Test; SBP,
systolic arterial blood pressure; TP, Training Programme. = Number of patients with pre-TP and post-TP data.

Table 2. Changes in anthropometric, analytical and blood pressure data in the final sample (n = 81).

Basal TP Mean (SD) Final TP Mean (SD) p

Anthropometric data

Weight, kg (n = 81)" 83.4(12.8) 83.3(12.5) 0.98

BMI (n = 81)" 30.6 (4.3) 30.6 (4.2) 0.99

Abdominal perimeter men, cm (n = 54)" 107 (10.1) 106 (9.7) 0.71
Abdominal perimeter women, cm (n = 21)" 109 (8.3) 110 (8.1) 0.71

Analytical data

glucose, mg/dl (n = 44)" 183 (71.5) 172 (61.4) 0.40
HbAlc, % (n = 31)" 7.9 (2.0) 7.4 (1.4) 0.09
Total cholesterol, mg/dl (n = 35)" 198 (39.9) 187 (34.9) 0.32
¢c-HDL, mg/dl (n = 32)" 44.7 (9.7) 46.2 (10.8) 043
c-LDL, mg/dl (n = 30)" 124 (34.1) 109 (26.5) 0.10
triglycerides, mg/dl (n = 33)" 145 (64.6) 140 (55.7) 0.71
SBP, mmHg (n = 81)" 144 (19.9) 140 (15.5) 0.03
DBP, mmHg (n = 81)" 82.5(8.8) 79.3(7.9) <0.001

BMI, Body Mass Index; DBP, Diastolic Blood Pressure; HbAlc,Glycosylated Haemoglobin; ¢-HDL, High Density Lipoprotein cholesterol; c-LDL,
Low Density Lipoprotein cholesterol; SBP, Systolic Blood Pressure; TP, Training Programme; Number of patients with pre-TP and post TP data.

A delay in the AT and an increase in the duration of the exercise were observed during the CPET conducted
after the TP, although no significant changes were observed in the AT expressed as VO2 and VO2p. The use of
short stage (2 minutes) in the ergometry protocols may have influenced the accuracy of the AT determinations,
and may partially explain the lack of significant changes in the AT expressed as VO2 [27] [28]. The lack of im-
provement in the VO2p may be explained by insufficient effort (respiratory quotient peak < 1.1) and/or low in-
tensity of the training. The study patients could not perform maximum efforts during the CPET given their lack
of fitness and co-morbidities. In contrast, Boudou et al. [16] observed significant improvement in VO2p with an

©
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Table 3. Changes in physical fitness and physical exercise between and within groups.

TP2 basal (n =27) TP2 final (n = 27) TP3 basal (n=27) TP3 final (n =27) p

Exercise test, mean (SD)

6MWT, meters 496 (80.9) 540(73.7)% 482(109.8) 521(59.4)* 047

HR x SBP basal 10,410.4 (1,634.2) 9,930.2 (2,014.0) 10,185.7 (1,987.7)  9,250.2 (2,725.2)  0.59

HR x SBP peak 26,523.6 (5,219.3) 25,722.3 (4,285.3)  27,185.2(5,365.1) 25,475 (5,223.6) 0.86

VO2p, ml/kg/minute 23.7(5.1) 233(5.1) 23.0 (5.6) 22.0 (6.6) 0.73

Exercise Duration, minutes 11.2 (3.3) 12.3 (3.1) 11.0 (2.5) 11.8 (2.9)' 0.53

VO2 AT, ml/Kg/minute 17.6 (3.6) 17.8 (5.0) 16.7 (3.1) 16.0 (3.6) 0.70

AT, minutes 9.0 (3.3) 10.1 (2.6) 8.3 (2.5) 9.7 (1.9)° 0.28

Physical Exercise (n = 25) I (%) 10 (40.0) 21 (84.0) 8 (32.0) 20 (80.0)° 0.82
Exercise, mean + sd

frequency, days/week 5.6 (2.0) 6.2 (1.7)" 47 (2.1) 6.1(1.7)" 0.15

duration, minutes/session 52.7 (24.6) 53.2 (20.8)" 52.2 (9.7) 64.2 (24.0)* 0.23

AT, Anaerobic threshold ; HR, heart rate ; VO2AT, Oxygen consumption in AT; VO2p Peak Oxygen Uptake; 6MWT , Six Minute Walking Test;
SBP, systolic arterial blood pressure; TP, Training Programme. 'p < 0.05, *p < 0.01, ®p < 0.001. p value from TP2 and TP3 comparation through co-
variance analysis adjusted by basal value for quantitative variables. Logistic regression models were performed with the dependent variable “Practice
exercise post TP “Yes/No and with the independent variables: “Practice exercise pre TP” and group (TP2/TP3). ! = number of patients with pre-TP
and post-TP data on exercise.

8-week TP with 3 sessions per week, but their patients were metabolically healthier than those included in our
study. In addition, our patients adapted progressively to the exercise intensity, whereas in the study by Boudou
and collaborators [15] the exercise intensity was high from the start of the TP. Other studies that used similar
TPs [14] [15] where the exercise intensity was increased progressively obtained lower improvement of VO2p
than Boudou and collaborators [1]. No significant differences were observed in physical fitness and exercising
between patients performing 2 or 3 sessions per week. This suggests that the final result was not influenced by
the number of sessions per week. No differences were observed in AT delay between the TP2 and TP3, although
a significant delay was observed in TP3 (1.4 min, p = 0.0008), and a trend was observed in TP2 (1.1 min, p =
0.058). The small sample size and the data variability may explain this lack of significance in the TP2. Patients
with 2 sessions per week (TP2), with a total of 16 sessions (the minimum reported in the literature) showed im-
proved physical fitness and exercising. Ligtenberg et al. [17] also observed an improved physical fitness and
exercising with a 6 week TP with 3 sessions per week (a total of 18 sessions) but it was performed only on dia-
betic patients from hospital setting.

We only observed a significant decrease in systolic arterial blood pressure and diastolic arterial blood pressure
with the TP, although the analytical parameters and blood pressure may be influenced by the pharmacological
adjustments performed during the TP. Other studies performed in primary care setting have also obtained sig-
nificant decreases in blood pressure, although with longer TP [1] [8]. In a study by Dunstan et al. [15] a decrease
in weight and triglyceride was observed. However, their study included individual diet adjustments in addition
toaTP.

Our study has several limitations, including the lack of a control group and the lack of randomization in the
TP2 and TP3 groups. To minimize the effect of the last point, analyses of subgroups of patients, matched by
gender, age and basal data, was performed. The changes in systolic arterial blood pressure and diastolic arterial
blood pressure observed may be influenced by changes in pharmacological treatment during the study. However,
the main aim of the study was to investigate the effect of the TP on physical fitness. The sample size was suffi-
ciently powered to determine changes in the main endpoint, the 6MWT, but may be insufficient to detect
changes in other parameters such as the VO2p.

5. Conclusion

In summary, our study shows the effectiveness in physical fitness and exercise of an 8-week TP, with 2 or 3 ses-

©,
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sions per week in patients with a moderate-high risk of CVD. The shortness of the TP facilitates its application
to a larger number of patients, enhances compliance, reduces waiting lists and decreases costs. The CPET test is
the gold standard for the evaluation of fitness and the prescription of exercise. However, we propose the use of
the BMWT, which is a submaximal test and easy to perform in clinical practice, for the monitoring of the results
of this type of TP in older patients, with several co-morbidities and low tolerance of physic effort. This will also
facilitate the implementation of TPs in primary care settings, given the simplicity, low risk and low cost of the 6
MWT.
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